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A B S T R A C T

Introduction: Cushing's disease is a state of chronic and excessive cortisol levels caused by a pituitary adenoma
Research question: CD is a complex entity and often entails difficulties in its diagnosis and management. For that
reason, there are still controversial points to that respect. The aim of this consensus paper of the skull base section
of the EANS is to review the main aspects of the disease a neurosurgeon has to know and also to offer updated
recommendations on the controversial aspects of its management.
Material and methods: PUBMED database was used to search the most pertinent articles published on the last 5
years related with the management of CD. A summary of literature evidence was proposed for discussion within
the EANS skull base section and other international experts.
Results: This article represents the consensual opinion of the task force regarding optimal management and sur-
gical strategy in CD
Discussion and conclusion: After discussion in the group several recommendations and suggestions were elaborated.
Patients should be treated by an experienced multidisciplinary team. Accurate clinical, biochemical and radio-
logical diagnosis is mandatory. The goal of treatment is the complete adenoma resection to achieve permanent
remission. If this is not possible, the treatment aims to achieving eucortisolism. Radiation therapy is recom-
mended to patients with CD when surgical options have been exhausted. All patients in remission should be tested
all life-long.
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Cushing's Disease (CD) is a complex pathology that requires multi-
disciplinary approach. For this reason, neurosurgeons should have a
global knowledge of the pathology as a whole and the role of surgery in
particular. The article tries one hand to summarize all the basic infor-
mation a neurosurgeon may need about for the correct diagnosis of CD
(clinical, biochemical, radiological…), the remission criteria, the prog-
nosis and the alternative treatments in case of surgical failure. On the
other hand, due to the existence of some points of controversy at this
respect (difficulties in the diagnosis of CD microadenomas, indications
for Inferior Petrosal Sinus Sampling (IPSS), surgical technique…) upda-
ted recommendations based on the literature and experts’ opinion are
also displayed in the article.

1. Introduction

1.1. Definition

Cushing syndrome (CS) is a serious disease caused by the chronic
excessive levels of cortisol. CS caused by a pituitary adenoma secreting
ACTH is known as Cushing disease (CD), whilst less frequently CS can be
due to over-production of cortisol by adenomas or carcinomas of the
adrenal gland (ACTH-independent CS) or by ectopic secretion of ACTH.
1.2. Epidemiology

CD has an approximate prevalence of 40 cases per million people and
an incidence between 1 and 2.5 newly diagnosed cases per million people
per year. The average age at diagnosis for adults is in their forties and
females are more frequently affected than males (4:1) (Lonser et al.,
2017; Valassi et al., 2011).
Table 1
Signs and symptoms of hypercortisolism.

Signs and symptoms of hypercortisolism

Metabolic, cardiovascular Bone, musculoskeletal
- Progressive centripetal obesity, typical fat
accumulation (cheeks, dorsocervical area,
supraclavicular fossae, retroorbital)a

- Proximal muscle wasting
and weakness

- Glucose intolerance, diabetes - Bone loss and fractures
- Sleep apnea Neuropsychologic and

cognition
- Hypertension - Depression, anxiety,

irritability
- Dyslipidemia - Insomnia
- Thromboembolic events - Learning, cognition and

memory impairement
Dermatologic - Mania, panic attacks
- Easy bruisability Reproductive
- Wide red-purple striae - Menstrual irregularities
- Skin atrophy - Androgens excess (hirsutism,

oily skin, acne …)c

- Hyperpigmentationb Impaired immune function
- Cutaneous fungal infections - Increase of infections
- Acanthosis nigricans

a Progressive obesity: the most common feature of patients with CS.
b Hyperpigmentation: induced by increased ACTH secretion (most often in

ectopic ACTH syndrome, less often in Cushing disease).
c Induced by adrenal androgens excess in women (most common in adrenal

carcinomas, usually mild in ACTH-dependent CS, not in adrenal adenomas).
1.3. Prognosis

Hypercortisolism is associated with high mortality and morbidity,
and poor quality of life (QOL). Untreated CD has an estimated stan-
dardized mortality ratio (SMR) (ratio of observed CD-related deaths to
expected deaths in the general population) of up to 5.5. Successful
complete resection of the ACTH-secreting pituitary adenoma produces
immediate biochemical remission. Nevertheless, the physical symptoms
and signs resolve gradually over a period ranging from 2 to 12 months
approximately, with a long-term substantial reduction of morbidity and
potential death (SMR 1.2) (Clayton et al., 2016).

2. Material and methods

The aim of this paper is to provide an overview of current modalities
of the management of Cushing disease and an insight into the main
controversies about its diagnosis and treatment.

The MedLine database was used to search the most pertinent articles
published on the last 5 years related with the diagnosis and management
of CD, with a special focus on surgical treatment. Research questions
were formulated concerning practical management and decision making.
The search was conducted using the terms “Cushing Disease” combined
with “adenoma”, “radiology,” “biochemistry,” “endocrinology”, “sur-
gery”, “endoscopy,” “microscopy,” “resection,” “radiation,” “recur-
rence,” “survival,” and “outcome”. Our search was limited to studies
conducted in adults in English language. Three authors (SE, AC and IZ)
independently reviewed the abstracts, full-text articles and citations to
select pertinent studies. A summary of literature evidence was proposed
for discussion within the EANS skull base section and other international
experts. If unanimous responses were recorded, we used the terms: “we
recommend”, whereas if divergent opinions were obtained we used the
terms: “we suggest” only after a consensus was reached among the group
of experts. The literature supporting each assumption was detailed.
2

3. Diagnosis

Early diagnosis is a key step to decrease the morbidity and mortality.
Because the diagnostic evaluation may be complex, multidisciplinary
team including Endocrinologists, Neurosurgeons, Radiologists and Pa-
thologists it is utmost importance. Patients should preferentially be
referred to an experienced center for diagnosis and treatment (Casanueva
et al., 2017).

