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A B S T R A C T

Introduction: Etomidate is commonly used to induce anesthesia in cardiac surgery patients due to its favorable cardiovascular profile. Sedative-
hypnotic effects are mediated by gammaaminobutyric acid (GABA) receptor complexes in the central nervous system. There are numerous
studies in which etomidate and other drugs are compared in terms of their clinical outcomes. The relative efficacy and safety of etomidate, however,
remains inconclusive. In this study, we performed a systematic analysis of randomized controlled trials to assess the impact of etomidate, on patients
undergoing cardiac surgery, with respect to patient outcome and adverse events.
Methods: A systematic review was conducted of all existing clinical trials exploring the safety and efficacy of etomidate in patients undergoing
cardiac surgery. Randomized controlled trials (RCTs) that compared etomidate with other drugs during induction in adult cardiac surgery assessing
hemodynamic parameters and clinical outcomes were included, while studies involving non-cardiac or pediatric surgery and those lacking relevant
outcome data were excluded. Primary outcomes were all-cause 30-day mortality. Secondary outcomes included duration of tracheal intubation,
duration of intensive care unit (ICU) stay, duration of hospital stay, systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), heart rate (HR) and other hemodynamic parameters, vasopressor requirements after induction and intubation, cortisol levels, and
incidence of myoclonus.
Results: Sixteen randomized controlled trials involving 1162 patients were included. Etomidate did not affect the all-cause 30-day mortality of
patients undergoing cardiac surgery compared to comparator drugs (RR, 0.96; 95 % CI, 0.26 to 3.49; P = 0.95). There were no significant differences
in the duration of tracheal intubation (MD, − 0.08 h; 95 % CI, − 1.96 to 1.81; P = 0.94), the duration of ICU stay (MD, − 2.07 h; 95 % CI, − 8.09 to
3.96; P = 0.50) or the duration of hospital stay (MD, − 0.62 d; 95 % CI, − 2.25 to 1.00; P = 0.45) when etomidate was compared to comparator drugs.
Patients receiving etomidate demonstrated a more stable hemodynamic profile after induction and intubation compared to those receiving
comparator drugs. The requirement of a vasopressor after induction and intubation was significantly reduced with etomidate compared with those
with comparator drugs (RR, 0.37; 95 % CI, 0.25 to 0.56; P < 0.00001).
Conclusions: This systematic meta-analysis found a significant heterogeneity among included studies. In addition, most studies focused only on the
hemodynamic profile of etomidate. Thus, efficacy and safety of etomidate could not be answered within this context. Nevertheless, for patients
undergoing cardiac surgery, etomidate seems to offer a minimal beneficial cardiovascular profile in comparison with other agents during induction
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and intubation. However, improved hemodynamics did not improve clinical outcomes as Etomidate did not affect mortality, duration of tracheal
intubation, the length of stay in ICU and hospital. Finally, infectious side effects as one important trigger for increased mortality in ICU patients due
to the use of Etomidate could not be analyzed as data were mostly missing.

1. Introduction

Safe management of the induction of anesthesia for cardiac surgical procedures requiring coronary artery bypass grafting (CABG)
and cardiac valve repair or replacement is essential, especially for critically ill patients with compromised cardiac performance or
unstable hemodynamics. Etomidate is commonly used to induce anesthesia in adult patients undergoing cardiac surgery due to its
favorable cardiovascular profile and minimal respiratory depression. Etomidate is a short-acting sedative-hypnotic whose action is
mediated by the gamma-aminobutyric acid (GABA) receptor complex in the central nervous system. It has been shown that etomidate
causes adrenocortical suppression by blocking 11β-hydroxylase, which plays a critical role in the biosynthesis of cortisol [1,2].
Numerous clinical studies have examined etomidate compared to other drugs to determine if hemodynamic stability during anesthesia
induction with etomidate outweigh the potential harm from transient adrenal suppression in patients undergoing cardiac surgery. The
increased mortality was first identified by Ledingham et al. in critically ill multiple trauma patients in 1983 [1]. Some clinical studies
suggest that etomidate is associated with an increased risk for cardiac morbidity and mortality after cardiac surgery [2,3]. In contrast,
other studies demonstrate that etomidate does not worsen clinical outcomes such as duration of tracheal intubation, duration of ICU
stay, duration of hospital stay, or mortality in patients undergoing cardiac surgery [4,5]. In 2021, Yao et al. conducted a meta-analysis
to evaluate the use of etomidate in cardiac surgery [6]. They observed that a single dose of etomidate administered during anesthetic
induction was associated with improved hemodynamic stability, and although it led to a higher incidence of adrenal insufficiency (AI),
it did not result in worsened clinical outcomes. Nevertheless, it is worth noting that their review encompassed a diverse population
comprising both adult and pediatric patients undergoing cardiac surgery. Given the inherent distinctions in etiological and patho-
logical factors between pediatric and adult cardiac patients, our study deliberately focused on the adult population. We hypothesized
that etomidate was associated with better clinical outcomes of patients undergoing cardiac surgery. Our aim was to conduct a
comprehensive analysis between etomidate and comparator drugs with respect to clinical outcomes, hemodynamic alterations, as well
as potential side effects and adverse events in cardiac surgical patients.

