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Review

Adrenal crisis: prevention and management

in adult patients

Rosemary Dineen, Christopher J Thompson and Mark Sherlock

Abstract: Adrenal crisis is an acute life-threatening emergency contributing to the excess
mortality that is reported in patients with adrenal insufficiency. The incidence of adrenal crisis
is estimated to be 8 per 100 patient years in patients with adrenal insufficiency. Patients with
adrenal crisis present systemically unwell with nonspecific signs and symptoms often leading
to misdiagnosis and delayed treatment. An adrenal crisis may be the first presentation of
adrenal insufficiency or can occur in patients who have been established on glucocorticoid
replacement therapy. Infections are the major precipitating factor, but other causes

include physical stress such as a surgical procedure or trauma, forgetting or discontinuing
glucocorticoid therapy, pronounced physical activity, and psychological stress. The emergency
treatment involves prompt recognition and administration of parenteral hydrocortisone,
rehydration and management of electrolyte abnormalities. Prevention is centred around patient
education. All patients should be educated on stress dosing and parenteral glucocorticoid
administration. They should carry a steroid dependency alert card and wear a medical alert
bracelet or similar identification. Despite many improvements in the management of patients
with adrenal insufficiency, adrenal crisis continues to occur and represents a major source

of morbidity, mortality and distress for patients. Improved patient and clinician education and
measures to facilitate parenteral hydrocortisone self-administration in impending crisis are
central to the management of this life-threatening event.
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Introduction

Deficiency of the steroid hormones synthesized
and secreted by the adrenal gland is associated
with significant morbidity and mortality. Three
classes of steroid hormone are produced by the
adrenal cortex after uptake of precursor cholesterol
from the plasma: mineralocorticoids, glucocorti-
coids and sex steroids. Mineralocorticoids (aldos-
terone and deoxycorticosterone) are secreted in
low amounts (100-150pug aldosterone/day) from
the zona glomerulosa. Aldosterone secretion is
principally under the control of the renin—angio-
tensin—aldosterone system and its action leads to
enhanced uptake of sodium in the distal renal
tubule following binding to the mineralocorticoid
receptor. Glucocorticoids (cortisol and corticoster-
one) are secreted in larger amounts (10-15mg

cortisol/day)!»> from the =zona fasciculata in
response to stimulation by adrenocorticotrophic
hormone (ACTH) and have wide-ranging effects
mediated by the glucocorticoid receptor.

Primary adrenal insufficiency (PAI) is caused by
impairment of function of the adrenal gland
itself, most commonly caused by autoimmune-
mediated adrenalitis, infection or due to inborn
disruption of adrenal cortisol production in con-
genital adrenal hyperplasia.? Secondary adrenal
insufficiency (SAI) is caused by disruption of the
hypothalamic-pituitary-adrenal axis with insuf-
ficient stimulation of the adrenal gland due to
inadequate secretion or synthesis of ACTH.
This is often caused by pituitary diseases/
tumours or their subsequent treatment including
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Table 1. Causes of adrenal insufficiency.

Causes

Primary adrenal insufficiency

Autoimmune adrenalitis

Infections (tuberculosis, systemic

fungal infections, AIDS)

Adrenal metastasis (from lung, breast,

kidney) (rare], lymphoma involving the adrenals
Congenital adrenal hyperplasia
Adrenomyeloneuropathy/adrenoleukodystrophy
Bilateral adrenal haemorrhage

Bilateral adrenalectomy

Secondary adrenal insufficiency

Pituitary or metastatic tumour to the pituitary

Other cranial tumours (craniopharyngioma,
meningioma, germinoma)

Central nervous system infection

Pituitary surgery or radiation

Primary and Secondary hypophysitis

Head trauma

Pituitary apoplexy/Sheehan’s syndrome
Pituitary infiltration (sarcoidosis, histiocytosis)
Empty-sella syndrome

Drug-induced adrenal
insufficiency

Exogenous steroids (glucocorticoid therapy, megestrol acetate,
medroxyprogesterone)

surgery and radiotherapy.* However, chronic
exogenous glucocorticoid treatment can also
impair pituitary regulation of cortisol produc-
tion, often termed tertiary adrenal insufficiency
(Table 1). Conventional treatment of adrenal
insufficiency (AI) involves lifelong glucocorti-
coid replacement therapy.

