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Cushing syndrome Overview

Summary
Cushing syndrome is the clinical manifestation of pathological hypercortisolism from any cause.

Exogenous corticosteroid exposure is the most common cause of Cushing syndrome. Cushing's disease,
which is hypercortisolism caused by an adrenocorticotrophic hormone (ACTH)-secreting pituitary adenoma,
is the most common cause of endogenous Cushing syndrome, and is responsible for 70% to 80% of cases.

It may be difficult to distinguish patients with mild Cushing syndrome from those with the metabolic syndrome
(central obesity with insulin resistance, and hypertension). Features more specific to Cushing syndrome
include proximal muscle weakness, supraclavicular fat pads, facial plethora, violaceous striae, easy bruising,
and premature osteoporosis.

After excluding exogenous corticosteroid use, patients with suspected Cushing syndrome should be tested
for hypercortisolism with one of three high-sensitivity tests (late-night salivary cortisol, 1 mg overnight low-
dose dexamethasone suppression testing, or 24-hour urinary free cortisol).

At least one additional test should be performed to confirm hypercortisolism in patients with a positive initial
screening test.

Once endogenous hypercortisolism is confirmed, plasma ACTH should be measured. If ACTH is
suppressed, diagnostic testing should focus on the adrenal glands. If ACTH is not suppressed, pituitary or
ectopic disease should be sought.

Surgical resection of the pituitary or adrenal adenoma that is causing hypercortisolism is the primary
treatment of choice in the vast majority of patients with endogenous Cushing syndrome.

Definition
Cushing syndrome is the clinical manifestation of pathological hypercortisolism from any cause. Patients
often display weight gain with central obesity, facial rounding and plethora, proximal muscle weakness, and
thinning of the skin. They also develop metabolic complications including diabetes mellitus, dyslipidaemia,
metabolic bone disease, and hypertension. Cushing syndrome can be caused by exogenous corticosteroid
exposure, by adrenocorticotrophic hormone (ACTH)-secreting pituitary tumours (termed Cushing's disease),
by autonomous adrenal cortisol overproduction, and, rarely, by ectopic ACTH-secreting tumours.[1]
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Epidemiology
Cushing syndrome is relatively uncommon in the general population, with an incidence of 1.8 to 3.2
per million population per year.[11] However, studies of high-risk groups report a significantly greater
prevalence.[8] Hypercortisolism has been reported in 0.5% to 1% of patients with hypertension, 2% to 3%
of patients with uncontrolled diabetes, 5% to 10% of patients with adrenal masses, and 11% of patients with
osteoporosis and vertebral fractures.[8] [12] [13] [14] [15] It is unclear if this increase in prevalence is due to
higher-sensitivity testing, a greater recognition of disease in high-risk groups, or variability in the diagnostic
criteria between historical and more-recent studies.

Cushing syndrome occurs 3 times more commonly in women than in men, and Cushing's disease
(adrenocorticotrophic hormone-secreting pituitary tumour) has a 3:1 to 5:1 female-to-male predominance.[1]
No ethnic disparities in prevalence have been identified. The majority of adults are diagnosed between the
ages of 20 and 50 years, although it can occur at any age. Cushing syndrome in children is unusual but well
documented.[1]

Exogenous corticosteroid exposure is the most common cause of Cushing syndrome, but no data exist as
to the exact epidemiology of exogenous disease. All currently reported statistics include only patients with
endogenous Cushing syndrome.

Aetiology
Exogenous corticosteroid exposure is the most common cause of Cushing syndrome.

The majority (70% to 80%) of patients with endogenous Cushing syndrome have adrenocorticotrophic
hormone (ACTH)-secreting pituitary adenomas; however, only 10% of all pituitary adenomas secrete
excessive ACTH.[8] [16] Silent corticotroph adenomas are immunopositive for ACTH, but clinically present
as non-functioning adenomas. However, large adenomas can rarely become ACTH secreting and cause
Cushing's disease.[17] A new gene, ubiquitin-specific protease 8, has been found to be frequently mutated in
Cushing's disease.[18]

About 10% of patients with endogenous Cushing syndrome have adrenal adenomas with unregulated
secretion of cortisol, but only 5% of all adrenal adenomas develop autonomous cortisol secretion.[8] [14]
Mutations in the cAMP/PKA pathway are the cause of most cases of primary adrenal hypercortisolism.[19]
No specific exposures or modifiable factors have been identified that cause endogenous hypercortisolism.
The aetiology of pituitary adenoma overproduction of ACTH and adrenal adenoma overproduction of cortisol
is poorly understood.

Only about 1% of patients with Cushing syndrome have adrenal carcinoma. On the other hand, adrenal
overproduction of cortisol is seen in 50% to 60% of adrenal carcinomas, resulting in ACTH-independent
Cushing syndrome.[10]

Pathophysiology
The clinical manifestations result from excess tissue exposure to cortisol. The degree to which symptoms
manifest is largely, if not entirely, based on the degree of cortisol excess. Patients with mild to moderate
hypercortisolism generally have a less prominent phenotype with glucose intolerance, dyslipidaemia,
metabolic bone disease, and abnormal weight gain, but are difficult to differentiate from other patients
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with the metabolic syndrome. As the hypercortisolism increases, physical features worsen with striae,
supraclavicular fat pads, and proximal muscle weakness developing. Ectopic adrenocorticotrophic hormone
(ACTH) secretion from neuroendocrine tumours may manifest as more-severe cases with the abrupt
presentation of symptoms and greatly elevated cortisol and ACTH. These patients may also have severe
muscle weakness and weight loss.

Classification
Aetiologies of hypercortisolism
Adrenocorticotrophic hormone (ACTH)-dependent

• Caused by conditions that have high or inappropriately normal ACTH levels stimulating adrenal cortisol
overproduction.

• ACTH-secreting pituitary adenomas (Cushing's disease) and ectopic ACTH-secreting tumours are two
forms of ACTH-dependent disease. Ectopic ACTH-secreting tumours are typically of bronchogenic or
neuroendocrine origin.

• Ectopic corticotrophin-releasing hormone can be considered in this category, but is extremely rare and
is not specifically discussed in detail here.

ACTH-independent

• ACTH-independent Cushing syndrome is caused by excessive cortisol secretion by the adrenal
glands despite a suppressed ACTH level. Included in this category are adrenal adenomas, bilateral
adrenal hyperplasia, and, rarely, adrenal carcinoma. Adrenal carcinoma is extremely rare and typically
presents as a large (>5 cm) and rapidly growing adrenal mass.
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Abdominal computed scan showing adrenocortical tumour infiltrating the
pancreas and left kidney, and metastasised to the liver, spleen, and central nodes

From BMJ Case Reports 2010; doi:10.1136/bcr.07.2009.2100
• ACTH-independent bilateral macronodular adrenal hyperplasia (AIMAH) is a rare form of bilateral

nodular adrenal disease. The pathophysiology of AIMAH is aberrant receptor stimulation. At least
10 different aberrant receptors causing AIMAH have been identified. They include gastric inhibitory
polypeptide receptor, beta-adrenergic receptors, vasopressin receptor, serotonin receptor, angiotensin
II receptor, luteinising hormone/human chorionic gonadotrophin receptor, and leptin receptor.[2]
Stimulation of these receptors leads to inappropriate growth of bilateral, large, monoclonal and
polyclonal nodules.[3] [4] Clinically, AIMAH presents most commonly in the fifth and sixth decades of
life with excess glucocorticoid and mineralocorticoid production.[5] On imaging, bilaterally massively
enlarged adrenal glands are seen.

• Primary pigmented nodular adrenocortical disease (PPNAD), often part of Carney's complex
(a multiple endocrine neoplasia syndrome characterised by lentigines, cardiac and cutaneous
myxomas, and endocrine tumours; may be inherited in an autosomal-dominant manner), is a rare
condition caused by numerous small, autonomously functioning adrenal nodules ranging in size
from microscopic to 1 cm. On pathological examination the nodules are darkly pigmented, and the
intervening adrenal cortex is atrophic. Mutations in the protein kinase A type 1 alpha regulatory subunit
(PRKAR1A) are believed to be the causative mutations. PPNAD has a bimodal age of distribution,
with most cases being diagnosed in the second and third decades of life.[6] Patients with PPNAD
tend to be rather lean, and present without the typical central obesity seen in other causes of Cushing
syndrome. Severe osteoporosis, short stature, and severe muscle wasting are common presenting
features of patients with PPNAD.[7]

Exogenous
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• Patients taking exogenous corticosteroids for any reason may develop features of Cushing syndrome.
When high-dose glucocorticosteroids are stopped, patients can develop adrenal insufficiency despite a
clinical phenotype of Cushing's.

Case history
Case history #1
A 34-year-old woman presents with complaints of weight gain and irregular menses for the last several
years. She has gained 20 kg over the past 3 years and feels that most of the weight gain is in her
abdomen and face. She notes bruising without significant trauma, difficulty rising from a chair, and
proximal muscle wasting. She was diagnosed with type 2 diabetes and hypertension 1 year ago.

Case history #2
A 54-year-old man presents for evaluation of an incidentally discovered adrenal nodule. He underwent
a computed tomography scan of the abdomen for evaluation of abdominal pain, which was negative
except for a 2 cm well-circumscribed, low-density (2 Hounsfield units) nodule in the right adrenal gland.
He reports weight gain of 15 kg over the past 4 years. He has difficult-to-control type 2 diabetes and
hypertension. He has had two episodes of renal colic in the last 5 years.

Other presentations
Cushing syndrome presents with a variety of non-specific signs and symptoms. Several features have
higher specificity, such as violaceous striae, easy bruising, facial plethora, proximal muscle weakness,
and unexplained osteoporosis.[8] [9] Presentation largely depends on the degree of hypercortisolism.
Patients with severe and prolonged hypercortisolism develop more severe manifestations and
complications. Patients with Cushing syndrome caused by the ectopic adrenocorticotrophic hormone
syndrome generally have higher cortisol levels, and may develop severe muscle wasting, profound
hypokalaemia, excessive striae, and severe hyperglycaemia. Additionally, rapid virilisation in females
(rapid-onset or increased hirsutism, voice deepening, and clitoral enlargement) in the setting of cortisol
excess suggest adrenal carcinoma.[10] Cushing syndrome in pregnancy may be difficult to diagnose
due to overlapping features with pre-eclampsia and gestational diabetes, so it is important to have a high
index of suspicion. Pregnant patients may present with features such as weight gain, hypertension, easy
bruisability, violaceous striae, extremity oedema, and hirsutism. A common presentation in children is
growth deceleration with accompanying weight gain. Less common clinical features include multiple renal
stones, osteoporosis in younger people, or hypokalaemia without other features suggestive of Cushing
syndrome.
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Abdominal striae in pregnancy
From BMJ Case Reports 2011; doi:10.1136/bcr.01.2011.3720
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Approach
The most important decision in the diagnosis of Cushing syndrome is deciding which patients need to begin
a diagnostic evaluation. With the growing epidemic of obesity and metabolic syndrome (central obesity with
hypertension and insulin resistance), many patients have a Cushingoid phenotype, but most do not have
Cushing syndrome.

Important considerations include female sex, as women have a higher proportion of Cushing syndrome,
unexplained hypertension (particularly in young patients), new onset of glucose intolerance or diabetes,
unexplained weight gain, unexplained fractures (due to premature osteoporosis), hirsutism, menstrual
irregularities, and unexplained proximal muscle weakness. Cushing syndrome creates a hypercoagulable
state and is associated with an increased risk of venous thromboembolic disease, such as deep vein
thrombosis and pulmonary embolism.[1]

History
All patients with suspected Cushing syndrome should have a complete history to exclude the use of oral,
injectable, inhaled, or topical glucocorticoids manifesting as iatrogenic disease. At a minimum, patients
with the following conditions should go on to be screened:[23] [24]

• Features unusual for age (i.e., osteoporosis or hypertension in young patients)
• Less-usual features, such as unexplained psychiatric symptoms (including depression)
• Unexplained nephrolithiasis
• Multiple or progressive symptoms
• Polycystic ovary syndrome
• Pituitary adenomas
• Adrenal adenomas.[25]

Physical
Clinical features suggesting Cushing syndrome include:

• Progressive proximal muscle weakness
• Bruising without obvious trauma
• Facial plethora or rounding
• Violaceous striae
• Supraclavicular fat pad
• Dorsocervical fat pad.

Children exhibiting weight gain with linear decreased growth velocity should also be considered. In
addition, many patients have increased frequency of acne on the face, back, and chest.

Rapid virilisation in females (rapid-onset or increased hirsutism, voice deepening, and clitoral
enlargement) in the setting of cortisol excess suggest adrenal carcinoma, which is associated with a 50%
to 60% chance of Cushing syndrome.[10]

Initial biochemical testing
One of the following three high-sensitivity tests, or a combination, should be used as a first-line diagnostic
test in patients with suspected Cushing syndrome:[23] [26] [27]

• Late-night salivary cortisol
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• Overnight 1 mg dexamethasone suppression testing
• 24-hour urinary free cortisol

The 48-hour 2 mg dexamethasone suppression test is rarely used in isolation but can be used in
combination with other tests. Although all of the included diagnostic tests are highly sensitive and specific,
dexamethasone suppression testing was found to be the most sensitive while 24-hour urinary free cortisol
was less sensitive.[28]

Confirmation of biochemical testing
To increase diagnostic accuracy, the initial high-sensitivity test should be repeated.[23] For example,
late-night salivary cortisol samples should be obtained on two separate nights.[29] [30] [31] Similarly,
at least two 24-hour urinary free cortisol samples should be collected.[32] Alternatively, a second high-
sensitivity test may be performed: for example, supplementing a late-night salivary cortisol test with a 24-
hour urinary free cortisol measurement.[33] Testing of late-night salivary cortisol is more accurate at initial
diagnosis, but late-night salivary cortisol can frequently be normal in patients with recurrent/persistent
disease after pituitary surgery, requiring more samples for testing.[34]

Patients with initial normal biochemical testing are unlikely to have Cushing syndrome. If signs or
symptoms progress, or intermittent Cushing syndrome is suspected, repeat biochemical testing can be
performed after 6 months or at a time when cortisol hypersecretion is assumed.[23]

Patients with any abnormal initial biochemical testing require further investigation and referral to an
endocrinologist should be considered. Before proceeding with any further evaluation, physiological
causes of hypercortisolism should be excluded. These conditions include: psychiatric disorders including
depression, alcohol use disorder, physical stress, malnutrition, pregnancy, and perhaps class III obesity
(BMI 40 or above) or metabolic syndrome.[26] [35] [36] [37] Urine pregnancy testing should be considered
to exclude pregnancy, and glucose testing may reveal concomitant glucose intolerance or diabetes.

If multiple additional tests are abnormal, the patient has Cushing syndrome and differential diagnostic
testing should be undertaken. Greatly elevated dehydroepiandrosterone sulfate levels are suggestive of
adrenocortical carcinoma, but are neither sensitive nor specific.

[Algorithm for diagnosis of Cushing syndrome] (https://staticweb.bmj.com/BP/CushingSyndrome/
gr1_lrg.jpg)  [26]

Initial differential diagnostic testing
Once hypercortisolism has been established, further testing to determine the aetiology should be sought.

Morning plasma adrenocorticotrophic hormone (ACTH) is the test of choice for differentiating ACTH-
dependent from ACTH-independent Cushing syndrome. Suppressed ACTH levels (<1 picomol/L [<5
picograms/mL]) suggest ACTH-independent Cushing syndrome (although assays differ between different
laboratories), and further investigations should include imaging of the adrenal glands to identify adrenal
pathology causing hypercortisolism, such as an adenoma.

Unsuppressed ACTH levels (>4 picomol/L [>20 picograms/mL]) suggest ACTH-dependent Cushing
syndrome (although assays differ between different laboratories).[1] Further investigations in such
patients should include pituitary/sellar magnetic resonance imaging (MRI) to identify an ACTH-secreting
pituitary adenoma. A spoiled-gradient echo 3D T1 sequence has been shown to have higher sensitivity
than dynamic MRI for detecting and localising pituitary micro-adenomas in patients with Cushing
syndrome.[38]
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Patients with ACTH-dependent Cushing syndrome and an adenoma ≥10 mm on MRI should proceed
to treatment. Some clinicians prefer additional biochemical confirmation with high-dose dexamethasone
suppression testing before initiating surgical therapy.[39] The use of high-dose dexamethasone
suppression testing is an area of debate because of its variable sensitivity and specificity.[40]

Inferior petrosal sinus sampling
Patients with ACTH-dependent Cushing syndrome have either Cushing's disease (90% to 95%) or ectopic
ACTH production (5% to 10%). Those without definitive lesions on MRI should undergo inferior petrosal
sinus sampling (IPSS); this should be carried out in a specialised centre because of potential patient
risk.[26] Patients with adenomas 6-9 mm on MRI should have IPSS to confirm the diagnosis.[26] Up
to 40% of patients with Cushing's disease will not have visible lesions on pituitary/sellar MRI. Patients
without definitive lesions on MRI should also undergo inferior petrosal sinus sampling.[1] [41] IPSS is
the only test with sufficient diagnostic accuracy to differentiate Cushing's disease from ectopic ACTH
production.[42] [43] Patients with an IPSS central/peripheral gradient >2:1 or 3:1 after corticotrophin-
releasing hormone (CRH) stimulation have Cushing's disease and can undergo therapy. Those without a
gradient are likely to have ectopic ACTH production.[41]

Tests for ectopic ACTH syndrome
Patients without an IPSS central/peripheral gradient >2:1 or 3:1 after CRH stimulation should be
investigated for ectopic ACTH secretion. This evaluation generally includes computed tomography (CT)
scanning of the chest, abdomen, and pelvis to look for a tumour secreting ACTH. The most common
tumours that secrete ACTH are bronchial or thymic carcinoids. Other neuroendocrine tumours include
islet cell and medullary thyroid cancer.[43] An MRI of the chest may be helpful in selected cases; other
imaging modalities such as fluorodeoxyglucose positron emission tomography, gallium-68 DOTATATE
positron emission tomography/CT, and octreotide scanning may be considered in some patients.[44] [45]
[46] [47] [48]

Mild autonomous Cushing syndrome
These patients have an incidentally discovered adrenal adenoma producing mildly excessive cortisol
(previously known as subclinical Cushing syndrome). Mild cortisol excess requires a specialised approach
and may be more difficult to diagnose as a function of the inherent nature of the disease.[49] In patients
with incidentally discovered adrenal nodules without clinical features of Cushing syndrome, use the 1 mg
dexamethasone suppression test as the initial diagnostic test because urinary free cortisol and late-night
salivary cortisol have a lower sensitivity in these patients.[27] [50] [51][52]

One meta-analysis has shown that patients with bilateral adrenal incidentalomas present a higher
prevalence of subclinical Cushing syndrome compared with patients with unilateral adrenal
incidentalomas.[53]
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History and exam
Key diagnostic factors
presence of risk factors (common)
• Key risk factors include exogenous corticosteroid use, pituitary or adrenal adenoma, or adrenal

carcinoma.

facial plethora (common)
• Many patients with Cushing syndrome have plethora.[23] [61]

supraclavicular fullness (common)
• Increased subcutaneous fat in the supraclavicular fossa is commonly seen in patients. It is much less

commonly seen in patients with obesity from other causes.

violaceous striae (common)
• Worsening or significant violaceous striae are commonly associated with hypercortisolism in younger

individuals.[23] [61]

absence of pregnancy (common)
• Pregnancy should be excluded as a potential physiological cause of hypercortisolism.

menstrual irregularities (common)
• Women with hypercortisolism generally have irregular menses or amenorrhoea.

absence of malnutrition (common)
• Malnutrition should be excluded as a potential physiological cause of hypercortisolism.

absence of alcoholism (common)
• Alcoholism should be excluded as a potential physiological cause of hypercortisolism.

absence of physiological stress (common)
• States of physiological stress should be excluded as a potential cause of hypercortisolism.

linear growth deceleration in children (common)
• Almost all children (>95%) show decreasing linear growth velocity.[62] Decreasing linear growth with

accompanying weight gain in children is suggestive of Cushing syndrome.[1]

Other diagnostic factors
female sex (common)
• Cushing syndrome has a female-to-male predominance of 3:1.[1]

hypertension (common)
• Among patients with hypertension, 0.5% to 1% have Cushing syndrome.[12] [13] However,

hypertension is common, and most patients with hypertension do not have hypercortisolism.
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glucose intolerance or diabetes mellitus (common)
• Up to 70% of Cushing syndrome patients have impairment of glucose metabolism (glucose

intolerance, diabetes).[54] Patients with diabetes may have poorly controlled blood sugars. Poorly
controlled diabetes is common, and only 2% to 3% of patients with poorly controlled diabetes have
Cushing syndrome.[8] [55]

premature osteoporosis or unexplained fractures (common)
• Low bone density in younger men should raise suspicion.
• In patients with Cushing syndrome, osteoporosis occurs in over 50% and skeletal fractures in up to

76%.[56] As many as 11% of patients with osteoporosis and vertebral fractures have unsuspected
hypercortisolism.[15]

weight gain and central obesity (common)
• Nearly all patients gain weight. The degree of weight gain is based on the severity and duration of

hypercortisolism. The increasing prevalence of obesity in the general population has made weight gain
a very non-specific finding. It has also made the decision about which patients to test more difficult.

acne (common)
• Many patients have increased frequency of acne on the face, back, and chest.

psychiatric symptoms (common)
• Mood changes are common and occur in 70% of patients with Cushing syndrome. Depression is

the most common, but other psychiatric symptoms, such as anxiety and even psychosis, can also
occur.[57] [58] These symptoms improve or resolve with effective treatment of the hypercortisolism.

decreased libido (common)
• Occurs in up to 90% of patients, and true gonadal dysfunction is common.[56] Men generally complain

of decreased libido initially. As the hypercortisolism persists, erectile dysfunction may develop.

easy bruisability (common)
• Cushing syndrome patients have thinning of the skin and subcutaneous tissues with subsequent easy

bruising.[23] [56] Bruising without obvious trauma is a relatively specific physical finding.

weakness (common)
• Muscle weakness is very common, with proximal weakness being most prominent.[1] [23] [56]

facial rounding (common)
• Rounding of the face occurs in most if not all people who are obese, giving this finding a low specificity

for the diagnosis of Cushing syndrome. However, 90% of patients with Cushing syndrome develop
this.

dorsocervical fat pads (common)
• Increased subcutaneous fat on the back of the neck is commonly seen in Cushing syndrome, but also

in patients with obesity from other causes.
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unexplained nephrolithiasis (uncommon)
• Some patients develop renal stones. Episodes of recurrent renal stones without other explanation

should raise suspicion.

venothrombolic event (uncommon)
• Cushing syndrome creates a hypercoagulable state and is associated with an increased risk of venous

thromboembolic disease.[1] Patients with Cushing syndrome have a 10-fold increased risk of venous
thromboembolism (deep vein thrombosis, pulmonary embolism).[59] [60]

hirsutism (uncommon)
• Rapid onset of virilisation may be a sign of adrenal carcinoma, which is associated with a 50% to 60%

chance of Cushing syndrome.[10]

Risk factors
Strong
exogenous corticosteroid use
• Patients who use any dose of exogenous glucocorticoid greater than the normal daily production

by the adrenals are at risk for developing Cushing syndrome.[20] The exact dose and the duration
needed to manifest Cushing syndrome varies among patients. Diagnosis of exogenous Cushing
syndrome is obvious in the setting of treatment with high-dose glucocorticoids, with increased risk
associated with higher daily and cumulative doses.[21] However, suspicion and detailed questioning
may be required to determine glucocorticoid delivery via alternative routes (e.g., intra-articular, inhaled,
topical therapy).[20]

pituitary adenoma
• About 70% to 80% of patients with Cushing syndrome have adrenocorticotrophic hormone-secreting

pituitary adenomas (Cushing's disease).[8] However, up to 10% of the population has incidental
pituitary lesions consistent with micro-adenomas.[22] The vast majority of these adenomas are non-
secretory and do not cause Cushing's disease.

adrenal adenoma
• About 15% of patients with Cushing syndrome have adrenal adenomas that overproduce cortisol.[8] A

significant proportion of patients with adrenal adenoma may have excess and inappropriate secretion
of cortisol leading to mild cortisol excess, also known as subclinical Cushing syndrome.[8] [14]

adrenal carcinoma
• A very rare disease. When it does occur, it can cause adrenal overproduction of cortisol resulting

in adrenocorticotrophic hormone-independent Cushing syndrome. About 50% to 60% of adrenal
carcinomas present with Cushing syndrome, but only 1% of Cushing syndrome cases are caused
by adrenal carcinoma.[10] Mixed Cushing and virilising syndromes are observed in the majority of
patients, and cases may present with rapid onset of virilisation in women: for example, hirsutism, voice
deepening, and clitoral enlargement.[10]

Weak
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neuroendocrine tumours
• A small proportion of patients with Cushing syndrome have ectopic adrenocorticotrophic hormone

(ACTH) secretion. Neuroendocrine tumours, especially of bronchial and thymic origin, are the most
commonly reported to secrete excessive ACTH and cause ectopic ACTH syndrome.

thoracic or bronchogenic carcinoma
• These malignancies, especially small cell lung cancer, may produce adrenocorticotrophic hormone

(ACTH) and cause the ectopic ACTH syndrome.
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Investigations
1st test to order

Test Result
urine pregnancy test

• Women of childbearing potential should always have pregnancy
excluded in the evaluation of hypercortisolism.

negative

serum glucose
• Cushing syndrome commonly leads to diabetes and glucose

intolerance.

elevated

late-night salivary cortisol
• One of the first-line tests to consider in any patient with suspected

Cushing syndrome.[26]
• Samples are collected by saturating a collection swab with saliva

or by passively drooling into a collection tube between 11 p.m. and
midnight.[63] [64]

• Obtaining multiple (at least two) samples may increase sensitivity,
and initial testing should be performed with sampling on two separate
nights.[23] [29] [30] [31]

• Value greater than the upper limit of normal is considered positive.
Normal values vary greatly depending on the assay and clinical
laboratory used.

