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Abstract

BACKGROUND—In critically ill patients, induction with etomidate is hypothesized to be
associated with an increased risk of mortality. Previous randomized studies suggest a modest trend
toward an increased risk of death among etomidate recipients; however, this relationship has not
been measured with great statistical precision. We aimed to test whether etomidate is associated
with risk of hospital mortality and other clinical outcomes in critically ill patients.

METHODS—We conducted a retrospective cohort study from January 1, 2001, to December 31,
2005, of 824 subjects requiring mechanical ventilation, who underwent adrenal function testing in
the ICUs of 2 academic medical centers. The primary outcome was in-hospital mortality,
comparing subjects given etomidate (n = 452) to those given an alternative induction agent (n =
372). The secondary outcome was diagnosis of critical illness-related corticosteroid insufficiency
following etomidate exposure.

RESULTS—Overall mortality was 34.3%. After adjustment for age, sex, and baseline illness
severity, the relative risk of death among the etomidate recipients was higher than that of subjects
given an alternative agent (relative risk 1.20, 95% CI 0.99-1.45). Among subjects whose adrenal
function was assessed within the 48 hours following intubation, the adjusted risk of meeting the
criteria for critical illness-related corticosteroid insufficiency was 1.37 (95% CI 1.12-1.66),
comparing etomidate recipients to subjects given another induction agent.
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CONCLUSIONS—In this study of critically ill patients requiring endotracheal intubation,
etomidate administration was associated with a trend toward a relative increase in mortality,
similar to the collective results of smaller randomized trials conducted to date. If a small relative
increased risk is truly present, though previous trials have been underpowered to detect it, in
absolute terms the number of deaths associated with etomidate in this high-risk population would
be considerable. Large, prospective controlled trials are needed to finalize the role of etomidate in
critically ill patients.
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Introduction

Etomidate, an imidazole derivative, is a commonly used induction agent for emergency
tracheal intubation, due to its favorable hemodynamic profile and the conditions it produces
to facilitate intubation.1=® Despite these advantageous features, even a single dose of
etomidate induces adrenal suppression.6-10 It does this by interfering with the steroidogenic
enzymes 11-f hydroxylase and the cholesterol (p450) side-chain cleavage enzyme, which in
turn inhibits cortisol synthesis.1112 Based on the observed association between adrenal
dysfunction and mortality in critically ill patients,}3-18 randomized studies (ranging in size
from 18 patients to 469) have attempted to address the question of the safety of etomidate
for tracheal intubation in this population. A meta-analysis of their results suggests a small
trend toward an increased risk of death among etomidate recipients, compared to non-
recipients (OR 1.14, 95% CI 0.81-1.60).18 Some observational studies with similar sample
sizes have also reported a trend of increased risk of mortality associated with etomidate
administration,16.19.20

While the results from previous randomized studies suggest a potentially modest relative
increased risk of death associated with receipt of etomidate, it is important to note that these
observations were inconclusive due to considerable statistical imprecision (based on sample
size) and were compatible with potentially no true relationship existing. Consequently, the
results from randomized trial and observational data addressing this question have
engendered a robust controversy surrounding the safety of this drug in the critically ill
population, particularly those with sepsis.8-21.22 \We have attempted to contribute to this
debate by offering more precision than previous reports; to date, this is the largest single
institution study with complete illness severity data evaluating the association between
etomidate exposure and mortality. Therefore the primary aim of this study was to quantify
with more precision the potential association between etomidate administration and in-
hospital mortality, with a focus on patients with a diagnosis compatible with sepsis and
septic shock. The secondary objective was to estimate the association between receipt of
etomidate and development of adrenal dysfunction.
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Study Design

Subjects

Data Source

We conducted a retrospective cohort study utilizing hospital data from the 5-year admission
period January 1, 2001, to December 31, 2005, from critically ill patients at 2 large
academic medical centers in Seattle, Washington. The patient population was drawn from
the medical and surgical ICUs.

