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ABSTRACT
Diagnosis of Cushing’s syndrome (CS) and identiﬁcation
of the aetiology of hypercortisolism can be challenging.
The Endocrine Society clinical practice guidelines
recommends one of the four tests for initial screening of
CS, namely, urinary-free cortisol, late night salivary
cortisol, overnight dexamethasone suppression test or a
longer low-dose dexamethasone suppression test, for
48 hours. Conﬁrmation and localisation of CS requires
additional biochemical and radiological tests.
Radiological evaluation involves different imaging
modalities including MRI with or without different radionuclear imaging techniques. Invasive testing such as
bilateral inferior petrosal sinus sampling may be
necessary in some patients for accurate localisation of
the cause for hypercortisolism. This best practice review
discusses a practical approach for the diagnostic
evaluation of CS with a brief discussion on differential
diagnoses, and cyclical CS, to enhance the skills of
clinicians and laboratory personnel.

INTRODUCTION
Cushing’s syndrome (CS) is the state of hypercortisolism that results from endogenous or exogenous
glucocorticoid excess. It is associated with increased
morbidity and mortality from musculoskeletal,
metabolic, thrombotic, infectious and cardiovascular complications.1 2 Patients with CS present with
protean clinical and biochemical manifestations
depending on the aetiology, duration, severity of
the disease and physical characteristics of the
patient, making the diagnostic work-up a challenge
to physicians, radiologists and clinical chemists
alike.
The clinical manifestations of CS can vary widely
from mild or non-speciﬁc symptoms, which are difﬁcult to recognise, to ﬂorid features of profound
cortisol excess, which can be easily identiﬁed.1 3
Because of the diversity and non-speciﬁc nature of
the clinical presentation, diagnosis may be often
delayed and patients may present at a late stage of
the disease or with a complication such as an osteoporotic fracture.
A majority of cases of CS results from adrenocorticotropin (ACTH)-secreting pituitary adenomas
that cause overproduction of cortisol from adrenal
cortex (termed Cushing’s disease (CD)). Sometimes
ectopic production of ACTH or corticotrophinreleasing hormone (CRH) from different extrapituitary tumours causes CS. Primary adrenal diseases with cortisol overproduction may also result
in CS in some cases (termed adrenal Cushing’s).
CS is known to cause increased morbidity and
mortality.4 5 Therefore, prompt clinical suspicion,

early diagnostic work-up and management are
necessary to avoid potential adverse outcomes. This
best practice article compiles an evidence-based
practical approach to empower clinicians and
laboratory personnel for diagnostic evaluation of
CS with the most up-to-date scientiﬁc literature.

CLINICAL SUSPICION OF CS
Patients with classical signs may present with
weight gain/obesity, plethora, hypertension,
hirsutism, ecchymosis, striae, lethargy, mental
health problems, menstrual irregularities, decreased
libido and proximal myopathy.3 Clinical features
encountered less commonly are headache, backache, oedema, abdominal pain, acne, recurrent
infections, female baldness, dorsal fat pad, frank
diabetes, electrocardiographic abnormalities suggestive of cardiac hypertrophy, osteopenia/osteoporotic fractures and cardiovascular disease from
accelerated atherosclerosis. Therefore, patients may
be referred to different specialists depending on
their clinical presentation (eg, orthopaedic surgeon
for fracture, gynaecologist for menstrual problems,
dermatologist for skin changes and psychiatrist for
mental health issues).
Although some of the clinical features may be
sensitive for CS diagnosis, they may not be speciﬁc
for the disease. Some patients may present with
ﬂuctuating symptoms and signs due to a rhythmic
variation in cortisol secretion that results in a state
of cyclical CS.6 7 Phenotypic features of CS may
occur from overactivity ( physiological) of the
hypothalamic–pituitary–adrenal (HPA) axis in conditions such as chronic alcoholism, psychiatric disorders, severe obesity, poorly controlled diabetes
and states of extreme physical stress. This condition
is referred to as pseudo-Cushing’s syndrome
(PCS).8 Subclinical Cushing’s syndrome (SCS), seen
in some cases of adrenal incidentalomas, is a result
of alteration in the HPA axis without overt signs or
symptoms of hypercortisolism. SCS presents with
biochemical evidence of cortisol excess without the
classical phenotypic abnormalities.9 10
Broder et al11 recently demonstrated 10 key conditions observed in patients with CS that may help
easy identiﬁcation of patients with CD from those
without the disease. The relative risk (RR) of any
one of these conditions (selected by expert
opinion), viz. localised adiposity, hirsutism, facial
plethora, polycystic ovary syndrome, abnormal
weight gain, hypokalaemia, deep venous thrombosis, muscle weakness, female balding and osteoporosis, was ≥5 times in CD cases compared with
non-CD cases. Varying combinations of these conditions in dyads or with other associated clinical
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conditions showed higher RR in cases that may help clinicians
to easily identify probable patients with CD as shown in table 1.
An important limitation of this study is that the ﬁndings are
based on expert opinion without proper biochemical backup of
those cases with CD diagnosis.
The possibility of iatrogenic (exogenous) CS should be
excluded while evaluating a patient with suspected CS. A comprehensive history and review of all medications including food
supplements and even use of over-the-counter topical creams is
mandatory in all the cases. This is very important because in
some patients the history of exogenous steroid use causing CS
may be vague and can mislead the clinician to perform unnecessary diagnostic evaluation. The negative feedback inhibition
from chronic exogenous steroid use causes suppression of the
ACTH from pituitary and CRH from hypothalamus, with
gradual atrophy of the adrenal glands.12

INITIAL SCREENING TESTS: EVIDENCES, SENSITIVITY,
SPECIFICITY AND CONFOUNDING FACTORS
The American Endocrine Society Clinical Guidelines (2008)
recommends one of the four following tests for the initial
screening of CS: two measurements of urinary-free cortisol
(UFC), two measurements of late night salivary cortisol (LNSC),

1 mg overnight dexamethasone suppression test (ODST) or a
longer low-dose dexamethasone suppression test (LDDST) with
2 mg/day in divided doses for 48 hours.13 The decision regarding suitability of the appropriate initial screening test should be
made by the clinician, the patient and the local availability of
the tests. Conventionally, UFC and ODST are the preferred tests
by most centres/clinicians.

