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Primary adrenal insufficiency (Addison’s disease) is a
life-threatening condition that is increasing in prevalence
in Western countries. It is easily missed because of the
nonspecific nature of its symptoms. Effective management
is available that can restore wellbeing and minimise the
risk of adrenal crisis in patients with this condition. This
may be best delivered in a collaborative care model.

he development of steroid hormone replacement for adrenal

insufficiency from the 1950s was a triumph in medicine

and led to near normalisation of survival in many patients

with primary adrenal insufficiency (PAI), also known as
Addison’s disease. However, residual clinical challenges in patients
with PAI include impaired wellbeing in a substantial subset; the
continuing risk of adrenal crisis; and uncertainty about optimal
glucocorticoid dosing. Although PAI is rare, with a reported prev-
alence of 100 to 140 cases per million in Western countries, it is
increasing in prevalence, particularly in women."*
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This article reviews the presentation of people with PAI, their
diagnosis and management, including treatment and prevention of
adrenal crises.

What is primary adrenal insufficiency?

Adrenal insufficiency is defined as insufficient secretion of gluco-
corticoids from the adrenal glands to maintain homeostasis. Adrenal
insufficiency can be primary, caused by direct adrenal pathology,
or secondary, which implies deficient pituitary secretion of
adrenocorticotrophic hormone (ACTH). The latter is often the
result of pituitary disease or of hypothalamic disease and consequent
insufficient secretion of corticotrophin-releasing hormone.
Hypothalamic-origin adrenal insufficiency may also be termed
tertiary adrenal insufficiency.
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PAI was named Addison’s disease following Thomas Addison’s
autopsy-based description with clinicopathological correlation in
1855.° In addition to cortisol deficiency, PAl may be associated with
impaired aldosterone production, with the subsequent volume
contraction sensed by renal distal tubular macula densa cells, leading
to increased release of the enzyme renin from afferent arteriolar
juxtaglomerular cells.® The causes of PAI are sometimes described
by the mnemonic ‘ADDISON’ (Box 1). The most common cause in
Western countries is autoimmune disease.

Secondary adrenal insufficiency involves cortisol deficiency and
requires the same glucocorticoid replacement as PAL However, it
does not generally lead to aldosterone deficiency (as aldosterone is
controlled by renin) or hyperpigmentation (which is a feature of
ACTH hypersecretion).

Primary adrenal insufficiency (PAl), defined as cortisol
insufficiency due to adrenal pathology, is often missed or
the diagnosis is delayed because of its nonspecific
symptoms.

An adrenal crisis may be the presenting feature of adrenal
insufficiency; precipitants include infection, surgery and
medication nonadherence.

Patients with a suspected adrenal crisis require urgent
hydrocortisone treatment; pretreatment measurement of
serum cortisol level may be useful, but treatment should
not be delayed while awaiting test results.

PAI can be definitively diagnosed using an adreno-
corticotrophic hormone (Synacthen) stimulation test; chronic
secondary (pituitary) adrenal insufficiency can also be
diagnosed with this test.

Patient education is pivotal for preventing adrenal crises,
although complete elimination of these episodes does not
appear possible with current measures.

Manifestations of primary adrenal insufficiency

The manifestations of PAI are due to the direct and indirect effects
of cortisol and aldosterone deficiency. Hypocortisolism results in
loss of the normal suppression of inflammatory cytokines, with
consequent malaise, anorexia, body aches and fever.*” As a result
of mineralocorticoid deficiency, patients may have salt craving,
hyponatraemia, hyperkalaemia, tachycardia or hypotension. In some
cases, the aetiology of PAI may also influence the clinical features,
such as in cases of autoimmune disease or malignancy treated with
immune checkpoint inhibitors.

Hyperpigmentation of the skin, especially the palmar creases,
nipples, nail beds and mucous membranes, results from enhanced
secretion of melanocyte-stimulating hormone (MSH) (Figure).® This
occurs because MSH and ACTH share the same precursor, and
decreased cortisol feedback enhances secretion of both.

