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The effect of etomidate on adrenal function
in critical illness: a systematic review

Abstract Purpose: Although
etomidate is a preferred anesthetic
agent for rapid sequence intubation
(RS]) in critical illness, as an inhibitor
of cortisol synthesis (11f-hydroxy-
lase), it may be associated with
adrenal dysfunction. The objectives
are to review the effects of etomidate
versus comparator anesthetics in
critical illness for: primary outcome
of mortality and secondary outcome
of adrenal insufficiency (Al). Meth-
ods: Studies were extracted using
MEDLINE and SCOPUS, regardless
of language, between 1983 and 2010
using the keywords etomidate, inten-
sive care units (ICU), critical illness,
intensive care, glucocorticoids, and
adrenal insufficiency. Studies of sin-
gle dose etomidate versus comparator
anesthetics with outcomes of adrenal
function and/or mortality were inclu-
ded. All reviewers performed
electronic data searches. One
reviewer extracted data, which were
checked by the other reviewers.
Authors of trials were contacted for
supplemental data. Primary outcome
was 28-day mortality. Al was defined

Introduction

Etomidate is a preferred anesthetic agent for rapid
sequence intubation (RSI) in patients in the intensive care
unit (ICU) [1, 2]. However, it may cause adrenal insuf-

ficiency (AD) [2, 3].

per article. Results: Two hundred
sixty-three articles were screened,
and 21 articles (19 independent data
sets) were evaluated. Meta-analysis
comparing etomidate versus non-
etomidate anesthesia demonstrated an
increased risk ratio (RR) for Al of
1.64 (range 1.52—1.77; 14 studies,
2,854 patients, P < 0.0001,

I’ = 88%) and an increased RR for
mortality of 1.19 (1.10-1.30; 14
studies, 3,516 patients, P < 0.0001,
P = 64%). Significance of re-analy-
sis for mortality within the subset of
sepsis was maintained [RR 1.22
(1.11-1.35), 7 studies, n = 1,767,

P = 74%, P < 0.0001], but not for
trials without sepsis [RR = 1.15
(0.97-1.35), 7 studies, n = 1,749,

P = 53%, P = 0.10]. Conclu-
sions: There is an increased rate of
Al and mortality in critically ill
patients who received etomidate.

Keywords Etomidate - Adrenal
insufficiency - Critical illness-related
corticosteroid insufficiency - ICU -
Critical illness

Etomidate is a fast-acting intravenous anesthetic agent
with a favorable safety profile and a better therapeutic

index than alternative anesthetics. It is thus the agent of
choice routinely available for RSI [1, 2]. Despite these
benefits, in the 1980s the drug was withdrawn from use

for continuous intravenous sedation after it was associated
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with increased mortality [4]. Etomidate, an imidazole
derivative, functions as an inhibitor of adrenal 11-
hydroxylase and in higher doses also inhibits side chain
cleavage enzymes [5]. It was restricted for use as a single
intravenous injection with the expectation that adrenal
dysfunction would be eliminated [1].

There is no controversy about etomidate causing
adrenal dysfunction. A single bolus dose causes adrenal
dysfunction immediately with persistence for 12 h [6],
24 h [7] or as long as 48 h [8]. However, there is contro-
versy about whether inhibition of adrenal steroidogenesis
is clinically relevant in the critically ill. Proponents of
etomidate balance the immediate hemodynamic benefits
versus the risks of Al. The spectrum of expert opinion
ranges from calling for a moratorium on the use of the drug
awaiting randomized controlled trials (RCTs) [2, 3, 9], the
use of glucocorticoid supplementation given simulta-
neously [3], and continued cautious use [10]. The
objectives of this review are to assess the data on etomi-
date during critical illness for the primary outcome of
mortality and the secondary outcome of Al.

