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heochromocytomas are chromatffin cell tumors,

usually originating in the adrenal medulla, that

can secrete epinephrine (adrenaline), norepi-

nephrine (noradrenaline), and/or dopamine.
This tumor has been “likened to a pharmacologic
bomb that may suddenly secrete massive amounts of
catecholamines and cause marked elevations of blood
pressure.”! If these occasionally “silent bombs” are not
quickly recognized and treated, they can lead to fatal
cardiovascular disease. Therefore, the most crucial step
in diagnosing a pheochromocytoma is to include it in
the differential diagnosis.

In the past decade, there have been numerous ad-
vances in the biochemical diagnosis and localization
techniques for pheochromocytomas. Furthermore, on-
going studies in antihypertensive treatment and modern
surgical methods have transformed the therapeutic
approach to these tumors. This article reviews the epi-
demiology, risk factors, clinical features, and advances in
diagnosis and management of pheochromocytomas.

EPIDEMIOLOGY
The “Rule of 10s”

Clinicians have conventionally been taught the “rule
of 10s” as an epidemiologic guide to pheochromocy-
tomas. The rule of 10s states that 10% of pheochrom-
ocytomas are extra-adrenal (of which 10% of these are
extra-abdominal), 10% are malignant, 10% are bilater-
al, 10% are found in patients without hypertension, and
10% are familial. However, recent studies suggest that
up to 98% of pheochromocytomas occur in the abdo-
men and pelvis, less than 2% occur in the chest, and
0.2% occur in the neck.! In addition, the incidence of
malignant pheochromocytomas appears to be closer to
between 13% and 26%.? Finally, in a cohort of 271 pa-
tients with sporadic pheochromocytoma and no family
history of the disorder, 66 patients (24%) had germline
mutations for 1 of 4 pheochromocytoma-susceptibility
genes.” Although the rule of 10s has been an historic
guideline, it appears that this axiom may be outdated.
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TAKE HOME POINTS

® The “rule of 10s” is an outdated axiom that can no
longer be used as an epidemiologic guide to pheo-
chromocytomas.

¢ Genetic testing should be performed in the follow-
ing groups: patients with a family history of pheo-
chromocytoma, patients with bilateral or multifocal
tumors or malignant or extra-adrenal pheochro-
mocytoma, and patients who are aged 50 years or
younger when diagnosed with pheochromocytoma.

¢ Plasma free metanephrine levels are the biochemi-
cal test of choice for excluding pheochromocyto-
mas.

¢ Computed tomography scanning and magnetic
resonance imaging should be used as first-line
imaging modalities for localizing pheochromocy-
tomas.

Incidence

Pheochromocytomas can occur in patients of any
age, and their incidence is similar in male and female
patients. It is estimated that 1 to 8 (0.0001%-0.0008%)
cases of pheochromocytoma occur per million persons
annually; however, these tumors occur more frequently
in certain populations.* First, the incidence of this disor-
der increases with advancing age, with the prevalence
approaching 0.1% in elderly persons.? Second, the
prevalence of pheochromocytoma is between 4% and
6.5% in patients who have an incidental adrenal tumor.”
Third, the incidence of genetic predisposition to pheo-
chromocytoma is between 10% and 20% in patients

Dr: Nguyen-Martin is a fellow, Division of Metabolism, Endocrinology, and
Diabetes, and Dr. Hammer is an associate professor, Department of Internal
Medicine; both are at the University of Michigan, Ann Arbor, MI.

Hospital Physician February 2006 17



Nguyen-Martin & Hammer

Pheochromocytoma : pp.

17-24

Table I. Most Common Hereditary Disorders Associated
with Pheochromocytoma

Syndrome Gene Clinical Features
MEN2 RET
Type A Medullary thyroid carcinoma,
primary hyperparathyroidism
Type B Medullary thyroid carcinoma,

ganglioneuromas, marfanoid
habitus

VHL disease VHL

Type 2A Hemangioblastoma, low risk of
renal cell carcinoma

Hemangioblastoma, high risk of
renal cell carcinoma

Pheochromocytoma only

Type 2B

Type 2C

NF1 NFI Neurofibromas, café-au-lait spots,
axillary or inguinal freckling,

optic nerve glioma

PGLI/PGL4 SDHD/SDHB Skull base tumors

Adapted from Elder EE, Elder G, Larsson C. Pheochromocytoma and
functional paraganglioma syndrome: no longer the 10% tumor. | Surg
Oncol 2005;89:193-201; and Kim WY, Kaelin WG. Role of VHL
gene mutation in human cancer. | Clin Oncol 2004;22:4991-5004.

