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with shock and a high INR
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A 71-year-old woman is brought to the 
emergency department by her neighbor 

after complaining of fatigue and light-head-
edness for the last 8 hours. The patient lives 
alone and was feeling well when she woke up 
this morning, but then began to feel nauseated 
and vomited twice. 
 The patient appears drowsy and confused 
and cannot provide any further history. Her 
medical records show that she was seen in the 
cardiology clinic 6 months ago but has not 
kept her appointments since then.
 Her medical history includes atrial fi bril-
lation, hypertension, type 2 diabetes mellitus, 
and osteoarthritis. Her medications are daily 
warfarin, atenolol, aspirin, candesartan, and 
metformin, and she takes acetaminophen as 
needed. She is neither a smoker nor a drug 
user, but she drinks alcohol occasionally. Her 
family history is signifi cant for her mother’s 
death from breast cancer at age 55.
 The neighbor confi rms that the patient 
appeared well this morning and has not had 
any recent illnesses except for a minor cold 
last week that improved over 5 days with acet-
aminophen only.

 ■ INITIAL EVALUATION
AND MANAGEMENT

Physical examination
On physical examination, her blood pressure 
is 80/40 mm Hg, respiratory rate 25 breaths per 
minute, oral temperature 38.3°C (100.9°F), 
and heart rate 130 beats per minute and ir-
regular. 
 Her neck veins are fl at, and her chest 
is clear to auscultation with normal heart 

sounds. Abdominal palpation elicits discom-
fort in the middle segments, voluntary with-
drawal, and abdominal wall rigidity. Her skin 
feels dry and cool, with decreased turgor.

Initial treatment
The patient is given 1 L of 0.9% saline intra-
venously over the fi rst hour and then is trans-
ferred to the intensive care unit, where a nor-
epinephrine drip is started to treat her ongoing 
hypotension. Normal saline is continued at a 
rate of 500 mL per hour for the next 4 hours. 
 Cardiac monitoring and 12-lead electrocar-
diography show atrial fi brillation with a rapid 
ventricular response of 138 beats per minute, 
but electrical cardioversion is not done.

Initial laboratory tests
Results of basic laboratory tests in the emer-
gency department are shown in Table 1. 
 Of note, her international normalized ra-
tio (INR) is 6.13, while the therapeutic range 
for a patient taking warfarin because of atrial 
fi brillation is 2.0 to 3.0. 
 Her blood pH is 7.34 (reference range 
7.35–7.45), and her bicarbonate level is 18 
mmol/L (22–26); a low pH and low bicar-
bonate together indicate metabolic acidosis. 
Her sodium level is 128 mmol/L (135–145), 
her chloride level is 100 mmol/L (97–107), 
and, as mentioned, her bicarbonate level is 18 
mmol/L; therefore, her anion gap is 128 – (100 
+ 18) = 10 mmol/L, which is normal (≤ 10).1 

 Her serum creatinine level is 1.3 mg/dL 
(0.5–1.1), and her blood urea nitrogen level is 
35 mg/dL (7–20).
 Her potassium level is 5.8 mmol/L, which 
is consistent with hyperkalemia (reference 
range 3.5–5.2). 
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 ■ DIFFERENTIAL DIAGNOSIS 

1 Which of the following is the most likely 
cause of this patient’s symptoms?

 □ Adrenal crisis
 □ Cardiogenic shock due to decreased 

 cardiac contractility

 □ Intracranial hemorrhage
 □ Acute abdomen due to small bowel 

 obstruction
 □ Septic shock due to bacterial toxin-

 induced loss of vascular tone
Our patient is presenting with shock. Given 
our inability to obtain a meaningful history, 
the differential diagnosis is broad and includes 
all of the above.

