ANAESTHETIC MANAGEMENT OF PHAEOCHROMOCYTOMA

VASILIOS PRATILAS AND MARGARET G. PRATILA

PHAEOCHROMOCYTOMA is a relatively rare, most
often histologically benign tumour of the sym-
pathetic nervous system which secretes exces-
sive quantities of the catecholamines epi-
nephrine and norepinephrine into the blood-
stream. Ninety per cent of these tumours are
found in the adrenals (right more often than left);
eight per cent in chromaffin tissue within the ab-
domen and only two per cent extra-abdominally
in the thorax or neck.! About 10 per cent are
bilateral or multiple (commeon in children) and
between six and ten per cent are malignant.?

Mortality following surgery was 25 to 45 per
cent before 1950.> With improvement in pre-
operative, operative and postoperative care,
mortality ranges from three per cent in uncompli-
cated cases to 20 per cent in those that are com-
plicated.®

Physiology

Chromaffin cells produce catecholamines,
three of which occur in the body (dopamine, nor-
epinephrine, and epinephrine). Norepinephrine
is the neurohumoral transmitter of the adrenergic
nervous system. Its main biosynthesis occurs
within the postganglionic sympathetic neurons.
Figures 1 and 2 show formation and catabolism of
norepinephrine. Epinephrine is synthesized and
stored in the adrenal medulla in a similar manner.
The enzyme N-methyl-transferase which is
necessary for conversion of norepinephrine to
epinephrine is found only in the adrenal medulla
inman.®

Clinical findings .

The derangements seen in phacochromo-
cytoma are accounted for by the known physio-
logical effects of epinephrine and norepinephrine
and include hypertension, alterations in pulse
rate and a hypermetabolic state.

1. Hypertension: Very severe hypertensive
cardiovascular disease can be produced by
phaeochromocytomata. Convulsions can occur
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from hypertensive encephalopathy. Hyper-
tension can be sustained or paroxysmal, A few
patients are normotensive and have no attacks,
but on exposure to the stress of operation or
parturition will suddenly liberate enormous
amounts of catecholamines from their tumours
with resultant very high blood pressure or cardiac
arrest.

2. Alterations in pulse rate: The catechol-
amines have characteristic effects on the pulse.
Norepinephrine causes slowing while epi-
nephrine produces tachycardia which can be
marked.
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3. Hypermetabolic states produced by the
catecholamines can be mistaken for thyrotoxic or
anxiety states. Epinephrine and to a lesser extent
norepinephrine cause glycogenolysis, hyper-
glycaemia, and glycosuria.

Gastrointestinal haemorrhage % ileal infarction
and ileus? have been reported. possibly as a result
of vascular changes associated with intense
vasoconstriction. Gupta® has reported an in-
creased incidence of myocardiat infarction.

Diagnosis

Diagnosis cannot be made on the basis of
symptoms alone. Similar symptoms may be
found in anxiety states, hyperventilation syn-
drome, paroxysmal tachycardia, migraine
headache, periodic cerebrovascular insuffi-
cicncy, hyperthyroidism. menopause, and
others.®

A high index of suspicion should be present,
however, and urinary metabolites of epinephrine
and norepinephrine should be sought in all pa-
tients presenting with one or more of the follow-
ing:'0

i. Hypertension (less than 5 in 1.000 have
phaeochromocytoma).'!

2. Paroxysmal symptoms.

3. Unexplained hypermetabolic state.

4. Inappropriate cardiovascular response to
truuma, partuition, anaesthesia.

5. Neurocutaneous syndrome.

6. Familial history of phaeochromocytoma.

7. Multiple endocrine neoplasia — Type 11.

The, diagnosis is based mainly on laboratory
findings. Excretion of vanillylmandelic acid
(VMA). studied by bi-directional paper or gas-
liquid chromatographic methods, requires only a
random urine spectmen and is not influenced by
most commonly used drugs or by diet.'? In the
absence of coma or a tumour of neural crest ori-
gin, VMA excretion in excess of 5pg/mg
creatinine is extremely rare.

Measurement of total metanephrines can be
done by a retiable photometric method.'*'* Git-
low, et af.!! have reported, however, that severe
stress conditions may also result in elevation of
total metanephrine excretion. VMA excretion is,
however, usually normal in these patients.