UFC measurement
This test is performed with a 24-hour collection of urine on at
least two separate occasions. This measures the unbound cortisol ﬁltered by renal system, which provides an integrated assessment of total urinary cortisol excretion over a 24-hour period,
unlike measurement of (total) serum cortisol (measuring both
free hormone and cortisol, which is bound to cortisol binding
globulin (CBG)), which may vary alongside alterations in CBG
levels in disease states or the concomitant use of different
drugs.13 To improve the sensitivity of UFC, the upper limit of
normal laboratory range should be used as the cut-off
value.1 10 13 14 Although Ceccato et al15 reported a sensitivity
of 97% and speciﬁcity of 91% for UFC levels >170 nmol/
24 hours using mass spectroscopic method, a more recent study
by Aranda et al16 using similar laboratory methods showed

Table 1 Relative risk (RR) in patients with versus without Cushing’s disease (CD) of dyads of conditions selected by clinical content expert
opinion
Development
data set

Validation data set
CD
Frequency (%)

Order

Condition 1

Condition 2

RR

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Hypertension
Serious infections
Type 2 diabetes
Uncontrolled type 2 diabetes
Weakness/fatigue
Hyperlipidaemia
Type 2 diabetes
Psychiatric disorders
Serious infections
Sleep disorders
Uncontrolled type 2 diabetes
Psychiatric disorders
Weakness/fatigue
Obesity
Metabolic syndrome/impaired
glucose tolerance
/pre-diabetes
Weakness/fatigue
Type 2 diabetes
Type 2 diabetes
Obesity
Hypertension
Type 2 diabetes
Osteoporosis
Hypertension
Psychiatric disorders

Hirsutism
Adrenal mass
Hirsutism
Premature menopause
Hirsutism
Adrenal mass
Adrenal mass
Hirsutism
Hirsutism
Adrenal mass
Hypokalaemia
Adrenal mass
Adrenal mass
Osteoporosis
Vertebral, long bone,
rib, pelvic and foot
fracture
Female balding
Weakness/fatigue
Hypokalaemia
Weakness/fatigue
Osteoporosis
Premature menopause
Serious infections
Serious infections
Serious infections

70.0
∞
62.0
44.0
35.0
∞
∞
43.0
∞
∞
15.0
∞
∞
10.0
38.0

49
42
30
15
64
56
52
49
44
35
32
63
56
26
18

(2.613)
(2.240)
(1.600)
(0.800)
(3.413)
(2.987)
(2.773)
(2.613)
(2.347)
(1.867)
(1.707)
(3.360)
(2.987)
(1.387)
(0.960)

15.3
8.9
19.3
11.7
15.6
31.3
15.1
4.6
4.5

30
184
56
150
95
35
66
269
245

(1.600)
(9.813)
(2.987)
(8.000)
(5.067)
(1.867)
(3.520)
(14.347)
(13.067)

16
17
18
19
20
21
22
23
24

Non-CD
Frequency (%)

RR

0 (0.000)
0 (0.000)
0 (0.000)
0 (0.000)
1 (0.027)
1 (0027)
1 (0.027)
1 (0.027)
1 (0.027)
1 (0.027)
1 (0.027)
2 (0.053)
2 (0.053)
1 (0.027)
1 (0.027)

∞
∞
∞
∞
128.0
112.0
104.0
98.0
88.0
70.0
64.0
63.0
56.0
52.0
36.0

3 (0.080)
22 (0.587)
7 (0.187)
22 (0.587)
19 (0.507)
7 (0187)
16 (0.427)
106 (2.827)
119 (3.173)

