
MARCH 1, 2019 VOL. 40, NO. 5

AUTHORS 

Tiffany Murano, MD, Associate 
Professor, Department of Emergency 
Medicine, Rutgers New Jersey 
Medical School, Newark, NJ

Lana Shaker, MD, Department of 
Emergency Medicine, Rutgers New 
Jersey Medical School, Newark, NJ

PEER REVIEWER 

Frank LoVecchio, DO, MPH, FACEP, 
Professor, University of Arizona 
College of Medicine, Associate 
Medical Director, Samaritan Regional 
Poison Control Center, Phoenix, AZ

FINANCIAL DISCLOSURE

Dr. Schneider (editor), Dr. Stapczynski (editor), Ms. Light (nurse 
planner), Dr. Murano (author), Dr. Shaker (author), Dr. LoVecchio 
(peer reviewer), Dr. Farel (CME question reviewer), Ms. Mark 
(executive editor), Ms. Coplin (executive editor), and Ms. Hatcher 
(editorial group manager) report no financial relationships with 
companies related to the field of study covered by this CME activity.

ReliasMedia.com

Evaluation and Treatment  
of Adrenal Insufficiency  

in the Emergency Department

Introduction 

First described by Thomas Addison in 1855, adrenal insufficiency is the 
clinical manifestation of glucocorticoid deficiency, with or without mineralo-
corticoid and adrenal androgen deficiency. Adrenal insufficiency was universally 
fatal until cortisone was synthesized in 1949, and it continues to be associated 
with significant morbidity and increased risk of mortality.1 

Adrenal insufficiency is classified according to its underlying mechanism, and 
can be categorized as primary, secondary, or tertiary adrenal failure. Adrenal 
crisis is a life-threatening emergency presenting with acute hemodynamic 
decompensation. Treatment of adrenal insufficiency is geared toward determi-
nation of the underlying cause, chronic steroid replacement, and prevention or 
management of acute adrenal crisis with higher-dose parenteral glucocorticoids 
as well as fluid resuscitation.

Adrenal insufficiency is a challenging diagnosis and often is elusive to 
physicians.2 Two out of three patients will present three or more times with 
symptoms of adrenal failure before receiving a correct diagnosis. Many patients 
may not be diagnosed until after an acute hospitalization with adrenal crisis.2 
Early recognition and treatment of adrenal crisis is critical because it remains 
an important cause of death for patients with adrenal insufficiency. Moreover, 
patients may deteriorate quickly, resulting in death soon after arrival in the 
emergency department (ED).3 Patients and other caretakers should be edu-
cated on how to prevent an acute crisis. Equally important, the physician 
should administer an adequate dose of steroids during stress or crisis.4,5 It is 
essential for emergency physicians to have a high index of suspicion for iden-
tifying patients who present with adrenal insufficiency and crisis. Initiating 
appropriate management in the ED also is necessary. This article addresses the 
pathophysiology, discusses various clinical presentations, and reviews current 
evidence-based practices for managing adrenal insufficiency and crisis in the 
ED.

Epidemiology and Etiology

Primary Adrenal Insufficiency

The most common cause of primary adrenal insufficiency during the first part 
of the 20th century was tuberculosis. Now, autoimmune adrenal insufficiency is 
the leading etiology.6 Primary adrenal insufficiency occurs more frequently in 
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EXECUTIVE SUMMARY
 z Most often adrenal crisis is precipitated by gastrointestinal 

disease, but it also is precipitated by infection, trauma, sur-
gery, strenuous physical activity, myocardial infarction, hypo-
glycemia, emotional distress, allergic reactions, and  
pregnancy.

 z Tertiary adrenal insufficiency can occur when exogenous cor-
ticosteroids, in doses equivalent to 5 mg or more of predniso-
lone for four or more weeks, are stopped abruptly.

 z Treatment of adrenal crisis should begin as soon as the diag-
nosis is suspected. Treatment is with fluids and hydrocorti-
sone 100 mg intravenously or intramuscularly followed by an 
infusion.

 z It is important to identify and treat the precipitating cause of 
adrenal crisis.

women. Although it can present at any 
age, it most commonly presents between 
the ages of 30-50 years.7 Approximately 
one-half of patients with primary adre-
nal insufficiency also have other coexist-
ing autoimmune diseases.6 (See Table 1.) 
In developed countries, up to 90% of 
primary adrenal insufficiency cases are 
caused by autoimmune adrenalitis, also 
known as Addison’s disease. In develop-
ing countries, tuberculosis, disseminated 
fungal infections, and HIV/AIDS are 
the most significant causes of primary 
adrenal insufficiency.8 

Secondary and Tertiary Adrenal 
Insufficiency

Secondary adrenal insufficiency is 
more common than primary adrenal 
insufficiency and affects women more 
frequently than men. The peak age of 
diagnosis is in the sixth decade of life.9,10 
Pituitary adenoma is the most common 
cause of secondary adrenal insuffi-
ciency.11 The most common cause of ter-
tiary adrenal insufficiency is long-term 
exogenous glucocorticoid use, leading to 
suppression of the hypothalamic secre-
tion of corticotropin-releasing hormone 
(CRH).12 Collectively, secondary and 
tertiary adrenal insufficiency also are 
known as central adrenal insufficiency.

Adrenal Crisis

The incidence of adrenal crisis is 
estimated to be six to 10 episodes per 
100 patients with adrenal insufficiency 
per year, and it increases with age.4,13,14 
Of these six to 10 episodes, one death 
can be expected.15 In a survey of 840 
patients with Addison’s disease in four 
countries, 8% of patients required hos-
pital treatment for an adrenal crisis 
annually.16 Adrenal crisis can be the 
initial presentation of undiagnosed and/
or untreated adrenal insufficiency, but it 

also occurs frequently in patients already 
on standard therapy for known adrenal 
insufficiency. 