• Positive results should be confirmed with dexamethasone
suppression testing or 24-hour urinary free cortisol.

• Testing of late-night salivary cortisol (LNSC) is more accurate at
initial diagnosis, but LNSC can be frequently normal in patients with
recurrent/persistent disease after pituitary surgery, thus sometimes
more samples are needed.[34]

elevated

1 mg overnight dexamethasone suppression test
• One of the first-line tests to consider in any patient with suspected

Cushing syndrome.[26]
• A positive test is defined as morning cortisol >50 nanomol/L (>1.8

micrograms/dL).
• Should be a first-line test in any patient with suspected Cushing

syndrome, except those taking medications affecting dexamethasone
metabolism (phenytoin, carbamazepine, rifampin [rifampicin], and
cimetidine).

• Patient is given 1 mg of dexamethasone at 11 p.m., and a
plasma cortisol level is obtained the following morning at 8 a.m.
Dexamethasone levels are measured simultaneously with cortisol
to ensure that appropriate levels are achieved. This may help in
severely obese patients whose dexamethasone levels may be sub-
optimal.[64]

• Positive results should be confirmed with late-night salivary cortisol or
24-hour urinary free cortisol.

• In patients with incidentally discovered adrenal nodules without
clinical features of Cushing syndrome, the 1 mg dexamethasone
suppression test should be the initial diagnostic test because urinary
free cortisol and late-night salivary cortisol have a lower sensitivity in
these patients.[50] [51]

morning cortisol
>50 nanomol/L (>1.8
micrograms/dL)
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Test Result
24-hour urinary free cortisol

• Normal ranges vary by assay method.
• Should be considered as a possible first-line test in any patient with

suspected Cushing syndrome, except those with renal failure.
• Sensitivity may be lower than late-night salivary cortisol or 1 mg

overnight dexamethasone suppression testing.
• Patients need to be instructed on appropriate 24-hour urine

collection, and should avoid excessive fluid intake.[23]
• Likelihood ratio positive 10.6; likelihood ratio negative 0.16;

diagnostic odds ratio 95.4.[64]
• At least two 24-hour urinary free cortisol samples should be collected

to increase diagnostic accuracy.[32]
• Positive results should be confirmed with late-night salivary cortisol or

1 mg overnight dexamethasone suppression testing.

>50 micrograms/24 hour

48-hour 2 mg (low-dose) dexamethasone suppression test
• Rarely used in isolation; used in combination with other tests.
• A positive test is defined as morning cortisol >50 nanomol/L (>1.8

micrograms/dL).
• May be considered as a first-line test in a patient with suspected

Cushing syndrome, except those taking medications known to affect
metabolism of dexamethasone.[23] Common examples of such
medications include phenytoin, carbamazepine, rifampin (rifampicin),
and cimetidine.

• Patients should be given 0.5 mg of dexamethasone at 9 a.m. and
at 6-hour intervals for 48 hours, with a plasma cortisol obtained at 9
a.m., 6 hours after the last dose.[39] [64]

• Positive results should be confirmed with late-night salivary cortisol or
24-hour urinary free cortisol.

morning cortisol
>50 nanomol/L (>1.8
micrograms/dL)
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Other tests to consider

Test Result
plasma dehydroepiandrosterone sulphate (DHEAS) level

• Elevated plasma DHEAS level is not specific. However, in patients
with accelerated virilisation and Cushingoid features, it may point to
an adrenal carcinoma.

elevated

morning plasma adrenocorticotrophic hormone (ACTH)
• Exercise caution in interpretation of values as assays differ between

different laboratories, but typically values >4 picomol/L (>20
picograms/mL) suggest pituitary or ectopic source of disease.[1]
Values <1 picomol/L (<5 picograms/mL) suggest adrenal source of
disease.

• Should be obtained only after biochemical diagnosis of
hypercortisolism (Cushing syndrome) has been established.

• If ACTH is not suppressed, ACTH-dependent Cushing's disease
due to pituitary adenoma or Cushing's disease due to ectopic ACTH
secretion is present.

• Suppressed ACTH levels indicate ACTH-independent Cushing
syndrome.

• ACTH is unstable in blood samples at room temperature, and care
must be taken to ensure appropriate handling of samples.

>4 picomol/L (>20
picograms/mL) suggests
pituitary or ectopic
aetiology; <1 picomol/
L (<5 picograms/mL)
suggests adrenal
aetiology

pituitary MRI
• Should be ordered as the initial imaging test in patients with

confirmed adrenocorticotrophic hormone (ACTH)-dependent Cushing
syndrome.

• The majority of Cushing's disease adenomas measure <1 cm, and up
to 40% of patients with Cushing's disease do not have an adenoma
visible on MRI.[65]

• Patients with ACTH-dependent Cushing syndrome and an adenoma
≥10 mm on MRI may proceed to treatment. Some clinicians prefer
additional biochemical confirmation with high-dose dexamethasone
suppression testing prior to initiating surgical therapy.[39] The use
of high-dose dexamethasone suppression testing is an area of
debate.[40]

may show pituitary
adenoma

adrenal CT
• Should be ordered as the initial imaging test in patients with

confirmed adrenocorticotrophic hormone (ACTH)-independent
Cushing syndrome. Several adrenal abnormalities can produce
excess cortisol. However, solitary adrenal adenoma is by far the most
common.

• CT is very sensitive in detecting adrenal disease resulting in cortisol
hypersecretion.

• Patients with ACTH-independent Cushing syndrome and adrenal
abnormality seen on CT can proceed to therapy.

may show adrenal
adenoma, hyperplasia, or
tumour

high-dose dexamethasone suppression test
• Rarely used in some countries. Can be considered in patients

together with inferior petrosal sinus sampling in differentiating
pituitary versus ectopic source of adrenocorticotrophic hormone
(ACTH)-dependent Cushing syndrome.

• Patients should be given 2 mg of dexamethasone at 6-hour intervals
for 48 hours, or as an overnight test using a single dose of 8 mg
of dexamethasone at 11 p.m. Plasma cortisol should be obtained

positive test is defined as
suppression of cortisol
<50% of the baseline
value indicative of ACTH-
dependent Cushing
syndrome
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Test Result
at the start of the test and on the following morning. A positive test
suggests a pituitary source of ACTH oversecretion. However, the use
of high-dose dexamethasone suppression testing is an area of debate
because of its variable sensitivity and specificity.[40]

inferior petrosal sinus sampling (IPSS)
• Should be performed in patients with confirmed adrenocorticotrophic

hormone (ACTH)-dependent Cushing syndrome without an obvious
pituitary lesion on MRI or those with adenomas 6-9 mm in size
on MRI.[1] [26][41] Should be carried out in a specialised centre
because of potential patient risk.[26] IPSS is the only test with
sufficient diagnostic accuracy to differentiate Cushing's disease from
ectopic ACTH production.[42] [43]

• Central/peripheral ACTH ratio >2:1 at baseline or >3:1 after
corticotrophin-releasing hormone (CRH) stimulation.

• Blood is sampled peripherally and in the inferior petrosal sinuses
simultaneously. If the pituitary effluent (blood in the petrosal sinuses)
has a concentration of ACTH greater than 2-fold that of peripheral
blood at baseline or greater than 3-fold after stimulation with CRH,
the source of the hypercortisolism is pituitary ACTH secretion.[41]

• If the ACTH ratio does not reach this threshold, ectopic ACTH
secretion is likely.

• This is a technically demanding study that very few centres can
perform well.

elevated central/
peripheral ACTH ratio
indicates pituitary source

CT of chest, abdomen, and pelvis
• Used to determine the source of ectopic adrenocorticotrophic

hormone syndrome.

may localise tumour

MRI chest
• May be helpful in selected cases of ectopic adrenocorticotrophic

hormone syndrome to localise tumour.

may localise tumour

octreotide scanning
• May be helpful in selected cases of ectopic adrenocorticotrophic

hormone syndrome to localise tumour.

may localise tumour

gallium-68 DOTATATE PET/CT
• Dotatate scans may detect small neuroendocrine tumours causing

ectopic adrenocorticotrophic hormone production.

may localise tumour
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Differentials

Condition Differentiating signs /
symptoms

Differentiating tests

Obesity • Usually lack facial
plethora, unexplained
bruising, proximal muscle
weakness, violaceous striae,
supraclavicular fullness, and
osteoporotic fractures.[23]

• Normal late-night salivary
cortisol, dexamethasone
suppression testing, or 24-
hour urinary free cortisol.

Metabolic syndrome • Usually lack facial
plethora, unexplained
bruising, proximal muscle
weakness, violaceous striae,
supraclavicular fullness, and
osteoporotic fractures.[23]

• Normal late-night salivary
cortisol, dexamethasone
suppression testing, or 24-
hour urinary free cortisol.
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Approach
Do not start treatment until the diagnosis is firmly established and the source of hypercortisolism is
recognised. Give patients with moderate to severe hypercortisolism therapy directed at the underlying
cause. Resolution of cortisol excess in these cases has been shown to decrease mortality.[66] [67] Weigh
up the potential benefits and risk of therapy options in patients with only mild cortisol excess (biochemical
evidence of hypercortisolaemia but no clinical signs or symptoms of Cushing syndrome) because the benefit
of surgery has not been definitively demonstrated.[51] [52] [68]

Cushing's disease (pituitary adenoma)
Cushing's disease is caused by adrenocorticotrophic hormone (ACTH)-secreting pituitary tumours. The
ultimate goal of therapy is to remove the causative pituitary adenoma and normalise cortisol levels while
preserving pituitary function.

First-line therapy is transsphenoidal (TSS) resection of the causative pituitary adenoma performed by an
experienced surgeon.[26] [66] [69] Surgery can be done using an endoscopic or microscopic approach.
Results are comparable between both techniques for microadenomas.[70] Whether there is potential
incremental benefit with an endoscopic approach for macroadenomas remains unclear.[26] [70]
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Algorithm for the treatment of Cushing's disease (DST = dexamethasone suppression test. IPSS = inferior
petrosal sinus sampling. ACTH = adrenocorticotrophic hormone. *Pituitary surgery should be performed by

an experienced surgeon. †Absence of ACTH-staining adenoma. §Lifelong monitoring for hypopituitarism
and secondary neoplasia in the radiation field required. ¶On maximum tolerated dose of the drug)

Fleseriu M et al. Lancet Diabetes Endocrinol. 2021 Dec;9(12):847-75; used with permission

Many patients are supported with corticosteroids following pituitary surgery but should be assessed for
remission during the first postoperative week.[68] This is done by measuring morning cortisol at least
24 hours after the last dose of corticosteroid therapy. Patients with a postoperative morning cortisol of
<55 nanomol/L (<2 micrograms/dL) are considered to be in remission and can transition into long-term
follow-up. Patients with a postoperative morning cortisol of >138 nanomol/L (>5 micrograms/dL) require
further evaluation and possibly further therapy. Patients with a morning cortisol between 55 and 138
nanomol/L (2 and 5 micrograms/dL) should be followed with additional measurements to detect a drop in
subsequent morning cortisol levels. Individuals with morning cortisols >55 nanomol/L (>2 micrograms/dL)
after surgery are 2.5 times more likely to have recurrences than those with cortisol levels <55 nanomol/L
(<2 micrograms/dL).[71] [72] [73]
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Postoperative hypocortisolism is predictive of remission, hence some centres advocate withholding
routine corticosteroid therapy after pituitary surgery and monitoring cortisol levels every 8 hours or
if symptoms of adrenal insufficiency occur.[74] If adrenal insufficiency occurs or low cortisol levels
are documented, corticosteroid therapy is initiated. Other centres begin routine corticosteroid therapy
immediately after surgery and evaluate for remission of hypercortisolism later in the postoperative
course.[75] Corticosteroids are usually rapidly tapered to physiological doses within 1 week or less
(often by discharge from hospital). Testing to see if the hypothalamic-pituitary-adrenal (HPA) axis has
recovered can be done in follow-up by 3 months after surgery. Testing is usually a morning cortisol prior
to the patient taking the morning hydrocortisone dose, if hydrocortisone therapy had been continued.
Cortisol levels of >552 nanomol/L (>20 micrograms/dL) indicate recovery of the axis. Levels <83 nanomol/
L (<3 micrograms/dL) indicate a continued need for corticosteroids. Levels between 83 nanomol/L (3
micrograms/dL) and 552 nanomol/L (20 micrograms/dL) should prompt further testing (cosyntropin
stimulation testing, insulin tolerance testing, or metyrapone testing). Once recovery of HPA axis has been
established, patients need to undergo testing for possible recurrence. Salivary cortisol testing seems to
be a better predictor of early recurrence.[73] [76]

Additional therapy should be considered in patients with failure of initial pituitary surgery or with
recurrence of disease. The incidence of recurrence in Cushing's disease is high, with 50% of recurrences
occurring during the first 50 months after first surgery.[77] Standard therapies include repeat pituitary
surgery, radiotherapy, bilateral adrenalectomy, or medical therapy.[69] [78]

Success rates of these treatment options vary between 25% (for some of the medical therapies) and
100% (bilateral adrenalectomy). Treatment options have specific advantages, limitations, and side-effects
so treatment decisions should be individualised according to the specific needs of the patient and risk of
complications.[77] [79]

Re-operation is frequently the preferred therapy if initial surgery fails. It should be considered in all
patients with recurrence or persistence of disease. It is effective in about two-thirds of patients.[80] [81]
[82] However, the risk of pituitary deficiency after re-operation is 50%. This is significantly higher than
after initial surgical therapy.[80] If re-operation is ineffective, or if a patient is not a candidate for re-
operation, another modality should be considered.

Radiotherapy by conventional fractionated radiotherapy or stereotactic radiosurgery is most commonly
used in patients with persistent hypercortisolism after incomplete corticotroph tumour resection,
particularly if the tumour is aggressive or invasive or considered unresectable.[26] Radiotherapy allows for
control of hypercortisolism within 3 to 5 years in over half of patients.[83] [84] [85] [86] [87] This modality
is perhaps best used as part of the therapy for patients with mild residual hypercortisolism, as full effects
of therapy can take several years to be realised. Radiation of tumours located close to the optic chiasm
increases the risk of damage to the optic chiasm, and this risk should be considered prior to therapy.
Hypopituitarism can also occur following radiotherapy and is another risk to consider prior to initiating
therapy. The exact risk of hypopituitarism after conventional fractionated radiotherapy versus stereotactic
radiosurgery is unclear, but they seem similar.

Patients with unsuccessful re-operation who manifest severe hypercortisolism should be evaluated for
therapy with medical therapy, bilateral adrenalectomy, or a combination of these therapies. The advantage
to these approaches is the rapid onset of decreased cortisol levels or blockade of cortisol action.

Medical treatment with a somatostatin analogue (pasireotide), a dopamine agonist (cabergoline), a
steroidogenesis inhibitor (osilodrostat, ketoconazole, levoketoconazole, metyrapone, mitotane, and
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etomidate), or a glucocorticoid receptor antagonist (mifepristone) has been increasingly used in clinical
practice. Medical therapy is indicated to control cortisol secretion in patients with mild hypercortisolism,
as a short term adjunct for severe hypercortisolism before other therapies are undertaken, preoperatively
to bridge the time period until control of hypercortisolism is achieved by radiotherapy, in cases with
persistent or recurrent hypercortisolism after surgery, or where surgery is declined or not feasible (e.g.,
high surgical risk, metastatic disease).[88] [89] [90] [91] However, there is a paucity of high-quality studies
of medical therapy in Cushing's disease, and caution should be employed when comparing efficacy
rates owing to the variability in study design and quality.[91] Individualise medical therapy for patients
with Cushing's disease based on the clinical scenario, including the severity of hypercortisolism.[26] In
patients with severe disease, treat aggressively to normalise cortisol concentrations (or cortisol action).
Use multiple serial tests of both urinary free cortisol and late-night salivary cortisol to monitor treatment
outcomes.

• Pasireotide is a somatostatin analogue that selectively targets somatostatin receptors in
corticotroph adenomas and is now being used to medically treat Cushing's disease.[89] [90]
Pasireotide binds to a wide variety of somatostatin receptors, but with greater affinity to receptor
5, which is predominantly expressed in patients with corticotroph adenomas. The use of the
regular-release formulation of pasireotide has been shown to decrease cortisol levels in most
patients with Cushing's disease, but only normalises cortisol levels in 25% of patients.[92] The
long-acting formulation of pasireotide showed normalisation in approximately 40% of patients,
but hyperglycaemia was noted in up to 80% of patients.[93] In one study, tumour shrinkage was
noted in 62.5% of patients after 6 months of pasireotide treatment.[94] Salivary cortisol also
decreased after treatment; thus, salivary cortisol may be a more convenient biomarker to follow in
assessing response to treatment in patients with Cushing's disease.[95] One 10-year single-centre
experience with pasireotide reported sustained biochemical and clinical benefit in about 60% of
patients with Cushing's disease.[96] This is a pituitary-targeted therapy and should only be used in
patients with hypercortisolism due to ACTH-secreting pituitary tumours.[97] There is a high risk of
hyperglycaemia, which requires careful patient selection, and a risk of QTc prolongation.[26]

• Cabergoline, a dopamine agonist, has been used off-label in the treatment of Cushing's disease in
some countries with limited results.[89] [90] [98]

• Steroidogenesis inhibitors (agents that decrease adrenal corticosteroid production, such as
osilodrostat, ketoconazole, levoketoconazole, metyrapone, mitotane, and etomidate) can be used
(though off-label in some countries, except osilodrostat) in the treatment of Cushing syndrome.[26]
[89] [90]

• Osilodrostat is a potent oral inhibitor of steroidogenesis (inhibits steroid 11-beta-hydroxylase)
that is approved in the US for the treatment of Cushing's disease in patients where pituitary
surgery is not an option or has not been curative, and in Europe and Japan for the treatment
of endogenous Cushing syndrome.[26] [99] Osilodrostat rapidly reduces urinary free cortisol
with associated improvements in clinical signs of hypercortisolism, and is generally well
tolerated.[99] There is a risk of hypocortisolism, hypokalaemia, and QTc prolongation; careful
monitoring for hyperandrogenism is needed in women.[26]

• Ketoconazole has a relatively rapid onset of steroidogenesis inhibition. Ketoconazole may
cause idiopathic severe liver injury and adrenal insufficiency.[90] [100] [101] If used, liver and
adrenal function should be monitored before and during treatment. Its use requires expert
guidance and is contraindicated in patients with liver disease.[101]

• Levoketoconazole is an adrenal steroidogenesis inhibitor that is approved for treatment in the
US.[102] [103] [104]
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• Metyrapone provides rapid onset of inhibition and can be obtained for compassionate use in
the US.

• Mitotane has adrenostatic and adrenolytic properties, but has delayed efficacy due to slow
onset of action and a narrow therapeutic window.[90] It is rarely used for Cushing syndrome
due to causes other than adrenal carcinoma.

• Etomidate is a potent adrenostatic agent with a rapid onset of action. It is used only in
emergencies (e.g., hypercortisol-induced psychosis), and must be given intravenously.[90]

• Mifepristone, a glucocorticoid receptor antagonist, blocks the effect of cortisol at the receptor level
and should be considered in patients who have clinical and metabolic derangements of continued
hypercortisolism with hyperglycaemia and/or diabetes. The US Food and Drug Administration has
approved mifepristone for the treatment of hyperglycaemia associated with Cushing syndrome
in patients with type 2 diabetes mellitus. Cortisol and ACTH levels may increase with the use of
mifepristone due to feedback inhibition.[105] As such, cortisol levels should not be used to guide
therapy in patients treated with mifepristone.[106]

Bilateral adrenalectomy provides an immediate cure to any cause of endogenous hypercortisolism,
at the expense of causing permanent adrenal insufficiency (requiring cortisol and mineralocorticoid
replacement) and creating a risk of Nelson syndrome (corticotroph tumour growth after adrenalectomy).
This progression can cause hyperpigmentation from excessive ACTH and intracranial compressive
symptoms from growth of the tumour outside the sella. Newer laparoscopic methods of adrenalectomy
allow for more rapid recovery and tolerability.[107] One meta-analysis of 37 studies (1320 patients, 82%
with Cushing's disease, 13% with ectopic Cushing syndrome, and 5% with primary adrenal hyperplasia)
showed that bilateral adrenalectomy is relatively safe and provides adequate success.[108] Although
residual cortisol secretion due to accessory adrenal tissue or adrenal remnants was found in up to 34%
of patients, less than 2% had a relapse of Cushing syndrome. Symptoms of hypercortisolism (e.g.,
hypertension, obesity, or depression) improved in the majority of the patients after bilateral adrenalectomy.
The number of adrenal crises per 100 patient years was 9.3, and Nelson's syndrome occurred in 21% of
the patients. Excess mortality within the first year after surgery suggests that intensive clinical care for
patients after bilateral adrenalectomy is warranted.

