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Cushing’s Disease is caused by oversecretion of ACTH from a pituitary adenoma and results in subsequent elevations of systemic
cortisol, ultimately contributing to reduced patient survival. The diagnosis of Cushing’s Disease frequently involves a stepwise
approach including clinical, laboratory, neuroimaging, and sometimes interventional radiology techniques, often mandating
multidisciplinary collaboration from numerous specialty practitioners. Pituitary microadenomas that do not appear on designated
pituitary MRI or dynamic contrast protocols may pose a particularly challenging subset of this disease. The treatment of Cushing’s
Disease typically involves transsphenoidal surgical resection of the pituitary adenoma as a first-line option, yet may require the
addition of adjunctive measures such as stereotactic radiosurgery or medical management to achieve normalization of serum
cortisol levels. Vigilant long-term serial endocrine monitoring of patients is imperative in order to detect any recurrence that may
occur, even years following initial remission. In this paper, a stepwise approach to the diagnosis, and variousmanagement strategies
and associated outcomes in patients with Cushing’s Disease are discussed.

1. Introduction

Cushing’s Disease is a life-threatening illness defined by
the chronic excess of serum cortisol in the presence of an
ACTH-secreting pituitary adenoma and accounts for approx-
imately 80% of newly diagnosed cases of Cushing’s syndrome
(excess systemic cortisol from any source). Patients with
ACTH oversecretion from a pituitary adenoma may present
with Cushing’s Disease or Nelson’s syndrome, depending on
the functionality of the adrenal glands. Functional ACTH-
staining adenomas comprise approximately 14% of all sur-
gically resected pituitary adenomas [1–3]. Cushing’s Disease
is typically diagnosed during the third and fourth decades
of life and occurs eight times more commonly in women
than men [4]. The disease may also manifest in children and
adolescents and comprises a larger proportion of all pituitary
adenoma subtypes in pediatric patients as compared to adults
[5, 6]. If left untreated, an ACTH-adenoma often results in
diminished patient survival and worsened quality of life, due
to its severe effects on several physiological systems of the
body [7–10].

2. Clinical Presentation of Cushing’s Disease

The typical clinical symptoms and physical characteristics in
patients with Cushing’s Disease include acne, hirsutism/hair
loss, weight gain, lipodystrophy, moon facies, skin bruising,
abdominal striae, insomnia, and amenorrhea.Medical condi-
tions associated with Cushing’s Disease include diabetes mel-
litus, hypertension, osteoporosis, and arthralgia, among oth-
ers. Furthermore, many psychological disturbances, includ-
ing anxiety, depression, insomnia, psychosis, euphoria, and
short-term memory/cognitive deficits, occur commonly in
patients with Cushing’s Disease.

Nelson’s syndrome occurs in patients with ACTH-
secreting adenomas that have undergone bilateral adrenalec-
tomy and subsequently go on to develop excess serum levels
of CRH and ACTH, typically developing 1–4 years later
[11, 12]. The classical presentation of Nelson’s syndrome
includes characteristic bronzing of the skin (due to proo-
piomelanocortin expression), frequent enlargement of the
residual pituitary adenoma due to loss of negative feedback
inhibition, and elevated serumACTH levels (typically greater
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Figure 1: A stepwise algorithm for the diagnosis of Cushing’s Disease. (Abbreviations: ACTH: adrenocorticotropic hormone, DST:
dexamethasone suppression test, MRI: magnetic resonance imaging, SPGR: spoiled gradient recall, CRH: corticotropin-releasing hormone,
IPSS: inferior petrosal sinus sampling).

than 200 ng/L) [11].Hyperpigmentation commonly occurs on
the extensor surfaces, knuckles, gingivae, scars, and areola.
In modern series, however, hyperpigmentation occurs in
only 42% of patients, likely due to improved surveillance
techniques with laboratory and imaging studies [13]. Because
of improvements in the diagnosis and management of
ACTH-secreting tumors, and more stringent indications for
performing bilateral adrenalectomies, Nelson’s syndrome has
become a relatively uncommon entity [14, 15].

