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Perioperative Management of Pheochromocytoma
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HEOCHROMOCYTOMAS ARE pharmacologically vol-

atile, potentially lethal catecholamine-containing tumors of
chromaffin tissue.! They are usually found in the adrenal me-
dulla, but they may occur wherever chromaffin tissue is lo-
cated. Chromaffin cells are associated with the celiac, mesen-
teric, renal, adrenal, hypogastric, testicular, and paravertebral
sympathetic nerve plexus. The major sites where pheochromo-
cytomas occur are the adrenal medulla (90%), the paragan-
glia cells of the sympathetic nervous system, and the organ
of Zuckerkandl.? Approximately 10% of sporadic and 50%
of familial adrenal tumors are bilateral, and approximately
10% of pheochromocytomas are multiple in location at the
time of presentation.?

Paragangliomas are derived from neural crest cells that
migrate in close association with autonomic ganglion cells,
and all paragangliomas have the capacity to secrete cat-
echolamines.*> Functional paragangliomas that secrete
norepinephrine can occur and present similarly to pheo-
chromocytoma. The proportion of catecholamine-secreting
paragangliomas is thought to be high for adrenal pheochro-
mocytomas, intermediate for aorticosympathetic and vis-
ceroautonomic tumors, and low for paragangliomas of the
head and neck, also known as glomus tumors.’ Paragangli-
omas may present as painless swellings in the neck overly-
ing the carotid bifurcation. These are also called carotid
body tumors or chemodectomas.’ Of paragangliomas, <10%
are malignant, but they can be locally invasive and can cause
cranial nerve palsies.*

The resection of a pheochromocytoma or biochemically
active paraganglioma has great potential for intraoperative
and postoperative complications owing to release of cat-
echolamines during manipulation of the tumor. Significant
hemodynamic and metabolic effects are associated with a
sudden decrease in catecholamine levels after removal of
a tumor.® In a series of 138 patients undergoing resection
of pheochromocytoma tumors in a variety of anatomic loca-
tions between 1926 and 1970, surgical mortality was 2.9%.”
Desmonts et al® reported a 3.9% mortality rate in their series of
102 patients between 1964 and 1976. A more recent series of
143 patients who underwent pheochromocytoma or paragan-
glioma resection showed no mortality and the absence of peri-
operative myocardial infarctions or cerebrovascular accidents.’
Advances in localization techniques, medical management, and
anesthetic management have resulted in improved surgical out-
comes.!?

PRESENTATION

Hypertension is the most common sign in patients presenting
with pheochromocytoma; however, only 1 in 400 to 800 hy-
pertensive patients has a pheochromocytoma.!' The 3 most
commonly experienced symptoms are headache, excessive
sweating, and palpitations. Symptoms may be provoked by
postural changes, exercise, anxiety, trauma, pain, or certain
medications.?

A substantial proportion of pheochromocytomas secrete pre-
dominantly norepinephrine, sometimes paroxysmally but usu-
ally sustained; sustained hypertension is the most common
presentation for pheochromocytoma. Some patients present
with hyperglycemia as a result of glycogenolysis and impaired
insulin release by pancreatic islet cells. Approximately 10% to
17% of patients present with paroxysmal symptoms reflecting
excessive secretion of epinephrine and dopamine, including
palpitations, trembling, sweating and blanching, and feelings of
panic and doom.!!

Most, but not all,'> patients with pheochromocytoma or
paraganglioma presenting to the anesthesiologist already have
been diagnosed. In 1 series,” only 3 of 143 patients who
underwent surgical excision of pheochromocytoma or paragan-
glioma had not been diagnosed preoperatively. None of the
undiagnosed or diagnosed patients died perioperatively or ex-
perienced a myocardial infarction or cerebrovascular event.

Pheochromocytoma multisystem crisis is an unusual and
life-threatening presentation that consists of multiple organ
system failure, temperature often >40°C, encephalopathy, and
hypertension or hypotension. Successful treatment demands
prompt diagnosis, vigorous medical preparation, and emer-
gency tumor removal if the patient’s condition continues to
deteriorate.'3
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Familial Versus Sporadic Presentations

Pheochromocytomas are usually classified as being sporadic
or familial in origin. Familial conditions associated with pheo-
chromocytoma include simple familial pheochromocytoma,
multiple endocrine neoplasia (MEN) IIA and IIB, the neuroec-
todermal syndromes of neurofibromatosis, von Hippel-Lindau
syndrome, tuberous sclerosis, and Sturge-Weber syndrome.?
Patients with familial pheochromocytoma are predisposed to
having multiple or bilateral adrenal tumors.!* Partial adrenal-
ectomy is gaining enthusiastic support in familial forms of
pheochromocytoma. '’

Multiple Endocrine Neoplasia IIA

MEN IIA (Sipple’s syndrome) includes medullary carci-
noma of the thyroid, hyperparathyroidism, and pheochromocy-
toma.> Pheochromocytomas in this syndrome are frequently
bilateral.'! Urinary screening reveals a higher incidence of
epinephrine-secreting tumors in MEN IIA than in sporadic
pheochromocytoma.!' MEN IIB is associated with medullary
carcinoma of the thyroid, mucosal neuromas, intestinal gan-
glioneuromas, marfanoid habitus, and hyperparathyroidism.3
Pheochromocytomas in patients with MEN IIB are rarely bi-
lateral or malignant.!!

von Hippel-Lindau Syndrome (Retinal Cerebellar
Hemangioblastomatosis)

This rare syndrome may include pheochromocytoma and
retinal angiomatosis (von Hippel disease), cerebellar heman-
gioblastoma (Lindau disease), pancreatic cysts, renal cysts and
carcinoma, and epididymal cystadenoma.'! In patients with
adrenal pheochromocytoma, MEN 1I (type A or B) patients
experienced more symptoms than von Hippel-Lindau patients,
and MEN II patients had a higher incidence of hypertension
and higher plasma concentrations of metanephrines, but had
lower total plasma concentrations of catecholamines than von
Hippel-Lindau patients. Mutation-dependent differences in the
expression of genes controlling catecholamine synthesis ex-
plain the differences in clinical presentation of pheochromocy-
toma in patients with MEN II and von Hippel-Lindau syn-
drome.'¢

von Recklinghausen Disease (Neurofibromatosis)

There are 2 variants of neurofibromatosis, type 1 and type 2.
Type 1 neurofibromatosis is a rare autosomal dominant disor-
der in which neurofibromas arise along peripheral nerves; 1%
of these patients develop pheochromocytoma. The type 2 vari-
ant is associated with neurofibromas arising in proximity to the
cochlear branch of the eighth cranial nerve. It is not associated
with pheochromocytoma.!” In general, the clinical association
of café-au-lait spots and neurofibromas should increase the
anesthesiologist’s suspicion of the possible existence of a pheo-
chromocytoma.!!

