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Cushing’s Disease

Anna Aulinas and Susan M. Webb

7.1	 �Introduction

Cushing’s syndrome (CS) constitutes a group of signs and symptoms due to 
extended and inappropriately high exposure to excess glucocorticoids (GCs). 
Iatrogenic corticosteroid administration is the most common cause of CS, and pitu-
itary corticotroph adenoma (Cushing’s disease; CD) is the most frequent cause of 
endogenous excessive GC secretion. CD is a rare and severe disease, and chronic 
exposure to high GC levels has been associated with increased multisystemic mor-
bidity and mortality. Therefore, an early diagnosis and treatment are mandatory to 
avoid long-term complications. Although most of the related comorbidities improve 
after initial therapy of hypercortisolism, many of them are not completely reversible 
and a lifelong follow-up is necessary to control comorbidities and rule out potential 
recurrences. Therefore, prompt identification and treatment of hypercortisolism and 
its comorbidities are important to reduce mortality. This chapter addresses epidemi-
ology, diagnoses, treatment, outcomes, and follow-up of Cushing’s disease.
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7.2	 �Epidemiology

Cushing’s syndrome is considered a rare disorder with an estimated incidence 
between 0.5 and 3.0/106 people/year; however, accurate data on prevalence and its 
incidence in the general population are scarce [1]. Only countries with national 
registries or databases provide information on its incidence and prevalence (i.e., 
incidence ranged from 1.2 to 1.7/106 inhabitants/year in Denmark [2]; standardized 
incidence rate (SIR) of 0.8/105/year in Iceland [3]; and SIR of 0.07/105/year in 
Malta [4]). The most frequent cause of endogenous hypercortisolism is an ACTH-
producing pituitary adenoma, namely Cushing’s disease (CD). The incidence 
according to an 11-year period population-based study in Denmark is 1.2–1.7/106/
year for CD, followed by an incidence of 0.6/106/year for adrenal adenomas [2]. 
Other types of CS are extremely rare. Some data indicate a high proportion of sub-
clinical CS in risk populations such as patients with uncontrolled type 2 diabetes or 
early-onset osteoporosis [5]. CS is more frequent in females with an estimated 
female:male ratio of 3:1 and median age at diagnosis of around 40 years [1, 6]. CS 
is associated with increased mortality (SMR of 3.7 (2.3–5.3)); mortality rates are 
increased during the first year after diagnosis and in those patients with persistent 
hypercortisolism after initial therapy [2]. Although mortality risk decreases with 
remission of hypercortisolism, it still remains increased compared to general popu-
lation, with circulatory diseases being the most important cause of mortality [7, 8].

7.3	 �Pathogenesis

Table 7.1 summarizes the different causes of CS. In adult population, the most fre-
quent cause of endogenous CS is an adrenocorticotropic (ACTH)-dependent CS; a 
corticotrope pituitary adenoma (CD) is the cause of about 70% of ACTH-dependent 
CS, followed by an ectopic (extrapituitary) ACTH-secreting tumor [1]. CD is char-
acterized by an excessive production of ACTH due to an ACTH-producing pituitary 
adenoma (90% of which are microadenomas), which induces high levels of cortisol 
and androgens, often accompanied by diffuse adrenal hyperplasia [9].

The molecular pathophysiology of CD is not completely understood. However, 
the identification of some molecular genetic abnormalities has provided new insight 
into the pathogenesis of pituitary ACTH-producing adenomas. Most pituitary 
tumors are sporadic as a consequence of monoclonal expansion of a mutated cell. 
CD rarely occurs, although cases have been described, in the context of germline 
mutations like multiple endocrine neoplasia (MEN) type 1, aryl hydrocarbon 
receptor-interacting protein (AIP), and cyclin-dependent kinase inhibitor (CDKN1B) 
genes in patients with MEN1 or MEN4 features and in patients with succinate dehy-
drogenase subunit mutations [10]. In contrast, somatic mutations of MEN1 or AIP 
have not been found in sporadic pituitary adenomas or CD. Instead, very rare muta-
tions of the GC receptor gene or proteins related to GC8 receptor functions have 
been found in CD [11]. Inactivation of the ubiquitin-specific peptidase 8 gene 
(USP8), present in 35–62% of the corticotroph adenomas, is responsible for the 
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increased expression of EGFR and ultimately ACTH synthesis. Epidermal growth 
factor receptor (EGFR) and pituitary-transforming gene (PTTG) can be overex-
pressed and play a causal role in the development of CD and defects in this pathway 
may also be a key to therapeutic targets. In animal models, a PTTG inhibitor 
(R-roscovitine) or an inhibitor of the EGFR inhibitor (gefitinib) inhibited cortico-
troph tumor growth and features of hypercortisolism [10], nevertheless, the transla-
tion of these findings in humans is still unknown.

7.4	 �Clinical Presentation

Manifestations of hypercortisolism are systemic and symptoms at clinical presenta-
tion may be unspecific and highly variable, and the diagnosis of the disease is often 
delayed up to several months or years. There is no pathognomonic sign or symptom. 
Table 7.2 summarizes the most frequent clinical presentation according to different 
series [1]. The most common features at diagnosis are weight gain, hypertension, 
skin abnormalities, myopathy, and menstrual irregularities. Hypertension and hir-
sutism present more frequently in ectopic CS than in other causes.

Table 7.1  Causes and prevalence of endogenous Cushing’s syndrome

Etiology Prevalence Features
ACTH-dependent 70–80%
Cushing’s disease (Corticotroph 
adenoma)

60–70% Age peak around 40 years. F:M ratio 3:1. 50% 
tumors not visible on MRI. Very rare 
corticotroph hyperplasia

Ectopic source
(ACTH, very rare CRH)

10–15% Age peak benign 30–40 years. Malignant 
50–60 years. Slightly more prevalent in males. 
Most frequent sources: Small cell lung 
carcinoma, neuroendocrine tumors of lung, 
thymus, pancreas

ACTH-independent 20–30%
Adrenal adenoma 10–20% Age peak 40–50 years. F:M ratio 6:1
Adrenal carcinoma 5–7% Age peak <10, 50–60 years. F:M ratio 2:1. 

