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Phaeochromocytoma is a rare tumour arising from
chromaffin cells in the adrenal medulla or in other
paraganglia of the sympathetic nervous system.’’ The
name, meaning ‘dusky-coloured tumour’, was first used
by Pick”* in 1912 although the tumour had been recognized
earlier by von Frankel.? Successful surgery for excision of
phaeochromocytoma was first performed by Roux (1926)
and Mayo (1927)."%' The tumour can exist sporadically or in
conjunction with other endocrine tumours in the multiple
endocrine neoplasm (MEN) series.*” °° 85 87 Patients present
with a variety of symptoms which reflect excessive
secretion of norepinephrine, epinephrine or dopamine into
the circulation. Patients with predominantly norepinephr-
ine-secreting tumours present with hypertension, often
severe and refractory to conventional therapy. Patients
with predominantly epinephrine- (and dopamine-) secreting
tumours present with a variety of symptoms, usually
episodic, such as tachycardia with palpitations, panic
attacks and feelings of doom. Few medical conditions
pose such a severe but unpredictable threat to the patient’s
life, and it is therefore essential, as soon as a diagnosis is
made, to commence medical therapy to inhibit the end-
organ actions of the relevant catecholamines, pending
surgical excision.

There has been an increasing tendency for patients with a
definitive diagnosis of phacochromocytoma to be referred to
specialist endocrine surgeons, who in turn work with
anaesthetists with specialist experience, and this can only
be beneficial for such patients. Few anaesthetists have
substantial experience of treating patients with phaeochro-
mocytoma, but the review by Hull in this journal was a
landmark,?” reflecting his considerable experience in deal-
ing with the diagnosis, preoperative preparation and anaes-
thetic management of the condition. In the 13 yr since that
review was published, a number of new developments have
occurred in various aspects of the medical, surgical and
anaesthetic treatment of patients with these rare tumours.
With the exception of historical landmark papers, I have
restricted references to those which have appeared since
198032;nd, generally, I have not duplicated those quoted by
Hull.-

Histological and genetic origins of
phaeochromocytoma

Cells embryologically derived from the neuroblasts of the
neural crest develop in a variety of endocrine and non-
endocrine tissues, where they secrete polypeptide hormones
or hormone precursors (Fig. 1). These cells have a common
cytochemical function in that they take up chemical
precursors which they decarboxylate to produce a variety
of biologically active amines; it is for this reason they have
been classified as APUD cells (amine and amine precursor
uptake and decarboxylation).® ! Chromosomal mutational
changes in the RET proto-oncogene cause neoplastic
changes in these cells,®® ® resulting in the formation of
tumours which may occur sporadically or as part of a
familial syndrome. Phaeochromocytomas arise predomin-
antly from chromaffin cells in the adrenal medulla, although
about 6% occur in other tissues of neuroectodermal origin
such as the paraganglial cells of the sympathetic nervous
system, including those of the organ of Zuckerkandl.'? 7
There have been sporadic reports of phaeochromocytoma
arising in the heart or pericardium.* 80 #

The majority (90%) of phaeochromocytomas occur
sporadically and are benign.’” In about 10% of patients
with phaeochromocytoma the adrenal tumour is part of a
familial disorder such as the MEN syndromes, von
Recklinghausen disease or von Hippel-Lindau syndrome.®’

MEN syndromes

The term MEN describes a series of syndromes which were
originally identified as familial by the study of specific
kindreds,®> and which are now known to be genetically
linked.®’

MEN 1

For completeness it is worth describing Wermer’s syndrome
(MEN 1),102 a rare autosomal dominant disease which has
been widely studied in nearly 2000 descendants of an
English migrant to Tasmania.®® It consists of tumours of the
parathyroid glands, pancreatic islets (insulinomas) and
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Fig 1 Classification of tissues and associated tumours derived from ectodermal cells of the neural crest.

anterior pituitary, but phaeochromocytoma is not a feature
in this syndrome.

