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Introduction
Cushing’s syndrome (CS) is a disease character-
ized by inappropriately high plasma concentra-
tions of glucocorticoids with the predominate 
signs and symptoms reflecting an increase in cor-
tisol levels.1–3 Most cases of CS are exogenously 
mediated, resulting from the administration of 
drugs with glucocorticoid actions. Endogenous 
CS is much rarer, having an annual incidence of 3 
cases per 1,000,000 individuals according to a 
recent Danish Study.4 Endogenous CS occurs via 
either adrenocorticotropin hormone (ACTH)-
dependent or ACTH-independent mechanisms, 
accounting for about 80% and 20% of cases, 
respectively.5–7 ACTH-dependent CS occurs 

when circulating levels of ACTH are high, caus-
ing an increase in glucocorticoid production, and 
can result from pituitary corticotroph tumors 
(Cushing’s disease (CD); CS), ectopic ACTH-
secreting tumors, and corticotropin-releasing 
hormone-secreting tumors. ACTH-independent 
CS occurs when adrenal glands overproduce cor-
tisol even when ACTH levels are low and can 
result from adrenocortical adenomas, carcino-
mas, and macronodular hyperplasia.

The treatment goal for CS is to normalize cortisol 
levels or reduce its action on glucocorticoid recep-
tors to resolve the signs, symptoms, and co-mor-
bidities associated with hypercortisolism. Surgical 
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resection of the pathological tissue is typically the 
first-line treatment. However, in cases of hyper-
cortisolemia resistant to surgery and/or radiation, 
or when there are significant patient co-morbidi-
ties contraindicating surgery, pharmacotherapy is 
often indicated as primary or adjuvant therapy to 
reduce cortisol levels or actions. Currently, there 
are three classes of drugs used to medically treat 
hypercortisolemia in CS: inhibitors of steroido-
genic enzyme activity, pituitary-directed drugs to 
inhibit ACTH secretion in CD, and glucocorti-
coid receptor antagonists to block end-organ cor-
tisol activity. Therapy is typically initiated with 
inhibitors of steroidogenic enzyme activity such 
as ketoconazole, metyrapone, mitotane, or etomi-
date. Etomidate is among the most efficacious 
therapies to reduce cortisol levels but is not com-
monly utilized by endocrinologists, internists, or 
intensivists. Etomidate also has certain features 
that may be advantageous for the acute manage-
ment of severe CS, including a rapid onset of 
action and the ability to administer parenter-
ally.7–13 However, etomidate’s high efficacy in 
treating CS is generally thought to require admin-
istering doses which risk producing sedation and 
hypnosis.10,14,15 To overcome this limitation, 
efforts are being made to optimize etomidate dos-
ing to allow reductions in cortisol levels without 
producing sedation or hypnosis and to develop 
etomidate analogs that retain the ability to inhibit 
cortisol production but lack sedative-hypnotic 
activity.16–18

Our purpose in writing this review is to provide 
readers with a synthesized overview of etomidate 
and the important role that it plays as one of the 
pharmacological treatments for severe CS, and to 
provide context for its use compared with other 
available treatments. We further sought to pre-
sent the reader with information regarding the 
administration of non-sedating etomidate doses 
for the treatment of CS and discuss the develop-
ment of novel etomidate analogs that lack seda-
tive-hypnotic activity, but still act as adrenostatic 
agents and thus may someday facilitate CS treat-
ment in non-ICU (intensive care unit) hospital 
settings. Pertinent published literature relevant to 
this task was identified by electronic literature 
searches using PubMed, Web of Science, Harvard 
Library catalog (HOLLIS), and Google Scholar 
with combinations of the search terms: adreno-
cortical, Cushing’s syndrome, Cushing’s disease, 
hypercortisolemia, and etomidate.