The differentiation between PAI and SAI is cru-
cial as it allows clinicians to target therapy to asso-
ciated deficiencies. In PAI, all steroid hormones
synthesised by the adrenal gland are deficient
(aldosterone, cortisol and sex steroids) whereas in
SAI only hormones that are predominantly con-
trolled by ACTH (cortisol and sex steroids) are
deficient, however, aldosterone replacement is not
required as it is controlled by the renin—angioten-
sin—aldosterone system.

The principles of management of an adrenal crisis
are similar in both children and adult patients,
however different challenges exist for the paediat-
ric population including higher rates of hypogly-
caemia, weight-based dosing and difficult
intravenous access. This review focuses on the
management and prevention of adrenal crisis in
adult patients.

Morbidity and mortality in Al

It has become increasingly evident that, even in
patients with treated Al, there continues to be sig-
nificant morbidity and reduced life expectancy.>~7
Recent data from the European Adrenal
Insufficiency Registry® (including both PAI and
SAI patients) found the major causes of death in
patients with Al were cardiovascular disease
(35%) and infection (15%), supporting previous
registry data for patients with PAIL%10 The
EU-AIRE study reported a mortality of 1.5% for
patients with SAI. In those patients with SAI who
died, 11.1 adrenal crisis per 100 patient years were
reported, significantly higher than that has been
reported in other cohorts of patients with SAI.11:12
In addition, patients with SAI who died were on
higher mean daily doses of hydrocortisone (24.0
+ 7.6 versus 19.3 = 5.7mg, p = 0.002), which
may reflect the physicians response to repeated
adrenal crises, with increased doses of glucocorti-
coid therapy in an attempt to prevent recurrence
of adrenal crisis.

An adrenal crisis is often the first presentation in
undiagnosed Al. In a cross-sectional study of
both PAI and SAI patients, only 50% of patients
were diagnosed within the first 6 months after the
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onset of symptoms, with 20% of patients report-
ing symptoms for greater than 5 years before diag-
nosis.!3 Similarly, in a large Norwegian study,
approximately 40% of patients with Addison’s
disease had a delay in diagnosis of greater than
6 months from the onset of their symptoms, with
64% of the patients diagnosed only after an acute
hospital admission.!* This delay in establishment
of the diagnosis, attributed to the relative rarity of
the condition and the nonspecificity of the pre-
senting symptoms, increases the risk of poten-
tially lethal complications.

Epidemiology of adrenal crisis

Auvailable literature reports a prevalence of adre-
nal crisis ranging from 5.2 to 8.3 per 100 patient
years.12:15 The incidence of adrenal crisis appears
to increase with age with one study reporting a
rate of 24.3 admissions per million per year in
patients aged 60—69years.!1® A postal survey of
over 1000 patients with PAI from four countries
reported an 8% annual frequency of adrenal cri-
sis.17 A higher frequency was observed in those
patients with concomitant health conditions such
as type 1 and type 2 diabetes, asthma and prema-
ture ovarian failure.l” In a prospective study of
more than 400 patients with AI, Hahner and col-
leagues reported 8.3 adrenal crises per 100
patient-years, with a mortality rate from adrenal
crisis of 0.5/100 patient years.!5

Definition

The range in prevalence of adrenal crisis reported
in the literature is attributed not only to the heter-
ogenous nature of the populations studied, but
also complicated by the lack of a universally
accepted definition of an adrenal crisis. Definitions
differ between expert clinicians and research stud-
ies (Table 2). The Endocrine Society guidelines on
the diagnosis and treatment of PAI defines an
adrenal crisis as a medical emergency with hypo-
tension, abdominal symptoms and laboratory
abnormalities requiring emergency treatment.!8
Allolio and colleagues describe an adrenal crisis as
a major impairment of general health in addition to
the demonstration of a clinical improvement fol-
lowing parenteral glucocorticoids.!® They also pro-
posed agrading system usinglevels ofhospitalization
to denote adrenal crisis severity ranging from grade
1 (outpatient care only) to grade 4 (death from
adrenal crisis), with or without parenteral gluco-
corticoid administration.!®