MEN 2

MEN 2 is an autosomal dominant syndrome with high
penetrance and varying expression. Three sub-types are now
recognized: MEN 2A, B and C. In MEN 2A (Sipple’s
syndrome),®> medullary thyroid carcinoma is associated
with phaeochromocytoma (in about half the patients) and
hyperparathyroidism. Phaeochromocytomas in this syn-
drome are frequently bilateral, although sometimes the
tumour is unilateral and the other adrenal is diffusely
enlarged and nodular. The medullary thyroid carcinoma is
diagnosed by immunocytochemical staining for calcitonin
in needle biopsies, and the diagnosis is usually made earlier
than that of phaeochromocytoma, whether linked or spor-
adic. Patients who have been treated for medullary thyroid
carcinoma should be screened for phaeochromocytoma.
Urinary screening reveals a higher incidence of epinephr-
ine-secreting tumours in MEN 2A by comparison with
sporadic phaeochromocytoma. Genetic screening for me-
dullary thyroid carcinoma has been used to identify children
at risk of developing the MEN syndrome, and I have
anaesthetized two such children, aged 10 and 12 yr, for
prophylactic thyroidectomy. These children will require
regular screening to detect the probable future development
of phaeochromocytoma. In MEN 2B there is medullary
thyroid carcinoma, phaeochromocytoma and a specific
phenotype consisting of a Marfan-like body habitus,
mucosal neuromas and intestinal ganglioneuromas.?’ °
Parathyroid involvement is very uncommon in this syn-
drome. Phaeochromocytomas are generally a late manifest-

45

671

ation in this syndrome, and are rarely bilateral or malignant.
This subtype, which has previously been classified as MEN
3,39 accounts for about 5% of all MEN 2. MEN 2C consists
of patients having familial inherited medullary thyroid
carcinoma without any other endocrine manifestation.®'

It seems probable that RET gene mutations occur in
thyroid parafollicular C cells, adrenal chromaffin cells and
autonomic and intestinal paraganglia, causing the neoplastic
changes in these syndromes.

Von Recklinghausen disease (neurofibromatosis)

Type 1 neurofibromatosis (NF1) is a rare (one in 3000)
autosomal dominant disorder produced by somatic muta-
tions in the NFI gene on chromosome 17, but only 1% of
patients with this condition develop phacochromocytoma.®!
The clinical association of café-au-lait spots and neurofi-
bromata should raise a suspicion of a phacochromocytoma.

Von Hippel-Lindau syndrome

This rare and complex syndrome includes retinal angioma-
tosis (von Hippel disease), cerebellar haemangioblastoma
(Lindau disease), pancreatic cysts, renal cysts and carcino-
ma and epididymal cystadenoma. The adrenal glands may
be involved, with an associated phaeochromocytoma.''

Clinical presentation

Hypertension is one of the commonest clinical conditions
with which patients present to their general practitioner.
Hypertension is the commonest presenting sign in patients
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with phaeochromocytoma. However, only one in 400-800
hypertensive patients has a phaeochromocytoma. Most
general practitioners and, indeed, most physicians do not
think ‘phaecochromocytoma’ when they encounter a new
hypertensive patient in their practice or clinic. A substantial
proportion of phaeochromocytomas secrete predominantly
norepinephrine, often in huge quantities, sometimes parox-
ysmally, but usually sustained; thus sustained hypertension
is the commonest presentation for this tumour.’’ Headache,
the commonest symptom secondary to hypertension, is
unlikely to alert the attending physician to the possibility of
such a rare tumour. However, when the headaches are
intermittent but regular, severe and associated with nausea
and vomiting, or with slow palpitations (baroreceptor-
induced bradycardia), the inconceivable possibility should
cross the physician’s mind. In my (recently published)
series,”’ 85% of patients first presented with hypertension,
subsequently linked with markedly increased urinary
norepinephrine secretion. Prolonged exposure of the circu-
lation to high circulating norepinephrine concentrations
results in constriction of both arteriolar and venous
segments with a marked decrease in circulating blood
volume. Such events used to be more common when
phaeochromocytoma was less frequently diagnosed and
treated. However, patients with unrecognized phaeochro-
mocytoma may be anaesthetized for other types of surgery;
under these circumstances, induction of anaesthesia may
cause widespread venodilation and thus cause profound
arterial hypotension. Some patients present with increased
blood glucose concentrations as a result of glycogenolysis
together with impaired insulin release by the islet cells of
the pancreas.>® ¥’ The overall picture depends on the
relative proportions of norepinephrine and epinephrine
secreted by individual tumours. Persistent, untreated
hypertension in patients with norepinephrine-secreting
tumours may result in left ventricular failure with systemic
arterial shutdown, leading to severe metabolic acidosis
and death.”” *

