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Pheochromocytoma: evaluation, diagnosis, and treatment

Abstract Pheochromocytoma is a catecholamine-pro-
ducing tumor of the sympathetic nervous system. Signs
and symptoms are generally related to catecholamine
excess; these include hypertension, sweating, palpita-
tione, headaches, and anxiety attacks. Abdominal
imaging and 24-h urine collection for catecholamines are
usually be su�cient for diagnosis. Catecholamine
blockade with phenoxybenzamine and metyrosine gen-
erally ameliorates symptoms and is necessary to prevent
hypertensive crisis during surgery. Standard treatment is
laparoscopic adrenalectomy, although partial adrenal-
ectomy is gaining enthusiastic support in familial forms
of pheochromocytoma.

Pheochromocytoma is a catecholamine-producing tu-
mor of the sympathetic nervous system. As such,
pheochromocytoma can occur anywhere between the
glomus jugulare at the base of the skull and the bladder.
About 95% of pheochromocytomas, however, occur in
the adrenal glands. Other catecholamine-producing tu-
mors include chemodectomas, derived from the carotid
body, and ganglioneuromas, derived from postganglio-
nic sympathetic neurons. The clinical manifestations of
pheochromocytomas arise from their excessive produc-
tion of catecholamines, with over half of patients de-
veloping marked hypertension.

Pheochromocytomas have been estimated to be
present in approximately 0.3% of patients undergoing
evaluation for secondary causes of hypertension [41].
Pheochromocytomas are usually curable if diagnosed
and treated properly, but they can be fatal if they are not
diagnosed or are managed inappropriately. Autopsy
series suggest that many pheochromocytomas are not
clinically suspected and that the undiagnosed tumor can
be associated with morbid consequences [42].

Pathology

Pheochromocytomas are composed of small round nests
of cells surrounded by richly vascular septa. The cells
can be small and regular or have marked pleomorphism.
The cytoplasm varies from clear to granular. Some tu-
mors have a less orderly arrangement of cells but
maintain the rich vascular septa. The presence of ne-
crosis, cytologic atypia, increased mitotic atypia, or
vascular invasion can occur in benign tumors, making
histologic determination of malignancy impossible [29].
A malignant tumor, which occurs in 7±15% of patients,
is de®ned by the presence of metastases [12, 22, 34, 35,
42]. Metastases usually occur in the bone, regional
lymph nodes, liver, lung, or brain, in decreasing order
[34].

In all, 72±82% of pheochromocytomas are reported
to occur in a solitary adrenal gland, 3±11% are bilateral,
and 9±19% occur outside the adrenal gland [12, 22, 23,
34, 35, 42]. Pheochromocytomas occur at all ages but are
most common in the fourth through sixth decades of life
[12, 22, 23, 34, 35, 42]. Women and men are similarly
a�ected.

Clinical features

Although the presentation of patients with
pheochromocytoma can be variable, most present with
hypertensive crisis, paroxysmal symptoms suggestive of
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seizure disorder, anxiety attacks, or essential hyperten-
sion that responds poorly to conventional treatment [23,
35, 39].

Hypertension, the hallmark clinical ®nding, is de-
tected in 61±100% of patients with pheochromocytoma
[12, 23, 34, 35, 42]. Hypertension may be sustained or
paroxysmal, with a similar occurrence of each [23, 34,
35]. Signi®cant blood pressure lability is usually present,
demonstrated as distinct crises in patients with sustained
hypertension. These hypertensive episodes can be severe
or malignant and are resistant to standard maneuvers
used in the treatment of essential hypertension [27].

As pheochromocytomas are not innervated, cate-
cholamine release is thought to occur secondary to
changes in blood ¯ow, with tumor necrosis, or in asso-
ciation with physical stimuli. A hypertensive crisis may
be precipitated by abdominal trauma, physical activity,
general anesthesia, surgical manipulation, or, in the case
of bladder pheochromocytoma, voiding.