MEN2 = multiple endocrine neoplasia Il; NFI = neurofibromatosis
type |; PGL = paraganglioma; SDHB = succinate dehydrogenase sub-
unit B; SDHD = succinate dehydrogenase subunit D; VHL = von
Hippel-Lindau.

diagnosed with an apparent pheochromocytoma.” Fin-
ally, this neuroendocrine tumor is found in up to 5% of
patients evaluated for hypertension with suggestive clini-
cal symptoms (eg, headache, diaphoresis, palpitations).?

Genetic Predisposition

All hereditary forms of pheochromocytoma are auto-
somal dominant and include multiple endocrine neo-
plasia type II (MENZ2), von Hippel-Lindau (VHL)
disease, von Recklinghausen’s neurofibromatosis or
neurofibromatosis type 1 (NF1), and the familial para-
ganglioma (PGL) syndromes 1 and 4. Tumors in MEN2
are the result of a mutation in the proto-oncogene
RET. VHL disease is caused by the loss of the tumor
suppressor gene VHL. Interestingly, pheochromocy-
tomas are evident in VHL types 2A, 2B, and 2C but not
in VHL type 1.° The NF1 tumor suppressor gene is
responsible for tumor formation in neurofibromatosis.
Finally, familial PGL1 and PGL4 are caused by muta-
tions in SDHD (succinate dehydrogenase subunit D)
and SDHB (succinate dehydrogenase subunit B),
respectively. Table 1 describes the features of the
4 most common hereditary disorders associated with
pheochromocytoma. For nonsyndromic or sporadic
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pheochromocytoma, the overall likelihood that the
patient has a germline mutation is variable: 5% for
RET, 10% to 15% for VHL, 2% for NF1, and 1% to 4%
for SDHD and SDHB.?-® However, early onset (age
< 35 years) or a family history of pheochromocytoma
increase the likelihood that the patient has a mutation to
6.3% and 16.7%, respectively.’

Some clinical characteristics can help distinguish
sporadic from germline pheochromocytomas. First,
the occurrence of bilateral or multiple adrenal tumors
suggests a germline mutation.'’ Second, patients with
MEN2 or VHL disease (who usually exhibit abdominal
pheochromocytoma) present at a younger age, with
fewer symptoms, and milder hypertension than patients
with nonhereditary pheochromocytoma.'” One study
showed that the mean age at diagnosis of pheochro-
mocytoma for patients with VHL disease was 29.9 years
versus 39.7 years for sporadic cases.!" Although intra-
abdominal pheochromocytoma can be found in NFI,
this disease is always accompanied by other clinical fea-
tures, such as neurofibromas and café-au-lait spots.®
Last, PGL syndromes present as skull base tumors.®
Therefore, the associated features for each of the
hereditary disorders help distinguish between heredi-
tary versus sporadic pheochromocytoma. Screening for
genetic mutations is critically important when it can
help identify patients who are at risk for developing
multiple tumors.

Currently, genetic testing is recommended for pa-
tients with a family history of pheochromocytoma,
patients with bilateral or multifocal tumors or malignant
or extra-adrenal pheochromocytoma, and patients aged
50 years or younger when diagnosed with pheochromo-
cytoma.®?