The nonspecific nature of the symptoms of hypocortisolism
often delays diagnosis, leading to patients presenting with life-
threatening adrenal (‘addisonian’) crisis.” Features of adrenal crisis
are detailed in Box 2.7 Diagnosis of an adrenal crisis can be complicated
by the lack of a universally accepted definition.” A recommended
definition of adrenal crisis is hypotension, either absolute hypo-
tension (systolic blood pressure less than 100mmHg) or relative
hypotension (reduction in systolic blood pressure of 20 mmHg or
more), that improves markedly after administration of parenteral
glucocorticoid therapy.”

Diagnosis of PAI

Who should be tested for PAI?

Patients with otherwise unexplained symptoms or signs that are
suggestive of PAI should undergo an ACTH stimulation test when
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FEATURE PRIMARY ADRENAL INSUFFICIENCY CONTINUED

1. Principal causes of primary adrenal insufficiency
(mnemonic ‘ADDISON’)
¢ Autoimmune (90% of cases in Western countries)

¢ Destruction caused by adrenal haemorrhage, disseminated
intravascular coagulation

Drugs (ketoconazole, mitotane, immune checkpoint inhibitors
[generally cause secondary adrenal insufficiency], tyrosine
kinase inhibitors)

Infiltrative disorders (amyloidosis, sarcoidosis)

Sepsis (tuberculosis, HIV infection, histoplasmosis)

Other rare genetic conditions (@autoimmune polyglandular
syndrome, adrenoleukodystrophy)

Neoplasm (adrenal metastases)

possible.® However, in patients with severe adrenal insufficiency
symptoms or an adrenal crisis, immediate therapy with intravenous
hydrocortisone at an appropriate dose is recommended before an
ACTH stimulation test, although measurement of plasma cortisol
level may be useful.

2. Signs, symptoms and biochemical characteristics of
adrenal crisis’

Symptoms

¢ Gastrointestinal: anorexia, nausea, vomiting
¢ Pain: abdominal, limb and back pain

¢ Severe fatigue

¢ Severe weakness

¢ Postural dizziness, syncope

¢ Confusion

Signs

¢ Abdominal tenderness or guarding

¢ Hyperpigmentation (only in primary Al)

¢ Pyrexia

¢ Hypotension: systolic pressure <100 mmHg or 220 mmHg
lower than usual in adults, acute haemodynamic disturbance
in children

¢ Impaired consciousness: delirium, obtundation, coma

Biochemical abnormalities on routine blood tests

* Hyponatraemia

* Hyperkalaemia (not seen in secondary Al)

* Hypercalcaemia

¢ Hypoglycaemia (more common in children than in adults)

¢ Altered immune-cell populations: neutropenia, eosinophilia,
lymphocytosis

¢ Mild normocytic anaemia

Abbreviation: Al = adrenal insufficiency.
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Figure. Pigmentation of the palmar creases in a patient with primary
adrenal insufficiency.

Investigations for PAI
A diagnostic algorithm for PAI is shown in the Flowchart.

Cortisol measurement
In patients with suspected adrenal insufficiency, the first step may be
arandom or morning measurement of plasma cortisol level. Cortisol
measurements are assay dependent, with recent use of more specific
antibodies in commercial immunoassays and mass spectrometry
yielding lower cortisol measurements." A plasma cortisol level greater
than 400 to 574nmol/L, depending on the assay method used, will
exclude adrenal insufficiency.’* However,an ACTH stimulation test
is required if there is ongoing clinical suspicion.***>

A morning cortisol measurement is likely to be more definitive
than a random measurement, as cortisol levels are at their
physiological diurnal peak around the time of waking and at a
nadir around midnight in people with a typical wake-sleep cycle.
A morning cortisol level of 80nmol/L or less suggests adrenal
insufficiency, whereas a level between 80 and 400to 574 nmol/L,
depending on the assay method, is indeterminate.

