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Introduction: Epinephrine continues to be a fundamental part of the Advanced Cardiac Life Support
algorithm despite a lack of evidence that it improves neurologically intact survival. Our aim was both to
identify a potential upper limit of epinephrine use in resuscitations and to demonstrate real-world
epinephrine use in different patient subgroups.

Methods: This was a single-center, retrospective cohort study, conducted between August 1, 2016—July
1, 2021, of patients with medical cardiac arrest who were administered a known number of epinephrine
doses. The primary outcome was neurologically intact discharge defined by a modified Rankin scale <3,
with secondary outcomes of comparing epinephrine doses by age, rhythm, and emergency medical
services vs emergency department administration of epinephrine.

Results: The study included 1,330 patients, with 184 patients (13.8%) surviving to neurologically intact
discharge. The primary outcome of neurologically intact discharge was found in 89 (65.4%) patients in
the zero epinephrine dose group, 75 (20.0%) in the 1-3 dose group, 15 (4.3%) in the 4-6 dose group, and
one (0.002%) in the >7 dose group (P < 0.001). Patients received similar amounts of epinephrine when
stratified by age, while patients with shockable rhythms received more epinephrine than patients with
non-shockable rhythms.

Conclusion: There was a significant decrease in neurologically intact discharge with increasing number of
epinephrine doses, and our data suggests that seven or more doses of epinephrine is almost always futile.
While further prospective studies are needed, clinicians should consider epinephrine doses when weighing

the futility or benefit of continued resuscitation efforts. [West J Emerg Med. 2023;24(6)1025—1033.]

INTRODUCTION

Advanced Cardiovascular Life Support (ACLS) has been
used for patients in cardiac arrest in both the prehospital and
hospital setting following its introduction in 1974." Since that
time, the guidelines have undergone several changes.
Medications such as bicarbonate and calcium have lost
favor,”* while epinephrine remains a mainstay in both
shockable (pulseless ventricular tachycardia and ventricular
fibrillation) and non-shockable (asystole and pulseless
electrical activity) rhythms. The most recent ACLS

guidelines recommend epinephrine use in all cardiac arrest
patients as a 1 mg dose given every 3—5 minutes, along with
high-quality cardiopulmonary resuscitation (CPR), until the
patient has return of spontaneous circulation (ROSC).'
Current research, however, shows epinephrine may
improve the rates of ROSC but does not improve rates of
survival to hospital discharge or survival with a favorable
neurologic outcome.*’

The European Resuscitation Council recommends
terminating resuscitative efforts after 20 minutes in the
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absence of reversible causes, given the unlikely event of a
positive outcome.® The American Heart Association
recommends cessation of out-of-hospital cardiac arrest
resuscitation in patients with unwitnessed, non-shockable
rhythms, who do not get ROSC prior to transport.’

While previous studies have shown increasing epinephrine
doses are associated with worse resuscitation outcomes, the
exact dose of epinephrine from which there would be no
further benefit is unclear.®'*'* It is also unclear how age may
play a role in the outcome of resuscitation when taking
into account increasing epinephrine dosing. Although
epinephrine is a potent inotrope and vasopressor, it is also
thought to increase myocardial oxygen consumption as well
as increase the risk of arrhythmias during repeated dosing.
Often, patients in cardiac arrest with shockable rhythms
refractory to management may actually benefit from less
epinephrine, to reduce myocardial oxygen demand and to
limit adrenergic stimulation, which decreases the risk for
dysrhythmia.'*"'” There are, however, no established
guidelines regarding when epinephrine dosing should cease
during resuscitation, the risk or benefit to neurologically
intact ROSC with epinephrine use in shockable rhythms, or
the total number of epinephrine doses that would be most
beneficial to patients.'®'”

We set out to conduct a study to determine a point in the
resuscitation where further epinephrine dosing is potentially
futile. We designed our patient groups and secondary
outcomes in an a priori fashion to explore the use of
epinephrine by clinicians based on patient age, cardiac
rhythm, and location of cardiac arrest. These outcomes
provide novel data for this controversial medication. Our a
priori hypothesis was that increasing doses of epinephrine are
associated with increasing mortality and worse neurologic
outcomes. Additionally, we attempted to identify a potential
limit of epinephrine use in cardiac arrest within our
institution and to describe the use of epinephrine
in the emergency department (ED) for various
patient populations.