CLINICAL FEATURES

Although it is a rare tumor, pheochromocytoma is
often considered in many clinical scenarios given its
myriad presentations. Symptoms become evident with
massive catecholamine release, which can be induced by
positional change (eg, standing, head-up tilt test), in-
creased abdominal pressure, trauma, labor (in pregnant
women), anesthesia, surgery, stress, exercise, drugs, or
food."” For example, patients with a pheochromocy-
toma exhibit an average decrease of 14 mm Hg in sys-
tolic blood pressure during a head-up tilt test versus an
average of 4 mm Hg in patients with essential hyper-
tension."” The presentation of pheochromocytoma can
range from normotensive and asymptomatic in pa-
tients with hereditary pheochromocytoma or small
incidentalomas to potentially lethal symptoms in pa-
tients with larger, more functional, sporadic tumors.
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Hypertension is paroxysmal in 48% of patients, persis-
tent in 29%, and absent in 13%."* However, many
patients exhibit 1 of the following signs and symptoms:
hypertensive crisis, anxiety/panic attack, seizure, or
essential hypertension unresponsive to conventional
measures.” Clinical symptoms can occur intermittently
on a daily basis or as infrequently as weekly or monthly.
Individual episodes can last from a few minutes to
many hours before gradually waning, leaving the pa-
tient fatigued.'

Characteristics that should signal a work-up for
pheochromocytoma include hypertension refractory
to multiple medications, wide swings in blood pressure,
paradoxic response to antihypertensives (especially
B-blockers), unexplained spells of dizziness, orthostatic
hypotension in the absence of medication, a family his-
tory indicating risk for developing pheochromocy-
toma, or an incidental adrenal mass.!>!® In addition to
hypertension, the most common symptoms include
headaches (80%) described as intense and global, pal-
pitations (64%), and diaphoresis (57%)."*!" Less typi-
cal presentations include tremor, anxiety, weakness,
nausea, vomiting, flushing, chest or abdominal pain,
constipation, ileus, and/or megacolon.'® Moreover, up
to 8% of patients with pheochromocytomas are com-
pletely asymptomatic, especially those with 1 of the 4
genetic syndromes associated with pheochromocytoma
or patients with large cystic tumors.'” The incidence of
various symptoms in patients with pheochromocytoma
is presented in Table 2.

DIFFERENTIAL DIAGNOSIS

Severe paroxysmal hypertension (pseudopheochro-
mocytoma) can manifest with symptoms similar to
pheochromocytoma. Patients with this syndrome have
only mildly elevated baseline blood pressures but pre-
sent with hypertensive episodes marked by peak blood
pressure greater than 200/110 mm Hg followed by
periods of severe exhaustion.'” Labile hypertension
can also be mistaken for pheochromocytoma. Patients
with labile hypertension report a definitive relationship
between stress or emotional distress and elevated blood
pressure, whereas patients with pheochromocytoma do
not. Last, patients with panic disorder can present with
psychiatric manifestations similar to the paroxysmal
anxiety experienced with pheochromocytoma. How-
ever, a feeling of impending doom is the predominant
feature in a true panic attack, with only mild elevations
in blood pressure. In addition, the following conditions
can cause a secondary elevation in plasma catechol-
amines: intracranial lesions, seizure, acute abdomen,
eclampsia, shock, carcinoid syndrome, Guillain-Barré
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Table 2. Incidence of Symptoms in 324 Patients Presenting
with Pheochromocytoma

Symptom Range (%)

Classic triad
Headache 43-80
Palpitations 44-71
Diaphoresis 37-71

Less typical presentations
Anxiety 15-72
Palpitations 44-71
Abdominal pain 14-62
Weakness 8-58
Chest pain 0-50
Hyperglycemia > 50
Pallor 42-44
Nausea 10-42
Dyspnea 15-39
Tremor 13-38
Weight loss 7-23
Cholelithiasis 3-23
Flushing 4-19
Visual disturbance 11-22

Adapted from Ross EJ, Griffith DNW. The clinical presentation of
pheochromocytoma. Q | Med 1989;71:485. By permission of Oxford
University Press.

syndrome, hypoglycemia, myocardial ischemia, cere-
brovascular accident, cocaine abuse, and severe conges-
tive heart failure.!*? If there is a high pretest probabili-
ty of pheochromocytoma (ie, hypertension in addition
to headache, palpitation, or diaphoresis), then pheo-
chromocytoma should be ruled out first before assess-
ing for these other conditions.

