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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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Etomidate, an imidazole-derived ultrashort-acting 
nonbarbiturate hypnotic, is frequently used to induce 
anesthesia in critically ill patients because of its favor-

able hemodynamic profile and rapid onset. Etomidate has 
the advantage of minimizing induction hypotension which 
can cause coronary hypoperfusion, dysrhythmia, and cardiac 
arrest. However, etomidate suppresses adrenocortical func-
tion by blocking 11β-hydroxylase. Even doses of etomidate 

as small as 0.04 mg/kg block the enzyme,1 and a typical dose 
used for induction of general anesthesia (i.e., 0.3 mg/kg) 
suppresses the otherwise normal increase in plasma cortisol 
concentration in response to surgical stimulation.2 Adrenal 
suppression lasts at least 6 hours in healthy patients having 
elective surgery3 and >24 hours in critically ill patients.4,5 
Adrenal insufficiency occurs frequently in patients with life-
threatening processes, such as septic shock,6–10 aneurysmal 
subarachnoid hemorrhage,11,12 traumatic brain injury,13–17 
and general trauma.18 Furthermore, various studies have 
suggested a potential deleterious impact of even a single 
dose of etomidate in the critically ill.19–24

The potential putative link between etomidate and wors-
ened postoperative outcomes has yet to be studied in a large 
cohort of high-risk general surgical patients. We therefore 
evaluated the association between etomidate administra-
tion and adverse outcomes in ASA physical status III and IV 
adults having noncardiac surgery. Specifically, we tested the 
primary hypotheses that patients given etomidate rather 
than propofol for anesthetic induction have more 30-day 
postoperative mortality, more infectious complications, and 
a higher risk of cardiovascular complications. Our second-
ary hypothesis was that patients given etomidate rather 
than propofol at anesthetic induction have a prolonged 
duration of hospitalization.
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BACKGROUND: Because etomidate impairs adrenal function and blunts the cortisol release 
associated with surgical stimulus, we hypothesized that patients induced with etomidate suffer 
greater mortality and morbidity than comparable patients induced with propofol.
METHODS: We evaluated the electronic records of 31,148 ASA physical status III and IV patients 
who had noncardiac surgery at the Cleveland Clinic. Among these, anesthesia was induced with 
etomidate and maintained with volatile anesthetics in 2616 patients whereas 28,532 were 
given propofol for induction and maintained with volatile anesthetics. Two thousand one hundred 
forty-four patients given etomidate were propensity matched with 5233 patients given propofol 
and the groups compared on 30-day postoperative mortality, length of hospital stay, cardiovas-
cular and infectious morbidities, vasopressor requirement, and intraoperative hemodynamics.
RESULTS: Patients given etomidate had 2.5 (98% confidence interval [CI], 1.9–3.4) times the 
odds of dying than those given propofol. Etomidate patients also had significantly greater odds 
of having cardiovascular morbidity (odds ratio [OR] [98% CI]: 1.5 [1.2–2.0]), and significantly 
longer hospital stay (hazard ratio [95% CI]: 0.82 [0.78–0.87]). However, infectious morbidity (OR 
[98% CI]: 1.0 [0.8–1.2]) and intraoperative vasopressor use (OR [95% CI] 0.92: [0.82–1.0]) did 
not differ between the agents.
CONCLUSION: Etomidate was associated with a substantially increased risk for 30-day mor-
tality, cardiovascular morbidity, and prolonged hospital stay. Our conclusions, especially on 
30-day mortality, are robust to a strong unmeasured binary confounding variable. Although our 
study showed only an association between etomidate use and worse patients’ outcomes but 
not causal relationship, clinicians should use etomidate judiciously, considering that improved 
hemodynamic stability at induction may be accompanied by substantially worse longer-term 
outcomes.  (Anesth Analg 2013;117:1329–37)
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Etomidate and Major Postoperative Outcomes

METHODS
With IRB approval and informed consent waiver, we queried 
the Perioperative Health Documentation System (PHDS) 
Registry at the Cleveland Clinic for adults who had non-
cardiac surgery between January 6, 2005 and December 31, 
2009. During this period artifact values including extreme 
values of arterial blood pressures, heart rates, electrocardio-
gram, processed electroencephalogram, and pulse oximeter 
oxygen saturation (Spo2) values caused by electrocautery, 
movements, and transducer failure for invasive arterial, 
central venous, and pulmonary artery pressure values were 
removed from the PHDS by a contracted device company 
(Aspect Medical, now part of Covidien). The PHDS con-
tains data on all patients who had noncardiac surgery since 
May 2005 at Cleveland Clinic’s main campus, except for 
cases performed in the magnetic resonance imaging suite, 
computed tomography suite, and eye surgery cases, which 
were performed at separate operation sites where an elec-
tronic anesthesia record keeping system was not available. 
Therefore, we screened >95% of all noncardiac surgical cases 
for inclusion into our study. The system integrates preoper-
ative variables (demographic and baseline characteristics), 
intraoperative variables (via our proprietary Anesthesia 
Record Keeping System), and postoperative outcomes (by 
linking to Cleveland Clinic billing and other systems).

The study population consisted of ASA physical status 
III and IV adults having noncardiac surgery under general 
anesthesia, with or without regional anesthesia, requiring at 
least 1 night of postoperative hospitalization. Anesthesia was 
induced with propofol, thiopental, etomidate, or ketamine. 
Patients given any of these drugs at any other time during 

anesthesia were excluded from our analysis. Anesthesia was 
maintained with a volatile anesthetic, supplemented per 
clinical preference with opioids and/or muscle relaxants.

