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Effects of etomidate use in ICU
patients on ventilator therapy: a study
of 12,526 patients in an open database
from a single center
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Background: There is a debate regarding the safety of etomidate. We evaluated the effects
of etomidate on mortality in a large cohort of critical care patients.

Methods: This retrospective matched-cohort study was performed using the Medical In-
formation Mart for Intensive Care version 3 (MIMIC-III) database. Among 12,526 adult
patients who were prescribed etomidate or propofol on the first day of mechanical ventila-
tion, 625 patients administered etomidate were statistically matched with 6,250 patients
administered propofol. The primary outcome measures were all-cause in-hospital mortal-
ity, 48-hour survival, cardiovascular morbidity, and infectious morbidity. Logistic regres-
sion analysis with stepwise selection of variables was performed to examine the dose-
mortality relationship of etomidate.

Results: All-cause in-hospital mortality was 1.84 times higher in the etomidate cohort
(OR: 1.84, 98.75% CI: 1.42, 2.37). Compared to the propofol cohort, the etomidate cohort
showed 57% lower odds of 48-hour survival (0.43 [0.27, 0.73]), no difference in odds of
cardiovascular morbidity (0.86 [0.66, 1.12]), and 1.77 times higher odds of infectious mor-
bidity (1.77 [1.35, 2.31]). Additionally, the odds of mortality increased by 1.36 times per 0.1
mg/kg of etomidate (1.36 [95% CI: 1.23, 1.49]).

Conclusions: Etomidate is a poor choice as a hypnotic drug on the first day of mechanical
ventilation, as it is associated with a dose-dependent increase in all-cause mortality, and
does not improve survival for the first 48 h.

Keywords: Dose-response relationship; Etomidate; Intensive care unit; Mortality; Propo-
fol; Ventilator.

Introduction

The use of etomidate for tracheal intubation in septic patients has been reported to
show no association with an increased mortality rate [1]. However, some meta-analyses
indicated a strong association between mortality and the use of etomidate for tracheal in-
tubation in patients with sepsis [2]. Further, a higher mortality rate has been reported in
critically ill patients administered etomidate in comparison to other anesthetic induction
agents [3]. Etomidate has also been reported to be associated with increased 30-day mor-
tality when administered during anesthesia in patients undergoing non-cardiac surgery
[4]. Conversely, Wagner et al. [5] reported no association between etomidate exposure

and poor outcomes, including mortality, in patients undergoing cardiac surgery. The rea-
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sons for these discrepancies regarding the safety of etomidate are
unclear.

This retrospective study was performed to determine the
dose-response relationship between etomidate exposure and mor-
tality using the vast amount of data from the Medical Information
Mart for Intensive Care version 3 (MIMIC-III), a database of
combined real-world health records, prescriptions, dictionaries,
diagnostic information (including disease-related groups), and
complete survival and mortality information for patients admitted
to the intensive care unit (ICU) of a large tertiary care hospital lo-
cated in Boston, MA, USA.

Materials and Methods
Construction of cohorts

MIMIC-III is an open database of electronic health records of
38,597 adult critical care patients (> 16 years) at the Beth Israel
Deaconess Medical Center, a tertiary care hospital in Boston, MA,
USA, from 2001 to 2012 [6]. The use of de-identified MIMIC-III
data in the present study was not deemed research in human sub-
jects by the Institutional Review Board (IRB) of the University of
Massachusetts Medical School, which waived the requirement for
informed consent. After completing the required training, all
co-authors were granted access to MIMIC-III for free use of the
data without additional IRB approval. The selection of patients in
the etomidate and propofol cohorts was based on the following

criteria.

o Common inclusion criteria: adult patients treated with a me-
chanical ventilator for at least 1 h.

« Etomidate cohort: patients prescribed etomidate (< 20 mg) on
the first day of mechanical ventilation (cohort start date).

« Propofol cohort: patients prescribed propofol instead of etomi-
date on the first day of mechanical ventilation. These patients

were never prescribed etomidate during admission.

Patients with a history of previous hospitalization within 7 days
and body weight or height above or below the respective upper
and lower 0.1 percentile were excluded. A total of 12,526 patients
were enrolled in the study before matching cohorts (etomidate, n
= 625; propofol, n = 11,901).