Mixed cortisol and androgen production is 
common

Macronodular adrenal 
hyperplasia (aberrant G-protein-
coupled receptors, autocrine 
ACTH production, sporadic or 
familiar ARMC5)

<2% Age peak 50–60 years. F:M ratio 2.5:1. 
Autocrine or paracrine ACTH might be 
produced and contribute to cortisol secretion 
(ACTH-independent classification might be 
modified in the future). Bilateral involvement

Micronodular adrenal 
hyperplasia (primary pigmented 
nodular adrenocortical disease, 
isolated or familial with Carney 
complex)

<1% Age peak 10–30 years. F:M ratio 0.5:1 if 
<12 years and 2:1 if >12 years. Adrenal size 
often normal. Bilateral involvement

McCune Albright syndrome Very rare Infants (<6 months), F:M ratio 1:1. Internodular 
adrenal atrophy

aACTH adrenocorticotropic hormone, CRH corticotropin-releasing hormone, F:M female:male, 
ARMC5 armadillo repeated containing 5 gene

7  Cushing’s Disease



198

Several signs and symptoms are more suggestive and specific of hypercorti-
solism due to catabolic effects of cortisol on skeletal muscles, skin, and connective 
tissue, including skin atrophy, easy bruising with no trauma, proximal muscle weak-
ness, or unexplained osteoporosis. Increased and impaired distribution of fat depots 
is one of the most precocious signs, with abnormally increased fat in the trunk, face, 
and neck. Wide reddish-purple striae of more than 1 cm on the abdomen and limbs 
and proximal muscle weakness are characteristic features seen in CS. Lower bone 
mineral density and a high prevalence of fractures are common in CS. Hirsutism, 
menstrual irregularities, obesity, diabetes, and low libido may also be present, but 
are also frequent in the general population. Psychopathology (emotional lability, 
cognitive disturbances, anxiety, depression) is very common. Metabolic syndrome 
features (dyslipidemia, impaired glucose metabolism, hypertension) together with 
an hypercoagulability state lead to an increased cardiovascular risk.

Usually, progression of symptomatology is slow, except for ectopic ACTH CS 
due to a paraneoplastic manifestation of a malignant tumor, where clinical presenta-
tion is usually rapid with prominent myopathy, edema, hyperpigmentation, and 
hypokalemia.

Several physiological and pathological situations can produce an overactivity of 
the hypothalamic–pituitary–adrenal axis (Table  7.3). Hypercortisolism without 
signs or symptoms of CS might be found in physical stress (surgery, pain), anorexia 

Table 7.2  Clinical features and signs of Cushing’s syndrome (CS) and overlapping conditions 
and prevalence (%)

Features that best discriminate 
CS (higher specificity)

Features also common in the general population and less 
discriminatory of CS (lower specificity)

Decreasing growth in children 
(100%)
Facial plethora (90%)
Easy bruising and skin atrophy 
(80%)
Proximal myopathy and muscle 
weakness (60%)
Reddish purple striae (>1 cm 
wide) (60%)

Weight gain or obesity (95%) (dorsocervical fat pad, facial 
fullness)
Decreased libido (90%)
Menstrual abnormalities (80%)
Hirsutism, acne, or female balding (75%)
Depression, irritability, impaired memory (70%)
Early onset hypertension (75%), hyperlipidemia (70%), 
glucose intolerance (60%), osteoporosis (50%)
Kidney stones (50%)

Table 7.3  Physiological or pathological conditions associated with hypercortisolism in the 
absence of Cushing’s syndrome (CS) features; however, if there is high clinical suspicion of CS, 
patients should be screened for hypercortisolism, especially in the pseudo-Cushing group

Unlikely to have clinical features of CS
Some clinical features of CS may be present 
(pseudo-Cushing)

Physical stress (pain, surgery)
Malnutrition
Hypothalamic amenorrhea (anorexia 
nervosa)
Intense chronic physical exercise
Cortisol binding globulin excess in 
serum

Pregnancy
Depression, bipolar disorder
Morbid obesity
Alcohol abuse
Poorly controlled diabetes
Glucocorticoid resistance
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nervosa, malnutrition, cortisol-binding globulin elevation, or hypothalamic amenor-
rhea; hypercortisolism with mild signs/symptoms of CS might be seen in psychiat-
ric disorders (depression, bipolar disorder), alcoholism, pregnancy, morbid obesity, 
or poor controlled diabetes mellitus.

7.5	 �Diagnosis

In this first step of diagnosing CS, hypercortisolism needs to be confirmed using 
screening tools. Once CS is diagnosed, the cause must be identified to determine the 
specific etiology in order to guide treatment decisions.

7.5.1	 �Establishing the Diagnosis of Cushing’s Syndrome

Screening is recommended in individuals with a high risk of CS, after excluding 
current or recent use of any type of exogenous GC (oral, inhaled, topic, rectal, par-
enteral) and high dose of progestogens [12, 13]. In children with decreasing height 
percentile together with progressive obesity, suspicion should be raised for CS. In 
addition, in young adults with hypertension or osteopenia, in patients with adrenal 
incidentaloma, and in women with menstrual irregularities, screening for CS may 
be indicated, especially if patients have additional features of the syndrome. Some 
studies have revealed a higher prevalence of “occult CS” in patients with poorly 
controlled T2DM or early-onset osteoporosis; however, there is no strong evidence 
to support a routine screening for occult CS in these patients based on the data avail-
able currently [14–17].

Specificity and sensitivity of screening tools vary enormously across studies, and 
it is often necessary to perform several tests before reaching a diagnosis. Specificity 
is not optimal, and false positives may occur. Moreover, the use of screening tools 
and their variability vary across countries [18]. Importantly, it is important to recog-
nize the impact of physiological stress on cortisol levels when interpreting results. 
Recommended screening tests are outlined in Fig. 7.1:

–– 24-hour urinary free cortisol (UFC; at least two measurements) measures the 
cortisol that is not bound to cortisol-binding globulin (CBG) and thus filtered 
unchanged by the kidney. Therefore, UFC is not affected by medications or con-
ditions that alter CBG. Concomitant measurement of urine creatinine helps to 
identify if collection is complete and to interpret collections with excessive vol-
ume (false positives with a 24-h diuresis of >5 l/day) [19]. False negatives may 
be seen in chronic kidney disease, if GFR < 60 ml/min and in cases with mild 
CS, in whom late-night salivary cortisol (LNSC) might be more useful [13, 20]. 
Importantly, the use of carbamazepine and fenofibrate or licorice can increase 
UFC levels.

–– 1 mg overnight dexamethasone suppression test (DST; alternatively, 2 mg/day 
for 48 h). In healthy individuals, the administration of supraphysiological GC 
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doses suppresses ACTH and cortisol secretion, while in CD patients there is a 
failure of this suppression when low doses of dexamethasone are given. Variable 
absorption, use of concomitant drugs, and renal or liver failure may influence the 
results of DST. Some drugs enhance hepatic enzymatic clearance of dexametha-
sone, reducing plasma dexamethasone concentration, and ultimately causing 
false-positive results of the DST, as well as alcohol abuse (2 weeks of alcohol 
abstinence is recommended to reduce false-positive results). On the contrary, 
other agents impair dexamethasone metabolism, increasing plasma dexametha-
sone levels and causing false-positive results in DST (Table 7.4). Some authors 
advocate for simultaneous measurement of cortisol and dexamethasone concen-
trations to ensure appropriate plasma dexamethasone levels (>3.3  nmol/l 
(>0.13 μg/dl)); however, dexamethasone measurement is not available in some 
countries [21]. The recommended serum cortisol cutoff for suppression is 
50 nmol/l (1.8 μg/dl) to maximize the sensitivity as a screening tool.