Pertsemlides, ¢t ¢f.'5 have stated that excre-
tion by a non-comatose patient of excessive
quantities of two catecholamine metabolites in
separate urine specimens is diagnostic for phaeo-
chromocytoma.
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Treatment

Because there is a high incidence of malig-
nancy in these tumours, treatment must be surgi-
cal, but only after adequate medical stabilization.
A complicating metastatic neoplasm or preg-
nancy are the only reasons for delaying opera-
tion.

Treatment may be divided into preoperative,
intraoperative, and postoperative phases.

. Preoperative (Table 1)

A. Alpha receptor blockade has improved the
management of these patients with phaeo-
chromocytoma. Two drugs are in common use:

1. Phenoxybenzamine is a potent a-adrenergic
receptor blocking agent, given orally or intra-
venously. It is long-acting with a half-life of over
24 hours. It is started in doses of 20 mg/day by
mouth for an adult, with monitoring of blood
pressure supine and standing. It is increased by
10 mg increments daily until the patient begins to
experience orthostatic hypotension. The dose is
then reduced 10 mg and continued at that level.

2. Phentolamine HCl is a short-acting alpha
blocker. We prefer to use this ageat if surgery is
scheduled. because it is short acting. Phentol-
amine is prepared by diluting 5- 10 mg in 500 ml of
five per cent dextrose in water. The infusion rate
required for adequate adrenolytic protection may
vary from 2-60 mg/hour (or 30-1.000 ggfmin-
ute).'s

B. Betaadrenergic blockers have been used in
the preoperative and operative period, as re-
ported by many authors,!6~2¢ {t is stated that the
B-blocking agents protect against dysrhythmias
and permit reduction in the amount of a-blocking
drugs necessary to control biood-pressure.'? The
use of B-blocking drugs has also been suggested
where tachyphylaxis to a-adrenergic-blocking
agents occurs'® B-adrenergic blockade should
only be used when a-blockade is established.
B-blockade alone may cause a marked rise in the
total peripheral resistance secondary to unop-
posed a-adrenergic activity.'®2® We reserve the
f-blocking agents to two circumstances in the
preoperative management of phaeochromo-
cytoma. They are used when there are frequent
ventricular dysrhythmias and in cases of sus-
tained tachycardia, generally in the range of 140
beats per minute in the adult and a lesser rate in
the elderly.

2. During operation
Virtually all commonly used premedicant
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TABLE 1
PREOPERATIVE DRUGS

Drug

Dose

Effect

Phenoxybenzamine

hypotension

Phentolamine
(30/1000 ug/min)

Chlorpromazine

Propanolol 10-40 mg p.o. t.i.d.

a-methylparatyrosine 1,5-3 g/day p.o.

20 mgjday p.o. (max. 160 mg/day). Given to
10 mg below dose producing orthostatic

Dilute 5~10 mg in 500 ml D5W i.v. 2-60 mg/hr

50 mg q 6/hr. p.o. 3 preop. days

o-adrenergic blockade
Long acting

w-adrenergic blockade
Short acting

Adrenergic blocking
Antidysrhythmic
Sedative

B-adrenergic blockade

Only to control dysrhythmia
or sinus tach. (prior a-block-
ade)

Prevents catecholaming
synthesis
Parkinsonism

drugs have been used successfully in the man-
agement of patients with phaeochromocytoma
(Table 11). Atropine is usually omitted as tachy-
cardia may occur, although opinion is not unani-
mous.?!

Anaesthetic management of the patient under-
going surgical removal of a phaeochromocytoma
is directed towards control of the cardiovascular
system. Close monitoring is an absolute necessity
and includes the electrocardiogram, central ven-
ous pressure, arterial line for continuous arterial
pressure readings, and a Swan-Ganz catheter.2?
Preoperative excess catecholamine output leads
to a chronically constricted blood volume. Re-
hydration is an essential part of the preoperative
preparation of the patient. Measurement of pul-
monary capillary wedge pressure helps in as-
sessment of intravascular volume replacement.
Enormous swings in blood pressure can occur
during the operation. Changes in vascular resis-
tance can be rapidly monitored and appropriate
therapy instituted.

Induction with sodium thiopentone has been
used in almost every case of phaeochromo-
cytoma reported. Virtually all inhalation anaes-
thetic apents have been used for the mainte-
nance of anaesthesia. Uncontrolled hyperten-
sion, severe hypotension and cardiac dysrhyth-
mias are the problems which must be anticipated.
While hypertension may occur during manipula-
tion of the tumour, it may also be precipitated by
increased intra-abdominal pressure on transfer to
the operating table, coughing during tracheal in-
tubation or surgical preparation.?* For this rea-

son an adequate depth of anaesthesia is necessary
during all these manoeuvres.

