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Ayear and a half ago, we
reviewed the importance
of adrenal function in the
critically ill and ques-

tioned the relevance of single-dose,
etomidate-induced interference
with cortisol production.1 Since
that time, the issue has received
significant attention with two
analyses and two editorials in
major medical journals.2-5 This dis-
cussion will focus on the contro-
versy surrounding the use of eto-
midate to facilitate intubation in
critically ill patients. 

BRIEF OVERVIEW OF 
ADRENAL INSUFFICIENCY 
IN THE CRITICALLY ILL

The stress of critical illness
activates the hypothalamic-pitu-
itary-adrenal axis resulting in the
release of cortisol from the adrenal
cortex. Steroid release is essential
because it 1) increases blood glu-
cose to supply energy and substrate
for cellular function and repair; 2)
is required for the vasoconstrictive
function of angiotensin II, epineph-
rine, and norepinephrine; and 3)

offers anti-inflammatory activity
inhibiting cytokine production and
migration of circulating inflamma-
tory cell migration into tissues.6

The description of adequate adren-
al function in the stressed patient is
quite controversial with some sug-
gesting that it is represented by a
baseline cortisol level of greater
than 20 to 25 mcg/dL; while others
believe it is characterized by an
increase of baseline cortisol of
more than 9 mcg/dL following cor-
ticotropin administration.1 De-
pending on the population studied
and the diagnostic criteria used,
adrenal insufficiency is noted in
30% to 76% of ICU patients.
What is not in contention is that
blunted adrenal responsiveness has
a negative impact on patient out-
comes if left untreated.7

ETOMIDATE PHARMACOLOGY
Etomidate is considered by

many to be the induction agent of
choice to facilitate rapid-sequence
intubation.8 This nonbarbiturate,
nonbenzodiazepine sedative seems
ideal for this indication: it has a

predictable rapid onset (15 sec), an
offset (3 to 7 min) of action, and is
hemodynamically neutral.5 Side
effects include pain on injection,
nausea and vomiting, and
myoclonic movements. The latter
can be limited with concurrent use
of midazolam.9 Caution is advised
when using this agent in patients
with seizures, and published pedi-
atric experience is not extensive.10

Importantly, etomidate can sup-
press adrenal function through
reversible inhibition of 11 beta-
hydroxylase, an enzyme involved
in the final step of endogenous cor-
tisol production. 

ETOMIDATE RISKS
Favorable pharmacologic fea-

tures tempted some to use etomi-
date as a continuous infusion for
ICU sedation in the early 1980s.
Clinicians from a Scottish trauma
ICU reported an increase in mor-
tality from 25% to 44% (before vs
after initiation of etomidate seda-
tion) despite similar patient acu-
ity.11 Investigators subsequently
determined that the increased mor-
tality was likely related to etomi-
date-induced adrenal insufficiency
via inhibition of cortisol produc-
tion, and as a result, long-term eto-
midate use fell out of favor.12,13

Whether the benefits of single-
dose etomidate outweigh the risks
remains unclear. The impact of
short-term etomidate on cortisol
production is known.4,14 It appears
that the duration of drug-induced
interference with adrenal function
is less than 24 hours for most
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patients given a single dose, and
this is generally thought to be clin-
ically insignificant.15 Unfortunate-
ly, these data were not derived
from critically ill patients, a popu-
lation that may be at increased risk
for the detrimental effects of
adrenal insufficiency. Studies in
more seriously ill patients suggest
that the duration of adrenal insuf-
ficiency may be sustained for at
least 24 hours and perhaps even
longer.3,15 The importance of these
findings is only beginning to be
appreciated. 

ETOMIDATE ICU DATA
The incidence of adrenal insuf-

ficiency in septic shock approaches
77% and is associated with
increased mortality if exogenous
corticosteroids are not adminis-
tered.16 Blunted adrenal respon-
siveness in septic shock is clearly
confounded by etomidate use, as it
occurs in up to 94% of septic
patients receiving this drug.17

Twenty-eight day crude mortality
is significantly higher if these
patients are not treated with corti-
costeroids (75.7% vs 54.8%, P =
0.03).  Per personal communica-
tion with D. Annane, steroid
replacement appears to eliminate
this negative effect, with similar
mortality without regard to the
adrenal unresponsiveness associat-
ed with etomidate use. Thus, it
appears that provision of corticos-
teroids may be protective for septic
shock patients with adrenal insuffi-
ciency associated with etomidate.5

