Etomidate in sepsis: understanding the dilemma

David J. Gagnon', David B. Seder”’

'Department of Pharmacy, ZDepartment of Critical Care Services, Maine Medical Center, Portland, ME, USA; *Tufts University School of Medicine,

Boston, MA, USA

Correspondence to: David B. Seder, MD, FCCP, FCCM, FNCS. Director of Neurocritical Care, Department of Critical Care Services, Maine Medical

Center, Portland, ME 04102, USA. Email: sederd@mmc.org.

Submitted Sep 17, 2015. Accepted for publication Sep 20, 2015.
doi: 10.3978/j.issn.2072-1439.2015.10.21

View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2015.10.21

Etomidate is the most commonly utilized induction agent
for rapid sequence intubation in emergency departments
in the United States (1). Favorable characteristics include
reliably good intubating conditions, a rapid onset and offset
of activity, non-renal elimination, and maintenance of the
cardiorespiratory drive (2). Unfortunately, etomidate causes
relative adrenal insufficiency in up to 90% of patients after
a single dose (3). Serious safety concerns first surfaced in
the early 1980’s when continuous infusions were associated
with increased mortality in trauma patients (4,5). Since then,
there has been considerable uncertainty regarding its role for
rapid sequence intubation, especially in septic patients who
may depend on their adrenal reserves for survival during the
acute phase of illness (6,7). Understanding the history of this
controversy, and reviewing the most recent research into
etomidate use in sepsis may help clinicians decide whether or
not to use the drug in routine clinical practice.

Adrenal insufficiency and mortality in sepsis

Cortisol is the most abundant endogenous glucocorticoid.
Physiologically, it increases vascular responsiveness
to catecholamines and angiotensin II, and has anti-
inflammatory effects (8). An association between adrenal
function and clinical outcomes in septic patients was
first proposed in the early 1900’s (9). Ambiguity in the
definition of adrenal insufficiency has led to conflicting
results regarding its clinical significance for nearly
100 years. Despite this, several studies have confirmed that a
baseline cortisol <10 mcg/mL or failure to increase cortisol
levels by >9 mcg/dL after adrenocorticotropin challenge
portends a poor outcome for patients with sepsis (10-12).
Based on these findings, it is generally accepted that adrenal
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insufficiency is associated with increased mortality in sepsis.

Single-dose etomidate and adrenal insufficiency
in critical iliness

Etomidate-induced adrenal insufficiency was first suggested
in the early 1980’ (4); a subsequent study including rat
adrenal cells confirmed that etomidate administration
inhibited adrenal function (13). More specifically, etomidate
blocks cytochrome 11B1 (11B-hydroxylase), 11B2, and
11A, reducing the conversion of cholesterol to cortisol (14).
This synthetic pathway is responsible for approximately
80% of circulating cortisol (8). Studies of mixed cohorts of
critically ill patients have shown that the inhibitory effects
of etomidate on adrenal function are most pronounced
4-24 hours after a dose, but inhibition can last for up to
72 hours (14-16). Several meta-analyses have confirmed
an association between single-dose etomidate and adrenal
insufficiency; however the actual duration of inhibition and
relevance in septic patients remains poorly defined (17-19).

Etomidate-induced adrenal insufficiency and
outcomes in sepsis

An association between etomidate and clinical outcomes has
been debated for several years, and prompted to completion
several meta-analyses (7ible I). The first found an association
of etomidate and increased mortality when studies including
septic patients were analyzed [RR 1.22 (95% CI: 1.11-1.35),
P<0.0001, I’=74%] (17). In that analysis, randomized
and non-randomized studies were combined and there
was significant heterogeneity of the results (20). A year
later, a second meta-analysis again found etomidate was

www.jthoracdis.com F Thorac Dis 2015;7(10):1699-1701



1700

Gagnon and Seder. Etomidate in sepsis

Table 1 Relative risk of etomidate-induced adrenal insufficiency and mortality in septic patients in meta-analyses®

Citation Studies included

Adrenal insufficiency

Mortality

17) 21 prospective or retrospective studies

(18) 10 prospective (for mortality and adrenal RR 1.33 (1.22-1.46), no P value given,
I’=43.9%; RR 1.35 (1.24-1.47), no P
value given, I°=0% in RCT’s only