2. Materials and methods

2.1. Search strategy

This systematic review was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [7], including registration with PROSPERO (CRD42023310081). We searched bioscience and biomedical databases,
including Medline via PubMed, Embase, the Cumulative Index of Nursing and Allied Health (CINAHL), and Scopus for pertinent ar-
ticles and research. The results were limited to randomized controlled trials (RCT). The results were not limited to a publication date
range. To minimize bias, we applied a broad search strategy that focused on all adult cardiac surgery patients regardless of patient
history, gender, race, orientation, or ability. The search strategy, designed by an experienced academic medical librarian, combined
controlled vocabulary terms and free-text words on the concepts of etomidate and cardiac surgery. The search was last performed on
March 30, 2022. The complete search strategies are included in the supplemental material. References of relevant articles were also
reviewed for any additional studies. The search resulted in 509 articles. These articles were then appraised and ascertained for meeting
the inclusion and exclusion criteria. Articles pertaining to children or pediatric populations were excluded (see Fig. 1).

Fig. 1. Flowchart of the literature search.
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2.2. Study selection

RCTs that met each of the following items were included:

(1) the study compared etomidate with comparator drugs during induction in cardiac surgery.
(2) outcomes included heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP),

and other hemodynamic parameters during induction, use of vasopressors, incidence of myoclonus, cortisol levels, incidence of
adrenal insufficiency, duration of ICU stay, duration of hospital stay, duration of tracheal intubation, modality, and mortality.

We excluded studies if:

(1) etomidate was used in non-cardiac surgery,
(2) etomidate was used in pediatric surgery, and
(3) outcomes of interest comparing etomidate and comparator drugs were lacking.

2.3. Data extraction

Two reviewers independently extracted data. Any disagreement in opinion was resolved through discussion with all investigators.
The following data were extracted from the included studies: publication year, country, patient population, number of patients, and
intervention including etomidate and comparator drugs patients received.

Primary outcomes were all-cause 30-day mortality. Secondary outcomes included duration of tracheal intubation, duration of ICU
stay, duration of hospital stay, SBP, DBP, MAP, HR, cardiac output (CO), cardiac index (CI), stroke volume (SV), stroke volume index
(SVI), central venous pressure (CVP), systemic vascular resistance (SVR), systemic vascular resistance index (SVRI), mean pulmonary
arterial pressure (MPAP), pulmonary capillary wedge pressure (PCWP), pulmonary vascular resistance (PVR), vasopressor

Fig. 2. Risk of bias.
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requirements after induction and intubation, cortisol levels, and incidence of myoclonus.; For continuous outcomes (duration of
tracheal intubation, duration of ICU stays, duration of hospital stays, SBP, DBP, MAP, HR, CO, CI, SV, SVI, CVP, SVR, SVRI, MPAP,
PCWP, PVR, cortisol levels), mean differences (MDs) with 95 % confidence intervals (CIs) were calculated. For categorical outcomes
(mortality, vasopressor requirements after induction and intubation, and incidence of myoclonus), relative risks (RR) with 95 % CIs
were calculated.

