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Objectives: To describe epinephrine dosing distribution using time-stamped data and assess the 

impact of dosing strategy on survival after ECPR in children.

Methods: This was a retrospective study at five pediatric hospitals of children <18 years with 

an in-hospital ECPR event. Mean number of epinephrine doses was calculated for each 10-minute 

CPR interval and compared between survivors and non-survivors. Patients were also divided by 

dosing strategy into a frequent epinephrine group (dosing interval of ≤5 min/dose throughout the 

first 30 minutes of the event), and a limited epinephrine group (dosing interval of ≤5 min/dose for 

the first 10 minutes then >5 min/dose for the time between 10 and 30 minutes).

Results: A total of 191 patients were included. Epinephrine was not evenly distributed 

throughout ECPR, with 66% of doses being given during the first half of the event. Mean 

number of epinephrine doses was similar between survivors and non-survivors the first 10 minutes 

(2.7 doses). After 10 minutes, survivors received fewer doses than non-survivors during each 

subsequent 10-minute interval. Adjusted survival was not different between strategy groups [OR 

of survival for frequent epinephrine strategy: 0.78 (95% CI 0.36–1.69), p = 0.53].

Conclusions: Survivors received fewer doses than non-survivors after the first 10 minutes of 

CPR and although there was no statistical difference in survival based on dosing strategy, the 

findings of this study question the conventional approach to EPCR analysis that assumes dosing is 

evenly distributed.
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Introduction

Cardiopulmonary resuscitation (CPR) guidelines recommend dosing of epinephrine every 

3–5 minutes during cardiac arrest, though literature to support this practice is lacking and 

several recent publications have challenged these guidelines.1–4 While prior attempts to 

understand best practices surrounding epinephrine dosing during CPR have been reported, a 

common challenge encountered while investigating epinephrine’s role in resuscitation is the 

lack of time-stamped dosing data. This limitation necessitates the use of calculated average 

epinephrine interval as the variable of interest. This method assumes that doses are evenly 

distributed throughout the event and may introduce biases that lead to incorrect conclusions 

regarding the efficacy or harm of epinephrine.

Understanding the true frequency of epinephrine dosing and how it is distributed through 

resuscitation is vital in cases of extracorporeal cardiopulmonary resuscitation (ECPR), 

which involves lengthy periods of CPR as the patient is cannulated onto extracorporeal 

membrane oxygenation (ECMO). Due to the length of ECPR events patients can be exposed 

to high amounts of cumulative epinephrine that may increase the risk for cerebrovascular 

injury.5–6 In a survey of pediatric providers with experience utilizing ECPR for children with 

underlying cardiac disease, 36% reported giving epinephrine doses less frequently than is 

recommended.7
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To date there are few published reports investigating actual practice using epinephrine 

dosing time-stamps or the impact of epinephrine dosing strategy on pediatric ECPR 

outcomes. We sought to describe epinephrine dosing distribution and its impact on 

survival after ECPR in children. We hypothesized that epinephrine doses would not be 

uniformly distributed throughout ECPR events and that increased spacing between doses are 

resuscitation progressed would be associated with improved hospital survival.

Materials and methods

Study design and patients

This study was approved or deemed exempt with waiver of consent by the respective 

institutional review boards at each participating center. This was a retrospective review of 

in-hospital ECPR events from January 2012 to December 2019. Patients less than 18 years 

of age were included if they suffered a cardiac arrest ending with successful cannulation 

onto ECMO. Patients with return of spontaneous circulation (ROSC) >20 minutes prior to 

cannulation were excluded. Events where CPR started before arrival at the hospital, events 

without adequate documentation of epinephrine dosing, events where zero or only one dose 

of epinephrine was documented, and cardiac arrests in the neonatal intensive care unit were 

also excluded. Only the first ECPR event for a hospital stay was included.

Individual sites provided de-identified data using Research Electronic Data Capture housed 

at the University of Nebraska Medical Center.8 Data elements collected followed Utstein-

style definitions for standardized cardiac arrest reporting and included demographics, 

pre-existing conditions, illness category, interventions in place at the time of arrest, 

first documented rhythm, and resuscitation therapies including vasoactive medication 

administration.9 Only one surgical non-cardiac patient met inclusion criteria, and 

thus surgical non-cardiac and medical non-cardiac illness categories were combined. 

