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ABSTRACT

The differential diagnosis of Cushing’s syndrome requires careful multi-
disciplinary interaction with a number of specialities, co-ordinated through
endocrine centres with good experience of this condition. It is essential
that the diagnosis of Cushing’s syndrome be fully established before dif-
ferential diagnosis is attempted. The endocrinologist needs to be aware of
the pitfalls and advantages of the tests in use. We discuss the approach to
the differential diagnosis of this challenging condition. (Arq Bras
Endocrinol Metab 2007;51/8:1199-1206)

Keywords: Cushing’s syndrome; Cortisol; ACTH; Dexamethasone; Adren-
al; Pituitary

RESUMO

Diagnóstico Diferencial da Síndrome de Cushing.
O diagnóstico diferencial da síndrome de Cushing requer uma interação
multidisciplinar cuidadosa entre várias especialidades, coordenadas
através de centros de endocrinologia com boa experiência nessa
condição. É essencial que o diagnóstico da síndrome de Cushing seja
estabelecido antes da tentativa de diagnóstico diferencial. O
endocrinologista precisa estar atento às possíveis falhas e vantagens dos
testes empregados. Nós discutiremos a abordagem do diagnóstico
diferencial nessa condição desafiadora. (Arq Bras Endocrinol Metab
2007;51/8:1199-1206)

Descritores: Síndrome de Cushing; Cortisol; ACTH; Dexametasona;
Adrenal; Hipófise

ONCE THE DIAGNOSIS of the hypercortisolism of Cushing’s syndrome is
firmly established, attention can be turned to establishing the cause.

This is an important point as all the tests used in the differential diagnosis
depend on the prior demonstration of hypercortisolism. If there is any
doubt diagnostic tests should be repeated, if needed on several occasions,
before continuing on the differential diagnostic pathways. We give an
overview of the differential diagnostic pathway, of which the individual
parts are also discussed in detail in other articles in this edition.

CAUSES OF CUSHING’S SYNDROME

To understand the limitations of the various tests used in the differential
diagnosis of Cushing’s syndrome it is important to know the approxi-
mate likelihood of the cause. Endogenous Cushing’s syndrome is com-
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moner in women than men and is divided into
adrenocorticotrophin (ACTH)-dependent, and
ACTH-independent, causes (table 1). Overall,
ACTH-dependent causes account for approximately
80–85% of cases, and of these 80% are due to pitu-
itary adenomas (Cushing’s disease), with the remain-
ing 20% or so due to the ectopic ACTH syndrome
(1,2). Ectopic ACTH secretion is most commonly
from small cell carcinoma of the lung and bronchial
carcinoid tumours, but may also occur with almost
any endocrine tumour from many different organs
(e.g. phaeochromocytoma, pancreatic neuroen-
docrine tumours, gut carcinoids) (table 2) (3,5).
When the ectopic ACTH syndrome is due to small
cell carcinoma of the lung it may have a rapid onset
with severe features of muscle weakness, but without
the classical Cushing’s phenotype. In contrast, the
clinical phenotype (and some biochemical features)
of carcinoid tumours may be indistinguishable from
that of Cushing’s disease (3-6). In ectopic ACTH
syndrome when the source of ACTH is apparent on
simple imaging, this is referred to as the ‘overt’
ectopic ACTH syndrome and may be due to rapidly
progressive small cell lung cancer or a more indolent
source. If the source of ectopic ACTH is found only
after extensive imaging this is referred to as ‘covert’
ectopic ACTH, whilst if the source is not found
despite extensive imaging, this is termed ‘occult’.

ACTH-independent Cushing’s syndrome is due
in most cases to a unilateral tumour: adrenal adenoma
in 60% and carcinoma in 40% of cases. Very rare adren-
al causes of Cushing’s syndrome are ACTH-indepen-
dent macronodular adrenal hyperplasia (AIMAH), pri-
mary pigmented nodular adrenal disease (PPNAD)
(either as isolated disease or as part of Carney com-
plex), and the McCune Albright syndrome (2,7,8).

ESTABLISHING THE AETIOLOGY OF 
CUSHING’S SYNDROME (figure 1)

Measurement of plasma ACTH
The differential diagnosis of Cushing’s syndrome is
best done in major referral centres. Investigation will
vary depending upon the availability of the biochemi-
cal tests and imaging detailed below. The first step is
to measure plasma ACTH. Levels consistently below 5
pg/ml indicate ACTH-independent Cushing’s syn-
drome. In this case the next step is imaging the adren-
al glands with CT or MRI. Levels of ACTH persis-
tently above 15 pg/ml almost always reflect ACTH-
dependent pathologies and require investigation, as
detailed below. Plasma ACTH values between 5–15
pg/ml need careful interpretation since some patients
with Cushing’s disease and adrenal pathologies may
have intermediate values (2,9,10). It is essential that
the sample for plasma ACTH is separated rapidly and
stored at -40°C to avoid degradation and a falsely low
result. A positive CRH test (see below) can be useful
to demonstrate ACTH-dependent hypercortisolism in
an occasional patient with Cushing’s disease with low
baseline ACTH plasma levels.

