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Overview of and cases involving

◼ 1. Adrenal Incidentalomas

◼ 2. Adrenal causes of hypertension

◼ 3. Adrenal insufficiency
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1. Adrenal incidentaloma
◼ ~4-10% of CTs depending on age 

have a mass lesion >1 cm in size 
◼ 2 main Questions- Functional? 

Malignant? 
◼ Size and HU density matter!
◼ <10 HU on unenhanced CT, and rapid 

contrast washout (eg, >50 % at 10 
mins) is very likely to be a benign 
adenoma

◼ Hyperlink on CT report? EMR help?
Ioachimescu et al, Endocrinol Metab clin N Am 44 (2015) 335–354

Elderly et al. J Clin Transl Endocrinol 2018 Jul 5: 13: 39–45



1. Adrenal incidentaloma
◼ Everyone gets Cushing’s ruled out by 

measuring baseline DHEAS and a 1 mg 
DST. (why 1 mg?)

◼ Pheo w/u if CT attenuation >10 HU by 
measuring 24-hour urinary cats and mets 
or plasma mets. (50% of all pheos 
diagnosed this way now)

◼ If HTN , PA/ PRA to screen for hyperaldo.
◼ Surgery if size >4 cm OR SO.
◼ Repeat imaging at 12 months…

Gruber et al, J Clin Endocrinol metab 2019;104: 1386-1393
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2. Overview of secondary or 

adrenal causes of HTN

◼ Primary hyperaldosteronism

◼ Cushing’s syndrome

◼ Pheochromocytoma



Jaffe et al, hypertension 2020:75:650–659

When to screen for secondary 

hypertension-

◼ Severe or resistant hypertension

◼ Age <30 with no family history of HTN 

or obesity/OSA

◼ Acute rise in blood pressure over 

previously stable value

◼ HTN associated with hypokalemia

◼ Only 2-4 % of eligible persons get 

appropriate screening
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Primary Hyperaldo- clinical features

Symptoms of hypokalemia: fatigue, loss of stamina, 
weakness, lassitude, increased thirst, polyuria, paresthesias, 
orthostatic hypotension

Hypertension

The most common cause of hypokalemia in hypertensive 
patients is diuretic therapy!

A low Na+ diet, by reducing delivery of Na+ to aldosterone-
sensitive sites in distal nephron, can reduce renal K+ 

secretion and thus correct hypokalemia. 

Average diet contains >120 mmol of Na+ per day (RDA 100 
mmol or 2300 mg)

Hormonal assessment:

Plasma Aldo to plasma renin activity ratio >20-30

Interfering drugs- MRAs, ACE inhibitors, ARB’s and diuretics 
and calcium channel blockers can cause false negative.

Beta blockers and NSAIDs can cause false positive
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J Clin Endocrinol Metab, Volume 101, Issue 5, 1 May 2016, Pages 1889–1916, https://doi.org/10.1210/jc.2015-4061

The content of this slide may be subject to copyright: please see the slide notes for details.

Algorithm for the detection, confirmation, subtype testing, and 

treatment of PA.
a We recommend ..

https://doi.org/10.1210/jc.2015-4061
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Location of adenoma

CT or MRI imaging

Adrenal scintigraphy: 131I-iodocholesterol 

Adrenal vein catheterization: esp if age >35

Treatment
Adenoma: unilateral adrenalectomy

Hyperplasia: spironolactone, eplerenone

Preoperative preparation:

Spironolactone: 200-300 mg/d (4-6 weeks), maintenance dose 
75-100 mg/d; reduces ECFV, promotes K+ retention, activates 
the suppressed renin-angiotensin system, prevents 
postoperative hypoaldosteronism. 

Side effects: rashes, gynecomastia, impotence, dyspepsia

Other antihypertensive drugs (Ca channel blockers)
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PHEOCHROMOCYTOMA

◼ Arises from chromaffin cells in the sympathetic nervous 
system that release A, NA, and in some cases D

◼ 0.1% of patients with diastolic hypertension have 
pheochromocytomas- Rare!

◼ In 50% of patients symptoms are episodic/paroxysmal

Symptoms during or following paroxysms:
TRIAD- headache, sweating, forceful heartbeat with or 
without tachycardia. Other Sxs- facial pallor, cold and 
moist hands, anxiety or fear of impending death, tremor, 
fatigue or exhaustion, nausea and vomiting, abdominal or 
chest pain

◼ Symptoms between paroxysms:
increased sweating, heat intolerance, cold hands and feet, 
weight loss, constipation, wide fluctuations of blood 
pressure, postural hypotension



He suffered 7 heart attacks from 1955 until his death in 1969, 

Pheo on Autopsy
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◼ With time attacks usually increase in frequency but do not 
change much in character.

