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heochromocytoma is a tumor derived from
adrenal medulla chromaffin cells that pro
duces and secretes catecholamines. It can
also present as a paraganglioma of the extra
adrenal sympathetic and/or parasympathetic nervous
system. The incidence of pheochromocytoma is ap
proximately 1 to 6 cases per million persons.1 At the
initial diagnosis of pheochromocytoma, the primary
tumor may be either benign or malignant, but it is dif
ficult to differentiate between benign and malignant
tumors prior to metastasis.2 After surgical resection of
a presumed benign pheochromocytoma, only 13%
of cases recur, again either as a benign or malignant
tumor.3 Approximately 10% of all pheochromocyto
mas are considered malignant.2,4 Presence of distant
metastases clinically defines malignancy. The most
common sites of metastases are the bones, lungs, liver,
and retroperitoneal or mediastinal lymph nodes.2,4–13
This article reports the case of a woman who had
pheochromocytoma that metastasized to the thoracic
spine and presented with cord compression, necessitat
ing urgent neurosurgical intervention. A review of the
surgical management of patients with metastatic pheo
chromocytoma is also provided.
CASE PRESENTATION
Initial Presentation
A 57-year-old woman presented to the emergency
department of a community hospital with complaints
of nonradiating lower back pain and gradual weakness
of the lower extremities bilaterally. The patient’s past
medical history was significant for metastatic pheochro
mocytoma and diabetes mellitus (diagnosed 10 years
ago). Review of systems was negative for headaches,
palpitations, sweats, seizures, fevers, chills, nausea, and
vomiting.
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History
Seven years prior to the current presentation, the
patient was diagnosed with pheochromocytoma in the
right adrenal gland following presentation with chest
pain, dyspnea, diaphoresis, and mood changes. At that
time, the patient refused surgical intervention. Two
years later, right adrenalectomy was performed. The
patient had no symptoms for 2 years, at which point
she presented with symptoms of blurry vision and vom
iting. Laboratory studies revealed hyperglycemia and
high levels of urinary catecholamines, and a computed
tomography (CT) scan revealed a 4-cm left adrenal
mass. The patient was started on oral phenoxybenza
mine (10 mg every 12 hr), with which she was only in
termittently compliant. She was lost to follow-up before
she could be scheduled for surgery.
Six months later, the patient noted recurrence of
headaches, visual changes, and chest pain. She was diag
nosed with non–ST-elevated myocardial infarction, which
was thought to be caused by a catecholamine surge since
coronary catheterization revealed no evidence of coro
nary artery disease. Magnetic resonance imaging (MRI)
of the abdomen revealed a large retroperitoneal lymph
node with involvement of the left adrenal gland. Oc
treotide scan and positron emission tomography (PET)
showed activity in the posterior retroperitoneum, lower
cervical and thoracic spine at T8 and T12-L1, and right
sacral area. Left adrenalectomy, left perinephrectomy,
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phen as needed) but otherwise functioned well until
10 months later when she developed nonradiating lower
back pain and gradual weakness of the lower extremities
bilaterally that prompted the current presentation. The
patient’s blood pressure was well controlled with oral
labetalol 100 mg twice daily for 2.5 years.

Figure 1. Magnetic resonance image demonstrating cord compression at T12 (arrow).

