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Abstract

Background: Severe Cushing syndrome is a medical emergency. Etomidate is the only IV option available for treating hypercortisolism,
especially in critically ill patients obviating oral medications.

Methods: A systematic review and meta-analysis were conducted on the use of etomidate in the treatment of severe Cushing syndrome. This was
registered in PROSPERO, and data reporting was done as per the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
Thirty-six published articles comprising 76 clinical cases of 78 clinical episodes of etomidate use were included in the analysis for this review.

Results: Etomidate was administered safely to patients with ages ranging from 2 months to 82 years. It served as the first-line treatment in 53.2%
of the cases, with 84.3% of patients treated in intensive care unit (ICU) settings. Infusion durations varied from 3 hours to 5.5 months, but 84.8% of
treatments were completed in under 2 weeks. Faster cortisol reduction rates were observed in patients with higher baseline cortisol levels (P=.02),
those receiving a prior bolus dose (P=.015), and those given higher initial infusion rates (P=.004). Etomidate as first-line therapy (P=.01) and in ICU
settings (P<.01) were associated with more rapid cortisol reduction compared to its use as subsequent therapy or in non-ICU settings. Overall,
80.9% of patients survived to receive definitive treatment.

Conclusion: Etomidate is effective and safe for reducing cortisol levels in Cushing syndrome. There is a need for standardized guidelines on

etomidate use, including detailed recommendations for different clinical settings and patient conditions to ensure safety and effectiveness.

Key Words: etomidate, severe Cushing syndrome, Cushing’s disease, hypercortisolism, cortisol

Severe Cushing syndrome (SCS) is characterized by elevated se-
rum cortisol levels (>41 pg/dL or 1100 nmol/L, when not due to
physiological causes) or a 24-hour urinary free cortisol (UFC)
level exceeding 5 times the upper limit of normal, often accom-
panied by severe hypokalemia (<3.0 mmol/L) and recent-onset
complications such as sepsis, opportunistic infections, uncon-
trolled hypertension, heart failure, uncontrolled hyperglycemia,
gastrointestinal hemorrhage, peritonitis with gut perforation,
acute psychosis, progressive debilitating myopathy, and
thromboembolism [1]. SCS is generally considered very severe
when UFC exceeds 10 times the upper limit of normal [2].
SCS poses a challenging medical emergency with high mor-
tality and morbidity rates due to severe hypercortisolism and
its associated complications [1, 3, 4]. Immediate therapy and
intensive supportive care are crucial to rapidly reduce circulat-
ing cortisol levels, sometimes before identifying the underlying

cause [3, 4]. Bilateral adrenalectomy may be life-saving in se-
vere cases. Preoperative cortisol reduction with medical ther-
apy has been shown to improve surgical outcomes [4-6].

Guidelines recommend using medical therapy, either alone
or in combination, to achieve normalization of cortisol levels,
both clinically and biochemically [3]. Available treatments in-
clude adrenal steroidogenesis inhibitors such as metyrapone,
ketoconazole, fluconazole, mitotane, etomidate, osilodrostat;
pituitary-directed therapies for Cushing’s disease (CD) like
cabergoline, pasireotide; and glucocorticoid receptor antago-
nists such as mifepristone, all currently employed in clinical
practice [1, 3, 6-9].

Etomidate is the sole IV treatment option available, primar-
ily used in critically ill patients with SCS [3, 10, 11]. Originally
developed as an anesthetic induction agent in 19635, etomidate
was initially favored for its safety profile, including its
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hemodynamic stability, cerebral protection, and minimal re-
spiratory depression at therapeutic doses [12-14]. However,
concerns arose in 1983 regarding its use in intensive care
due to increased mortality in patients receiving
prolonged infusions compared to benzodiazepines [15].
Further investigation revealed etomidate’s potent inhibition
of adrenal steroidogenesis through its action on cytochrome
P450-dependent enzymes, particularly 11p-hydroxylase,
with lesser effects on other enzymes involved in steroid syn-
thesis [14-20].

Clinical application of etomidate to treat hypercortisolism
began in the late 1980s, demonstrating its efficacy in suppress-
ing adrenal function within hours at subhypnotic doses [3,
21]. Recommendations include initial IV administration
with a loading dose of 3 to 5 mg, followed by a continuous in-
fusion adjusted to achieve stable serum cortisol levels [3, 23].
Due to its pharmacokinetic properties—75 % protein binding,
large volume of distribution, primarily renal excretion—lower
doses may be required in patients with renal impairment or in
the elderly [12, 22, 24, 25]. Etomidate formulations typically
include propylene glycol, necessitating central venous admin-
istration to minimize local complications [3, 12, 14, 25-27].

Given the ongoing clinical need for effective and safe ther-
apies for SCS, this systematic review evaluates the overall ef-
fectiveness and safety of etomidate, aiming to inform and
guide clinical practice.

Methods

Planning, Registration, and Reporting

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were used in reporting
the study. The review protocol was registered in
PROSPERO with registration number CRD42022343860.
The PICO statement was composed as “safety (ie, occurrence
of adverse drug reactions) and effectiveness (ie, complete or
partial recovery) parameters of etomidate among patients
with SCS in studies with or without a comparison group.”

Literature Search and Article Screening

The literature search was done in EMBASE [28]
(Supplementary File 1), PubMed, and Cochrane databases.
The primary search was done from the inception of the data-
bases up to December 28, 2021. Relevant keywords and sub-
ject headings were used in the search. The following search
terms were used to search all databases: high cortisol OR
hypercortisolemia OR hypercortisolaemia OR Cushing OR
Cushing OR Cushing syndrome OR Cushing disease AND
etomidate. The search strategy used in EMBASE and
PubMed has been annexed [29] (Supplementary File 2). The
reference lists of the selected articles were explored for any po-
tential further studies. Furthermore, a secondary search was
done up to February 6, 2022.