◼ Glycosuria after an attack! ( glycogenolysis,  insulin release).

◼ Paroxysms may be induced by deep palpation of the abdomen

◼ Typically, commonly used antihypertensive drugs are ineffective

Location
➢ About 10% are extra adrenal

➢ 10% are bilateral

➢ 10% are malignant 

➢ Complications of hypertension are common: hypertensive 
retinopathy or nephropathy, congestive heart failure, CVA, MI.

➢ Common causes of death: MI, CVA, arrhythmias, irreversible 
shock, renal failure, dissecting aortic aneurysm.
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Hormonal assessment
◼ Plasma metanephrines

◼ Urinary catecholamines and metanephrines

Clonidine suppression test: 

0.3 mg of clonidine p.o. 2-3 hrs. before sampling of blood for 
plasma NA level: no reduction of plasma NA

Localization of tumour
◼ CT or MRI imaging (bright image with T2-weighting)

◼ Scintigraphy: 131I-metaiodobenzylguanidine (MIBG)
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Management

Medical preoperative preparation:

◼ Phenoxybenzamine (Dibenzyline)  propranolol when marked 
tachycardia or arrhythmias

◼ Prazosin  propranolol

◼ Labetalol

Treatment of attacks:

◼ Phentolamine (Regitine) 5-10 mg i.v.

◼ Sodium nitroprusside – i.v. infusion

Surgery:

◼ Caution: induction of anesthesia 

◼ Phentolamine or sodium nitroprusside i.v. infusion

◼ After tumour removal: blood volume expansion with whole blood, 
plasma, or other fluids



A 52-year-old woman is evaluated for a 1-yr h/o a 15-lb weight gain,

easy bruising, hypertension, and worsening diabetes control.

Medical history is also significant for a history of depression and

anxiety. Medications are metformin and lisinopril.

On examination, BP is 155/97 mm Hg and HR is 82/min. Other

vitals are normal. BMI is 33. The patient has central obesity,

supraclavicular and dorsocervical fat pads, and facial hirsutism.

There are a few bruises on her arms and no abdominal striae.

Labs show a 24-hour urine free cortisol level of 205 ug/24 h,

midnight salivary cortisol of 298 ng/mL (normal <100 ng/mL), and

adrenocorticotropic hormone (ACTH) less than 5 pg/mL

Which of the following is the most likely cause of this patient's

hypercortisolism?

(A) Adrenal tumor

(B) Bronchial carcinoid

(C) Pituitary tumor

(D) Psychiatric illness
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The most likely cause of this patient's hypercortisolism is adrenocorticotropic hormone 
(ACTH) -independent Cushing syndrome caused by an adrenal tumor. The diagnosis of 
Cushing syndrome is confirmed by the combination of clinical features (central obesity, 
dorsocervical and supraclavicular fat pads, new onset hypertension, and worsening 
diabetes control), in the setting of two positive diagnostic tests for Cushing syndrome: 
elevated 24-hour urine free cortisol level and elevated midnight salivary cortisol level. A 
24-hour urine free cortisol that is three times the upper limit of the nor- mal range (as in 
this patient) is considered to be confirmatory for Cushing syndrome if compatible clinical 
features are also present. 

Once Cushing syndrome is confirmed, the next step in the diagnosis is to categorize 
Cushing syndrome into ACTH-dependent and ACTH-independent types, which in turn 
governs subsequent localization tests. A low serum ACTH level, as in this patient, 
indicates ACTH-independent Cushing syndrome. Excluding glucocorticoid administration, 
the most common cause of ACTH-independent Cushing syndrome is a cortisol-secreting 
adrenal tumor. ACTH is suppressed in this situation due to elevated cortisol levels 
causing negative feedback at the level of the hypothalamus and pituitary gland, which 
inhibits ACTH production.

◼ Cushing syndrome in the presence of a detectable or elevated serum ACTH indicates 
ACTH-dependent disease.

◼ Causes of ACTH-dependent Cushing syndrome include ACTH secretion from a 
pituitary tumor (most commonly) or from an ectopic source such as a bronchial 
carcinoid tumor.