ACTH-independent Cushing’s syndrome
When adrenal adenoma, carcinoma or AIMAH is the
cause of ACTH-independent Cushing’s syndrome, the
anatomical cause is invariably visible on imaging with
CT (11). In cases of unilateral adrenal adenomas and
carcinomas causing Cushing’s syndrome it is usual for
the contra-lateral adrenal gland to undergo atrophy in
the prolonged absence of plasma ACTH. One simple
means of assessing the size of the limbs of the adrenal
gland is to compare them to the adjacent crus of the
diaphragm on CT — if larger than the width of the
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Table 1. Aetiology of Cushing’s syndrome.

Cause of Cushing’s syndrome % F:M
ACTH-dependent

Cushing’s disease 70% 3.5:1
Ectopic ACTH syndrome 10% 1:1
Unknown source of ACTH* 5% 5:1

ACTH-independent
Adrenal adenoma 10% 4:1
Adrenal carcinoma 5% 1:1
Macronodular hyperplasia (AIMAH) < 2%
Primary pigmented nodular adrenal disease (PPNAD) < 2%
McCune Albright syndrome < 2%

* Patients may ultimately prove to have Cushing’s disease.
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Table 2. Aetiology of ectopic ACTH secretion.

Institution
NIH Barts Sao Paulo

Bronchial carcinoid tumour 35 12 10
Small cell lung carcinoma 3 7
Pulmonary Tumourlets 1
Thymic carcinoid tumour 5 2 4
Medullary thyroid carcinoma 2 3
Pancreatic carcinoid tumour 1 3 3
Gastrinoma 6 3
Appendix 1
Other GI Neuroendocrine tumours (NET) 13
Mesothelioma 1
Colonic carcinoma 2
Phaeochromocytoma 5 1 5
Olfactory Ethesioneuroblastoma 1
Disseminated carcinoid tumour 2
Lymph Node NET 2
Glomus tumour 1
Unknown 17 2 2
Overt 46 26 20
Covert 23 9 3
Occult 17 5 2
Total 90 40 25

Data derived from: NIH – Ilias et al. (ref. 5); Barts – Isidori et al. (ref. 4); Sao Paulo – Salgado et al.
(ref. 3).

Figure 1. Diagnosis of cause of Cushing’s syndrome.
AIMAH: ACTH-independent macronodular hyperplasia, PPNAD: primary pigmented nodular
adrenal disease, BIPSS: bilateral inferior petrosal sinus sampling, SCLC: small cell lung cancer.
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diaphragm, as seen on CT, hyperplasia is possible and
caution is needed to ensure that bilateral disease is not
inadvertently characterised as unilateral.

In PPNAD, the adrenal glands may appear nor-
mal. Thus, in an established diagnosis of ACTH-inde-
pendent Cushing’s syndrome with normal appearances
of the adrenal glands on imaging assessment of other
features of Carney complex (lentigines, myxoma), and
genetic testing for mutations of PRKAR1A may be of
benefit as a diagnostic procedure. Exogenous gluco-
corticoid ingestion (especially hydrocortisone but also
synthetic glucocorticoids that cross react in the corti-
sol assay) should also be reconsidered in this setting.

ACTH-dependent Cushing’s syndrome

Overview
Differentiating between pituitary and non-pituitary
sites of excess ACTH secretion may be a considerable
challenge in clinical endocrinology. Neuroendocrine
(carcinoid) tumours may be clinically indistinguishable
from Cushing’s disease. Moreover, as they are usually
small they are frequently difficult to identify with
imaging, especially if radiological (pituitary, thoracic,
pancreatic) “incidentalomas” complicate interpreta-
tion. It is for these reasons that biochemical evaluation
is relied upon rather than imaging, to differentiate
between pituitary and non-pituitary causes (1-5). It is
important to note that in women with ACTH-depen-
dent Cushing’s syndrome 9 out of 10 cases will be due
to Cushing’s disease. It is against this pre-test likeli-
hood that the performance of any test needs to be
judged. If a patient has ACTH-dependent Cushing’s
syndrome, with responses both on dexamethasone sup-
pression and CRH testing suggesting pituitary disease,
and the pituitary MRI scan shows an isolated lesion of
6 mm or more, most will regard the diagnosis of
Cushing’s disease to have been made. A major prob-
lem is that up to 40% of patients with proven Cush-
ing’s disease have normal pituitary MRI scans (9). The
results of CRH and dexamethasone tests, and pituitary
MRI, should be considered together, and bilateral
inferior petrosal sinus sampling (BIPSS) is usually rec-
ommended unless there is a clear diagnosis (figure 2).