The article screening was done in 2 rounds using 3 screening
questions: (1) whether the article describes research done on a
case(s) of SCS (as defined earlier) treated with etomidate, (2)
whether the study presents primary data on use of etomidate,
and (3) whether the article includes quantifiable outcomes re-
lated to effectiveness or safety.

Two reviewers independently screened articles in 2 rounds
using these 3 eligibility questions. In the first round, screening
was done using titles and abstracts. In the second round,
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Figure 1. The flow diagram of study selection. This flow diagram shows
the stepwise process of article selection and reasons for exclusion of
articles prior to finalizing the articles used for the systematic review.
There were 283 articles identified from the Embase search, 125 more
from the Pubmed search, 4 more from the Cochrane search, and 18
more additional records from citation tracking. One recently published
article by the same authors in Sri Lanka was also included. After detailed
review and exclusion of articles, 36 articles were used for the systematic
review.

complete articles were reviewed. Any discrepancies in study
selection were adjudicated by the senior author. The flow dia-
gram of article selection is shown in Fig. 1 and describes the
stepwise process of excluding articles not used for the review.
One hundred fifty articles were excluded due to not being dir-
ectly relevant to the study; examples were articles with etomi-
date used solely as an anesthetic agent in patients without
Cushing syndrome, articles in which hypercortisolism did
not account for Cushing syndrome, articles on Cushing syn-
drome with no details on treatment, articles with pituitary ad-
enoma not accounting for CD, and articles not related to
Cushing syndrome but an author’s name being “Cushing”
(n=1). Following this process, 36 articles were identified,
and 2 articles were found to be describing the same content
[ie, the case report titled “Continuous Etomidate for the
Management of Cushing’s Syndrome Complicated by
Pulmonary Nocardiosis” by Hays et al published in the
Journal of Pharmacy Practice was published again in the
same year (2021) titled “Use of Continuous Etomidate
Infusion to Rapidly Correct Hypercortisolism in a Patient
with Disseminated Nocardiosis” by Tasleem et al in Cereus:
Journal of Medical Science) [30, 31]. Hence a total of 35
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articles were eligible for the systematic review. A Sri Lankan
case study of 9 cases that was recently published in July
2024 was also included [32].

Risk of Bias Assessment and
Data Extraction Process

It was initially planned to use the Joanna Briggs Institute risk
of bias (RoB) assessment tools for case reports and case series,
GRADE criteria for any other observational studies or
randomized clinical trials, and ROBINS-1 criteria for non-
randomized trials [33, 34]. Since the selected articles included
only case reports and case series, the Joanna Briggs Institute
tools were used for the RoB assessments. Two reviewers inde-
pendently completed the RoB assessments, and a third review-
er intervened in any discrepancies.

Data Extraction and Narrative Synthesis

Data extraction utilized a predefined template comprising 62
items [29] (Supplementary File 2), covering study type, patient
characteristics, investigation findings, etomidate dosing regi-
mens with or without other medications, and outcomes.

The cortisol drop rate was computed by dividing the differ-
ence between the highest recorded cortisol level immediately
before etomidate administration and the lowest recorded cor-
tisol level after infusion initiation by the time taken to achieve
this difference in hours. Infusion rates were categorized as
“recommended,” “high,” and “low” based on guidelines
from the Endocrine Society [3]. Patients treated in intensive
care units (ICU) or high dependency units (HDU) were
grouped under “ICU setting,” while those treated in regular
wards were categorized as “non-ICU setting.” Patients receiv-
ing etomidate as a second or subsequent line of treatment were
classified under “subsequent line.”

Given the significant clinical and methodological diversity
observed, pooled analyses were not pursued. Instead, narra-
tive descriptions were provided for study characteristics,
drug regimen, and patient profiles. A narrative synthesis of
outcomes was structured across selected domains focusing
on effectiveness and safety. Statistical analyses, including chi-
square tests, Mann-Whitney U tests, and Kruskal-Wallis tests,
were performed using Statistical Package for Social Sciences
version 25 to assess differences between groups, considering
all available outcome parameters for each case.

Results

Study Characteristics

The 36 published articles (28 individual case reports, 7 case
series, and 1 case control study) were included [35-37]. Two
individual cases were published as a letter to the editor and
a scientific letter but included the primary data of patients.
These publications were published from 1986 to 2021, and
1 case study was recently published from Sri Lanka in July
2024, written by the same authors. All articles documented
the underlying etiology of Cushing’s syndrome and reported
other patient characteristics [age or age range and sex were
documented in 75/76 cases (98.7%); cortisol burden was
documented in 74/78 cases (94.9%)].

Patient Characteristics

This review included a total of 76 (n=76) patients who re-
ceived etomidate in 78 clinical episodes. The majority were

in the fourth to sixth decades of life with a 1:1 male:female ra-
tio (sex and age were not documented in 1 case among 7 cases,
respectively). Table 1 shows the age, sex, and highest basal
cortisol level distribution among the participants across the
studies. Etomidate was used safely in patients aged 2 months
to 82 years with successful outcomes [38, 39].

Multiple complications due to the disease condition
were reported: hypertension (n = 37); diabetes (n = 30); hypo-
kalemia (n=435); metabolic alkalosis (n=15); myopathy
(n=27); psychosis and mental illness (n = 20); infection/sepsis
(n=36); thrombosis (n = 6) [40]; fractures (n = 8); and other
rare complications such as cerebral hemorrhage, hypertensive
encephalopathy, and cardiac involvement.

Indications for Etomidate Therapy

Etomidate was primarily administered to manage hypercortis-
olism in 98.7% of cases (77 out of 78), with secondary uses
including psychosis control in 10 cases and anesthesia induc-
tion in 1 case reported in 1986, where cortisol reduction was
an observed secondary effect [23].