Only a small proportion, about 10-17%, of patients with
phaeochromocytoma present with paroxysmal symptoms
which reflect excessive secretion of epinephrine and
dopamine—paroxysmal tachycardia sensed by the patient
as palpitations, trembling, sweating and blanching, associ-
ated with feelings of panic and doom. The role of circulating
epinephrine in the genesis of these symptoms was estab-
lished as long ago as 1936;” ®® the role of circulating
dopamine is not established, though it is likely that
symptoms relating to vasodilation in the gastrointestinal
tract, such as nausea and vomiting, can be explained by high
dopamine concentrations. The relevance of dopamine
secretion in malignant and aberrant phaeochromocytomas
was hinted at more recently.’ Increased dopamine
secretion by a malignant phaeochromocytoma has been
described as a cause of increased outlet resistance of the
prostatic urethra." When symptoms of palpitations, sweat-
ing and fainting, accompanied by hypertension, occur after
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voiding urine, a phaeochromocytoma of the urinary bladder
should be considered.”® ®> They account for 0.06% of all
bladder tumours. Although it has been possible to measure
free dopamine concentration in both blood and urine for >20
yr, few clinical biochemical laboratories routinely report
dopamine excretion in 24 h urine collections. Excessive
epinephrine secretion also causes hypermetabolism with
weight loss, and stimulation of insulin release through a [3,-
adrenoceptor mechanism,** although the latter may be
offset by the effects of circulating norepinephrine.
Prolonged exposure to increased concentrations of circu-
lating catecholamine may result in a form of dilated
cardiomyopathy linked with ventricular failure in about
one-third of patients >’ * though it is not clear whether this
results from o- or B-adrenoceptor activation. The histolo-
gical picture is of myofibrillar degeneration with interstitial
infiltration by mononucleocytes, with secondary fibrosis and
calcification. A similar catecholamine-induced cardiomyo-
pathy has been described in patients with prolonged
sympathetic overactivity in tetanus. By contrast, hyper-
trophic cardiomyopathy may result from norepinephrine-
induced hypertension.®
Phaeochromocytoma is a great mimic and may present in
a huge variety of ways. Darby and Prys-Roberts'” described
a patient who presented in high-output left ventricular
failure resulting from arterio—venous shunting through a
huge suprarenal mass which turned out to be a phaeochro-
mocytoma. High output failure has also been described as a
complication of excessive epinephrine production with
cardiomyopathy,”” and one can only wonder whether
excessive dopamine excretion could have been a contribu-
tory cause. Acute pulmonary oedema may complicate
phaeochromocytoma at any time; it has been described as
arising during recovery from anaesthesia®® and as a response
to a small therapeutic dose of propranolol.”’
Phaeochromocytoma can present during pregnancy and
mimic the usual symptoms and signs of toxaemia, either as
simple hypertension or fulminant eclampsia. Management
of anaesthesia and surgery during pregnancy follows the
same principles as for the general population.®' 3¢ 4¢ 3
Previously undiagnosed phaeochromocytoma has been
reported as complicating Caesarean section.
Phaeochromocytoma is an extremely rare tumour in
children” °' but should be searched for in those presenting
with episodic hypertension, and in the children of families
with known histories of medullary thyroid cancer or
phaeochromocytoma or both. Pre- and intra-operative
management should follow the same principles as for adults.