For replacement of non-glucocorticoid pituitary hormones following pituitary surgery (any combination of
deficiencies may occur):[109]

• Levothyroxine is used to achieve a free T4 in the upper half of the normal range. A thyroid-
stimulating hormone should not be used to guide therapy.

• Testosterone therapy is used to achieve a testosterone level in the normal range.
• Women with an intact uterus taking oestrogen replacement also need 10 days of progestin each

month in addition to oestrogen replacement therapy.
• Decision to treat with growth hormone should be individualised for each patient based on

symptoms, benefits, and risk of therapy. Dose titration should occur every month to achieve clinical
response (i.e., energy level, sense of well-being, and lean body mass) and an insulin-like growth
factor 1 (IGF-1) level in the age-adjusted mid- to upper-normal range.

• Desmopressin is titrated to control symptomatic excessive urine output. This is based on patient
preference. Serum sodium and symptoms are monitored periodically to evaluate adequacy of
treatment.

ACTH-independent Cushing syndrome
The most common cause of adrenal cortisol overproduction is a unilateral autonomous adrenal adenoma.
First-line therapy is almost always unilateral adrenalectomy of the affected adrenal gland. Laparoscopic
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adrenalectomy is the preferred method in most cases. Removal of the affected adrenal gland is curative
in all patients with unilateral adrenal disease. Adrenalectomy has a beneficial effect on cardiovascular
risk factors in patients with subclinical Cushing syndrome overall and compared with conservative
management.[110]

Rare causes of ACTH-independent disease generally cause bilateral adrenal disease from autonomous
nodule formation or bilateral hyperplasia.[19] [89] In these cases first-line therapy generally requires
bilateral adrenalectomy. Steroidogenesis inhibitor therapy (osilodrostat, ketoconazole, levoketoconazole,
metyrapone, mitotane, and etomidate), or a glucocorticoid receptor antagonist (mifepristone) can
be used for patients who wish to avoid bilateral adrenalectomy.[19] [90] [111] Osilodrostat rapidly
reduces urinary free cortisol with associated improvements in clinical signs of hypercortisolism, and is
generally well tolerated.[26] [99] Ketoconazole has a relatively rapid onset of steroidogenesis inhibition.
Ketoconazole may cause severe liver injury and adrenal insufficiency. Its use requires expert guidance
and is contraindicated in patients with liver disease. If used, liver and adrenal function should be
monitored before and during treatment.[101] Levoketoconazole is an adrenal steroidogenesis inhibitor
that is approved for treatment in the US.[102] [103] [104] Metyrapone provides rapid onset of inhibition.
Mitotane has slow onset of action, has a narrow therapeutic window, and is generally only used in adrenal
carcinoma.[69] Etomidate, used only in emergencies, has rapid onset but must be given intravenously.[69]
Mifepristone blocks cortisol action, resulting in attenuation of cortisol effects.

Adrenal carcinoma is an exceedingly rare cause of ACTH-independent Cushing syndrome. First-line
therapy in many patients is surgical resection; however, at the time of diagnosis the disease has often
progressed beyond the point where surgical therapy is effective. The effectiveness of chemotherapy
and adjunctive therapies in both early- and late-stage disease has shown mixed results in clinical trials;
however, patients should be considered for treatment with mitotane and enrolment in clinical trials (if
available).[10]

Ectopic ACTH syndrome
The optimal first-line therapy involves locating and surgically resecting the ACTH-producing tumour. Not
infrequently, complete resection of these tumours is not possible. Where surgical resection is not possible,
second-line therapies include a glucocorticoid receptor antagonist (mifepristone), steroidogenesis inhibitor
therapy (osilodrostat, ketoconazole, levoketoconazole, metyrapone, mitotane, and etomidate), or bilateral
adrenalectomy.[89] Bilateral adrenalectomy is definitive therapy, but patients with ectopic ACTH-producing
tumours may have extremely severe hypercortisolism, and require reduction in cortisol before proceeding
to surgery. In these cases, mifepristone or steroidogenesis inhibitor therapy can be used to lower
cortisol levels in preparation for bilateral adrenalectomy. Osilodrostat rapidly reduces urinary free cortisol
with associated improvements in clinical signs of hypercortisolism, and is generally well tolerated.[26]
[99] Ketoconazole has a relatively rapid onset of steroidogenesis inhibition. Ketoconazole may cause
severe liver injury and adrenal insufficiency. Its use requires expert guidance and is contraindicated in
patients with liver disease. If used, liver and adrenal function should be monitored before and during
treatment.[101] Levoketoconazole is an adrenal steroidogenesis inhibitor that is approved for treatment in
the US.[102] [103] [104] Metyrapone provides rapid onset of inhibition. Mitotane has slow onset of action,
has a narrow therapeutic window, and is generally only used in adrenal carcinoma.[69] Etomidate, used
only in emergencies, has rapid onset but must be given intravenously.[69] Mifepristone blocks cortisol
action, resulting in attenuation of cortisol effects.
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Treatment algorithm overview
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Ongoing ( summary )
Cushing's disease
(adrenocorticotrophic hormone
[ACTH]-secreting pituitary tumour)

1st transsphenoidal pituitary adenomectomy

adjunct medical therapy before surgery

adjunct post-surgical corticosteroid replacement
therapy

adjunct post-surgical pituitary hormone
replacement therapy

1st medical therapy alone

2nd repeat transsphenoidal pituitary
adenomectomy

adjunct medical therapy before surgery

adjunct post-surgical corticosteroid replacement
therapy

adjunct post-surgical pituitary hormone
replacement therapy

2nd medical therapy alone

2nd pituitary radiotherapy

adjunct medical therapy before radiotherapy

adjunct post-radiation corticosteroid replacement
therapy

adjunct post-radiation pituitary hormone
replacement therapy

2nd bilateral adrenalectomy

plus permanent post-surgical corticosteroid
and mineralocorticoid replacement
therapy

adjunct medical therapy before surgery

ectopic ACTH or corticotrophin-
releasing hormone (CRH) syndrome

1st surgical resection or ablation of tumour
and metastases

adjunct medical therapy before surgery
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Ongoing ( summary )
adjunct chemotherapy or radiotherapy for primary

tumour

2nd bilateral adrenalectomy

plus permanent post-surgical corticosteroid
and mineralocorticoid replacement
therapy

adjunct medical therapy before surgery

adjunct chemotherapy or radiotherapy for primary
tumour

3rd medical therapy only

adjunct chemotherapy or radiotherapy for primary
tumour

ACTH-independent due to unilateral
adrenal carcinoma or adenoma

1st unilateral adrenalectomy or tumour
resection

adjunct medical therapy before surgery

adjunct chemotherapy or radiotherapy for adrenal
carcinoma

2nd medical therapy only

adjunct chemotherapy or radiotherapy for adrenal
carcinoma

ACTH-independent due to bilateral
adrenal disease (hyperplasia or
adenoma)

1st bilateral adrenalectomy

plus permanent post-surgical corticosteroid
and mineralocorticoid replacement
therapy

adjunct medical therapy before surgery

2nd medical therapy only
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Cushing syndrome Management

Treatment algorithm
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Ongoing
Cushing's disease
(adrenocorticotrophic hormone
[ACTH]-secreting pituitary tumour)

1st transsphenoidal pituitary adenomectomy

» First-line therapy is transsphenoidal resection
of the causative pituitary adenoma performed by
an experienced surgeon.[26] [69] [112] Surgery
can be done using an endoscopic or microscopic
approach. Results are comparable between both
techniques for microadenomas.[70] Whether
there is potential incremental benefit with an
endoscopic approach for macroadenomas
remains unclear.[26] [70]

» Patients with mild cortisol excess (biochemical
evidence of hypercortisolaemia but no clinical
signs or symptoms of Cushing syndrome)
should have therapy carefully weighed because
benefit of surgery has not been convincingly
demonstrated.[68]

adjunct medical therapy before surgery

Treatment recommended for SOME patients in
selected patient group

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day
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OR

» pasireotide: 0.3 to 0.9 mg subcutaneously
twice daily; 10-40 mg intramuscularly every 4
weeks

OR

» cabergoline: consult specialist for guidance
on dose

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options

» etomidate: consult specialist for guidance
on dose

» A somatostatin analogue (pasireotide),
a dopamine agonist (cabergoline), a
steroidogenesis inhibitor (osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, etomidate), or a glucocorticoid receptor
antagonist (mifepristone) is occasionally used
short term for severe hypercortisolism before
other therapies are undertaken.[88] [89] [90] [91]

» Somatostatin analogue: pasireotide binds
to a wide array of somatostatin receptors,
with a much greater affinity for somatostatin
receptor 5, which is predominantly expressed
in corticotroph adenomas. Use of the regular-
release formulation of pasireotide decreases
cortisol in most patients, but normalises cortisol
levels in only 25% of patients.[92] The long-
acting formulation of pasireotide normalises
cortisol levels in 40% of patients.[93] It causes
hyperglycaemia in most patients. This is a
pituitary-targeted therapy and should be used
only in patients with hypercortisolism due to
ACTH-secreting pituitary tumours.[97] There is
a high risk of hyperglycaemia, which requires
careful patient selection, and a risk of QTc
prolongation.[26]

» Dopamine agonist: cabergoline has been used
off-label in the treatment of Cushing's disease in
some countries.[98]
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» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production.[89] [90] [99] They
should only be used by physicians familiar with
their use. Osilodrostat is approved in the US
and Europe for use in Cushing's disease. It is a
potent, rapidly active steroid 11-beta-hydroxylase
inhibitor and is generally well tolerated.[99]
There is a risk of hypocortisolism, hypokalaemia,
and QTc prolongation; careful monitoring for
hyperandrogenism is needed in women.[26]
Ketoconazole and metyrapone have a relatively
rapid onset of steroidogenesis inhibition.
Ketoconazole may cause idiopathic severe
liver injury and adrenal insufficiency. Its use
requires expert guidance and is contraindicated
in patients with liver disease. If used, liver and
adrenal function should be monitored before and
during treatment.[100] [101] Levoketoconazole
is an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

adjunct post-surgical corticosteroid replacement
therapy

Treatment recommended for SOME patients in
selected patient group

M
A

NAG
EM

EN
T

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

31

https://bestpractice.bmj.com


Cushing syndrome Management
M

A
NA

G
EM

EN
T

Ongoing
Primary options

» hydrocortisone: 10-25 mg per metre square
body surface area/day orally given in 2-3
divided doses; usual dose is a larger dose in
the morning (10-15 mg) and a smaller dose in
the late afternoon (5-10 mg)

» Patients who undergo pituitary adenomectomy
may become temporarily or permanently
dependent on physiological replacement
of cortisol. It is necessary to monitor blood
pressure, check for orthostatic symptoms, and
assess general sense of energy or fatigue.

» As postoperative hypocortisolism is predictive
of remission, some centres advocate withholding
routine corticosteroid therapy after pituitary
surgery and monitoring cortisol levels every 8
hours or if symptoms of adrenal insufficiency
occur. If adrenal insufficiency occurs or low
cortisol levels are documented, corticosteroid
therapy should be initiated. Other centres begin
routine corticosteroid therapy immediately
after surgery and evaluate for remission of
hypercortisolism later in the postoperative
course.[75] This is done by measuring morning
cortisol at least 24 hours after the last dose
of corticosteroid therapy. Patients with a
postoperative morning cortisol of <55 nanomol/
L (<2 micrograms/dL) are considered to be
in remission and can transition into long-term
follow-up. Patients with a postoperative morning
cortisol of >138 nanomol/L (>5 micrograms/
dL) require further evaluation and possibly
further therapy. Patients with a morning
cortisol between 55 and 138 nanomol/L (2
and 5 micrograms/dL) should be followed with
additional measurements to detect a drop in
subsequent morning cortisol levels. Individuals
with morning cortisols >55 nanomol/L (>2
micrograms/dL) after surgery are 2.5 times
more likely to have recurrences than those with
cortisol levels <55 nanomol/L (<2 micrograms/
dL).[71] [72] [73]

» Corticosteroids are usually rapidly tapered
to physiological doses within 1 week or less
(often by discharge from hospital). Testing to
see if the hypothalamic-pituitary-adrenal (HPA)
axis has recovered can be done in follow-up
by 3 months after surgery. Testing is usually a
morning cortisol prior to the patient taking the
morning hydrocortisone dose, if hydrocortisone
therapy had been continued. Cortisol levels of
>552 nanomol/L (>20 micrograms/dL) indicate
recovery of the axis. Levels <83 nanomol/L (<3
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micrograms/dL) indicate a continued need for
corticosteroids. Levels between 83 nanomol/
L (3 micrograms/dL) and 552 nanomol/L (20
micrograms/dL) should prompt further testing
(cosyntropin stimulation testing, insulin tolerance
testing, or metyrapone testing). Once recovery of
HPA axis has been established, patients need to
undergo testing for possible recurrence. Salivary
cortisol testing seems to be a better predictor of
early recurrence.[73] [76]

adjunct post-surgical pituitary hormone
replacement therapy

Treatment recommended for SOME patients in
selected patient group

Primary options

» levothyroxine: 1.8 micrograms/kg/day orally
--AND/OR--

» testosterone transdermal: 2.5 to 7.5 mg
once daily, titrate according to response in
men
-or-
» testosterone cipionate: 200 mg
intramuscularly every 2 weeks, titrate
according to response in men
-or-
» estradiol: 2 mg orally once daily in women
-or-
» conjugated oestrogens: 0.625 to 1.25 mg
orally once daily in women
-and-
» medroxyprogesterone: 5-10 mg orally once
daily on 10 days of each month if woman has
intact uterus and on estradiol or oestrogen

--AND/OR--
» somatropin (recombinant): dose depends
on brand used; consult specialist for guidance
on dose

--AND/OR--
» desmopressin: 0.1 mg orally once to three
times daily

» Any combination of deficiencies may occur.

» Levothyroxine is used to achieve a free T4 in
the upper half of the normal range. A thyroid-
stimulating hormone should not be used to guide
therapy.[109]

» Testosterone therapy is used to achieve a
testosterone level in the normal range.[109]

» Women with an intact uterus taking oestrogen
replacement also need 10 days of progestin
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each month in addition to oestrogen replacement
therapy.

» Decision to treat with growth hormone should
be individualised for each patient based on
symptoms, benefits, and risk of therapy.[109]
Dose titration should occur every month to
achieve clinical response (i.e., energy level,
sense of well-being, and lean body mass) and
an insulin-like growth factor 1 (IGF-1) level in the
age-adjusted mid- to upper-normal range.

» Desmopressin is titrated to control
symptomatic excessive urine output. This is
based on patient preference. Serum sodium and
symptoms are monitored periodically to evaluate
adequacy of treatment.[109]

1st medical therapy alone

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» pasireotide: 0.3 to 0.9 mg subcutaneously
twice daily; 10-40 mg intramuscularly every 4
weeks

OR

» cabergoline: consult specialist for guidance
on dose

OR
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» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options

» etomidate: consult specialist for guidance
on dose

» Medical treatment alone with a somatostatin
analogue (pasireotide), a dopamine agonist
(cabergoline), a steroidogenesis inhibitor
(osilodrostat, ketoconazole, levoketoconazole,
metyrapone, mitotane, and etomidate), or a
glucocorticoid receptor antagonist (mifepristone)
has been increasingly used in clinical practice.
Medical therapy is indicated to control cortisol
secretion in patients with mild hypercortisolism
or where surgery is declined or not feasible (e.g.,
high surgical risk, metastatic disease).[88] [89]
[90] [91] However, there is a paucity of high-
quality studies of medical therapy in Cushing's
disease, and caution should be employed when
comparing efficacy rates owing to the variability
in study design and quality.[91]

» Somatostatin analogue: pasireotide binds to
a wide array of somatostatin receptors, with a
much greater affinity for somatostatin receptor
5, which is predominantly expressed in patients
with corticotroph adenomas. Use of the regular-
release formulation of pasireotide decreases
cortisol in most patients, but normalises cortisol
levels in only 25% of patients.[92] The long-
acting formulation of pasireotide normalises
cortisol levels in 40% of patients.[93] It causes
hyperglycaemia in most patients. This is a
pituitary-targeted therapy and should be used
only in patients with hypercortisolism due to
ACTH-secreting pituitary tumours.[97] There is
a high risk of hyperglycaemia, which requires
careful patient selection, and a risk of QTc
prolongation.[26]

» Dopamine agonist: cabergoline has been used
off-label in the treatment of Cushing's disease in
some countries.[98]

» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production.[89] [90] [99] They
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should only be used by physicians familiar with
their use. Osilodrostat is approved in the US
and Europe for use in Cushing's disease. It is a
potent, rapidly active steroid 11-beta-hydroxylase
inhibitor and is generally well tolerated.[99]
There is a risk of hypocortisolism, hypokalaemia,
and QTc prolongation; careful monitoring for
hyperandrogenism is needed in women.[26]
Ketoconazole and metyrapone have a relatively
rapid onset of steroidogenesis inhibition.
Ketoconazole may cause idiopathic severe
liver injury and adrenal insufficiency. Its use
requires expert guidance and is contraindicated
in patients with liver disease. If used, liver and
adrenal function should be monitored before and
during treatment.[100] [101] Levoketoconazole
is an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

2nd repeat transsphenoidal pituitary
adenomectomy

» In patients who received transsphenoidal
pituitary adenomectomy as first-line therapy,
additional therapy should be considered in
patients with failure of initial pituitary surgery
or with recurrence of disease. The incidence of
recurrence in Cushing's disease is high, with
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50% of recurrences occurring during the first 50
months after first surgery.[77] Re-operation is
frequently the preferred therapy if initial surgery
fails. It should be considered in all patients
with recurrence or persistence of disease. It is
effective in about two-thirds of patients.[80] [81]
[82] However, the risk of pituitary deficiency after
re-operation is 50%. This is significantly higher
than after initial surgical therapy.[80]

» Patients with mild cortisol excess (biochemical
evidence of hypercortisolaemia but no clinical
signs or symptoms of Cushing syndrome)
should have therapy carefully weighed because
benefit of surgery has not been convincingly
demonstrated.[68]

adjunct medical therapy before surgery

Treatment recommended for SOME patients in
selected patient group

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» pasireotide: 0.3 to 0.9 mg subcutaneously
twice daily; 10-40 mg intramuscularly every 4
weeks

OR

» cabergoline: consult specialist for guidance
on dose
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OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options

» etomidate: consult specialist for guidance
on dose

» A somatostatin analogue (pasireotide),
a dopamine agonist (cabergoline), a
steroidogenesis inhibitor (osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, etomidate), or a glucocorticoid receptor
antagonist (mifepristone) is occasionally used for
mild hypercortisolism, or short term for severe
hypercortisolism, before other therapies are
undertaken.[88] [89] [90] [91]

» Somatostatin analogue: pasireotide binds
to a wide array of somatostatin receptors,
with a much greater affinity for somatostatin
receptor 5, which is predominantly expressed
in corticotroph adenomas. Use of the regular-
release formulation of pasireotide decreases
cortisol in most patients, but normalises cortisol
levels in only 25% of patients.[92] The long-
acting formulation of pasireotide normalises
cortisol levels in 40% of patients.[93] It causes
hyperglycaemia in most patients. This is a
pituitary-targeted therapy and should be used
only in patients with hypercortisolism due to
ACTH-secreting pituitary tumours.[97] There is
a high risk of hyperglycaemia, which requires
careful patient selection, and a risk of QTc
prolongation.[26]

» Dopamine agonist: cabergoline has been used
off-label in the treatment of Cushing's disease in
some countries.[98]

» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production.[89] [90] [99] They
should only be used by physicians familiar with
their use. Osilodrostat is approved in the US
and Europe for use in Cushing's disease. It is a
potent, rapidly active steroid 11-beta-hydroxylase
inhibitor and is generally well tolerated.[99]
There is a risk of hypocortisolism, hypokalaemia,
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and QTc prolongation; careful monitoring for
hyperandrogenism is needed in women.[26]
Ketoconazole and metyrapone have a relatively
rapid onset of steroidogenesis inhibition.
Ketoconazole may cause idiopathic severe
liver injury and adrenal insufficiency. Its use
requires expert guidance and is contraindicated
in patients with liver disease. If used, liver and
adrenal function should be monitored before and
during treatment.[100] [101] Levoketoconazole
is an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

adjunct post-surgical corticosteroid replacement
therapy

Treatment recommended for SOME patients in
selected patient group

Primary options

» hydrocortisone: 10-25 mg per metre square
body surface area/day orally given in 2-3
divided doses; usual dose is a larger dose in
the morning (10-15 mg) and a smaller dose in
the late afternoon (5-10 mg)

» Patients who undergo pituitary adenomectomy
may become temporarily or permanently
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dependent on physiological replacement
of cortisol. It is necessary to monitor blood
pressure, check for orthostatic symptoms, and
assess general sense of energy or fatigue.

» As postoperative hypocortisolism is predictive
of remission, some centres advocate withholding
routine corticosteroid therapy after pituitary
surgery and monitoring cortisol levels every 8
hours or if symptoms of adrenal insufficiency
occur. If adrenal insufficiency occurs or low
cortisol levels are documented, corticosteroid
therapy should be initiated. Other centres begin
routine corticosteroid therapy immediately
after surgery and evaluate for remission of
hypercortisolism later in the postoperative
course.[75] This is done by measuring morning
cortisol at least 24 hours after the last dose
of corticosteroid therapy. Patients with a
postoperative morning cortisol of <55 nanomol/
L (<2 micrograms/dL) are considered to be
in remission and can transition into long-term
follow-up. Patients with a postoperative morning
cortisol of >138 nanomol/L (>5 micrograms/
dL) require further evaluation and possibly
further therapy. Patients with a morning
cortisol between 55 and 138 nanomol/L (2
and 5 micrograms/dL) should be followed with
additional measurements to detect a drop in
subsequent morning cortisol levels. Individuals
with morning cortisols >55 nanomol/L (>2
micrograms/dL) after surgery are 2.5 times
more likely to have recurrences than those with
cortisol levels <55 nanomol/L (<2 micrograms/
dL).[71] [72] [73]

» Corticosteroids are usually rapidly tapered
to physiological doses within 1 week or less
(often by discharge from hospital). Testing to
see if the hypothalamic-pituitary-adrenal (HPA)
axis has recovered can be done in follow-up
by 3 months after surgery. Testing is usually a
morning cortisol prior to the patient taking the
morning hydrocortisone dose, if hydrocortisone
therapy had been continued. Cortisol levels of
>552 nanomol/L (>20 micrograms/dL) indicate
recovery of the axis. Levels <83 nanomol/L (<3
micrograms/dL) indicate a continued need for
corticosteroids. Levels between 83 nanomol/
L (3 micrograms/dL) and 552 nanomol/L (20
micrograms/dL) should prompt further testing
(cosyntropin stimulation testing, insulin tolerance
testing, or metyrapone testing). Once recovery of
HPA axis has been established, patients need to
undergo testing for possible recurrence. Salivary
cortisol testing seems to be a better predictor of
early recurrence.[73] [76]
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adjunct post-surgical pituitary hormone

replacement therapy

Treatment recommended for SOME patients in
selected patient group

Primary options

» levothyroxine: 1.8 micrograms/kg/day orally
--AND/OR--

» testosterone transdermal: 2.5 to 7.5 mg
once daily, titrate according to response in
men
-or-
» testosterone cipionate: 200 mg
intramuscularly every 2 weeks, titrate
according to response in men
-or-
» estradiol: 2 mg orally once daily in women
-or-
» conjugated oestrogens: 0.625 to 1.25 mg
orally once daily in women
-and-
» medroxyprogesterone: 5-10 mg orally once
daily on 10 days of each month if woman has
intact uterus and on estradiol or oestrogen

--AND/OR--
» somatropin (recombinant): dose depends
on brand used; consult specialist for guidance
on dose

--AND/OR--
» desmopressin: 0.1 mg orally once to three
times daily

» Any combination of deficiencies may occur.
The risk of pituitary deficiency after reoperation
is 50%. This is significantly higher than after
initial surgical therapy.[80]

» Levothyroxine is used to achieve a free T4 in
the upper half of the normal range. A thyroid-
stimulating hormone should not be used to guide
therapy.[109]

» Testosterone therapy is used to achieve a
testosterone level in the normal range.[109]

» Women with an intact uterus taking oestrogen
replacement also need 10 days of progestin
each month in addition to oestrogen replacement
therapy.

