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INTRODUCTION

Paul Atkinson (@eccucourse)

We continue the #CJEMDebate series with the topic of
whether epinephrine (adrenalin) should continue to be
routinely administered during the management of sud-
den cardiac arrest (SCA), a debate that is particularly
relevant following recent publications and the resulting
conversations within emergency medical service (EMS)
and emergency medicine circles. Are we causing more
harm than good with continued routine use of epineph-
rine during SCA? Or must we use every tool that shows
any hope of improving outcomes in this patient group, in
whom the failure of therapy is final? Does the latest evi-
dence support current protocols or even modified use of
epinephrine, or do we persist in using a treatment option
that is based purely on physiological models and expert
opinion, without a strong evidence base? Further, from
a cost perspective, is epinephrine use providing mean-
ingful health improvements for society, or is it a cost
without any benefits?
Arguing that epinephrine has had its day are Dr.

Michelle Welsford, a paramedic wannabe but also
an emergency physician at Hamilton Health Sciences,
the Medical Director for the Centre for Paramedic
Education & Research, and a Professor and Division

Director of Emergency Medicine at McMaster Univer-
sity, who has been an evidence-based nerd and involved
with resuscitation guideline creation for more years
than she wants to admit, along with Jason Buick, an
advanced care paramedic in the Greater Toronto area
and a PhD student at the Institute of Health Policy,
Management and Evaluation (IHPME) at theUniversity
of Toronto, who researches clinical prediction rules for
paramedics and prehospital resuscitation of life-
threatening emergencies. In response, supporting
another round of epinephrine, are Ian Drennan, an
advanced care paramedic with York Region Paramedic
Services and a PhD candidate at the University of
Toronto and St. Michael’s Hospital, who researches
cardiac resuscitation and the treatment of other life-
threatening illness and injury in the prehospital setting,
along with Dr. Steve Lin, an Emergency Physician,
Trauma Team Leader, and Scientist at St. Michael’s
Hospital and Assistant Professor in the Department
of Medicine and the IHPME at the University of
Toronto, whose translational research program aims to
optimize cardiac arrest resuscitation. This experienced
team are all actively engaged in resuscitation outcomes
research with organizations such as the International
Liaison Committee on Resuscitation (ILCOR) and
the Canadian Resuscitation Outcomes Consortium
(CanROC).
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Readers can follow the debate on Twitter and vote for
either perspective, by going to @CJEMonline or search-
ing #CJEMDebate.

FOR THEMOTION: EPINEPHRINE; ONLY PROVEN BENEFICIAL
FOR DOGS?

Michelle Welsford (@WelsfordM) and Jason E. Buick
(@jason_buick)

What interventions in cardiac arrest have shown to
improve good neurological survival?

Immediate bystander intervention, high-quality cardio-
pulmonary resuscitation (CPR), and early defibrillation
save lives!1 Epinephrine? Not so fast.

Wasn’t there strong evidence for epinephrine
when it was introduced?

Epinephrine was suggested for cardiac arrest in the early
1960s by Dr. Peter Safar, the “father of CPR” at doses of
10 mg intravenously (IV).2 Animal experiments showed
that 1 mg of epinephrine (high dose of 25 mg/kg) intra-
cardiac or through the femoral vein resulted in the
greater return of spontaneous circulation (ROSC) and
survival to 24 hours, without evidence of long-term sur-
vival.3 It is time to reconsider our current cardiac arrest
management that was based upon 60-year-old data
from studies in dogs.

What are the physiologic benefits and detriments
of epinephrine?

The potentially beneficial effects of epinephrine in car-
diac arrest are primarily the alpha effects: peripheral
vasoconstriction and augmentation of aortic diastolic
pressure, which results in increased coronary and cere-
bral blood flow.4,5 Some of the beta effects such as
increased heart rate and force of contraction may be
beneficial as well.4

However, many of the beta effects of epinephrine are
likely to be harmful, causing increased myocardial oxy-
gen demand, cardiac irritability and dysrhythmias,
decreased cerebral microcirculation, and circulatorymis-
match in the lungs. The effects of excessive beta stimula-
tion appear to be particularly detrimental in ventricular
fibrillation arrests. This may lead to greater post-ROSC
tissue hypoperfusion, cardiac re-arrest, and severe
neurological impairment.4

What about evidence for epinephrine dosing in
adults?