Propensity Score Matching
Each patient who received etomidate was matched to a 
maximum of 3 patients who received propofol using pro-
pensity score matching.25 Specifically, we first estimated the 
probability of receiving etomidate (i.e., the propensity score) 
for each patient using logistic regression with etomidate 
(versus propofol) as the outcome and using all prespecified 
potential confounding variables listed in Table 1. We then 
matched etomidate and propofol patients on the propensity 
score 1 to 3 (using a greedy distance matching algorithm 
[SAS macro]).a Successful matches were restricted to those 

whose estimated propensity score logits (i.e.,log
p

1  p−
⎛
⎝⎜

⎞
⎠⎟
)  

were within 0.2 standard deviations of one another (i.e., 
within 0.2 × 1.1887 = 0.2377)26 and those with the same type 
of surgery. Type of surgery was characterized into 1 of 244 
mutually exclusive clinically appropriate categories using 
the Agency for Healthcare Research and Quality’s single-
level Clinical Classifications Software for International 
Classification of Diseases, 9th Revision, Clinical Modification 
procedure codes (Table  2). Each analysis below used this 
subset of matched patients.

Table 1.  Demographics Baseline and Intraoperative Characteristics Before and After the Propensity Score 
Matching

Variable

Before matching After matching
Etomidate  
(N = 2616)

Propofol  
(N = 28,532) STDa

Etomidate  
(N = 2144)

Propofol  
(N = 5233) STDa

Age, y 70 ± 13 60 ± 15 0.67 69 ± 13 68 ± 13 0.05
Gender, female, n (%) 1030 (39) 14,266 (50) −0.22 832 (39) 2072 (40) −0.02
Race, Caucasian, n (%) 2097 (80) 23,333 (82) −0.04 1722 (80) 4205 (80) −0.00
Body mass index, kg/m2 27 [23, 31] 28 [24, 34] −0.28 27 [23, 31] 27 [24, 31] −0.03
Hypothalamic pituitary adrenal disorder, yes, n (%) 35 (1) 575 (2) −0.05 31 (1) 69 (1) 0.01
Cancer, yes, n (%) 754 (29) 11,027 (39) −0.21 672 (31) 1663 (32) −0.01
HIV, yes, n (%) 2 (0) 100 (0) −0.06 2 (0) 8 (0) −0.02
CVD,b yes, n (%) 1935 (74) 17,471 (61) 0.27 1588 (74) 3804 (73) 0.03
Pulmonary disease,c yes, n (%) 396 (15) 3881 (14) 0.04 318 (15) 750 (14) 0.01
Diabetes, n (%) 0.08 0.02
 No 2051 (78) 22,537 (79) 1656 (77) 4037 (77)
 Type I 3 (0) 54 (0) 19 (1) 50 (1)
 Type II with insulin use 53 (2) 826 (3) 50 (2) 107 (2)
 Type II without insulin use 489 (19) 4797 (17) 419 (20) 1039 (20)
ASA status, IV (vs III), n (%) 1105 (42) 2595 (9) 0.82 778 (36) 1391 (27) 0.21
Charlson comorbidity score 2 [1, 3] 1 [0, 2] 0.36 2 [1, 3] 2 [1, 3] 0.11
Emergency, yes, n (%) 636 (24) 1587 (6) 0.55 401 (19) 712 (14) 0.14
Intraoperative steroid use, yes, n (%) 498 (19) 8467 (30) −0.25 434 (20) 999 (19) 0.03
Opioid, no. of bolus 3 [2, 5] 3 [2, 5] −0.08 3 [2, 5] 3 [2, 5] −0.06
Regional anesthesia, yes, n (%) 178 (7) 1289 (5) 0.10 143 (7) 352 (7) −0.00
Duration of surgery, h 4 ± 2 4 ± 2 0.11 4 ± 2 4 ± 2 0.00

Summary statistics were presented as n (% of patients), mean ± SD, or median [Q1, Q3].
CVD = cardiovascular/cerebrovascular disease; HIV = human immunodeficiency virus; ASA = American Society of Anesthesiologists.
aStandardized differences (STDs) (etomidate minus propofol): difference in means or proportions divided by pooled standard deviation; > 0.10 chosen a priori 
to indicate imbalance.
bCVD: essential hypertension, coronary atherosclerosis, cardiac dysrhythmias, or congestive heart failure.
cPulmonary disease: chronic obstructive pulmonary disease or asthma.

aComputerized matching of cases to controls using the greedy matching al-
gorithm with a fixed number of controls per case. Controls may be matched 
to cases using one or more factors (X's). Erik Bergstralh & Jon Kosanke. 
[10/2003] http://www.mayo.edu/research/documents/gmatchsas/DOC-
10027248. Accessed February 1, 2013.

http://www.mayo.edu/research/documents/gmatchsas/DOC-10027248
http://www.mayo.edu/research/documents/gmatchsas/DOC-10027248
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Assessment of balance on the covariables used for the 
propensity score matching was performed using standard-
ized differences (i.e., difference in means or proportions 
divided by the pooled standard deviation). Imbalance was 
defined as a standardized difference >0.1 in absolute value; 
any imbalanced covariables after the propensity score 
matching were adjusted for in all analyses.

