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Objective: The objective is to formulate clinical practice guidelines for treating Cushing’s syndrome.

Participants: Participants include an Endocrine Society-appointed Task Force of experts, a methodol-
ogist, and a medical writer. The European Society for Endocrinology co-sponsored the guideline.

Evidence: The Task Force used the Grading of Recommendations, Assessment, Development, and
Evaluation system to describe the strength of recommendations and the quality of evidence. The
Task Force commissioned three systematic reviews and used the best available evidence from other
published systematic reviews and individual studies.

Consensus Process: The Task Force achieved consensus through one group meeting, several con-
ference calls, and numerous e-mail communications. Committees and members of The Endocrine
Society and the European Society of Endocrinology reviewed and commented on preliminary
drafts of these guidelines.

Conclusions: Treatment of Cushing’s syndrome is essential to reduce mortality and associated comor-
bidities. Effective treatment includes the normalization of cortisol levels or action. It also includes the
normalization of comorbidities via directly treating the cause of Cushing’s syndrome and by adjunctive
treatments (eg, antihypertensives). Surgical resection of the causal lesion(s) is generally the first-line
approach. The choice of second-line treatments, including medication, bilateral adrenalectomy, and
radiation therapy (for corticotrope tumors), must be individualized to each patient. (J Clin Endocrinol
Metab 100: 2807–2831, 2015)

Summary of Recommendations

1. Treatment goals for Cushing’s syndrome
1.1 In patients with overt Cushing’s syndrome (CS), we rec-
ommend normalizing cortisol levels or action at its receptors
to eliminate the signs and symptoms of CS and treating co-
morbidities associated with hypercortisolism. (1�QQQE)

1.2 We recommend against treatment to reduce cortisol
levels or action if there is not an established diagnosis of
CS. (1�QEEE)

1.3 We suggest against treatments designed to normal-
ize cortisol or its action when there is only borderline bio-
chemical abnormality of the hypothalamic-pituitary-ad-
renal (HPA) axis without any specific signs of CS. The
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Abbreviations:ACC,adrenocorticalcarcinoma;BMAH,bilateralmacronodularadrenalhyperplasia;
BMD, bone mineral density; CD, Cushing’s disease; CS, Cushing’s syndrome; CT, computerized
tomography; EAS, ectopic ACTH secretion; HPA, hypothalamic-pituitary-adrenal; HRQOL, health-
related QOL; MRI, magnetic resonance imaging; QOL, quality of life; RT, radiation therapy; SST,
somatostatin receptor; TSS, transsphenoidal selective adenomectomy; UFC, urine free cortisol.
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benefit of treating to normalize cortisol is not established
in this setting. (2�QEEE)

2. Optimal adjunctive management
2.1 We recommend providing education to patients

and their family/caretaker(s) about their disease, treat-
ment options, and what to expect after remission. (Un-
graded best practice statement)

2.2 We recommend that all patients receive monitor-
ing and adjunctive treatment for cortisol-dependent
comorbidities (psychiatric disorders, diabetes, hyper-
tension, hypokalemia, infections, dyslipidemia, osteo-
porosis, and poor physical fitness). (Ungraded best
practice statement)

2.3 We recommend that a multidisciplinary team, in-
cluding an experienced endocrinologist, takes patient val-
ues and preferences into consideration and provides edu-
cation about the treatment options to the patient.
(Ungraded best practice statement)

2.4 We suggest evaluating CS patients for risk factors of
venous thrombosis. (2�QQEE)

2.5 In patients with CS undergoing surgery, we suggest
perioperative prophylaxis for venous thromboembolism.
(2�QQEE)

2.6 We recommend that clinicians discuss and offer
age-appropriate vaccinations to CS patients—particularly
influenza, Herpes zoster, and pneumococcal vaccina-
tions—due to an increased risk of infection. (Ungraded
best practice statement)

3. First-line treatment options
3.1 We recommend initial resection of primary lesion(s)

underlying Cushing’s disease (CD), ectopic and adrenal
(cancer, adenoma, and bilateral disease) etiologies, unless
surgery is not possible or is unlikely to significantly reduce
glucocorticoid excess (Figure 1). (1�QQQQ)

3.1a We recommend unilateral resection by an experi-
enced adrenal surgeon for all cases of benign unilateral
disease. (1�QQQE)

3.1b We recommend localizing and resecting ectopic
ACTH-secreting tumors with node dissection as appro-
priate. (1�QQQQ)

3.1c We recommend transsphenoidal selective ad-
enomectomy (TSS) by an experienced pituitary surgeon as
the optimal treatment for CD in pediatric and adult pa-
tients. (1�QQQQ)

3.1ci We recommend measuring serum sodium several
times during the first 5–14 days after transsphenoidal sur-
gery. (1�QQEE)

3.1cii We recommend assessing free T4 and prolactin
within 1–2 weeks of surgery, to evaluate for overt hypop-
ituitarism. (1�QQEE)

3.1ciii We recommend obtaining a postoperative pitu-
itary magnetic resonance imaging (MRI) scan within 1–3
months of successful TSS. (Ungraded best practice
statement)

3.1d We recommend surgical resection of bilateral ad-
renal disorders (1�QQEE) and suggest medical therapy to
block aberrant hormone receptors for bilateral ma-
cronodular adrenal hyperplasia (BMAH) (2�QQEE).

4. Remission and recurrence after surgical tumor
resection

4.1 We suggest an individualized management ap-
proach based on whether the postoperative serum cortisol
values categorize the patient’s condition as hypocortiso-
lism, hypercortisolism, or eucortisolism. (Ungraded best
practice statement)

4.2 We recommend additional treatments in patients
with persistent overt hypercortisolism. (1�QQQQ)

4.3 We recommend measuring late-night salivary or
serum cortisol in patients with eucortisolism after TSS,
including those cases where eucortisolism was established
by medical treatment before surgery. (1�QQEE)

4.4 We recommend using tests to screen for hypercor-
tisolism to assess for recurrence in patients with ACTH-
dependent CS. (1�QQQE)

5. Glucocorticoid replacement and discontinuation,
and resolution of other hormonal deficiencies

5.1 We recommend that hypocortisolemic patients re-
ceive glucocorticoid replacement and education about ad-
renal insufficiency after surgical remission. (1�QQQQ)

5.2 We recommend follow-up morning cortisol and/or
ACTH stimulation tests or insulin-induced hypoglycemia
to assess the recovery of the HPA axis in patients with at
least one intact adrenal gland, assuming there are no con-
traindications. We also recommend discontinuing gluco-
corticoid when the response to these test(s) is normal.
(1�QQQE)

5.3 We recommend re-evaluating the need for treat-
ment of other pituitary hormone deficiencies in the post-
operative period. (1�QQQE)

6. Second-line therapeutic options
6.1 In patients with ACTH-dependent CS who under-

went a noncurative surgery or for whom surgery was not
possible, we suggest a shared decision-making approach
because there are several available second-line therapies
(eg, repeat transsphenoidal surgery, radiotherapy, medi-
cal therapy, and bilateral adrenalectomy). (2�QQEE)

6.1a We suggest bilateral adrenalectomy for occult or
metastatic ectopic ACTH secretion (EAS) or as a life-pre-
serving emergency treatment in patients with very severe

2808 Nieman et al Guidelines on Cushing’s Syndrome Treatment J Clin Endocrinol Metab, August 2015, 100(8):2807–2831

Downloaded from https://academic.oup.com/jcem/article-abstract/100/8/2807/2836065
by guest
on 19 December 2017



ACTH-dependent disease who cannot be promptly con-
trolled by medical therapy. (2�QQQE)

6.1b We recommend regularly evaluating for cortico-
trope tumor progression using pituitary MRIs and ACTH
levels in patients with known CD who undergo bilateral
adrenalectomy and in patients who undergo this proce-
dure for presumed occult EAS (because some of the latter
have a pituitary and not ectopic tumor). (1�QQQE)

6.2 Repeat transsphenoidal surgery
6.2 We suggest repeat transsphenoidal surgery, partic-

ularly in patients with evidence of incomplete resection, or
a pituitary lesion on imaging. (2�QQEE)

6.3 Radiation therapy/radiosurgery for CD
6.3 We recommend confirming that medical therapy is

effective in normalizing cortisol before administering ra-
diation therapy (RT)/radiosurgery for this goal because
this will be needed while awaiting the effect of radiation.
(1�QEEE)

6.3a We suggest RT/radiosurgery in patients who have
failed TSS or have recurrent CD. (2�QQEE)

6.3b We recommend using RT where there are con-
cerns about the mass effects or invasion associated with
corticotroph adenomas. (1�QQQE)

6.3c We recommend measuring serum cortisol or urine
free cortisol (UFC) off-medication at 6- to 12-month in-
tervals to assess the effect of RT and also if patients de-
velop new adrenal insufficiency symptoms while on stable
medical therapy. (1�QQQE)

6.4 Medical treatment
6.4 We recommend steroidogenesis inhibitors under

the following conditions: as second-line treatment after
TSS in patients with CD, either with or without RT/ra-
diosurgery; as primary treatment of EAS in patients with
occult or metastatic EAS; and as adjunctive treatment to
reduce cortisol levels in adrenocortical carcinoma (ACC).
(1�QQQE)

6.4a We suggest pituitary-directed medical treatments
in patients with CD who are not surgical candidates or
who have persistent disease after TSS. (2�QQQE)

6.4b We suggest administering a glucocorticoid antag-
onist in patients with diabetes or glucose intolerance who
are not surgical candidates or who have persistent disease
after TSS. (2�QQQE)

6.4c We suggest targeted therapies to treat ectopic
ACTH syndrome. (2�QEEE)

7. Approach for long-term follow-up
7.1 We recommend treating the specific comorbidities

associated with CS (eg, cardiovascular risk factors, osteo-

porosis and psychiatric symptoms) in all patients with CS
throughout their lives until resolution (Figure 1). We also
recommend testing for recurrence throughout life, except
in patients who underwent resection of an adrenal ade-
noma with a computerized tomography (CT) density of
� 10 Hounsfield units. (1�QQQE)

7.2 We recommend educating patients and families
about the clinical features of remission. (Ungraded best
practice statement)

7.3 In patients with adrenal adenoma, we suggest fol-
low-up tests for the specific comorbidities associated with
CS if the adenoma density on CT was � 10 Hounsfield
units. (2�QQEE) For those with higher Hounsfield unit
values or pathology consistent with possible carcinoma,
we suggest evaluating for malignancy using imaging.
(2�QEEE)

7.4 We recommend that patients with Carney complex
have lifelong follow-up tests for cardiac myxoma and
other associated disease (testicular tumors, acromegaly,
thyroid lesions). (1�QQQQ)

8. Special populations/considerations
8.1 We recommend urgent treatment (within 24–72 h)

of hypercortisolism if life-threatening complications of CS
such as infection, pulmonary thromboembolism, cardio-
vascular complications, and acute psychosis are present.
(1�QQQE). The associated disorder(s) should be ad-
dressed as well (eg, anticoagulation, antibiotics).

Developmental Method for Evidence-
Based Clinical Practice Guidelines

The Clinical Guidelines Subcommittee of the Endocrine
Society deemed the treatment of CS a priority area in need
of practice guidelines and appointed a Task Force to for-
mulate evidence-based recommendations. The Task Force
followed the approach recommended by the Grading of
Recommendations, Assessment, Development, and Eval-
uation group—an international group with expertise in
the development and implementation of evidence-based
guidelines (1). A detailed description of the grading
scheme has been published elsewhere (2). The Task Force
used the best available research evidence to develop the
recommendations. The Task Force also used consistent
language and graphical descriptions of both the strength
of a recommendation and the quality of evidence. In terms
of the strength of the recommendation, strong recommen-
dations use the phrase “we recommend” and the number
1, and weak recommendations use the phrase “we sug-
gest” and the number 2. Cross-filled circles indicate the
quality of the evidence—QEEE denotes very low quality
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evidence; QQEE, low quality; QQQE, moderate quality;
and QQQQ, high quality. The Task Force has confidence
that persons who receive care according to its strong rec-
ommendations will derive, on average, more good than
harm. Weak recommendations require more careful con-
sideration of the person’s circumstances, values, and pref-
erences to determine the best course of action. Linked to
each recommendation is a description of the evidence and
the values that panelists considered when making the rec-
ommendation; in some instances, panelists offer technical
suggestions for testing conditions, dosing, and monitor-
ing. These technical comments reflect the best available
evidence applied to a typical person being treated. Often
this evidence comes from the panelists’ values, prefer-
ences, and unsystematic observations; therefore, these re-
marks should be considered as suggestions. To make the
guideline comprehensive, the task force included several
overarching statements to emphasize some accepted clin-

ical principles that are not supported by clear direct evi-
dence. These statements are explicitly marked as ungraded
best practice statements.

The Endocrine Society maintains a rigorous conflict-
of-interest review process for the development of clinical
practice guidelines. All Task Force members must declare
any potential conflicts of interest. These are reviewed be-
fore members are approved to serve on the Task Force and
reviewed periodically during the development of the
guideline. The Clinical Guidelines Subcommittee vets the
conflict-of-interest forms before the members are ap-
proved by the Society’s Council to participate on the
guideline Task Force. Most participants who help develop
the guideline must have no conflict of interest related to the
matter under study.

Those participants who do have conflicts of interest
must disclose all conflicts. The Clinical Guidelines Sub-
committee and the Task Force have reviewed all disclo-

Figure 1. An algorithm for the treatment of CS. Derived from Nieman LK, Biller BM, Finding, JW, et al. The diagnosis of Cushing’s syndrome: an
Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab. 2008;93:1526–1540. (17)
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sures for this guideline and resolved or managed all iden-
tified conflicts of interest. Most members of the Task Force
have relationships with companies that make pharmaceu-
ticals for the treatment of CS. The Task Force explicitly
discussed the possibility of a perception of conflict and
agreed that the sections on individual pharmaceuticals
would be written by an individual without such a conflict;
subsequent changes were approved by the entire group.

Conflicts of interest are defined as receiving any com-
pensation from commercial interest(s) in the form of
grants; research support; consulting fees; salary; owner-
ship interest (eg, stocks, stock options, or ownership in-
terest excluding diversified mutual funds); honoraria or
other payments for participation in speakers’ bureaus, ad-
visory boards, or boards of directors; or other financial
benefits. Completed forms are available through the En-
docrine Society office.

The Endocrine Society was the only funding source for
this guideline; the Task Force received no funding or re-
muneration from commercial or other entities.

Commissioned systematic reviews
The three reviews summarized data from 29 case series

of radiotherapy in CD, 21 case series of radiosurgery in
CD,and87case seriesof treatment-naiveCDpatientswho
received first-line transsphenoidal surgery. The outcomes
of interest were biochemical remission and biochemical
recurrence rates. In each review, we tested several patient,
surgeon, and procedure variables to determine whether
they were predictors of remission and recurrence rates.

Overall, analyses were underpowered to determine
important independent predictors of the outcomes of
interest. The quality of the evidence for recurrence and
remission outcomes was low due to high risk of bias,
heterogeneity, and imprecision.

1. Treatment goals for Cushing’s syndrome
1.1 In patients with overt CS, we recommend normal-

izing cortisol levels or action at its receptors to eliminate
the signs and symptoms of CS and treating comorbidities
associated with hypercortisolism. (1�QQQE)

1.2 We recommend against treatment to reduce cortisol
levels or action if there is not an established diagnosis of
CS. (1�QEEE)

1.3 We suggest against treatments designed to normal-
ize cortisol or its action when there is only borderline bio-
chemical abnormality of the hypothalamic-pituitary-ad-
renal (HPA) axis without any specific signs of CS. The
benefit of treating to normalize cortisol is not established
in this setting. (2�QEEE)

Evidence
CS is a condition of pathological hypercortisolism that

includes demonstrable clinical features. The goals of treat-
ing CS are to eliminate its primary cause and achieve re-
mission so as to eliminate the associated signs, symptoms,
and comorbidities and to improve quality of life (QOL). In
1952, before effective treatment was available, patients
with CS had a median survival of 4.6 years (3, 4). Sixty
years later, despite available treatments for comorbidities,
patients with active CS continue to have an increased stan-
dardized mortality rate that is 1.7 to 4.8-fold greater than
the general population (5–9). In contrast, when CS and its
associated comorbidities are successfully treated, the stan-
dardized mortality rate improves. Whether it is similar or
not to the general population or remains significantly in-
creased remains debatable (5–9). As expected, patients
with persistent or recurrent hypercortisolism continue to
have higher than expected mortality (Hazard Ratio, 2.8–
16) (6, 9–11).

Cardiovascular disease, venous thrombosis, and infec-
tions are the primary causes of the excess mortality rate we
see in CS. Research indicates that the risk of infection is
lower in patients with mild to moderate vs severe hyper-
cortisolism, which indirectly supports intervention (12).
Altogether, these data suggest that prompt treatment of
CS and its comorbidities is important to reduce mortality.

