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Heightened awareness is needed to detect the sometimes subtle symptoms and signs 
of pituitary disease

DESPITE SIGNIFICANT ADVANCES in the biochemical eval-
uation of pituitary function, diagnosis of pituitary disorders
is often delayed by lack of awareness of these conditions and
the subtlety of their symptoms and signs. In this article we
focus on practical clinical aspects and areas in which there
have been significant recent developments. Adrenal disor-
ders related to pituitary disease are also considered. Recent
developments include the wider availability of high quality
magnetic resonance imaging, recognition of “incidentalo-
mas” and the important role of growth hormone in adults,
development of new therapies for acromegaly and prolac-
tinoma, and improved diagnostic methods for Cushing’s
syndrome.

Epidemiology

While pituitary disorders are considered uncommon, pitui-
tary adenomas are found in 10%–25% of unselected
autopsy series,1 and magnetic resonance imaging reveals
pituitary lesions in about 10% of normal individuals.2 The
reasons for this discrepancy are not clear. With the advent of
high-resolution cranial imaging, unsuspected and often
clinically significant pituitary lesions are commonly discov-
ered during investigation of unrelated conditions.

Presentation and investigation

Pituitary disease may present with one or more of the
following:
■ deficiency of one or more pituitary hormones;
■ hormone excess (especially of prolactin, growth hormone

and adrenocorticotropic hormone [ACTH]);
■ mass effects of an expanding lesion (eg, headache, bitem-

poral hemianopia); or
■ an unexpected finding of computed tomography or mag-

netic resonance imaging (“incidentaloma”). Assessment of pituitary function

Box 1 lists the hormones that should be measured initially to
detect pituitary hypo- or hyperfunction.

Pituitary imaging

Magnetic resonance imaging (MRI) is the method of choice
for imaging the pituitary gland. Superb resolution allows
small lesions to be visualised and clearly defines the relation-
ship of larger lesions to the optic chiasm and adjacent
structures.

Visual field assessment

Suprasellar extension of a pituitary adenoma or other mass
lesion may elevate and compress the optic chiasm, causing
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ABSTRACT

■ Pituitary adenomas are found in 10%–25% of unselected 
autopsy series and are evident in about 10% of 
asymptomatic individuals by magnetic resonance 
imaging.

■ Diagnosis of pituitary disorders is often delayed by lack 
of awareness and the subtlety of symptoms and signs.

■ Hypopituitarism is suspected when peripheral hormone 
concentrations are low without an elevation in the 
corresponding pituitary tropic hormone(s).

■ Severe adult-onset growth-hormone deficiency results 
in reduced muscle mass, increased fat mass and 
diminished quality of life, which are reversed by growth 
hormone replacement therapy.

■ While trans-sphenoidal surgery remains first-line 
treatment for acromegaly, drug treatment has an 
important role in controlling residual growth-hormone 
excess and, in some circumstances, as first-line 
treatment.

■ Dopamine-agonist therapy (cabergoline or bromocriptine) 
is the treatment of choice for micro- and 
macroprolactinomas.

■ In patients with suggestive clinical features, elevated 
24-hour urine free cortisol level is usually sufficient to 
diagnose endogenous Cushing’s syndrome; careful 
additional investigation is needed to determine whether 
the cause is Cushing’s disease (pituitary adenoma 
secreting adrenocorticotropic hormone [ACTH]), ectopic 
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ACTH secretion or adrenal disease.
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bitemporal hemianopia. Asymmetrical involvement of the
chiasm and optic nerves and tracts may produce different
patterns of visual impairment. Clinical assessment of visual
fields is difficult. All patients with suprasellar extension of a
pituitary mass should undergo computerised (eg, Hum-
phrey) assessment of visual fields.