Cushing’s syndrome suspected 
(after excluding exogenous GC exposure)

24-h UFC
(≥2 tests)

1-mg DST or
48-h, 2-mg DST
cortisol >1.8µg/dL 

LNSC
(≥2 tests)
>7.5 µg/dL

Perform one of the following  tests

Normal
(CS unlikely)

Any abnormal
result

Exclude physiologic causes of hypercortisolism
(Table 3)
Repeat the abnormal study and perform 1 or 2
(UFC, DST or LNSC) and/or consider Dex-CRH   

Discrepant results
(consider additional evaluation) 

Abnormal results 
Cushing’s syndrome confirmed

ACTH measurement (≥2 tests)

<5 pg/mL
(<1.1 pmol/L)

ACTH-independent CS

Adrenal imaging
(CT, MRI)  

Primary adrenal
disorder 

5-20 pg/mL
(1.1-4.4 pmol/L)

CRH or desmopressin
test 

No ACTH
response 

+ ACTH Response
>50% ACTH and/or >20%
Cortisol  levels are suggestive
of CD, otherwise ectopic ACTH tumour  

>20 pg/mL
(>4.4 pmol/L)
ACTH-dependent CS

Pituitary 
MRI

Adenoma >6 mm +
concordant test

Cushing’s disease
confirmed

Adenoma <6 mm, no
tumour or discordant tests 

BIPSS

High dose DST
>50% cortisol suppression

CRH or desmopressin test
>50% ACTH increase in CD

positive

negative

CT or MRI (neck, chest,
abdomen, pelvis) and/
or complementary
imaging (octreoscan,
PET-TC...)    

positive

Ectopic ACTH tumour
negative Follow-up, re-testing/re-imaging

Concordant test + adenoma <6mm

Cushing’s disease confirmed

Fig. 7.1  Algorithm for testing patients when Cushing’s syndrome (CS) is suspected and for the 
differential diagnoses of different etiologies once Cushing’s syndrome is confirmed. GC glucocor-
ticoids, UFC urinary free cortisol, DST dexamethasone suppression test, LNSC late-night salivary 
cortisol, Dex-CRH dexamethasone–corticotropin-releasing hormone test, ACTH adrenocortico-
tropic hormone, CD Cushing’s disease, BIPSS bilateral inferior petrosal sinus sampling, CT com-
puted tomography

Table 7.4  Drugs that may interfere with dexamethasone metabolism and alter dexamethasone 
suppression test (DST) results

Accelerate dexamethasone metabolism by 
induction of CYP3A4 (causing false-positive 
results in DST)

Impair dexamethasone metabolism by 
inhibition of CYP3A4 (causing false-
negative results in DST)

Carbamazepine  Phenobarbital
Phenytoin  Primidone
Pioglitazone  Rifampicin
Ethosuximide  Rifapentine

Fluoxetine  Ritonavir
Diltiazem  Itraconazole
Cimetidine
Aprepitant/fosaprepitant

A. Aulinas and S. M. Webb



201

–– Late-night salivary cortisol (LNSC; two measurements) is a useful tool to assess 
the loss of circadian rhythmicity (the absence of LNSC nadir), a consistent 
abnormality in patients with CS. Salivary cortisol concentrations are in equilib-
rium with serum active free cortisol, there is a good correlation in cortisol con-
centrations between both specimens, and salivary cortisol levels are not affected 
by the rate of saliva production [22]. It is important to note that circadian rhythm 
might be altered in shift workers, smokers, patients with depression, or in those 
who are critically ill. Also, false-positive results are commonly seen in patients 
with obesity or diabetes [23].

To optimize sensitivity of screening tests, it is recommended to use the upper 
limit of the reference range for UFC and LNSC and a fasting cortisol lower than 
50 nmol/L (1.8 μg/dl) following DST. Two abnormal screening tests are enough to 
confirm hypercortisolism in individuals with high pretest probability of having 
CS. For individuals with low pretest probability of having CS, or in those patients 
in whom cyclical CS is suspected, it is recommended to perform additional testing. 
In these cases, serial LNSC might be useful to follow the progression. Postponing 
additional testing to allow progression of biochemical and clinical features might be 
useful in some cases. Subjects with abnormal results in these tests should be referred 
to an endocrinologist for further testing [13]; performance and interpretation of sub-
sequent testing require considerable expertise. Assay accuracy and normal ranges 
differ widely, so it is essential to interpret results in the context of the assay used and 
with appropriate normal ranges.

It is important to differentiate between endogenous pathological hypercorti-
solism (CS) and pseudo-Cushing states (alcoholism, depression, anorexia nervosa, 
obesity). Pseudo-Cushing seems to be mediated via increased hypothalamic secre-
tion of CRH, instead of CRH suppression observed in CS.  Commonly, pseudo-
Cushing patients have biochemical hypercortisolism but minimum features of CS 
and no presence of tumor (Table 7.3).

UFC is recommended rather than DST in pregnancy, as well as in situations that 
can increase/decrease CBG (oral contraceptive pill use, critically ill, or nephrotic 
patients) or when concomitant use of antiepileptic drugs occurs, as these medica-
tions may enhance dexamethasone clearance. However, during pregnancy, only 
UFC values greater than 3 times the upper limit of normal can be considered for 
further testing for CS, since UFC excretion physiologically increases up to threefold 
during pregnancy. In contrast, DST rather than UFC is recommended in severe renal 
failure and adrenal incidentaloma for initial testing. If cyclical CS is suspected, 
LNSC or UFC rather than DST is recommended [13].

If further evaluation to rule out a possible non-Cushing’s hypercortisolism is 
required, a dexamethasone-suppressed CRH stimulation test might be useful in spe-
cific situations. This test involves a 48-h 2 mg/d DST followed by the administration 
of CRH (1 μg/kg iv) 2 hours after the last dose of dexamethasone is administered 
and cortisol measured 15 min later. However, the optimal cutoff for diagnosis needs 
further clarification and CRH is not available in some countries. The hypercorti-
solism of pseudo-Cushing’s states is thought to be mediated through increased 
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hypothalamic secretion of CRH in the setting of an HPA axis that is otherwise 
appropriately restrained by negative feedback from cortisol. In contrast, the hyper-
cortisolism of true CS suppresses hypothalamic CRH secretion and is less respon-
sive to the negative feedback of exogenous CS. Therefore, in comparison with true 
CS, patients with pseudo-CS states show a greater suppression of cortisol produc-
tion by exogenous GC and a diminished response to CRH injection [24]. 
Measurement of midnight serum cortisol while an individual is asleep (>50 nmol/l) 
provides high sensitivity for the diagnosis of CS, and it is useful to exclude CS when 
cortisol <50 nmol/l, but this test requires inpatient admission and this approach may 
not be possible in some clinical practice settings.