Restoring eucortisolism leads to clinical and biochem-
ical improvements regarding obesity, arterial hyperten-
sion, insulin resistance, glucose tolerance, dyslipidemia,
bone mineral density (BMD), linear growth in children,
cognition, psychiatric disorders, and health-related QOL
(HRQOL) (13). However, these complications persist in
many patients and should be addressed therapeutically
before and after remission from CS (14, 15) (see below).

Although there are no controlled studies in pediatric
CS, growth and body composition generally improve after
treatment. Most patients reach an adult height within their
predicted parental target range, although they may need
GH therapy to achieve this (16).

Because all treatments carry risk, clinicians should es-
tablish a diagnosis of CS before administering them (17).
However, in life-threatening situations, a clinical diagno-
sis with minimal available biochemical data may justify
prompt treatment. Similarly, the consequences of mild or
cyclic hypercortisolism are not clear, so that treatment
guidelines cannot be generalized to those patients. How-
ever, because CS tends to progress to severe hypercorti-
solism, it is possible that early recognition and treatment
of mild or cyclic disease (values � 1.5-fold upper reference
range) would reduce the risk of residual morbidity. Un-
fortunately, few data address this assumption. If the cli-
nician is uncertain of the clinical diagnosis (regardless of
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the magnitude of biochemical perturbations), further test-
ing over time is always the best approach. The treatment
of subclinical CS in the context of the evaluation of an
adrenal incidentaloma is outside the scope of this guideline
on clinical CS.

2. Optimal adjunctive management
2.1 We recommend providing education to patients

and their family/caretaker(s) about their disease, treat-
ment options, and what to expect after remission. (Un-
graded best practice statement)

2.2 We recommend that all patients receive monitor-
ing and adjunctive treatment for cortisol-dependent
comorbidities (psychiatric disorders, diabetes, hyper-
tension, hypokalemia, infections, dyslipidemia, osteopo-
rosis, and poor physical fitness). (Ungraded best practice
statement)

2.3 We recommend that a multidisciplinary team, in-
cluding an experienced endocrinologist, takes patient val-
ues and preferences into consideration and provides edu-
cation about the treatment options to the patient
(Ungraded best practice statement)

2.4 We suggest evaluating CS patients for risk factors of
venous thrombosis. (2�QQEE)

2.5 In patients with CS undergoing surgery, we suggest
perioperative prophylaxis for venous thromboembolism.
(2�QQEE)

2.6 We recommend that clinicians discuss and offer
age-appropriate vaccinations to CS patients—particularly
influenza, Herpes zoster, and pneumococcal vaccina-
tions—due to an increased risk of infection. (Ungraded
best practice statement)

Evidence
Severe hypercortisolism impairs immunity and predis-

poses to severe, systemic infection and/or sepsis due to
bacterial, fungal, and opportunistic pathogens (12, 18–
20). Based on this, we suggest immunization against in-
fluenza, shingles, and pneumonia. Hypercortisolism alters
coagulation-factor profiles for up to 1 year after a surgical
cure (21) and carries an increased risk of venous throm-
bosis, especially in the 4 weeks after surgery (21–24). Cli-
nicians caring for patients with CS should be aware of this
increased risk, should evaluate their patients for throm-
bosis and bleeding (25, 26), and should consider antico-
agulation treatments. Clinicians should treat all other
comorbidities aggressively and seek appropriate consul-
tations (including rehabilitation medicine). We suggest
that patients receive written information regarding their
disorder.

3. First-line treatment options
3.1 We recommend initial resection of primary lesion(s)

underlying CD, ectopic and adrenal (cancer, adenoma,
and bilateral disease) etiologies, unless surgery is not pos-
sible or unlikely to significantly reduce glucocorticoid ex-
cess. (1�QQQQ)

Evidence
Complete surgical resection of the causal tumor(s) (or

adrenal hyperplasia) is the optimal treatment of CS be-
cause it alleviates hypercortisolism while potentially leav-
ing the normal HPA axis intact (except for bilateral ad-
renal disorders). The common causes of CS include
intrinsic adrenal gland abnormalities and ACTH secretion
from a corticotrope tumor (CD) or from an ectopic tumor
(EAS). Thus, differential diagnostic testing and tumor lo-
calization studies are critical to a successful outcome (27).

3.1a We recommend unilateral resection by an experi-
enced adrenal surgeon for all cases of benign unilateral
disease. (1�QQQE)

Evidence
In experienced hands, unilateral adrenalectomy is cu-

rative in nearly 100% of adults and children with cortisol-
producing adrenal adenomas; the complication rate is
higher when performed by surgeons with less experience
(28). Adrenalectomy is generally performed via either
trans or retroperitoneal laparoscopy unless other factors
preclude this. The role of adrenalectomy (vs intensive
medical treatment of comorbidities) in patients with ad-
renal incidentaloma and subtle cortisol dysregulation (so-
called subclinical CS) is not clear. However, retrospective
studies suggest that patients with metabolic abnormalities
are likely to benefit (29).

Patients with ACC have a poor prognosis, and clini-
cians should attempt definitive treatment via complete re-
section. In children, complete resection was associated
with survival rates of 80%, whereas the outlook for
unresectable disease was very poor (30). Surgeons increas-
ingly perform transperitoneal laparoscopic adrenalec-
tomy, particularly for small tumors, but this is controver-
sial because many recommend open surgery to assess stage
and achieve en bloc resection (31, 32). Because hypercor-
tisolism is associated with increased mortality, medical
treatment may be needed to achieve eucortisolism (33,
34).

Follow-up, optimally by an adrenal cancer-specific
multidisciplinary team, may include cytotoxic chemother-
apy and adjuvant radiotherapy or mitotane treatments
(35). Further discussion is beyond the scope of these
guidelines.
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3.1b We recommend localizing and resecting ectopic
ACTH-secreting tumors with node dissection as appro-
priate. (1�QQQQ)

Evidence
In the absence of overt metastatic disease, ectopic

ACTH-producing tumor resection cured 76% of patients,
as demonstrated by observational studies (36).

3.1c We recommend TSS by an experienced pituitary
surgeon as the optimal treatment for CD in pediatric and
adult patients. (1�QQQQ)

Evidence
Many centers have replaced the transnasal route with

an endoscopic endonasal approach (37), but both meth-
ods can be effective (38). Successful resection is most likely
when performed by an experienced neurosurgeon who has
a high volume of these cases.

These are typically benign microadenomas (�1 cm di-
ameter) and are evident on pituitary MRI in approxi-
mately 60% of adults (39) and approximately 55% of
children (40, 41). Some, but not all, reports demonstrate
a greater success when clinicians identify the tumor by
MRI before surgery (42–44). However, because 10% of
healthy adults have pituitary lesions � 6 mm that are vis-
ible on MRI (45), the presence of a lesion does not defin-
itively confirm the diagnosis of CD or identify the causal
tumor. In addition, there is a 12% rate of abnormal pitu-
itary MRI scans in patients with EAS (18) and a 12% rate
of false localization by MRI in patients with surgically
proven CD (46). When feasible, all patients with ACTH-
dependent CS and no obvious causal neoplasm (�6 mm)
should be promptly referred to an experienced center that
can safely and reliably perform inferior petrosal sinus sam-
pling to distinguish a pituitary from a nonpituitary (ecto-
pic) cause.

Inferior petrosal sinus sampling does not reliably iden-
tify the tumor site because a side-to-side gradient of � 1.4
correctly predicted location in only 56–69% of adults
(46–48) and 59–81% of children (40, 49). Hemihy-
pophysectomy, based on inferior petrosal sinus sampling
lateralization, cured only 50% of patients in one study, an
outcome no better than chance (47).

3.1ci We recommend measuring serum sodium several
times during the first 5–14 days after transsphenoidal sur-
gery. (1�QQEE)

3.1cii We recommend assessing free T4 and prolactin
within 1–2 weeks of surgery, to evaluate for overt hypop-
ituitarism. (1�QQEE)

3.1ciii We recommend obtaining a postoperative pitu-
itary MRI scan within 1–3 months of successful TSS. (Un-
graded best practice statement)

Evidence
As with any TSS, potential complications include elec-

trolyte disturbances, hemorrhage, and meningitis (50).
Hyponatremia occurs in 5–10% of patients, usually be-
tween postoperative days 5 and 10 (51). This complication
is more common after extensive gland exploration in men-
struating women. Diabetes insipidus is relatively common
in the first few postoperative days but is usually transient.
We recommend measuring serum sodium several times
during the first 5–14 days after surgery to address both
possibilities, either daily or guided by the patient’s intake
and output. It is helpful to provide patients with education
regarding post-transsphenoidal water balance disorders,
including when to seek emergency care for the accompa-
nying symptoms. It is advisable to provide the patient with
information about how to reach an endocrinologist in this
circumstance because some emergency rooms are not fa-
miliar with this cause of hyponatremia.

Because of the 5- to 7-day half-life of T4, a decrease of
free or total T4 within 1 week of surgery may identify
significant hypothyroidism (when compared to preoper-
ative values). Acquired prolactin deficiency is a marker for
hypopituitarism that may occur immediately after TSS
(52). Hormonal deficits may be secondary to hypercorti-
solism and also transient; therefore, we recommend re-
evaluating the need for replacement therapy (see below).
Permanent hypopituitarism is more common after surgery
for a microadenoma secreting ACTH than for those se-
creting GH. This probably reflects a tendency to more
aggressive surgery but is not fully explained.

There are few data about the timing and need for post-
operative imaging in patients with surgical remission, but
typical practice may include obtaining a postoperative
scan 1–3 months after surgery to serve as a new baseline
in case of future recurrence.

3.1d We recommend surgical resection of bilateral ad-
renal disorders (1�QQEE) and suggest medical therapy to
block aberrant hormone receptors for bilateral ma-
cronodular adrenal hyperplasia (BMAH) (2�QQEE).

Bilateral macronodular adrenal hyperplasia
The terminology in this field is changing. In primary

BMAH, the disease eventually affects both adrenals, al-
though it may present initially as an asymmetric unilateral
nodule (53).

Recent reports demonstrate an inherited mutation in
the armadillo repeat-containing 5 (ARMC5) gene in pa-
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tients with BMAH and family members with unsuspected
BMAH (54, 55) (and in some with meningioma) (56).
These findings do not provide new treatment(s). However,
screening family members (with dexamethasone 1 mg) is
indicated until genetic tests are available.

BMAH can be treated by an appropriate antagonist if
aberrant receptors are demonstrated that clearly couple to
cortisol release, but the detailed workup of such patients
is a research undertaking beyond the scope of these guide-
lines (57). Bilateral adrenalectomy, generally via the lapa-
roscopic route, is the surgical treatment of choice, al-
though some advocate for selective removal of the larger
adrenal in older patients in whom nonfunctional tumors
are a possibility, especially if there is only a single nodule
on each side (58).

In children, McCune-Albright syndrome may present
as BMAH, with a variable prognosis. It may be aggressive
and life threatening, with severe clinical features and hy-
pertension (59), in which case bilateral adrenalectomy is
indicated. Alternatively, research has reported spontane-
ous remission after medical therapy to control hypercor-
tisolemia (60). Therefore, in milder cases, clinicians may
consider medical therapy.

Primary pigmented nodular adrenal disease
Laparoscopic bilateral adrenalectomy is the definitive

treatment of choice and is curative in most cases of pri-
mary pigmented nodular adrenal disease, regardless of age
(61, 62). However, in some pediatric patients, unilateral
adrenalectomy leads to significant clinical and biochem-
ical improvement (63), although studies have reported a
subsequent relapse requiring the removal of the second
gland (58, 64). It is important to screen patients with sus-
pected primary pigmented nodular adrenal disease at in-
tervals for features of Carney complex, particularly for
atrial myxoma (62). If clinicians detect Carney complex,
they should also test family members.

Evidence
The advantage of bilateral adrenalectomy is the swift

and definitive control of hypercortisolism; its disadvan-
tages include the need for lifelong glucocorticoid and min-
eralocorticoid replacement therapy.

A review (65) of 23 studies reporting 739 patients un-
dergoing bilateral adrenalectomy (about 70% laparo-
scopic) showed a surgical morbidity of 18% and a median
mortality of 3%. In patients with CD, the surgical mor-
tality was � 1%. In 3–34% of cases, there was residual
cortisol secretion due to accessory adrenal tissue or adre-
nal remnants, but � 2% had a relapse of CS. Adrenal crises
occurred in 9.3 cases per 100 patient-years. Overall mor-
tality was 17% during a 41-month follow-up (range, 14–

294 mo). However, 46% of the deaths occurred within the
first year after surgery, suggesting that careful manage-
ment of cortisol-dependent comorbidities is needed. The
10-year mortality after bilateral adrenalectomy for CD,
bilateral adrenal hyperplasia, and EAS is 3, 10, and 44%,
respectively (65).

4. Remission and recurrence after surgical tumor
resection

4.1 We suggest an individualized management ap-
proach based on whether the postoperative serum cortisol
values categorize the patient’s condition as hypocortiso-
lism, hypercortisolism, or eucortisolism. (Ungraded best
practice statement)

4.2 We recommend additional treatments in patients
with persistent overt hypercortisolism. (1�QQQQ)

4.3 We recommend measuring late-night salivary or
serum cortisol in patients with eucortisolism after TSS,
including those cases where eucortisolism was established
by medical treatment before surgery. (1�QQEE)

4.4 We recommend using tests to screen for hypercor-
tisolism to assess for recurrence in patients with ACTH-
dependent CS. (1�QQQE)

Evidence

Postoperative initial remission
There is no consensus on the criteria for remission after

resecting an ACTH-producing tumor. (In CD, because of
the significant recurrence rate, the term “remission” is
preferable to “cure.”) Normal corticotropes are sup-
pressed by sustained hypercortisolism; therefore, ACTH
and cortisol levels are low after resecting the ACTH-pro-
ducing tumor. Remission is generally defined as morning
serum cortisol values � 5 �g/dL (�138 nmol/L) or UFC �
28–56 nmol/d (�10–20 �g/d) within 7 days of selective
tumor resection. Although clinicians have used glucocor-
ticoid dependence to characterize surgical response, we
advocate measuring serum cortisol levels as a preferable
and quantifiable alternative.

Adult series report a remission rate of 73–76% for se-
lectively resected microadenomas, but a lower remission
rate for macroadenomas (�43%) (66–68).

In two pediatric series using a strict criterion for remis-
sion (post-TSS serum cortisol of � 1 �g/dL [28 nmol/L]
[41] or � 1.8 �g/dL [50 nmol/L] [40]), remission rates
were 100 and 69%, respectively. Follow-up data sug-
gest that hypercortisolemia recurrence was uncommon
(40, 70). Other series reported remission rates of 70 –
98% (71, 72).

A recent report of 200 cases of pediatric CD (72) as-
sociated initial postoperative remission with adenoma
identification at surgery. The study also associated long-
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term remission with younger age, smaller adenoma, and
morning serum cortisol of � 1 �g/dL after surgery (72). In
one study of adults, the initial remission rate for microad-
enomas was greater than for macroadenomas (72.8 vs
42.9%) (66). Technical aspects, surgeon experience, tu-
mor size, and the lack of dural invasion likely contribute
most to successful outcome in patients of any age (213).

Patients with mild or cyclic CS and those rendered eu-
cortisolemic by medical treatment before surgery may not
have suppressed corticotropes. Their postoperative UFC
and morning cortisol may be normal. In these patients,
clinicians must measure late-night serum or salivary cor-
tisol. If there is a normal diurnal rhythm, ie, an appropri-
ately low late-night serum or salivary cortisol level, then it
is likely that the patient is in remission. Conversely, the
lack of a diurnal rhythm suggests persistent disease. Pa-
tients who are eucortisolemic after resection, especially
those with moderate preoperative hypercortisolism, may
have residual tumors and are more prone to recurrence
than patients with prolonged postoperative hypocortiso-
lism (67).

After bilateral adrenalectomy, patients have undetect-
able serum cortisol values, and morning plasma ACTH
levels are often between 200 and 500 pg/mL. Morning
cortisol values are generally � 1.8 �g/dL (50 nmol/L) after
resecting an adrenal adenoma.

Recurrence
Recurrence rates of hypercortisolemia in pediatric CD

are very low (40, 70), especially when postoperative
plasma ACTH and cortisol levels are undetectable. Re-
currence is a more significant problem in adults. In one
study, after initial remission, 23% of adults with microad-
enomas and 33% with macroadenomas had recurrence.
Recurrence rates vary from 15–66% within 5–10 years of
initially successful surgery (68, 73, 74).

Clinicians should evaluate patients for possible CD re-
currence when the HPA axis recovers, and then annually,
or sooner if they have clinical symptoms. Early recovery
(within 6 mo) of HPA axis function may indicate an in-
creased risk of recurrence (66). Two longitudinal studies
demonstrated that elevated late-night serum/salivary cor-
tisol is one of the earliest biochemically detectable signs of
recurrence and almost always precedes elevated urine cor-
tisol (75, 76). Although many such patients evolve to sig-
nificant hypercortisolism, it is uncertain whether there is
any benefit to treating patients with a mild early recur-
rence if they are asymptomatic.