20.0
16.7
16.0
13.6
10.0
10.0
8.3
5.1
4.1

The 24 pairs of conditions in this table where chosen as follows: authors initially selected for analysis 47 conditions defined by literature search and experts as being associated with
CD in order to focus on conditions common enough in the CD population that their identification could be an aid to early diagnosis. After generating all possible two-way
combinations of these conditions, authors chose for retention those that were either present at ≥5% frequency among patients with CD or present at ≥1% frequency if the RR of the
condition was ≥15. Using this frequency and RR data along with expert consultation, authors narrowed the list down to 24 pairs of conditions. RR was calculated for these pairs and
confirmed in the validation data set. These results indicate that patients with CD have a fourfold or higher risk of having any one of these 24 pairs of conditions compared with
non-CD patients.
Table reprinted from Broder et al,11 with permission from the American Association of Clinical Endocrinologists.
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much poorer diagnostic utility for UFC levels (UFC
≥258.1 nmol/24 hours showed only 53% sensitivity and 86%
speciﬁcity) as an initial screening test for CS. Because of the
wide discrepancy in the reported sensitivity and speciﬁcity of
UFC measurements, many authorities consider this test less
useful for initial screening of CS.
Procedural difﬁculties with the urine collection and processing are the main problems encountered with UFC as a screening
tool for CS. Procedure can be cumbersome especially in older
patients and small children as the entire urine specimen voided
in a 24-hour period should be collected. The test requires a
plain 24-hour urine bottle without preservatives and kept refrigerated if not processed immediately. To reduce the likelihood
of error, patients should be instructed to avoid excess ﬂuid
intake and topical glucocorticoid therapies during the collection
period.
UFC levels can be affected by variations in renal function.
Urinary cortisol excretion depends on glomerular ﬁltration rate
and urinary volume. Therefore, UFC measurement can be erroneously low in patients with renal impairment17 and high when
urinary volumes exceed 5 L in 24 hours.18 Any physiological or
pathological states of cortisol overproduction may also be associated with higher UFC levels.13 CS severity has not been
shown to be correlated with the level of urinary hypercortisoluria.19–21 Up to 15% of CS cases may be missed by a single
measurement of 24-hour UFC.21 Although negative 24-hour
UFC test in three samples may exclude CS in most cases, in rare
situations (mild disease or cyclical CS) the diagnosis may be
missed owing to the episodic nature of cortisol hypersecretion.
Measurement of urinary cortisol levels on several occasions may
be necessary in such situations. To reduce the procedural difﬁculties with UFC measurement on multiple specimens, calculation of spot urinary cortisol to creatinine ratio with early
morning urine samples can be used as an alternative.7
Alternative mode of testing may be necessary if only one UFC
reading among two or three tests turns positive in patients with
clinical suspicion of CS.
There are signiﬁcant variations in the reported normal ranges
in UFC measurement values by different laboratories. This is
dependent on the biochemical methods used for cortisol assays.
Radioimmunoassay (RIA) and ELISA use antibody-based immunoassays (IAs). Cross-reacting cortisol metabolites and synthetic
glucocorticoid molecules may interfere with result analysis and
interpretation.13 Newer modalities and methodologies such as
high-performance liquid chromatography (HPLC), gas chromatography mass spectrometry and liquid chromatography-tandem
mass spectrometry (LC-MS/MS) are structurally based methods
without these inherent problems and will minimise the
variability.
An additional confounder is the concomitant use of medications such as carbamazepine and fenoﬁbrate that may impose
interference with some of the biochemical assays,13 22 although
newer assay techniques using mass spectroscopy may not pose
this problem.23 The upper limits of the laboratory ranges for
UFC tend to be lower in the HPLC and LC-MS/MS techniques
than in antibody-based assays.

Overnight dexamethasone suppression test
The test can be easily performed as an outpatient procedure if
the patient can follow the required instructions. One milligram
of dexamethasone is taken orally by the patient between 23:00
and 00:00, and serum cortisol is measured the next morning
between 08:00 and 09:00. Cortisol level <50 nmol/L is considered as the appropriate response after ODST in normally
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functioning HPA axis.1 3 13–15 Inadequate cortisol suppression
with higher cortisol levels has a sensitivity >95% and a speciﬁcity of 80% for initial diagnosis of CS.3 13 14 However, when
the cut-off value <140 nmol/L is used, the speciﬁcity for this
test reaches >95%,13 15 24 although sensitivity falls signiﬁcantly.
A variety of drugs and clinical conditions can affect the bioavailability of dexamethasone, potentially interfering with
ODST results.3 8 13 14 21 Several drugs (eg, anticonvulsants and
alcohol) induce hepatic CYP 3A4 enzyme and accelerate dexamethasone metabolism causing a false positive result. Other
drugs may inhibit (eg, ritonavir and diltiazem) the enzyme
increasing the serum levels.13 False positive ODST can occur in
up to 50% of females on long-term oestrogen replacement such
as the combined oral contraceptive pill or hormone replacement
therapy because of its effect, which elevates CBG levels.13 25
Therefore, women should refrain from oestrogen-containing
medications for at least six weeks prior to the test.12 26 Valassi
et al27 demonstrated a dexamethasone-suppressed cortisol level
of ≤38 nmol/L in signiﬁcantly higher number of cases not
taking interfering medications that may alter dexamethasone
metabolism compared with those who were taking these drugs
(serotonin uptake inhibitors, lipid-lowering agents, calcium
channel blockers, angiotensin II receptor antagonists, antipsychotics, proton pump inhibitors, antiarrhythmics, thiazolidinediones, β-adrenoceptor blockers, benzodiazepines and
anticonvulsants).
Advanced stages of liver and renal diseases may also affect
serum dexamethasone levels with false positive/negative ODST
results.13 28 Serum dexamethasone levels may vary even in
normal individuals, and this may also interfere with the ODST
result interpretation.13 29 Although the standard recommended
dose for ODST is 1 mg of dexamethasone, the use of 0.5 mg
dose has shown better sensitivity for the diagnosis of CS in
Southeast Asian populations with lower body mass indices.30
Similar to the UFC measurement, variations in estimated
serum cortisol levels may occur depending on the assay used.
Although measurements were previously by colorimetric, spectroscopic or chromatographic methods, IAs with radioactive or
non-isotopic labels are now commonly used by most laboratories. IAs can be easily automated with >30 different methods,
which are available as manual kits and/or on automated platforms that use a radio immunoassay (RIA), an enzyme immunoassay (EIA), a ﬂuorescence immunoassay (FIA) or a luminex
immunoassay (LIA). For cortisol measurements, most laboratories now use automated IAs based on the competitive binding
principle in which cortisol from clinical specimen and the
exogenous labelled cortisol compete for binding sites on the
anticortisol antibody that is detected by (chemi)luminescent
signal generation. However, the between-assay agreements of
these methods are often unsatisfactory.31
Most routine hospital laboratories use IAs while major reference laboratories use the LC-MS/MS method because chromatographic methods using mass spectrometry are more speciﬁc and
accurate. The LC-MS/MS method detects different cortisol
molecules based on their mass-to-charge ratio, without the interference from synthetic steroid molecules that may cross-react
with cortisol antibodies in IAs because of structural similarity.31
Although this method has become a more popular technique
recently, it is costlier and has limited availability.