Documentation included dosage and time stamp for each dose of epinephrine.

Outcomes

The primary outcome was survival to hospital discharge. Other outcomes included acute 

kidney injury (AKI) and favorable neurologic outcomes. AKI was defined by the Kidney 

Disease Improving Global Outcomes creatinine classification: Stage 1, increase in creatinine 

of ≥50% or absolute increase in creatinine of 0.3 mg/dl; Stage 2, increase in creatinine of 

≥100%; Stage 3, increase in creatinine of ≥200% and/or renal replacement therapy.10

Neurologic function was assessed at admission for all patients and again at discharge for 

survivors using the Pediatric Cerebral Performance Category (PCPC).11 The PCPC rates 

patients’ overall function with the following scale: 1 = normal, 2 = mild disability, 3 

= moderate disability, 4 = severe disability, 5 = coma/vegetative. Favorable neurologic 

outcome was defined as a PCPC score of 1, 2, or no worsening from baseline.12

To assess whether excessive vasoconstriction was limiting the ability of ECMO to provide 

support, ECMO flow at 1 hour after cannulation was recorded in addition to the use of 

vasodilators (continuous infusions of nicardipine and nitroprusside). Continuous inotrope 

and vasopressor use was assessed using the Vasoactive-Inotropic Score, which equals 
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dopamine dose (μg/kg/min) + dobuta mine dose (μg/kg/min) + 100 × epinephrine dose 

(μg/kg/min) + 10 × milrinone dose (μg/kg/min) + 10,000 × vasopressin dose (units/kg/min) 

+ 100 × norepinephrine dose (μg/kg/min).13

Analysis

Demographic and clinical characteristics of the patients and events were summarized using 

median (interquartile range) or frequency (percent). Chi-square, Fisher’s exact, or Kruskal-

Wallis tests were used as appropriate to analyze patient demographics, event characteristics 

and clinical outcomes associated with survival. To visualize the distribution of epinephrine 

doses throughout ECPR, times of individual doses were reported relative to the duration of 

each event, e.g., a dose given 30 minutes into a 60-minute event would be coded as given 

during the 50th percentile of event duration. To compare whether patients with different 

average dosing intervals had different dosing distributions, the cohort was divided into <3, 

3–5, and >5 min/-dose average epinephrine dosing intervals to create unique histogram 

plots. Previous published calculations1 for average epinephrine interval were modified to 

create the following formula:

(total CPR time  — time to first epinepℎrine dose)
total number of intervals after first dose

The interval between the last dose of epinephrine and cannulation onto ECMO was included 

given ECPR resuscitations can be prolonged and may involve longer periods between last 

epinephrine dose and ECMO cannulation. Ignoring this last interval would introduce a bias 

towards shorter average dosing intervals.

To evaluate dosing pattern differences between survivors and non-survivors, the mean 

number of epinephrine doses during each 10-minute period was calculated and the 

difference tested with the Mann-Whitney U test. Only epinephrine doses from patients that 

received CPR during the entire 10-minute interval were used to calculate the mean during 

that interval. This prevents CPR duration from confounding the relationship between dosing 

frequency and survival.

To analyze survival based on epinephrine dosing strategies that deviated from guidelines, 

we selected a subgroup of events lasting ≥30 minutes to analyze longer resuscitations 

and mitigate the impact of CPR duration on outcome. The number of doses during the 

first 10 minutes of the event and for the time period between 10 and 30 minutes were 

counted. Patients who received zero or one epinephrine dose during the first 10 minutes 

were excluded, as we were interested in a strategy of epinephrine dosing per guidelines early 

in the event followed by spacing of doses later in resuscitation, similar to dosing strategy 

modifications that may occur after ECPR team activation.7 Epinephrine dosing strategy 

was categorized as either “frequent epinephrine” which was defined as 4 or greater doses 

of epinephrine given between 10 and 30 minutes (≤5 min/dose), or “limited epinephrine”, 