Recommendation 1: We recommend CD patients to be diagnosed and
treated by an experienced multidisciplinary team at high-volume pitui-
tary centers.
3.1. Clinical diagnosis

Patients with endogenous hypercortisolism might develop multiple
signs and symptoms that may not be synchronous and can increase in
severity over time (Table 1). None of the symptoms or signs are patho-
gnomonic, but some of them are more suggestive of hypercortisolism
such us proximal muscle weakness, facial plethora, purplish striae, easy
bruising and typical fat redistribution. Other symptoms, such as obesity,
hypertension and glucose intolerance, are common in the general pop-
ulation (Lonser et al., 2017; Nieman et al., 2008).

It's important to take into account these two entities in the diagnosis
of CD:

- Pseudo-Cushing syndrome: hypercortisolism caused by other non-
neoplastic pathologies such us psychiatric disorders, alcohol abuse,
polycystic ovary syndrome and obesity, that can present clinical
features of CS (Fleseriu et al., 2021).

- Cyclic Cushing syndrome: CS where cortisol levels alternate between
periods of hypercortisolism and spontaneous remission. The length of
each period is variable, ranging from a few days to several months,
sometimes with long disease-free intervals (Ironside et al., 2018a).
The pathophysiology is not clear, although studies of isolated cases
have suggested dopaminergic, serotoninergic and other hypothalamic
influences (Estrada et al., 2001).

The fluctuations of cortisol levels make the diagnosis and differential
diagnosis of CS extremely challenging, delaying a definitive treatment.
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Salivary cortisol is especially useful for patients suspected of having
intermittent CS, as they can collect the samples at home, as soon as first
symptoms of hypercortisolism appear. Tests for the differential diagnosis
should be performed only after a period of active cortisol secretion to
ensure that the normal corticotropes are suppressed.
3.2. Biochemical diagnosis

The biochemical diagnosis of CD can be complex and should be
performed by an endocrinologist. It requires several steps (Fig. 1):

1. Diagnosis of hypercortisolism
2. Diagnosis of ACTH-dependent hypercortisolism
3. Diagnosis of pituitary ACTH-dependent hypercortisolism

Once exogenous glucocorticoid intake is excluded, three screening
tests are recommended to confirm the presence of hypercortisolism. As
none of these tests have 100% accuracy, the choice of tests should be
individualized for each patient. The diagnosis of CD is established when
Fig. 1. Diagnosti
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at least two of the following different screening tests are unequivocally
abnormal (Nieman et al., 2008):

→ Late night (bedtime) salivary cortisol: the physiological sleeping low
level in cortisol secretion is not preserved in patients with CD. At least
two samples should be collected just before bedtime. The cutoff de-
pends on the assay-specific reference range.

→ 24-h urine free cortisol (UFC): values of UFC more than three times
the upper limit of normal in at least two different measurements are
needed to consider this test abnormal. The cutoff depends on the
assay-specific reference range.

→ Low-dose dexamethasone suppression (1 mg overnight or 2 mg over
48 hours): consists of administration of 1 mg of dexamethasone at
midnight and measurement of serum cortisol at 8 a.m. the next
morning. Normal cortisol suppression is established at <1.8 mcg/dL.

After hypercortisolism is diagnosed, the next step is to determine
whether the hypercortisolism is ACTH-dependent (pituitary adenoma or
ectopic tumor) or ACTH-independent (adrenal cause) by measuring
c algorithm.
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plasma ACTH. A decreased plasma ACTH concentration (<10 pg/mL)
suggests an adrenal origin and ACTH values above 20 pg/mL are
consistent with an ACTH-dependent cause. Intermediate ACTH values
are less definitive, but usually indicate that cortisol secretion is ACTH-
dependent.

In cases of a diagnosed ACTH- dependent CS without definitive
radiological findings on MRI (see below), the discrimination between an
ectopic secretion and an ACTH secreting microadenoma is difficult.
Several non-invasive tests are used to distinguish between pituitary or
ectopic origin, however there is a significant overlap in responses of pi-
tuitary and ectopic tumors to these tests (Lonser et al., 2017). An
extremely elevated urinary free cortisol (UFC) and plasma ACTH con-
centrations, hypokalemia and rapid onset of hypercortisolism are
biochemical indicators in favor of ectopic ACTH secretion (Young et al.,
2020). The most commonly used non-invasive tests to distinguish be-
tween pituitary or ectopic origin are:

→ High-dose dexamethasone suppression, where 8 mg of dexametha-
sone are given orally at midnight and a serum cortisol is measured at
8 a.m. on the day of dexamethasone and/or the next day. Many serum
cortisol criteria have been proposed for the diagnosis of CD, including
suppression <5 mcg/dL, or a 50% or more decrease in cortisol
secretion (Lacroix et al., 2015).