Treatment approaches for endogenous CS

Surgery and radiation therapy
Treatments for CS include surgery, radiation, 
and pharmacotherapy3,6 Their purpose is to 
reduce and normalize cortisol levels, reverse the 
clinical features of the disease, restore normal 
biochemical functions, and/or decrease the risk of 
recurrence or spread. Surgical tumor resection is 
the frontline treatment for endogenous CS 
regardless of its cause (ACTH-secreting pituitary 
tumor, ectopic ACTH-secreting tumor, or adre-
nal adenoma/carcinoma/nodular hyperplasia) and 
is associated with high remission rates for micro- 
and macroadenomas but not carcinomas.6 When 
tumors locally reoccur in patients with CS, repeat 
surgery or stereotactic radiosurgery may be indi-
cated.19–25 Radiotherapy may also be useful as a 
frontline or adjuvant treatment to slow the growth 
of tumors and reduce hormonal secretion, par-
ticularly in patients who are not surgical candi-
dates or have failed surgery to normalize cortisol 
levels.26 However, these beneficial actions may 
take months or even years to manifest, requiring 
concomitant pharmacotherapy to control cortisol 
levels while awaiting the therapeutic effects of 
radiation. Surgical and radiotherapeutic treat-
ments can be accompanied by significant side 
effects including brain injury, hypopituitarism, or 
hypoadrenalism.6,27 Bilateral adrenalectomy pro-
vides absolute control of hypercortisolism and is 
indicated in CS patients who do not respond to 
more conservative therapies.6,27,28 However, it 
causes profound and irreversible adrenal insuffi-
ciency necessitating lifelong glucocorticoid and 
mineralocorticoid replacement therapy and 
increases the risk of Nelson’s syndrome.

Pharmacological management
Pharmacological management of CS is often insti-
tuted in patients who are awaiting the effect of 
radiosurgery, perioperatively to reduce surgical 
risk, or as an alternative therapy when other treat-
ment methods have failed or surgery is contraindi-
cated.5,6 These drugs target hypercortisolemia at 
various steps along the hypothalamic-pituitary-
adrenal axis and include pituitary-directed agents, 
adrenostatic agents, and glucocorticoid receptor 
antagonists (Figure 1).5,6,29 Pituitary-directed 
agents such as pasireotide, cabergoline, and temo-
zolomide inhibit ACTH secretion, thus preventing 
the signaling necessary to induce the adrenal 
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cortex to synthesis and release glucocorticoids. 
Pasireotide and cabergoline have been shown to 
reduce urinary free cortisol (UFC) in CS patients 
while the alkylating agent temozolomide inhibits 
pituitary corticotroph tumor growth.3,7,29–34 The 
glucocorticoid and progesterone receptor antago-
nist mifepristone reduces hypercortisolemia by 
preventing cortisol from binding to its receptor 
and has been demonstrated to improve many of 
the clinical features of CS including hyperglycemia 
and hypotension.35 The adrenostatic agents keto-
conazole, metyrapone, mitotane, aminoglutethim-
ide, and etomidate have long been the mainstay 
medical treatments for CS despite none being 
approved by the US Food and Drug Administration 
(FDA) to treat the disease.13,15 These drugs inhibit 
one or more steroidogenic enzymes to block corti-
sol biosynthesis, but cannot control the growth of 
corticotroph pituitary adenomas or restore normal 
hypothalamic-pituitary-adrenal axis function.29 
Mitotane has an additional antineoplastic action 
and has been approved by the FDA and European 
Medicines Agency (EMA) for the treatment of 
adrenocortical carcinoma.36 New adrenostatic 
drugs are actively being developed. In 2020, osilo-
drostat received approval by the FDA and the 

EMA for the treatment of CD and CS, respec-
tively. It is an adrenostatic agent that primarily acts 
by inhibiting the function of 11β-hydroxylase, the 
final enzyme in the pathway leading to cortisol bio-
synthesis. It also blocks the biosynthesis of aldos-
terone by inhibiting 18-hydroxylase. In an early, 
small phase II proof-of-concept study, osilodrostat 
normalized UFC after 10 weeks.37 A subsequent 
phase II, open-label, prospective study showed 
that osilodrostat reduced UFC in 79% of patients 
after 22 weeks.38 Osilodrostat was significantly 
superior to placebo in the pivitol phase III, multi-
center, double-blind, randomized withdrawal 
study.39 After 34 weeks, 86% of patients treated 
with osilodrostat had lower UFC without a dose 
increase after week 29 as compared with 29% of 
patients who received a placebo. After 48 weeks, 
66% of treated patients continued to have lower 
UFC as compared with baseline.