defined as less than 4 doses given between 10 and 30 minutes (>5 min/dose). Multivariable 

logistic regression analysis was performed and included confounders that were different 

between groups and previously demonstrated to impact outcomes after ECPR: illness 

category, first pulseless rhythm, and time of day (day vs. night).
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Lastly, an analysis was performed to evaluate whether current epinephrine dosing guidelines 

were associated with survival to hospital discharge using average epinephrine dosing 

intervals for the entire duration of the ECPR event prior to ECMO cannulation as described 

above. Similar to previous epinephrine dosing interval studies we categorized events based 

on resuscitation guidelines for epinephrine dosing: < 3 min/dose, 3–5 min/dose, > 5 min/

dose.

All analysis was performed using Statistical Analysis Software (version 9.4, SAS 

Incorporated, Cary, North Carolina). A p-value < 0.05 was considered statistically 

significant.

Results

A total of 204 patients from 5 centers met inclusion criteria; thirteen were excluded for only 

receiving 0 or 1 doses of epinephrine, leaving 191 patients for analysis. Overall survival 

to hospital discharge was 43%. Median age (IQR) for all patients was 5 months (0.7–44) 

and median weight 6 kg (3.5–9.5). Patient and resuscitation event characteristics grouped by 

survival are presented in Table 1. Survivors were younger, more likely to be surgical cardiac 

patients, had better baseline neurologic function, and experienced shorter total duration of 

CPR prior to initiation of ECMO. Outcomes of interest are presented in Table 2.

Overall, epinephrine doses were not uniformly distributed, with 66% of doses being given 

during the first half of the ECPR event. This skewed distribution was most pronounced 

in the patient group with an average epinephrine dosing interval of >5 min/dose (Fig. 1). 

Fifty percent of epinephrine doses were given during the first 50% of the event for the <3 

min/dose group, during the first 43% of the event for the 3–5 min/dose group, and during the 

first 21% of the event for the >5 min/dose group (p < 0.001).

Mean number of doses per 10-minute time increment is shown in Fig. 2 along with the 

number of patients still requiring CPR during that time period. Number of doses was similar 

between survivors and non-survivors during the first 10 minutes of the event at 2.7 doses. 

After the first 10 minutes survivors consistently received fewer epinephrine doses than 

non-survivors throughout all 10 min periods. The difference in mean number of doses was 

statistically significantly at time periods 11–20, 21–30, 41–50, and 51–60 minutes.

For the analysis of outcome based on frequent or limited dosing strategies, 27 patients had 

less than 30 minutes of CPR and 20 received zero or one dose of epinephrine during the first 

10 minutes CPR so were excluded, leaving a total of 144 patients for analysis. Duration of 

CPR was similar between the frequent and limited epinephrine groups (49 vs. 51 minutes, p 
= 0.533). There were significant differences between total epinephrine doses received during 

the entire event [frequent 10 doses (8–14) vs. limited 4 doses (3–5), p < 0.001] and in 

time between last dose given and the end of CPR [frequent 7 minutes (2–22) vs. limited 25 

minutes (14–39)], p < 0.001].

Patients in the frequent epinephrine group were more likely to have non-cardiac disease 

(frequent 22% vs. limited 7%, p = 0.012) and arrest during daytime hours (frequent 60% 

vs. limited 41%). The frequent epinephrine group was less likely to have an arterial line 
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(frequent 40% vs. limited 65%, p = 0.003) or a central venous line (frequent 53% vs. 

limited 70%, p = 0.036). Other baseline and event characteristics are available in Table S1. 

There was no difference in AKI incidence or favorable neurologic outcome in survivors 

between the frequent and limited epinephrine groups (Table 3). The was no statistically 

significant difference in incidence of brain death (12% vs. 11%, p = 0.84) or hypoxic 

ischemic encephalopathy (29% vs. 15%, p = 0.06). There was no difference in adjusted 

survival between the frequent and limited epinephrine groups [OR of survival for frequent 

epinephrine group: 0.78 (95% CI 0.36–1.69, p = 0.53) (Table 4).

