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Epinephrine (adrenaline) is the most commonly used
medication in cardiac arrest, and is the only drug
recommended by the American Heart Association (AHA)
for all arrests regardless of cardiac rhythm (1). The use
of epinephrine in cardiac arrest originated from studies
in the 1960’, when it was found to improve survival in
dog models of asphyxia (2). Physiologically, epinephrine
produces some effects that may be helpful and others that
may be harmful. It is an agonist at both beta- and alpha-
adrenergic receptors. The alpha effects cause peripheral
vasoconstriction, which in turn leads to increased blood
flow in the central circulation, improving perfusion of the
heart and brain. These effects are potentially beneficial,
and have been hypothesized to increase the likelihood of
return of spontaneous circulation (ROSC) among cardiac
arrest patients. The beta-adrenergic effects increase cardiac
rate, contractility, and automaticity; these effects are
potentially deleterious, leading to arrhythmias and increased
myocardial oxygen demand.

The use of epinephrine in cardiac arrest has never
been supported by rigorous scientific data. However, the
role of epinephrine in cardiac arrest has only begun to be
questioned in recent years. In 2009, a Norwegian study
found that patients in cardiac arrest who were treated with
basic life support interventions (CPR and defibrillation
only) had identical outcomes to those treated with advanced
cardiac life support interventions (basic life support plus
parenteral medications) (3). A post hoc analysis from this
study specifically examined the role of epinephrine, finding
evidence of improved short-term survival among patients
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who received it. However these patients had decreased
long-term survival rates and worse neurologic outcomes
(4). These findings cast doubt on the role of “advanced”
interventions, and raise questions about whether the
longstanding practice of administering epinephrine to
patients in cardiac arrest is justified.

Most studies of epinephrine have been observational
in nature. In one study of out-of-hospital arrest patients,
epinephrine was associated with a significant increase
in the likelihood of ROSC, but it was also associated
with a decrease in the likelihood of 30-day survival or
favorable neurologic outcome (5). In another study
focusing specifically on arrest patients who achieved
ROSC, outcomes were compared between patients who
received epinephrine and those who did not. This study
found significantly lower rates of neurologically intact
survival among patients receiving epinephrine, and a dose-
dependent effect was observed, wherein higher doses of
epinephrine were associated with lower odds of favorable
outcome (6).

One group in Australia undertook a randomized placebo-
controlled trial of epinephrine in out-of-hospital cardiac
arrest patients. In this study, 601 patients were randomized,
and the authors found increased rates of ROSC and survival
to hospital admission in the epinephrine group. Although
the epinephrine group showed a trend towards increased
rates of survival to hospital discharge, it did not achieve
statistical significance. Study authors attributed the inability
to demonstrate longer-term benefit to difficulties with
patient recruitment. Because it withheld a “standard of
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care” medication from critically ill cardiac arrest patients,
the study received negative attention from politicians
and the press. This resulted in the loss of study sites and
participants, and ultimately only one of the five ambulance
services in the region chose to participate (4).

Lin et al. conducted a systematic review and meta-
analysis of studies on epinephrine in cardiac arrest, and
found a mere 14 articles—a surprisingly small number given
that epinephrine has been considered “standard of care”
for decades. Of these studies, there was only one placebo-
controlled trial (the Australian trial described above). Other
studies compared standard- to high-dose epinephrine, and
standard-dose epinephrine to vasopressin with or without
epinephrine. The meta-analysis supported prior findings
that administration of epinephrine was associated with
higher likelihood of ROSC, but that there was no evidence
of benefit in terms of survival to hospital discharge or
favorable neurologic outcome (7).

The lack of rigorous experimental studies on the
clinical outcomes associated with epinephrine has led the
resuscitation community to continue to recommend its
use in cardiac arrest. However, the PARAMEDIC?2 trial
might be a true game-changer in how clinicians think
about epinephrine. The study, conducted by Perkins ez 4.
in the United Kingdom, included 8,014 patients with out-
of-hospital cardiac arrest. Patients were randomized to
receive either epinephrine (n=4,015) or placebo (n=3,999).
Primary outcome was 30-day survival, and secondary
outcomes included survival to hospital discharge and
neurologically intact status. The authors found that
administration of epinephrine increased 30-day survival
rates (3.2% in the epinephrine group, compared to 2.4%
in the placebo group). However, a larger proportion of
patients in the epinephrine group were neurologically
devastated, with modified Rankin scores of 4-5 (31% in
the epinephrine group, compared to 17.8% in the placebo
group). This result explains the lack of overall improvement
in neurologically intact survival in the epinephrine group,
despite the higher rate of overall survival (8).

