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Abstract

Objective To determine if earlier administration of epinephrine

repeat cardiac arrest, and 85 patients were excluded as they received
vasopressin before the first dose of epinephrine. The main study

(adrenaline) in patients with non-shockable cardiac arrest rhythms is
associated with increased return of spontaneous circulation, survival,
and neurologically intact survival.

Design Post hoc analysis of prospectively collected data in a large
multicenter registry of in-hospital cardiac arrests (Get With The
Guidelines-Resuscitation).

Setting We utilized the Get With The Guidelines-Resuscitation database
(formerly National Registry of Cardiopulmonary Resuscitation, NRCPR).
The database is sponsored by the American Heart Association (AHA)
and contains prospective data from 570 American hospitals collected
from 1 January 2000 to 19 November 2009.

Participants 119 978 adults from 570 hospitals who had a cardiac arrest
in hospital with asystole (55%) or pulseless electrical activity (45%) as
the initial rhythm. Of these, 83 490 arrests were excluded because they
took place in the emergency department, intensive care unit, or surgical
or other specialty unit, 10 775 patients were excluded because of missing
or incomplete data, 524 patients were excluded because they had a

population therefore comprised 25 095 patients. The mean age was 72,
and 57% were men.

Main outcome measures The primary outcome was survival to hospital
discharge. Secondary outcomes included sustained return of
spontaneous circulation, 24 hour survival, and survival with favorable
neurologic status at hospital discharge.

Results 25 095 adults had in-hospital cardiac arrest with non-shockable
rhythms. Median time to administration of the first dose of epinephrine
was 3 minutes (interquartile range 1-5 minutes). There was a stepwise
decrease in survival with increasing interval of time to epinephrine
(analyzed by three minute intervals): adjusted odds ratio 1.0 for 1-3
minutes (reference group); 0.91 (95% confidence interval 0.82 to 1.00;
P=0.055) for 4-6 minutes; 0.74 (0.63 to 0.88; P<0.001) for 7-9 minutes;
and 0.63 (0.52 to 0.76; P<0.001) for >9 minutes. A similar stepwise effect
was observed across all outcome variables.

Conclusions In patients with non-shockable cardiac arrest in hospital,
earlier administration of epinephrine is associated with a higher
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probability of return of spontaneous circulation, survival in hospital, and
neurologically intact survival.

Introduction

Each year, about 200 000 patients in hospital in the United States
have a cardiac arrest,' with survival at 7-26%.%® Initial cardiac
rhythms not amenable to defibrillation (pulseless electrical
activity and asystole) are more common than shockable rhythms
(ventricular fibrillation or ventricular tachycardia) in the
inpatient’” and outpatient settings,® and the past decade has seen
a trend toward an increased incidence of non-shockable arrests.’
Despite the predominance of non-shockable cardiac rhythms,
most previous studies have focused on patients with shockable
cardiac arrest.'”"? Apart from cardiopulmonary resuscitation,
no intervention has been shown to be efficacious in patients
with non-shockable cardiac arrest.

Epinephrine (adrenaline) is a potent peripheral vasoconstrictor
as well as a coronary artery vasodilator and is recommended by
the American Heart Association as the preferred medical
intervention in cardiac arrest.” ' Despite a strong physiologic
rationale and anecdotal reports of efficacy, there are no well
controlled trials of epinephrine to assess endpoints such as
improved survival and neurologically intact survival. A
randomized trial failed to show efficacy for advanced cardiac
life support drugs, and extrapolation to the potential lack of
efficacy of epinephrine has been suggested; the dose, timing,
and even use of epinephrine remains controversial.” '¢

We investigate the effects of timing of administration of
epinephrine on survival after cardiac arrest in hospital. To avoid
confounding by the timing of defibrillation, we excluded patients
with shockable rhythms. We hypothesized that in patients with
cardiac arrest with non-shockable rhythm, in-hospital survival
and neurologic outcome would be improved with earlier
administration of epinephrine. To test this hypothesis, we used
a large observational database to evaluate the relation between
time of first administration of epinephrine and in-hospital
survival in patients in hospital with pulseless electrical activity
or asystolic cardiac arrest.