→ Corticotropin-releasing hormone (CRH) stimulation: Pituitary ade-
nomas should have receptors for CRH and respond to CRH stimula-
tion, while ectopic ACTH-secreting tumors are derived from
nonpituitary tissues, and generally do not respond to CRH. A positive
response to CRH stimulation is set arbitrarily at a 50% or more in-
crease in ACTH and 20% or more increase in cortisol (Lonser et al.,
2017).

3.3. Radiological diagnosis

3.3.1. Magnetic resonance imaging (MRI)
Most corticotropic adenomas (85%–90%) are microadenomas

(<10mm in diameter) with a mean diameter of 6 mm at the time of
diagnosis. Only 10–15% are macroadenomas (�10mm in diameter). Up
to 40% of microadenomas are not detectable by imaging, making tumor
localization difficult and hindering tumor excision and biochemical
remission (Lonser et al., 2017). In particular, picoadenomas, adenomas of
less than 3mm, are less likely to be clearly identified by MRI. Tumor size
does not necessarily correlate with hormonal activity and patients with
large macroadenomas can present mild hypercortisolism (Fleseriu et al.,
2021).

Most authors have found a correlation between visualization of an
adenoma on preoperative MRI and a better clinical outcome (Prevedello
et al., 2008). The presence of a visible adenoma onMRI provides valuable
information for the selection of the pituitary site where exploration of the
gland at surgery must begin. Care should be taken to evaluate the rela-
tionship of the adenoma with the medial wall of the cavernous sinus.

Coronal projections of high-resolution conventional MRI (CMRI) at
1.5 T with gadolinium (Gd) enhancement reveal microadenomas in
approximately half of the patients. New MRI sequences have been
developed to provide a higher sensitivity in visualizing a microadenoma
(Bashari et al., 2019):

→ Dynamic contrast-enhanced MRI (DMRI) has a sensitivity of 70–75%.
→ High-resolution (1- to 1.5-mm slice thickness) Spoiled-gradient echo

3D T1 sequence (SGE) - also known as SPGR (spoiled gra-
dient–recalled acquisition) and as VIBE (volumetric interpolated
breath-hold examination) - enhances detection of microadenomas by
15–30% compared with conventional MRI imaging and reaches a
sensitivity of 70–90% (Grober et al., 2018).

This increase in sensitivity is associated with a loss of specificity and a
high detection rate of incidental pituitary lesions. Up to 10% of healthy
4

adults have pituitary lesions <6 mm that are visible on an MRI (Hall
et al., 1994). According to this data, there is a similar percentage of
abnormal pituitary MRI scans in patients with ectopic ACTH syndrome
(Ilias et al., 2005) and also a similar rate of false localization by MRI in
patients with surgically proven CD (Wind et al., 2013).

For patients with suspected microadenomas but with equivocal or
‘negative’ 1.5T images, a 3T study should be considered, as it has a
sensitivity of up to 72% (54/75) of microadenomas in one large series
(Fukuhara et al., 2019). There are few data regarding the utility of 7T
MRI; one study of eight patients showed that the sensitivity varied up to
100% depending on the pulse sequence used, so that this should be
considered in addition to magnet strength (Patel et al., 2020).

Differentiating between ectopic and pituitary ACTH source is
extremely challenging and localization of the tumor can be very difficult,
especially when the adenoma is not visible by imaging. Ectopic ACTH
tumors have a variety of locations, histological types and prognoses. Most
are neuroendocrine tumors (NETs), but other tumor types are rarely
associated with ACTH secretion. The most prevalent are pulmonary,
pancreatic and thymic NETs, small cell lung carcinomas, medullary car-
cinomas of the thyroid, and pheochromocytomas. Occult tumors are
highly represented in all the series and constitute the most challenging
cases (Lacroix et al., 2015). Based on the high probability of locating a
lesion in the chest cavity, when biochemical data suggest an ectopic
source of ACTH, imaging studies looking for an ectopic ACTH-secreting
tumor should be performed, using 1mm thin-slice thoracic CT-scan as
the first option. A negative CRH and desmopressin stimulation test plus a
positive CT scan had a negative predictive value 100% for CD (Young
et al., 2020; Ikeda et al., 2010; Boyle et al., 2019). 68 Ga-DOTATE also
proved useful in combination with TC/PET for the detection of
ACTH-secreting ectopic tumors (Asa et al., 2017).

Recommendation 2: MRI should be performed preoperatively to try to
locate the pituitary tumor. 3D T1 sequences with gadolinium and new
MRI sequences such us DMRI or SGE/VIBE should be part of the standard
MRI protocol for patients with Cushing's disease. In case of non-
conclusive 1.5T scans, a 3T MRI is recommended.
3.4. Discrepancies between biochemical and radiological findings

3.4.1. Bilateral Inferior Petrosal Sinus Sampling (BIPPS)
BIPSS is the most accurate biochemical test for discriminating CD

from ectopic ACTH syndrome. It has a sensitivity and specificity of ca
95% at institutions with experienced radiologists (Lonser et al., 2017).
Nevertheless, it is an invasive and expensive test and should only per-
formed when other non-invasive tests result inconclusive.

It is very important to ensure that the patient is under hypercortisolic
conditions at the time of the test. In case the patient is being medically
treated to reduce the cortisol levels, medication should be ceased on time
before the test is performed. Catheters are usually inserted via the
femoral veins into both inferior petrosal sinuses, preferably in its vertical
portion to avoid venous contamination coming from the jugular vein.
ACTH levels are measured from samples obtained from each petrosal
sinus and a peripheral vein. CRH (or desmopressin) stimulation is
required to enhance central-to-peripheral gradients. ACTH is measured
in all sites before and at multiple timepoints up to 15 minutes after
administration of CRH. A central-to-peripheral plasma ACTH gradient of
�2.0 before CRH administration, or �3.0 after CRH, is considered
indicative of pituitary source of ACTH secretion.

