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ABSTRACT

Cushing’s syndrome (CS) is a physically and psychologically disabling disease associated
with high morbidity resulting from inappropriate elevation of circulating free cortisol levels.
The main features of CS are disturbance of the normal circadian rhythm of cortisol secretion,
impairment of the normal feedback of the hypothalamo-pituitary-adrenal (HPA)-axis, and
excessive integrated 24 hours cortisol secretion. All biochemical tests used for the diagnosis
of CS rely upon the ascertainment of a disturbance of these features. However, the diagno-
sis of CS (endogenous hypercortisolism) still remains a challenge, although the evolution of
several diagnostic tests has allowed diagnosis at an earlier stage. In the initial investigation
of CS, tests of high sensitivity are required to identify patients at risk, which are followed by
tests of high specificity to confirm the diagnosis and establish the precise aetiology. This re-
view will discuss the various causes of endogenous CS and focus on established and evolving
diagnostic procedures used for its diagnosis, as several studies with large number of patients
have recently appeared in the literature validating current practice and proposing improved
diagnostic algorithms.
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INTRODUCTION exposure to excessive cortisol secretion with subse-
quent loss of the normal feedback mechanism of the
hypothalamo-pituitary-adrenal (HPA) axis and the
normal circadian rhythm of cortisol secretion.! Al-
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Endogenous Cushing’s syndrome (CS) is a clini-
cal state resulting from prolonged, inappropriate
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cases of endogenous CS are related to excessive ad-
renocorticotrophin (ACTH) production, most com-
monly from a pituitary adenoma, or from a non-pi-
tuitary tumour (ACTH-dependent CS).* Less often
endogenous CS is secondary to hyperfunctioning
adrenocortical tumours, bilateral adrenal hyperpla-
sia, and/or dysplasia (ACTH-independent CS).**¢7
Endogenous CS needs to be distinguished from the
so-called ‘pseudo-Cushing’s’ states, that are associ-
ated with biochemical evidence of excessive cortisol
secretion without the clinical manifestations of the
syndrome.!

During recent years the possibility of CS is being
suspected at an earlier stage in its natural course
and states of ‘subclinical CS’ are increasingly being
recognized, thus calling for the incorporation of new
diagnostic approaches to established diagnostic algo-
rithms."® Making the diagnosis and establishing the
exact aetiology of CS is of fundamental importance,
as sustained cortisol hypersecretion is associated with
considerable morbidity and mortality, necessitating
definitive treatment of the underlying cause of the
hypercortisolism.' Similarly, states of subclinical CS
can also be associated with specific metabolic altera-
tions and subsequent morbidity.’

EPIDEMIOLOGY AND AETIOLOGY OF CS

Cushing’s syndrome is a relatively rare disorder
with an estimated incidence of 5-6 cases per 10° popu-
lation.' In the majority of series with a large number
of patients with clinically apparent CS, approximately
80% of cases are ACTH-dependent (secondary to a
tumour hypersecreting ACTH), whereas 20% are
ACTH-independent (Table 1)."*° However, there
are widely varying estimates regarding the exact in-
cidence of particular causes of CS, as some studies
have suggested a much higher incidence of adrenal
adenoma surpassing that of ACTH secreting tu-
mours; this has also been confirmed in more recent
series when cases of subclinical CS mainly of adrenal
origin are included, reaching an overall incidence of
7.5 per 10° population.®

An ACTH-secreting pituitary adenoma is present
in approximately 80% of cases of ACTH-depen-
dent CS and this entity is referred to as Cushing’s
disease (CD); ACTH-secreting carcinomas are very

Table 1. Etiology of Cushing’s syndrome
ACTH-dependent
Cushing’s disease (CD)
Ectopic ACTH Cushing’s syndrome (ECS)
Overt ECS (small cell carcinoma of the lung)
Occult ECS (bronchial carcinoids,
pheochromocytomas, MTC*, pancreatic islet

cell tumours)
Ectopic CRH secretion
Unknown source of ACTH
ACTH-independent
Adrenal neoplasm (adenoma or carcinoma)
Nodular adrenal hyperplasia
Macronodular adrenal hyperplasia
PPAND*
Aberrant adrenal receptor expression for
GIp*
LH*
IL-1*
p-adrenergic receptors
Vasopressin
Adapted from: Stewart PM'%

*MTC: Medullary Thyroid carcinoma; PPAND: Primary pigmented
adrenal nodular dysplasia; GIP: gastric inhibitory peptide; LH:
Luteinizing Hormone; IL-1: Interleukin - 1

rare with approximately 20 cases described up to
date.''? The remaining causes of ACTH-dependent
CS are secondary to non-pituitary tumours secreting
ACTH, the so-called ectopic ACTH syndrome in
which ACTH is secreted from a non-pituitary tumour
(ectopic CS, ECS)." This syndrome was originally
described in patients with small cell lung carcinomas,
but it soon became apparent that patients harbour-
ing these, rapidly growing, tumours usually do not
develop all the classical features of CS and exhibit
a distinct phenotype.!* During recent years the oc-
cult ectopic ACTH syndrome (0ECS), mostly from
bronchial carcinoids, has been recognized with in-
creasing frequency and currently represents a major
diagnostic challenge, as its clinical and biochemical
features closely resemble those of CD.!*> Adrenal
tumours (usually adenoma and carcinoma) are the
most common adrenal lesions associated with CS; as
cortisol is secreted autonomously, it suppresses pitu-
itary ACTH and these lesions give rise to ACTH-in-
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dependent CS." Adrenal adenomas are of relatively
small size and represent the most common causes
of ACTH-independent CS.! Adrenal carcinomas
are usually larger than adenomas, exhibit capsular
or vascular invasion infiltrating surrounding tissues,
and may develop distant metastases mainly in the
liver. Distinguishing between adrenal adenomas and
carcinomas may occasionally be difficult in the ab-
sence of metastases.'!® In general, adrenal tumours
greater than 6 cm in diameter (approximately 100g
in weight), secreting more than one class of steroids,
typically androgens, in addition to cortisol, should be
regarded as potentially malignant.' In approximately
1-2% of ACTH-independent CS a pathology other
than an adrenal tumour can be found (Table 1). The
aetiology, clinical, biochemical, radiological, and
pathological features of these rare forms of CS will
be discussed later in detail.