Among the cases reviewed, etomidate was utilized as a first-
line agent in 53.2% (33/62), as a second-line treatment in
32.2% (20/62), and as a subsequent option in 14.5% (9/62).
It was often chosen as the initial treatment when patients
were unable to take oral medications due to reasons such as
mechanical ventilation (4 cases), psychosis (7 cases), severe
abdominal sepsis (3 cases), renal dysfunction (2 cases), lack
of availability of other medications (1 case), severe complica-
tions with organ dysfunction (5 cases), or participation in a re-
search protocol (12 cases). In cases where oral medications
were no longer feasible, etomidate was used as a second-line
or subsequent treatment due to factors like ventilation during
other therapies (11 cases), psychosis leading to oral medica-
tion refusal (6 cases), gut perforation with sepsis (2 cases), fail-
ure to achieve cortisol normalization with previous therapies
(15 cases), or intolerance and side effects including liver dys-
function (10 cases).

Etomidate was administered alone in 50/62 patients and in
combination with other drugs in the remaining 10 cases (keto-
conazole in 10 cases, metyrapone in 1 case, and mifepristone
in 1 case). It was used despite the presence of organ dysfunc-
tion such as renal failure (8 cases), liver dysfunction (11 cases),
cardiac failure (3 cases), and respiratory failure (3 cases).

Etomidate Regime

Setting: ICU vs non-ICU

The majority of patients (84.3%, n = 54/64) were treated in an
ICU (n=53)/HDU (n=1) and 3 were treated in the ward set-
ting with close monitoring [38]. There were 10 cases that de-
scribed the initiation of etomidate in a non-ICU setting, later
transferring to an ICU setting. ICU was selected as the setting
in a majority of the cases due to life-threatening disease requir-
ing ventilation. Thirteen cases that initiated or continued eto-
midate in a non-ICU setting were from 2 case series; 10/13
were from the study published in 2020 comparing etomidate
use in an ICU vs non-ICU setting [38].

Duration of the infusion

The duration of etomidate infusion varied widely, ranging
from 3 hours (for anesthesia induction) to 5.5 months (for pal-
liative care). Excluding these extreme cases, the average
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Table 1. Distribution of age, sex, and highest cortisol level among the participants

Sex Age category (years) Highest basal cortisol (nmol/L)

M F NR <10 11-30 31-60 >60 NR <1000 1000-2000 2000-3000 >3000 NR
CD 9 11 2 4 10 1 6 10 — 3 1
ECS 19 16 — 5 17 11 2 1 19 4 11 1
ACC 7 7 1 4 5 2 9 2 2
Benign adrenal lesions 2 4 1 2 — 3 — 4 — 1 —
Total 37 38 1 5 13 34 17 7 13 40 6 17 2
Total 76 76 78

Abbreviations: ACC, adrenocortical cancer; CD, Cushing’s disease; ECS, ectopic ACTH syndrome; NR, not reported.

duration of infusion was 8.74 days, with durations spanning
from 8 hours to 58 days. Etomidate was used for less than
2 weeks in the majority of cases, accounting for 84.8%
(56 out of 66), while it was administered for longer durations
in 10 cases: 2 to 4 weeks in 5 cases and more than 4 weeks in
S cases [41].

Patients with malignancies, specifically adrenal cortical car-
cinoma (ACC), ectopic ACTH-dependent Cushing’s syn-
drome (EAS), and CD, had longer average infusion
durations: 7.33 days for ACC (14 cases), 11.92 days for
EAS (27 cases), and 6.63 days for CD (12 cases). Patients
with benign adenomas or hyperplasia received etomidate for
an average of 3.86 days (5 cases).

Dosage regimes

Administration of a bolus prior to infusion. Etomidate bo-
luses were administered in 24 cases, followed by infusions
starting at various rates: low (12 cases), recommended
(5 cases), and high (7 cases). A bolus dose was given in only
1 case outside of an ICU setting (2.5 mg). Of these, 15 out
of 24 patients received the bolus according to Caroll et al’s
protocol [42]. The bolus doses were given as 0.3 mg/kg
(9 cases), 2.5 mg (3 cases), 5 mg (9 cases), 10 mg (1 case),
and 0.05 mg/kg (1 case). The average baseline serum cortisol
level was 2486 nmol/L in the bolus group and 1976 nmol/L
in the group that did not receive a bolus.

Etomidate infusion rate. Infusion rates were documented
in 72 cases, with 39 cases (54%) adhering to guideline-
recommended doses [2]. The most frequently used starting
infusion rates were 0.03 mg/kg/hr (10 cases), 0.04 mg/kg/hr
(4 cases), and 2.5 mg/hr (11 cases). Fourteen cases started
with high doses, and 19 cases began with low doses, with up-
titration reported in 7 cases. Low starting rates included
0.02 mg/kg/hr (14 cases, 3 uptitrated), 2 mg/hr (3 cases, 2 up-
titrated), 1 mg/hr (1 case), and 1.25 mg/hr (2 cases, both upti-
trated). In 12 out of 19 cases, a low infusion rate followed an
initial bolus.

The highest reported infusion rate was 6 mg/kg/hr (0.1 mg/kg/
min), with other commonly used higher doses including 0.3 mg/
kg/hr (9 cases), 8 mg/hr, 15 mg/hr, and 16 mg/hr. High doses
were administered according to Caroll et al’s protocol (9 cases),
in cases of high basal serum cortisol (>3000 mmol/L, 2 cases),
for anesthesia induction (1 case), and for psychosis control (1
case) [42]. Krakoff et al documented a case where etomidate
was used for 5.5 months at varying rates, including high rates
during surgery and low-rate prolonged infusion during renal

failure [43]. Except for 3 cases published in 2020, high rates
were utilized before the publication of the Endocrine Society
guidelines in 2015 [3, 38].

In cases not treated in ICU settings, Endocrine Society clin-
ical practice guideline-recommended doses or lower starting
doses (0.02 mg/kg/hr to 0.04 mg/kg/hr or 2-3 mg/hr) were
predominantly used [3]. Infusion rates were safely uptitrated
to 0.08 mg/kg/hr and 5 mg/hr in ward settings without re-
ported side effects, continuing for durations ranging from 8
to 58 days.

Though most cases had not specifically described how the
etomidate infusion was diluted and prepared, Carroll et al
described 9 cases of diluted 2 mg/mL of Etomidate Lipuro
solution in a 1:1 ratio with 5% dextrose in water forming a
1 mg/mL concentration [42].