Adrenal crisis can occur with pri-
mary, secondary, or tertiary adrenal 
insufficiency, but it is more common in 
primary adrenal insufficiency. Adrenal 
crisis may be recurrent in as many as 
65% of patients with primary adre-
nal insufficiency and 47% of those 
with secondary adrenal insufficiency.4 
Gastrointestinal disturbance is the most 
common precipitant and is the cause of 
two-thirds of hospital admissions for 
adrenal crisis. Other common precipi-
tants include infections, surgical pro-
cedures, accidental injuries, strenuous 
physical activity, myocardial infarction, 
severe allergic reaction, hypoglycemic 
events in diabetic patients, pregnancy, 
and emotional stress.4,13,17 

Pathophysiology
The adrenal glands are located above 

each kidney and consist of the medulla 
and the cortex. The adrenal medulla 
secretes catecholamines such as epi-
nephrine and norepinephrine. The adre-
nal medulla is under sympathetic system 
control and is not included in the dis-
ease process of adrenal insufficiency.  

The adrenal cortex has three distinct 
zones that secrete various hormones 
under the control of feedback mecha-
nisms. The outermost zone is the zona 
glomerulosa, which synthesizes aldoste-
rone and is regulated predominantly by 
the renin-angiotensin system. The zona 
glomerulosa is not impaired in second-
ary or tertiary adrenal insufficiency. The 
next zone, zona fasciculata, secretes cor-
tisol, and is regulated by adrenocortico-
tropin (ACTH), which is released from 
the anterior pituitary gland in response 
to the hypothalamic release of CRH. 
Cortisol secretion typically is pulsatile 

and fluctuates in a circadian fashion — 
highest early in the morning and lowest 
around midnight. The innermost layer is 
the zona reticularis and is the location 
of adrenal adrogen synthesis. 

Basal neural input, which follows a 
circadian rhythm, and stress lead to an 
increase in CRH release by the hypo-
thalamus. (See Figure 1.) Vasopressin 
also is released with CRH. CRH and 
vasopressin stimulate cells of the ante-
rior pituitary gland to increase the 
release of stored ACTH. CRH also 
stimulates synthesis of new ACTH. 
Subsequently, ACTH stimulates release 
of cortisol by binding to receptors on 
the cells of the zona fasciculata and 
reticularis, leading to cortisol release. 
Increased glucocorticoids exert a feed-
back inhibition on ACTH secretion 
directly and also inhibit ACTH secre-
tion indirectly by decreasing CRH and 
vasopressin secretion.21,22 (See Figure 1.)

Primary Adrenal Insufficiency

Primary adrenal insufficiency results 
from intrinsic adrenal failure, leading to 
decreased glucocorticoids, mineralocor-
ticoids, and androgens. The decreased 
levels of these hormones lead to an 
increase in upstream mechanisms in 
an effort to increase adrenal hormone 
production, resulting in increased 
ACTH by the pituitary and CRH and 
vasopressin by the hypothalamus. (See 
Figure 2.) Patients with primary adre-
nal insufficiency are at an increased 
risk for adrenal crisis because of the 
decrease in mineralocorticoids and 
glucocorticoids.23 

Addison’s disease can be an isolated 
condition or a part of an autoimmune 
polyendocrinopathy syndrome.9,24 Sixty 
percent of patients with Addison’s dis-
ease have an additional autoimmune 
disease.6 Autoimmune-induced primary 
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adrenal insufficiency is characterized 
by immune-mediated adrenal cortex 
destruction.25 In this disease entity, 
the zona glomerulosa is the first zone 
affected. This leads to the initial feature 
of adrenal failure, which is character-
ized by high plasma renin and low 
aldosterone concentrations, which then 
is followed by a phase of progressive 
glucocorticoid deficiency. This gluco-
corticoid deficiency is characterized as 
an inadequate response to stress, which 

then progresses to overt failure.16 
Scientists have identified genes 

related to susceptibility to autoim-
mune adrenal disease.26 Patients with 
an autoimmune polyendocrinopathy 
syndrome can experience various condi-
tions in addition to adrenal insufficiency. 
These include: chronic mucocutaneous 
candidiasis, hypoparathyroidism, den-
tal enamel hypoplasia, nail dystrophy, 
type 1 diabetes mellitus, pernicious 
anemia, autoimmune thyroid disease, 

hypogonadism, atrophic gastritis, celiac 
disease, myasthenia gravis, vitiligo, 
and/or alopecia. Infectious adenalitis 
can be caused by tuberculous adre-
nalitis, HIV/AIDS, fungal infections, 
cytomegalovirus, syphilis, or African 
trypanosomiasis.25 

Primary adrenal insufficiency can 
present acutely from bilateral adrenal 
hemorrhage in patients with antiphos-
pholipid syndrome or other coagulation 
disorders.27 Some drugs may induce 
adrenal insufficiency. (See Table 2.) 
Other causes of primary adrenal insuf-
ficiency include adrenal metastases 
(mainly from lung, stomach, breast, or 
colon cancer); adrenal infiltration in 
lymphoma; amyloidosis, sarcoidosis, 
or hemochromatosis; and bilateral 
adrenalectomy. 

Central Adrenal Insufficiency

Central adrenal insufficiency is the 
collective classification of secondary 
and tertiary adrenal insufficiency, and is 
due to impaired production or action of 
ACTH. (See Figure 2.) Secondary adre-
nal insufficiency specifically results from 
pituitary disease. Potential etiologies are 
pituitary tumors (including pituitary 
resection or irradiation), traumatic brain 
injury, pituitary apoplexy, Sheehan syn-
drome (peripartum pituitary apoplexy 
and necrosis), infections, and infiltra-
tive processes. Infections and infiltra-
tive processes can include tuberculosis, 
meningitis, sarcoidosis, actinomycosis, 
histiocytosis X, Wegener’s granulomato-
sis, hemochromatosis, and lymphocytic 
hypophysitis. ACTH deficiency can be 
isolated or it can occur with deficien-
cies in other pituitary hormones. An 
isolated ACTH deficiency is more 
likely to be due to an autoimmune pro-
cess and can be associated with other 
autoimmune endocrine disorders, such 
as thyroiditis and type 1 diabetes mel-
litus. Lastly, genetic causes of ACTH 
deficiency include loss of function gene 
mutations.25 