Radiation and pharmacological therapies have 
been effective as adjuvant treatments with sur-
gery, but each requires time to produce a thera-
peutic effect. An important role of medical 
therapy is in the acute treatment of severe cortisol 
elevation accompanied by life-threatening 

Figure 1.  Schematic of the hypothalamic-pituitary-adrenal axis with the cortisol and corticosterone 
biosynthetic pathways emphasized. Etomidate (and many etomidate-based analogs) potently inhibits the 
action of 11β-hydroxylase, thereby preventing steroidogenesis of cortisol. Etomidate also inhibits cholesterol 
side-chain cleavage enzyme, but this occurs at higher concentrations than those required to inhibit 11β-
hydroxylase. The green arrows symbolize stimulating effects, while red arrows symbolize negative feedback.
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co-morbidities. Unfortunately, most adrenostatic 
agents reduce or normalize UFC or plasma corti-
sol levels with limited efficacy and are accompa-
nied by significant side effects.3,6,15,29,40,41 Perhaps 
most notably, ketoconazole can produce hepatic 
injury. This led the FDA to issue a ‘black-box 
warning’ for the drug in 2013 and prompted the 
clinical development of levoketoconazole, a keto-
conazole enantiomer that possess a higher potency 
than racemic ketoconazole and may have less 
hepatotoxicity.29,42,43

A clinical challenge has been to quickly reduce cor-
tisol levels in severe CS to prepare for surgery or to 
reduce the life-threatening co-morbidities, includ-
ing hyperglycemia, sepsis, and hypertension. The 
varying selectivities of these adrenostatic drugs for 
steroidogenic enzymes have been leveraged to 
achieve more rapid control of severe hypercorti-
solemia. For example, Corcuff et al.44 demonstrated 
in a 14-patient study that combination therapy uti-
lizing ketoconazole and metyrapone can reduce 
UFC by an order of magnitude in a week. 
Osilodrostat has also been shown to be capable of 
controlling severe CS relatively quickly. 
Haissaguerre et al.45 reported their experience with 
three patients with severe CS due to nonpituitary 
cancers. Using starting osilodrostat doses of 2–7 mg/
day with escalation as necessary every 2–5 days and 
reaching maximal doses ranging from 7–44 mg/day, 
plasma cortisol concentrations were controlled 
within 2 weeks. A subsequent case report by 
Bessiène et al.46 described an approach to achieving 
even more rapid control by using a higher starting 
osilodrostat dose (20 mg/day) and employing a 
block and replace strategy. For patients who are 
unable to tolerate oral medications or require even 
faster control of severe CS, etomidate may be indi-
cated. This is a drug that has not been optimally 
utilized in clinical practice in part because of the 
lack of familiarity of the drug by endocrinologists, 
internists, and intensivists. We will present the his-
torical background, pharmacology, and clinical 
advances that make etomidate an important option 
to consider in the management of severe CS.

Etomidate

Development as an anesthetic agent
Etomidate is an anesthetic induction agent that 
was developed by Janssen Pharmaceuticals more 
than a half century ago.47 At the time, the com-
pany was seeking to develop novel antifungal 

agents containing an imidazole pharmacophore 
to inhibit 14α-demethylase, an enzyme necessary 
for the synthesis of the fungal steroid ergosterol. 
However, several of their initial compounds unex-
pectedly produced sedation and hypnosis when 
tested in rodents. Etomidate was subsequently 
synthesized as a second-generation compound 
and found to have a high sedative-hypnotic 
potency and high therapeutic index compared 
with existing sedative-hypnotic agents.

