CUSHING’S SYNDROME
(See also Chap. 406) Cushing’s syndrome is related to excess cortisol
production due either to excess ACTH secretion (from a pituitary tumor
or an ectopic tumor) or to ACTH-independent adrenal production of
cortisol. Hypertension occurs in 75–80% of patients with Cushing’s syndrome. The mechanism of hypertension may be related to stimulation
of mineralocorticoid receptors by cortisol and increased secretion of
other adrenal steroids. If clinically suspected based on phenotypic characteristics, in patients not taking exogenous glucocorticoids, laboratory
screening may be carried out with measurement of 24-h excretion rates
of urine free cortisol or an overnight dexamethasone-suppression test.
Late night salivary cortisol is also a sensitive and convenient screening
test. Further evaluation is required to confirm the diagnosis and identify the specific etiology of Cushing’s syndrome. Appropriate therapy
depends on the etiology.
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severe hypertension, often occurring at an early age. These patients 1619
may have a family history of hemorrhagic stroke at a young age.
Hypokalemia is usually mild or absent. Normally, angiotensin II
stimulates aldosterone production by the adrenal zona glomerulosa,
whereas ACTH stimulates cortisol production in the zona fasciculata. Owing to a chimeric gene on chromosome 8, ACTH also
regulates aldosterone secretion by the zona fasciculata in patients with
glucocorticoid-remediable hyperaldosteronism. The consequence is
overproduction in the zona fasciculata of both aldosterone and hybrid
steroids (18-hydroxycortisol and 18-oxocortisol) due to oxidation of
cortisol. The diagnosis may be established by urine excretion rates
of these hybrid steroids that are 20 to 30 times normal or by direct
genetic testing. Therapeutically, suppression of ACTH with low-dose
glucocorticoids corrects the hyperaldosteronism, hypertension, and
hypokalemia. Aldosterone antagonists are also therapeutic options.
Patients with familial aldosteronism types II and III are treated with
aldosterone antagonists or adrenalectomy.
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In patients with renal insufficiency, the ratio may also be elevated
because of decreased aldosterone clearance. In patients with an
elevated PA/PRA ratio, the diagnosis of primary aldosteronism can be
confirmed by demonstrating failure to suppress plasma aldosterone to
<277 pmol/L (<10 ng/dL) after IV infusion of 2 L of isotonic saline over
4 h; post-saline infusion plasma aldosterone values between 138 and
277 pmol/L (5–10 ng/dL) are not determinant. Alternative confirmatory tests include failure to suppress aldosterone (based on test specific
criteria) in response to an oral NaCl load, fludrocortisone, or captopril.
Several sporadic and familial adrenal abnormalities may culminate
in the syndrome of primary aldosteronism, and appropriate therapy
depends on the specific etiology. The two most common causes of sporadic primary aldosteronism are an aldosterone-producing adenoma
and bilateral adrenal hyperplasia. Together, they account for >90% of
all patients with primary aldosteronism. The tumor is almost always
unilateral, and most often measures <3 cm in diameter. Most of the
remainder of these patients have bilateral adrenocortical hyperplasia
(idiopathic hyperaldosteronism). Rarely, primary aldosteronism may
be caused by an adrenal carcinoma or an ectopic malignancy, e.g.,
ovarian arrhenoblastoma. Most aldosterone-producing carcinomas,
in contrast to adrenal adenomas and hyperplasia, produce excessive amounts of other adrenal steroids in addition to aldosterone.
Functional differences in hormone secretion may assist in the diagnosis of adenoma vs. hyperplasia. Aldosterone biosynthesis is more
responsive to ACTH in patients with adenoma and more responsive to
angiotensin in patients with hyperplasia. Consequently, patients with
adenoma tend to have higher plasma aldosterone in the early morning
that decreases during the day, reflecting the diurnal rhythm of ACTH,
whereas plasma aldosterone tends to increase with upright posture in
patients with hyperplasia, reflecting the normal postural response of
the renin-angiotensin-aldosterone axis. However, there is overlap in
the ability of these measurements to discriminate between adenoma
and hyperplasia. Rare familial forms of primary aldosteronism include
glucocorticoid-remediable primary aldosteronism and familial aldosteronism types II and III. Genetic testing may assist in the diagnosis
of these familial disorders.
