given, using the lowest dose necessary to suppress excess androgen
production. For achieving fertility, dexamethasone treatment may
be required, but should be only given for the shortest possible time
period to limit adverse metabolic side effects. Biochemical monitoring should include androstenedione and testosterone, aiming for
the normal sex-specific reference range. 17-Hydroxyprogesterone
(17OHP) is a useful marker of overtreatment, indicated by 17OHP
levels within the normal range of healthy controls. Glucocorticoid
overtreatment may suppress the hypothalamic-pituitary-gonadal
axis. Thus, treatment needs to be carefully titrated against clinical
features of disease control. Stress dose glucocorticoids should be
given at double or triple the daily dose for surgery, acute illness,
or severe trauma. Poorly controlled CAH can result in adrenocortical hyperplasia, which gave the disease its name, and may present
as macronodular hyperplasia subsequent to long-standing ACTH
excess (Fig. 406-17). The nodular areas can develop autonomous
adrenal androgen production and may be unresponsive to glucocorticoid treatment.
Mineralocorticoid requirements change during life and are higher
in children, explained by relative mineralocorticoid resistance that
diminishes with ongoing maturation of the kidney. Children with CAH
usually receive mineralocorticoid and salt replacement. However,
young adults with CAH should undergo reassessment of their mineralocorticoid reserve. Plasma renin should be regularly monitored and
kept within the upper half of the normal reference range.

Hartmut P. H. Neumann

Pheochromocytomas and paragangliomas are catecholamine-producing
tumors derived from the sympathetic or parasympathetic nervous
system. These tumors may arise sporadically or be inherited as features
of multiple endocrine neoplasia type 2, von Hippel–Lindau disease, or
several other pheochromocytoma-associated syndromes. The diagnosis of pheochromocytomas identifies a potentially correctable cause of
hypertension, and their removal can prevent hypertensive crises that
can be lethal. The clinical presentation is variable, ranging from an
adrenal incidentaloma to a hypertensive crisis with associated cerebrovascular or cardiac complications.
EPIDEMIOLOGY
Pheochromocytoma is estimated to occur in 2–8 of 1 million persons
per year, and ∼0.1% of hypertensive patients harbor a pheochromocytoma. The mean age at diagnosis is ∼40 years, although the tumors can
occur from early childhood until late in life. The classic “rule of tens”
for pheochromocytomas states that ∼10% are bilateral, 10% are extraadrenal, and 10% are malignant.
ETIOLOGY AND PATHOGENESIS
Pheochromocytomas and paragangliomas are well-vascularized
tumors that arise from cells derived from the sympathetic (e.g., adrenal medulla) or parasympathetic (e.g., carotid body, glomus vagale)
paraganglia (Fig. 407-1). The name pheochromocytoma reflects the
black-colored staining caused by chromaffin oxidation of catecholamines; although a variety of terms have been used to describe these
tumors, most clinicians use this designation to describe symptomatic
catecholamine-producing tumors, including those in extra-adrenal
retroperitoneal, pelvic, and thoracic sites. The term paraganglioma is
used to describe catecholamine-producing tumors in the skull base
and neck; these tumors may secrete little or no catecholamine. In
contrast to common clinical parlance, the World Health Organization
(WHO) restricts the term pheochromocytoma to adrenal tumors and
applies the term paraganglioma to tumors at all other sites.
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CLINICAL FEATURES
Its clinical presentation is so variable that pheochromocytoma has
been termed “the great masquerader” (Table 407-1). Among the presenting manifestations, episodes of palpitation, headache, and profuse
sweating are typical, and these manifestations constitute a classic triad.
The presence of all three manifestations in association with hypertension makes pheochromocytoma a likely diagnosis. However, a pheochromocytoma can be asymptomatic for years, and some tumors grow
to a considerable size before patients note symptoms.
The dominant sign is hypertension. Classically, patients have
episodic hypertension, but sustained hypertension is also common.
Catecholamine crises can lead to heart failure, pulmonary edema,
arrhythmias, and intracranial hemorrhage. During episodes of hormone release, which can occur at widely divergent intervals, patients
are anxious and pale, and they experience tachycardia and palpitations.
These paroxysms generally last <1 h and may be precipitated by surgery, positional changes, exercise, pregnancy, urination (particularly
with bladder pheochromocytomas), and various medications (e.g.,
tricyclic antidepressants, opiates, metoclopramide).
DIAGNOSIS
The diagnosis is based on documentation of catecholamine excess
by biochemical testing and localization of the tumor by imaging.
These two criteria are of equal importance, although measurement
of catecholamines or metanephrines (their methylated metabolites) is
traditionally the first step in diagnosis.
Biochemical testing Pheochromocytomas and paragangliomas synthesize and store catecholamines, which include norepinephrine
(noradrenaline), epinephrine (adrenaline), and dopamine. Elevated
plasma and urinary levels of catecholamines and metanephrines form
the cornerstone of diagnosis. The characteristic fluctuations in the
hormonal activity of tumors results in considerable variation in serial
catecholamine measurements. However, most tumors continuously
leak O-methylated metabolites, which are detected by measurement
of metanephrines.
Catecholamines and metanephrines can be measured by different methods, including high-performance liquid chromatography,
enzyme-linked immunosorbent assay, and liquid chromatography/
mass spectrometry. When pheochromocytoma is suspected on clinical
grounds (i.e., when values are three times the upper limit of normal),
this diagnosis is highly likely regardless of the assay used. However, as
summarized in Table 407-2, the sensitivity and specificity of available
biochemical tests vary greatly, and these differences are important in
assessing patients with borderline elevations of different compounds.
Urinary tests for metanephrines (total or fractionated) and catecholamines are widely available and are used commonly for initial evaluation. Among these tests, those for the fractionated metanephrines
and catecholamines are the most sensitive. Plasma tests are more
convenient and include measurements of catecholamines and metanephrines. Measurements of plasma metanephrine are the most sensitive and are less susceptible to false-positive elevations from stress,
including venipuncture. Although the incidence of false-positive test
results has been reduced by the introduction of newer assays, physiologic stress responses and medications that increase catecholamine
levels still can confound testing. Because the tumors are relatively rare,
borderline elevations are likely to represent false-positive results. In
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The etiology of sporadic pheochromocytomas and paragangliomas 2329
is unknown. However, 25–33% of patients have an inherited condition,
including germ-line mutations in the classically recognized RET, VHL,
NF1, SDHB, SDHC, and SDHD genes or in the more recently recognized SDHA, SDHAF2, TMEM127, and MAX genes. Biallelic gene
inactivation has been demonstrated for the VHL, NF1, and SDH genes,
whereas RET mutations activate receptor tyrosine kinase activity. SDH
is an enzyme of the Krebs cycle and the mitochondrial respiratory
chain. The VHL protein is a component of a ubiquitin E3 ligase. VHL
mutations reduce protein degradation, resulting in upregulation of
components involved in cell cycle progression, glucose metabolism,
and oxygen sensing.
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