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Patients with adrenal insufficiency in the critical care setting
may present with a spectrum of disease severity ranging from
life-threatening adrenal crisis to mild organ dysfunction. The
recognition of adrenal insufficiency is made more difficult in
the critically ill patient because of the unavailability of a reli-
able history, delay in reporting of diagnostic laboratory results,
and the comorbidities that obscure a definitive diagnosis. The
present discussion will illustrate how the classic presentations
of adrenal insufficiency are modified in critically ill patients
and how appropriate diagnosis and management can be achieved
in the critical care setting.

 

CLASSICAL PRESENTATIONS OF
ADRENAL INSUFFICIENCY

 

Adrenal insufficiency can be subdivided into three broad cate-
gories: (

 

1

 

) Chronic primary adrenal insufficiency, also called
Addison’s disease, is a result of destruction of the adrenal cortex.
The most common causes include autoimmune disease (about
70 to 80%), tuberculosis (about 20%), adrenal hemorrhage,
adrenal metastases, and AIDS in association with cytomega-
lovirus (CMV), other pathogens, or ketoconazole treatment
(1). (

 

2

 

) Chronic secondary adrenal insufficiency occurs when
insufficient adrenocorticotropic hormone (ACTH) is avail-
able to stimulate the adrenal cortex. Most commonly it is due
to exogenous glucocorticoid therapy, but it can also be the re-
sult of generalized hypopituitarism (usually from pituitary or
hypothalamic tumors) or isolated ACTH deficiency (probably
autoimmune in nature). (
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) Acute adrenal crisis may result
from stress in patients with chronic adrenal insufficiency who
are not adequately replaced, but it also occurs in patients with
acute adrenal hemorrhage or pituitary apoplexy.

Both chronic primary and chronic secondary adrenal insuf-
ficiency lead to glucocorticoid deficiency and occasionally
androgen deficiency (in women). The clinical features com-
mon to both primary and secondary adrenal insufficiency in-
clude hypotension, weakness, fatigue, anorexia, weight loss,
nausea, and vomiting. Eosinophilia and normocytic anemia
are common and occasionally one may see hypercalcemia. Hy-
poglycemia may be present particularly in children with pri-
mary adrenal insufficiency and in patients with secondary
adrenal insufficiency in the context of panhypopituitarism
when growth hormone is also missing. Chronic primary adre-
nal insufficiency may be accompanied by other autoimmune
disorders (polyglandular failure), the most common being au-
toimmune thyroid disease (Grave’s or Hashimoto’s). Rarely,
autoimmune hypoparathyroidism is present and such patients

would be hypocalcemic. Two features distinguish primary and
secondary adrenal insufficiency. First, mineralocorticoid defi-
ciency is present in primary but absent in secondary (ACTH
does not play a major role in regulation of aldosterone). For
this reason, hyperkalemia is usually present in primary insuffi-
ciency but absent in secondary. Hyponatremia is a feature of
both, but in primary insufficiency it is associated with volume
contraction resulting in an elevated blood urea nitrogen
(BUN) and creatinine. Hyponatremia in secondary adrenal in-
sufficiency is dilutional because of decreased ability to excrete
a water load and increased vasopressin levels. A second distin-
guishing feature is the high concentrations of ACTH and
other propiomelanocortin (POMC)-derived peptides in pri-
mary insufficiency and the low or normal concentrations of
these peptides in secondary insufficiency. This would typically
lead to hyperpigmentation in primary insufficiency (from me-
lanocyte-stimulating activity of POMC-derived peptides) and
lack of hyperpigmentation, and occasionally pallor, in second-
ary insufficiency.

Acute adrenal crisis is characterized by hypotension and
shock, fever, confusion, nausea, and vomiting. In the setting of
acute adrenal hemorrhage, many patients will also have ab-
dominal, flank, or back pain. Pituitary apoplexy is usually asso-
ciated with severe headache and frequently ophthalmoplegia.
Laboratory abnormalities include azotemia and eosinophilia.