Each of the principal causes of CS is associated
with characteristic responses to dynamic suppres-
sive and stimulating testing of the HPA-axis which
mainly include assessment of feedback regulation
of cortisol secretion following the administration of
dexamethasone and cortisol response to corticotro-
phin releasing hormone (CRH) administration.*"
In contrast to classical CS, subclinical CS, resulting
from dysregulated cortisol secretion but not always
associated with a clinically recognizable syndrome, is
increasingly being identified.”’ This form of CS may
be associated, at least to some extent, with some of
the long-term complications of full-blown CS such
as the metabolic syndrome, arterial hypertension,
obesity, and/or diabetes mellitus.’ Earlier series have
shown a 50% S5-year mortality in untreated or par-
tially treated cases of severe CS;'*° however, with
earlier diagnosis and modern treatment the outlook
has improved greatly.! The impact that subclinical
forms of CS may exert on morbidity and probably
mortality of these patients needs to be assessed by a
prospective study.

DIAGNOSTIC OVERVIEW

The clinical symptoms/signs of CS provide the
stimulus for further biochemical and radiological
evaluation.! The biochemical diagnosis of CS involves
confirmation of hypercortisolism and must be estab-

lished before any attempt at differential diagnosis,
since the reported sensitivity, specificity, and diag-
nostic accuracy of all tests currently used are valid
only during periods of sustained hypercortisolism.?
Cases with a clinical suspicion of CS and negative
initial screening tests should be re-evaluated at a
later stage (usually 4-6 monthly) and all invasive pro-
cedures should be postponed until hypercortisolism
is documented.

CLINICAL FEATURES OF OVERT
AND SUBCLINICAL CS

Cushing’s syndrome is a multisystem disorder in
which excessive glucocorticoid levels cause altera-
tions in virtually every part of the body, presumably
in direct proportion to the length of time of exposure
to and magnitude of the hypercortisolism.* The
commonest clinical symptoms and signs of CS in
several series with a large number of patients and the
effects of hypercortisolism on tissues and metabo-
lism are shown in Tables 2 and 3, respectively.! The
most common presenting complaints are often non-
specific, such as weight-gain, fatigue, lethargy, and
depression, whereas the signs of CS may vary in time
and differ in severity.' Associated problems, such as
diabetes mellitus, hypertension or osteoporosis, may
also bring the patient to medical attention.*

Patients with severe hypercortisolism will show

Table 2. Prevalence of signs and symptoms in Cushing’s syn-
drome.

Signs Symptoms

Obesity 97% Weight gain 91%
Truncal 46% Menstrual disturbances  84%
Generalised  55% Hirsutism 81%

Plethora 94% Psychiatric disturbances  62%

Moon face 88% Backache 43%

Hypertension 74% Muscle wasting 29%

Bruising 62% Fractures 19%

Red-purple striae  56% Scalp hair loss 13%
Muscle weakness  56%
Ankle edema 50%
Pigmentation 4%

Data from: Ross EJ, Linch DC’
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Table 3. Diverse effects of hypercortisolism upon tissues and meta-
bolic functions and commonest clinical findings.

Cardiovascular system - Kidneys
Hypertension
Water and salt retention
Renal calculi
Central Nervous System
Depression
Psychosis
Euphoria
Apathy
Lethargy
Pseudotumor cerebri
Endocrine system
Decreased gonadotrophin release
Decreased GH release
Decreased TSH release
Gastrointestinal system
Peptic ulcer disease
Pancreatitis with fat necrosis
Fatty infiltration of the liver
Carbohydrate, protein, and lipid metabolism
Diabetogenic effect
Insulin resistance
Increased gluconeogenesis
Increased hepatic glycogen deposition
Increased free fatty acid production (increased lipoly-
sis)
Increased deposition of visceral and central adipose tissue
Increased total cholesterol and triglycerides, decreased
HDL
Increased protein catabolism
Skin-muscle-connective tissue
Skin thinning
Muscular atrophy
Collagen breakdown
Protein catabolism
Bone - calcium metabolism
Inhibition of osteoblast function
Osteoporosis
Decreased linear growth (children)
Decreased intestinal calcium absorption
Hypercalciuria
Blood - Immune System
Neutrocytophilia
Lymphocytopenia
Immunosuppression
Eye
Glaucoma
Posterior subcapsular cataracts

Adapted from:Stewart PM'*® & Yanovski JA, Cutler GB '

the characteristic Cushingoid appearance except in
some patients with the ectopic ACTH syndrome,
whereas patients with only subtle hypersecretion of
cortisol may exhibit less obvious physical changes.
In addition, some features found in patients with
CS such as obesity, hypertension, mood changes,
and menstrual irregularities are also common in the
general population. In such cases the presence of spe-
cific signs, such as proximal myopathy, ecchymoses
and thinning of the skin, should orientate towards
CS rather than the presence of a pseudo-cushingoid
state."*'?* Alcoholism can result in clinical and bio-
chemical appearances identical to CS; however, the
history is suggestive and the clinical and biochemical
abnormalities disappear within days if the patient
stops drinking. In children, weight-gain associated
with growth retardation is a prominent feature im-
plying the presence of CS.}?*%2 When considering
the diagnosis of CS, another strategy which may
often be helpful is to examine serial photographs for
evidence of progressively appearing characteristic
physical changes.*” For unknown reasons any cause
of CS can exhibit cyclical and intermittent secretion,
which can extend over long periods of time, compli-
cating the diagnostic process further."?* In such
cases, confirmation of hypercortisolism is needed to
allow reliable interpretation of the diagnostic tests;
if hypercortisolism is absent at presentation but the
diagnosis remains strongly suspected, re-evaluation
at a later stage may be required.*

BIOCHEMICAL DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS

The investigation of suspected CS is a two-step
process involving the confirmation of the hypercorti-
solism and then the identification of its precise cause.
The main biochemical features characteristic of CS
are excessive endogenous integrated cortisol secre-
tion, loss of the normal feedback of the HPA-axis,
and abnormal circadian rhythm of cortisol secretion.!
All biochemical tests used in the diagnosis of CS rely
upon these parameters and require the presence of
hypercortisolism. In addition, a detailed assessment
of the presence of other illnesses, drugs, alcohol
intake or neuropsychiatric conditions should be un-
dertaken, since their presence may be a confounding
factor affecting biochemical evaluation.! Biochemical
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indices such as serum potassium (K) and bicarbon-
ate (HCOs) concentrations have also been used as
means for the diagnosis and to distinguish between
the different causes of ACTH-dependent CS.”” Low
serum K levels are found in approximately 10% of
patients with CD and approximately 90% of patients
with the ECS.> Serum K levels have been shown to
relate to the degree of hypercortisolism following the
delineation of the role of 118hydroxydehydrogenase
(11BHSD) on cortisol metabolism.”” Measurement of
serum K should always be performed in such patients
as well as serum HCQO3, as the latter is not affected
by haemolysis and is always elevated in states of
chronic K deficiency.