Hypopituitarism

Hypopituitarism is suspected when concentrations of hor-
mone from peripheral target glands are low without an
elevation in levels of the corresponding pituitary tropic
hormones. Serum levels of thyroid-stimulating hormone,
ACTH and gonadotropins are often “normal” in patients
with hypopituitarism. In older men, a subnormal plasma
testosterone level with “normal” levels of luteinising hor-
mone (LH) and follicle-stimulating hormone (FSH) is often
attributed to “male menopause” or “andropause”; these
patients must be properly assessed to exclude significant
pituitary abnormalities. Subnormal early-morning levels of
plasma cortisol with low or “normal” plasma ACTH level
confirms secondary hypoadrenalism. In other patients, the

cortisol response to insulin-induced hypoglycaemia (insulin
tolerance test) or to tetracosactrin (Synacthen [Novartis])
should be tested. The insulin tolerance test is also used to
confirm growth-hormone deficiency (see below). A low-
dose short Synacthen test is emerging as an alternative for
diagnosing secondary hypoadrenalism but does not evaluate
growth-hormone status.

Management

Hypoadrenalism: Impaired ACTH secretion requires glu-
cocorticoid but not mineralocorticoid replacement. Options
include cortisone acetate (12.5–25 mg morning, 12.5 mg
night), hydrocortisone (10–20 mg morning, 10 mg night) or
prednisolone (2.5–5 mg morning, 2.5 mg night). Plasma
cortisol levels are not helpful in monitoring therapy. Doses
should be at least doubled during acute illness, and adminis-
tered without delay by intramuscular or intravenous injec-
tion in patients who are vomiting. Patient education is of
paramount importance, and the possession of a card or
bracelet displaying steroid dependency is essential.

Hypothyroidism: Thyroxine doses are similar to those for
primary hypothyroidism (ie, 50–150 µg daily). Plasma TSH
measurement is not helpful for adjusting the thyroxine dose
in hypopituitarism.

Hypogonadism: Options for oestrogen replacement in
women include transdermal oestradiol patches (50–100 µg
daily), subcutaneous oestradiol implants or oral therapy (eg,
oestradiol 1–2 mg/day or equivalent). Hepatic metabolic
effects are lower with transdermal and subcutanous delivery
than with oral therapy. Oral oestrogens also attenuate the
effects of growth hormone. The dose of oestrogen in the oral
contraceptive pill exceeds replacement requirements. In
women who have not undergone hysterectomy, pro-
gestogens are co-administered in a cyclical or continuous
regimen (eg, medroxyprogesterone acetate, 2.5–5 mg daily).
The need for oestrogen therapy in older women should be
reviewed in the light of recent studies showing a small but
significant risk of adverse events.

In men, options for testosterone replacement include
intramuscular testosterone esters every 2–3 weeks, subcuta-
neous testosterone implants every 3–5 months (three or four
200 mg pellets) or testosterone patches daily.

Gonadotropin therapy is needed to induce ovulation or
spermatogenesis.

Diabetes insipidus: Biochemically confirmed diabetes
insipidus is treated with intranasal desmopressin, a long-
acting analogue of antidiuretic hormone (vasopressin), usu-
ally taken before bed. Some patients require a second dose
about 12 hours later. An oral preparation that was recently
added to the Pharmaceutical Benefits Scheme has low and
variable bioavailability which limits its usefulness. More
detailed discussion of the management of diabetes insipidus
is beyond the scope of this article.

Growth-hormone deficiency in adults

The recognition that growth hormone should be replaced in
adults with growth-hormone deficiency is an important

1: Baseline endocrine evaluation of pituitary 
function*

Serum levels of the following hormones should be measured in a 
morning blood sample:†

■ Prolactin
■ Luteinising hormone, follicle-stimulating hormone and 

testosterone or oestradiol
■ Thyroid-stimulating hormone and thyroxine
■ Adrenocorticotropic hormone and cortisol
■ Insulin-like growth factor-1

* As serum levels of tropic hormones are often “normal” in patients with 
hypopituitarism, it is essential that levels of target-gland hormones are also 
measured (ie, thyroxine, cortisol and testosterone or oestradiol).
† Cortisol and testosterone levels are highest in the morning.