Use of block and replacement strategy. Eighteen cases uti-
lized a block and replacement strategy. Among them, 3 cases
had basal serum cortisol levels below 1000 nmol/L, 10 be-
tween 1000 and 2000 nmol/L, and 4 exceeding 3000 nmol/L.
All patients receiving block and replacement therapy were
treated in ICU settings, achieving the lowest serum cortisol
values ranging from 140 to 463 nmol/L through infusion titra-
tion. The outliers of this lowest cortisol range were a patient
whose lowest cortisol was 36 nmol/L prior to adding the
hydrocortisone infusion and a patient whose lowest cortisol
was recorded as 4110 nmol/L, a significant drop from the
baseline cortisol, which was 13 000 nmol/L. The lowest re-
corded cortisol level was recorded before starting steroids in
12 cases and after starting steroids in 3 cases, and the timing
of the lowest recorded cortisol was not recorded in 3 cases.

An etomidate bolus was administered in only 1 case em-
ploying block and replacement therapy [31]. Steroid replace-
ment was administered alongside etomidate infusion at low
rates (1 case), high rates (4 cases), and recommended rates
(12 cases). The duration of block and replacement comprising
the combination of etomidate and steroids ranged from
72 hours to 2.7 months (1920 hours). Initiation of steroids
as part of the block and replacement regime after commen-
cing etomidate ranged from 30 hours to 7 weeks. In the
case where etomidate was administered for 5.5 months, con-
comitant steroid replacement was introduced 7 weeks after
commencing etomidate and continued for 2.7 months [43].
Hydrocortisone was used as the steroid in 7 cases and dexa-
methasone in 2 cases. Steroids were administered as bolus
doses in 5 cases and as infusion in 6 cases, while the other
cases did not specify the steroid regime.
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Monitoring during treatment. All patients received close
monitoring by expert teams, with assessments conducted
every 4 to 8 hours, including frequent serial cortisol level
measurements to guide dose titration. Sedative scores were
mentioned in only 13 cases. Clinical and biochemical param-
eters such as blood pressure, serum electrolytes, cortisol, UFC,
plasma ACTH, serum 11-deoxycortisol, testosterone, dihy-
droepiandrosteniodione sulphate, androstenedione, 17 hy-
droxyprogesterone, and blood sugar were monitored using
immunoassay and mass spectrometry techniques. Expert
teams ensured rigorous monitoring throughout the treatment,
with cortisol levels specifically assessed every 4 to 8 hours.

Type of etomidate used. Propylene glycol (PG) was the com-
monly used preparation (n=26), while Lipuro was reported
in 11 cases.

Effectiveness of Etomidate Therapy

Cortisol-lowering efficacy of therapy

Among those with a baseline cortisol level >3000 nmol/L (17
patients), 4 had their lowest cortisol remaining above
1000 nmol/L with a drop of 60% to 75%. These cases in-
cluded individuals with EAS (3 cases) and ACC (1 case) com-
plicated by sepsis and perforated bowel (2 cases), where
cortisol levels above 1000 nmol/L. were deemed acceptable
despite treatment. Notably, 2 patients in this group died while
receiving etomidate, potentially influencing the achieved cor-
tisol levels. The cause of death in these 2 patients was meta-
static cancer with perforated diverticulitis in 1 case and
sepsis, renal failure, and disseminated intravascular coagula-
tion in the other case [32, 42]. Etomidate was used as first-line
treatment in 2 cases, with 1 patient receiving a bolus followed
by a low-rate infusion.

Four out of 17 patients achieved the lowest cortisol level be-
tween 850 and 1000 nmol/L with a drop of 70% to 80%,
while 9 out of 17 achieved cortisol levels below 850 nmol/L
with drops ranging from 82% to 97%, including cases of
ECS (7 cases), CD (1 case), and ACC (1 case).

Among the 43 cases with baseline cortisol levels between
1000 and 3000 nmol/L, all achieved the lowest cortisol levels
below 1000 nmol/L. Thirty out of 43 patients (CD, 8; ACC, 7;
ECS, 14; adrenal adenoma, 1) reached cortisol levels below
450 nmol/L with drops ranging from 69% to 100%, while
11 out of 43 cases (CD, 2; ACC, 3; ECS, 5; adrenal adenoma,
1) lowered cortisol to 450 to 850 nmol/L with drops ranging
from 49% to 76%. All 12 cases with baseline cortisol levels
below 1000 nmol/L achieved the lowest cortisol levels below
450 nmol/L with drops ranging from 44-81%.

In malignancy cases (ECS/ACC), 27 out of 47 patients
achieved cortisol levels <450 nmol/L, with varying results in
other ranges: 13, 3, and 4 cases achieved the lowest cortisol
levels of 450-850 nmol/L, 850-1000 nmol/L, and above
1000 nmol/L respectively. Among benign cases (CD and ad-
renal adenoma), 18 out of 25 achieved cortisol levels
<450 nmol/L.

Etomidate administration showed varied outcomes based
on bolus use and infusion rates: 11 cases achieved cortisol lev-
els below 450 nmol/L with bolus, while 10 achieved 450 to
850 nmol/L, and higher levels were noted in a few cases.
High infusion rates in 14 cases led to cortisol levels below
450 nmol/L in 12 instances with a 76% to 97% cortisol
drop, while low infusion rates in 20 cases resulted in 8

achieving cortisol levels below 450 nmol/L. Out of 13 patients
treated in the non-ICU setting, 7 achieved cortisol levels
<450 nmol/L.

Figure 2 illustrates the distribution of initial cortisol levels,
the magnitude of drop, and the lowest achieved cortisol levels.