Some would argue however, that
this feature of etomidate almost
always necessitates the use of corti-
costeroids, and that we should not
compound an iatrogenic event
(etomidate-induced adrenal insuf-
ficiency) with other iatrogenic
events (corticosteroid-induced
hyperglycemia, immunosuppres-
sion, neuromuscular weakness,

and impaired wound healing).
Although not proven clinically, a
potential acute consequence of cor-
ticosteroid use impacting patient
outcomes includes loss of tight glu-
cose control, an issue recently
highlighted in a consensus state-
ment on managing sepsis.18 More
long-term effects such as impaired
functional capability in survivors
of acute respiratory distress syn-
drome is profoundly influenced by
systemic corticosteroid administra-
tion for as long as 3 months after
ICU discharge.19

Other data from 62 ICU
patients who were mechanically
ventilated for at least 1 day impli-
cate single-dose etomidate as a
major risk factor for the develop-
ment of adrenal insufficiency in
patients with or without sepsis.3

Forty-three percent of all study
patients had adrenal insufficiency
when assessed 24 hours after endo-
tracheal intubation. The only vari-
able remaining in a multivariate
analysis as an independent risk fac-
tor for the development of
impaired adrenal function was sin-
gle-bolus etomidate (OR 12.21;
95% CI 2.99 to 49.74). Interest-
ingly, the diagnosis of severe sepsis
was not identified as a risk factor
for adrenal insufficiency. Mortality
was higher in those with adrenal
insufficiency (70.4% vs 31.4%, P
< 0.005), yet corticosteroids were
administered in only one-third of
these patients. This study high-
lights the risks of etomidate and
suggests that adrenal insufficiency
in the critically ill is commonly
undetected and untreated. 

ALTERNATIVES TO ETOMIDATE?
Assessing the morbidity of any

given drug regimen must include
the potential risks associated with
alternative strategies. The choice of
medications for intubation in
patients with sepsis is complicated

by the need for a predictable
response that avoids hemodynamic
instability. Indeed, two-thirds of
deaths occurring during induction
are due to cardiovascular events.20

Succinylcholine, midazolam, fen-
tanyl, and propofol have been used
to facilitate intubation, but each
has its own limitations and carry
its own unique risks.8

WHAT MORE DO WE NEED TO
KNOW?
• It appears that nearly all vaso-

pressor-dependent septic pa-
tients who receive etomidate
will develop adrenal insufficien-
cy as currently defined. The
value of routinely adding corti-
costeroids compared with
awaiting the results of adrenal
evaluation in these patients
needs to be evaluated. At the
very least, all patients with sep-
tic shock who received etomi-
date should be tested for adren-
al unresponsiveness given the
94% incidence reported.

• It is known that untreated
adrenal insufficiency in the ICU
is associated with increased
mortality, but the effect of eto-
midate interference with adren-
al function remains in the early
stages of understanding.3 Since
etomidate is especially useful in
hemodynamically unstable
patients (who are generally sick-
er than others), observational
results may be biased, and ran-
domized comparative trials will
be required to evaluate drug-
induced morbidity.

• It appears that the duration of
single-dose, etomidate-induced,
adrenal suppression is longer in
critically ill patients than in
those with elective surgical pro-
cedures. The mechanism for this
is not clear. Critically ill,
stressed patients require consis-
tent production of cortisol to
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maintain homeostasis. It is pos-
sible, therefore, that the time to
recover from diminished pro-
duction may be longer for these
patients than in those who are
not stressed.2 Serial evaluations
of adrenal function need to be
performed in this population to
help characterize the potential
for a sustained etomidate medi-
ated effect on cortisol produc-
tion.

SUMMARY
Adrenal insufficiency occurs in

more than 90% of patients with
septic shock that are treated with
etomidate, and it is associated with
increased risk for death which can
be offset by administration of cor-
ticosteroids. Until data are avail-
able to guide clinicians, the most
conservative approach would be to
avoid etomidate in patients with
sepsis, accepting the less pre-
dictable response to other agents
for intubation and the greater
degree of hypotension associated
with their use. Another approach
would be to continue to use etomi-
date but to routinely assess adren-
al function with steroid replace-
ment while awaiting test results.
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