A hypertensive crisis may occur frequently or at in-
tervals as long as weeks or months. These episodes have
a tendency to increase in frequency, duration, and se-
verity over time. The crisis is usually sudden in onset and
can last from minutes to hours. Headache, profuse
sweating, palpitations, and tachycardia are common
(Table 1). Pallor is commonly seen in association with
marked vasoconstriction. Chest pain or abdominal pain,
a feeling of apprehension or impending doom, nausea,
and vomiting can also occur [35]. Occasionally, myo-
cardial infarction, congestive heart failure, cardiac
arrhythmias, cerebrovascular accident, hemorrhage into
the tumor, renal failure, or dissecting aortic aneurysms
have been observed in patients with a hypertensive crisis.
Flushing occurs rarely with vasodilation.

The chronic release of catecholamines in patients with
pheochromocytoma may be associated with symptoms
and signs of increased metabolic rate and weight loss. At
least half of patients have suppression of insulin pro-
duction and increased hepatic glucose output, leading to
hyperglycemia. Chronic exposure to catecholamine
production can lead to myocardial ®brosis, arterioscle-
rosis, and ischemic enterocolitis.

The high circulating levels of catecholamines found in
patientswith pheochromocytoma are also associatedwith
constriction of the vascular volume, leading to diminished
plasma volume and elevations of hematocrit. Sympathetic
re¯exes can be blunted, leading to orthostatic hypoten-
sion or hypotension or shock during surgery.

Evaluation of children, newly diagnosed patients with
hypertension, patients with hypertension that is resistant
to conventional therapy, or patients with a familial
syndrome associated with pheochromocytoma should
exclude the above-mentioned ®ndings by history and
physical examination [25]. Any patient with a hereditary
form of pheochromocytoma should be evaluated before
pregnancy is contemplated, as a high incidence of ma-
ternal or fetal death has been observed in undiagnosed
patients [23, 30].

Associated diseases

Hereditary forms of pheochromocytoma have been de-
scribed in association with multiple endocrine neoplasia
(MEN) type II, von Hippel-Lindau (VHL) disease, and
von Recklinghausen's neuro®bromatosis [2, 23, 42].

Genetic screening and correlation of genotype with
clinical phenotype is just beginning. Pheochromocyto-
mas have been found to be associated with missense
mutations in the VHL gene in patients with VHL disease
[11, 46]. High-risk mutations in MEN II and ne-
uro®bromatosis have not been described.

Hypercalcemia, erythrocytosis, and Cushing's syn-
drome have been reported as part of pheochromocy-
toma-associated paraneoplastic syndromes [23].
Cholelithiasis is described in 3±23% of patients with
pheochromocytoma [12, 23, 34].

Special clinical situations

Epinephrine-producing tumors

Whereas epinephrine accounts for about 80±85% of
adrenal medullary catecholamine production, most
pheochromocytomas secrete an excess of norepinephrine
[29]. In contrast to most pheochromocytomas, the un-
common epinephrine-secreting tumors are associated
with hypotension and shock after alpha-blockade due to
the powerful beta-adrenergic e�ects of epinephrine
[30, 47]. Sweating, palpitations, nausea, and impaired
glucose tolerance are also commonly seen in patients
with these tumors [47].

Malignant tumors

The treatment of malignant pheochromocytoma consists
of surgical resection of recurrences, when possible, and
adequate alpha-blockade to minimize symptoms. Che-
motherapy using cyclophosphamide, vincristine, and

Table 1 Pheochromocytoma symptoms: incidence of symptoms in
324 patients presenting with pheochromocytoma [24, 35, 39]

Symptom Range (%)

Headache 43±80
Anxiety 15±72
Sweating 37±71
Palpitations 44±71
Abdominal pain 14±62
Chest pain 0±50
Pallor 42±44
Nausea 10±42
Dyspnea 15±39
Tremor 13±38
Weight loss 7±23
Flushing 4±19
Visual disturbance 11±22
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dacarbazine has resulted in a 57% tumor response and a
79% biochemical response, although the duration of
response has been limited [4]. Palliation of bony metas-
tases with radiation has been successful. Attempts to
take advantage of pheochromocytoma uptake of MIBG
by labeling of the compound with 131I has had mixed
results. A partial response has been observed in as many
as a third of patients treated in this fashion [36].

Diagnostic evaluation

Function studies

A 24-h collection of urine for analysis of catecholamines
and metabolites is performed for the diagnosis of
pheochromocytoma. Urine should be properly acidi®ed
and chilled until evaluation is performed. Measurement
of urine creatinine excretion can be used to ensure that
an adequate collection is obtained. The enzyme phenyl-
ethanolamine-N-methyl transferase, which converts
norepinephrine to epinephrine, is found largely in the
adrenal gland or organ of Zuckerkandl. Most pheo-
chromocytomas, therefore, predominantly secrete nor-
epinephrine and its metabolites. Tumors located in these
sites are associated with 20% or more of the total
catecholamines secreted as epinephrine.