Methods
Study design

We used the Get With The Guidelines-Resuscitation database
(formerly National Registry of Cardiopulmonary Resuscitation,
NRCPR). The database is sponsored by the American Heart
Association (AHA), and the methods associated with the
database have been described previously.** Briefly, the Get
With The Guidelines-Resuscitation database is a prospective
voluntary multicenter registry of in-hospital cardiac arrests. All
participating institutions were required to comply with local
regulatory and privacy guidelines and, if required, to secure
institutional review board approval. Because data were used
primarily as the local site for quality improvement, sites were
granted a waiver of informed consent under the common rule.
The University of Pennsylvania served as the data analytic center
and granted the opportunity to prepare the data for research
purposes. All patients with cardiac arrest and without
do-not-resuscitate orders are screened for eligibility. Trained
staff at participating institutions are responsible for screening
potential cases through review of hospital paging logs, routine
checks of the emergency response code carts, and cardiac arrest
event documentation flow sheets. Research or quality assurance
staff collect information on the cardiac arrest event from the
hospital medical records and cardiac arrest documentation forms.
Data are entered onto a secure electronic database that uses

precisely defined variables from the Utstein guidelines for
in-hospital cardiac arrest. All cases are assigned a unique
identification code.

Patient population

Data from 570 hospitals were collected from 1 January 2000 to
19 November 2009. We included in the analysis only index
pulseless events for which the initial cardiac rhythm was asystole
or pulseless electrical activity. We excluded patients with cardiac
arrest in the emergency department, intensive care unit, or
surgical or other specialty care or procedure areas, patients who
had incomplete, missing, or inconsistent (negative) data on time
to epinephrine administration or incomplete or missing covariate
data, and patients who received vasopressin before epinephrine.

Time to epinephrine

Our primary exposure of interest was the time to epinephrine
administration. Time to epinephrine was recorded as the interval,
in minutes, between the recognition of the cardiac arrest and
the first administered dose of epinephrine. Data concerning the
recognition of the arrest as well as the first administration of
epinephrine were recorded initially at the time of the cardiac
arrest event by the clinical team responding and subsequently
entered onto the Get With The Guidelines-Resuscitation
database, which provides training, a data dictionary, and
instructions to data abstractors to increase accuracy.’’ We
constructed intervals of time to administration of epinephrine
on the basis of previous recommendations.' Intervals were
categorized as administration in 1-3 minutes, 4-6 minutes, 7-9
minutes, and >9 minutes.

Outcome measures

The primary outcome was survival to hospital discharge.
Secondary outcomes included sustained return of spontaneous
circulation defined as the presence of palpable pulses for 20
minutes, survival to 24 hours, and survival to hospital discharge
with favorable neurologic status.'” Neurologic status was
assessed with the 5 point cerebral performance category scale
(1=no major disability, 2=moderate disability, 3=severe
disability, 4=coma or vegetative state, and 5=death)."” '* We
dichotomized the 5 point scale into favorable (cerebral
performance category 1 or 2) and poor (cerebral performance
category 3, 4, or 5) neurologic status, which is commonly done
in cardiac arrest investigations.'

Statistical analysis

To assess the independent relation between time to epinephrine
administration and survival to hospital discharge, we constructed
multivariable logistic regression models. With a large
multicenter registry of in-hospital cardiac arrest such as Get
With The Guidelines-Resuscitation, it is likely that many
variables will have significant, albeit not clinically relevant,
associations with the outcome of interest. Therefore, we initially
screened all variables in the dataset to be used as candidate
predictor variables in the multivariable models. Variables
selected as candidates for entry into the multivariable models
included race/ethnicity, initial cardiac rhythm (asystole or
pulseless electrical activity), admission diagnosis (medical
(cardiac), medical (non-cardiac), surgical (cardiac), surgical
(non-cardiac)), co-existing medical conditions (congestive heart
failure, new myocardial infarction at this admission, myocardial
infarction before this admission, known arrhythmia, hypotension
or hypoperfusion, respiratory insufficiency, renal insufficiency,
hepatic insufficiency, metabolic or electrolyte abnormalities,
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diabetes, baseline central nervous system depression, stroke,
pneumonia, septicemia, major trauma, metastatic or hematologic
malignancy, HIV or AIDS), whether the arrest was witnessed,
the use of apnea monitoring or use of telemetry monitoring at
the time of arrest, activation of hospital-wide emergency
response team, location of arrest (general inpatient floor or ward
with telemetry monitoring, general inpatient floor or ward
without telemetry monitoring, telemetry monitored step-down
floor or ward), hospital characteristics including the hospital
teaching status (major teaching center, minor teaching center,
or non-teaching center), hospital size as measured by total
number of hospital beds (<250, 250-499, >499), day of the week
(weekday or weekend), and time of arrest (day or night). To
account for changes in cardiopulmonary resuscitation guidelines
we categorized patients by year of arrest, either before or after
guideline changes in 2005.