2: Symptoms and signs in acromegaly
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advance in clinical endocrinology. In addition to its role in
growth in childhood and adolescence, growth hormone is
important in protein and fat metabolism throughout adult
life, maintaining muscle mass and reducing visceral fat
accumulation. In adult-onset growth-hormone deficiency,
present almost invariably in patients with pituitary or
hypothalamic disease causing other pituitary-hormone defi-
ciencies, muscle mass is reduced, and fat mass increased.
Growth-hormone deficiency impairs physical fitness and
psychological well-being, and diminishes quality of life.3

Metabolic consequences include hyperinsulinaemia,
reduced glucose tolerance and raised levels of total and low-
density lipoprotein (LDL) cholesterol and triglycerides.
Growth-hormone replacement reverses the effects of defi-
ciency and often improves quality of life.4

Management

Patients with suspected growth-hormone deficiency should
be referred to experienced endocrine centres for diagnostic
testing using the insulin tolerance test.5,6 This test distin-
guishes growth-hormone deficiency from the reduction in
growth-hormone secretion that accompanies normal ageing
and obesity. The test is performed under supervision and is
contraindicated in patients with seizure disorders. Measure-
ment of serum insulin-like growth factor (IGF-1), the
growth-hormone-dependent growth factor, is helpful but
insufficient, as the level may be within the normal range in
up to 30% of adults with growth-hormone deficiency.

Growth-hormone replacement should be undertaken in
conjunction with an endocrinologist.5 Recombinant
growth hormone is administered by daily subcutaneous
injection in a dose range of 0.5–2 U/day, using a calibrated
pen device. Dose-related salt and water retention may
result in oedema, carpal tunnel syndrome and myalgia.
These symptoms resolve with dose reduction. The dose
should be adjusted to ensure that serum IGF-1 levels do
not exceed the normal range. Growth hormone was

approved for treatment of growth-hormone deficiency in
adults in Australia in 2001, but has not been included in
the Pharmaceutical Benefits Scheme. The annual cost to
the patient is $7000–$10 000.

Acromegaly

A serum IGF-1 level which exceeds the age- and sex-
appropriate reference range confirms clinically suspected
acromegaly. Pulsatile secretion and effects of fasting and
exercise make elevated serum growth hormone a less relia-
ble indicator.

Acromegaly can very rarely be caused by ectopic secretion
of growth-hormone-releasing hormone or growth hormone,
but over 99% of cases are due to a growth-hormone-
secreting pituitary tumour. The incidence of acromegaly is
three to four cases per million per year, and the prevalence is
50–70 cases per million, with men and women equally
affected. Acromegaly is more aggressive in younger people.
The prevalence of clinical features is shown in Box 2. Sleep
apnoea is a very common complication which improves with
disease control.7 Mortality is increased 1.5 to 3 times in
untreated acromegaly, and survival is reduced by 10 years.8

Prognosis is worsened by the presence of hypertension or
cardiac disease. Treatment which reduces serum growth
hormone level to < 2.5 µg/L, or serum IGF-1 level to the
reference range, reduces mortality to that of the general
population.9,10

Management

Trans-sphenoidal surgery is regarded as first-line treatment
of acromegaly and, in the best centres, normalises growth-
hormone secretion in about 70% of patients with a microad-
enoma (< 1 cm), but in less than 50% of those with a
macroadenoma (> 1 cm) because of the difficulty of safely
removing all tumour tissue. Pituitary surgery may result in
partial or complete hypopituitarism.

3: Case report — acromegaly

Presentation: A 32-year-old, recently married 
man presented with a 12-month history of 
arthralgia, hyperhidrosis, headaches, 
somnolence, and complaints from his wife 
about his heavy snoring.

Investigation: A clinical suspicion of 
acromegaly was confirmed by raised serum 
levels of growth hormone (45 µg/L; reference 
range [RR], < 2 µg/L) and insulin-like growth 
factor (IGF-1) (120 nmol/L; RR, 25–55 nmol/
L). Pituitary function was otherwise normal. 
Magnetic resonance imaging (MRI) showed 
an enlarged pituitary fossa harbouring a soft 
tissue mass extending into the suprasellar 
cistern and abutting the optic chiasm. 
Ophthalmic examination revealed normal visual acuity and fields.