To demonstrate the effect of etomidate on hemodynamic parameters and cortisol levels across time, we calculated the combined
means and SDs for SBP, DBP, MAP, HR, and cortisol levels. These calculations were performed using online statistical calculators
available at https://atozmath.com.

2.4. Quality assessment

The Cochrane risk of bias tool was used to assess the risk of bias for all included trials [8]. The risk of bias was considered high, low,
or unclear based on the following domains: random sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases (see Fig. 2).

2.5. Data analysis

All parameters and units were normalized for comparison. All analyses were based on a random-effects model. Heterogeneity
between studies was evaluated using a chi-squared test, and a P value of<0.10 was indicative of significant heterogeneity. Publication
bias was assessed by funnel plot using vasopressor requirement after induction and intubation as an end point. Data analyses were done
with ReviewManager [RevMan] version 5.4, (Nordic Cochrane Centre, Copenhagen, Denmark). For studies where no events were
observed, RevMan automatically added 0.5 to each cell in a 2 × 2 table where such issues arose. A P value of <0.05 was considered
significant in the analysis. Figures depicting the temporal changes in means and SDs for SBP, DBP, MAP, HR, and cortisol levels were
generated using GraphPad Prism 9.0 (GraphPad Software, San Diego, California).

3. Results

3.1. Eligible studies

The initial search retrieved 509 publications. After excluding 2 duplicates, 507 distinct articles were identified for initial title and
abstract screen (Fig. 1). Of these, 459 articles were excluded, of which 55 were reviews, 3 were case reports, 55 were not RCTs, 187 did
not use or study etomidate, 122 were non-cardiac surgery, 3 were pediatric cardiac surgery, 17 focused on the etomidate-induced
myoclonus or etomidate injection pain, and 17 were animal or in vitro studies.

After meticulously examining 48 full-text studies, we further proceeded with a comprehensive evaluation to identify those that
conformed to our inclusion criteria. Thirty-two were excluded, of which 3 did not use, or study etomidate, 19 were non-cardiac
surgery, 8 did not report defined endpoints, and 2 were abstracts. Therefore, 16 studies were included in this analysis (Table 1)
[2–5,9–20].

3.2. Characteristics of studies included in the meta-analysis

The main characteristics of the included studies are summarized in Table 1. All studies were published between years 1989–2019.
The comparator drugs included sedative-hypnotics, inhalational anesthetics, opioids, or a combination of them (Table 1). For the
studies in which two types of surgeries (CABG and valve surgery) were analyzed [4], in which two different phases of clinical trials
(open-label phase and blinded phases) were conducted [20], and in which etomidate was compared with more than two comparator
drugs [3,9,13,15,19], each individual comparison was listed as a separate study (Table 1).

4. Primary outcomes

4.1. All-cause 30-day mortality

All-cause 30-day mortality was reported in three trials (Fig. 3) [3,4,14]. No difference was found between patients receiving
etomidate and comparator drugs (RR, 0.96; 95 % CI, 0.26 to 3.49; P = 0.95).

5. Secondary outcomes

5.1. Duration of tracheal intubation

Two trials reported the effects of etomidate on the duration of tracheal intubation compared with comparator drugs (Fig. 4A) [4,5].
The combined data suggested that there was no difference in the duration of tracheal intubation among patients receiving etomidate
and comparator drugs (MD, − 0.08 h; 95 % CI, − 1.96 to 1.81; P = 0.94).
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Table 1
Main characteristics of clinical trials in the meta-analysis.

Z.Xia
etal.

Heliyon 10 (2024) e38274 

5 



Z.Xia
etal.

Heliyon 10 (2024) e38274 

6 



Z.Xia
etal.

Heliyon 10 (2024) e38274 

7 



Z.Xia
etal.

Heliyon 10 (2024) e38274 

8 



5.2. Duration of ICU stay

Three trials reported the effects of etomidate on the duration of ICU stay when compared to comparator drugs (Fig. 4B) [4,5,14].
The combined data suggested that there was no difference in the duration of ICU stay among patients receiving etomidate and
comparator drugs (MD, − 2.07 h; 95 % CI, − 8.09 to 3.96; P = 0.50).