We used univariate logistic regression models to determine
potential associations between confounding variables and
outcomes. Variables that were determined to be independently
associated (P<0.05) with outcomes were then added to the
multivariable models. To achieve model parsimony, variables
that failed to contribute significantly to the model were removed
manually to fit the final multivariable model. Regardless of
significance, we planned a priori to include patients’
characteristics including age and sex, as well as recorded time
to epinephrine administration and time to initiation of
cardiopulmonary resuscitation as covariates, and these were
therefore forced into the final model. The final list of predictor
variables for multivariable analysis is shown in table A in
appendix 1. For the final models, we used generalized estimating
equations to account for clustering effects of hospitals. All
analyses were carried out on complete cases, including primary
predictor variable and covariate data.

Sensitivity analysis

We performed three types of sensitivity analysis. First, because
delays in initiation of resuscitation will affect in-hospital
survival, we performed two additional confirmatory analyses
of the relation between time of epinephrine administration and
outcomes. This was planned a priori to ensure that the results
of our primary analysis were not simply artifacts of delays in
initiation of resuscitation. In the first sensitivity analysis, we
assessed the primary exposure of delay in administering
epinephrine after chest compressions had begun. This analysis
therefore accounted for the incremental contribution to outcomes
from delays in administration rather than overall delays in
resuscitation. We computed this exposure as the difference, in
minutes, between initiation of cardiopulmonary resuscitation
and administration of epinephrine. We then restricted the
population of interest to those patients for whom
cardiopulmonary resuscitation was initiated within the first
minute of recognition of cardiac arrest, thus eliminating
variability relating to the time to initiation of cardiopulmonary
resuscitation.

Second, we performed a post hoc sensitivity analysis
categorizing patients into quarters of the time distribution of
delivery of the first epinephrine. This additional test was
performed to assess residual treatment bias in timing of delivery
of epinephrine as the 3 minute categorization scheme was
derived a priori on the basis of expert opinion and current ACLS
guidelines. We treated quarters of epinephrine delivery as the
predictor of interest and used multivariable logistic regression
models for the sensitivity analyses. We report adjusted odds
ratios and 95% confidence intervals.

Third, some patients were not included in the analysis because
of missing covariate data (fig 1//; table B in appendix 1). Using
y?, we assessed the crude survival rates in patients who were
excluded from the primary analysis because of missing covariate
data and compared these rates with those patients included in
the primary analysis. Further, we assumed covariate data were
missing at random and performed multiple imputations five
times for covariate data and assessed the effect on primary
outcome with multivariable logistic regression models.

All statistical tests of the data were two tailed at a significance
level of 0.05. We report unadjusted and adjusted odds ratios
with 95% confidence intervals for statistical testing. All analyses
were performed with SAS v9.3 (SAS Institute, Cary, NC).

Results

We identified 25 095 adult patients (fig 1//) from 570 hospitals
who had an in-hospital cardiac arrest with asystole (55%) or
pulseless electrical activity (45%). Table 1|/ shows the baseline
characteristics of the study cohort. The median time to
epinephrine administration was three minutes (interquartile
range 1-5 minutes), and the median number of doses
administered was three (interquartile range 2-4). Sustained return
of spontaneous circulation occurred in 12 215 patients (49%);
6820 (27%) survived to 24 hours and 2603 (10%) survived to
hospital discharge. Of patients with complete neurologic
assessment, 1601 (7%) survived with favorable neurologic
outcome. Neurologic outcome data were unavailable for 359
patients (1%).