Primary Outcomes
Our primary outcomes were 30-day mortality, any major 
in-hospital cardiovascular morbidity, and any major in-
hospital infectious morbidity (as defined in Table  3). We 
assessed the heterogeneity of the etomidate effect across 
the 3 primary outcomes by testing the etomidate-by-out-
come interaction in a “distinct-effects” generalized estimat-
ing equation (GEE) model which enabled adjustment for 
the correlation among the 3 outcomes. The heterogeneity 
test thus compares the odds ratios for etomidate between 
the individual outcomes of interest. Since heterogeneity 
was found, we reported and tested the individual odds 
ratios (1 for each outcome) from the distinct effects GEE 
model, adjusting for any imbalanced baseline covariables 
after the propensity score matching. Bonferroni correction 
for multiple comparisons was used to control the type I 
error at 0.05 so that P < 0.017 was considered significant 
(i.e., 0.05/3 = 0.017).

In addition, we conducted sensitivity analyses to assess 
the robustness of the estimated associations between etomi-
date and the primary outcomes to an unmeasured binary 
covariate. We assumed various levels of association between 
the unmeasured covariate and both etomidate and outcome 
(see details in Table 1, Appendix).

Secondary Outcomes
For etomidate patients, we assessed the relationship 
between amount of etomidate received scaling by weight 
and the primary outcomes, each using a multivariable logis-
tic regression model to adjust for all potential confounders 
used for propensity matching. We adjusted for severity 
of procedure (in terms of risk of outcome) as a continu-
ous covariable calculated for each Clinical Classifications 
Software category as the incidence of any major outcome 
(i.e., any of 30-day mortality, major in-hospital cardiovas-
cular morbidity or major in-hospital infectious morbidity, 
versus none of these).

Etomidate and propofol propensity-matched patients 
were compared on intraoperative vasopressor use (i.e., 
dobutamine, dopamine, ephedrine, epinephrine, norepi-
nephrine, phenylephrine, or vasopressin) and duration of 
hospitalization using multivariable logistic regression or 
Cox proportional hazard regression, as appropriate. For the 
duration of hospitalization outcome, we needed to account 
for patients who died before discharge; otherwise, an early 
death would be counted as a good thing in the analysis. We 
therefore used a survival analysis (Cox regression) in which 
the outcome event was “discharged alive,” and patients 
who died in the hospital were analyzed as never having the 
event by assigning them a follow-up time 1 day more than 
any of the observed discharged alive times.

Finally, we summarized and plotted the within-patient 
average and minimum of systolic and diastolic intraopera-
tive blood pressures during each intraoperative period (i.e., 
start of case to induction, induction to intubation, intuba-
tion to incision, incision to closing, closing to emergence, 
and emergence to end of case).

Table 2.  Types of Surgery (AHRQ-CCS Categoriesa) Before and After the Propensity Score Matching

AHRQ-CCS Description

Before matching After matching
Etomidate  

(N = 2616), %
Propofol  

(N = 28,532), %
Etomidate  

(N = 2144), %
Propofol  

(N = 5233), %
78 Colorectal resection 4.1 7.1 6.9 7.2
96 Other OR lower gastrointestinal therapeutic procedures 4.2 3.7 4.7 4.0
158 Spinal fusion 4.3 1.8 2.2 1.9
104 Nephrectomy; partial or complete 4.1 2.8 3.6 3.2
99 Other OR gastrointestinal therapeutic procedures 3.9 3.5 4.1 3.6
94 Other OR upper gastrointestinal therapeutic procedures 3.4 1.6 1.7 1.6
1 Incision and excision of central nervous system 3.2 1.4 1.7 1.5
9 Other OR therapeutic nervous system procedures 3.2 0.8 1.1 0.9
52 Aortic resection; replacement or anastomosis 1.8 12.4 8.0 11.5
112 Other OR therapeutic procedures of urinary tract 2.5 2.1 3.0 2.5
101 Transurethral excision; drainage; or removal urinary obstruction 2.4 1.8 2.4 2.2
3 Laminectomy; excision intervertebral disc 2.4 1.6 1.9 1.6
124 Hysterectomy; abdominal and vaginal 2.4 1.3 1.8 1.5
61 Other OR procedures on vessels other than head neck 1.7 5.4 5.2 5.6
153 Hip replacement; total and partial 1.9 2.4 2.7 2.4
160 Other therapeutic procedures on muscles and tendons 1.8 1.2 1.6 1.3
86 Other hernia repair 1.8 1.2 1.5 1.3
12 Other therapeutic endocrine procedures 1.8 0.8 1.0 0.8
114 Open prostatectomy 1.8 0.6 0.8 0.7
152 Arthroplasty knee 1.8 1.3 1.7 1.5
105 Kidney transplant 1.7 0.8 1.0 0.8
84 Cholecystectomy and common duct exploration 1.4 1.3 1.6 1.5
162 Other OR therapeutic procedures on joint 1.4 1.3 1.3 1.3
157 Amputation of lower extremity 1.2 3.3 2.8 2.8
75 Small bowel resection 1.3 1.8 1.7 1.8

AHRQ-CCS = Agency for Healthcare Research and Quality’s Clinical Classification Software for services and procedures; OR = operating room.
aTwenty-five most frequent AHRQ-CCS categories are listed.
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Table 3.  Description and Incidence of Individual in Hospital Cardiovascular and Infectious Morbidities for 
the Propensity Score–Matched Patients

ICD-9 Description

Incidence, n (%)
Etomidate  
(N = 2144)

Propofol  
(N = 5233)