GABAAR modulation by etomidate
The sedative-hypnotic activity of etomidate is 
mediated by the γ-aminobutyric acid type A recep-
tor (GABAAR), the major inhibitory neurotrans-
mitter receptor in the brain.48–50 This receptor, 
which is a member of the pentameric Cys-loop 
ligand-gated ion channel superfamily, is com-
prised of five homologous subunits that surround 
a chloride-selective ion pore.50 Upon agonist bind-
ing to the receptor, the ion pore opens to allow an 
influx of chloride ions into neurons. This results in 
neuronal hyperpolarization and a reduction in 
neuronal excitability that manifests as sedation 
and hypnosis. Etomidate binds within the trans-
membrane domain of the GABAAR at the recep-
tor’s two β-α subunit interfaces, enhancing the 
actions of agonists on the receptor at low concen-
trations and directly activating the receptor in the 
absence of agonist at high concentrations.49,51,52

Safety profile
Etomidate has a higher therapeutic index (>20 in 
rats) than other anesthetic agent (typically ~3–6) 
when given as a bolus dose for anesthetic induc-
tion, presumably reflecting its lower impact on 
cardiovascular and respiratory function.47,53,54 
Janssen et al.55 reported that as compared with the 
other intravenous anesthetics available at the time 
(e.g. thiopental, methohexital, and propanidid), 
etomidate also had a higher potency, a more rapid 
onset, and a longer duration of action. These fea-
tures led to its initial embrace by anesthesiologists 
as an anesthetic induction and maintenance 
agent.56 By the early 1980s, etomidate was even 
recommended as a sedative for critically ill 
patients receiving mechanical ventilation.57

Adrenocortical suppression
Despite etomidate’s relatively high therapeutic 
index and rapid acceptance when first introduced 
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into clinical practice in 1972, the drug was subse-
quently linked to an excessively high 30-day mor-
tality in critically ill patients.58,59 Ledingham and 
Watt first published a letter in 1983 and then a 
full report the following year detailing a signifi-
cant (threefold) increase in mortality in mechani-
cally ventilated trauma patients who received 
etomidate infusions for sedation. The authors 
speculated that the mechanism responsible for 
the increased mortality was etomidate-induced 
suppression of adrenocortical function.59

Binding to 11β-hydroxylase
Numerous in vitro studies have demonstrated eto-
midate’s adrenocortical inhibitory action.60–62 
One of the first such studies was conducted by 
Wagner et  al.62 and documented the binding of 
etomidate to 11β-hydroxylase using rat adrenal 
mitochondrial fractions and rat whole adrenal 
cells. Wagner et al. specifically examined the abil-
ity of etomidate to inhibit the synthesis of corti-
costerone, a steroid that is structurally similar to 
cortisol, is the principal corticosteroid in rats, and 
also requires 11β-hydroxylase for biosynthesis 
(Figure 1). They found that corticosterone pro-
duction was significantly inhibited even at the 
lowest concentration of etomidate studied (0.5 ug/
ml; 2 µM) and completely inhibited by 5.0 ug/ml 
(20 µM). At higher concentrations, etomidate was 
also found to inhibit cholesterol side-chain-cleav-
age enzyme, but did not affect the activity of the 
non-mitochondrial enzymes 3β-hydroxysteroid 
dehydrogenase, Δ5-3 oxosteroid isomerase, or 
21-hydroxylase, which catalyze the reactions that 
convert pregnenolone to the immediate corticos-
terone precursor deoxycorticosterone.