Cardiac Pheochromocytoma

Of all pheochromocytomas, 10% are located outside the
adrenal glands.'® Intrathoracic pheochromocytomas comprise
only 1% of all cases of pheochromocytoma.!” Cardiac pheo-
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chromocytomas are quite rare. Approximately 30 cases have
been reported in the literature.?’ Cardiac pheochromocytomas
most frequently arise from the left atrium, followed by the
interatrial septum, the anterior surface of the heart, and the
intrapericardial aorta and pulmonary artery. The cardiac blood
supply is parasitized by these tumors.?! Catecholamine-secret-
ing cardiac tumors present with hypertension, orthostatic hy-
potension, headaches, palpitations, anxiety, excessive perspira-
tion, pallor, chest and abdominal pain, paresthesia, weakness,
and weight loss.?! Compressive dysphagia has also been
reported.?? Pericardial tamponade or superior vena cava ob-
struction may be the presenting symptoms of a paraganglioma
without catecholamine secretion.”!

Pregnancy

Pheochromocytoma can mimic toxemia during pregnancy.'!
In unprepared patients, spontaneous labor with vaginal delivery
can be disastrous for the mother and fetus and should be
avoided. Treatment with adrenergic blocking agents should be
employed. Although its safety has not been established, a-ad-
renergic blockade has been used in many cases without obvious
adverse effect. In early or middle pregnancy, the tumor should
be removed after adequate a-adrenergic blockade is estab-
lished. The risk of spontaneous abortion at the time of surgery
is considerable.!” Late in pregnancy, if the fetus has not reached
sufficient size, the patient should be treated with a-adrenergic
blockade by oral administration of phenoxybenzamine until the
fetus has reached maturity.?32* If the fetus is adequately devel-
oped, cesarean section followed by excision of the tumor may
be performed.!”

Pediatrics

Pheochromocytoma is an extremely rare tumor in children.
Preoperative and intraoperative management should follow the
same principles as for adults.!! Multiple and extra-adrenal
tumors are more common in children (35%) than in adults
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Fig 1. Synthesis and metabolism of catecholamines.
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(8%).2 This pattern makes localization and surgical manage-
ment more challenging. Hack® described preoperative prepa-
ration with phenoxybenzamine in initial doses of 0.25 to 1.0
mg/kg/d in children, increasing the dose slowly until the hy-
pertension is considered to be under control. One center prefers
to use calcium channel blockers for preoperative preparation of
children, with additional selective c-adrenergic antagonists if
necessary.20

DIAGNOSIS

The definitive diagnosis of pheochromocytoma rests primar-
ily on showing excess, inappropriate production of cat-
echolamines.?’” Fig 1 shows the synthesis and metabolism of
catecholamines. Biochemical testing can establish the diagno-
sis in >95% of patients.® Measurements of plasma and urinary
catecholamines and urinary total metanephrines seem to have
the highest sensitivity, and urinary vanillylmandelic acid has
the lowest sensitivity.® Measurements of plasma levels of
normetanephrine and metanephrine have higher sensitivity than
other biochemical tests for diagnosis of pheochromocytoma'#
and are useful in screening for pheochromocytomas in patients
with a familial predisposition to these tumors.?®

Tumor Localization

Pheochromocytomas can be identified and localized with
nearly 100% sensitivity by properly choosing from the wide
array of laboratory diagnostic and imaging tests.? Computed
tomography (CT) and magnetic resonance imaging (MRI) pro-
vide accurate and consistent identification of most pheochro-
mocytomas.!! CT has good sensitivity (93% to 100%) for
detecting adrenal pheochromocytoma, but sensitivity decreases
to 90% for extra-adrenal pheochromocytomas (paraganglio-
mas). MRI has equal or lower sensitivity for detecting adrenal
pheochromocytomas but is superior for detecting extra-adrenal
tumors. MRI may be preferable for detection of juxtacardiac
and juxtavascular pheochromocytoma.'4303! In pregnant pa-
tients, MRI may be the desirable procedure because it causes no
harm to the fetus.63!32

Metaiodobenzylguanidine (MIBG) scanning offers excellent
specificity (95% to 100%) and is helpful in diagnosing extra-
adrenal tumors. MIBG is concentrated by the tumor’s avid
uptake of precursor amines; however, scanning requires 24 to
48 hours. Continuous rotation or spiral CT is helpful in detect-
ing small thoracic tumors. Positron emission tomography with
6-('8F) fluorodopamine as the tracer can help locate the tumor
in a patient with positive biochemical tests but negative con-
ventional imaging studies.!*

PREOPERATIVE MANAGEMENT

Patients with pheochromocytoma often have cardiovascular
sequelae that require preoperative evaluation. Antihypertensive

Table 1. Preoperative Anesthetic Considerations

Evaluate patient’s overall health

Assess effectiveness of aj-adrenergic blockade
Assess presence of cardiac dysfunction
Reassure patient

361

medications are useful preoperative adjuvants to improve car-
diac dysfunction and increase intravascular volume (Table 1).