Adrenal crisis
The sudden onset and laboratory results that 
include hyperkalemia, hyponatremia, and 
normal anion gap metabolic acidosis raise 
suspicion of adrenal crisis resulting in acute 
mineralocorticoid and glucocorticoid insuf-
fi ciency.1 

 The patient’s elevated serum creatinine 
and high blood urea nitrogen-to-creatinine 
ratio of 26.9 (reference range 10–20) also sug-
gest intravascular volume contraction. Her 
low hemoglobin level and supratherapeutic 
INR, possibly due to an interaction between 
warfarin and acetaminophen combined with 
poor medical follow-up, raise suspicion of 
acute bilateral adrenal necrosis due to hemor-
rhage.
 Adrenal crisis is a medical emergency that 
can lead to rapid deterioration and death if 
not diagnosed and treated promptly. Some of 
its manifestations (Table 2) are nonspecifi c 
and are common to various other conditions.
Thus, its diagnosis requires a high index of 
suspicion. 
 Bilateral adrenal hemorrhage is one cause 
of adrenal crisis resulting in bilateral adrenal 
necrosis. Risk factors for adrenal hemorrhage 
include anticoagulation therapy, underlying 
coagulopathy, postoperative states, and cer-
tain infections such as meningococcemia and 
Haemophilus infl uenzae infection.2–5 Neverthe-
less, in most cases the INR is in the thera-
peutic range and the patient has no bleeding 
elsewhere.4 Other causes of adrenal necrosis 
include emboli, sepsis, and blunt trauma.6,7 
 Other causes of adrenal crisis are listed in 
Table 3.

Cardiogenic shock
Cardiogenic shock is caused by decreased 
myocardial contractility, making the heart un-
able to adequately pump the returning blood. 

TABLE 1

Initial laboratory results

Test Value a Reference range
Serum sodium 128 mmol/L 135–145 mmol/L
Serum potassium 5.8 mmol/L 3.5–5.2 mmol/L
Serum chloride 100 mmol/L 97–107 mmmol/L
Serum creatinine 1.3 mg/dL 0.5–1.1 mg/dL
Blood urea nitrogen 35 mg/dL 7–20 mg/dL
Serum glucose 
(random, not fasting)

194 mg/dL 70–140 mg/dL

Alanine aminotransferase 18 IU/L 7–35 IU/L 
Serum albumin 4.0 g/dL 3.5–5.5 g/dL
Hemoglobin 10.1 g/dL 12.3–15.3 g/dL
Mean corpuscular volume 85 fl 80–100 fl 
Mean corpuscular hemoglobin 28 pg/cell 26–34 pg/cell
Mean corpuscular hemoglobin 
concentration

32.5 g/dL 31–36 g/dL

White blood cell count 11.0 × 109/L 4.5–11.0 × 109/L
   Neutrophils 67% 40%–75%
   Lymphocytes 24% 20%–45%
   Monocytes 3.5% 2%–10%
   Eosinophils 5.0% 1%–6%
   Basophils 0.5% 0%–1%
Platelet count 220 × 109/L 150–400 × 109/L
International normalized ratio 6.13 2.0–3.0 b

Partial thromboplastin time 35 seconds 30–40 seconds
Arterial partial pressure of oxygen 76 mm Hg 78–84 mm Hg 

(predicted for age)
Oxygen saturation 94%
Arterial partial pressure of carbon 
dioxide

30 mm Hg 35–45 mm Hg

Serum bicarbonate 18 mmol/L 22–26 mmol/L
Blood pH 7.34 7.35–7.45
a Abnormal results are shown in bold.
b Therapeutic range for patients on warfarin for atrial fi brillation.
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However, the metabolic disturbances in our 
patient and the fi nding of fl at neck veins make 
this cause of shock less likely.

Intracranial hemorrhage
Intracranial hemorrhage can present with 
a decreased level of consciousness, but it is 
less likely to cause hypotension, as the cra-
nial space is limited. If massive intracranial 
hemorrhage would occur, the increase in in-
tracranial pressure would more likely cause 
hypertension by the Cushing refl ex than hy-
potension.