Methods

Electronic search

An electronic literature search was performed on MED-
LINE (OVID) SCOPUS, EBM, and Cochrane Reviews
for human studies, regardless of language, between 1983
(the earliest report on etomidate’s effect on adrenal
function) and June 2010. There were no EBM or Coch-
rane Reviews. All studies after 1983 used a single
intravenous bolus etomidate dose of 0.3 mg/kg. The
search strategy using keywords and an algorithm is shown
in Fig. 1: (Intensive care or Critical care or ICU) and
etomidate and (Al or Glucocorticoids). Relevant narrative
reviews and editorials were appraised, and the reference
lists were reviewed to identify primary trials. All primary
comparator trials were included in the analysis if there
was either evaluation of adrenal function or 28-day sur-
vival. All authors reviewed electronic data search titles
and abstracts to identify potential trials. One reviewer
extracted data, which were checked by the other review-
ers. Authors of primary trials were contacted to identify
any unpublished data (personal communication, “pc”)
[11].

Quality of studies
Quality of studies was considered according to the Grade

recommendations [12] and is included in Table 1. Quality
of trials was considered as: high (large RCTs), moderate

Electronic Search
(Intensive care or Critical care or Intensive
care unit)
and Etomidate
and
(Adrenal insufficiency or Glucocorticoids)
n= 263 articles

Excluded, n=242
Review articles, n=110
Editorials, n=15
N Letter, notes, surveys, cases, n=51
(Lack of comparison groups or lack of
evaluation of adrenal function or lack
of survival data at 28 days, n=66)

A 4

Studies included, n=19
Studies for evaluation n=21
( 2 duplicate analysis)

Fig. 1 Electronic search criteria

(RCTs with post hoc analysis of an etomidate effect), and
low (retrospective and observational studies).

Data analyses

The primary outcome for the meta-analysis was 28-day
all-cause mortality. Secondary outcome was the rate of
Al Al defined per study author is described in Table 1.
Most studies used the incremental cortisol response
(Acortisol) to a standardized 250 pg cosyntropin stimu-
lation test (CST).

Meta-analyses

Meta-analyses were performed for studies involving
adults using the statistical program of Bax [13, 14] using
an a priori fixed effects model of Mantel-Haenszel that
incorporates statistical weighing of larger studies. Heter-
ogeneity of the meta-analysis was evaluated by the I
statistic [11]. Evidence of publication bias was assessed
using funnel plots and meta-regression analyses [11].

Statistical analyses

Statistical analyses of data retrieved after publication
(“pc”) are described as “calculated here” (f) to differ-
entiate them from statistics available in the original
publication. Analyses of proportions were performed
by the chi-square test (Statistica for Windows, V7.1
Stat Soft, Inc.2005, Tulsa, OK). Data are reported as
mean =+ standard deviation or [95% confidence intervals].
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Table 1 continued

Grade criteria,
quality

P, mortality

P, adrenal
insufficiency

Mortality,
number (%)

Adrenal insufficiency
by CST, number (%)

Non-etomidate
(male/female)

Number

Mortality,
number (%)

Adrenal insufficiency
by CST, number (%)

(male/female)

Etomidate
Number

Low
Low

0.04"

n.s.
P =

<0.001
0.03
n.d.

0.003
n.s.”

17 (43%)
12 (35%)¢

n.d.

19 (48%)
8 (24%)
8 (33%)

n.d.

40 (33/7)

34
24

8 (32%)

21 (84%)
19 (68%)
33 (60%)

n.d.

25 (14/11)

28

Low
Low
Low
Low
Low
Low

n.d.

n.s.
I‘l.S.T

n.s.”
0.02
n.s.

0.02
n.d.
n.d.

14 (44%)
72 (23%)°
13 (26%)f

46 (13%)
1 (12.5%)

183 (57%)°
24 (48%)

n.d.
n.d.

351 (233/118)

32 (14/18)
319

50

8 (2/6)

18 (64%)¢
n.d.

28 (38:%)
15 (17%)°
16 (18%)f
40 (22%)
7 (30%)

52 (60%)°
59 (68%)

n.d.
n.d.