Cortisol Circadian Rhythm

Normally serum cortisol begins to rise at 0300-
0400 hours reaching a peak at 0700-0900 hours, with
levels then falling for the remainder of the day.*
Patients with CS show either complete abolition
of this ‘normal’ circadian rhythm or the presence
of a rhythm which is set at higher levels.?>* Early
morning cortisol measurement shows considerable
overlap between patients with CS and normal sub-
jects; however, this is reduced to 17% when cortisol
measurement is performed between 1600-2100 hours
and to 3.4% when cortisol measurement is performed
at 2300 hours.* After excluding any confounding fac-
tors such as drugs and pseudo-Cushing’s states,*
a single sleeping (midnight) cortisol was found to
be greater than 50 nmol/L (1.8 pg/dl) in each one
of 150 patients with CS, and substantially less in all
controls, thus achieving a sensitivity of 100%. Thus,
this test appears to be the most valid and efficient
way of confirming or excluding CS.?” Similar results
have been obtained in another series evaluating the
value of midnight salivary cortisol in distinguishing
CS from pseudo-Cushing’s states;* however, this test
requires inpatient admission for at least 48 hours."*
In another pertinent study it was shown that use of
salivary midnight cortisol had similar sensitivity and
specificity to serum cortisol. Saliva cortisol determi-
nation has the advantage that it can be performed
more easily, but it remains to be confirmed and vali-
dated as a diagnostic tool of CS.*” One major problem
of this method is that the patients cannot produce a
salivary specimen while asleep.

Urinary free cortisol (UFC)

Under normal conditions, approximately 10%
of serum cortisol is unbound and physiologically ac-
tive; although the majority is reabsorbed in the renal
tubules, a small percentage, approximately 1%, is
excreted unaltered in the urine.! Excessive cortisol
secretion saturates circulating cortisol binding globu-
lin (CBG) resulting in an increase in UFC.? Collec-
tion of 24 hours urine for estimation of UFC levels
is used as a screening test for the diagnosis of CS and
has surpassed the previously used cortisol metabolite
measurements; both radioimmunoassay (RIA) and
high performance liquid chromatography (HPLC)
methods have been utilized for this purpose.' Initial
studies showed a false negative and a false posi-
tive rate of 5.6% and 3.3%, respectively,* whereas
more recent studies showed a diagnostic sensitivity
and specificity in differentiating patients with CS
from normal subjects and obese individuals of 100%
and 98%, respectively.*” However, in patients with
mild CS, UFC levels may be consistently normal,*!
whereas elevated UFC levels may also be found in
pregnant women, 40-60% of depressed inpatients,
patients with Polycystic Ovarian Syndrome (PCOS),
and in “pseudo-Cushing’s” states, thus reducing its
specificity.** Therefore, although UFC estimations
exhibit relatively high sensitivity, they are associated
with a relatively low specificity.”’ When several UFC
collections are normal, CS is unlikely except in the
case of cyclical CS.! In such cases an early morning
UFC/creatinine (nmol/l:mmol/l) ratio of greater than
50 may be suggestive of CS.** Conversely, when UFC
values are four-fold greater than the upper limit of
normal, this can be considered as diagnostic of CS.!
HPLC represents the method of choice for measur-
ing UFC levels as it allows the separation of various
urinary glucocorticoids and metabolites whereas RIA
can be influenced by some cortisol metabolites and
several synthetic glucocorticoids.! Falsely raised UFC
levels can occasionally occur when using HPLC by
interfering substances, such as digoxin and carbam-
azepine, which co-elute with cortisol.**

Dexamethasone Suppression Test (DST)

The purpose of the DST is to demonstrate the
impaired feedback regulation of the HPA-axis in
any form of CS. Administration of dexamethasone,
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which is not measured in the routine cortisol assays,
results in suppression of the HPA-axis in normal
individuals and a fall in plasma and urinary corti-
sol; measurement of serum cortisol is easier and
of greater diagnostic accuracy.! Several variations
of the DST have been described.! The overnight
DST involves the oral administration of 0.5-2mg
of dexamethasone (most commonly 1mg) at 2300
hours and measurement of plasma cortisol at 0800
or 0900 hours the next morning; there appears to be
no better discrimination using 2mg rather than 1mg
of dexamethasone.* Because of its ease of admin-
istration to an outpatient, the 1mg DST has been
advocated by many as the screening test of choice for
the demonstration of endogenous hypercortisolism."
Some patients with CS may be extremely sensitive
to dexamethasone suppressibility exhibiting false
negative results.” However, accepting lower values
of cortisol suppression can increase the false positive
results, thus decreasing the specificity of the test.?’

With adequate, written instructions for admin-
istration of 0.5mg of dexamethasone every 6 hours,
the standard 48 hours low dose DST (LDDST) can
be performed reliably on an outpatient basis. In this
setting we can obtain a high diagnostic accuracy with
a sensitivity of 98% using a post-dexamethasone
serum cortisol value of less than 50nmol/l (1.8ug/l)
as indicating adequate suppression.*?”*"#! In accor-
dance with this, a recent review assessing the utility
of the DST in the diagnosis of CS* as well as a recent
consensus statement* suggested that a plasma corti-
sol greater than 50nmol/l (1.8ug/dl) after overnight
1mg dexamethasone administration merit further
evaluation.

By acceptance of such quoted cortisol levels as
indicative of adequate suppression, false positive
rates may be higher, albeit with a specificity of 87.5%
and 97-100% for the 1mg overnight DST and the
LDDST, respectively.*’*8 False positive results can
occur because of failure to take dexamethasone
as prescribed, decreased dexamethasone absorp-
tion or accelerated hepatic metabolism (usually as a
consequence of taking hepatic enzyme inducers as
phenytoin, carbamazepine, barbiturates, aminoglu-
tethimide or rifampicin), and/or increased concentra-
tion of cortisol binding globulin (CBG) (pregnancy or
estrogen treatment). In moderate or severe primary

depression, resistance to DST may also cause diag-
nostic confusion, as agitated depression is a common
finding of CS.**° In primary depression, adequate
cortisol suppression to dexamethasone administra-
tion is restored following successful treatment of the
depression; similarly, alcoholic patients demonstrate
normal cortisol suppression to DST after alcohol is
withheld for some days.*' Although some investi-
gators have advocated the intravenous infusion of
dexamethasone as a means of overcoming problems
with compliance and/or accelerated metabolism,
these tests are not used routinely.!