Management: As surgery might impair fertility and was unlikely 
to be curative because of the size of the tumour, medical therapy 
was begun with subcutaneous octreotide (100 mg) three times 
daily.

Course: Symptoms improved rapidly, and biochemical 
assessment 3 months later revealed a serum level of 
growth hormone of 3 µg/L, and serum IGF-1 of 40 nmol/L.
A repeat MRI scan at 12 months showed a significant 
reduction in tumour size.
The patient’s wife conceived during his second year of 
treatment. Biochemical control remained excellent, and 
was maintained when treatment was changed to monthly 
injections of the slow-release preparation octreotide when 
this became available.

Somatostatin analogues are effective and well tolerated 
and allow greater treatment flexibility and timing of 
surgery and radiotherapy. Interim disease control with 
these drugs allows patients to defer surgery and 
radiotherapy, which carry a risk of hypopituitarism, until 
they have completed their families. These drugs are 

available under the Pharmaceutical Benefits Scheme for treatment of 
acromegaly by hospital-affiliated specialists.
IGF-1 (previously called somatomedin) mediates the anabolic effects 
of growth hormone and is an excellent biochemical measure of 
disease control.
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Medical therapy may be considered as initial treatment in
patients unsuitable for surgery and in those who wish to
delay surgery because of potential effects on fertility (see
case report, Box 3). Medical therapy has an important role
in management of residual growth-hormone excess after
pituitary surgery. Radiotherapy may also be used for this
purpose, but takes many years to achieve a substantial
reduction in growth-hormone secretion, and carries a signif-
icant risk of hypopituitarism. Long-acting analogues of
somatostatin, the natural inhibitor of growth-hormone
secretion, are the drugs of choice,11 and have largely super-
seded the dopamine agonists bromocriptine and cabergo-
line. The somatostatin analogues reduce growth-hormone
levels in over 90% of patients, normalise IGF-1 level in
50%–60%, and reduce tumour size in most.12 Depot formu-
lations of octreotide and lanreotide provide control for
about 28 days and 14 days, respectively. A longer-acting,
water-soluble gel formulation of lanreotide, which provides
control for 28 days, has recently become available. These
analogues often cause gastrointestinal symptoms which are
usually mild and self-limiting, and increase the risk of
gallstone formation. Symptomatic malabsorption may be
helped by pancreatic enzyme supplements.

Pegvisomant, a recombinant growth-hormone analogue
which acts as a growth-hormone receptor antagonist, has
been shown to be much more effective than somatostatin
analogues.13 However, it is unlikely to become the drug of
first choice as it does not affect tumour secretion or growth.
It is not yet available in Australia.

Pituitary incidentaloma

Most incidentally discovered pituitary masses are small, non-
functioning, asymptomatic adenomas. About a third are
macroadenomas (>1 cm), some causing previously unrecog-
nised pituitary hormone deficiency. About 10% secrete hor-
mone, most commonly prolactin. Occasional growth-
hormone- and ACTH-secreting adenomas are identified in
patients with minimal clinical manifestations.

Serial imaging has shown that most microadenomas do not
change in size.14-16 About 10% of incidental macroadenomas
require surgical intervention at the time of diagnosis because
of visual field loss or hypopituitarism, and about 25% enlarge

significantly, some eventually requiring surgery. However,
spontaneous size reduction occurs in about 10%.

Management

Initial management should focus on assessment of tumour
size and growth by MRI, delineation of visual fields and
detection of hormone excess or deficiency (Box 1). Periodic
review by an endocrinologist of patients with asymptomatic,
non-functioning presumed macroadenomas is essential to
detect enlargement and developing hypopituitarism. Those
with visual-field loss should be referred for surgery, usually
by the trans-sphenoidal route.