Cardiac Evaluation

The functional capabilities of the cardiovascular system
should be elicited by clinical history and, if indicated, diagnos-
tic tests.! The most common effect of pheochromocytoma on
the heart is the development of a hypertrophic cardiomyopathy
caused by chronic norepinephrine-induced hypertension.!!33:34
Dilated cardiomyopathy is much rarer’® and may be associated
with ventricular failure. It is not clear whether the ventricular
failure results from a- or 3- adrenergic receptor activation,!!
direct cardiotoxic effects of catecholamines on the myocar-
dium, or indirect effects of severe hypertension on the heart.?
Histologically, myofibrillar degeneration with interstitial infil-
tration by mononucleocytes and resultant fibrosis and calcifi-
cation are seen.!! This cardiomyopathy resolved within 1 week
after surgical removal of an acute-onset, highly functional
pheochromocytoma.? In general, the cardiac dysfunction often
improves after several weeks of a-adrenergic blockade.!-33-36-38

Echocardiography is valuable in detecting dysfunction, eval-
uating improvement after a-adrenergic blockade, and determin-
ing the optimal timing of surgery.! An echocardiogram should
be done regardless of blood pressure levels to evaluate for the
presence of dilated cardiomyopathy.® Most patients with pheo-
chromocytoma (80%) have normal left ventricular mass.
Plasma catecholamines are not the sole factor influencing the
development of left ventricular hypertrophy in hypertension. It
is possible that other factors, such as duration of hypertension,
blood pressure level during normal activity, volume load
pumped by the heart, and heredity, are important in the devel-
opment of left ventricular hypertrophy.*®

Pathologic findings on electrocardiograms are common in
patients with pheochromocytoma, and significant improve-
ments generally occur after surgery. Pathologic findings in-
clude high QRS amplitudes, abnormal R wave, ST-segment
changes, and T-wave changes, all indicating myocardial hyper-
trophy, and prolongation of the Q-T. interval. Decreased QRS
voltage with phenoxybenzamine therapy has been found in
patients with sustained hypertension. Surgical resection of a
pheochromocytoma results in normalization of QRS ampli-
tudes and Q-T, intervals in most patients.*® a-Adrenergic stim-
ulation prolongs the action potential. Prolongation of the Q-T
interval as a result of pheochromocytoma has been de-
scribed,*!*2 with normalization of the interval on resection of
the tumor*? or initiation of phenoxybenzamine.*!

Cardiac Pheochromocytoma Considerations. Cardiac pheo-
chromocytomas can be densely adherent to the myocardium,
and resection is associated with significant morbidity and mor-
tality. In a series of 25 patients, 5 (20%) died intraoperatively
from hemorrhage; 1 (4%) died postoperatively from sepsis; 3
(12%) sustained myocardial infarction; 1 (4%) required a mitral
valve replacement; and 3 (12%) had incomplete resections, 2 of
whom subsequently developed metastatic disease and died.
One patient received an orthotopic heart transplantation.'”

Three tumor locations portend poor prognosis for resection:
(1) atrioventricular groove with possible distortion of the mitral
valve apparatus, (2) direct coronary involvement, and (3) ex-
tension into the left ventricle. Resection in these locations with
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an adequate margin entails high surgical mortality secondary to
exsanguination and myocardial infarction. Cardiac transplanta-
tion may be the optimal means of management for tumors in
these locations if distant metastatic disease is excluded.'® Cor-
onary angiography should be performed before attempted re-
section of intrapericardial tumors for operative planning and to
forewarn of the possible need for coronary resection and by-
pass.?! Intraoperative transesophageal echocardiography can
delineate the association of these tumors with the cardiac
anatomy and can help guide surgical decision making.** Total
circulatory arrest may be required to allow tumor excision in
what otherwise would be a bloody field.?!

Antihypertensive Medications

Preoperative antihypertensive therapy is useful in patients
with sustained or paroxysmal hypertension.24%44-4¢ Periopera-
tive mortality associated with pheochromocytoma resection
decreased from 13% to 45% to 0% to 3% when a-adrenergic
blockade was introduced as preoperative therapy and when it
was recognized that these patients often had hypovolemia pre-
operatively.*

The perioperative course is believed to be smoother with
adequate preoperative preparation.?3*8 Preoperative a-adrener-
gic blockade before pheochromocytoma resection, although
commonly performed and generally recommended,*! is not
universally accepted as absolutely necessary to successful peri-
operative outcomes. Boutros et al** at the Cleveland Clinic
noted that O of 29 patients in their series who did not receive
preoperative a-adrenergic blockade died, experienced a cere-
brovascular accident, or had clinical manifestations of myocar-
dial infarction. They concluded that advances in anesthetic and
monitoring techniques and the availability of fast-acting drugs
capable of correcting sudden hemodynamic changes have elim-
inated the need for preoperative a-adrenergic blockade in pre-
paring patients for pheochromocytoma resection. Conversely,
in another series, 2 of 7 patients who received no preoperative
a-adrenergic blockade before pheochromocytoma resection
died after a hypertensive crisis.* The low incidence of pheo-
chromocytomas (1.5 to 2.0:100,000)° will likely preclude
large, randomized, controlled trials to determine whether pre-
operative preparation is crucial.

Phenoxybenzamine. Phenoxybenzamine has been consid-
ered the drug of choice to control blood pressure alterations and
associated symptoms.' Phenoxybenzamine blocks a-adrener-
gic receptors noncompetitively and makes it difficult for re-
leased catecholamines to have a physiologic effect. It also
permits intravascular volume expansion.!? Its half-life is >24
hours.?

The routine use of phenoxybenzamine is controversial be-
cause the expansion of intravascular volume with a-blocking
agents takes 2 to 3 weeks.!” Significant elevations of blood
pressure still occur intraoperatively, especially during tumor
manipulation, despite preoperative a-blockade.’!! Orthostatic
hypotension and reflex tachycardia occur, the latter secondary
to inhibition of presynaptic a,-receptors at postganglionic neu-
rons, resulting in increased release of norepinephrine.'” a-Ad-
renergic blockade may also contribute to the hypotensive state
that follows removal of the tumor and may obscure the drop in
blood pressure that signals the operative team that the tumor
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has been completely removed.! The effects of phenoxyben-
zamine dissipate over approximately 36 hours, and large vol-
umes of intravenous fluids are often required in the postoper-
ative period.”? Patients are often somnolent in the first 24 hours
after surgery, which may be due to persistent central a,-adren-
ergic blockade.'!