The study population consisted of all ICU patients admitted during the study period and who
underwent adrenal function testing at the discretion of their treating physicians. All patients
were considered to be critically ill with diagnoses compatible with presumed septic shock.
This designation was based on the fact that during the study period (prior to publication of
the Corticosteroid Therapy of Septic Shock [CORTICUS]) triall9) it was common practice
at this institution to test for adrenal insufficiency in patients with presumed septic shock, and
to treat with steroids as indicated.23:24 We restricted our study sample2°26 to patients who
were intubated during their hospitalization, had complete intubation records, were older than
16 years of age, and who did not have separate hospitalizations in which their adrenal
function was tested while in the ICU (Fig. 1). The University of Washington institutional
review board approved this study (University of Washington Human Subjects Review
33671).

All covariate and outcome information was abstracted from the electronic medical record
(ORCA Powerchart, Cerner, Kansas City, Missouri). Abstracted data included International
Classification of Diseases, 9th Revision (ICD-9) codes to identify site of infection.

Outcome Definitions

The primary outcome was all cause mortality during hospitalization. The secondary outcome
was development of critical illness-related corticosteroid insufficiency (CIRCI).

The assessment of CIRCI entailed a random total cortisol measurement and the results of a
cosyntropin stimulation test. The test involved the measurement of total serum cortisol
concentration at baseline, then at 30 and 60 min following administration of 250 ug of
cosyntropin. The CIRCI diagnosis was based on the latest consensus statement by the
American College of Critical Care Medicine.2” According to the statement, CIRCI can be
biochemically defined as either a random total cortisol < 10 pg/dL or an increase in serum
cortisol following cosyntropin administration of < 9 ug/dL. We also evaluated adrenal
responsiveness alone. Non-responsiveness was defined as a maximum change (A max) of 9
pg/dL or less following cosyntropin administration.19:23

Exposure Definitions

The type of anesthetic used during intubation was ascertained by manual chart review. Each
subject who underwent adrenal function testing in the ICU during the admission period 2001
through 2005 had his or her chart reviewed for the hospitalization in which the test occurred.

Respir Care. Author manuscript; available in PMC 2014 August 08.
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Anesthesia, emergency department, and emergency medical services records were queried
for information regarding anesthetic type and the date of intubation. If a subject had multiple
intubations or multiple surgeries during a hospitalization, each anesthesia record for the
hospitalization was queried to assure that an exposure to etomidate was not misclassified.

Statistical Analyses

For etomidate-exposed and unexposed subjects, we performed univariate comparisons of
demographic variables and admission disease severity measures using a chi-square test for
categorical variables and a 2-sample Student t test for continuous variables, with assumption
of unequal variance (Satterthwaite method). We evaluated for confounding based on
whether a covariate was associated with etomidate exposure and hospital mortality.
Variables were adjusted for if they met these criteria and were not in the causal pathway and
not collinear with the a priori defined potential confounders.

Primary Analysis: Multivariate Relative Risk Regression Modeling

Because mortality is a common outcome in this population, estimates are expressed as
relative risk.28 For the primary analysis we fitted an unadjusted relative risk regression
model with etomidate exposure at any time as the primary independent variable, and
hospital mortality as the dependent variable. We used robust (sandwich) variance estimates
so that our inference would be valid for possible variance misspecification.2® The plan for
building the adjusted model for the primary analysis was specified a priori. To the
unadjusted model we added the following a priori defined potential confounders: sex, age
and Simplified Acute Physiology Score (SAPS II). (Of note, SAPS Il is a validated illness
severity measure calculated from physiologic and laboratory parameters obtained during the
first 24 h of admission in the ICU; it predicts a probability of hospital mortality for an
average patient of a given severity score.3%) This model was our adjusted baseline model. As
appropriate, we included additional covariates that were found to be confounders in the data
set. For the secondary analysis, with CIRCI as the dependent variable, we restricted it to
subjects whose adrenal function was tested within the 48 hours following intubation. This
interval was chosen as a reasonable time period during which etomidate could exert its
effect on the adrenal gland. In addition, because protein levels can affect total serum cortisol
levels,31-38 in exploratory analyses we controlled for hypoproteinemia (defined as an
albumin < 2.5 g/dL)3! at the time of adrenal function testing, to see if doing so altered the
results.