Tertiary adrenal insufficiency is caused 
by disorders of the hypothalamus, result-
ing in impaired synthesis of CRH, which 
leads to inhibition of ACTH secretion 
from the pituitary gland. (See Figure 2.) 
The most common cause is suppression 
of the hypothalamic-pituitary-adrenal 
(HPA) axis by long-term exogenous 

Table 1. Summary of Prevalence and Etiologies of Adrenal 
Insufficiency

Type Most Common Cause Prevalence

Primary Adrenal 
Insufficiency

Autoimmune adrenalitis 
(Addison’s disease)6 

40-144 per million18

Secondary Adrenal 
Insufficiency

Pituitary adenoma11 150-280 per million19

Tertiary Adrenal 
Insufficiency

Chronic exogenous 
glucocorticoid use12

Ranging from 14% to 63% of 
patients on glucocorticoid 
therapy; dose dependent20

Adrenal Crisis Gastrointestinal disturbance 
in patients with primary 
adrenal insufficiency4

6-10 episodes per 100 
patients per year15

Figure 1. Hypothalamus-Pituitary-Adrenal Axis

The hypothalamus produces corticotropin-releasing hormone (CRH), which stimulates the pituitary 
gland to produce adrenocorticotropic hormone (ACTH). ACTH stimulates the adrenal gland 
to produce cortisol, which has negative feedback on the production of CRH and ACTH by the 
hypothalamus and pituitary glands, respectively.
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glucocorticoid use with subsequent 
withdrawal of the exogenous gluco-
corticoids. All routes of glucocorticoid 
administration (oral, inhaled, intranasal, 
topical, intra-articular, intramuscular, 
and intravenous) have been associated 
with suppression of the HPA axis. 
Suppression can occur with glucocor-
ticoid doses of 5 mg or higher of pred-
nisolone equivalent for longer than four 
weeks.28 Treatment of Cushing’s syn-
drome also can lead to tertiary adrenal 
insufficiency by a similar mechanism. In 
Cushing’s syndrome, patients have per-
sistent high serum cortisol concentra-
tions, which can suppress the HPA axis. 
High-dose opiates also have been recog-
nized as a cause of HPA suppression.29 
In patients with secondary and tertiary 
adrenal insufficiency, the adrenal glands 
typically still are functional, but the lack 
of hormonal stimulation by ACTH 
from the pituitary gland or CRH from 
the hypothalamus leads to decreased 
cortisol secretion by the adrenal glands. 
Aldosterone secretion is preserved in 
this case because it is under feedback 
control by the renin-angiotensin system. 

Adrenal Crisis

Adrenal crisis can present in patients 
with existing adrenal insufficiency 
during a major stress event, such as 
infection or trauma, but it also may be 
the first presentation of acute cortisol 
deficiency. Adrenal crisis is associated 
more often with primary adrenal insuf-
ficiency because the mineralocorticoid 

insufficiency can cause more severe 
electrolyte and fluid balance distur-
bances.8 Patients with central adrenal 
insufficiency are at lower risk of having 
an adrenal crisis because of preserved 
mineralocorticoids.23

Many factors may precipitate an 
adrenal crisis. Infections are consid-
ered to be the most common causes. 
Gastroenteritis is especially hazardous 
because vomiting and diarrhea impair 
adequate absorption of glucocorticoids 
for patients taking maintenance oral 
therapy.3,30 Systemic bacterial infec-
tion initiates an inflammatory cyto-
kine response that leads to cortisol 
release and reduction in inflammation 
in patients with an intact HPA axis. 
However, in patients with hypoadre-
nalism, the inability to raise the cor-
tisol level can lead to an unrestrained 
inflammatory response. This response 
leads to significant tissue damage 
and systemic effects and is the sus-
pected mechanism resulting in adrenal 
crisis.14 

Certain medications may trigger an 
adrenal crisis. (See Table 2.) Clinicians 
always should consider adrenal crisis in 
cancer patients taking immunotherapy 
such as ipilimumab and nivolumab, 
which can cause severe hypophysitis 
or adrenalitis.15 Thyrotoxicosis or the 
initiation of thyroid hormone replace-
ment in a patient with undiagnosed 
adrenal insufficiency also can lead to 
an adrenal crisis by increasing cortisol 
metabolism.31,32 

Certain disease entities and physi-
ologic states are associated with an 
increased susceptibility to adrenal crisis. 
For example, patients with diabetes 
mellitus are at a higher risk of having an 
adrenal crisis for unknown reasons.3,33 
Pregnant patients have increased glu-
cocorticoid requirements, making them 
susceptible to adrenal crisis.3 Other 
factors that increase a patient’s predis-
position to an adrenal crisis include 
psychological/cognitive disorders and/
or social isolation, which may impair 
the patient’s ability to manage his or her 
disease process. For example, a cogni-
tively impaired patient may fail to take 
glucocorticoids at stress dosing accord-
ing to instructions, increasing adrenal 
crisis risk. 

Critical Illness-Related 
Corticosteroid Insufficiency

Patients who are critically ill activate 
the HPA axis, leading to increased glu-
cocorticoid production. Cortisol plays 
a vital role in the systemic response 
to infection. It contributes to energy 
generation by shifting to carbohydrate, 
fat, and protein metabolism. In addi-
tion, cortisol increases intravascular 
fluid retention, enhances inotropic 
and vasopressor responses, and has 
anti-inflammatory effects. All of these 
responses are crucial in critical illnesses 
such as sepsis.  