Although studies have reported that a number of tests
(eg, CRH, desmopressin) predict recurrence risk, diagnos-
tic accuracy is not high enough to provide certainty re-
garding long-term outcomes. Thus, clinicians must mon-

itor every patient in remission from CD for the possibility
of recurrence (73, 77).

Rarely, residual adrenocortical tissue (usually in the
surgical bed, but sometimes in the gonads) regrows as a
result of prolonged ACTH hypersecretion. If patients be-
come cushingoid after bilateral adrenalectomy, clinicians
should test endogenous cortisol secretory capacity by
withholding glucocorticoid for 24 hours and checking se-
rum/salivary cortisol levels.

Recurrence after ectopic ACTH-secreting tumor resec-
tion generally reflects metastasis.

5. Glucocorticoid replacement and discontinuation,
and resolution of other hormonal deficiencies

5.1 We recommend that hypocortisolemic patients re-
ceive glucocorticoid replacement and education about ad-
renal insufficiency after surgical remission. (1�QQQQ)

5.2 We recommend follow-up morning cortisol and/or
ACTH stimulation tests or insulin-induced hypoglycemia
to assess the recovery of the HPA axis in patients with at
least one intact adrenal gland, assuming there are no con-
traindications. We also recommend discontinuing gluco-
corticoid when the response to these test(s) is normal.
(1�QQQE)

5.3 We recommend re-evaluating the need for treat-
ment of other pituitary hormone deficiencies in the post-
operative period. (1�QQQE)

Evidence
After successful surgery, glucocorticoid replacement is re-

quired until the HPA axis recovers, which in adults occurs
about 6–12 months after resecting ACTH-producing tu-
mors and about 18 months after unilateral adrenalectomy
(78, 79). In one large pediatric series, recovery occurred at a
mean of 12.6 � 3.3 months after surgery (80). (Obviously,
bilateral adrenalectomy results in a need for lifelong gluco-
corticoid and mineralocorticoid replacement.)

Despite the use of physiological glucocorticoid replace-
ment, many patients suffer from glucocorticoid with-
drawal. Patients should be warned that this is common
and expected (81). Symptoms include anorexia; nausea;
weight loss; and other nonspecific symptoms such as fa-
tigue, flu-like myalgias and arthralgias, lethargy, and skin
desquamation. Accordingly, patients usually feel worse
within a few days or weeks after successful surgery. Adults
may experience persistent or new-onset atypical depres-
sive disorders, anxiety, or panic symptoms (82). Recovery
from the glucocorticoid withdrawal syndrome may take 1
year or longer.

The syndrome may persist even after the HPA axis has
recovered and may even occur in patients who do not
develop secondary adrenal insufficiency after TSS for CD
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(83). The pathophysiology of the steroid withdrawal syn-
drome is not known. Patients may improve with a tem-
porary increase in the glucocorticoid dose, but it is im-
portant to reduce the dose as soon as possible to avoid
iatrogenic CS. Administering serotonin-specific reuptake
inhibitors may help, but this has not been systematically
studied. Generally, the most important intervention is fre-
quent support and reassurance by the medical team. Fam-
ily, friends, and patient support groups also may be
helpful.

We recommend glucocorticoid replacement with hy-
drocortisone, 10–12 mg/m2/d in divided doses, either
twice or thrice daily, with the first dose taken as soon as
possible after waking (84). Although this dose is some-
what higher than recently reported cortisol production
rates (85), it works well clinically, probably because of
interindividual differences in hepatic and adipose metab-
olism and glucocorticoid receptor polymorphisms. Hy-
drocortisone is preferred because more potent synthetic
glucocorticoids with a longer half-life may prolong HPA
axis suppression.

When hydrocortisone is not available, or patients
request once-daily dosing, clinicians can administer
other glucocorticoids at the lowest possible replace-
ment dose. Written instructions about stress dosing for
intercurrent illnesses, injectable emergency steroids,
and the need to obtain and wear a medical alert tag
indicating adrenal insufficiency/glucocorticoid replace-
ment are essential (84).

Although some practitioners prescribe supraphysi-
ological doses (eg, hydrocortisone 20 mg two to three
times daily) in the immediate postoperative period, there
are no controlled studies that address whether this (or a
slower taper) minimizes the glucocorticoid withdrawal
syndrome. Other clinicians use only physiological replace-
ment doses to avoid continued excessive glucocorticoid
exposure.

There are a variety of tapering and discontinuation
strategies, none of which has been systematically studied;
the following are general comments. Some centers reduce
the hydrocortisone dose as weight decreases and discon-
tinue abruptly when the HPA axis is recovered; others
taper the dose at fixed intervals. Clinicians can assess HPA
axis recovery with a morning cortisol level obtained (be-
fore that day’s glucocorticoid dose) every 3 months, fol-
lowed by an ACTH stimulation test starting when the level
is 7.4 �g/dL (200 nmol/L) or more. The axis has recovered
if the baseline or stimulated level is approximately 18
�g/dL (500 nmol/L) or greater. Patients with cortisol levels
below 5 �g/dL (138 nmol/L) should remain on glucocor-
ticoids until retested in 3–6 months. Stimulation testing
may be helpful with intermediate values. However, vari-

ous studies propose different cutoffs, and assays differ, so
clinical judgment should be used. It is rare that the HPA
axis does not eventually recover.

Any etiology of hypercortisolism can cause preoper-
ative functional central hypothyroidism and central hy-
pogonadism. Although these may resolve after 6 post-
operative months (86), patients may need continued
replacement therapy. Clinicians should repeat testing to
establish when and if the patient has recovered. GH defi-
ciency, frequently present during hypercortisolism, per-
sisted in over 50% of children during the first 12 months
after cure (87) and to a lesser extent into adult life (88). It
might not be possible for patients to attain normal linear
growth after surgically cured CD, with patients often not
reaching their genetic target (89). For this reason, some
centers test GH stimulation at 3 months after surgery and
initiate human GH replacement, combined with GnRH
agonist therapy, in pubertal subjects to maximize growth
potential in children with abnormal responses (16). The
use of GH therapy in adults after remission should follow
previously published guidelines (90). Because hypercorti-
solemia can affect the GH axis, some experts advise wait-
ing at least 12 months after remission to test for deficiency
of this hormone in adults (91).

6. Second-line therapeutic options
6.1 In patients with ACTH-dependent Cushing’s syn-

drome who underwent a noncurative surgery or for whom
surgery was not possible, we suggest a shared decision-
making approach because there are several available sec-
ond-line therapies (eg, repeat transsphenoidal surgery, ra-
diotherapy, medical therapy, or bilateral adrenalectomy).
(2�QQEE)

Evidence
When surgery is not possible or is noncurative, the

choice of second-line therapy must take into account pa-
tient preferences; treatment goals; biochemical control;
the size and location of residual tumors; the urgency to
treat; other medications (drug-drug interactions); the pa-
tient’s personal history; the method of delivery, side ef-
fects, and cost of medication; gender; age; and the avail-
ability of medical therapies.

After unsuccessful transsphenoidal surgery, if cortisol
levels remain consistently elevated, the prompt titration of
medical therapies (or bilateral adrenalectomy) is needed.
Even if cortisol levels are normal, careful observation is
needed because cortisol levels may fall over subsequent
weeks (67).

6.1a We suggest bilateral adrenalectomy for occult or
metastatic EAS or as a life-preserving emergency treat-
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ment in patients with very severe ACTH-dependent dis-
ease who cannot be promptly controlled by medical ther-
apy. (2�QQQE)

6.1b We recommend regularly evaluating for cortico-
trope tumor progression using pituitary MRIs and ACTH
levels in patients with known CD who undergo bilateral
adrenalectomy and in patients who undergo this proce-
dure for presumed occult EAS (because some of the latter
have a pituitary and not ectopic tumor). (1�QQQE)

Evidence
Medical therapy may be an initial approach in any pa-

tient with ACTH-dependent CS who has failed surgery,
who has persistent or metastatic disease, or who has an
occult tumor. It is also useful in severely ill patients (92).

In patients with CD, the primary corticotroph adenoma
remains in situ after adrenalectomy. Therefore, both chil-
dren and adults have a significant risk of developing mac-
roscopic (�1 cm) enlargement of the tumor and hyper-
pigmentation—the so-called Nelson’s syndrome.

After bilateral adrenalectomy for CD, 21% of adults
developed Nelson’s syndrome (65), whereas corticotroph
tumor progression without all of the features described by
Nelson was observed on MRI in 50% of cases (93). Nel-
son’s syndrome was less likely in patients without visible
tumor at the time of adrenalectomy (93). It is not known
conclusively whether RT mitigates this risk.

The risk of corticotroph tumor progression is associ-
ated with increased plasma ACTH, but other predictors
are not understood. Thus, lifelong follow-up is important
and should include clinical examinations for hyperpig-
mentation, ACTH measurements, and MRI scans. These
should be performed initially and at annual intervals with
a decrease in frequency based on previous findings.

Patients with presumed occult EAS may in fact have CD
and thus should be regularly examined for the emergence
of a pituitary tumor (94).

6.2 Repeat transsphenoidal surgery
6.2 We suggest repeat transsphenoidal surgery, partic-

ularly in patients with evidence of incomplete resection, or
a pituitary lesion on imaging. (2�QQEE)

In 12 of 17 patients with persistent hypercortisolism
after TSS, early repeat transsphenoidal surgery induced
hypocortisolism. All patients had tumors that were found
during the initial procedure (95). Repeat surgery for re-
current hypercortisolism led to hypocortisolism in 22 of
31 patients with previous surgical remission. Evidence of
previous incomplete resection, the presence of a pituitary
lesionon imaging, and intraoperative tumordetectionpre-
dicted remission (96). Repeat surgery carries an increased
risk of hypopituitarism compared to initial surgery. Al-

though remission is less likely than after the first surgery,
it can be achieved rapidly compared to some other second-
line treatments and is important to consider, particularly
when there is access to an expert pituitary surgeon.

6.3 Radiation therapy/radiosurgery for Cushing’s
disease

6.3 We recommend confirming that medical therapy is
effective in normalizing cortisol before administering RT/
radiosurgery for this goal because this will be needed while
awaiting the effect of radiation. (1�QEEE)

6.3a We suggest RT/radiosurgery in patients who have
failed TSS or have recurrent CD. (2�QQEE)

6.3b We recommend using RT where there are con-
cerns about the mass effects or invasion associated with
corticotroph adenomas. (1�QQQE)

6.3c We recommend measuring serum cortisol or UFC
off-medication at 6- to 12-month intervals to assess the
effect of RT and also if patients develop new adrenal in-
sufficiency symptoms while on stable medical therapy.
(1�QQQE)

Evidence
Although pituitary radiation may serve as a primary

treatment for CD in individuals who cannot undergo sur-
gery or when the tumor is invasive or unresectable, it is
most often used as a second-line treatment when surgery
fails. The effects of radiation occur over months to years,
so it is important to medically manage cortisol excess until
cortisol is controlled off-medication. If pituitary RT is
planned, one should first demonstrate that adequate bio-
chemical control is possible by medical means to ensure
control while waiting for radiation effects to occur. RT of
some type may be indicated for an invasive, expansive,
atypical corticotroph tumor, in which case it is possible
that cortisol may be controlled in a different way (eg, ad-
renalectomy) or may not be elevated.

Several different forms of radiation are available. The
term “conventional radiation” typically refers to fraction-
ated photon beam RT. Many centers traditionally admin-
istered RT from a linear accelerator, via a three-field tech-
nique (two lateral, one frontal) to deliver a total dose of 45
Gy over 6 weeks (97). However, intensity-modulated RT
is increasingly used to modulate the dose to accommodate
tumor contours and spare nearby critical structures.

Conventional RT results in remission in up to 83% of
adult patients, from 6–60 months after treatment, but
often within 2 years. In children, conventional RT without
adjunctive medical treatment was effective in less time
than in adults (98). In pediatric series, 18 of 23 (78%)
children were cured in 9–18 months after RT alone (99,
100).
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Stereotactic radiation uses a frame to position the pa-
tient accurately and includes computer-assisted planning
combined with MRI to deliver radiation to the tumor
through many ports so as to minimize radiation to sur-
rounding structures. Using single-dose stereotactic radia-
tion is often termed “radiosurgery”; several millimeters of
clearance between the tumor and the neurovisual appa-
ratus are required to avoid damaging the optic nerves.
Gamma knife, linear accelerator, and proton beam are
administered in this way; there are no direct comparisons
of effectiveness and safety, but for CD, results appear to be
similar. There are no reported series of stereotactic radio-
surgery in pediatric CD.

Radiosurgery increases patient convenience by allow-
ing a single treatment day, rather than 6 weeks of therapy
(101). It may provide more rapid biochemical control of
cortisol excess than conventional radiation and confer less
risk of radiation damage to surrounding brain structures,
but these anecdotal findings have not been definitively
established.

Some experts recommend radiosurgery only when
there is a clear target on MRI, bearing in mind that this
may not be an ACTH-secreting tumor, whereas others
advise using radiosurgery in all patients with adequate
clearance of the neurovisual apparatus, targeting the
whole sella and a few millimeters beyond if no lesion is
visible.

Reports of radiation effectiveness in CD include vari-
ous methods, definitions of biochemical and tumor con-
trol, and lengths of follow-up, making comparison across
studies difficult. Among publications over the last 15 years
with at least 20 subjects, cortisol excess was biochemically
controlled in 28–86% of patients (102–104). Recurrences
may develop, so patients need long-term monitoring. It
has been suggested that recurrence may be more frequent
after radiosurgery than after conventional RT, but this
point is not firmly established. Tumor size was better con-
trolled (83–100% success rate) than cortisol (102–104);
this treatment option is particularly valuable for large
tumors.

A normal diurnal rhythm is not necessarily achieved
after RT, so increased late-night cortisol levels should not
be a criterion for remission. The increased nocturnal value
may represent the persistence of mild residual hypercor-
tisolism in patients with normalized UFC, but this possi-
bility has not been investigated.

Clinicians use medications to normalize cortisol until
radiation takes effect. We recommend assessing serum
cortisol or UFC off-medication at 6- to 12-month intervals
and if patients develop new adrenal insufficiency symp-
toms while on stable medical therapy.

Hypopituitarism is a risk with all forms of radiation. Up
to two-thirds of patients develop anterior pituitary hor-
mone deficiency after RT (101, 105). All patients should
undergoacareful assessmentof anteriorpituitary function
post-therapy annually (at least) or sooner if hormone de-
ficiency symptoms develop. Additional radiation risks in-
clude optic neuropathy (1–2%) and other cranial neurop-
athies (2–4%) as well as a small risk of secondary
neoplasia within the radiation field (most commonly me-
ningiomas) (101).

In children, GH deficiency and hypogonadism were
common within 1 year of RT; thyroid hormone deficiency
was not reported (106). Administering human GH for GH
deficiency is indicated if linear growth potential exists. A
reassessment of GH secretion at growth completion is ad-
vised because only one of six patients in one study showed
unequivocally normal GH secretion (88). Changes in cog-
nitive function have not been studied after RT for pediatric
or adult CD.

Values
Patients should consider the cost, accessibility, and con-

venience of radiosurgery vs RT when choosing between
the two.

6.4 Medical treatment
6.4 We recommend steroidogenesis inhibitors under

the following conditions: as second-line treatment after
TSS in patients with CD, either with or without RT/ra-
diosurgery; as primary treatment of EAS in patients with
occult or metastatic EAS; and as adjunctive treatment to
reduce cortisol levels in ACC. (1�QQQE)

6.4a We suggest pituitary-directed medical treatments
in patients with CD who are not surgical candidates or
who have persistent disease after TSS. (2�QQQE)

6.4b We suggest administering a glucocorticoid antag-
onist in patients with diabetes or glucose intolerance who
are not surgical candidates or who have persistent disease
after TSS. (2�QQQE)

6.4c We suggest targeted therapies to treat ectopic
ACTH syndrome. (2�QEEE)

Values
The choice of medical therapy should be guided by ef-

ficacy, individual patient factors, and cost. The goal is
clinical normalization using cortisol levels as a proxy end-
point (except for mifepristone, see below). This can be
achieved either with a “block and replace” strategy in
which circulating cortisol is reduced to minimally detect-
able levels and glucocorticoid replacement is added (avoid-
ing supraphysiological doses) (107, 108) or with a “normal-
ization” strategy aimed to achieve eucortisolism (109, 110).
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If there is evidence of significant cyclicity, block and replace
maybepreferable,but itcarriesadditional risk ifhigherdoses
and multiple medications are needed.