Gould and Perry have reported from the Mayo
Clinic on the results in patients anaesthetized

TABLE I

PREMEDICATION (ADULT)

Dose
Drug mg (im.) Effect
Barbiturates
Pentobarbitone 75-100 Resets HR at higher
value per given BP
Secobarbitone 75-100 Useful, little CV ac-
tion at normal
dosage
Narcotics
Morphine 5-15  Causes catecholamine
release
Meperidine 50-100 Direct action on vasc.
smooth muscle
May have hypo-
tension
Diazepam 5-10  Antidysrhyithmic
Droperidol 2.5-5 a-adrenergic recep-
tor block or loc.
anes. effect. Anti-
dysrhythmic. Occ.
severe hypertension
[cause?]
Atrapine 0.4 Vagolytic. Results in

tachycardia, AV
dis. Nodal & vent.
premature contrac-
tion
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TABLE Tl
MUSCLE RELAXANTS

Drug Effect

Dysrhythmia Blood pressure

Succinylcholine

| cardiac excitability threshold Bradycardia

Elevated

Sinus arrest

Sympathetic post-ganglionic
stimulation

Ganglionic blockade
Prevents SDC produced
dysthythmias

d-tubo-curare

Pancuronium
No ganglion blockade or
histamine release

Gallamine Anticholinergic

? B-adrenergic stimulant

No stimulation of tumor activity Vagolytic

Supraventricular & ventricular

Releases histamine
(tumor activity may be
excited)

Large doses-ganglion
blockade may cause

| BP
Elevated
May have tachycardia
Tachycardia Elevated

with diethyl ether.?* Although diethyl ether is
alleged to liberate catecholamines,?’ tachycardia
and cardiac dysrhythmias were not a major
problem when this was the primary agent.

Halothane,?® methoxyflurane,?” and enflur-
ane?® all depress the spontaneous release of
catecholamines from the adrenal medulla and the
secretion evoked by splanchnic nerve stimula-
tion. Zahed, ef «l.?® have noted that enflurane,
methoxyflurane and fluroxene do not sensitize
the heart to catecholamine-induced dysrhyth-
mias. Only the halogenated hydrocarbon
halothune lowered the dysrhythmic threshold
doses for epinephrine.

Enflurane has been used for the removal of
phagochromocytoma in recent years.?' Reports
have shown a decreased incidence of dys-
rhythmia during operation. Kopriva and Eltring-
ham?*® reported only nodal premature contrac-
tions during manipulation of the adrenal glands.

Many authors have reported favourably on the
use of neuroleptanaesthesia with a combination
of droperidol and fentanyl for removal of phaeo-
chromocytoma.3'**> Droperidol antagonizes the
pressor effects of the catecholamines and pre-
vents dysrhythmia 3¢ either by alpha blockade or
local anaesthetic action?® while fentanyl has been
shown to have an «-adrenergic blocking effect.
Sumikawa and Amakata®® have, however, de-
scribed a marked increased in blood pressure
following droperidol administration in a patient
with phaeochromocytoma.

Neuromuscular blocking agents used for
surgery for phaeochromocytoma have included
succinylcholine, d-tubocurare and pancuronium

(Table 11I). Gallamine has been generally avoided
because of its anticholinergic action. Brown and
Crout*® also believe it has a direct B-adrenergic
stimulating effect on cardiac receptors. Galindo
and Davis?' have shown that succinylcholine
lowers the cardiac excitability threshold.

Mathias and Evans-Prosser*? demonstrated
that small amounts of d-tubocurare block dys-
rhythmias induced by succinylcholine. Katz and
Biggers* believe this is due to its ganglion-
blocking property. Tumour activity may be ex-
cited by d-tubocurare through its liberation of
histamine. Clinically, however, both succinyl-
choline and tubocurare have been used success-
fully. Pancuronium does not produce histamine
release*® and has no ganglion blocking effect in
man.

Both lidocaine and B-adrenergic blocking
agents have been used for the treatment of dys-
rhythmia during surgery for phaeochromo-
cytoma. They are both effective although their
modes of action probably differ. Propranolol may
slow recovery of cardiovascular stability in the
postoperative period and most authors prefer to
use lidocaine (Table 1V).

