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Abstract Cushing’s disease, i.e., pituitary ACTH-secreting
adenoma causing excess glucocorticoid secretion, is a rare
disease with significant mortality and morbidity. Timely di-
agnosis and appropriate treatment can alter the course of
the disease and are therefore mandatory. First step of the
diagnostic work-up is the endogenous glucocorticoid ex-
cess by measurement of urinary free cortisol, cortisol cir-
cadian rhythmicity or suppression by low doses of dex-
amethasone. In patients with equivocal results, second line
tests, such as the dexamethasone-suppressed CRH test and
desmopressin stimulation, usually enable the diagnosis to be
confirmed. Measurement of plasma ACTH then allows the
distinction between ACTH-dependent (e.g., pituitary or ex-
trapituitary neuroendocrine tumors) and ACTH-independent
causes (e.g., adrenal tumors). The last step in the diagnostic
algorhythm is often the most fraught with problems as the
distinction between Cushing’s disease and ectopic ACTH se-
cretion relies on judicious interpretation of several diagnostic
procedures. Positive responses to stimulation with CRH and
inhibition by high doses of dexamethasone, if concurrent,
enable a pituitary origin to be established whereas conflict-
ing results call for inferior petrosal sinus sampling, the latter
to be performed in experienced centres only. Visualisation of
the tumor at pituitary imaging is helpful but not required for
the diagnosis, as microadenomas often remain undectected
by MRI and/or CT scan and, on the other hand, visualisation
of a non-secreting incidentaloma may be misleading. Surgi-
cal removal of the pituitary tumor is the optimal treatment
choice and should be attempted in every patient. Surgical
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failures as well as relapses can be treated by radiotherapy,
medical therapy or, if necessary, bilateral adrenalectomy. Fi-
nally, patients cured of Cushing’s disease require long-term
monitoring given the risk of relapse and clinical burden of
associated ailments.
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Demographic and clinical findings

Cushing’s disease defines the clinical picture of an ACTH-
secreting pituitary tumor, almost exclusively a benign
adenoma, leading to overproduction of glucocorticoid
steroids by the adrenal cortex and clinical features of gluco-
corticoid excess. Excess corticosteroid secretion may also
be due to production of ACTH or its releasing factor, CRH,
by an extrapituitary neuroendocrine tumor (i.e., ectopic
ACTH/CRH secretion) or to primary adrenal lesions (e.g.,
adenoma, carcinoma, hyperplasia and dysplasia) as well as
to steroid therapy. All causes of inappropriately high cortisol
secretion are grouped in the term “Cushing’s syndrome”
with pituitary tumors making up the lion’s share (over 70%
of all cases of Cushing’s syndrome). Irrespective of the
underlying etiology, glucocorticoid excess is characterized
by a disruption of cortisol circadian rhythmicity and altered
feedback mechanisms.

Cushing’s disease is an uncommon disorder with an es-
timated incidence of 2.4 new cases per million inhabitants
per year [1] occurring mostly in young adult females (mean
age at diagnosis is 36 years). Both sexes are equally affected
in prepubertal Cushing’s disease [2]. The ACTH-secreting
pituitary adenoma is sporadic except for rare cases in patients
with familial multiple endocrine neoplasia type 1 [3].
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Clinical features of hypercortisolism include weight
gain and truncal obesity with supraclavicular and cervical
fat depots (“buffalo hump”), rounded “moon-like” facies,
thinned skin with purple striae and multiple ecchymoses,
acne and hirsutism, and proximal muscle weakness caused
by muscle atrophy. Hypertension, osteopenia, menstrual
irregularities and neuropsychological disturbances (e.g.,
depression, irritability, sleep disturbance, cognitive defects
or even frank psychosis) further characterize patients with
Cushing’s disease. Clinical chemistry may reveal glucose
intolerance or frank diabetes, hypokalemia and leukocy-
tosis. Cause of death in patients with untreated Cushing’s
disease are systemic fungal infections, most often due to
opportunistic agents such as aspergillus fumigatus [4], or
cardiovascular events, such as coronary artery disease and
congestive heart failure. Overall mortality of patients with
unremitted hypercortisolism is 4–5 greater than the general
population [5] thus justifying exhaustive testing procedures
for a timely diagnosis.

Diagnosis

Biochemical diagnosis

The diagnosis of Cushing’s disease requires a series of
first line tests, namely measurement of 24 hour urinary
free cortisol secretion (UFC) and the evaluation of corti-
sol circadian rhythmicity and suppressibility by low-dose
dexamethasone. Cortisol secretion fluctuates from day to
day thus at least three 24 h urine collections are expedi-
ent to properly apprise endogenous cortisol secretion. UFC
measurement may be performed by radioimmunoassay or
immunometric assays, or as recently proposed, high perfor-
mance liquid chromatography (HPLC) or even mass spec-
trometry gas chromatography (MSGC). Immunoassays are
well validated and can reliably detect Cushing’s syndrome
(over 96% sensitivity according to Perry and Grossman) [6]
whereas HPLC and MSGC may offer greater diagnostic
accuracy but are expensive and require large-scale valida-
tion. It is worth recalling that a markedly reduced glomerular
filtration rate ( <30 ml/min) invalidates UFC measurements
[7] and that several compounds, both endogenous and ex-
ogenous, e.g. cortisol metabolites, phenofibrate, may inter-
fere with UFC measurement. Correction of UFC by body
surface area is necessary for children: normal values are
<70 µg (193 nmol)/m2/day [8]. Markedly elevated UFC
levels are clearly diagnostic of Cushing’s syndrome while
mildly supranormal values may also be due to pseudoCush-
ing states, i.e., conditions mimicking Cushing’s syndrome.
PseudoCushing may stem from depression, alcoholism, obe-
sity and polycystic ovary syndrome, and further testing
is required to distinguish between these two entities. The