3.4.1.1. False negatives. The main causes of absent ACTH gradient in
patients with a pituitary ACTH-secreting adenoma are anatomical vari-
ants in the petrosal venous system, mispositioning of catheter, and/or a
cyclical/periodic corticotrope secretory pattern (Pecori Giraldi et al.,
2015). The presence of high basal serum cortisol on the day should be
confirmed prior to the BIPSS (Albani et al., 2019; Perlman et al., 2021).
Prolactin-adjusted ACTH gradients are also helpful to improve the
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accuracy of the test.

3.4.1.2. False positives. A small portion of patients bearing an extra-
pituitary ACTH-secreting tumor can present a central-to-peripheral
ACTH gradient. This could be explained by incomplete suppression of
pituitary ACTH secretion, tumors secreting both ACTH and CRH or tu-
mors next to the pituitary (Pecori Giraldi et al., 2015).

3.4.1.3. Tumor localization. Although BIPSS is excellent for the differ-
ential diagnosis of CD, it is less reliable in terms of capability of localizing
an adenoma, secondary to the anatomical/functional variations in the
caliber/flow of the IPSs. Highest accuracy (70%–80%) is obtained when
catheters are precisely located in the vertical portion of the IPS just at the
exit of the pituitary in types I and II, because bilateral vein anastomosis
below this point decreases specificity. A gradient �1.4 between the
ACTH concentrations in the two sinuses predicted the side of the tumor in
two-thirds of patients (Pecori Giraldi et al., 2015; Nieman and Ilias, 2005;
Sharma et al., 2011).

3.4.1.4. Complications. The incidence of serious complications, such as a
cerebrovascular accident, when performed by an experienced radiologist
is extremely low. Transient cranial nerve palsy, hemiparesis, pulmonary
embolism, deep venous thrombosis and inguinal hematomas have been
reported with variable frequencies.

3.4.1.5. Indications. BIPSS is used to confirm a pituitary origin of ACTH
secretion in patients with ACTH-dependent CS, who reported inconclu-
sive MRI images (usually in lesions less than 6mm).

Recommendation 3: BIPPS is recommended to confirm the diagnosis
of CD in patients with ACTH-dependent hypercortisolism and inconclu-
sive pituitary MRI.

3.4.2. Positron emission tomography (PET)
To date, functional imaging had limited use in the diagnostic protocol

of pituitary adenomas, although several groups have explored various
modalities including 11C-methionine (11C-Met)-PET. C-methionine up-
take by corticotrophin adenomas is typically lower as compared to other
adenomas. Success rates for localizing corticotrope tumors are ~70%
(Koulouri et al., 2015).

An important limitation of (11C-Met)-PET is the lack of anatomical
detail provided by CT as compared to MRI. For these reasons co-
registration of 11C-methionine PET–CT with spoiled gradient recalled
(SPGR) acquisition 3T MRI (Met-PET/MRI) has been reported to offer
greater accuracy (Koulouri et al., 2015; Ikeda et al., 2010) pending to be
confirmed with more recent studies.

FDG-PET after CRH pre-treatment may offer improved detection of
CD compared toMRI, but has been tested in relatively few patients (Boyle
et al., 2019).
3.5. Pathological diagnosis

ACTH secreting tumors were originally described as basophilic ade-
nomas. They account for around 15% of all pituitary adenomas. Immu-
nohistochemistry of CD adenomas shows diffuse ACTH-positive tumor
cells with loss of the typical pituitary architecture on reticulin immu-
nohistochemistry. ACTH-positive staining of the normal pituitary gland
corticotrope cells can occasionally lead to an incorrect diagnosis of cor-
ticotrope hyperplasia or adenoma (Lonser et al., 2017).

The new terminology “Pituitary neuroendocrine tumors” (PitNet) was
proposed in 2017 to replace the classical term of “pituitary adenomas”
(Asa et al., 2017). The last 2021 WHO classification divides pituitary
adenomas by their adenohypophyseal cell lineage according to combined
immunohistochemical expression of pituitary hormones and transcrip-
tion factors and also includes the term Pituitary neuroendocrine tumor
(PitNET). Corticotrophin adenoma is defined as an adenoma that
5

expresses ACTH and other proopiomelanocortin-derived peptides and
arises from adenohypophyseal cells of Tpit lineage.

Histologically, corticotrophin adenomas are classified into three
subtypes, namely densely granulated corticotropic adenomas (DGCA),
sparsely granulated corticotropic adenomas (SGCA), and Crooke cell
adenomas. DGCA is the most common histological subtype and tends to
present frequently as a microadenoma. Non-functional corticotropic tu-
mors are termed as silent corticotropic adenomas. Both silent cortico-
tropic adenomas and Crooke cell adenomas have been linked to more
clinically aggressive tumor behavior (Asa et al., 2017).

4. Treatment

4.1. Treatment goals and remission criteria

4.1.1. Treatment goals
The goal is to eliminate its primary cause (ACTH-secreting pituitary

adenoma) and achieve remission. The normalization of cortisol levels
leads to the recover symptoms and comorbidities and thus to an
improvement of the QOL and SMR. Suppression of the hypothalamic-
pituitary axis usually resolves within 6–18 months in most of the
patients.