3. Diagnosis of Cushing’s Syndrome
and Disease

Establishing an accurate diagnosis of Cushing’s Disease
relies on a thorough and stepwise sequence of laboratory

and imaging studies (Figure 1) [16]. If clinical suspicion for
Cushing’s Syndrome exists, one of several screening tests for
hypercortisolism should be performed, including a night-
time salivary cortisol test, a 24-hour urinary-free cortisol test,
a 1mg overnight dexamethasone suppression test (DST), or
a longer low-dose DST (0.5mg every 6 hours for 48 hours)
[16]. A second test for hypercortisolemia is preferable to
confirm a diagnosis of Cushing’s syndrome, followed by a
serum ACTH level to differentiate ACTH-dependent from
ACTH-independent hypercortisolemia.

In patients with ACTH-dependent Cushing’s syndrome
(a majority), anMRI of the sella with contrast administration
should be performed next. MRI may be negative in as many
as 40% of cases of Cushing’s Disease, despite the presence of
a pituitary ACTH microadenoma, and additional modalities
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may therefore be required to establish the diagnosis. Among
patients with Cushing’s Disease and a pituitary adenoma
identified on MRI, 85–87% have microadenomas (tumor
diameter<10mm) and the remaining 13–15%havemacroade-
nomas (diameter ≥10mm) [2, 17]. Invasion of surrounding
regions occurs in 13–25% of cases, and is more common in
patients with Nelson’s syndrome [17]. ACTH-adenomas are
typically hypoenhancing on T1 imaging following contrast
administration and may be hyperintense on T2 imaging
as compared to the normal pituitary gland [18]. Dynamic
contrast MRI has been reported to provide a diagnostic
advantage for selected cases of small microadenomas and is
recommended if standard pituitary MR imaging is negative
[19]. Spoiled-gradient recall acquisition with thin-slice imag-
ing has also been reported to substantially improve imaging
resolution and the diagnosis of small microadenomas [20].

IfMR imaging is negative, yet a strong suspicion forCush-
ing’s Disease exists, a high-dose dexamethasone suppression
test and/or inferior petrosal sinus sampling (IPSS) may be
performed. During an IPSS test, serial endovascular venous
blood sampling for measuring ACTH is performed from
the inferior petrosal and cavernous sinuses and peripheral
venous blood following administration of corticotrophin-
releasing hormone (CRH), which allows differentiation of
Cushing’s Disease from ectopic ACTH secretion. IPSS pro-
vides a sensitivity and specificity of 92–100% for the diagnosis
of an ACTHmicroadenoma [21–23] and has been reported to
accurately predict the laterality of the microadenoma in 60–
84% of patients if one side demonstrates a measured ACTH
level 1.4 times higher than the contralateral side [24].

4. Pathology of ACTH Adenomas

Hormonally active ACTH-staining adenomas comprise
approximately 14% of all pituitary tumors resected
via transsphenoidal operations [1–3]. In addition to
demonstrating positive immunoreactivity for ACTH, these
tumors frequently stain for the Periodic Acid-Schiff (PAS)
immunomarker. In addition, ACTH adenomas may be
densely granulated (50%) or sparsely granulated (50%)
[2]: Densely granulated (basophilic) ACTH adenomas are
strongly PAS and CAM5.2 (stains intracellular keratin)
positive. Sparsely granulated (chromophobic) ACTH
adenomas, on the other hand, are weakly PAS positive, have
more frequent cellular pleomorphism, and are typically more
aggressive adenomas. Silent-ACTH adenomas are a separate
entity characterized by aggressive, nonfunctional tumors
with positive ACTH immunoreactivity, and no clinical
evidence of Cushing’s Disease or Nelson’s Syndrome [25].

Crooke’s hyaline change refers to a reactive process in
adenohypophyseal cells in the setting of chronic hypercor-
tisolemia. The presence of Crooke’s hyaline change, without
an adenoma, has been reported in surgical specimens from
1.8% of transsphenoidal operations and in some cases may
be associated with intraoperative loss of a microadenoma
specimen [2]. Crooke’s cell adenoma refers to a pituitary
adenoma arising from reactive adenohypophyseal cells with
Crooke’s hyaline change and has been reported to account for
less than 1% of pituitary adenomas [2].