Cyclical CS

Sometimes it is not possible to make the diagnosis
of CS with confidence despite high clinical and occa-
sionally biochemical suspicion, because patients may
exhibit cyclical or intermittent cortisol secretion.
In such cases, inpatient admission with sampling for
midnight sleeping cortisol or measurement of early
morning UFC/creatinine ratio may be required.**=7!
As such patients usually have mild disease, they can
be left untreated and reinvestigated at regular inter-
vals (4-6 months).

DIFFERENTIAL DIAGNOSIS OF CUSHING’S
SYNDROME AND PSEUDO-CUSHING’S STATES

Following the diagnosis of CS, the next step is
to establish the cause by measuring plasma ACTH
levels. A plasma ACTH of less than 10pg/ml at 0900
hours, with concomitant increased cortisol produc-
tion, is suggestive of ACTH-independent CS. Pa-
tients with ACTH-dependent CS usually have ACTH
levels greater than 10pg/ml.! Imaging of the adrenal
glands without further biochemical testing is sug-
gested when ACTH level of less than Spg/ml at 0900h
is found."” A few patients with pituitary-dependent
CS may occasionally have undetectable, i.e less than
10pg/ml, plasma ACTH levels."”*>> In such cases
several ACTH measurements and/or measurement
of ACTH following CRH administration may be re-
quired as patients with ACTH-dependent CS exhibit
an ACTH response to CRH exceeding 20pg/ml."

Differential diagnosis of ACTH-dependent CS

Although approximately 80% of patients with
ACTH-dependent CS will be shown to have CD,
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their distinction from patients with the ECS (par-
ticularly the oECS) is not straightforward. With the
introduction of pituitary microadenoma removal as
the treatment of choice in patients with CD, an accu-
rate differential diagnosis is critical.’* Plasma ACTH
levels tend to be higher in the oECS compared to
CD, but there is a large overlap using either RIA or
IRMA, and thus these methods offer poor discrimi-
natory ability.'**>** In addition, although the presence
of POMC precursors, due to partial processing to
ACTH, is indicative of the ECS (including oECS), it
is also found in the majority of pituitary macrodeno-
mas and occasionally in microadenomas, thus limit-
ing its diagnostic accuracy.' As some tumours causing
oECS may not be radiologically evident (particularly
bronchial carcinoids), and only become apparent
many years after the diagnosis of CS, several other
tests have been developed.

High dose dexamethasone testing (HDDST)

This test is based on the fact that the corticotroph
tumour cells in CD retain some responsiveness to
the negative feedback effects of glucocorticoids,
while tumours ectopically secreting ACTH do not.”
The standard HDDST that assesses the degree of
cortisol suppressibility to dexamethasone administra-
tion (2mg of dexamethasone every 6h for 48h) was
initially performed on 24 hours urine collections; a
50% or greater suppression was consistent with CD;
however, currently serum cortisol is generally used.!
Several modifications of the HDDST have appeared
in an attempt to obtain maximal sensitivity and speci-
ficity; overall, the sensitivity of the HDDST ranges
from 65-100% and the specificity from 60-100%,
even when serum cortisol instead of UFC measure-
ment is used and after using intravenous rather than
oral dexamethasone.'**3*%-% Qur own practice is to
perform the HDDST in an identical manner to the
LDDST, except that a dose of 2mg of dexamethasone
is administered every 6 hours."” A fall of over 50% in
the post-dexamethasone serum cortisol compared to
the basal value is indicative of CD with a sensitivity
varying from 60 to 80% and a high specificity which
can be improved further if a cut-off of cortisol sup-
pression of greater than 80% is used;** false positive
and/or positive results occur in approximately 10% of
the cases.*! Unfortunately, no stringent criteria exist
for the differential diagnosis between CD and ectopic

ACTH production' and, although the HDDST can
detect patients with CD with relatively high sensitiv-
ity, it does not accurately exclude those with ectopic
ACTH production.” Lately, the effectiveness of the
HDDST has been questioned as on several occasions
the sensitivity and the specificity of the test appears
to be less accurate than the pre-test statistical likeli-
hood of CD.®¢! A recent, single institution study
comparing directly the performance of the LDDST
and HDDST using serum cortisol measurements
revealed that most of the diagnostic information
provided by the HDDST could be predicted from
the LDDST; if cortisol was suppressed by more than
30%, this invariably predicted ‘adequate’ suppression
(>50%) to the HDDST.?* Due to these inherent
limitations of the test, some authors have suggested
the abandonment of the HDDST as it provides little
diagnostic advantage in the differential diagnosis of
ACTH-dependent CS in relation to other tests both
in adult** and paediatric patients.®

Metyrapone testing

Metyrapone blocks cortisol synthesis by prevent-
ing the hydroxylation of 118-deoxycortisol, and there-
fore induces a rise in ACTH and subsequent rise in
urinary 17-OHCS and/or serum 11-deoxycortisol in
patients with CD but not ECS; this has been associ-
ated with a 71% sensitivity and 100% specificity,
respectively.®® However, as patients with ACTH-
independent CS may occasionally exhibit such a
response, this test is no longer used routinely.*

Corticotrophin releasing hormone (CRH),
vasopressin (AVP), desmopressin stimulation
tests

Pituitary ACTH secretion is regulated principally
by CRH and AVP; AVP sensitizes the corticotroph
to CRH and also exerts some intrinsic ACTH-releas-
ing activity.”! Normal pituitary and ACTH-secreting
pituitary tumours express CRH receptors and exhibit
an exaggerated ACTH response to both ovine and
human CRH."*?# In contrast, non-pituitary tumours
usually do not express such receptors and exhibit
a blunted ACTH response following stimulation
with these agents.'>*! Although the CRH test is of
no value in establishing the diagnosis of CS, it is an
important diagnostic tool in discriminating between
pituitary and ectopic ACTH secretion.**” Using
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peak cortisol increments greater than 14% and 20%
following the i.v. administration of 100ug of CRH,
sensitivity and specificity ranging from 70% to 93%
and 95% to 100%, respectively, have been obtained."
Although most of the patients with CD who do not
respond to CRH exhibit suppression to HDDST,>-#
there are still cases in which ACTH-secreting non-
pituitary tumours may exhibit a response suggestive
of CD to both the HDDST and CRH stimulation
test.* Lysine or arginine AVP and desmopressin,
a long-acting analogue of AVP, stimulate ACTH
release via the specific corticotroph AVP recep-
tor, particularly from ACTH secreting pituitary tu-
mours, and have also been used for the differential
diagnosis of ACTH-dependent CS; however, these
tests appear to be inferior to the CRH stimulation
test.19>% Desmopressin (DDAVP) lacks the V; renal
receptor and thus the pressor side effects observed
with the AVP analogues.! In order to improve the
sensitivity of CRH stimulation, the combination of
10pg of DDAVP i.v. and 100pg of human CRH iv.
was administered to 17 patients with histologically
proven CD and 5 patients with the oECS; patients
with CD demonstrated a 39% or more cortisol rise
compared to a 29% or less cortisol rise of patients
with the oECS, achieving a sensitivity and a speci-
ficity of 100%.°” However, this series included a
relatively small number of patients with oECS and
the discrimination remained quantitative in nature.
It therefore remains to be seen whether the co-
administration of hCRH and DDAVP presents an
improvement over the standard CRH stimulation
test.! Nevertheless, DDAVP might be useful in the
discrimination between CD and pseudo-CS* and the
postoperative assessment of CD.368