Remarks
Hypoadrenalism may occur when treating with mife-

pristone or any of the steroidogenesis inhibitors, due to
overtreatment, the inability to mount a cortisol response
to intercurrent infection, or cyclical or variable hypercor-
tisolism. The gastrointestinal symptoms of hypoadrenal-
ism overlap in many cases with side effects of the drugs.
Thus, the possibility of adrenal insufficiency must be ad-
dressed (see below) (Table 1).

Monitoring includes assessing clinical response and the
biochemical evaluation (24-h UFC, morning serum corti-

sol, or serum cortisol day curves [except for mifepristone;
see below]) to evaluate for hypercortisolism control. As-
sessing adrenal insufficiency in patients on medical treat-
ment is mainly done clinically; dose interruption or reduc-
tion should be considered when adrenal insufficiency is
suspected.

Except as noted, none of the medical treatments dis-
cussed have U.S. Food and Drug Administration (FDA)
approval for the treatment of hypercortisolism.

Many of these agents stimulate or inhibit CYP3A4,
which may lead to significant drug-drug interactions
(111). Thus, review of all other medications is important
when initiating therapy and when adding other medi-
cations. These agents also may increase the QT interval
(Table 1).

Table 1. Medical Treatment of CS

Drug Pros Cons Dosea

Steroidogenesis
inhibitors

Ketoconazoleb Quick onset of action Adverse effects: GI, hepatic dyscrasia (death),
male hypogonadism; requires acid for
biological activity; DDIs

400–1600 mg/d;
every 6–8 h
dosing

Metyraponeb Quick onset of action Adverse effects: GI, hirsutism, HT,
hypokalemia; accessibility variable across
countries

500 mg/d to 6 g/d;
every 6–8 h
dosing

Mitotanec Adrenolytic, approved for adrenal
cancer

Slow onset of action; lipophilic/long half-life,
teratogenic; adverse effects: GI, CNS,
gynecomastia, low WBC and T4,1 LFTs;
1 CBG, DDIs

Starting dose, 250
mg; 500 mg/d
to 8 g/d

Etomidate Intravenous, quick onset of action Requires monitoring in ICU Bolus and titrate
Pituitary-directed

Cabergoline Adverse effects: asthenia, GI, dizziness 1–7 mg/wk
Pasireotided Most successful when UFC �2-fold normal;

sc administration; adverse effects: diarrhea,
nausea, cholelithiasis, hyperglycemia,
transient1 LFTs;1QTc

600–900 �g twice
daily

Glucocorticoid
receptor-
directed

Mifepristonee Difficult to titrate (no biomarker);
abortifacient; adverse effects: fatigue,
nausea, vomiting, arthralgias, headache,
hypertension, hypokalemia, edema,
endometrial thickening

300–1200 mg/d

Abbreviations: GI, gastrointestinal; DDI, drug-drug interactions; HT, hypertension; CNS, central nervous system; WBC, white blood cell count; LFTs,
liver function tests; CBG, corticosteroid binding globulin; ICU, intensive care unit; QTc, corrected QT interval.
a Except as noted, the lowest dose may be used initially, unless the patient has severe hypercortisolism (UFC more than five times normal), in which
case the starting dose may be doubled.
b Ketoconazole and metyrapone are approved by the European Medicines Agency for the treatment of CS.
c Mitotane has FDA approval for treatment of adrenal cancer.
d Pasireotide has FDA approval for treatment of patients with CD who are not surgical candidates or have failed surgery. The agent is also
approved in Europe.
e Mifepristone has FDA approval for treatment of patients with CS and diabetes or glucose intolerance who are not surgical candidates or have
failed surgery.

The use of other agents listed here represents an off-label use for the treatment of CS.
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Evidence

Ketoconazole
Ketoconazole, an imidazole derivative with antifungal

activity, impairs adrenal and gonadal steroidogenesis by
inhibiting side-chain cleavage, 17,20-lyase, and 11-� hy-
droxylase enzymes (112).

Taking all case series together, ketoconazole mono-
therapy (at daily doses of 400–1200 mg) normalized UFC
in 57 of 82 patients with presumed CD (25–93% rate in
individual studies); normalization was not dependent on
the dose or duration of treatment (113–120). Recent data
confirm these findings with a greater than 50% drop in
UFC in 75% of 200 patients, and with clinical improve-
ments in diabetes, hypertension, and hypokalemia (121).
Efficacy in the ectopic ACTH syndrome is lower: of nine
patients, only four (44%) achieved eucortisolism (113–
115, 122).

Ketoconazole’s side-effect profile (Table 1) is relatively
benign, except for idiosyncratic severe hepatic dyscrasia,
which is estimated to occur in one in 15 000 exposed in-
dividuals (115, 122–124). The FDA issued a black box
warning for this in 2013, and the European Medicines
Agency has restricted access to the agent to physicians
specialized in treating CS (125). Among 33 cases of po-
tential ketoconazole-induced liver injury submitted to the
FDA from the time of initial marketing in 1980, 18 pa-
tients had an 8-fold elevation in transaminases, five had
cholestatic injury, and nine had a mixture of the two (126).
Thus, monitoring liver function is necessary. Mild asymp-
tomatic elevation in serum transaminases occurs in ap-
proximately 10–15% of cases (121, 126), usually when
therapy starts or when doses increase, so close monitoring
is needed at these times. Values typically return to normal
within 2–4 weeks after stopping therapy or reducing
doses. If liver enzyme elevations remain less than three
times the upper limit of normal, most clinicians will con-
tinue therapy. However, when enzyme levels are higher,
discontinuation or dose reduction is advised.

Metyrapone
Metyrapone inhibits 11-� hydroxylase, which cata-

lyzes the conversion of 11-deoxycortisol to cortisol. Its
2-hour half-life necessitates three to four doses daily. Phe-
nytoin and phenobarbital accelerate metyrapone metab-
olism, and estrogens reduce it; metyrapone is excreted in
breast milk.

Metyrapone controls hypercortisolemia in 50–75% of
patients with CS. In the largest published single center
series (91 patients), chronic therapy controlled hypercor-
tisolemia in CD despite a rise in serum ACTH (127). These
findings were confirmed recently in 195 patients (128).
Although no medication for CS is approved for use during

pregnancy, metyrapone has been given occasionally in
pregnant women with CS with no apparent adverse effects
to mother or offspring (129–132).

Adverse effects of metyrapone are most common when
therapy starts or doses increase, and they mainly consist of
gastrointestinal disturbances (in the absence of hypo-
adrenalism). However, this reaction is uncommon when
the medication is taken with food or milk. With chronic
therapy, hirsutism and acne may worsen due to the ac-
cumulation of androgenic precursors secondary to the
blockade of cortisol synthesis; the accumulation of min-
eralocorticoid precursors requires monitoring for hypo-
kalemia, edema, and hypertension.

Remarks
Metyrapone causes a gross elevation of circulating lev-

els of the cortisol precursor 11-deoxycortisol, which can
cross-react in many immunoassays for serum and urinary
cortisol. This artificially elevates apparent cortisol values,
potentially masking biochemical hypoadrenalism. Liquid
chromatography-tandem mass spectrometry assays for
cortisol circumvent this issue (133). With no cross-reac-
tivity issues, the treatment target is either UFC in the nor-
mal range or mean serum cortisol levels that are between
5.4 and 10.8 �g/dL (150–300 nmol/L) throughout the day
(134).

Combination therapy
Metyrapone and ketoconazole may be combined to en-

hance the control of severe hypercortisolemia (92, 135).

Mitotane
Mitotane is primarily used to treat adrenal carcinoma.

It inhibits CYP11A1 (P450 side-chain cleavage) and has a
direct cytotoxic action on the adrenal cortex (136). Mi-
totane has a long half-life and sustained effects because of
its storage in adipose tissue. Hence, the dose may be in-
creased at weekly intervals, and UFC normalization takes
almost 6 months (107). The dose and mitotane plasma
levels required to control hypercortisolism in CD were
lower than those needed to achieve ACC antineoplastic
activity, with medians around 2.7 g of mitotane equivalent
per day and 8.5 mg/L, respectively (107).

Mitotane as monotherapy does not cure CD. It is an
effective adjunctive therapy in patients with CD as a first-
or second-line treatment (after unsuccessful TSS) while
awaiting the effects of pituitary RT or when surgery is not
possible. In three studies of patients with CD receiving
mitotane for these indications, 72–82% had sustained hy-
percortisolism remission (107, 108, 110).

Because mitotane increases the production of cortisol-
binding globulin, plasma total cortisol levels increase pro-
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portionally (137). Biochemical monitoring therefore relies
on UFC or salivary cortisol measurements. In patients who
develop adrenal insufficiency, the usual hydrocortisone
replacement dose should be increased because mitotane
strongly activates CYP3A4 and increases hydrocortisone
clearance (138). A safe approach is to increase the initial
hydrocortisone daily dose by one-third. Dexamethasone,
a strong CYP3A4 inducer, should be avoided (139). At the
doses used for CD, mitotane has less adrenolytic effects on
the zona glomerulosa; mineralocorticoid replacement
may not be required (110).

Side effects lead to discontinuation of the drug in up to
28% of patients (107). Mitotane is a teratogen; pregnancy
should be avoided for years after stopping the drug be-
cause measurable plasma levels may persist for months.
Measuring plasma levels may help guide this decision. Po-
tential drug interactions are numerous (140) (Table 1).

Glucocorticoid receptor antagonist
In one study, Mifepristone, a glucocorticoid receptor

antagonist and antiprogestin, led to an improvement in
hypertension and/or diabetes in 40 and 60%, respectively,
of 34 patients (141). At least one other clinical parameter
(weight, depression, cognition, clinical appearance, or
QOL) improved in 87%. Mifepristone is approved in the
United States for the control of diabetes or glucose intol-
erance secondary to hypercortisolism in patients who
failed surgery or are not surgical candidates. Mean ACTH
levels increased by more than 2-fold in 31 of 43 patients
with CD followed for a median of 11.3 months. Three
macroadenomas increased in size, whereas one regressed
(142).

Cortisol levels remain unchanged or may increase dur-
ing mifepristone treatment, and therefore practitioners
cannot use hormonal measurements to guide efficacy or to
diagnose adrenal insufficiency. Because practitioners must
use clinical cortisol-dependent variables for these pur-
poses, it is difficult to estimate the correct dose. For this
reason, clinicians should start mifepristone at 300 mg/d,
titrate it slowly, and base dose adjustment on clinical pa-
rameters, primarily glucose, and weight reduction. Ad-
verse events include symptoms of cortisol insufficiency
(fatigue, nausea, vomiting, arthralgias, and headache), ev-
idence of increased mineralocorticoid action (hyperten-
sion, hypokalemia, edema), and antiprogestin effects (en-
dometrial thickening) (Table 1). One study treated
suspected adrenal insufficiency with drug discontinuation
or 2–8 mg of dexamethasone daily (141).

Etomidate
Etomidate is the only medical treatment available for

severe hypercortisolism in seriously ill patients of any age

who are not immediate surgical candidates and who can-
not take oral medications. It is also useful in an emergency
setting with acute unmanageable symptoms such as respi-
ratory failure or severe psychosis (143, 144) and can be an
effective bridge to other medical or surgical therapies
(145).Etomidate is an imidazolederivative (likeketocona-
zole) that is often used for anesthesia induction. Subhyp-
notic doses rapidly decrease steroidogenesis within 12–24
hours by inhibiting 11�-hydroxylase and cholesterol side-
chain cleavage (146). Due to the need for iv infusion, these
patients should be managed in an intensive care unit. It
may be prudent to administer etomidate preparations con-
taining propylene glycol (which may cause thrombophle-
bitis and pain on injection) through a central venous line.
Measuring cortisol levels every 4–6 hours is required, and
clinicians can titrate the infusion rate to achieve a stable
serum cortisol level between 10 and 20 �g/dL (280–560
nmol/L) or they can use a block and replace strategy. A
loading dose of 3–5 mg is followed by a continuous infu-
sion of 0.03–0.10 mg/kg/h (2.5–3.0 mg/h). Studies have
not reported sedation at these doses; however, patients
may need a dose reduction if renal failure occurs, due to a
resulting increase in free etomidate concentrations.

Medical pituitary-directed treatments
Cabergoline and pasireotide act directly on cortico-

troph tumors to inhibit ACTH production. They are gen-
erally not effective in adrenal causes of CS, and their role
in the treatment of ectopic ACTH production remains to
be determined.

Cabergoline
Cabergoline is a dopamine agonist with high affinity

for the dopamine receptor subtype 2, which is expressed
by most corticotroph adenomas (147, 148).

In small studies, 30–40% of patients responded and
continued to have normal UFC levels after 2–3 years of
cabergoline treatment (149, 150). However, the cortisol-
lowering effect did not last in 29% of initial responders.
The serum prolactin concentration did not predict long-
term UFC response. The doses patients received were up to
7 mg orally per week, with a median dose of 3.5 mg/wk in
one study and a mean dose of 2.1 mg/wk in the other,
which is higher than typical doses for hyperprolactinemia
(149, 150).

Systolic and diastolic blood pressure, fasting glucose,
and insulin improved. Tumor volume decreased or re-
mained stable in the small number of reported patients
with visible adenomas (149, 150).

Side effects were typical of dopamine agonist use, such
as nausea, dizziness, and asthenia (Table 1), which were
not reported as adrenal insufficiency (150). In one study,
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a single patient progressed from mild to moderate tricus-
pid regurgitation on echocardiogram after 2 years of treat-
ment; in the other, no patients who had echocardiograms
showed any significant valvulopathy (149, 150).

Cabergoline has been combined with other medica-
tions to treat CD (151, 152). In 12 patients with persistent
hypercortisolism after TSS, cabergoline monotherapy (up
to 3 mg/wk) normalized UFC in three patients at 6 months.
Adding ketoconazole (up to 200 mg twice daily) normal-
ized UFC in six of the nine nonresponders (152). In an-
other study, adding cabergoline (up to 6 mg/wk) to pasir-
eotide normalized UFC in four patients who were not
controlled on pasireotide alone (151). We need larger tri-
als to establish the role of combination therapies.

Pasireotide
Pasireotide is a somatostatin receptor (SST) agonist

that binds to four of the five SST subtypes with substan-
tially higher affinity for SST1 and SST5 than octreotide or
lanreotide (153, 154). Corticotroph tumors have a high
expression of SST5, and pasireotide decreased ACTH se-
cretion and cell proliferation in cultured human cortico-
troph tumors (49, 155).

A phase 3 trial administered pasireotide 600 or 900 �g
sc twice daily in 162 CD patients who had failed (or were
not candidates for) surgery and had a mean baseline UFC
level at least 1.5-fold above normal (156). After 6 months,
20% of the subjects attained a normal UFC. Systolic and
diastolic blood pressure, triglycerides, low-density lipo-
protein cholesterol, weight, and HRQOL improved.
About 90% of patients who were not controlled by month
1 or 2 remained uncontrolled at 6 and/or 12 months; thus,
a brief trial may predict the chance of biochemical control.

Mean tumor volume decreased by 44% in 75 patients
with a lesion on MRI at the 900-�g dose (156). Most side
effects were similar to those of other somatostatin analogs
(predominantly gastrointestinal, including biliary sludge
and gallstones) except for the important finding of hyper-
glycemia (73% of patients) (Table 1). Glucose and gly-
cated hemoglobin increased soon after drug initiation in
most patients, regardless of whether UFC was controlled;
no patient developed diabetic ketoacidosis or hyperosmo-
lar coma (156). Pasireotide was approved in 2012 in the
European Union and the United States for the treatment of
CD when surgery is not successful or cannot be performed.

Clinicians should correct hypokalemia and hypomag-
nesemia before initiating pasireotide. And they should ad-
minister tests for baseline liver function tests, thyroid func-
tion (including free thyroid hormone), IGF-1, fasting
glucose/glycated hemoglobin, as well as gallbladder ultra-
sounds and electrocardiograms for corrected QT interval
prolongation or bradycardia. Clinicians should evaluate

changes in these parameters on pasireotide (hyperglyce-
mia, prolonged quality corrected QT interval thyroid ab-
normalities, gallstones, and GH deficiency) based on clin-
ical symptoms and signs. At a minimum, they should
monitor these at 3–4 months after initiating treatment and
after any dose increase. Because of hyperglycemia, clini-
cians should monitor postprandial glucose and also rec-
ommend that patients take the drug after (not before)
meals and follow dietary recommendations for diabetes.

Targeted therapies for ectopic ACTH syndrome
ACTH-secreting tumors may express functional SST2

and Dopamine 2 receptors (157, 158). Drugs targeting
these receptors may reduce ACTH secretion and, conse-
quently, control hypercortisolism. Several case reports
show that octreotide, a potent SST2 agonist, may control
ACTH and cortisol secretion for a short- to midterm pe-
riod in patients with recurrent or unresectable ectopic
ACTH-secreting tumors (159, 160). However, octreotide
treatment usually had little or no effect on tumor growth.