possibility of cyclical Cushing’s disease, characterized by
spells of hypercortisolism alternated with normal UFC se-
cretion, should also be considered. Measurement of cortisol
at midnight enables the evaluation of circadian rhythmic-
ity. Diagnostic criteria vary somewhat and several cut-offs
are being used. The diagnosis of Cushing’s disease is next
to assured with midnight serum cortisol levels greater than
7.5 µg/dl (207 nmol/l) [9] and refuted by levels below 5 µg/dl
(140 nmol/l) or even 1.8 µg/dl (50 nmol/l) [10, 11]. Interme-
diate results require confirmation by second-line testing (see
later). Salivary midnight cortisol appears to be a convenient
alternative to serum sampling [12] although further large-
scale studies are required. Suppression with small doses of
dexamethasone can be performed with 1 overnight or 2 mg
daily for two days in adults whereas the dosage for children
is not well defined (10–40 µg/kg body weight, max. 1 mg at
midnight or 2 mg for two days) [13–15]. Nugent’s overnight
suppression test requires the measurement of morning serum
cortisol following 1 mg of dexamethasone administration at
11 pm the previous evening. Sensitivity for the detection of
Cushing’s syndrome ranges from 95 to 100% with cortisol
levels below 1.8 µg/dl (50 nmol/l) or 5 µg/dl (140 nmol/l)
[16, 17]. In alternative, 0.5 mg dexamethasone can be admin-
istered every 6 h for two days (Liddle’s low dose dexametha-
sone suppression test, LDDST), and UFC or 17 hydroxycorti-
costeroids (17OHCS) or serum cortisol measured after 48 h.
UFC levels below 20 µg/24 h (55 nmol/24 h) or 17OHCS be-
low 3.5 mg/24 h (7 µmol/24 h) on the second day of dexam-
ethasone administration exclude Cushing’s syndrome. Either
1.4 µg/dl (38 nmol/l) or 1.8 µg/dl (50 nmol/l) are accepted
cut-offs for serum cortisol [18] ensuring 98% sensitivity for
Cushing’s syndrome. The diagnostic accuracy of dexametha-
sone suppression tests may be undermined by impaired drug
absorption or concomitant use of drugs that accelerate dex-
amethasone metabolism by the liver, e.g. phenytoin, or of
estrogen or tamoxiphen that enhance corticosteroid binding
globulin (CBG) production.

In patients with discordant test responses, second-line
testing may be performed in order to distinguish between
mild Cushing’s syndrome and pseudoCushing states. Out of
several tests proposed to this purpose, the dexamethasone-
suppressed CRH test and desmopressin stimulation appear
the most useful, although no large series has yet been re-
ported with either test. Cortisol levels greater than 1.4 µg/dl
(38 nmol/l) within 15 min of CRH administration (100 µg
iv) after 2 mg dexamethasone for 2 days confirm the diag-
nosis of Cushing’s syndrome [19] and the same holds true if
the ACTH increase after 10 µg desmopressin administration
exceeds 50% of baseline or 27 pg/ml (6 pmol/l) [20, 21].

Once Cushing’s syndrome has been diagnosed, etio-
logical diagnosis work-up is required beginning with the
measurement of plasma ACTH concentrations in order to
establish ACTH-dependency and exclude primary adrenal
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causes. In patients with Cushing’s disease, ACTH values
range from low-normal concentrations, e.g. 10–20 pg/ml
(2.2–4.4 pmol/l), to clearly elevated levels (over 200 pg/ml;
44 pmol/l). However, results of plasma ACTH measurement
should be judged with caution since they may appear mea-
surable or even normal in cases of ACTH-independent Cush-
ing’s syndrome. The pituitary origin of hypercortisolism can
be confirmed by assessing the response to CRH stimula-
tion given the fact that patients with adrenal Cushing’s syn-
drome and unsuppressed ACTH levels as well as patients
with ACTH-secreting extrapituitary neuroendocrine tumors
fail to respond to the hypothalamic releasing factor. Pro-
nounced responsivity to CRH, indeed, is the hallmark of
ACTH-secreting pituitary tumors [22]. Commonly accepted
response criteria are a 35–50% ACTH increase over base-
line and/or 20–50% cortisol increment over baseline, respec-
tively, within 15–30 min and within 30–45 min of 1 µg/kg
or 100 µg ovine CRH injection. Sensitivity of the ACTH
response is about 85% [16, 22] whereas somewhat lower
yields have been recorded using the cortisol response (sen-
sitivity from 59 to 91%) [16, 23]. Specificity, i.e. the correct
identification of extrapituitary ACTH-secreting tumors, for
the ACTH response ranges between 95% [22] and 100%
[16, 23] although these tumors may occasionally respond
to CRH [24]. The high dose dexamethasone suppression
test (HDDST) also allows the distinction of pituitary and
extrapituitary ACTH-secreting tumors, albeit with a lower
diagnostic efficacy, as neuroendocrine tumors are mostly in-
sensitive to cortisol feedback mechanisms whereas pituitary
tumors exhibit a resetting of feedback at a higher set point.
Administration of 8 mg dexamethasone overnight or 8 mg
daily (2 mg every 6 h) for two days is followed by mea-
surement of serum cortisol at 24 and 48 h and/or urinary
cortisol or 17 OHCS on the second day. In children, the
dosage is 120–160 µg/kg/daily (max. 2 mg every 6 h) that
should be administered for two days q.i.d. [13, 15]. Suppres-
sion of serum cortisol by at least 60% of baseline assures
85% sensitivity and 90% specificity for Cushing’s disease
[25]; steeper cut-offs (e.g., 80% of baseline) achieve bet-
ter specificity at the expense of sensitivity [16, 26]. The
same was observed for UFC and 17OHCS measured on the
second day of dexamethasone administration with 90% and
69% suppression, respectively, yielding approximately 80%
sensitivity [27]. Performing both tests increases the risk of
discordant responses [28], but strengthens the diagnosis of
Cushing’s disease if both tests concur. Indeed, the likelihood
of ectopic ACTH secretion is next to nonexistent if a positive
response to both tests is recorded [25].