Hyperprolactinaemia and prolactinoma

In women, hyperprolactinaemia causes galactorrhoea, and
results in menstrual dysfunction and amenorrhoea through
inhibition of gonadotropin secretion. In men, it causes
secondary hypogonadism and impairs libido and erectile
function by a direct, reversible effect on the hypothalamus.

Causes of hyperprolactinaemia are shown in Box 4. In at
least 60% of patients with mild hyperprolactinaemia (serum
prolactin level up to 3000 mU/L; reference range,
< 500 mU/L) that is not caused by medication, imaging
shows evidence of a microadenoma (< 1 cm diameter:
“microprolactinoma”). Large non-functioning pituitary
lesions may also cause mild hyperprolactinaemia by com-
pressing the pituitary stalk, reducing dopamine-mediated
inhibition of prolactin secretion. More severe prolactin
excess is almost invariably caused by a prolactinoma. Occa-
sional prolactinomas also secrete growth hormone.

In men, most non-drug-induced hyperprolactinaemia is
due to a prolactin-secreting macroadenoma or a non-
functioning macroadenoma causing pituitary stalk compres-
sion, often associated with hypopituitarism and/or compres-
sion of the optic chiasm. Postmortem studies reveal a similar
prevalence of microprolactinomas in men and women, but
these are less often diagnosed in men, perhaps because of
the difficulty of detecting subtle effects of mild prolactin
excess in men.

Up to 10% of cases of mildly elevated serum prolactin are
caused by the presence of circulating antibody–prolactin
complexes (“macroprolactinaemia”), which have uncertain
physiological significance. Macroprolactinaemia can be
detected by most laboratories and should be sought in
patients in whom there is uncertainty about the significance
of mild prolactin excess.17

Management

Microprolactinoma: Dopamine-agonist therapy (bro-
mocriptine or cabergoline) is the treatment of choice for
both micro- and macroprolactinomas. These agents nor-
malise prolactin, restore ovulatory menstrual cycles, and
reduce tumour size in at least 90% of cases (see case
report, Box 5). In patients with microadenomas, cabergo-
line (0.5 mg, once or twice weekly) is preferable to bro-
mocriptine (usual dose, 2.5 mg two–three times daily)
because of its greater efficacy, better profile of adverse

4: Causes of hyperprolactinaemia

Physiological
■ Pregnancy, lactation
■ Stress

Drugs
■ Phenothiazines, other 

major tranquillisers
■ Metoclopramide
■ Opiates
■ Verapamil
■ Methyldopa

Pituitary stalk damage
■ Pituitary adenomas
■ Parasellar lesions

Prolactinoma
■ Micro- or macroadenoma

Hypothalamic lesion
■ Craniopharyngioma
■ Other tumours, granulomas

Other
■ Chest wall stimulation 

(eg, herpes zoster)
■ Chronic renal failure
■ Hypothyroidism
■ Hepatic cirrhosis
■ Macroprolactinaemia
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effects and much longer duration of action.18,19 Dose
reduction is often possible after 6–12 months. Long-term
observation of microprolactinomas treated with dopamine
agonists shows persisting inhibition of tumour growth and
apparent resolution in 5%–10%.20 Because serum prolac-
tin is a reliable marker of tumour size, serial imaging is
rarely necessary.

Trans-sphenoidal surgery may be considered in the small
proportion of patients (< 5%) who are intolerant of
dopamine agonists. Major centres report long-term surgical
cure of microprolactinomas in about 50% of cases; success

rates are likely to be lower in other centres.21 Pituitary
surgery may cause permanent hormone deficiency, includ-
ing hypogonadism and infertility.

Macroprolactinoma: Dopamine-agonist therapy is
equally efficacious for treatment of macroprolactinomas and
is the initial treatment of choice. In patients with compres-
sion of the optic chiasm, substantial tumour shrinkage
resulting in recovery of visual field defects often occurs
within days of starting therapy18,19 (Box 6). In men, sexual
function and testosterone secretion are often restored, and
other hormone deficiencies may recover.