In the 1990s, high-dose epinephrine (2–10 mg IV) was
evaluated in adults in several randomized controlled
trials (RCT) and found that although high-dose epi-
nephrine was associated with ROSC, it showed no bene-
fit in survival to discharge.6,7 Additionally, the use of
high-dose epinephrine in children showed improved
ROSC, but this failed to translate to increased survival
to discharge, so the use of high-dose epinephrine was
abandoned.8 There are no controlled human studies on
using doses of epinephrine lower than 1 mg every 3–5
minutes, despite this dose being based upon 15–30 kg
dogs.

Has anyone studied the use of epinephrine com-
pared with placebo in humans?

In the last decade, several large observational studies
have shown an adjusted association of epinephrine with
ROSC and survival to admission but have also found
an association with reduced survival to discharge and
good neurological survival (Cerebral Performance Cat-
egory 1–2).9

In the last decade, three RCTs have been published
comparing epinephrine with placebo (or no epineph-
rine) in out-of-hospital cardiac arrest (OHCA).10–12

The first of these studies randomized 851 patients in
Norway to IV cannulation with medications (both epi-
nephrine and antiarrhythmics) compared with no IV or
medications.11 The second study randomized 534
patients in Australia to epinephrine or placebo, but the
study was stopped after recruitment of only 10% of the
intended sample size related to difficulty with enrolment
because of belief in the historical use of epinephrine.12

These two RCTs showed consistent increases in
ROSC without evidence of a benefit in long-term
survival.
Dr. Steve Lin’s meta-analysis, published in 2014, con-

cluded “the efficacy of adrenalin for OHCA remains
unanswered.”6 He and his team concluded that these
findings of no statistical difference in long-term survival
might have been related to insufficient power. However,
even the largest sample sizes will not show a benefit if
none truly exists.
The long-awaited PARAMEDIC2 trial was recently

published and compared epinephrine with placebo in
8014 patients randomized by paramedics in the United
Kingdom.10 Their findings echoed all the other studies
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showing greater ROSC with epinephrine, but despite a
large sample size, they found no benefit in favourable
neurological survival at hospital discharge or three
months (modified Rankin scale [mRS] 0–3). Import-
antly, they found an increase in severe neurological
impairment (mRS 4–5) at hospital discharge in the epi-
nephrine group, as compared with placebo (31%
v. 17.8%, respectively). This is a marker of potential
harm and requires further information about the long-
term neurological outcome at greater than three
months. We actively await these results.

Is ROSC a patient-oriented outcome?

When PARAMEDIC2 trialists sought community input
in the trial, 95% of the public chose a long-term favour-
able neurological outcome over short-term survival
(hours to days).10 This is consistent with the inherent
understanding that patients and families are not inter-
ested in surrogate outcomes but rather care whether
they or their loved ones will survive and be able to care
for themselves. The primary outcome of the study was
30-day survival (because of financial implications), but
they did include good and poor neurological outcomes
in their secondary outcomes. The results of the trial to
date show no benefit in the community-chosen patient-
oriented outcome of favourable long-term neurological
survival.
Perhaps there are other benefits associated with sur-

vival to hospital admission without long-term survival.
Survival to admission may provide an easier transition
for families and a chance to say goodbye to their loved
ones. However, there is no direct evidence on whether
this provides families with any greater comfort. The
increased survival to hospital admission may benefit
organ donation numbers, but there are other changes
in our system and advances that could result in improved
organ donation without the need to raise the hopes of
families artificially and create a significant financial bur-
den on our health care system.

If there is no benefit of epinephrine in patient-
oriented outcomes, why are we still using it?