Pituitary imaging

Pituitary imaging with enhancement visualises the pituitary
tumor in some 60% of patients with Cushing’s disease, the

remaining microadenomas being too small for detection by
either MR or CT [16]. Macroadenomas, i.e., tumors larger
than 1 cm in diameter, occur in a scant 20% of patients
[16] while small incidental tumors may be observed also in
patients with ectopic ACTH secretion; thus, small pituitary
lesions ( <5 mm) should be viewed in context with dynamic
testing. Conversely, lesions greater than 6 mm in patients
with CRH and HDDST testing indicative of a pituitary tu-
mor substantiate the diagnosis of Cushing’s disease and the
patient can be sent to the neurosurgeon forthwith.

Central venous sampling

If dynamic testing or pituitary imaging did not yield con-
clusive etiologic evidence, bilateral inferior petrosal sinus
sampling (BIPSS) should be performed in order to establish
the presence or absence of a center-periphery ACTH gra-
dient. Plasma ACTH concentrations are measured in both
petrosal sinuses before and 3–15 min after CRH administra-
tion and values measured at these sites are compared with
levels measured from simultaneous brachial vein sampling.
Angiography is essential to attest to correct positioning of
catheters and drainage pattern as hypoplastic or plexiform
inferior petrosal sinus may interfere with test accuracy. Base-
line and CRH-stimulated center-periphery ACTH gradients
greater than 2 and 3, respectively, yield 85–97% sensitivity
for Cushing’s disease [16, 29]. Specificity is near to absolute
[30] as significant post CRH gradients have been reported
only in the exceptional patient with ectopic ACTH secre-
tion [31]. Conversely, it should be recalled that an absent
gradient does not exclude Cushing’s disease, as false nega-
tives are increasingly being reported; by virtue of its greater
prevalence, Cushing’s disease is still more likely than ectopic
ACTH secretion in patients with absent center-periphery gra-
dient [32]. Prediction of the site of the pituitary tumor by
BIPSS is less reliable, with over one-third of predictions not
confirmed by surgery [16]. The need for specific expertise
and the risk of thromboembolic events restrict this proce-
dure to highly specialized centers. Jugular venous sampling
and cavernous sinus sampling have been proposed in alter-
native to BIPSS but do not appear to offer clear advantages
[33, 34].

Complications

Cardiovascular risk

Patients with active Cushing’s disease present an increased
incidence of cardiovascular events, such as coronary artery
disease, congestive heart failure and cardiac infarction,
which contribute to a four-fold higher mortality rate
compared to an age- and sex-matched population [35]. This

Springer



282 Pituitary (2006) 9:279–287

increased cardiovascular risk is closely related with features
of the metabolic syndrome, e.g., hypertension, obesity,
diabetes, hyperlipidemia and hypercoagulability [36].

Hypertension is present in 75–85% of adult patients and
over half of children with Cushing’s disease and warrants
both prompt treatment and in depth evaluation of target organ
damage. Commonly used antihypertensive agents, e.g., thi-
azides, angiotensin-converting enzyme inhibitors, calcium
antagonists and spironolactone if hypokalemia is present, are
usually capable of containing diurnal and nocturnal blood
pressure elevations. Echocardiography, exercise ECG and
echo-Doppler sonography are needed to assess carotid and
cardiac morphology and function [37]. Abdominal obesity
is a known cardiovascular risk factor per se [38] and is as-
certained by measurement of waist circumference (WC) or
by waist-to-hip ratio (WHR). WC >102 cm ( >40 inches)
in men and >88 cm ( >35 inches) in women are associated
with a 24% relative risk for cardiovascular disease death [36].
Glucose intolerance and frank diabetes affect 20 to 60% of
patients with Cushing’s disease and require diet, oral anti-
hyperglycemic agents or insulin administration. Fasting or
post-glucose load glycemia should be routinely measured in
these patients. Insulin resistance is almost invariably present
and can easily be assessed by HOMA-IR or Quicki index.
More complex procedures, such as euglycemic hyperinsu-
linemic clamp, are not warranted. Excess glucocorticoid se-
cretion leads to dyslipidemia with increased FFA, VLDL and
LDL levels, hypertriglyceridemia and hypercholesterolemia,
whereas HDL levels are mostly unaffected [39]. Thiazolin-
idinediones may be of particular interest in these patients,
given combined effect on insulin sensitivity and adipocyte
proliferation and differentiation and -possibly- on the tu-
moral pituitary corticotrope itself [40]. Lastly, alterations in
coagulation and fibrinolysis [41] give rise to a prothrom-
botic state, in turn responsible for 4-fold increased risk of
pulmonary embolism and deep vein thrombosis [42]. Hep-
arinization prior to surgery or BIPSS has been recommended
by some authors [43].