RR 1.42 (1.22-1.64), P<0.00001

insufficiency) or retrospective (adrenal
insufficiency only) studies
(19) 18 prospective or retrospective studies

RR 1.70 (1.55-1.87), P<0.0001, I’=93% RR 1.22 (1.11-1.35), P<0.0001,

P=74%

RR 1.20 (1.02-1.42), no P value given,
I’=4.9%; RR 1.26 (1.06-1.50), no P
value given, ’=11.6% in RCT’s only
RR 1.20 (0.84-1.72), I’=0%, P=0.31 in
RCT’s only

A results for pooled analyses (i.e., randomized controlled trials and observational studies) unless otherwise noted.

associated with increased mortality in septic patients in a
pooled analysis [RR 1.20 (95% CI: 1.02-1.42), no P value
given, I’=4.9%]. In a sensitivity analysis of randomized-
controlled trials, the investigators also found the use
of etomidate to be associated with increased mortality
[RR 1.26 (1.06-1.50), no P value given, I’=11.6%] (18).
These findings have been criticized because data presented
as being from randomized-controlled trials were in
fact derived from secondary post-hoc analyses in trials
evaluating other agents (21).

A more recent meta-analysis of etomidate use in sepsis
importantly updates these older efforts with a more rigorous
and complete analysis. Among two pooled prospective
randomized trials that included septic patients, Gu and
colleagues demonstrated a lack of association of etomidate
administration and mortality [RR 1.20 (95% CI: 0.84-
1.72), P=0.31, I’=0%]. Their subsequent analysis of 16
observational studies confirmed this finding [RR 1.05 (95%
CI: 0.97-1.13), P=0.23, ’'=25%)] (19). These results, involving
5,552 patients in total, agree with the largest retrospective
cohort study published to date (n=2014), which found that
etomidate administration to patients with sepsis was not
associated with hospital mortality (37.2% vs. 37.8%, P=0.77),
ICU mortality (30.1% wvs. 30.2%, P=0.99), hospital or ICU
length of stay, duration of mechanical ventilation, or post-
intubation vasopressor days. A secondary analysis in that
study limited to patients with septic shock also showed no
association of etomidate use and outcome (22).

The meta-analysis by Gu et 4/. is the most intensive of
etomidate use in sepsis to date, and the authors should be
commended for their work (19). Nonetheless, the findings
must be interpreted with caution. Only two randomized
controlled trials were included yielding 196 patients (n=102
received etomidate). One of these studies analyzed the effect
of etomidate in a non-stratified subgroup of septic patients,
which represented only 16% of the study population (23).
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In the meta-analysis of observational studies, the McPhee
article reflects 17% of the weight of the meta-analysis (19).
Additionally, the comparator induction agent was unknown
in 15 of the 16 (94%) observational studies. Similarly, the
authors were unable to assess secondary outcomes (i.e.,
hospital or ICU length of stay and duration of mechanical
ventilation) due to poor reporting in the source data. So, as
in all meta-analyses, the findings by Gu et /. are limited by
the quality of the studies available (19).

Should etomidate be used as an induction agent
in septic patients?

The most rigorous meta-analysis suggests that etomidate
can be safely used in septic patients (19). Ketamine is
an attractive alternative in patients with sepsis as it does
not depress cardiorespiratory drive, has a rapid onset of
action, and has been shown to be non-inferior to etomidate
in critically ill patients when co-administered with
succinylcholine and infusions of midazolam and an opioid
analgesic (23). Development of novel induction agents may
also help resolve this clinical conundrum. Carboetomidate
contains a five-membered pyrrole ring rather than an
imidazole ring and is three times less potent than etomidate
as an adrenal suppressant. Cyclopropyl-methoxycarbonyl
etomidate and methoxycarbonyl carboetomidate represent
other investigational analogs that are up to 300 times less
potent inhibitors of adrenal function (24).

Although there is inadequate evidence to justify removing
etomidate from clinical use as an induction agent, and the
most current meta-analysis supports its use, we believe that
the question of etomidate’s safety has not been definitively
answered. Clinicians must weigh the pros and cons of
etomidate administration in a given patient, and determine
on an individual basis if its administration is warranted. This
uncertainty will remain until definitive data are developed.
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