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Pro/con debate: Is etomidate safe in
hemodynamically unstable critically ill patients?

Gordon Flynn"and Yahya Shehabi**

Abstract

Etomidate is an induction agent known for its

smooth intubating conditions and cardiovascular
stability. Studies, however, have shown that a single
dose of etomidate can result in a prolonged adrenal
insufficiency. The impact of this in patients with sepsis
has been a matter for debate. This review presents a
pro/con case for using etomidate in hemodynamically
unstable critically ill patients and provides guidance for
alternative induction techniques and when the use of
etomidate might be justified despite these concerns.

The scenario

You are the attending intensivist in the ICU and have
been consulted on a 72-year-old man who is on the
medical ward and is in severe respiratory distress after a
witnessed aspiration. He is febrile (T = 38.6°C), tachy-
cardic (heart rate = 120/minute) and remains hypotensive
(blood pressure = 86/35 mmHg) despite a 1,500 ml
intravenous bolus of normal saline. For this patient in
shock, in addition to aggressive hemodynamic resusci-
tation it is obvious to you that he requires intubation and
assisted ventilation. To facilitate intubation you wonder
about the use of etomidate, but you have some concerns
since you have heard that this drug may block adrenal
steroid production. You are uncertain whether this agent
is the right choice for this patient.

Background

Etomidate is an intravenous anaesthetic agent commonly
used in emergency departments and ICUs for intubation
of critically ill patients. First described in 1965, it was
originally developed as an imidazole anti-fungal agent
[1]. During animal testing, it was noticed to produce
sedation and was introduced as a hypnotic into clinical
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practice in 1972. The pharmacodynamics of etomidate is
well understood and studied. Unrelated to its hypnotic
effect, etomidate strongly stimulates central a, adrenergic
receptors with characteristic lack of vasodilatation or
myocardial depression, leading to little change in the
heart rate or blood pressure after an induction dose of
etomidate. Its intubating conditions, compared to other
commonly used anaesthetic agents, and the cardio-
vascular stability associated with etomidate induction
have made etomidate a high ranking choice for rapid
sequence induction in the pre-hospital, emergency and
intensive care environments, particularly in hypotensive
and/or hemodynamically compromised patients with
sepsis, trauma and cardiogenic shock [2-4].

Pro: etomidate is safe in hemodynamically
unstable critically ill patients
Etomidate has many attractive characteristics and has
been used for nearly 40 years in clinical practice, and
significantly in the critically ill [2,4]. It has a very high
therapeutic index of safety as a hypnotic agent, the lethal
dose being up to 12 times the hypnotic dose, providing a
good safety profile among all the other available
induction agents [5-7]. Etomidate has very few cardio-
vascular effects and has been shown to not effect blood
pressure or pulse rate [8-10]. It has a favourable kinetic
profile, producing rapid onset loss of consciousness
within one arm brain circulation of injection with a rapid
offset due to both redistribution and metabolism via
hepatic esterase with subsequent excretion, mainly via
the kidney (85%) and to a lesser degree in the biliary
system, with a terminal half-life of 2 to 5 hours. The
molecular pharmacology of etomidate is well understood,
producing dose-dependent central nervous system
depression through the facilitation of the a subtype of the
gamma-aminobutyric acid (GABA) receptors [11,12].
Furthermore, induction with etomidate produces
desirable reduction in cerebral blood flow, intracranial
pressure and cerebral metabolic rate with less apnoea,
almost no histamine release and very rare allergic
reactions. Etomidate’s safety profile has been demon-
strated in animal models of haemorrhage and sepsis and
in human studies [13-15].
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Table 1. Summary of recent randomized controlled trials of etomidate

Study N Intervention

Subjects

Main outcomes

Absalometal. 1999 [32] 35 Etomidate versus thiopentone

Schenartsetal. 2001 [33] 18 Etomidate versus midazolam

Hildreth etal. 2008 [34] 30 Etomidate versus midazolam and

fentanyl
Jabre et al. 2009 [3] 469 Etomidate versus ketamine

Tekwanietal. 2010 [35] 122 Etomidate versus midazolam

Morel et al. 2011 [36] 100 Etomidate versus propofol

ASAIl, two or more organ failures

Emergency department patients
requiring intubation

Trauma patients requiring
intubation

Emergency department patients
requiring intubation

Emergency department suspected
sepsis requiring intubation

Elective cardiac surgery

Etomidate may interfere with cortisol
synthesis for at least 24 hours

CST significantly different at 4 hours, same
response at 12 and 24 hours

Chemical evidence of Al and may have
contributed to increased hospital and ICU
lengths of stay