◼ Hypercortisolism in the absence of Cushing syndrome can occur with psychiatric 
illness. The mechanism of hypercortisolism associated with psychiatric illness is 
activation of the hypothalamic-pituitary axis; in this situation ACTH
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◼ A 38-yr-old woman is seen in follow-up to discuss the
findings of an abdominal and pelvic CT scan done to evalu-
ate renal colic, which has since resolved. The abdominal 
CT scan showed two small nonobstructing renal calculi in 
the right kidney and a 1.6-cm left adrenal mass with a 
density of 21 Hounsfield units (indeterminate for adrenal 
adenoma).
Other than nephrolithiasis, the remainder of the medical his
tory is unremarkable, and she takes no medications.
On physical examination, vital signs and the remainder
of the examination are unremarkable.
Laboratory studies show normal serum electrolytes.
Which of the following is the most appropriate test to per
form next?
(A) 24-Hour urine free cortisol measurement
(B) 24-Hour urine total metanephrine measurement
(C) Plasma aldosterone-plasma renin ratio (ARR)
measurement
(D) Serum dehydroepiandrosterone sulfate (DHEAS)
measurement
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◼ The most appropriate next test to perform is a 24-hour urine total metanephrine measurement to 
screen for pheochromocytoma. Even though this patient does not have hypertension, she should be 
screened for pheochromocytoma, as these tumors may exist in the absence of typical symptoms or 
hypertension. Approximately 50% of pheochromocytomas are now first discovered as an incidental 
adrenal mass.

◼ An alternative screening test for pheochromocytoma is measuring the fractionated free plasma 
metanephrine level.

◼ This test has a false-positive rate of approximately 11%, and, therefore, may be considered more 
useful when suspicion for pheochromocytoma is high. This patient should also be screened for 
subclinical Cushing syndrome with a 1-mg overnight dexamethasone suppression test. The 
prevalence of incidentally noted adrenal masses increases with age and is estimated to be about 
10% in the elderly. Most lesions are benign, nonfunctioning adenomas, and approximately 10% to 
15% secrete excess hormones.

◼ The 24-hour urine free cortisol test is not sensitive enough to diagnose subclinical autonomous 
cortisol secretion from an adrenal mass. The 24-hour urine free cortisol levels are usually within the 
normal range in subclinical Cushing syndrome.

◼ The patient does not require screening for primary aldosteronism with a plasma aldosterone-plasma 
renin ratio (ARR) as she does not have hypertension. Only patients with an incidental adrenal mass 
and hypertension require screening for primary aldosteronism. Hypokalemia, traditionally thought to 
be a key feature of primary aldosteronism, is no longer a prerequisite for diagnosis because many 
patients with this disorder have normal potassium levels.

◼ In women, rapid onset of hirsutism, menstrual irregulaities, and virilization should raise suspicion for 
tumoral hyperandrogenism. Measurement of dehydroepiandrosterone sulfate (DHEAS) is not 
indicated in this patient, as she did not show signs of hyperandrogenism (hirsutism, deep voice, male 
pattern balding, clitoromegaly). Serum DHEAS may be measured if signs of significant hyperandro-
genism are present in the setting of an adrenal mass that has radiologic features suspicious for 
malignancy (size >4 cm, heterogeneous enhancement with contrast administration, irregular margins, 
presence of calcifications or necrosis).

◼ KEY POINT 

◼ Biochemical testing for pheochromocytoma should be undertaken in all patients with an adrenal 
mass, even in the absence of typical symptoms or hypertension, esp if the HU is >10

23



◼ A 51-year-old woman underwent CT scan of the abdomen 
following a motor vehicle accident. This revealed a 2.5-cm 
right adrenal mass with a density of 6 Hounsfield units 
(compatible with adrenal adenoma). Medical history is 
significant for hypertension diagnosed 2 years ago. She is 
perimenopausal and has been experiencing sweating and 
hot flushes. Medications are hydrochlorothiazide and 
doxazosin.
On examination, blood pressure is 142/90 mm
Hg, HR is 90/min. Other vitals are normal. BMI is 33. There 
are no supraclavicular fats pads or abdominal striae.
Labs show a cortisol level following a 1-mg overnight 
dexamethasone suppression test of 8 ug/dl, plasma 
aldosterone-plasma renin ratio (ARR)
of 13, and plasma free metanephrines 32 pg/mL

Which of the following is the most likely diagnosis?
(A) Non-hormone-secreting adrenal adenoma
(B) Pheochromocytoma
(C) Primary aldosteronism
(D) Subclinical Cushing syndrome
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◼ Answer: D

◼ Educational Objective: Diagnose subelinical
Cushing syndrome in a patient with an 
incidentally noted adrenal mass.