With the publication of the PARAMEDIC2 study in
2018, we now have significant high-quality evidence to
indicate that there is no strong rationale supporting
our current (historical) recommendation of using 1 mg
of epinephrine every 3–5 minutes in all cardiac arrests.
There is some evidence that an alpha-agonist medication
is needed in patients who do not achieve early ROSC,

but repeated doses of epinephrine appear to lead to
ROSC without long-term survival and perhaps worse
neurological survival.
Any future research on the use of epinephrine should

focus on smaller doses, early use (before 10 minutes) in
non-shockable rhythms, the use of epinephrine con-
comitant with beta-blocking medications, or both. It is
time to think again!

AGAINST THE MOTION: EPINEPHRINE: SHORT-TERM GAIN
OR LONG-TERM PAIN?

Ian R Drennan (@IanR_Drennan) and Steve Lin
(@emerg_doc)

SCA continues to be an important public health
issue in Canada with low survival rates.13,14 Approxi-
mately one-half of patients with SCA who are resusci-
tated subsequently die in the hospital as a result of
neurological injuries because of prolonged ischemia
during cardiac arrest and resuscitation.15,16 The Inter-
national Liaison Committee on Resuscitation
(ILCOR) currently suggests the routine administra-
tion of 1 mg of epinephrine every 3–5 minutes during
cardiac arrest resuscitation until ROSC or termination
of resuscitation.17

The issues surrounding epinephrine administration
for SCA are complex. Epinephrine has been a mainstay
of cardiac arrest therapy for over 50 years. It was first
introduced for the management of cardiac arrests in
1962 when it was found to increase aortic pressure in
dogs.3 Epinephrine is a powerful vasopressor that
increases the pressure in large blood vessels, resulting
in increased aortic and coronary perfusion pressure and
leading to increased rates of ROSC.5 Multiple RCTs
have demonstrated that epinephrine, including higher
doses, improves ROSC and survival to hospital
admission.7,11,12,18

Our opponents have argued that epinephrine leads to
short-term survival only and may even be harmful
because of neurological injuries, and there are a number
of observational studies that support this argument.9,19

This has led people to question the use of epinephrine,
suggesting that we may be sacrificing neurological
survival for improvements in short-term outcomes.
However, observational studies only hypothesize asso-
ciations, not causation, because of unmeasured (or
immeasurable) confounders, particularly in cardiac
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arrest such as patient co-morbidities, duration of cardiac
arrest, and cardiopulmonary resuscitation (CPR) quality,
just to name a few. Perhaps, most importantly, observa-
tional studies are unable to account for the time-
dependent bias of epinephrine administration; patients
have to be in cardiac arrest long enough to receive epi-
nephrine, and these patients ultimately do worse because
of prolonged downtimes.20

There have only been two prospective RCTs on epi-
nephrine v. placebo examining long-term outcomes.
The first was a trial published in 2011 that was unable
to demonstrate improved survival to hospital discharge
or neurological function with epinephrine.12 However,
the trial was hindered by lower than anticipated recruit-
ment and was underpowered to detect a difference in
either outcome.12 The recently published PARA-
MEDIC2 trial by Perkins et al. was a large (>8000
patients) RCT in the United Kingdom that evaluated
epinephrine against placebo during OHCA resuscita-
tion.10 The PARAMEDIC2 trial found that epineph-
rine compared with placebo significantly increased
survival to discharge (3.2% v. 2.3%, respectively), at
30 days (3.2% v. 2.4%, respectively), and at three
months (3.0% v. 2.2%, respectively). These numbers
appear low, at first glance; however, the study popula-
tion excluded patients who regained ROSC prior to
any study drug representing those with very short
downtimes and the highest chance of survival. The
trial was not powered to detect a difference in neuro-
logical outcomes and, as expected, did not demonstrate
a statistical difference in neurological outcomes (as
measured by the mRS) at discharge or three months
between epinephrine and placebo (discharge 2.2%
v. 1.9%, respectively; three months 2.1% v. 1.6%,
respectively).10 Interestingly, in a subgroup analysis of
survivors, the proportion of patients with a disability
was higher in the epinephrine group, with 31% having
a moderately severe or severe neurological impairment
(mRS 4 or 5), as compared with 17.8% in the placebo
group. Importantly, however, this was a secondary sub-
group analysis (i.e., underpowered and a different
population than that examined in the original trial
design), making it difficult to draw concrete conclu-
sions regarding the effect of epinephrine on neuro-
logical outcomes.
Immediately after publication, the results of the

PARAMEDIC2 trial were met with much pessimism,
with broadcasts across media claiming, “Epinephrine
creates brain dead survivors.” The main dilemma raised

in media, social media, blogs, podcasts, etc., was which
outcome is more important? Survival or survival with a
good neurological outcome? Put another way: Is disability
worse than death? Removing epinephrine would lead to
more deaths.