5: Case report — microprolactinoma

Presentation: A 28-year-old woman presented with amenorrhoea 
since she stopped taking the oral contraceptive pill 6 months before, 
hoping to conceive. She had also noticed that a little milky fluid could 
be expressed from both breasts. Her menstrual cycle was regular 
before starting the contraceptive pill. She had no recent weight 
change, hirsutism or acne. She did not exercise excessively. Her 
health was otherwise good, and she had normal vision. A recent 
pregnancy test was negative. Her only medication was paracetamol 
for longstanding, occasional mild headaches.

Examination: Body mass index was 24 kg/m2 (reference range [RR], 
20–25 kg/m2). There was bilateral expressible galactorrhoea, with no 
other breast abnormality. She was clinically euthyroid, with no goitre. 
Visual fields were normal. Blood pressure was 110/70 mm Hg. No 
abnormalities of the heart, chest or abdomen were apparent on 
examination.

What was the most likely diagnosis?
Her regular menstrual cycle before starting oral contraceptives and 
lack of recent weight loss or other medical problems made functional 
hypothalamic amenorrhoea unlikely.
Premature menopause should be excluded by confirming that serum 
level of follicle-stimulating hormone (FSH) was not elevated, but is 
also unlikely.
Although there was no clinical evidence of androgen excess, this 
remained a possibility.
The history and physical findings were typical of mild 
hyperprolactinaemia caused by a microprolactinoma. Initial effects 
of prolactin excess were presumably masked by the contraceptive 
pill. Several studies have shown no increase in the incidence of 
hyperprolactinaemia with oral contraceptive use.20

Investigations: Serum hormone levels were: FSH, 3 IU/L (RR, 2–8 IU/
L); luteinising hormone, 2 IU/L (RR, 2–8 IU/L); oestradiol, 120 pmol/L 
(RR follicular phase, 120–600 pmol/L); prolactin, 2200 mIU/L (RR, 
< 500 mIU/L); testosterone, 1.2 nmol/L (1.0–2.8 nmol/L); thyroid-
stimulating hormone, 1.1 mU/L (RR, 0.3–4.3 mU/L); thyroxine, 
14 pmol/L (RR, 9–19 pmol/L).
These results confirmed hyperprolactinaemia and excluded 
premature menopause and androgen excess.

Was pituitary imaging necessary? If so, by which method?
This patient’s moderate hyperprolactinaemia was most likely due 
to a microprolactinoma, but could also be the result of a larger lesion 
or other abnormality. Consequently, imaging was essential. While 
magnetic resonance imaging (MRI) is more likely to visualise a 
microadenoma and clearly defines the relationship of larger pituitary 
lesions to the optic chiasm and other adjacent structures, computed 
tomography of the pituitary is adequate to exclude larger lesions and 
sufficient in most cases of mild to moderate prolactin excess.
Management: An MRI scan (coronal view above) showed a 1 cm 
mass of low signal intensity within the right lobe of the pituitary gland 
(arrow), displacing the pituitary stalk to the left, characteristic of a 
small prolactinoma. Optic chiasm is labelled OC.

Cabergoline (0.5 mg twice weekly) was begun. The galactorrhoea 
resolved within 2 weeks, and regular 28-day menstrual cycles 
resumed. The patient discontinued cabergoline therapy after 
confirmation of pregnancy 3 months later.
What monitoring is appropriate during pregnancy?
While there is no evidence of adverse effects in pregnancy, 
dopamine-agonist therapy should be stopped once pregnancy is 
confirmed. Routine visual field monitoring is not necessary, as the 
risk of symptomatic enlargement is very low (< 2%). Prolactin levels 
increase markedly in normal pregnancy, and monitoring of serum 
prolactin is not helpful. However, visual field asessment and pituitary 
MRI should be arranged in the event of unusual headache or visual 
symptoms.20

Course: The pregnancy was uncomplicated. After weaning her baby, 
the patient returned because of persistent lactation, failure of periods 
to return, and for contraceptive advice. Serum prolactin level was 
2000 mIU/L.