Rate of cortisol drop

The rate of serum cortisol drop ranged widely from 3.69 to
224.82 nmol/L/hr. Cases with lower baseline serum cortisol
levels experienced slower cortisol reduction rates, while those
with higher baseline levels showed faster reductions, a statis-
tically significant finding (P =.02). There was no significant
difference in cortisol reduction rates across various causes of
SCS (P =.743). (Table 2)

Patients who received a prior etomidate bolus exhibited
a faster rate of cortisol reduction compared to those with-
out a bolus (P =.015). High initial infusion rates of etomi-
date led to a quicker cortisol reduction compared to
guideline-recommended or low starting rates (P =.004).
(Table 2).

The rate of cortisol reduction was significantly faster when
etomidate was used as first-line therapy compared to subse-
quent therapy (P =.04). Additionally, cortisol reduction rates
were notably higher in ICU settings compared to non-ICU set-
tings (P =.003) (Table 2).

Time to achieve lowest documented cortisol

The time taken to achieve the lowest documented serum cor-
tisol level ranged from 3 to 264 hours (median 38 hours, mean
60.22 hours). In 9 cases, cortisol reached the desired lowest
levels in less than 12 hours; 7 out of these 9 cases were treated
with a high starting infusion rate of etomidate. Conversely, 10
cases took more than 96 hours to achieve the lowest cortisol
levels; among these, 9 had a malignant etiology (6 ECS, 3
ACC) and 4 had a baseline cortisol level exceeding
3000 nmol/L, all treated with either low (6 cases) or recom-
mended starting infusion rates of etomidate.

Patients with higher baseline serum cortisol levels generally
took longer to reach the lowest recorded serum cortisol
level, although this difference was not statistically significant
(P =.593). There were no significant differences observed in
the time required to achieve the lowest cortisol level across dif-
ferent etiologies of SCS or baseline cortisol level categories or
whether a prior etomidate bolus was administered or not
(P >.05). However, patients treated with a higher starting in-
fusion rate of etomidate (P <.01), those receiving etomidate
as first-line therapy (P <.01), and those managed in the ICU
setting (P <.01) required less time to achieve the desired low-
est cortisol level. (Table 2).

Survival
Fifty-one out of 63 patients (80.9%, 15 not reported) were re-
ported to have survived and underwent definitive treatment
for the etiology (n=39; surgery, n = 18; bilateral adrenalec-
tomy, n=7; ECS tumor resection, n = 3; palliative surgery,
n = 6; transsphenoidal adenectomy, n = 6; unilateral adrena-
lectomy,n = 8; medical and oncological treatment n = 3) [44].
Documented overall mortality in the series was 43.6% (n =
24/55), while only 12/63 (19%) died before the next line of
treatment (3 ACC, 8 ECS, 1 bilateral adrenal hyperplasia, 1
CD) (Fig. 3).
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etomidate ranging from 80% to 89.99%.

The youngest patient who died before definitive treatment
was a 14-month-old with bilateral adrenal hyperplasia, com-
plicated by hypertension [45]. Ten patients over 40 years old
had malignancies (ACC or ECS) and severe complications
from Cushing’s syndrome, such as cardiac issues, cerebral
problems, sepsis-related complications, or liver dysfunction.
All had baseline serum cortisol levels >1000 nmol/L, with §
exceeding 3000 nmol/L. Ten were managed in the ICU/HDU
due to severe complications, while 2 were in the ward for pal-
liative care despite severe disease.

Eight patients died during etomidate infusion. Three re-
ceived a prior bolus, and 2 started with a high infusion
rate; all others, including those who died during infusion, re-
ceived etomidate at low or recommended rates. A block and
replacement regimen was used in 2 cases with all but 1 main-
taining cortisol levels above 450 nmol/L; in this exceptional
case, the lowest cortisol recorded was 100 nmol/L. Twelve
patients died after definitive therapy. Statistically significant
differences in survival until definitive therapy were not ob-
served among the comparison groups detailed in Table 2
(P>.05).

Safety and Side Effects

Safety

Etomidate was administered to 8 patients under 20 years old,
including 6 patients under 16 years. Details of 6 pediatric pa-
tients (age < 16 years) aged 2 months, 14 months, 6 years
(3 cases), and 14.7 years are included in Table 3. All pediatric
patients were treated with etomidate exclusively in the ICU
setting, and etomidate was continued for a total of less than
2 weeks in those who had that information. A weight-based
infusion rate of 0.03 mg/kg/hr was used in all pediatric cases
except 1 who followed a fixed rate of 3 mg/kg, the usual
recommended rate for adults. One pediatric patient aged
2 months old received a prior etomidate bolus (0.3 mg/kg),
and others did not. The 14-month-old patient died during eto-
midate infusion, and the 2-month-old died after definitive sur-
gery, while the others survived successfully [45, 46] (Table 3).

In the elderly group (aged >70 years), etomidate was ad-
ministered in both ICU and non-ICU settings with varied dos-
age regimens. Some elderly patients who received etomidate at
a high rate experienced somnolence, and 2 deaths occurred
during infusion. Ten patients with renal impairment received
etomidate safely without adverse effects related to etomidate
or propylene glycol (PG preparation used in 6 cases). A prior
etomidate bolus was administered in some cases, with 2 out of
10 using a high starting dose rate, while others used low or
standard rates. Eight out of 10 patients achieved serum corti-
sol levels <450 nmol/L with etomidate, and all reached their
lowest cortisol levels within 11 to 48 hours. Krakoff et al re-
ported the use of etomidate in a patient with acute renal failure
undergoing haemodialysis, showing continued cortisol level
response [43]. Liver dysfunction caused by SCS or other ther-
apies was considered an indication for initiating etomidate
therapy.

Side effects

Five reported somnolence, and none received a prior etomi-
date bolus [38]. One patient experienced somnolence with a
recommended starting infusion rate of 0.03 to 0.05 mg/kg/hr
over 20 days in a ward, achieving target cortisol levels in
192 hours [38]. The remaining 4 received a high starting infu-
sion rate (0.1-0.3 mg/kg/hr) in the ICU for 1 to 7 days, achiev-
ing desired cortisol levels within 24 hours [38]. Despite
somnolence, all patients survived and continued therapy.

