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A
54-year-old woman with a
10-year history of primary
progressive multiple sclerosis
is admitted with nausea, vom-
iting and generalized weak-

ness for four to five days. Her medical
regimen for multiple sclerosis for the last
three years consisted of pulsed-dose
steroids on a monthly basis and various
immunomodulatory agents. The patient
missed her recent steroid dose as she was
suffering from an upper respiratory ill-
ness. She has been feeling “awful” for sev-
eral days and is brought to the emergency
department by family members in the
evening. Her vital signs are stable, and
her blood pressure is 106/80mm Hg.
Physical exam is significant for cushin-
goid features. Initial biochemistry is sig-
nificant for mild electrolyte imbalances
with a serum sodium of 132 mmol/l
(134-144 mmol/l) and a potassium of 3.5
mmol/l (3.5-5.5 mmol/l). 

You suspect adrenal insufficiency
given her long history of glucocorticoid
treatments and her recently missed dose.
A random cortisol is ordered on admis-
sion and hydrocortisone 100mg IV q8h is
started. A few hours later the cortisol is
reported to be 2.3µg/dl. Based on this
level, can the diagnosis of adrenal insuffi-
ciency be confirmed?

Pathophysiology and Etiology
Adrenal insufficiency is a potentially life-
threatening disorder due to an inadequate
production of cortisol by the zona

glomerulosa of the adrenal cortex. Cortisol
regulation is a complex process involving
the hypothalamic-pituitary-adrenal (HPA)
axis. The hypothalamus secretes corti-
cotrophin releasing hormone (CRH)
which stimulates cells of the anterior pitu-
itary to produce adrenocorticotropin hor-
mone (ACTH). ACTH subsequently acts
on the adrenal glands to secrete cortisol. As
part of the negative-feedback mechanism,
cortisol (endogenous or exogenous) direct-
ly inhibits CRH and ACTH along the
HPA axis to decrease its own production.

Cortisol deficiency may be caused by
either a primary or secondary insult along
the HPA axis. In primary adrenal insuffi-
ciency, diminished cortisol production
results from destruction of the adrenal
cortices. In secondary adrenal insufficien-
cy, a defect at the hypothalamic pituitary
level reduces production of ACTH lead-
ing to low cortisol levels.

There are several causes of both pri-
mary and secondary adrenal insufficiency.
(see Table 1). In developed countries, the
most common etiology of primary adre-
nal insufficiency is autoimmune adrena-
liltis whereas worldwide, infectious dis-
eases are the leading cause.1 Secondary
adrenal insufficiency is frequently due to
exogenous glucocorticoid administration.
In the presence of exogenous steroids the
negative-feedback mechanism appropri-
ately suppresses the HPA axis to decrease
endogenous cortisol production. Sub-
sequently the adrenal glands become
“lazy”, incapable of synthesizing appro-
priate levels of corticosteroids in response
to stress. This becomes clinically apparent
when the body requires increased cortisol
production (e.g., surgery, infection, or

trauma) or if exogenous corticosteroids
are withheld. 

Clinical Presentation
The presentation between primary and
secondary adrenal insufficiency differs
clinically and biochemically. In primary
adrenal insufficiency, damage to the
adrenals leads not only to decreased corti-
sol, but also to decreased mineralocorti-
coid levels as well. Mineralocorticoid
deficiency causes the salt wasting respon-
sible for the severe volume depletion and
orthostatic hypotension characteristic of
primary adrenal insufficiency. 

The biochemical abnormalities seen
mainly in primary adrenal insufficiency,
such as hyperkalemia, acidosis and
hyponatremia, are also due to mineralo-
corticoid deficiency. The lack of cortisol
in primary adrenal insufficiency leads to a
loss of the negative-feedback mechanism
and subsequently increased ACTH levels.
The elevated ACTH levels cause the skin
hyperpigmentation that is classic of pri-
mary adrenal insufficiency. 

In secondary adrenal insufficiency, the
defect is in the production of ACTH at
the hypothalamic-pituitary level. The
absence of ACTH leads to inadequate
cortisol synthesis by the adrenal glands.
Mineralocorticoid production, however,
is not affected, as it is regulated by the
renin-angiotensin system and not the
HPA axis. Since mineralocorticoid syn-
thesis remains intact severe hypotension
and hyperkalemia are rarely present in
secondary adrenal insufficiency. Hypona-
tremia can still occur. However, the
mechanism differs from that of primary
adrenal insufficiency. 