5. Clinical Management of Cushing’s Disease

Because ACTH adenomas are typically microadenomas that
do not cause a substantial degree of mass effect on surround-
ing structures, the primary goal in treating a majority of
patients with Cushing’s Disease is establishing endocrino-
logical remission, as defined by normalization (or preferably
subnormal levels) of serum and urine cortisol (Figure 2).
Surgery remains the primary option for most patients with
a new diagnosis of Cushing’s Disease [26]. Following the
attempted surgical management of Cushing’s Disease, mul-
timodal therapy may be indicated for patients with persistent
hypercortisolemia that do not achieve hormonal remission
[26–28]. Adjunctive treatments following surgical manage-
ment may include medical therapy, radiosurgery or other
radiation-based treatments, and/or bilateral adrenalectomy.
Despite improvements in overall survival and quality of
life following multimodality treatment and achievement of
hormonal remission, many patients with treated Cushing’s
Disease continue to have persistently diminished quality of
life, as compared to normal age- and sex-matched controls
[10, 29, 30].

6. Surgical Management of Cushing’s Disease

Because medical management in patients with Cushing’s
Disease remains limited and carries a significant risk of
systemic toxicity, surgical resection provides the best overall
outcomes available to patients at this time. The transsphe-
noidal operation for patients with ACTH adenomas is the
gold standard procedure, with excellent outcomes and low
surgical risks reported in a majority of patients, especially
those with microadenomas [31]. Postoperative remission
following surgical resection of ACTH-adenomas is generally
achieved between 70 and 90% of patients and depends on
tumor size and degree of invasion into surrounding regions
[3, 15, 27, 31–33]. In recent years, endoscopic techniques have
provided improved intraoperative visualization, which is
especially beneficial in cases for small microadenomas and in
MRI-negative Cushing’s Disease, where microdissection and
preservation of the normal pituitary gland are of paramount
importance. Extracapsular resection of pituitary microade-
nomas should be attempted if a pseudocapsule exists and the
tumor can be dissected from the normal gland in an en bloc
fashion [34]. During surgery, a wide exposure of the entire
sella and pituitary gland is routinely performed, even in cases
of lateralized microadenomas, in order to survey the entire
gland. Following tumor resection, the remainder of the gland
is inspected thoroughly for evidence of additional tumors,
as multiple ACTH adenomas have been reported in patients
with Cushing’s Disease [35].

7. Postoperative Surveillance in Patients with
Cushing’s Disease

During the first several days following surgical resection of
an ACTH adenoma, frequent (i.e., every 6 hours) cortisol
levels are measured until a nadir cortisol level is reached
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Figure 2: A stepwise algorithm for the multimodality treatment options available in Cushing’s Disease. (Abbreviations: XRT: radiation
therapy, CD: Cushing’s Disease).

(optimally less than 2𝜇𝜇g/dL) [36]. Replacement therapy (i.e.,
hydrocortisone) may be initiated at this time, especially if
the patient develops clinical symptoms suggestive of cortisol
withdrawal, such as headache, nausea/vomiting, and fatigue
[26]. In symptomatic patients with nausea and vomiting,
parenteral (intravenous) hydrocortisone replacement may be
transiently required if oral medications are not tolerated.

The gold standard tests for assessment of endocrinolog-
ical remission are a delayed morning fasting serum cortisol
test and a 24-hour UFC test. In Nelson’s syndrome, a
normalized ACTH level defines endocrinological remission
[13]. Rates of remission following transsphenoidal surgery
for ACTH-producing tumors have been reported in 70–90%
of patients with noninvasive microadenomas, and approx-
imately 25–50% in patients with invasive macroadenomas
[3, 15, 31, 37]. In patients with Cushing’s Disease who do
not reach subnormal levels following surgery, immediate
reoperation and gland reexploration should be considered,

especially if histopathology is negative for tumor. In patients
without early remission, early reoperation within 60 days,
usually for hemihypophysectomy or total hypophysectomy,
has resulted in remission in 38–67% of patients [15, 38]. It
should also be noted that delayed endocrinological remission,
with a mean time to remission of 38 days, has been reported
in 5.6% of patients following surgery, yet has also been
associated with higher recurrence rates [39]. In patients
achieving initial remission, recurrence has been reported
to occur in approximately 17–25%, with a median time to
recurrence of 3–5 years [1]. Some tumors may recur over a
decade following initial remission, however, warranting long-
term serial endocrine monitoring [1, 15].