Sedation occurred in 3 cases: 2 under higher anesthesia
doses and 1 with psychosis [35, 50, 51]. Detailed data were
available for 2 cases where high starting infusion rates
achieved desired cortisol levels in 3 and 8 hours. Two
cases reported nausea, vomiting, and lightheadedness [38].
Myoclonus was noted in a case with 5.5 months of etomidate
use [43]. Among 26 who received PG preparation of etomi-
date, only 2 developed PG related side effects including hem-
olysis in 1 case and increased serum osmolality in the other
case [52, 53]. Despite multiorgan dysfunction, etomidate
was continued without worsening [15].
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Table 2. Treatment outcomes
Median time to achieve P-value Median rate of cortisol P-value Survival to P-value
documented lowest cortisol drop nmol/L/hour definitive
in hours (IQR) (IQR) therapy (n)
Etiology of SCS CD 25 (11.75-64.50) 153 28 (16.75-75.5) 743 12/13 7847
(n=20) (missing =2) (missing = 2) (missing =7)
Benign adrenal 24 (9.0-36.00) 65 (17.00-152.5) 4/5
lesions (n=7) (missing = 1) (missing = 1) (missing = 2)
ACC 48 (24.00-86.75) 29 (12.50-43.25) 12/15
(n=15) (missing =1) (missing = 1) (missing = 0)
ECS 48 (24.00-95.50) 37 (12.50-107) 23/30
(n=36) (missing =8) (missing = 8) (missing = 6)
Baseline cortisol <1000 24 (24.0-62.0) .593 20 (11.0-23.0) .02¢ 9/9 317
(NR=2) (n=13) (missing =2) (missing = 2) (missing = 4)
1000-1999 48 (14.25-72.0) 29.5 (11.5-94.0) 25/31
(n=40) (missing = 4) (missing = 4) (missing =9)
2000-2999 56 (24.0-118.5) 42 (20.75-97.5) 4/5
(n=6) (missing = 0) (missing = 0) (missing = 1)
>3000 43 (22.0-132.5) 68 (42.0 t0139.5) 11/16
(n=17) (missing = 4) (missing = 4) (missing = 1)
Administration of Bolus given 29 (11.00-94.00) .208 56 (23.0-107.0) .015¢ 15/18 466"
bolus (NR = 6) (n=24) (missing = 1) (missing = 1) (missing = 6)
Not given 48 (24.00-72.00) 24 (13.00-52.00) 32/41
(n=48) (missing = 6) (missing = 6) (missing =7)
Starting infusion rate  High rate 11 (11.00-24.00) <.01 107 (46.5-107.0) .004“ 6/7 .816°
(NR=6) (n=14) (missing = 1) (missing = 1) (missing =7)
Recommended rate 43 (24.00-67.00) 21 26/33
(n=38) (missing = 5) (10.00-60.00) (missing =7)
(missing = 5)
Low rate 72 (33.00-134.0) 28 (18.00-44.00) 15/19
(n=20) (missing = 1) (missing = 1) (missing = 1)
Line of therapy First line 24 (11.00-35.25) <.017 62.5(23.5-107.0) .04 16/18 1667
(NR=16) (n=33) (missing = 5) (missing = 5) (missing = 15)
Subsequent therapy 60 (40.00-96.00) 18 (8.00-55.0) 21/29
(n=29) (missing = 6) (missing = 6) (missing = 0)
Setting (NR =12) ICU 33 (20.00-61.0) <.001* 40 (20.0-107.0) .003“ 34/44 4447
(n=53) (missing = 8) (missing = 8) (missing =9)
Non-ICU 108 (54.0-192.0) 15.5 (7.25-27.0) 11/13
(n=13) (missing = 1) (missing = 1) (missing = 0)

Abbreviations: ACC, adrenal cortical carcinoma; CD, Cushing’s disease; ECS, ectopic ACTH syndrome; ICU, intensive care unit; IQR, interquartile range; NR, not

reported; SCS, severe Cushing syndrome.
“Statistically significant difference.
Exact significance (2-sided).

Discussion

This is the first documented systematic review on the overall
effectiveness and safety of IV etomidate in SCS, and it fills
an evidence gap on the management of SCS. The main findings
reflect that etomidate is safe and effective for this indication.

Clinical Context of Etomidate Use

Since its introduction in the 1960s, etomidate took nearly 2
decades to gain recognition as an adrenostatic agent for man-
aging hypercortisolism [3, 12-14, 21]. Early literature sug-
gested it might be more effective in ACTH-independent
diseases or those with a fixed ACTH drive compared to CD
[54]. However, our review did not find significant differences
based on etiology. In elderly patients, etomidate should be
used cautiously, preferably starting with low infusion rates
and closely monitoring its effects.

Etomidate has demonstrated efficacy across various degrees
of hypercortisolism. It is reasonable to expect that higher
baseline cortisol levels may require longer to normalize. In ur-
gent situations, high infusion rates can be considered with

careful monitoring to rapidly lower elevated cortisol levels,
provided these doses do not induce sedation unless the patient
is ventilated.

Indications and Place of Etomidate vs Other Oral
Therapies in SCS

While lowering cortisol as its primary effect, its ability to con-
trol acute psychosis and induce and maintain anesthesia dur-
ing surgery is an advantage of using this medication over other
therapies in the presence of such indications. The inability to
administer oral agents such as in ventilated patients or in the
presence of acute psychosis, abdominal sepsis precluding
oral intake was the main indication for etomidate in SCS as
first-line therapy in the review, as etomidate is the only avail-
able TV agent for treating hypercortisolism. Etomidate was
used as a subsequent option in the presence of adverse effects
or poor response to other cortisol-lowering therapies. The de-
gree of cortisol elevation was not considered a main indication
to choose etomidate over other therapies. It was used as a
combination therapy where the initial response was poor
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Figure 3. The distribution of survived percentage until definitive therapy between different groups. This bar chart shows the percentage of cases that
survived up to definitive treatment, categorized based on etiology of severe Cushing syndrome, baseline cortisol, administration of prior bolus of
etomidate or not, starting infusion rate of etomidate, line of treatment with etomidate (first line or subsequent line of therapy), and treatment setting (ICU

or non-ICU).

