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Abstract

Background: Severe Cushing's syndrome (SCS) is associated with acute cardiovascular,
metabolic and infectious complications. It is considered an emergency, requiring an
immediate diagnosis, together with a broad spectrum of supportive and hypocortisolaemic
treatments. Surgical intervention, aimed at removing the source of cortisol or
adrenocorticotropic hormone (ACTH]), is the optimal treatment in most cases of Cushing’s
syndrome. However, in hypercortisolaemic states, surgical intervention has high rates of
perioperative mortality and morbidity. Oral adrenal steroidogenesis inhibitors, even if more
effective in combination, are not always efficient enough or well tolerated. Despite their
common use, a more potent, parental, immediate, and thus life-saving, therapy is necessary.
Methods: The authors present three different clinical scenarios of etomidate treatment in
patients hospitalized in the third reference endocrinological centre in Poland between 2016
and 2017.

Results: Patients with Cushing’s disease, ectopic Cushing’s syndrome and adrenocortical
carcinoma presented with severe hypercortisolaemia and exacerbated cortisol-dependent
comorbidities. In these three cases, etomidate acted as an accurate, well tolerated and
effective cortisol-lowering drug for several days or even months. Patients were monitored in a
general ward setting, and no side effects of the therapy were observed.

Conclusions: In doses far lower than those used for anaesthesia, etomidate works as a
useful cortisol-lowering therapy in patients intolerant to or unable to take oral medications.
Additionally, if urgent, the most potent and effective medical intervention is necessary, and
clinicians should be aware of such a therapeutic option.
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Cushing’s syndrome (CS) is characterized by a
chronic excess of cortisol, and in its overt form, it
includes demonstrable clinical features. Excessive
cortisol may result from endogenous or exoge-
nous sources, with the latter being the first to
exclude.
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The most common cause of endogenous CS is
Cushing’s disease with the incidence of 1.2-2.4
cases per million people per year.! However, in
10-15% of cases, adrenocorticotropic hormone
(ACTH)-dependent CS is caused by nonpituitary
tumours (ectopic CS; ECS).2 ACTH-independent
CS, caused by adrenal cortisol-secreting neoplasms
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or hyperplasia, accounts for 15-20% of all cases. It
is important to note that hypercortisolaemia (alone
or together with excessive androgens) is also the
most frequent hormonal hypersecretion associated
with adrenocortical carcinoma (ACC).3

Severe CS (SCS) is characterized by massively
elevated random serum cortisol levels [>36-41
pg/dl (1000-1100 nmol/l) at any time] or a 24-h
urinary free cortisol that is more than four-fold
higher than the upper limit of the normal range or
severe hypokalaemia (<3.0 mmol/l); SCS is gen-
erally associated with the recent onset of one or
more of the following: sepsis, opportunistic infec-
tion, intractable hypokalaemia, uncontrolled
hypertension, heart failure, gastrointestinal haem-
orrhage, glucocorticoid-induced acute psychosis,
progressive debilitating myopathy, thromboem-
bolism or uncontrolled hyperglycaemia and
ketoacidosis.* SCS is considered an emergency
situation, requiring immediate supportive and
hypocortisolaemic therapy. Such treatment has to
take precedence over investigations into the cause
and localization of CS, which can be indetermi-
nable and time-consuming.

Initial resection of the primary lesion underlying
CS of all aetiologies is the treatment of choice.5 In
patients with overt CS, cortisol-lowering therapy,
as well as adjunctive treatment for cortisol-related
comorbidities, is needed both pre- and postoper-
atively. Chronic severe hypercortisolaemia is
associated with immunosuppression, thus predis-
posing the individual to life-threatening infections
or sepsis of bacterial, fungal and opportunistic
pathogens. These complications can be especially
unfavourable and be a barrier to initiating or con-
tinuing the often ‘last-chance’ option for patients
with  malignant tumours, chemotherapy.®
Moreover, hypercortisolism alters coagulation-
factor profiles, thus resulting in an increased risk
of cardiovascular events, such as myocardial
infarction, stroke or venous thromboembolism.”