8. Medical Management of Cushing’s Disease

Medical therapy for Cushing’s Disease remains limited,
with the most effective intervention for this condition
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being surgery, as described above. Adrenal steroid synthesis
inhibitors, including ketoconazole, have been successfully
used to reduce serum cortisol levels in up to 70% of patients
[40, 41]. Significant side effects, however, including gastroin-
testinal distress, gynecomastia, decreased libido, and impo-
tence have been associated with this medication and other
inhibitors of adrenal steroid synthesis. In addition, hepato-
toxicity has been reported in up to 12% of patients,mandating
frequent liver function laboratory assessments [40]. Second-
line adrenal enzyme inhibitors, including metyrapone and
mitotane, are also available for refractory Cushing’s Dis-
ease, yet also carry substantial systemic risk profiles. The
dopamine agonist bromocriptine has been attempted for
ACTH-secreting adenomas with limited success rates [41].
Cortisol receptor antagonists, such asmifepristone (RU-486),
are currently being evaluated as potential medical agents
for Cushing’s Disease and may play a first-line role in the
treatment of Cushing’s Disease in the years to come [42].

9. Stereotactic Radiosurgery

External beam radiation has been utilized in the past for
refractory Cushing’s Disease, although it carries a significant
risk profile with regard to visual loss and hypopituitarism and
has been replaced by focused stereotactic radiosurgery in the
majority of centers [43]. Stereotactic fractionated or single-
session radiosurgery is commonly utilized as an adjunctive
treatment for residual disease, with typical marginal isodose
levels of 18–25Gy, depending on the tumor volume and prox-
imity to surrounding structures. This modality is especially
useful for tumors with residual cavernous sinus disease that
is not surgically accessible. Hormonal remission has been
reported in up to 54% following Gamma Knife radiosurgery;
however, remission may take one to two years to achieve
following radiosurgical treatment [31, 44, 45].

10. Bilateral Adrenalectomy

Bilateral adrenalectomy remains a viable option for patients
with refractory or progressive Cushing’s Disease and is
typically used as a last resort option for patients with refrac-
tory disease following surgical, medical, and radiosurgical
options. Remission fromCushing’s Disease has been reported
in 80–100% of patients following bilateral adrenalectomy
[46]. Furthermore, improved quality of life has been reported
in up to 89% of patients following bilateral adrenalectomy for
Cushing’s Disease, with undetectable cortisol levelsmeasured
in almost 80% of patients [46]. Nelson’s syndrome has been
reported to develop in approximately 8–30% of patients and
can be associated with aggressive, invasive lesions, requiring
serial imaging and laboratory monitoring of ACTH levels
[12, 13].

11. Conclusions

Cushing’s Disease is a life-threatening disorder caused by
ACTHhypersecretion fromapituitary adenoma.An accurate
and thorough stepwise diagnostic workup is essential for

all patients prior to recommending surgical intervention.
Transsphenoidal surgery remains the most reliable option
for achieving hormonal remission, especially in patients
harboring ACTH microadenomas. MRI-negative microade-
nomas may present a challenging situation and often require
additional diagnostic testing such as IPSS, and intraoperative
techniques including endoscopy and thorough gland explo-
ration. Adjunctive interdisciplinary management is often
required to achieve hormonal remission inmany patients and
frequently consists of medical and/or radiosurgical treatment
in addition to surgery. Vigilant long-term serial endocrine
monitoring of patients is imperative in order to detect any
recurrence that may occur, even years following an initial
remission.
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