Acute abdomen
Abdominal pain and rigidity along with fever 
can be presenting symptoms of both adrenal 
insuffi ciency and an acute abdomen due to 
intestinal obstruction.4 However, intestinal 
obstruction typically causes a high anion gap 
metabolic acidosis due to lactic acidosis, in-
stead of the normal anion gap metabolic aci-
dosis present in this patient.8 Moreover, her 
deranged electrolytes, supratherapeutic INR, 
and absence of previous gastroenterologic 
conditions make adrenal crisis a more likely 
diagnosis.

Septic shock
Septic shock would also cause fever and hy-
potension as bacterial toxins induce a pyrexic 
response and vasodilation. However, at such 
an early stage of sepsis, the patient would be 
expected to be warm and hyperemic, whereas 
this patient’s skin is cool and dry due to volume 
depletion secondary to adrenal insuffi ciency.9 
Sepsis would also cause a high anion gap meta-
bolic acidosis due to lactic acidosis, as opposed 
to this patient’s normal anion gap metabolic 
acidosis. These fi ndings, along with the meta-
bolic derangements and the absence of a focus 
of infection, make sepsis a less likely possibility.

 ■ CASE CONTINUED: CARDIOMEGALY, 
PERSISTENT HYPOTENSION

Blood is drawn for cultures and measure-
ment of troponins and lactic acid, and urine 
samples are taken for culture and biochemical 
analysis. Chest radiography shows mild car-
diomegaly. The patient is started empirically 
on vancomycin and cefepime, and her warfa-
rin is discontinued. 
 Five hours after presenting to the emer-

gency department, her blood pressure remains 
at 80/40 mm Hg even after receiving 3 L of 
normal saline intravenously.

TABLE 2

Clinical manifestations
of adrenal insuffi ciency by organ systema

General
Fatigue, generalized weakness
Muscle weakness
Muscle and joint pain
Loss of appetite
Weight loss
Feverb

Gastrointestinal
Nausea and vomiting
Abdominal pain
Acute abdomen with tenderness and rigidityb

Constipation or diarrhea
Salt cravingc

Dermatologic
Hyperpigmentation of skin, mucous membranes, hair, and nailsc

Vitiligoc

Dry, itchy skin
Auricular cartilage calcifi cation (males)

Cardiovascular
Shockb

Intravascular volume depletion
Hypotension/orthostatic hypotension
Tachycardia/orthostatic tachycardia
Tachypnea

Neuropsychiatric 
Dizziness, postural dizziness
Depressiond

Memory impairmentd

Psychosis (rare)d

Confusionb

Decreased level of consciousnessb

Reproductive (women):
Decreased axillary and pubic hair
Decreased libido
Amenorrhea

Endocrine
Autoimmune endocrine disorders,c eg, hypothyroidism 
Other pituitary hormonal abnormalitiese

a Clinical manifestations depend on rate of onset and severity of adrenal insuffi ciency. 
b Only in adrenal crisis.
c Only in primary adrenal insuffi ciency. 
d  Only in long-standing adrenal insuffi ciency.
e Only in secondary or tertiary adrenal insuffi ciency.
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 ■ PROMPT MANAGEMENT 
OF ADRENAL CRISIS

2 Which of the following is the most appro-
priate next step in managing this patient?

 □ Draw samples for serum cortisol and 
 plasma adrenocorticotropic hormone
 (ACTH) levels, then give 
 hydrocortisone 100 mg intravenously

 □ Perform abdominal computed 
 tomography (CT) without contrast

 □ Perform transthoracic echocardiography
 □ Increase the norepinephrine infusion
 □ Immediately give fl udrocortisone

First give fl uids
The fi rst step in managing a patient with sus-
pected adrenal crisis is liberal intravenous fl uid 
administration to replenish the depleted in-
travascular space. The amount and choice of 
fl uid is empiric, but a recommendation is 1 L of 
normal saline or dextrose 5% in normal saline, 
infused quickly over the fi rst hour and then ti-
trated according to the patient’s fl uid status.10 