7.5.2	 �Establishing the Etiology of CS

The first step to localize the source of hypercortisolism is the measurement of 
plasma ACTH (at least twice), although most of the commercially available ACTH 
assays are not always accurate, especially in the low range. To avoid falsely low 
results, samples should be collected in an ice bath and processed immediately. 
Measurement of ACTH can be done at any time of the day because normal circadian 
rhythm is lost; however, peak values are higher in the morning. In a patient with 
endogenous hypercortisolism, ACTH concentrations <1.1 pmol/l (< 5 pg/ml) sug-
gest an ACTH-independent origin (an adrenal cause), while ACTH concentrations 
>4.4 pmol/l (20 pg/ml) suggest an ACTH-dependent origin (mostly pituitary or less 
frequently an ectopic source). Intermediate values require further evaluation, with a 
CRH stimulation test that might unmask ACTH responsiveness, or else repeating 
test over time to either confirm or rule out the diagnosis. The concept that underlies 
the use of CRH stimulation in CS is that pituitary tumors (CD) usually respond to 
CRH with an increase in ACTH and cortisol levels, while ectopic ACTH-secreting 
tumors usually do not. A mean cortisol increase at 30 and 45 minutes of >20% and 
a mean ACTH increase at 15 and 30 min of >35% over their respective mean base-
line values are thought to be consistent with CD [25, 26]. An increase greater than 
50% in ACTH levels and/or 20% in cortisol levels following 100 μg of intravenous 
CRH administration is highly suggestive of CD (Fig. 7.1) [27].

No single best approach to test patients with ACTH-dependent CS exists. The 
evaluation of CS requires a systematic approach. After biochemical testing has con-
firmed a diagnosis of ACTH-dependent hypercortisolism, the source of ACTH excess 
has to be determined. The choice of diagnostic tests used to distinguish a pituitary vs 
ectopic source varies by institution and depends on the availability of IPSS, cost 
considerations, patient preference, and availability of CRH and sensitive MRI tech-
nology. The most accurate method to discriminate between pituitary and non-pitu-
itary sources of ACTH is to evaluate the central-to-peripheral ACTH gradient via 
bilateral inferior petrosal sinus sampling (BIPSS). Corticotroph tumors have a clear 
setup in the petrosal samples, while ectopic ACTH-producing tumors do not. BIPSS 
is considered the gold standard test to differentiate between a pituitary and an ectopic 
source of ACTH (sensitivity and specificity of 95%), and it is recommended for 
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patients with pituitary lesions <6 mm or in those with discordant noninvasive tests 
[28, 29]. BIPSS is the best way to document a central-to-peripheral ACTH gradient 
in the blood draining the tumor. Despite the high sensitivity and specificity of BIPSS, 
false-positive results can occur in ectopic ACTH production with cyclical or mild 
hypercortisolism without suppression of normal corticotropes, and in CRH-producing 
tumors. It is recommended to perform BIPSS only in cases with documented hyper-
cortisolism (at least twofold increase in UFC in the 6–8 weeks prior to BIPSS) to 
ensure that normal corticotroph cells are suppressed. Inability to cannulate veins or 
abnormal venous drainage might cause false-positive results. Concomitant measure-
ment of prolactin can confirm successful catheterization. CRH is not available in 
some countries, and desmopressin administration has been shown to offer similar 
results to CRH stimulation in some studies. BIPSS has limited value in identifying 
intrapituitary localization of the tumor. If MRI is negative, the gradient of BIPSS 
might be helpful to choose the side for the initial surgical approach; however, if 
tumor is not found, the other side of the pituitary gland should be explored. 
Alternatively, bilateral internal jugular venous sampling has been proposed, since it 
is more simple and safe and it does not require specialized expertise; however, sensi-
tivity is lower than that of BIPSS [30, 31].

Noninvasive tests to assess the etiology of CD:

–– High-dose dexamethasone suppression test (HDDST), CRH, or desmopressin 
stimulation tests are noninvasive tests that might contribute to localization of the 
source of CS when tumor is not seen or is very small on an MRI, or when BIPSS 
is not available. The HDDST relies on the concept that pituitary corticotroph 
tumor cells retain sensitivity (albeit impaired) to glucocorticoids, but tumor cells 
in ectopic ACTH secretion (EAS) do not. HDDST (2 mg every 6 h for 48 h) is 
used to distinguish between pituitary CD and EAS. Accuracy of these tests is 
inferior to that of BIPSS. In general, CD adenomas maintain sensitivity to CRH 
or desmopressin stimulation and are resistant to negative feedback regulation by 
GC (HDDST), while malignant tumors (ectopic ACTH source) do not. However, 
some benign carcinoid tumors may respond equally to what is observed in 
CD. Similarly, some ectopic ACTH-secreting tumors might express vasopressin 
receptors and respond to desmopressin like CD tumors; in these cases, desmo-
pressin test is not helpful in differentiating the source of ACTH. Actually, it is not 
recommended to use the desmopressin test routinely until more data validating 
the test become available [13]. Discordant results of these tests are reported in up 
to 60% of patients, BIPSS being the most recommended one.

Additional testing might be helpful to delineate the source of ACTH, as well as 
to evaluate comorbidities of CS.  Chromogranin A, 5-hydroxy-indoleacetic acid, 
calcitonin, and gastrin might point to ectopic ACTH tumors. Metabolic alkalosis 
and hypokalemia as a result of severe hypercortisolism (UFC > 1500 μg/24 h) are 
common in ectopic ACTH sources, but it can be also present in 10% of 
CD.  Dehydroepiandrosterone sulfate is normal or increased in ACTH-dependent 
causes, but is decreased in cases of adrenal origin [32].
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7.5.3	 �Localization of the ACTH Source

Once ACTH-dependent CS is confirmed and noninvasive tests or BIPSS suggest a 
pituitary origin, pituitary imaging is mandatory. T1 gadolinium contrast MRI identi-
fies pituitary tumors in around 50% of patients with CD. Importantly, roughly 10% 
of healthy individuals have incidental pituitary lesions up to 6  mm; therefore, a 
lesion smaller than 6 mm does not always identify CD as a cause of CS (Fig. 7.1). 
Sensitivity of MRI can be improved up to 80% using more advanced techniques 
(spoiled gradient recalled acquisition or dynamic MRI sequences) [33]. A cranial 
CT scan might be requested by the surgeon since it provides better information on 
bone structures. It has recently been reported that pituitary adenomas not visible via 
MRI may be detectable by CRH-stimulated 18-F-fluoro-deoxy-glucose PET imag-
ing [34].