Short tetracosactide (Synacthen) stimulation test
Tetracosactide (Synacthen), also known as cosyntropin, is a truncated
synthetic ACTH peptide used in the ACTH simulation test. In the
short Synacthen test (SST), baseline measurements of cortisol and
ACTH levels are first obtained.® A standard dose of Synacthen is
then given intravenously or intramuscularly (250 mcg for adults and
children aged 2 years and over, 125mcg for children aged 1 to 2 years
and 15 mcg/kg for infants aged 0 to 1 year). Blood samples are col-
lected after 30 and 60 minutes or 60 minutes alone for measurement
of cortisol and ACTH levels.*"> Importantly, blood for measurement
of ACTH level should be collected in an iced plastic or siliconised
glass lavender-top EDTA (also known as edetic acid) tube.

In the SST, a peak cortisol level below 400nmol/L at 30 or
60 minutes after Synacthen administration is consistent with adrenal
insufficiency, allowing for variation in measurement as described
above. Adrenal insufficiency is excluded if an appropriately elevated
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FEATURE PRIMARY ADRENAL INSUFFICIENCY CONTINUED

Diagnostic algorithm for primary adrenal insufficiency

Patient is suspected to have chronic adrenal insufficiency

Measure morning serum cortisol level (8 to 9 am)

v v v

Serum cortisol <80 nmol/L Serum cortisol >80 nmol/L Serum cortisol 2400 nmol/L*
and <400 nmol/L*

! | !

Adrenal insufficiency

e Perform 250 mcg ACTH stimulation test
¢ |s cortisol level 2400 nmol/L at 30 or 60 mins?*

Indeterminate results

Normal adrenal function

Y

|

No

v

Adrenal insufficiency

v

Measure morning ACTH and aldosterone levels (8 to 9 am)

v

Yes

v

Normal adrenal function

\J

Primary adrenal insufficiency

¢ ACTH level above upper limit of normal

¢ Serum aldosterone level may be low
and serum renin level may be elevated
(mineralocorticoid deficiency)

Secondary or tertiary adrenal insufficiency
¢ ACTH level low or inappropriately normal
¢ Serum aldosterone level normal

./

Abbreviation: ACTH = adrenocorticotrophic
hormone.

* The threshold of the normal range varies
from 400 to 574 nmol/L depending on the
assay method used.

cortisol level is obtained (above a threshold of 400 to 574nmol/L
depending on the assay used)." In healthy individuals, the cortisol
level is lower at 30 minutes than at 60 minutes, and time-specific cut
offs should be used.

Other assessments
Ifan SST is not feasible then PAT is suggested by the combination of
amorning cortisol level less than 140 nmol/L and an elevated ACTH
level (more than twice the upper limit of the reference range), allowing
for the clinical circumstances. This also assumes no recent use of
undetectable exogenous glucocorticoids. These include dexameth-
asone, which does not cross react, and glucocorticoids with short
half-lives in plasma such as hydrocortisone (half-life of 90 minutes)
and prednisolone (half-life of 150 minutes).

Patients with chronic PAI will also develop mineralocorticoid
deficiency, manifesting as hyponatraemia, intravascular volume
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depletion and hyperkalaemia. Typically, plasma aldosterone level is
low and renin level is markedly elevated.

Treatment of PAI
Glucocorticoid replacement therapy
All patients with PAT should be treated with glucocorticoid replace-
ment therapy.® Dose requirements vary widely, even when corrected
for body weight, because of variation in cortisol metabolism
and glucocorticoid tissue sensitivity." There is no blood test to assess
glucocorticoid dose adequacy. Monitoring of treatment response is
by assessment of the patient’s body weight, postural blood pressure,
energy levels and signs of excess glucocorticoid, such as centripetal
weight gain.