Cortisol is important for immuno-
modulation, and insufficient cortisol 
levels can lead to excess circulating 
pro-inflammatory cytokines. Elevation 
of inflammatory cytokines in critically 
ill patients has been shown to correlate 
with disease severity, hospital mortality, 
and adverse long-term outcomes.32,34-36 
In some critically ill patients, the HPA 
axis can become dysregulated, leading to 
inadequate cellular corticosteroid activ-
ity. The underlying mechanisms of how 
this occurs are multifactorial, complex, 
and poorly understood. It has been 
theorized that HPA axis dysregulation 
may be due to impaired ACTH release 
and synthesis, and tissue resistance to 
glucocorticoids.21,23,37-39 

Cortisol levels can vary in critically 
ill patients, making diagnosis of adre-
nal insufficiency challenging. The term 
“critical illness-related corticosteroid 
insufficiency” (CIRCI) was introduced 

Figure 2. Primary, Secondary, and Tertiary Adrenal  
Insufficiency

The organ of deficiency is indicated by the lightning bolt. The positive hormonal regulation is 
indicated by the arrows on the right side. The negative feedback is indicated by the arrows on the 
left side. CRH, corticotropin-releasing hormone; ACTH, adrenocorticotropic hormone
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by the American College of Critical 
Care Medicine to describe this HPA 
axis dysfunction that occurs during 
critical illness.21,40 CIRCI is thought 
to occur in sepsis, septic shock, severe 
community-acquired pneumonia, acute 
respiratory distress syndrome, cardiac 
arrest, head injury, trauma, and burns, 
and after major surgery.41 

Some critically ill patients experience 
direct structural damage to the adrenal 
glands from hemorrhage or infarction, 
also known as Waterhouse-Friderichsen 
syndrome (WFS). Predisposing factors 
for WFS include renal failure, dis-
seminated intravascular coagulation, 
and anticoagulant or tyrosine kinase 
inhibitor use.42 Impaired blood flow 
to the pituitary gland leading to isch-
emia or necrosis also can contribute to 
a decrease in hypothalamic-pituitary 
hormone secretion for critically ill 
patients.43,44 Sepsis is associated with 
necrosis or hemorrhage within the 
HPA axis.42 Adrenal insufficiency is 
a negative prognostic factor for criti-
cally ill patients and is associated with 
an increased mortality rate in septic 
patients.21 

Major trauma can cause tissue 
necrosis, hemorrhage, and ischemia-
reperfusion injuries, leading to initiation 
of the inflammatory cascade. Patients 
with severe trauma may develop 
CIRCI, which can be associated with 

uncontrolled inflammation, vasopres-
sor dependency, and poor clinical out-
comes.40,45 Non-critically ill cirrhosis 
patients may be affected by adrenal 
insufficiency, with sources citing a 
prevalence as high as 47% in patients 
with cirrhosis,46 leading to the new term 
“hepato-adrenal” syndrome.

Clinical Features
The signs and symptoms of adre-

nal insufficiency are highly variable, 
vague, and nonspecific. For example, 
patients may present with fatigue, 
generalized weakness, lethargy, 
anorexia, weight loss, nausea, vomit-
ing, abdominal pain, mental status 
changes, and hypotension. Patients 
with diabetes mellitus can develop 
an unexplained reduction in insulin 
requirement.47 Cardiomyopathy also 
has been described as a rare cardiac 
manifestation of adrenal insufficiency.48 
Clinical features of mineralocorticoid 
deficiency specifically include salt crav-
ings, myalgias, muscle cramps, and 
postural dizziness or orthostatic hypo-
tension. Androgen deficiencies can 
result in decreased axillary and pubic 
hair (in women), reduced strength, 
lack of energy or stamina, dry and 
itchy skin, and loss or impairment of 
libido (in women). Because of the wide 
array of presenting symptoms, patients 
may present to the ED with chief 

complaints such as weakness, dizziness, 
or abdominal pain, which could elicit a 
wide differential diagnosis. 

Primary Adrenal Insufficiency

The clinical features of primary adrenal 
insufficiency result from the deficiency 
of all adrenocortical hormones, includ-
ing aldosterone, cortisol, and androgens. 
Skin hyperpigmentation occurs in 90% 
of patients with chronic primary adrenal 
insufficiency and is caused by stimulation 
of melanocortin receptors by elevated 
ACTH levels. Changes typically appear 
on skin creases, scars, the extensor surface 
of the elbows, knuckles, lips, and gingival 
mucosa.8,9 

Diagnosis of adrenal insufficency 
should be considered in all patients who 
present with unexplained collapse and 
hypotension, especially those with vom-
iting or diarrhea. Hyperpigmentation, 
hyponatremia, hyperkalemia, metabolic 
acidosis, and hypoglycemia should 
increase the clinical suspicion.49

Central Adrenal Insufficiency

The clinical features of secondary and 
tertiary adrenal insufficiency are due 
to isolated glucocorticoid deficiency, 
as secretion of aldosterone and adrenal 
androgens is not affected. Additionally, 
hyperpigmentation will not be present. 
Patients with pituitary gland abnormali-
ties may have signs and symptoms of 
deficiency of other anterior pituitary 
hormones. Vision may be compromised 
if there is compression of the optic chi-
asm by a pituitary lesion. 

Adrenal Crisis

Adrenal crisis can be the first presen-
tation of adrenal insufficiency. Frequent 
concomitant features include acute 
abdominal symptoms, delirium, obtun-
dation, hyponatremia, hyperkalemia, 
hypoglycemia, and fever.31 (See Table 
3.) Currently, there is no universally 
accepted clinical definition of what 
constitutes an adrenal crisis. Creating a 
definition is difficult because there are 
no diagnostic features or set of com-
mon clinical features that have sufficient 
specificity for a diagnosis of adrenal 
crisis. Roshworth et al proposed a new 
definition based on general acceptance 
of the central physiologic abnormal-
ity.23 They defined an adrenal crisis as: 

Table 2. Examples of Drugs That Interfere With Adrenal 
Function

Drugs Mechanism

Phenytoin, rifampicin, phenobarbital, 
troglitazone, mitotane, topiramate, 
levothyroxine

Increase metabolism of 
glucocorticoids

Mifepristone, chlorpromazine, imipramine Impaired glucocorticoid action

All exogenous glucocorticoids, including 
topical, inhaled, oral, intra-articular, parenteral; 
megestrol acetate, medroxyprogesterone 
acetate, cyproterone acetate, opiates