Osteoporosis and alterations in calcium metabolism

Pathologic rib and vertebral fractures affect 30–50% of pa-
tients with Cushing’s disease. In addition, aseptic necrosis of
the femoral or humeral head may occur. Given these occur-
rences, vertebral dual energy X-ray absorptiometry (DEXA)
and chest Rx have to be performed to detect osteopenia or
inapparent fractures. Osteoporosis may also affect children
with Cushing’s disease and impair the attainment of peak
bone mass [44]. Treatment of osteoporosis should be started
as soon as possible, even in patients with active disease,
as normalization of bone mass is difficult to achieve [45].
Calcium and Vitamin D supplementation should be used in
association with thiazide diuretics in order to reduce cal-

cium excretion, given the increased risk of nephrolithiasis in
Cushing’s disease [46]. If bone loss is severe, treatment with
biphosphonates should be attempted [47]. It should also be
recalled that hypercalcemia may occur in these patients.

Concomitant correction of other endocrine deficiencies
(e.g., hypogonadism) may be necessary to potentiate the
recovery of bone mass, but correction of hypercortisolism
remains paramount.

Psychiatric disturbances

Psychological alterations, ranging from irritability and emo-
tional liability to severe depression, suicidal behaviour and
manic episodes, affect up to 80% of patients with Cush-
ing’s disease. Cognition is often impaired in adult patients
while an intense preoccupation with learning leads hyper-
cortisolemic children to excel at school [48]. If necessary,
antidepressant agents (e.g., tricyclics or selective serotonin
reuptake inhibitors) may be helpful [49]. Psychological lia-
bility or underlying psychiatric disorders often persist after
cure of hypercortisolism but benefit from appropriate drug
treatment.

Endocrine changes

Growth hormone (GH) as well as gonadal function is notably
impaired in patients with Cushing’s disease, a consequence
of hypercortisolism or direct pituitary-hypothalamic interac-
tions. GH deficiency [50] is particularly relevant in children
as it may contribute to the stunted growth. Investigation of
the GH-IGF-1 axis is warranted in all patients especially
after cure, in view of the possible persistence of deficient
GH secretion. Hypogonadism may worsen bone and mus-
cle loss but estrogen replacement therapy during the active
phase is contraindicated given the prothrombotic state. Mild
secondary hypothyroidism and thyroid nodules are often en-
countered in patients with Cushing’s disease [51] and can be
managed expectantly.

Ocular complaints

Up to one-third of patients with Cushing’s disease present
ocular hypertension and exophthalmos while more severe
diseases, such as chorioretinopathy, fundus anomalies and
visual field defects, are rare [52]. Ophthalmic evaluation is
mandatory, especially in patients with pituitary macroadeno-
mas.

Treatment

Treatment of Cushing’s disease has to be initiated as
soon as possible in order to avoid progression of the
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above-mentioned complications. The aim of treatment is
removal of the tumor and normalization of ACTH and
cortisol secretion while preserving pituitary function.
Removal or destruction of the pituitary tumor achieves a
causal correction of hypercortisolism while adrenal-directed
approaches, both surgical and medical, contain excess
cortisol secretion but do not cure Cushing’s disease per se.

Pituitary surgery

Transsphenoidal pituitary surgery is the most rational treat-
ment for pituitary ACTH-secreting adenoma. Surgical mor-
tality is next to nonexistent ( <1%) and morbidity accept-
ably low (6–15%) [53], with transient diabetes insipidus and
liquorrhea as the most frequent perisurgical complaints. Ade-
nomectomy (i.e., pituitary-sparing selective removal of the
tumor) is preferred to blind hemihypophysectomy or wedge
resection. Success rate varies from 60 to 80% depending on
size and location of the tumor, with macroadenomas and lo-
cally invasive tumors achieving a less favourable outcome,
i.e., less than 50% [54] and, of utmost importance, experience
of the neurosurgeon. Identification of the ACTH-secreting
tumor at pathological analysis is a good prognostic indi-
cator for cure [55]. Repeat pituitary surgery has been per-
formed in surgical failures [56, 57] or tumoral regrowth with
lesser success [16] and greater risk of permanent hypopitu-
itarism and diabetes insipidus than first surgery. Generous
steroid replacement therapy (200–300 mg hydrocortisone)
should be administered intra- and postoperatively, followed
by progressive tapering to maintenance dosage (hydrocor-
tisone 30 mg/d or prednisone 7.5 mg/d or cortisone acetate
37.5 mg/d). Treatment should be continued until inhibition of
the HPA axis resolves. Criteria to establish cure of Cushing’s
disease are discussed below.

