phenoxybenzamine, 0.5–4 mg/kg of body weight). Because patients
are volume-constricted, liberal salt intake and hydration are necessary to avoid severe orthostasis. Oral prazosin or intravenous phentolamine can be used to manage paroxysms while adequate alpha
blockade is awaited. Beta blockers (e.g., 10 mg of propranolol three
or four times per day) can then be added. Other antihypertensives,
such as calcium channel blockers or angiotensin-converting enzyme
inhibitors, have also been used effectively.
Surgery should be performed by teams of surgeons and anesthesiologists with experience in the management of pheochromocytomas. Blood pressure can be labile during surgery, particularly
at the outset of intubation or when the tumor is manipulated.
Nitroprusside infusion is useful for intraoperative hypertensive crises, and hypotension usually responds to volume infusion.
Minimally invasive techniques (laparoscopy or retroperitoneoscopy) have become the standard approaches in pheochromocytoma surgery. They are associated with fewer complications, a faster
recovery, and optimal cosmetic results. Extra-adrenal abdominal and
most thoracic pheochromocytomas also can also be removed endoscopically. Postoperatively, catecholamine normalization should be
documented. An adrenocorticotropic hormone test should be used
to exclude cortisol deficiency when bilateral adrenal cortex–sparing
surgery has been performed.

PHEOCHROMOCYTOMA IN PREGNANCY
Pheochromocytomas occasionally are diagnosed in pregnancy.
Endoscopic removal, preferably in the fourth to sixth month of gestation, is possible and can be followed by uneventful childbirth. Regular
screening in families with inherited pheochromocytomas provides an
opportunity to identify and remove asymptomatic tumors in women
of reproductive age.
PHEOCHROMOCYTOMA-ASSOCIATED SYNDROMES
About 25–33% of patients with a pheochromocytoma or paraganglioma have an inherited syndrome. At diagnosis, patients with inherited syndromes are a mean of ∼15 years younger than patients with
sporadic tumors.
Neurofibromatosis type 1 (NF1) was the first described pheochromocytoma-associated syndrome (Chap. 118). The NF1 gene functions
as a tumor suppressor by regulating the Ras signaling cascade. Classic
features of neurofibromatosis include multiple neurofibromas, café au
lait spots, axillary freckling of the skin, and Lisch nodules of the iris
(Fig. 407-2). Pheochromocytomas occur in only ∼1% of these patients
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MALIGNANT PHEOCHROMOCYTOMA
About 5–10% of pheochromocytomas and paragangliomas are malignant. The diagnosis of malignant pheochromocytoma is problematic.
The typical histologic criteria of cellular atypia, presence of mitoses,
and invasion of vessels or adjacent tissues are insufficient for the diagnosis of malignancy in pheochromocytoma. Thus, the term malignant
pheochromocytoma is restricted to tumors with distant metastases,
most commonly found by nuclear medicine imaging in lungs, bone,
or liver—locations suggesting a vascular pathway of spread. Because
hereditary syndromes are associated with multifocal tumor sites, these

features should be anticipated in patients with germ-line mutations of 2331
RET, VHL, SDHD, or SDHB. However, distant metastases also occur in
these syndromes, especially in carriers of SDHB mutations.
Treatment of malignant pheochromocytoma or paraganglioma is
challenging. Options include tumor mass reduction, alpha blockers
for symptoms, chemotherapy, and nuclear medicine radiotherapy.
The first-line choice is nuclear medicine therapy for scintigraphically
documented metastases, preferably with 131I-MIBG in 200-mCi doses
at monthly intervals over three to six cycles. Averbuch’s chemotherapy protocol includes dacarbazine (600 mg/m2 on days 1 and 2),
cyclophosphamide (750 mg/m2 on day 1), and vincristine (1.4 mg/m2
on day 1), all repeated every 21 days for three to six cycles. Palliation
(stable disease to shrinkage) is achieved in about one-half of patients.
Other chemotherapeutic options are sunitinib and temozolomide/
thalidomide. The prognosis of metastatic pheochromocytoma or paraganglioma is variable, with 5-year survival rates of 30–60%.

Figure 407-2 Neurofibromatosis. A. MRI of bilateral adrenal pheochromocytoma. B. Cutaneous neurofibromas. C. Lisch nodules of the iris.
D. Axillary freckling. (Part A from HPH Neumann et al: Keio J Med 54:15, 2005; with permission.)
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