» Decision to treat with growth hormone should
be individualised for each patient based on
symptoms, benefits, and risk of therapy.[109]
Dose titration should occur every month to
achieve clinical response (i.e., energy level,
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sense of well-being, and lean body mass) and
an insulin-like growth factor 1 (IGF-1) level in the
age-adjusted mid- to upper-normal range.

» Desmopressin is titrated to control
symptomatic excessive urine output. This is
based on patient preference. Serum sodium and
symptoms are monitored periodically to evaluate
adequacy of treatment.[109]

2nd medical therapy alone

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» pasireotide: 0.3 to 0.9 mg subcutaneously
twice daily; 10-40 mg intramuscularly every 4
weeks

OR

» cabergoline: consult specialist for guidance
on dose

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

Secondary options
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» mitotane: consult specialist for guidance on
dose

Tertiary options

» etomidate: consult specialist for guidance
on dose

» In patients who received transsphenoidal
pituitary adenomectomy as first-line therapy,
additional therapy should be considered in
patients with failure of initial pituitary surgery
or with recurrence of disease. The incidence of
recurrence in Cushing's disease is high, with
50% of recurrences occurring during the first 50
months after first surgery.[77] Standard therapies
include repeat pituitary surgery, radiotherapy,
bilateral adrenalectomy, or medical therapy.[69]
[78]

» Success rates of these treatment options
vary between 25% (for some of the medical
therapies) and 100% (bilateral adrenalectomy).
Treatment options have specific advantages,
limitations, and side-effects so treatment
decisions should be individualised according
to the specific needs of the patient and risk of
complications.[77] [79]

» Medical treatment has been increasingly used
in clinical practice and is indicated to control
cortisol secretion in cases with persistent or
recurrent hypercortisolism after surgery, or
where surgery is declined or not feasible (e.g.,
high surgical risk, metastatic disease).[88] [89]
[90] [91]

» Somatostatin analogue: pasireotide binds
to a wide array of somatostatin receptors,
with a much greater affinity for somatostatin
receptor 5, which is predominantly expressed
in corticotroph adenomas. Use of the regular-
release formulation of pasireotide decreases
cortisol in most patients, but normalises cortisol
levels in only 25% of patients.[92] The long-
acting formulation of pasireotide normalises
cortisol levels in 40% of patients.[93] It causes
hyperglycaemia in most patients. This is a
pituitary-targeted therapy and should be used
only in patients with hypercortisolism due to
ACTH-secreting pituitary tumours.[97] There is
a high risk of hyperglycaemia, which requires
careful patient selection, and a risk of QTc
prolongation.[26]

» Dopamine agonist: cabergoline has been used
off-label in the treatment of Cushing's disease in
some countries.[98]
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» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production and can be used
(though off-label in most countries) in the
treatment of Cushing syndrome. They should
only be used by physicians familiar with their
use. Osilodrostat is approved in the US and
Europe for use in Cushing's disease. It is a
potent, rapidly active steroid 11-beta-hydroxylase
inhibitor and is generally well tolerated.[99]
There is a risk of hypocortisolism, hypokalaemia,
and QTc prolongation; careful monitoring for
hyperandrogenism is needed in women.[26]
Ketoconazole and metyrapone have a relatively
rapid onset of steroidogenesis inhibition.
Ketoconazole may cause idiopathic severe
liver injury and adrenal insufficiency. Its use
requires expert guidance and is contraindicated
in patients with liver disease. If used, liver and
adrenal function should be monitored before and
during treatment.[100] [101] Levoketoconazole
is an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

2nd pituitary radiotherapy
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» Radiotherapy by conventional fractionated
radiotherapy or stereotactic radiosurgery
is most commonly used in patients with
persistent hypercortisolism after incomplete
corticotroph tumour resection, particularly if the
tumour is aggressive or invasive or considered
unresectable.[26] This modality is perhaps best
used as part of the therapy for patients with
mild residual hypercortisolism, as full effects of
therapy can take several years to be realised.
Radiation of tumours located close to the optic
chiasm increases the risk of damage to the optic
chiasm, and this risk should be considered prior
to therapy.

» After 3 to 5 years, both traditional fractionated
radiotherapy and stereotactic radiosurgery attain
remission in 50% to 60% of patients.[83] [84]
[85]

» Insufficient data exist to estimate the long-term
recurrence rates after therapy.

» Traditional fractionated radiotherapy and
stereotactic radiosurgery have similar rates of
post-therapy hypopituitarism.

adjunct medical therapy before radiotherapy

Treatment recommended for SOME patients in
selected patient group

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

M
A

NAG
EM

EN
T

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

45

https://bestpractice.bmj.com


Cushing syndrome Management
M

A
NA

G
EM

EN
T

Ongoing

» pasireotide: 0.3 to 0.9 mg subcutaneously
twice daily; 10-40 mg intramuscularly every 4
weeks

OR

» cabergoline: consult specialist for guidance
on dose

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options

» etomidate: consult specialist for guidance
on dose

» A somatostatin analogue (pasireotide),
a dopamine agonist (cabergoline), a
steroidogenesis inhibitor (osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, etomidate), or a glucocorticoid receptor
antagonist (mifepristone) is occasionally used
short term for severe hypercortisolism, before
other therapies are undertaken.[88] [89] [90] [91]

» Somatostatin analogue: pasireotide binds
to a wide array of somatostatin receptors,
with a much greater affinity for somatostatin
receptor 5, which is predominantly expressed
in corticotroph adenomas. Use of the regular-
release formulation of pasireotide decreases
cortisol in most patients, but normalises cortisol
levels in only 25% of patients.[92] The long-
acting formulation of pasireotide normalises
cortisol levels in 40% of patients.[93] It causes
hyperglycaemia in most patients. This is a
pituitary-targeted therapy and should be used
only in patients with hypercortisolism due to
ACTH-secreting pituitary tumours.[97] There is
a high risk of hyperglycaemia, which requires
careful patient selection, and a risk of QTc
prolongation.[26]

» Dopamine agonist: cabergoline has been used
off-label in the treatment of Cushing's disease in
some countries.[98]
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» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production.[89] [90] [99] They
should only be used by physicians familiar with
their use. Osilodrostat is approved in the US
and Europe for use in Cushing's disease. It is a
potent, rapidly active steroid 11-beta-hydroxylase
inhibitor and is generally well tolerated.[99]
There is a risk of hypocortisolism, hypokalaemia,
and QTc prolongation; careful monitoring for
hyperandrogenism is needed in women.[26]
Ketoconazole and metyrapone have a relatively
rapid onset of steroidogenesis inhibition.
Ketoconazole may cause idiopathic severe
liver injury and adrenal insufficiency. Its use
requires expert guidance and is contraindicated
in patients with liver disease. If used, liver and
adrenal function should be monitored before and
during treatment.[100] [101] Levoketoconazole
is an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

adjunct post-radiation corticosteroid replacement
therapy

Treatment recommended for SOME patients in
selected patient group
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Primary options

» hydrocortisone: 10-25 mg per metre square
body surface area/day orally given in 2-3
divided doses; usual dose is a larger dose in
the morning (10-15 mg) and a smaller dose in
the late afternoon (5-10 mg)

» Patients who undergo pituitary irradiation
may become temporarily or permanently
dependent on physiological replacement of
cortisol. This may occur even years after
therapy. Consequently, it is necessary to
monitor for adrenal insufficiency for years after
radiotherapy (e.g., monitor blood pressure,
check for orthostatic symptoms, and assess
general sense of energy or fatigue).

» Slow taper of corticosteroid replacement may
be done over time if the pituitary axis recovers.

adjunct post-radiation pituitary hormone
replacement therapy

Treatment recommended for SOME patients in
selected patient group

Primary options

» levothyroxine: 1.8 micrograms/kg/day orally
--AND/OR--

» testosterone transdermal: 2.5 to 7.5 mg
once daily, titrate according to response in
men
-or-
» testosterone cipionate: 200 mg
intramuscularly every 2 weeks, titrate
according to response in men
-or-
» estradiol: 2 mg orally once daily in women
-or-
» conjugated oestrogens: 0.625 to 1.25 mg
orally once daily in women
-and-
» medroxyprogesterone: 5-10 mg orally once
daily on 10 days of each month if woman has
intact uterus and on estradiol or oestrogen

--AND/OR--
» somatropin (recombinant): dose depends
on brand used; consult specialist for guidance
on dose

--AND/OR--
» desmopressin: 0.1 mg orally once to three
times daily

» Any combination of deficiencies may occur.
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» Levothyroxine is used to achieve a free T4 in
the upper half of the normal range. TSH should
not be used to guide therapy.[109]

» Testosterone therapy is used to achieve a
testosterone level in the normal range.[109]

» Women with an intact uterus taking oestrogen
replacement also need 10 days of progestin
each month in addition to oestrogen replacement
therapy.

» Decision to treat with growth hormone should
be individualised for each patient based on
symptoms, benefits, and risk of therapy.[109]
Dose titration should occur every month to
achieve clinical response (i.e., energy level,
sense of well-being, and lean body mass) and
an insulin-like growth factor 1 (IGF-1) level in the
age-adjusted mid- to upper-normal range.

» Desmopressin is titrated to control
symptomatic excessive urine output. This is
based on patient preference. Serum sodium and
symptoms are monitored periodically to evaluate
adequacy of treatment.[109]

2nd bilateral adrenalectomy

» Additional therapy should be considered in
patients with failure of initial pituitary surgery
or with recurrence of disease. The incidence of
recurrence in Cushing's disease is high, with
50% of recurrences occurring during the first 50
months after first surgery.[77] Standard therapies
include repeat pituitary surgery, radiotherapy,
bilateral adrenalectomy, or medical therapy.[69]
[78]

» Success rates of these treatment options
vary between 25% (for some of the medical
therapies) and 100% (bilateral adrenalectomy).
Treatment options have specific advantages,
limitations, and side-effects so treatment
decisions should be individualised according
to the specific needs of the patient and risk of
complications.[77] [79]

» Bilateral adrenalectomy should be considered
in patients with severe hypercortisolism following
ineffective reoperation, or if a patient is not a
candidate for reoperation, depending on patient
preference and risk of complications.

» Provides cure for all endogenous
hypercortisolism. A meta-analysis of 37 studies
(1320 patients, 82% with Cushing's disease,
13% with ectopic Cushing syndrome, and 5%
with primary adrenal hyperplasia) showed
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that bilateral adrenalectomy is relatively
safe and provides adequate success.[108]
Although residual cortisol secretion due to
accessory adrenal tissue or adrenal remnants
was found in 3% to 34%, less than 2% had a
relapse of Cushing syndrome. Symptoms of
hypercortisolism (e.g., hypertension, obesity,
or depression) improved in the majority of the
patients after bilateral adrenalectomy (7 studies,
195 patients).

» Creates adrenal insufficiency with the need for
lifelong corticosteroid replacement.

» Increases the risk of Nelson syndrome,
which is progression of the ACTH-secreting
pituitary adenoma. This progression can cause
hyperpigmentation from excessive ACTH and
intracranial compressive symptoms from growth
of the tumour outside the sella.

» Newer laparoscopic methods of adrenalectomy
allow for more rapid recovery and tolerability.

plus permanent post-surgical corticosteroid
and mineralocorticoid replacement
therapy

Treatment recommended for ALL patients in
selected patient group

Primary options

» hydrocortisone: 10-25 mg per metre square
body surface area/day orally given in 2-3
divided doses; usual dose is a larger dose in
the morning (10-15 mg) and a smaller dose in
the late afternoon (5-10 mg)
-and-
» fludrocortisone: 0.05 to 0.1 mg orally once
daily

» It is necessary to monitor blood pressure,
check for orthostatic symptoms, and assess
general sense of energy or fatigue at regular
intervals.

» Replacement glucocorticoids and
mineralocorticoids are necessary in patients who
undergo bilateral adrenalectomy.

adjunct medical therapy before surgery

Treatment recommended for SOME patients in
selected patient group

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day
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OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» pasireotide: 0.3 to 0.9 mg subcutaneously
twice daily; 10-40 mg intramuscularly every 4
weeks

OR

» cabergoline: consult specialist for guidance
on dose

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options

» etomidate: consult specialist for guidance
on dose

» A somatostatin analogue (pasireotide),
a dopamine agonist (cabergoline), a
steroidogenesis inhibitor (osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, etomidate), or a glucocorticoid receptor
antagonist (mifepristone) is occasionally used
short term for severe hypercortisolism, before
other therapies are undertaken.[88] [89] [90] [91]
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» Somatostatin analogue: pasireotide binds
to a wide array of somatostatin receptors,
with a much greater affinity for somatostatin
receptor 5, which is predominantly expressed
in corticotroph adenomas. Use of the regular-
release formulation of pasireotide decreases
cortisol in most patients, but normalises cortisol
levels in only 25% of patients.[92] The long-
acting formulation of pasireotide normalises
cortisol levels in 40% of patients.[93] It causes
hyperglycaemia in most patients. This is a
pituitary-targeted therapy and should be used
only in patients with hypercortisolism due to
ACTH-secreting pituitary tumours.[97] There is
a high risk of hyperglycaemia, which requires
careful patient selection, and a risk of QTc
prolongation.[26]

» Dopamine agonist: cabergoline has been used
off-label in the treatment of Cushing's disease in
some countries.[98]

» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production.[89] [90] [99] They
should only be used by physicians familiar with
their use. Osilodrostat is approved in the US
and Europe for use in Cushing's disease. It is a
potent, rapidly active steroid 11-beta-hydroxylase
inhibitor and is generally well tolerated.[99]
There is a risk of hypocortisolism, hypokalaemia,
and QTc prolongation; careful monitoring for
hyperandrogenism is needed in women.[26]
Ketoconazole and metyrapone have a relatively
rapid onset of steroidogenesis inhibition.
Ketoconazole may cause idiopathic severe
liver injury and adrenal insufficiency. Its use
requires expert guidance and is contraindicated
in patients with liver disease. If used, liver and
adrenal function should be monitored before and
during treatment.[100] [101] Levoketoconazole
is an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
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hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

ectopic ACTH or corticotrophin-
releasing hormone (CRH) syndrome

1st surgical resection or ablation of tumour
and metastases

» Resection or ablation of ectopic tumours
producing ACTH or CRH is the preferred
mode of therapy. Many cases have severe
hypercortisolism requiring steroidogenesis
inhibition therapy in addition to surgery.

adjunct medical therapy before surgery

Treatment recommended for SOME patients in
selected patient group

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR
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» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options

» etomidate: consult specialist for guidance
on dose

» Patients with ectopic ACTH-producing tumours
may have extremely severe hypercortisolism,
and require reduction in cortisol before
proceeding to surgery. In these cases,
steroidogenesis inhibitor therapy (ketoconazole,
levoketoconazole, metyrapone, osilodrostat,
mitotane, etomidate) or a glucocorticoid receptor
antagonist (mifepristone) can be used to
block cortisol action or lower cortisol levels in
preparation before surgery.[90]

» These agents should only be used by
physicians familiar with their use. Osilodrostat is
a potent oral inhibitor of steroidogenesis (inhibits
steroid 11-beta-hydroxylase) that is approved in
the US for the treatment of Cushing's disease
in patients where pituitary surgery is not an
option or has not been curative, and in Europe
and Japan for the treatment of endogenous
Cushing syndrome.[26] [99] Ketoconazole
and metyrapone have a relatively rapid onset
of steroidogenesis inhibition. Ketoconazole
may cause idiopathic severe liver injury and
adrenal insufficiency. Its use requires expert
guidance and is contraindicated in patients
with liver disease. If used, liver and adrenal
function should be monitored before and during
treatment.[100] [101] Levoketoconazole is
an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]
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» Mifepristone blocks cortisol at the receptor
level and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

adjunct chemotherapy or radiotherapy for primary
tumour

Treatment recommended for SOME patients in
selected patient group

» Depending upon the tumour source of the
ectopic ACTH or CRH syndrome, adjunctive
chemotherapy and/or radiotherapy may be
indicated.

» See local specialist protocol for dosing
guidelines.

2nd bilateral adrenalectomy

» Should be considered if surgical resection is
not possible, depending on patient preference
and risk of complications.

» Provides cure for all endogenous
hypercortisolism.

» Creates adrenal insufficiency with the need for
lifelong corticosteroid replacement.

plus permanent post-surgical corticosteroid
and mineralocorticoid replacement
therapy

Treatment recommended for ALL patients in
selected patient group

Primary options

» hydrocortisone: 10-25 mg per metre square
body surface area/day orally given in 2-3
divided doses; usual dose is a larger dose in
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the morning (10-15 mg) and a smaller dose in
the late afternoon (5-10 mg)
-and-
» fludrocortisone: 0.05 to 0.1 mg orally once
daily

» It is necessary to monitor blood pressure,
check for orthostatic symptoms, and assess
general sense of energy or fatigue.

» Replacement glucocorticoids and
mineralocorticoids are necessary in patients who
undergo bilateral adrenalectomy.

adjunct medical therapy before surgery

Treatment recommended for SOME patients in
selected patient group

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options
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» etomidate: consult specialist for guidance
on dose

» Patients with ectopic ACTH-producing tumours
may have extremely severe hypercortisolism,
and require reduction in cortisol before
proceeding to surgery. In these cases,
steroidogenesis inhibitor therapy (ketoconazole,
levoketoconazole, metyrapone, osilodrostat,
mitotane, etomidate) or a glucocorticoid receptor
antagonist (mifepristone) can be used to
block cortisol action or lower cortisol levels in
preparation before surgery.[90]

» These agents should only be used by
physicians familiar with their use. Osilodrostat is
a potent oral inhibitor of steroidogenesis (inhibits
steroid 11-beta-hydroxylase) that is approved in
the US for the treatment of Cushing's disease
in patients where pituitary surgery is not an
option or has not been curative, and in Europe
and Japan for the treatment of endogenous
Cushing syndrome.[26] [99] Ketoconazole
and metyrapone have a relatively rapid onset
of steroidogenesis inhibition. Ketoconazole
may cause idiopathic severe liver injury and
adrenal insufficiency. Its use requires expert
guidance and is contraindicated in patients
with liver disease. If used, liver and adrenal
function should be monitored before and during
treatment.[100] [101] Levoketoconazole is
an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Mifepristone blocks cortisol at the receptor
level and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
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hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

adjunct chemotherapy or radiotherapy for primary
tumour

Treatment recommended for SOME patients in
selected patient group

» Depending upon the tumour source of the
ectopic ACTH or CRH syndrome, adjunctive
chemotherapy and/or radiotherapy may be
indicated.

» See local specialist protocol for dosing
guidelines.

3rd medical therapy only

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options
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» etomidate: consult specialist for guidance
on dose

» There is a paucity of high-quality studies of
medical therapy in Cushing syndrome.[91] The
decision about which therapy to use should be
individualised for each patient, factoring patient
preference and risk of complications into any
decision.[90]

» Steroidogenesis inhibitors: ketoconazole,
levoketoconazole, metyrapone, osilodrostat,
mitotane, and etomidate decrease adrenal
corticosteroid production and can be used
(though off-label in most countries) in the
treatment of Cushing syndrome.[90] These
agents should only be used by physicians
familiar with their use. Osilodrostat is a potent
oral inhibitor of steroidogenesis (inhibits steroid
11-beta-hydroxylase) that is approved in the
US for the treatment of Cushing's disease
in patients where pituitary surgery is not an
option or has not been curative, and in Europe
and Japan for the treatment of endogenous
Cushing syndrome.[26] [99] Ketoconazole
and metyrapone have a relatively rapid onset
of steroidogenesis inhibition. Ketoconazole
may cause idiopathic severe liver injury and
adrenal insufficiency. Its use requires expert
guidance and is contraindicated in patients
with liver disease. If used, liver and adrenal
function should be monitored before and
during treatment.[101] Levoketoconazole is
an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol. The
US Food and Drug Administration has approved
mifepristone for the treatment of hyperglycaemia
associated with Cushing syndrome. It may be
used for all forms of Cushing syndrome. It may
be used for all forms of Cushing syndrome.
Cortisol levels may increase during therapy with
mifepristone due to feedback inhibition.[105]
As such, cortisol levels should not be used
to guide therapy in patients treated with
mifepristone.[106]
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» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

adjunct chemotherapy or radiotherapy for primary
tumour

Treatment recommended for SOME patients in
selected patient group

» Depending upon the tumour source of the
ectopic ACTH or CRH syndrome, adjunctive
chemotherapy and/or radiotherapy may be
indicated.

» See local specialist protocol for dosing
guidelines.