Abbreviation: ICU, intensive care unit.

with other oral agents alone. There was no significant differ-
ence in outcome with regard to undergoing definitive treat-
ment and short-term mortality depending on whether
etomidate was given as first line, second line, or subsequently
or whether it was given alone or in combination. This shows
the versatility of this agent in any clinical scenario, enabling
the clinician to adapt to any situation based on personal ex-
pertise and resources.

Clinicians may opt for oral agents in SCS due to the ease of
administration without close monitoring, but these orally ad-
ministered agents have their own drawbacks. Ketoconazole
can cause hepatotoxicity, metyrapone can cause hirsutism
with long-term use, and mifepristone can cause hypertension
and gastrointestinal intolerance [55-57]. Some of these agents
may not be licensed for the use of Cushing syndrome in some
countries due to the cost considerations. The newer drugs such
as osilodrostat may not be available or affordable in resource-
poor settings [6].

Reasons for the majority of cases not using etomidate as a
first-line agent may be the lack of clear guidelines for safe
use of etomidate in different clinical scenarios and inadequate
intensive monitoring facilities despite the wide availability of
the drug even in resource-poor settings. The risk of adrenal in-
sufficiency and sedation can be avoided by close monitoring
and careful titration. Considering the current practice, opti-
mal monitoring in an intensive care facility is considered the
best option, but our analysis showed that etomidate can also
be used safely in the non-ICU setting provided close

monitoring is facilitated. If etomidate is introduced safely in
the non-ICU setting, this can avoid the hidden cost to the
health sector from providing ICU care even in settings where
free health care is provided. These findings were promising
for increasing indications for use of etomidate in non-ICU set-
tings. The monitoring requirement is less intensive with low-
dose infusions, and this evidence has been shown to be nonin-
ferior to the standard doses with or without the initial bolus.

This evidence points to the need to formulate and validate
standard universal guidelines for the safe use of etomidate in
different clinical contexts and settings and for guidance for
the most frequent use as a first-line agent.

Etomidate Regime and Its Efficacy

The common use of the PG preparation of etomidate was like-
ly due to it being the formulation that was initially available in
practice, though the lipid formulation is now widely available.
Etomidate compounds containing PG as the solubilizer (eg,
Hypnomidate®, JANSSEN-CILAG, Neuss, Germany) are
known to cause injection-related pain, venous sequelae, and
rarely hemolysis, which are thought to be due to the unphysio-
logically high osmolality of PG [25, 26]. However, these ad-
verse effects were mostly avoided provided the PG level did
not reach toxic levels. The etomidate formulation based on
a lipid emulsion as the carrier (Etomidat-® Lipuro,
B. Braun, Melsungen, Germany) induces nearly no side effects
[26, 58].
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Table 3. Details of the pediatric cases with SCS treated with etomidate

Reference Kwon et al (2022) Song et al (2020) Yun Castillaetal  Chan et al (2011) Mettauer et al Greening et al
[46] [South Korea] [47] [South (2017) [45] [Spain] [48] [UK] (2009) [49] [UK] (2005) [39] [UK]
Korea]
Age 2 months 6 years 14 months 14.7 years 6 years 6.2 years
Sex Female Male Female Female Male Male
Etiology of SCS Adrenocortical Unilateral adrenal ~ Bilateral Cushing disease Cushing disease Cushing disease
carcinoma adenoma adrenocortical
nodular
hyperplasia
Indication for NR* NR* Not responding to  Control of Ventilated and Liver dysfunction,
etomidate other therapies psychosis, inability to take not responding to
refusal of oral orally, liver other therapies
intake dysfunction
Etomidate line of First First Second NR* Third Third
therapy
Treatment setting ~ NR* ICU ICU ICU ICU ICU
Prior bolus given or ~ Yes (0.3 mg/kg) No No No No No
not
Starting infusion 0.03 mg/kg/hr 0.03 mg/kg/hr 0.03 mg/kg/hr 3 mg/hr 0.03 mg/kg/hr 0.03 mg/kg/hr
rate
Block and NR* Yes Yes Yes NR* Yes
replacement
regime
Baseline cortisol 1875 728 4270 986 1200 1250
prior to
etomidate (nmol/
)
Lowest achieved 599 152 852 186 200 191
cortisol (nmol/L)
Percentage of 68.1 79.1 80.0 81.1 83.3 84.7
cortisol drop
Time to 8 NR* 24 62 48 57.6
eucortisolemia
(hours)
Rate of cortisol drop  159.5 NR 142.4 12.9 20.8 18.4
(nmol/L/hour)
Duration of 0.3 NR* 5 NR* 12 12
etomidate
infusion (days)
Definitive treatment  Chemotherapy Unilateral None (died during  Bilateral Bilateral Bilateral
adrenalectomy infusion) adrenalectomy adrenalectomy adrenalectomy
Overall mortality Died (later) Survived Died (during Survived Survived Survived

infusion)

Abbreviations: ICU, intensive care unit; NR*, not reported; SCS, severe Cushing syndrome.

In 2019 Carroll et al published a study on validation of a
standard protocol for etomidate infusion for the management
of SCS in which an institutional etomidate protocol was
used to safely reduce cortisol levels until more long-term med-
ical or definitive surgical therapy could be instituted [42].
Constantinescu et al in 2020 showed that etomidate used in
the non-ICU setting with low starting infusion rates was safe
and noninferior to its use in the ICU at higher starting infusion
rates, and our analysis confirmed the same observation [38].
This evidence can be used in formulating universal guidelines
for etomidate use.

Bolus administration resulted in a rapid cortisol drop over a
shorter time period without significant side effects. Therefore,
a bolus could be given if rapid normalization is required;

however, it is prudent to use it cautiously in non-ICU settings
until further evidence is available. Based on the review, a 2.5
to 5 mg or weight-based (0.03 mg/kg) single bolus can be
used followed by a low-dose infusion rate, which can be upti-
trated as needed.