5.3. Duration of hospital stay

Three trials reported the effects of etomidate on the duration of hospital stay when compared to comparator drugs (Fig. 4C) [4,5,
14]. The combined data suggested that there was no difference in the duration of hospital stay among patients receiving etomidate and
comparator drugs (MD, − 0.62 d; 95 % CI, − 2.25 to 1.00; P = 0.45).

5.4. Hemodynamics and vasopressor requirement after induction and intubation

Ten studies reported the SBP, DBP, MAP, or HR before induction, before intubation, immediately after intubation, 1 min after
intubation, 2 min after intubation or 3 min after intubation (Fig. 5) [2,3,9–11,13,16–19]. The SBP, DBP and HR of patients receiving

Fig. 3. Effect of etomidate on all-cause 30-day mortality.

Fig. 4. Effect of etomidate on (A) duration of tracheal intubation in hours, (B) duration of ICU stay in hours, and (C) duration of hospital stay
in days.
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etomidate and comparator drugs were comparable before induction and before intubation. Immediately after intubation, the SBP, DBP
and HR of the patients in the etomidate group were higher than that in the control groups (Fig. 5). The DBP and MAP of the patients
receiving etomidate were also higher than those in the control groups at the time point of 1 min after intubation. However, at the time
points of 2 min after intubation and 3 min after intubation, the MAP, SBP, and DBP of patients receiving etomidate and comparator
drugs became similar. The HRwas significantly lower in the etomidate group compared with the control at the time point of 3 min after
intubation; for the rest of the other time points, the HR between the etomidate and control groups was comparable (Fig. 5). The
calculation for other hemodynamic parameters is shown in Table 2.

Nine studies reported the use of vasopressors after induction and intubation of patients receiving etomidate compared with
comparator drugs (Fig. 6) [2,3,11,12,15,17–20]. The requirement of vasopressors after induction and intubation was significantly
reduced with etomidate compared with those with comparator drugs (RR, 0.37; 95 % CI, 0.25 to 0.56; P < 0.00001).

5.5. Cortisol levels and adrenal insufficiency

Three trials reported the cortisol levels of patients at different time points perioperatively [5,14,17]. The combined data showed
that the cortisol levels were significantly lower in the patients with etomidate compared with those with comparator drugs during
bypass until 12 h after induction (During bypass, MD, − 5.46; 95 % CI, − 6.69 to − 4.23; P < 0.00001; after bypass, near the end of
surgery, MD, − 15.61; 95 % CI, − 17.13 to − 14.08; P < 0.00001; 8 h after induction, early period of induction, MD, − 26.00; 95 % CI,
− 40.12 to − 11.88; P = 0.0003; 12 h after induction, MD, − 7.14; 95 % CI, − 10.01 to − 4.27; P < 0.00001) (See Fig. 7). The cortisol
levels became comparable between patients receiving etomidate and comparator drugs beginning the first day post-surgery (Post--
surgery day 1, MD, − 2.88; 95 % CI, − 6.54 to 0.78; P = 0.12; Post-surgery day 2, MD, − 2.72; 95 % CI, − 7.12 to 1.68; P = 0.23) (See
Fig. 8).

Two studies reported the incidence of AI. Basciani et al. reported absolute AI, which was defined as a maximum serum cortisol
concentration less than 500 nmol/L after ACTH stimulation, and relative AI, which was defined as an increase in serum cortisol
concentration less than 248 nmol/L after ACTH stimulation irrespective of basal cortisol concentration [4]. They found that the
incidence of relative AI was higher in patients receiving etomidate compared with propofol. The other study by Morel et al. reported
adrenal insufficiency, which was defined as a cortisol response of less than 250 nmol/L after a 250 μg i. v. bolus of tetracosactide [14].
They found that the incidence of relative AI was higher in the etomidate group at 12 h and 24 h after anesthesia induction.

5.6. Adverse events

Perioperative adverse events were reported in several studies (Table 3). The reported adverse events were diverse and recorded at
different time points following induction and intubation, and the definitions of AE in the included studies differed. Therefore, whether
the use of etomidate is associated with an increased incidence of adverse events is inconclusive.