The usefulness of urinary catecholamine excretion as
well as the higher cost and limited sensitivity and speci®-
city of plasma catecholamine determinations have con-
tributed to their infrequent use. Plasma metanephrines
may represent a more accurate test for pheochromocy-
toma [19]. Plasma catecholamine testing is enhanced by
suppression of sympathetic nervous activity. Clonidine,
an alpha-2 agonist, does not suppress plasma levels in
patients with pheochromocytoma and is used to exclude
patients with essential hypertension [7, 8]. A provocative
test is used when there is clinical suspicion of
pheochromocytoma, but catecholamine secretion is not
diagnostic. Glucagon has no e�ect on blood pressure in
patients with essential hypertension but can cause release
of catecholamines and/or hypertensive crisis in patients
with pheochromocytoma [17, 38]. Plasma catechol-
amines, glucagon stimulation, and clonidine suppression
are felt to be complementary in patients in whom the
diagnosis of pheochromocytoma is not clear [8, 14].

Imaging and localization studies

Computed tomography yields excellent imaging of
abdominal and thoracic pheochromocytoma [12, 40].
Magnetic resonance imaging (MRI) has also been found
to be very sensitive in pheochromocytoma detection [21].
The T2 -weighted image of MRI gives a high intensity
signal in patients with pheochromocytoma, which is seen
as a very bright image. Arteriography is contraindicated
because of the high incidence of hypertensive crisis [10].

Meta-iodobenzylguanidine (MIBG) is a physiologic
analog of norepinephrine and is taken up and stored in
neurosecretory granules. When labeled with radioactive
iodine ± 123I or 131I ± it is useful in imaging the adrenal
medulla and related tumors such as pheochromocytoma
[6, 25]. MIBG imaging is thus a diagnostic test for
pheochromocytoma and is useful for the detection of
extra-adrenal, metastatic, or recurrent sites of disease or
when whole-body imaging is important [21, 37].

Adrenal vein sampling for norepinephrine and epi-
nephrine is occasionally helpful when other testing is not
diagnostic for pheochromocytoma [9, 26].

Differential diagnosis

Patients with essential hypertension, renovascular hy-
pertension, hypertension of pregnancy, anxiety attacks,
pressor crises associated with the withdrawal of some
antihypertensive agents, self-administration of sym-
pathomimetic amines, intracranial tumors, and epilepsy
can present with signs or symptoms similar to those
displayed by patients with pheochromocytoma.

Current management

Preoperative blockade

In the era prior to the introduction of adrenergic
blockade, pheochromocytoma surgical mortality ranged
from 24% to 50% [20, 32]. Catecholamine release re-
lated to induction of anesthesia or tumor manipulation
often led to severe hypertension, arrhythmias, or stroke.
Medical blockade of tumor catecholamines has been
associated with a signi®cant decrease in mortality (Ta-
ble 2). Alpha-adrenergic blockade with phenoxybenz-
amine is routinely performed with 10 mg every 12 h for 2
weeks prior to surgery. The drug dose may be increased
to control hypertensive episodes. The average dose is

Table 2 Preoperative medical blockade of pheochromocytoma

2 weeks before surgery:
Oral phenoxybenzamine
10 mg two times daily
Increase the dose to 0.5 mg/kg given daily in two divided
doses to control blood pressure or symptoms

Beta-adrenergic blockers
Given to patients with tachycardia (pulse greater than 100)
after adequate alpha-blockade. Administration of propranolol
before alpha-blockade can worsen hypertension secondary to
unopposed vasoconstriction

Metyrosine
250 mg every 6 h
Increase dose to 250±500 mg/day to control blood pressure or
symptoms (maximal dose 4 g/day)

Night before surgery:
At 12 a.m. give phenoxybenzamine at 1 mg/kg and
metyrosine at 1 g

37



0.5 mg/kg per day. At midnight on the night before
surgery, patients are given a ®nal preoperative dose.
Because of associated orthostatic hypotension the pa-
tient must remain in bed with the side rails up. A beta-
blocker can be added to blunt the re¯ex tachycardia
sometimes associated with alpha-blockade.