Diagnosis

Once the combination of symptoms and signs has suggested
a diagnosis of phaeochromocytoma, the best confirmatory
test is to measure free catecholamines in a 24 h urine
collection. High performance liquid chromatography with
electrochemical detection allows accurate measurement of
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Table 1 Normal values for catecholamines and their metabolites in plasma and 24 h urine collection

Molecular weight 1 mg=x mol®

Plasma concentration (pg ml'l) Urine concentration (nmol 24 h‘l)

Epinephrine 183 5.46 40-100 <140
Norepinephrine 169 5.92 200-400 <800
Dopamine 152 6.58 <1400
Metanephrine 197 5.08 <2000
Normetanephrine 183 5.46 <5000
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Fig 2 Relationship between systolic and diastolic arterial pressures at time of diagnosis of phaeochromocytoma and 24 h urinary norepinephrine
excretion. Dashed lines indicate patients with predominantly epinephrine-secreting tumours; continuous lines indicate patients with predominantly
norepinephrine-secreting tumours. Based on data from Prys-Roberts and Farndon.”’

free epinephrine, norepinephrine and dopamine in body
fluids, such as urine or blood.*’ This technique has fully
superseded the older techniques for measuring urinary
catecholamine metabolites, such as metanephrine or
normetanephrine and their further co-metabolite vanillyl
mandelic acid (VMA), sometimes referred to as hydroxy-
methoxyphenyl glycol (HMPG). Dopamine is metabolized
to homovanillic acid (HVA) sometimes confused with
VMA. However, Eisenhofer and Lenders continue to extol
the diagnostic virtues of plasma or urinary metanephrines as
markers of phaeochromocytoma.”® ! Table 1 shows the
normal values for the three endogenous catecholamines,
with indications of the equivalent values for metanephrines
and VMA.

Manger and Gifford®’ state that no close correlation
exists between arterial pressure and plasma catechol-
amine concentrations. That may well be the case if one
considers all phaeochromocytomas, both epinephrine and
norepinephrine secretors. However, in my series of 19
patients in whom measurements of free urinary catechol-
amines were made, 16 patients showed predominant
norepinephrine secretion of whom 13 had normal

epinephrine concentrations, and a further three had
slightly increased epinephrine secretion.”” Only three
patients showed predominantly elevated epinephrine
secretion which was consistent with their pre-diagnosis
symptoms. Five patients also showed markedly elevated
dopamine secretion, the highest levels being in the three
patients who showed predominantly epinephrine secre-
tion. In those patients who had a predominant
norepinephrine secretion there was a correlation between
systolic and diastolic arterial pressure and the 24 h
urinary norepinephrine secretion (Fig. 2). The major
unknown factor is the role of dopamine in the causation
of symptoms in patients with phaeochromocytoma. In
my series, excessive dopamine secretion was present in
five patients.”” Such a low proportion of patients
secreting epinephrine may disallow the concept that if
epinephrine is the predominant catecholamine then the
location of the tumour is likely to be adrenal or the
organ of Zuckerkandl.

Plasma concentrations of catecholamines may give good
correlations with urinary catecholamine or metabolite
concentrations in patients with sustained rather than
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Fig 3 MRI scan of a patient with a moderately large left-sided phaeochromocytoma.

episodic symptoms. Measurements of plasma catechol-
amine concentrations made during an episode of cardio-
vascular instability may exaggerate the nature of the
phaeochromocytoma.

Localization

Once the diagnosis of phaeochromocytoma has been
confirmed by elevated urinary catecholamines, it is essential
to start the process of localization. Shortly after Hull’s
review,?’ magnetic resonance imaging (MRI) was intro-
duced and rapidly acquired a reputation for being pre-
eminent as a method for identifying phacochromocytoma.>*
Over the past 10 yr, it has become apparent that MRI (Fig. 3)
and computerized tomography (CT) both provide accurate
and consistent identification of the majority of phaeochro-
mocytomas, particularly when the tumours occur in the
suprarenal area.*' Tumours as small as 1 cm can be
recognized. Cystic phacochromocytoma may be particularly
easy to diagnose by MRI because such tumours have a high
water content and so give a good signal.