5.7. Myoclonus

Four studies included the incidence of myoclonus as an outcome of interest (Fig. 9) [13,16–18]. The analysis demonstrated that the
use of etomidate tended to increase the risk of myoclonus compared with comparator drugs (RR, 5.00; 95% CI, 0.91 to 27.56; P= 0.06)
(see Fig. 10).

Fig. 5. Effect of etomidate on (A) systolic blood pressure in mmHg (SBP), (B) diastolic blood pressure (DBP) in mmHg, (C) mean arterial pressure
(MAP) in mmHg, and (D) heart rate (HR) in bpm. Data are expressed as mean ± standard deviation (SD).
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Table 2
Effects of etomidate on hemodynamic parameters.

Outcome Time points Studies Participants Statistical method Effect estimate

Cardiac output (CO, L/min) Before induction 4 182 MD (IV, random, 95 %
CI)

0.04 [-0.43, 0.50]

Before intubation 4 182 MD (IV, random, 95 %
CI)

0.28 [-0.00, 0.57]

0 min after
intubation

2 82 MD (IV, random, 95 %
CI)

0.07 [-0.22, 0.35]

2 min after
intubation

2 100 MD (IV, random, 95 %
CI)

0.72 [-0.26, 1.70]

Cardiac index (CI, L/min/m2) Before induction 13 440 MD (IV, random, 95 %
CI)

0.12 [-0.07, 0.30]

Before intubation 8 300 MD (IV, random, 95 %
CI)

0.16 [0.05, 0.27]

0 min after
intubation

2 90 MD (IV, random, 95 %
CI)

0.04 [-0.13, 0.20]

1 min after
intubation

7 170 MD (IV, random, 95 %
CI)

0.43 [0.16, 0.71]

2 min after
intubation

3 120 MD (IV, random, 95 %
CI)

0.38 [-0.05, 0.80]

Stroke volume (SV, mL) Before induction 4 190 MD (IV, random, 95 %
CI)

− 2.78 [-8.49, 2.92]

Before intubation 3 130 MD (IV, random, 95 %
CI)

2.90 [-3.33, 9.13]

0 min after
intubation

1 30 MD (IV, random, 95 %
CI)

− 1.00 [-12.47, 10.47]

2 min after
intubation

2 100 MD (IV, random, 95 %
CI)

2.56 [-8.22, 13.34]

Stroke volume index (SVI, mL/beat/m2) Before induction 8 190 MD (IV, random, 95 %
CI)

0.87 [-2.24, 3.97]

Before intubation 4 110 MD (IV, random, 95 %
CI)

1.10 [-1.47, 3.67]

1 min after
intubation

7 170 MD (IV, random, 95 %
CI)

3.48 [-0.19, 7.15]

2 min after
intubation

1 20 MD (IV, random, 95 %
CI)

0.00 [-6.87, 6.87]

Central venous pressure (CVP, mmHg) Before induction 9 322 MD (IV, random, 95 %
CI)

0.44 [-0.08, 0.97]

Before intubation 9 322 MD (IV, random, 95 %
CI)

0.65 [0.16, 1.14]

0 min after
intubation

3 112 MD (IV, random, 95 %
CI)

− 0.34 [-0.86, 0.18]

1 min after
intubation

3 90 MD (IV, random, 95 %
CI)

0.24 [-1.85, 2.32]

2 min after
intubation

3 120 MD (IV, random, 95 %
CI)

1.05 [0.06, 2.04]

Systemic vascular resistance (SVR, dyne⋅s/cm5) Before induction 5 212 MD (IV, random, 95 %
CI)

− 1.50 [-148.32, 145.31]

Before intubation 5 212 MD (IV, random, 95 %
CI)

70.68 [-24.40, 165.76]

0 min after
intubation

3 112 MD (IV, random, 95 %
CI)

− 69.51 [-263.54, 124.52]

2 min after
intubation

2 100 MD (IV, random, 95 %
CI)

63.93 [-84.92, 212.77]

Systemic vascular resistance index (SVRI, dyne⋅s/
cm5/m2)