METHODS

This was a single-center, retrospective cohort study at an
academic, Level I trauma and tertiary referral center that sees
greater than 100,000 ED visits per year. The study received
institutional review board approval. After a joint discussion
with all study members, and a one-hour training session, we
manually reviewed electronic health records (EHR) for all
cardiac arrest patients from August 2016, which marked the
institution of our current EHR system, until July 2021. All
reviewers were blinded to the study question. Patients were
identified using International Classification of Diseases, 10™
Revision (ICD-10) codes for cardiac arrest (146, cardiac
arrest; 146.2, cardiac arrest due to underlying condition;
146.9, cardiac arrest, cause unspecified; 149.01 ventricular
fibrillation; J98.9 cardiac arrest due to respiratory disorder).

Population Health Research Capsule

What do we already know about this issue?
Epinephrine in cardiac arrest has an unclear
survival benefit, and prior studies have shown
increasing doses to be associated with
increased mortality.

What was the research question?
Is there a point in resuscitation where more
epinephrine doses are potentially futile?

What was the major quantitative finding of
the study?

Neurologically intact discharge ranged from
65.4% with 0 epinephrine doses to 0.002% in
the >7 dose group (P <0.001).

How does this improve population health?
Understanding epinephrine and survival rates
of cardiac arrest is important to improve
outcomes and decrease emergency
department resource use.

Inclusion criteria were patients >18 years old who
presented to the hospital in cardiac arrest, had a cardiac
arrest in the ED, or were transferred from an outside hospital
after a cardiac arrest. Patients were excluded (Figure 1) if
they y had a cardiac arrest only after hospital admission, a
traumatic cardiac arrest, an advanced directive invoked
during resuscitation, or an unknown number of epinephrine
doses. Patients were also excluded if we could not determine
the actual number of epinephrine doses administered based
on chart review.

Definitions

Cardiac arrest was defined as loss of pulses requiring either
CPR or a shock delivered by an external defibrillator. We
considered ventricular fibrillation or pulseless ventricular
tachycardia as shockable rhythms, whereas asystole and
pulseless electrical activity were non-shockable rhythms,
per ACLS guidelines.”” Our department’s cardiac arrest
workflow assigns one ED nurse solely to documentation
during every cardiac arrest resuscitation. The nursing
documentation was, therefore, the most accurate way to
track medication administration, and we used this method to
count epinephrine doses. For number of epinephrine doses
given by emergency medical services (EMS), we also used the
nursing code documentation, which started with a summary
of care given by EMS of the patient presentation and
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(n=1,532)

Total Cardiac Arrest Patients

Excluded patients (n = 202)
e Traumatic Arrest (n = 141)

v

e Unknown epinephrine doses (n = 61)

Enrolled Patients (n =

1,330)

e Received 0 epinephrine doses
(n=136)

v A 4

Received 1-3 doses
of epinephrine

(n=375) (n=349)

Received 4-6 doses
of epinephrine

Received >7 doses
of epinephrine
(n=470)

Figure 1. Flow diagram of study enrollment.

transport, including any medications and interventions
provided. We unfortunately did not have consistent
prehospital records and so opted not to reference these due to
large gaps in data collected. A patient was considered to have
died in the ED if he or she was pronounced while in the ED
without an admission history and physical documented.

We chose to study substance use as a comorbidity and
defined it as an existing diagnosis of substance use in the
patient’s chart based on the patient’s past medical history;
it was considered separate from a history of alcohol use
disorder. The patient population in the area served by the
hospital system is medically underserved with a high rate of
substance use disorder (with approximately 4% of the total
city population receiving substance use disorder treatment
over a one-year period),”’ specifically fentanyl and cocaine,
which can result in cardiac arrest through arrhythmias
or hypoxia.”'