Cardiovascular morbidity
 458.2 Iatrogenic hypotension
 458.21 Hypotension of hemodialysis 1 (<1) 2 (<1)

 Intradialytic hypotension
 458.29 Other iatrogenic hypotension 36 (1.7) 53 (1.0)

 Postoperative hypotension
 997.1 Cardiac: 87 (4.1) 143 (2.7)

 Arrest during or resulting from a procedure
 Insufficiency during or resulting from a procedure
Cardiorespiratory failure during or resulting from a procedure
Heart failure during or resulting from a procedure

 997.2 Peripheral vascular complications 27 (1.3) 57 (1.1)
 Phlebitis or thrombophlebitis during or resulting from a procedure

 998.0 Postoperative shock 18 (0.8) 11 (0.2)
 Collapse NOS during or resulting from a surgical procedure
 Shock (endotoxic) (hypovolemic) (septic) during or resulting from a surgical procedure

The collapsed composite (any above versus none) 163 (7.6) 254 (4.9)
Infectious morbidity
 519.01 Infection of tracheostomy 1 (<1) 1 (<1)
 536.41 Infection of gastrostomy 0 (0) 4 (0.1)
 530.86 Infection of esophagostomy 0 (0) 0 (0)
 997.62 Amputation stump complication: Infection 11 (0.5) 26 (0.5)
 998.5 Postoperative infection
 998.51 Infected postoperative seroma 5 (0.2) 11 (0.2)
 998.59 Other postoperative infection 87 (4.1) 214 (4.1)

 Abscess: postoperative
 Intra-abdominal postoperative
 Stitch postoperative
 Subphrenic postoperative
 Wound postoperative
 Septicemia postoperative

 999.3 Other infection 0 (0) 0 (0)
 Infection after infusion, injection, transfusion, or vaccination
 Sepsis after infusion, injection, transfusion, or vaccination
 Septicemia after infusion, injection, transfusion, or vaccination

 569.61 Infection of colostomy and enterostomy 0 (0) 3 (0.1)
 996.6 Infection and inflammatory reaction due to internal prosthetic device, implant, and graft
 996.60 Due to unspecified device, implant and graft 0 (0) 0 (0)
 996.61 Due to cardiac device, implant and graft 3 (0.1) 7 (0.1)

 Cardiac pacemaker or defibrillator:
  Electrode(s), lead(s)
  Pulse generator
  Subcutaneous pocket
 Coronary artery bypass graft
 Heart valve prosthesis

 996.62 Due to vascular device, implant and graft 40 (1.9) 51 (1.0)
 Arterial graft
 Arteriovenous fistula or shunt
 Infusion pump
 Vascular catheter (arterial) (dialysis) (peripheral venous)

 996.63 Due to nervous system device, implant and graft 5 (0.2) 10 (0.2)
 Electrodes implanted in brain
 Peripheral nerve graft
 Spinal canal catheter
 Ventricular (communicating) shunt (catheter)

 996.64 Due to indwelling urinary catheter 4 (0.2) 6 (0.1)
 996.65 Due to other genitourinary device, implant and graft 4 (0.2) 1 (<0.1)

 Intrauterine contraceptive device
 996.66 Due to internal joint prosthesis 24 (1.1) 74 (1.4)
 996.67 Due to other internal orthopedic device, implant and graft 8 (0.4) 19 (0.4)

 Bone growth stimulator (electrode)
 Internal fixation device (pin) (rod) (screw)

 996.68 Due to peritoneal dialysis catheter 0 (0) 2 (<0.1)
 Exit-site infection or inflammation

(Continued)
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Differences in intraoperative arterial blood pressure 
between the etomidate and propofol patients were sum-
marized using the standardized difference and tested by 
student t test for normally distributed continuous measures 
and Wilcoxon rank sum test for nonnormal continuous mea-
sures. Intraoperative hemodynamic monitoring data were 
acquired from our electronic anesthesia record-keeping sys-
tem that records data from the anesthesia monitor. Arterial 
blood pressure in patients with invasive arterial catheters 
was recorded each minute, and at 1- to 5-minute intervals 
in other patients. Average, minimum, and maximum of sys-
tolic and diastolic blood pressures were computed during 
each period (i.e., start case to induction, induction to intu-
bation, intubation to incision, incision to closing, closing to 
emergence, and emergence to end of case) in each patient.

Sample Size and Power
With 7377 propensity score matched patients (approximate 
ratio of 1.0 etomidate to 2.5 propofol patients) and incidences 
(propofol group) of 2.3%, 4.9%, and 8.5% for 30-day mortality, 
cardiac morbidity, and infectious morbidity, respectively, we 
had 90% power to detect odds ratios (ORs) of 1.8, 1.5, and 1.4 
or more for the above 3 primary outcomes at the overall 0.05 
significance level (0.017 criterion adjusting for 3 primary out-
comes). SAS software version 9.3 (SAS Institute) and R software 
version 2.12.0 (The R Foundation for Statistical Computing, 
Vienna, Austria) were used for all statistical analysis.