Before induction 5 170 MD (IV, random, 95 %
CI)

− 0.27 [-211.24, 210.70]

Before intubation 4 110 MD (IV, random, 95 %
CI)

138.99 [-270.51, 548.48]

1 min after
intubation

3 90 MD (IV, random, 95 %
CI)

365.67 [135.78, 595.56]

2 min after
intubation

1 20 MD (IV, random, 95 %
CI)

− 300.00 [-1014.39,
414.39]

Mean pulmonary arterial pressure (MPAP, mmHg) Before induction 3 120 MD (IV, random, 95 %
CI)

1.20 [-0.56, 2.95]

Before intubation 3 120 MD (IV, random, 95 %
CI)

1.58 [-0.47, 3.63]

2 min after
intubation

3 120 MD (IV, random, 95 %
CI)

2.25 [0.56, 3.95]

Pulmonary capillary wedge pressure (PCWP,
mmHg)

Before induction 6 272 MD (IV, random, 95 %
CI)

0.65 [-0.37, 1.66]

(continued on next page)
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6. Discussion

This meta-analysis showed that etomidate did not affect the mortality of patients undergoing cardiac surgery compared with
comparator drugs. There was no difference in the duration of tracheal intubation, the length of stay in ICU and hospital between
etomidate and comparator drugs. The patients with etomidate demonstrated more stable hemodynamics after induction and intu-
bation compared with those with comparator drugs. The requirement of vasopressor agents after induction and intubation was
significantly reduced with etomidate compared with those with comparator drugs. Cortisol levels were significantly lower in the
patients with etomidate compared with those with comparator drugs during bypass until 12 h after induction. The cortisol levels

Table 2 (continued )

Outcome Time points Studies Participants Statistical method Effect estimate

Before intubation 5 212 MD (IV, random, 95 %
CI)

1.88 [1.26, 2.50]

0 min after
intubation

3 112 MD (IV, random, 95 %
CI)

0.73 [-0.04, 1.50]

2 min after
intubation

2 100 MD (IV, random, 95 %
CI)

1.60 [0.14, 3.20]

Pulmonary vascular resistance (PVR, dyne⋅s/cm5) Before induction 4 190 MD (IV, random, 95 %
CI)

14.40 [2.37, 26.44]

Before intubation 4 190 MD (IV, random, 95 %
CI)

9.99 [-0.79, 20.77]

0 min after
intubation

2 90 MD (IV, random, 95 %
CI)

7.41 [-1.99, 16.81]

2 min after
intubation

2 100 MD (IV, random, 95 %
CI)

2.97 [-22.32, 28.25]

MD, mean difference; IV, inverse variance; CI, confidence interval.

Fig. 6. Effect of etomidate on vasopressor requirement after induction and intubation.

Fig. 7. Effect of etomidate and control on cortisol levels in μg/dL. Data are expressed as mean ± standard deviation (SD).
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became comparable between patients with etomidate and comparator drugs from the first day post-surgery. The use of etomidate
tended to increase the risk of myoclonus compared with comparator drugs.

Etomidate, an imidazole derivative, first introduced into clinical practice in 1972, causes peripheral vasoconstriction, which
contributes to its cardiovascular stability. Etomidate does not inhibit myocardial contractility in the clinical concentration ranges and
has little effects on heart rate and blood pressure in patients with cardiovascular diseases or under the condition of hemorrhagic shock
[21–23].

Post-induction hypotension has been associated with adverse outcomes, including extended duration of ICU stays, and post-
operative ventilation requirement, and increased morbidity [24,25]. Patients with a compromised cardiovascular system and a need
for cardiac surgery demand sufficient sympathetic tone to maintain their blood pressure and cardiac output. Because of its benign
hemodynamic effects, etomidate has been one of the hypnotic drugs of choice for general anesthetic induction in patients undergoing
cardiac surgery, in those with poor cardiac function, and in those who are critically ill. Whether etomidate offers long-term beneficial
effects needs further clinical investigation.