P values are from publication; fealculation in this paper by chi-square test using available data statistics calculated here

? D. Annane, personal communication

CST cosyntropin stimulation test; RCT randomized controlled trials; n.d. not described; n.s. not significant
bR Riche, personal communication

Data expressed as mean =+ standard deviation (SD) or [range] when available

¢ D. Annane, personal communication

4 pE. Bollaert, personal communication
¢ M.F.C. deJong, personal communication
f B.A. Cotton, personal communication

T4(34/40)
184 (118/66)
23 (19/4)

55
86
87

Statistical significance is defined as a P < 0.05 by two-
tailed testing.

Results

The electronic search revealed 263 articles (Fig. 1). Pri-
mary clinical studies of adults and children with critical
illness yielded 21 articles and 19 independent data sets (in
two follow-up articles the population was analyzed twice,
and each data set was included as one series) (Table 1).

Randomized controlled trials

There were four RCTs [6, 7, 15, 16] of etomidate versus
comparators. Studies of ICU patients included: Absalom
[7], etomidate (n = 17) versus thiopentone (n = 18)
demonstrated Al in 88 versus 29%, P = 0.0006; Hildreth
(trauma patients) [15] etomidate (n = 18) versus fentanyl
and midazolam (n = 12) did not define AI, but did
demonstrate significantly lower CST Acortisol with
etomidate versus comparator (Acortisol 116 £ 135 nmol/
L [4.2 £ 4.9 pg/dL] versus 309 £ 168 nmol/L [11.2 &
6.1 pg/dL], P < 0.001). Etomidate was associated with
significant prolongations of days: in the ICU (6.3 vs.
1.5 days, P < 0.05), on a ventilator (28 vs. 17 days,
P <0.010), and in length of stay (LOS) (11.6 wvs.
6.4 days, P < 0.010).

Studies of Al in the emergency department with
etomidate versus comparators included: Schenarts [6]
etomidate (n = 10) versus midazolam (n = 8), Al at
4 h in 70% versus none with the comparator, P = 0.004;
Jabre [16] etomidate (n = 234) versus ketamine (n =
235) Al in 81 versus 42%, P < 0.0001.

Three RCTs of glucocorticoid supplementation versus
placebo in the ICU evaluated the effects of etomidate
versus comparators post hoc [17-20]. Oppert [17]
(n = 41, septic shock) found Al in [4/7 (57%) vs. 26/34
(76%), P = n.s.].

Annane [18, 19] described two sentinel studies on
adrenal responsiveness with respect to survival in septic
shock. The first [18] documented that mortality increased
with “non-response” to CST [Acortisol < 250 nmol/L
(<9 pg/dL)]. In the follow-up Ger-Inf-05 study [19],
glucocorticoid supplementation with 200 mg hydrocorti-
sone/day and fludrocortisone 50 pg/day improved
morbidity in all (with decreases in LOS and need for
vasopressors), whereas survival benefits were limited to
those with Al Seventy-two of 299 received etomidate, of
which Al occurred in 94 with versus 71% without
etomidate (TP < 0.001).

The CORTICUS prospective study [20, 21], a RCT of
septic shock, did not demonstrate an overall benefit in
survival with glucocorticoids versus placebo. Ninety-six
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of 499 subjects received etomidate. Steroids were given
within 72 h (median time from etomidate 14 h). Post hoc
analysis with versus without etomidate showed a greater
prevalence of Al (61 vs. 46%, P = 0.007).

Non-randomized trials

The CORTICUS retrospective study [22] evaluated
adrenal responsiveness and glucocorticoid supplementa-
tion on mortality in sepsis (n = 477). The absolute risk of
Al associated with versus without etomidate was 69
versus 17% (“pc” D. Annane, TP < 0.001, Table 1).