The combined dexamethasone-CRH
(DST-CRH) test

The DST-CRH test was originally designed to
distinguish CS from ‘pseudo-cushingoid’ states.*
Later it was shown that this test can also distinguish
patients with endogenous hypercortisolism from
normal subjects® and between different subtypes
in patients with depression.” Following a formal
LDDST and 2 hours after the last dexamethasone
administration, CRH (1mcg/Kg) is administered in-
travenously at 0800h; a plasma cortisol level greater
than 1.4ug/dL (38nmol/L) measured 15 minutes

after CRH administration is reported to correctly
identify patients with CS.*% This test, however, is
cumbersome and in addition relatively few cortisol
assays have the necessary sensitivity to discriminate
such low cortisol values.” Although no established
criteria for plasma ACTH response to this test exist,
measurement of ACTH may be more relevant as
sensitivity for ACTH measurements is better than
that of cortisol.”! Furthermore, it was recently shown
that the addition of CRH to the standard LDDST
protocol did not confer any additional diagnostic
benefit, while it guided to further unnecessary testing
due to false positive results in individuals in which a
standard LDDST had previously excluded CS.”

Salivary cortisol measurement

Several studies have documented that failure to
decrease serum cortisol at midnight, while the patient
is asleep, is associated with a sensitivity approach-
ing 100% in identifying patients with CS; however,
this approach requires hospitalization for 48 hours
and is not easily performed.*””® The concentration
of cortisol in saliva appears to be an accurate index
of free, biologically active circulating cortisol and
may be used as an alternative to serum cortisol.’*”!
As it is difficult to sample saliva cortisol in sleeping
patients,”! measurement of morning saliva cortisol
following an 1mg DST may further improve the
accuracy of the late night salivary cortisol.®“™ Al-
though the use of salivary cortisol as the primary
screening test for CS is supported by some, further
clinical experience with validated commercial assays
is needed.’

Invasive testing

None of the non-invasive tests mentioned above
seems to achieve the desirable diagnostic accuracy
of approximately 100%. Bilateral simultaneous in-
ferior petrosal sinus sampling (BIPSS) with CRH
stimulation provides the most accurate and reliable
means of distinguishing pituitary from non-pituitary
ACTH-dependent CS and currently represents the
‘gold standard’ in the differential diagnosis of CS'>!5
(Figure 1). This procedure takes advantage of the
means by which pituitary derived ACTH reaches the
systemic circulation. As ACTH leaves both sides of
the anterior lobe of the pituitary, it drains via small
hypophyseal veins to the cavernous sinus, then emp-
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Figure 1. Bilateral simultaneous inferior petrosal sinus sam-
pling (BIPSS). Anatomy of the petrosal sinuses. Reproduced
with permission from Oldfield et al.

ties into the inferior petrosal sinus (IPS) and finally
to the jugular bulb. Venous sampling from the IPS
sinuses and/or the cavernous sinuses is widely prac-
tised to confirm a central source of ACTH and to
lateralize the site of ACTH hypersecretion.”s After
successful catheterization and simultaneous sampling
of both IPS, a significant ACTH gradient between
the pituitary (central) and peripheral values (C/P),
before and particularly after CRH administration, is
indicative of CD.>" In order to be diagnostic, BIPSS
should be performed when peripheral cortisol levels
are high enough to suppress the normal pituitary
corticotrophs. In order to overcome the possibil-
ity that intermittent ACTH secretion may produce
false negative results as well as the presence of low
basal ACTH ratios from pituitary ACTH-secreting
tumours, both human and ovine CRH administra-
tion (100ug bolus i.v) have been used to augment
the ACTH response and obtain higher C/P ACTH
ratios.>” Initial reports have suggested that a post-
CRH administration C/P ACTH ratio of greater than
3 has a 100% sensitivity and specificity in distinguish-
ing CD from oECS.” This was later confirmed by
other studies in which a peak stimulated C/P ratio
between 2-3, occurring within the first 10 minutes fol-
lowing CRH administration, was shown to be indica-
tive of CD.?*>-82 Subsequently, the initially validated
criterion of C/P ratio required revision downwards
to 2 in order to maintain 100% sensitivity.” A recent

review of all major published series analyzing the re-
sults of BIPSS revealed an overall sensitivity of 96%
and specificity of 100% when applying the criteria
of a basal and CRH stimulated ratio of greater than
2 and 3, respectively, in distinguishing CD from the
oECS.! In a series of 128 patients with ACTH-de-
pendent CS who underwent BIPSS published by St
Bartholomew’s Hospital, a C/P ACTH ratio greater
than 2, obtained 5 minutes after CRH administra-
tion, exhibited a sensitivity of 97% and a specificity
of 100% in diagnosing CD; two patients with active
CS and histologically proven CD had a false nega-
tive result." False positive results are extremely rare
and may result from either cyclical CS or treatment
with cortisol-lowering agents, which, by effectively
lowering serum cortisol levels, may desuppress the
normal corticotrophs, which might then respond to
CRH.!® BIPSS is technically challenging and must
be performed by a radiologist experienced in invasive
techniques and even then occasionally either one or
both IPS may not be adequately catheterized; even
in such cases, a C/P ACTH ratio of greater than 2 ob-
tained between the high internal jugular (HIJ) to pe-
ripheral veins can be associated with 100% specificity
in diagnosing CD.’ Similarly to applying peripherally
the combination of CRH and DDAVP to improve
the diagnostic accuracy, both compounds have been
used during BIPSS to augment the ACTH response
further and avoid false negative results; however,
a false positive response during this procedure has
been described.’ In order to improve diagnostic ac-
curacy and obviate the need for CRH administration,
direct sampling from the cavernous sinuses has been
advocated reaching almost 100% sensitivity and spec-
ificity;* however, this has not been confirmed by a
recent prospective study, which found a false negative
rate of 20% by applying cavernous sinus sampling.®
Although BIPSS was used for lateralizing a pituitary
adenoma secreting ACTH, its usefulness is limited
and has been a matter of controversy.'>® A gradient
of 1.4 or greater between both sides of pituitary had
accurately predicted the tumour location in 78 %' of
the cases; however, in the same combined literature
review of 313 cases, the diagnostic accuracy of BIPSS
was found ranging between 50% and 100%.' The
only limitations in performing BIPSS are technical:
the presence of an experienced radiologist is essen-
tial and centres performing this study should have
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gained considerable experience’. Although BIPSS is
well tolerated, very occasional side effects have been
reported including brainstem vascular damage and
haematomas.®”"* Cavernous sinus sampling (CVS) is
also a powerful method for differentiating CD from
EAS, although tumour localization by CVS can not
accurately predict the adenoma site at surgery and
therefore it should not be used to guide surgical
resection.”