In silico docking studies have identified the molec-
ular interactions responsible for the high-affinity 
reversible binding and potent inhibition of 11β-
hydroxylase by etomidate. Using homology mod-
els of 11β-hydroxylase, Roumen et  al. showed 
that etomidate forms a coordination bond 
between a nitrogen in its imidazole ring and the 
heme iron located at the active site of the 
enzyme.63 Hydrogen bonding and ring stacking 
interactions further stabilize etomidate within the 
enzyme active site, thus enhancing its binding 
affinity. The resulting high-affinity binding allows 
etomidate to competitively inhibit 11-deoxycorti-
sol (and deoxycorticosterone) binding with high 

potency, preventing its conversion into cortisol 
(and corticosterone).

By better understanding molecular interactions 
necessary for etomidate to bind to 11β-hydroxylase 
with high affinity, it may be possible to develop 
anesthetic etomidate analogs that retain the benign 
cardiorespiratory properties but do not inhibit the 
enzyme. One such potential drug is the pyrrole 
etomidate analog carboetomidate. It reduces 11β-
hydroxylase binding affinity by replacing the imi-
dazole ring nitrogen with a methylene group, thus 
abolishing its ability to form the necessary coordi-
nation bond with the enzyme.64 Consequently, 
carboetomidate has an affinity for 11β-hydroxylase 
that is three orders of magnitude lower than eto-
midate and does not significantly affect adreno-
cortical function in vivo even when administered 
at sedative-hypnotic doses.64,65

Etomidate as a treatment for CS

In vitro studies
Coincident with a decline in the use of etomidate 
as an anesthetic agent was a growing interest in its 
potential application as a treatment for CS. A 
1993 study using cultured human adrenocortical 
cells derived from two primary aldosteronism 
patients and one CS patient found an median 
inhibitory concentration (IC50) for etomidate 
inhibition of glucocorticoids (cortisol, aldoster-
one, corticosterone, 18-hydroxycorticosterone) 
synthesis to be in the range of 1–10 nM, with a 
greater than 90% block at 1 uM etomidate.66 The 
latter concentration approximates its sedative-
hypnotic concentration.67,68 Etomidate also had a 
biphasic effect on cortisol precursors, 11-deoxy-
cortisol and deoxycorticosterone, concentrations 
in both the presence and absence of ACTH. At 
lower levels of etomidate, 11-deoxycortisol and 
deoxycorticosterone concentrations accumulated 
while at higher levels of etomidate these cortisol 
precursors decreased.66 This likely reflects a lower 
etomidate affinity for side-chain cleavage enzyme 
(and perhaps other upstream enzymes) versus 
11β-hydroxylase, resulting in the accumulation of 
cortisol precursors at low etomidate concentra-
tions where only 11β-hydroxylase is significantly 
inhibited and reductions in precursor biosynthe-
sis at high etomidate concentrations where 
upstream enzymes are also inhibited.
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Clinical case studies
A growing number of case studies have been pub-
lished describing the off-label use of etomidate to 
treat severe hypercortisolism. Applicable in emer-
gency settings and sometimes as a long-term 
treatment, etomidate can be used to rapidly treat 
patients with CS who have concurrent significant 
metabolic derangements, severe hypertension, or 
psychosis.5,69–74 One of the earliest published clin-
ical investigations demonstrating the adrenostatic 
potential of etomidate was a 1990 study using 
low-dose etomidate infusions administered to six 
patients with severe CS and 15 controls.75 Both 
CS and control patients demonstrated a dose-
dependent reduction in cortisol levels with etomi-
date infusion, although cortisol levels increased to 
pretreatment levels after infusion termination 
consistent with reversible binding to steroido-
genic enzymes. Consistent with the findings of in 
vitro studies,66 Schulte et  al.75 also reported an 
increase in the levels of the precursor steroids 
11-deoxycotisol and 11-deoxycorticosterone with 
such low-dose etomidate administration.