Sensitivity Analyses

We planned a number of a priori sensitivity analyses. First, we tested whether use of a
propensity score to control for confounding produced different results from those obtained
from the primary adjusted model. A propensity score is an estimate of the probability of
being exposed (in this circumstance, to etomidate), based on measured covariates collected
at baseline. In accordance with the recommendations of Brookhart et al, we developed the
propensity score based on a covariate’s relationship with the outcome, irrespective of its
relationship to exposure.3® (The variables used for calculation of the propensity score were
age, sex, weight, hospital, illness severity score, albumin level, hypotension on admission,
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vasopressor requirement on admission, time between admission and intubation, and time
from hospital admission to ICU admission.) Additionally, we tested whether the risk of
developing CIRCI following etomidate exposure was altered by expanding the time from
etomidate administration from 48 to 72 hours prior to adrenal function testing. All
hypothesis tests were 2-sided. Analyses were performed using statistical software (Stata
2009, StataCorp, College Station, Texas).

Subject Characteristics

There were 1,167 patients whose adrenal function was tested in the ICU during the study
period. After omitting patients younger than 16 (n = 2) and those with multiple admissions
(n = 28), there were 1,137 patients, of whom 919 required mechanical ventilation during
their hospitalization. Of those 919 patients, 824 had records that indicated the induction
agent given at the time of intubation. Characteristics of these 824 subjects are shown in
Table 1. Four hundred fifty-two subjects received etomidate, and 372 received another
induction agent. Based on a random sub-sample of non-etomidate subjects, the distribution
of other induction agents was propofol (59%), midazolam or another benzodiazepine (19%),
sodium thiopental (6%), and other (16%). Subjects who received etomidate differed from
subjects receiving another induction agent in their age, ICU admission SAPS 1l and
Sequential Organ Failure Assessment (SOFA) scores,*? proportion with a medical
admission, proportion meeting systemic inflammatory response syndrome criteria and
requiring a vasopressor within a 24 hour period, site of infection, and the time from hospital
admission to intubation (see Table 1).

The following covariates were associated with etomidate exposure and hospital mortality:
age, SAPS II, non-responsiveness to cosyntropin, and SOFA score. Adrenal gland non-
responsiveness was presumed to be in the causal pathway following etomidate exposure, and
SOFA score was highly collinear with the SAPS I1. Neither was used for adjustment in the
primary or secondary analyses.

Outcome Measures

The overall cumulative mortality was 34.3% (283 deaths/824 hospitalizations).
Approximately 39% of subjects who received etomidate died, compared to 29% of subjects
given a different induction agent (Table 2). After adjusting for age, sex, and SAPS I, the
relative risk of dying was 1.20 (95% CI1 0.99-1.45), comparing subjects who received
etomidate to subjects receiving a different agent (see Table 2). Among subjects whose
adrenal function was evaluated within 48 hours following intubation, after adjustment, the
risk of meeting criteria for CIRCI was 37% higher (relative risk 1.37, 95% CI 1.12-1.66) in
subjects receiving etomidate, compared to those receiving a different induction agent (see
Table 2). The relative risk for non-responsiveness to cosyntropin was also higher in
etomidate recipients (see Table 2).

Among all subjects, after adjustment, the risk of mortality was significantly higher in those
meeting the criteria for CIRCI, compared to those not meeting the criteria for CIRCI (Table
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3). The adjusted risk of mortality in subjects with non-responsiveness to cosyntropin,
compared to responders, was 1.57 (95% CI 1.29-1.92) (see Table 3).