Shouldwe still use epinephrine in clinical practice?

This may not be a question that this trial can fully
answer, yet the PARAMEDIC2 trial provides important
evidence on the use of epinephrine in cardiac arrest. The
current standard dosing of epinephrine increases survival
after OHCA, but the effect on neurological disability is
not clear. Although a larger percentage of survivors
had poor neurological outcomes in the epinephrine
group, as compared with the placebo group (31%
v. 17.8%, respectively), there was an absolute increase
in the number of patients with good neurological out-
comes at discharge (87 v. 74, respectively) and three
months (82 v. 63, respectively), although not significant.
If we take the numbers at face value, for every 1,000
patients, the use of epinephrine resulted in approxi-
mately 203 extra patients transported, 158 extra patients
surviving to hospital admission, and 9 extra survivors at
three months, five of whom would have good neuro-
logical outcomes.
Are five patients with good neurological outcomes

worth the risks and health care costs of extra paramedic
transports and intensive care unit (ICU) admissions?
This is a matter of values that cannot be fully addressed
by researchers or clinicians. There needs to be more
public discussion and consultation on important out-
comes. More specifically, when do health care resources
and costs outweigh reasonable clinical outcomes and
benefit? Rigorous qualitative data are needed to help
address these very important and difficult questions.

Knowledge gaps

Regardless of the results of the current RCTs, removing
epinephrine completely from clinical practice would be a
mistake. We still know too little about the effectiveness
of epinephrine despite decades of use. The PARA-
MEDIC2 trial provides the most definitive evidence
that the current standard dosing (1 mg every 3–5 min-
utes) may not be ideal; maybe it is not a question of all
or none? There are still knowledge gaps regarding the
optimal dosage and timing of epinephrine in cardiac
arrest. Observational data have shown that cardiac arrest
survival decreased with higher total doses of epineph-
rine.9,21 The timing of epinephrine administration is
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also a major confounder. Hansen et al. showed that for
every one-minute delay in epinephrine administration,
there was a decrease of 4% in the odds of survival and
6% in the odds of good neurological outcome.22 Other
studies have found an association between delays to epi-
nephrine administration and decreased survival in both
OHCA and in-hospital cardiac arrests.23–25 The timing
of epinephrine confounds observational studies and con-
tinues to be challenging to control for in clinical trials.
The mean time to epinephrine administration in the
PARAMEDIC2 trial was 21 minutes after calling
EMS, leaving some to suggest that the drug was provided
much too late to have a positive effect on outcomes.
To help address some of the knowledge gaps in dos-

ing, CanROC is currently planning a new RCT to evalu-
ate a low cumulative dose of epinephrine in OHCA
resuscitation. The CanROC Epinephrine Dose: Opti-
mal versus Standard Evaluation (EpiDOSE) trial
(NCT03826524) is a multicentre, double-blinded
RCTacross sites in Canada that will compare the current
standard dosing of epinephrine to a low cumulative dose
(max 2 mg). Patient enrolment is planned to begin in
2020.

Where do we go from here?

Epinephrine use in cardiac arrest is complicated. The
PARAMEDIC2 trial has raised as many important ques-
tions as it has answered. The evidence for epinephrine is
not yet definitive, oneway or another. Based on one trial,
if we prematurely stop using epinephrine in cardiac
arrest, are we saying that disability is worse than death?
Clinicians, researchers, policy-makers, and the general
public need to discuss and debate our values and the evi-
dence. If one thing is for certain, it is that with epineph-
rine, nothing is certain at all.

Keywords: Cardiac arrest, epinephrine, resuscitation
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