RESULTS
We considered the electronic records of 103,324 adult 
patients who had noncardiac surgery between 2005 and 
2009. Among the ASA III/IV patients who had surgery 
under general anesthesia requiring at least 1 night of post-
operative hospitalization, there were 2616 (8%) patients 
who received etomidate only, 28,532 (84%) patients who 
received propofol only, 1976 (6%) patients who received 
ketamine and/or thiopental, and 658 (2%) patients who 
received both etomidate and propofol. Among these, we 
successfully matched 2144 etomidate only patients (82% of 
2616) with 5233 propofol only patients, for a total of 7377 
patients who were used for analysis of the effect of etomi-
date on outcome. The observed median [quartiles] of the 
amount of etomidate and propofol received was 0.22 [0.19, 
0.26] and 1.8 [1.4, 2.3] mg/kg, respectively.

Before the propensity score matching (Table 1, left panel), 
patients given etomidate for induction were generally older 
and sicker (higher Charlson comorbidity score and higher 
ASA status). They were also more likely to be male, have a 
lower body mass index, have cardiovascular and/or cere-
brovascular disease, have emergent surgery, and to receive 
general anesthesia supplemented with regional anesthesia. 
They were also less likely to have cancer or receive steroids 
intraoperatively although the interpretation of steroid use is 
difficult because it can be used for different indications (i.e. 
antiemesis, cerebral edemas, and hormone replacement) 
(standardized differences [STDs] >0.1 in absolute value). All 
potential confounding factors were much better balanced 
in the 7377 propensity score matched patients which were 
used to assess association with outcomes (Table  1, right 
panel). However, ASA status, Charlson comorbidity score, 
and emergent surgery were still slightly imbalanced (STD: 
0.21, 0.11, and 0.14, respectively) between the etomidate 
and propofol patients. To be conservative, we thus included 
ASA status, Charlson comorbidity score, and emergent sur-
gery in the multivariable models when comparing the 2 
groups on the outcomes.

Among the propensity-matched patients, receiving etomi-
date was significantly associated with increased odds of expe-
riencing 30-day mortality (estimated OR [98.3% confidence 
interval {CI}]: 2.49 [1.85–3.35]; P < 0.001), and increased odds 
of having major cardiovascular morbidity (1.51 [1.14–1.94]; P 
< 0.001), after adjusting for ASA status, Charlson comorbid-
ity score, emergent surgery, and within-patient correlation 
(Table  4). However, etomidate was not significantly associ-
ated with major infectious morbidity (1.00 [0.80–1.25]; P = 0.99; 
Table 4). Our sensitivity analysis (Appendix, Table 1) suggests 
that our conclusion on 30-day mortality is robust to a very 
strong unmeasured binary confounding variable. For example, 
if we assume that the patients having covariate “u” are 5 times 
as likely to receive etomidate and also 5 times more likely to 
have the outcome, and 50% of patients have u, then the OR 
(95% CI) of etomidate versus propofol on 30-day mortality 
would still be significant at 1.4 (1.1–1.8). Our conclusions on 
cardiovascular morbidity and infectious morbidity were robust 
to a less strong unmeasured binary covariate (i.e., OR of ≤4 
for cardiovascular and about ≤3 for infectious morbidity). The 
effects of etomidate were not consistent across the outcomes 
(etomidate-by-outcome interaction P < 0.001). Furthermore, 

Table 3.  (Continued)

ICD-9 Description

Incidence, n (%)
Etomidate  
(N = 2144)

Propofol  
(N = 5233)

 996.69 Due to other internal prosthetic device, implant, and graft 6 (0.3) 21 (0.4)
 Breast prosthesis

 999.31 Infection due to central venous catheter 5 (0.2) 7 (0.1)
 Catheter-related bloodstream infection (CRBSI) NOS
 Infection due to:
  Hickman catheter
  Peripherally inserted central catheter (PICC)
  Portacath (port-a-cath)
  Triple lumen catheter

 997.31 Ventilator-associated pneumonia 1 (<0.1) 4 (0.1)
The collapsed composite (any above versus none) 191 (8.9) 437 (8.4)

ICD-9 = International Classification of Diseases, 9th Revision; NOS = not otherwise specified.
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the relationship between etomidate and the outcomes did not 
depend on ASA status (interaction P = 0.24), Charlson comor-
bidity score (P = 0.46), or emergency procedure (P = 0.15).

However, no “dose effect” of etomidate was found on any of 
the primary outcomes. The estimated ORs (98.3% CI) for a unit 
(i.e., 0.1 mg/kg) increase in the amount of etomidate were 1.03 
(0.97–1.10) (P = 0.27), 0.98 (0.90–1.06) (P = 0.50), and 1.01 (0.96–
1.07) (P = 0.65) for having 30-day mortality, major cardiovascu-
lar morbidity, and major infectious morbidity, respectively.

Etomidate was significantly associated with prolonged 
hospital stay (P < 0.001; Table  4). Etomidate patients 
were 18% less likely (HR [95% CI]: 0.82 [0.78–0.87]) to be 

discharged from hospital at any given time point postopera-
tively as compared with propofol patients.

The etomidate and propofol groups were statistically 
different on mean systolic and diastolic blood pressure at 
various phases of the surgery (Table 5), and the etomidate 
group was often higher. However, many of the observed 
differences were too small to be clinically important. 
Etomidate was not associated with intraoperative vaso-
pressor use, including dobutamine, dopamine, ephedrine, 
epinephrine, norepinephrine, phenylephrine, or vaso-
pressin (OR [95% CI]: 0.92 [0.82–1.03] for etomidate ver-
sus propofol; P = 0.16).