Low-dose dexamethasone suppression test
Similar to ODST, this test can be performed as an outpatient
procedure for a well-instructed patient. This test may be more
speciﬁc in excluding conditions that may be associated with
Pappachan JM, et al. J Clin Pathol 2017;70:350–359. doi:10.1136/jclinpath-2016-203933
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PCS.8 13 Dexamethasone is given in doses of 0.5 mg at sixhourly intervals for 48 hours starting at 09:00 on day 1, and
serum cortisol measurement is performed at 09:00 on day 3,
6 hours after the last dexamethasone dose. For patients weighing <40 kg, the dose should be adjusted to 30 μg/kg/day
(in divided doses).32 Suppression of cortisol <50 nmol/L is
regarded as the normal response in an individual without CS.
The reported sensitivity and speciﬁcity of LDDST in diagnosing CS were 100% and 88%, respectively,33 with a positive predictive value (PPV) of 92% and negative predictive value (NPV)
of 89%, respectively.8 Confounding factors that may interfere
with ODST described above should be considered in the interpretation of the LDDST results.

Late night salivary cortisol
In a healthy individual with normal undisturbed sleep pattern,
plasma cortisol starts rising between 03:00 and 04:00, peaks
between 07:00 and 09:00, and then falls steadily with the
lowest level being at midnight. This circadian rhythm of cortisol
secretion may be altered in patients with CS who do not show
the late night cortisol nadir that forms the physiological basis
for measurement of LNSC. This is a very sensitive test that has
been used by endocrinologists over the past two decades for biochemical screening and diagnosis of CS.13 34–36 There is a
steady equilibrium of serum-free cortisol with salivary cortisol
that is unaffected by the rate of saliva production, and the test
measures free cortisol fraction of unbound cortisol in the
plasma. Serum cortisol ﬂuctuations are reﬂected in the measured
salivary cortisol levels within a short period of time.13 For this
reason, salivary cortisol measurement may be feasible instead of
serum cortisol assay after ODST,28 although this approach is not
adequately validated.
Sample collection of saliva for LNSC is usually performed
between 23:00 and 00:00 by asking the patient to chew a cylindrical cotton swab (salivette) for 2–3 min and keeping the
sample in a plastic tube at 2–8°C overnight in order to be processed the following morning. Clinicians should carefully
explain the procedure to the patient and should ensure timing
of sample collection has been accurate before interpreting the
result. LNSC should be performed twice (ideally in a row) to
improve the sensitivity and speciﬁcity. Two samples are ideal to
avoid false negativity in occasional circumstances because of the
rhythmic nature of cortisol hypersecretion in some CS cases and
the likelihood of inadequate quantity of saliva in the collected
specimens. Although assay technique may have an effect on the
diagnostic performance of the test, most studies reported sensitivity and speciﬁcity of LNSC >95% in diagnosing CS.13 34–37
However, it should be kept in mind that uncertainties exist in
the inﬂuence of age, gender, coexistent medical conditions
(eg, depression, critical illness, etc) on the diagnostic utility of
LNSC.13
Initial methods used for salivary cortisol measurements were
similar to those used for serum and urinary cortisol assays.
These were modiﬁed later to improve the performance of
LNSC, in which small volumes of saliva were used and the low
levels of cortisol in saliva were in comparison to the serum cortisol levels. RIA, ELISA, platform IAs and LC-MS/MS are the
standard methods used for the test.36 Advantages of IAs are that
they detect other cortisol metabolites, are easy to run and
perform, are relatively inexpensive and require smaller volumes
of saliva. Newer IAs are capable of detecting low cortisol levels
at small volumes of saliva used for LNSC. Similar to the measurements of UFC and serum cortisol, chromatographic
methods using mass spectrometry may give better diagnostic
Pappachan JM, et al. J Clin Pathol 2017;70:350–359. doi:10.1136/jclinpath-2016-203933

yield in LNSC.38 39 However, spectroscopic methods require
higher volumes of saliva (100–250 mL by extraction), are costlier and the cut-off cortisol levels are also higher (0.3–2.0 nmol/
L).39
The advantages of LNSC measurement for CS screening and
diagnosis are the ease of home specimen collection from a wellinstructed patient, lack of interference from factors such as concurrent medication use that affect serum total and free cortisol
levels, high sensitivity and speciﬁcity of the test, thermal stability
at room temperature that helps easy transport of the specimen
to laboratories and better diagnostic sensitivity even in mild
cases of CS.3 13 35–37 The major disadvantages are higher false
positive rates in the elderly, hypertensives, diabetics and when
IAs are used that cross-react with cortisone (formed from cortisol by 11 β-hydroxysteroid dehydrogenase type 2 of salivary
glands).3