In those cases where cure cannot be achieved, the treatment goal
focuses on control of cortisol levels as persistent hypercortisolism is
associated with higher mortality and morbidity.

While hypercortisolism is corrected, secondary comorbidities, such as
hypertension, diabetes, and osteoporosis should be adequately moni-
tored and treated. Prophylaxis for venous thromboembolism and
appropriate age-vaccination should also be addressed.

Recommendation 4: The goal of treatment is the complete adenoma
resection to achieve permanent remission. If this is not possible, the
treatment aims to achieving eucortisolism while containing secondary
side effects.

4.1.2. Remission criteria
There is no consensus in regard to the criteria of CD remission after

surgery.
It is advisable to consider patients defined as “cured” in remission: a

strict follow-up is recommended as 10–20% of cases may relapse in the
long term.

Successful pituitary adenoma resection usually leads to corticosteroid
deficiency because normal corticotroph cells have been suppressed by
longstanding hypercortisolism; therefore, very low or undetectable early
postoperative cortisol levels have been pointed out as prognostic factor
for surgical success (Fleseriu et al., 2021; Stroud et al., 2020)

Perioperative glucocorticoid replacement strategies also vary among
centers and mostly depend on the clinical condition and biochemical
evidences at postoperative period. It has been shown that postoperative
steroid deprivation up to 72 hours is safe and allows for early adjudica-
tion of remission (Asuzu et al., 2017).

Several tests can be used to assess for remission in CD:

- Serum cortisol level: Remission is generally defined as morning serum
cortisol values < 2–5μg/dL during the first postoperative week
(Nieman and Ilias, 2005; Stroud et al., 2020).
Serum cortisol should be measured first in the morning at 8 am at
least 24 hours after the last dose of glucocorticoid. An undetectable
serum cortisol concentration is said to be a predictor of long-lasting
remission (Stroud et al., 2020; Mehta and Lonser, 2017).

- Rate of cortisol drop: Not only the levels of postoperative cortisol, but
also the rate of cortisol drop after surgery predicts outcome. Hypo-
cortisolemia �2 μg/dL prior than 21 hours after surgery accurately
predicts a durable remission in the intermediate term (Ironside et al.,
2018a).

- 24-h Urinary Free Cortisol (UFC) values below 20 mcg/24 h (55
nmol/24 h) suggest remission (Nieman et al., 2008).
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- Salivary cortisol: measurement of salivary cortisol at midnight is
likely to be abnormal with persistent disease. Lack of cortisol sup-
pression by the overnight 1 mg dexamethasone suppression test may
support the suspicion of a persistent disease.

- Normalization of adrenocortical function: Patients with complete
normalization of adrenocortical functions at immediate postoperative
period had much lower recurrence rates (3.4%) than those with
hypocortisolism (50–65%) (Estrada et al., 2001).

4.2. Surgical treatment

Surgery is first line treatment being the transsphenoidal selective
adenomectomy the treatment of choice for CD. Patients who achieved
remission of CD after surgery have shown better results in terms of SMR
(0.95) as compared to patients being in remission after other treatment
modalities (SMR 2.53) (Clayton et al., 2016). Complete selective ade-
nomectomy can provide an immediate cure with minimum side-effects
and preservation of normal pituitary functions: recent surgical series
showed remission rates between 80% and 90% for microadenomas and
lower than 65% for macroadenomas, with recurrence rates of 10–35%
(Lonser et al., 2017; Stroud et al., 2020; Guaraldi et al., 2020; Cebula
et al., 2017). It should be highlighted however that these rate variations
are affected by the cure criteria used and the time of follow-up.

4.2.1. Microscopic vs endoscopic surgery
Transsphenoidal adenomectomy is the most common surgical

approach. A transcranial approach is only rarely run (Buchfelder and
Schlaffer, 2010).

Several cohort studies have compared the microscopic and endo-
scopic surgical techniques at the same center, showing no clear differ-
ences (Alahmadi et al., 2013; Atkinson et al., 2008; Cheng et al., 2011;
Broersen et al., 2019; Wang et al., 2019). A Japanese multicentric
retrospective study found that endoscopic surgery granted a significant
reduction of hospital stay and costs in multivariable analysis (Hattori
et al., 2020). One larger study found no significative differences over
time (Qiao, 2018) whilst another showed similar results for micro-
adenomas, but better results of the endoscopic approach in macro-
adenomas with higher remission rates (76.3 vs. 59.9%) and lower
recurrence rates (1.5 vs. 17.0%) (Broersen et al., 2018a). These results
are probably related to the visualization provided by the endoscope,
especially in those cases extending laterally into the cavernous sinus.

Recommendation 5: Selective surgical transsphenoidal adenomec-
tomy is the treatment of choice in CD. Both the endoscopic and micro-
scopic techniques have proved to be effective in the surgical management
of CD. Nevertheless, the endoscopic technique present advantages in
some selected cases.