Etomidate is the only medical treatment available
for seriously ill patients who are not candidates
for immediate surgery and cannot take oral medi-
cations. Etomidate exerts its action via reversible
inhibition of 11-beta-hydroxylase, CYP17A1 and
cholesterol side-chain cleavage enzyme.%? It can
be used to quickly alleviate severe hypercorti-
solism and thus be the bridge to other medical or
surgical therapies if the patient’s condition
improves.

We describe three cases of recent etomidate
treatment. All patients were hospitalized bet-
ween 2016 and 2017 at the Department of
Endocrinology, Bielanski Hospital in Warsaw,
which is the third reference endocrinological
centre in Poland.

Ethics statement: This case series did not need
approval from an ethical committee, as it is simply
a retrospective review of case notes with no addi-
tional intervention or other investigation.

Informed written consent for the publication of
patient information in the present manuscript
was obtained from Patient no. 2. Because
Patient no. 1 and Patient no. 3 died before the
preparation of the manuscript, informed written
consent was obtained from legally authorized
representatives.

Case 1. A 23-year-old female with rapidly pro-
gressing CS due to metastatic ACC was admit-
ted to the Department of Endocrinology. She
had undergone right-sided adrenalectomy 2
years before with no additional mitotane treat-
ment. Imaging revealed a mass of 65 X 40 mm
in the side of the previous resection and massive
liver metastases (Figure 1). In addition to the
second palliative surgery for the recurrent
tumour, hypocortisolaemic treatment was intro-
duced as soon as she had been diagnosed with
the relapse of ACC. Ketoconazole at a dose of
800 mg daily and mitotane at a dose of 6 g per
day were provided, with poor clinical and bio-
chemical effects. Thus, in the next step, metyra-
pone at a dose of 750 mg daily was added. At the
subsequent fourth admission, her state had sub-
stantially declined with uncontrolled diabetes
and hypertension, severe hypokalaemia and
hypocalcaemia. She also presented the symp-
toms of an upper respiratory tract infection. Her
cortisol levels were as high as 90-128.2 pg/dl.
Due to the complete lack of any effect, the use of
oral steroidogenesis inhibitors (ketoconazole
and metyrapone) was discontinued. The patient
was put on a continuous intravenous infusion of
propylene glycol etomidate preparation (Hypn-
omidate), followed by a decrease in cortisol level
to approx. 40 pg/dl. After one week of treatment,
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Abdomen computed tomography of
a young female patient with florid Cushing’s
syndrome (2 years after initial surgery with no
subsequent mitotane treatment), showing relapsed
adrenocortical carcinoma (65 X 40 mm, black
arrow) despite previous resection, with massive liver
metastasis also present.

the patient was well enough to be referred to
the Oncology Department for the first course
of chemotherapy. Therefore, etomidate was
stopped. At 8 days later, she was admitted again
with post-chemotherapy, life-threatening leuko-
paenia, agranulocytosis, anaemia and diarrhoea
with a recurrence of electrolyte disturbances
and a rapid increase in cortisol levels. Thus, the
infusion of etomidate was administered again.
Unfortunately, computed tomography imaging
showed rapid progression of the disease. There-
fore, she was disqualified from the next course of
chemotherapy and died within 2 months.

Case 2. A 45-year-old male with a history of
recently diagnosed insulin-independent diabetes
mellitus, refractory hypokalaemia, myopathy,
spinal pain and mild cushingoid features was
admitted to the Department of Endocrinology.
A hormonal evaluation was performed, reveal-
ing ACTH-dependent CS. The -corticotropin-
releasing factor stimulation test was suggestive
for pituitary adenoma. However, the MRI of the
pituitary gland was not evident; moreover, an
abdominal computed tomography scan showed a
suspicious lesion in his pancreas. The next investi-
gations were planned, but, due to severe hypoka-
laemia, we had to start treatment with ketoconazole
at an initial dose of 400 mg per day. We observed
an elevation in the transaminases, which made it
risky to increase the ketoconazole dose. On the
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Magnetic resonance imaging of the
pituitary region, showing microcorticotropinoma
(white arrow] in a young male patient with severe
Cushing’s syndrome.