Studies have occasionally reported hormonal control
with the dopamine-2 agonist receptor cabergoline given
alone or in combination with an SST2 agonist (150, 161).

In three reports, the tyrosine kinase inhibitors vandet-
anib and sorafenib rapidly and fully controlled hypercor-
tisolism caused by ACTH secretion from metastatic med-
ullary thyroid carcinomas (162–164). The dissociation
between the decrease in ACTH secretion and the lack of
tumor reduction suggests a direct antisecretory effect.

7. Approach for long-term follow-up
7.1 We recommend treating the specific comorbidities

associated with CS (eg, cardiovascular risk factors, osteo-
porosis and psychiatric symptoms) in all patients with CS
throughout their lives until resolution. We also recom-
mend testing for recurrence throughout life, except in pa-
tients who underwent resection of an adrenal adenoma
with a computerized tomography (CT) density of � 10
Hounsfield units. (1�QQQE)

7.2 We recommend educating patients and families
about the clinical features of remission. (Ungraded best
practice statement)

7.3 In patients with adrenal adenoma, we suggest fol-
low-up tests for the specific comorbidities associated with
CS if the adenoma density on CT was � 10 Hounsfield
units. (2�QQEE) For those with higher Hounsfield unit
values or pathology consistent with possible carcinoma,
we suggest evaluating for malignancy using imaging.
(2�QEEE)

7.4 We recommend that patients with Carney complex
have lifelong follow-up tests for cardiac myxoma and
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other associated disease (testicular tumors, acromegaly,
thyroid lesions). (1�QQQQ)

Evidence

Monitoring and treating Cushing’s features and
comorbidities

With CS, biochemical remission or a cure is usually
associated with significant clinical improvement, but
some comorbidities may not completely normalize. Eval-
uating and treating the long-term negative effects of
chronic hypercortisolism may therefore be important to
reduce morbidity, improve QOL, and reduce the long-
term excess mortality associated with CS.

After surgical or medical remission of CS, a significant
proportion of patients will either develop or have a recur-
rence of autoimmune or inflammatory diseases, such as
hypothyroidism, psoriasis, celiac disease, ulcerative coli-
tis, Crohn’s disease, asthma, lupus, and rheumatoid ar-
thritis after surgical or medical remission (165). There is
no evidence that surgical or medical remission of CS in-
creases the risk of the development recurrence of autoim-
mune or inflammatory diseases. It is likely that previous
hypercortisolism suppressed the conditions.

Patients with Carney complex and primary pigmented
nodular adrenocortical disease should be followed annu-
ally for the development of new or recurrent cardiac myx-
omas and other features of the syndrome (166).

Clinicians should tell patients that they may feel unwell
for 6–9 months, that their mood will gradually improve,
and that improvement may continue for more than 1 year.
Generally, weight, bruising, and the physical appearance
of the face change first. Patients should receive recom-
mendations for physical therapy and nutrition to optimize
the recovery of muscle strength and the normalization of
weight. The recovery of comorbidities is variable, and cli-
nicians should continue treating these conditions, tapering
off or discontinuing treatment as goals are met (see below).

Metabolic syndrome and cardiovascular risk
Metabolic syndrome, including central obesity, arterial

hypertension, insulin resistance, impaired glucose toler-
ance, and dyslipidemia, is present in at least two-thirds of
patients with CS (167), and it is believed to contribute to
increased cardiovascular morbidity.

After successful treatment, decreased body weight and
fat mass, improved blood pressure, a reduction in antihy-
pertensive treatment, or a reversal of hypertension usually
occurs within weeks to a year. However, excess weight
and hypertension may persist in up to 25% of patients (8,
14, 15, 168–176). Patients with a history of CD have
increased blood pressure levels compared to age-, sex-,
and body mass index (BMI)-matched patients (177). Per-

sistent hypertension has been attributed to microvessel
remodeling, abdominal obesity, and insulin resistance (15,
177). A longer duration of hypercortisolism is associated
with persistent hypertension (15).

Similarly, glucose and lipid metabolism improve, and
medications may be reduced and/or discontinued in many
patients, but the prevalence of diabetes and dyslipidemia
remains increased compared to BMI-matched controls
several years after remission (8, 168, 171, 175, 177). Fast-
ing blood glucose may underdiagnose diabetes mellitus
compared to an oral glucose tolerance test (178). Clini-
cians should carefully monitor adult patients treated with
GH replacement for diabetes mellitus (179). The persis-
tence of central obesity plays a key role in continued in-
sulin resistance (14, 171, 175, 177).

There is increased long-term risk of myocardial infarc-
tion (7, 8). Because hypertension and diabetes appear to be
the main controllable determinants of cardiovascular
events and mortality (8, 11, 174, 180), rigorous and re-
peated long-term follow-up evaluation and treatment of
these conditions are mandatory. One study found that
depression was associated with an increased risk of car-
diovascular disease (180).

Mood and cognitive function
Psychiatric referral may benefit adult patients with CS.

Many patients experience improvement in psychiatric
symptoms, particularly depression and emotional lability.
However, several years after CD is cured, patients have an
increased prevalence of psychopathology, including anx-
iety, depression symptoms, and maladaptive personality
compared to patients treated for other types of pituitary
adenoma (173, 181–184). Although a few short-term
studies indicate a significant improvement in psychopa-
thology within the first year after successful surgical or
medical remission (82, 182), little is known regarding
long-term reversibility.

Cognitive impairment, particularly declarative short-
term memory deficits, is a prominent feature of hypercor-
tisolism. Deficits also occur in attention, visuospatial abil-
ities, and working memory (185). These are likely related
to the abnormal function of key central nervous system
structures such as the hippocampus, amygdala, and fron-
tal cortex that are peculiarly vulnerable to glucocorticoid
excess. Several imaging studies identified atrophy in these
specific brain areas including decreased hippocampal vol-
ume during active CS; this improves after remission in
some but not all patients. Some, but not all, studies found
a parallel improvement in cognitive function (186–190).

Pediatric patients show personality changes such as
moodiness, irritability, compulsive behavior, and over-
achievement in school (191).
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There are scarce data regarding the long-term recovery
of cognitive impairments. Compared to matched controls,
patients in long-term remission from CD or adrenal ade-
nomas performed significantly worse in tests of executive
function (185), memory (185, 190), and other cognitive
tests (192). When evaluated, hypopituitarism and hydro-
cortisone dependency were associated with worse perfor-
mance, but cognitive impairment was independent of co-
existent chronic fatigue or affective disorders (192). The
patients with memory scores below normative cutoff val-
ues showed decreased hippocampal volume on MRI.

Quality of life
Patients with active CS of any cause have impaired

HRQOL compared to patients with other pituitary tu-
mors (181, 193, 194). Because CS is associated with long-
term physical, psychological, emotional, and cognitive af-
ter-effects despite cure, HRQOL is likely to be affected in
the long term and is an important outcome measure to
assess in patients with a previous history of CS.

There are few published cross-sectional studies of QOL
during long-term remission. Most used generic QOL ques-
tionnaires. QOL improves in patients in remission com-
pared to those with hypercortisolism, regardless of the
cause of CS or treatment used (13, 194–196). Neverthe-
less, two large cross-sectional studies report long-term re-
sidual impairment in physical and social functioning as
well as limitations in the ability to perform usual activities
of daily living due to physical and emotional problems,
pain, fatigue, sleep problems, reduced vitality, and feeling
of health impairment (13, 197). Together with the residual
psychological and cognitive impairments, chronic de-
creased perceived QOL has significant social and eco-
nomic consequences, such as the inability to return to
work (198).

The duration of remission did not affect QOL results in
one study (197) but was associated with lower physical
(but not psychological) component scores in another (13).
Postoperative hypopituitarism may decrease QOL (197).
However, it is unlikely to play a large role because GH-
deficient females in remission from CD have a greater im-
pairment in QOL than those with other causes of GH
deficiency (199).

Osteoporosis
Osteoporosis results from direct effects of cortisol on

bone cells and indirect events such as glucocorticoid-in-
duced hypogonadism, secondary hyperparathyroidism,
GH deficiency, and reduced bone strain due to myopathy
(200). However, the prevalence of fractures is not known
(201). Studies of adolescents and adults document major
improvement and sometimes complete normalization of

BMD after curing CS, although 4–5 years may be needed
to achieve full recovery (202–205). Importantly, supra-
physiological postoperative hydrocortisone doses may
hamper bone recovery. The scant fracture data suggest
that the increased symptomatic fracture risk disappears
after curing CS, similar to that seen in exogenous gluco-
corticoid-induced osteoporosis (204, 206). It is not clear
whether complete normalization occurs because the ex-
pected BMD for a given person cannot be predicted (8,
173, 200). We recommend a detailed fracture assessment,
evaluating BMD at the spine and hip, obtaining lateral
morphometric imaging of the spine, adequate calcium and
vitamin D intake, avoidance of excessive glucocorticoid
supplementation, and personalized long-term follow-up
basedon the resultsofboneevaluation.Arecent consensus
paper on evaluation and pharmacological intervention for
(exogenous) glucocorticoid-induced osteoporosis pro-
vides useful guidance (207).

8. Special populations/considerations
8.1 We recommend urgent treatment (within 24–72 h)

of hypercortisolism if life-threatening complications of CS
such as infection, pulmonary thromboembolism, cardio-
vascular complications, and acute psychosis are present.
(1�QQQE). The associated disorder(s) should be ad-
dressed as well (eg, anticoagulation, antibiotics).

Severe hypercortisolism may be a life-threatening con-
dition that mandates immediate treatment, regardless of
whether all diagnostic tests are completed. Most of these
patients have ectopic ACTH syndrome associated with
serious comorbidities including infections, pulmonary
thromboembolism, and cardiovascular problems. How-
ever, sometimes relatively modest hypercortisolism due to
CD can cause acute psychosis with a high suicide risk, so
that prompt resolution of excess cortisol is imperative.

In addition to pulmonary thromboembolism and in-
fections, patients may experience acute heart and respira-
tory failure, peritonitis due to gut perforation, pancreati-
tis, and untreatable psychosis (173, 208). Typical signs of
bowel perforation, such as rebound, guarding, loss of
bowel sounds, fever, and elevated white blood cell count
may be lacking due to hypercortisolism.

Many experienced clinicians suggest specific treatments
for each condition (eg, anticoagulation prophylaxis and pro-
phylaxis for Pneumocystis jiroveci with trimethoprim-sulfa-
methoxazole [or dapsone in patients with sulfa allergies]),
especially for bedridden or low-mobility patients or those
with UFC � 5-fold normal. Immediate efforts to reduce cor-
tisol may be lifesaving. Some patients who are seriously ill
with comorbidities and have very high UFC levels need in-
tensive care unit management with a multidisciplinary ap-
proach that includes experienced endocrinologists.
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Bilateral adrenalectomy provides immediate hypercor-
tisolism control and can be lifesaving. However, few data
about bilateral adrenalectomy as a lifesaving therapy in
critically ill patients are available, and a number of these
studies treated patients with cortisol-lowering drugs be-
fore surgery. The risk of surgery must be balanced against
the likelihood of medical control. If aggressive medical
management does not control hypercortisolism, clinicians
should consider bilateral adrenalectomy even in high-sur-
gical-risk patients.

Steroidogenesis inhibitors such as ketoconazole and
metyrapone can rapidly lower cortisol levels but often
must be used together in severe hypercortisolism (209). In
11 critically ill patients, a high-dose regimen combining
mitotane (3.0–5.0 g/d), metyrapone (3.0–4.5 g/d), and
ketoconazole (400–1200 mg/d) decreased UFC to near
normal levels within 24–48 hours with dramatic improve-
ment in clinical condition and acceptable side effects
(210). In more than 50% of patients, UFC remained low
to normal, and metyrapone and ketoconazole could be
discontinued after several months, whereas UFC remained
controlled by mitotane monotherapy. In another series of
22 patients with severe CS due to ectopic ACTH syndrome
and ACC, metyrapone and ketoconazole combination
therapy was able to control hypercortisolism and dramat-
ically improve clinical status within 1 month in 78% of
patients (92).

The rapid onset of action of mifepristone is compatible
with its use in life-threatening hypercortisolism (211), but
data are lacking. Of note, it can ameliorate acute steroid
psychosis within days (212).

As discussed above, etomidate may be helpful in pa-
tients with life-threatening hypercortisolemia who cannot
take oral medications.

Future Directions and Recommended
Research

We recommend the following research aims:
1) Identify biological markers and tissue factors that

explain the variable clinical effect of steroids among in-
dividuals and establish ideal tests so clinicians can:

a) Quantify the magnitude of glucocorticoid exposure
to characterize the severity of illness and guide decision-
making about when to initiate treatment.

b) Determine whether treatment has resulted in
remission.

c) Accurately monitor patients for their response to
medical therapy to guide dose optimization.

2) Evaluate the clinical effects and benefits/risks of
treating “subclinical” or mild CS.

3) Evaluate new medical therapies and combinations of
medical treatments with different mechanisms of action.

4) Evaluate the utility of venous thromboembolism
prophylaxis before and after remission.

5) Compare RT and radiosurgery in terms of time to
remission and risk of hypopituitarism and other side
effects.

6) Evaluate the effects of long-term hypopituitarism
and other possible consequences of pediatric radiation.

7) Assess long-term QOL and cognitive changes expe-
rienced in CS by adults and children and determine opti-
mal treatment strategies.

8) Ascertain the best follow-up strategy for early diag-
nosis of recurrence of CD after surgery.

9) Conduct future studies that address the recurrence
and remission rates of CD using the same biochemical tests
that are required for initial diagnosis.

Financial Disclosures of the Task Force*

Lynnette K. Nieman, MD (chair)—Financial or Business/
Organizational Interests: UpToDate; Significant Financial
Interest or Leadership Position: HRA Pharma (Research
Grant to Institution), UpToDate (Honoraria). Beverly
M. K. Biller, MD—Financial or Business/Organizational
Interests: American Association of Clinical Endocrinolo-
gist, Growth Hormone Research Society, American Col-
lege of Physicians; Significant Financial Interest or Lead-
ership Position: HRA Pharma (Consultant), Cortendo
(Consultant, Research Grant to Institution), Novartis
(Consultant, Research Grant to Institution), Novo Nor-
disk (Consultant, Research Grant to Institution), Pfizer
(Consultant). James W. Findling, MD—Financial or Busi-
ness/Organizational Interests: none declared; Significant
Financial Interest or Leadership Position: Novartis (Con-
sultant, Research Grant to Institution), Corcept (Consul-
tant, Research Grant to Institution). Hassan M. Murad**,
MD, MPH—Financial or Business/Organizational Inter-
ests: Mayo Clinic, Division of Preventive Medicine; Sig-
nificant Financial Interest or Leadership Position: none
declared. John Newell-Price, MD, FRCP, PhD—Financial
or Business/Organizational Interests: Royal College of
Physicians, Society of Endocrinology, The Pituitary Foun-
dation; Significant Financial Interest or Leadership Posi-
tion: Novartis (Consultant, Study Steering Committee),
HRA Pharma (Consultant, Research Grants), Clinical En-
docrinology (Senior Editor). Martin O. Savage, MD,
FRCPCH—Financial or Business/Organizational Inter-
ests: none declared; Significant Financial Interest or Lead-
ership Position: IPSEN (Consultant), Merke Serono (Con-
sultant), Sandoz (Consultant), OPKO Health, Inc.

doi: 10.1210/jc.2015-1818 press.endocrine.org/journal/jcem 2825

Downloaded from https://academic.oup.com/jcem/article-abstract/100/8/2807/2836065
by guest
on 19 December 2017



(Consultant). Antoine Tabarin, MD—Financial or Busi-
ness/Organizational Interests: Novartis, HRA Pharma;
Significant Financial Interest or Leadership Position: No-
vartis (Board, Speaker, Honoraria, Research Grant to In-
stitution), HRA Pharma (Speaker, Honoraria, Research
Grant to Institution), IPSEN Biotech (Speaker,
Honoraria).

* Financial, business, and organizational disclosures of
the task force cover the year prior to publication. Disclo-
sures prior to this time period are archived.

**Evidence-based reviews for this guideline were pre-
pared under contract with the Endocrine Society.

Acknowledgments

Address all correspondence and requests for reprints to: The
Endocrine Society, 2055 L Street NW, Suite 600, Washington,
DC 20036. E-mail: govt-prof@endocrine.org. Telephone: 202-
971-3636. Address all commercial reprint requests for orders 101
and more to: https://www.endocrine.org/corporate-relations/
commercial-reprints. Address all reprint requests for orders for
100 or fewer to Society Services, Telephone: 202-971-3636.
E-mail: societyservices@endocrine.org, or Fax: 202-736-9705.

Cosponsoring Association: European Society of Endocrinology.
The Intramural Research Program of the Eunice Kennedy

Shriver Institute of Child Health and Human Development pro-
vided salary support to Dr Nieman for her work on this
manuscript.