 

ADRENAL INSUFFICIENCY IN THE CRITICAL
CARE SETTING

 

Critically ill patients present a special challenge in terms of di-
agnosis and management of adrenal insufficiency. We will ad-
dress the following questions frequently confronting critical
care physicians and endocrine consultants: (

 

1

 

) Which patients
with diagnosed chronic adrenal insufficiency should be placed
on stress doses of steroids and what should these doses be? (

 

2

 

)
How should patients with acute adrenal crisis be managed?
(

 

3

 

) Are some critically ill patients “relatively” adrenally insuf-
ficient and which ones should receive replacement therapy?
(

 

4

 

) What are the diagnostic criteria for adrenal insufficiency in
general and for secondary adrenal insufficiency in particular?

 

Stress Dosing of Steroids in Patients with Chronic
Adrenal Insufficiency

 

Almost 50 yr ago, death with refractory hypotension had been
reported in two patients receiving chronic glucocorticoid treat-
ment after surgery without replacement (2, 3). These cases
prompted a recommendation for giving large doses of gluco-
corticoids to any patient undergoing surgery and chronically
treated with supraphysiologic doses of steroids. These recom-
mendations are still commonly followed, but in the last 10 yr,
this established dogma has been challenged.

Patients receiving corticosteroid therapy fall into two dif-
ferent categories. The majority have chronic autoimmune or
inflammatory diseases such as asthma, ulcerative colitis, or
rheumatoid arthritis, and are being treated, or have recently
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been treated, with high doses of steroids. The other group re-
ceives replacement therapy because of chronic primary or sec-
ondary adrenal insufficiency.

The dose and duration of treatment with glucocorticoids in
patients with chronic autoimmune and inflammatory disease
have long been considered as important predictors of the sup-
pression of the hypothalamic–pituitary–adrenal (HPA) axis
(4). However, this correlation is very tenuous, and the dura-
tion of recovery of the HPA axis after discontinuation of corti-
costeroid therapy is extremely variable, ranging from days to 1 yr
(4). Furthermore, none of the tests of the HPA function pre-
dict changes in blood pressure that occur in patients undergo-
ing surgery without corticosteroid supplementation (4). The
most reliable study indicates that daily production of cortisol
is much lower than previously thought and on average is only
5.7 mg per meter square of body surface per day (5). This cor-
responds to approximately 10 to 12 mg of oral hydrocortisone
per meter square of body surface per day because of incom-
plete bioavailability of oral hydrocortisone (4). Even major
surgery does not lead to more than 200 to 300 mg of cortisol
secretion in the first 24 h (6).

At least three recent studies showed that major surgery in
patients on glucocorticoids did not require more steroids than
their regular daily dose (7–9). In one of these studies, 12 pa-
tients underwent major surgery without any additional supple-
mentation other than their regular dose of prednisone (9).
Only one had a hypotensive episode resulting from excessive
bleeding during splenectomy that was easily reversed by fluid
administration. Based on these new data, it is quite reasonable
to postulate that for most elective surgery, a continuation of
the current dose of corticosteroids is enough to maintain car-
diovascular function (9). If hypotension does occur, nonadre-
nal causes should be sought. If the operation or the illness is
complicated or prolonged, higher doses of corticosteroids will
probably be needed and overtreatment for several days is un-
likely to cause any harm (4). The most reasonable approach to
this issue is expressed in a consensus article and recommends
the use of only 25 mg of hydrocortisone or its equivalent for
minor stress surgery such as hernioplasty, 50 to 75 mg for
moderate stress such as abdominal hysterectomy, and 100 to
150 mg for major stress such as cardiac surgery with cardiopul-
monary bypass for a period of 1 to 3 d (6). Similar guidelines
could be extrapolated to patients with critical medical illness
in the intensive care unit.