6th day of ineffectual oral therapy, the patient’s
clinical condition deteriorated with fever and
severe exhaustion. The patient was diagnosed with
Staphylococcus aureus sepsis, and antibiotics were
introduced. Despite ketoconazole ingestion, the
patient’s cortisol level reached 160 pg/dl. There-
fore, etomidate-lipuro was given intravenously
with a consequent rapid lowering of hormone
concentrations. With short breaks of a few to
several hours to perform localization studies
(endoscopic ultrasound, somatostatin receptor
scintigraphy, positron emission tomography),
the etomidate infusion was continued for 50
days, as the diagnostic process turned out to be
longer than expected. During that time, we
observed a gradual improvement in the patient’s
condition. To our puzzlement, eventually, bilateral
inferior petrosal sinus sampling helped to confirm
the diagnosis of pituitary corticotropinoma (Fig-
ure 2) and the patient underwent effective trans-
sphenoidal surgical resection of the tumour.

Case 3. A 66-year-old female with ectopic CS due
to a metastatic lung carcinoid with liver lesions
underwent a left adrenalectomy three months ear-
lier as the first step of complete adrenal gland
removal and was referred to the Department of
Endocrinology with severe hypercortisolaemia,
decompensation of diabetes, severe hypokalaemia
and mood disorders (Figure 3). Upon admission,
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Chest and abdomen computed tomography
scanning of metastatic, inoperable ACTH-secreting
lung carcinoid (white arrow) in a 66-year-old female
with severe ectopic Cushing’s syndrome.

ACTH, adrenocorticotropic hormone.

she was negative and aggressive, revealing the
decision to discontinue the use of all her oral drugs
a few weeks earlier (ketoconazole and antipsy-
chotics among others). As she was mentally and
physically unstable, she was put on an Etomi-
date-Lipuro infusion with an immediate improve-
ment in her status. However, her cortisol levels
were unsteady, although we were unsure about
increasing the dose of etomidate. Thus, we
decided to add low-dose ketoconazole to the
etomidate, although it did not stabilize her cor-
tisol levels. This lack of stabilization was proba-
bly because the course of her hospitalization was
repeatedly complicated, with cephalic vein
thrombosis, candidiasis, sepsis and post-antibi-
otic enterocolitis pseudomembranacea. Fortu-
nately, after 58 days of etomidate treatment, she
was able to undergo complete adrenalectomy
without further complications.

As an anaesthetic, etomidate has gained increas-
ing popularity due to its ideal pharmacokinetics
(fast onset of action and short duration of hyp-
notic effect), favourable cardiovascular profile,
and respiratory and central nervous system effects.
These observations promoted its use in a wide
variety of indications in adult and paediatric pop-
ulations.1® However, with evidence of reversible
and dose-dependent adrenocortical suppression,
another field of etomidate usage has emerged.