The primary outcome was neurologically intact hospital
discharge defined by a modified Rankin scale <3, which has
been used in previous cardiac arrest literature.”* The primary
outcome was stratified by total number of doses of
epinephrine to evaluate for effect of escalating doses. We
considered one dose of epinephrine to be 1 mg administered
via an intravenous push, the standard dose recommended by
ACLS for cardiac arrest. Secondary outcomes included the
age of patients receiving epinephrine doses, the number of
epinephrine doses administered by EMS vs the ED, and the
time to first epinephrine dose.

Patients were stratified by number of epinephrine doses
into three groups: 1-3 doses, 4-6 doses, and >7 doses. Other
studies used smaller groups (1 dose, 2-5 doses, >5 doses), but
we found that our grouping resulted in three groups of similar
size, allowing for a more balanced analysis.® The choice of

groups was also determined by an estimate of resuscitation
time based on administration of a single epinephrine dose
every 3—5 minutes on average. The 1-3 dose group implies at
least 10 minutes of resuscitation, 4-6 dose group 20 minutes
of resuscitation, and >7 dose group above 20 minutes of
resuscitation. We chose 20 minutes as our upper cutoff since,
as mentioned earlier, this represents the time after which the
European Resuscitation Council recommends terminating
resuscitative efforts.®

Data Collection

We collected data via manual abstraction. The principal
investigators (ZB, TS) met to create a standardized method
in which data would be abstracted and then held a
one-hour session to train the rest of the research team. Each
member of the research team (ZB, DD, KD) would collect an
equal proportion of data of which 10% was reviewed by a
separate investigator (TS) for inter-reviewer reliability and
accuracy, and any corrections were made on an ongoing
basis. The research team was not blinded to the a
priori hypothesis.

We conducted statistical analysis using SPSS version 28
(IBM Corporation, Armonk, NY), using a P-value <0.05 for
significance. We first tested for normality with a Shapiro-
Wilk test. Non-normal data, such as the grouping of patients
by epinephrine dosing and age, was analyzed with either
a Mann-Whitney U test (two groups) or Kruskal-Wallis
testing (greater than two groups). Normal data such as
demographics, comorbidities, EMS vs ED administration,
in- vs out-of-hospital cardiac arrest, and shockable vs non-
shockable rhythm, was analyzed with either the Student
t-test (two groups) or ANOVA testing (greater than
two groups).
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Figure 2. Total epinephrine doses administered.

RESULTS

The study analyzed 1,330 patients, with 136 patients
(10.2%) receiving no doses of epinephrine, and 1,194 patients
who received at least one dose of epinephrine (Figure 2). The
average age of the cohort was 63.3 years old (SD 17.4), and
65.2% male. The total mortality in the study was 1,109 deaths
(83.4%) with 653 (58.9%) of those deaths occurring in the
ED. The total survival to neurologically intact hospital
discharge was 184 patients (13.8%). There were 1,137

Table 1. Demographics and comorbidities.

(85.5%) out-of-hospital cardiac arrest patients, and 551
patients (41.4%) received at least one defibrillation.
Bystander or immediate CPR was initiated in 767 patients
(57.6%). Comorbidities were able to be determined for 861
patients (64.7%) from EHR review, while the other patients
had no prior visits and no documented comorbidities.
Demographics and comorbidities can be found in Table 1,
with minor but statistically significant differences between
groups. Bystander or immediate CPR was more common if
patients received zero or 1-3 doses of epinephrine when
compared to higher doses of epinephrine (Table 1).

A total of 136 patients received zero epinephrine doses,
with 89 (65.4%) surviving to a neurologically intact hospital
discharge. At least one defibrillation was administered to
63.2% of the zero epinephrine patients, compared to 39.8% of
patients who received at least one dose of epinephrine. A
resuscitation time was able to be calculated for 91 patients
with zero epinephrine doses (66.9%), with a mean
resuscitation time of 8.2 minutes and median of 5 minutes.