The usual total daily glucocorticoid dose is 0.2 to 0.3 mg/kg hydro-
cortisone or equivalent; however, some patients require a higher dose
to avoid recurrent symptoms of adrenal insufficiency and other
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3. Adrenal hormone replacement for patients with primary
adrenal insufficiency

Glucocorticoid replacement

¢ Hydrocortisone 15 to 25 mg daily (in two or three divided oral doses)
or

* Cortisone acetate 20 to 32.5mg daily (in two or three divided oral
doses) or

¢ Prednisolone 3 to 5mg daily (single dose per day)

¢ Children: hydrocortisone in three or four divided doses daily, with a
starting dose of 8 mg/m? body surface area

Mineralocorticoid replacement
¢ Fludrocortisone 200 mcg daily (starting dose 100 mcg daily)
¢ Sodium chloride supplements in neonates and infants

4. Potential precipitants of adrenal crisis

Infection

Surgery

Gastroenteritis or malabsorptive conditions

Nonadherence with medication

Abrupt cessation of glucocorticoid therapy

CYP3A4 inducers (rifampicin, phenytoin, mitotane, St John’s wort)

Cessation of CYP3A4 inhibitors (grapefruit juice, itraconazole,
voriconazole, clarithromycin)

Thyroxine - exogenous administration to restore euthyroidism or
thyrotoxicosis
Abbreviation: CYP3A4 = cytochrome P450 3A4.

patients require a lower dose to avoid features of glucocorticoid
excess.'""” Suggested replacement doses are hydrocortisone 15 to
25mg daily or cortisone acetate 20 to 32.5mg daily, in two or three
divided oral doses (Box 3). The highest dose is given in the morning
at awakening. The next dose is given either in the early afternoon
(two hours after lunch) for the two-dose regimen or at lunch with a
third dose in the afternoon for the three-dose regimen.

Prednisolone can be used as an alternative to hydrocortisone,
usually at a single daily dose of 3 to 5mg.® Dexamethasone is not
routinely recommended because of its lack of mineralocorticoid
activity, potential to cross the placenta without inactivation and the
absence of low-dose preparations required in PAI (0.3 to 0.4mg),
leading to a risk of Cushingoid adverse effects.®

In patients with
adrenal insufficiency, early recognition of
an adrenal crisis is essential,
given its high mortality

Mineralocorticoid replacement therapy
Patients with features of mineralocorticoid deficiency should be
started on fludrocortisone at a typical dose of 100 mcg in both adults
and children. This can be uptitrated to 200mcg daily. Salt intake
should not be restricted. Response to treatment is monitored by
clinical review, including assessment for salt craving and postural
hypotension. Serum electrolyte and plasma renin concentrations
can be used to titrate the dose of fludrocortisone. Early treatment
of PAI with fludrocortisone may lead to clinically significant excess
fluid retention caused by mineralocorticoid hypersensitivity, requir-
ing a dose reduction and subsequent gradual uptitration with
resolution of the oedema (which is generally in the lower limbs).
Patients with PAI may develop essential hypertension while taking
fludrocortisone. In these circumstances, the dose of glucocorticoid
replacement therapy should be assessed to ensure it is optimal, as

supraphysiological glucocorticoid levels can also lead to hypertension.
The target plasma renin level should be at the upper limit of the
reference range. If the plasma renin level is markedly elevated despite
ausual fludrocortisone dose then renovascular hypertension should
be excluded with medical imaging. If the plasma renin level is
low-normal or suppressed, or there are features of mineralocorticoid
(fludrocortisone) excess, such as oedema or hypokalaemia, then the
fludrocortisone dose should be reduced, generally by 50%." If hyper-
tension persists despite optimisation of the fludrocortisone dose,
antihypertensive therapy can be used. A calcium channel blocker
is often effective.”’