Plasma potassium
High levels of cortisol may either saturate the 11β-
hydroxysteroid dehydrogenase type II enzyme in the
kidney, or decrease expression of this enzyme, allow-
ing cortisol to act even more as a mineralocorticoid
(12). The commonest cause of hypokalaemia is the
ectopic ACTH syndrome, but it is also present in

those patients with Cushing’s disease with extremely
high cortisol production (approximately 10% of
patients) (2).

Plasma ACTH
The circulating levels of plasma ACTH are usually
lower in patients with Cushing’s disease compared to
those with ectopic secretion. There is, however, con-
siderable overlap and this means that the absolute lev-
els cannot be used reliably to discriminate between
groups.

DYNAMIC NON-INVASIVE TESTS

High-dose dexamethasone-suppression test
(HDDST)
The high dose dexamethasone suppression tests have
been in widespread use for many years. In most cen-
tres either dexamethasone 2 mg given every 6 hours
for 48 hours, or a single 8 mg dose is given with serum
or urinary cortisol measured at the beginning and end
of the test. Measurement of serum cortisol is easier and
superior to measurement of urinary free cortisol or
steroid metabolites. The HDDST relies upon the rela-
tive sensitivity of pituitary corticotroph adenomas to
the effects of glucocorticoids, compared to the resis-
tance exhibited by non-pituitary tumours. Approxi-
mately 80% of patients with Cushing’s disease will
demonstrate suppression of the serum cortisol to a
value of < 50% of the basal level (2). This is less than
the pre-test likelihood of Cushing’s disease, and thus,
by itself, the high dose dexamethasone suppression
test has little diagnostic utility (13). Moreover, in very
large series we have shown that when utilising the 48-
hour low-dose dexamethasone-suppression test, if
there has already been the demonstration of suppres-
sion of serum cortisol by more than 30%, there is no
further advantage to going on to a high dose dexam-
ethasone suppression test (14). Therefore, overall, we
would not recommend the continued routine use of
the HDDST except when BIPSS is not available.

The corticotrophin-releasing hormone 
(CRH) test
The basis of the corticotropin-releasing hormone test
is that CRH stimulates corticotroph tumour cells in
the pituitary to release ACTH and hence increase
serum cortisol concentrations, whilst responses are
uncommon in the ectopic ACTH syndrome. This is
because of the frequent expression of the CRH-1
receptor in corticotroph tumours, which is rare in
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ectopic tumours. Recombinant human or ovine-
sequence CRH is administered as an intravenous bolus
dose of either 1 µg/kg, or in adults 100 µg IV. The
ovine-sequence CRH test has a sensitivity of 93% for
Cushing’s disease based on ACTH responses at 15 and
30 minutes (15). Using more extensive sampling (up
to 90 minutes) and a more stringent cut-off point of a
50% increment in plasma ACTH, ovine-sequence
CRH had a sensitivity of 86% for Cushing’s disease
(16). An almost identical sensitivity is found for the
human sequence peptide sampling at the same time
points (17). Responses to both CRH testing and the
high-dose dexamethasone suppression test are also
more frequently discordant in patients with Cushing’s
disease secondary to a pituitary macroadenoma (18).

Desmopressin testing
Since the V3 receptor is expressed in pituitary and
many ectopic tumours secreting ACTH (19-22), the
desmopressin test is of limited utility in the differential
diagnosis of ACTH-dependent Cushing’s syndrome
(23,24). Similarly, a combined test using CRH and
desmopressin has been used (25), but larger series have
suggested that there remains overlap between respons-
es in patients with Cushing’s disease and the ectopic
ACTH syndrome (26) due to the more frequent
expression of the V3 receptor in ectopic tumours.

INVASIVE TESTING

Bilateral inferior petrosal sinus sampling
(BIPSS)
Sampling of the gradient of ACTH from the pituitary
to the periphery is the most reliable means for dis-
criminating between pituitary and non-pituitary
sources of ACTH. When there is a central source of
ACTH there is a gradient of the value of plasma
ACTH compared to the simultaneous peripheral sam-
ple, since the pituitary effluent drains via the cavernous
sinuses to the petrosal sinuses and then the jugular
bulb. BIPSS is a highly skilled and invasive technique,
requiring placement of catheters in both inferior pet-
rosal sinuses. Catheter position and venous anatomy
require confirmation by venography, as non-uniform
drainage is not uncommon. The diagnostic accuracy of
the test requires the administration of CRH. A basal
central: peripheral ratio of > 2:1 or a CRH stimulated
ratio of > 3:1 is consistent with Cushing’s disease (27).
The combined data for many series indicates a sensi-
tivity and a specificity of 94% (28). Small series data
have suggested that these false negative responses can