A total of 1,194 patients received at least one dose of
epinephrine. They received an average of 5.8 doses
epinephrine (SD 3.6). One hundred and fifty-six patients
(13.0%) were in-hospital cardiac arrests. A total of

Total cohort 0 Doses 1-3 Doses 4-6 Doses >7 Doses
(%%, n) epinephrine (%%, n) epinephrine (%° n) epinephrine (%, n) epinephrine (%, n)
Total patients 1,330 136 375 349 470
Average age 63.3 years 65.0 years 63.8 years 62.3 years 62.9 years
Male* 65.2 (867) 72.8 (99) 57.6 (216) 67.1 (234) 67.7 (318)
Bystander/immediate 57.6 (767) 74.3 (101) 63.5 (238) 53.3 (186) 51.5 (242)
CPR*
Shockable rhythm* 41.9 (557) 60.2 (82) 34.9 (131) 33.5 (117) 48.3 (227)
Non-shockable rhythm* 58.1 (773) 39.7 (54) 65.1 (244) 66.5 (232) 51.7 (243)
In-hospital arrest* 13.5 (180) 17.6 (24) 19.5 (73) 13.1 (46) 7.9 (37)
Out-of-hospital arrest* 88.3 (1,174) 82.4 (112) 80.5 (302) 86.9 (303) 92.1 (433)
Missing comorbidities™ 35.3 (469) 17.6 (24) 18.1 (68) 23.2 (81) 28.5 (134)
Cardiac risk factors
HTN* 48.2 (641) 59.6 (81) 65.9 (170) 60.2 (129) 59.2 (164)
HLD* 29.3 (390) 40.4 (55) 41.0 (106) 34.1 (73) 36.1 (100)
CKD* 11.1 (147) 6.6 (9) 15.5 (40) 15.9 (34) 15.5 (43)
DM* 25.7 (342) 17.6 (24) 31.0 (80) 33.6 (72) 40.4 (112)
CHF* 16.0 (213) 16.2 (22) 24 .4 (63) 15.4 (33) 23.5 (65)
MI/CAD* 23.2 (308) 37.5 (561) 32.6 (84) 22.9 (49) 28.2 (78)
Lung disease* 18.6 (248) 19.9 (27) 25.2 (65) 18.7 (40) 27.8 (77)
Substance use* 14.9 (198) 8.8 (12) 20.9 (54) 25.2 (54) 22.0 (61)

*Denotes statistically significant (P < 0.05) group difference using an ANOVA test; ®Percentages calculated based on total patients in

each group.

CPR, cardiopulmonary resuscitation; HTN, hypertension; HLD, hyperlipidemia; DM, diabetes mellitus; CHF, congestive heart failure;

MI/CAD, myocardial infarction/coronary artery disease.

Western Journal of Emergency Medicine

1028

Volume 24, No. 6: November 2023



Boivin et al.

Epinephrine in Cardiac Arrest: A Limit for Resuscitation

91 patients (7.6%) survived to a neurologically intact hospital
discharge. Average resuscitation time was 33.4 minutes for
this cohort. A resuscitation time could be calculated for 1,007
patients (84.3%), with the other patients having no clear
prehospital resuscitation time communicated. Average
resuscitation time for the 1-3 dose group was 14.8 minutes
(min) (median 10 min), for the 4-6 dose group 32.2 min
(median 30 min), and for the > 7 doses group 48.5 min
(median 50 min).

The primary outcome of neurologically intact hospital
discharge (Figure 3) was found in 89 (65.4%) patients who
received zero doses of epinephrine, 75 (20.0%) patients in the
1-3 dose epinephrine group, 15 (4.3%) in the 4-6 dose group,
and one (0.2%) in the >7 doses group (P < 0.001). Patients
who did achieve ROSC had an earlier likelihood for
mortality with increasing doses of epinephrine
(Supplemental Figure 1).