Measure cortisol and ACTH; 
start corticosteroids immediately
Immediate therapy with an appropriate stress 
dose of intravenous corticosteroids (eg, hydro-
cortisone 100 mg) is essential. However, this 

should be done after drawing blood for cortisol 
and ACTH measurements.10 
 Do not delay corticosteroid therapy while 
awaiting the results of the diagnostic tests.
 Cortisol and ACTH levels are useful in 
assessing adrenal function in critically ill pa-
tients.11 While inappropriately low serum cor-
tisol usually indicates adrenal insuffi ciency, 
measuring plasma ACTH is important to dis-
tinguish whether the adrenal insuffi ciency is 
primary (ie, due to dysfunction of the adrenal 
gland itself) or central, ie, either secondary 
(due to dysfunction of the pituitary gland) or 
tertiary (due to dysfunction of the hypothala-
mus). Primary adrenal insuffi ciency is associ-
ated with elevated plasma ACTH, whereas 
central (secondary or tertiary) adrenal insuf-
fi ciency is associated with low or inappropri-
ately normal plasma ACTH levels (Figure 1). 
 In addition, in the early phase of evolving 
primary adrenal insuffi ciency, measurement 
of plasma renin and aldosterone levels may 
be benefi cial, as mineralocorticoid defi ciency 
may predominate.10,12,13

 One of the most important aims of early 
corticosteroid supplementation is to prevent 
further hyponatremia by reducing a reactive 
increase in antidiuretic hormone secretion 
caused by cortisol defi ciency. Corticosteroids 
also help to restore normal blood pressure by 
increasing vascular tone, as glucocorticoid 
receptor activation potentiates the vasocon-
strictor actions of norepinephrine, angioten-
sin II, and other vasoconstrictors.14,15

Which corticosteroid to use?
Which corticosteroid to use in previously undi-
agnosed adrenal insuffi ciency is controversial. 
The Endocrine Society10 and Japan Endocrine 
Society16 clinical practice guidelines recom-
mend hydrocortisone in a 100-mg intravenous 
bolus followed by 200 mg over 24 hours. 
 The choice of hydrocortisone is justifi ed 
by its superior mineralocorticoid activity.10,16 
Further, hydrocortisone is preferred over dexa-
methasone if the patient is known to have 
primary adrenal insuffi ciency, or if the serum 
potassium level is higher than 6.0 mmol/L. 
 Some clinicians, on the other hand, rec-
ommend dexamethasone, given as a 4-mg 
intravenous bolus followed by 4-mg boluses 
every 12 hours. Their rationale is that dexa-

Adrenal crisis 
can lead
to rapid 
deterioration 
and death 
if not diagnosed 
and treated 
promptly

 TABLE 3

Major causes of adrenal crisis

Adrenal necrosis due to: 
  Adrenal hemorrhage
  Sepsis
  Emboli
  Blunt trauma

Sudden withdrawal of corticosteroids in a patient who is steroid-
dependent

Deterioration of previously undiagnosed adrenal insuffi ciency after 
major stress, eg, severe infection

Failure to increase corticosteroid dosage in steroid-dependent patients 
on days of major stress, eg, severe infection, surgerya

Acute secondary or tertiary adrenal insuffi ciency, eg, pituitary apoplexy

a Some animal studies suggest that continuing the maintenance dose of glucocorticoids 
is adequate to prevent adrenal crisis. It is common practice to provide stress doses of 
glucocorticoids during an acute illness.
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methasone, unlike hydrocortisone, does not 
interfere with subsequent serum cortisol assays 
if the patient later undergoes ACTH stimu-
lation testing.17 Dexamethasone may also be 
preferred to minimize unwanted mineralocor-
ticoid effects, such as in neurosurgical patients 
at risk of brain edema. 
 If hydrocortisone is used, ACTH stimula-
tion testing can be done after withholding hy-
drocortisone for 24 hours once the patient is 
stable. (It should be restarted after the test if 
the results are abnormal.)