According to preoperative MRI findings two subsets of patients could
be distinguished and though different surgical attitudes can be identified
us:

→ Visible adenoma: surgery is targeted to the area of the lesion
→ Non visible or non-conclusive MRI images: careful exploration of the

anterior, inferior and lateral aspects of the pituitary gland is recom-
mended, taking great care at the level of anterior and posterior hy-
pophysis junction and areas adjacent to the medial wall of the
cavernous sinus. Whether no tumor is found, vertical incisions at the
pituitary gland tissue, starting at the side where the higher ACTH
gradient on BIPSS was detected, are run to explore eventual patho-
logical tissue. In case of adenoma successfully detected (upon intra-
operative pathology confirmation) and removed, more than 90% of
patients report biochemical remission (Lonser et al., 2017). If an
adenoma is not discovered after complete exploration of the gland, a
partial/subtotal hypophysectomy could be performed. A two thirds
(2/3) removal of the anterior pituitary gland (ventromedial and
lateral parts with preservation of the superior third attached to the
stalk) is preferable than complete hypophysectomy: similar rates of
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biochemical remission (60%–80%) with only 15% of hypopituita-
rism, are reported (Lonser et al., 2017; Carr et al., 2018).

Recommendation 6: Once other causes of hypercortisolemia have
been ruled out and a pituitary origin has been established, pituitary
surgical exploration starting at the side where the higher ACTH gradient
on BIPSS was obtained is suggested, even if a tumor is not visualized.

In cases where the adenoma cannot be identified intraoperatively, a
subtotal hypophysectomy is favored rather than a complete
hypophysectomy.

4.2.2. Prognostic factors
There are many factors that influence surgical results:

1. Preoperative visualization on MRI: Surgical remission rates for CD are
in the range of 80–90%when a tumor is detected onMRI but decrease
to 50–70% when MRI fails to detect a lesion (Stroud et al., 2020;
Yamada et al., 2012).

2. Adenoma size: Most adenomas are microadenomas and non-invasive.
Macroadenomas are more often associated with dural and cavernous
sinus invasion which could preclude complete resection and is asso-
ciated with lower cure rates (Lonser et al., 2017). Remission rates in
microadenoma surgery are significantly higher than in macro-
adenoma surgery (83% vs 63%) (Stroud et al., 2020; Shin et al.,
2017).

3. Anatomical factors:
a. A group of authors have described the presence of a tumoral

pseudocapsule when adenomas reach a diameter of approximately
3 mm. This psedocapsule is considered to be a rim of compressed
gland tissue adjacent to the edge of the adenoma. The dissection of
the adenoma following the plane of this pseudocapsule (pseudo-
capsular dissection) was described by Oldfield and Vortmeyer
(2006) who found it to improve cure rates (Jagannathan et al.,
2009). According to this group, it facilitates complete resection
while preserving the rest of the healthy gland (Monteith et al.,
2012). Nevertheless, most authors in this paper underline the
importance of ensuring a complete resection whenever possible,
even supramarginal in case of intraoperative suspicion of infiltra-
tion of adjacent tissue.

b. Dural and cavernous sinus invasion. Remission rates after surgery
in adenomas invading the cavernous sinuses are reported to be
significantly lower (30% vs 80%) (Stroud et al., 2020). This feature
is usually not well detected on MRI imaging (Lonser et al., 2012)
but should be suspected when tumors are adjacent to the medial
wall of the cavernous sinus. Most relapses are due to microscopic
dural invasion at the adenoma margin or along the wall of the
cavernous sinus (Lonser et al., 2012; Dickerman and Oldfield,
2002). Resection of dural invasion, including medial cavernous
sinus wall, is essential to achieve surgical cure (Oldfield, 2017) but
should only be performed by very experienced surgeons. Oldfield
first described the steps for the microscopic “en bloc” removal of
adenomas invading the medial wall of the cavernous sinus by
opening first the anterior wall of the cavernous sinus at its inferior
margin (Oldfield, 2017). Later studies described the parasellar
ligaments that anchor the medial wall to the cavernous ICA (Fer-
nandez-Miranda et al., 2018; Cohen-Cohen et al., 2018) and suc-
cessfully reported endoscopic medial wall cavernous sinus
resection.

4. Surgeon's expertise. The lower complications rates and better results
are achieved by surgeons who have experience in pituitary pathology
and works within centers with adequate caseload (Casanueva et al.,
2017; Mortini et al., 2020; Honegger and Grimm, 2018; McLaughlin
et al., 2012).

5. Reintervention

The chance of remission is lower in revision surgery rather than in
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primary surgery (50% vs 80%) (Stroud et al., 2020) and the risk of hy-
popituitarism is higher in reinterventions. (Casanueva et al., 2017).

In summary, the highest probability of cure (more than 95%
biochemical remission) occurs in CD patients with microadenomas that
are large enough to be visible on the MRI, but that do not invade the dura
mater or cavernous sinus wall.

Recommendation 7: In cases of dural or cavernous sinus invasion,
maximal safe resection should be performed. Resection of the medial
cavernous sinus wall, when invaded, can be a valuable adjuntive ma-
neuver to achieve surgical cure, but it should only be attempted exclu-
sively by experienced surgeons, as per the higher risks of injuries its
neurovascular contents.

4.2.3. Complications
The complication rates in CD surgery (10% morbidity and less than

1%mortality) can vary upon the patient and the extent of tumor. There is
a greater risk of loss of pituitary function's worsening, when a more
extensive pituitary exploration is needed. The most common complica-
tions are: hypopituitarism (10%), diabetes insipidus (20%) – transient in
most of the cases (Nemergut et al., 2005), CSF leak, venous thrombosis
(<5%) and infection (Fleseriu et al., 2021; Broersen et al., 2018a). The
administration of subcutaneous heparin is recommended in the periop-
erative period as per the higher incidence of venous thromboembolic
events in CD (Stuijver et al., 2011) and this latter can persists in the first
months despite cortisol normalization (Wagner et al., 2018); although
there is not yet concrete evidence thromboprophylaxis (Fleseriu et al.,
2021) can be extended in selected cases up to 30 days after surgery
(Barbot et al., 2015).