When compared to the 1-3 dose group, the odds of
surviving to hospital admission decreased as the number of
epinephrine doses increased for both the 4-6 dose group
(odds ratio [OR] 0.58. 95% confidence interval [CI]
0.46-0.74; P < 0.001)) and the >7 doses group (OR 0.27, 95%
CI 0.21-0.35; P <0.001)), as well as the odds for survival to
neurologically intact hospital discharge (OR 0.26, 95% CI
0.15-0.47; P <0.001) and (OR 0.01, 95% CI 0.002-0.08;

P <0.001) respectively.

The single patient in the cohort who survived to
neurologically intact discharge with >7 doses of epinephrine
was a 63-year-old female who had a shockable rhythm. She
received 13 doses of epinephrine and 15 defibrillations, all by
EMS, and was ultimately found to have severe coronary
artery disease and required a coronary bypass.

Secondary Outcomes

Patients who received epinephrine were sub-grouped by
age into four cohorts: 18-30 years old; 31-50 years old;
51-70 years old; and >71 years old (Figure 4). There was no
significant difference between increasing age and increasing
doses of epinephrine, as younger patients did not receive

80
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Figure 3. Percentage of patients receiving epinephrine who
survived to neurologically intact hospital discharge.
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Figure 4. Epinephrine doses distributed by patient age as a
percentage of patients within each age group.

>7 doses of epinephrine more so than patients >71 years old
(P =0.80). Patients aged 18-30 years old were also equally
likely to receive 1-3 doses of epinephrine when compared to
the >71 years old group (P =0.11). Overall mortality was
also similar between different age groups as well, ranging
from 88.4% for the 18-30 group to 92.6% for patients

>71 years old (P =0.23), and there was no discernible age-
based mortality pattern when stratified for epinephrine
dosing (Figure 5).

A time to first epinephrine dose was calculated for the 156
in-hospital cardiac arrests who received epinephrine, with
those surviving to a neurologically intact hospital discharge
(n = 26) receiving their first epinephrine dose on average 1.54
minutes into the resuscitation, compared to those who did
not survive to a neurologically intact hospital discharge
(n = 130) receiving their first dose at 2.15 minutes, which was
statistically significant (P =0.02). Time to first epinephrine
dose was not calculated for the out-of-hospital cardiac arrest
patients, unfortunately, due to the lack of consistent
prehospital data available for retrospective review.
Additionally, the survival to neurologically intact hospital
discharge for the in-hospital cardiac arrests was 16.0%
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Figure 5. Mortality in patients grouped by age.
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(n=26), compared to 6.3% (n = 65) for the out-of-hospital
cardiac arrests (P < 0.001).

Patients who received epinephrine and had a shockable
rhythm at any time during their arrest (n =475) received an
average of 6.25 doses of epinephrine, compared to 5.49 doses
in patients who never had a shockable rhythm (P < 0.001).
Survival to neurologically intact hospital discharge in this
subgroup was 10.4% (49 patients) with a shockable rhythm
and 5.8% (42 patients) with a nonshockable rhythm
(P <0.001). A shockable rhythm was also seen more in the
zero-dose epinephrine group and the >7 dose group, and a
non-shockable rhythm was seen more in groups receiving
epinephrine compared to those who did not receive
epinephrine (Table 1).

There were also differences between number of
epinephrine doses administered by EMS compared to the
ED. Of the out-of-hospital cardiac arrest patients who
received epinephrine, the ED was more likely to administer
zero doses of epinephrine (34.9%) than EMS (5.9%)

(P <0.001). Patients who suffered an in-hospital arrest were
more likely to receive zero doses or 1-3 doses, while patients
who suffered an out-of-hospital cardiac arrest were more
likely to receive >7 doses of epinephrine (Table 1). Of 1,036
out-of-hospital cardiac arrests, 162 (15.6%) received >7
epinephrine doses by EMS. Of the 158 in-hospital cardiac
arrests, 37 patients (23.4%) received >7 doses of epinephrine
in the ED. A total of 980 patients (82.1%) received their first
dose of epinephrine from EMS, with 60 (6.1%) surviving to
neurologically intact hospital discharge, compared to 214
patients who received their first dose of epinephrine from the
ED, with 31 (14.5%) surviving to a neurologically intact
hospital discharge (P < 0.001). Sixty-four patients who
received their first dose of epinephrine in the ED were defined
as out-of-hospital cardiac arrests, with nine (14.0%) patients
achieving ROSC by EMS and had subsequent loss of pulses
in the ED. Nine (14.0%) of this patient subset survived to a
neurologically intact hospital discharge.