Pituitary radiation

Although ACTH-secreting pituitary tumors are less sensitive
to radiation compared with other pituitary tumors, pituitary
radiation remains a rational and reasonable choice, possibly
offering even better outcomes than surgery in children [58].
Radiation therapy is currently performed by most centers af-
ter failure of pituitary surgery or in inoperable patients, e.g.,
tumor extension into the cavernous sinus or above the sella
turcica, or as a preventive measure in adrenalectomized pa-
tients. Radiation therapy may be performed even if the tumor
is not visible at imaging. Patients with Nelson’s syndrome
(i.e., invasive pituitary macroadenoma in patients submitted
to surgical adrenalectomy) also may benefit from radiation
therapy. Disadvantages of this treatment are the time lag
prior to containment of hypercortisolism (usually 1–2 years)
and the high risk of hypopituitarism over time. Ophthalmo-
plegia, cerebrovascular events and second brain tumors are

rarer complications (2.4% risk at 20 years for the latter) of
large-field conventional radiotherapy [58, 59]. Different ra-
diation strategies are available [60] and the choice depends
on the site and size of the tumor. Proximity to the optic
chiasm is a major concern, as at least 2–5 mm distance
from the tumor is required to avoid excessive radiation (no
greater than 6–14 Gy). Containment of hypercortisolism oc-
curs in 50–83% of adults [61, 62] and up to 80% of children
[63] treated with conventional external beam radiotherapy
(CRT). Tumors with maximal diameter >3.5 mm are bet-
ter approached by conventional large-field fractionated ra-
diotherapy. Smaller tumors may be treated by stereotactic
radiosurgery (e.g., gamma knife radiosurgery, linear acceler-
ator (LINAC)-based radiosurgery, proton beam or α particle
radiosurgery in single shot or fractionated radiation deliv-
ery) with success rates at 2 years ranging from 63% [64] to
83% [65]. Risk of optic chiasm damage, hypopituitarism and
second brain tumors is lower using radiosurgery [66]. Inter-
stitial pituitary irradiation with yttrium90(Y-90) or gold198

(Au-198) achieved long-term remission in over 70% of cases
[67, 68] but is no longer in use.

Adrenal surgery

Removal of the adrenal glands is an obligate choice if
pituitary-directed treatments failed or are inexpedient and/or
steroid synthesis inhibitors yield poor results. Laparoscopic
adrenalectomy is nowadays the preferred approach except
when expressly contraindicated, e.g. masses greater than
10 cm, morbid obesity and/or coagulopathy. Adrenal glands
can be removed in one or two-step procedures and conversion
to open surgery may occasionally be required. The advan-
tages of laparoscopy (i.e., low invasiveness, rapid recovery
and briefer hospitalization, lower postoperative morbidity
and mortality) outweigh the shorter operative time of open
surgery with a laparotomic or flank approach. Adrenalec-
tomy resolves hypercortisolism in all patients with Cushing’s
disease except for rare cases with remnant or ectopic adrenal
tissue [69]. Drawbacks of adrenalectomy are compulsory
lifelong glico- and mineralocorticoid replacement therapy
and the 15–25% risk of aggressive pituitary tumor en-
largement, a.k.a. Nelson’s syndrome [16, 70). Prophylactic
pituitary irradiation is recommended to prevent this fearsome
development. Long-term survival rate after adrenalectomy
is reportedly lower than in the general population
[71].

Medical treatment

Medical therapy [72] is used prior to surgery for first time sur-
gical patients, in surgical failures or disease recurrences, and
in patients awaiting the effects of radiation therapy. Drugs
are subdivided according to their site of action in pituitary
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neuromodulatory drugs, adrenal steroid synthesis inhibitors
and glucocorticoid receptor antagonists.

Pituitary neuromodulatory drugs are theoretically the
most rational approach to containment of ACTH secretion
by the pituitary adenoma but studies using these compounds
failed to demonstrate consistent clinical benefits. Serotonin
antagonists, e.g., cyproheptadine, methergoline, ritanserin
and ketanserin, GABA mimetic compounds such as valproic
acid, the somatostatin analogue octreotide and dopamine
agonists (cabergoline and bromocriptine) have all been at-
tempted with mostly unpredictable and short-lived efficacy
[73]. Thiazolidinediones (pioglitazone and rosiglitazone)
and retinoic acid have recently been proposed on the basis
of promising in vitro data and clinical studies are currently
underway.

Steroid synthesis inhibitors. Ketoconazole is the most
commonly used compound. It is administered starting with
200 mg/daily and the dosage progressively increased (max.
1200 mg/daily in 2–3 doses) until cortisol secretion normal-
izes. Untoward effects, such as abdominal discomfort, gy-
necomastia and liver toxicity, usually resolve upon dosage
reduction [74]. Other, less manageable, steroid synthesis in-
hibitors are aminoglutethimide, metyrapone, trilostane and
etomidate, the latter available for intravenous administra-
tion [75]. Except for etomidate, most series date back to the
1970s and these compounds are not routinely used. Mitotane
induces adrenal cortex cell death in addition to blocking the
first step of cortisol synthesis and has been employed for
extended periods in some patients [76]. Low dose regimens
(1–2 g/daily) may prove beneficial awaiting the effects of ra-
diotherapy [77] but, as with other steroid synthesis inhibitors,
administration of mitotane requires expert handling.

Glucocorticoid receptor antagonists. Mifepristone (RU
486) counteracts the biological effects of cortisol by com-
petitive antagonism with the glucocorticoid receptor and has
been used in individual patients with severe symptoms of hy-
percortisolism, in particular acute psychiatric manifestations
[78]. In view of the possible problems associated with drug
overdosage, this compound has never entered mainstream
medical therapy of Cushing’s disease.

Treatment strategy

Pituitary surgery is the treatment of choice for patients
with pituitary ACTH-secreting adenomas and cure occurs
in two-thirds of patients. Cortisol production might be low-
ered prior to surgery with steroid synthesis inhibitors. Ra-
diation therapy, preferably stereotactic radiosurgery, is usu-
ally performed in surgical failures and in tumor regrowths
even though it is used as primary treatment in some centres.
The extended timeframe for efficacy of radiotherapy man-
dates adjuvant medical therapy, most often with ketocona-

zole. Adrenalectomy should be performed if no other thera-
peutical choices appear feasible. Lastly, Nelson’s syndrome
should be approached aggressively with surgical debulking
and radiotherapy [79] as neuromodulatory drug therapy, i.e.
valproic acid [80], cabergoline [81, 82] and octreotide [83]
is only occasionally effective.