Differentiating CD from pseudo-Cushing’s
States

A pseudo-Cushing’s state comprises some clinical
features of CS together with evidence of hypercorti-
solism, which however resolves following resolution
of the primary state, such as the depressed phase of
affective disorders,” alcoholism or withdrawal from
ethanol intoxication’* as well as eating disorders
(anorexia and bulimia nervosa)” (Table 4). The dif-
ferentiation between mild CS and pseudo-Cushing’s
state is often difficult, as laboratory investigations
characteristic of CS, such as elevated UFC, dis-
ruption of the normal diurnal cortisol secretion,
and lack of plasma cortisol suppression to the DST,
may be encountered in both conditions. Defini-
tive biochemical confirmation may be difficult and
require repeated testing, although the history may
be suggestive and clinical and physical examination
may indicate the correct diagnosis of either CS or
pseudo-Cushing’s state. The hypercortisolism associ-
ated with these states is probably centrally mediated
through increased secretion of CRH and activation
of the HPA-axis, in contrast to the great majority of
patients with CS who have suppressed hypothalamic
CRH secretion.™

A direct comparison of commonly used diag-
nostic tests between patients with CS and pseudo-
Cushing’s states showed that a post LDDST serum

Table 4. Pseudo-Cushing’s and ‘Cushingoid’ like states

Pseudo-Cushing’s states
Alcoholic pseudo-Cushing’s syndrome
Depression
Eating disorders
Cushingoid-like states
Obesity

cortisol value of 38nmol/l or more was associated
with a sensitivity and a specificity of 90% and 100%,
respectively, for diagnosing CS.' Patients with CD
also demonstrated a more pronounced ACTH and/or
cortisol response to CRH than patients with pseudo-
Cushing’s states.”’ ™ Administration of CRH in de-
pressed patients is associated with blunted ACTH
and cortisol responses, although there is conside-
rable overlap with CD; similarly, administration
of DDAVP was associated with a high specificity
but relatively low sensitivity.”>*! Depressed patients
usually demonstrate adequate cortisol response to
insulin induced hypoglycaemia (blood glucose levels
less than 40mg/dl, 2.2mmol/l), which is also absent in
approximately 10% of patients with CS.>** In an ef-
fort to further improve the diagnostic accuracy, CRH
administration following a formal 48 hour LDDST
has been used; a post 15min CRH administration
serum cortisol value greater than 38nmol/l (1.4ug/dl)
was found in all patients with CS but none with a
pseudo-Cushing’s state, thus providing a sensitivity
and a specificity of 100%.* Serum cortisol response
following the administration of the opiate antagonists
loperamide and naloxone has also been used, but
this test has not adequately been validated." In dis-
tinguishing alcohol induced pseudo-Cushing’s from
CS, the clinical history and blood alcohol level, when
detectable, may be of great value."> Measurement
of serum midnight cortisol may be another means
of differentiating pseudo-Cushing’s states from CS;
however, the diagnostic accuracy of this investiga-
tion requires hospital admission and has not been
tested in a large number of patients with documented
pseudo-Cushing’s states.'* More recently it has been
suggested that measurement of salivary midnight cor-
tisol may be as accurate as serum midnight cortisol
in distinguishing CS from severe obesity and can be
used as an alternative tool.”” A rare condition that
can potentially cause further diagnostic confusion
is generalized glucocorticoid resistance state, due
to mutations in the ligand binding domain of the
glucocorticoid receptor.”*** Such patients have high
ACTH and cortisol levels and resistance to dexa-
methasone suppression, since there is diminished
feedback by glucocorticoids; however, they exhibit
preservation of the normal circadian rhythm of cor-
tisol secretion although set at a higher level.!
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RADIOLOGICAL DIAGNOSIS OF CUSHING’S
SYNDROME

The vast majority of endogenous CS is second-
ary to a pituitary ACTH secreting tumour. There-
fore, imaging of the pituitary is essential. Magnetic
resonance imaging (MRI) of the pituitary with gado-
linium enhancement currently exhibits a sensitivity
of approximately 60-70% in identifying a pituitary
microadenoma and should be the imaging modal-
ity of choice.®”’"1! Approximately 5% of pituitary
microadenomas can take up gadolinium, becoming
iso-intense with the normal pituitary in the post-con-
trast scans; for this reason pre-contrast scans should
always be performed, where the tumour is shown
as a lesion with lower intensity than the normal
pituitary.'® A recent study showed that when post-
contrast spoiled gradient-recalled acquisition MRI
is used in the steady-state (SPGR), it is superior to
spin echo (SE) MRI and should be used in addition
to conventional SE-MRI.'®® It should be remembered
that up to 10% of the population may have co-inci-
dental tumours of the pituitary shown on MRI and
therefore their presence should not always be taken
as indicative of significant pathology.! However, the
larger the size of the adenoma the higher is the pos-
sibility of being significant.'” Pituitary macroadeno-
mas are rare and easily identifiable on MRI. These
tumours have significantly higher ACTH and cortisol
levels and relative resistance to dexamethasone, a
proportionally smaller ACTH response to CRH,
and a higher ACTH to cortisol ratio compared to
microadenoma.'® Some authors have suggested that
when the biochemistry is suggestive of CD and a tu-
mour is identified on MRI, there is a 75-98% chance
that this may correlate with the findings on surgical
exploration, a figure approximately the same as with
BIPSS.” However, others have demonstrated a cor-
relation of only 52%, suggesting that many pituitary
microadenomas are not visualized on MRI and fur-
ther studies, such as BIPSS, are necessary.”®