Definitions also differ among research studies.
Puar er al.?° defined an adrenal crisis as an acute
deterioration in a patient with Al, whereas Smans
and colleagues defined adrenal crisis as an acute
impairment of general health requiring hospitali-
zation and administration of IV saline and gluco-
corticoids in patients with AI.12 More recently,
Rushworth er al. proposed a definition that the
authors feel will increase the likelihood that true
adrenal crisis events are identified and that other,
less-severe episodes of illness are not classified as
an adrenal crisis but a milder form of illness.?!
Their definition is outlined in Table 2. They also
incorporated a list of clinical features such as
acute abdominal symptoms, delirium/altered
consciousness, pyrexia and hypoglycaemia, in the
definition to assist the clinician in making the cor-
rect diagnosis.

Pathophysiology

The pathophysiology of adrenal crisis formation
is not fully understood. In an adrenal crisis a mis-
match occurs between the need and availability of
cortisol. During the acute phase of an illness,
serum cortisol concentrations correlate to the
severity of the illness in patients with presumed
normal hypothalamic—pituitary—adrenal (HPA)
axis. Similarly in perioperative patients, serum
cortisol levels often reflect the degree of surgical
stress.?>»?3 Elevated cortisol concentrations in
acute stress have traditionally been attributed to
stress-induced activation of the HPA axis with
ACTH-driven cortisol secretion, however studies
have shown that critically ill patients have para-
doxically low ACTH levels and exhibit impaired
cortisol clearance which contributes to the
observed hypercortisolism.2* Exposure to stress-
ors cause the release of inflammatory cytokines
such as tumour necrosis factor a« (TNFa) and
interleukins 1 and 6, which activate the HPA
axis.?>26 The increased cortisol secretion subse-
quently exercises an anti-inflammatory effect by
reducing leukocytic responses, and blocking
cytokine production. Therefore, this cell-medi-
ated immunity is diminished in situations of cor-
tisol deficiency.

Another complicating factor is that cortisol is
known to be important in the conversion of nor-
epinephrine to epinephrine by phenylethanola-
mine N-methyltransferase (PNMT). In patients
with Al, the decrease in intra-adrenal cortisol con-
centrations leads to a decrease in catecholamine
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Table 2. Definitions of an adrenal crisis.

Study

Definition and grading of adrenal crisis

Allolio et al.”?
signs/symptoms:

(A) Major impairment of general health with at least two of the following

-Hypotension [systolic blood pressure (BP) <100 mmHg]

-Nausea or vomiting

-Severe fatigue
-Fever
-Somnolence

-Hyponatraemia (<132mmol/l) or hyperkalaemia

-Hypoglycaemia

(B) Parenteral glucocorticoid (hydrocortisone) administration followed
by clinical improvement

Grading:

Grade 1: outpatient care only

Grade 2: hospital care (general ward)

Grade 3: admission to intensive care unit

Grade 4: death from adrenal crisis (with or without parenteral
glucocorticoid administration)

Bornstein et al.'®

A medical emergency with hypotension, marked acute abdominal

symptoms and marked laboratory abnormalities, requiring immediate

treatment.
Paur et al.?0

Smans et al.'?

An acute deterioration in a patient with adrenal insufficiency.

An acute impairment of general health requiring hospital admission and

administration of intravenous saline and glucocorticoids in patients with
adrenal insufficiency.

Rushworth et al.?'