ACTH-independent due to unilateral
adrenal carcinoma or adenoma

1st unilateral adrenalectomy or tumour
resection

» Preferred method of therapy in patients with
unilateral cortisol-secreting adrenal adenoma.
Laparoscopic adrenalectomy is the preferred
method in most cases. Complete resection of
the adrenal gland cures hypercortisolism in all
patients without high risk of long-term adrenal
insufficiency. Adrenalectomy has a beneficial
effect on cardiovascular risk factors in patients
with subclinical Cushing syndrome overall and
compared with conservative management.[110]

» Patients with mild cortisol excess (biochemical
evidence of hypercortisolaemia but no clinical
signs or symptoms of Cushing syndrome) should
have therapy carefully weighed because benefit
of surgery has not been demonstrated.[51] [52]

» Adrenal carcinoma is extremely rare. First-line
therapy in many patients is surgical resection
of the tumour; however, at the time of diagnosis
the disease has often progressed beyond the
point where surgical therapy is effective. The
effectiveness of chemotherapy and adjunctive
therapies in both early- and late-stage disease
has shown mixed results in clinical trials;
however, patients should be considered for
treatment with mitotane and enrolment in clinical
trials (if available).[10]

adjunct medical therapy before surgery
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Treatment recommended for SOME patients in
selected patient group

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

OR

» mitotane: consult specialist for guidance on
dose

Secondary options

» etomidate: consult specialist for guidance
on dose

» Steroidogenesis inhibitors: ketoconazole,
levoketoconazole, metyrapone, osilodrostat,
mitotane, and etomidate decrease adrenal
corticosteroid production. They are generally
used short term for severe hypercortisolism,
before other therapies are undertaken.[90]
These agents should only be used by physicians
familiar with their use. Osilodrostat is a potent
oral inhibitor of steroidogenesis (inhibits steroid
11-beta-hydroxylase) that is approved in the
US for the treatment of Cushing's disease
in patients where pituitary surgery is not an
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option or has not been curative, and in Europe
and Japan for the treatment of endogenous
Cushing syndrome.[26] [99] Ketoconazole
and metyrapone have a relatively rapid onset
of steroidogenesis inhibition. Ketoconazole
may cause idiopathic severe liver injury and
adrenal insufficiency. Its use requires expert
guidance and is contraindicated in patients
with liver disease. If used, liver and adrenal
function should be monitored before and during
treatment.[100] [101] Levoketoconazole is
an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

adjunct chemotherapy or radiotherapy for adrenal
carcinoma

Treatment recommended for SOME patients in
selected patient group

» Depending upon the stage of adrenal
carcinoma, adjunctive chemotherapy and/or
radiotherapy may be indicated.

» See local specialist protocol for dosing
guidelines.

2nd medical therapy only

Primary options
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» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

OR

» mitotane: consult specialist for guidance on
dose

Secondary options

» etomidate: consult specialist for guidance
on dose

» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production and can be used
(though off-label in most countries) in the
treatment of Cushing syndrome.[90] These
agents should only be used by physicians
familiar with their use. Osilodrostat is a potent
oral inhibitor of steroidogenesis (inhibits steroid
11-beta-hydroxylase) that is approved in the
US for the treatment of Cushing's disease
in patients where pituitary surgery is not an
option or has not been curative, and in Europe
and Japan for the treatment of endogenous
Cushing syndrome.[26] [99] Ketoconazole
and metyrapone have a relatively rapid onset
of steroidogenesis inhibition. Ketoconazole
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may cause idiopathic severe liver injury and
adrenal insufficiency. Its use requires expert
guidance and is contraindicated in patients
with liver disease. If used, liver and adrenal
function should be monitored before and during
treatment.[100] [101] Levoketoconazole is
an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

adjunct chemotherapy or radiotherapy for adrenal
carcinoma

Treatment recommended for SOME patients in
selected patient group

» Depending upon the stage of adrenal
carcinoma, adjunctive chemotherapy and/or
radiotherapy may be indicated.

» See local specialist protocol for dosing
guidelines.

ACTH-independent due to bilateral
adrenal disease (hyperplasia or
adenoma)

1st bilateral adrenalectomy
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» First-line therapy in patients with bilateral
adrenal disease from autonomous nodule
formation or bilateral hyperplasia.

» Provides cure for all endogenous
hypercortisolism. Creates adrenal insufficiency
with the need for lifelong corticosteroid
replacement.

plus permanent post-surgical corticosteroid
and mineralocorticoid replacement
therapy

Treatment recommended for ALL patients in
selected patient group

Primary options

» hydrocortisone: 10-25 mg per metre square
body surface area/day orally given in 2-3
divided doses; usual dose is a larger dose in
the morning (10-15 mg) and a smaller dose in
the late afternoon (5-10 mg)
-and-
» fludrocortisone: 0.05 to 0.1 mg orally once
daily

» It is necessary to monitor blood pressure,
check for orthostatic symptoms, and assess
general sense of energy or fatigue.

» Replacement glucocorticoids and
mineralocorticoids are necessary in patients who
undergo bilateral adrenalectomy.

adjunct medical therapy before surgery

Treatment recommended for SOME patients in
selected patient group

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR
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» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

Secondary options

» mitotane: consult specialist for guidance on
dose

Tertiary options

» etomidate: consult specialist for guidance
on dose

» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production. They are generally
used short term for severe hypercortisolism,
before other therapies are undertaken.[90]
These agents should only be used by physicians
familiar with their use. Osilodrostat is a potent
oral inhibitor of steroidogenesis (inhibits steroid
11-beta-hydroxylase) that is approved in the
US for the treatment of Cushing's disease
in patients where pituitary surgery is not an
option or has not been curative, and in Europe
and Japan for the treatment of endogenous
Cushing syndrome.[26] [99] Ketoconazole
and metyrapone have a relatively rapid onset
of steroidogenesis inhibition. Ketoconazole
may cause idiopathic severe liver injury and
adrenal insufficiency. Its use requires expert
guidance and is contraindicated in patients
with liver disease. If used, liver and adrenal
function should be monitored before and during
treatment.[100] [101] Levoketoconazole is
an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[69]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol.
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The US Food and Drug Administration has
approved mifepristone for the treatment of
hyperglycaemia associated with Cushing
syndrome. It may be used for all forms of
Cushing syndrome. Cortisol levels may increase
during therapy with mifepristone due to feedback
inhibition.[105] As such, cortisol levels should
not be used to guide therapy in patients treated
with mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

2nd medical therapy only

Primary options

» osilodrostat: 2 mg orally twice daily initially,
increase gradually according to response,
maximum 60 mg/day

OR

» mifepristone: 300 mg orally once daily
initially, increase gradually according to
response, maximum 1200 mg/day

OR

» ketoconazole: 200-600 mg/day orally
given in 2-3 divided doses initially, increase
gradually according to response, maximum
1600 mg/day given in 2-4 divided doses

OR

» levoketoconazole: 150 mg orally twice
daily initially, increase gradually according to
response, maximum 1200 mg/day

OR

» metyrapone: 0.5 to 1 g/day orally given in
3-4 divided doses initially, increase gradually
according to response, maximum 6 g/day

Secondary options

» mitotane: consult specialist for guidance on
dose
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Tertiary options

» etomidate: consult specialist for guidance
on dose

» Steroidogenesis inhibitors: osilodrostat,
ketoconazole, levoketoconazole, metyrapone,
mitotane, and etomidate decrease adrenal
corticosteroid production and can be used
(though off-label in most countries) in the
treatment of Cushing syndrome.[90] These
agents should only be used by physicians
familiar with their use. Osilodrostat is a potent
oral inhibitor of steroidogenesis (inhibits steroid
11-beta-hydroxylase) that is approved in the
US for the treatment of Cushing's disease
in patients where pituitary surgery is not an
option or has not been curative, and in Europe
and Japan for the treatment of endogenous
Cushing syndrome.[26] [99] Ketoconazole
and metyrapone have a relatively rapid onset
of steroidogenesis inhibition. Ketoconazole
may cause idiopathic severe liver injury and
adrenal insufficiency. Its use requires expert
guidance and is contraindicated in patients
with liver disease. If used, liver and adrenal
function should be monitored before and
during treatment.[101] Levoketoconazole is
an adrenal steroidogenesis inhibitor that is
approved for treatment in the US.[102] [103]
[104] Mitotane has slow onset of action and a
narrow therapeutic window. It is rarely used for
Cushing syndrome due to causes other than
adrenal carcinoma. Etomidate is rarely used and
is reserved for emergency situations only. It has
rapid onset but must be given intravenously.[90]

» Glucocorticoid receptor antagonist:
mifepristone blocks cortisol at the receptor level
and attenuates the clinical and biochemical
effects associated with elevation of cortisol. The
US Food and Drug Administration has approved
mifepristone for the treatment of hyperglycaemia
associated with Cushing syndrome. It may be
used for all forms of Cushing syndrome. It may
be used for all forms of Cushing syndrome.
Cortisol levels may increase during therapy with
mifepristone due to feedback inhibition.[105]
As such, cortisol levels should not be used
to guide therapy in patients treated with
mifepristone.[106]

» Patients should be monitored for development
of adrenal insufficiency.

» Dose adjustment should be based on clinical
symptoms, biochemical normalisation of 24-
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hour urinary free cortisol, and late-night salivary
cortisol (with the exception of mifepristone,
where use of cortisol as a marker will not be
reliable).

Secondary prevention
Exogenous Cushing syndrome may be prevented in patients who require exogenous corticosteroid
treatment, by reducing corticosteroid use to an absolute minimum required dose and frequency whenever
possible.

Standard cardiovascular screening and treatment should be applied to patients with Cushing syndrome.

Patient discussions
Care should be taken to control complications such as diabetes, hypertension, and dyslipidaemia.
Patients should be advised that adherence to medical management of these conditions can improve
quality of life and life expectancy.
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Monitoring
Monitoring
Recurrence of adrenocorticotrophic hormone-dependent Cushing syndrome is common, with at
least a 5% to 26% risk of recurrence at 5 years. Screen patients who have achieved remission after
hypothalamic-pituitary-adrenal (HPA) axis recovery for recurrence of disease and then annually or sooner
if there is clinical suspicion.[26] Use one of four high-sensitivity tests (late-night salivary cortisol, 1 mg
overnight dexamethasone suppression testing, 24-hour urinary free cortisol, or desmopressin testing)
to detect recurrence. Late-night salivary cortisol is the most sensitive test for detecting recurrence and
should be done annually after HPA axis recovery postoperatively and then annually.[26]

Many patients are supported with corticosteroids following pituitary surgery but should be assessed
for remission during the first postoperative week.[68] This is most easily done by measurement of
the morning cortisol at least 24 hours after the last dose of corticosteroid therapy. Patients with a
postoperative morning cortisol of <55 nanomol/L (<2 micrograms/dL) are considered to be in remission
and can transition into long-term follow-up. Patients with a postoperative morning cortisol of >138
nanomol/L (>5 micrograms/dL) require further evaluation and possibly further therapy. Patients with
a morning cortisol between 55 and 138 nanomol/L (2 and 5 micrograms/dL) should be followed with
additional morning measurements to detect a drop in subsequent cortisol levels. Individuals with morning
cortisols >55 nanomol/L (>2 micrograms/dL) after surgery are 2.5 times more likely to have recurrences
than those with cortisol levels <55 nanomol/L (<2 micrograms/dL).[72]

As postoperative hypocortisolism is predictive of remission, some centres advocate withholding
routine corticosteroid therapy after pituitary surgery and monitoring cortisol levels every 8 hours or if
symptoms of adrenal insufficiency occur.[74] If adrenal insufficiency occurs or low cortisol levels are
documented, corticosteroid therapy should be initiated. Other centres begin routine corticosteroid therapy
immediately after surgery and evaluate for remission of hypercortisolism later in the postoperative
course. Corticosteroids are usually rapidly tapered to physiological doses within 1 week or less (often
by discharge from hospital). Testing to see if the hypothalamic-pituitary-adrenal axis has recovered can
be done in follow-up by 3 months after surgery. Testing is usually a morning cortisol prior to the patient
taking the morning hydrocortisone dose, if continued. Cortisol levels of >552 nanomol/L (>20 micrograms/
dL) indicate recovery of the axis. Levels <83 nanomol/L (<3 micrograms/dL) indicate continued need for
corticosteroids. Levels between 83 nanomol/L (3 micrograms/dL) and 552 nanomol/L (20 micrograms/
dL) should prompt further testing (cosyntropin stimulation testing, insulin tolerance testing, or metyrapone
testing).

Standard testing, follow-up, and management for associated conditions of hypertension, diabetes,
and osteoporosis should be undertaken, as these conditions may persist after effective treatment of
hypercortisolism.
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Complications

Complications Timeframe Likelihood
adrenal insufficiency secondary to adrenal
suppression

short term high

This may occur following surgery. Pathological hypercortisolism can lead to suppression of the normal
hypothalamic-pituitary-adrenal (HPA) axis. Following treatment, the normal function of the HPA axis often
remains suppressed for several months. The resultant adrenal insufficiency necessitates treatment with
glucocorticoid therapy until the HPA axis recovers normal function.

cardiovascular disease long term high

The major cause of mortality in patients with Cushing syndrome.[113] It is difficult to tell if the increase
in cardiovascular mortality is due to the development of traditional risk factors such as hypertension,
diabetes, and dyslipidaemia, or to hypercortisolism itself.[121] Risk factor modification and resolution of
hypercortisolism are the keys to lowering cardiovascular mortality. Standard cardiovascular screening and
treatment should be applied to patients with Cushing syndrome.

Adrenalectomy has a beneficial effect on cardiovascular risk factors in patients with subclinical Cushing
syndrome overall and compared with conservative management.[110]

hypertension long term high

Occurs in 70% to 80% of patients.[122] Occurs equally in adrenocorticotrophic hormone-dependent and
-independent Cushing syndrome. Generally mild to moderate but can be severe. Blood pressure usually
normalises after successful therapy, but can persist secondary to vascular remodelling. No specific class
of antihypertensive agent has been shown to have increased efficacy; standard agents for therapy of
hypertension should be used.

diabetes mellitus long term high

Occurs in 20% to 60% of patients.[122] Glycaemic control can be very difficult in patients with
hypercortisolism. No agent or combination of agents has been shown to be more effective in patients with
Cushing syndrome than in other patients with diabetes. Insulin is often needed to adequately control blood
sugars.

hypercoagulability long term high

Alterations in haemostatic parameters and in vivo endothelial dysfunction lead to increased thrombotic
events.[26] [123]

Prophylactic anticoagulation should be considered for patients at risk for venous thromboembolism,
including: history of embolism or abnormal coagulation testing; severe preoperative hypercortisolism;
current use of oestrogen or oral contraceptives; poor mobility; extended preoperative or postoperative
hospital stay; and high postoperative cortisol levels or cortisol over-replacement in patients with adrenal
insufficiency.[26]

osteoporosis long term medium

Premature osteoporosis and fracture are seen in around 50% of patients.[56] Excessive bone exposure
to glucocorticoids causes decreased osteoblast activity, and also increases osteoclast activity. It may also
interfere with calcium absorption in the gastrointestinal tract, further worsening bone disease. Patients
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Complications Timeframe Likelihood
should have periodic bone density assessments. Patients with persistent hypercortisolism and low or
falling bone density should be treated with bisphosphonates.

nephrolithiasis long term medium

Calcium renal stones occur in some patients.[23] The aetiology is related to altered calcium handling by
the kidney in patients with cortisol excess. The most effective therapy is treatment of hypercortisolism.
Therapies used for other patients with nephrolithiasis should also be employed.

Nelson syndrome after bilateral adrenalectomy long term low

Progression of a pituitary adenoma after bilateral adrenalectomy can result in intracranial mass effect from
increased tumour size, and elevated adrenocorticotrophic hormone (ACTH) levels. The incidence of this
complication varies depending on the exact definition used. Patients with Cushing's disease who undergo
bilateral adrenalectomy should have plasma ACTH levels and pituitary MRI 6 to 12 months after surgery.

Therapy includes repeat surgery to debulk tumour, and radiotherapy.[126]

treatment-related central hypothyroidism variable high

After pituitary surgery, patients may develop thyrotropin deficiency requiring medical replacement.[67]
[109] [128] [129]

treatment-related growth hormone deficiency variable high

Somatotropin deficiency may occur in between 53% and 93% of patients who undergo pituitary
adenomectomy.[128] [132] Deficiency of growth hormone requires replacement.[109]

treatment-related adrenal insufficiency variable medium

Transient postoperative adrenal insufficiency (defined as a morning serum cortisol of 55 nanomol/L
[<2 micrograms/dL]) in patients treated with transsphenoidal surgery is an indicator of remission or
cure. These patients generally have recovery of adrenal function within the first postoperative year.
However, repeat pituitary surgery and occasional primary surgical therapy can result in permanent adrenal
insufficiency.

Radiotherapy can cause adrenal insufficiency years after therapy, necessitating pituitary adrenal axis
evaluation periodically after therapy.

Bilateral adrenalectomy also creates an absolute cortisol deficiency, and must be treated with replacement
doses of hydrocortisone plus mineralocorticoid.

Long-term adrenal insufficiency secondary to pituitary adenomectomy occurs in 3% to 53% of patients.[67]
[124] [125]

Steroidogenesis inhibitors can also sometimes cause adrenal insufficiency.

surgery- or radiation-related hypopituitarism variable medium

Therapy for Cushing's disease, either surgery or radiotherapy, can damage normal pituitary tissue. If
hypopituitarism is the result of surgical therapy, deficits generally manifest immediately after surgery.
Hypopituitarism after radiotherapy can occur many years after therapy. Individuals who have received
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radiotherapy should have periodic evaluation of pituitary function to monitor for development of
recurrences.

Pituitary surgery may lead to deficiencies of hormones other than the adrenocorticotrophic hormone,
requiring replacement with thyroid hormones, androgens or oestrogens, growth hormone, or
desmopressin.[109]

surgery-related hyponatraemia variable medium

Hyponatraemia is a known complication of pituitary surgery. Age, sex, tumour size, rate of decline of blood
sodium, and Cushing syndrome are potential predictors of delayed symptomatic hyponatraemia.[127]

treatment-related hypogonadism variable medium

Occurs in between 3% and 48% of patients undergoing pituitary adenomectomy.[67] [128] [129] [130]
[131] Pituitary surgery may lead to deficiencies of hormones other than the adrenocorticotrophic
hormone, requiring replacement with thyroid hormones, androgens or oestrogens, growth hormone, or
desmopressin.[109]

treatment-related diabetes insipidus variable medium

More than one quarter of patients who undergo surgery will develop vasopressin deficiency and rates are
higher after the second surgery.[69] [133] [134]

Pituitary surgery may lead to deficiencies of hormones other than the adrenocorticotrophic hormone,
requiring replacement with thyroid hormones, androgens or oestrogens, growth hormone, or
desmopressin.[109]

Over 50% of patients with Cushing's disease treated with pasireotide develop hyperglycaemia that must be
promptly managed.[92] [97]

Prognosis

Without treatment, hypercortisolism persists and in many patients worsens. Untreated disease carries a
dismal survival rate of 50% at 5 years.[113] This leads to worsening of the Cushing phenotype and increased
mortality, mainly from cardiovascular disease. With therapy to normalise cortisol levels, patients have a
mortality rate similar to the general population.[66] [67] Within the first year of effective therapy, many of
the characteristic features such as facial plethora, striae, and supraclavicular fat pads will resolve or show
marked improvement. Patients lose a significant amount of weight with improved control or resolution
of diabetes and hypertension. Bone density steadily improves after hypercortisolism resolves. Despite
improvement of complications in most patients, cardiovascular risk, hypertension, obesity, and decreased
quality of life may persist in some patients even after biochemical cure.[11] [114] [115]

Patient-reported outcomes are scarce, but they show that decreased quality of life persists even in
patients with biochemical normalisation and they are worse in Cushing's disease compared with Cushing
syndrome.[116]

Pituitary adenomectomy
Outcomes are largely based on the size of the initial tumour in patients with Cushing's disease. Micro-
adenomas (size <1 cm) have superior outcomes with remission rates quoted as 48% to 100% of patients.
An average of approximately 32% of Cushing's disease patients, and up to 75% of Cushing's disease
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patients initially submitted to pituitary surgery, will require a second-line treatment during the disease course.
The long-term failure of pituitary surgery is evidently higher in patients with macro-adenomas (range, 0
to 71.4; mean, 48.8; median, 52.2) than in patients with micro-adenomas (range, 0 to 55.5; mean, 25;
median, 21.2).[69] [73] [117] Patients with macro-adenomas (size >1 cm) have remission rates <65%
after surgery and show recurrence rates of 12% to 45% at about 16 months.[67] [113] [118] Patients may
require temporary or prolonged treatment for deficiencies of thyrotropin, gonadotrophin, growth hormone, or
antidiuretic hormone and corticosteroids.

A 2018 study did not find significant differences between endoscopic and microscopic pituitary surgery in
remission percentage. Although the short term recurrence was lower for endoscopic surgery, both groups
had a recurrence rate of approximately 4% per person/year.[119] A 2021 study in young people with pituitary
tumours found favourable outcomes and lower re-treatment rates with endonasal endoscopic surgery
compared with microscopic transsphenoidal surgery.[120]

Adrenocorticotrophic hormone (ACTH)-independent Cushing
syndrome

Patients who undergo unilateral adrenalectomy for a causative adrenal adenoma are uniformly cured of
their disease. Recurrence in the contralateral adrenal gland is exceedingly rare. Patients with bilateral
adrenalectomy will need monitoring and corticosteroid and mineralocorticoid replacement. Outlook for
patients with adrenal carcinoma depends upon the stage at which it is diagnosed. Beyond surgical resection,
benefit of additional treatments is debated and should be patient-specific.