DIAGNOSTIC EVALUATION
Biochemical Studies

The laboratory diagnosis of pheochromocytomas
can be difficult because catecholamines are produced
not only by the adrenal medulla but also by sympathetic
nerves; therefore, high catecholamine levels are not
specific to pheochromocytomas. In addition, the tumor
may not produce adequate catecholamine amounts to
induce the common signs and symptoms or elicit a pos-
itive biochemical result. Complicating the diagnosis,
these neuroendocrine tumors secrete heterogeneous
patterns of catecholamines and their metabolites; con-
sequently, the simultaneous measurement of more than
1 analyte had been the traditional recommendation
until recently.'®

Current studies show that plasma free metanephrine
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Table 3. Factors That Can Cause a False-Positive Diagnosis
of Pheochromocytoma

Drugs
Acetaminophen
Tricyclic antidepressants
Antipsychotics
Levodopa
Ethanol
Clonidine withdrawal

Phenoxybenzamine
Diet

Caffeinated beverages
Decaffeinated beverages

Nicotine
Stressors

Myocardial infarction
Cerebrovascular accident

Cocaine abuse

Congestive heart failure class lll/IV
Standing

Emotional stress

levels are the biochemical test of choice for excluding
pheochromocytomas.?'* A plasma free metanephrine
level less than 61 ng/L (0.31 nmol/L) excludes a pheo-
chromocytoma, whereas a level above 236 ng/L
(1.2 nmol/L) confirms the diagnosis; a value between
62 and 235 ng/L requires additional testing.'” Meta-
nephrine possesses the advantage of having a long plas-
ma half-life when compared with the episodic nature of
catecholamines released from normal and tumoral tis-
sue. The sensitivity for plasma metanephrine is 97% in
hereditary and 99% in sporadic cases. Furthermore, a
large cohort study found that the median plasma meta-
nephrine level was increased by sevenfold in hereditary
and 21-fold in sporadic pheochromocytoma.?? In this
same study, the authors conclude that combining differ-
ent tests does not improve the diagnostic yield beyond
that of a single test of plasma free metanephrine levels.
However, because the pretest probability of pheochro-
mocytoma in patients with hypertension and provoca-
tive symptoms is only 0.5%,'” and because these are rare
tumors with low prevalence, the false-positive rate of
free plasma metanephrine can exceed the true positive
rate.

In a patient with positive plasma metanephrines, the
posttest probability of pheochromocytoma varies
among different risk groups: 3% in a patient with hy-
pertension, 25% in a patient with an adrenal inciden-
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taloma, and 82% in a patient with MEN2A.'® The post-
test probability of pheochromocytoma when the test is
negative for the aforementioned groups is: 0.02%, 0.2%,
and 2.7%, respectively.'® Since the 24-hour urinary total
metanephrines and catecholamines have a specificity
up to 99% and yield fewer false-positive results, urine
studies are a suitable alternative for ruling out pheo-
chromocytoma. Although plasma metanephrines are
superior for high-risk patients with a hereditary dispo-
sition, urinary measures may be preferred in those at
low risk for pheochromocytoma.

Drugs, diet, and stressors can result in elevated plas-
ma catecholamines, which can confound diagnostic
studies (Table 3). Acetaminophen can interfere with
plasma metanephrine assays; therefore, it should not
be administered 5 days prior to biochemical testing.
Other medications that may affect laboratory assays
include tricyclic antidepressants and antipsychotics, le-
vodopa, ethanol, withdrawal from clonidine, and phe-
noxybenzamine.?** Both caffeinated and decaffeinat-
ed beverages contain the catechol caffeic acid, which
interferes with assays of plasma catecholamines and
metanephrines.® Nicotine can also affect results be-
cause it raises plasma catecholamine levels.? Finally,
standing and emotional stress stimulate the release of
catecholamines. To minimize these sources of false-
positive catecholamine elevation, interfering medica-
tions should be stopped at least 2 weeks prior and blood
samples should be drawn in the supine position after an
overnight fast.