In addition to managing hypercortisolemia, eto-
midate may provide specific advantages over other 
pharmacologic management options for certain 
severe CS cases. Most notably, etomidate is the 
only steroidogenic inhibitor that may be adminis-
tered parenterally. Perforation of the gastrointesti-
nal (GI) tract is a well-documented complication 
of CS and precludes management with ketocona-
zole and metyrapone as they must be administered 
orally. In cases of medullary thyroid carcinoma 
with ectopic ACTH production, GI perforation 
accounts for 30% of all mortality.76 A 2016 case 
study of a 67-year-old male with ectopic ACTH 
production and CS due to metastatic medullary 
thyroid carcinoma showed normalized cortisol 
levels following initiation of an etomidate infusion 
after the patient’s diverticulum perforated.77 
Similarly, a 35-year-old male with ectopic CS was 
treated with etomidate to reduce cortisol levels 
below detection after developing peritonitis.69

Etomidate may also be useful in cases of psychosis 
and non-compliance related to CS. A 2010 case 
study of a 14-year-old patient with a nearly 3-year 
history of CS symptoms showed successful man-
agement and significant patient improvement fol-
lowing etomidate administration in the ICU after 
she became catatonic following an acute psychotic 
episode that left her unable to take oral medica-
tions.78 In addition, a 66-year-old patient with 

ectopic CS who had discontinued all medication 
(including ketoconazole and antipsychotic drugs) 
demonstrated clinical and biochemical improve-
ment with an etomidate infusion after previously 
presenting with severe hypercortisolemia and 
hypokalemia, decompensation of diabetes melli-
tus, and mood disorders.74 It should be noted that 
this patient’s cortisol levels initially remained 
unstable despite multidrug therapy due to fre-
quent hospital complications, but after 2 months 
of etomidate treatment, she was able to undergo a 
complete adrenalectomy without further 
complications.

In addition to its use in managing CS patients with 
altered mentation or an inability to take oral medi-
cations, etomidate is an important but not fre-
quently utilized option for the acute treatment of 
patients with severe hypercortisolism who are not 
immediate candidates for surgery and who fail or 
cannot tolerate multidrug therapy. For example, a 
1-week etomidate infusion was administered to a 
31-year-old patient with a history of breast cancer 
treated with chemotherapy, bilateral mastectomy, 
and radiation who presented with psychotic, and 
paranoid behavior and ectopic ACTH-associated 
CS.79 The etomidate infusion successfully con-
trolled the patient’s hypercortisolemia and hyper-
tension. She was later transitioned to a combination 
of oral metyrapone and spironolactone, and 
received chemotherapy. Intolerance to multidrug 
therapy was also described in the hospital course of 
a 23-year-old patient who presented with rapidly 
progressing CS due to a metastatic adrenocortical 
carcinoma 2 years after having undergone a right-
side adrenalectomy.74 The patient presented with 
uncontrolled diabetes mellitus, hypertension, 
hypokalemia, hypocalcemia, and a possible upper 
respiratory infection and was initially treated with 
palliative surgery and a combination of ketocona-
zole, mitotane, and metyrapone. Nevertheless, her 
cortisol levels remained high. Therefore, her oral 
medications were replaced with a continuous 
intravenous infusion of etomidate. As a result, her 
cortisol levels decreased, and symptoms improved 
sufficiently after 1 week of etomidate treatment to 
permit chemotherapy. Unfortunately, her cortisol 
levels rebounded after the etomidate infusion was 
discontinued and she died shortly thereafter. This 
patient’s death highlights the shortcomings of eto-
midate and most other pharmacological treat-
ments: they reduce plasma cortisol concentrations 
and improve CS signs and symptoms, but are not 
curative.
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Despite its shortcomings (e.g. poor oral bioavail-
ability and sedative-hypnotic actions), etomidate 
remains a potentially useful treatment option in 
the acute management of severe CS especially 
when accompanied by life-threatening co-mor-
bidities due to its rapid onset. Titration with eto-
midate can occur within days, or even hours when 
a block and replace strategy is used. For example, 
Greening et al.71 described the case of a 6-year-
old with severe Cushingoid features and hepatic 
steatosis in whom ketoconazole and metyrapone 
proved intolerable. Forty-eight hours after initiat-
ing an etomidate infusion, the child’s condition 
improved sufficiently to allow successful bilateral 
adrenalectomy. Similarly, etomidate reduced 
serum cortisol levels by a factor of four within 
48 h in a 65-year-old patient with severe CS due 
to an adrenocortical carcinoma, enabling him to 
receive surgical treatment 1 week later.80