4.2.4. Early surgical failure and indications for repeat surgery
When an invasive adenoma is identified during surgery and/or a

subtotal hypophysectomy has been completed in case of misidentified
lesion, the chances of achieving remission by reoperation are remote and
adjuvant second line therapies should be considered.

Repeat surgery might be indicated under two different circumstances:

→ Early re-intervention in persistent disease within 3–4 weeks
→ Delayed reintervention in cases of recurrent disease

Remission rates of revision surgery are higher in recurrent disease
(64%–80%) than in persistent disease (54%) (Stroud et al., 2020; Braun
et al., 2020). On the other hand, also complication rates (pan-
hypopituitarism, CSF leak) are higher in reinterventions as more
aggressive maneuvers might be needed (Carr et al., 2018; Braun et al.,
2020; Rubinstein et al., 2019).

Current practice guidelines recommend a first postoperative MRI at
�3 months after transsphenoidal surgery; some authors advocate to
perform an early MRI (<48h) in all cases (Alhilali et al., 2020) or no later
than 72h after surgery in cases of lack remission upon intraoperative
evidence of lesion gross-total removal. In these clatter circumstances,
peer review of the tissue samples is mandatory. Success of an early
reintervention varies from 7 to 71% of patients (Benveniste et al., 2005).

The choice of an early reoperation when first surgical attempt fails
and its eventual success can depend on the following (Lonser et al., 2017;
Ram et al., 1994):

→ If MRI reveals a residual resectable adenoma, early surgery (within
three weeks) is advised because the probability of remission is high
(Friedman et al., 1989).

→ If no adenoma is apparent at postoperative MRI and a pathology
report was consistent with ACTH adenoma, a reoperation or further
treatment modalities should be considered depending on patient
condition. In case a reoperation is considered it should be directed to
the site of previous adenoma resection because residual tumor will be
located in the same region or the adjacent dura or cavernous sinus
wall (Dickerman and Oldfield, 2002).
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→ In cases of postoperative MRI without any evidence of residual tumor
and pathology report was inconsistent, a subtotal hypophysectomy or
further treatment modalities should be considered depending on pa-
tient condition.

Recommendation 8: Early reoperation is advised when a biological
remission is not obtained after surgery and a residual resectable adenoma
is visible on postoperative MRI.

In cases of lack of remission and no tumor visible at postoperative
MRI, reoperation or further treatment modalities should be considered
depending on patient condition and individualized circumstances.

4.2.5. Long-term follow-up and delayed recurrence after initial remission
The long-term cure rates are not exactly known because of the various

criteria used to define cure and the short duration of follow-up of too
many patients. Recurrence rates vary between 5% and 35% (Fleseriu
et al., 2021), with almost 50% of the relapses occurring within five years
after surgery (Braun et al., 2020).

Patients should be lifelong under surveillance (Fleseriu et al., 2021)
being tested annually for recurrence, or sooner if clinical symptoms
develop. Increased late-night serum/salivary cortisol is one of the earliest
biochemically detectable signs of recurrence and almost always precedes
the raise of urine cortisol.

Delayed recurrence after initial remission of CD usually entails the
presence of residual tumor at the site or adjacent to the initial adenoma
resection site. Again, re-do surgery should be run upon the most appro-
priate indication.

Recommendation 9: All patients in remission from CD should be
tested all life-long: eventual reintervention and its outcomes should be
carefully measured.

4.3. Second line treatments

Recommendation 10: Adjuvant treatment should be considered in
patients who cannot receive surgery or if case remission is not achieved
(or to be achieved) after successful surgery.

4.3.1. Radiotherapy (RT)
Radiotherapy is mainly used in patients with persistent or recurrent

disease, particularly in aggressive or invasive adenomas. The goals of RT
are the long-term control of both ACTH secretion and tumor growth.
Normalization of cortisol occurs in 50–80% of patients (Mehta et al.,
2017) and tumor growth control in around 90% of patients with all RT
modalities (Jagannathan et al., 2007).

There are two main types of radiation to be used in CD:
Stereotactic radiosurgery (SRS): is the delivery of a single (or a few)

high dose(s) of radiation therapy to the lesion (or the entire sella when
the location of the tumor is misidentified). It is considered the first choice
if the adenoma is at least 3–5mm away from the optic apparatus (Mehta
et al., 2017) with at an optimal dose of 20–23 Gy (Gy) - no more than
8–10 Gy to the optic pathway-. The results of different SRS modalities
seem to be similar in CD with rate of remission of 43–58% (Starke et al.,
2010) and earlier control of cortisol levels as compared to conventional
radiotherapy (Mehta et al., 2017).

In cases of recurrent and persistent CD, a second TSS could be more
challenging due to scar tissue formation and SRS could be an alternative.
An international meta-analysis showed that patients treated with SRS
had a higher remission rate (74%) than TSS (59%), however, these dif-
ferences were not statistically different. Patients with cavernous sinus
invasion, asymmetric extension of the adenoma or negative pre-operative
MRI might be good candidates for SRS (Perez-Vega et al., 2022).