Suppress hypothalamic-
pituitary-adrenal axis

Ketoconazole, fluconazole, itraconazole, 
etomidate, metyrapone, aminoglutethimide, 
trilostane

Inhibit enzymes involved in 
cortisol production

Heparin, warfarin, and other anticoagulants Adrenal hemorrhage

Ipilimumab, nivolumab Autoimmune hypophysitis
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“An acute deterioration in health that is 
associated with absolute (systolic BP  
< 100 mmHg) or relative (systolic BP  
< 20 mmHg lower than the patient’s 
usual BP) hypotension, the features 
of which resolve following parenteral 
glucocorticoid administration (demon-
strated by a marked resolution of hypo-
tension within 1 hour and improvement 
of clinical symptoms over 2 hours).”23 

Critical Illness-Related 
Corticosteroid Insufficiency

CIRCI is associated with increased 
circulation of biological markers of 
inflammation and coagulation and 
inadequate glucocorticoid-mediated 
anti-inflammatory activity for the 
severity of the patient’s critical ill-
ness.40 Symptoms can be widespread 
and include systemic, neurological, 
cardiovascular, digestive, and respiratory 
effects. (See Table 4.)

Differential Diagnosis
A patient with acute adrenal insuf-

ficiency or adrenal crisis may present 
with undifferentiated shock or with 
vague complaints that encompass a 
wide range of potential diagnoses. 
Many of the symptoms of adrenal crisis 

are similar to those of septic shock. The 
clinical picture can be obscured as sepsis 
itself can contribute to HPA axis dys-
function.38 Many patients with adrenal 
insufficiency may present with abdomi-
nal pain, nausea, and/or vomiting 
with alterations in level of conscious-
ness mimicking diabetic ketoacidosis. 
Profound dehydration may be pres-
ent with similar signs and symptoms, 
including weakness, hypotension, and 
decreased level of consciousness. 

Other conditions that may present 
similarly include thyroid disorders, early 
pregnancy (including nausea and vomit-
ing of pregnancy or hyperemesis gravi-
darum), cyclical vomiting syndrome, 
mild dehydration, mild electrolyte 
abnormalities, and psychiatric disorders 
such as generalized anxiety disorder or 
major depression. Patients with central 
causes of adrenal insufficiency may have 
symptoms related to an intracranial 
pathology and may elicit a completely 
different differential diagnosis, such as 
tension, migraine, or cluster headaches 
or intracranial mass or hemorrhage.

Diagnostic Studies
In the ED setting, there are no spe-

cific diagnostic criteria because other 

serious illnesses can mimic the features 
of adrenal insufficiency. Moreover, clas-
sic signs, such as hyperpigmentation 
seen in primary adrenal insufficiency, 
may not be present.15 Therefore, it is 
important to have a high index of sus-
picion for acute adrenal insufficiency in 
patients with undifferentiated shock. 

In patients who are suspected to have 
adrenal insufficiency, there are three 
specific aims:

• To determine if the cortisol level is 
inappropriately low; 

• To determine whether the adrenal 
insufficiency is intrinsic to the adrenal 
glands (primary) or secondary to pitu-
itary/hypothalamic dysfunction (cen-
tral); and 

• To delineate underlying pathological 
processes. 

This diagnostic workup typically is 
conducted in an outpatient or inpatient 
setting by the patient’s primary care 
physician or specialist.25 The emergency 
physician may facilitate the diagnosis 
of adrenal insufficiency in suspected 
patients by sending paired measurement 
of serum cortisol and ACTH levels. (See 
Table 5.) 

It is important to check a com-
plete blood count with a differential, 
serum electrolytes, and renal function 
in patients who are suspected to have 
adrenal insufficiency. Ninety percent 
of patients with primary adrenal insuf-
ficiency will present with hyponatremia 
and 50% will have hyperkalemia.8 Other 
common laboratory abnormalities 
include elevated serum creatinine, hyper-
calcemia, hypoglycemia, normocytic 
anemia, eosinophilia, and lymphocytosis. 
Thyroid-stimulating hormone (TSH) 
level may be elevated with a normal free 
T4 level in patients without thyroid dis-
ease because of the feedback mechanism 
of glucocorticoids on TSH release.8,17

Patients with central adrenal insuf-
ficiency will present with electrolyte 
disturbances less commonly, and hyper-
kalemia will not be present because of 
the preservation of mineralocorticoid 
secretion. However, hyponatremia still 
may occur as a result of a mild syn-
drome of inappropriate antidiuretic 
hormone (SIADH) due to increased 
vasopressin secretion from the hypo-
thalamus, leading to impaired water 
excretion.51

Table 3. Clinical Features of Adrenal Crisis

History Findings Severe weakness, abdominal pain, nausea, 
vomiting, altered mental status

Physical Exam Findings Hypotension, fever, lethargy, abdominal 
tenderness and guarding, reduced level of 
consciousness

Diagnostic/Laboratory 
Findings

Hyponatremia, hyperkalemia, hypoglycemia, 
hypercalcemia

Table 4. Clinical Features of Critical Illness-Related  
Corticosteroid Insufficiency
History Findings Altered mental status, nausea/vomiting, poor 

oral intake, weakness

Physical Exam Findings Fever, lethargy, reduced level of consciousness, 
hypotension refractory to fluid resuscitation, 
decreased sensitivity to catecholamines and 
vasopressors, high cardiac index, persistent 
hypoxia

Diagnostic/Laboratory 
Findings

Hypoglycemia, hyponatremia, hyperkalemia, 
metabolic acidosis, hypereosinophilia, 
hemorrhage or necrosis seen in the pituitary 
gland, hypothalamus, or adrenal glands
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In patients with acute adrenal crisis, 
laboratory findings may include hypo-
natremia, hyperkalemia, hypoglycemia 
(usually more common in children than 
adults), and hypercalcemia. 