Adrenal insufficiency in the ICU was greater with
etomidate than comparators in the studies of: Mohammed
[23] (n = 152, septic shock, 76 vs. 51%, P = 0.008);
Kim [24] (n = 65, septic shock, 84 vs. 48%, P = 0.003);
Cotton [25] (n = 137, trauma patients, 68 vs. 48%,
P = 0.02); Malerba [26] (n = 62, mechanical ventilation
for >24 h, 68 vs. 24%, P = 0.001); and Cohan [27]
(n = 79, traumatic brain injury, 60 vs. 33%, P = 0.049
by univariate but not multivariate analysis). Al was not
increased with etomidate versus comparators in: De Jong
[28] (n = 405, prolonged hypotension, 60 vs. 57%, “pc”
M.F.C. de Jong); and Riche [29] (rn = 116, CST within
24 h, 59 vs. 64%, “pc” F. Riche).

The study by den Brinker [30, 31] of children with
meningococcal sepsis did not define AIl. However, corti-
sol levels after etomidate (n = 23) were approximately
50% that of comparably ill patients (n = 8) (assessed by
critical illness severity scores, P < 0.05). The levels of
precursor 11-deoxycortisol were more than twofold
higher than found in comparators, confirming that adrenal
dysfunction was due to enzyme inhibition.

Mortality data for etomidate versus comparator agents

There were significantly higher mortality rates with ver-
sus without etomidate in: the prospective CORTICUS
[20, 21] (n = 499, 42.7 vs. 30.5%, P = 0.02); the retro-
spective  CORTICUS [21] ([n =477, 73 vs. 47%,
P < 0.001 (“pc” D. Annane, TP < 0.001)]; Malerba [26]
(n =62, 64 vs. 35%, “pc”, P.E. Bollaert, 1P = 0.04).
Baird [32] compared etomidate (n = 186) versus alter-
nate anesthetics (thiopental n = 306, propofol n = 35) in
an ED; mortality was greater with than without etomidate
by univariate analysis (22 vs. 13%, P = 0.02), but not
after multivariate analysis.

Mortality was not significantly different with versus
without etomidate in the studies of: Annane [19] 53 (38/
68) versus 59.5% (135/227) (“pc” D. Annane, TP = n.s.);
Mohammed [23] (n = 152, 63 vs. 55%); Kim [24]
(n = 65, 32 vs. 43%); Cotton [25] (n = 137, 18 vs. 26%,
“pc” B.A. Cotton); De Jong [28] (n = 405, 17 vs. 23%,
“pc” De Jong); Riche [29] (n = 116, 36 vs. 47%) “pc” F.

Riche); Den Brinker [30, 31] (n = 31, 30 vs. 12.5%); Ray
and McKeown [33] (rn = 159, ICU with septic shock, 69
vs. 60%); or Tekwani [34] (n = 106, ICU with sepsis, 38
vs. 44%).

Meta-analysis of the effect of etomidate
versus comparators

Meta-analyses of the risk ratio (RR) of effects of etomi-
date versus comparators are performed for all evaluable
trials of adult subjects. There was an increased RR for Al
with etomidate above comparators of 1.64 [range
1.52-1.77] (14 trials, n = 2,854, P < 0.0001, I* = 88%;
Fig. 2). There does not appear to be a publication bias as
evaluated by a funnel plot (ESM Fig. 5A). Meta-regres-
sion analysis (ESM Fig. 6A) showed the association of
etomidate with Al was constant and independent of the
level of Al in the comparator groups.

There was an increased RR for mortality with etomi-
date over controls of 1.19 [1.10-1.30] (14 trials,
n=3516, P < 0.0001, > = 64%, Fig. 3). There was no
publication selection bias by a funnel plot (ESM Fig. 5B).
The increase in the RR of mortality versus the control
population was found for all levels of clinical severity by
meta-regression analysis (ESM Fig. 6B).

The I* statistic indicates a marked heterogeneity for
analyses of Al and for mortality. To identify possible
causes of heterogeneity, data were re-analyzed with
respect to the subgroups of trials and sources of patient
inclusion.