Preoperative a-adrenergic blockade is usually performed on
outpatients. The initial dose of phenoxybenzamine is 10 mg by
mouth twice daily, combined with noninvasive monitoring of
arterial pressure in the supine and standing positions. The dose
is increased by 10-mg increments daily until stabilization of
arterial pressure and reduction in symptoms have been
achieved.? In 1 series, the average dose required was 44 mg/d
(range, 10 to 240 mg/d),” and most patients required 10 to 14
days of therapy before surgery.*’ Patients can usually be safely
prepared for surgery on an outpatient basis.>* There is no
evidence that preoperative phenoxybenzamine therapy for =14
days was more effective than 4 to 7 days of treatment in terms
of the effect on intraoperative blood pressure, pulse rate, and
cardiac arrhythmias.>>-¢

Selective oj-Antagonists. Selective competitive «;-adren-
ergic antagonists offer several potential advantages compared
with phenoxybenzamine: They do not produce reflex tachycar-
dia, they have a shorter duration of action and can be adjusted
rapidly before surgery, and the duration of postoperative hy-
potension should be decreased.!” Preoperative B-adrenoceptor
antagonists are rendered unnecessary unless the patient has an
epinephrine-secreting tumor because a,-adrenergic receptors
(which regulate norepinephrine release at cardiac adrenergic
nerve endings) are not antagonized. Intraoperatively, supple-
mentary a-adrenergic and B-adrenergic blockade may still be
necessary, however, during surgical manipulation of the tu-
mor.!! Doxazosin has a long duration of action, allowing once-
daily dosing, and may have a near-ideal profile for the preop-
erative management of patients with pheochromocytoma.!'! The
dose of doxazosin is 1 to 16 mg as a single oral dose taken
daily.'® Prys-Roberts'! used doxazosin preoperatively in 20
patients with pheochromocytoma or paraganglioma in doses of
2 to 8 mg daily and noted that preoperative arterial pressure
was controlled at least as well as with phenoxybenzamine.
Doxazosin was inadequate monotherapy in 1 patient, however;
supplementation with octreotide decreased the frequency of
paroxysmal hypertensive episodes in this patient.’

Selective competitive a;-adrenergic blockade with prazosin
and terazosin may be considered, but both agents require more
frequent dosing. Prazosin has a short elimination half-life (2 to
3 hours), and blood concentrations may decrease to ineffective
levels at the time of surgery if the last dose was given on the
previous night.!! The initial dose of prazosin is 1.0 mg 3 to 4
times daily.!” Terazosin is an alternative selective a;-adrener-
gic antagonist that has a shorter half-life than doxazosin.!! The
initial dose of terazosin is 1 mg each night, with a maximal
dose of 20 mg at night.

Guidelines to Adequate o-Adrenergic Blockade. The fol-
lowing criteria for optimal preoperative condition are recom-
mended by Roizen et al*’: (1) No blood pressure reading
>160/90 mmHg should be evident for 24 hours before surgery;
(2) orthostatic hypotension, with readings >80/45 mmHg,
should be present; (3) the electrocardiogram should be free of
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ST-T changes for at least 1 week; and (4) the patient should
have no more than 1 premature ventricular contraction every 5
minutes. Poor perioperative outcomes have occurred in patients
who did not meet these criteria before pheochromocytoma
resection.3®

Calcium Channel Antagonists. Calcium channel antago-
nists may be safely used in patients who are normotensive but
who have occasional episodes of paroxysmal hypertension be-
cause they do not produce orthostatic hypotension or overshoot
hypotension. Calcium channel antagonists may prevent cate-
cholamine-induced coronary vasospasm and myocarditis. They
likely reduce arterial pressure by inhibiting norepinephrine-
mediated transmembrane calcium influx in vascular smooth
muscle and not by decreasing catecholamine synthesis in tu-
mors.'® The usual effective dose of nifedipine is 30 to 90
mg/d.'? Oral diltiazem (240 mg/d) has been used preoperatively
with poor results intraoperatively.’® Nicardipine infusion has
been used intraoperatively with rapid control of hemodynamic
changes.!%%0 Recommended infusions in adults begin at 5
mg/h, increasing by 2.5 mg/h every 5 minutes to a maximum of
15 mg/h. As with all intravenous antihypertensives, the dose
should be titrated to the desired blood pressure response.

B-Adrenergic Antagonists. Pretreatment with a [3-adrener-
gic blocking agent is not routinely necessary in the absence of
arrhythmias.>! B-Adrenergic blockade is contraindicated in the
absence of established «j-blockade because circulating cat-
echolamines would affect vasoconstriction without opposition
by the vasodilating (,-receptors. The resultant hypertension
may lead to pulmonary edema, which could be aggravated by
the negative inotropic effect of the B-blockade.!%! Labetalol,
an a-adrenergic and (-adrenergic blocker, has been used, start-
ing with 100 mg orally 4 times daily, advancing gradually to
800 to 1,600 mg/d. It has precipitated hypertensive crises,
however.!

The efficacy of B-blockade in preventing intraoperative ar-
rhythmias has been questioned.®?> Decreased left ventricular
performance can occur during tumor manipulation, and this
may be aggravated by B-adrenergic blockade. [(3-Adrenergic
blockade should be avoided in patients with catecholamine-
induced cardiomyopathy, which can increase a patient’s vul-
nerability to developing intractable hypotension, bradycardia,
and asystolic cardiac arrest.>

a-Methyl-para-tyrosine. a-Methyl-para-tyrosine competi-
tively inhibits tyrosine hydroxylase, which is the rate-limiting
step in catecholamine biosynthesis. It reduces tumor stores of
catecholamines, decreasing the ability of the tumor to react to
stimulation.'* Tt may be useful for patients with congestive
heart failure in whom a-adrenergic blockade leads to tachycar-
dia or B-adrenergic blockade diminishes cardiac performance.
The oral dose is 0.5 g/d up to a maximum of 4 g/d.>? It is
associated with a high incidence of adverse side effects, how-
ever.!! Steinsapir et al* found that a combination of a-mety-
rosine and a-adrenergic blockade resulted in better blood pres-
sure control and less need for use of antihypertensive
medication or pressors during surgery compared with single-
agent adrenergic blockade.