Recurrent tumours, metastases and tumours in unusual
sites may have to be identified with the radiopharmaceutical
agent ["*'Ilmeta-iodobenzyl guanidine (MIBG).”* '*
MIBG has been effective in identifying uncommon sites
such as the urinary bladder and the pericardium,®® but has
some disadvantages in that it may be taken up by
neuroblastomas, medullary thyroid carcinomas, carcinoids
and small-cell carcinomas of the lung. Drugs such as
labetalol,49 reserpine, adrenergic neurone blockers, calcium
channel blockers and some tricyclic antidepressants are
known to interfere with the uptake of MIBG.
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Older techniques, such as the pentolinium'® and clonidine
suppression test,” *® glucagon provocative test’ and select-
ive adrenal vein blood sampling, are now rarely needed.

Preoperative pharmacological control

Once the diagnosis of phaeochromocytoma has been made,
there is little doubt that surgery is the only curative
procedure, but immediate pharmacological control of the
adverse effects of circulating catecholamines is essential.
Immediate surgery is rarely essential; the main objective is
to control arterial pressure, heart rate and arrhythmias and,
especially, to allow blood volume to be restored to normal.

a-Adrenoceptor antagonists

Phenoxybenzamine has been widely used since the early
1950s*° as the mainstay of pre- and perioperative control of
blood pressure in patients with phacochromocytoma,®’ 37 #8
and was still being advocated recently.® ° > 7® Advantages
claimed for phenoxybenzamine are that it has a long
duration of action, allowing twice-daily oral ingestion, and
that it produces non-competitive blockade as a result of
covalent binding of the drug to the receptor.’® The latter
effect is claimed to prevent the effects of surges of
catecholamine release during the preoperative preparatory
period.” ¥’

Disadvantages of phenoxybenzamine are numerous.
First, being a non-selective o-adrenoceptor antagonist, it
blocks o,-adrenoceptors, especially those on the pre-
synaptic membrane of adrenergic neurone terminals which
are part of a negative feedback loop regulating release of
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norepinephrine.’’ Consequently, the release of norepinephr-
ine at cardiac sympathetic nerve endings is uninhibited and
what would otherwise be normal sympathetic nerve activity
causes undesirable chronotropic and inotropic effects.
Traditionally, these have been controlled by adjuvant [3-
adrenoceptor antagonists.>” >’ Second, the non-competitive
covalent binding results in an irreversible block which has
been attributed to alkylation of the o-receptor by a highly
reactive carbonium ion formed by cleavage of the tertiary
amine of phenoxybenzamine.®® Although the pharmaco-
logical half-life of phenoxybenzamine is about 24 h, the
prolongation of the receptor blockade depends on the rate of
re-synthesis of the receptors.’” *>* One of the main findings
of my recent study was the marked prolongation of -
adrenoceptor blockade in the postoperative period despite
stopping the administration of phenoxybenzamine 24-48 h
before the operation.”” A number of postoperative problems
can be attributed to such an effect. Patients who have been
subjected to long-term phenoxybenzamine therapy are often
very somnolent in the first 48 h after surgery,’” and this may
result from persistent central o,-adrenoceptor blockade. As
the systemic arterioles are insensitive to o-adrenoceptor
agonists in such patients, it has been established practice to
expand the intravascular volume in excess of predicted or
measured fluid losses,>’ resulting in marked interstitial fluid
retention and widespread peripheral oedema. Other disad-
vantages of phenoxybenzamine given before an operation
are that it causes somnolence, headache and a stuffy nose—
all central side-effects related to o,-adrenoceptor block-
ade—and consistent and marked postural hypotension. The
latter occurred in all eight of the phenoxybenzamine-treated
patients in my series.”’