Ectopic ACTH production
Encompasses a diverse group. The nature of the tumour secreting ACTH largely determines the outcomes.
Many ACTH-secreting tumours are aggressive and grow rapidly. In these cases, complete resection of the
tumour is difficult, and patients generally succumb to tumour-related complications. Individuals with indolent
ACTH-secreting tumours often have complete tumour resection with resolution of hypercortisolism as well as
symptoms.
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Diagnostic guidelines

North America

Diagnosis, management, and followup of the incidentally discovered adrenal
mass (https://www.cua.org/guidelines)
Published by: Canadian Urological Association Last published: 2023

Consensus on diagnosis and management of Cushing's disease: a guideline
update (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743006)
Published by: The Pituitary Society Last published: 2021

ACR appropriateness criteria: adrenal mass evaluation (https://www.acr.org/
Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria)
Published by: American College of Radiology Last published: 2021

The diagnosis of Cushing's syndrome (https://www.endocrine.org/clinical-
practice-guidelines)
Published by: The Endocrine Society Last published: 2008

Asia

Clinical guidelines for the diagnosis and treatment of Cushing's disease in
Korea (https://www.e-enm.org/journal/view.php?doi=10.3803/EnM.2015.30.1.7)
Published by: Korean Endocrinology Society Last published: 2015

Treatment guidelines

United Kingdom

Endoscopic transsphenoidal pituitary adenoma resection (https://
www.nice.org.uk/guidance/IPG32)
Published by: National Institute for Health and Care Excellence Last published: 2003
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Europe

Clinical practice guidelines on the management of adrenocortical carcinoma
in adults (https://www.ese-hormones.org/publications/guidelines)
Published by: European Society of Endocrinology, European Network
for the Study of Adrenal Tumors

Last published: 2018

Management of adrenal incidentalomas (https://www.ese-hormones.org/
publications/guidelines)
Published by: European Society of Endocrinology; European Network
for the Study of Adrenal Tumors

Last published: 2016

Treatment of Cushing's syndrome (https://www.endocrine.org/clinical-
practice-guidelines)
Published by: The Endocrine Society; European Society for
Endocrinology

Last published: 2015

International

Treatment of adrenocorticotropin-dependent Cushing's syndrome:
a consensus statement (https://academic.oup.com/jcem/
article/93/7/2454/2598289)
Published by: Pituitary Society; European Neuroendocrine Association Last published: 2008
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North America

Diagnosis, management, and followup of the incidentally discovered adrenal
mass (https://www.cua.org/guidelines)
Published by: Canadian Urological Association Last published: 2023

NCCN clinical practice guidelines in oncology: neuroendocrine and adrenal
tumors (https://www.nccn.org/guidelines)
Published by: National Comprehensive Cancer Network Last published: 2023

American Association of Endocrine Surgeons guidelines for
adrenalectomy (https://collectedmed.com/index.php/article/article/
demo_article_display/8449/82/1/1)
Published by: American Association of Endocrine Surgeons Last published: 2022

Consensus on diagnosis and management of Cushing's disease: a guideline
update (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743006)
Published by: The Pituitary Society Last published: 2021

Medical guidelines for the management of adrenal incidentalomas
(https://pro.aace.com/clinical-guidance/pituitary-gonad-adrenal-and-
neuroendocrine)
Published by: American Association of Clinical Endocrinologists;
American Association of Endocrine Surgeons

Last published: 2009

Asia

Clinical guidelines for the diagnosis and treatment of Cushing's disease in
Korea (https://www.e-enm.org/journal/view.php?doi=10.3803/EnM.2015.30.1.7)
Published by: Korean Endocrinology Society Last published: 2015
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Online resources

1. Algorithm for diagnosis of Cushing syndrome (https://staticweb.bmj.com/BP/CushingSyndrome/
gr1_lrg.jpg)  (external link)

78 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

https://staticweb.bmj.com/BP/CushingSyndrome/gr1_lrg.jpg
https://staticweb.bmj.com/BP/CushingSyndrome/gr1_lrg.jpg
https://bestpractice.bmj.com


Cushing syndrome References

Key articles

• Sharma ST, Nieman LK, Feelders RA. Cushing's syndrome: epidemiology and developments in
disease management. Clin Epidemiol. 2015 Apr 17;7:281-93.  Full text (https://www.dovepress.com/
cushing39s-syndrome-epidemiology-and-developments-in-disease-managemen-peer-
reviewed-fulltext-article-CLEP)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/25945066?
tool=bestpractice.bmj.com)

• Fleseriu M, Auchus R, Bancos I, et al. Consensus on diagnosis and management of Cushing's
disease: a guideline update. Lancet Diabetes Endocrinol. 2021 Dec;9(12):847-75.  Full text
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743006)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/34687601?tool=bestpractice.bmj.com)

• Nieman LK, Biller BM, Findling JW, et al. Treatment of Cushing’s syndrome: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab. 2015 Aug;100(8):2807-31.  Full text (https://
academic.oup.com/jcem/article/100/8/2807/2836065)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/26222757?tool=bestpractice.bmj.com)

• Feelders RA, Newell-Price J, Pivonello R, et al. Advances in the medical treatment of Cushing's
syndrome. Lancet Diabetes Endocrinol. 2019 Apr;7(4):300-12. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/30033041?tool=bestpractice.bmj.com)

• Ritzel K, Beuschlein F, Mickisch A, et al. Clinical review: outcome of bilateral adrenalectomy in
Cushing's syndrome: a systematic review. J Clin Endocrinol Metab. 2013 Oct;98(10):3939-48.  Full text
(https://academic.oup.com/jcem/article/98/10/3939/2833849)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/23956347?tool=bestpractice.bmj.com)

References

1. Lacroix A, Feelders RA, Stratakis CA, et al. Cushing's syndrome. Lancet. 2015 Aug
29;386(9996):913-27. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/26004339?
tool=bestpractice.bmj.com)

2. Costa MH, Lacroix A. Cushing's syndrome secondary to ACTH-independent macronodular adrenal
hyperplasia. Arq Bras Endocrinol Metabol. 2007 Nov;51(8):1226-37.  Full text (https://www.scielo.br/
scielo.php?script=sci_arttext&pid=S0004-27302007000800008&lng=en&nrm=iso&tlng=en)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/18209860?tool=bestpractice.bmj.com)

3. Beuschlein F, Reincke M, Karl M, et al. Clonal composition of human adrenocortical neoplasms.
Cancer Res. 1994 Sep 15;54(18):4927-32.  Full text (https://cancerres.aacrjournals.org/
content/54/18/4927.full-text.pdf)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/7915195?
tool=bestpractice.bmj.com)

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

79

https://www.dovepress.com/cushing39s-syndrome-epidemiology-and-developments-in-disease-managemen-peer-reviewed-fulltext-article-CLEP
https://www.dovepress.com/cushing39s-syndrome-epidemiology-and-developments-in-disease-managemen-peer-reviewed-fulltext-article-CLEP
https://www.dovepress.com/cushing39s-syndrome-epidemiology-and-developments-in-disease-managemen-peer-reviewed-fulltext-article-CLEP
http://www.ncbi.nlm.nih.gov/pubmed/25945066?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25945066?tool=bestpractice.bmj.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743006
http://www.ncbi.nlm.nih.gov/pubmed/34687601?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/34687601?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/100/8/2807/2836065
https://academic.oup.com/jcem/article/100/8/2807/2836065
http://www.ncbi.nlm.nih.gov/pubmed/26222757?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26222757?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30033041?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30033041?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/98/10/3939/2833849
https://academic.oup.com/jcem/article/98/10/3939/2833849
http://www.ncbi.nlm.nih.gov/pubmed/23956347?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23956347?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26004339?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26004339?tool=bestpractice.bmj.com
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-27302007000800008&lng=en&nrm=iso&tlng=en
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-27302007000800008&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/pubmed/18209860?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18209860?tool=bestpractice.bmj.com
https://cancerres.aacrjournals.org/content/54/18/4927.full-text.pdf
https://cancerres.aacrjournals.org/content/54/18/4927.full-text.pdf
http://www.ncbi.nlm.nih.gov/pubmed/7915195?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/7915195?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References
R

EF
ER

EN
C

ES

4. Gicquel C, Bertagna X, Le Bouc Y. Recent advances in the pathogenesis of adrenocortical tumours.
Eur J Endocrinol. 1995 Aug;133(2):133-44. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/7655635?
tool=bestpractice.bmj.com)

5. Stratakis CA. Cushing syndrome caused by adrenocortical tumors and hyperplasias
(corticotropin-independent Cushing syndrome). Endocr Dev. 2008;13:117-32.  Full text (https://
www.karger.com/Article/Pdf/134829)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/18493137?
tool=bestpractice.bmj.com)

6. Stratakis CA, Kirschner LS, Carney JA. Clinical and molecular features of the Carney complex:
diagnostic criteria and recommendations for patient evaluation. J Clin Endocrinol Metab. 2001
Sep;86(9):4041-6.  Full text (https://academic.oup.com/jcem/article/86/9/4041/2848323)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/11549623?tool=bestpractice.bmj.com)

7. Horvath A, Stratakis C. Primary pigmented nodular adrenocortical disease and Cushing's syndrome.
Arq Bras Endocrinol Metabol. 2007 Nov;51(8):1238-44.  Full text (https://www.scielo.br/scielo.php?
script=sci_arttext&pid=S0004-27302007000800009&lng=en&nrm=iso&tlng=en)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/18209861?tool=bestpractice.bmj.com)

8. Sharma ST, Nieman LK, Feelders RA. Cushing's syndrome: epidemiology and developments in
disease management. Clin Epidemiol. 2015 Apr 17;7:281-93.  Full text (https://www.dovepress.com/
cushing39s-syndrome-epidemiology-and-developments-in-disease-managemen-peer-
reviewed-fulltext-article-CLEP)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/25945066?
tool=bestpractice.bmj.com)

9. Ferrau F, Korbonits M. Metabolic comorbidities in Cushing's syndrome. Eur J Endocrinol. 2015
Oct;173(4):M133-57.  Full text (https://eje.bioscientifica.com/view/journals/eje/173/4/M133.xml)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/26060052?tool=bestpractice.bmj.com)

10. Fassnacht M, Dekkers OM, Else T, et al. European Society of Endocrinology clinical practice
guidelines on the management of adrenocortical carcinoma in adults, in collaboration with the
European Network for the Study of Adrenal Tumors. Eur J Endocrinol. 2018 Oct 1;179(4):G1-46. 
Full text (https://eje.bioscientifica.com/view/journals/eje/179/4/EJE-18-0608.xml)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/30299884?tool=bestpractice.bmj.com)

11. Hakami OA, Ahmed S, Karavitaki N. Epidemiology and mortality of Cushing's syndrome. Best
Pract Res Clin Endocrinol Metab. 2021 Jan;35(1):101521. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/33766428?tool=bestpractice.bmj.com)

12. Anderson GH Jr, Blankeman N, Streeten DH. The effect of age on prevalence of secondary forms of
hypertension in 4429 consecutively referred patients. J Hypertens. 1994 May;12(5):609-15. Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/7930562?tool=bestpractice.bmj.com)

13. Omura M, Saito J, Yamaguchi K, et al. Prospective study on the prevalence of secondary hypertension
among hypertensive patients visiting a general outpatient clinic in Japan. Hypertens Res. 2004
Mar;27(3):193-202.  Full text (https://www.jstage.jst.go.jp/article/hypres/27/3/27_3_193/_pdf)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/15080378?tool=bestpractice.bmj.com)

80 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

http://www.ncbi.nlm.nih.gov/pubmed/7655635?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/7655635?tool=bestpractice.bmj.com
https://www.karger.com/Article/Pdf/134829
https://www.karger.com/Article/Pdf/134829
http://www.ncbi.nlm.nih.gov/pubmed/18493137?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18493137?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/86/9/4041/2848323
http://www.ncbi.nlm.nih.gov/pubmed/11549623?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/11549623?tool=bestpractice.bmj.com
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-27302007000800009&lng=en&nrm=iso&tlng=en
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-27302007000800009&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/pubmed/18209861?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18209861?tool=bestpractice.bmj.com
https://www.dovepress.com/cushing39s-syndrome-epidemiology-and-developments-in-disease-managemen-peer-reviewed-fulltext-article-CLEP
https://www.dovepress.com/cushing39s-syndrome-epidemiology-and-developments-in-disease-managemen-peer-reviewed-fulltext-article-CLEP
https://www.dovepress.com/cushing39s-syndrome-epidemiology-and-developments-in-disease-managemen-peer-reviewed-fulltext-article-CLEP
http://www.ncbi.nlm.nih.gov/pubmed/25945066?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25945066?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/view/journals/eje/173/4/M133.xml
http://www.ncbi.nlm.nih.gov/pubmed/26060052?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26060052?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/view/journals/eje/179/4/EJE-18-0608.xml
https://eje.bioscientifica.com/view/journals/eje/179/4/EJE-18-0608.xml
http://www.ncbi.nlm.nih.gov/pubmed/30299884?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30299884?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/33766428?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/33766428?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/7930562?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/7930562?tool=bestpractice.bmj.com
https://www.jstage.jst.go.jp/article/hypres/27/3/27_3_193/_pdf
http://www.ncbi.nlm.nih.gov/pubmed/15080378?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15080378?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References

14. Vaidya A, Hamrahian A, Bancos I, et al. The evaluation of incidentally discovered adrenal masses.
Endocr Pract. 2019 Feb;25(2):178-92. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/30817193?
tool=bestpractice.bmj.com)

15. Chiodini I, Mascia ML, Muscarella S, et al. Subclinical hypercortisolism among outpatients referred
for osteoporosis. Ann Intern Med. 2007 Oct 16;147(8):541-8. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/17938392?tool=bestpractice.bmj.com)

16. Mehta GU, Lonser RR. Management of hormone-secreting pituitary adenomas. Neuro Oncol. 2017
Jun 1;19(6):762-73.  Full text (https://academic.oup.com/neuro-oncology/article/19/6/762/2631675)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/27543627?tool=bestpractice.bmj.com)

17. Ben-Shlomo A, Cooper O. Silent corticotroph adenomas. Pituitary. 2018 Apr;21(2):183-93. Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/29344907?tool=bestpractice.bmj.com)

18. Perez-Rivas LG, Reincke M. Genetics of Cushing's disease: an update. J Endocrinol Invest. 2016
Jan;39(1):29-35. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/26208471?tool=bestpractice.bmj.com)

19. Duan K, Gomez Hernandez K, Mete O. Clinicopathological correlates of adrenal Cushing's syndrome.
J Clin Pathol. 2015 Mar;68(3):175-86.  Full text (https://jcp.bmj.com/content/68/3/175.long)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/25425660?tool=bestpractice.bmj.com)

20. Hopkins RL, Leinung MC. Exogenous Cushing's syndrome and glucocorticoid withdrawal.
Endocrinol Metab Clin North Am. 2005 Jun;34(2):371-84, ix. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/15850848?tool=bestpractice.bmj.com)

21. Mebrahtu TF, Morgan AW, Keeley A, et al. Dose dependency of iatrogenic glucocorticoid excess and
adrenal insufficiency and mortality: a cohort study in England. J Clin Endocrinol Metab. 2019 Apr
22;104(9):3757-67.  Full text (https://academic.oup.com/jcem/article/104/9/3757/5475553)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/31009052?tool=bestpractice.bmj.com)

22. Freda PU, Beckers AM, Katznelson L, et al. Pituitary incidentaloma: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab. 2011 Apr;96(4):894-904.  Full text (https://
academic.oup.com/jcem/article/96/4/894/2720833)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/21474686?tool=bestpractice.bmj.com)

23. Nieman LK, Biller BM, Findling JW, et al. The diagnosis of Cushing's syndrome: an Endocrine
Society clinical practice guideline. J Clin Endocrinol Metab. 2008 May;93(5):1526-40.  Full text
(https://academic.oup.com/jcem/article/93/5/1526/2598096)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/18334580?tool=bestpractice.bmj.com)

24. Brzana J, Yedinak CG, Hameed N, et al. Polycystic ovarian syndrome and Cushing's syndrome: a
persistent diagnostic quandary. Eur J Obstet Gynecol Reprod Biol. 2014 Apr;175:145-8. Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/24491275?tool=bestpractice.bmj.com)

25. Zeiger MA, Thompson GB, Duh QY, et al. American Association of Clinical Endocrinologists and
American Association of Endocrine Surgeons medical guidelines for the management of adrenal

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

81

http://www.ncbi.nlm.nih.gov/pubmed/30817193?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30817193?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17938392?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17938392?tool=bestpractice.bmj.com
https://academic.oup.com/neuro-oncology/article/19/6/762/2631675
http://www.ncbi.nlm.nih.gov/pubmed/27543627?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27543627?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29344907?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29344907?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26208471?tool=bestpractice.bmj.com
https://jcp.bmj.com/content/68/3/175.long
http://www.ncbi.nlm.nih.gov/pubmed/25425660?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25425660?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15850848?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15850848?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/104/9/3757/5475553
http://www.ncbi.nlm.nih.gov/pubmed/31009052?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31009052?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/96/4/894/2720833
https://academic.oup.com/jcem/article/96/4/894/2720833
http://www.ncbi.nlm.nih.gov/pubmed/21474686?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21474686?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/93/5/1526/2598096
https://academic.oup.com/jcem/article/93/5/1526/2598096
http://www.ncbi.nlm.nih.gov/pubmed/18334580?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18334580?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24491275?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24491275?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References
R

EF
ER

EN
C

ES

incidentalomas: executive summary of recommendations. Endocr Pract. 2009 Jul-Aug;15(5):450-3.
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/19632968?tool=bestpractice.bmj.com)

26. Fleseriu M, Auchus R, Bancos I, et al. Consensus on diagnosis and management of Cushing's
disease: a guideline update. Lancet Diabetes Endocrinol. 2021 Dec;9(12):847-75.  Full text
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743006)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/34687601?tool=bestpractice.bmj.com)

27. Nieman L. Cushing's: update on signs, symptoms and biochemical screening. Eur J Endocrinol. 2015
Oct;173(4):M33-8.  Full text (https://eje.bioscientifica.com/view/journals/eje/173/4/M33.xml)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/26156970?tool=bestpractice.bmj.com)

28. Galm BP, Qiao N, Klibanski A, et al. Accuracy of laboratory tests for the diagnosis of
Cushing syndrome. J Clin Endocrinol Metab. 2020 Jun 1;105(6):2081-94.  Full text (https://
www.doi.org/10.1210/clinem/dgaa105)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/32133504?
tool=bestpractice.bmj.com)

29. Carroll TB, Raff H, Findling JW. Late-night salivary cortisol for the diagnosis of Cushing syndrome:
a meta-analysis. Endocr Pract. 2009 May-Jun;15(4):335-42. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/19502211?tool=bestpractice.bmj.com)

30. Raff H. Utility of salivary cortisol measurements in Cushing's syndrome and adrenal insufficiency.
J Clin Endocrinol Metab. 2009 Oct;94(10):3647-55.  Full text (https://academic.oup.com/jcem/
article/94/10/3647/2596462)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/19602555?
tool=bestpractice.bmj.com)

31. Zhang Q, Dou J, Gu W, et al. Reassessing the reliability of the salivary cortisol assay for the diagnosis
of Cushing syndrome. J Int Med Res. 2013 Oct;41(5):1387-94.  Full text (https://journals.sagepub.com/
doi/full/10.1177/0300060513498017)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/24065452?
tool=bestpractice.bmj.com)

32. Petersenn S, Newell-Price J, Findling JW, et al. High variability in baseline urinary free cortisol
values in patients with Cushing's disease. Clin Endocrinol (Oxf). 2014 Feb;80(2):261-9.  Full text
(https://onlinelibrary.wiley.com/doi/full/10.1111/cen.12259)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/23746264?tool=bestpractice.bmj.com)

33. Elias PC, Martinez EZ, Barone BF, et al. Late-night salivary cortisol has a better performance
than urinary free cortisol in the diagnosis of Cushing's syndrome. J Clin Endocrinol Metab. 2014
Jun;99(6):2045-51.  Full text (https://academic.oup.com/jcem/article/99/6/2045/2537654)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/24628557?tool=bestpractice.bmj.com)

34. Sandouk Z, Johnston P, Bunch D, et al. Variability of late-night salivary cortisol in Cushing disease:
a prospective study. J Clin Endocrinol Metab. 2018 Mar 1;103(3):983-90.  Full text (https://
academic.oup.com/jcem/article/103/3/983/4797116)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/29329418?tool=bestpractice.bmj.com)

82 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

http://www.ncbi.nlm.nih.gov/pubmed/19632968?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19632968?tool=bestpractice.bmj.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8743006
http://www.ncbi.nlm.nih.gov/pubmed/34687601?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/34687601?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/view/journals/eje/173/4/M33.xml
http://www.ncbi.nlm.nih.gov/pubmed/26156970?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26156970?tool=bestpractice.bmj.com
https://www.doi.org/10.1210/clinem/dgaa105
https://www.doi.org/10.1210/clinem/dgaa105
http://www.ncbi.nlm.nih.gov/pubmed/32133504?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/32133504?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19502211?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19502211?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/94/10/3647/2596462
https://academic.oup.com/jcem/article/94/10/3647/2596462
http://www.ncbi.nlm.nih.gov/pubmed/19602555?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/19602555?tool=bestpractice.bmj.com
https://journals.sagepub.com/doi/full/10.1177/0300060513498017
https://journals.sagepub.com/doi/full/10.1177/0300060513498017
http://www.ncbi.nlm.nih.gov/pubmed/24065452?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24065452?tool=bestpractice.bmj.com
https://onlinelibrary.wiley.com/doi/full/10.1111/cen.12259
https://onlinelibrary.wiley.com/doi/full/10.1111/cen.12259
http://www.ncbi.nlm.nih.gov/pubmed/23746264?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23746264?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/99/6/2045/2537654
http://www.ncbi.nlm.nih.gov/pubmed/24628557?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24628557?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/103/3/983/4797116
https://academic.oup.com/jcem/article/103/3/983/4797116
http://www.ncbi.nlm.nih.gov/pubmed/29329418?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29329418?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References

35. Keller J, Flores B, Gomez RG, et al. Cortisol circadian rhythm alterations in psychotic major
depression. Biol Psychiatry. 2006 Aug 1;60(3):275-81. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/16458262?tool=bestpractice.bmj.com)

36. Carroll BJ, Cassidy F, Naftolowitz D, et al. Pathophysiology of hypercortisolism in depression. Acta
Psychiatr Scand Suppl. 2007;(433):90-103. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/17280575?
tool=bestpractice.bmj.com)

37. Raff H, Raff JL, Findling JW. Late-night salivary cortisol as a screening test for Cushing's
syndrome. J Clin Endocrinol Metab. 1998 Aug;83(8):2681-6.  Full text (https://academic.oup.com/
jcem/article/83/8/2681/2660457)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/9709931?
tool=bestpractice.bmj.com)

38. Grober Y, Grober H, Wintermark M, et al. Comparison of MRI techniques for detecting microadenomas
in Cushing's disease. J Neurosurg. 2017 Apr 28:1-7. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/28452619?tool=bestpractice.bmj.com)

39. Newell-Price J, Trainer P, Besser M, et al. The diagnosis and differential diagnosis of Cushing's
syndrome and pseudo-Cushing's states. Endocr Rev. 1998 Oct;19(5):647-72.  Full text (https://
academic.oup.com/edrv/article/19/5/647/2530832)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/9793762?tool=bestpractice.bmj.com)

40. Aron DC, Raff H, Findling JW. Effectiveness versus efficacy: the limited value in clinical practice of
high dose dexamethasone suppression testing in the differential diagnosis of adrenocorticotropin-
dependent Cushing's syndrome. J Clin Endocrinol Metab. 1997 Jun;82(6):1780-5.  Full text (https://
academic.oup.com/jcem/article/82/6/1780/2656494)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/9177382?tool=bestpractice.bmj.com)

41. Raff H, Findling JW. A physiologic approach to diagnosis of the Cushing syndrome. Ann Intern
Med. 2003 Jun 17;138(12):980-91. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/12809455?
tool=bestpractice.bmj.com)

42. Oldfield EH, Doppman JL, Nieman LK, et al. Petrosal sinus sampling with and without corticotropin-
releasing hormone for the differential diagnosis of Cushing's syndrome. N Engl J Med. 1991 Sep
26;325(13):897-905.  Full text (https://www.nejm.org/doi/full/10.1056/NEJM199109263251301)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/1652686?tool=bestpractice.bmj.com)

43. Findling JW, Kehoe ME, Shaker JL, et al. Routine inferior petrosal sinus sampling in the differential
diagnosis of adrenocorticotropin (ACTH)-dependent Cushing's syndrome: early recognition of the
occult ectopic ACTH syndrome. J Clin Endocrinol Metab. 1991 Aug;73(2):408-13. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/1649842?tool=bestpractice.bmj.com)

44. Doppman JL, Pass HI, Nieman LK, et al. Detection of ACTH-producing bronchial carcinoid tumors:
MR imaging vs CT. AJR Am J Roentgenol. 1991 Jan;156(1):39-43.  Full text (https://www.ajronline.org/
doi/pdf/10.2214/ajr.156.1.1845787)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/1845787?
tool=bestpractice.bmj.com)

45. Pacak K, Ilias I, Chen CC, et al. The role of (18)F-fluorodeoxyglucose positron emission tomography
and (111)In-diethylenetriaminepentaacetate-D-Phe-pentetreotide scintigraphy in the localization of