Adverse effects associated with etomidate include pain on injection, postoperative nausea and vomiting, and myoclonus during
induction [26,27]. The major concern with the clinical use of etomidate is its ability to suppress adrenal steroidogenesis through
inhibition of the enzyme 11β-hydroxylase, which lasts 48 h after a single induction does in critically ill patients without sepsis [28].
The clinical relevance of adrenal suppression after a single dose of etomidate for induction is controversial. In addition, whether
etomidate impairs patient outcome depends on different clinical scenarios. A multicenter RCT that included patients that needed
sedation for emergency intubation demonstrated that there was no difference in the mean maximum sequential organ failure
assessment (SOFA) score, or the intubation conditions between the etomidate and ketamine groups; however, the incidence of adrenal

Fig. 8. Effect of etomidate on cortisol levels in μg/dL.
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insufficiency was significantly higher in the etomidate group [29]. Regarding septic patients whose adrenal cortical function may
already be insufficient, a meta-analysis in 2012 that included randomized controlled trials and observational studies found that
administration of etomidate for rapid sequence intubation is associated with higher rates of adrenal insufficiency and mortality in
patients with sepsis [30]. To patients with a compromised cardiovascular system who are scheduled for cardiac surgery, it is important
to maintain stable hemodynamics peri-operatively because of limited cardiac functional reserve, myocardial ischemic risk, or valvular
heart disease. A prospective cohort study that included 120 elective cardiopulmonary bypass patients showed that 88 % of patients

Table 3
Adverse events reported in the included clinical trials.

Event Study Etomidate Control Timepoint Manifestations of adverse events

Events Total Events Total

Myocardial ischemia Butterworth
1989

3 9 0 11 Following
induction and
intubation

ST segment depression, or a large, new
V wave during pulmonary artery
balloon occlusion

Butterworth
1989

4 8 6 9 Following
operation

ST segment changes

Tassani 1998
(1)

0 25 0 25 From baseline to 5
min after
intubation

Based on ST-segment analysis and
PCWP pressure tracing

Tassani 1998
(2)

0 25 0 25 From baseline to 5
min after
intubation

Based on ST-segment analysis and
PCWP pressure tracing

Myocardial infarction Butterworth
1989

2 8 0 9 Following
operation

A new Q wave

Acute coronary syndrome Morel 2011 4 51 6 49 Following
operation

New Q waves or ST-segment elevation
on a 12-lead electrocardiogram

Cardiovascular complications Morel 2011 0 51 3 49 Following
operation

Refractory cardiogenic shock, or
ventricular arrhythmia with
cardiogenic shock and cerebral stroke

Acute respiratory failure Morel 2011 1 51 1 49 Following
operation

NA

Acute renal failure Morel 2011 1 51 1 49 Following
operation

NA

Postoperative complications Morel 2011 1 51 4 49 Following
operation

Mediastinitis, or acute mediastinal
bleeding

Atrial fibrillation Raksakietisak
2015

3 13 3 11 Following
operation

NA

Sanal 2013 (1) 0 20 1 20 From baseline to
15 min after
intubation

NA

Bradycardia Raksakietisak
2015

0 13 1 11 Following
operation

Bradycardia requiring permanent
pacemaker

Sanal 2013 (2) 0 20 1 20 From baseline to
15 min after
intubation

NA

Cardiogenic pulmonary edema Raksakietisak
2015

0 13 1 11 Following
operation

NA

Ventricular extra systole Sanal 2013 (1) 0 20 3 20 From baseline to
15 min after
intubation

NA

Tachycardia Sanal 2013 (1) 1 20 0 20 From baseline to
15 min after
intubation

NA

Sanal 2013 (2) 1 20 0 20 From baseline to
15 min after
intubation

NA

Sanal 2013 (3) 1 20 0 20 From baseline to
15 min after
intubation

NA

Ventricular ectopic beats Sanal 2013 (2) 0 20 1 20 From baseline to
15 min after
intubation

NA

Adrenal crisis (unexplained
hypotension, hyponatremia,
hyperkalemia, or
hypoglycemia)

Raksakietisak
2015

0 13 0 11 NA NA

Delirium Raksakietisak
2015

1 13 0 11 Following
operation

NA

PCWP, pulmonary capillary wedge pressure.
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that received etomidate developed relative adrenal insufficiency [31]. A retrospective cohort study that included 8978 patients who
underwent CABG, valve, or combined valve/surgery, found that etomidate was not associated with increased incidence of post-
operative atrial arrhythmia or increased intensive care unit or hospital stay [32]. In our study, the calculation demonstrated that
cortisol levels were significantly lower in the patients with etomidate compared with those with comparator drugs until the first
post-surgery day. These results align with the outcomes reported in a meta-analysis conducted by Yao et al., in 2021 [6].