When the diagnosis is equivocal, more advanced test-
ing may be required, usually under the guidance of an
endocrinologist. Because the adrenal medulla is not the
sole origin of norepinephrine, the clonidine suppres-
sion test is helpful in distinguishing between elevated
norepinephrine levels secondary to sympathetic nerves
versus true pheochromocytoma. Failure to suppress
norepinephrine levels by at least 50% denotes a positive
test (ie, pheochromocytoma).'” Several factors can affect
this test: false negatives can be caused by an intermittent-
ly secreting tumor, whereas false positives can be caused
by diuretics or tricyclic antidepressants. The glucagon
stimulation test is occasionally employed when plasma
metanephrine levels are elevated but catecholamines
are either normal or only moderately high. This highly
specific test is positive (ie, pheochromocytoma) when
there is at least a threefold increase in norepinephrine
levels in response to glucagon.'” However, this test can
be fatal in patients with a pheochromocytoma because it
can produce dangerous increases in blood pressure.
Patients undergoing either test should be closely moni-
tored for hypotension (clonidine suppression test) and
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hypertension (glucagon stimulation test). The Figure
depicts an algorithm for the biochemical tests pertinent
to the work-up of pheochromocytoma.

Imaging and Localization Studies

Once biochemical confirmation is obtained, medical
decision making must focus on tumor localization and
medical management. Computed tomography (CT)
scanning can detect adrenal pheochromocytomas
between 0.5 and 1.0 cm in size. As most of these tumors
are at least 3 cm, CT can detect adrenal pheochro-
mocytomas with a sensitivity of 99%.?' Unenhanced CT
followed by contrast-enhanced and delayed contrast-
enhanced CT imaging yields a sensitivity of 98% for ade-
nomas as compared with other nonadenomatous tumors
limited to the adrenal glands.*** Most adrenal pheochro-
mocytomas exhibit high attenuation (> 10 Hounsfield
units [HU]) on unenhanced or enhanced CT scans as
compared with lipid-rich adenomas. Occasionally, pheo-
chromocytomas may undergo fatty change and exhibit a
low attenuation similar to adenomas (< 10 HU) by CT
and can also mimic adenomas’ typical high contrast
washout profile on delayed scans.®

Magnetic resonance imaging (MRI) also has excel-
lent sensitivity, approaching 100%; however, the sensi-
tivities for both CT and MRI decrease to below 91%
when the tumor is extra-adrenal, metastatic, or recur-
rent.?”* MRI sensitivity drops to 85% when postopera-
tive changes are evident.? Due to their dense capillary
framework, pheochromocytomas appear bright with a
high signal on T2 sequence. Although MRI is more
costly than CT imaging, it has unique advantages. MRI
can be used during pregnancy, allows more precise tis-
sue characterization, and does not require intravenous
contrast or ionizing radiation.* MRI has also been re-
ported to provide superior assessment of the relation-
ship between the tumor and its surrounding vessels and
has the capability of imaging multiple planes, although
modern multidetector CT can be reconstructed in mul-
tiple planes with higher resolution than MRL*

The diagnostic priority in patients with a pheochro-
mocytoma is to not only localize the primary tumor but
also to discover possible metastatic lesions. Although CT
and MRI provide localization and metastatic assess-
ment, scintigraphy with metaiodobenzylguanidine
(MIBG) is often employed to visualize extra-adrenal
and recurrent tumors not detected by conventional
measures. Although ®'T MIBG has a specificity of great-
er than 95%, it is not routinely used to diagnose pheo-
chromocytoma because it only has a sensitivity of
77% 2731 131 MIBG improves sensitivity to almost 90%
because it is particularly useful in detecting tumors
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Clinical suspicion

‘ Plasma metanephrine test ‘

Metanephrine > 236 ng/L
Diagnosis confirmed

Metanephrine
62-235 ng/L
Localization

(CT, MRI,
MIBG)

Metanephrine < 61 ng/L
Tumor excluded

Rule out false positives
1) Drugs: acetaminophen, phenoxybenzamine, TCA
2) Diet: cafffeinated/decaffeinated beverages
3) Stressors: smoking, standing, emotional stress

‘ Repeat plasma metanephrine test‘

s

Metanephrine level normal
Tumor excluded

Metanephrine > 61 ng/L
Refer to endocrinologist

Figure. Algorithm for biochemical diagnosis of pheochromocy-
toma. CT = computed tomography; MIBG = metaiodobenzyl-
guanidine; MRI = magnetic resonance imaging; TCA = tricyclic
antidepressant.

with fibrosis or tumors in unusual locations or areas
with distorted anatomy; however, it is only available at
large academic institutions in the United States.*~**
Table 4 compares the different performance character-
istics for CT, MRI, and MIBG.