DISCUSSION

Our results show a significant decrease in patients with
neurologically intact discharges as the number of
epinephrine doses increase. In addition, receiving >7 doses of
epinephrine was associated with a very low probability of
achieving ROSC (1/470, 0.2%). This study supports the
findings of Jouftfroy et al that >7 doses of epinephrine
decreased the chances of obtaining ROSC.?> The secondary
finding that patients with a shockable rhythm or in-hospital
cardiac arrest received more epinephrine doses than their
counterparts suggests that physicians may continue giving
epinephrine doses due to the known higher survivability of
these patient subgroups in prior studies, which our findings
corroborated.”®*” We did not find, however, that younger
patients received more epinephrine doses, regardless of how
much total epinephrine was given. Patients older than

70 received >7 doses of epinephrine in similar proportions to
patients 18-30. Mortality was also similar between age
groups within each subgroup of epinephrine dosing. This
finding, to our knowledge, does not appear in the current
literature on epinephrine use in cardiac arrest and suggests
that physicians are not taking into consideration patient age
during resuscitation, or that the patient’s age is less of a factor
to cease resuscitation. While the study was not specifically
designed to compare patient age and number of epinephrine
doses, this novel finding is hypothesis-generating and should
be studied in a prospective fashion.

Multiple studies address the futility of increasing the
number of epinephrine doses in cardiac arrest, finding that
increased epinephrine doses was associated with increased
mortality for patients.®'*'>?® Our study results agreed with
those findings and increase their generalizability to an overall
ED population, in that we conducted a secondary analysis of
patients by age to show that younger patients did not skew
our results and that we included both in-hospital and out-of-
hospital cardiac arrests, shockable and non-shockable
rhythms, and EMS to ED administration of epinephrine,
unlike previous research.

A study by Grunau et al did show survival with
neurologically intact discharge in a small number of patients
who received >7 doses of epinephrine, but they did not
elaborate on these patients as it was not a study outcome.”’
Shi et al showed neurologically intact survival in 23.6% (17/
72) of patients receiving >7 epinephrine doses, with 12 being
shockable rhythms, 14 receiving bystander CPR, and all but
one patient receiving targeted temperature management
(TTM)."? This survival rate is much higher than reported in
previous literature on cardiac arrest patients receiving large
doses of epinephrine and was neither an intended nor a
reported final outcome of the study. Because there is some
evidence that patients receiving >7 epinephrine doses may
survive neurologically intact, there may be a subgroup of
patients who would benefit from >6 doses of epinephrine,
and the true point of epinephrine futility may lie at a
higher dose.

While our data suggests the likelihood of neurologically
intact hospital discharge decreases as epinephrine doses
increase, there are confounders to address which of them
affect the conclusions that can be drawn from our data. The
average resuscitation time for each group increased with
the increasing number of epinephrine doses. Although
resuscitation time is directly and inexorably linked with
increasing epinephrine use, our study also aimed to evaluate
use of epinephrine during cardiac arrest, which is a factor
that clinicians have direct control over. The significant
difference for the time to first epinephrine for the in-hospital
cardiac arrests is also a confounder, as previous studies have
shown that a delay to first epinephrine increases mortality
and results in worse neurologic outcomes.’” We had only
14.5% of patients sustain an in-hospital cardiac arrest, which
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limited the statistical power of this finding, and only 25% of
the in-hospital cardiac arrest patients received >7 doses of
epinephrine compared to 40% of the out-of-hospital cohort.