An acute deterioration in health that is associated with absolute

(systolic BP <100 mmHg] or relative (systolic BP <20 mmHg lower

than the patients usual BP) hypotension, the features of which resolve
following parenteral glucocorticoid administration (demonstrated by a
marked resolution of hypotension within 1h and improvement of clinical

symptoms over 2h)

synthesis (as a result of decrease PNMT activ-
ity).27 This was shown in a group of patients with
CAH, where epinephrine levels were reduced at
baseline and rose to only 20% of normal after
exercise compared with sex- and body mass index
(BMI)-matched healthy controls.?8 Subsequent
replacement glucocorticoid had little if any impact
on circulating epinephrine levels in these
patients.?® No replacement strategy for epineph-
rine deficiency is available, therefore it may be
helpful for patients with Al to combine hydrocor-
tisone with a small carbohydrate-rich meal before
prolonged exercising.30

Aetiology and risk factors

An adrenal crisis may occur in a number of differ-
ent settings. It may be the primary presentation in
patients with undiagnosed Al or in patients with

chronic Al, who are replaced with glucocorti-
coids, but experience an intercurrent infection or
an acute, major stress, and there is a discrepancy
in their glucocorticoid dose and their increased
glucocorticoid requirements during these events.
A recent systematic review of more than 2900
patients undergoing surgery revealed that the
perioperative cortisol response is influenced by
patient specific factors in addition to the type of
surgery performed.3! It is important to consider
these factors when deciding the perioperative
steroid coverage in patients with Al

As PAI patients are also deficient in mineralocor-
ticoids, which are key regulators of blood pressure
and electrolyte balance, PAI patients are often at
a higher risk of adrenal crisis compared with
patients with SAI and may develop more severe
adrenal crisis.??2 Another reason for potentially
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different rates of adrenal crisis in patients with Al
is the relative degree of glucocorticoid deficiency.
Many patients with PAI have negligible cortisol
synthesis whereas some patients with SAI still
have some cortisol synthesis (but insufficient
amounts to maintain health and therefore require
replacement therapy).

An adrenal crisis may occur in the setting of an
acute insult to the adrenal or pituitary gland such
as an infarction or haemorrhage.?3-3> Unmasking
of SAI may occur in patients who are abruptly
withdrawn from supraphysiologic doses of gluco-
corticoid, which includes not only oral but also
inhaled steroids.?® An adrenal crisis can occur in
the setting of bilateral adrenal metastasis3”-38 and
secondary to immunomodulator anticancer
agents.?® The addition of concomitant medication
that alters cortisol metabolism could potentially
precipitate an adrenal crisis.?® A well-recognized
complication in clinical practice is the occurrence
of an adrenal crisis following the initiation of thy-
roxine replacement in a patient with untreated Al
as thyroxine increases corticosteroid metabolism.4!
In patients with hypopituitarism, growth hormone
replacement therapy can also unmask AI.#2
Medications that induce the drug-metabolizing
enzyme CYP3A4 including carbamazepine,
Hypericum perforatum (St. John’s wort), mitotane
and rifampicin also increase cortisol clearance,
necessitating a higher replacement dose.%® It is
important that this effect is anticipated prior to
initiation and an appropriate daily glucocorticoid
dose is given, and monitored thereafter to ensure
adequate glucocorticoid replacement. Treatment
of PAI with dexamethasone alone, without con-
current fludrocortisone, can also trigger an adrenal
crisis as dexamethasone has no mineralocorti-
coid activity.

In retrospective and prospective studies the most
frequent precipitating causes of adrenal crisis are
gastroenteritis (35-45%) and fever (17-24%),15:17:43
but other stressful events such as trauma,3> sur-
gery,* dental procedures?*> and major psychologi-
cal distress*® can cause adrenal crisis.

In their prospective study of PAI patients, Hahner
et al. found that emotional stress was identified as
a triggering factor in 30% of adrenal crisis, as fre-
quently as gastrointestinal symptoms or infec-
tions (35% and 32%, respectively). The ability
for psychological stress to trigger an adrenal crisis
is under recognized and patients are often advised

that this does not lead to adrenal crisis, which
based on the above data is incorrect. Similarly, in
a longitudinal study of patients across all ages
with CAH, gastrointestinal and upper respiratory
tract infections were the two most common pre-
cipitating events for adrenal crises and hospitali-
zations.*” A history of a previous adrenal crisis is
the most important risk factor for further crises,
with approximately threefold higher risk observed
in the prospective study by Hahner ez al.!>