Phenoxybenzamine should be started in small doses (10
mg, two or three times daily) and increased gradually until
either all signs of pressor activity have been suppressed, or
until the patient complains of the side-effects of postural
hypotension or a stuffy nose, or both, usually when doses
exceed 90 mg day'. Tachycardia should be controlled by
the careful introduction of a B-adrenoceptor antagonist. In
my series,’’ physicians chose a variety of B-adrenoceptor
antagonists (propranolol 160 mg bd, atenolol 100 mg od,
metoprolol 150 mg X 3, labetalol 100 mg bd).

Selective competitive o -adrenoceptor blockade with
prazosin in patients with phaeochromocytoma was advo-
cated by Wallace and Gill'% and others in the Americas, 1570
but failed to achieve widespread popularity. One reason for
this may be that physicians were reticent to use greater doses
of prazosin, then a new drug in the treatment of hyperten-
sion, to control patients’ arterial pressure. Prazosin, a drug
with high first-pass metabolism,”® was therefore probably
given in inadequate dosage, even though by sparing ol,-
adrenoceptors, it would have minimized B-adrenergic
activation in the heart.”® Because of its high clearance (4—
5 ml min~' kg™") and its short elimination half-life (2-3 h),
prazosin blood concentrations may decrease to ineffective
levels at the time of surgery if the last dose was given on the
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Fig 4 Structure of doxazosin, a selective o,;-adrenoceptor antagonist with
a bioavailability of >70%, a low plasma clearance and a long elimination
half-life. Doses of 2-16 mg day™' can maintain effective o;-adrenoceptor
blockade over a 24 h period.

previous night. Russell and colleagues’® claim that

phenoxybenzamine pretreatment provided superior intra-
operative stability to prazosin, though this was a comparison
of only one patient receiving prazosin (no dosage given)
with 12 patients receiving phenoxybenzamine. The hypo-
tensive effect of prazosin is concentration dependent and
this drug may also have a profound hypotensive effect on the
first dose. This latter effect may reflect the immediate effects
of arteriolar dilation in a patient who has been in a state of
venoconstriction and arteriolar constriction with low
circulating blood volume,38 a state characteristic of
prolonged elevated norepinephrine secretion. Prazosin
should be introduced in a dose of 1 mg every 8 h and
gradually increased up to 12 mg daily.*’

Doxazosin (Fig. 4) is a competitive and selective o-
adrenoceptor agonist which, being non-lipophilic, has a
high bioavailability (70%) and does not readily cross the
blood-brain barrier, and has a long duration of action
allowing once-a-day dosing.* '> 2> Mean peak plasma
concentrations of about 8 pig litre™ can be achieved within 4
h of a single oral dose of doxazosin 1 mg, and increase
linearly with doses up to 16 mg daily."* Doxazosin increases
renal perfusion, decreases renal vascular resistance and does
not modify the renal response to exercise.'® 8¢ 1% I selected
doxazosin in 1991 as a drug with a near-ideal profile for the
preoperative management of patients with phaeochromocy-
toma. Since then 20 patients, 18 with phaeochromocytoma
and two with paraganglionoma, have been treated success-
fully with doxazosin in doses from 2 to 8 mg day'.”’
Doxazosin was used alone in 11 of these patients, all of
whom had been diagnosed as predominantly norepinephrine
secretors based on urinary free catecholamine measure-
ments. Five patients also received small doses of B-
adrenoceptor antagonists because the primary physicians
could not be persuaded to omit the drug! Only one patient
complained of moderate postural hypotension. Preoperative
control of arterial pressure was at least as good as that
achieved with phenoxybenzamine (Table 2). As doxazosin
does not block the presynaptic o,-adrenoceptors which
regulate norepinephrine release at cardiac adrenergic nerve
endings, it is unnecessary to administer [-adrenoceptor
antagonists unless the patient has an epinephrine-secreting
tumour. Three patients with predominantly epinephrine-
(and dopamine-) secreting tumours were treated effectively