Other possible steps
 Abdominal CT should be done in our pa-
tient to address the possibility of bilateral ad-
renal hemorrhage. However, it is preferable to 
wait until the patient is stabilized.
 Echocardiography. Our patient is likely to 
have an element of cardiac failure, given her 
hypertension and cardiomegaly. However, de-
compensated heart failure is probably not the 
cause of her presentation. Thus, the fi rst prior-
ity is to treat her adrenal crisis, and echocar-
diography should be deferred.
 Increasing the norepinephrine infusion 
is unlikely to improve her blood pressure very 
much, as she is signifi cantly volume-depleted. 
Further, low cortisol decreases the vascular re-
sponse to norepinephrine.15

 Mineralocorticoids such as fl udrocortisone 
are used to treat primary adrenal insuffi ciency. 
However, they are not required during acute 
management of adrenal crisis, as 40 mg of hy-
drocortisone offers mineralocorticoid activity 
equivalent to 100 μg of fl udrocortisone. Thus, 
the high doses of hydrocortisone used to treat 
adrenal crisis provide adequate mineralocorti-
coid therapy.10,18 
 If dexamethasone is used, its effect along 
with normal saline supplementation would be 
suffi cient to replete the intravenous space and 
bring the sodium level back up to normal in 
the acute setting.

 ■ CASE RESUMED:
IMPROVEMENT WITH HYDROCORTISONE

The patient’s blood is drawn  for serum cortisol 
and plasma ACTH measurements. A 100-mg 
intravenous bolus of hydrocortisone is given,  
followed by a 50-mg bolus every 6 hours until 
the patient stabilizes. 

ACTH = adrenocorticotropic hormone; CRH = corticotropin-releasing hormone; a plus sign 
indicates stimulation; a minus sign indicates inhibition; blue indicates a normally function-
ing gland; red indicates a defective gland

Figure 1. Adrenal insuffi ciency is classifi ed according to whether 
the defect lies in the adrenal gland (primary adrenal insuffi -
ciency) or centrally, ie, in the pituitary gland (secondary adrenal 
insuffi ciency) or hypothalamus (tertiary adrenal insuffi ciency).
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Do not delay 
corticosteroid
therapy
while awaiting 
test results

 Twenty-four hours later, the patient states 
that she has more energy, and her appetite 
has improved. The norepinephrine infu-
sion is stopped 48 hours after presentation, 
at which time her blood pressure is 120/70 
mm Hg, heart rate 85 beats per minute and 
irregular, and temperature 36.7°C (98.1°F). 
Her current laboratory values include the 
following: 
• Serum sodium 137 mmolL
• Serum potassium 4.3 mmol/L 
• Hemoglobin 9.3 g/dL 
• Serum cortisol (random) 7.2 μg/dL 
• Plasma ACTH 752 pg/mL (10–60 pg/mL).

 ■ ESTABLISHING THE DIAGNOSIS 
OF ADRENAL INSUFFICIENCY

3 Which of the following is the most appro-
priate test to establish the diagnosis of ad-
renal insuffi ciency?

 □ 7 am total serum cortisol measurement
 □ Random serum cortisol measurement
 □ 7 am salivary cortisol measurement
 □ 24-hour urinary free cortisol measurement
 □ ACTH stimulation test for cortisol
 □ Insulin tolerance test for cortisol