Angiotensin-Converting Enzyme Inhibitors. The ability of
angiotensin-converting enzyme inhibitors to reverse left ven-
tricular hypertrophy is not valuable in the preoperative man-
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Table 2. Intraoperative Anesthetic Considerations

Administer an anxiolytic

Place an intra-arterial catheter before induction

Place an intravenous catheter for antihypertensive administration
(eg, sodium nitroprusside or nicardipine) before induction

Place a central venous catheter for intravascular volume
monitoring

Treat hemodynamic fluctuations with antihypertensives and
B-adrenergic antagonists

Monitor for hypotension and hypoglycemia after tumor isolation

agement of most pheochromocytomas. The goal is removal of
the hypertensive stimulus (norepinephrine), and the heart usu-
ally reverts to normal after surgery.!!

Preoperative Sedation

Preoperative sedation and assurance by the anesthesiologist
may decrease anxiety and prevent marked hemodynamic fluc-
tuations in the immediate preoperative period.! No preoperative
anxiolytics have proved superior to others.

INTRAOPERATIVE MANAGEMENT

Close, collegial communication is crucial to the success of
intraoperative management of patients undergoing pheochro-
mocytoma resection. Preoperative discussion of anticipated
problems and the ability to perform as a team alleviate many of
the potential concerns and problems that can arise intraopera-
tively (Table 2).

Monitoring Systems and Intravascular Cannulae

An intra-arterial catheter for pressure monitoring is essential
and should be placed before the induction of anesthesia. This
catheter allows immediate identification of hemodynamic fluc-
tuations and rapid pharmacologic intervention.! In addition to
an intravenous catheter for administration of medications and
fluids, a second intravenous catheter, preferably close to the
central venous system, may be used exclusively to administer
sodium nitroprusside. Sodium nitroprusside is a rapid-acting
and easily controlled vasodilator. A low dose of sodium nitro-
prusside may be started before induction of anesthesia, and the
infusion may be rapidly altered during induction and through-
out the procedure in response to hemodynamic fluctuations.!
Central venous catheter placement for infusion and monitoring
is commonly used and recommended.®!"-17

Urine production by catheterization of the bladder, continu-
ous electrocardiogram,” pulse oximeter, capnograph, and tem-
perature should be monitored.* Electroencephalography and
somatosensory evoked potentials have been used intraopera-
tively in a patient with pheochromocytoma and a recent cere-
bral infarction.®*

Measurement of pulmonary capillary wedge pressure
(PCWP) and cardiac output (CO) may be helpful because these
patients may exhibit a discrepancy between right-sided and
left-sided filling pressures, particularly during manipulation of
the tumor or during rapid infusion of fluid. These findings have
been noted in patients without any apparent cardiac dysfunction
before surgery.>% In 1 report, ventricular dysfunction was
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transient, and management was not influenced by PCWP and
CO data; these data are crucial only in certain patients, such as
those with preoperative cardiovascular compromise.?

PCWP should be monitored in the presence of heart dis-
ease.!” Prys-Roberts'! found, however, that there was a need for
pulmonary artery catheter use in only 1 of 50 operations for
pheochromocytoma. Only 7% of patients undergoing pheo-
chromocytoma or paraganglioma resection at the Mayo Clinic
between 1983 and 1996 underwent pulmonary artery catheter
placement and monitoring intraoperatively.” Nonetheless, oth-
ers have noted that a severe hypertensive and tachycardic crisis
perioperatively may decrease left ventricular compliance,
which is not always detected by central venous pressure mea-
surement.”® Potential problems with vascular capacity versus
circulating blood volume, especially after removal of the tu-
mor, may make the availability of PCWP and CO measure-
ments useful.”®

General Anesthesia

General anesthesia is the most common technique chosen.
Almost all anesthetic agents have been used at some time with
success.” The depth of anesthesia is generally more important
than the specific agent because it can inhibit adrenergic and
cardiovascular responses.?

Inhalation Agents. Sevoflurane has become the agent of
choice for maintenance of anesthesia in patients undergoing
pheochromocytoma resection at the Mayo Clinic. Isoflurane
and enflurane also have been safely used in pheochromocytoma
resection.”® Enflurane has a more negative inotropic cardiac
effect than isoflurane and is used less frequently. Halothane
results in severe arrhythmias,? likely owing to the sensitization
of the myocardium to the effects of catecholamines by decreas-
ing the arrhythmogenic threshold doses for epinephrine.5” Des-
flurane causes significant sympathetic stimulation and may not
be the best volatile agent for pheochromocytoma resection.®®
There are no contraindications to the use of nitrous oxide in
patients with pheochromocytoma.®’

Intravenous Agents. Induction with thiopental is common?
and has produced excellent results.”” Propofol has also been
safely used.”! Etomidate has been recommended as a suitable
agent with superior cardiovascular stability.®” Agents that cause
an indirect increase in catecholamines levels, such as ketamine
and ephedrine, should be avoided.”> Morphine causes histamine
release, which is a known trigger of pheochromocytoma cri-
sis.”® Meperidine causes sympathetic stimulation and should be
avoided.” Droperidol administration has been associated with
extreme hypertension.”7> All of the intravenous agents can be
safely used, however, as long as their potential side effects are
considered. Slow administration of these drugs usually prevents
or attenuates these effects.