Criteria for cure

Several criteria for cure of Cushing’s disease have been
proposed, in particular after pituitary-directed approaches.
Biochemical hypoadrenalism (i.e., morning serum cortisol
<1.8 µg/dl, 50 nmol/l, 5–14 days after surgery) is necessary
according to some authors [84], while others consider nor-
malization of UFC and reinstatement of cortisol circadian
rhythmicity or OST suppressibility adequate markers of dis-
ease remission [55]. Clinical signs of adrenal insufficiency,
such as asthenia, hypotension and skin flaking, provide fur-
ther evidence of complete tumoral excision. The persistence
of high or only modestly reduced UFC levels, conversely,
argues for surgical failure. In patients treated with radiation
therapy, normalization of UFC, cortisol rhythm and OST
suppression in absence of adjuvant medical therapy is con-
sidered indicative of disease remission.

Follow-up

Follow-up is mandatory for patients with Cushing’s disease,
even if postsurgical criteria are indicative of disease remis-
sion as relapse may occur; indeed, nearly 25% of patients
successfully cured by surgery relapse over the following
10 years [16]. Further, all the previously mentioned clinical
complications require close monitoring and/or specific
treatment. Predictors of relapse are non-suppressed postop-
erative serum cortisol levels, brief duration of postsurgical
hypoadrenalism [55], ACTH and/or cortisol responsiveness
to CRH or desmopressin stimulation after surgery [16, 85]
and features of local invasion at pathological examination
of the excised specimen [86]. Periodical reassessment of
the HPA axis with UFC, cortisol circadian rhythm and/or
OST suppression has to be performed and the appearance of
alterations substantiated by repeat dynamic testing (CRH or
desmopressin) and pituitary imaging. In patients treated by
radiotherapy, evaluation of other pituitary secretions, most
notably somatotrope, gonadotrope and thyrotrope, is nec-
essary to establish the development of additional pituitary
deficiencies. Hypogonadism and hypothyroidism should be
corrected appropriately while the need for GH replacement
therapy is still debated in adult patients but is often necessary
in pediatric patients to achieve target height [87]. Visual
field and visual function should be assessed looking for
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optic nerve damage. Yearly monitoring of plasma ACTH
levels should be performed in adrenalectomized patients
and pituitary imaging carried out if hormone levels increase
at any time, for early detection of Nelson’s syndrome
which may occur many years after adrenalectomy [88].
Signs and symptoms of Cushing’s disease disappear or
abate after remission has been achieved but some facets of
end-organ damage may remain, especially in patients with
long-standing hypercortisolism. Features of the metabolic
syndrome (e.g., hypertension, glucose intolerance or dia-
betes, dyslipidemia) may persist after cure and the attendant
increased cardiovascular risk should be monitored by appro-
priate procedures, such as echo-Doppler sonography [89].
Osteoporosis recovers slowly and should be assisted by all
available means, e.g. biphosphonates, calcium and vitamin D
supplements, and close DEXA monitoring [90]. Psychiatric
disturbances may be a major complaint in cured patients
and should be treated appropriately. Hormonal deficiencies
related to hypercortisolism usually recover after remission
but may require subsidization. Persistence of hypogonadism
after 3 months of cure requires replacement therapy.
Normalization of cortisol secretion may also lead to
exacerbation of autoimmune disorders, both in the thyroid
and in other organs.

References

1. Etxabe J, Vazquez JA (1994) Morbidity and mortality in Cush-
ing’s disease: an epidemiological approach. Clin Endocrinol
40:479–484

2. Savage MO, Besser GM (1996) Cushing’s disease in childhood.
Trends Endocrinol Metab 7:213–216

3. Brandi ML, Marx SJ, Aurbach GD, Fitzpatrick LA (1987)
Familial multiple endocrine neoplasia type I: a new look at
pathophysiology. Endocr Rev 8:391–405

4. Lionakis MS, Kontoyiannis DP (2003) Glucocorticoids and
invasive fungal infections. Lancet 362:1828–1838

5. Plotz CM, Knowlton AI, Ragan C (1952) The natural history of
Cushing’s syndrome. Am J Med 13:597–614

6. Perry LA, Grossman AB (1997) The role of the laboratory in the
diagnosis of Cushing’s syndrome. Ann Clin Biochem 34:345–359

7. Burke CW, Beardwell CG (1973) Cushing’s syndrome. An eval-
uation of the clinical usefulness of urinary free cortisol and other
urinary steroid measurements in diagnosis. Q J Med 42:175–204

8. Gomez MT, Malozowski S, Winterer J, Vamvakopoulos NC,
Chrousos GP (1991) Urinary free cortisol values in normal
children and adolescents. J Pediatr 118:256–258

9. Papanicolaou DA, Yanovski JA, Cutler GB Jr, Chrousos GP,
Nieman LK (1998) A single midnight serum cortisol measurement
distinguishes Cushing’s syndrome from pseudo-Cushing states. J
Clin Endocrinol Metab 83:1163–1167