Of note, twenty patients had at least 30 minutes of CPR but received no doses of epinephrine 

after the first 10 minutes of the event. Survival was not different for these patients compared 

to those that continued to receive epinephrine after 10 minutes (no epinephrine 45% vs. 

continued epinephrine 40%, p = 0.64). This survival difference remained non-significant 

when adjusted for CPR duration [OR of survival for no epinephrine group: 0.99 (95% CI 

0.38–2.47), p = 0.98].

In the analysis of outcomes based on average epinephrine interval, average interval for the 

total cohort was <3 min/dose in 10% of patients, 3–5 min/dose in 23%, and >5 min/dose 

in 67%. There was a significant variation in dosing practice between hospitals, with a range 

of 7–38% in the 3–5 min/dose group (p < 0.001) (Table S2). Baseline characteristics, event 

characteristics, and outcomes by dosing interval group are available in Tables S3 and S4. 

There was no statistically significant difference in survival between the three dosing interval 

groups, although survival for patients receiving <3 min/dose epinephrine was 25% compared 

to 44% and 46% respectively for the 3–5 min/dose and >5 min/dose groups.

Discussion

In this multi-center study of pediatric patients undergoing ECPR for in-hospital cardiac 

arrest, we observed significant variation in practice between centers. Deviation from 

advanced life support guidelines for administration of epinephrine was common, with 

doses typically given at least every 5 minutes early in the event but then less frequently 

as the event progressed. Our analysis is the first to demonstrate a skewed distribution of 

epinephrine doses given across ECPR events, suggesting that the use of average dosing 

interval in previous resuscitation studies may result in an incomplete understanding of 

how epinephrine dosing impacts outcomes, at least in longer resuscitations. Although 

we note a significant difference in doses per 10 minute period between survivors and 

non-survivors, our subgroup analysis of events lasting longer than 30 minutes found no 

difference in survival between a frequent and limited epinephrine strategy after accounting 

for confounders that can impact survival.

Current accepted guidelines for both pediatric and adult advanced life support recommend 

epinephrine dosing every 3–5 minutes without limit during cardiac arrest.14,15 Furthermore, 

the employment of ECPR has been endorsed by national and international resuscitation 

associations, with ECPR utilization more common in children with underlying cardiac 

disease.14,16 In a survey querying providers of children with cardiac disease about practices 

related to EPCR, 64% reported giving epinephrine boluses every 3–5 minutes throughout 
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the event.7 With time-stamped epinephrine dosing aggregated across 5 institutions, our study 

demonstrated that resuscitation guidelines for epinephrine dosing appear to be followed 

much less rigidly, as only 23% of patients in our study were in the 3–5 min/dose group as 

averaged across the entire CPR duration. Non-compliance with guidelines is not unique to 

ECPR and has been found in conventional CPR studies as well.2,17 Whether this is due to 

system factors or deliberate slowing of doses as CPR time lengthens is unknown. It is also 

conceivable that providers altered their epinephrine dosing strategy in response to patient 

variables such as diastolic blood pressure or end tidal CO2, factors which are associated with 

outcomes. It is also conceivable that providers altered their epinephrine dosing strategy in 

response to patient variables such as diastolic blood pressure or end tidal CO2, factors which 

are associated with outcomes.

Many researchers have cautioned against excessive epinephrine in resuscitation. Specifically, 

increased vasoconstriction due to repeated epinephrine doses during prolonged resuscitation 

has been proposed as a mechanism of cerebro-vascular injury in animal models with 

concerns for reduction in survival and worse neurologic outcomes.6,18 We found no 

difference in the rate of favorable neurologic outcomes amongst survivors between the 

frequent and limited epinephrine strategy groups. Further investigation into the associations 

between neurologic complications and epinephrine dosing in non-survivors may aid in our 

understanding of the impact of epinephrine dosing strategy on cerebral injury.