Prys-Roberts

Table 2 Preoperative blood pressures in patients treated with
phenoxybenzamine or doxazosin.'” Data are expressed as mean (SD)
Phenoxybenzamine = Doxazosin P
(n=8) (n=18)
Pre-operative arterial pressure
(mm Hg)
systolic 162 (17.7) 150 (23.9)  0.220
diastolic 92 (15.3) 77 (15.5) 0.029
Heart rate (beats min™") 71 (12.6) 75 (11.1) 0.451

with a combination of doxazosin (2-4 mg day™') and
labetalol (200400 mg day ™).

While doxazosin controls arterial pressure satisfactorily
in the preoperative management of the patient, there will
still be a need for supplementary o~ and B-receptor block
during surgical manipulation of the tumour. In my series
there was no significant difference in intraoperative
phentolamine or labetalol requirements between the phe-
noxybenzamine- and doxazosin-treated patients.’’

Terazosin is an alternative selective «-adrenoceptor
antagonist with pharmacokinetic characteristics similar to
those of doxazosin, but with a shorter half-life.

[-Adrenoceptor antagonists

There are two reasons for using B-adrenoceptor antagonists
in the preoperative treatment of patients with phaeochro-
mocytoma. The first is to limit symptoms and signs referable
to increased circulating epinephrine, mainly manifest as
tachycardia with or without cardiac arrhythmias. These will
be evident in patients with predominantly epinephrine- (and
dopamine-) secreting tumours. As the prime objective is to
limit excessive tachycardia with or without arrhythmias
mediated through B;-adrenoceptors, it is logical to use
selective ;-adrenoceptor antagonists such as atenolol (100
mg day™") or bisoprolol (10-20 mg day™') in order to
minimize undesirable side-effects in the bronchi or periph-
eral vasculature. Labetalol (100-400 mg day™') has been
chosen because it antagonizes both o- and -adrenoceptors.
The o-adrenoceptor block is competitive but weak, but will
supplement additively any pre-existing o-block resulting
from the use of phenoxybenzamine, prazosin or doxazosin.
Carvedilol (12.5-50 mg day™") is another [-adrenoceptor
antagonist having weak o-blocking effects.® Other non-
selective (i.e. mixed P, and P,) antagonists such as
propranolol (40-240 mg day™") or metoprolol (50-200 mg
day™) may be used, but care must be exercised in
preselecting patients who do not have a history of obstruct-
ive airway disease or peripheral arterial disease. Celiprolol
(200-400 mg day "), which has B, antagonist and B, agonist
effects,”® may be the drug of choice in such patients.

The second reason is to block excessive cardiac sympa-
thetic drive secondary to suppression of the presynaptic ol,-
regulating mechanism by drugs such as phenoxybenzamine.
In my series /it has been found to be unnecessary to use -
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adrenoceptor antagonists with doxazosin, except in patients
known to be epinephrine secretors.

Suppression of B-adrenoceptor-mediated cardiac sympa-
thetic activity in the absence of adequate arteriolar dilation
may precipitate acute pulmonary oedema.’’” A 17 yr old
female in my series’’ went into acute pulmonary oedema
shortly after a small intravenous dose of propranolol to
control tachycardia after admission to hospital. It is
therefore considered to be very unwise to administer -
adrenoceptor antagonists to patients with phaeochromocy-
toma without first ensuring adequate arteriolar dilation,*’
and then only under continuous cardiovascular monitoring.

Other drugs

Although there are devotees of the use of other antihyper-
tensive drugs in the preoperative management of patients
with phaeochromocytoma, there is little evidence to support
their use. One report described exclusive use of calcium
channel blockers in the pre- and intra-operative control of
10 patients with phacochromocytoma.”® Another suggested
that nifedipine blocked surges of sympathetic activity in one
patient with phacochromocytoma of the urinary bladder,’?
and another reported suppression of symptoms in a patient
with  norepinephrine-induced ~cardiomyopathy.®*  The
advantages of ACE inhibitors (ramipril) or angiotensin II
antagonists (such as losartan or irbesartan) in reversing left
ventricular hypertrophy are of doubtful value in the
preoperative management of most phaeochromocytomas
as the hypertensive stimulus (norepinephrine) usually
reverts to normal after surgery.