right renal hilar mass resection, and perinephric lymph
adenectomy were performed. Pathology was consistent
with metastatic pheochromocytoma. No evidence of lym
phovascular permeation into the adjacent sympathetic
ganglion was seen. The 7 lymph nodes resected were
negative for metastatic spread.
Repeat PET performed 2 months later showed mul
tiple focal areas of increased activity in the skeletal sys
tem consistent with worsening disease, including lesions
at C1 through C7, T7, T11, T12, and L2. Involvement
of the rib cages bilaterally, right ischium, and right mid
proximal femur was also seen. Three months following
PET scan, the patient’s course was complicated by a
pathologic fracture of the right femur bone, which ne
cessitated rod placement. Six months following this re
pair, the patient underwent external beam radiotherapy
to the spine and neck for pain control and local tumor
bulk reduction. Although this therapy controlled local
symptoms well, the patient had gross tumor progression.
One month after completing radiation therapy, she was
treated with seven 21-day cycles of vincristine, dacarba
zine, and cytoxan to reduce tumor bulk. The patient had
chronic pain controlled with oral opiates (oxycodone
60 mg twice daily and hydrocodone plus acetamino
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Physical Examination
After 6 days, the patient was transferred to a tertiary
hospital experienced in treating patients with pheochro
mocytoma. During this time, her blood pressure fluctu
ated but remained well controlled. Upon transfer, the
patient developed hypertension, with blood pressure
readings as high as 188/100 mm Hg. The patient was
awake, alert, and comfortable. Physical examination re
vealed decreased muscle strength bilaterally in the lower
extremities: right iliopsoas, 3/5 strength; left iliopsoas,
4/5 strength; and both quadriceps, 4/5 strength. Sensa
tion was decreased below the T10 dermatome, especially
on the right side. She had tenderness over the cervico
thoracic junction, lower thoracic spine, and sacral area.
When queried, the patient indicated that the pain was
8.5 on a pain scale of 1 to 10. No clonus was present. Re
flexes were 2+ at the knee and biceps on the left and 1+
at the knee and biceps on the right.
Hospital Course
CT revealed metastasis to C7, T7, T9 through T12,
and L2 vertebrae as well as a T12 right pedicle fracture.
MRI demonstrated spinal stenosis at T7 and cord com
pression at T12 (Figure 1). Intravenous (IV) dexametha
sone was administered immediately to temporarily allevi
ate cord compression until the patient’s blood pressure
could be controlled for surgery. Because her blood pres
sure was well controlled before hospitalization, the high
blood pressure observed during the physical examina
tion was thought to be caused by pain. She was contin
ued on her prescribed blood pressure medication (oral
labetalol 100 mg twice daily). Additionally, she received
a single dose of oral clonidine (0.1 mg) due to a sys
tolic blood pressure reading that exceeded 185 mm Hg
on hospital day 1. Pain decreased to a score of 5 with
administration of hydromorphone through a patientcontrolled analgesia (PCA) device, but her blood pres
sure remained elevated at 170/110 mm Hg on hospital
day 1. Oral labetalol was increased (100 mg every 8 hr)
with minimal improvement of blood pressure. The en
docrine service was consulted for preoperative manage
ment on hospital day 3. The patient was started on oral
phenoxybenzamine (20 mg twice daily) for α-blockade.
The patient had been taking furosemide for chronic
lower extremity edema, which was discontinued on
www.turner-white.com
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Furosemide 40 mg/day PO
Labetalol 100 mg PO BID
Clonidine 0.1 mg PO × 1
Phenoxybenzamine ↑ 20 mg PO TID
Phenoxybenzamine 20 mg PO BID
Labetalol ↑ 200 mg PO TID
Labetalol ↑ 100 mg PO TID
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Figure 2. Preoperative and postoperative fluctuation of the case patient’s systolic blood pressure, diastolic blood pressure, and pain
level over time with antihypertensive medication administration. See Figure 3 for intraoperative fluctuations in blood pressure control.
↑ = dose increase; BID = twice daily; PO = by mouth; TID = 3 times daily. *Nitroprusside was started intraoperatively.

hospital day 3 due to concern regarding intravascular
volume control. IV fluids were started (5% glucose/0.9%
NaCl plus KCl 20 mEq/L at a rate of 75 mL/hr). Pre
operatively, blood pressure was controlled to a level of
140/70 mm Hg (Figure 2).
On hospital day 4, the patient underwent T12 verte
brectomy and fusion of T11 through L1 with expand
able titanium cage and plating (Figure 3). During
induction of anesthesia, the patient was hypertensive
to 212/100 mm Hg, during which time a nitroprusside
drip and additional doses of IV esmolol (50 mg) and
labetalol (5 mg) were initiated; blood pressure control
was then achieved (Figure 4). Postoperatively, the pa
tient became hypertensive, which was determined to
be due to inadequate pain control from a disconnected
PCA device. After PCA was reinstated and pain control
was regained, the patient’s blood pressure decreased to
approximately 160/85 mm Hg. Nitroprusside drip was
discontinued, and the patient was switched from IV to
oral hypertensive medications (phenoxybenzamine in
creased to 20 mg every 8 hr and labetalol 100 mg every
8 hr) on hospital day 5. On postoperative day 3 (hos
pital day 7), the patient’s oral labetalol was increased
(200 mg every 8 hr) because she was still hypertensive.
www.turner-white.com