EXCLUSION OF OTHER HYPERCORTISOLISM STATES
A positive biochemical screening for CS requires a thorough
re-evaluation of both the patient and the clinical scenario to
exclude other hypercortisolism states such as SCS, PCS and iatrogenic CS from exogenous steroid use. This will help to avoid
subsequent expensive investigations to conﬁrm the diagnosis of
CS.
SCS is deﬁned as a state of inappropriate cortisol overproduction that may be associated with alterations in the HPA axis,
without the overt manifestations of classic CS such as striae, adiposity, proximal myopathy and metabolic abnormalities.40 The
disease may be present in 5–30% of patients with adrenal incidentalomas, which is found in 4–7% of the adult population.9
Therefore, the estimated prevalence of the disease is about 0.2–
2% in the adult population. Disagreement still remains among
endocrine professional bodies on the diagnostic cut-offs for biochemical screening tests for SCS.9 41 Although alteration of cortisol circadian rhythm assessed by both LNSC or serum cortisol
measurements may provide reasonable diagnostic accuracy, the
sensitivity and speciﬁcity of these assays may be inadequate as a
single screening test.9 Therefore, higher cut-offs of individual
tests and/or multiple tests may need to be developed for initial
screening of SCS. An initial evaluation by ODST may be the
best approach to patients with SCS and adrenal incidentalomas
as suggested by multiple studies and consensus.42–46
PCS can prove to be a diagnostic challenge as many of the
patients may have clinical features of CS, along with deceptive
initial screening test results. Inadequate suppression of serum
cortisol on ODST and an elevated UFC level were observed in
85% and 40% of subjects respectively with PCS, which make
these tests less useful as initial screening tools.8 However, LNSC
and midnight serum cortisol results (MserC) were observed to
have a much better diagnostic accuracy in this study. Receiver
operating characteristic curve analysis for LNSC using a cortisol
cut-off value of 9.3 nmol/L gave a sensitivity of 100%, speciﬁcity of 83%, PPV of 94% and a NPV of 100% for distinguishing
CS from PCS.8 Similarly, a single MserC concentration of
>243 nmol/L had a PPV of 98% with an NPV of 95% in differentiating CS from PCS.
Desamino-D-arginine vasopressin (Desmopressin; dDAVP) test
is another important diagnostic tool for distinguishing patients
with CD from PCS.47–50 The test is performed by serial measurements of serum cortisol and ACTH at baseline and after
intravenous injection of 10 mg of dDAVP. A basal serum cortisol
>331 nmol/L and an absolute ACTH increment >4 pmol/L
following dDAVP injection yielded a sensitivity of 90.3% and
speciﬁcity of 91.5% in differentiating CD from PCS.47
353
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A 4 mg intravenous dexamethasone infusion that is run from
23:00 to 03:00 along with a measurement of serum ACTH
levels later at 08:00 was recently reported to be useful to distinguish between patients with CD and PCS.51 A cut-off serum
ACTH level of 14.8 ng/L (3.26 pmol/L) has shown a sensitivity
of 100% and speciﬁcity of 83.3% in distinguishing CD from
PCS.
Pregnancy is a state of physical and psychological stress associated with a complex neuroendocrine immune response that
results in activation of HPA axis, stimulation of innate immunity
and release of pro-inﬂammatory cytokines.52 Increased production of CRH and ACTH occurs in pregnancy with a resultant
rise in plasma cortisol levels.53 However, high levels of
CBG because of hyper-oestrogenaemia of pregnancy help in
maintaining the bioavailable free cortisol levels near the normal
physiological limits. Pregnancy is also a type of low-grade
chronic inﬂammatory state that downregulates response of
glucocorticoid receptors to cortisol binding, a state of glucocorticoid resistance, and the hypercortisolemia of pregnancy
may interfere with various biochemical tests for CS diagnosis.
Iatrogenic CS can occur because of exogenous administration
of glucocorticoids for a number of autoimmune or inﬂammatory disorders. Occasionally, the presence of steroid molecules
in some everyday food items, dietary supplements and indigenous herbal medicinal preparations may result in iatrogenic CS
when consumed regularly on a long-term basis. Suppression of
the HPA axis, and even adrenal atrophy, can result from these
situations. Phenotypic features of CS with elevated (if patient is
on prednisolone or hydrocortisone) or low serum cortisol (as
several synthetic steroid molecules are not detected by routine
cortisol assays) and suppressed ACTH levels are characteristic of
this condition. Physiological doses of glucocorticoids, both in
the topical or inhaled preparations, may also result in iatrogenic
CS during concomitant co-administration of some medications
in the same patient due to drug interference with the hepatic
steroid metabolic pathyways.54 Therefore, a thorough patient
history should always be taken before further investigating cases
with suspected CS.

CONFIRMATORY BIOCHEMICAL TESTS
Following the initial positive screening tests for the possibility of
CS, clinicians should proceed with further diagnostic investigations for biochemical characterisation of the disease. This
should then be followed by anatomical localisation studies for
subsequent management.
If two of the initial screening tests are positive with a high
pre-test probability of the disease, diagnosis of CS is almost
certain in that patient.1 13 Simultaneous or sequential screening
tests with or without other tests could help in establishing the
biochemical conﬁrmation of CS. Additional biochemical tests
may still be occasionally required to exclude PCS. LDDST combined with a CRH stimulation test ( performed by an intravenous administration of 1 μg/kg of CRH two hours following the
last dexamethasone dose and cortisol measurement 15 min
afterwards) or a late MserC assay may be necessary to conﬁrm
the diagnosis of CS in some patients.13 54
The subsequent step after biochemical conﬁrmation is to identify the underlying cause of the excess cortisol production. A
baseline serum ACTH-level estimation may provide information
regarding the abnormal source/stimulant for cortisol excess.
Further discussion about the distinguishing laboratory features
between different types of CS can be found in the next section.
Laboratory measurements of plasma ACTH level use IAs
based on the ‘sandwich’ principle in which two antibodies
354

recognise different ACTH epitopes.55 Enzyme-based or chemiluminescent labels are used in these assays for diagnostic purposes.
The ideal specimen for ACTH assay is EDTA plasma collected
and sent to the laboratory on ice as the hormone is heat-labile
(proteolytic degradation at higher temperatures). Both manual
and automated IAs from different manufacturers are commercially available for ACTH estimation, with variable lab reference
ranges depending on the methodology used.