Matching

The patients were matched based on the propensity to use eto-

midate. By preparing statistically matched cohorts, we minimized
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the heterogeneity of the patients due to the retrospective design.
The matching procedure used a total of 43 variables consisting of
9 physical characteristics, 4 clinical features, and 30 disease com-
ponents of the Elixhauser comorbidity index [7,8] as covariates
for calculating the propensity scores. The nine physical character-
istics were sex, three age groups (younger than 65, 65-86, and
older than 86), four BMI groups (body mass index, <18.5, 18.5-
25.0, 25.0-30.0, and >30 kg/m’), and ethnicity (white vs. non-
white). The four clinical features were hypothalamic adrenal in-
sufficiency as a primary diagnosis, previous history of treatment
with adrenal suppressants (ketoconazole, metyrapone, suramin,
aminoglutethimide, carbamazepine, phenobarbital, phenytoin, ri-
fampin, and mitotane), admission before mid-2008, and a sequen-
tial organ failure assessment (SOFA) score > 5.0. Adopting the
nearest neighbor matching method, a 1 : 10 matching ratio, and
targeting absolute values of standardized differences < 0.1, a total
of 6,875 patients were assigned after matching to the etomidate
cohort (n = 625) or the propofol cohort (n = 6,250) (Supplemen-
tary Table 1).

Primary outcome measures

The four primary outcome variables were all-cause in-hospital
mortality, survival for the first 48 h, cardiovascular morbidity, and
infectious morbidity. Unless otherwise noted, in this manuscript
mortality refers to all mortalities except those occurring within 48
h since sedative administration. Cardiovascular morbidity and in-
fectious morbidity were judged using the ICD-9 code for diagno-
sis; the numbers in parentheses indicate the dotless version of the
ICD-9 code. Cardiovascular morbidity was related to hypovole-
mia (27652), dialysis hypotension (45821), other iatrogenic hypo-
tension (45829), atypical shock (78550), cardiogenic shock (78551),
shock unrelated to trauma (78559), and cardiac and peripheral
complications, unclassified (9971/9972). Infectious morbidity was
due to ventilator-associated pneumonia (99731); infection of the
central catheter (99931), bladder, or urological organs (99664 and
99665); infection of the stoma (tracheostomy, 51901; esophagos-
tomy, 53086; gastrostomy, 53641; and colostomy or enterostomy;,
56961); infection of the implanted prosthesis (99660, 99661,
99662, 99663, 99666, 99667, 99668, and 99669); and other post-
operative infections (99859).

After the finding by Vinclair et al. [9] that adrenal inhibition
was full-blown in 48-hour, we adopted a 48-hour interval after the
day of etomidate administration as the guarantee period. Acute
deaths after etomidate administration were excluded because they
would generally have causes other than etomidate administration.
Therefore, deaths that occurred within the initial 48 h after the
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cohort start date were excluded when counting all-cause in-hospi-
tal mortality.

Secondary outcome measures including dose-mortality
relationship with the exploration of other factors

The secondary outcomes were supplementation with cortico-
steroids (1), vasopressor therapy (n), cortisol blood concentration
measured in the morning after the cohort start date (ug/dl), accu-
mulated time of vasopressor therapy (h) summed after the cohort
start date, duration of ICU stay (days), total duration of hospital-
ization (days), and dose-mortality relationship of etomidate.

To check the dose-mortality relationship that may exist in the
etomidate cohort, factors that may influence mortality were ex-
plored in the post-matching cohorts. We removed all variables
that contributed little to the overall regression model. Variables
were selected by the Akaike’s Information Criterion (AIC)-based
stepwise selection method in pursuit of the most parsimonious
model. All variables used for calculating the propensity score were
used again in the logistic regression analysis, and a stepwise selec-
tion of the variables was performed. In the regression model using
only the selected variables, a relationship was established between
the administered dose (every 0.1 mg/kg) of etomidate and all-
cause in-hospital mortality. In the dataset, neither LD, nor LD,
was extrapolated as the observed dose ranges were not far beyond
0.5 mg/kg.

Blood pressure profile on the cohort start date

Systolic blood pressure (SBP) and mean blood pressure (MBP)

on the cohort start date were compared between the two cohorts.