Table 4.  Associations Between Use of Etomidate (Versus Propofol) Intraoperatively and Outcomes Among 
the Propensity Score–Matched Patients

Outcome
Etomidate  
(N = 2144)

Propofol  
(N = 5233)

Odds ratio (98.3% CIa)  
(etomidate/propofol) Pb

Primary outcome Incidence (%)
 30-d mortality 139 (6.5) 135 (2.5) 2.49 (1.85–3.35) <0.001
 Cardiovascular morbidity 163 (7.6) 254 (4.9) 1.51 (1.17–1.94) <0.001
 Infectious morbidity 191 (8.9) 437 (8.4) 1.00 (0.80–1.25) 0.99
Secondary outcome Odds ratio (95% CI)
 Intraoperative vasopressor use 1595 (74.4) 3988 (76.2) 0.92 (0.82–1.03) 0.16

Median [Q1, Q3] Hazard ratio (95% CI)
 Length of hospital stay,c d 7 [3, 13] 6 [2, 11] 0.82 (0.78–0.87)d <0.001e

The fit of the model for the primary outcome was roughly assessed by the Hosmer and Lemeshow (H-L) goodness-of-fit test. The H-L test suggests some lack of 
fit (χ2 = 61.8, df = 8, and P <0.001). However, the expected and observed frequencies were well balanced. With such a large sample size, subtle lack of fit can 
be detected.
a98.3% confidence intervals (CIs); the significance criterion was P < 0.017 (i.e., 0.05/3, Bonferroni correction).
bComparisons were all adjusted for ASA status, Charlson comorbidity score, and emergent surgery by multivariable logistic regression.
cThe summary statistics were median [Q1, Q3] of length of stay for live discharge only. There were 118 and 111 patients died in hospital in etomidate and 
propofol groups, respectively. Discharges for those patients were considered as failures in the analysis, with time censored at the worst observation.
dEtomidate patients were 18% less likely to be discharged from hospital at any given time point postoperatively as compared with propofol patients.
eComparisons were all adjusted for ASA status, Charlson comorbidity score, and emergency surgery by multivariable Cox proportional hazards regression.

Table 5.  Summary of Intraoperative Systolic and Diastolic Blood Pressure Between the Propensity-Matched 
Groups

Time period

Systolic blood pressure Diastolic blood pressure
Etomidate  
(N = 2144)

Propofol  
(N = 5233) STDa P

Etomidate  
(N = 2144)

Propofol  
(N = 5233) STDa P

Start case to induction
 Average 142 ± 27 145 ± 25 −0.10 <0.001 74 ± 17 76 ± 15 −0.12 <0.001
 Minimum 115 ± 37 123 ± 32 −0.23 <0.001 62 ± 16 66 ± 15 −0.26 <0.001
 Maximum 164 ± 32 162 ± 29 0.06 0.02 90 ± 33 87 ± 23 0.12 <0.001
Induction to intubation
 Average 146 ± 31 138 ± 30 0.26 <0.001 70 ± 16 71 ± 16 −0.03 0.29
 Minimum 136 ± 33 124 ± 36 0.34 <0.001 66 ± 16 65 ± 17 0.02 0.43
 Maximum 155 ± 33 150 ± 32 0.14 <0.001 76 ± 22 77 ± 19 −0.02 0.42
Intubation to incision
 Average 127 ± 22 118 ± 20 0.47 <0.001 63 ± 12 62 ± 11 0.11 <0.001
 Minimum 92 ± 24 83 ± 22 0.38 <0.001 47 ± 11 47 ± 11 0.06 0.02
 Maximum 175 ± 34 161 ± 33 0.40 <0.001 96 ± 34 91 ± 32 0.15 <0.001
Incision to closing
 Average 123 ± 17 121 ± 16 0.12 <0.001 62 ± 10 63 ± 10 −0.14 <0.001
 Minimum 89 ± 19 87 ± 17 0.12 <0.001 46 ± 10 47 ± 9 −0.09 0.001
 Maximum 173 ± 35 168 ± 35 0.15 <0.001 110 ± 52 104 ± 47 0.11 <0.001
Closing to emergence
 Average 124 ± 19 122 ± 19 0.12 <0.001 61 ± 11 63 ± 11 −0.17 <0.001
 Minimum 108 ± 20 106 ± 20 0.08 0.02 53 ± 11 55 ± 12 −0.19 <0.001
 Maximum 145 ± 27 141 ± 27 0.12 <0.001 73 ± 22 75 ± 23 −0.07 0.03
Emergence to end case
 Average 142 ± 24 140 ± 24 0.06 0.05 69 ± 14 71 ± 14 −0.16 <0.001
 Minimum 118 ± 26 118 ± 25 0.01 0.84 56 ± 14 59 ± 13 −0.22 <0.001
 Maximum 164 ± 30 161 ± 30 0.10 0.001 86 ± 30 86 ± 26 0.01 0.76
aStandardized differences (STDs) (etomidate − propofol): the difference in proportions divided by the pooled standard deviation; >0.10 in absolute value indicates 
slight different.
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DISCUSSION
Our analysis indicates that induction of general anesthesia 
with etomidate is associated with more 30-day mortality 
and cardiovascular morbidity than when propofol is used 
for ASA III and IV patients undergoing noncardiac surgery, 
with highly significant ORs of 2.5 and 1.5, respectively. Use 
of etomidate is also associated with 1 day longer length of 
hospital stay compared with propofol. Our conclusions, 
especially on 30-day mortality, are robust to a strong unmea-
sured binary confounding variable.