Currently, there are no agreed upon 
diagnostic tests or laboratory values for 
the diagnosis of CIRCI. Corticotropin 
testing is controversial in CIRCI and 
is not recommended in current clinical 
practice guidelines.52

Management
In patients with suspected acute adre-

nal crisis, initiate treatment as soon as 
possible without waiting for the results 
of diagnostic testing or procedures.17 
For patients with a known history of 
adrenal insufficiency, steroid medication 
ideally should be administered within 
15 minutes of recognition of possible 
adrenal crisis.15

Therapeutic principles for patients 
with adrenal crisis are directed at fluid 
resuscitation and steroid replacement. 
(See Table 6.) Fluid administration is 
based on the patient’s volume status 
and serum sodium concentration. 
Recommendations for initial rehydra-
tion include 1 liter of intravenous 0.9% 
saline administered over the first 60 
minutes, with frequent hemodynamic 
monitoring guiding further fluid 
administration.3,8,17 Steroid replacement 
is initiated once an adrenal crisis is rec-
ognized by administering an initial dose 
of hydrocortisone 100 mg intravenously 

(IV) or intramuscularly (IM), followed 
by either a continuous IV infusion of 
200 mg daily or 50 mg injections four 
times daily until the patient is hemo-
dynamically stable. Patients who are 
clinically stable may be tapered to a 
maintenance dose over the following 
24 to 72 hours. Hydrocortisone has 
sufficient mineralocorticoid activity to 
obviate the need for additional miner-
alocorticoids, such as fludrocortisone, 
during initial resuscitation. Once the 
daily hydrocortisone dose is less than  
50 mg, mineralocorticoid administration 
typically is started.28 

The identification and treatment of 
the precipitating cause or stressor is 
essential in managing patients with 
adrenal crisis. 

Ensure that there is close monitor-
ing of the patient’s vital signs, regular 
assessment of serum electrolytes, and 
management of other medical comor-
bidities. The patient may require con-
tinuous IV infusions of 5% dextrose to 
correct hypoglycemia.3 In patients with 
hyponatremia, exercise caution in cor-
rection of sodium to < 10 mEq over 24 
hours to prevent osmotic demyelination 
syndrome.

Prevention of adrenal crisis requires 
early recognition of potential stressors. 
For patients with known adrenal insuf-
ficiency taking glucocorticoid replace-
ment who develop an acute illness, 
glucocorticoid doses must be adjusted 
appropriately according to illness 

severity. For patients with fever or an 
infection requiring antibiotics or those 
who require a surgical procedure under 
local anesthesia, the daily glucocorticoid 
dose should be increased.31 A common 
rule for stress dosing of glucocorticoids 
is the “3 × 3 rule,” which incorporates 
tripling the glucocorticoid dose for 
three days.14 Patients with severe diar-
rhea or vomiting who cannot tolerate 
oral intake or whose absorption of oral 
medication may be affected may present 
to the ED for parenteral therapy.14

Patients with a known diagnosis of 
primary adrenal insufficiency may run 
out of or stop taking their prescribed 
medications. The recommended hydro-
cortisone regimen for patients with 
primary adrenal insufficiency is 15 to 
25 mg daily in two or three split doses, 
with the first dose immediately after 
waking and the last dose not less than 
six hours before bedtime, and fludrocor-
tisone 50 to 200 mcg as a single daily 
dose.17 

Disposition
Patients in adrenal crisis or suspected 

of having CIRCI will require hospital 
admission, and likely intensive care, 
depending on their hemodynamic 
stability. Patients with vomiting and 
diarrhea who are otherwise stable may 
continue to have impaired absorption of 
their oral glucocorticoids. These patients 
are appropriate for hospital admission 
or observation to ensure appropriate 
glucocorticoid maintenance therapy, 
rehydration, and monitoring for signs of 
impending adrenal crisis. Patients who 
are stable, have the ability to continue 
their oral glucocorticoid regimen, and 
are able to follow up with an outpatient 
physician promptly may be discharged 
home. Ensure that these patients have a 
sufficient supply of hydrocortisone and 
fludrocortisone, including the additional 
doses required for illness. Some patients 
may use a hydrocortisone emergency 
injection kit (vials of 100 mg hydrocor-
tisone, syringes, and needles) to inject 
glucocorticoid doses intramuscularly 
in the event of severe illness, trauma, 
or persistent vomiting if there will be 
a delay obtaining medical care.28 All 
patients should carry a steroid depen-
dency card or wear medical alert brace-
lets or similar identification.

Table 5. Testing for Adrenal Insufficiency31

Test Name

Primary Adrenal 
Insufficiency 
Findings

Central Adrenal 
Insufficiency 
Findings

Cortisol Testing: Measurement 
of serum cortisol 

Low (random level  
< 18-20 mcg/dL)

Low (random level  
< 18-20 mcg/dL)

Cosyntropin Testing: ACTH 
stimulation test — parenteral 
administration of 250 mcg of 
ACTH with subsequent serum 
cortisol testing at 30 and 60 
minutes after administration; 
can be done at any time of day

< 18-20 mcg/dL 
after injection (97% 
sensitive)50

< 18-20 mcg/dL after 
injection (57-61% 
sensitive)50

ACTH Testing: Measurement of 
serum ACTH

High ACTH Low ACTH or 
inappropriately 
normal

ACTH = adrenocorticotropin
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Controversies 

CIRCI

Patients who have an established 
diagnosis of primary or central adrenal 
failure, patients taking chronic gluco-
corticoids before critical illness, and 
patients experiencing acute adrenal 
crisis should be treated with systemic 
glucocorticoids. Hydrocortisone is the 
preferred corticosteroid and has been 
used in the treatment of hemodynamic 
instability in patients with CIRCI, par-
ticularly in catecholamine-dependent 
septic shock. However, identification 
of patients who may benefit from ste-
roid replacement therapy is controver-
sial.38,53-56 Some research has shown a 
mortality benefit, while other research 
has shown no benefit compared to 
placebo in septic patients.53,55,56 In 
addition, hydrocortisone therapy may 
increase a patient’s risk for new infec-
tion, hypernatremia, weakness, and 
hyperglycemia.38 