Data manipulation and analytical tools

After obtaining the rights to handle MIMIC-III, the entire data-
set was imported and rebuilt as a copy of the SQL database on a
personal computer having a 64-bit Darwin operating system. The
codes for MIMIC-III shared by The Laboratory of Computational
Physiology of the Massachusetts Institute of Technology (https://
github.com/MIT-LCP/mimic-code/tree/main/mimic-iii/concepts),
that included patients’ comorbidities, vasopressor use, ventilator
days, body weight, and height were utilized. Temporary tables
were created using SQL and batch-queried into R version 3.5.5 (R:
A language and environment for statistical computing. R Founda-
tion for Statistical Computing, Austria. 2019). We employed the R
software for all subsequent manipulations and analyses. We ap-

plied all statistical inferences, focusing on the size of the effect
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(odds ratio [OR] or Cohen’s d) and its associated uncertainty (CI),
which complied with the American Statistical Associations 2016
Statement on P values [10]. ORs were calculated using the condi-
tional maximum likelihood method in the primary outcome and
secondary measures, except the dose-response estimation from
the log-odds in logistic regression analysis. To calculate the inter-
vals, the alpha was adjusted to 98.75% (= (1 — [0.05/4]) x 100)
for the four primary outcome measures, or 95% for other mea-
sures. To address the size of the effect, the OR was adopted for in-

cidence data and Cohen’s d was used for interval data.

Results

The top 20 diagnoses for the admitted patients were obtained
and are listed according to the after-matching cohorts in Supple-
mentary Table 2. The maximum blood pressure was higher, while
the minimum blood pressure was lower in the etomidate cohort

than in the propofol cohort (Table 1).

Primary outcome measures

Overall, 6,690 of the 6,875 patients survived for the first 48 h af-
ter administration of the study drug. The patients receiving eto-
midate showed 1.84 times higher odds of hospital mortality (OR:
1.84 [98.75% CI: 1.42, 2.37]), 57% lower odds of survival for the
first 48 h (0.43 [0.27, 0.73]), no significant difference in the odds
of cardiovascular morbidity (0.86 [0.66, 1.12]), and 1.77 times
higher odds of infectious morbidity (1.77 [1.35, 2.31]) than the
propofol cohort (Fig. 1).

Secondary outcome measures

The frequencies of corticosteroid replacement and vasopressor
therapy were 1.82 times and 1.39 times higher in the etomidate
cohort than in the propofol cohort, respectively. A total of 3,399
cortisol measurements were made in 1,341 patients (195 and
1,146 patients in the etomidate and propofol cohorts, respective-
ly). Etomidate was associated with a trivial decrease in the morn-
ing blood cortisol level (95% CI, Cohen’s d = —0.30 pg/dl). In
comparison to the propofol cohort, the etomidate cohort showed
a longer cumulative vasopressor duration (42.7 vs. 68.1 h), total
ICU stay (8.9 vs. 14.9 days), and number of hospital days (16.7 vs.
23.1 days) (Table 2). The administered dose of etomidate ranged
from 0.02 to 0.50 mg/kg, with a mean of 0.19 mg/kg and median
of 0.19 mg/kg, and Q1 and Q3 of 0.14 and 0.24, respectively. The
estimated odds of mortality increased by 1.36 times per 0.1 mg/kg
of etomidate (1.36 [95% CI: 1.23, 1.49]). These estimated OR of

https://doi.org/10.4097/kja.20509


https://github.com/MIT-LCP/mimic-code/tree/main/mimic-iii/concepts
https://github.com/MIT-LCP/mimic-code/tree/main/mimic-iii/concepts

Table 1. Blood Pressure Profiles of the Cohorts on the First Day of Mechanical Ventilation
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95% CI
Etomidate (n = 625)  Propofol (n = 6,250) Cohens d 2
Lower Upper
SBP (mmHg)
Average 117.8 118.9 -0.1 0.2 0.0
Minimum 78.7 86.1 -0.3 -0.3 -0.2
Maximum 160.3 153.9 0.3 0.3 0.3
MBP (mmHg)
Average 77.7 78.8 -0.1 -0.1 0.0
Minimum 514 57.0 -0.4 -0.4 -0.3
Maximum 116.9 109.1 0.2 0.1 0.3
Cohens d = (etomidate mean — propofol mean)/SD. SBP: systolic blood pressure, MBP: mean blood pressure.
<<< favors propofol favors etomidate >>>
| | | J
First 48-h survival — |—e—|
[ [ [ |
0.0 0.5 1.0 1.5 2.0
Odds ratios and 98.78% Cl
<<< favors etomidate favors propofol >>>
| | | | | J
All-cause mortality |—6—|
Cardiovascular _|
morbidity
Infectious morbidity |—@—|
[ I I I I |
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Odds ratios and 98.75% Cl
Fig. 1. Four primary outcome measures in the after-matching cohorts (n = 625 vs. 6,250). Odds ratios and 98.75% CI.
Table 2. Additional Outcome Measures
95% CIL
Etomidate (n = 625)  Propofol (n = 6,250) OR Cohen’s d* 2
Lower Upper
Steroid replacement () 41 232 1.82 - 1.26 2.58
Vasopressor (1) 436 3901 1.39 - 1.16 1.67
Cortisol level (pg/dl)T 24.2 26.3 - -0.12 -0.30 0.06
Vasopressor duration (h) 68.1 42.7 - 0.26 0.17 0.34
ICU stay (days) 14.9 8.9 - 0.60 0.51 0.68
Hospital stay (days) 23.1 16.7 - 0.42 0.34 0.51