Adrenal computed tomography (CT) should be carried out in all
patients diagnosed with primary aldosteronism. High-resolution CT
may identify tumors as small as 0.3 cm and is positive for an adrenal
tumor 90% of the time. If the CT is not diagnostic, an adenoma may
be detected by adrenal scintigraphy with 6 β-[I131] iodomethyl-19norcholesterol after dexamethasone suppression (0.5 mg every 6 h for
7 days); however, this technique has decreased sensitivity for adenomas <1.5 cm.
When carried out by an experienced radiologist, bilateral adrenal
venous sampling for measurement of plasma aldosterone is the most
accurate means of differentiating unilateral from bilateral forms of
primary aldosteronism. The sensitivity and specificity of adrenal
venous sampling (95% and 100%, respectively) for detecting unilateral
aldosterone hypersecretion are superior to those of adrenal CT; success
rates are 90–96%, and complication rates are <2.5%. One frequently
used protocol involves sampling for aldosterone and cortisol levels
in response to ACTH stimulation. An ipsilateral/contralateral aldosterone ratio >4, with symmetric ACTH-stimulated cortisol levels, is
indicative of unilateral aldosterone production.
Hypertension generally is responsive to surgery in patients with
adenoma but not in patients with bilateral adrenal hyperplasia.
Unilateral adrenalectomy, often done via a laparoscopic approach, is
curative in 40–70% of patients with an adenoma. Transient hypoaldosteronism may occur up to 3 months postoperatively, resulting in
hyperkalemia. Potassium should be monitored during this time, and
hyperkalemia should be treated with potassium-wasting diuretics and
with fludrocortisone, if needed. Patients with bilateral hyperplasia
should be treated medically. The drug regimen for these patients, as
well as for patients with an adenoma who are poor surgical candidates,
should include an aldosterone antagonist and, if necessary, other
potassium-sparing diuretics.
Glucocorticoid-remediable hyperaldosteronism is a rare, monogenic autosomal dominant disorder characterized by moderate to

PHEOCHROMOCYTOMA
(See also Chap. 407) Catecholamine-secreting tumors are located
in the adrenal medulla (pheochromocytoma) or in extra-adrenal
paraganglion tissue (paraganglioma) and account for hypertension in
~0.05% of patients. If unrecognized, pheochromocytoma may result in
lethal cardiovascular consequences. Clinical manifestations, including
hypertension, are primarily related to increased circulating catecholamines, although some of these tumors may secrete a number of other
vasoactive substances. In a small percentage of patients, epinephrine
is the predominant catecholamine secreted by the tumor, and these
patients may present with hypotension rather than hypertension. The
initial suspicion of the diagnosis is based on symptoms and/or the
association of pheochromocytoma with other disorders (Table 298-4).
Approximately 20% of pheochromocytomas are familial with autosomal dominant inheritance. Inherited pheochromocytomas may be
associated with multiple endocrine neoplasia (MEN) type 2A and type
2B, von Hippel-Lindau disease, and neurofibromatosis (Table 298-4).
Each of these syndromes is related to specific, identifiable germ-line
mutations. Additionally, mutations of succinate dehydrogenase genes
are associated with paraganglioma syndromes, generally characterized by head and neck paragangliomas. Laboratory testing consists of
measuring catecholamines in either urine or plasma, e.g., 24-h urine
metanephrine excretion or fractionated plasma free metanephrines.
The urine measurement is less sensitive but more specific. Genetic
screening is available for evaluating patients and relatives suspected of
harboring a pheochromocytoma associated with a familial syndrome.
Surgical excision is the definitive treatment of pheochromocytoma and
results in cure in ~90% of patients.
MISCELLANEOUS CAUSES OF HYPERTENSION
Independent of obesity, hypertension occurs in >50% of individuals
with obstructive sleep apnea. The severity of hypertension correlates
with the severity of sleep apnea. Approximately 70% of patients with
obstructive sleep apnea are obese. Hypertension related to obstructive
sleep apnea also should be considered in patients with drug-resistant
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