DIFFERENTIAL DIAGNOSIS OF CONFIRMED
HYPERCORTISOLISM
Pathophysiologically, the disease can be broadly classiﬁed into
ACTH-dependent and ACTH-independent CS. About 70–80%
of CS cases belong to the former category and 20–30% to the
latter.1 Pathophysiological characterisation by initial biochemical
testing is important for appropriate localisation studies to plan
management of the disease. A suppressed serum ACTH level of
<2.2 pmol/L with overt hypercortisolism usually indicates an
adrenal pathology as the cause of CS.1 13 54 Serum ACTH level
>4.4 pmol/L may suggest an ACTH-dependent CS from extraadrenal disease, often from pituitary pathology (CD).
Intermediate values of serum ACTH between 2.2 and 4.4 pmol/
L would necessitate further evaluation with a CRH stimulation
test.1 54 56

ACTH-independent CS
In total, 20–30% of CS cases result from adrenal pathology
mostly from unilateral disease and less commonly from bilateral
gland involvement.1 Unilateral adrenal adenomas and less often
carcinomas account for the majority of cases of adrenal CS.
Bilateral disease results from multiple adenomas, micronodular
or macronodular hyperplasia, and rarely from McCune-Albright
syndrome and carcinomas.1
Suppressed ACTH levels (<2.2 pmol/L), with raised serum/
urinary cortisol levels non-suppressible on dexamethasone challenge, usually indicate adrenal CS. Elevated androgen levels and
virilisation may be seen in CS resulting from adrenal carcinoma
because of sex hormone co-secretion.1 57 Raised levels of
steroid precursors along with androgen and mineralocorticoid
hypersecretion may be seen in bilateral macronodular adrenal
hyperplasia.1 58 A paradoxical rise in UFC levels may be seen in
the rare form of adrenal CS—primary pigmented adrenocortical
nodular disease—after dexamethasone suppression tests.1 Once
the diagnosis of adrenal CS is established biochemically, the clinician can proceed with adrenal imaging to identify the causative
pathology.

ACTH-dependent CS
In total, 60–70% of these cases result from CD related to a corticotroph adenoma and very rarely from corticotroph hyperplasia
that causes ACTH hypersecretion.1 Higher baseline ACTH levels
(usually >4.4 pmol/L) usually suggest ACTH-dependent disease,
although in some cases of CD the levels may be inappropriately
in the normal range (hypercortisolism normally suppresses
ACTH).54 Uncommonly, some cases of ACTH-independent CS
from mild adrenal CS may not suppress ACTH <2.2 pmol/L as
observed in some cases of CD. In such cases, a CRH stimulation
test or dDAVP stimulation test becomes necessary. Abnormal corticotroph cells in the pituitary adenoma causing mild forms of
CD will still respond to the tests by an increase in ACTH production, whereas the chronically suppressed normal corticotroph
cells in cases with adrenal CS will not respond.54
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Ectopic ACTH-driven CS
An extraordinarily high serum ACTH levels (>110 pmol/L)
would usually indicate an ectopic ACTH production as the
causative pathology.54 59 60 Profound hypercortisolism, shorter
duration of clinical illness and more severe hypokalaemia are
seen in many of these cases compared to patients with CD.61
Detection of raised levels of neuroendocrine hormones and
chemical mediators such as calcitonin, gastrin, chromogranin A
and 5-hydroxyindoleacetic acid in biological specimens (serum/
urine) from patients with CS may suggest ectopic ACTH-driven
CS as the majority of these cases result from neuroendocrine
tumours (NETs).
Although high-dose dexamethasone suppression test
(HDDST) is not favoured by many endocrinologists, some
centres still perform the test to distinguish between CD and
ectopic ACTH-driven CS. HDDST relies upon the fact that pituitary corticotroph tumour cells retain a degree of negative feedback response to glucocorticoids, unlike extra-pituitary
tumours.62 63 In the standard/classic test, serum cortisol or UFC
is measured after oral dexamethasone 2 mg administration every
six hours for 2 days (total eight doses). Alternatively, 8 mg dexamethasone can be administered orally at 23:00 with a subsequent serum cortisol measurement taken at 08:00 on the
following day. A baseline cortisol measurement is performed in
both these methods; a suppression of cortisol >50% compared
with the baseline value would indicate a positive test result,
which is suggestive of CS with a pituitary origin.1 62 63
However, about one-third of patients with ectopic
ACTH-driven CS may also show cortisol suppression at these
levels.61–63 Using logistic regression models from a large series
of cases, Aron et al61 previously showed that HDDST adds little
to the differential diagnosis of ACTH-dependent CS, especially
after taking other clinical information into account. However,
serum cortisol suppression with a cut-off value of <33.3% after
HDDST has shown a sensitivity and speciﬁcity of 95.8% and
90.6% respectively in a recent study reported from Korea.64

CRH stimulation during BIPSS procedure is diagnostic of CD
with a sensitivity and speciﬁcity of approximately 95%.1 63 67
Measurement of prolactin levels in plasma collected from BIPSS
sample improves the sensitivity and helps exclusion of ectopic
source of ACTH with higher accuracy.68 69 In occasional cases,
CD may occur in patients with empty sella syndrome, and localisation study with BIPSS may help the cure of CD by surgical
resection in such cases.70
Localisation studies with the use of CT, MRI and PET
imaging modalities can aid the diagnosis of ectopic
ACTH-driven CS in the majority of cases. NETs of varying
types can produce ACTH or CRH, which may account for up
to 5–10% of CS.1 Many of these tumours may be small and be
elusive to imaging modalities, rendering localisation studies a
diagnostic challenge. Recent studies have shown a superiority of
somatostatin analogue-based PET imaging over CT and MRI
scans for localisation studies of these NETs.1 71 72 For example,
scintigraphy with 68Gallium-SSTR-PET/CT was reported to have
100% sensitivity in detecting NET with ACTH or CRH production in a recent study.72 However, limited availability and technical difﬁculties restrict the use of these newer investigative
modalities in routine clinical practice.