Adrenal insuffi ciency can present acutely 
with catastrophic outcomes, such as in ad-
renal crisis. Alternatively, it can present in-
sidiously with multiple vague manifestations 
and nonspecifi c laboratory fi ndings (Table 
4). But even when the diagnosis of adrenal 
insuffi ciency is apparent, laboratory tests are 
required for confi rmation. 
 These tests also help determine the type 
of adrenal insuffi ciency (primary, secondary, 
or tertiary) and guide further management. 
Secondary adrenal insuffi ciency is caused by 
inadequate pituitary ACTH secretion and 
subsequent inadequate cortisol production, 
whereas tertiary adrenal insuffi ciency is caused 
by inadequate hypothalamic corticotropin-re-
leasing hormone secretion and subsequent in-
adequate ACTH and cortisol production. The 
diagnosis of adrenal insuffi ciency relies fi rst on 
demonstrating inappropriately low total se-
rum cortisol production. Subsequently, serum 
ACTH helps to differentiate between primary 
(high ACTH) and secondary or tertiary (low 
or inappropriately normal ACTH) adrenal in-
suffi ciency.
 Each test listed above may demonstrate a 
low cortisol level. However, in a nonacute set-
ting, safety concerns (especially regarding in-
sulin tolerance testing), poor diagnostic value, 
feasibility (ie, the diffi culty of 24-hour tests), 
and poor sensitivity of 7 am cortisol make the 
ACTH stimulation test the most appropriate 
test in clinical practice to establish the diag-
nosis of adrenal insuffi ciency.

7 AM serum cortisol measurement
Measuring the serum cortisol level early in the 
morning in the nonacute setting could be of 
diagnostic value, as an extremely low value (< 
3–5 μg/dL) is almost 100% specifi c for adre-
nal insuffi ciency in the absence of concurrent 
exogenous steroid intake. However, the very 
low cutoff for this test causes poor sensitivity 
(about 33%), as many patients have partial 
adrenal insuffi ciency and hence have higher 
serum cortisol levels that may even be in the 
normal physiologic range.19–22 

Random serum cortisol measurements
Random serum cortisol measurements are not 
very useful in a nonacute setting, since corti-
sol levels are affected by factors such as stress 
and hydration status. Moreover, they fl uctuate 

TABLE 4

Laboratory fi ndings
in adrenal insuffi ciency

Hyponatremia

Hyperkalemiaa

Hypercalcemia

Hypoglycemia

Normal anion gap metabolic acidosisa

Azotemia (prerenal)a

Anemia (normochromic normocytic)

Relative lymphocytosis

Eosinophilia

Mild elevation in serum thyroid-stimulating hormone

Autoantibodies against 21-hydroxylase antigena

aMay be present only in primary adrenal insuffi ciency.
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during the day in a circadian rhythm. 
 On the other hand, random serum cortisol 
is a very good test to evaluate for adrenal in-
suffi ciency in the acute setting. A random val-
ue higher than 15 to 18 μg/dL is almost always 
associated with adequate adrenal function and 
generally rules out adrenal insuffi ciency.11,23,24 

7 AM salivary cortisol measurement
The same principle applies to early morning 
salivary cortisol. Only extremely low values 
(< 2.65 ng/mL) may distinguish patients with 
adrenal insuffi ciency from healthy individuals, 
with 97.1% sensitivity and 93.3% specifi city.25 
 Of note, early morning salivary cortisol 
is not routinely measured in most clinical 
practices for evaluation of adrenal function. 
Hence, morning serum and morning salivary 
cortisol are useful screening tools and have 
meaningful results when their values are in 
the extremes of the spectrum, but they are not 
reliable as a single test, as they may overlook 
patients with partial adrenal insuffi ciency.

Urinary cortisol measurement
Urinary cortisol measurement is not used to 
diagnose adrenal insuffi ciency, as values can 
be normal in patients with partial adrenal in-
suffi ciency.

