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Almost since its early use, epinephrine has been a
controversial therapy for cardiac arrest resuscitation.1

Epinephrine dose, timeliness, efficacy, and safety in cardiac
arrest have all been questioned, fundamentally probing the
mechanisms of a drug that has been challenging to study
clinically. In this issue of Annals, Grunau et al2 seek to add
perspective to this debate with a secondary analysis of data
from a Resuscitation Outcomes Consortium trial to assess
the association between the average epinephrine dosing
interval and patient outcomes.

The authors used an elegant approach to test an
important hypothesis using a high-quality prospectively
collected data source. In addition to a very carefully
constructed regression analysis, they conducted 8
sensitivity analyses, and their results are robust. The
authors’ findings suggest that the administration of
epinephrine with a shorter mean dosing interval is
associated with improved neurologically intact survival (5%
with epinephrine dosing interval <3 minutes versus 1.4%
with the dosing interval >5 minutes). The authors should
be commended for using a large and robust data set;
considering multiple outcomes independently is a powerful
strategy to uncover the actual association between
epinephrine frequency and outcome.

Many previous studies have tried to answer the question
of how epinephrine affects neurologically intact survival.
Epinephrine has been shown in multiple animal models to
improve coronary perfusion and increase return of
spontaneous circulation,3-5 but it also may compromise
cerebral microvascular perfusion.6,7 A post hoc analysis of a
Norwegian cardiac arrest trial showed that epinephrine use
was associated with improved short-term survival, but
worse long-term neurologically intact survival.8 Similarly,
in a registry study of out-of-hospital cardiac arrest in Japan,
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epinephrine was associated with worse overall 1-month
survival and cerebral performance.9 A systematic review and
meta-analysis published in 2014 concluded that
epinephrine did not improve survival to hospital discharge
or neurologic outcomes.10

These studies set the stage for the Prehospital Assessment of
the Role of Adrenaline: Measuring the Effectiveness of Drug
Administration inCardiac Arrest (PARAMEDIC-2) trial, one
of the largest trials conducted in out-of-hospital cardiac arrest.
Published in 2018, this trial randomized 8,014 patients to
epinephrine versus placebo, with a primary outcome of 30-day
survival. Although survival was higher in the epinephrine
group (3.2% versus 2.4%; P¼.02), the incidence of severe
neurologic impairment was higher as well (31.0% versus
17.8%; P¼.04). Favorable neurologic outcome at 3 months
was not significantly different (2.1% versus 1.6%; adjusted
odds ratio 1.39; 95% confidence interval 0.97 to 2.01),
perhaps supporting the notion that any early improvements in
coronary perfusion are not matched with a cerebral perfusion
profile conducive to long-term neurologic recovery.11

Against the backdrop of previous data on epinephrine use,
the report by Grunau et al raises an interesting hypothesis
about epinephrine dosing and timeliness. Nevertheless, the
main limitation of this article arises from its observational
methods and the prospect of confounding by indication.Why
did some patients receive epinephrine more frequently than
others? Does more frequent epinephrine administration occur
when out-of-hospital personnel are able to off-load other
patient management tasks, and could that be a marker for
better care in other unmeasured ways? Do some paramedics
routinely administer epinephrinemore frequently than others,
and do they provide otherwise faster care? Imagining these
patient-oriented, provider-oriented, and systems factors that
contribute to variability in epinephrine dosing frequency is
important to interpreting towhat degree residual confounding
may exist.

So how should we interpret these results? There are 2
possibilities for the findings of Grunau et al: either we don’t
yet fully understand the dose and timing of epinephrine in
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cardiac arrest or the results of this article arise principally
from bias. Recent attention has questioned whether
epinephrine can change neurologically intact survival,10,11

and previous analyses testing the dosing frequency
hypothesis for inhospital cardiac arrest have suggested that
less frequent dosing is associated with improved survival.12-14

This report that frequent epinephrine is associated with a
3.5-fold higher survival is a surprising finding, and one that
should be tested rigorously in other environments.

Science needs a marketplace of ideas to challenge our
understanding and to inspire others to subject our
hypotheses to rigorous verification. This well-done
comparative effectiveness analysis accomplishes that aim.
Although the findings of Grunau et al may not lead to
rewriting our out-of-hospital protocols yet, they can add
another observation to the ongoing debate about the role of
epinephrine in cardiac arrest.
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