ACTH-independent disease
An initial adrenal imaging modality such as CT or MRI scan is
necessary for localisation of a pathology such as adrenal
adenoma or cancer in patients with ACTH-independent disease.
Adrenal venous sampling (AVS) is an invasive radiological localisation study performed by comparing the measured plasma cortisol from the right and left adrenal veins. This may be
necessary to differentiate the adrenal gland that is responsible
for cortisol overproduction, prior to further surgical/medical
management in some patients.73 However, this approach has
not been adequately explored, unlike the BIPSS.

INVESTIGATIONS FOR LOCALISATION
ACTH-dependent disease
If pituitary cause (CD) is suspected, a dedicated pituitary
imaging study should be performed as the next step. A
contrast-enhanced MRI of the pituitary is the preferred imaging
modality. MRI identiﬁes the pituitary tumours in >50% of
patients with CD, and the majority (80–90%) of these lesions
are microadenomas (<10 mm size).1 13 60 63 65 Lesions <6 mm
with unknown biochemical signiﬁcance are seen in about 10%
of the general adult population, and therefore, microadenomas
<6 mm may not be diagnostic of CD.1 Newer MRI techniques
such as methionine-positron emission tomography (MET-PET)
and ﬂouro-deoxy-glucose-PET (FDG-PET) using superconductive MRI sequences (3.0 T) demonstrated improved accuracy
rates of up to 100% and 73%, respectively, compared with conventional MRI that showed accuracy rates <50%.66
When biochemical and anatomical diagnostic investigations
do not reliably distinguish between CD and ectopic
ACTH-driven CS, a bilateral inferior petrosal sinus sampling
(BIPSS) is often considered to aid diagnostic conﬁrmation and
management plan.1 60 63 66 67 Although this is an invasive test
that requires interventional radiology expertise in a specialised
centre, BIPSS remains a key investigation that is necessary in a
proportion of CS cases in whom biochemical and anatomical
localisation studies are inconclusive to establish the diagnosis. A
central to peripheral ACTH gradient >2 that raises to >3 after
Pappachan JM, et al. J Clin Pathol 2017;70:350–359. doi:10.1136/jclinpath-2016-203933

Box 1 Genetic disorders or gene defects associated
with Cushing’s syndrome (CS)
Cushing’s disease associated with genetic disease
▸ Multiple endocrine neoplasia (MEN-1) syndrome
▸ MEN-4 syndrome
▸ Mutations in aryl-hydrocarbon receptor-interacting protein,
cyclin-dependent kinase inhibitor, USP8, CDKN1B ( p27Kip1),
CDKN2C ( p18INK4c), cyclin E (CCNE), EGFR, CMPtk and
LAPTM4B genes.
Ectopic adrenocorticotropin-driven CS associated with genetic
disease
▸ MEN-1 syndrome
▸ RET gene mutations
Adrenal CS associated with genetic disease
▸ Adrenal adenomas—defects in PRKACA, CTNNB1, GCPR,
GNAS1 and PRKAR1A genes
▸ Adrenal hyperplasia—defects in ARMC5, MEN1, FH, GNAS1,
PDE11A, PDE8B, MC2R, PRKACA, GPCR and PRKAR1A
genes
▸ Adrenal cancer—defects in P53 (Li–Fraumeni syndrome),
GNAS, MEN-1, IGF-II, H-19, CDKI (Beckwith-Wiedemann
syndrome) and adenomatous polyposis colii genes
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GENETIC TESTING

CYCLICAL CS

Although most cases of CS are sporadic in nature, somatic and
germline mutations are identiﬁed in some cases. Several genetic
abnormalities associated with pituitary, adrenal and ectopic
ACTH-driven CS are described as shown in box 1.1 74 Genetic
testing may be necessary in patients with CS when multiple
members of a family present with endocrine tumours as in multiple endocrine neoplasia 1 (MEN1) syndrome. More detailed
discussion of these disorders and related diagnostic investigative
methodologies can be found in other literature.1 74 75 When
clinically suspected, appropriate testing should be arranged in
collaboration with a clinical geneticist in such cases.

Cyclical CS results from rhythmic alterations in the cortisol production with ﬂuctuations in both clinical and laboratory results.
Diagnosis of cyclical CS requires demonstration of at least three
peak levels and two trough levels in cortisol production on prolonged testing.7 ‘Shoulders’ in cortisol level (cortisol values
above the normal baseline) can be seen in these patients before
and after the peaks, indicating that cortisol levels were rising
over a few days. Although more commonly seen in patients with
CD, cyclical CS can also be encountered in patients with
adrenal CS and ectopic ACTH-driven CS.6 Cyclicity has been
reported in up to 15% of cases with CD in a large series.76