Conventional fractionated radiation: 45–54 Gy administered to the
whole pituitary with 1,8-2 Gy per fraction over 5 weeks (Jagannathan
et al., 2007; Starke et al., 2010).

The maximal benefit of RT occurs at a median of 15–24 months, with
a range of up to 10–12 years (Ironside et al., 2018b). During this time,
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hypercortisolism should be controlled with medical treatment. Thus,
before pituitary RT is given, adequate biochemical control must be
achieved by medical treatment and if medical treatment is not effective, a
different treatment modality than radiotherapy should be considered.
Cabergoline and Ketokonazole in all cases are to be suspended during
radiotherapy due to radioprotective mechanisms (Mehta et al., 2017;
Thakkar et al., 2020).

The major side effect of RT is the eventual loss of pituitary functions,
which occurs in 20% of patients at 5 years, up to 30% at 10 years and
increases afterwards (Lonser et al., 2017; Minniti and Brada, 2007).

4.3.2. Medical treatment
Pharmacological treatment for CD is used after unsuccessful pituitary

surgery, combined or not with RT, in patients who are not surgical
candidates, or to ameliorate metabolic status at preoperative stage.

Medical therapy options include pituitary-acting agents (cabergoline,
pasireotide), steroidogenesis inhibitors (ketoconazole, metyrapone, osi-
lodrostat), and glucocorticoid receptor antagonists (mifepristone). There
are no direct comparative studies between the different medications. The
choice of medical therapy (alone or in combination) by the endocrino-
logical team should be guided by effectiveness, individual patient factors,
and cost. All agents require careful monitoring to ensure that treatment
goals are being met and to detect associated toxicity (Tritos and Biller,
2020). Although medical therapy can lower cortisol levels, data
regarding clinical improvement and quality of life are scarce (Broersen
et al., 2018b). The choice of medical therapy should be guided by
effectiveness above all in terms of QOL.

4.3.3. Bilateral adrenalectomy
It produces biochemical remission in more than 95% of cases of CD

(Lonser et al., 2017; Ferriere and Tabarin, 2020) and clinical improve-
ment in more than 80% of patients (Oβwald et al., 2014). Although
bilateral adrenalectomy has been used as an emergency option in severe
uncontrolled hypercortisolism or as a last option when other treatments
have failed (Wong et al., 2015), it requires life-long glucocorticoid and
mineralocorticoid replacement therapy and is burdened by a median rate
of 21% of Nelson's syndrome (Oβwald et al., 2014).

Recommendation 11: Second line treatments should be tailored in
each case:

Radiation therapy is recommended to patients with CD when surgical
options have been exhausted. Hypopituitarism is a concrete risk in all
forms.

Medical therapy for CD is recommended after unsuccessful pituitary
surgery, combined or not with RT or to ameliorate metabolic status at
preoperative stage.

Bilateral adrenalectomy is recommended when other treatments have
failed or as a last option in severe uncontrolled hypercortisolism. Nelson
syndrome can occur.

5. Conclusion

Although most recommendations in this article are based in previous
published articles and guidelines, the main highlight of this paper is this
group of experts’ consensus opinion on controversial points.

5.1. Summary of recommendations

1. We recommend CD patients to be diagnosed and treated by an
experienced multidisciplinary team at high-volume pituitary
centers.

2. MRI with gadolinium and sequences such us DMRI or SGE/VIBE
should be part of the standard MRI protocol for patients with
Cushing's disease. In case of non-conclusive 1.5T scans, a 3T MRI
is recommended.

3. BIPPS is recommended to confirm the diagnosis of CD in patients
with ACTH-dependent CS with doubtful MRI.
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4. The goal of treatment is complete adenoma resection to achieve
remission. In cases where this is not possible, maximal safe
resection is recommended aiming to obtain eucortisolism while
containing the secondary side effects.

5. Selective transsphenoidal surgical adenomectomy is the treatment
of choice in CD. Both the endoscopic and microscopic techniques
have proved to be effective in the treatment of CD.

6. In cases of inconclusive MRI where ACTH dependent hyper-
sortisolism of pituitary origin has been established, pituitary sur-
gical exploration starting at the side where the higher ACTH
gradient on BIPSS was obtained is suggested. In cases where the
adenoma cannot be identified intraoperatively, a subtotal hy-
pophysectomy is favored rather than a complete hypophysectomy

7. In cases of dural or cavernous sinus invasion, maximal safe
resection should be performed. Resection of the medial cavernous
sinus wall can be a valuable maneuver in the attempt of increasing
the extent of tumor removal, but it should be reserved exclusively
to experienced surgeons.

8. Early reoperation is advised when a biological remission is not
obtained after surgery and a residual resectable adenoma is visible
on postoperative MRI.

9. All patients in remission from CD should be tested all life-long:
eventual reintervention and its outcomes should be carefully
measured

10. Adjuvant treatment should be considered in patients who cannot
receive surgery or if case remission is not achieved (or to be
achieved) after successful surgery.

11. Second line treatments should be tailored in each case:

➢ Radiation therapy is recommended to patients with CD when

surgical options have been exhausted. Hypopituitarism is a
concrete risk in all forms.

➢ Medical therapy for CD is recommended after unsuccessful
pituitary surgery, combined or not with RT or to ameliorate
metabolic status at preoperative stage.

➢ Bilateral adrenalectomy is recommended when other treat-
ments have failed or as a last option in severe uncontrolled
hypercortisolism. Nelson syndrome can occur.
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