In contrast to patients on glucocorticoids for nonendocrine
disease, patients with established disease of the adrenal cortex
or hypothalamic–pituitary (HP) area are obviously not capa-
ble of increasing their serum cortisol concentration. Such pa-
tients should routinely receive supplemental glucocorticoid
therapy. For major surgery or severe illness, the dose of sup-
plemental therapy on the first day should be in the range of
100 to 150 mg of hydrocortisone or its equivalent preferably as
a continuous intravenous infusion (4). This trend toward
lower doses of steroids for stress coverage is not universally
accepted. Most textbooks still recommend 300 to 400 mg of
hydrocortisone as an initial dose under conditions of severe
stress. Many argue that overtreatment is not harmful, but
higher doses may occasionally result in acute psychosis and
more severe hyperglycemia.

 

Management of Acute Adrenal Crisis

 

Acute adrenal crisis may occur as a result of stress in patients
not given supplemental glucocorticoids and known to have
chronic adrenal insufficiency. However, the most severe cases
are due to adrenal hemorrhage or infarction. Such patients
are usually already seriously ill as a result of thromboembolic

disease, coagulopathy (including antiphospholipid antibody syn-
drome), traumatic shock, severe burns, or sepsis. The patho-
physiology of adrenal damage is probably related to stress-
induced increase in ACTH concentrations which increase
adrenal blood flow to a degree that exceeds the capacity for
venous drainage (1). Very ill patients with sudden deteriora-
tion should be screened for adrenal insufficiency. Almost all
patients with acute adrenal insufficiency will have basal corti-
sol levels below 3 

 

�

 

g/dl (83 nmol/L) and a complete lack of re-
sponse to ACTH stimulation. A similar clinical picture but
without abdominal, flank, or back pain will be encountered in
patients with pituitary apoplexy. Pituitary apoplexy occurs as
a result of sudden necrosis of large pituitary tumors, most
commonly in patients with acromegaly.

High parenteral doses of glucocorticoids and fluid resusci-
tation are the mainstay of therapy. Fluids are given as normal
saline or as normal saline with 5% glucose in cases of hypogly-
cemia. Frequently 2 to 3 L of fluid in the first 2 h are required
to maintain blood pressure (10). The most commonly given
steroid is hydrocortisone, which in large doses provides not
only glucocorticoid but also mineralocorticoid coverage. The
typical starting dose is 300 to 400 mg per 24 h given either in
divided doses every 6 h or as a continuous infusion. The po-
tential disadvantage of this choice is the fact that diagnostic
testing of adrenal function cannot be performed. However,
this testing can be performed after the patient’s condition has
stabilized. An alternative, which does not interfere with mea-
surement of cortisol and ACTH stimulation testing, is the ad-
ministration of dexamethasone 4 to 6 mg every 12 h given in-
travenously or intramuscularly. Another option is to give one
dose of dexamethasone (4 mg) followed by a rapid ACTH
stimulation test and then switch to hydrocortisone as previ-
ously described. Both prednisone and cortisone should be
avoided in hypotensive patients because they require hydrox-
ylation to create the active compound, i.e., converting pred-
nisone to prednisolone and cortisone to cortisol. In addition,
these steroids are only available for oral administration and
thus cannot be given if the preferred parenteral route is cho-
sen (10). Mineralocorticoid replacement is not needed as long
as the dose of cortisol exceeds 50 mg daily, which provides suf-
ficient mineralocorticoid coverage. Even if dexamethasone is
chosen for glucocorticoid replacement, a large amount of sa-
line will usually eliminate the need for sodium conservation
and will also have a kaliuretic effect.