For CS, surgical removal of the source of
cortisol or ACTH excess is the first-line treat-
ment. Occasionally, in cases of ACTH-dependent
CS, bilateral adrenalectomy has to be consid-
ered.1:12 Medical therapeutic options for CS
include agents that block adrenal steroidogenesis
at various enzymatic steps, with ketoconazole and
metyrapone being the most commonly used.
However, these agents in monotherapy have been
proven effective in only half of patients!3;
metyrapone starts its action within hours, but
ketoconazole takes days or even weeks to have an
effect.!* Conventional cortisol-lowering treat-
ment is usually ineffective in the setting of very
severe hypercortisolaemia. Combination therapy
may be useful in some cases and can also lower
individual drug doses and, consequently, the pos-
sibility of adverse effects.!>-17 The use of mitotane
with its specific properties is mainly limited to
cases of ACC. Recent data suggest that cortisol-
secreting ACCs have the poorest prognosis,
whether in an advanced or localized stage.!8
Although mitotane is the medical treatment of
choice, its slowly emerging antisecretory effect
means that other agents are necessary to achieve
more rapid and effective control of hypercorti-
solism.!? In the study by Corcuff and colleagues, !>
metyrapone at a dose of 750-4000 mg per day
and ketoconazole at a dose of 800-1200 mg per
day were prescribed to patients with ECS and
ACC with severe hypercortisolaemia. Mitotane at
a dose of 1500-6000 mg per day was introduced
simultaneously or later, ‘as some patients could
hardly ingest the total amount of pellets pre-
scribed’. The combinative treatment resulted in
decreased urinary free cortisol within 1 week of
treatment and the control of hypercortisolism at 1
month in 73% and 86% of patients with ECS and
ACC, respectively. In 2 patients out of 22 (9%),
plasma transaminase elevations resulted in keto-
conazole withdrawal. In the work of Claps and
colleagues,!” three patients with metastatic or
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inoperable ACC and full-blown CS were treated
with a combination of metyrapone, mitotane and
chemotherapy (etoposide, doxorubicin and cispl-
atin, EDP-M scheme). In all three patients, the
therapy resulted in marked clinical improvement
and urinary free cortisol decrease when carried
out for 8, 12 and 16 weeks (with a few days of
metyrapone interruption due to nausea and asthe-
nia in one patient). Despite the encouraging data
presented above, combinative therapy of mito-
tane, ketoconazole and metyrapone was com-
pletely ineffective in the presented young female
patient with ACC (Case 1). With rapid deterio-
ration of her general condition and the onset
of the infection, we were uncertain that, even in
increased doses, it would not act as fast as needed.
Thus, etomidate presents the only option left for
patients in whom combinative treatment was
ineffective, too slow or withdrawn. Especially in
patients with ACC, some authors observed worse
effects of combination therapy in normalizing
kalaemia, which may be the result of the produc-
tion of different mineralocorticoid precursors
from the tumour.2° It has been suggested that eto-
midate may also have anti-proliferative and anti-
tumourigenic effects on adrenal cortical cells, as
well as metastatic adrenal tumours.2! However,
no studies have compared etomidate with other,
combined or not, oral therapies according to its
efficacy or safety profiles. In addition, the data
regarding the ineffectiveness of etomidate is
sparse. In the already mentioned study by Corcuff
and colleagues,!®> 15% of patients displayed adre-
nal insufficiency as a result of the combinative
therapy, so it may be assumed that every treat-
ment potent enough to result in substantial corti-
sol reduction may end in this complication. For
this reason, care should be taken in each situation
in order to implement hydrocortisone replace-
ment therapy on time. Moreover, the ‘block and
replace’ protocol can be the desired therapy
mode. It is aimed at reducing cortisol to mini-
mally detectable levels with concomitant gluco-
corticoid replacement therapy. There are some
considerable risks, for example imperfect substi-
tution (with supraphysiological doses of hydro-
cortisone being implemented or, contrarily, doses
too small for the ongoing stress), as well as the
fact that higher doses or multiple drugs may be
necessary. However, this strategy may be prefer-
able if significant cyclicity in cortisol levels is pre-
sent.> In our series, this strategy was not used.
‘Blocking’ etomidate infusion speed rates are
higher than ‘nonblocking’, although with a high
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level of inter-study variability and inconsistency.22
This finding may indicate the necessity to maxi-
mally individualize the choice of strategy and
dose to the clinical scenario and the patient’s
reaction to the drug(s). Thus, one may be aware
of the danger of the induction of sedation with
‘blocking’ doses.