Your Vital Role in Managing 
Adrenal Insufficiency
Patients with this life-threatening condition require swift intervention,
in some cases even without confirming lab results. 
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In primary adrenal insufficiency,
hyponatremia is mainly caused by a lack
of mineralocorticoid production, leading
to salt wasting and volume depletion. In
secondary adrenal insufficiency, it is the
cortisol deficiency which leads to
hyponatremia. Cortisol normally inhibits
the production of vasopressin. Thus in its
absence, vasopressin levels will be elevat-
ed, leading to water retention and a dilu-
tional hyponatremia. Although this is
seen in both primary and secondary adre-
nal insufficiency, the hyponatremia in
more significant in primary disease due to
the concomitant mineralocorticoid
deficit. 

Thus, primary adrenal insufficiency is

characterized by hyponatremia, hyper-
kalemia and volume contraction (dehy-
dration), whereas secondary adrenal
insufficiency, due to exogenous steroids,
is associated with mild dilutional hypona-
tremia and hypokalemia together with
volume expansion.

Clinical symptoms such as fatigue,
weight loss, anorexia, nausea and vomit-
ing may be present in either primary or
secondary adrenal insufficiency. However,
these features are frequently seen if the
presentation is chronic in onset. Acute
onset of adrenal insufficiency, whether it
be primary or secondary, can present with
severe hypotension and shock (i.e., adre-
nal crisis) and is a medical emergency. 

Diagnosis
The primary diagnosis of adrenal insuffi-
ciency rests on a high clinical index of
suspicion as suggested by a finding of low
cortisol levels on the initial screening test.
In the face of acute illness, the typical
“stress response” is a plasma cortisol of
>20µg/dl. Plasma cortisol levels vary
throughout the day, usually peaking in
the early morning hours and reaching a
nadir in the late evening. In normal sub-
jects, an intact HPA axis results in morn-
ing cortisol levels greater than 10µg/dl.2

However, the sensitivity and specificity of
a morning cortisol less than 10µg/dl for
adrenal insufficiency is only 62 and 77
percent, respectively.3

An accurate diagnosis of adrenal insuf-
ficiency is thus based on the results of an
ACTH stimulation test. Stimulating the
adrenal glands with ACTH assesses adre-
nal cortisol reserve. Synthetic ACTH

(cosyntropin 250µg) is administered
either intramuscularly or intravenously
and cortisol levels are drawn at baseline,
30 and 60 minutes after ACTH adminis-
tration. Cortisol values greater than
18µg/dl, but preferably greater than
20µg/dl, at either 30 or 60 minutes is
considered a normal response. Levels less
than 18µg/dl after a cosyntropin stimula-
tion are considered an inadequate
response, and confirms the diagnosis of
adrenal insufficiency.4 The incremental
difference between the values is no longer
used to make the diagnosis.1

The cosyntropin stimulation test can
be performed at any time of day; howev-
er, the results may be inaccurate in certain
circumstances. The test should not be
performed within three months of pitu-
itary surgery or pituitary apoplexy. This
may lead to an inappropriately normal
response from the adrenal glands, since
they have not atrophied from a lack of
ACTH. Also, if the patient is on gluco-
corticoid therapy (other than dexametha-
sone) the results of the cosyntropin stim-
ulation test may be inaccurate. The assays
used to measure cortisol can crossreact
with hydrocortisone, prednisone and
methylprednisolone, but not with dex-
amethasone.5 Therefore, patients on glu-
cocorticoids should be switched to equiv-
alent doses of dexamethasone (Table 4)
48-72 hours prior to undergoing a cosyn-
tropin stimulation test. 

Once the diagnosis is established, it is
important to clarify primary from sec-
ondary adrenal insufficiency. If the etiol-
ogy remains unclear, a simple test to dif-
ferentiate primary from secondary adre-
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• Autoimmune destruction of the glands

• Infections (TB, CMV, fungi, HIV)

• Hemorrhage (anticoagulant use)

• Metastatic disease

• Infiltrative disorder (amyloid/hemochro-
matosis)

• Congenital Adrenal Hyperplasia

• Adrenoleukodystrophy

• Familial glucocorticoid deficiency

• Congenital Adrenal Hypoplasia

• Medications (ketoconazole, mitotane,
etomidate) 

Day 1 ...........................................Hydrocortisone 100mg IV q8

Day 2 ...........................................Hydrocortisone 50mg IV q8

Day 3 ...........................................Hydrocortisone 25mg IV q8

Maintenance Dose......................Hydrocortisone 20mg orally Qam and 10mg Qpm or

Prednisone 5mg orally Qam

*once patient is clinically and hemodynamically stable 

Table 1. Causes of Primary
Adrenal Insufficiency

• Pituitary tumor

• Pituitary surgery or radiation

• Metastatic disease

• Infiltrative disease (Sarcoid/Histocytosis)