Given the uncertainty surrounding the efficacy of
epinephrine in cardiac arrest, the PARAMEDIC2 trial
is a welcome addition to the current body of literature.
It is the first rigorous experimental study to confirm
that epinephrine may actually have longer-term benefits
beyond ROSC. This study showed a modest increase in
30-day survival associated with epinephrine - a finding
that has never previously been demonstrated. However, it
confirmed what prior observational studies have suggested:
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that epinephrine may actually worsen neurologic outcomes
among cardiac arrest survivors. Given the immense
psychological, spiritual, and economic costs associated with
prolonging life in the absence of neurologic recovery, this
study compels clinicians to radically rethink the risks and
benefits of epinephrine in cardiac arrest. It is clear from
the results of this trial that the routine administration of
epinephrine in all cases of cardiac arrest is not warranted.

The physiologic explanation for the PARAMEDIC2
findings is not clear. The authors postulate that, despite
improving macrovascular cerebral perfusion pressures,
epinephrine may cause microvascular ischemia in the
brain, thereby worsening anoxic brain injury. This
theory is supported by animal studies in which this exact
phenomenon was observed (9). They also suggest that
the brain may have less capacity for recovery from anoxia
compared to other organs. In addition to its effects on the
brain, epinephrine has also been shown to worsen post-
resuscitation myocardial depression in an animal model,
an effect which would be expected to worsen cerebral
perfusion (10). Whatever the cause, the deleterious effects
of epinephrine on neurologic outcomes should give
clinicians pause when considering its use in adult cardiac
arrest patients.

Before giving up on epinephrine entirely, however, the
resuscitation community should seek to identify subgroups
in which it may yield benefit. The PARMEDIC2 trial
included all nonpregnant adult patients with out-of-hospital
arrest, with the exception of those associated with asthma
and anaphylaxis, for which epinephrine would be expected
to offer clear benefit. There was no subgroup analysis
examining the timing of epinephrine dosing relative to
the onset of arrest. However, observational studies have
suggested benefit for early administration of epinephrine
compared to later administration (8,9). Additionally, in the
study examining patients with ROSC (discussed above),
delayed administration of epinephrine was associated with
worse outcomes (7). These findings reinforce the AHA
recommendation to give epinephrine as early as possible in
non-shockable cardiac arrest, but do not define a window in
which epinephrine clearly benefits the patient. It is possible
that epinephrine may offer benefits when given early,
particularly in cases of witnessed arrest with bystander CPR
and early defibrillation.

It is also possible that alternate dosing regimens
for epinephrine may yield different outcomes. The
PARAMEDIC? trial used the standard AHA recommendation
of intermittent 1mg bolus doses. It is clear that higher doses
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are not beneficial and worsen neurologic outcomes (7). Lower-
dose epinephrine has been shown to produce comparable
survival rates and neurologic outcomes to standard-dose
epinephrine (11). But again may yield benefit in certain
subgroups based on timing of administration. It is certainly
reasonable to postulate that lower-dose regimens may mitigate
some of the harm associated with epinephrine use.

While further studies of epinephrine are ongoing, it
would be helpful for the AHA to review its guidelines
regarding the use of epinephrine. Before the PARAMEDIC2
trial, the largest placebo-controlled study of epinephrine
suffered from under-recruitment related to public outcry
against deviation from “standard of care.” (12). By softening
language around recommendations, the AHA can free
investigators from this unproven “standard of care,”
thereby enabling proper scientific scrutiny of the role
of epinephrine in cardiac arrest. This would also enable
clinicians to withhold epinephrine in cases where it is
unlikely to benefit the patient, potentially preventing the
tragedy of survival in the absence of neurologic recovery.
However, until guidelines are changed, clinicians should
continue to follow AHA protocols given their widespread
acceptance by the medical community and the need
for expert guidance in this important area of medicine.
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