In the present review, most of the etomidate regimes used
complied with the standard recommendations. Higher doses
had become seemingly unpopular since the publishing of rec-
ommendations on etomidate administration in the Journal of
Clinical Endocrinology and Metabolism in 2015 [3]. Lower
and recommended doses were as effective as higher doses in
achieving the desired cortisol drop within a reasonable time
period [59, 60]. The use of high-rate infusions in emergency
settings especially during surgery and in psychosis was
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successful where sedation was an expected outcome [61]. If a
high dose is used in a non-ICU setting, caution should be taken
to monitor for sedation, and cortisol should be frequently as-
sessed to detect rapid normalization of cortisol [61, 62].

A block and replacement regime was implemented when the
cortisol level dropped significantly in anticipation of impending
adrenal suppression, as most of the patients in this category
showed lower cortisol trough values. The majority received
IV or oral hydrocortisone whereas a few received dexametha-
sone. Steroid replacement in etomidate treatment is not manda-
tory even in the non-ICU setting but could be beneficial in
settings where frequent cortisol monitoring is not practical.

Monitoring and Safety Profile of Etomidate
The Endocrine Society guidelines recommend monitoring the
level of sedation using standardized sedation scores and cardio-
vascular and metabolic parameters [3]. This systematic review
showed minimal development of adverse effects of etomidate,
with sedation and somnolence being the most common.
Biochemical monitoring of the control of hypercotisolemia is
straightforward with frequent measuring of cortisol levels.
However, as illustrated in the management of severe CD
and MRSA bacteremia by Wong et al in 2019, the accumu-
lated precursors of cortisol could cross-react with standard
cortisol immunoassays unless mass spectrometry is used [62].
Metyrapone and Osilodrostat, which are hypocortisolaemic
agents, also have the limitation of cross-reactivity with cortisol
levels unless mass spectrometry is used. In resource-poor settings
where mass spectrometry is not freely available, especially when
frequent monitoring of cortisol levels every 4 to 8 hours is re-
quired, etomidate is a better treatment option than metyrapone.
Etomidate has a safe cardiovascular and metabolic profile.
Mifepristone can cause severe hypokalemia and hypertension
in addition to hypokalemia and hypertension already present
in SCS. Etomidate is a good alternate treatment in patients
who have preexisting cardiovascular and metabolic derange-
ment due to SCS. It has a relatively quick onset and offset of ac-
tion, and its easy titratability makes it an ideal agent for treating
SCS. Etomidate can be used across a wide range of time dura-
tions ranging from transient use in acute severe hypercortisolism
to long-term maintenance when other drugs are not an option.

Outcome of SCS Treated With Etomidate

Irrespective of the patient and disease characteristics, in al-
most all cases, the desired cortisol drop was achieved over rea-
sonable time periods. In general, it can be expected that
cortisol will normalize within 12 to 96 hours with the afore-
mentioned, commonly used etomidate regimes.

Etomidate was proven to be successful in achieving short-
term survival in SCS. Preoperative normalization of cortisol
within a desirable time period facilitated successful surgical
outcomes and overall survival, while it also reduced morbidity
and mortality prior to definitive treatment. Etomidate could
be successfully used in palliative settings as well, in combin-
ation with chemotherapy, immunotherapy, and other medical
therapies as bridging or long-term therapy in settings with fa-
cilities for IV drug administration such as in hospice [55, 63].

Limitations and Strengths of the Review

This review identified several limitations that impact the com-
prehensive analysis of data across cases. One major issue was
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the lack of uniformity among cases, which complicates pooled
data analysis despite reflecting real-world practice. It is worth
noting that this review is currently the only one to assess the
efficacy and safety profiles of various etomidate dosage regi-
mens in treating SCS. Although abstracts were excluded, com-
plete articles sometimes lacked crucial information regarding
the specific etomidate regimen and treatment outcomes.
Despite these shortcomings, these articles were still included
in the analysis due to their relevance and the limited number
of publications available. Therefore, there is a clear need for
more case reports and case series to further characterize eto-
midate’s role in treating SCS across diverse settings.

In comparing infusion rates, doses were categorized based
on initial infusion rates, with subsequent titrations not always
documented, which may affect the statistical significance
of findings. An important biochemical consideration is that
etomidate use can elevate 11-deoxycortisol levels, the im-
mediate precursor of cortisol, due to its inhibition of
11-B-hydroxylase. This inhibition can lead to cross-reactivity
in current cortisol immune assays, potentially overestimating
true cortisol concentrations. Some studies in this review high-
lighted this issue, recommending the use of mass spectrometry
to mitigate assay interference. Consequently, the analysis of
cortisol values in this study may be somewhat flawed, as
standard assays predominated across most cases.

Conclusion and Recommendations

Etomidate is versatile in treating Cushing syndrome across all
etiologies, regardless of cortisol levels or complications. It can
be employed as any line of therapy, either alone or in combin-
ation. Etomidate effectively lowers cortisol levels rapidly and
safely, without causing adrenal insufficiency when closely
monitored. Higher infusion rates of etomidate initiate faster
cortisol reduction, but dosing should be tailored based on
treatment setting, renal function, and patient characteristics.
A prior bolus of etomidate enhances cortisol reduction but re-
quires subsequent low-rate infusion. In settings lacking inten-
sive care or when ventilation is not necessary, etomidate can
be safely administered outside intensive care settings with vigi-
lant monitoring by expert teams, utilizing low initial infusion
rates without a bolus.

This review underscores the necessity of developing and val-
idating universally standardized guidelines for the safe and ef-
fective utilization of etomidate. These guidelines should
include distinct recommendations tailored to various clinical
scenarios, such as treatment settings (ICU and non-ICU), renal
impairment, and other comorbidities. Specifically, the guide-
lines should delineate indications for employing low vs high
infusion rates, prior bolus administration, and the use of block
and replacement regimens.
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