• Postpartum pituitary necrosis
(Sheehan’s syndrome)

• Lymphocytic hypophysitis

• Pituitary apoplexy/trauma

• Endogenous steroid producing tumor

• Exogenous steroid administration

Table 2. Causes of Secondary
Adrenal Insufficiency

Table 3. Regimen for Steroid Taper*
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nal insufficiency can be done by measur-
ing ACTH levels. ACTH values greater
than 100pg/ml, collected prior to the
administration of glucocorticoids and/or
cosyntropin, are indicative of primary
adrenal insufficiency.6

Imaging is not required to make the
diagnosis of adrenal insufficiency, but
may clarify the etiology. In primary adre-
nal insufficiency, CT or MRI of the adre-
nal glands can be done to look for hem-
orrhage, infiltration, masses, etc. An MRI
of the pituitary should be done if second-
ary adrenal insufficiency is suspected but
the cause remains unclear (i.e., no history
of glucocorticoid use).

Who is at Risk?
Steroids are the mainstay of treatment for
various ailments. Does this mean every-
one on steroids is at risk for adrenal insuf-
ficiency? The answer varies, but usually
depends on the dose and duration of
steroid use. We consider patients at risk
for adrenal insufficiency if they have
received more than 20mg of prednisone
daily, or its equivalent, for more than
three weeks.7 Other criteria include
patients who appear cushingoid, or those
who have been on evening doses of
steroid for more than a few weeks. On the
other hand, patients who have received
any dose of steroids for less than three
weeks, or have been on alternate day
steroids, are considered low risk. 

There is uncertainty regarding the risk
of adrenal insufficiency in patients taking
less than 20mg/day of prednisone for
greater than three weeks. Please note that
patients on “replacement” dose corticos-

teroids over three to six months may have
a suppressed HPA axis as well. If these
patients present with clinical features of
failure to thrive, nausea, vomiting, etc., it
should be assumed they are adrenally
insufficient until proven otherwise. 

Treatment
Initial treatment of suspected adrenal
insufficiency should be immediate gluco-
corticoid replacement after a random
plasma cortisol has been drawn and sent
to laboratory for analysis. Stress-dose
steroids (e.g., hydrocortisone 50-100mg
IV q8h) should be initiated, along with
appropriate fluid and electrolyte manage-
ment. Steroids should only be tapered
once the clinical situation has stabilized.
In cases of primary adrenal insufficiency,
mineralocorticoid replacement is also
needed due to a lack of aldosterone pro-
duction. This can be done with fludro-
cortisone at a starting dose of 0.1mg PO
daily. With appropriate clinical index of
suspicion, please “treat first and ask ques-
tions later” regarding the diagnosis (it cer-
tainly helps to draw plasma cortisol
before stress-dose steroids to help with
the diagnosis).

Our Patient
The cushingoid appearance of our patient
indicates she has been receiving supra-
physiologic doses of exogenous steroids
and likely has a suppressed HPA axis. Her
clinical presentation reflects a chronic
onset of adrenal insufficiency, which may
have had an acute component given her
recent respiratory illness. The initial cor-
tisol level of 2.3µg/dl was not diagnostic
(but certainly suspicious) of adrenocorti-
cal insufficiency. A cosyntropin stimula-
tion test was ordered; however, she had
already been on hydrocortisone, which
can interfere in the cortisol assay.
Therefore, dexamethasone was substitut-
ed for the hydrocortisone. After 48 hours
on dexamethasone, a cosyntropin stimu-
lation test was ordered and the results
revealed a cortisol level of 12ug/dl at 60

minutes. Thus, the diagnosis was con-
firmed and no further testing was needed. 

Given her history of glucocorticoid
use, it was obvious this was a case of sec-
ondary adrenal insufficiency due to
exogenous corticosteroid administration.

The patient’s symptoms improved
over the next 36 hours and her steroids
were promptly tapered. She will remain
on a maintenance dose of prednisone
5mg daily for at least three months. A
repeat cosyntropin stimulation test in the
outpatient setting will be done to reassess
the HPA axis. An important point to
remember is that the HPA axis may
remain suppressed for up to one year fol-
lowing the last dose of steroid treatment.8

The patient and her physicians should be
aware of signs and symptoms of adrenal
insufficiency and the need for high-dose
steroids in time of stress to prevent adre-
nal crisis. PN

Cortisol ...........................................20mg

Cortisone........................................25mg

Prednisone .......................................5mg

Methylprednisolone..........................4mg

Dexamethasone ............................0.5mg

Table 4. Steroid Equivalents