Serious infectious complications in patients recovering 
from multiple traumas who are given long-term etomidate 
sedation have been attributed to suppression of cortisol syn-
thesis.27 Similarly, hypotensive blunt trauma patients who 
required rapid sequence intubation for prehospital airway 
management and were given etomidate had a more frequent 
incidence of infectious complications (29%) than those given 
other drugs (20%).24 Nonetheless, the risk of infectious mor-
bidity was similar in our etomidate and propofol groups. It 
is not known why the purported risk of etomidate on infec-
tion did not appear in our study. There were no observed 
dose responses in any outcomes. This might be attributed to 
the fact that even a small dose of etomidate causes adrenal 
suppression; the doses used in our study thus presumably 
had similar effects on adrenal function. However, it is also 
possible that the relationship between etomidate and poor 
outcomes is just an association and not a causal relationship.

Induction drugs were not randomly assigned; instead, 
they were chosen at the discretion of attending anesthesi-
ologists. It is likely that their choices were influenced by 
the individual patient’s physical status and perceived risk 
of hemodynamic instability. To remove the selection bias 
due to all the observed covariates, we used propensity score 
matching, which presumably improves validity of the anal-
ysis. We matched patients exactly on surgical types (Table 2) 
and used propensity score matching on other potential con-
founding factors (Table 1). The result was groups that were 
well balanced on many factors that potentially influence 
outcomes of interest. Furthermore, ASA physical status, 
Charlson comorbidity score, and emergency surgery which 
were still slightly imbalanced after propensity score match-
ing were included in the multivariable models when com-
paring the 2 groups on the outcomes.

Surely there remains a degree of selection bias and con-
founding related to factors that are unavailable in our elec-
tronic records. Clinically perceived conditions of patients 
by anesthesia providers that was not explained by variables 
available in our electronic record could not be balanced in 
our analysis. However, our sensitivity analysis suggests that 
our conclusions, especially on 30-day mortality, are robust 
to a strong unmeasured binary confounding variable. It 
therefore seems unlikely that uncompensated bias and 
confounding account for all of the substantial association 
between etomidate use and adverse outcomes, although 
each surely contributes to some degree; the true OR of mor-
tality resulting from anesthetic induction with etomidate 
may thus be considerably less than the 2.5 we observed.

For example, we were unable to adjust for the skill level 
of surgeons, the experience level of anesthesia providers, or 
the fact that various surgical approaches are characterized by 
the same surgical billing codes. Furthermore, we retrieved 

International Classification of Diseases, 9th Revision code–defined 
postoperative morbidity data for analysis which could poten-
tially include an inaccurate diagnosis. Because data were not 
available electronically, we were also unable to account for 
a number of factors that potentially affect adrenal function 
such as chronic preoperative steroid use and preoperative 
use of medications that inhibit cortisol biosynthesis (i.e., 
ketoconazole, metyrapone, suramin) or those that increase 
steroid metabolism (i.e., carbamazepine, phenobarbital, phe-
nytoin, rifampicin, mitotane). Preoperative cardiovascular 
and cerebrovascular morbidity were propensity matched, 
but specific variables that stratify severity of cardiac mor-
bidity (i.e., left ventricular ejection fraction, brain natriuretic 
peptide, myocardial ischemia on cardiac stress test) and type 
of cardiac morbidity (i.e., coronary artery disease, valvular 
heart disease, cardiomyopathy) that affects anesthesiologists’ 
decision to choose etomidate were not propensity matched, 
again due to unavailability of information. As with all obser-
vational studies, we report statistical associations that may or 
may not indicate causal relationships between etomidate use 
and adverse outcomes. And this was a single-center study; 
results may differ in other settings and other populations. We 
speculate that the corticosteroid suppression effect of etomi-
date has some bearing on postoperative outcome but could 
not explain why mortality and cardiovascular morbidity and 
not infectious morbidity are associated with etomidate use, 
which is also a limitation of administrative database studies 
as opposed to prospective studies.

We chose propofol as a comparator induction drug, 
because it is by far the most commonly used induction drug. 
Propofol very slightly inhibits cortisol secretion from adre-
nal cells in a dose-related fashion in vitro.28 Consequently, 
decreased plasma cortisol concentrations are observed 
when propofol infusions are used for sedation of critically 
ill patients, although the normal cortisol response to adreno-
corticotropic hormone stimulation is preserved.29 However, 
adrenocortical suppression by etomidate is 1500 times more 
potent than propofol.28 A typical induction dose of propofol 
2.5 mg/kg did not suppress the ability of the adrenal cortex to 
secrete cortisol in response to adrenocorticotropic hormone or 
surgical stimulation, and patients given propofol consistently 
maintained higher plasma cortisol concentrations than those 
given etomidate 0.3 mg/kg up to 210 minutes after induction 
of anesthesia.2 It is therefore highly unlikely that a single dose 
of propofol used for induction of general anesthesia produced 
clinically important adrenocortical suppression.