Disclosure Summary: The authors have nothing to disclose.

References

1. Atkins D, Best D, Briss PA, et al. Grading quality of evidence and
strength of recommendations. BMJ. 2004;328:1490.

2. Swiglo BA, Murad MH, Schünemann HJ, et al. A case for clarity,
consistency, and helpfulness: state-of-the-art clinical practice
guidelines in endocrinology using the grading of recommendations,
assessment, development, and evaluation system. J Clin Endocrinol
Metab. 2008;93:666–673.

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

4. Cushing H. The basophil adenomas of the pituitary body and their
clinical manifestations (pituitary basophilism). Bull Johns Hopkins
Hosp. 1932;50:137–195.

5. Swearingen B, Biller BM, Barker FG 2nd, et al. Long-term mor-
tality after transsphenoidal surgery for Cushing disease. Ann Intern
Med. 1999;130:821–824.

6. Lindholm J, Juul S, Jørgensen JO, et al. Incidence and late prognosis
of Cushing’s syndrome: a population-based study. J Clin Endocri-
nol Metab. 2001;86:117–123.

7. Dekkers OM, Horváth-Puhó E, Jørgensen JO, et al. Multisystem
morbidity and mortality in Cushing’s syndrome: a cohort study.
J Clin Endocrinol Metab. 2013;98:2277–2284.

8. Bolland MJ, Holdaway IM, Berkeley JE, et al. Mortality and mor-
bidity in Cushing’s syndrome in New Zealand. Clin Endocrinol
(Oxf). 2011;75:436–442.

9. Hammer GD, Tyrrell JB, Lamborn KR, et al. Transsphenoidal

microsurgery for Cushing’s disease: initial outcome and long-term
results. J Clin Endocrinol Metab. 2004;89:6348–6357.

10. Dekkers OM, Biermasz NR, Pereira AM, et al. Mortality in pa-
tients treated for Cushing’s disease is increased, compared with
patients treated for nonfunctioning pituitary macroadenoma.
J Clin Endocrinol Metab. 2007;92:976–981.

11. Clayton RN, Raskauskiene D, Reulen RC, Jones PW. Mortality
and morbidity in Cushing’s disease over 50 years in Stoke-on-
Trent, UK: audit and meta-analysis of literature. J Clin Endocrinol
Metab. 2011;96:632–642.

12. Sarlis NJ, Chanock SJ, Nieman LK. Cortisolemic indices predict
severe infections in Cushing syndrome due to ectopic production of
adrenocorticotropin. J Clin Endocrinol Metab. 2000;85:42–47.

13. Lindsay JR, Nansel T, Baid S, Gumowski J, Nieman LK. Long-term
impaired quality of life in Cushing’s syndrome despite initial im-
provement after surgical remission. J Clin Endocrinol Metab.
2006;91:447–453.

14. Faggiano A, Pivonello R, Spiezia S, et al. Cardiovascular risk fac-
tors and common carotid artery caliber and stiffness in patients
with Cushing’s disease during active disease and 1 year after disease
remission. J Clin Endocrinol Metab. 2003;88:2527–2533.

15. Fallo F, Sonino N, Barzon L, et al. Effect of surgical treatment on
hypertension in Cushing’s syndrome. Am J Hypertens. 1996;9:77–
80.

16. Davies JH, Storr HL, Davies K, et al. Final adult height and body
mass index after cure of paediatric Cushing’s disease. Clin Endo-
crinol (Oxf). 2005;62:466–472.

17. Nieman LK, Biller BM, Findling JW, et al. The diagnosis of Cush-
ing’s syndrome: an Endocrine Society Clinical Practice Guideline.
J Clin Endocrinol Metab. 2008;93:1526–1540.

18. Ilias I, Torpy DJ, Pacak K, Mullen N, Wesley RA, Nieman LK.
Cushing’s syndrome due to ectopic corticotropin secretion: twenty
years’ experience at the National Institutes of Health. J Clin En-
docrinol Metab. 2005;90:4955–4962.

19. Ejaz S, Vassilopoulou-Sellin R, Busaidy NL, et al. Cushing syn-
drome secondary to ectopic adrenocorticotropic hormone secre-
tion: the University of Texas MD Anderson Cancer Center Expe-
rience. Cancer 2011;117:4381–4389.

20. Aucott JN. Glucocorticoids and infection. Endocrinol Metab Clin
North Am. 1994;23:655–670.

21. van der Pas R, Leebeek FW, Hofland LJ, de Herder WW, Feelders
RA. Hypercoagulability in Cushing’s syndrome: prevalence,
pathogenesis and treatment. Clin Endocrinol (Oxf). 2013;78:481–
488.

22. Boscaro M, Sonino N, Scarda A, et al. Anticoagulant prophylaxis
markedly reduces thromboembolic complications in Cushing’s
syndrome. J Clin Endocrinol Metab. 2002;87:3662–3666.

23. Stuijver DJ, van Zaane B, Feelders RA, et al. Incidence of venous
thromboembolism in patients with Cushing’s syndrome: a multi-
center cohort study. J Clin Endocrinol Metab. 2011;96:3525–
3532.

24. van der Pas R, de Bruin C, Leebeek FW, et al. The hypercoagulable
state in Cushing’s disease is associated with increased levels of
procoagulant factors and impaired fibrinolysis, but is not reversible
after short-term biochemical remission induced by medical ther-
apy. J Clin Endocrinol Metab. 2012;97:1303–1310.

25. Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in
nonorthopedic surgical patients: Antithrombotic Therapy and Pre-
vention of Thrombosis, 9th ed: American College of Chest Physi-
cians Evidence-Based Clinical Practice Guidelines. Chest. 2012;
141(2 suppl):e227S–e277S.

26. Kahn SR, Lim W, Dunn AS, et al. Prevention of VTE in nonsurgical
patients: Antithrombotic Therapy and Prevention of Thrombosis,
9th ed: American College of Chest Physicians Evidence-Based Clin-
ical Practice Guidelines. Chest 2012;141(2 suppl):e195S–e226S.

27. Lacroix A, Feelders RA, Stratakis CA, Nieman LK. Cushing’s syn-
drome [published online May 21, 2015]. Lancet. doi:10.1016/
S0140–6736(14)61375–1.

2826 Nieman et al Guidelines on Cushing’s Syndrome Treatment J Clin Endocrinol Metab, August 2015, 100(8):2807–2831

Downloaded from https://academic.oup.com/jcem/article-abstract/100/8/2807/2836065
by guest
on 19 December 2017



28. Park HS, Roman SA, Sosa JA. Outcomes from 3144 adrenalecto-
mies in the United States: which matters more, surgeon volume or
specialty? Arch Surg. 2009;144:1060–1067.

29. Chiodini I, Morelli V, Salcuni AS, et al. Beneficial metabolic effects
of prompt surgical treatment in patients with an adrenal inciden-
taloma causing biochemical hypercortisolism. J Clin Endocrinol
Metab. 2010;95:2736–2745.

30. Rodriguez-Galindo C, Figueiredo BC, Zambetti GP, Ribeiro RC.
Biology, clinical characteristics, and management of adrenocorti-
cal tumors in children. Pediatr Blood Cancer. 2005;45:265–273.

31. Miller BS, Ammori JB, Gauger PG, Broome JT, Hammer GD,
Doherty GM. Laparoscopic resection is inappropriate in patients
with known or suspected adrenocortical carcinoma. World J Surg.
2010;34:1380–1385.

32. Heloury Y, Muthucumaru M, Panabokke G, Cheng W, Kimber C,
Leclair MD. Minimally invasive adrenalectomy in children. J Pe-
diatr Surg. 2012;47:415–421.

33. Abiven G, Coste J, Groussin L, et al. Clinical and biological features
in the prognosis of adrenocortical cancer: poor outcome of cortisol-
secreting tumors in a series of 202 consecutive patients. J Clin
Endocrinol Metab. 2006;91:2650–2655.

34. Berruti A, Fassnacht M, Haak H, et al. Prognostic role of overt
hypercortisolism in completely operated patients with adrenocor-
tical cancer. Eur Urol. 2014;65:832–838.

35. Else T, Kim AC, Sabolch A, et al. Adrenocortical carcinoma. En-
docr Rev. 2014;35:282–326.

36. Zeiger MA, Pass HI, Doppman JD, et al. Surgical strategy in the
management of non-small cell ectopic adrenocorticotropic hor-
mone syndrome. Surgery 1992;112:994–1000; discussion 1000–
1001.

37. Swearingen B. Update on pituitary surgery. J Clin Endocrinol
Metab. 2012;97:1073–1081.

38. Alahmadi H, Cusimano MD, Woo K, et al. Impact of technique on
Cushing disease outcome using strict remission criteria. Can J Neu-
rol Sci. 2013;40:334–341.

39. Patronas N, Bulakbasi N, Stratakis CA, et al. Spoiled gradient
recalled acquisition in the steady state technique is superior to con-
ventional postcontrast spin echo technique for magnetic resonance
imaging detection of adrenocorticotropin-secreting pituitary tu-
mors. J Clin Endocrinol Metab. 2003;88:1565–1569.

40. Storr HL, Alexandraki KI, Martin L, et al. Comparisons in the
epidemiology, diagnostic features and cure rate by transsphenoidal
surgery between paediatric and adult-onset Cushing’s disease. Eur
J Endocrinol. 2011;164:667–674.

41. Magiakou MA, Mastorakos G, Oldfield EH, et al. Cushing’s syn-
drome in children and adolescents. Presentation, diagnosis, and
therapy. N Engl J Med. 1994;331:629–636.

42. Salenave S, Gatta B, Pecheur S, et al. Pituitary magnetic resonance
imaging findings do not influence surgical outcome in adrenocor-
ticotropin-secreting microadenomas. J Clin Endocrinol Metab.
2004;89:3371–3376.

43. Yamada S, Fukuhara N, Nishioka H, et al. Surgical management
and outcomes in patients with Cushing disease with negative pi-
tuitary magnetic resonance imaging. World Neurosurg. 2012;77:
525–532.

44. Storr HL, Afshar F, Matson M, et al. Factors influencing cure by
transsphenoidal selective adenomectomy in paediatric Cushing’s
disease. Eur J Endocrinol. 2005;152:825–833.

45. Hall WA, Luciano MG, Doppman JL, Patronas NJ, Oldfield EH.
Pituitary magnetic resonance imaging in normal human volunteers:
occult adenomas in the general population. Ann Intern Med. 1994;
120:817–820.

46. Wind JJ, Lonser RR, Nieman LK, DeVroom HL, Chang R, Oldfield
EH. The lateralization accuracy of inferior petrosal sinus sampling
in 501 patients with Cushing’s disease. J Clin Endocrinol Metab.
2013;98:2285–2293.

47. Liu C, Lo JC, Dowd CF, et al. Cavernous and inferior petrosal sinus

sampling in the evaluation of ACTH-dependent Cushing’s syn-
drome. Clin Endocrinol (Oxf). 2004;61:478–486.

48. Kalgikar AM, Chandratreya SA, Goel A, et al. Inferior petrosal
sinus sampling in the diagnostic evaluation of Cushing’s syndrome:
K.E.M. experience. J Assoc Physicians India. 2005;53:685–688.

49. Batista DL, Zhang X, Gejman R, et al. The effects of SOM230 on
cell proliferation and adrenocorticotropin secretion in human cor-
ticotroph pituitary adenomas. J Clin Endocrinol Metab. 2006;91:
4482–4488.

50. Prevedello DM, Pouratian N, Sherman J, et al. Management of
Cushing’s disease: outcome in patients with microadenoma de-
tected on pituitary magnetic resonance imaging. J Neurosurg.
2008;109(4):751–759.

51. Olson BR, Rubino D, Gumowski J, Oldfield EH. Isolated hypo-
natremia after transsphenoidal pituitary surgery. J Clin Endocrinol
Metab. 1995;80:85–91.

52. Mukherjee A, Murray RD, Teasdale GM, Shalet SM. Acquired
prolactin deficiency (APD) after treatment for Cushing’s disease is
a reliable marker of irreversible severe GHD but does not reflect
disease status. Clin Endocrinol (Oxf). 2004;60:476–483.

53. Lacroix A. Heredity and cortisol regulation in bilateral ma-
cronodular adrenal hyperplasia. N Engl J Med. 2013;369:2147–
2149.

54. Assié G, Libé R, Espiard S, et al. ARMC5 mutations in macronodu-
lar adrenal hyperplasia with Cushing’s syndrome. N Engl J Med.
2013;369:2105–2114.

55. Alencar GA, Lerario AM, Nishi MY, et al. ARMC5 mutations are
a frequent cause of primary macronodular adrenal Hyperplasia.
J Clin Endocrinol Metab. 2014;99:E1501–E1509.

56. Elbelt U, Trovato A, Kloth M, et al. Molecular and clinical evidence
for an ARMC5 tumor syndrome: concurrent inactivating germline
and somatic mutations are associated with both primary ma-
cronodular adrenal hyperplasia and meningioma. J Clin Endocri-
nol Metab. 2015;100:E119–E128.

57. Lacroix A, Bourdeau I, Lampron A, Mazzuco TL, Tremblay J,
Hamet P. Aberrant G-protein coupled receptor expression in re-
lation to adrenocortical overfunction. Clin Endocrinol (Oxf).
2010;73:1–15.

58. Xu Y, Rui W, Qi Y, et al. The role of unilateral adrenalectomy in
corticotropin-independent bilateral adrenocortical hyperplasias.
World J Surg. 2013;37:1626–1632.

59. Collins MT, Singer FR, Eugster E. McCune-Albright syndrome
and the extraskeletal manifestations of fibrous dysplasia. Orpha-
net J Rare Dis. 2012;7(suppl 1):S4.

60. Brown RJ, Kelly MH, Collins MT. Cushing syndrome in the Mc-
Cune-Albright syndrome. J Clin Endocrinol Metab. 2010;95:
1508–1515.

61. Storr HL, Mitchell H, Swords FM, et al. Clinical features, diagno-
sis, treatment and molecular studies in paediatric Cushing’s syn-
drome due to primary nodular adrenocortical hyperplasia. Clin
Endocrinol (Oxf). 2004;61:553–559.

62. Powell AC, Stratakis CA, Patronas NJ, et al. Operative manage-
ment of Cushing syndrome secondary to micronodular adrenal
hyperplasia. Surgery. 2008;143:750–758.

63. Guanà R, Gesmundo R, Morino M, et al. Laparoscopic unilateral
adrenalectomy in children for isolated primary pigmented nodular
adrenocortical disease (PPNAD): case report and literature review.
Eur J Pediatr Surg. 2010;20:273–275.

64. Kumorowicz-Czoch M, Dolezal-Oltarzewska K, Roztoczynska D,
et al. Causes and consequences of abandoning one-stage bilateral
adrenalectomy recommended in primary pigmented nodular ad-
renocortical disease–case presentation. J Pediatr Endocrinol
Metab. 2011;24:565–567.

65. Osswald A, Plomer E, Dimopoulou C, et al. Favorable long-term
outcomes of bilateral adrenalectomy in Cushing’s disease. Eur J
Endocrinol. 2014;171:209–215.

66. Alexandraki KI, Kaltsas GA, Isidori AM, et al. Long-term remis-

doi: 10.1210/jc.2015-1818 press.endocrine.org/journal/jcem 2827

Downloaded from https://academic.oup.com/jcem/article-abstract/100/8/2807/2836065
by guest
on 19 December 2017



sion and recurrence rates in Cushing’s disease: predictive factors in
a single-centre study. Eur J Endocrinol. 2013;168:639–648.

67. Valassi E, Biller BM, Swearingen B, et al. Delayed remission after
transsphenoidal surgery in patients with Cushing’s disease. J Clin
Endocrinol Metab. 2010;95:601–610.

68. Hofmann BM, Hlavac M, Martinez R, Buchfelder M, Müller OA,
Fahlbusch R. Long-term results after microsurgery for Cushing
disease: experience with 426 primary operations over 35 years.
J Neurosurg. 2008;108:9–18.

69. Magiakou MA, Mastorakos G, Oldfield EH, et al. Cushing’s syn-
drome in children and adolescents. Presentation, diagnosis, and
therapy. N Engl J Med. 1994;331:629–636.

70. Batista DL, Oldfield EH, Keil MF, Stratakis CA. Postoperative
testing to predict recurrent Cushing disease in children. J Clin En-
docrinol Metab. 2009;94:2757–2765.

71. Dyer EH, Civit T, Visot A, Delalande O, Derome P. Transsphe-
noidal surgery for pituitary adenomas in children. Neurosurgery.
1994;34:207–212.

72. Lonser RR, Wind JJ, Nieman LK, Weil RJ, DeVroom HL, Oldfield
EH. Outcome of surgical treatment of 200 children with Cushing’s
disease. J Clin Endocrinol Metab. 2013;98:892–901.