Treatment in pregnancy

Patients with PAI who are pregnant should be reviewed for clinical
symptoms and signs of glucocorticoid excess or deficiency at least
once per trimester. No prospective trials are available of PAI treatment
in pregnancy, but pregnancy may lead to adrenal insufficiency
symptoms that are difficult to differentiate from the effects of preg-
nancy alone, particularly postural hypotension, fatigue and nausea.
Typically, glucocorticoid dose increases of about one-third are
required in mid-pregnancy.®

Adrenal crisis

Recoghnising precipitants of adrenal crisis

In patients with adrenal insufficiency, early recognition of an adrenal
crisis is essential, given its high mortality.® Potential precipitants of
adrenal crisis are listed in Box 4.

Infection is a common precipitant, with bacterial and viral
infections being more common in adults and children, respectively.?-*
Gastroenteritis can reduce the absorption of oral medications.
Medication nonadherence can also precipitate an adrenal crisis, as
can abrupt cessation of glucocorticoid therapy by a clinician.>*
Patients who are undergoing major surgery or have sustained a serious
injury cannot mount a sufficient endogenous cortisol response to
balance the pathophysiological elevation of acute-phase cytokines
and require supplemental hydrocortisone (‘stress dosing’).”
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Table. Management of PAI in specific scenarios'®

Patient scenario Suggested action

Home management of
illness with fever

* Double the dose of hydrocortisone
replacement if temperature is over
38°C

Triple the dose of hydrocortisone
replacement if temperature is over
39°C

Continue the increased dose until
illness resolves

Inability to tolerate oral ¢ Change to intramuscular, IV or
medication because of subcutaneous hydrocortisone
gastroenteritis or trauma 100 mg and

Present to hospital

Minor to moderate
surgical stress or illness

Administer hydrocortisone 25 to
75 mg/24 hours for usually one to
two days

Major surgery with general
anaesthesia, trauma,
delivery or disease that
requires intensive care

Administer IV hydrocortisone: 100mg
per IV injection followed by continuous
IV infusion 200 mg/24 hours

Abbreviations: IV = intravenous; PAl = primary adrenal insufficiency.

Management and hydrocortisone doses to help reduce the risk of
adrenal crisis in these situations are shown in the Table.

Medications and substances that induce the cytochrome P450
3A4 enzyme (CYP3A4), such as rifampicin, phenytoin, mitotane
and St John’s wort, increase the metabolism of hydrocortisone and
can induce an adrenal crisis in patients with undiagnosed adrenal
insufficiency. Conversely, CYP3A4 inhibitors such as grapefruit
juice may inhibit the metabolism of hydrocortisone, leading to
increased circulating cortisol that further suppresses endogenous
cortisol and increases the risk of adrenal insufficiency on
withdrawal >

In patients with untreated adrenal insufficiency and concom-
itant hypothyroidism, commencement of thyroxine replacement
may precipitate adrenal crisis, as thyroxine increases the activity
of the cortisol-inactivating enzyme 1lbeta-hydroxysteroid
dehydrogenase.”

Treatment of adrenal crisis

Adrenal crisis is a medical emergency. The annual risk of adrenal
crisis per patient is 6 to 8%, but the risk is unevenly distributed,
with some patients appearing prone to events and others having
no events over many years.”* Immediate treatment with intravenous
hydrocortisone, given as a 100 mg bolus followed by 200 mg every
24 hours as a continuous infusion or frequent intravenous injection
(50mg every six hours), will produce sufficient cortisol levels, likely
to exceed those seen in disease states such as severe sepsis.* Hydro-
cortisone doses for children are 50 to 100 mg/m?as a bolus followed
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by 50 to 100 mg/m? over 24 hours, divided into four six-hourly doses.
Subsequent hydrocortisone doses can be tailored based on clinical
response. Equivalent doses of other types of parenteral steroids,
such as prednisolone or methylprednisolone, may be used if
hydrocortisone is not available.

When the hydrocortisone dose is greater than 50 mg daily,
fludrocortisone is not required because hydrocortisone has a
physiologically significant mineralocorticoid effect at this dose.
Fludrocortisone is usually resumed at the pre-crisis dose after
resolution of the adrenal crisis.