No difference in 28 day morbidity or
mortality

No difference in mean hospital length of
stay, ventilator days, ICU stay or in-hospital
mortality

Etomidate blunts the HPA for more than
24 hours, no associated increase in
Vasopressor requirements

Al adrenal insufficiency; ASA, American Society of Anesthesiologists; CST, corticotrophin stimulation test; HPA, hypothalamic pituitary axis.

Con: etomidate is not safe in hemodynamically
unstable critically ill patients

Etomidate is not available around the world and is
generally not the first line induction agent for elective
surgical cases; this reduces exposure and familiarity with
the drug amongst junior and senior doctors. Its use by
infusion in trauma patients has been associated with an
increase in mortality [16,17] and has led to recommen-
dations not to use etomidate in trauma patients [18].
There are alternative induction agents with similar
cardiovascular stability providing the same intubating
conditions, such as ketamine [2,3,19]. Etomidate is a
hydrophobic compound associated with pain on injection
but this effect has been reduced by formulation in a lipid
emulsion. Myoclonic movements, trismus and post-
operative nausea and vomiting are said to be more
frequent with etomidate [20-23]. The main concern,
however, has been the inhibition of steroid synthesis
produced by etomidate.

Etomidate and adrenogenesis

Etomidate is a very potent inhibitor of steroid synthesis,
acting on the adrenal gland as an inhibitor of 1lbeta-
hydroxylase, a mitochondrial enzyme that converts
11-deoxycortisol to cortisol and 11-deoxycorticosterone
to corticosterone [24,25].

The dosage of etomidate for intravenous induction is
0.2 to 0.3 mg/kg, and whilst the etomidate blood concen-
tration required for hypnosis is of the order of 200 ng/ml,
a blood concentration of only 10 ng/ml can significantly
reduce plasma concentrations of cortisol, cortisone and
aldosterone. Indeed, low dose infusion of etomidate has
been used in the treatment of Cushing’s disease to
suppress steroid genesis [26,27]. Although this effect is
reversible, the duration of adrenal suppression after a
bolus dose of etomidate remains for several hours after

the hypnotic effect has worn off and much longer after
prolonged infusion and in the critically ill.

Ledingham and Watt [16,17] were the first to report in
1983 increased mortality, secondary to infection, in
trauma patients in whom etomidate, by infusion, was the
main sedative (69% versus 25% non-etomidate recipients).
Subsequent to this, the manufacturers changed the drug
information leaflet to indicate that etomidate should not
be used for long-term sedation. Concerns continue to be
published as to whether a single bolus dose of etomidate
and associated adrenal suppression cause harm in
critically ill patients [28-30], particularly patients with
sepsis, where there is much controversy surrounding the
need for an adequate steroid response.

Malerba and colleagues [31] performed a prospective
observational study to determine the factors associated
with adrenal insufficiency (Al) in 62 mechanically venti-
lated, critically ill patients. Multivariate analysis showed
that only etomidate administration was related to relative
adrenocortical deficiency (odds ratio 12.21; 95% confi-
dence interval 2.99 to 49.74) for at least 24 hours. A few
small randomized studies (Table 1) confirmed the adrenal
insufficiency associated with a single dose of etomidate.
In a randomised controlled trial comparing etomidate
with thiopentone that included 35 critically ill patients
requiring intubation with American Society of
Anesthesiologists (ASA) scores of III or more with
associated two organ failures, etomidate produced Al for
up to 24 hours while thiopentone did not [32]. Schenarts
and colleagues [33], in a RCT including 18 patients
requiring intubation in the emergency department, used
etomidate as the induction agent in 8 patients (n = 8) and
demonstrated Al (defined as diminished response to a
CST of 250 pg of cosyntropin at 4 hours) that resolved by
12 hours; the other 10 patients were induced with
midazolam and did not show Al Hildreth and colleagues
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[34] demonstrated in 30 trauma patients that those who
received etomidate (n = 18) had Al compared to those
given midazolam and fentanyl (n = 12). In a prospective
randomised controlled study of 122 patients with
suspected sepsis comparing etomidate with midazolam
for rapid sequence induction of patients meeting sepsis
criteria, no significant difference could be demonstrated
in length of ICU or hospital stay or in mortality [35].
Morel and colleagues [36] studied the effect of etomidate
on Al and duration of vasopressors in a RCT trial of 100
patients undergoing elective cardiac surgery. They
showed that etomidate (n = 50) increased the rate of Al
but had no effect on vasopressor requirement.