Clinical presentation and investigations

The predominant clinical features of adrenal cri-
sis include hypotension and hypovolaemia (in
patients with PAI due to concomitant mineralo-
corticoid deficiency), but patients often have
nonspecific symptoms, such as anorexia, nausea,
vomiting, abdominal pain, fatigue, lethargy, fever
or altered consciousness (Table 3). The insidious
onset of symptoms often results in a delay in
diagnosis. One study of adrenal crisis admissions
reported that 66.9% of adrenal crisis patients
(n = 337) had visited the hospital within 90 days
before the onset of the crisis.*8 Hypotension (par-
ticularly postural hypotension) occurs secondary
to hypovolemia, but also due to hypocortisolism
hence, if Al is not suspected, it may be refractory
to parenteral fluids and inotropes. In PAI,
hyponatraemia and hyperkalaemia can occur as a
consequence of mineralocorticoid deficiency.
The principal mechanism of hyponatraemia in
SAI is reduction in the osmolar threshold stimu-
lating vasopressin secretion secondary to hypoco-
rtisolism and the inability to excrete a free water
load.#® The hyponatraemia that occurs in SAI is
indistinguishable clinically from the syndrome of
inappropriate antidiuresis (SIAD). In a prospec-
tive cohort of patients with SIAD, the incidence
of SAI was 2.4%.%° Other biochemical features
that can present in an adrenal crisis include renal
impairment secondary to hypovolaemia, hypo-
glycaemia and, rarely, hypercalcaemia, which is
due to decreased renal excretion of calcium and
increased bone resorption.

Treatment

Emergency management

Expert consensus statements and guidelines exist
on the management of Al and above all, empha-
sis is placed on the importance of prompt initia-
tion of treatment in patients with suspected
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Table 3. Clinical features and routine laboratory findings in adrenal crisis.

Symptoms Signs

Routine laboratory tests

Severe weakness Hypotension
Syncope

Nausea and vomiting Fever
Abdominal pain

Back pain

Confusion

Abdominal tenderness/guarding

Hyperpigmentation (PAI]
Altered GCS, delirium

Hyponatraemia
Hypoglycaemia
Hypercalcaemia
Normocytic anaemia

Acute renal failure

Hyperkalaemia (PAI)

GCS, Glasgow Coma Scale; PAI, primary adrenal insufficiency.

adrenal crisis.!851,52 Diagnostic investigations
should not delay treatment. A blood sample
could be drawn immediately for serum cortisol
and ACTH if suspected, but treatment should be
started without waiting for assay results. In an
acutely unwell patient, confirmation of diagnosis
can be safely established once the patient has
clinically recovered.

Emergency treatment includes immediate admin-
istration of parenteral hydrocortisone via a bolus
injection of intravenous (IV) hydrocortisone
100mg, or intramuscular (IM) hydrocortisone,
pending IV access. This bolus should be followed
by 200mg of hydrocortisone per 24h, either via
continuous IV infusion or alternatively in doses of
50 mg of hydrocortisone per IV/IM injection every
6h.1851 A continuous infusion of hydrocortisone,
produces a steady-state insert of cortisol concen-
tration.>®> Some authors including the Addison’s
Disease Self-help Group (ADSHG) adrenal crisis
guidelines recommend higher treatment doses of
100mg of hydrocortisone every 6h (after the first
initial bolus) in the acute setting. However, sev-
eral studies support that 50mg q.d.s. IV/IM or
200mg/24 h provides adequate cortisol concentra-
tions to treat the acute cortisol deficiency. Jung
et al. showed in healthy individuals, whose endog-
enous cortisol was suppressed by dexamethasone,
that 50mg of IV hydrocortisone achieved a mean
30 min total plasma cortisol of 2450 nmol/1.5¢ This
level is greater than that reported in septic shock
(mean, 880nmol/1)>> or following major surgery
such as coronary artery bypass surgery (median,
744 nmol/l).5° Similarly, recent data from Bancos
et al.3! showed that patients undergoing grade III
highly invasive surgery had a 3.5-fold higher corti-
sol output than healthy, unstressed individuals;

however, the mean cortisol concentrations were
not greater than 1000 nmol/l in the first 24 h.