7.6	 �Management

CD requires a multidisciplinary and individualized management strategy. The main 
goals of therapy are to reverse clinical features, normalize cortisol levels, minimal-
ize morbidity, and reach long-term remission without recurrences. The best treat-
ment options involve a multidisciplinary team, including an endocrinologist 
experienced in the management of CD. Surgery is considered the first therapeutic 
option. When surgery is not possible or non-curative, the choice for second-line 
therapy might depend on several factors, i.e., patient preferences, urgency to treat, 
location and size of remnant tumor, drug interactions and side effects, and cost and 
availability of medical therapies.

7.6.1	 �Surgical Treatment

Selective pituitary adenomectomy using transsphenoidal surgery (TSS; microscopic 
or endoscopic techniques) by an experienced neurosurgeon remains the first-line 
treatment for CD. If surgery is successful (pathological confirmation of the adenoma 
or biochemical demonstration of remission after resection), the patient is cured. 
Ideally, the whole pituitary tumor is removed and normal pituitary tissue is left. 
However, pituitary deficiencies as a consequence of surgery might be present after 
initial therapy and an interval of hypoadrenalism is common since normal cortico-
troph cells have been suppressed by longstanding hypercortisolism. Reasons for sur-
gery failure include lack of experience of the surgeon, diffuse corticotroph hyperplasia 
(very rare), invasive tumor that cannot be resected, or adenomas arising in unusual 
sites (parasellar, pituitary stalk, neurohypophysis). On the contrary, a well-defined, 
noninvasive (to the cavernous sinus), and well-visualized tumor on MRI, histological 
confirmation of an ACTH-secreting tumor, low postoperative cortisol levels, and 
long-lasting adrenal insufficiency are favorable prognostic factors [35].
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If surgery is not successful the first time, repeated TSS, medical therapy, and 
radiotherapy are potential second-line therapies. As a final resource, surgical or 
medical adrenalectomy can be performed if hypercortisolism is still uncontrolled. 
The choice of a second-line treatment must be discussed with the patient. Repeated 
surgery as soon as active and persistent hypercortisolism is confirmed might be 
undertaken especially if the pituitary tumor is visualized; nevertheless, overall suc-
cessful rates are lower than for the first surgery and carries a high risk of pituitary 
insufficiencies [36].

Surgical complications are more likely to occur in macroadenomas or extensive 
pituitary exploration. Anterior pituitary deficiencies are observed in about 20 to 
25% of the cases, as well as transient central diabetes insipidus. Permanent diabetes 
insipidus is less frequent. Symptomatic hyponatremia might occur between 1 and 
10 days after surgery, with a maximum antidiuresis around day 5, in about 8% of the 
patients [37]. It is recommended to measure serum sodium several times during the 
first days after surgery. Other complications include venous thrombosis, hemor-
rhage, and infections [38]. Since a hypercoagulability state exists in CS, periopera-
tive prophylaxis a few days prior to surgery is recommended [39]. Within 2 weeks 
of surgery, measurement of free T4 and prolactin may help to identify hypopituita-
rism, when compared to preoperative values.

7.6.2	 �Radiotherapy

Conventional fractionated photon beam radiotherapy (1.7–2 Gy daily for a total 
dose of 45 Gy over 6 weeks) or stereotactic radiosurgery (single-dose radiation, 
including gamma knife, linear accelerator, and proton beam) control hypercorti-
solemia in up to 80% of patients within 3–5 years [40], but results vary across 
series [41]. Radiotherapy is indicated in persistent CD after surgery and when 
local invasion precludes a surgical cure. Radiosurgery may provide a faster bio-
chemical control and less risk of radiation damage to the surrounding structures 
than conventional radiation therapy, but there are no direct comparative studies. 
Since medical therapy is effective in normalizing cortisol, it is recommended 
before administering radiotherapy, since these agents will be required while wait-
ing for the effects of radiation. Long-term follow-up is mandatory to detect both 
relapse and pituitary insufficiencies. The risk of a second neoplasia (most fre-
quently meningiomas) is estimated in 2% of the patients at 20 years, but further 
studies are required to confirm these data [42]. Optic neuropathy and other cranial 
neuropathies may also occur (2%). Measuring UFC without concomitant gluco-
corticoid supplementation at 6–12 months after radiation therapy is necessary to 
assess if adrenal insufficiency (AI) has developed. In addition, patients should be 
counseled on symptoms of AI and to alert their physician if they develop symp-
toms so that more frequent testing may be undertaken. Diurnal rhythm is not 
necessarily achieved following radiotherapy, so LNSC is not a good tool to assess 
remission.
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7.6.3	 �Bilateral Adrenalectomy

In general, bilateral adrenalectomy is considered the last treatment option: It pro-
vides definitive and immediate control of hypercortisolism, resulting in permanent 
hypocortisolism that requires lifelong GC and mineralocorticoid replacement ther-
apy and careful education of the patient. Furthermore, regular pituitary MRI and 
assessment of hyperpigmentation and ACTH levels are mandatory because of the 
risk of developing Nelson’s syndrome (corticotroph tumor progression) described 
in up to 25% of patients [43]. If remission is not achieved after the second surgery, 
the decision of pituitary radiotherapy or bilateral adrenalectomy must be individual-
ized and requires consideration of the pituitary status after the second surgery. 
Another factor that needs to be taken into account includes patient tolerance to 
medical therapy while awaiting the effects of radiotherapy. Finally, women who 
wish to maintain fertility without the need for ovulation induction may opt for adre-
nalectomy instead of pituitary radiotherapy [44].

7.6.4	 �Medical Therapy

Medical therapy is indicated in preoperative patients with severe hypercortisolism 
and associated clinical manifestations, as well as in patients awaiting a response 
after radiotherapy, and/or when palliative treatment is needed. Hypoadrenalism may 
occur when treating with these agents; therefore, the possibility of adrenal insuffi-
ciency must be addressed if suspected and interrupting the medication may be indi-
cated. Some of these agents affect CYP3A4 leading to significant drug–drug 
interactions; thus, reviewing all other medications taken by a patient is necessary 
before starting the treatment. Follow-up for individuals on medical therapy should 
include UFC and clinical features, aiming for normalization of both [45]. Medical 
treatments include steroidogenesis inhibitors, agents that modulate ACTH secretion 
or GC receptor antagonists (Table 7.5).

7.6.4.1	 �Steroidogenesis Inhibitors
Steroidogenesis inhibitors are effective at blocking the hypercortisolemia despite 
the fact that they do not treat the underlying tumor. The most commonly used ste-
roidogenesis inhibitors include metyrapone, ketoconazole, mitotane, and etomidate.