Development of an etomidate analogue void of steroid
inhibition is the subject of preliminary research [37]. Pejo
and colleagues [38], using an endotoxaemic rat model of
sepsis, demonstrated that carboetomidate, a pyrrole
analogue of etomidate, produces less suppression of
adrenocortical function and smaller increases in pro-
inflammatory cytokines.

The question remains, however, whether the observed
Al after a single dose of etomidate results in increased
organ failure and mortality. In a relatively large RCT
(KETASED collaborative study group), Jabre and colleagues
randomized 655 patients requiring sedation for emer-
gency intubation in the emergency department to 0.3 mg/
kg etomidate or 2 mg/kg ketamine [3]. While the intu-
bating conditions were comparable, and the maximum
Sequential Organ Failure Assessment (SOFA) scores
between the two groups were not different (mean of 10.3
(standard deviation 3.7) for etomidate compared with 9.6
(3.9) for ketamine), the percentage of patients with Al
was significantly higher in the etomidate group (86%)
than in the ketamine group (48%) (odds ratio 6.7, 95%
confidence interval 3.5 to 12.7). They concluded that
ketamine is a safe and valuable alternative to etomidate
for endotracheal intubation in critically ill patients, and
should be considered in those with sepsis.

Assessment of adrenal insufficiency in ICU

There is strong evidence that etomidate suppresses
adrenal steroid production, although there are significant
problems associated with assessing adrenal insufficiency
in critical illness [39]. Most laboratories measure total
cortisol, yet 90% of cortisol is protein bound and free
cortisol is the active form responsible for biological
activity. Furthermore, different assay methods have been
used to assess cortisol response to the adrenalcortico-
trophic (synacthen) stimulation test with wide variation
in measured cortisol and response to synacthen. Cohen
and colleagues showed the limits of agreement for three
immunoassays with high performance liquid chromato-
graphy ranged from -62% to 770% [40]. In addition,
classifying the patients into responders and non-responders
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to synacthen stimulation by standard criteria produced
concordance in only 44% of patients in all assays. The
stimulation test for adrenal function may be performed
with 1 or 250 pg of synacthen, but it is still questionable
what degree is considered an appropriate rise. One
method of demonstrating the degree of adrenal inhibition
is by measuring 11beta deoxycortisol concentration as
this compound is increased when 11beta-hydroxylase is
inhibited. Venkatesh and colleagues demonstrated in 21
critically ill patients that a single cortisol measurement
could lead to erroneous conclusions about adrenal
function [41]. In addition, different trials showed no
consistency in the measurement of baseline cortisol
levels and thus showed different degrees of Al in the
control group [3,32-34,36].

Impact on organ function and outcome

The clinical relevance of steroid inhibition with etomidate,
in the context of a single induction dose, has been a matter
of significant debate. Cuthbertson and colleagues [42,43],
in an a priori sub-study of the CORTICUS trial, reviewed
the 96 analysable patients in the trial (out of 499) who
received etomidate within 72 hours prior to inclusion. The
number of patients who were non-responders to
corticotropin was significantly higher than the number
who received etomidate (61% versus 44.6%, P = 0.004).
Etomidate was associated with a higher 28 day mortality in
univariate analysis (P = 0.02) and after correction for
severity of illness (42.7% versus 30.5%; P = 0.06 and
P = 0.03) in multivariable models. This would appear to be
strong evidence against the use of etomidate but, as the
authors point out, the original study was under-powered,
did not stratify at baseline for the use of etomidate and is a
subgroup analysis. Like most adjusted multivariable
analyses, many confounders could not have been
adequately adjusted for, such as the severity of illness of
the patients at the time of intubation or whether sepsis
severity was adequately balanced to avoid selection bias.
Furthermore, the mortality difference did not become
apparent until day 10, which is well past any adrenal
suppression effect of etomidate; also, there was no
difference in survival in the patients given steroid
replacement therapy, which should counter any Al caused
by etomidate. The failure of steroid replacement to prevent
potential or apparent harm associated with etomidate Al
adds to the uncertainty of a possible biologically plausible
link between etomidate steroid inhibition and subsequent
observed mortality. Several studies investigated the
administration of steroids to critically ill patients after
etomidate induction. There was no benefit in duration of
ventilation, ICU length of stay or 28 day mortality amongst
99 patients randomized to receive 200 mg hydrocortisone
continuous infusion per day for 2 days compared with
placebo after an intubation dose of etomidate [44].
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In a recent systematic review and meta-analysis of the
effect of etomidate on adrenal function in critical illness
comparing etomidate versus non-etomidate anaesthesia
[45], Albert and colleagues analysed 14 studies and
demonstrated an increased risk ratio for Al (n = 2,854) of
1.64 (range 1.52 to 1.77) and an increased risk ratio for
mortality (n = 3,516) of 1.19 (1.10 to 1.30); when analysed
for mortality within the specific subgroup with sepsis, a
total of 7 studies (n = 1,767), they demonstrated a statis-
tically significant increased mortality with a risk ratio for
induction with etomidate of 1.22 (95% confidence inter-
val 1.11 to 1.35).