Figure 1 Cushing’s syndrome: a diagnostic algorithm. ACTH, adrenocorticotropin; AVS, adrenal vein sampling; BIPSS, bilateral inferior petrosal
sinus sampling; CD, Cushing’s disease; CRH, corticotropin-releasing hormone; CS, Cushing’s syndrome; HDDST, high-dose dexamethasone
suppression test; LDDST, low-dose dexamethasone suppression test; LNSC, late night salivary cortisol; MserC, midnight serum cortisol; ODST,
overnight dexamethasone suppression test; PCS, pseudo-Cushing’s syndrome; UFC, urinary-free cortisol.
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Diagnostic evaluation for cyclical CS is often difﬁcult and
time consuming. Prolonged testing over a 28-day period is
recommended for suspected cases.6 7 Testing may become necessary in patients with a discordant biochemical proﬁle on evaluation, a paradoxical response to DST, a suggestive clinical
picture with normal/slightly abnormal laboratory ﬁndings, and
in the recurrence of CS after surgery with normal test results.
An abnormal early morning urine cortisol-to-creatinine ratio
from a 28 consecutive day collection is diagnostic in the majority of cases. Occasional patients with cyclical CS with prolonged
cycling intervals can be missed if this strategy is used.7 77
Nocturnal salivary cortisol estimation over a 28-day period corresponded well with urinary cortisol-to-creatinine ratio in a
recent study and can be used as an alternative test for diagnostic
evaluation of patients with cyclical CS.7 In patients with prolonged cycling intervals, extended testing for months or even
years may be required to reach the diagnosis.36 78

EVALUATION ALGORITHM

Clinicians should exclude other conditions with hypercortisolism phenotype prior to pursuing further localisation studies in
the respective patients, although routine screening is not
deemed necessary in most cases of PCS with a low pre-test
probability. Diagnostic evaluation of cyclical CS and SCS can be
both challenging and time consuming.
Localisation studies are often expensive and sometimes inconclusive. Although not time tested due to the recent development, the uses of newer imaging techniques such as MET-PET,
FDG-PET and 68Gallium-SSTR-PET/CT are emerging as useful
tools in localisation studies. Genetic testing may be considered if
clinical picture suggests an inherited abnormality causing the
disease. Confounding factors in optimal diagnostic performance
of LNSC, identiﬁcation of people with PCS who need clinical
and diagnostic evaluation for CS, the role of HDDST in the CS
diagnostic algorithm and the ideal imaging strategy for difﬁcult
to diagnose extra-adrenal CS are some of the areas of uncertainties in diagnostic evaluation of patients with CS that require
further research.

An algorithm for diagnostic evaluation of patients with suspected CS is shown in ﬁgure 1.

Take home messages

AREAS OF UNCERTAINTY
The inﬂuence of age, gender and various medical conditions
such as depression and critical illness to the diagnostic performance of LNSC as a screening tool is not well known.
Confounding factors such as poor acquisition techniques and
contamination may interfere with diagnostic utility of this test.79
Sensitivity and speciﬁcity have recently been reported to be low
in patients with SCS in a small series.80 These factors warrant
further validation of LNSC in large-scale controlled studies to
clear this uncertainty.
Although multiple screening tests as discussed above can reliably exclude PCS in most patients, some cases pose signiﬁcant
challenge to clinicians. Patients with obesity-related hypertension, resistant to conventional treatment, have a relatively high
prevalence of SCS picture, and excluding hypercortisolism can
prove to be extremely difﬁcult.81 One author suggested that
routine screening for CS has not proven to be a worthwhile nor
a cost-effective evaluation method in patients with morbid
obesity, hypertension or type 2 diabetes as the prevalence of CS
in such patients is thought to be <1%.82 Although screening
young patients who have features of CS with hypertension and
type 2 diabetes was suggested, there is no clear consensus about
the optimal screening strategies for patients with PCS.
HDDST is still being performed in some centres for CS diagnostic evaluation. However, there is much dispute about the
utility of this test. Although newer techniques such as MET-PET,
FDG-PET and 68Gallium-SSTR-PET/CT are emerging as promising tools, the ideal imaging method for localisation in patients
with difﬁcult to diagnose extra-adrenal CS still remains uncertain. Similarly, the optimal duration of screening studies necessary for diagnostic evaluation of patients with suspected cyclical
CS is not clear. The consensus recommendation adopted by
most centres is by using a 28-day screening period.6 7 In some
patients, the cycles can be more prolonged, creating a diagnostic
challenge.7 78

CONCLUSIONS
Diagnostic evaluation of patients with suspected CS remains
challenging despite many years of research and published case
series. The currently recommended standard screening tests
have satisfactory sensitivity and speciﬁcity in case detection
when two or more of these tests show positive results.
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▸ Two measurements of urinary free cortisol, two
measurements of late night salivary cortisol, 1 mg overnight
dexamethasone suppression test and low dose
dexamethasone suppression test are the initial screening
biochemical tests for suspected cases of Cushing’s
syndrome.
▸ An overnight dexamethasone suppression test is the
preferred screening method for patients with suspected
subclinical Cushing’s syndrome resulting from adrenal
incidentalomas.
▸ Two or more positive initial screening tests in a patient with
high pretest probability of the disease conﬁrms the
biochemical diagnosis of Cushing’s syndrome.
▸ A baseline plasma adreonocorticotropin (ACTH) level
measurement helps identiﬁcation of the cause of
hypercortisolism in most of the biochemically conﬁrmed
cases of Cushing’s syndrome.
▸ Anatomical localisation of the cause of Cushing’s syndrome
involves imaging modalities such as contrast MRI of the
pituitary (Cushing’s disease), CT scan/ MRI scan of the
adrenals (adrenal Cushing’s), and CT/ PET scans of the
thorax, abdomen and pelvis (ectopic ACTH-driven Cushing’s).
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