◼ The most likely diagnosis in this patient with 
an incidentally discovered adrenal mass is 
subclinical Cushing syndrome. All patients 
with an incidental adrenal mass should be 
screened for it

◼ KEY POINT

◼ Initial testing for subclinical Cushing 
syndrome is a 1-mg overnight 
dexamethasone suppression test; a cortisol 
level greater than 5 ug/dL is considered a 
positive test. (LOGIC OF TEST?) 26



◼ A 48-year-old woman is evaluated for a 1-year history of 25 Ib
weight gain, fatigue, easy bruising, and difficulty remembering 
things. She works the night shift at a hotel reception desk. 
Medical history is significant for hypertension, type 2 diabetes 
mellitus, and menopausal hot flushes. Medications are 
lisinopril, estradiol, aspirin, and metformin.
On physical examination, blood pressure is 142/88 mm
Hg. Other vitals are normal. BMI is 34. The patient has
central obesity and a dorsocervical fat pad is present. There
are no abdominal striae, no proximal muscle weakness, and
no supraclavicular fat pads.

◼

Which of the following is the most appropriate next step in
evaluation of this patient?
(A) 1-mg overnight dexamethasone suppression test
(B) 24-Hour urine free cortisol measurement
(C) Late night salivary cortisol measurement
(D) Morning serum total cortisol measurement

27



◼ A 48-year-old woman is evaluated for a 1-year history of
11.3-kg (25-Ib) weight gain, fatigue, easy bruising, and 
difficulty remembering things. She works the night shift at a 
hotel reception desk. Medical history is significant for 
hypertension, type 2 diabetes mellitus, and menopausal hot 
flushes. Medications are lisinopril, estradiol, aspirin, and 
metformin.
On physical examination, blood pressure is 142/88 mm
Hg. Other vital signs are normal. BMI is 34. The patient has
central obesity and a dorsocervical fat pad is present. There
are no abdominal striae, no proximal muscle weakness, and
no supraclavicular fat pads.

◼

Which of the following is the most appropriate next step in
evaluation of this patient?
(A) 1-mg overnight dexamethasone suppression test
(B) 24-Hour urine free cortisol measurement
(C) Late night salivary cortisol measurement
(D) Morning serum total cortisol measurement
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◼ KEY POINT- Optimal screening tests for 

Cushing’s

◼ The 24-hour urine free cortisol test for 

Cushing syndrome is not impacted by 

either estrogen therapy or sleeping 

patterns.

◼ DST can be affected by birth control 

pills/estrogen replacement

◼

29



◼ A 47-year-old woman is hospitalized for pyelonephritis. 
She has a 6-yr history of primary adrenal insufficiency 
and has been doing well on therapy with oral 
hydrocortisone and fludrocortisone. She reports missing 
two doses of the hydrocortisone today because of 
nausea. She is started on rapid infusion of intravenous 
saline and ceftriaxone. 

◼ On examination, temperature is 38.9 °C (102.0 °F), 
blood pressure is 92/58 mm Hg supine and 76/50 mm 
Hg sitting, pulse rate is 98/min supine and 112/min 
sitting, respiration rate is 19/min, and BMI is 26. 

◼ Results of laboratory studies reveal a serum sodium 
level of 125 meq/L and a serum potassium level of 5.5 
meq/L 

◼ Which of the following should be administered next?

◼ A. Baseline dosage of oral hydrocortisone and 
fludrocortisone

◼ B. Double dosage of intravenous hydrocortisone and 
fludrocortisone

◼ C. Infusion of 3% saline

◼ D. Stress dosage of intravenous hydrocortisone
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Adrenal Insufficiency 

Management

◼ Given her fever and hypotension, this patient with 
known primary adrenal insufficiency should receive a 
stress dosage of intravenous hydrocortisone. 

◼ Stress-level dosages of corticosteroids are considered 
to be 10-times the normal daily replacement dosage. 
For most patients, this is equivalent to 100 mg of 
hydrocortisone daily, best administered as 25 mg every 
6 hours. 

◼ For a minor stress (such as a common cold), doubling of 
the oral dosage of hydrocortisone for 2 days is 
recommended; for moderate stresses (such as a limited 
surgical procedure), tripling the dosage for 2 to 3 days is 
adequate. 

◼ Once the dosage of hydrocortisone is over 60 mg per 
day, fludrocortisone is unnecessary because that dose 
of hydrocortisone has adequate mineralocorticoid 
activity.