In summary, our analysis of ASA physical status III and 
IV patients undergoing noncardiac surgery with general 
anesthesia indicates that use of etomidate is associated 
with an increased odds of 30-day mortality and cardio-
vascular morbidity, although etomidate offers the advan-
tage of minimizing induction hypotension that can cause 
coronary hypoperfusion, dysrhythmia, and cardiac arrest. 
Use of etomidate is also associated with prolonged dura-
tion of hospitalization. Randomized trials are necessary to 
determine whether there is a causal relationship between 
etomidate use and adverse outcomes and precisely define 
the treatment effect. In the meantime, etomidate should be 
used judiciously, considering that improved hemodynamic 
stability at induction may be accompanied by substantially 
worse longer-term outcomes. E
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Table 1. Sensitivity Analysis—Effects of an Unobserved 2-Category Covariate u on the Associations 
Between Etomidate and Primary Outcomes

OR of  
etomidate  
(u = 1 vs 0)

OR of  
outcome  

(u = 1 vs 0)

Fraction  
of patient  

with  
u = 0

30-d mortality Cardiovascular morbidity Infectious morbidity
Incidence` 

(etomidate/ 
propofol)

Odds  
ratio (95% CI)

Incidence 
(etomidate/ 

propofol)
Odds  

ratio (95% CI)

Incidence 
(etomidate/ 

propofol)
Odds ratio  
(95% CI)

Observed
0.0648/0.0258 2.6 (2.0–3.3) 0.0760/0.0485 1.6 (1.3–2.0) 0.0891/0.0835 1.1 (0.9–1.3)

Estimated adding an unobserved 2-category covariate
2 2 0.1 0.0579/0.0267 2.2 (1.7–2.8) 0.0731/0.0497 1.5 (1.2–1.8) 0.0878/0.0847 1.0 (0.8–1.2)

0.5 0.0550/0.0275 2.1 (1.6–2.7) 0.0693/0.0509 1.4 (1.1–1.7) 0.0833/0.0867 1.0 (0.8–1.2)
0.9 0.0569/0.0270 2.2 (1.7–2.8) 0.0717/0.0501 1.5 (1.2–1.8) 0.0862/0.0853 1.0 (0.8–1.2)

0.5 0.1 0.0608/0.0261 2.4 (1.9–3.1) 0.0768/0.0486 1.6 (1.3–2.0) 0.0923/0.0830 1.1 (0.9–1.3)
0.5 0.0636/0.0256 2.6 (2.0–3.3) 0.0805/0.0477 1.7 (1.4–2.1) 0.0966/0.0815 1.2 (1.0–1.4)b

0.9 0.0604/0.0262 2.4 (1.9–3.1) 0.0763/0.0487 1.6 (1.3–2.0) 0.0917/0.0832 1.1 (0.9–1.3)
5 5 0.1 0.0557/0.0273 2.1 (1.6–2.7) 0.0703/0.0506 1.4 (1.1–1.7) 0.0844/0.0862 1.0 (0.8–1.2)

0.5 0.0445/0.0314 1.4 (1.1–1.8) 0.0558/0.0576 1.0 (0.8–1.2)a 0.0670/0.0973 0.7 (0.6–0.8)b

0.9 0.0467/0.0304 1.6 (1.2–2.1) 0.0582/0.0558 1.0 (0.8–1.2)a 0.0700/0.0939 0.7 (0.6–0.8)b

0.2 0.1 0.0702/0.0244 3.0 (2.4–3.8) 0.0886/0.0457 2.0 (1.6–2.4) 0.1057/0.0786 1.4 (1.2–1.7)b

0.5 0.0864/0.0229 4.0 (3.2–5.1) 0.1102/0.0430 2.8 (2.3–3.4) 0.1320/0.0738 1.9 (1.6–2.2)b

0.9 0.0650/0.0254 2.7 (2.1–3.4) 0.0826/0.0473 1.8 (1.5–2.2) 0.0994/0.0807 1.3 (1.1–1.5)

Our conclusion on 30-day mortality is robust to a strong unmeasured binary confounding variable—even if we assume that the patients having a covariate, say 
“u”, are 5 times as likely to receive etomidate and also 5 times more likely to have the outcome, and 50% of patients have u (see row 8 under “Estimated adding 
an unobserved 2-category covariate”), then the association between etomidate and 30-day mortality would still be significant (OR: 1.4 [1.1–1.8]). Our conclusions 
for cardiovascular and infectious morbidities would be retained for a less strong u. 
Detailed example: the first row under “Estimated adding an unobserved 2-category covariate” displays the sensitivity to an unobserved 2 category covariate 
u assuming that patients having that covariate are 2 times more likely to receive etomidate and also 2 times more likely to have the outcome, and 10% 
of patients have u (i.e., approximately 15% of etomidate patients and 8% of propofol patients have u). Then the estimated incidence of having 30-day 
mortality would be 5.79% for etomidate patients and 2.67% for propofol patients, respectively; receiving etomidate would still be significantly associated 
with increased odds of experiencing 30-day mortality (the estimated odds ratio would be 2.2 [1.7–2.8]). After accounting for an unobserved covariate u, 
the estimated incidence of having cardiovascular morbidity would be 7.3% for etomidate patients and 5.0% for propofol patients, respectively; receiving 
etomidate would still be significantly associated with increased odds of experiencing cardiovascular morbidity (the estimated odds ratio would be 1.5 
[1.2–1.8]). Similarly, for the infectious morbidity, the estimated incidence would be 8.8% for etomidate patients and 8.5% for propofol patients, respectively; 
the association between etomidate and infectious morbidity would still not be significant (the estimated odds ratio would be 1.0 [0.8–1.2]). Overall, under 
this situation our conclusions for all the outcomes would be retained.
Methods based on Rosenbaum and Rubin (1983).30

OR = odds ratio; CI = confidence interval.
aThe conclusion that receiving etomidate was significantly associated with increased odds of having major cardiovascular morbidity would be altered.
bThe conclusion that etomidate was not significantly associated with major infectious morbidity would be altered.
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