In a patient with PAI, hydrocortisone doses of
>50mg/day have sufficient action at the miner-
alocorticoid receptor, therefore additional miner-
alocorticoid therapy is not required at this point.

Prompt rehydration should be initiated with iso-
tonic saline; a rapid IV infusion of 1 litre of iso-
tonic saline within the first hour or 5% glucose in
isotonic saline, followed by continuous IV iso-
tonic saline guided by individual patient needs
(usually 4-6litres in 24 hours, while monitoring
for fluid overload in high-risk patients, i.e. in
patients with heart failure, renal impairment and
in elderly patients).>! The patients should be
managed in a critical care environment with close
monitoring of vital signs and regular assessment
of serum electrolytes should be performed to
avoid rapid over correction of hyponatraemia.
Patients may also require parenteral glucose ther-
apy if hypoglycaemic. Treatment for the precipi-
tant of the adrenal crisis should be also be
instigated, if necessary, as well as venous throm-
boembolism prophylaxis, and consideration of a
short course of proton pump inhibitor therapy to
prevent potential gastric stress ulceration.

Urgent review by the endocrinology team is recom-
mended to guide safe tapering of hydrocortisone to
maintenance doses, in addition to guiding further
investigations in a patient with unknown Al If the
patient is clinically stable, tapering of hydrocorti-
sone to replacement doses can be initiated usually
within 24-72h. In patients with PAI, mineralocor-
ticoid administration should be started as soon as
total daily hydrocortisone dose is lower than
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50mg/24h. During an admission with an adrenal
crisis, the physician should take the opportunity to
address the context of the acute medical admission
and attempt to identify any missed opportunities
that could have prevented the adrenal crisis and
educate the patient and fellow clinicians further.

Prevention strategies

Patient education

Patient education is the most important compo-
nent in the prevention of adrenal crisis. After an
acute presentation with an adrenal crisis, a regu-
lar review by an endocrinologist, in the months
following diagnosis and then 6—12months there-
after, is recommended. Patients need to be
empowered to make relevant adjustments to their
own medication, in the absence of their treating
physician, and to adapt their dose according to
individual needs. An additional dose of hydrocor-
tisone may be considered in situations of severe
and prolonged psychological stress, or prolonged
physical exercise.!! Patients on shift work may
need to adapt their hydrocortisone dose accord-
ing to the time of wakefulness. In the case of a hot
climate or strong perspiration, it is necessary to
increase the fludrocortisone dose (0.1-0.2mg/
day) or the salt intake to compensate.

It is important that patients, caregivers and family
members are aware of the symptoms of an
impending crisis. It should be reinforced to
patients to have a low threshold to administer a
hydrocortisone emergency injection and seek
urgent medical care if they develop these symp-
toms. Patients are encouraged to pack extra
hydrocortisone when travelling abroad, including
a letter from their endocrinologist to allow the
emergency kit to go through customs.

Steroid alerts

Guidelines recommend that all patients should
carry steroid emergency cards.18:51 An emergency
steroid wallet card that is credit-card sized is
available (Figure 1). It contains advice on the
emergency treatment of an adrenal crisis and has
been authored by expert endocrinologists in the
field of adrenal disease and endorsed by the
European Society of Endocrinology, the
International Society of Endocrinology and a
number of patient support groups. It is available
in hard copy form and is sent free to members of

IMPORTANT

M EDICAL REPLACEMENT

INFORMATION THERAPY

In case of serious illness, trauma, vomiting or
. diarrhoea, Hydrocortisone sodium succinate
§. 100mgiv/imand ivsaline infusion must be
administered WITHOUT DELAY

THIS PATIENT
NEEDS DAILY
STEROID

to avoid life-threatening adrenal crisis
For further information see

www.endocrinology.org/adrenal-crisis

IMPORTANT
MEDICAL

INFORMATION

= THIS PATIENT

r  NEEDS DAILY
STEROID

REPLACEMENT
THERAPY

Patient Name Date of Birth

Hospital

Hospital Phone No.

