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Endocrinology and Metabolic

Unusual clinical course

This case report illustrates the difficulties that arise during diagnosis of adrenal insufficiency, especially in the
general medicine setting. Symptoms can often be nonspecific, and when a serum cortisol level is checked, fur-
ther difficulty exists as to how to interpret the results. The 250-ug cosyntropin dose or 1-pg dose are available
for use in the diagnosis of adrenal insufficiency, but each test has its own indications, which will be discussed.
A 45-year-old woman presented with nausea, emesis, chills, and diaphoresis, symptoms that concerning for
adrenal insufficiency. Her random serum cortisol levels were relatively low. Her ACTH levels were within normal
range. She received additional testing with the ACTH stimulation test using both the 1-pg and the 250-pg dose.
The 1-pg test was performed in the evening and showed an inadequate adrenal response. The 250-ug dose
test, which is the criterion standard, was performed the following morning and excluded adrenal insufficiency.
With the use of the high-dose ACTH stimulation test performed in the early morning, this patient was able to
avoid lifelong steroid replacement therapy that could potentially suppress the hypothalamic-pituitary-adrenal
(HPA) axis, which of itself can lead to adrenal insufficiency. Careful consideration is needed in choosing the
right modalities for diagnosis of adrenal insufficiency.

Adrenal Insufficiency ¢ Adrenocorticotropic Hormone ¢ Corticotropin-Releasing Hormone ¢ Cosyntropin
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Background

Symptoms of adrenal insufficiency can often be nonspecif-
ic, and the diagnosis may sometimes elude physicians until
adrenal crisis occurs. However, when serum cortisol level is
checked, further difficulty exists regarding how to interpret
the results. The adrenocorticotropic hormone (ACTH) test, also
referred to as the cosyntropin stimulation test, is then used to
further categorize the patient as adrenally “sufficient” or “in-
sufficient.” Careful selection of the ACTH dose is required to
yield an appropriate adrenal response. The use of the 250-pg
cosyntropin dose test, also referred to as the high-dose ACTH
test, is the criterion standard test for diagnosis of primary ad-
renal insufficiency. The 1-pg dose test, also referred to as the
low-dose test, is mostly reserved for diagnosis of secondary
adrenal insufficiency. Both tests should be performed in the
early morning. Careful consideration of the results produced
during the diagnostic process is imperative to avoid mislabel-
ing of patients with a disease that requires lifelong treatment.

Case Report

We report the case of a 45-year-old woman with a history of
asthma and psoriasis who presented with emesis. Home medi-
cations included monthly TNF-alpha inhibitor injections for pso-
riasis, triamcinolone acetonide topical spray, and budesonide-
formoterol inhaler. The use of inhaled steroids was inconsistent
and infrequent, as was the use of the steroid spray. She start-
ed the TNF-alpha inhibitor injections a few months before pre-
sentation. The patient reported increased urinary frequency
with no dysuria and excessive water intake for 2 days prior
to presentation. On the day of admission, she started having
nausea, chills, and diaphoresis while at work, followed by 2
episodes of nonbloody nonbilious emesis. She also had asso-
ciated palpitations, lightheadedness, leg cramps, and short-
ness of breath. She had no chest pain. When she arrived at the
emergency room, she had blood pressure of 107/59 mmHg,
heart rate of 89 beats/min, respiratory rate of 16 breaths/min,
temperature of 36.5°C and oxygen saturation of 98% on room
air. Her physical exam revealed cold, clammy distal extremi-
ties but was otherwise unremarkable. A work-up was nega-
tive for human chorionic gonadotropin (hCG), high-sensitivity
troponin, d-dimer, urine drug toxicology, lipase, blood alco-
hol level, and acetaminophen level. A complete blood count
(CBC) was unremarkable. Results of a comprehensive meta-
bolic panel were concerning for anion gap metabolic acidosis,
hyponatremia, and hypokalemia (Table 1). Magnesium and
TSH were within normal range. She was treated with intra-
venous potassium and albuterol nebulizer. Her laboratory re-
sults returned normal the following day, except for a random
serum cortisol of 6.4 mcg/dL. ACTH was 7 pg/dL (reference
range 6-58 pg/mL). Due to concern for adrenal insufficiency,
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Table 1. Comprehensive metabolic panel (CMP) on day of

admission.