Intravenous normal saline should be administered as part of
resuscitation of a patient with an adrenal crisis. This is typically
1000mL of 0.9% saline over one hour in adults (children, bolus
20mL/kg of 0.9% saline, up to 60 mL/kg in one hour if needed for
shock) and then continued rates depending on patient haemodynamic
status.® This should be adjusted based on clinical assessment and
other relevant conditions.” Intravenous glucose 5% in normal saline
is given in the setting of hypoglycaemia, which is more often seen
in children with adrenal crisis.’

Preventing adrenal crisis

Key strategies to prevent adrenal crisis include:

* education and provision of a sick-day management plan

« supply of parenteral hydrocortisone and instructions on its use

« provision of devices such as a medical alert bracelet or
necklace.

Stress dosing of glucocorticoids is essential to mitigate the risk
of adrenal crisis, as this mimics the physiological response to
illness. Depending on the intensity of the stressor, patients with
known adrenal insufficiency need to double or triple their oral
hydrocortisone dose (Table).”"” Although temporarily increasing
the dose of glucocorticoids is necessary in specific situations, such
as during acute illness or stress, there is no evidence to support
the routine use of supraphysiological doses for the prevention of
adrenal crisis.

Patients with PAT and their family members should be well edu-
cated on the technique of intramuscular hydrocortisone injection
for use when the patient is severely unwell or not tolerating oral
medication because of vomiting or diarrhoea.” Subcutaneous injection
may be an alternative for those who are reluctant to use intramuscular
hydrocortisone.” In some situations, rectal prednisolone can be used,
especially when there is vomiting but no diarrhoea.

Carryinga ‘steroid card’ or wearing a medical alert bracelet that
records the diagnosis and recommendation for parenteral hydro-
cortisone are crucial strategies to ensure health attendants are aware
of the diagnosis of adrenal insufficiency and need to administer
hydrocortisone promptly.”

Long-term management of PAI

A collaborative care model involving the GP, endocrinologist and
clinical nurse specialist via Team Care Arrangements can be impor-
tant to provide ongoing care for patients with PAT and minimise
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the risk of adrenal crisis. GPs can formulate a GP Management Plan
with patients. This may involve the GP in a holistic view of patient
care and additional healthcare providers based on the specific needs
of the patient, as discussed with their doctor. Generally, an endocrine
nurse, accessed via an endocrine specialist, can provide detailed
personalised instruction on adrenal crisis prevention (including
stress dosing, hydrocortisone for injection and use of a medical
alert bracelet). GPs can ensure patients are reminded of sick-day
management, including the need to increase the hydrocortisone
dose in specific situations (Table).”® Patients should also be supplied
with a sufficient supply of hydrocortisone and fludrocortisone,
accounting for possible sick days.

Specialist review, often annual, may incorporate assessment of
the adrenal hormone dose over time based on experience, clinical
manifestations of over- and underdosing and results of investigations
such as serum electrolytes and renin levels and bone density. Bone
loss has been less prevalent in the past two decades as glucocorticoid
doses have generally been lower; however, low doses of short-acting
glucocorticoids may increase the risk of adrenal crisis.” In addition,
screening for associated autoimmune conditions, such as auto-
immune gastritis, coeliac disease and type 1 diabetes mellitus, can
be arranged, and the risk of premature ovarian insufficiency
considered when relevant.

Conclusion

Glucocorticoid replacement therapy with regular monitoring can
restore wellbeing to a substantial proportion of patients with PAL
However, all patients with PAI are at risk of adrenal crisis. Recognition
of the precipitants of adrenal crisis is essential to prevent episodes.
The risk of an adrenal crisis can be mitigated by patient education
on sick-day management and stress dosing, with regular follow up
by a GP as well as an endocrinologist. Unfortunately, these measures
cannot completely obviate the risk of adrenal crisis. ET
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