Phentolamine is the drug most often used for
management of the hypertensive episodes during
the stress of anaesthesia and operation. Ap-
proximately five times the preoperative dose is
usually needed during the critical phases of the
operation. Sodium nitroprusside has also been
used during operation for treatment of increases
in blood pressure.3!+32 Its action is immediate and
directly on the vessel wall. Recovery occurs in
one to two minutes.
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TABLE 1V
INTRAOPERATIVE DRUGS

Drug Dose

Effect

Phentolamine HCI
mg/hr (150-5000 pg/min)

Nitroprusside
exceed 3-3.5 mg/kg (or 1 mg/kg?)

Propranolol

Lidocaine | mg/kg i.v. bolus

Dilute 25-50 mg in 500 ml DSW 10-300

0.5-1.5 pgfkg min. Total dose not to

1-2 mg i.v. bolus (5 mg maximum)

a-adrenergic blockade
Short acting
Control of BP

Direct act on smooth muscle wall vessel
Very short acting
Generally f HR & | BP

B-adrenergic receptor blockade
Only to control dysrhythmia or sinus tach,

1 Kt conductance membrane. Effective
against re-entry dysrhythmias

Following removal of the phaeochromo-
cytoma, falls in circulatory catecholamine levels
may result in hypotension. Rapid infusion of lac-
tated Ringer’s solution and/or blood is the treat-
ment of choice, with careful cardiovascular
monitoring. If vasopressors are needed. norepi-
nephrine is favoured by most authors. '7-46

Kumar and Zsigmond*’ recently reported on
their experiences with 34 patients with phaeo-
chromocytoma. Two deaths which occurred
were the result of acute myocardial failure which
developed following a prolonged period of severe
hypertension. They believe vasopressor therapy
to be dangerous in these circumstances, as the
failure may be due to active catecholamine myo-
carditis. They suggest the use of mechanical cir-
culatory assistance by means of an aortic balloon
pump to allow time for the myocardium to re-
COVEY.

3, Postoperative management

Close monitoring is mandatory during the im-
mediate postoperative period. Adequate urinary
output is of far more importance than the level of
the blood pressure itself.

Hypotension, tachycardia, and decreased uri-
nary output may indicate inadequate correction
of the blood volume deficit; an acute medical
problem such as myocardial infarction, cardiac
failure, sepsis or retroperitoneal bleeding.

SUMMARY

The incidence, mortality. physiology. clinical
findings and diagnosis of phaeochromocytoma
are reviewed. Treatment, after adequate medical
stabilization, must be surgical because of the high
incidence of malignancy. Alpha-adrenergic re-
ceptor blockade and $-adrenergic receptor block-

ade in the preoperative period was discussed.
Anaesthetic management of patients with phaeo-
chromocytoma requires close monitoring. Virtu-
ally all inhalational anaesthetic agents have been
used in cases of phaeochromocytoma. Recent
reports have favored enflurane. The merits of
neuroleptanaesthesia and the various muscle re-
laxants are also discussed. Most authors favour
lidocaine over propranalol for management of
dysrhythmias during operation. Phentolamine or
sodium nitroprusside are used for hypertension
during operation. Hypotension is treated by fluid
replacement with nor-epinephrine if a vaso-
pressor becomes necessary. Close monitoring is
necessary in the postoperative period. Adequate
urinary output is of more importance than actual
blood pressure levels.

REsumME

Différents aspects du phéochromocytome sont
passés en revue; en particulier, 'incidence, la
mortalité, les manifestations cliniques et le diag-
nostic. Etant donnée I'incidence élevée de mali-
gnité, le traitement chirurgical s'impose aprés
stabilisation par une médication appropriée. Le
blocage a-adrénergique et B-adrénergique avant
'intervention est discuté. L anesthésie exige un
monitorage minutieux. A peu pres tous les agents
inhalatoires ont été employés mais de rapports
récents favorisent lenflurane. Les mérites de la
neuroleptanesthésie et des différents myoréso-
lutifs sont présentés. La plupart des auteurs
favorisent la lidocaine sur le propanolol pour le
contrdle per-opératoire des dysrythmies et la
phentolamine ou le nitroprussiate de sodium pour
I’hypertension. L hypotension se traite par Pap-
port liquidien et la norépinéphrine si un vaso-
presseur devient nécessaire. La période post-
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opératoire demande un monitorage attentif. Un
débit urinaire adéquat est plus important que la
pression artérielle elle-méme.
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