Varying proposed dosing strategies 
have been cited in the literature for 
septic “relative adrenal failure,” with 
some regimens including mineralocor-
ticoid treatment (fludrocortisone) in 
conjunction with hydrocortisone.27,38,55,57 
Traditional treatment is hydrocortisone 
200 mg IV daily for three days. The 
2016 Surviving Sepsis Campaign guide-
lines recommend avoiding hydrocor-
tisone in septic shock if adequate fluid 
resuscitation and vasopressor therapy 
are able to restore hemodynamic insta-
bility. Corticosteroids typically are 
not recommended in major trauma 
patients, including those with traumatic 
brain injury and patients with refrac-
tory hypotension.58,59 For patients with 
acute spinal cord injury, treatment with 
methylprednisolone has been shown to 

improve movement, but must be started 
soon after the injury has occurred, 
within no more than eight hours.60

Etomidate and Adrenal 
Insufficiency

Etomidate is a common medication 
used for induction in rapid sequence 
intubation (RSI) because of its pharma-
cokinetic properties and hemodynamic 
stability.61,62 It has been shown to cause 
adrenal insufficiency by affecting corti-
sol synthesis for up to 72 hours, but the 
clinical consequence of a single dose is 
controversial.61 When used as an infu-
sion, it has been found to affect mortal-
ity and subsequently is no longer used 
for prolonged sedation.63 Some research 
has shown single-dose etomidate to 
increase rates of adrenal insufficiency 
and mortality in sepsis patients.64 
However, evidence has not been con-
sistent, as other literature has shown 
no significant differences.65-67 Some 
research has shown that mortality was 
increased specifically for patients taking 
multiple vasopressors or with abdominal 
source of infection.68 Because outcomes 
such as vasopressor use, hypotension, 
and mortality in patients with sepsis 
and severe sepsis still remain to be fully 
characterized, there are no recommen-
dations or guidelines on etomidate use 
in these patients. Consider the patient’s 
hemodynamic status and consider alter-
native medications for induction in RSI 
when possible.69,70 

Summary 
The cortex of the adrenal glands 

is responsible for secreting gluco-
corticoids, mineralocorticoids, and 
androgens. These hormones are under 
regulation by the HPA axis, with feed-
back inhibition by CRH, ACTH, and 

vasopressin. Primary adrenal insuf-
ficiency occurs because of primary 
adrenal failure, whereas secondary 
and tertiary insufficiency are due to 
pituitary and hypothalamic causes. 
Autoimmune adrenal insufficiency is 
the most common etiology for pri-
mary adrenal insufficiency. Pituitary 
adenoma is the most frequent disease 
process leading to secondary adrenal 
insufficiency. The most common cause 
of tertiary adrenal insufficiency is long-
term exogenous glucocorticoid use. 

Adrenal insufficiency continues to be 
associated with significant morbidity 
and increased risk of mortality. Making 
the diagnosis of adrenal insufficiency is 
challenging because patients may pres-
ent with a wide variety of signs and 
symptoms and have vague clinical fea-
tures. Adrenal crisis is a life-threatening 
emergency and complication in patients 
with adrenal insufficiency consisting of 
acute hemodynamic decompensation. 
CIRCI is due to HPA axis dysfunction 
and may require treatment with corti-
costeroids if shock is refractory to vaso-
pressors and fluid resuscitation. There is 
no current recommendation for adrenal 
function testing in the ED. 

Treatment is geared toward having a 
high clinical suspicion and administer-
ing IV fluids and glucocorticoids as 
necessary, while also monitoring hemo-
dynamics and electrolytes. Patients with 
adrenal insufficiency require measures 
such as stress dosing of glucocorticoids 
to prevent adrenal crisis.
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CME/CE Questions
1. Which of the following statements 

is true regarding adrenal crisis?
a. It cannot occur in patients on 

glucocorticoids.
b. Adrenal crisis can be the initial 

presentation of undiagnosed and/
or untreated adrenal  
insufficiency.

c. Adrenal crisis can be diagnosed 
immediately by performing 
cosyntropin testing.

d. Glucocorticoid treatment should 
be delayed until the diagnosis is 
ultimately confirmed.

2. What is the most common cause of 
central adrenal insufficiency?
a. Tuberculosis
b. Autoimmune condition
c. Exogenous glucocorticoid use 
d. Pituitary mass lesions

3. What is the glucocorticoid dose 
for the initial treatment of adrenal 
crisis?
a. Dexamethasone 10 mg IV
b. Prednisone 60 mg PO
c. Hydrocortisone 100 mg IV 
d. Fludrocortisone 50 mcg PO

4. What is the current recommenda-
tion regarding critical illness-related 
corticosteroid insufficiency for a 
patient with suspected sepsis?
a. Administer steroids immediately.
b. Perform adrenal function testing, 

then if confirmed, administer 
steroids.

c. Resuscitate with IV fluids and 
vasopressors, and consider corti-
costeroids for those with refrac-
tory shock.

d. Resuscitate with fluids. If the 
patient remains hypotensive, 
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then administer glucocorticoids 
and initiate vasopressors  
simultaneously. 

5. A 38-year-old female with a history 
of Addison’s disease presents to your 
ED with nausea, vomiting, and diar-
rhea. Labs are normal. After sup-
portive treatment in the ED, she is 
able to tolerate oral intake without 
vomiting, and her vital signs have 
remained normal. What is the next 
best step?
a. Attempt to call her primary care 

physician to establish a follow-up 
plan for the patient and confirm 
an increased glucocorticoid home 
regimen for the days of illness. 

b. Administer hydrocortisone  
100 mg IM stat.

c. Admit the patient to the hospital 
and continue administering her 
home dose of glucocorticoids 
and mineralocorticoids.

d. Discharge home with instruc-
tions to follow up with her pri-
mary care physician in one week.