Metyrosine, a tyrosine hydroxylase inhibitor, has
been an important addition to the preoperative medical
blockade of pheochromocytoma [3, 31]. Metyrosine
blocks the conversion of tyrosine to DOPA by the en-
zyme tyrosine hydroxylase the rate-limiting step in the
production of catecholamines [32]. This blockade can
decrease catecholamine production by 50±80%. At 2
weeks prior to surgery the patients is begun on mety-
rosine at 250 mg every 8 h. The night before surgery a
1-g dose is given at midnight. Metyrosine has been as-
sociated with the need for less intraoperative medication
for the control of blood pressure, lower intraoperative
¯uid requirements, and lower blood loss [31]. Fewer
than 10% of patients have poor tolerance of metyrosine
with excessive sedation, depression, hallucinations, extra
pyramidal signs, sleep disturbances, or tremor. High
doses, greater than 4 g/day, are associated with urinary
crystal formation. Combined blockade with a liberal salt
diet allows restoration of the contracted plasma volume,
making surgery safer.

Surgery

In the operating room, in addition to routine anesthetic
monitoring, two large-bore venous catheters and an
arterial blood-pressure-monitoring line are inserted.
Patients with cardiac disease may require a Swan-Ganz
catheter for monitoring of pulmonary capillary wedge
pressure. Anesthetic agents that do not sensitize the
heart to catecholamines, such as en¯urane or iso¯urane,
are used. Maneuvers that are especially associated with
the outpouring of catecholamines by pheochromocy-
toma are intubation and tumor manipulation.

If the plasma volume has not been adequately reex-
panded by pre-operative blockade, hypotension can
occur after the tumor, the source of circulating cate-
cholamines, has been removed. This is best treated with
¯uid replacement. Pharmacologic treatment of hypo-
tension is blunted by the preoperative blockade.

Modern imaging techniques and medical blockade
have supplanted the need for full abdominal exploration
and palpation as part of the examination for
pheochromocytoma [28]. This localization has allowed
the use of more focused surgical approaches, such as
laparoscopy. As compared with open surgical ap-
proaches, laparoscopic techniques have been shown to
be associated with lower narcotic requirements, a
shorter hospital stay, and a more rapid return to normal
activity [15, 44, 45]. There has been no di�erence in
hemodynamic changes or need for intra-operative anti-
hypertensive treatment among open and laparoscopic
techniques for the removal of pheochromocytoma [44].

The operative time, blood loss, and intraoperative
transfusion requirement in patients undergoing lap-
aroscopic or open adrenalectomy do not di�er [5, 15, 33,
44]. Patients with pheochromocytoma can safely un-
dergo laparoscopic removal of their tumors [5, 15, 33,
44].

Patients with hereditary forms of pheochromocytoma
are predisposed to develop bilateral tumors. In an e�ort
to preserve adrenal cortical function and maintain
quality of life, some clinicians have recommended partial
adrenalectomy [1, 18, 43]. Only recently have these
techniques been attempted laparoscopically [16].

Postoperative care

Careful monitoring of volume status and reexpansion of
the contracted plasma volume are needed to prevent
hypotension. The e�ect of pressor drugs is blunted until
the preoperative blockade wears o� at about 24 h after
surgery. The half-life of phenoxybenzamine is 24 h and
that of metyrosine is 4 h [32]. Hypoglycemia may be
transiently observed until increased insulin production
caused by elevated levels of plasma catecholamines
normalizes. The use of 5% dextrose intravenous solution
is usually su�cient to prevent this problem [32, 34].

Residual nonparoxysmal hypertension is seen in 27±
38% of patients after removal of a pheochromocytoma
[12, 34, 36]. In the initial postoperative period this may
be related to overcorrection of ¯uid volume or pain,
whereas its later occurrence has been attributed to es-
sential hypertension [32, 34, 36].

Follow-up after surgical removal of sporadic
pheochromocytoma is recommended at 3 and 6 months
after surgery. Thereafter, yearly catecholamine deter-
minations and physical examination for at least 5 years
are recommended. The 5-year patient survival after re-
moval of benign pheochromocytoma has ranged from
84% to 96% [20, 23, 34].
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