73. Atkinson AB, Kennedy A, Wiggam MI, McCance DR, Sheridan B.
Long-term remission rates after pituitary surgery for Cushing’s
disease: the need for long-term surveillance. Clin Endocrinol (Oxf).
2005;63:549–559.

74. Aranda G, Enseñat J, Mora M, et al. Long-term remission and
recurrence rate in a cohort of Cushing’s disease: the need for long-
term follow-up. Pituitary. 2015;18(1):142–149.

75. Danet-Lamasou M, Asselineau J, Perez P, et al. Accuracy of re-
peated measurements of late-night salivary cortisol to screen for
early-stage recurrence of Cushing’s disease following pituitary sur-
gery. Clin Endocrinol (Oxf). 2015;82(2):260–266.

76. Bou Khalil R, Baudry C, Guignat L, et al. Sequential hormonal
changes in 21 patients with recurrent Cushing’s disease after suc-
cessful pituitary surgery. Eur J Endocrinol. 2011;165:729–737.

77. Castinetti F, Martinie M, Morange I, et al. A combined dexameth-
asone desmopressin test as an early marker of postsurgical recur-
rence in Cushing’s disease. J Clin Endocrinol Metab. 2009;94:
1897–1903.

78. Zeiger MA, Fraker DL, Pass HI, et al. Effective reversibility of the
signs and symptoms of hypercortisolism by bilateral adrenalec-
tomy. Surgery. 1993;114:1138–1143.

79. Avgerinos PC, Chrousos GP, Nieman LK, Oldfield EH, Loriaux
DL, Cutler GB Jr. The corticotropin-releasing hormone test in the
postoperative evaluation of patients with Cushing’s syndrome.
J Clin Endocrinol Metab. 1987;65:906–913.

80. Lodish M, Dunn SV, Sinaii N, Keil MF, Stratakis CA. Recovery of
the hypothalamic-pituitary-adrenal axis in children and adoles-
cents after surgical cure of Cushing’s disease. J Clin Endocrinol
Metab. 2012;97:1483–1491.

81. Hochberg Z, Pacak K, Chrousos GP. Endocrine withdrawal syn-
dromes. Endocr Rev. 2003;24:523–538.

82. Dorn LD, Burgess ES, Friedman TC, Dubbert B, Gold PW, Chrou-
sos GP. The longitudinal course of psychopathology in Cushing’s
syndrome after correction of hypercortisolism. J Clin Endocrinol
Metab. 1997;82:912–919.

83. Dixon RB, Christy NP. On the various forms of corticosteroid
withdrawal syndrome. Am J Med. 1980;68:224–230.

84. Grossman A, Johannsson G, Quinkler M, Zelissen P. Therapy of
endocrine disease: perspectives on the management of adrenal in-
sufficiency: clinical insights from across Europe. Eur J Endocrinol.
2013;169:R165–R175.

85. Klopfenstein BJ, Purnell JQ, Brandon DD, Isabelle LM, DeBarber
AE. Determination of cortisol production rates with contemporary
liquid chromatography-mass spectrometry to measure cortisol-
d(3) dilution after infusion of deuterated tracer. Clin Biochem.
2011;44:430–434.

86. Stratakis CA, Mastorakos G, Magiakou MA, Papavasiliou E, Old-

field EH, Chrousos GP. Thyroid function in children with Cush-
ing’s disease before and after transsphenoidal surgery. J Pediatr.
1997;131:905–909.

87. Magiakou MA, Mastorakos G, Gomez MT, Rose SR, Chrousos
GP. Suppressed spontaneous and stimulated growth hormone se-
cretion in patients with Cushing’s disease before and after surgical
cure. J Clin Endocrinol Metab. 1994;78:131–137.

88. Carroll PV, Monson JP, Grossman AB, et al. Successful treatment
of childhood-onset Cushing’s disease is associated with persistent
reduction in growth hormone secretion. Clin Endocrinol (Oxf).
2004;60:169–174.

89. Magiakou MA, Mastorakos G, Chrousos GP. Final stature in pa-
tients with endogenous Cushing’s syndrome. J Clin Endocrinol
Metab. 1994;79:1082–1085.

90. Molitch ME, Clemmons DR, Malozowski S, Merriam GR, Vance
ML. Evaluation and treatment of adult growth hormone deficien-
cy: an Endocrine Society clinical practice guideline. J Clin Endo-
crinol Metab. 2011;96:1587–1609.

91. Tzanela M, Karavitaki N, Stylianidou C, Tsagarakis S, Thalassi-
nos NC. Assessment of GH reserve before and after successful
treatment of adult patients with Cushing’s syndrome. Clin Endo-
crinol (Oxf). 2004;60:309–314.

92. Corcuff JB, Young J, Masquefa-Giraud P, Chanson P, Baudin E,
Tabarin A. Rapid control of severe neoplastic hypercortisolism
with metyrapone and ketoconazole. Eur J Endocrinol. 2015;172:
473–481.

93. Assié G, Bahurel H, Coste J, et al. Corticotroph tumor progression
after adrenalectomy in Cushing’s disease: a reappraisal of Nelson’s
syndrome. J Clin Endocrinol Metab. 2007;92:172–179.

94. Sheth SA, Bourne SK, Tritos NA, Swearingen B. Neurosurgical
treatment of Cushing disease. Neurosurg Clin N Am. 2012;23:
639–651.

95. Ram Z, Nieman LK, Cutler GB Jr, Chrousos GP, Doppman JL,
Oldfield EH. Early repeat surgery for persistent Cushing’s disease.
J Neurosurg. 1994;80:37–45.

96. Friedman RB, Oldfield EH, Nieman LK, et al. Repeat transsphe-
noidal surgery for Cushing’s disease. J Neurosurg. 1989;71:520–
527.

97. Storr HL, Plowman PN, Carroll PV, et al. Clinical and endocrine
responses to pituitary radiotherapy in pediatric Cushing’s disease:
an effective second-line treatment. J Clin Endocrinol Metab. 2003;
88:34–37.

98. Jennings AS, Liddle GW, Orth DN. Results of treating childhood
Cushing’s disease with pituitary irradiation. N Engl J Med. 1977;
297:957–962.

99. Acharya SV, Gopal RA, Goerge J, Menon PS, Bandgar TR, Shah
NS. Radiotherapy in paediatric Cushing’s disease: efficacy and
long term follow up of pituitary function. Pituitary. 2010;13:293–
297.

100. Thorén M, Rähn T, Hallengren B, et al. Treatment of Cushing’s
disease in childhood and adolescence by stereotactic pituitary ir-
radiation. Acta Paediatr Scand. 1986;75:388–395.

101. Loeffler JS, Shih HA. Radiation therapy in the management of
pituitary adenomas. J Clin Endocrinol Metab. 2011;96:1992–
2003.

102. Tritos NA, Biller BM, Swearingen B. Management of Cushing
disease. Nat Rev Endocrinol. 2011;7:279–289.

103. Wilson PJ, Williams JR, Smee RI. Cushing’s disease: a single cen-
tre’s experience using the linear accelerator (LINAC) for stereo-
tactic radiosurgery and fractionated stereotactic radiotherapy.
J Clin Neurosci. 2014;21:100–106.

104. Starke RM, Williams BJ, Vance ML, Sheehan JP. Radiation ther-
apy and stereotactic radiosurgery for the treatment of Cushing’s
disease: an evidence-based review. Curr Opin Endocrinol Diabetes
Obes. 2010;17:356–364.

105. Estrada J, Boronat M, Mielgo M, et al. The long-term outcome of
pituitary irradiation after unsuccessful transsphenoidal surgery in
Cushing’s disease. N Engl J Med. 1997;336:172–177.

2828 Nieman et al Guidelines on Cushing’s Syndrome Treatment J Clin Endocrinol Metab, August 2015, 100(8):2807–2831

Downloaded from https://academic.oup.com/jcem/article-abstract/100/8/2807/2836065
by guest
on 19 December 2017



106. Chan LF, Storr HL, Plowman PN, et al. Long-term anterior pitu-
itary function in patients with paediatric Cushing’s disease treated
with pituitary radiotherapy. Eur J Endocrinol. 2007;156:477–
482.

107. Baudry C, Coste J, Bou Khalil R, et al. Efficiency and tolerance of
mitotane in Cushing’s disease in 76 patients from a single center.
Eur J Endocrinol. 2012;167:473–481.

108. Luton JP, Mahoudeau JA, Bouchard P, et al. Treatment of Cush-
ing’s disease by O,p’DDD. Survey of 62 cases. N Engl J Med.
1979;300:459–464.

109. Benecke R, Keller E, Vetter B, de Zeeuw RA. Plasma level moni-
toring of mitotane (o,p’-DDD) and its metabolite (o,p’-DDE) dur-
ing long-term treatment of Cushing’s disease with low doses. Eur
J Clin Pharmacol. 1991;41:259–261.

110. Schteingart DE, Tsao HS, Taylor CI, McKenzie A, Victoria R,
Therrien BA. Sustained remission of Cushing’s disease with mito-
tane and pituitary irradiation. Ann Intern Med. 1980;92:613–619.

111. Fleseriu M, Molitch ME, Gross C, Schteingart DE, Vaughan TB
3rd, Biller BM. A new therapeutic approach in the medical treat-
ment of Cushing’s syndrome: glucocorticoid receptor blockade
with mifepristone. Endocr Pract. 2013;19:313–326.

112. Nieman LK. Medical therapy of Cushing’s disease. Pituitary. 2002;
5:77–82.

113. Engelhardt D, Jacob K, Doerr HG. Different therapeutic efficacy of
ketoconazole in patients with Cushing’s syndrome. Klin Wochen-
schr. 1989;67:241–247.

114. Sonino N, Boscaro M, Paoletta A, Mantero F, Ziliotto D. Keto-
conazole treatment in Cushing’s syndrome: experience in 34 pa-
tients. Clin Endocrinol (Oxf). 1991;35:347–352.

115. Tabarin A, Navarranne A, Guérin J, Corcuff JB, Parneix M, Roger
P. Use of ketoconazole in the treatment of Cushing’s disease and
ectopic ACTH syndrome. Clin Endocrinol (Oxf). 1991;34:63–69.

116. McCance DR, Hadden DR, Kennedy L, Sheridan B, Atkinson AB.
Clinical experience with ketoconazole as a therapy for patients
with Cushing’s syndrome. Clin Endocrinol (Oxf). 1987;27:593–
599.

117. Mortimer RH, Cannell GR, Thew CM, Galligan JP. Ketoconazole
and plasma and urine steroid levels in Cushing’s disease. Clin Exp
Pharmacol Physiol. 1991;18:563–569.

118. Diop SN, Warnet A, Duet M, Firmin C, Mosse A, Lubetzki J.
Long-term treatment of Cushing’s disease using ketoconazole. Pos-
sibility of therapeutic escape [in French]. Presse Med. 1989;18:
1325–1328.

119. Cerdas S, Billaud L, Guilhaume B, Laudat MH, Bertagna X, Luton
JP. Short term effects of ketoconazole in Cushing’s syndrome [in
French]. Ann Endocrinol (Paris). 1989;50:489–496.

120. Loli P, Berselli ME, Tagliaferri M. Use of ketoconazole in the
treatment of Cushing’s syndrome. J Clin Endocrinol Metab. 1986;
63:1365–1371.

121. Castinetti F, Guignat L, Giraud P, et al. Ketoconazole in Cushing’s
disease: is it worth a try? J Clin Endocrinol Metab. 2014;99:1623–
1630.

122. Farwell AP, Devlin JT, Stewart JA. Total suppression of cortisol
excretion by ketoconazole in the therapy of the ectopic adreno-
corticotropic hormone syndrome. Am J Med. 1988;84:1063–
1066.

123. Greenblatt HK, Greenblatt DJ. Liver injury associated with keto-
conazole: review of the published evidence. J Clin Pharmacol.
2014;54:1321–1329.

124. Sonino N, Boscaro M, Merola G, Mantero F. Prolonged treatment
of Cushing’s disease by ketoconazole. J Clin Endocrinol Metab.
1985;61:718–722.

125. Zancanella P, Pianovski MA, Oliveira BH, et al. Mitotane associ-
ated with cisplatin, etoposide, and doxorubicin in advanced child-
hood adrenocortical carcinoma: mitotane monitoring and tumor
regression. J Pediatr Hematol Oncol. 2006;28:513–524.

126. Lewis JH, Zimmerman HJ, Benson GD, Ishak KG. Hepatic injury

associated with ketoconazole therapy. Analysis of 33 cases. Gas-
troenterology. 1984;86:503–513.

127. Verhelst JA, Trainer PJ, Howlett TA, et al. Short and long-term
responses to metyrapone in the medical management of 91 patients
with Cushing’s syndrome. Clin Endocrinol (Oxf). 1991;35:169–
178.

128. Daniel E, Aylwin SJ, Ball SG, et al. Clinical effectiveness of me-
tyrapone monotherapy in 195 patients with Cushing’s syndrome.
Presented at: 96th Annual Meeting and Expo of The Endocrine
Society; June 21–24, 2014; Chicago, IL. Abstract OR02–3.

129. Shaw JA, Pearson DW, Krukowski ZH, Fisher PM, Bevan JS.
Cushing’s syndrome during pregnancy: curative adrenalectomy at
31 weeks gestation. Eur J Obstet Gynecol Reprod Biol. 2002;105:
189–191.

130. Schiemer R, Latibeaudiere M, Close C, Fox R. Type 2 diabetes
identified in pregnancy secondary to Cushing’s syndrome. J Obstet
Gynaecol. 2011;31:541.

131. Blanco C, Maqueda E, Rubio JA, Rodriguez A. Cushing’s syn-
drome during pregnancy secondary to adrenal adenoma: metyrap-
one treatment and laparoscopic adrenalectomy. J Endocrinol In-
vest. 2006;29:164–167.

132. Close CF, Mann MC, Watts JF, Taylor KG. ACTH-independent
Cushing’s syndrome in pregnancy with spontaneous resolution af-
ter delivery: control of the hypercortisolism with metyrapone. Clin
Endocrinol (Oxf). 1993;39:375–379.

133. Monaghan PJ, Owen LJ, Trainer PJ, Brabant G, Keevil BG, Darby
D. Comparison of serum cortisol measurement by immunoassay
and liquid chromatography-tandem mass spectrometry in patients
receiving the 11�-hydroxylase inhibitor metyrapone. Ann Clin
Biochem. 2011;48:441–446.

134. Trainer PJ, Eastment C, Grossman AB, Wheeler MJ, Perry L,
Besser GM. The relationship between cortisol production rate and
serial serum cortisol estimation in patients on medical therapy for
Cushing’s syndrome. Clin Endocrinol (Oxf). 1993;39:441–443.

135. Valassi E, Crespo I, Gich I, Rodríguez J, Webb SM. A reappraisal
of the medical therapy with steroidogenesis inhibitors in Cushing’s
syndrome. Clin Endocrinol (Oxf). 2012;77:735–742.

136. Nelson AA, Woodard G. Severe adrenal cortical atrophy (cyto-
toxic) and hepatic damage produced in dogs by feeding 2,2-
bis(parachlorophenyl)-1,1-dichloroethane (DDD or TDE). Arch
Pathol (Chic). 1949;48:387–394.

137. Alexandraki KI, Kaltsas GA, le Roux CW, et al. Assessment of
serum-free cortisol levels in patients with adrenocortical carci-
noma treated with mitotane: a pilot study. Clin Endocrinol (Oxf).
2010;72:305–311.

138. Chortis V, Taylor AE, Schneider P, et al. Mitotane therapy in ad-
renocortical cancer induces CYP3A4 and inhibits 5�-reductase,
explaining the need for personalized glucocorticoid and androgen
replacement. J Clin Endocrinol Metab. 2013;98:161–171.

139. Villikka K, Kivistö KT, Neuvonen PJ. The effect of dexamethasone
on the pharmacokinetics of triazolam. Pharmacol Toxicol. 1998;
83:135–138.

140. Kroiss M, Quinkler M, Lutz WK, Allolio B, Fassnacht M. Drug
interactions with mitotane by induction of CYP3A4 metabolism in
the clinical management of adrenocortical carcinoma. Clin Endo-
crinol (Oxf). 2011;75:585–591.

141. Fleseriu M, Biller BM, Findling JW, Molitch ME, Schteingart DE,
Gross C. Mifepristone, a glucocorticoid receptor antagonist, pro-
duces clinical and metabolic benefits in patients with Cushing’s
syndrome. J Clin Endocrinol Metab. 2012;97:2039–2049.

142. Fleseriu M, Findling JW, Koch CA, Schlaffer SM, Buchfelder M,
Gross C. Changes in plasma ACTH levels and corticotroph tumor
size in patients with Cushing’s disease during long-term treatment
with the glucocorticoid receptor antagonist mifepristone. J Clin
Endocrinol Metab. 2014;99:3718–3727.