Neuromuscular Blockers.  The type of muscle relaxant used
is likely of secondary importance. Succinylcholine may cause
mechanical stimulation of the tumor by fasciculations>® and
may stimulate autonomic ganglia, resulting in increased cat-
echolamines and cardiac arrhythmias.”® It was used success-
fully, however, in 61% of all patients undergoing pheochromo-
cytoma resection at the Mayo Clinic between 1983 and 1996.°
Pancuronium has been used in approximately 80 patients with-
out any problems.> Pancuronium has been implicated in caus-
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ing a severe pressor response in 1 patient with pheochromocy-
toma,”” however, and has a vagolytic effect that can result in
tachycardia.®® Atracurium, which may cause release of hista-
mine, has been associated with severe arterial hypertension,
ventricular arrhythmias, and elevation of plasma catecholamine
levels.”8 Tubocurarine has been shown to release histamine,
and subsequent catecholamine release from a pheochromocy-
toma by tubocurarine has been associated with at least 1 intra-
operative fatality.” Gallamine has a vagolytic effect, and cu-
rare can cause histamine release; both should be avoided if
possible.’® Vecuronium has little or no autonomic effects and
does not release histamine. It produced minimal changes in
arterial pressure and plasma catecholamine levels in 3 pa-
tients®® and may eventually be confirmed as the drug of
choice.”® Vecuronium was the most commonly used nondepo-
larizing neuromuscular blocker in patients undergoing pheo-
chromocytoma resection at the Mayo Clinic between 1983 and
1996.°

Regional Anesthesia

Spinal anesthesia®! and epidural analgesia?*36.70-81.82 occa-
sionally have been used with satisfactory results. The use of a
combined regional technique with general anesthesia must be
balanced against the risk of hypertension during its placement
because sympathetic blockade does nothing to protect against
catecholamine release during tumor manipulation.”33

Hypertension and Arrhythmias

Hypertension during pheochromocytoma resection seems to
have 2 distinct origins. First, noxious stimuli, such as tracheal
intubation, skin incision, and abdominal exploration, are not
consistently accompanied by increased tumor secretion of cat-
echolamines?, but more likely cause catecholamine release
from excessive stores in adrenergic nerve endings.?* Deepening
the level of anesthesia may block the cardiovascular response
to noxious stimuli.>40

Second, palpation of the tumor produces a more severe
hypertensive response, which is associated with marked in-
creases in plasma norepinephrine and epinephrine concentra-
tions® and increased systemic vascular resistance, PCWP, and
occasionally decreased CO, suggesting left ventricular dysfunc-
tion.> Hypertensive responses caused by tumor manipulation
can be prevented only by careful surgical handling of tumor
tissue. They are best treated with vasodilators.*

Lidocaine and B-adrenergic blocking agents have been used
to treat arrhythmias. Propranolol has a duration of action of 30
to 45 minutes and may persist after removal of the tumor.?
Lidocaine’s short duration of action and absence of negative
inotropic properties in a dose of 1 mg/kg are advantages, and
lidocaine has been effective.®

Direct Vasodilators: Nitroprusside and Nitroglycerin. Hy-
pertensive crises may be managed with sodium nitroprusside.
Sodium nitroprusside should be used in patients with pheochro-
mocytoma and complicating acute myocardial infarction or
congestive heart failure to obtain a gradual reduction of arterial
blood pressure. It decreases preload and afterload.! Its onset is
immediate, and recovery occurs in 1 to 2 minutes.> At higher
doses, toxic metabolites, such as cyanide and thiocyanate, are a
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Table 3. Adrenal Steroid Replacement in Bilateral Adrenalectomy

Day of operation
Postoperative day 1
Postoperative day 2
Maintenance

Methylprednisolone, 40 mg IV every 8 h for 3 doses
Methylprednisolone, 20 mg IV every 8 h for 3 doses
Methylprednisolone, 10 mg IV every 8 h for 3 doses
Prednisone, 5 mg orally each morning and 2.5 mg each evening, and fludrocortisone, 0.1 mg each morning

Abbreviation: 1V, intravenously.

concern.? Intravenous nitroglycerin is a rapid-acting agent that
mainly affects capacitance vessels.? Similar to nitroprusside, its
onset and duration are rapid.%¢

a-Adrenergic Antagonist. Phentolamine is a competitive
ay-adrenergic and weak ap-adrenergic receptor antagonist that
can be given intravenously as an infusion or as incremental
doses of 1 to 2 mg. In patients receiving intraoperative [3-ad-
renergic blockade, tachycardia attributable to the phentolamine
is not typically seen.!!

B-Adrenergic Antagonists. [3-Adrenergic antagonists can
help control tachycardia or tachyarrhythmias. Esmolol is a
selective B;-antagonist with a short duration of action.!® Esmo-
lol has hemodynamic effects that may be uniquely suited for
the intraoperative management of pheochromocytoma.’” There
is little evidence that residual B-adrenergic blockade by longer
acting drugs is a disadvantage.'!

Calcium Channel Blockers. Advantages of calcium chan-
nel blockers over sodium nitroprusside include little reduction
in preload, less potential for overshoot hypotension, no rebound
hypertension, less increase in heart rate, and absence of cyanide
toxicity.” Nicardipine is a calcium channel blocker with a
potent vasodilating action.® Although it has been shown to
inhibit catecholamine release from adrenal medullary tissue in
vitro, %8 several studies have shown that it does not attenuate the
release of catecholamines in vivo.>*3%-9? Nicardipine does not
prevent marked intraoperative increase of free plasma catechol-
amine levels in patients undergoing pheochromocytoma resec-
tion, despite preoperative preparation with oral nicardipine, 60
to 120 mg/24 h for 1 to § days, and intraoperative nicardipine,
2.5 to 7.5 pg/kg/min.>® Intravenous nicardipine has an onset of
1 to 5 minutes but has a duration of 3 to 6 hours.%

Dopamine-1 Receptor Agonist. Fenoldopam causes periph-
eral vasodilation by selective stimulation of dopamine-1 recep-
tors and increases renal blood flow. Although increased renal
blood flow may be beneficial in patients with renal impairment,
drug-induced diuresis is undesirable during pheochromocy-
toma resection.®