*Cohen’s d = (etomidate mean — propofol mean)/SD. A total of 3,399 cortisol measurements in 1,341 patients (195 and 1,146 patients in the
etomidate and propofol cohorts, respectively). OR: odds ratio, ICU: intensive care unit.
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dose-mortality relationship did not change before and after the
removal of other variables using the AIC-based stepwise selection
method (Figs. 2 and 3). Male sex, age < 86 years, BMI > 18.5,
SOFA score < 5.0, and absence of pre-existing adrenal insuffi-
ciency were associated with a better in-hospital survival rate.
Non-elective admission and admission before mid-2008 were as-
sociated with poor in-hospital survival. The effects of all other

potential factors are shown in Fig. 3.

Discussion

We found a relation between the dose of etomidate adminis-
tered and mortality in ICU patients on ventilator support. Al-
though we observed that an increase in etomidate dose was asso-
ciated with a higher mortality rate, it was difficult to determine
the presence of a causal link; randomized controlled trials are re-
quired to infer such a relation.

Etomidate seemed to be used selectively in patients with wide
blood pressure fluctuations. However, the use of etomidate did
not rescue patients in the first 48 h after its administration. Car-
diovascular morbidity was not diminished despite the use of eto-
midate. Moreover, the etomidate cohort received vasopressor
therapy more frequently and had a longer cumulative vasopressor
duration. Further, the use of etomidate was associated with a
higher rate of infectious morbidity and a higher incidence of sub-
sequent corticosteroid replacement, which in turn was associated
with a higher mortality rate.

The Bradford Hill criteria of causation indicate that when great-
er exposure leads to a greater incidence of the effect or an inverse
proportion is observed, it can be taken to suggest a causal rela-
tionship. However, it should be noted that most previous studies
examining the relationship between etomidate and a high mortal-
ity rate ignored the dose-mortality relationship. In this study, in
addition to the application of a propensity score matching proce-
dure, we calculated the dose-mortality relationship rather than
using randomization. We established a relationship between eto-
midate dose and mortality, but our results by themselves cannot
confirm the existence of a causal relationship. However, this is an
important finding considering the miscellaneous and multifacto-
rial characteristics of deaths of patients undergoing respiratory
therapy. Moreover, our results may be useful as a basis for future
research regarding mortality in ICU patients administered etomi-
date.

There were two additional notable aspects of the dose-mortality
relationship indicated in this study. First, the estimates of the cal-
culated OR of dose-mortality relationship remained consistent up

to two decimal places in a vigorous stepwise selection of the vari-
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ables (1.36 [1.23, 1.49] vs. 1.36 [1.23, 1.49] for before and after the
variable-selection), thereby indicating that the dose-effect of eto-
midate on mortality was independent of other factors. Second, the
calculated OR of dose-mortality relationship is 1.85 for the
well-accepted dose regimen of the etomidate (0.2 mg/kg), which
comes from the squared OR 1.36 of dose-mortality relationship
for every 0.1 mg/kg etomidate dose. It indicates that the odds of
death will be increased by 1.85 times for every 0.2 mg/kg incre-
ment in dose of etomidate. It is very cautious to compare the cal-
culated OR 1.85 of dose-mortality relationship with the OR 1.84
for mortality of the etomidate cohort presented in Fig. 1, as the
dose range of etomidate in current study was very wide from 0.02
to 0.5 mg/kg. Considering the fact that other variables had little
influences on the derivation of the OR 1.36 of dose-mortality rela-
tionship for etomidate use, however, it would be worth studying
further sensitivity analysis.