The ACTH stimulation test
The ACTH stimulation test involves an in-
tramuscular or intravenous injection of cosyn-
tropin (a synthetic analogue of ACTH frag-
ment 1–24 that has the full activity of native 
ACTH) and measuring total serum cortisol at 
baseline, 30 minutes, and 60 minutes to assess 
the response of the adrenal glands. 
 The test can be done using a high or low 
dose of cosyntropin. The Endocrine Society’s 
2016 guidelines recommend the high dose 
(250 μg) for most patients.10 The standard 
high-dose stimulation test can be done at any 
time during the day.26 If the cosyntropin is in-
jected intravenously, any value higher than 18 
to 20 μg/dL indicates normal adrenal function 
and excludes adrenal insuffi ciency.27,28 If intra-
muscular injection is used, any value higher 
than 16 to 18 μg/dL at 30 minutes post-con-
syntropin excludes adrenal insuffi ciency.29 
 The ACTH stimulation test may not ex-
clude acute secondary or tertiary adrenal in-
suffi ciency.

Insulin tolerance testing
Insulin tolerance testing remains the gold 
standard for diagnosing adrenal insuffi ciency 
and assessing the integrity of the pituitary-
adrenal axis. However, given its diffi culty to 
perform, safety concerns, and the availability 
of other reliable tests, its use in clinical prac-
tice is limited. It is nonetheless useful in as-
sessing patients with recent onset of ACTH 
defi ciency.30,31

 ■ CASE RESUMED: PATIENT DISCHARGED, 
LOST TO FOLLOW-UP

Abdominal CT without contrast is done and 
demonstrates bilateral adrenal hemorrhage. 
Thus, the patient is diagnosed with primary acute 
adrenal insuffi ciency due to adrenal necrosis.
 She is started on oral hydrocortisone and 
fl udrocortisone after intravenous hydrocorti-
sone is discontinued. She is counseled about 
adhering to medications, wearing a medical 
alert bracelet, giving herself emergency cortisol 
injections, taking higher doses of hydrocorti-
sone if she is ill, and monitoring her INR. She 
is discharged home after her symptoms resolve.
 The patient does not keep her scheduled ap-
pointment and is lost to follow-up. She returns 
2 years later complaining of fatigue and feeling 
unwell. She admits that she stopped taking hy-
drocortisone 1 year ago after reading an online 
article about corticosteroid side effects. She has 
continued to take fl udrocortisone.

 ■ MINERALOCORTICOID
VS CORTICOSTEROID DEFICIENCY

Our patient has primary adrenal insuffi ciency. 
The presentations of primary and central (sec-
ondary or tertiary) adrenal insuffi ciency are 
similar, but there are critical differences (Ta-
ble 5). Further, she has been taking her min-
eralocorticoid (fl udrocortisone) replacement 
but has stopped taking her corticosteroid (hy-
drocortisone).

4 Which of the following is least likely to be 
present in this patient at this time?

 □ Intravascular volume depletion
 □ Hyponatremia
 □ Skin hyperpigmentation
 □ Normokalemia
 □ Elevated serum ACTH level

Hydrocortisone 
40 mg offers 
mineralocorti-
coid activity 
equivalent to 
fl udrocortisone 
100 μg
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Intravascular volume depletion
Intravascular volume depletion is the least 
likely to be present. This is because intravas-
cular volume depletion is mainly secondary 
to mineralocorticoid defi ciency rather than 
corticosteroid defi ciency, which is not present 
in this patient, as she is compliant with her 
mineralocorticoid replacement therapy.32,33 
However, even with suffi cient mineralocorti-
coid replacement, mild hypotension may be 
present in this patient due to corticosteroid 
defi ciency-induced loss of vascular tone.

Hyponatremia
Hyponatremia in adrenal insuffi ciency is not 
due only to mineralocorticoid defi ciency. Pa-
tients with secondary or tertiary adrenal insuffi -
ciency may also exhibit hyponatremia.34 ACTH 
defi ciency in such patients is not expected to 
cause mineralocorticoid defi ciency, as ACTH 
has only a minor role in aldosterone production. 