An advanced imaging technique occasionally em-
ployed in difficult pheochromocytoma cases is positron
emission tomography (PET) scanning. PET scans are
primarily used to obtain information on the extent of
metastatic disease. PET scan possesses several qualities
that make it superior to MIBG: radiation risk is re-
duced, better temporal and spatial resolution is ob-
tained, and pheochromocytoma can be detected with-
in 2 to 5 minutes versus the 24 to 48 hours needed
for MIBG.?® Although additional imaging agents
are available, including '"'C-hydroxyephedrine and
6-['®F]Fluorodopamine, these modalities, including
PET scans, are very expensive and commercially limited.

MALIGNANT PHEOCHROMOCYTOMA

Although the prevalence of malignancy in pheo-
chromocytoma is often cited at 10%, it can be as high as
26%.% The detection of possible metastases is crucial
because it can determine whether surgery, chemothera-
py and/or radiation, or prolonged antihypertensive
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Table 4. Statistical Values for Various Localization
Techniques

CT (%) MRI (%) MIBG (%)
Sensitivity > 9g* 100% 78t
Specificity 70 67 100
Positive predictive value 69 83 100
Negative predictive value 98 100 87

Data from Witteles RM, Kaplan EL, Roizen MF. Sensitivity of diagnos-
tic and localization tests for pheochromocytoma in clinical practice.
Arch Intern Med 2000;160:2521—4; llias |, Pacak K. Current ap-
proaches and recommended algorithm for the diagnostic localization
of pheochromocytoma. J Clin Endocrinol Metab 2004;89:
479-91; and llias |, Yu J, Carrasquillo JA, et al. Superiority of 6-['®F]-
fluorodopamine positron emission tomography versus ['*'I]-
metaiodobenzylguanidine scintigraphy in the localization of metastatic
pheochromocytoma. ] Clin Endocrinol Metab 2003;88:4083—-7.

CT = computed tomography; MIBG = metaiodobenzylguanidine;
MRI = magnetic resonance imaging.

*Sensitivities < 90% when tumor is extra-adrenal, metastatic, or re-
current or when postoperative changes are present.

TValue is for 13!l MIBG; sensitivity increases to almost 90% using '%I
MIBG.

therapy is required.! Malignancy is defined as “evidence
of metastases at nonchromaffin sites distant from the
primary tumor.” Distant metastases most commonly
affect the lung, liver, and lymph nodes.® Currently,
there is no histopathologic criteria to differentiate be-
tween benign versus malignant tumors other than rou-
tine indices, such as mitotic index and nuclear atypia.
In addition, predicting which tumors will become
malignant is difficult; however, large tumor size and
local tumor extension at surgery greatly raise the suspi-
cion." The 5-year survival rate for malignant pheochro-
mocytoma is variable, ranging from 36% to 74%.2

PREOPERATIVE MEDICAL MANAGEMENT

Most pheochromocytomas are benign, and surgical
intervention can cure up to 90% of these tumors. Pa-
tient survival rates are approximately 98% to 100%.'
Preoperative preparation is essential to avoid hyper-
tensive crises that may be precipitated by intubation,
anesthesia, or tumor manipulation upon removal. An
o-adrenergic blocker must be given prior to administer-
ing a B-adrenergic blocker to avoid unopposed o action,
which can lead to hypertensive crisis. Phenoxybenzamine
(10-40 mg 4 times daily; maximum, 300 mg/d), an
o-adrenergic blocker, is the common drug of choice;
however, it has many disadvantages. It takes 2 to 3 weeks
for intravascular volume expansion to occur (to assist
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in volume repletion, liberal salt intake is allowed), sig-
nificant elevations in blood pressure can be seen dur-
ing surgery, postoperative hypotension can occur if the
a-blockade is too strong, and there is no evidence that
a-blockade reduces perioperative mortality.””* To
avoid these disadvantages, selective o,-blockers (eg,
prazosin, terazosin, doxazosin) can be used because
their shorter duration of action decreases the severity
of postoperative hypotension and they do not cause
reflex tachycardia.'** After adequate o-blockade is
achieved, B-blockers, such as propranolol (5-40 mg
4 times daily), can then be given to patients who contin-
ue to have tachycardia and arrhythmias. Adequate
a-blockade is achieved once the patient’s symptoms and
blood pressure are controlled (blood pressure, < 160/
90 mm Hg). Calcium channel blockers have also been
used with some success and do not cause overshoot
hypotension." In more resistant cases, the combina-
tion of a calcium channel blocker and an a-blocker
can provide optimal blood pressure control.* Another
option is metyrosine (tyrosine hydroxylase inhibitor),
which blocks the rate-limiting step of catecholamine
synthesis. The above medications are generally started
10 to 14 days prior to surgery, with a goal blood pressure
of less than 160/90 mm Hg.