In addition to the potential direct risk of α-agonism to the microcirculation, more frequent 

epinephrine may result in excessive vasoconstriction thereby limiting ECMO flow and thus 

organ perfusion after cannulation.19 In our study there was no difference in ECMO flow 

rates between the frequent and limited epinephrine dosing strategy groups one hour after 

cannulation. However, use of continuous vasodilators was higher in the frequent epinephrine 

group. Vasodilators are often used in ECMO when elevated blood pressure restricts the 

circuit’s ability to flow and to prevent hypertension related complications such as bleeding 

and stroke. This suggests vasoconstriction was increased in the frequent epinephrine group, 

which could impact organ perfusion and clinical outcomes. This study did not collect 

hemodynamic or oxygen delivery data, limiting the ability to correlate epinephrine dosing 

with alterations in blood pressure, systemic vascular resistance, or tissue perfusion. Future 

prospective studies that include hemodynamic and oxygen delivery data would allow further 

assessment of the impact of epinephrine dosing on these measures during and after ECPR.

There is biologic plausibility that a limited epinephrine dosing strategy may be beneficial, 

or at least not harmful. Animal models of cardiac arrest show improvement in cerebral 

perfusion, cerebral oxygenation, and mean arterial pressure with initial doses of epinephrine, 

but this effect diminishes with successive boluses.20,21 A recent study of conventional CPR 

by Kienzle and colleagues found a higher rate of ROSC and shortened duration of CPR with 

an epinephrine dosing interval of less than 2 minutes.22 The median CPR time, however, 

was only 13 minutes and the authors suggested that continued frequent epinephrine dosing 

after the initial 10 minutes is unlikely to be beneficial. This is supported by our finding 

that outcomes were similar in patients that received no epinephrine doses after the first 

10 minutes of CPR. In addition, efforts to improve care models for pre-hospital ECPR 

for adults suffering cardiac arrest led Lamhaut and colleagues in France to modify their 
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vasoactive administration protocol to limit epinephrine doses, with a resulting increase in 

neurologically intact survival.23 At some point during a prolonged arrest at centers offering 

ECPR the resuscitation goal shifts from achieving ROSC to providing high quality CPR and 

adequate organ perfusion until ECMO cannulation. The findings from our analysis support 

conducting further research on when that shift should occur and whether additional doses of 

epinephrine provide any benefit or actually cause harm.

This study has several limitations. First, it is a retrospective analysis and dependent on 

the quality of documentation, which occurs during a high stress event and thus is at 

risk for inaccuracies. However, it is standard practice to have an individual exclusively 

assigned to document interventions during hospital resuscitations, so dosing times are likely 

reliable. This study has the advantage of being multi-center with five pediatric hospitals 

contributing data; in addition to the variation seen in epinephrine dosing between centers, 

other unmeasured organizational and practice differences between hospitals are likely to 

impact outcomes. CPR quality metrics were also not available at all centers and thus not 

accounted for in our analysis. Detailed vital sign data was also not available and thus it 

is unknown if more frequent epinephrine dosing was in response to poor hemodynamic 

conditions that could also impact outcome. Detailed vital sign data was also not available 

and thus it is unknown if more frequent epinephrine dosing was in response to poor 

hemodynamic conditions that could also impact outcome.

Conclusions

In this multi-center retrospective study of children undergoing in-hospital ECPR, 

epinephrine dosing frequency often did not follow recommended guidelines and doses were 

not evenly distributed throughout the duration of ECPR. Survivors consistently received 

fewer epinephrine doses than non-survivors after the first 10 minutes of resuscitation, 

and continued epinephrine dosing after 10 minutes did not improve survival. The prior 

conventional approach to ECPR analyses that assume epinephrine dosing is evenly 

distributed throughout prolonged resuscitations should be challenged given the findings from 

this study. Further research is needed to better understand the impact of epinephrine dosing 

on organ function during prolonged resuscitation leading to ECMO cannulation, as well as 

the ideal dosing distribution to maximize organ perfusion and minimize injury from excess 

vasoconstriction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 –. 
Total number of epinephrine doses given per 5%tile grouped by average epinephrine dosing 

interval.
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Fig. 2 –. 
Mean number of epinephrine doses given per 10 minutes of CPR and number of patients 

receiving CPR during that time period. * Indicates p ≤ 0.05 for difference in mean 

epinephrine doses between survivors and non-survivors.
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