Sensitivity Analyses

In addition to the SAPS II, the admission SOFA score also met the criteria for confounding.
In the model adjusting for SOFA score (in addition to age and sex), the risk of death in those
given etomidate relative to those given a different agent was 1.17 (95% CI1 0.96-1.42).
When the model was adjusted for propensity score only, the risk of mortality was not
appreciably different (relative risk 1.18, 95% CI 0.97-1.44). There was no change from the
primary findings when the time between intubation and adrenal function testing was
extended to 72 hours; subjects given etomidate were more likely to meet the criteria for
CIRCI than subjects given a different induction agent (relative risk 1.31, 95% CI 1.10-1.58).
Among all subjects, after controlling for hypoproteinemia, age, sex, and SAPS II, the
relationship between CIRCI and mortality was not meaningfully different from the original
findings; similarly, the association between non-responsiveness and mortality was not
meaningfully affected by controlling for hypoproteinemia (see Table 3).

Discussion

In this study we observed a trend toward somewhat higher in-hospital mortality in intubated
subjects with suspected septic shock who had received etomidate, compared to similar
subjects who received a different induction agent. The subjects who were given etomidate
had a 37% increased risk of meeting the criteria for CIRCI during the 48 hours following
intubation, compared to the subjects given an alternative induction agent. In our sample, all
subjects with CIRCI were at an increased risk for mortality, compared to subjects without
CIRCI.

Our results should not be viewed in isolation. Rather, they should be viewed as a
complement to those obtained in randomized trials, which generally observed a similarsized
trend of increased mortality among recipients of etomidate (Fig. 2).

There are limitations to our study. Potential confounding by indication is an important
consideration2® given that patients who were hemodynamically unstable (and therefore
potentially more likely to have died during admission) may preferentially have been given
etomidate due to its favorable hemodynamic profile. Much effort was made to address this
issue by means of adjustment. We tried to account for baseline illness severity using the
SAPS Il score and age. The SAPS Il score is a strong predictor of the probability of hospital
mortality.30 Nonetheless, despite the trend toward mortality we observed, the possibility of
residual confounding as the basis for some or all of the observed relationship cannot be ruled
out. In addition, some patients (about 15%, based on a review of a random sub-sample of
records) to whom etomidate had been administered had an earlier intubation in which
another agent had been used. During the records abstraction process such subjects were
categorized as etomidate recipients only. Because in the sub-sample there were no deaths, it
is likely that this method of categorization led to a somewhat low estimate of the relative
mortality associated with receipt of etomidate. In addition, because data on steroid
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utilization were not available, we could not evaluate the possible influence of steroid
administration on the association between etomidate and mortality.

Among patients undergoing mechanical ventilation, there have been 2 large randomized
trials, and 4 with smaller sample sizes, that investigated mortality in relation to choice of
induction agent.®41:43-45 | the largest study to date, Jabre et al compared etomidate to
ketamine in 469 patients and observed a slight—nbut statistically insignificant—increase in
mortality among etomidate recipients (relative risk 1.12, 95% CI 0.87-1.46).4> Tekwani et
al (n = 120) found that the relative risk of mortality was 1.19 (95% CI 0.76-1.87),
comparing patients randomized to etomidate to patients given midazolam.*4

A number of observational studies have also noted a small trend toward an increased risk of
mortality in patients who are exposed to etomidate. A post hoc analysis of the CORTICUS
study (n = 499), which randomized patients to corticosteroids or placebo (ie, not etomidate),
observed that subjects who received etomidate before randomization were at an increased
risk of subsequent mortality.1®

In a planned, observational sub-study of the CORTICUS study, Cuthbertson and colleagues
found that there was a relationship between etomidate exposure and subsequent mortality,
and the relationship varied marginally depending on the model they used.18 Some have
pointed out that the different findings of the models underscore the uncertainty of the
relationship between etomidate and mortality.*6 However, the 2 models’ adjusted estimates
of mortality (which included different covariates) were comparable (OR 1.75, 95% CI 1.06-
2.90 and OR 1.60, 95% CI 0.98-2.62), indicating that there is a reasonable probability of
increased risk for mortality in those receiving etomidate.18 Moreover, the adjusted risk
estimates likely would have been larger had the authors not controlled for levels of total
serum cortisol and responsiveness to cosyntropin, both of which were measured after
etomidate administration. Indeed, both of these measures are in the causal pathway of
etomidate’s presumed relationship with mortality (via adrenal suppression) and thus they do
not meet the classic definition of confounders.