SURGICAL MANAGEMENT

In 1926, Cesar Roux in Switzerland and Charles H.
Mayo in the United States were credited with curing
pheochromocytoma by surgical resection.? Currently,
unilateral pheochromocytoma is routinely treated with
unilateral adrenalectomy (laparoscopic or open based
on size). With technologic advances and greater expe-
rience with laparoscopic surgery, there is now less intra-
operative hypotension, less hypotensive episodes, and a
faster postoperative course compared with the open
approach.*” Bilateral and/or metastatic pheochromo-
cytoma are challenging therapeutic dilemmas. Debulk-
ing surgery and systemic chemotherapy or '*I MIBG
therapy often require the involvement of multiple sub-
specialty physicians at specialty care hospitals. A de-
tailed discussion of theses modalities is beyond the
scope of this article.

POSTOPERATIVE CARE AND FOLLOW-UP

Surprisingly, even after successful surgery, 27% to
38% of patients continue to have residual nonparoxys-
mal hypertension,'” necessitating continual surveil-
lance and treatment of any persistent hypertension. In
10% to 15% of patients, transient hypoglycemia can
occur due to the removal of catecholamine suppression
of insulin secretion.” These patients require frequent
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glucose monitoring and can be treated with 5% dextrose
intravenous solution if necessary. Plasma metanephrine
levels should be measured at 6 weeks and again at
6 months after surgery in all patients.'” Although the risk
is low, tumor recurrence can also occur with sporadic
pheochromocytomas. Therefore, annual biochemical
tests and a physical examination should be continued
for a minimum of 5 years in these patients.* Meticulous
follow-up must be implemented for hereditary forms
of pheochromocytoma because of the increased risk of
tumor recurrence. The 5-year patient survival after tu-
mor removal for benign pheochromocytoma is be-
tween 84% to 96%.*

CONCLUSION

Despite its low incidence, the diagnosis of pheo-
chromocytoma must be considered in numerous clini-
cal situations because it causes such a wide range of
symptoms. Furthermore, if these tumors are not quickly
recognized, life-threatening complications can occur.
Genetic screening for mutations of RET, VHL, SDHD,
and SDHB is an important step in the early diagnosis
and prevention of severe cardiovascular disease. Genet-
ic testing should be offered to first-degree relatives of
patients with germline mutations in RET, VHL, NF1,
SDHD, and SDHB; patients with bilateral or multifocal
tumors; patients with malignant or extra-adrenal pheo-
chromocytoma; and patients who are aged 50 years or
younger when diagnosed. Current guidelines do not rec-
ommend the use of multiple biochemical tests to ex-
clude pheochromocytoma; instead, it is best to order a
single test of plasma free metanephrine. If the plasma
metanephrine test is unavailable, urinary fractionated
metanephrine is a suitable alternative. As CT and MRI
are readily available, they should be used as first-line
imaging modalities for localizing pheochromocytoma.

Phenoxybenzamine, followed by p-blockade, is com-
monly used for preoperative preparation. However, cal-
cium channel blockers and a,-blockers can be used
instead of phenoxybenzamine to avoid the adverse
effects of nonspecific a-blockers. Surgical resection is
the treatment of choice for most pheochromocytomas.
Postoperative follow-up should include annual biochem-
ical tests and a physical examination for at least 5 years.
More frequent monitoring is required for patients with
hereditary forms of pheochromocytoma. HP

Test your knowledge and

comprehension of this article with the
Clinical Review Quiz on page 55.
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