Subsequently, the patient had improved blood pressure
control for the remainder of her hospital stay (blood
pressure ranging from 100–140/60–80 mm Hg). On
postoperative day 13 (hospital day 17), she was dis
charged in stable condition to physical rehabilitation
and was being considered for enrollment in a clinical
trial to receive 131I-metaiodobenzylguanidine (MIBG).
METASTATIC PHEOCHROMOCYTOMA
This case illustrates the natural history of metastatic
pheochromocytoma and emphasizes important prin
ciples in surgically managing this disease (preoperative
management, debulking, and monitoring intraopera
tive hemodynamics), especially in patients who need
urgent intervention. As was noted earlier, malignant
disease may be present at the time of initial diagnosis
of pheochromocytoma or may present following re
moval of the primary tumor. Metastasis may be indo
lent and has been reported to occur nearly 20 years
later, emphasizing the need for long-term follow-up
with these patients. However, most metastases occur
within 5 years,2 which was seen in the case patient. Al
though the bones are among the most common sites
for pheochromocytoma metastases, spinal metastasis
Hospital Physician May/June 2009
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Figure 3. Postoperative magnetic resonance image demonstrating T11 to L1 fusion with expandable titanium cage and T11 to L1
plating with anterolateral plate (arrow).

is generally rare.2,4–13 Previous case reports have de
scribed both cervical and thoracic spine metastases,5–13
the latter of which was seen in the case patient. The
overall 5-year survival in malignant pheochromocy
toma ranges from 40% to 74%.2,4
Management
Treatment of metastatic pheochromocytoma is usu
ally considered palliative, and no evidence-based guide
lines are available to guide treatment due to the lack of
randomized controlled trials.4,14 The following section
discusses the options available for managing metastatic
pheochromocytoma.
Surgical debulking. Although resection can be cura
tive in cases of benign pheochromocytoma, surgical
intervention in metastatic disease seldom is. Surgical
debulking is performed primarily to ameliorate symp
toms (eg, hypertension) by reducing tumor bulk and
associated catecholamine secretion and to manage
complications,1–4 such as the spinal compression result
ing from thoracic metastasis seen in the case patient.
As operations in patients with pheochromocytoma are
high risk due to perioperative cardiovascular complica
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tions, elective operations should be deferred until after
pheochromocytoma resection. If emergent or urgent
operations are necessary, clinicians should make a
balanced decision. Temporizing measures should be
used, if available, to allow at least some blood pressure
control and volume repletion.1 In the case patient,
dexamethasone was administered preoperatively to
alleviate spinal cord compression until the patient’s
blood pressure was controlled. Corticosteroids are
known to reduce edema in experimental models, and
the administration of corticosteroids can alleviate pain
rapidly and enhance recovery.15
Preoperative management for all patients diagnosed
with pheochromocytoma involves optimizing blood
pressure control and volume repletion to prevent peri
operative cardiovascular complications. α-Blockers
(eg, phenoxybenzamine) are most frequently used to
manage blood pressure and should precede β-blockers
to avoid unopposed α action that causes paradoxi
cal blood pressure increase.1 Alternatively, calcium
channel blockers can be used instead of α-blockers.16
β-Blockers are used if patients develop tachycardia
after blood pressure is controlled. Patients are encour
aged to eat salty foods and may require IV hydration
preoperatively to correct the chronic volume depletion
caused by excessive catecholamine action. Generally, at
least 2 weeks of preoperative preparation is preferred.
In patients with metastatic disease, these principles still
apply, but these patients typically are taking blood pres
sure medications and are volume repleted to a certain
extent preoperatively.14,17,18 As such, they do not require
aggressive IV hydration.
In preoperatively managing the case patient, the
endocrine service encountered 2 issues. The first was
determining the reason that the patient became hyper
tensive at transfer despite receiving the same medica
tions that controlled blood pressure well prior to hos
pitalization. In this instance, hypertension could have
been caused by significant pain, by increased catechol
amine secretion associated with metastatic disease, or
both. As overtreatment of hypertension is dangerous
and pain control is important by itself, the patient’s
pain control was first optimized, resulting in partial
improvement of blood pressure. The second issue in
volved the best method for preoperatively normalizing
blood pressure in this patient. Although IV medica
tions have the advantage of rapid correction of blood
pressure, their antihypertensive effects are short, and
this largely stable patient would have to be transferred
to the intensive care unit prior to surgery because these
agents require frequent dosing adjustments. As the
patient’s blood pressure was not dangerously high on
www.turner-white.com
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Figure 4. Intraoperative fluctuations of the case patient’s systolic and diastolic blood pressures with administration of antihypertensive
medication. GTT = drops; IV = intravenous.