Glucose 170 mg/dL 70-99 mg/dL
BN lomg/dl  7-25mgdl
Creatinine 071mgdl 06-12mg/dl
Sodium  131mmoll  133-144mmoll
Potassium 29mmoll  35-51mmoll
Chloride 9 mmoll 98-107 mmol/L

Table 2. Comparison between the 2 ACTH stimulation tests.

1 pg cosyntropin 250 pg cosyntropin

Cortisol#1 (base) 1.3 mcg/dL N/A
Cortisol 30 min 16.10 mcg/dL 19.9 mcg/dL
Cortisol 60 min 10.00 mcg/dL 24.5 mcg/dL

ACTH — adrenocorticotropic hormone.

a 1-pg cosyntropin test was performed in the evening, which
showed a peak cortisol concentration of less than 18 mcg/dL.
As the response was assessed as suboptimal, Endocrinology
was consulted to offer a treatment plan for steroids. However,
it was discovered then that the use of 1-pg cosyntropin was
unintentional and the timing of performance was inappropri-
ate, as this should have been performed in the early morning.
Once this was recognized, the test was repeated the follow-
ing morning using the criterion standard 250-pg cosyntropin
dose. The patient then showed an adequate response and she
was not started on steroids.

Discussion

Thomas Addison was the first to describe adrenal insufficiency
(Al) in 1855. It can either be of primary etiology when adrenal
glands fail to produce hormones, or of central etiology when the
pituitary gland or hypothalamus fail to produce releasing hor-
mones that activate adrenal hormone production. Commonly
described symptoms include fatigue, weakness, anorexia, ab-
dominal pain, weight loss, orthostatic hypotension, and salt
craving. Characteristic hyperpigmentation of the skin is seen
with primary adrenal failure [1]. Since symptoms are nonspe-
cific, it is generally difficult for physicians to diagnose Al; most
patients present to providers with symptoms of adrenal insuffi-
ciency 3 of 4 times before a correct diagnosis is made. The tim-
ing of serum cortisol sampling can also affect diagnosis, since
secretion depends on the circadian rhythm and on the state of
health. Generally, a random serum cortisol of over 14.5 mcg/dL

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Musurakis C. et al.:
Adrenal insufficiency diagnosed using optimal dosing of cosyntropin
© Am J Case Rep, 2021; 22: €927533

(or 400 nmol/L) at any time of the day makes adrenal insuffi-
ciency highly unlikely, while a morning serum cortisol of less
than 3.6 mcg/dL (or 100 nmol/L) strongly suggests adrenal fail-
ure [2]. Our patient’s cortisol level was 6.4 mcg/dL, and adrenal
insufficiency could not be excluded with this test result alone.