Conclusion

There is universal agreement and strong evidence that
etomidate causes adrenal suppression even at low blood
levels and after a single bolus [3,32-34,42]. There is also
reasonable evidence that the duration of adrenal
suppression lasts significantly longer than the hypnotic
effect. However, the intensity of this suppression and its
clinical significance remain inconsistent and inadequately
quantified. There are also significant rates of Al in the
control groups not treated with etomidate [3,32-34,42].
Although multiple reports suggested a positive associa-
tion with mortality, there is no conclusive causality in
septic, trauma or emergency department hypotensive
patients receiving a single induction dose of etomidate.

In the context of critical illness and haemodynamic
compromise, the cardiovascular stability of etomidate
remains the main attraction for etomidate enthusiasts.
However, there is strong evidence that other agents, such
as ketamine, can offer such stability with comparable
intubating conditions [3].

The definitive link between etomidate and mortality
can only be confirmed in the setting of adequately
powered and well designed RCTs; however, there are
impediments and concerns that mean that such a trial
might never be done. Firstly, etomidate is not licensed in
many countries. Secondly, in countries where it is
licensed, many clinicians have no equipoise and many
simply do not use it. Thirdly, many may view this as a lost
opportunity and therefore not worth the investment in
time or money to answer this question in the presence of
alternative agents and methods that offer comparable
safety and efficacy. Lastly, the manufacturer probably has
no commercial advantage in sponsoring such a trial
Perhaps future researchers should focus on the develop-
ment of analogues of etomidate with the aim of retaining
the desirable safety profile in high risk haemodynamically
unstable patients whilst removing the potent inhibitory
effects on adrenocorticotropic steroid synthesis.

Personal opinion
Despite the fact that etomidate is not available in
Australia, in the above context we would still not use
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etomidate to intubate the patient in the clinical scenario
presented. There are many techniques that could be
deployed to intubate an unstable patient and the diligent
attention to the haemodynamic status of the patient
balanced against the speed with which the airway must
be secured and the experience of the physician would
determine the most appropriate technique and drugs.
The authors would use an amnestic dose of midazolam
followed by an induction dose of ketamine (anaesthesia
without undue hypotension) with a small dose of fentanyl
1 pg/kg prior to intubation (to attenuate laryngeal
reflexes). We are, however, not persuaded by the evidence
against etomidate and feel that it is being unfairly
tarnished by a ‘no smoke without fire” attitude. Etomidate
would be useful for emergent induction in unstable
patients where ketamine is contraindicated, such as
patients with significant coronary artery disease or
suspected non-traumatic intracranial pathology with
compromised intracranial and cerebrovascular dynamics.
Nevertheless, in any scenario, a competent proceduralist
is the key to safe and smooth induction. It is hard to
believe that if the single injection of a dose of etomidate
could increase the absolute mortality by greater than 10%
in all patients, we would not see vast differences in
survival across countries that have differing rates of use.
Currently, whilst we would not use etomidate, we feel
there is insufficient evidence to call for a moratorium to
stop using the drug. Clinicians’ attitudes and commercial
reality for the manufacturer are likely to determine the
fate of etomidate rather than a definitive future clinical
trial.
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