Computerized tomography (CT) of the adrenal
glands in patients with ACTH-dependent hypercorti-
solism reveals bilaterally hyperplastic adrenal glands,
with and without nodules; in a proportion of patients
with proven CD, the adrenal glands may have a nor-
mal appearance.” When laboratory investigations
and BIPSS are indicative of oECS, screening for the

most common causes of 0ECS, particularly a CT scan
of the chest and mediastinum should be performed
using fine overlying cuts to exclude bronchial carci-
noid tumours."* In order to exclude more rare causes
of oECS, such as pancreatic islet cell tumours, intesti-
nal carcinoids tumours, and pheochromocytomas, CT
of the abdomen may also be necessary.! If the clinical
suspicion is high and conventional imaging has failed
to localize an ACTH secreting tumour, imaging with
Wn-DTPA-octreotide, a radiolabelled somatostatin
analogue, can identify bronchial carcinoids of a size
greater than Smm with a sensitivity of approximately
70%. The sensitivity of this procedure is higher for
gastrointestinal carcinoid tumours.'® With prolonged
follow-up, initially negative. !"In-DTPA-octreotide
scans may reveal previously occult bronchial carci-
noid tumours, while conventional radiology remains
negative, thus facilitating the diagnosis of oECS'”".
Functional imaging using somatostatin receptor
scintigraphy has recently provided mixed results for
localization of ectopic ACTH secreting tumours®.
The potential of florine-18-fluorodeoxyglucose PET
(['"*F]-FDG-PET) has recently been applied in a small
series of 17 patients and conferred no additional
benefit for the detection of ectopic ACTH-secreting
tumours beyond existing modalities.'%

When CS is due to an autonomously functioning
adrenal tumour, a unilateral mass, 2cm or larger in
diameter, is usually seen on adrenal CT.> Since a uni-
lateral cortisol-secreting tumour results in suppres-
sion of ACTH secretion, the remaining ipsilateral
and contralateral adrenal gland should be atrophic
or of normal size.! The presence of hyperplasia sug-
gests an ACTH effect and/or the possible diagnosis
of asymmetric macronodular hyperplasia, which may
be present in up to 10% of patients with ACTH-de-
pendent CS.> In these cases adrenal nodules can be
up to 4cm in diameter associated with hyperplasia
of the non-nodular adrenal tissue. When a single
adrenal tumour is present, it is important to make the
distinction between an adenoma and a carcinoma,
particularly when it is of large size;’ although the
radiological distinction can reliably be made using
certain criteria, further experience is needed.!” In
addition to adrenal tumours, some other uncommon
causes of autonomous adrenal hypercortisolism may
be encountered (Table 1).
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RARE FORMS OF CUSHING’S SYNDROME

Primary pigmented adrenal nodular dysplasia
(PPAND)

This includes cases of ACTH-independent CS due
to small pigmented adrenal nodules."” The clinical
manifestations develop earlier than in other causes
of CS (usually during the second decade of life) and
may be mild or severe.'"” Biochemical investigations
are indicative of ACTH-independent CS and there
is some evidence that the biochemical abnormality
may be progressive.''! Adrenal CT imaging reveals
either uni- or bilateral nodularity with nodule sizes
ranging from ‘minute’ to 3 cm.""" The nodules are
not encapsulated (distinguishing them from adeno-
mas) and in the majority of cases there is atrophy of
cortical tissue in non-nodular parts of the adrenal
(distinguishing them from macronodular adrenal
hyperplasia).'!

The Carney Complex

This entity is an inherited, autosomal dominant
disease of multicentric tumours in many organs,
whose molecular pathology has recently been delin-
eated."? The distribution of pathologic manifesta-
tions usually involves skin lesions (80%, pigmented
lesions, cutaneous myxomas or both), cardiac myxo-
mas (72%, single or multiple), PPAND (45%), breast
lesions (45%), pituitary tumours (10-20%, GH-se-
creting adenomas), and peripheral nerve lesions.
56% of male patients have testicular tumours (Sertoli
cell, Leydig cell, and adrenal rest tumours)." Ap-
proximately 20% of patients with PPAND may have
Carney’s complex.'? In a high proportion of patients
with PPAND a paradoxical, i.e more than 50%, in-
crease in UFC excretion occurring during the last day
of either the LDDST or HDDST can be seen; this
delayed paradoxical response may prove a useful di-
agnostic tool.!'"13 Linkage analysis at chromosomes
2pl6 and 17q22-q24 revealed putative genetic loci,
and recently the responsible gene on 17q22-q24 was
identified as type 1o regulatory subunit of cAMP-de-
pendent protein kinase A (PRKARIA); mutations of
this gene are observed in the vast majority of Carney
complex kindreds and in sporadic cases.!!112114

Macronodular adrenal hyperplasia (MAH)
Patients with this entity, which is distinct from

PPAND, present with bilateral nodules ranging from
0.5-7cm in diameter and variable biochemical and
radiological findings; however, the clinical manifesta-
tions of MAH do not differ from those encountered
in other patients with CS, although the patients tend
to be older and have symptoms for a longer period of
time."? Biochemically, these patients express variable
degrees of adrenal autonomy and can either present
as ACTH-dependent or ACTH-independent cases
of CS."% Adrenal CT scans show enlarged nodular
adrenal glands bilaterally with enlargement of non-
nodular areas, although findings can vary widely. The
adrenal glands are usually enlarged and lobulated
with characteristic interlobular hyperplasia.'!> Al-
though its pathogenesis is not precisely known, it is
thought to represent a form of CS, initially caused
by ACTH hypersecretion but eventually resulting in
varying degrees of adrenal autonomy; this is further
supported by the finding that approximately 20-40%
of patients with pituitary dependent CS may develop
micro- or macronodules in both adrenal glands.''°

McCune-Albright syndrome

This syndrome is characterized by polyostotic
fibrous dysplasia, café-au-lait pigmentation of the
skin, and multiple endocrinopathies, which may
include autonomous adrenal hyperplasia and CS.!'¢
In affected individuals, clinical manifestations of
hypercortisolism occur soon after birth or in early
childhood, and adrenal pathology is characterized
by nodular hyperplasia and adenoma formation. Its
molecular pathology is due to activating mutations
of the stimulatory G-protein gene that controls the
production of c-AMP in multiple tissues.!!®

Cushing’s syndrome secondary to ectopic
CRH/AVP production

Corticotroph hyperplasia and the absence of an
identifiable adenoma have been reported in cases
of ACTH dependent-CS.%!7 In patients under-
going pituitary surgery for CD, the incidence of
corticotroph hyperplasia ranges from 0-10%.'"7 In
such cases the clear demonstration of clinical and
biochemical features of CS establishes the potential
role of excessive CRH action in the pathogenesis of
hypercortisolism.!"” A previous report attempted to
characterize the cases with ectopic CRH-dependent
CS, including tumours such as small cell carcinoma of
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the prostate, pituitary gangliocytoma, medullary thy-
roid carcinoma (MTC), and mediastinal carcinoid.'’
The clinical findings of CS indicate that CRH-depen-
dent CS appears to resemble the ACTH-dependent
CS with no distinctive discriminating features.®