 It has been proposed that hyponatremia 
in secondary adrenal insuffi ciency is due to 
cortisol defi ciency resulting in an increase 
of antidiuretic hormone secretion.35,36 The 
mechanisms for increased antidiuretic hor-
mone include cortisol defi ciency resulting in 
an increased corticotropin-releasing hormone 
level, which acts as an antidiuretic hormone 
secretagogue,37,38 and cortisol directly sup-
pressing antidiuretic hormone secretion.39 
 In our patient, volume expansion and 
hyponatremia are expected due to increased 
antidiuretic hormone secretion as a result of 
corticosteroid insuffi ciency.

Hyperpigmentation
Hyperpigmentation of the skin is present only 
in long-standing primary adrenal insuffi cien-
cy. This is due to chronic cortisol defi ciency 
causing an increased secretion of pro-opiomel-
anocortin, a prohormone that is cleaved into 

Insulin 
tolerance 
testing remains 
the gold 
standard
but is diffi cult 
to perform 
in practice

TABLE 5

Clinical features of primary vs central (secondary, tertiary) 
adrenal insuffi ciency
Feature Primary Central Possible explanation for difference
Skin 
hyperpigmentation

Yes No Adrenocorticotropic hormone production and thus 
melanocyte-stimulating hormone levels are increased 
in primary but not central adrenal insuffi ciency

Gastrointestinal 
symptoms 

More 
prominent

Less 
prominent

More prominent electrolyte disturbances in primary 
adrenal insuffi ciency may play a role in gastrointes-
tinal symptoms 

Intravascular volume 
depletion, hypotension

More 
prominent

Less 
prominenta

Decreased serum aldosterone levels only in primary 
adrenal insuffi ciency

Hyperkalemia Yes No Decreased serum aldosterone levels only in primary 
adrenal insuffi ciency

Hypoglycemia Less 
prominent

More 
prominent

Concomitant growth hormone defi ciency present in 
some cases of central adrenal insuffi ciency

More insidious progression in central adrenal insuf-
fi ciency resulting in delayed presentation and more 
prominent corticosteroid defi ciency symptoms such 
as hypoglycemia

Blood urea nitrogen 
elevation 

More 
frequent

Less 
frequent

Intravascular volume depletion resulting in prerenal 
azotemia is present more frequently in primary 
adrenal insuffi ciency

Hypopituitarism,
headaches,
visual fi eld defects

No Yes Depends on the underlying cause 

aSecondary adrenal insuffi ciency such as pituitary apoplexy may present with hypotension and, if not treated, may lead to azotemia. 
However, this may occur much more frequently in patients with primary adrenal insuffi ciency.
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ACTH, melanocyte-stimulating hormone, 
and other hormones. Melanocyte-stimulating 
hormone causes skin hyperpigmentation due 
to increased melanin synthesis.40 The hyper-
pigmentation is seen in sun-exposed areas, 
pressure areas, palmar creases, nipples, and 
mucous membranes. 
 This patient has long-standing cortico-
steroid defi ciency due to noncompliance and 
primary adrenal insuffi ciency, and as a result 
she is expected to have elevated serum ACTH 
and hyperpigmentation.

Normokalemia
Mineralocorticoid defi ciency results in hy-
perkalemia and metabolic acidosis by im-
pairing renal excretion of potassium and 
acid.41 This patient is compliant with her 
mineralocorticoid replacement regimen; 
thus, potassium levels and pH are expected 
to be normal.

 ■ TAKE-HOME POINTS

• Suspect adrenal crisis in any patient who 
presents with shock.

• Acute abdomen or unexplained fever 
could be among the manifestations.

• Initial management requires liberal normal 
saline intravenous fl uid administration to 
replete the intravascular space.

• Draw blood samples for serum chemistry, 
cortisol, and ACTH, followed immediate-
ly by intravenous hydrocortisone supple-
mentation.

• In critically ill patients, evaluate adrenal 
function with random serum cortisol; in a 
nonacute setting use the ACTH stimula-
tion test. 

• Chronic management of primary adrenal 
insuffi ciency requires corticosteroid and 
mineralocorticoid therapy. ■
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