◼ A 65-y/o woman is evaluated for a 3-week history of fatigue, nausea, and 
poor appetite. In the week before symptom onset, she had acute 
bronchitis with productive cough and fever. The patient has a long-
standing history of COPD needing intermittent steroids at increasing 
frequency over the last few years and occasional intra-articular 
corticosteroid injections as well; her last injection was 3 months ago. Her 
only other medication is acetaminophen. 

◼ On examination, the patient looks tired. Temperature is 99.5 °F, BP-
112/58 mm Hg, HR 92/minRR is 17/min, and BMI is 32. The patient has 
cushingoid features and central obesity. There are multiple ecchymoses 
on the upper and lower extremities. There is bony hypertrophy and small 
effusions of the knees bilaterally but no evidence of warmth or erythema. 

◼ Laboratory studies: ACTH (AM)-9 pg/mL, Cortisol (8 AM) Initial 
measurement-1.4 µg/dL (normal range, 5-25 µg/dL)

◼ After cosyntropin stimulation-9.0 µg/dL

◼ FSH-40 mU/mL, LH-35 mU/mL, Prolactin-Normal, TSH 3.1 µU/mL, FT4-
1.2 ng/dL 

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

◼ A. Adrenal adenoma

◼ B. Exogenous corticosteroids

◼ C. Pituitary microadenoma

◼ D. Primary adrenal insufficiency
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◼ A 34-year-old woman comes for a follow-up evaluation. At an 
initial visit 4 weeks ago, she had fatigue, weight gain, and 
increased menstrual flow. At that time, results of laboratory 
studies included a TSH of 50 µU/mL, a FT4 of 0.5 ng/dL and the 
presence of anti–thyroperoxidase and anti–thyroglobulin 
antibodies, and she was started on levothyroxine, 75 µg/d. Her 
history is notable for pernicious anemia treated with oral vitamin 
B12, 1000 µg daily. 

◼ Physical examination reveals a young woman with fully gray hair. 
Blood pressure is 94/58 mm Hg, pulse rate is 75/min, respiration 
rate is 12/min, and BMI is 25.7. There is a slight increase in the 
pigment of the mucous membranes, and the thyroid gland is 
slightly enlarged and smooth. Cardiopulmonary examination 
findings are normal. 

◼ Results of repeat laboratory studies now show a TSH level of 7.1 
µU/mL and free T4 level of 1.5 ng/dL. 

◼ Which of the following is the most appropriate next step in 
management?

◼ A. Increase the levothyroxine dosage

◼ B. Measure the glutamic acid decarboxylase antibody level

◼ C. Measure the thyroid-stimulating immunoglobulin titer

◼ D. Perform a cosyntropin stimulation test
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Autoimmune adrenal insufficiency

◼ This patient has hypotension, increased pigmentation, and evidence of two other 
autoimmune disorders (pernicious anemia and Hashimoto disease). Therefore, 
adrenal insufficiency is very probable and can be confirmed by such a test. The 
combination of autoimmune adrenal insufficiency and other autoimmune endocrine 
disorders is referred to as the polyglandular autoimmune (PGA) syndrome, of 
which type 2 is the most common form. Nearly 50% of patients with type 2 PGA 
syndrome have autoimmune adrenal insufficiency on presentation, and another 
20% have autoimmune adrenalitis with autoimmune thyroid disease or type 1 
diabetes mellitus. Other common associations include pernicious anemia and 
autoimmune ovarian failure. 

◼ The patient’s thyroid hormone replacement should be withheld until her adrenal 
function has been checked because treatment of her hypothyroidism alone may 
increase the clearance of cortisol, which could increase the severity of the cortisol
deficiency and provoke an adrenal crisis. Increasing the thyroid hormone dose is 
likely to exacerbate cortisol deficiency and thus is contraindicated. Once adrenal 
insufficiency is confirmed, glucocorticoid replacement should be initiated before 
restarting or adjusting the levothyroxine therapy. 

◼ The glutamic acid decarboxylase antibody level is frequently elevated in the 
preclinical period of type 1 diabetes mellitus. A positive test may help estimate her 
risk of developing type 1 diabetes but should have no effect on immediate 
management in this patient with probable adrenal insufficiency. 



Credits/acknowledgment/resources
◼ Listed on slides, in addition-

◼ Young, W. Evaluation and 

management of adrenal 

incidentaloma. Diagnosis of primary 

aldosteronism. Clinical presentation 

and diagnoses of pheochromocytoma.  

Neiman L (Ed) UpToDate, Waltham, 

MA, 2022.

◼ Years of doing resident lectures on 

this topic by me and my colleague 

Greg Moffitt, M.D.