Food induced CS and aberrant hormone
receptors in ACTH-independent forms of CS

Rare sporadic and familial cases of ACTH-inde-
pendent forms of CS can be attributed to the aber-
rant expression of hormone receptors other than the
ACTH receptor, which result in cAMP accumulation
and cortisol release.!'®!"” The aberrant expression
of receptors for gastric inhibitory peptide (GIP) has
been most frequently associated with ACTH-inde-
pendent bilateral macronodular adrenal hyperplasia,
although a unilateral adenoma has also been re-
ported."#120-122 Since GIP increases post-prandially,
the syndrome of food-dependent CS results from
inappropriate postprandial cortisol release. In these
patients early morning serum cortisol concentrations
are low and increase in response to eating.!!*!21123
Besides GIP receptors, a number of other receptors
expressed in the adrenals and causing CS have also
been described (Table 1). The presence of aberrant
adrenal hormone receptors in cases of adrenal CS
has been systemically evaluated with several inves-
tigation protocols using either physiologic (upright
posture, mixed meals) or pharmacologic (vasopres-
sin, glucagon, gonadotropin-releasing hormone)
tests in order to examine the potential modification
of cortisol levels.''*

Other rarely encountered forms of CS

Although Ghrelin and synthetic GH secreta-
gogues (GHS) have a stimulatory effect on ACTH
and cortisol secretion, apart from the well-known
GH-releasing activity,'* the relationship between
hypercortisolism and GHS-R expression has not
yet been clearly defined.'” Recently, Ghrelin and
Ghrelin receptor expression has been described
in neuroendocrine tumours,'?® and specific GHS
receptors have been demonstrated in ectopic ACTH-
secreting tumours.'”’ Simultaneous expression of
ghrelin and GHS-R has also been described in a case
of cyclical CS due to an ectopic ACTH secreting lung
carcinoid.'®

SUBCLINICAL CUSHING’S SYNDROME

Subclinical CS is an issue of recent interest and
controversy because of the serendipitous discovery
of adrenal incidentalomas during routine use of so-
phisticated radiologic techniques.’ The prevalence
of subclinical CS incidentalomas ranges from 5%
to 20%. The discrepancy must be attributed to the
different endocrine investigational protocols and
criteria used to define hypercortisolism.'?"'%5 The
definition of subclinical CS relies on the presence
of some biochemical features of CS in patients har-
bouring a serendipitously discovered adrenal mass.
Several different alterations in the endocrine tests
assessing the function of the HPA-axis, such as loss
of cortisol circadian rhythm, increased UFC levels,
suppression of ACTH secretion, abnormal CRH
stimulation, and dexamethasone suppression tests,
can be found in patients with subclinical CS.’ In
order to circumvent the problem of false positive
biochemical tests, it has been suggested that two
concomitant alterations should be demonstrated to
diagnose subclinical CS.” Even with this approach,
it remains difficult to define the entity of cortisol
excess truly relevant for the diagnosis of subclini-
cal CS.” Although emerging evidence suggests that
subclinical CS may contribute to the development of
insulin resistance, the tempting speculation of a very
mild variant of endogenous glucocorticoid excess
syndrome sharing similar target organ damages and
complications with the full-blown disease remains
to be proved® and additional research and long term
follow-up are needed to guide clinical practice.'”

CONCLUSIONS

Cushing’s syndrome is a relatively rare disorder
which is being recognized more frequently albeit in
its more subtle forms. Since CS is associated with
high morbidity and mortality, it is crucial to reach
an early and accurate diagnosis. Clinical suspicion
is of utmost importance as it initiates further in-
vestigations for signs such as thinning of the skin,
easy bruising, and proximal myopathy which are of
high diagnostic significance (Figure 2). Twenty-four
hour UFC and the 1mg overnight DST are used as a
screening test as they can also identify some subclini-
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Figure 2. Cushing’s syndrome. Diagnostic algorithm.

cal forms of CS; however, both tests are of relatively
low specificity for establishing the diagnosis of CS. A
48 hour LDDST can be used as an outpatient screen-
ing test and provide the biochemical confirmation of
CS. A sleeping midnight serum cortisol measurement
is the most specific means of confirming the presence
of CS but requires hospital admission. In the event
of equivocal results and subtle hypercortisolism, the

LDDST-CRH test may be useful. Following confir-
mation of CS, measurement of plasma ACTH should
be performed; if ACTH is clearly detectable, the
investigations should be directed towards a pituitary
secreting ACTH tumour, which is by far the most
common cause of ACTH-dependent CS. Further
diagnostic tests to support the pituitary origin of
ACTH secretion are the HDDST and/or the CRH
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stimulation test either alone or in combination with
DDAVP; however, recently the diagnostic utility of
the HDDST has been questioned. The presence of
a microadenoma on pituitary MRI further supports
the diagnosis of CD, but the reliable confirmation of
a central source of ACTH hyperproduction requires
BIPSS. When the biochemical testing and the results
of BIPPS are suggestive of a non pituitary source of
ACTH secretion, imaging of the thorax and/or the
abdomen are necessary to reveal such a source. When
imaging studies fail to demonstrate a lesion, radionu-
clear imaging with '''In-pentetreotide can be helpful
in selected cases, whereas the role of PET scan is still
evolving. In cases where diagnostic problem remains
or there is possibility of cyclical CS, thoughtful wait-
ing and reinvestigation at regular intervals may be
necessary to reach the correct diagnosis.

Adrenal imaging is the investigation of choice in
cases of ACTH-independent CS as it can sufficiently
characterize autonomously functioning adenomas
and may also help identify those lesions more likely
to be carcinomas. With the passage of time more
experience is being accumulated in characterizing
rare forms of ACTH-independent CS, which should
always be considered when bilateral micro- or mac-
ronodular adrenal pathology is seen on imaging.
Differentiating CS from pseudo-Cushing’s states
may occasionally be extremely difficult as these enti-
ties have common clinical and biochemical features.
Measurement of serum midnight cortisol and the
combined LDDST-CRH test may prove valuable
tools in making such a distinction. Recently, mea-
surement of salivary cortisol has been suggested as
being an easily performed method that may supplant
serum cortisol measurement, but further validation
is required before this test can be incorporated into
clinical practices.
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