–– Metyrapone inhibits 11-β hydroxylase (conversion of 11-deoxycortisol to corti-
sol) and inhibits aldosterone biosynthesis with accumulation of aldosterone pre-
cursors that have a weak mineralocorticoid activity. It has a rapid onset of action, 
and it controls hypercortisolism in 50–75% of the patients with CS [46]. The risk 
of hirsutism and acne development due to accumulation of androgenic precur-
sors may be metyrapone less desirable as initial therapy in females. Monitoring 
for edema, hypokalemia, and hypertension is recommended due to the accumu-
lation of mineralocorticoid precursors.
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–– Ketoconazole is an imidazole derivative that inhibits steroidogenesis by blocking 
side-chain cleavage, and to a lesser degree 17,20-desmolase, and 11-β hydroxy-
lase enzymes. It has a rapid onset of action and an acidic environment is required 
to maximize the absorption; therefore, concomitant use of proton-pump inhibi-
tors is contraindicated. Efficacy reported varies across series; on average, it nor-
malizes UFC levels in 60% of the patients with CD [47]. Liver function should 
be monitored; mild elevation of liver enzymes, up to threefold, is not a contrain-
dication. Hepatotoxicity is usually mild and resolves after drug withdrawal. The 

Table 7.5  Medical therapy for Cushing’s syndrome

Drug Dosea Adverse events (AE) and concerns/considerations
Steroidogenesis inhibitors
Ketoconazole 400–1600 mg/day 

every 6–12 h orally
Quick onset of action

AE: Gastrointestinal, hepatotoxicity, male 
hypogonadism and gynecomastia
Requires acid for biological activity (avoid use of 
proton-pump inhibitors)
Approved by the European medicines agency (EMA) 
for the treatment of CS

Metyrapone 500–4500 mg/day 
every 6–8 h orally
Quick onset of action

AE: Gastrointestinal, hirsutism, hypertension, 
hypokalemia
Accessibility variable across countries. Approved by 
the EMA for the treatment of CS

Mitotane 3–5 g/day orally. 
Starting dose 250 mg/
day. Slow onset of 
action

AE: Gastrointestinal, gynecomastia, hepatotoxicity, 
neurotoxicity, teratogenic, hypercholesterolemia. 
Accumulates in body fat. Approved for the treatment 
of adrenal cancer

Etomidate 0.1–0.3 mg/kg/h 
intravenously (bolus 
and titrate). Quick 
onset of action

AE: Gastrointestinal, myoclonus and pain at the 
injection site
Requires monitoring in intensive care unit

Osilodrostat 
(LCI699)

4–100 mg/day orally AE: Gastrointestinal, headache, dizziness, arthralgia, 
hypokalemia
Under investigation. Not approved yet

Pituitary tumor-directed drugs
Pasireotide 0.6–0.9 mg twice daily

10–20 mg/4 weeks 
intramuscular

AE: Diarrhea, cholelithiasis, hyperglycemia, 
transient increase LFTs
Most successful when UFC < two-fold normal. 
Approved for patients with CD who are not surgical 
candidates or have failed surgery

Cabergoline 1–7 mg/week orally AE: Asthenia, dizziness, gastrointestinal, headache, 
potential risk of cardiac valvulopathy

Retinoic acid 10–80 mg/day orally AE: Arthralgia, dryness of mucosae, headache, 
gastrointestinal
Under investigation, not approved yet

Glucocorticoid receptor antagonist
Mifepristone 
(RU486)

300–1200 mg/day 
orally
Difficult to titrate (no 
biomarker)

AE: Clinical adrenal insufficiency, endometrial 
hyperplasia, hypertension, edema, hypokalemia. 
Approved for patients with CD and diabetes mellitus 
or glucose intolerance who are not surgical 
candidates or have failed surgery

aThe lowest dose is recommended initially, unless UFC > 5xULN, starting dose must be doubled
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possibility of development of hypogonadism in men may favor the use of metyr-
apone as initial medical therapy in men. Recently, ketoconazole was withdrawn 
from the market due to hepatic dyscrasia for the treatment of fungal infections by 
the European Medicines Agency; however, it is indicated to control 
hypercortisolism.

Combination therapy with both ketoconazole and metyrapone can be used to 
control severe hypercortisolemia.

–– Mitotane has a specific adrenolytic action and acts by inhibition of CYP11A1, 
P450 side-chain cleavage. Mitotane provides a long-term suppression of hyper-
cortisolism in patients with CD. However, its onset of action is slow (weeks or 
months) and potential adverse events may be serious (gastrointestinal and neu-
rological); careful monitoring of drug levels is required and only available in 
few centers [48]. However, monitoring circulating levels of mitotane is made 
available by the manufacturer in many countries. Mitotane increases CBG and 
plasma total cortisol levels; thus, biochemical monitoring relies on UFC or 
salivary cortisol. Hypoadrenalism is common and requires concomitant sup-
plementation with higher doses of hydrocortisone than in other causes of hypo-
adrenalism, because mitotane activates CYP3A4 and increases hydrocortisone 
clearance.

–– Etomidate is an intravenous anesthetic and an imidazole derivative used when 
rapid control of cortisol levels is required, and oral agents cannot be taken. 
Etomidate may be useful in emergency settings with unmanageable symptoms 
(respiratory failure, psychosis). Monitoring cortisol levels every 4–6 h is required 
to titrate the infusion rate.

–– Osilodrostat (LCI699), an oral 11 β-hydroxylase inhibitor, has recently been 
authorized for its use in Cushing’s syndrome by the European Medicine Agency 
(January 2020). Osilodrostat was effective at lowering the levels of cortisol in at 
least 80% of the patients compared to placebo, and it was in general well-
tolerated and more convenient since it can be given orally twice a day [49].

–– Levoketoconazole (COR-003), a ketoconazole stereoisomer, is under investiga-
tion. Preliminary results show promising results in the treatment of CD patients; 
however, it is still being evaluated in multicenter trials [50].

7.6.4.2	 �Another Modality for Treating CS
Another modality for treating CS includes the class of medications that are GC 
receptor antagonists. One such drug is mifepristone (RU486), which is both a GC 
receptor antagonist and an anti-progestin. Few experiences with CD are reported, 
and the assessment of its efficacy without a biochemical marker makes its use chal-
lenging and restricts the ability to assess overtreatment or undertreatment. Cortisol 
levels remain unchanged or increased while on mifepristone and are not useful to 
guide efficacy of the therapy. Therefore, dose adjustment is based on clinical 
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symptoms, which have been shown to improve in a significant number of patients 
(diabetes in 60%, hypertension in 40%, and at least one of the following clinical 
parameters: weight, depression, quality of life (QoL), or clinical appearance in 
87%) [51]. Mifepristone is a second-line therapy in CS relegated for patients with 
diabetes who failed surgery or those with CS who are not surgical candidates and 
have persistent disease. CORT125134 is a new selective GC receptor antagonist 
under investigation.