It is important to note that some retrospective studies have not observed detrimental effects
of etomidate induction in critically ill patients.#6-48 In studies by Dmello et al (n = 224) and
Riché et al (n = 118), the authors observed no differences in mortality among septic shock
patients receiving etomidate, compared to those receiving alternative agents.#647 Of note in
these otherwise well conducted studies, the authors also observed no differences in adrenal
function between their etomidate and non-etomidate groups, a finding at considerable odds
with what has been shown in previous prospective studies.

Building on the work of Hohl and colleagues,® Albert et al conducted a meta-analysis
combining data from randomized and non-randomized studies.*® In aggregate, this study did
find an increase in mortality risk among etomidate recipients, compared to non-recipients.
However, interpreting effect sizes with pooled results from randomized and non-randomized
studies should be done with great caution, given the unequal potential for confounding in the
2 different designs.
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Collectively, these results provide evidence questioning the safety of etomidate in the setting
of critical illness. To the extent that there are reasonable alternatives to etomidate in
critically ill patients, evidence of multiple trends toward increased risk of mortality in
etomidate recipients becomes important, given how commonly death occurs in this
population. Assuming the mortality experience we observed is typical, and the relative risk
truly is 1.20, then there would be a 6.2/100 patients absolute difference in mortality between
etomidate recipients and patients receiving an alternative induction agent. In our sample,
that equates to a number-needed-to-treat with an alternative induction agent to prevent one
death of 16.1.

Conclusions

This cohort study and several smaller randomized trials observed a modest trend toward a
relative increase in mortality in critically ill subjects requiring mechanical ventilation,
among those given etomidate, compared to subjects given another induction agent. If this
relationship is true, the potential absolute increase in mortality would be substantial in a
population with high hospital mortality.
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Demographic, Admission, and Hospitalization Characteristics by Type of Induction Agent

Etomidate Other Agent
(n = 452) (n=372)
Age, mean+SDy 59.2+15.7 53.4+16.1
Male, no. (%) 272 (60.1) 209 (56.1)
Weight, mean + SD kg 83.1+25.0 86.0 + 32.8
Medical (vs surgical), no. (%) 224 (49.6) 215 (57.8)
SAPS II, mean + SD* 55.8+22.8 52.1+215
SOFA score, mean + SD™ 5.0£35 42+33
SIRS criteria, no. (%)*T 306 (45.4) 367 (54.5)
Vasopressor agents at admission, no. (%)* 282 (62.4) 214 (57.5)
Vasopressor agents + SIRS at any time during ICU stay, no. (%)i 372(82.3) 256 (68.8)
Site of Infection, no. (%)§
Respiratory 168 (37.2) 111 (29.8)
Primary bacteremia 88 (19.4) 72 (19.4)
Abdominal 62 (13.7) 38(10.2)
Genitourinary 22 (4.9) 24 (6.5)
Wound/soft tissue 32(7.1) 32(8.6)
Central nervous system 6(1.3) 5(1.3)
Endocarditis 9 (2.0 4(1.1)
Other/undetermined 65 (14.4) 86 (23.1)
Time between admit and intubation, median (IQR) d 2(0-8) 0(0-3)
Time hospitalized before cortisol test, median (IQR) d 4 (1-12) 3(1-9.5)
Albumin, mean + SD g/dL 1.9 +0.69 1.9+0.79

Random total cortisol, median (IQR) pg/dL

20.8 (14.6-30.0)

20.4 (14.0-30.0)

*
Measured on first day of ICU admission.

TIn a 24 hour period, 2 or more of the following: heart rate > 90 beats/min, breathing frequency > 20 breaths/min, PaC0O2 < 32 mm Hg, white

blood cell count < 4,000 cells/mL or > 12,000 cells/mL, temperature < 36°C or > 38°C.

iDuring the same 24 hour period while admitted to the ICU.