The ACTH stimulation test is used when serum cortisol levels
cannot provide a certain diagnosis. In this test, 250 pg of in-
travenous synthetic ACTH is given to the patient and serum
cortisol is measured 30 and 60 min later. Cortisol values ex-
ceeding 18 to 20 mcg/dL either at the 30- or 60-min mark
usually represent a normal response [3]. This test should be
performed when cortisol levels are 3-15 mcg/dL, as was the
case with our patient. It cannot be used to diagnose second-
ary adrenal insufficiency of recent onset (within 4-6 weeks),
as the adrenal glands are not completely atrophic yet and are
still producing cortisol, as in pituitary apoplexy or recent pitu-
itary surgery [4]. If testing occurs when the patient is acutely
ill, the test should be repeated at a later date [2]. In our case,
the patient exhibited low random cortisol levels, likely in the
setting of acute illness (hypokalemia, asthma exacerbation),
which prompted more investigation with an ACTH stimulation
test (see comparison in Table 2). Instead of the criterion stan-
dard 250-pg ACTH stimulation test, a 1-ug test was ordered.
Some suggest that the 1-mcg test can be used for diagnosis
of primary Al and this is often done in clinical practice, but the
250-mcg test is the criterion standard for diagnosis accord-
ing to the Endocrine Society guidelines [5]. There is concern
that the 250-mcg test may lead to supraphysiologic stimula-
tion of the HPA axis and false-positive results [6]. However,
others argue that the 1-mcg test carries the risk of mislabel-
ing healthy individuals as adrenally insufficient [7]. According
to the Endocrine Society guidelines, the 1-mcg test should be
used only when cosyntropin is in short supply, as this test has
not been validated yet and more studies are needed to com-
pare it to the 250-mcg test [5,6].

There are instances when the 1 mcg ACTH stim test can be
used to screen for disturbances of the hypothalamo-pituitary-
adrenocortical axis. The 1-pg ACTH stimulation test has been
shown to be more sensitive than the 250-pg test in diagnos-
ing secondary adrenal insufficiency [8]. Our patient, howev-
er, had a normal ACTH level (7 pg/dL, with a reference range
of 6-58 pg/mL); therefore, the use of a 250-ug test was most
appropriate according to current guidelines [5]. The 1-pg test
has also been shown to be superior in diagnosing adrenal in-
sufficiency in critically ill ICU patients, although more studies
are needed to validate this [3].

Chronic use of glucocorticoids can lead to adverse effects such
as cardiovascular disease, hyperglycemia, infections, osteoporo-
sis, neuropsychiatric events, and growth failure in children [9].
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Gastrointestinal, ophthalmologic, and dermatologic disturbanc-
es are common as well [10]. Steroids exert negative feedback
control on the HPA axis by suppressing the hypothalamus
which produces corticotropin-releasing hormone (CRH) and
the pituitary gland which produces ACTH. Since the adrenal
glands are not stimulated anymore by the released hormones
to produce cortisol, the result of chronic suppression is adre-
nal atrophy, especially when using high-dose steroids [9]. In
our case, the long-term administration of steroid therapy to
the patient was avoided with careful review of the diagnos-
tic process and patient history, which prevented the develop-
ment of all the above-mentioned adverse effects to an other-
wise healthy individual.

It is important to note that steroid doses equivalent to 7.5 mg
of prednisolone taken for 3 weeks or longer can lead to adre-
nal suppression. However, it has been found that people tak-
ing medications that reduce steroid metabolism (e.g., potent
CYP3A4 inhibitors) can develop HPA axis suppression with
co-administration of even small doses of exogenous steroid
(typically, inhaled fluticasone) [2]. Our patient was not on any
CYP3A4 inhibitors and her sporadic use of topical and inhaled
steroid was very unlikely to have caused secondary Al due to
withdrawal of medications.

Conclusions

This case demonstrates how the 250-ug ACTH (high-dose) stim-
ulation test should be used for diagnosis of primary adrenal
insufficiency (Al), as it is still the criterion standard. The 1-pg
ACTH (low-dose) stimulation test can be used for diagnosis of
primary Al, but only when the high-dose test is not available.
On the other hand, the 1-pg ACTH stimulation test has been
shown to be more sensitive than the 250-pg test in diagnos-
ing secondary adrenal insufficiency. Both tests should be per-
formed in the early morning. The clinician can offer the pa-
tient the best treatment strategies only after correctly using
the most appropriate test. Our patient was an adrenally “suf-
ficient” individual who did not require chronic replacement
therapy. The steroids in this case could have harmed the pa-
tient, as long-term administration of this unnecessary medi-
cine would have carried a multitude of adverse effects, includ-
ing the risk of adrenal gland suppression. If further diagnostic
difficulty exists, testing can always be repeated at a later date.
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