be identified by simultaneous sampling of prolactin to
correct values in ACTH (29,30). It is possible that
falsely positive results may be caused by inadequate
suppression of the normal corticotrophs and the dura-
tion and amount of hypercortisolism should be
assessed prior to the test. Where CRH is unobtainable
or too costly, desmopressin offers a reasonable alterna-
tive, but few patients with ectopic ACTH secretion
have been studied in this way (31,32). Using both
peptides during BIPSS in combination has also been
recently reported and appears effective, but again few
patients with ectopic ACTH have been studied (33).

In adults, BIPSS is only 70% accurate for laterali-
sation of the source of ACTH within the pituitary gland
(2,10), but in children it may have greater accuracy for
this purpose than MRI (34). Sampling from the cav-
ernous sinuses directly does not improve accuracy (35).

Internal jugular venous sampling
Sampling from the internal jugular vein has been pro-
posed as a simplified procedure. Direct comparison in
the same patients has shown this to be inferior to
BIPSS (36). One application of this test, however, may
be in centres of limited sampling experience, and
BIPSS (performed in a referral centre) reserved if the
results are negative (37).

IMAGING

Adrenal
CT gives the best resolution of adrenal anatomy. It is
important to note that in ACTH-dependent Cush-
ing’s syndrome nodules may occur and adrenal hyper-
plasia is not always symmetrical. This can cause diag-
nostic confusion with a unilateral primary adrenal
cause if the biochemistry is not strictly assessed. Con-
versely, in 30% of Cushing’s disease the adrenal glands
appear normal, whilst in ectopic ACTH the adrenals
are virtually always homogeneously enlarged (38).

Pituitary
Up to 40% of corticotroph adenomas causing Cush-
ing’s disease in adults are not visible on standard
sequence 1.5 tesla MRI scanning (9). This fact is fur-
ther complicated by a 10% rate of pituitary inciden-
talomas in the normal population (39), emphasising
the need for careful biochemical discrimination of
pituitary from non-pituitary sources of ACTH. There-
fore, in the absence of a pituitary macroadenoma, an
abnormal MRI is not conclusive evidence in favour of
Cushing’s disease.
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Corticotroph tumours that are visible usually
fail to enhance following gadolinium on T1-weighted
imaging. The use of dynamic MRI, with the adminis-
tration of intravenous contrast media and rapid
sequence acquisition following this, does not improve
the overall diagnostic rate. However, spoiled gradient
sequences may have greater sensitivity in adults (40)
and children (41).

Imaging in the ectopic ACTH syndrome
If clinical and biochemical assessments suggest a
non-pituitary source of ACTH, then detailed further
imaging studies are needed. Axial imaging with thin
cut multi-slice CT of thorax and abdomen, and/or
MRI of the thorax, has the highest detection rate for
the ectopic ACTH syndrome. Small neuroendocrine
tumours frequently express somatostatin receptors
and may be disclosed on somatostatin receptor
scintigraphy. However, while standard somatostatin
scintigraphy may confirm functionality for a lesion
found on axial imaging, it has only rarely been
shown to disclose truly “occult” tumours that are
not visible on CT (2,4,5,42-44). Using higher than
standard doses of radionuclide may, in some cases,
disclose lesions that were otherwise negative on
imaging. In patients with recurrent disease, somato-
statin scintigraphy may be useful for follow-up (45)
as it has a low false-positive rate (46). Positron emis-
sion tomography (PET) with 18-flurodeoxyglucose
(FDG) is of little benefit as such tumours are usual-
ly of low metabolic activity (47). The use of 11C-5-
hydroxytryptophan with PET has been proposed as
a universal imaging technique for neuroendocrine
tumours, but few patients have been studied (48)
and further experience is required to determine its
utility. There is also increasing interest in 68Ga-
octreotate PET scanning. Despite extensive investi-
gation, the cause of ACTH may remain ‘occult’ in
5–15% of patients, and these require continued fol-
low-up. Over time the number remaining undiag-
nosed reduces as tests are repeated, although estab-
lishing the cause occasionally may take up to 20
years of follow up (49).

CONCLUSIONS

The differential diagnosis of Cushing’s syndrome
requires multidisciplinary interaction with a number of
specialities, co-ordinated through endocrine centres
with good experience of this condition. It is essential
the diagnosis of Cushing’s syndrome be fully estab-

lished before differential diagnosis is attempted. The
endocrinologist needs to be aware of the pitfalls of the
tests in use, and that these may need repeating over
time if the source of ACTH is not found at initial diag-
nostic workup.
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