Heterogeneity for Al persisted after re-evaluation
comparing inclusion criteria for: 6 RCTs, RR = 1.51
[1.34-1.70] (n = 1,361, I = 75%, P < 0.0001) versus
8 non-RCTs, RR =1.76 [1.59-1.95] (n = 1,493,
P =92%, P < 0.0001) (ESM Figs. 7A and 7B); 7 sepsis
trials, RR = 1.70 [1.55-1.87] (n = 1,649, I* = 93%,
P < 0.0001 vs. 7 non-sepsis trials RR = 1.56 [1.37-1.77]
(n = 1,205, > =77%, P <0.0001). The RRs for Al
inthe trials for RCT and sepsis were all significant
by random effects model analysis (RCT, P = 0.0009,
non-RCT, P = 0.005, sepsis, P = 0.008 and non-sepsis,
P = 0.001).

Heterogeneity persisted after re-analysis of the mor-
tality data for four RCTs, RR = 1.12 [0.95-1.32] (n =
1,302, I’ = 54%, P = 0.16) versus 10 non-RCTs, RR =
1.23 [1.12-1.36] (n = 2214, P = 68%, P < 0.0001)
(ESM Figures 8A and 8B).

Subgroups re-analyzed for RR of mortality as to
inclusion criteria of sepsis maintained significance,
RR = 1.22 [1.11-1.35] (7 sepsis trials, n = 1,767,
P = 74%, P < 0.0001) (Fig. 4a), whereas the non-sepsis
trials were no longer significant, RR = 1.15 [0.97-1.35]
(7 non-sepsis trials, n = 1,749, P = 53%, P = 0.10)
(Fig. 4b). Those with versus without sepsis had more
severe illness as manifested by a higher mortality rate in
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Fig. 2 Meta-analysis of risk Etomidate  Control Weight ~ Association measure
el cioney of sibjeets with  SuyDYear nfEctne] nlEstil] ) i
critical illness who received or
did not receive etomidate. Annane 202 68172 1611227 + 1693%  1.3316(1.2044 to 14722)
5w rnee 2T oy m 4 m . 1% OTATS(038 fo 14575
P < 0.0001, I = 88%). A Sprung, Cuthbertson 2008 (2009) 59/% 1861403 + 1563%  1.3316(1.1008 to 1.6107)
f’;’csrlég’sz(;’?}g]f é‘;dégi‘éizla“ Absalom 1999 1517 518 —— 1.06% 31765 (14783 to 6.8252)
insufficiency with etomidate Schenats mr T 0 012% 122727 (08054 to 1870123)
exposure Jabre 2009 931234 49235 0 1+ 1068%  1.9061 (14193 to 2.5597)
Riche 201 41/69 47 Y -4 17%% 0.9309(0.6963 to 1.2446)
Mohammad 206 29138 58114 3 -+ 6.33% 15(1.1649 to 1.9314)
Lipingr-Friedman 2007 163231 401240 0 + 868% 4.1266 (30705 to 5.5459)
Kim 2008 21125 1940 —-— 319% 1.7684 (1.224 to 2.551)
Maleba 2004 1928 8134 T 1.58% 2.8839(1.4944 1o 55654)
Cohan 2005 3355 824 243% 18(0.9824 to 3.2981)
de Jong 207 5286 1831319 + 1697% 1054 (0.867 to 1.2814)
Cotion 2008 5987 250 —H 6.66% 14128(1.0231 to 1.9511)
META-ANALYSIS: 66311061 797/1793 v o 100% 16445 (1.5243001.7742)
01 1 10
RR (log scale)
Fig. 3 Meta-analysis of risk Etomidate  Control Weight  Association measure
ratios (RR) for mortality of Study ID Year n[e](E=1)ife] nc](E=1)n[c] (%) with 95% CI
subjects with critical illness
gg"mirggf;V‘ffR"r:dildlgofrgiﬁgve Annene 000 WM 1350227 B 1234%  0.8874 (0.6957 to 11321)
1.10-130] (14 trials, Sprung, Cuthbertson 2008 (2009) 41/96 123/403 ™ 898% 13993 (1.0634 to 1.8414)
n = 3,516, P < 0.0001, Absalom 1999 517 38 055% 17647 (0.4963 to 6.2752)
P = 64%). A positive value Jabre 2009 811234 720235 e 1364%  1.1298 (0.8704 to 14665)
ﬁg‘rf;‘l‘ﬁ; an increased fisk of - gipe 2001 2569 247 -1 497% 077405001 to 1.1981)
exposure Mohammad 2006 2413 63114 g - 5.98% 1 1429(0.852 to 1.533)
Ray and McKeown 2007 51174 51185 5 o 001% 11486 (0.9114 to 14477)
Lipier-Friedman 2007 173237 1131240 2 * 2132% 15504 (1.3279 to 18101)
Kim 2008 8/25 17140 . 248% 07529 (0.3831 to 1 4797)
Malerba 2004 18128 12134 . 206% 14(1.0696 to 3.1016)
Tekwani 2009 28174 14132 A 3% 08649 (0.5301 to 1.4111)
de Jong 2007 15/86 72319 o 581%  0.7728(0.4674 to 1.2776)
Cotion 2008 16187 13150 . 343%  0.7073(0.3715 to 1.3467)
Baird 2009 401184 461351 . 6.01% 16588 (1.1295 to 24362)
META-ANALYSIS: 5631321 75612195 v 100%  1.1949 (1.0978 t0 1.3007)
01 1 10
RR (log scale)