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

83

http://www.ncbi.nlm.nih.gov/pubmed/16458262?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16458262?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17280575?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17280575?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/83/8/2681/2660457
https://academic.oup.com/jcem/article/83/8/2681/2660457
http://www.ncbi.nlm.nih.gov/pubmed/9709931?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/9709931?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/28452619?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/28452619?tool=bestpractice.bmj.com
https://academic.oup.com/edrv/article/19/5/647/2530832
https://academic.oup.com/edrv/article/19/5/647/2530832
http://www.ncbi.nlm.nih.gov/pubmed/9793762?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/9793762?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/82/6/1780/2656494
https://academic.oup.com/jcem/article/82/6/1780/2656494
http://www.ncbi.nlm.nih.gov/pubmed/9177382?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/9177382?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/12809455?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/12809455?tool=bestpractice.bmj.com
https://www.nejm.org/doi/full/10.1056/NEJM199109263251301
http://www.ncbi.nlm.nih.gov/pubmed/1652686?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1652686?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1649842?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1649842?tool=bestpractice.bmj.com
https://www.ajronline.org/doi/pdf/10.2214/ajr.156.1.1845787
https://www.ajronline.org/doi/pdf/10.2214/ajr.156.1.1845787
http://www.ncbi.nlm.nih.gov/pubmed/1845787?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1845787?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References
R

EF
ER

EN
C

ES

ectopic adrenocorticotropin-secreting tumors causing Cushing's syndrome. J Clin Endocrinol Metab.
2004 May;89(5):2214-21.  Full text (https://academic.oup.com/jcem/article/89/5/2214/2844406)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/15126544?tool=bestpractice.bmj.com)

46. Panagiotidis E, Alshammari A, Michopoulou S, et al. Comparison of the impact of 68Ga-DOTATATE
and 18F-FDG PET/CT on clinical management in patients with neuroendocrine tumors. J Nucl Med.
2017 Jan;58(1):91-6.  Full text (http://jnm.snmjournals.org/content/58/1/91.long)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/27516446?tool=bestpractice.bmj.com)

47. Santhanam P, Taieb D, Giovanella L, et al. PET imaging in ectopic Cushing syndrome: a systematic
review. Endocrine. 2015 Nov;50(2):297-305. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/26206753?
tool=bestpractice.bmj.com)

48. Barrio M, Czernin J, Fanti S, et al. The impact of somatostatin receptor-directed PET/CT on the
management of patients with neuroendocrine tumor: a systematic review and meta-analysis. J
Nucl Med. 2017 May;58(5):756-61. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/28082438?
tool=bestpractice.bmj.com)

49. Delivanis DA, Athimulam S, Bancos I. Modern management of mild autonomous cortisol
secretion. Clin Pharmacol Ther. 2019 Dec;106(6):1209-21. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/31206616?tool=bestpractice.bmj.com)

50. Masserini B, Morelli V, Bergamaschi S, et al. The limited role of midnight salivary cortisol levels in the
diagnosis of subclinical hypercortisolism in patients with adrenal incidentaloma. Eur J Endocrinol. 2009
Jan;160(1):87-92.  Full text (https://eje.bioscientifica.com/view/journals/eje/160/1/87.xml)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/18835977?tool=bestpractice.bmj.com)

51. Pivonello R, De Martino MC, Colao A. How should patients with adrenal incidentalomas be followed
up? Lancet Diabetes Endocrinol. 2014 May;2(5):352-4. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/24795241?tool=bestpractice.bmj.com)

52. Fassnacht M, Arlt W, Bancos I, et al. Management of adrenal incidentalomas: European Society of
Endocrinology clinical practice guideline in collaboration with the European Network for the Study of
Adrenal Tumors. Eur J Endocrinol. 2016 Aug;175(2):G1-34.  Full text (https://eje.bioscientifica.com/
doi/10.1530/EJE-16-0467)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/27390021?
tool=bestpractice.bmj.com)

53. Paschou SA, Kandaraki E, Dimitropoulou F, et al. Subclinical Cushing's syndrome in patients with
bilateral compared to unilateral adrenal incidentalomas: a systematic review and meta-analysis.
Endocrine. 2016 Feb;51(2):225-35. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/26498946?
tool=bestpractice.bmj.com)

54. Scaroni C, Zilio M, Foti M, et al. Glucose metabolism abnormalities in Cushing syndrome: from
molecular basis to clinical management. Endocr Rev. 2017 Jun 1;38(3):189-219.  Full text (https://
academic.oup.com/edrv/article/38/3/189/3075147)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/28368467?tool=bestpractice.bmj.com)

55. Steffensen C, Pereira AM, Dekkers OM, et al. Diagnosis of endocrine disease: prevalence of
hypercortisolism in type 2 diabetes patients: a systematic review and meta-analysis. Eur J Endocrinol.

84 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

https://academic.oup.com/jcem/article/89/5/2214/2844406
http://www.ncbi.nlm.nih.gov/pubmed/15126544?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15126544?tool=bestpractice.bmj.com
http://jnm.snmjournals.org/content/58/1/91.long
http://www.ncbi.nlm.nih.gov/pubmed/27516446?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27516446?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26206753?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26206753?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/28082438?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/28082438?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31206616?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31206616?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/view/journals/eje/160/1/87.xml
http://www.ncbi.nlm.nih.gov/pubmed/18835977?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18835977?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24795241?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24795241?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/doi/10.1530/EJE-16-0467
https://eje.bioscientifica.com/doi/10.1530/EJE-16-0467
http://www.ncbi.nlm.nih.gov/pubmed/27390021?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27390021?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26498946?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26498946?tool=bestpractice.bmj.com
https://academic.oup.com/edrv/article/38/3/189/3075147
https://academic.oup.com/edrv/article/38/3/189/3075147
http://www.ncbi.nlm.nih.gov/pubmed/28368467?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/28368467?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References

2016 Dec;175(6):R247-53.  Full text (https://eje.bioscientifica.com/view/journals/eje/175/6/R247.xml)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/27354298?tool=bestpractice.bmj.com)

56. Pivonello R, Isidori AM, De Martino MC, et al. Complications of Cushing's syndrome: state of the
art. Lancet Diabetes Endocrinol. 2016 Jul;4(7):611-29. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/27177728?tool=bestpractice.bmj.com)

57. Dorn LD, Burgess ES, Dubbert B, et al. Psychopathology in patients with endogenous Cushing's
syndrome: 'atypical' or melancholic features. Clin Endocrinol (Oxf). 1995 Oct;43(4):433-42. Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/7586617?tool=bestpractice.bmj.com)

58. Bourdeau I, Bard C, Forget H, et al. Cognitive function and cerebral assessment in patients who have
Cushing's syndrome. Endocrinol Metab Clin North Am. 2005 Jun;34(2):357-69;ix. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/15850847?tool=bestpractice.bmj.com)

59. van der Pas R, Leebeek FW, Hofland LJ, et al. Hypercoagulability in Cushing's syndrome:
prevalence, pathogenesis and treatment. Clin Endocrinol (Oxf). 2013 Apr;78(4):481-8.  Full text
(https://onlinelibrary.wiley.com/doi/full/10.1111/cen.12094)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/23134530?tool=bestpractice.bmj.com)

60. Stuijver DJ, van Zaane B, Feelders RA, et al. Incidence of venous thromboembolism in patients with
Cushing's syndrome: a multicenter cohort study. J Clin Endocrinol Metab. 2011 Nov;96(11):3525-32. 
Full text (https://academic.oup.com/jcem/article/96/11/3525/2834684)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/21880802?tool=bestpractice.bmj.com)

61. Stratakis CA. Skin manifestations of Cushing's syndrome. Rev Endocr Metab Disord. 2016
Sep;17(3):283-6.  Full text (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5181654)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/27943005?tool=bestpractice.bmj.com)

62. Pecori Giraldi F, Moro M, Cavagnini F, et al. Gender-related differences in the presentation and
course of Cushing's disease. J Clin Endocrinol Metab. 2003 Apr;88(4):1554-8.  Full text (https://
academic.oup.com/jcem/article/88/4/1554/2845222)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/12679438?tool=bestpractice.bmj.com)

63. Carroll T, Raff H, Findling JW. Late-night salivary cortisol measurement in the diagnosis of
Cushing's syndrome. Nat Clin Pract Endocrinol Metab. 2008 Jun;4(6):344-50. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/18446140?tool=bestpractice.bmj.com)

64. Elamin MB, Murad MH, Mullan R, et al. Accuracy of diagnostic tests for Cushing's syndrome: a
systematic review and metaanalyses. J Clin Endocrinol Metab. 2008 May;93(5):1553-62.  Full text
(https://academic.oup.com/jcem/article/93/5/1553/2598176)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/18334594?tool=bestpractice.bmj.com)

65. Invitti C, Pecori Giraldi F, Dubini A, et al. Increased urinary free cortisol and decreased serum
corticosteroid-binding globulin in polycystic ovary syndrome. Acta Endocrinol (Copenh). 1991
Jul;125(1):28-32. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/1872121?tool=bestpractice.bmj.com)

66. Nieman LK, Biller BM, Findling JW, et al. Treatment of Cushing’s syndrome: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab. 2015 Aug;100(8):2807-31.  Full text (https://

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

85

https://eje.bioscientifica.com/view/journals/eje/175/6/R247.xml
http://www.ncbi.nlm.nih.gov/pubmed/27354298?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27354298?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27177728?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27177728?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/7586617?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/7586617?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15850847?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15850847?tool=bestpractice.bmj.com
https://onlinelibrary.wiley.com/doi/full/10.1111/cen.12094
https://onlinelibrary.wiley.com/doi/full/10.1111/cen.12094
http://www.ncbi.nlm.nih.gov/pubmed/23134530?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23134530?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/96/11/3525/2834684
https://academic.oup.com/jcem/article/96/11/3525/2834684
http://www.ncbi.nlm.nih.gov/pubmed/21880802?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/21880802?tool=bestpractice.bmj.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5181654
http://www.ncbi.nlm.nih.gov/pubmed/27943005?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27943005?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/88/4/1554/2845222
https://academic.oup.com/jcem/article/88/4/1554/2845222
http://www.ncbi.nlm.nih.gov/pubmed/12679438?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/12679438?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18446140?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18446140?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/93/5/1553/2598176
https://academic.oup.com/jcem/article/93/5/1553/2598176
http://www.ncbi.nlm.nih.gov/pubmed/18334594?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18334594?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/1872121?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/100/8/2807/2836065
https://bestpractice.bmj.com


Cushing syndrome References
R

EF
ER

EN
C

ES

academic.oup.com/jcem/article/100/8/2807/2836065)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/26222757?tool=bestpractice.bmj.com)

67. Swearingen B, Biller BM, Barker FG 2nd, et al. Long-term mortality after transsphenoidal surgery for
Cushing disease. Ann Intern Med. 1999 May 18;130(10):821-4. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/10366371?tool=bestpractice.bmj.com)

68. Hammer GD, Tyrrell JB, Lamborn KR, et al. Transsphenoidal microsurgery for Cushing's disease:
initial outcome and long-term results. J Clin Endocrinol Metab. 2004 Dec;89(12):6348-57.  Full text
(https://academic.oup.com/jcem/article/89/12/6348/2844760)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/15579802?tool=bestpractice.bmj.com)

69. Pivonello R, De Leo M, Cozzolino A, et al. The treatment of Cushing's disease. Endocr Rev. 2015
Aug;36(4):385-486.  Full text (https://academic.oup.com/edrv/article/36/4/385/2354703)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/26067718?tool=bestpractice.bmj.com)

70. Broersen LHA, Biermasz NR, van Furth WR, et al. Endoscopic vs. microscopic transsphenoidal
surgery for Cushing's disease: a systematic review and meta-analysis. Pituitary. 2018
Oct;21(5):524-34.  Full text (https://link.springer.com/article/10.1007%2Fs11102-018-0893-3)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/29767319?tool=bestpractice.bmj.com)

71. Abu Dabrh AM, Singh Ospina NM, Al Nofal A, et al. Predictors of biochemical remission and
recurrence after surgical and radiation treatments of Cushing disease: a systematic disease:
a systematic review and meta-analysis. Endocr Pract. 2016 Apr;22(4):466-75. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/26789343?tool=bestpractice.bmj.com)

72. Patil CG, Prevedello DM, Lad SP, et al. Late recurrences of Cushing's disease after initial successful
transsphenoidal surgery. J Clin Endocrinol Metab. 2008 Feb;93(2):358-62.  Full text (https://
academic.oup.com/jcem/article/93/2/358/2597991)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/18056770?tool=bestpractice.bmj.com)

73. Fleseriu M, Hamrahian AH, Hoffman AR, et al; AACE Neuroendocrine and Pituitary Scientific
Committee. American Association of Clinical Endocrinologists and American College of
Endocrinology Disease State Clinical Review: diagnosis of recurrence in Cushing disease. Endocr
Pract. 2016 Dec;22(12):1436-48. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/27643842?
tool=bestpractice.bmj.com)

74. Sughrue ME, Shah JK, Devin JK, et al. Utility of the immediate postoperative cortisol concentrations
in patients with Cushing's disease. Neurosurgery. 2010 Sep;67(3):688-95. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/20651632?tool=bestpractice.bmj.com)

75. Hameed N, Yedinak CG, Brzana J, et al. Remission rate after transsphenoidal surgery in patients with
pathologically confirmed Cushing's disease, the role of cortisol, ACTH assessment and immediate
reoperation: a large single center experience. Pituitary. 2013 Dec;16(4):452-8. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/23242860?tool=bestpractice.bmj.com)

76. Danet-Lamasou M, Asselineau J, Perez P, et al. Accuracy of repeated measurements of late-
night salivary cortisol to screen for early-stage recurrence of Cushing's disease following pituitary

86 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

https://academic.oup.com/jcem/article/100/8/2807/2836065
http://www.ncbi.nlm.nih.gov/pubmed/26222757?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26222757?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/10366371?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/10366371?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/89/12/6348/2844760
https://academic.oup.com/jcem/article/89/12/6348/2844760
http://www.ncbi.nlm.nih.gov/pubmed/15579802?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15579802?tool=bestpractice.bmj.com
https://academic.oup.com/edrv/article/36/4/385/2354703
http://www.ncbi.nlm.nih.gov/pubmed/26067718?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26067718?tool=bestpractice.bmj.com
https://link.springer.com/article/10.1007%2Fs11102-018-0893-3
http://www.ncbi.nlm.nih.gov/pubmed/29767319?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29767319?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26789343?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26789343?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/93/2/358/2597991
https://academic.oup.com/jcem/article/93/2/358/2597991
http://www.ncbi.nlm.nih.gov/pubmed/18056770?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18056770?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27643842?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27643842?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/20651632?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/20651632?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23242860?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23242860?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References

surgery. Clin Endocrinol (Oxf). 2015 Feb;82(2):260-6. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/24975391?tool=bestpractice.bmj.com)

77. Braun LT, Rubinstein G, Zopp S, et al. Recurrence after pituitary surgery in adult Cushing's
disease: a systematic review on diagnosis and treatment. Endocrine. 2020 Nov;70(2):218-31.  Full
text (https://www.doi.org/10.1007/s12020-020-02432-z)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/32743767?tool=bestpractice.bmj.com)

78. Reincke M, Ritzel K, Osswald A, et al. A critical re-appraisal of bilateral adrenalectomy for ACTH-
dependent Cushing's syndrome. Eur J Endocrinol. 2015 Oct;173(4):M23-32.  Full text (https://
eje.bioscientifica.com/view/journals/eje/173/4/M23.xml)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/25994948?tool=bestpractice.bmj.com)

79. Cuevas-Ramos D, Fleseriu M. Treatment of Cushing's disease: a mechanistic update. J Endocrinol.
2014 Nov;223(2):R19-39.  Full text (https://joe.bioscientifica.com/view/journals/joe/223/2/R19.xml)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/25134660?tool=bestpractice.bmj.com)

80. Friedman RB, Oldfield EH, Nieman LK, et al. Repeat transsphenoidal surgery for Cushing's disease.
J Neurosurg. 1989 Oct;71(4):520-7. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/2552045?
tool=bestpractice.bmj.com)

81. Benveniste RJ, King WA, Walsh J, et al. Repeated transsphenoidal surgery to treat recurrent
or residual pituitary adenoma. J Neurosurg. 2005 Jun;102(6):1004-12. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/16028758?tool=bestpractice.bmj.com)

82. Hofmann BM, Hlavac M, Kreutzer J, et al. Surgical treatment of recurrent Cushing's disease.
Neurosurgery. 2006 Jun;58(6):1108-18. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/16723890?
tool=bestpractice.bmj.com)

83. Sonino N, Zielezny M, Fava GA, et al. Risk factors and long-term outcome in pituitary-dependent
Cushing's disease. J Clin Endocrinol Metab. 1996 Jul;81(7):2647-52.  Full text (https://
academic.oup.com/jcem/article/81/7/2647/2875568)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/8675592?tool=bestpractice.bmj.com)

84. Castinetti F, Nagai M, Dufour H, et al. Gamma knife radiosurgery is a successful adjunctive treatment
in Cushing's disease. Eur J Endocrinol. 2007 Jan;156(1):91-8.  Full text (https://eje.bioscientifica.com/
view/journals/eje/156/1/1560091.xml)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/17218730?
tool=bestpractice.bmj.com)

85. Devin JK, Allen GS, Cmelak AJ, et al. The efficacy of linear accelerator radiosurgery in the
management of patients with Cushing's disease. Stereotact Funct Neurosurg. 2004;82(5-6):254-62.
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/15665560?tool=bestpractice.bmj.com)

86. Estrada J, Boronat M, Mielgo M, et al. The long-term outcome of pituitary irradiation after unsuccessful
transsphenoidal surgery in Cushing's disease. N Engl J Med. 1997 Jan 16;336(3):172-7. 
Full text (https://www.nejm.org/doi/full/10.1056/NEJM199701163360303)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/8988897?tool=bestpractice.bmj.com)

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

87

http://www.ncbi.nlm.nih.gov/pubmed/24975391?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24975391?tool=bestpractice.bmj.com
https://www.doi.org/10.1007/s12020-020-02432-z
https://www.doi.org/10.1007/s12020-020-02432-z
http://www.ncbi.nlm.nih.gov/pubmed/32743767?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/32743767?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/view/journals/eje/173/4/M23.xml
https://eje.bioscientifica.com/view/journals/eje/173/4/M23.xml
http://www.ncbi.nlm.nih.gov/pubmed/25994948?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25994948?tool=bestpractice.bmj.com
https://joe.bioscientifica.com/view/journals/joe/223/2/R19.xml
http://www.ncbi.nlm.nih.gov/pubmed/25134660?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25134660?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/2552045?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/2552045?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16028758?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16028758?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16723890?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16723890?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/81/7/2647/2875568
https://academic.oup.com/jcem/article/81/7/2647/2875568
http://www.ncbi.nlm.nih.gov/pubmed/8675592?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8675592?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/view/journals/eje/156/1/1560091.xml
https://eje.bioscientifica.com/view/journals/eje/156/1/1560091.xml
http://www.ncbi.nlm.nih.gov/pubmed/17218730?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17218730?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15665560?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/15665560?tool=bestpractice.bmj.com
https://www.nejm.org/doi/full/10.1056/NEJM199701163360303
https://www.nejm.org/doi/full/10.1056/NEJM199701163360303
http://www.ncbi.nlm.nih.gov/pubmed/8988897?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8988897?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References
R

EF
ER

EN
C

ES

87. Starke RM, Williams BJ, Vance ML, et al. Radiation therapy and stereotactic radiosurgery for
the treatment of Cushing's disease: an evidence-based review. Curr Opin Endocrinol Diabetes
Obes. 2010 Aug;17(4):356-64. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/20531182?
tool=bestpractice.bmj.com)

88. Varlamov EV, McCartney S, Fleseriu M. Functioning pituitary adenomas - current treatment
options and emerging medical therapies. Eur Endocrinol. 2019 Apr;15(1):30-40.  Full text (https://
www.touchendocrinology.com/pituitary/journal-articles/functioning-pituitary-adenomas-current-
treatment-options-and-emerging-medical-therapies)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/31244908?tool=bestpractice.bmj.com)

89. Feelders RA, Newell-Price J, Pivonello R, et al. Advances in the medical treatment of Cushing's
syndrome. Lancet Diabetes Endocrinol. 2019 Apr;7(4):300-12. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/30033041?tool=bestpractice.bmj.com)

90. Hinojosa-Amaya JM, Cuevas-Ramos D, Fleseriu M. Medical management of Cushing's
syndrome: current and emerging treatments. Drugs. 2019 Jun;79(9):935-56. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/31098899?tool=bestpractice.bmj.com)

91. Broersen LHA, Jha M, Biermasz NR, et al. Effectiveness of medical treatment for Cushing's
syndrome: a systematic review and meta-analysis. Pituitary. 2018 Dec;21(6):631-41.  Full text (https://
link.springer.com/article/10.1007%2Fs11102-018-0897-z)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/29855779?tool=bestpractice.bmj.com)

92. Colao A, Petersenn S, Newell-Price J, et al. A 12-month phase 3 study of pasireotide in Cushing's
disease. N Engl J Med. 2012 Mar 8;366(10):914-24.  Full text (https://www.nejm.org/doi/
full/10.1056/NEJMoa1105743)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/22397653?
tool=bestpractice.bmj.com)

93. Lacroix A, Gu F, Gallardo W, et al. Efficacy and safety of once-monthly pasireotide in Cushing's
disease: a 12 month clinical trial. Lancet Diabetes Endocrinol. 2018 Jan;6(1):17-26. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/29032078?tool=bestpractice.bmj.com)

94. Simeoli C, Auriemma RS, Tortora F, et al. The treatment with pasireotide in Cushing's
disease: effects of long-term treatment on tumor mass in the experience of a single center.
Endocrine. 2015 Dec;50(3):725-40. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/25743263?
tool=bestpractice.bmj.com)

95. Findling JW, Fleseriu M, Newell-Price J, et al. Late-night salivary cortisol may be valuable
for assessing treatment response in patients with Cushing's disease: 12-month, phase III
pasireotide study. Endocrine. 2016 Nov;54(2):516-23.  Full text (https://link.springer.com/
article/10.1007%2Fs12020-016-0978-6)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/27209465?
tool=bestpractice.bmj.com)

96. Trementino L, Michetti G, Angeletti A, et al. A single-center 10-year experience with pasireotide in
Cushing's disease: patients' characteristics and outcome. Horm Metab Res. 2016 May;48(5):290-8. 
Full text (https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0042-101347)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/27127913?tool=bestpractice.bmj.com)

88 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

http://www.ncbi.nlm.nih.gov/pubmed/20531182?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/20531182?tool=bestpractice.bmj.com
https://www.touchendocrinology.com/pituitary/journal-articles/functioning-pituitary-adenomas-current-treatment-options-and-emerging-medical-therapies
https://www.touchendocrinology.com/pituitary/journal-articles/functioning-pituitary-adenomas-current-treatment-options-and-emerging-medical-therapies
https://www.touchendocrinology.com/pituitary/journal-articles/functioning-pituitary-adenomas-current-treatment-options-and-emerging-medical-therapies
http://www.ncbi.nlm.nih.gov/pubmed/31244908?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31244908?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30033041?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30033041?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31098899?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31098899?tool=bestpractice.bmj.com
https://link.springer.com/article/10.1007%2Fs11102-018-0897-z
https://link.springer.com/article/10.1007%2Fs11102-018-0897-z
http://www.ncbi.nlm.nih.gov/pubmed/29855779?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29855779?tool=bestpractice.bmj.com
https://www.nejm.org/doi/full/10.1056/NEJMoa1105743
https://www.nejm.org/doi/full/10.1056/NEJMoa1105743
http://www.ncbi.nlm.nih.gov/pubmed/22397653?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22397653?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29032078?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29032078?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25743263?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25743263?tool=bestpractice.bmj.com
https://link.springer.com/article/10.1007%2Fs12020-016-0978-6
https://link.springer.com/article/10.1007%2Fs12020-016-0978-6
http://www.ncbi.nlm.nih.gov/pubmed/27209465?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27209465?tool=bestpractice.bmj.com
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0042-101347
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0042-101347
http://www.ncbi.nlm.nih.gov/pubmed/27127913?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27127913?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References