143. Chan LF, Vaidya M, Westphal B, et al. Use of intravenous etomi-
date to control acute psychosis induced by the hypercortisolaemia

doi: 10.1210/jc.2015-1818 press.endocrine.org/journal/jcem 2829

Downloaded from https://academic.oup.com/jcem/article-abstract/100/8/2807/2836065
by guest
on 19 December 2017



in severe paediatric Cushing’s disease. Horm Res Paediatr. 2011;
75:441–446.

144. Greening JE, Brain CE, Perry LA, et al. Efficient short-term control
of hypercortisolaemia by low-dose etomidate in severe paediatric
Cushing’s disease. Horm Res. 2005;64:140–143.

145. Preda VA, Sen J, Karavitaki N, Grossman AB. Etomidate in the
management of hypercortisolaemia in Cushing’s syndrome: a re-
view. Eur J Endocrinol. 2012;167:137–143.

146. Schulte HM, Benker G, Reinwein D, Sippell WG, Allolio B. Infu-
sion of low dose etomidate: correction of hypercortisolemia in
patients with Cushing’s syndrome and dose-response relationship
innormal subjects. JClinEndocrinolMetab. 1990;70:1426–1430.

147. de Bruin C, Feelders RA, Waaijers AM, et al. Differential regula-
tion of human dopamine D2 and somatostatin receptor subtype
expression by glucocorticoids in vitro. J Mol Endocrinol. 2009;
42:47–56.

148. Pivonello R, Matrone C, Filippella M, et al. Dopamine receptor
expression and function in clinically nonfunctioning pituitary tu-
mors: comparison with the effectiveness of cabergoline treatment.
J Clin Endocrinol Metab. 2004;89:1674–1683.

149. Godbout A, Manavela M, Danilowicz K, Beauregard H, Bruno
OD, Lacroix A. Cabergoline monotherapy in the long-term treat-
ment of Cushing’s disease. Eur J Endocrinol. 2010;163:709–716.

150. Pivonello R, De Martino MC, Cappabianca P, et al. The medical
treatment of Cushing’s disease: effectiveness of chronic treatment
with the dopamine agonist cabergoline in patients unsuccessfully
treated by surgery. J Clin Endocrinol Metab. 2009;94:223–230.

151. Feelders RA, de Bruin C, Pereira AM, et al. Pasireotide alone or
with cabergoline and ketoconazole in Cushing’s disease. N Engl
J Med. 2010;362:1846–1848.

152. Vilar L, Naves LA, Azevedo MF, et al. Effectiveness of cabergoline
in monotherapy and combined with ketoconazole in the manage-
ment of Cushing’s disease. Pituitary. 2010;13:123–129.

153. Ben-Shlomo A, Schmid H, Wawrowsky K, et al. Differential li-
gand-mediated pituitary somatostatin receptor subtype signaling:
implications for corticotroph tumor therapy. J Clin Endocrinol
Metab. 2009;94:4342–4350.

154. Bruns C, Lewis I, Briner U, Meno-Tetang G, Weckbecker G.
SOM230: a novel somatostatin peptidomimetic with broad soma-
totropin release inhibiting factor (SRIF) receptor binding and a
unique antisecretory profile. Eur J Endocrinol. 2002;146:707–
716.

155. Hofland LJ, van der Hoek J, Feelders R, et al. The multi-ligand
somatostatin analogue SOM230 inhibits ACTH secretion by cul-
tured human corticotroph adenomas via somatostatin receptor
type 5. Eur J Endocrinol. 2005;152:645–654.

156. Colao A, Petersenn S, Newell-Price J, et al. A 12-month phase 3
study of pasireotide in Cushing’s disease. N Engl J Med. 2012;
366:914–924.

157. de Bruin C, Pereira AM, Feelders RA, et al. Coexpression of do-
pamine and somatostatin receptor subtypes in corticotroph ade-
nomas. J Clin Endocrinol Metab. 2009;94:1118–1124.

158. Pivonello R, Ferone D, de Herder WW, et al. Dopamine receptor
expression and function in corticotroph ectopic tumors. J Clin
Endocrinol Metab. 2007;92:65–69.

159. von Werder K, Muller OA, Stalla GK. Somatostatin analogs in
ectopic corticotropin production. Metabolism. 1996;45:129–131.

160. de Bruin C, Feelders RA, Lamberts SW, Hofland LJ. Somatostatin
and dopamine receptors as targets for medical treatment of Cush-
ing’s syndrome. Rev Endocr Metab Disord. 2009;10:91–102.

161. Pivonello R, Ferone D, Lamberts SW, Colao A. Cabergoline plus
lanreotide for ectopic Cushing’s syndrome. N Engl J Med. 2005;
352:2457–2458.

162. Barroso-Sousa R, Lerario AM, Evangelista J, et al. Complete res-
olution of hypercortisolism with sorafenib in a patient with ad-
vanced medullary thyroid carcinoma and ectopic ACTH (adreno-
corticotropic hormone) syndrome. Thyroid. 2014;24:1062–1066.

163. Baudry C, Paepegaey AC, Groussin L. Reversal of Cushing’s syn-

drome by vandetanib in medullary thyroid carcinoma. N Engl
J Med. 2013;369:584–586.

164. Nella AA, Lodish MB, Fox E, et al. Vandetanib successfully con-
trols medullary thyroid cancer-related Cushing syndrome in an
adolescent patient. J Clin Endocrinol Metab. 2014;99:3055–3059.

165. da Mota F, Murray C, Ezzat S. Overt immune dysfunction after
Cushing’s syndrome remission: a consecutive case series and re-
view of the literature. J Clin Endocrinol Metab. 2011;96:E1670–
E1674.

166. McCarthy PM, Piehler JM, Schaff HV, et al. The significance of
multiple, recurrent, and “complex” cardiac myxomas. J Thorac
Cardiovasc Surg. 1986;91:389–396.

167. Chanson P, Salenave S. Metabolic syndrome in Cushing’s syn-
drome. Neuroendocrinology. 2010;92(suppl 1):96–101.

168. Sippel RS, Elaraj DM, Kebebew E, Lindsay S, Tyrrell JB, Duh QY.
Waiting for change: symptom resolution after adrenalectomy for
Cushing’s syndrome. Surgery. 2008;144:1054–1060; discussion
1060–1061.

169. Pirlich M, Biering H, Gerl H, et al. Loss of body cell mass in Cush-
ing’s syndrome: effect of treatment. J Clin Endocrinol Metab.
2002;87:1078–1084.

170. Hassan-Smith ZK, Sherlock M, Reulen RC, et al. Outcome of
Cushing’s disease following transsphenoidal surgery in a single
center over 20 years. J Clin Endocrinol Metab. 2012;97:1194–
1201.

171. Giordano R, Picu A, Marinazzo E, et al. Metabolic and cardio-
vascular outcomes in patients with Cushing’s syndrome of differ-
ent aetiologies during active disease and 1 year after remission. Clin
Endocrinol (Oxf). 2011;75:354–360.

172. Geer EB, Shen W, Strohmayer E, Post KD, Freda PU. Body com-
position and cardiovascular risk markers after remission of Cush-
ing’s disease: a prospective study using whole-body MRI. J Clin
Endocrinol Metab. 2012;97:1702–1711.

173. Feelders RA, Pulgar SJ, Kempel A, Pereira AM. The burden of
Cushing’s disease: clinical and health-related quality of life aspects.
Eur J Endocrinol. 2012;167:311–326.

174. Etxabe J, Vazquez JA. Morbidity and mortality in Cushing’s dis-
ease: an epidemiological approach. Clin Endocrinol (Oxf). 1994;
40:479–484.

175. Barahona MJ, Resmini E, Sucunza N, Webb SM. Diagnosis of cure
in Cushing’s syndrome: lessons from long-term follow-up. Front
Horm Res. 2010;38:152–157.

176. Barahona MJ, Sucunza N, Resmini E, et al. Deleterious effects of
glucocorticoid replacement on bone in women after long-term re-
mission of Cushing’s syndrome. J Bone Miner Res. 2009;24:1841–
1846.

177. Colao A, Pivonello R, Spiezia S, et al. Persistence of increased
cardiovascular risk in patients with Cushing’s disease after five
years of successful cure. J Clin Endocrinol Metab. 1999;84:2664–
2672.

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

179. Webb SM, Mo D, Lamberts SW, et al. Metabolic, cardiovascular,
and cerebrovascular outcomes in growth hormone-deficient sub-
jects with previous Cushing’s disease or non-functioning pituitary
adenoma. J Clin Endocrinol Metab. 2010;95:630–638.

180. Lambert JK, Goldberg L, Fayngold S, Kostadinov J, Post KD, Geer
EB. Predictors of mortality and long-term outcomes in treated
Cushing’s disease: a study of 346 patients. J Clin Endocrinol
Metab. 2013;98:1022–1030.

181. Sonino N, Fallo F, Fava GA. Psychosomatic aspects of Cushing’s
syndrome. Rev Endocr Metab Disord. 2010;11:95–104.

182. Pereira AM, Tiemensma J, Romijn JA. Neuropsychiatric disorders
in Cushing’s syndrome. Neuroendocrinology. 2010;92(suppl 1):
65–70.

183. Heald AH, Ghosh S, Bray S, et al. Long-term negative impact on

2830 Nieman et al Guidelines on Cushing’s Syndrome Treatment J Clin Endocrinol Metab, August 2015, 100(8):2807–2831

Downloaded from https://academic.oup.com/jcem/article-abstract/100/8/2807/2836065
by guest
on 19 December 2017



quality of life in patients with successfully treated Cushing’s dis-
ease. Clin Endocrinol (Oxf). 2004;61:458–465.

184. Tiemensma J, Kaptein AA, Pereira AM, Smit JW, Romijn JA, Bier-
masz NR. Negative illness perceptions are associated with im-
paired quality of life in patients after long-term remission of Cush-
ing’s syndrome. Eur J Endocrinol. 2011;165:527–535.

185. Tiemensma J, Kokshoorn NE, Biermasz NR, et al. Subtle cognitive
impairments in patients with long-term cure of Cushing’s disease.
J Clin Endocrinol Metab. 2010;95:2699–2714.

186. Bourdeau I, Bard C, Noël B, et al. Loss of brain volume in endog-
enous Cushing’s syndrome and its reversibility after correction of
hypercortisolism. J Clin Endocrinol Metab. 2002;87:1949–1954.

187. Starkman MN, Gebarski SS, Berent S, Schteingart DE. Hippocam-
pal formation volume, memory dysfunction, and cortisol levels in
patients with Cushing’s syndrome. Biol Psychiatry. 1992;32:756–
765.

188. Tiemensma J, Biermasz NR, van der Mast RC, et al. Increased
psychopathology and maladaptive personality traits, but normal
cognitive functioning, in patients after long-term cure of acromeg-
aly. J Clin Endocrinol Metab. 2010;95:E392–E402.

189. Forget H, Lacroix A, Somma M, Cohen H. Cognitive decline in
patients with Cushing’s syndrome. J Int Neuropsychol Soc. 2000;
6:20–29.

190. Resmini E, Santos A, Gómez-Anson B, et al. Verbal and visual
memory performance and hippocampal volumes, measured by
3-Tesla magnetic resonance imaging, in patients with Cushing’s
syndrome. J Clin Endocrinol Metab. 2012;97:663–671.

191. Keil MF. Quality of life and other outcomes in children treated for
Cushing syndrome. J Clin Endocrinol Metab. 2013;98:2667–
2678.

192. Ragnarsson O, Berglund P, Eder DN, Johannsson G. Long-term
cognitive impairments and attentional deficits in patients with
Cushing’s disease and cortisol-producing adrenal adenoma in re-
mission. J Clin Endocrinol Metab. 2012;97:E1640–E1648.

193. Valassi E, Santos A, Yaneva M, et al. The European Registry on
Cushing’s syndrome: 2-year experience. Baseline demographic and
clinical characteristics. Eur J Endocrinol. 2011;165:383–392.

194. Wagenmakers MA, Netea-Maier RT, Prins JB, Dekkers T, den
Heijer M, Hermus AR. Impaired quality of life in patients in long-
term remission of Cushing’s syndrome of both adrenal and pitu-
itary origin: a remaining effect of long-standing hypercortisolism?
Eur J Endocrinol. 2012;167:687–695.

195. Thompson SK, Hayman AV, Ludlam WH, Deveney CW, Loriaux
DL, Sheppard BC. Improved quality of life after bilateral laparo-
scopic adrenalectomy for Cushing’s disease: a 10-year experience.
Ann Surg. 2007;245:790–794.

196. Smith PW, Turza KC, Carter CO, Vance ML, Laws ER, Hanks JB.
Bilateral adrenalectomy for refractory Cushing disease: a safe and
definitive therapy. J Am Coll Surg. 2009;208:1059–1064.

197. van Aken MO, Pereira AM, Biermasz NR, et al. Quality of life in
patients after long-term biochemical cure of Cushing’s disease.
J Clin Endocrinol Metab. 2005;90:3279–3286.

198. Pikkarainen L, Sane T, Reunanen A. The survival and well-being
of patients treated for Cushing’s syndrome. J Intern Med. 1999;
245:463–468.

199. Feldt-Rasmussen U, Abs R, Bengtsson BA, et al. Growth hormone
deficiency and replacement in hypopituitary patients previously
treated for acromegaly or Cushing’s disease. Eur J Endocrinol.
2002;146:67–74.

200. Tóth M, Grossman A. Glucocorticoid-induced osteoporosis: les-
sons from Cushing’s syndrome. Clin Endocrinol (Oxf). 2013;79:
1–11.

201. Tauchmanovà L, Pivonello R, Di Somma C, et al. Bone deminer-
alization and vertebral fractures in endogenous cortisol excess: role
of disease etiology and gonadal status. J Clin Endocrinol Metab.
2006;91:1779–1784.

202. Leong GM, Abad V, Charmandari E, et al. Effects of child- and
adolescent-onset endogenous Cushing syndrome on bone mass,
body composition, and growth: a 7-year prospective study into
young adulthood. J Bone Miner Res. 2007;22:110–118.

203. Kristo C, Jemtland R, Ueland T, Godang K, Bollerslev J. Resto-
ration of the coupling process and normalization of bone mass
following successful treatment of endogenous Cushing’s syn-
drome: a prospective, long-term study. Eur J Endocrinol. 2006;
154:109–118.

204. Füto L, Toke J, Patócs A, et al. Skeletal differences in bone mineral
area and content before and after cure of endogenous Cushing’s
syndrome. Osteoporos Int. 2008;19:941–949.

205. Di Somma C, Pivonello R, Loche S, et al. Effect of 2 years of cortisol
normalization on the impaired bone mass and turnover in adoles-
cent and adult patients with Cushing’s disease: a prospective study.
Clin Endocrinol (Oxf). 2003;58:302–308.

206. Vestergaard P, Lindholm J, Jørgensen JO, et al. Increased risk of
osteoporotic fractures in patients with Cushing’s syndrome. Eur J
Endocrinol. 2002;146:51–56.

207. Lekamwasam S, Adachi JD, Agnusdei D, et al. A framework for the
development of guidelines for the management of glucocorticoid-
induced osteoporosis. Osteoporos Int. 2012;23:2257–2276.

208. Drake WM, Perry LA, Hinds CJ, Lowe DG, Reznek RH, Besser
GM. Emergency and prolonged use of intravenous etomidate to
control hypercortisolemia in a patient with Cushing’s syndrome
and peritonitis. J Clin Endocrinol Metab. 1998;83:3542–3544.

209. Castinetti F, Morange I, Jaquet P, Conte-Devolx B, Brue T. Ke-
toconazole revisited: a preoperative or postoperative treatment in
Cushing’s disease. Eur J Endocrinol. 2008;158:91–99.

210. Kamenický P, Droumaguet C, Salenave S, et al. Mitotane, me-
tyrapone, and ketoconazole combination therapy as an alternative
to rescue adrenalectomy for severe ACTH-dependent Cushing’s
syndrome. J Clin Endocrinol Metab. 2011;96:2796–2804.

211. Bertagna X, Bertagna C, Laudat MH, Husson JM, Girard F, Luton
JP. Pituitary-adrenal response to the antiglucocorticoid action of
RU 486 in Cushing’s syndrome. J Clin Endocrinol Metab. 1986;
63:639–643.

212. Bilgin YM, van der Wiel HE, Fischer HR, De Herder WW. Treat-
ment of severe psychosis due to ectopic Cushing’s syndrome.
J Endocrinol Invest. 2007;30:776–779.

213. Petersenn S, Beckers A, Ferone D, et al. Therapy of endocrine
disease: outcomes in patients with Cushing’s disease undergoing
transsphenoidal surgery: systematic review assessing criteria used
to define remission and recurrence. Eur J Endocrinol. 2015;172(6):
R227–R239.

doi: 10.1210/jc.2015-1818 press.endocrine.org/journal/jcem 2831

Downloaded from https://academic.oup.com/jcem/article-abstract/100/8/2807/2836065
by guest
on 19 December 2017