Additionally, we found that 64 patients who were
classified as out-of-hospital cardiac arrests, who did not
receive EMS epinephrine but received epinephrine in the ED,
still survived to a neurologically intact hospital discharge at a
high rate (14.0%). This finding was either due to a responding
EMS crew with emergency medical technicians who were
unable to administer medications, an inability to obtain
intravenous or intraosseous access, or ROSC being achieved
prior to administration of epinephrine with a subsequent
cardiac arrest in the ED. We did not include these 64 patients
in our time to first epinephrine calculations as no initial time
point was available to calculate forward from. If this data
was available, it may have changed the association between
decreased time to first epinephrine and increased
neurologically intact hospital discharge as we would expect
the time to first epinephrine to be longer in this population.

We feel that despite these confounders, our data is
accurate in showing an association between decreased
neurologically intact hospital discharge as the number of
epinephrine doses increases. Additionally, there are multiple
factors that go into clinicians deciding when to cease
resuscitation such as patient age, potential cause of cardiac
arrest, initial cardiac rhythm and any defibrillations received.
Our novel secondary outcomes attempt to describe these
factors to give further insight into which patients receive
more epinephrine doses.

Our data showing that >7 doses of epinephrine can be
considered futile may have an impact not only on resources
and duration of ACLS but may also be another tool for
guiding goals-of-care conversations with families. If patients
received >7 doses of epinephrine and achieved ROSC,
physicians could better set expectations regarding the
exceedingly poor prognosis of these patients. It may also be
useful guiding these discussions in patients actively
undergoing CPR, relaying the poor outcomes and helping
families make decisions on continued resuscitation vs
termination of efforts.

LIMITATIONS

The major limitation of this study was the absence of time
to first epinephrine, which was due to inconsistent EMS data,
as the majority of our cases were out-of-hospital cardiac
arrests. This is also due to the retrospective nature of the
study, which comes with its own limitations. It would be
difficult to perform a prospective trial due to concern
regarding the standard of care, and thus it is likely not
feasible at this time to evaluate the number, and effect, of
epinephrine doses a patient should receive.’’ Additionally,
missing data limited our sample size, as we eliminated any
patients with missing epinephrine data from the study. We
did not have comorbidity data on approximately 37% of the

cohort due to patients not having prior ED visits within the
hospital system where this data could have been collected.

We do not have access to autopsy or post-mortem health
information in our EHR, and so we were unable to effectively
screen all patients for comorbidities. There were statistically
significant differences between groups for patient
comorbidities, but we believe the patient comorbidities may
not have had a significant role in the amount of epinephrine
patients were administered as they may not have been known
to EMS and emergency clinicians at the time. Also,
information abstracted from chart review can be inaccurate,
but we reduced the possibility of inaccurate data by
reviewing both physician and nursing notes along with the
code documentation sheet to reconcile all differences.

Our cohort’s neurologically intact survival of 13.8% was
higher than other reported studies, which we suspect may
have been due to us including both in-hospital and out-of-
hospital cardiac arrest. We also included patient who
received zero doses of epinephrine, who overall had a 65.4%
rate of neurologically intact discharge. Finally, we were
limited in our assessment of ACLS time as many charts were
missing a definitive time of resuscitation, especially for out-
of-hospital cardiac arrests, which made up the majority of
our dataset. We often found documentation of exact total
prehospital ACLS time by emergency physicians often
stopped at one hour, which likely led to an underestimation
of the duration of resuscitation. When possible, we gathered
as much data as possible using the documentation that was
available to us via our ED’s EHR.

CONCLUSION

This study of epinephrine dosing in cardiac arrest suggests
that >7 doses of epinephrine is almost always futile within
our institution. These results will need to be prospectively
studied at other institutions and in different patient
populations to confirm their accuracy. Additionally, our
data suggests that patients with favorable survival odds from
a shockable rhythm or an in-hospital cardiac arrest receive
more epinephrine doses, although the difference is small and
may not be clinically relevant. In contrast, however, younger
adults did not receive more epinephrine doses than older
adults, a finding that should be studied further. This study
highlights valuable concepts that physicians should be aware
of when considering the futility or benefit of continued
resuscitation efforts.
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