the comparator non-etomidate populations (45 vs. 22%,
P < 0.0001). There were too few designations of clinical
illness scores (SAPS or APACHE) for comparison (ESM
Table 2). Meta-regression analysis of mortality did not
demonstrate an accentuation of the RR for mortality due
to etomidate in those with versus without sepsis (ESM
Fig. 6B). There was no difference between the analyses of
covariance of the calculated regression lines of those with

versus without sepsis (not shown). However, the absolute
rates of mortality with etomidate versus comparators, and
the excessive mortality difference superimposed above
that in the comparators, were higher in the sepsis group
(58.9 vs. 45.3%, difference 13.6%) versus non-sepsis
group (28.6 vs. 22.3%, difference 6.3%). None of the
analyses for RR of mortality were significant by a random
effects model.
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Fig. 4 a Meta-analysis of A Etomidate  Control Weight Association measure
subgroup risk ratio (RR) for Study ID Year n[e](E=1)/n[e] n[c](E=1)in[c] (%) with 95% CI
mortality of subjects with Annane 2002 38/72 135/227 sl 18.96% 0.8874 (0.6957 to 1.1321)
critical illness with inclusion Sprung, Cuthbertson 2008 (2009) 41/96 123/403 13.80% 13993 (1.0634 to 18414)
criteria of sepsis who received Riche 2007 25/69 22147 el 7.63% 0774 (0.5001 to 1.1981)
: : - Mohammad 2006 24/38 63/114 9.19% 1.1429 (0.852 to 1.533)
ORerli Ill.oztzr?iéﬁif t305n]1 1?73 te, Ray and McKeown 2007 51/74 51/85 g ) 13.85% 1.1486 (0.9114 to 14477)
sepsis trials. n = 1.767 Li.piner-Friedman 2007 1731237 1131240 & s 32.7’:’% 1.5504 (1.3279 to 1.8101)
12 = 74%, P < 0.0001). Kim 2008 8/25 17140 . 3.81% 0.7529(0.3831 to 1.4797)
b Meta-analysis of risk ratio META-ANALYSIS: 360611 52411156 100% 12211 (1.1082 to 1.3454)
(RR) for mortality of subjects
with critical illness who 01 ! 10
received or did not receive RR (log scale)
etomidate in trials without
inclusion of sepsis, RR =1.15 B Etomidate Control Weight Association measure
[0.97-1.35] 27 non-sepsis trials,  StudyID Year n[e](E=1)n[e] n[c](E=1)/n[c] (%) with 95% CI
n = 1749, I> = 53%, Cotton 2008 16/87 13/50 . 8.98% 0.7073 (0.3715 to 1.3467)
P = 0.10) de Jong 2007 15/86 721319 16.63% 0.7728 (0.4674 to 1.2776)
Malerba 2004 18/28 12/34 T 5.89% 1.8214 (1.0696 to 3.1016)
Absalom 1999 5/17 318 1.58% 1.7647 (0.4963 to 6.2752)
Jabre 2009 81/234 72/235 9 39.07% 1.1298 (0.8704 to 1.4665)
Tekwani 2009 28/74 14/32 3 - 1063%  0.8649 (0.5301 to 1.4111)
Baird 2009 40/184 46/351 & — 1721% 16588 (1.1295 to 2.4362)
| m—
META-ANALYSIS: 203/710 232/1039 S 100% 1.1462 (0.9746 to 1.348)
0.1 1 10
RR (log scale)