Hypotension

Persistence of hypotension might be caused by inadequate
intravascular volume, residual effects of preoperative a-adren-
ergic blockade, sudden increases in venous capacitance, and
hemorrhage. Fluids should be administered first because these
patients require large amounts of volume after tumor resec-
tion.! The volume of infused fluids in addition to compensa-
tion for blood loss in 1 study ranged from 500 to 3,000 mL
(mean, 1,100 = 500 mL) before resection and was 1,200 = 200
mL (mean * SD) after resection.® Control of hypotension by
fluid replacement is believed to be the factor responsible for
reduction in operative mortality, rather than the use of cat-

echolamines after tumor resection.> Pressor agents are gener-
ally ineffective in the setting of persistent hypovolemia.'® If
vasopressors are used, norepinephrine, phenylephrine, and do-
pamine have all been recommended.>%3

Hyperglycemia

Hyperglycemia may occur preoperatively and intraopera-
tively as a result of catecholamine excess.®!? Insulin release
and action are antagonized by an a,-adrenergic-mediated
mechanism. Increased glycogenolysis and free fatty acid mo-
bilization also contribute to preoperative hyperglycemia in ap-
proximately 60% of patients. This hyperglycemia rarely
requires treatment with insulin and resolves after pheochromo-
cytoma resection.”* Hypoglycemia may occur after tumor
excision because of rebound hyperinsulinism as the inhibi-
tory effect of norepinephrine on insulin secretion is elimi-
nated.®'” Slow emergence from anesthesia or lethargy after
extubation may result. B-Adrenergic blockers can impair re-
covery from hypoglycemia and mask clinical symptoms of
hypoglycemia.!?

Perioperative Steroid Replacement in Bilateral
Adrenalectomy

Patients with bilateral adrenal disease require steroid re-
placement (Table 3). When oral intake resumes, adult patients
should receive maintenance prednisone, 5.0 mg each morning
and 2.5 mg each evening, along with fludrocortisone, 0.1 mg
each morning.!

Surgical Approach

Successful surgery requires the cooperation of the surgeon,
the anesthesiologist, and the endocrinologist. Surgery for pheo-
chromocytoma is technically demanding and preferably is done
in centers that have experience with this disease.!”

Anterior or Transabdominal Approach. The anterior or
transabdominal approach is used more frequently in patients
with the familial form of the tumor because of the higher
incidence of bilateral adrenal gland involvement.> Large
masses and masses that may be malignant generally should be
resected using an anterior approach to allow adequate explora-
tion and safe resection.?” The patient is placed supine, with 1 or
both arms tucked at the side.! The flank may be elevated 30° on
a pillow. The table is flexed, and the space between the costal
margin and the anterior superior iliac spine on the side to be
removed is widened.”?

Other Approaches. The posterior approach is not recom-
mended for pheochromocytoma resection because a great deal
of tumor manipulation and pressure on the adrenal gland are
necessary.! The patient is placed prone on the operating room
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table and flexed at the waist.”> The thoracoabdominal approach
is reserved almost exclusively for large malignant pheochro-
mocytomas. The patient’s side to be operated on is elevated 45°
from the operating table, and the arm on that side is placed in
a sling above the patient’s head. The incision is initially epi-
gastric, with ipsilateral extension if necessary. The chest also
may be entered through the 11th interspace without resection of
any ribs.! Most intrathoracic pheochromocytomas occur in the
posterior mediastinum, but some are associated with the heart.
Resection of lesions that invade adjacent myocardium is asso-
ciated with significant mortality and incomplete resection of the
neoplasm. Cardiac transplantation should be available as an
option before embarking on resection, and it should be per-
formed if indicated by intraoperative findings."

Laparoscopic Adrenalectomy. Laparoscopic adrenalectomy
for pheochromocytoma produces less postoperative pain, short-
ened hospital stay and convalescent period,’® and fewer in-
cisional complications.”’ The laparoscopic approach to adre-
nalectomy is considered the procedure of choice®-1% except in
the case of invasive carcinoma or masses >15 c¢cm.!!

Carbon dioxide pneumoperitoneum can induce catechol-
amine release by a pheochromocytoma, and yet it is often well
tolerated.5%192193 Laparoscopic adrenalectomy for pheochro-
mocytoma has been associated with a greater increase in mean
arterial pressure, central venous pressure, and PCWP before
tumor excision than in patients undergoing the open abdominal
approach. In 1 report, the cardiac index and left ventricular
work index were not significantly changed.'*> Catecholamine
levels in pheochromocytoma patients increased the most during
tumor manipulation in conventional transabdominal adrenalec-
tomy and in laparoscopic adrenalectomy, but cardiovascular
instability was associated only with conventional transabdom-
inal adrenalectomy.*®

Positioning for laparoscopic surgery involves placing the
patient in the full lateral position with the anticipated tumor site
uppermost.!" For a laparoscopic bilateral adrenalectomy, the
left side may be performed first because it is thought that this
operation is easier. After the left side is completed, the patient
is repositioned and redraped with the right side up. For a
laparoscopic transperitoneal approach, the table is flexed. A
rolled sheet is positioned under the patient at the axilla and
umbilicus. The operative side should be hyperextended until
the flank musculature is slightly taut. The left arm is extended
and suspended. Three to five trocars are used. When the lateral
portion of the adrenal gland is exposed, the table is tilted to a
head-up position.'0!