7.6.4.3	 �Tumor-Directed Therapeutic Agents
Tumor-directed therapeutic agents act directly on corticotroph cells, inhibiting 
ACTH production

–– Dopamine D2 receptor agonists (bromocriptine, cabergoline) may be effective in 
a subset of CD patients. Usually, higher doses of cabergoline than the ones used 
for hyperprolactinemia are required (2–3 mg/week). Efficacy is limited; small 
studies showed normalization of UFC in 30–40% of patients [52]. Clinical trials 
are needed to evaluate combination therapy with cabergoline.

–– Pasireotide (SOM230) is a somatostatin receptor (SST) agonist with higher and 
broader affinity for SST 1, 2, 3, and 5 than octreotide or lanreotide. It has been 
demonstrated to be useful as a tumor-directed medical therapy for CD, since 
corticotroph tumors have a high expression of SST5. It is approved for patients 
who have failed surgery or for those with contraindications to surgery. The main 
side effects of pasireotide include gastrointestinal upset and hyperglycemia. 
Long-acting pasireotide (monthly administration) has been developed, with a 
similar safety profile and efficacy to that of twice-daily formulations, normaliz-
ing UFC in about 40% of CD patients [53].

Potential new drugs are under investigation as a tumor-directed targets, such as 
retinoic acid, silibinin, and roscovitine, whose efficacy and safety are still 
unclear [54].

7.6.5	 �Perioperative Management

GC replacement before surgery for Cushing’s syndrome is not necessary unless the 
patient has been treated with adrenal enzyme inhibitors. Regimens differ across 
centers, and no study comparisons between one approach and the other have been 
done. A typical regimen is the administration of GC during the 24 h prior to trans-
sphenoidal surgery [55].

Almost all patients require GC replacement after transsphenoidal surgery for an 
ACTH-producing adenoma until the HPA axis is recovered [55]. Some patients may 
have a “GC withdrawal syndrome” despite the use of physiologic GC replacement 
therapy, and they should be warned that this is expected after “successful surgery.” 
Occasionally transient supraphysiological doses of GC are needed [56].
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7.7	 �Follow-Up

Initial remission rates are achieved in 80–90% of the patients with microadenomas 
and 60% of patients with macroadenomas with an experienced neurosurgeon. 
However, 20% of the patients present late recurrences even 10–15 years after initial 
therapy [2, 6]. Therefore, lifelong follow-up is mandatory for CD.

Measurement of morning serum cortisol during the first week after surgery is 
recommended to assess remission by withholding treatment with GCs at least 
24 hours [44]. Hydrocortisone (<20 mg) 2–3 times daily is the preferred regimen of 
GC supplementation, since it has a shorter half-life and supraphysiological doses 
should be avoided to allow quicker recovery of HPA axis. Usually, GCs are main-
tained for a few days before withdrawal, being careful about the potential develop-
ment of adrenal insufficiency. It is recommended to measure morning serum cortisol 
every 2–3  months, followed by an ACTH stimulation test if cortisol levels are 
>200 nmol/l (7.3 μg/dl). Alternatively, insulin-induced hypoglycemia can be done 
to assess recovery of the HPA axis within 6  weeks of surgery [45]. GC can be 
stopped if morning serum cortisol or cortisol response to ACTH stimulation test is 
>500  nmol/l (>18 μg/dl). If baseline cortisol is still <138  nmol/l (5 μg/dl), GC 
replacement should be continued while retesting the patient every 3–6  months. 
Recovery of the HPA axis may take up to 1 year after TSS. Once HPA axis function 
is recovered, assessment for possible recurrences should be performed annually or 
sooner if patients have clinical symptoms. Interestingly, LNSC seems to be one of 
the earliest biochemically detectable alterations of recurrence, preceding elevations 
of UFC [57].

There is no consensus on the criteria for “cure” after initial surgery for 
CD.  Persistent elevations of UFC after the immediate postoperative period are 
indicative of lack of remission. While levels of cortisol at either end of the spectrum 
are more clear-cut, there are intermediate levels that may present a diagnostic 
dilemma. It is well accepted that serum cortisol levels <50 nmol/l (<1.8 μg/dl) or 
UFC levels below the normal range (<55 nmol/24 h, ideally <28 nmol/24 h) define 
remission and are associated with low recurrence rate of 10% at 10 years and high 
remission rates at long-term follow-up of 85–100%. On the contrary, persistent cor-
tisol >138 nmol/l (>5 μg/dl) for up to 6 weeks requires further evaluation [58]. In 
patients with intermediate postoperative values of serum plasma cortisol (between 
50 and 138 nmol/l), management and follow-up should be individualized; a postop-
erative cortisol cutoff <138 nmol/l (5 μg/dl) is associated with long-term remission 
rates of between 65 and 80%. Sometimes cortisol levels decline gradually over the 
months following surgery, indicating a progressive necrosis of the remaining tumor 
cells. Therefore, it is important to confirm that levels reached a nadir, before addi-
tional testing and therapy are prescribed in patients with persisting hypercortisolism 
immediately after surgery [59]. Young individuals (<25  years) and patients with 
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macroadenomas are at a higher risk of recurrences [60]. Some patients might pres-
ent a gradual decline of cortisol levels over the months following surgery, so follow-
up is mandatory.

The true long-term recurrence rate is uncertain because of different criteria of 
remission and inadequate follow-up. The median interval to recurrence is about 
40 months but varies across series and duration of follow-up. Postoperative serum 
cortisol levels or UFC might provide prognostic information. Long-term monitoring 
should be done annually for several years using LNSC, DST, and/or UFC or at any 
time that patients experience a return of symptomatology, to rule out recurrences. 
Documentation of recovery of a diurnal cortisol pattern might be helpful to support 
a remission state.

Testing for GH deficiency is advised at least 12 months after remission, because 
hypercortisolism affects GH axis [61] and a postoperative MRI scan is recom-
mended beyond 3 months after surgery [45].

7.8	 �Prognosis

Although biochemical remission is associated with significant clinical improve-
ment, some symptoms and comorbidities may not completely normalize [7]. 
Therefore, it is mandatory to monitor and provide additional treatment for cortisol-
dependent comorbidities throughout the life of a CS survivor (Fig. 7.2).