 

“Relative” Adrenal Insufficiency in Critically Ill Patients

 

Stressful conditions, including pain, fever, and hypovolemia
require an increase in ACTH and cortisol. After surgical pro-
cedures such as laparotomy, there is initial lack of diurnal vari-
ation and markedly increased concentrations of cortisol (9).
Cortisol levels return to baseline within 24 to 48 h. During se-
vere illness, serum cortisol levels tend to be even higher, and
in one study, concentrations higher than 50 

 

�

 

g/dl were noted
(11). Patients with ruptured aortic aneurysms had average cor-
tisol concentrations of 27 

 

�

 

g/dl and similar values were found
in other studies of critically ill or postoperative patients (12).
Higher cortisol levels are associated with increased mortality.
Among patients with ruptured abdominal aneurysm, nonsur-
vivors had an average cortisol concentration of 37 

 

�

 

g/dl as
compared with 24 

 

�

 

g/dl in survivors (12). Shortly before death,
concentrations are even higher and may reach 260 

 

�

 

g/dl (4).
No consensus exists as to what constitutes the lower limit of

cortisol in critically ill patients. Values as low as 10 

 

�

 

g/dl (13)
or as high as 20 

 

�

 

g/dl are proposed (12, 14). The rapid ACTH
stimulation test, which is commonly used in diagnosis of chronic
adrenal insufficiency in the outpatient setting, is very difficult
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to interpret in critically ill patients. In most patients, serum
cortisol concentrations increase to concentrations above 18

 

�

 

g/dl after ACTH, but if patients have high baseline cortisol
levels, subsequent increments may be small (4). Such small in-
crements may be due to the fact that the HPA axis is already
maximally stimulated (4, 15, 16), but it may also be a result of
interference with the capacity of the adrenal cortex to produce
glucocorticoids and a lack of cortisol reserve (4). There is
some indication that limited response to ACTH may be asso-
ciated with higher mortality (4).

Multiple factors may contribute to hypoadrenalism in criti-
cally ill patients. These include anatomic damage to the adrenals
or the pituitary as a result of preexisting or previously undiag-
nosed disease of the adrenal cortex or HP area or acute de-
struction of the adrenal gland from hemorrhage or infection
(4). Probably more commonly, hypoperfusion or cytokine-
induced inhibition of the adrenal or the HP area will lead to
functional impairment of different components of the axis (4,
15, 16). Some of the drugs used in critical care may also lead to
increased hypoadrenalism (4, 15). The most common mecha-
nisms relate to increased metabolism of cortisol (dilantin, phe-
nobarbital, and rifampin) or to interference with steroidogenic
enzymes (ketoconazole and possibly etomidate) (4, 16).

Outcomes of older studies using extremely high doses of
steroids in septic shock are not encouraging, and are summa-
rized in two meta-analyses (17, 18). Overall there was no ben-
eficial effect on survival in patients with septic shock. More re-
cently, multiple studies have used the concept of “relative”
adrenal insufficiency. This relates to use of more physiologic
“stress” doses of 100 to 300 mg of hydrocortisone or its equiv-
alent in patients with shock, high cardiac output, multiorgan
failure, and prolonged mechanical ventilation. Multiple stud-
ies show a beneficial effect of steroids in such patients in terms
of ability to discontinue vasopressors, wean patients from me-
chanical ventilation, and improve survival (15, 16, 19, 20).

The clinical presentation of “relative” adrenal insufficiency
is usually a catecholamine-dependent hyperdynamic shock,
which responds to steroids (19). This paradox of responsive-
ness to steroids, despite an absence of biochemical or histo-
logic adrenal insufficiency (postmortem examination almost
never shows destruction of the adrenal or HP area), may be
explained by desensitization of glucocorticoid responsiveness
at the cellular level (15). Glucocorticoids are necessary for ad-
equate coupling of adrenergic receptors, and this glucocorti-
cal–adrenergic receptor coupling may be impaired as a conse-
quence of increase in glucocorticoid concentrations (15). Also,
the high catecholamine levels in critically ill patients may down-
regulate adrenergic receptors. High-dose glucocorticoids may
result in recoupling of the desensitized adrenergic receptors
and thus restore responsiveness in blood pressure (15). This
theory provides an alternative explanation to “relative” adre-
nal insufficiency. It is also possible that the abnormality in
these patients is an altered receptor function or a resistance to
glucocorticoids (20).