There was a stepwise decrease in survival in hospital with each
additional minute of first administration of epinephrine: 929
(12%) survived when epinephrine was given in the first minute,
392 (12%) in the second minute, 305 (11%) in the third minute,
208 (9%) in the fourth minute, 335 (10%) in the fifth minute,
124 (10%) in the sixth minute, and 310 (7%) in the seventh
minute or later (P<0.001). When we analyzed time to
administration in three minute intervals we found a significant
stepwise decrease in-hospital survival with increasing time
interval, both in the unadjusted and adjusted analyses (adjusted
odds ratio per category: 1.0 for 1-3 minutes (reference group);
0.91 (95% confidence interval 0.82 to 1.00; P=0.055) for 4-6
minutes; 0.74 (0.63 to 0.88; P<0.001) for 7-9 minutes; and 0.63
(0.52 to 0.76; P<0.001) for >9 minutes) (fig 2! and table 2[}).
The stepwise decrease in outcomes was conserved across all
outcome variables (see appendix 2, figs A-C).

In the sensitivity analyses with adjustment for delays in initiation
of cardiopulmonary resuscitation, time to epinephrine
administration remained independently associated with survival
to hospital discharge after multivariable adjustments. In the first
sensitivity analysis, we found that increasing time between
initiation of cardiopulmonary resuscitation and epinephrine
administration was associated with a lower probability of
in-hospital survival: adjusted odds ratio 1.0 for 1-3 minutes
(reference category); 0.88 (95% confidence interval 0.79 to
0.98; P=0.02) for 4-6 minutes; 0.73 (0.61 to 0.86; P<0.001) for
7-9 minutes; and 0.61 (0.50 to 0.74; P<0.001) for >9 minutes.
In the second sensitivity analysis, which restricted the analysis
to patients who received cardiopulmonary resuscitation within
the first minute of recognition of the event (n=23 596), delay
in epinephrine administration was associated with a stepwise
decrease in the probability of in-hospital survival: adjusted odds
ratio 1.0 (reference category) for 1-3 minutes; 0.92 (0.83 to
1.01; P=0.09) for 4-6 minutes; 0.73 (0.61 to 0.87; P<0.001) for
7-9 minutes; and 0.65 (0.53 to 0.79; P<0.001) for >9 minutes.
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Figure 3 shows a comparison of the results of the primary
analysis and two sensitivity analyses||.

In the post hoc sensitivity analysis in which patients were
categorized by quarters of delivery of epinephrine there was a
stepwise decrease in survival in hospital with increasing quarter:
929 (12%) in the first quarter, 697 (11%) in the second quarter,
543 (10%) in the third quarter, and 434 (8%) in the fourth
quarter (P<0.001). There was a stepwise decrease in-hospital
survival with increasing quarter of first epinephrine in both
adjusted and unadjusted analyses (see appendix 2, fig D). In
patients without complete covariate data the crude survival rates
in each category of delivery of epinephrine were 13% for 1-3
minutes, 10% for 4-6 minutes, 8% for 7-9 minutes, and 9% for
>9 minutes. There was no significant difference in survival rates
between those with and without complete covariate data (P=0.5).
Imputations carried out five times for missing covariate data
showed no significant difference in the association between
category of delivery of epinephrine and primary outcome (results
not shown).

Discussion
Principal findings

In patients who experience a cardiac arrest in hospital, earlier
administration of epinephrine is strongly associated with
increased probability of return of spontaneous circulation, 24
hour survival, in-hospital survival, and overall neurologically
intact survival. These associations remained robust after
multivariable adjustments and were also maintained in
sensitivity analyses adjusted for delays in initiation of
resuscitation.

The physiologic rationale for early administration of epinephrine
in patients with cardiac arrest is strong, particularly in those
with rhythms not amenable to defibrillation. Epinephrine is a
potent peripheral vasoconstrictor as well as a coronary artery
vasodilator. This combination of physiologic effects results in
an increase in coronary perfusion pressure, which has been
shown to be strongly associated with return of spontaneous
circulation in both animals and humans."” * During complete
circulatory arrest and in the absence of a shockable rhythm, the
administration of epinephrine would logically be a time
dependent intervention.