In addition, etomidate may increase the risk of postoperative infections and sepsis, which is a fundamental concern for clinicians. A
higher rate of hospital-acquired pneumonia was observed with the use of etomidate for anesthesia induction in trauma patients [33]. A
large RCTs published in 2022 reported that, compared with propofol, more patients in the etomidate group developed pneumonia
when used for induction and maintenance of general anesthesia in older patients undergoing abdominal surgery [34]. A recent
retrospective study found that a single dose of etomidate, compared to propofol, is not statistically associated with higher post-
operative sepsis rates in cardiac surgery but is associated with more hospital-acquired pneumonia [35]. However, after a thorough
review of all included studies, we found that only two studies reported data on this aspect. Morel et al. reported that several patients
died of postoperative mediastinitis but provided no further details [14]. Bendel et al. reported no differences in the incidence of in-
fections after cardiac surgery between patients receiving propofol and those receiving etomidate [12]. Future RCTs on etomidate
should include postoperative infections and sepsis as standardized endpoints, as defined by the Standardized Endpoints in Periop-
erative Medicine (StEP) initiative [36]. Future RCTs should consider reporting adverse effects, especially postoperative infections and
sepsis, as well as providing a complete anesthesia protocol, including the actual etomidate doses, vasopressor use in the ICU, and
steroid supplements post-surgery.

Several limitations should be pointed out when interpreting the results of the meta-analysis. First, heterogeneity was detected for
some of the secondary outcomes. Types of cardiac surgeries, the clinical profiles of the included patients, severity of cardiovascular
diseases, type of comparative drugs, and differences in clinical practice and anesthetic protocol varied across the included studies. In
addition, although we incorporated the findings of all pertinent RCTs, our conclusion was derived from a relatively limited number of
trials, which may potentially result in our study being underpowered to detect any concealed yet statistically significant differences
between etomidate and comparator drugs, making the findings of no significant difference prone to a Type II error. Theoretically, an
ideal RCT would require at least 4000 patients to detect a 10 % difference in mortality between the etomidate and comparator groups,
based on our analysis. In summary, there is insufficient evidence to show that etomidate leads to worse outcomes, such as increased
mortality, in patients undergoing cardiac surgery. However, this finding is based on a limited number of studies. Although the cortisol
levels were lower in patients with etomidate until the first-day post-surgery, the incidence of adverse events was not increased
compared with comparator drugs. Regarding that the requirement of vasopressors after induction and intubation was reduced with

Fig. 9. Effects of etomidate on incidence of myoclonus.

Fig. 10. Funnel plot.
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etomidate compared with those with comparator drugs, and etomidate offered a more stable hemodynamic profile. Although this
difference was statistically significant, it may not be clinically relevant given the lack of effect on all-cause 30-daymortality, ICU length
of stay, and hospital length of stay, and these findings were based on a relatively small sample size. Larger, high-quality randomized
trials of etomidate are needed for further investigation, with a focus on long-term mortality, and requirement of vasopressors in ICU.

In summary, this systematic meta-analysis found a significant heterogeneity among included studies. In addition, most studies
focused only on the hemodynamic profile of etomidate. Thus, efficacy and safety of etomidate could not be answered within this
context. Nevertheless, for patients undergoing cardiac surgery, etomidate seems to offer a minimal beneficial cardiovascular profile in
comparison with other agents during induction and intubation. However, improved hemodynamics did not improve clinical outcomes
as Etomidate did not affect mortality, duration of tracheal intubation, the length of stay in ICU and hospital. Finally, infectious side
effects as one important trigger for increased mortality in ICU patients due to the use of Etomidate could not be analyzed as data were
mostly missing.
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