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Induction of general anesthesia with control of venti-
lation remains a routine procedure both in critically 
ill patients and in those undergoing elective surgery. 

Etomidate is considered the drug of choice for emergency 
intubation procedure because of a good perceived benefit/
risk ratio, including hemodynamic stability, and minor side 
effects such as, myoclonus.

Administered in conjunction with a rapid-onset neuro-
muscular-blocking drug, etomidate remains the preferred 
drug by most emergency physicians, anesthesiologists, 
and intensivists for rapid sequence induction of anesthe-
sia. Publication of observational cohort studies suggest-
ing increased mortality with the use of etomidate in septic 
patients has, however, raised safety concerns. In a system-
atic review and meta-analysis in septic patients, including 
randomized controlled trials and observational studies, 
Chan et al.1 reported that a single dose of etomidate for 
induction of anesthesia was associated with increased 
28-day mortality (relative risk 1.20, 95% confidence inter-
val, 1.02–1.4). Similar findings were observed in a post 
hoc analysis of the Corticosteroid Therapy of Septic Shock 
(CORTICUS) trial. An increased 28-day mortality rate (43% 
vs 31%, P = 0.03) was noted in patients who received etomi-
date compared with patients who did not.2 However, other 
authors did not observe such an increased risk of mortal-
ity when using etomidate in septic patients3 and even 
observed a decreased mortality rate after adjustment for 
severity of illness.4 Similarly, randomized controlled trials 
have not provided evidence for an increased risk of death 
following a single dose of etomidate in critically ill patients 
(Fig. 1).5–8 In the largest multicenter study in the prehospi-
tal setting, Jabre et al.6 observed no statistical difference in 

the Sequential Organ Failure Assessment (SOFA) score and 
mortality between patients randomized to receive ketamine 
or etomidate for emergency tracheal intubation. However, 
the trials were not properly powered to address the differ-
ence in mortality.

Etomidate-induced adrenal insufficiency has long been 
the suspected culprit for the negative impact on mortality. 
However, such a causal relationship remains speculative. 
Etomidate has consistently been found to induce biologi-
cal adrenal insufficiency (i.e., nonresponse to the cortico-
tropin stimulation test) up to 48 hours after a single dose 
by inhibiting the 11-β-hydroxylase and the conversion of 
11-deoxycortisol into cortisol. However, the results of stud-
ies using hydrocortisone substitution remain conflicting. 
In a single center study, hydrocortisone supplementation 
after etomidate injection improved systemic hemodynam-
ics and shortened the duration of vasopressor support.9 The 
authors found no difference in mortality, but the study was 
underpowered for this outcome. Likewise, Cuthbertson et 
al.2 found no effect of glucocorticoid substitution on out-
come. All the above-mentioned studies focused on criti-
cally ill patients.

In this issue of the journal, Komatsu et al.10 explored the 
influence of etomidate on outcome in patients undergoing 
mostly elective noncardiac surgery. The study explored, 
for the first time, the impact of the use of etomidate as an 
induction drug in the operating room. The authors used 
the electronic records of 31,148 ASA physical status III to 
IV patients who had noncardiac surgery at the Cleveland 
Clinic to evaluate the impact of etomidate administration on 
30-day postoperative mortality. Among them, 2144 patients 
who received etomidate for induction of anesthesia were 
propensity matched with 5233 patients who received pro-
pofol. Anesthesia was maintained with a volatile inhaled 
anesthetic agent. The results are striking and troubling: they 
show a 2.49 (98.3% confidence interval, 1.85–3.35) estimated 
odds ratio of dying and 1.51 (1.14–1.94) odds of having 
major cardiovascular morbidity when etomidate was used. 
Etomidate was also associated with prolonged hospital stay. 
Interestingly, the relationship between etomidate and the 
outcome did not depend on comorbidities or on the emer-
gency characteristic of the procedure.

The strengths of the study are the large sample size and 
the appropriate use of propensity score to overcome several 
biases associated with retrospective observational studies. 
The weaknesses are the nonrandomized design, the pitfalls 
associated with collection of data from electronic charts, 
and the potential for inadvertently excluding important 
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causative factors in the propensity matching. It is likely 
that several factors that may have influenced the physi-
cians’ choice of etomidate may not have been recorded and 
included in the propensity analysis. It would have been 
worth mentioning the causes of death and the time elapsed 
from the surgical procedure. Furthermore, the authors chose 
30-day mortality as the main end point, while the standard 
is mortality at 28 days. This study could not explore the 
potential mechanism of the negative impact on outcome, 
including adrenal insufficiency. Finally, as always, single 
center data are to be interpreted cautiously, since the same 
group of anesthesiologists was involved. There is likely a 
high propensity score group of patients in which etomidate 
was preferred over propofol. Several reasons may have 
guided the clinicians’ decision to use etomidate in such 
patients, including the influence of institutional practice or 
training, which may not be generalizable to other centers.

Using a physics metaphor, the results of this study may 
be interpreted as a butterfly effect, that is, the very small 
differences in the initial state of a physical system can make 
a significant difference to the state at some later time. This 
study indeed strongly suggests, with sufficient confidence, 
that a single bolus dose of etomidate, with apparent short-
lasting effects, may compromise homeostasis and affect the 
30-day mortality rate in noncritically ill surgical patients. 
These findings are of major importance in light of the high 
number of patients who potentially receive etomidate each 
year worldwide. One might also wonder about the poten-
tial beneficial effects of propofol and how they may have 
affected outcome. Indeed, propofol has been suggested 
to possess anti-inflammatory and antioxidant effects and 
a protective mechanism against ischemia-reperfusion 
injury11 or sepsis.12

What should we do now? There is accumulating evidence 
for an association between mortality and etomidate use, 
both in critically ill patients and now in ASA physical sta-
tus III to IV patients undergoing noncardiac surgery. Since 
safe and efficient alternatives exist, a wise choice might cer-
tainly be the use of other anesthetic agents for induction of 
anesthesia pending additional studies. Ketamine in patients 
at greatest risk of hemodynamic instability appears safe, 
although psychiatric side effects may occur. Propofol is a 
drug of choice but exposes patients to potentially severe 
hypotension, especially in those with compromised cardio-
vascular function and in the elderly in whom low doses and 
slow titration are recommended.13

In summary, this study comparing etomidate and pro-
pofol is a good example of how we should evaluate our 
current practice. This study highlights once again the need 
for large observational studies to assess our therapeutic 
strategies. While hemodynamic effects of anesthetic drugs 
can easily be recognized and treated in routine practice, it 

is hardly feasible to determine the potential effects of each 
of our actions on in-hospital mortality. Both the rather low 
number of events (mortality rate of 2.5% in the propofol 
group vs 6.5% in the etomidate group in the current study) 
and the delay between the action (i.e., anesthesia induction) 
and outcome (i.e., likely related death occurring several 
days after the procedure) make assessment of our prac-
tice difficult. Large sample-size studies like this one allow 
such explorations and put emphasis on a potential down-
stream, devastating effect on outcome of a single inter-
vention during anesthesia (i.e., a single dose of anesthetic 
agent). However, only properly powered multicenter stud-
ies (ClinicalTrials.gov NCT01823328) will provide definitive 
answers and give us a sharper vision of the outcome associ-
ated with anesthetic drugs under the microscope of clini-
cal research. Pending such trials, accumulation of data from 
observational studies should guide us in weighing the risk/
benefit ratio of the anesthetic drugs we use and finding out 
whether the butterfly effect applies to anesthesiology. E
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