This study had some limitations due to its retrospective nature.
First, the MIMIC-III dataset does not clearly mention the reason
for prescribing the sedatives. We only gathered information on
the prescription of etomidate and propofol and selected patients
who were prescribed sedatives on the first day of mechanical ven-
tilation. It was unclear whether the sedatives were used to facili-
tate intubation or for other purposes. We just assumed that the in-
tensivists used sedatives in patients who required mechanical ven-
tilation.

Second, the MIMIC-III dataset does not explain the physicians’
intentions in choosing etomidate over other drugs. We assumed
that the intensivists utilized etomidate because of the benefit that
it provides hemodynamic stability in patients in an unfavorable
condition. Blood pressure fluctuations were not included in the
initial list of variables for the matching procedure. This significant
factor is emphasized by the fact that, as presented in Table 1, the
average SBP and average MBP of the two cohorts were almost the
same. However, fluctuations were observed in SBP, which were
wider in the etomidate cohort than in the propofol cohort (82 vs.
68 mmHg, respectively). Although the etomidate cohort showed
more severe SBP fluctuations, the MBP was almost the same in
the two cohorts, and the difference in the extent of fluctuation be-
tween the two groups was 14 mmHg. This greater blood pressure
fluctuation indicates an unstable hemodynamic state, which may
have affected the decisions of the intensivists in selecting the eto-
midate which has minimal effect on vital signs.

In conclusion, etomidate usage showed a significant dose-de-
pendent relationship with mortality in ICU patients undergoing
mechanical ventilation for a variety of diagnoses. Etomidate was
not helpful in improving the initial survival of ICU patients show-

ing unstable vital signs; the etomidate cohort showed 57% lower
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more deaths >>>
| | |

Etomidate dose every 0.1 mg/kg — : |-6-|
Gender (male) — |-6-|
Age (< 66) — |@|
Age (66-86) I
BMI (< 18.5) — e
BMI (18.5-25.0) —
BMI (25.0-30) —
Ethnicity (white) —
SOFA (> 5.0) —

FwN

Adrenal insufficiency — :
Use of adrenal suppressors — I—

Admission type (not elective) —

 —

_|

_I

I

o |
Admission data (before mid-2008) — o

o

o

=

Congestive heart failure —
Cardiac arrhythmias — }
Valvular disease — |-6-|
Pulmonary circulation — |—
Peripheral vascular — |—-®—|
Hypertension —| |-$-[
Paralysis — I—@—|
Other neurological —| I o
Chronic pulmonary — |—<
Diabetes uncomplicated — |—e
Diabetes complicated — I—@—
Hypothyroidism — |—
Renal failure —
Liver disease —
AIDS —

Lymphoma — |

Metastatic cancer — |
Solid tumor —| |
Rheumatoid arthritis — |—
Coagulopathy —| I <o
Obesity — ]

Weight loss — |
Fluid electrolyte — |—e—|
Blood loss anemia —|
Deficiency anemias —
Alcohol abuse —

Psychoses —
Depression —

o
[
fo
Drug abuse — F——
o
-

I

I I I I
00 05 1.0 1.5 20 2.5 3.0

0dds ratios and 95% Cl

I I I |
3.5 4.0 45 50

Fig. 2. Etomidate dose-effect on mortality before the variable selection. All variables were included tentatively to explain the mortality with the
dose of etomidate. BMI: body mass index, SOFA: sequential organ failure assessment, AIDS: acquired immune deficiency syndrome.
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<<< fewer deaths more deaths >>>

Etomidate dose every 0.1 mg/kg
Gender (male)

Age (< 66)

Age (66-86)

BMI (< 18.5)

BMI (18.5-25.0)

SOFA (> 5.0

Adrenal insuficiency

Admission type (not elective
Admission data (before mid-2008
Congestive heart failure

)
)

Cardiac arrhythmias
Valvular disease
Hypertension
Paralysis

Other neurological
Liver disease

AIDS

Lymphoma
Metastatic cancer
Solid tumor
Coagulopathy
Weight loss

Fluid electrolyte
Deficiency anemias
Alcohol abuse
Drug abuse
Psychoses

Depression

-

ek g

1 37133

00 05 10 15 20 25 30 35 40 45 50

0dds ratios and 95% Cl

Fig. 3. Dose-mortality relationships with the selection of factors. The effects of the dose of etomidate on mortality were adjusted after a stepwise
selection of variables. BMI: body mass index, SOFA: sequential organ failure assessment, AIDS: acquired immune deficiency syndrome.

odds of survival in the first 48 h than the propofol cohort. Al- Funding
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