10. Gorges R, Knappe G, Gerl H, Ventz M, Stahl F (1999) Diagnosis
of Cushing’s syndrome: re-evaluation of midnight plasma cortisol
vs urinary free cortisol and low-dose dexamethasone suppres-
sion test in a large patient group. J Endocrinol Invest 22:241–
249

11. Newell-Price J, Trainer PJ, Perry L, Wass JAH, Grossman AB,
Besser GM (1995) A single sleeping midnight cortisol has

100% sensitivity for the diagnosis of Cushing’s syndrome. Clin
Endocrinol 43:545–550

12. Putignano P, Toja P, Dubini A, Pecori Giraldi F, Corsello SM,
Cavagnini F (2003) Midnight salivary cortisol versus urinary free
and midnight cortisol as screening tests for Cushing’s syndrome.
J Clin Endocrinol Metab 88:4153–4157

13. Jones KL (1990) The Cushing’s syndrome. Pediatr Clin North
Am 37:1313–1332

14. Magiakou MA, Chrousos GP (2002) Cushing’s syndrome in
children and adolescents: current diagnostic and therapeutic
strategies. J Endocrinol Invest 25:181–194

15. Streeten DH, Faas FH, Elders MJ, Dalakos TG, Voorhess M (1975)
Hypercortisolism in childhood: shortcomings of conventional
diagnostic criteria. Pediatrics 56:797–803

16. Invitti C, Pecori Giraldi F, De Martin M, Cavagnini F (1999)
the Study Group of the Italian Society of Endocrinology on
the Pathophysiology of the Hypotalamic-Pituitary-Adrenal Axis
Diagnosis and management of Cushing’s syndrome: results of an
Italian multicentre study. J Clin Endocrinol Metab 84:440–448

17. Findling JW, Raff H, Aron DC (2004) The low-dose dexametha-
sone suppression test: a reevaluation in patients with Cushing’s
syndrome. J Clin Endocrinol Metab 89:1222–1226

18. Wood PJ, Barth JH, Freedman DB, Perry L, Sheridan B (1997)
Evidence for the low dose dexamethasone suppression test to
screen for Cushing’s syndrome—recommendations for a protocol
for biochemistry laboratories. Ann Clin Biochem 34:222–229

19. Yanovski JA, Cutler GB Jr, Chrousos GP, Nieman LK (1993)
Corticotropin-releasing hormone stimulation following low-dose
dexamethasone administration. JAMA 269:2232–2238

20. Tsagarakis S, Vasiliou V, Kokkoris P, Stavropoulos G, Thalassinos
N (1999) Assessment of cortisol and ACTH responses to the
desmopressin test in patients with Cushing’s syndrome and simple
obesity. Clin Endocrinol 51:473–477

21. Moro M, Putignano P, Losa M, Invitti C, Maraschini C, Cavagnini
F (2000) The desmopressin test in the differential diagnosis
between Cushing’s disease and pseudoCushing states. J Clin
Endocrinol Metab 85:3596–3574

22. Kaye TB, Crapo L (1990) The Cushing’s syndrome: an update on
diagnostic tests. Ann Intern Med 112:434–444

23. Nieman LK, Oldfield EH, Wesley R, Chrousos GP, Loriaux DL,
Cutler GB Jr (1993) A simplified morning ovine corticotrophin-
releasing hormone stimulation test for the differential diagnosis
of adrenocorticotropin-dependent Cushing’s syndrome. J Clin
Endocrinol Metab 77:1308–1312

24. Loriaux DL, Nieman L (1991) Corticotropin-releasing hormone
testing in pituitary disease. Endocrinol Metab Clin North Am
20:363–369

25. Isidori AM, Kaltsas GA, Mohammed S, Morris DG, Jenkins
P, Chew SL, Monson JP, Besser GM, Grossman AB (2003)
Discriminatory value of the low-dose dexamethasone suppression
test in establishing the diagnosis and differential diagnosis of
Cushing’s syndrome. J Clin Endocrinol Metab 88:5299–5306

26. Aron DC, Raff H, Findling JW (1997) 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 82:1780–1785

27. Dichek HL, Nieman LK, Oldfield EH, Pass HI, Malley JD, Cutler Jr
GB (1994) A comparison of the standard high dose dexamethasone
suppression test and the overnight 8-mg dexamethasone suppres-
sion test for the differential diagnosis of adrenocorticotropin-
dependent Cushing’s syndrome. J Clin Endocrinol Metab
78:418–422

28. Reimondo G, Paccotti P, Minetto M, Termine A, Stura G, Bergui
M, Angeli A, Terzolo M (2003) The corticotropin-releasing hor-
mone test is the most reliable noninvasive method to differentiate

Springer



286 Pituitary (2006) 9:279–287

pituitary from ectopic ACTH secretion in Cushing’s syndrome.
Clin Endocrinol 58:718–724

29. Kaltsas GA, Giannulis MG, Newell-Price JD, Dacie JE, Thakkar C,
Afshar F, Monson JP, Grossman AB, Besser GM, Trainer PJ (1999)
A critical analysis of the value of simultaneous inferior petrosal
sinus sampling in Cushing’s disease and the occult ectopic adreno-
corticotropin syndrome. J Clin Endocrinol Metab 84:487–492

30. Colao A, Faggiano A, Pivonello R, Pecori Giraldi F, Cavagnini
F, Lombardi G; Study Group of the Italian Endocrinology Society
on the pathophysiology of the Hypothalamic-Pituitary-Adrenal
Axis (2001) Inferior petrosal sinus sampling in the differential
diagnosis of Cushing’s syndrome: results of an Italian multicentre
study. Eur J Endocrinol 144:499–507