Comparison with other studies

While little controversy exists over the ability of epinephrine
to increase rates of return of spontaneous circulation, current
scrutiny of this intervention has focused on whether mortality
and neurologically intact survival can be improved. The current
findings might provide insight into this question. One previous
large scale investigation failed to show a survival benefit with
the use of drugs for advanced life support in the outpatient
setting."” The mean time to arrival of emergency medical staff
in that investigation, however, was 10 minutes, and epinephrine
delivery was therefore delayed by virtue of arrival time alone.
The lack of efficacy could have resulted from delay in time to
intervention. A recent randomized trial evaluated the provision
of epinephrine versus placebo for patients with out of hospital
cardiac arrest.”’ In this investigation, Jacobs and colleagues
found that epinephrine markedly increased rates of return of
spontaneous circulation, but the study was underpowered to
evaluate the primary outcome of neurologically intact survival.
Finally, a retrospective study in Japan suggested an increase in
return of spontaneous circulation but worse long term outcome.'®
Only a small fraction of patients received epinephrine, however,
and selection bias could have been present despite efforts to

control for this. In the context of our findings, future
investigations should consider timing of epinephrine
administration in design and interpretation.

Study limitations

Our study has several limitations. First, this is a retrospective
evaluation. We attempted to overcome this weakness through
multiple regression modeling, and our findings were resilient
to multiple modeling strategies, but it is possible that
unmeasured confounding remains. We performed several
sensitivity analyses to assess the robustness of our findings
when we considered delays in the initiation of cardiopulmonary
resuscitation. We were, however, unable to ascertain the specific
reasons for delays in the arrival of advanced resuscitation teams.
Second, the data were collected by various different healthcare
systems throughout the country, and variability in the quality
of data could potentially occur. To mitigate this weakness, the
American Heart Association provides training and certification
for data abstraction to ensure standardized data collection across
hospitals and health systems. Further, the association performs
regular reviews to ensure the accuracy and quality of the dataset.
Third, data on neurologic outcomes were unavailable for a small
number of patients (2%). Additionally, we were unable to assess
the quality of cardiopulmonary resuscitation in each case and
whether interruptions in chest compressions were related to the
outcomes.

Conclusions and policy implications

We found that shorter time to administration of epinephrine is
associated with better outcomes after in-hospital cardiac arrest
with a non-shockable rhythm. Our findings have important
public health and policy implications. First, we found that
delayed administration was associated with lower probability
of survival, and this finding could help inform clinical practice
and quality measurements in cardiac arrest. Currently, healthcare
providers do not typically evaluate the quality of resuscitation
with “time to epinephrine” as a metric in pulseless electrical
activity or asystole. Rather, quality metrics have focused almost
exclusively on defibrillation, leading hospital systems to allocate
resources to improve the rapidity of defibrillation for cardiac
arrests with shockable rhythms. To support this goal,
defibrillation (once considered an “advanced skill”’) has become
part of basic courses in cardiopulmonary resuscitation and can
be adequately applied by the lay public. Defibrillation, however,
is not useful for most cardiac arrests, and, when a patient is not
in a shockable rhythm, current standard of care focuses on
cardiopulmonary resuscitation only, even for many healthcare
providers. With such a large proportion of cardiac arrests being
non-shockable rhythms, future quality metrics could conceivably
focus on shortening the time to administration of epinephrine
in these patients. For providers trained in advanced cardiac life
support, epinephrine is part of the armamentarium, but there is
alack of focus on timing of administration of this drug. Finally,
the past decade has seen a decrease in the incidence of shockable
cardiac arrests, which further emphasizes the need for research
and quality control measures in patients with non-shockable
rhythms.®
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What is already known on this topic

For patients with cardiac arrest with rhythms not amenable to defibrillation, cardiopulmonary resuscitation and intravenous epinephrine

are the standard for resuscitation therapy

The use of epinephrine is currently under scrutiny as recent investigations have questioned its influence on long term outcomes after

cardiac arrest

What this study adds

In patients with in-hospital cardiac arrest with a non-shockable rhythm, early administration of epinephrine is associated with improved
outcomes including in-hospital survival and neurologically intact survival