Morbidity and organ dysfunction were analyzed
between etomidate and controls (ESM Table 2). Hildreth
[14] showed significant differences between etomidate and
comparators in days: in the ICU (8.1 £ 7.2 vs. 3.0 & 2,
P < 0.05), on a ventilator (6.3 & 6.6 vs. 1.5 £ 0.84,
P <0.01), and LOS (13.9 £ 9.5 vs. 6.4 + 4.4 days,
P < 0.01). Others found no differences between etomidate
versus comparators in Sequential Organ Failure Assess-
ment (SOFA) scores: Sprung [20] and Cuthbertson [21]
changes in (ASOFA-4 [range —6 to —2] vs. ASOFA-4
[range —7 to —1] (P, not significant]; Jabre [15] (SOFA
10.3 £ 3.7 vs. 9.6 £3.9, P=0.056); or in LOS:
Schenarts [6] (LOS 12 vs. 10 days, P = n.s.); Tekwani
[34] (LOS 8 vs. 6.5 days, P = n.s.) (ESM Table 2).

Duration of etomidate effect on Al in critical illness
was evaluated prospectively (ESM Table 2). Vinclair [8]
measured serial CSTs at baseline 12, 24, 48, and 72 h.
Adrenal cortisol insufficiency persisted at 24 h as a CST
Acortisol < 9 pg/dL (<250 nmol/L) in 49%, and enzyme
inhibition persisted as a normal CST Acortisol, but
inappropriately elevated 11-deoxycortiol (>8 nmol/L in
62%) at 48 h. Similarly, den Brinker demonstrated
abnormal cortisol responses to CSTs at 12 h and persist-
ing increases in 11-deoxycortiol at 24 h. Schenarts [6]
and Absolom [7] documented suppressed CST Acortisol
at 12 and 24 h, respectively.

Discussion

Etomidate is a preferred anesthetic in RSI. However, as an
inhibitor of cortisol synthesis (11f-hydroxylase), it causes

adrenal dysfunction immediately, which persists for
12-48 h. In this review of critically ill patients, etomidate
was associated with an increased RR for Al of 1.64
[1.52-1.77], P < 0.0001, increased morbidity (increased
LOS and increased days on ventilator) [15], and an
increased RR for death by 1.19 [1.10-1.30], P < 0.0001.

Cortisol is a stress hormone and an inhibitor of the
excessive cytokine action found in critical illness
(reviewed by Marik [35] and Arafah [36]). Serum levels
of cortisol increase with the level of clinical stress, as
measured by serum cytokine levels [8] and by critical
illness severity scores [28, 30, 31]. Mortality in critical
illness has been associated with functional Al (defined as
new onset of Al with full recovery after resolution of
critical illness) [37]. Alternatively, adrenal dysfunction
may be associated with systemic inflammation-associated
glucocorticoid resistance (either due to glucocorticoid
receptor or post-receptor resistance) or abnormal func-
tioning of the hypothalamic-pituitary-adrenal (HPA) axis
(critical illness-related corticosteroid insufficiency, CIRCI
[35]). However, given the above known relationships of
glucocorticoids with stress, there are still controversies
regarding the benefit, dose, and timing of glucocorticoids
in critical illness [38].