Recent guidelines® suggest that a loading dose of
3-5 mg should be followed by a continuous infu-
sion of 0.03-0.10 mg/kg/h (~2.5-3.0 mg/h). It is
supposed to effectively reduce serum cortisol
within 12 h with the dose titration according to
serum cortisol (to a maximum dose of 5 mg/h in
selected cases). However, in many cases, etomi-
date was proven to be effective in smaller doses. In
the case report by Castilla and colleagues,?? an
infant with CS resistant to ketoconazole was effec-
tively treated with etomidate at a dose of 0.02—
0.03 mg/kg/h. Reza-Albarran and colleagues?*
proposed starting with higher doses of etomidate
(0.04 mg/kg/h) and then gradually decreasing the
dosage to maintain an infusion rate of 0.01 mg/
kg/h. In our patients [Figure 4(a—c)], we used a
loading bolus of 2.5 milligrams and an infusion of
0.01-0.02 mg/kg/h (1-2 mg/h), which increased
by 0.5 mg/h to slowly and gradually let the patient
adjust to lower levels of cortisol and to let the
receptors regain normal sensitivity. We up-titrated
the dose to a maximum of 5 mg/h in one case.
This is not the first time such regimen has been
proposed.?> It should be noted that no side effects
of etomidate were observed during long-term
treatment in any of our patients. Studies have
reported no sedative symptoms in doses smaller
than 0.1-0.3 mg/kg/h (<7-8 mg/h).2%27 Although
the current recommendations emphasize the need
for close monitoring of patients undergoing eto-
midate treatment, it may be mostly true in the
situations in which greater doses of etomidate are
needed, the general condition of patient requires
close supervision or due to co-administration of a
sedative or tranquilizing medications. Our experi-
ence thus supports the point of view of Soh and
colleagues?> to conduct, or at least continue, eto-
midate treatment in the general ward setting. The
two patients (Cases 1 and 2) had etomidate intro-
duced in the intensive care unit (ICU) with 24-h
monitoring for possible side effects. The continu-
ation of the infusion was carried out in the general
ward without any side effects. A patient (Case 3)
was given etomidate in the Department of
Endocrinology, with the assistance of an anaesthe-
siologist. This situation was imposed by the
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Serum cortisol levels and etomidate doses in the three presented cases. (a) In Case 1, etomidate
was introduced in a bolus of 2.5 mg, and the infusion velocity was gradually increased to reach 1 mg/h in the
first 24 h and a maximum of 2.8 mg/h on day 8. The cortisol levels fell adequately. (b) In Case 2, the dosing
regimen was similar to that in Case 1, with the infusion speed rates presented in the table. The target cortisol
levels were reached in a week and, as the patient’s state improved, the infusion velocity was increased to
achieve more physiological levels. (c) In Case 3, the presented fluctuating levels of cortisol were probably due
to several complications during hospitalization and day-by-day alterations in the patients’ condition. Higher
doses of etomidate (up to 5 mg/h] were necessary to control cortisol overproduction.

circumstances, because the ICU lacked available
critical care beds.

Some data have reported that prolonged infusion
of etomidate can be successfully carried out for
several weeks, if a patient’s condition imposes
such necessity. In the case report by Krakoff and
colleagues,?8 the patient was kept on an infusion
for 5.5 months, because of an inability to take oral
drugs (due to parenteral nutrition). The main
uncertainty of the authors applied to the solvent,
propylene glycol, which is known to cause nephro-
toxicity as well as thrombophlebitis and pain of
injection. With the lipid formula, these side effects
are reduced, and it can even be given wvia a periph-
eral route.?> The longest reported use of lipid

formula is 56 days.?® Krakoff and colleagues
warned of a possible prolonged effect of etomidate
on cortisol suppression after an infusion lasting for
a few months and the possibility of developing
adrenal insufficiency after discontinuation of the
drug. They explain this effect by etomidate re-
equilibrating to the plasma compartment of the
adipose tissue storage. In our patients, etomidate-
lipuro was given for 50 and 58 days, and we did
not observe any negative effects of the prolonged
etomidate treatment.

Our experience presented in this case series
supports the concept of etomidate as a useful
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and well tolerated cortisol-lowering therapy.
Etomidate constitutes one of the most potent and
almost always effective drugs for severe hypercor-
tisolaemia. Despite its potency, when adminis-
tered skilfully and cautiously, the infusion of
etomidate can be carried out, even in the general
ward setting, for the required periods of time. In
several situations, for example in severe or criti-
cally ill patients who are intolerant of or unable to
take oral medications, clinicians of different spe-
cialties should be aware of such a therapeutic
option.
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