§Determined using International Classification of Diseases, 9th Revision (ICD-9) codes.

SAPS = Simplified Acute Physiology Score
SOFA = sequential organ failure assessment
SIRS = systemic inflammatory response syndrome
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Table 2

Hospital Mortality and Diagnosis of CIRCI, by Type of Induction Agent

CrudeRelativeRisk  Adjusted Relative Risk

Etomidate Other Agent (95% Cl) (95% CI)*
Hospital mortality, no. (%) 175(38.7) 108 (29.0) 1.33 (1.09-1.62) 1.20 (0.99-1.45)
Diagnosis of CIRCI following intubation, no. (%)T 140 (62.5) 74 (47.1) 1.33(1.09-1.61) 137 (1.12-1.66)
Non-res§ponsivene553t to cosyntropin following intubation, 127 (56.4) 57 (36.0) 159 (1.25-2.01) 1.59 (1.26-2.00)
no. (%)

*
Adjusted for age, sex, and Simplified Acute Physiology Score (SAPS II).

TRes’(ricted to the 412 subjects whose adrenal function was tested within the 48 hours following intubation, of whom 31 had baseline cortisol = 10
ug/dL and A max of < 9 pg/dL but were missing data for their 60-min post-stimulation reading, precluding definitive diagnosis of CIRCI. We
omitted those subjects. Including them by using their 30-min result provided an adjusted relative risk of 1.37 (95% CI 1.12-1.68).

iNon—responsiveness was defined as a A max of < 9 pg/dL following administration of cosyntropin.

§Restricted to the 412 subjects whose adrenal function was tested within the 48 hours following intubation, of whom 29 subjects had 30-min results
of <9 ug/dL but were missing data for their 60-min post-stimulation reading, precluding definitive diagnosis of non-responsiveness. We omitted
those subjects. Including them by using their 30-min result provided an adjusted relative risk of 1.46 (95% CI 1.19-1.78).

CIRCI = critical illness-related corticosteroid insufficiency, defined as a random total cortisol < 10 pg/dL and/or a A max cortisol following
cosyntropin administration of < 9 pg/dL

Respir Care. Author manuscript; available in PMC 2014 August 08.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Sunshine et al. Page 16

Table 3
Risk of Hospital Mortality in Subjects With CIRCI, Non-Responsiveness to Cosyntropin

Crude Relative Risk (95% CI) for Adjusted Relative Risk (95% CI) for
Hospital Mortality Hospital Mortality”
CIRCI vs no CIRCI (reference group)T 1.32(1.08-1.61) 1.31(1.07-1.59)
Non-respondersI vs responders (reference group)§ 1.68 (1.38-2.05) 157 (1.29-1.92)
Adjusted for hypoproteinemia (albumin < 2.5 g/dL)
CIRCI vs no CIRCI (reference group) 1.44 (1.18-1.77)
Non-responders vs responders (reference group) 1.64 (1.34-2.00)

*
All analyses adjusted for age, sex, and Simplified Acute Physiology Score (SAPS II).

TIn this comparison, 52 subjects had baseline cortisol of = 10 ug/dL and A max of <9 pg/dL but were missing their 60-min post-stimulation results,
precluding definitive diagnosis of CIRCI. We omitted those subjects. Including them by using their 30-min result provided an adjusted relative risk
of 1.23 (95% CI 1.02-1.48).

;tNon-responsiveness was defined as a A max of < 9 pg/dL following administration of cosyntropin.

§In this comparison, 57 subjects had 30-min results < 9 pg/dL but were missing data for their 60-min post-stimulation reading, precluding
definitive diagnosis of non-responsiveness. We omitted those subjects. Including them by using their 30-min result provided an adjusted relative
risk of 1.56 (95% CI 1.29-1.89)

CIRCI = critical illness-related corticosteroid insufficiency, defined as a random total cortisol < 10 pg/dL and/or a A max cortisol following
cosyntropin administration of < 9 pg/dL
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