What longer-term management was appropriate?
The current serum prolactin level was similar to the level at 
presentation, implying that the microprolactinoma had changed little 
in size. Cabergoline therapy should be resumed to suppress 
lactation and restore ovarian function, and should be continued long-
term to prevent osteoporosis. If necessary, the oral contraceptive pill 
can be combined with dopamine-agonist therapy.

S
OC
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Surgery has an important role if visual impairment does
not improve during dopamine-agonist therapy, and, in the
case of acute haemorrhage causing severe headache,
impaired vision and cranial nerve palsies (“pituitary apo-
plexy”). However, as surgery for macroprolactinomas is
both rarely curative and potentially hazardous, dopamine-
agonist treatment is the preferred treatment. Radiotherapy
may be indicated postoperatively for residual tumours that
are resistant to medical therapy.

Pregnancy: Microprolactinomas rarely cause complica-
tions during pregnancy. In contrast, 15%–30% of macro-
prolactinomas enlarge sufficiently to threaten vision. Close
monitoring of visual fields is essential, followed by MRI if
fields are abnormal. Dopamine agonists are usually effective
in shrinking symptomatic tumours, and there is no evidence
that these agents increase the risk of fetal malformations.
Bromocriptine may be preferred over cabergoline because of
greater experience with this drug in pregnancy.20

Cushing’s disease and Cushing’s syndrome

Most cases (70%–80%) of Cushing’s syndrome are caused by
an ACTH-secreting pituitary microadenoma (“Cushing’s
disease”). Ectopic ACTH secretion by small-cell lung cancer
or other solid tumours causes a distinct, rapidly progressive
syndrome of pigmentation, severe myopathy and hypokalae-
mia which is readily recognised. However, small bronchial
carcinoids and other neuroendocrine tumours may cause
ACTH-dependent Cushing’s syndrome that is clinically
indistinguishable from that caused by a pituitary microade-
noma.22,23 ACTH-dependent hypercortisolism may also be
caused by depression, illness and alcoholism, the biochemical
and clinical features of which may be difficult to distinguish
from classical Cushing’s syndrome.23 ACTH-independent
causes of Cushing’s syndrome include adrenal adenoma,
adrenal carcinoma and bilateral adrenal hyperplasia.

Weight gain, central fat distribution, dorsal fat pad (“buf-
falo hump”), hirsutism, diabetes and hypertension have low
specificity for diagnosis of Cushing’s syndrome. Skin fragil-
ity, easy bruising, purple striae, and proximal myopathy are
more reliable indicators.23

Diagnosis

Useful tests for diagnosing glucocorticoid excess are the
overnight low-dose (1 mg) dexamethasone suppression test
and measurement of 24-hour urine free cortisol23 (Box 7).
Although the overnight suppression test has high sensitiv-
ity for Cushing’s syndrome, false-positive results are com-
mon, especially in depression. Specific, extracted assays of
24-hour urine free cortisol (with reference ranges
< 330 nmol/24 h) have high sensitivity (> 95%); the false-
positive rate is < 5% in obesity, but higher in depression
and alcohol dependence.23 Unextracted and other, less-
specific assays of urine free cortisol, which cite upper
normal limits as high as 400–900 nmol/24 h, have lower
diagnostic value.

In patients with suggestive clinical features and no con-
founding factors (eg, illness, depression or alcohol depend-

7: Diagnosis of Cushing’s syndrome

Repeatedly 
normal

Mildly elevated or confounding 
 factors (eg, depression,  

alcohol misuse) 
(1-3 times normal upper limit)

Markedly 
elevated 

(> 3 times normal 
upper limit)

Measure 24-h urinary free cortisol

Clinical suspicion of Cushing's syndrome

 Measure plasma cortisol at 09:00 
after dexamethasone suppression 

(0.5 mg 6 hourly for 2 days)

Cushing's syndrome confirmedCushing's syndrome unlikely

Further testing to define cause
(see text)