In summary, the possibility of “relative” adrenal insuffi-
ciency should be considered in patients who are pressor-
dependent or require prolonged mechanical ventilation. Clues
that should increase suspicion for adrenal dysfunction include
eosinophilia (21), unexplained hypothermia, hyperpigmenta-
tion, hyperkalemia, hyponatremia, nausea, vomiting, and ab-
dominal pain, as well as hypotension not responding to fluids
or catecholamines (15). Even patients without such clues may
be considered for a trial of “physiologic” stress replacement
dose of 200 to 300 mg of hydrocortisone or its equivalent (15,
16, 19, 20). ACTH stimulation testing is not useful at all in
such patients (4, 15, 20). Finding random cortisol levels below

20 

 

�

 

g/dl in such patients may add additional argument for use
of steroids (22), but the cortisol concentration does not always
predict a response to steroids (20).

 

Diagnostic Testing to Prove Adrenal Insufficiency

 

For many years, this area of endocrine diagnosis seemed to be
very well established and relatively noncontroversial. The
usual recommendation is to first measure early morning corti-
sol. If the concentrations are very low, the diagnosis is estab-
lished. If the concentrations are intermediate, an ACTH stim-
ulation test should be performed. The circulating form of
ACTH contains 39 amino acids, but the entire biologic activity
is preserved in the N-terminal portion of the molecule. For
this reason, a synthetic 1-24 amino acid ACTH known as co-
syntropin is used for the test. A vial of cosyntropin contains
250 

 

�

 

g and most criteria for a normal test are based on intra-
venous injection of the entire vial with measurements of corti-
sol at 0, 30, and 60 min. Several possible diagnostic criteria in-
clude a maximal concentration of 

 

�

 

 20 

 

�

 

g/dl (552 nmol/L) or
an increment of 

 

�

 

 5 to 10 

 

�

 

g/dl (138 to 276 nmol/L). These are
still widely accepted criteria for the diagnosis of primary adre-
nal insufficiency.

In the last 10 yr, several studies suggested that such a high
dose of cosyntropin creates multiple false negatives in patients
with secondary adrenal insufficiency (23, 24). Adrenal atrophy
or functional impairment of the adrenal after withdrawal of
the ACTH stimulus requires weeks to develop and occurs with
different grades of severity in patients with pituitary disorders
or on glucocorticoid treatment (25). The 250-

 

�

 

g cosyntropin
stimulation test increases ACTH concentration to 60,000 pg/ml,
which is well in excess of the 100 pg/ml concentration of
ACTH required to maximally stimulate the adrenal cortex
(25). Obviously this is an extremely blunt tool. Patients who
have a normal response to 250 

 

�

 

g cosyntropin may still be
adrenally insufficient as judged by insulin hypoglycemia or
metyrapone testing. These two dynamic tests are better for
secondary adrenal insufficiency because they test the entire
HPA axis, but they are cumbersome and difficult to perform.
Low-dose cosyntropin testing using 1 

 

�

 

g may be a more sensi-
tive tool in diagnosis of secondary adrenal insufficiency (23,
24). Initial enthusiasm for the 1 

 

�

 

g test is not shared by every-
one, and some investigators question whether it is really more
sensitive (25).

In summary, the diagnosis of adrenal insufficiency may
present significant challenges in the critical care setting. Even
patients with quite high cortisol levels under normal circum-
stances may have “relative” adrenal insufficiency and may
benefit from stress doses of steroids. On the other hand, many
patients chronically treated with steroids for nonendocrine dis-
eases may not need more than their regular steroid dose even
under stressful conditions. Patients with established adrenal in-
sufficiency may require lower doses of steroid than usually rec-
ommended in the critical care setting. The utility of the low-
dose cosyntropin stimulation test in chronic or acute secondary
adrenal insufficiency has not yet been clearly established.
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