Carotid Body Tumor and Paraganglioma Excision. Ca-
rotid body tumors are paragangliomas that arise in the carotid
body or, less commonly, in one of the adjacent nerves, such as
the vagus. These tumors infrequently secrete active substances,
but still should be excised because these tumors grow and
become more difficult to remove. Also, a small proportion
metastasize to the lymph nodes.!%*

Carotid body tumor resection is attempted in an avascular
plane, avoiding the need for cross-clamping the carotid artery.
There is the potential for major hemorrhage, however, because
the tumors are highly vascular and invasive. With large and
highly invasive tumors, it may be necessary to open or excise
a part of the carotid artery and repair it with a graft, necessi-
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tating carotid cross-clamping with or without an intraluminal
shunt.* Postoperative complications include airway compro-
mise owing to the development of a hematoma, tissue edema,
and vocal cord paralysis. Disturbed baroreceptor function may
present as fluctuating pulse and blood pressure. Cerebral isch-
emia can arise if a graft thromboses.*

Cardiac Exposure. The optimal surgical exposure is ob-
tained with a transsternal midline thoracolaparotomy.!% Car-
diopulmonary bypass and cardioplegia isolate the heart from
the systemic circulation, decreasing the risk of systemic release
of vasoactive compounds.'%

POSTOPERATIVE MANAGEMENT

Approximately 50% of patients remain hypertensive for a
few days, likely related to elevated catecholamine stores in
adrenergic nerve endings, which persist for 1 week after pheo-
chromocytoma resection.? Persistent hypertension may repre-
sent fluid excess, return of autonomic reflexes, inadvertent
ligation of a renal artery, or presence of residual tumor.!??

Residual nonparoxysmal hypertension is found in 27% to
38% of patients after pheochromocytoma removal.'* Familial
hypertension and age were associated with persistence of hy-
pertension.!® Conversely, persistent hypotension may be due
to loss of blood, alteration of vascular compliance, and residual
effects of preoperative adrenergic blockade.!?’” The most com-
mon serious postoperative complication after resection of car-
diac pheochromocytoma is massive bleeding.!?”

Patients who have undergone bilateral removal of carotid
bodies should have careful perioperative respiratory monitoring
because severe respiratory insufficiency has been reported.’
Postoperative blood glucose monitoring is recommended be-
cause hypoglycemia has been reported (Table 4).!10-111

Follow-Up Examination and Assay for Catecholamines

Evaluation of plasma metanephrine levels at 6 weeks and at
6 months after surgery is part of postoperative follow-up.!4
Recurrence has occurred 41 years after the initial surgical
resection; lifelong follow-up is necessary.? Yearly follow-up is
recommended in familial pheochromocytoma given the high
rate of tumor recurrence,'*!'2 and all family members should be
screened.!?

Nuclear DNA ploidy pattern is an important and independent
prognostic variable for patients with pheochromocytoma and
paraganglioma. Patients with DNA nondiploid tumors (DNA
tetraploid, DNA aneuploid) have a more malignant course than
patients with DNA diploid tumors.> Large tumor size and local
tumor extension at the time of surgery were the most significant
prognostic variables in predicting a future malignant course.''3
About 10% of patients with adrenal pheochromocytoma'!® and
10% to 40% with paraganglioma are at risk of subsequent
disease progression.!!4115

Table 4. Postoperative Considerations

Assess and manage decreased intravascular volume
Anticipate residual a;,-adrenergic blockade
Monitor for hypoglycemia




PHEOCHROMOCYTOMA

Long-Term Medical Management

Malignant pheochromocytomas (defined not by histologic
appearance, but rather by the presence of metastases)? often do
not cause severe hypertension or symptoms. These tumors may
spread locally or metastasize to the lungs, bones, and soft
tissue. Surgical debulking may be performed to relieve symp-
toms and control hypertension. Antihypertensive medications
(a-adrenergic and (-adrenergic antagonists and calcium chan-
nel antagonists) have been used with success. Tyrosine hydrox-
ylase decreases the production of catecholamines but has seri-
ous side effects, such as extrapyramidal signs, diarrhea,
anxiety, and crystalluria. Radiation and chemotherapy are used
to treat intractable pain or symptoms of catecholamine excess
that cannot be pharmacologically controlled.'” Besides surgical
therapy, no other forms of therapy are curative.?

The treatment of hereditary forms of pheochromocytoma is
controversial. Treatment has included unilateral adrenalectomy
for functional tumors, prophylactic bilateral adrenalectomy, or
follow-up observation of small nonfunctional pheochromocy-
tomas.'*

SUMMARY

Pheochromocytomas are catecholamine-secreting tumors.
They present with hypertension, headache, hyperhidrosis, and
palpitations. Surgical resection is the treatment of choice. Most
perioperative morbidity involves the cardiovascular system.
Echocardiograms are useful regardless of the blood pressure to
evaluate ventricular function. Preoperative hypertrophic or di-
lated cardiac pathology often improves after surgical removal
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of the pheochromocytoma or after several weeks of a-adren-
ergic blockade.

Preoperative control of hypertension (usually with a-adren-
ergic blockade) is probably important, although modern anes-
thetic care with central infusion of vasodilators and other
antihypertensive drugs allows satisfactory perioperative out-
comes. Rhythm abnormalities are rarely life-threatening and
perioperative [3-blockade, although stabilizing cardiac rhythm,
may exacerbate ventricular dysfunction.

General anesthesia is the preferred anesthetic technique. The
skill with which it is administered is probably more important
than any individual agent. Halothane sensitizes the heart to
catecholamines, and desflurane and ketamine cause some sym-
pathetic stimulation; all of these are best avoided. Agents that
release histamine (tubocurarine, atracurium in high doses, gal-
lamine) have been reported to cause massive catecholamine
release from these tumors and should not be used. Wide swings
in blood pressure are best treated with central venous titrated
infusions of nitrovasodilators or nicardipine.

Most patients with pheochromocytoma present with intra-
vascular volume depletion, and appropriate perioperative fluid
should be given. Hyperglycemia can occur before tumor removal
as a result of catecholamine excess, and rebound hyperinsulinemia
may cause postoperative hypoglycemia. If bilateral adrenalecto-
mies are performed, steroid replacement therapy should begin
intraoperatively. Postoperative hypotension may be due to re-
sidual a-adrenergic blockade, hypovolemia, or alteration of
vascular compliance because of the chronic catecholamine ex-
posure. Knowledge of these principles should allow logical
clinical decisions by anesthesiologists providing care for pa-
tients with pheochromocytoma.
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