Back

Figure 1. Adrenal emergency steroid card.
Permission to reprint granted by the Addisons Disease Self-
Help Group, addisonsdisease.org.uk

certain patient support groups (including the
ADSHG) upon sign up. The patient should keep
the steroid emergency card with them at all times
and show it to any healthcare professional they
are attending. Medical alert identification wrist-
bands/necklaces are also necessary to alert medi-
cal professionals of the need for immediate
parenteral glucocorticoid treatment in the case of
an adrenal crisis and reduced consciousness.

Stress dosing advice: the sick day’ rules
Education of patients and partner/family mem-
bers regarding symptom awareness and the cor-
rect adjustment of glucocorticoid replacement
dose is imperative. The following advice should
be given.18

e Sick day rule 1: need to double the routine
oral glucocorticoid dose when the patient
experiences fever or illness requiring bed
rest; when requiring antibiotics for an infec-
tion; or before a small outpatient procedure
(e.g. dental work). The patient should
ensure that they have an additional supply of
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hydrocortisone tablets so that they can dou-
ble their dose for at least 7 days if required.

e Sick day rule 2: need to inject a glucocorti-
coid preparation IM/IV in the case of severe
illness, trauma, persistent vomiting, when
fasting for a procedure (colonoscopy) or
during surgical intervention.

Inject 100 mg hydrocortisone IV, IM, or subcuta-
neously followed by 200mg hydrocortisone per
continuous IV infusion, alternatively repeated
bolus doses of 50mg of hydrocortisone (IV or
IM) every 6h.

There are no randomized controlled studies that
have evaluated the dose to be given in cases where
the requirement for hydrocortisone is increased.
Published recommendations therefore rest largely
on expert opinion. The Addison’s Clinical Advisory
Panel (ACAP), a group of UK Endocrinologists
who specialise in adrenal disease, give specific
guidance to the ADSHG and physicians on gluco-
corticoid requirements and recommendations for
adjustment for surgical procedures.>”

Emergency hydrocortisone kit

Patients should have access to a vial of injectable
hydrocortisone, e.g. 100mg of hydrocortisone
sodium succinate, with appropriate needles,
syringes and water for injection for reconstitution,
available at all times. The affected individual,
their partner/spouse and their immediate family
members should be trained in parenteral hydro-
cortisone administration and there are a number
of online tutorials to support this education pro-
cess. They should ensure that their kit is in date at
all times and preferably kept with the patient,
because a third of adrenal crises occur when the
patient is away from home.!! It should be rein-
forced that this emergency injection does not
obviate the necessity to attend for acute medical
care and patients are recommended to still attend
for emergency medical care.

In a recent prospective study of patients with
chronic AI who presented to the emergency room,
62% of those who self-injected glucocorticoid
were treated in the outpatient setting, compared
with 27% of the patients who received parenteral
glucocorticoid from a medical professional (p =
0.008), presumably due to the time interval
between showing the emergency card and the
injection by a medical professional. However,

84% of the patients in this study did indicate a
need for an easier method of self-injection.32

Some patients are fearful of IM injections and sub-
cutaneous administration of hydrocortisone may
be more acceptable to patients than the IM
approach. Research has demonstrated that while
cortisol levels were slower to reach a peak level
(greater than 1000nmol/l) from a subcutaneous
injection than following IM injection, it was
deemed within an acceptable time limit among
patients with a BMI of less than 27 kg/m? who were
not in shock.>® Unfortunately a preloaded syringe
of hydrocortisone similar to an EpiPen® is not
available but would provide greater potential to
reduce the current barriers to hydrocortisone self-
injection. Providing patients with emergency
phone numbers and contact details for the patient
self-help groups can also help ease patient and
families anxiety regarding adrenal crisis.