the day prior to surgery, the endocrine service opted to
use a high starting dose of phenoxybenzamine (20 mg
twice daily) to prepare her for the operation, which
controlled her blood pressure well. The case patient
also had been previously treated with a diuretic agent
(furosemide), which made her volume status an issue
of concern during the time of anesthesia induction.
Furosemide was discontinued on hospital day 3, and
the patient received IV fluids. However, aggressive IV
hydration was not attempted because the planned
surgery would only slightly decrease the tumor burden.
Intraoperative blood pressure fluctuations are com
mon in patients with pheochromocytoma, despite
optimal preoperative preparation, due to the large
quantities of catecholamine released during anesthe
sia and tumor manipulation, which often overwhelm
the effects of preoperative medications.17,18 Anesthesi
ologists use IV medications to control intraoperative
blood pressure.1 Postoperatively, blood pressure needs
to be monitored, as hypotension can occur if volume
repletion is insufficient.1 However, postoperative hypo
tension is rare after surgical debulking in patients with
metastatic pheochromocytoma because the remaining
tumor mass usually produces enough catecholamines
to maintain blood pressure.1 As expected, hypotension
www.turner-white.com

was not encountered either intraoperatively or postop
eratively in the case patient because the operation did
not significantly decrease the tumor burden.
Other treatment modalities. Chemotherapy is com
monly used for inoperable tumor and/or residual
disease following surgical debulking. Currently, a com
bination of cyclophosphamide, vincristine, and dacar
bazine (CVD) is most commonly used.14 External beam
radiotherapy also can be used for palliation of painful
bone metastases and inoperable tumors.4 Radiophar
maceutical treatment with 131I-MIBG has been used to
treat malignant pheochromocytoma in clinical trials.
In most patients, 131I-MIBG is not curative and is used
as adjuvant therapy.4,14 As noted earlier, the patient was
considered for enrollment in a clinical trial to receive
131
I-MIBG radiotherapy. Prior to surgical debulking
to alleviate spinal cord compression, the case patient
received surgical resection and cytoreduction, surgical
management of bone complications, chemotherapy,
and external beam radiation. Surgical intervention is
indicated for cord compression, but it is not known
if the operation has enduring benefit and long-term
follow-up is needed. The patient did not receive local
external beam radiation after the operation because
she had already received several rounds of such therapy
Hospital Physician May/June 2009
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on the spine with questionable responses and she had
minimal tumor burden at T12 without local pain after
the operation.
summary
All patients with pheochromocytoma require longterm follow-up after resection of apparently benign
tumor(s). If recurrence or metastasis is identified, the
tumor burden should be surgically reduced as much
as is feasible. All patients with pheochromocytoma un
dergoing surgery require preoperative blood pressure
control and intravascular volume repletion. Postop
erative management of patients with residual disease
involves antihypertensive medications, 131I-MIBG ra
diotherapy, and/or chemotherapy. Complications of
metastatic pheochromocytoma should be managed on
a case-by-case basis.
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