Etomidate infusion protocol for the 
treatment of CS
A standard protocol for administering etomidate in 
the ICU to patients with severe and life-threatening 
CS has been developed and evaluated.16 Pursuant 
to that protocol, patients receive an initial 5 mg 
bolus dose of etomidate over 2–3 min. Such an eto-
midate dose is approximately 25% of that required 
to produce unconsciousness.50 This is immediately 
followed by a continuous infusion starting at a rate 
of 0.2 mg/kg/h that may be titrated no more fre-
quently than every 6 h based on measured serum 
cortisol concentrations. Provided that plasma corti-
sol concentrations are trending toward the desired 
endpoint, no adjustments in the infusion rate are 
made. However, if the cortisol concentrations are 
not trending toward the goal, then the infusion is 
adjusted in increments of 0.1–0.2 mg/kg/h.

The ability of this protocol to rapidly treat hyper-
cortisolemia was demonstrated by a retrospective 
analysis of seven patients with CS whose serum 
cortisol concentrations reached a median nadir of 
15.8 µg/dl (range, 6.9–27 µg/dl) at a median time 
of 38 h (range, 26–134 h) after beginning etomi-
date administration.16 During etomidate infusion, 
side effects were relatively mild as only one patient 
experienced any level of sedation (which was mild) 
and none had electrolyte abnormalities or sub-
stantial changes in renal function. There were two 
episodes of nausea and vomiting that were tenta-
tively attributed to the rapid lowering of cortisol 
concentrations; however, etomidate itself is known 

to be pro-emetogenic and may have been the 
cause.81 The safety of the protocol suggested by 
this study has led to the proposition that low-dose 
etomidate infusions can be administered outside 
of an intensive care setting and without the need 
for hydrocortisone supplementation.82

Side effects of etomidate

Adrenocortical insufficiency
Similar to the other adrenostatic or adrenolytic 
therapies, administration of etomidate may be 
accompanied by serious side effects including the 
risk of adrenocortical insufficiency when not co-
administered with glucocorticoid replacement. 
Such adrenal insufficiency can persist long after 
etomidate administration has been terminated, as 
was reported in a 2001 case study of a 39-year-old 
man with ectopic CS who developed transient 
renal failure.70 In this patient, adrenocortical 
insufficiency persisted for at least 14 days after the 
end of etomidate treatment and may have lasted 
as long as 6 weeks. Such prolonged action likely 
reflects etomidate accumulation and subsequent 
slow release from adipose tissue after etomidate 
infusion has been discontinued.83

Propylene glycol toxicity
Because of its hydrophobicity, etomidate is typi-
cally formulated using 35% propylene glycol in 
water. At the high total doses sometimes reached 
with prolonged etomidate infusion, propylene 
glycol may be toxic, particularly in patients with 
renal failure. Manifestations of propylene glycol 
toxicity include an increased plasma hyperosmo-
larity, lactic acidosis, central nervous system 
depression, and cardiac arrythmias. Bedichek and 
Kirschbaum reported, for example, the develop-
ment of high anion gap metabolic acidosis in a 
neurosurgical patient who received a total of 479 g 
of propylene glycol over a 24-h period.84 More 
than 90% of the propylene glycol dose was attrib-
uted to an etomidate infusion used to control 
intracranial hypertension. In another report, Levy 
et al.85 reported propylene glycol-induced nephro-
toxicity in three patients who similarly received 
etomidate with the goal of achieving burst sup-
pression to manage intracranial hypertension. 
Although all of these patients received etomidate 
doses that are likely beyond those required to 
treat CS, any potential risk of propylene glycol 
toxicity can be completely eliminated by using 
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etomidate compounded in either a lipid emulsion 
(i.e. etomidate-lipuro) or cyclodextrin.10,86