Etomidate is a potent and immediate inhibitor of
adrenal 11pf-hydroxylase. It is associated with decreased
cortisol and increased levels of 11-deoxycortisol, which
differs from primary Al in which levels of both steroids
are low. Metyrapone, when given for diagnostic testing of
the HPA axis, will result in complete blockade of the 11 -
hydroxylase [39]. Bolus etomidate induces partial adrenal
inhibition, with serum cortisol levels of approximately
50% that achieved without etomidate for comparable
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levels of clinical stress [30, 31]. These suppressed cortisol
levels may not be adequate for severe stress [30, 31].
Meta-regression analysis here showed the effect of
etomidate on Al was constant and independent of the
study population.

Much of the controversy regarding the risk of etomi-
date in ICUs is derived from a perceived lack of increase
in mortality or a lack of benefit from supplemental glu-
cocorticoids [9, 10]. An extensive meta-analysis of the
effect of glucocorticoids in critical illness did not consider
etomidate as an independent variable [38]. With wide-
spread use of the drug in critical illness settings, unless it
is specifically noted, it is likely that etomidate may have
an undetermined effect on adrenal dysfunction. The
inhibition of cortisol synthesis due to etomidate is
immediate, and if there is a benefit from glucocorticoids,
these drugs should be instituted either simultaneously
with or early after the dose of etomidate. In trials of
glucocorticoid supplementation in those with etomidate, it
was not specified if there was a differential effect of time
to institution of steroids relative to etomidate.

In the systematic review by Hohl [40], there was
significant adrenal dysfunction with etomidate without a
demonstrable effect on mortality. Many of their analyzed
studies included subjects undergoing routine elective
general anesthesia for operative procedures (n = 13 of 20
studies). The present study evaluated the effect of etom-
idate in critically ill patients. There was an overlap in
their and our meta-analysis of six studies of ICU patients
[6, 7, 14, 15, 33, 34]. It may also be argued from our data
that partial blockade of cortisol synthesis may interfere
with survival in those with more severe illness or sepsis.
In this study a subgroup analysis suggested that the
increased mortality with etomidate was more pronounced
in those with sepsis and more severe illness compared to
those without sepsis. Although the meta-regression anal-
ysis did not confirm an increased relative rate of mortality
with etomidate with increased severity of disease and
sepsis, the absolute superimposed increase in mortality
above that associated with the comparators was greater in

those with versus without sepsis (13.6 vs. 6.3%,
respectively).

There are limitations to this study. Although it is
possible that those who received etomidate were more
critically ill than the comparison groups, in many centers
etomidate is automatically included in the RSI protocol.
Clinical illness scores of the etomidate versus non-
etomidate groups were not matched a priori. There was
also a high degree of heterogeneity in the analysis, and a
predominant reliance on moderate to low quality studies.

Conclusions

Etomidate inhibits adrenal hormone synthesis immedi-
ately with persisting low cortisol levels for approximately
12-24 h [6, 7, 31] and inappropriately increased 11-de-
oxycortisol levels for as long as 48 h [8]. Cortisol levels
after etomidate are approximately 50% of levels observed
without etomidate during comparable stress [30, 31].
Etomidate is associated with increased morbidity (pro-
longed days: in the ICU 8.1 & 7.2 vs. 3.0 £ 2, P < 0.05;
on the ventilator 6.3 & 6.6 vs. 1.5 & 0.84, P < 0.01; and
LOS (139 £ 9.5 vs. 6.4 £+ 4.4 days, P <0.01) [14].
Recommendations here may be considered as strong as
etomidate is associated with an increased RR of 1.64 for
Al. Recommendations may be considered weak for the
association of etomidate with mortality (with RR 1.19
with a preponderance of non-randomized trials and het-
erogeneity of studies) [12]. Further research and clinical
management plans should be entertained to address the
use of alternate anesthetic agents or the benefits of con-
comitant glucocorticoids with etomidate either through
RCTs or a re-analysis of the available studies including
timing of steroid supplementation relative to etomidate
exposure.

Conflict of interest None.
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