The timing of epinephrine is important in resuscitation efforts as more favorable outcomes were observed with early delivery even after
adjustment for delays in the initiation of cardiopulmonary resuscitation
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Tables

| Baseline characteristics of patients with cardiac arrest in hospital. Figures are numbers (percentage) of patients unless stated
otherwise

Characteristic All patients (n=25 095)
Means (SD) age (years) 72 (15)

Men 14 364 (57)
White 17 433 (70)
Activation of hospital-wide resuscitation response 24 408 (97)
Witnessed event 13 976 (56)
Asystole 13 792 (55)

ECG monitor at time of arrest 12765 (51)
Weekend arrest 8292 (33)
Evening or after hours arrest 10 040 (40)

Location of arrest:

General floor or ward with telemetry 2433 (10)
General floor or ward without telemetry 13 081 (52)
Telemetry monitored step-down unit 9581 (38)

Hospital size (No of beds):

<250 5364 (21)
250-499 10 944 (44)
>499 8787 (35)
Admitting diagnosis:
Non-cardiac 14 088 (56)
Cardiac 6549 (26)
Surgical non-cardiac 3310 (13)
Surgical cardiac 902 (4)
Other 246 (1)
Co-morbid cardiac conditions:
Arrhythmia 6954 (28)
Previous congestive heart failure 5899 (24)
New diagnosis of congestive heart failure 4601 (18)
Myocardial infarction 4030 (16)

Co-existing conditions:

Respiratory insufficiency 8625 (34)
Diabetes 8411 (34)
Cancer 4122 (16)
Pneumonia 3902 (16)
Baseline CNS depression 3495 (14)
Sepsis 3367 (13)
Hepatic insufficiency 1686 (7)
Trauma 462 (2)

ECG=electrocardiograph; CNS=central nervous system.
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| Survival in patients with in-hospital cardiac arrest according to timing of administration of epinephrine within 3 minute time intervals
after arrest

Odds ratio (95% Cl)

Timing (minutes) No (%) who survived to hospital discharge Unadjusted Adjusted* P value
1-3 1626 (12) Reference Reference —
4-6 667 (10) 1.23 (1.12t0 1.35) 0.91 (0.82to0 1.00)  0.055
7-9 180 (8) 1.54 (1.32t0 1.81) 0.74 (0.63t0 0.88) <0.001
>9 130 (7) 1.77 (1.47 t0 2.13) 0.63 (0.52t0 0.76) <0.001

*Adjusted for variables as listed in appendix 1, table A.
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Figures

Cardiac arrests with asystole or
pulseless electrical activity (n=119 978)

Arrests in emergency department, intensive care
unit, surgical unit, other specialty unit (n=83 490)

Arrests of general inpatient floor or ward (n=36 488)

Excluded (n=10775):
= Incomplete or missing data on epinephrine (n=6574)
Incomplete outcome or covariate data (n=4201)

Cases with complete data (n=25 704)
e Repeat cardiac arrests (n=524)
Index events with complete data (n=25 180)

= Patients received vasopressin before epinephrine (n=85)

Final study population (n=25 095)

Fig 1 Selection of cardiac arrest patients with pulseless electrical activity or asystole from Get With The
Guidelines-Resuscitation registry

12
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Time of administration of epinephrine (minutes)
Fig 2 Probability of survival to hospital discharge with delays in time to administration of epinephrine after cardiac arrest,

with unadjusted and adjusted odds ratios and 95% confidence intervals. Table A in appendix 1 lists variables used for
multivariable adjustments
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Fig 3 Multivariable models to assess relation between time of administration of epinephrine and survival. Primary analysis
(a): association between interval from recognition of cardiac arrest event to administration of epinephrine and in-hospital
survival. Sensitivity analysis (b): association between interval from initiation of cardiopulmonary resuscitation and
administration of epinephrine and in-hospital survival. Sensitivity analysis (c): association between time to administration
of epinephrine and survival in subgroup of patients who received cardiopulmonary resuscitation within first minute after
arrest. Error bars represent 95% confidence intervals
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