31. Swearingen B, Katznelson L, Miller K, Grinspoon S, Waltman
A, Dorer DJ, Klibanski A, Biller BM (2004) Diagnostic errors
after inferior petrosal sinus sampling. J Clin Endocrinol Metab
89:3752–3763

32. Pecori Giraldi F, Invitti C, Cavagnini F (2000) Inferior petrosal
sinus sampling ten years down the road. J Endocrinol Invest
23:325–327

33. Ilias I, Chang R, Pacak K, Oldfield EH, Wesley R, Doppman J,
Nieman LK (2004) Jugular venous sampling: an alternative
to petrosal sinus sampling for the diagnostic evaluation of
adrenocorticotropin hormone-dependent Cushing’s syndrome. J
Clin Endocrinol Metab 89:3795–3800

34. Liu C, Lo JC, Dowd CF, Wilson CB, Kunwar S, Aron DC, Tyrrell
JB (2004) Cavernous and inferior petrosal sinus sampling in
the evaluation of ACTH-dependent Cushing’s syndrome. Clin
Endocrinol 61:478–486

35. Mancini T, Kola B, Mantero F, Boscaro M, Arnaldi G (2004) High
cardiovascular risk in patients with Cushing’s syndrome according
to 1999 WHO/ISH guidelines. Clin Endocrinol 61:768–777

36. Dagenais GR, Yi Q, Mann JF, Bosch J, Pogue J, Yusuf S (2005)
Prognostic impact of body weight and abdominal obesity in women
and men with cardiovascular disease. Am Heart J 149:54–60

37. Faggiano A, Pivonello R, Spiezia S, De Martino MC, Filippella
M, Di Somma C, Lombardi G, Colao A (2003) 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 Endcorinol Metab 88:2527–
2533

38. Melanson KJ, McInnis KJ, Rippe JM, Blackburn G, Wilson PF
(2001) Obesity and cardiovascular disease risk: research update.
Cardiol Rev 9:202–207

39. Friedman TC, Mastorakos G, Newman TD, Muller NM, Horton
EG, Costello R, Papadopoulos NM, Chrousos GP (1996) Carbo-
hydrate and lipid metabolism in endogenous hypercortisolism:
shared features with metabolic syndrome X and NIDDM. Endocr
J 43:645–655

40. Heaney AP, Fernando M, Yong WH, Melmed S (2002) Func-
tional PPAR-gamma receptor is a novel therapeutic target for
ACTH-secreting pituitary adenomas. Nat Med 8:1281–1287

41. Fatti LM, Bottasso B, Invitti C, Coppola R, Cavagnini F,
Mannucci PM (2000) Markers of activation of coagulation and
fibrinolysis in patients with Cushing’s syndrome. J Endocrinol
Invest 23:145–150

42. Small M, Lowe GD, Forbes CD, Thomson JA (1983) Throm-
boembolic complications in Cushing’s syndrome. Clin Endocrinol
19:503–511

43. Boscaro M, Sonino N, Scarda A, Barzon L, Fallo F, Sartori MT,
Patrassi GM, Girolami A (2002) Anticoagulant prophylaxis
markedly reduces thromboembolic complications in Cushing’s
syndrome. J Clin Endocrinol Metab 87:3662–3666

44. Leong GM, Mercado-Asis LB, Reynolds JC, Hill SC, Oldfield
EH, Chrousos GP (1996) The effect of Cushing’s disease on bone
mineral density, body composition, growth, and puberty: a report

of an identical adolescent twin pair. J Clin Endocrinol Metab
81:1905–1911

45. Faggiano A, Pivonello R, Filippella M, Di Somma C, Orio
F Jr, Lombardi G, Colao A (2001) Spine abnormalities and
damage in patients cured from Cushing’s disease. Pituitary 4:153–
161

46. Faggiano A, Pivonello R, Melis D, Filippella M, Di Somma
C, Peretta M, Lombardi G, Colao A (2003) Nephrolitiasis in
Cushing’s disease: prevalence, etiopathogenesis, and modifi-
cation after disease cure. J Clin Endocrinol Metab 88:2076–
2080

47. Cohen D, Adachi JD (2004) The treatment of glucorticoid-induced
osteoporosis. J Steroid Biochem Mol Biol 88:337–349

48. Orth DN, Kovacs WJ, DeBold CR (1992) The adrenal cortex. In:
Wilson JD, Foster DW (eds), Williams textbook of endocrinology.
Saunders Co, Philadelphia, pp. 489–619

49. Sonino N, Fava GA (2001) Psychiatric disorders associated with
Cushing’s syndrome. CNS Drugs 15:361–373

50. Giustina A, Veldhuis JD (1998) Pathophysiology of the neuroreg-
ulation of growth hormone secretion in experimental animals and
the human. Endocr Rev 19:717–797

51. Invitti C, Manfrini R, Romanini BM, Cavagnini F (1995) High
prevalence of nodular thyroid disease in patients with Cushing’s
disease. Clin Endocrinol 43:359–363

52. Pecori Giraldi F (2004) Sindrome di Cushing e manifestazioni
oculari. Boll Ocul 83:1–4

53. Hammer GD, Tyrrell JB, Lamborn KR, Applebury CB, Hannegan
ET, Bell S, Rahl R, Lu A, Wilson CB (2004) Transsphenoidal
microsurgery for Cushing’s disease: initial outcome and long-term
results. J Clin Endocrinol Metab 89:6348–6357
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