Morbidity of “cured” Cushing’s syndrome

Increased cardiovascular risk

Metabolic syndrome:
Obesity (central adiposity)
Hypertension
Dyslipidemia
Diabetes or glucose intolerance
Altered adipokine secretion

Hypercoagulability
Thrombophilia
Altered adipokine secretion

Development, exacerbation of 
autoimmune diseases

Nephrolitiasis

Hormonal deficiencies:
hypoadrenalism
GH/IGF-I, gonadal axis impairment

Neurophsychological disturbances
Impaired cognitive function

Persistent bone disease:
.Osteopenia, osteoporosis
.Progression of osteonecrosis/osteoarthritis
.Myopathy

Impaired Health Related Quality of life

Peptic ulcer

Cardiomyopathy (left 
ventricular hypertrophy)
Atherosclerosis

Fig. 7.2  Main clinical manifestation after remission of Cushing’s syndrome
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7.8.1	 �Mortality

Higher mortality, mainly due to cardiovascular and infectious diseases, is observed 
within the first year after diagnosis and initial therapy, and in those patients whose 
initial cure was not obtained. Before the development of steroidogenesis inhibitors 
and surgical techniques, prognosis was poor with a mean survival of 4 years [62]. In 
patients who have persistent mild hypercortisolism despite therapy, SMR is 
increased 3.8- to 5.0-fold compared with the general population [2, 8]. Although 
more recent studies show that mortality rates have been dramatically reduced after 
successful normalization of cortisol, mortality is still increased up to 2–3 times in 
most of the series, while others reported similar SMR to that of age-matched popu-
lations [60, 63, 64].

7.8.2	 �Cardiovascular Risk and Metabolic Syndrome

Cardiovascular risk and metabolic syndrome may remain abnormal after years of 
cortisol normalization. Hypertension, glucose, and lipid metabolism improve after 
normalization of hypercortisolism, but a higher risk of diabetes, dyslipidemia, and 
hypertension remains years after remission compared to a healthy population or 
patients with nonfunctioning pituitary adenomas [7, 65]. Moreover, persistence of 
central obesity contributes to insulin resistance and an increased inflammatory and 
hypercoagulable state with an unfavorable adipokine profile (increased levels of 
TNF-alpha, interleukin-6, and leptin) contributing to persistence of increased car-
diovascular risk. An increased risk of myocardial infarction, greater prevalence of 
coronary calcifications, left ventricular dysfunction, and cerebrovascular disease 
have also been reported in survivors of CS [7, 63–66].

7.8.3	 �Psychopathology and Cognition

Even years after CD is cured, patients have an increased prevalence of psychopa-
thology (anxiety disorders, major depression, maladaptive personality) compared to 
healthy individuals or patients treated for other types of pituitary diseases [7]. The 
use of screening tools in clinical practice to identify psychopathology promptly is 
recommended [67]. Cognitive impairment (short-term memory and attention defi-
cits, as well as working memory and impaired decision making) is a common com-
plaint after hypercortisolism [68]. Chronic hypercortisolism exposure causes 
structural changes in cerebral areas; specifically, structural brain abnormalities 
(more severe white matter lesions commonly associated with increased cardiovas-
cular risk, smaller gray matter volumes in the anterior cingulate cortex, greater cer-
ebellar volumes, hippocampal dysfunction) were found in patients in long-term 
remission of their CS compared to matched controls [69–72]. Fluoxetine has been 
suggested as a neuroprotectant and antidepressant for these patients, but no 
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prospective studies are available yet [73]. Data on long-term recovery regarding 
cognitive impairment are scarce.

7.8.4	 �Bone Metabolism

Factors involved in higher risk of osteoporosis in CD are multiple: direct effects 
of GC on bone cells, GC-induced hypogonadism, hypopituitarism secondary to 
surgery, hydrocortisone replacement therapy, or reduced bone strain due to mus-
cle atrophy [74]. Approximately 40% of CS patients present with fractures, par-
ticularly vertebral fractures. Although there is a decrease in bone mineral density 
(BMD) and increased fracture risk during hypercortisolism and before diagnosis, 
studies report BMD normalization after several years of cure [75, 76]. Meanwhile, 
in severe osteopenia, alendronate might be useful to induce a more rapid improve-
ment of BMD or to prevent further bone loss in persistent postsurgical hypercor-
tisolism [77]. Time of excess GC exposure and duration of GC replacement after 
surgery were found to be predictors of low BMD in CS.  A detailed fracture 
assessment is recommended, evaluating BMD at the spine and hip, adequate cal-
cium and vitamin D supplementation, and individualized long-term follow-up 
accordingly.

7.8.5	 �Quality of Life

Because of all comorbidities associated with CS despite cure, health-related quality 
of life is likely to be affected long term. Perceived QoL is impaired especially in 
patients with CD [7, 78], even independently of the disease control or adequately 
replaced hypopituitarism [2], compared to healthy individuals or other pituitary 
tumors. Although QoL improves in patients in remission, long-term residual impair-
ment in physical and social functioning is commonly reported. Altogether, it has a 
significant impact, with social and economic consequences, since inability to return 
to work or sick days is common [73, 79].

7.8.6	 �Other Cortisol-Related Comorbidities

CS patients have a significant increased risk of venous thromboembolic events 
and impaired coagulation profile (activation of coagulation cascades and impaired 
fibrinolysis) compared to the general population, especially in the postoperative 
period [80]. Muscle myopathy may persist long-term after cure; aerobic and resis-
tance exercises might be effective in attenuating GC-induced muscle atrophy. 
Increased rate of nephrolithiasis in both active and cured CD compared to healthy 
controls has been reported, but the pathogenic mechanisms in CS are not yet 
elucidated.
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Importantly, resolution of hypercortisolism is associated with new onset or exac-
erbation of pre-existing autoimmune or inflammatory diseases (psoriasis, rheuma-
toid arthritis, ulcerative colitis, etc.), likely due to the suppressive effects of 
hypercortisolism on the immune system [81]. The most common autoimmune dis-
ease is autoimmune thyroiditis; therefore, patients with positive antibodies should 
be followed after remission of hypercortisolism to identify precociously the onset of 
a hypothyroidism.

7.9	 �Summary and Conclusions

CD is a rare disorder characterized by chronic exposure to excess glucocorticoids 
leading to multisystemic comorbidities and increased mortality. Although clinical 
presentation is often nonspecific and hypercortisolism might not be suspected, a 
prompt diagnosis is mandatory to reduce long-term comorbidities due to hypercor-
tisolism. Pituitary surgery can be curative in most of the cases but not all. 
Radiotherapy and medical therapy can be used as additional therapeutic options. 
Fortunately, new medical therapies are under development with promising results. 
A multidisciplinary and individualized approach is essential to choose the best 
treatment approach, minimize complications, and manage cortisol-related comor-
bidities, since some of them persist even after hormonal normalization. A lifelong 
surveillance is advisable to identify recurrences and treatment of persistent 
comorbidities.
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