97. Petersenn S, Fleseriu M. Pituitary-directed medical therapy in Cushing's disease. Pituitary.
2015 Apr;18(2):238-44. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/25627118?
tool=bestpractice.bmj.com)

98. Palui R, Sahoo J, Kamalanathan S, et al. Effect of cabergoline monotherapy in Cushing's disease:
an individual participant data meta-analysis. J Endocrinol Invest. 2018 Dec;41(12):1445-55. Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/30097903?tool=bestpractice.bmj.com)

99. Pivonello R, Fleseriu M, Newell-Price J, et al. Efficacy and safety of osilodrostat in patients with
Cushing's disease (LINC 3): a multicentre phase III study with a double-blind, randomised withdrawal
phase. Lancet Diabetes Endocrinol. 2020 Sep;8(9):748-61. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/32730798?tool=bestpractice.bmj.com)

100. Castinetti F, Guignat L, Giraud P, et al. Ketoconazole in Cushing's disease: is it worth a try?
J Clin Endocrinol Metab. 2014 May;99(5):1623-30.  Full text (https://academic.oup.com/
jcem/article/99/5/1623/2537349)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/24471573?
tool=bestpractice.bmj.com)

101. US Food and Drug Administration. FDA drug safety communication: FDA warns that prescribing of
Nizoral (ketoconazole) oral tablets for unapproved uses including skin and nail infections continues;
linked to patient death. May 2016 [internet publication].  Full text (https://www.fda.gov/drugs/drug-
safety-and-availability/fda-drug-safety-communication-fda-warns-prescribing-nizoral-ketoconazole-oral-
tablets-unapproved)

102. Fleseriu M, Castinetti F. Updates on the role of adrenal steroidogenesis inhibitors in Cushing's
syndrome: a focus on novel therapies. Pituitary. 2016 Dec;19(6):643-53.  Full text (https://
link.springer.com/article/10.1007/s11102-016-0742-1)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/27600150?tool=bestpractice.bmj.com)

103. Fleseriu M, Pivonello R, Elenkova A, et al. Efficacy and safety of levoketoconazole in the treatment
of endogenous Cushing's syndrome (SONICS): a phase 3, multicentre, open-label, single-arm
trial. Lancet Diabetes Endocrinol. 2019 Nov;7(11):855-65. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/31542384?tool=bestpractice.bmj.com)

104. Zacharieva SZ, Pivonello R, Elenkova A, et al. MON-332 safety and efficacy of levoketoconazole
in the treatment of endogenous Cushing’s syndrome (LOGICS): a double-blind, placebo-
controlled, withdrawal study. J Endocr Soc. 2020 May 8;4(suppl 1):MON-332.  Full text (https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC7208150)

105. Fleseriu M, Findling JW, Koch CA, et al. Changes in plasma ACTH levels and corticotroph tumor
size in patients with Cushing's disease during long-term treatment with the glucocorticoid receptor
antagonist mifepristone. J Clin Endocrinol Metab. 2014 Oct;99(10):3718-27.  Full text (https://
academic.oup.com/jcem/article/99/10/3718/2836437)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/25013998?tool=bestpractice.bmj.com)

106. Fleseriu M, Biller BM, Findling JW, et al; SEISMIC Study Investigators. Mifepristone, a glucocorticoid
receptor antagonist, produces clinical and metabolic benefits in patients with Cushing's syndrome.
J Clin Endocrinol Metab. 2012 Jun;97(6):2039-49.  Full text (https://academic.oup.com/

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

89

http://www.ncbi.nlm.nih.gov/pubmed/25627118?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25627118?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30097903?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30097903?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/32730798?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/32730798?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/99/5/1623/2537349
https://academic.oup.com/jcem/article/99/5/1623/2537349
http://www.ncbi.nlm.nih.gov/pubmed/24471573?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/24471573?tool=bestpractice.bmj.com
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-warns-prescribing-nizoral-ketoconazole-oral-tablets-unapproved
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-warns-prescribing-nizoral-ketoconazole-oral-tablets-unapproved
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-warns-prescribing-nizoral-ketoconazole-oral-tablets-unapproved
https://link.springer.com/article/10.1007/s11102-016-0742-1
https://link.springer.com/article/10.1007/s11102-016-0742-1
http://www.ncbi.nlm.nih.gov/pubmed/27600150?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27600150?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31542384?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31542384?tool=bestpractice.bmj.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7208150
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7208150
https://academic.oup.com/jcem/article/99/10/3718/2836437
https://academic.oup.com/jcem/article/99/10/3718/2836437
http://www.ncbi.nlm.nih.gov/pubmed/25013998?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25013998?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/97/6/2039/2536684
https://bestpractice.bmj.com


Cushing syndrome References
R

EF
ER

EN
C

ES

jcem/article/97/6/2039/2536684)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/22466348?
tool=bestpractice.bmj.com)

107. Neychev V, Steinberg SM, Yang L, et al. Long-term outcome of bilateral laparoscopic adrenalectomy
measured by disease-specific questionnaire in a unique group of patients with Cushing's
syndrome. Ann Surg Oncol. 2015 Dec;22 Suppl 3:S699-706. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/25968622?tool=bestpractice.bmj.com)

108. Ritzel K, Beuschlein F, Mickisch A, et al. Clinical review: outcome of bilateral adrenalectomy in
Cushing's syndrome: a systematic review. J Clin Endocrinol Metab. 2013 Oct;98(10):3939-48.  Full text
(https://academic.oup.com/jcem/article/98/10/3939/2833849)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/23956347?tool=bestpractice.bmj.com)

109. Fleseriu M, Hashim IA, Karavitaki N, et al. Hormonal replacement in hypopituitarism in adults: an
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2016 Nov;101(11):3888-921. 
Full text (https://academic.oup.com/jcem/article/101/11/3888/2764912)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/27736313?tool=bestpractice.bmj.com)

110. Bancos I, Alahdab F, Crowley RK, et al. Therapy of endocrine disease: improvement of cardiovascular
risk factors after adrenalectomy in patients with adrenal tumors and subclinical Cushing's syndrome:
a systematic review and meta-analysis. Eur J Endocrinol. 2016 Dec;175(6):R283-95.  Full text (https://
eje.bioscientifica.com/view/journals/eje/175/6/R283.xml)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/27450696?tool=bestpractice.bmj.com)

111. Cohan P, East HE, Galati SJ, et al. Mifepristone treatment in four cases of primary bilateral
macronodular adrenal hyperplasia (BMAH). J Clin Endocrinol Metab. 2019 Dec 1;104(12):6279-90. 
Full text (https://academic.oup.com/jcem/article/104/12/6279/5491614)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/31112270?tool=bestpractice.bmj.com)

112. Fleseriu M, Petersenn S. Medical management of Cushing's disease: what is the future? Pituitary.
2012 Sep;15(3):330-41.  Full text (https://link.springer.com/article/10.1007/s11102-012-0397-5)  
Abstract (http://www.ncbi.nlm.nih.gov/pubmed/22674211?tool=bestpractice.bmj.com)

113. De Tommasi C, Vance ML, Okonkwo DO, et al. Surgical management of adrenocorticotropic
hormone-secreting macroadenomas: outcome and challenges in patients with Cushing's disease or
Nelson's syndrome. J Neurosurg. 2005 Nov;103(5):825-30. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/16304985?tool=bestpractice.bmj.com)

114. Faggiano A, Pivonello R, Spiezia S, et al. Cardiovascular risk factors and common carotid artery
caliber and stiffness in patients with Cushing's disease during active disease and 1 year after disease
remission. J Clin Endocrinol Metab. 2003 Jun;88(6):2527-33.  Full text (https://academic.oup.com/
jcem/article/88/6/2527/2845327)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/12788849?
tool=bestpractice.bmj.com)

115. Van der Klaauw AA, Kars M, Biermasz NR, et al. Disease-specific impairments in quality of
life during long-term follow-up of patients with different pituitary adenomas. Clin Endocrinol
(Oxf). 2008 Nov;69(5):775-84. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/18462264?
tool=bestpractice.bmj.com)

90 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

https://academic.oup.com/jcem/article/97/6/2039/2536684
http://www.ncbi.nlm.nih.gov/pubmed/22466348?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22466348?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25968622?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25968622?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/98/10/3939/2833849
https://academic.oup.com/jcem/article/98/10/3939/2833849
http://www.ncbi.nlm.nih.gov/pubmed/23956347?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/23956347?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/101/11/3888/2764912
https://academic.oup.com/jcem/article/101/11/3888/2764912
http://www.ncbi.nlm.nih.gov/pubmed/27736313?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27736313?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/view/journals/eje/175/6/R283.xml
https://eje.bioscientifica.com/view/journals/eje/175/6/R283.xml
http://www.ncbi.nlm.nih.gov/pubmed/27450696?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/27450696?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/104/12/6279/5491614
https://academic.oup.com/jcem/article/104/12/6279/5491614
http://www.ncbi.nlm.nih.gov/pubmed/31112270?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31112270?tool=bestpractice.bmj.com
https://link.springer.com/article/10.1007/s11102-012-0397-5
http://www.ncbi.nlm.nih.gov/pubmed/22674211?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/22674211?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16304985?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/16304985?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/88/6/2527/2845327
https://academic.oup.com/jcem/article/88/6/2527/2845327
http://www.ncbi.nlm.nih.gov/pubmed/12788849?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/12788849?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18462264?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/18462264?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References

116. Knoble N, Nayroles G, Cheng C, et al. Illustration of patient-reported outcome challenges and
solutions in rare diseases: a systematic review in Cushing's syndrome. Orphanet J Rare Dis. 2018 Dec
19;13(1):228.  Full text (https://ojrd.biomedcentral.com/articles/10.1186/s13023-018-0958-4)   Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/30567582?tool=bestpractice.bmj.com)

117. Petersenn S, Beckers A, Ferone D, et al. Therapy of endocrine disease: outcomes in patients with
Cushing's disease undergoing transsphenoidal surgery: systematic review assessing criteria used
to define remission and recurrence. Eur J Endocrinol. 2015 June;172(6):R227-39.  Full text (https://
eje.bioscientifica.com/view/journals/eje/172/6/R227.xml)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/25599709?tool=bestpractice.bmj.com)

118. Blevins LS Jr, Christy JH, Khajavi M, et al. Outcomes of therapy for Cushing's disease due
to adrenocorticotropin-secreting pituitary macroadenomas. J Clin Endocrinol Metab. 1998
Jan;83(1):63-7.  Full text (https://academic.oup.com/jcem/article/83/1/63/2865075)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/9435417?tool=bestpractice.bmj.com)

119. Qiao N. Outcome of endoscopic vs microsurgical transsphenoidal resection for Cushing's
disease. Endocr Connect. 2018 Jan;7(1):R26-37.  Full text (https://ec.bioscientifica.com/view/
journals/ec/7/1/EC-17-0312.xml)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/29311226?
tool=bestpractice.bmj.com)

120. Dhandapani S, Narayanan R, Jayant SS, et al. Endonasal endoscopic versus microscopic
transsphenoidal surgery in pituitary tumors among the young: a comparative study & meta-
analysis. Clin Neurol Neurosurg. 2021 Jan;200:106411. Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/33338824?tool=bestpractice.bmj.com)

121. Park J, De Luca A, Dutton H, et al. Cardiovascular outcomes in autonomous cortisol secretion and
nonfunctioning adrenal adenoma: a systematic review. J Endocr Soc. 2019 May 1;3(5):996-1008.  Full
text (https://academic.oup.com/jes/article/3/5/996/5418930)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/31065617?tool=bestpractice.bmj.com)

122. Arnaldi G, Angeli A, Atkinson AB, et al. Diagnosis and complications of Cushing's syndrome: a
consensus statement. J Clin Endocrinol Metab. 2003 Dec;88(12):5593-602.  Full text (https://
academic.oup.com/jcem/article/88/12/5593/2661449)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/14671138?tool=bestpractice.bmj.com)

123. St-Jean M, Lim DST, Langlois F. Hypercoagulability in Cushing's syndrome: from arterial to
venous disease. Best Pract Res Clin Endocrinol Metab. 2021 Mar;35(2):101496. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/33795197?tool=bestpractice.bmj.com)

124. Chee GH, Mathias DB, James RA, et al. Transsphenoidal pituitary surgery in Cushing's disease:
can we predict outcome? Clin Endocrinol (Oxf). 2001 May;54(5):617-26. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/11380492?tool=bestpractice.bmj.com)

125. McCance DR, Gordon DS, Fannin TF, et al. Assessment of endocrine function after transsphenoidal
surgery for Cushing's disease. Clin Endocrinol (Oxf). 1993 Jan;38(1):79-86. Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/8382119?tool=bestpractice.bmj.com)

R
EFER

EN
C

ES

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

91

https://ojrd.biomedcentral.com/articles/10.1186/s13023-018-0958-4
http://www.ncbi.nlm.nih.gov/pubmed/30567582?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/30567582?tool=bestpractice.bmj.com
https://eje.bioscientifica.com/view/journals/eje/172/6/R227.xml
https://eje.bioscientifica.com/view/journals/eje/172/6/R227.xml
http://www.ncbi.nlm.nih.gov/pubmed/25599709?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25599709?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/83/1/63/2865075
http://www.ncbi.nlm.nih.gov/pubmed/9435417?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/9435417?tool=bestpractice.bmj.com
https://ec.bioscientifica.com/view/journals/ec/7/1/EC-17-0312.xml
https://ec.bioscientifica.com/view/journals/ec/7/1/EC-17-0312.xml
http://www.ncbi.nlm.nih.gov/pubmed/29311226?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/29311226?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/33338824?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/33338824?tool=bestpractice.bmj.com
https://academic.oup.com/jes/article/3/5/996/5418930
https://academic.oup.com/jes/article/3/5/996/5418930
http://www.ncbi.nlm.nih.gov/pubmed/31065617?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/31065617?tool=bestpractice.bmj.com
https://academic.oup.com/jcem/article/88/12/5593/2661449
https://academic.oup.com/jcem/article/88/12/5593/2661449
http://www.ncbi.nlm.nih.gov/pubmed/14671138?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/14671138?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/33795197?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/33795197?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/11380492?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/11380492?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8382119?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8382119?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome References
R

EF
ER

EN
C

ES

126. Assié G, Bahurel H, Coste J, et al. Corticotroph tumor progression after adrenalectomy in Cushing's
disease: a reappraisal of Nelson's syndrome. J Clin Endocrinol Metab. 2007 Jan;92(1):172-9.  Full
text (https://academic.oup.com/jcem/article/92/1/172/2598337)   Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/17062771?tool=bestpractice.bmj.com)

127. Cote DJ, Alzarea A, Acosta MA, et al. Predictors and rates of delayed symptomatic hyponatremia
after transsphenoidal surgery: a systematic review. World Neurosurg. 2016 Apr;88:1-6. [Erratum in:
World Neurosurg. 2016 May 31;S1878-8750(16)30270-4.] Abstract (http://www.ncbi.nlm.nih.gov/
pubmed/26805685?tool=bestpractice.bmj.com)

128. Rees DA, Hanna FW, Davies JS, et al. Long-term follow-up results of transsphenoidal surgery
for Cushing's disease in a single centre using strict criteria for remission. Clin Endocrinol
(Oxf). 2002 Apr;56(4):541-51. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/11966748?
tool=bestpractice.bmj.com)

129. Yap LB, Turner HE, Adams CB, et al. Undetectable postoperative cortisol does not always predict
long-term remission in Cushing's disease: a single centre audit. Clin Endocrinol (Oxf). 2002
Jan;56(1):25-31. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/11849243?tool=bestpractice.bmj.com)

130. Burke CW, Adams CB, Esiri MM, et al. Transsphenoidal surgery for Cushing's disease: does what is
removed determine the endocrine outcome? Clin Endocrinol (Oxf). 1990 Oct;33(4):525-37. Abstract
(http://www.ncbi.nlm.nih.gov/pubmed/2171817?tool=bestpractice.bmj.com)

131. Trainer PJ, Lawrie HS, Verhelst JA, et al. Transsphenoidal resection in Cushing's disease:
undetectable serum cortisol as the definition of successful treatment. Clin Endocrinol (Oxf). 1993
Jan;38(1):73-8. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/8435888?tool=bestpractice.bmj.com)

132. Semple CG, Thomson JA, Teasdale GM. Transsphenoidal microsurgery for Cushing's disease. Clin
Endocrinol (Oxf). 1984 Dec;21(6):621-9. Abstract (http://www.ncbi.nlm.nih.gov/pubmed/6509784?
tool=bestpractice.bmj.com)

133. Smith TR, Hulou MM, Huang KT, et al. Complications after transsphenoidal surgery for patients with
Cushing's disease and silent corticotroph adenomas. Neurosurg Focus. 2015 Feb;38(2):E12.  Full
text (https://thejns.org/focus/view/journals/neurosurg-focus/38/2/article-pE12.xml)   Abstract (http://
www.ncbi.nlm.nih.gov/pubmed/25639314?tool=bestpractice.bmj.com)

134. Prete A, Corsello SM, Salvatori R. Current best practice in the management of patients after pituitary
surgery. Ther Adv Endocrinol Metab. 2017 Mar;8(3):33-48.  Full text (https://journals.sagepub.com/
doi/10.1177/2042018816687240)   Abstract (http://www.ncbi.nlm.nih.gov/pubmed/28377801?
tool=bestpractice.bmj.com)

92 This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Jun 05, 2024.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

https://academic.oup.com/jcem/article/92/1/172/2598337
https://academic.oup.com/jcem/article/92/1/172/2598337
http://www.ncbi.nlm.nih.gov/pubmed/17062771?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/17062771?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26805685?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/26805685?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/11966748?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/11966748?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/11849243?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/2171817?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/2171817?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/8435888?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/6509784?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/6509784?tool=bestpractice.bmj.com
https://thejns.org/focus/view/journals/neurosurg-focus/38/2/article-pE12.xml
https://thejns.org/focus/view/journals/neurosurg-focus/38/2/article-pE12.xml
http://www.ncbi.nlm.nih.gov/pubmed/25639314?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/25639314?tool=bestpractice.bmj.com
https://journals.sagepub.com/doi/10.1177/2042018816687240
https://journals.sagepub.com/doi/10.1177/2042018816687240
http://www.ncbi.nlm.nih.gov/pubmed/28377801?tool=bestpractice.bmj.com
http://www.ncbi.nlm.nih.gov/pubmed/28377801?tool=bestpractice.bmj.com
https://bestpractice.bmj.com


Cushing syndrome Images

Images

Figure 1: Abdominal computed scan showing adrenocortical tumour infiltrating the pancreas and left kidney,
and metastasised to the liver, spleen, and central nodes

From BMJ Case Reports 2010; doi:10.1136/bcr.07.2009.2100
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Figure 2: Abdominal striae in pregnancy

From BMJ Case Reports 2011; doi:10.1136/bcr.01.2011.3720
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Figure 3: Algorithm for the treatment of Cushing's disease (DST = dexamethasone suppression test. IPSS
= inferior petrosal sinus sampling. ACTH = adrenocorticotrophic hormone. *Pituitary surgery should be
performed by an experienced surgeon. †Absence of ACTH-staining adenoma. §Lifelong monitoring for
hypopituitarism and secondary neoplasia in the radiation field required. ¶On maximum tolerated dose of the
drug)

Fleseriu M et al. Lancet Diabetes Endocrinol. 2021 Dec;9(12):847-75; used with permission
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Disclaimer
BMJ Best Practice is intended for licensed medical professionals. BMJ Publishing Group Ltd (BMJ) does not
advocate or endorse the use of any drug or therapy contained within this publication nor does it diagnose
patients. As a medical professional you retain full responsibility for the care and treatment of your patients
and you should use your own clinical judgement and expertise when using this product.

This content is not intended to cover all possible diagnosis methods, treatments, follow up, drugs and any
contraindications or side effects. In addition, since such standards and practices in medicine change as
new data become available, you should consult a variety of sources. We strongly recommend that you
independently verify specified diagnosis, treatments and follow-up and ensure it is appropriate for your
patient within your region. In addition, with respect to prescription medication, you are advised to check the
product information sheet accompanying each drug to verify conditions of use and identify any changes in
dosage schedule or contraindications, particularly if the drug to be administered is new, infrequently used, or
has a narrow therapeutic range. You must always check that drugs referenced are licensed for the specified
use and at the specified doses in your region.

Information included in BMJ Best Practice is provided on an “as is” basis without any representations,
conditions or warranties that it is accurate and up to date. BMJ and its licensors and licensees assume no
responsibility for any aspect of treatment administered to any patients with the aid of this information. To
the fullest extent permitted by law, BMJ and its licensors and licensees shall not incur any liability, including
without limitation, liability for damages, arising from the content. All conditions, warranties and other terms
which might otherwise be implied by the law including, without limitation, the warranties of satisfactory
quality, fitness for a particular purpose, use of reasonable care and skill and non-infringement of proprietary
rights are excluded.

Where BMJ Best Practice has been translated into a language other than English, BMJ does not warrant the
accuracy and reliability of the translations or the content provided by third parties (including but not limited to
local regulations, clinical guidelines, terminology, drug names and drug dosages). BMJ is not responsible for
any errors and omissions arising from translation and adaptation or otherwise.Where BMJ Best Practice lists
drug names, it does so by recommended International Nonproprietary Names (rINNs) only. It is possible that
certain drug formularies might refer to the same drugs using different names.

Please note that recommended formulations and doses may differ between drug databases drug names and
brands, drug formularies, or locations. A local drug formulary should always be consulted for full prescribing
information.

Treatment recommendations in BMJ Best Practice are specific to patient groups. Care is advised when
selecting the integrated drug formulary as some treatment recommendations are for adults only, and external
links to a paediatric formulary do not necessarily advocate use in children (and vice-versa). Always check
that you have selected the correct drug formulary for your patient.

Where your version of BMJ Best Practice does not integrate with a local drug formulary, you should consult
a local pharmaceutical database for comprehensive drug information including contraindications, drug
interactions, and alternative dosing before prescribing.

Interpretation of numbers

Regardless of the language in which the content is displayed, numerals are displayed according to the
original English-language numerical separator standard. For example 4 digit numbers shall not include a
comma nor a decimal point; numbers of 5 or more digits shall include commas; and numbers stated to be
less than 1 shall be depicted using decimal points. See Figure 1 below for an explanatory table.

BMJ accepts no responsibility for misinterpretation of numbers which comply with this stated numerical
separator standard.

This approach is in line with the guidance of the International Bureau of Weights and Measures Service.

Figure 1 – BMJ Best Practice Numeral Style
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