Healthcare professional education

Emergency management of adrenal crisis is stand-
ardized, and patients respond well to the recom-
mended therapy, with low mortality rates in
hospitalized patients.!® Thus, it is the delay in
timely and appropriate treatment that contributes
to the mortality associated with adrenal crisis.
Studies support the observation that there remains
a significant time delay between the time from
arrival of emergency medical care until glucocorti-
coid administration.>® There are also reports of
patients having difficulties accessing appropriate
and timely treatment.%° In a cross-sectional survey
of Al patients, Chapman ez al. found that more
than 50% were dissatisfied with the level of infor-
mation they received from their physician about
their glucocorticoid medication.’! A German study
investigated the knowledge of adrenal crisis across
both medical and surgical disciplines in a large uni-
versity hospital, and reported that only 20 physi-
cians (9.6%) correctly identified all situations
requiring hydrocortisone adjustment.®? In addition,
internists, paediatricians and neurologists had more
knowledge of Al treatment than anaesthesiologists
or surgical doctors, who are potentially involved in
the perioperative management of patients with Al.

Given the high prevalence of glucocorticoid use for
the treatment of various inflammatory conditions,
malignancies and after organ transplantation, it is
of great clinical relevance to educate physicians
about the risk of developing AI. Unfortunately, the
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risk of Al among patients receiving glucocorticoids
is unpredictable. In a recent metanalysis, the per-
centage of patients with Al varied from 4.2% for
nasal corticosteroids to 52.2% for intra-articular
corticosteroids.’® The prevention of a potentially
life-threatening adrenal crisis in these patients
owing to relative cortisol insufficiency at times of
minor or major ‘stress’ is of paramount impor-
tance. It is clear that improved education of physi-
cians is a key target to reduce death from adrenal
crisis in patients with known or suspected Al.

Future prevention and prediction strategies
Therapeutic patient education is recommended by
two international consensus statements on the man-
agement of PAI.18:% Therapeutic patient education
is an element of nonpharmacological patient man-
agement and has been shown to be effective in
chronic diseases.%®> In the context of Al, it aims to
provide more than just information but help patients
to acquire and maintain competencies that help
them to be more independent, to protect themselves
from potentially life-threatening risks linked to their
disease. A number of studies of therapeutic educa-
tion for patients with Al have been published.6-68

One study investigated self-management in 246
patients receiving glucocorticoid replacement
therapy (PAI and SAI) before and 6 months after
an education group meeting. They found signifi-
cantly more participants (p < 0.005) gave the
correct answers to how to act in different situa-
tions. Moreover, the use of self-management
tools, such as having a medicine passport
(p = 0.007) or medical alert identifier (p =
0.0007), increased.’® However, no program has
yet been able to demonstrate whether there is a
consequent decrease in the incidence or severity
of adrenal crises.

It is well established that patients with Al have
impaired quality of life (QoL), with current
replacement regimens failing to restore subjective
health status in affected individuals.®® The
Addison’s disease-specific quality of life question-
naire (AddiQoL) was established by the European
consortium EURADRENAL to assess health-
related QoL in patients with PAI.70

A recent prospective study investigated whether
longitudinal AddiQoL scores could identify
patents with PAI at higher risk of adrenal
crisis.”!’  They included 110 patients with

Addison’s disease who completed the disease-
specific AddiQoL and another short question-
naire about adverse events once a month over
a period of 10 months. The authors found that
those with adrenal crisis (prevalence 10.9/100
patient years in this study) had a wider fluctua-
tion in QoL over time. The subjective pre-crises
phase, requiring an increased dose of hydrocor-
tisone replacement, was associated with a lower
QoL scores. Self-evaluation by regular identifi-
cation of health-related QoL via patient diaries
or mobile applications may provide a tool
to help guide patients to assess their risk of
adrenal crisis and indeed prompt physicians to
alert patients who report fatigue with their
replacement, to the warning signs of impending
crisis.

Conclusion

Glucocorticoid replacement therapy has been
available for more than 50 years, however adre-
nal crisis remains a significant cause of death in
patients with AI. Improved patient education
with an emphasis on stress dosing, medical alert
identification and glucocorticoid emergency
kits are pivotal in reducing the prevalence of
this potentially life-threatening presentation.
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