Sedation
Perhaps etomidate’s most notable and undesirable 
side effect when used as an adrenostatic agent is its 
ability to produce sedation. Schulte et al.’s75 afore-
mentioned case study reported side effects of tired-
ness in two of its control volunteers receiving the 
highest dose of etomidate (0.03 mg/kg bolus fol-
lowed by an infusion at 0.3 mg/kg/h). Similarly, 
Gärtner, Albrecht, and Müller reported that at an 
infusion at 15–30 mg/h, etomidate had an acute 
sedative effect on a 53-year-old patient who was 
being treated for ectopic CS.87 In contrast, none of 
the seven CS patients described in a retrospective 
review experienced sedation or other mental status 
changes with etomidate administration at doses 
ranging from 0.033–0.15 mg/kg/h.16 Although eto-
midate’s sedative-hypnotic effects typically occur 
at doses that are higher than necessary to suppress 
adrenocortical function, patients with CD and 
those with low sensitivity to steroidogenic inhibi-
tors due to genetic polymorphisms may require 
sedating etomidate doses to fully correct their 
hypercortisolemia.10,88 This has led some to rec-
ommend that etomidate only be administered to 
treat CS in an ICU setting.10,14,15

Non-sedating etomidate analogs
In order to avoid the sedative-hypnotic action of 
etomidate, etomidate analogs (e.g. dimethoxy-
etomidate) have recently been developed which 
retain the potent and efficacious adrenocortical 
suppressive actions of etomidate but lack its 
potentiating effect on GABAARs and thus its abil-
ity to produce sedation or hypnosis.17,18 McGrath, 
Ma, and Raines demonstrated that although both 
etomidate and dimethoxy-etomidate enhance 
peak GABAAR currents in in vitro electrophysio-
logical recordings, dimethoxy-etomidate’s recep-
tor potentiating actions were neither potent nor 
efficacious.17 In vivo studies in rats showed that 
although dimethoxy-etomidate inhibited corti-
costerone synthesis with a potency that was simi-
lar to that of etomidate, it did not produce 
loss-of-righting reflexes or myoclonus even after 
the administration of doses as high as 50 mg/kg. 
At this very high dose, dimethoxy-etomidate also 
reduced plasma 11-deoxycorticosterone levels, 
suggesting that this etomidate analog binds  
with relatively low affinity to 21α-hydroxylase 

compared with etomidate. Subsequent studies 
identified three additional phenyl-ring substituted 
analogs of etomidate that inhibit steroidogenesis 
but lack sedative-hypnotic activity.18 These com-
pounds inhibited the production of adrenocorti-
cal steroids (corticosterone and aldosterone) in 
rats while variably affecting that of androgenic 
steroids (testosterone, dihydrotestosterone dehy-
droepiandrosterone, and androstenedione).

Conclusion
Etomidate is a valuable pharmacological tool for the 
acute treatment of critically ill patients with severe 
CS because it is highly efficacious, has a rapid onset 
of action, can be administered parenterally, and has 
a reduced risk of hepatic injury compared with keto-
conazole. It reduces plasma cortisol levels by 
potently inhibiting the adrenocortical enzyme 11β-
hydroxylase, a mechanism that is distinct from the 
GABAergic one responsible for its sedative-hyp-
notic activity. The etomidate doses required to treat 
CS are typically – but not always – below those 
which produce sedation or hypnosis. This potential 
for producing sedation or hypnosis has led some to 
recommend that it only be administered in an inten-
sive care setting where such side effects can be 
closely monitored. However, recent low-dose eto-
midate infusion protocols have been developed 
which challenge that assumption. In addition, eto-
midate analogs are under development that retain 
the potent adrenostatic action of etomidate without 
its sedative-hypnotic activity, offering another 
potential future strategy for treating patients with 
severe CS in non-ICU hospital settings.
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