Plasma cortisol level
< 50-100 nmol/L

Plasma cortisol level
> 50-100 nmol/L

6: Large prolactinoma before and after 
cabergoline therapy

Magnetic resonance imaging in a 47-year-old man who presented 
with bitemporal visual field loss. (A, B) Before treatment with 
cabergoline, showing a large mass expanding the pituitary fossa, with 
substantial suprasellar extension elevating the optic chiasm (OC). 
(C, D) 6 months after starting cabergoline therapy (0.5mg twice 
weekly), showing marked shrinkage of the mass, which is now entirely 
within the pituitary fossa, and decompression of the optic chiasm, 
which has descended into the fossa.
The patient’s vision improved within a week of starting cabergoline. 
After 3 weeks, visual fields were almost normal, and serum prolactin 
level had fallen from 39000mU/L to 563 mU/L (reference range, 
<330 mU/L).
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ence), a marked elevation of 24-hour urine free cortisol on
several occasions is usually sufficient to diagnose Cushing’s
syndrome. When diagnostic uncertainty remains, the patient
should be referred for further investigations, including the 2-
day low-dose (0.5 mg 6-hourly) dexamethasone suppression
test, measuring plasma rather than urine cortisol for greater
diagnostic accuracy.23 Suppression of 09.00 plasma cortisol
level to less than 50–100 nmol/L makes Cushing’s syndrome
unlikely, whereas higher levels are generally confirmatory.
Midnight plasma cortisol level also provides excellent dis-
crimination, but requires hospital admission.23

Once endogenous cortisol excess has been confirmed,
then plasma ACTH level should be measured to distinguish
between ACTH-dependent and ACTH-independent
causes. An undetectable ACTH level points to an adrenal
source of cortisol, while a measurable or elevated ACTH
level indicates pituitary or ectopic ACTH secretion. Fur-
ther investigations to determine the cause of ACTH-
dependent Cushing’s syndrome should be undertaken in an
endocrine unit. Suppression of 24-hour urine free cortisol
by at least 80% by high-dose dexamethasone (2 mg 6-
hourly for 2 days) has traditionally been used to diagnose
pituitary-dependent Cushing’s syndrome. However, up to
10% of patients with ectopic ACTH secretion also show
dexamethasone suppressibility, and suppression is impaired
in at least 10% of patients with pituitary-dependent Cush-
ing’s syndrome. Consequently, the value of the 2-day and
overnight high-dose dexamethasone suppression test has
been questioned.23

The use of corticotropin-releasing hormone stimulation
to distinguish between pituitary and ectopic ACTH secre-
tion has been advocated.24 However, corticotropin-releasing
hormone is not readily available in Australia.

Gadolinium-enhanced pituitary MRI should be per-
formed in all patients with ACTH-dependent Cushing’s
syndrome. A pituitary microadenoma is visualised in 50%–
60% of those eventually proven to have Cushing’s disease by
trans-sphenoidal exploration.23 Although MRI shows pre-
sumed microadenomas in 10% of normal subjects, the
finding of a definite pituitary lesion has high specificity in
the context of biochemically confirmed ACTH-dependent
Cushing’s syndrome.

Bilateral inferior petrosal sinus sampling for ACTH is the
best available method for confirming or excluding pituitary
origin of ACTH secretion in Cushing’s syndrome.23 This
technique has over 95% diagnostic accuracy in specialised
units, but has a small risk of serious complications, and
should only be done in experienced centres. Lateralisation
of pituitary microadenomas by this technique is unreliable
because of highly variable patterns of pituitary venous
drainage. Patients whose investigation results raise the possi-
bility of ectopic ACTH secretion should undergo high-
resolution CT of the chest.

Management

Selective trans-sphenoidal surgery by an experienced
pituitary surgeon is curative in about 80% of patients with

an ACTH-secreting pituitary microadenoma. In those
with persistent or recurrent disease, options include
further pituitary surgery, pituitary irradiation, medical
therapy with ketoconazole or other agents, or bilateral
adrenalectomy.25
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