6. Which of the following can precipi-
tate an adrenal crisis?
a. Ankle fracture
b. Scorpion bite
c. Increased dosing of home  

levetiracetam 
d. Initiation of levothyroxine  

medication
7. What is currently the most common 

cause of primary adrenal insuffi-
ciency in the United States?
a. Addison’s disease or autoimmune 

disease 
b. Tuberculosis
c. HIV/AIDS
d. Exogenous glucocorticoids

8. What is the most common precipi-
tant of adrenal crisis?
a. Gastroenteritis

b. Menstruation
c. Upper respiratory infections
d. Elective surgery

9. What is the mechanism by which 
hyperpigmentation is seen in 
patients with adrenal insufficiency?
a. Increased cortisol levels stimulat-

ing melanocyte receptors
b. Decreased corticotropin-

releasing hormone levels leading 
to upregulation of melanocyte 
receptors

c. Increased adrenocorticotropin 
stimulating melanocyte receptors 

d. Increased corticotropin-releasing 
hormone stimulating melanocyte 
receptors

10. What is a common medication class 
that can suppress the hypopituitary-
adrenal axis?
a. Nonsteroidal anti-inflammatories
b. Fluoroquinolones
c. Sulfonylureas
d. Opiates
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Evaluation and Management of Adrenal Insufficiency  
in the Emergency Department

Summary of Prevalence and Etiologies of Adrenal 
Insu�  ciency

Type Most Common Cause Prevalence

Primary Adrenal 
Insuffi  ciency

Autoimmune adrenalitis 
(Addison’s disease)6 

40-144 per million18

Secondary Adrenal 
Insuffi  ciency

Pituitary adenoma11 150-280 per million19

Tertiary Adrenal 
Insuffi  ciency

Chronic exogenous 
glucocorticoid use12

Ranging from 14% to 63% of 
patients on glucocorticoid 
therapy; dose dependent20

Adrenal Crisis Gastrointestinal disturbance 
in patients with primary 
adrenal insuffi  ciency4

6-10 episodes per 100 
patients per year15

Examples of Drugs That Interfere With Adrenal Function

Drugs Mechanism

Phenytoin, rifampicin, phenobarbital, 
troglitazone, mitotane, topiramate, 
levothyroxine

Increase metabolism of 
glucocorticoids

Mifepristone, chlorpromazine, imipramine Impaired glucocorticoid action

All exogenous glucocorticoids, including 
topical, inhaled, oral, intra-articular, parenteral; 
megestrol acetate, medroxyprogesterone 
acetate, cyproterone acetate, opiates

Suppress hypothalamic-
pituitary-adrenal axis

Ketoconazole, � uconazole, itraconazole, 
etomidate, metyrapone, aminoglutethimide, 
trilostane

Inhibit enzymes involved in 
cortisol production

Heparin, warfarin, and other anticoagulants Adrenal hemorrhage

Ipilimumab, nivolumab Autoimmune hypophysitis

Clinical Features of Adrenal Crisis

History Findings Severe weakness, abdominal pain, nausea, 
vomiting, altered mental status

Physical Exam Findings Hypotension, fever, lethargy, abdominal 
tenderness and guarding, reduced level of 
consciousness

Diagnostic/Laboratory 
Findings

Hyponatremia, hyperkalemia, hypoglycemia, 
hypercalcemia

Clinical Features of Critical Illness-Related 
Corticosteroid Insu�  ciency
History Findings Altered mental status, nausea/vomiting, poor 

oral intake, weakness

Physical Exam Findings Fever, lethargy, reduced level of consciousness, 
hypotension refractory to � uid resuscitation, 
decreased sensitivity to catecholamines and 
vasopressors, high cardiac index, persistent 
hypoxia

Diagnostic/Laboratory 
Findings

Hypoglycemia, hyponatremia, hyperkalemia, 
metabolic acidosis, hypereosinophilia, 
hemorrhage or necrosis seen in the pituitary 
gland, hypothalamus, or adrenal glands

Testing for Adrenal Insu�  ciency31

Test Name

Primary Adrenal 
Insu�  ciency 
Findings

Central Adrenal 
Insu�  ciency 
Findings

Cortisol Testing: Measurement 
of serum cortisol 

Low (random level 
< 18-20 mcg/dL)

Low (random level 
< 18-20 mcg/dL)

Cosyntropin Testing: ACTH 
stimulation test — parenteral 
administration of 250 mcg of 
ACTH with subsequent serum 
cortisol testing at 30 and 60 
minutes after administration; 
can be done at any time of day

< 18-20 mcg/dL 
after injection (97% 
sensitive)50

< 18-20 mcg/dL after 
injection (57-61% 
sensitive)50

ACTH Testing: Measurement of 
serum ACTH

High ACTH Low ACTH or 
inappropriately 
normal

ACTH = adrenocorticotropin
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Summary of Adrenal Crisis Management

• Actively consider adrenal crisis in all acutely ill patients.
• Glucocorticoid treatment is 100 mg of hydrocortisone IV followed by an 

infusion of 200 mg over 24 hours.
• Treatment should not be delayed. If venous access cannot be obtained, 

intraosseous infusion or intramuscular hydrocortisone may be given.
• Initiate � uid resuscitation with 0.9% normal saline and frequently recheck 

hemodynamic status.
• Check and correct electrolytes, including sodium, glucose, and potassium, as 

needed.

Hypothalamus-Pituitary-Adrenal Axis

The hypothalamus produces corticotropin-releasing hormone (CRH), which stimulates the pituitary 
gland to produce adrenocorticotropic hormone (ACTH). ACTH stimulates the adrenal gland 
to produce cortisol, which has negative feedback on the production of CRH and ACTH by the 
hypothalamus and pituitary glands, respectively.

Primary, Secondary, and Tertiary Adrenal Insu�  ciency

The organ of de� ciency is indicated by the lightning bolt. The positive hormonal regulation is 
indicated by the arrows on the right side. The negative feedback is indicated by the arrows on the 
left side. CRH, corticotropin-releasing hormone; ACTH, adrenocorticotropic hormone
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