Alpha-methyl-p-tyrosine (AMPT) was used in the 1960s
to inhibit the rate-limiting conversion of tyrosine to dopa by
suppressing tyrosine hydroxylase,?” thus decreasing the
synthesis of catecholamines by 40-80%. Its use has not
stood the test of time, probably because of the high
incidence of undesirable side-effects. However, there is an
interesting report of its use in a child with catecholamine-
induced dilational cardiomyopathy.*

Management of anaesthesia and surgery

Surgery

The management of anaesthesia and monitoring for surgery
of phaecochromocytoma and paraganglionomas will depend
to some extent on the surgical approach. Adrenalectomy for
phaeochromocytoma has traditionally been performed by
open lateral retroperitoneal surgery, though a transabdom-
inal approach may be necessary in a few patients. Recently,
laparoscopic transperitoneal excision of phaeochromocyto-
ma has become feasible. Open surgery is usually quicker,
but the patient may require longer postoperative hospitali-
zation. In the absence of complications resulting from
persistent adrenergic blockade, patients may be ready to
leave hospital 36-48 h after laparoscopic surgery.
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Manipulation of the tumour during open surgery, with its
haemodynamic responses, may be inevitable but can usually
be of short duration. In my experience, laparoscopic
excision of a phaeochromocytoma requires persistent tissue
traction and diathermy or ultrasound coagulation which may
cause sustained haemodynamic consequences of at least the
same severity as may be expected during open surgery, but
for a rather longer period of time. The quid pro quo is the
shorter postoperative hospital stay. Laparoscopic surgery
may prove too difficult, requiring open surgery on the same
occasion or subsequently. The surgical approach will also
influence the anaesthetist’s plan for postoperative analgesia.

Anaesthesia

To quote Hull,®” “Since the first successful operation by the
Swiss surgeon Roux in 1926, almost every possible
anaesthetic technique has been advocated.” I share Hull’s
view that a rational anaesthetic technique should be based
on sound pharmacological principles rather than an ‘idio-
syncratic fondness for particular drugs or methods’! I differ
from Hull only in preferring a combined regional and
general anaesthetic technique, using a segmental mid- to
low-thoracic epidural combined with adequate general
anaesthesia, and selective adrenergic antagonists, phentola-
mine and labetalol to control haemodynamic surges in
response to tumour manipulation. Schiittler has also advo-
cated rational management during surgery based on meas-
urement of catecholamine secretions.®!

A practical rational technique

The following basic technique, with minor changes over a
period of 32 yr, has been uniformly successful in >50
operations for phaeochromocytoma, in Oxford and Bristol. I
changed from halothane to isoflurane when the latter
became available in the early 1980s and substituted
atracurium for alcuronium at about the same time. Apart
from one patient who died of an inoperable malignant
phaeochromocytoma within a week of attempted surgery,
there have been no other deaths within 31 days of surgery,
and no serious postoperative complications. In the earlier
patients in my series, refractory hypotension in the early
postoperative period can, with hindsight, be attributed to the
undesirable lingering effects of phenoxybenzamine therapy
(see below). Since the change to preoperative management
with doxazosin in 1992, the subsequent 21 patients have
been remarkably free of intra- or post-operative problems.

The last preoperative doses of adrenergic antagonists
should be given at about 22.00 h on the evening before
surgery, anticipating a start of anaesthesia at 08.30 h.
Phenoxybenzamine, if it has been used preoperatively,
should be withdrawn at least 48 h before surgery. Such a
plan results in a patient whose relevant adrenoceptors are
adequately blocked (see below), and whose haemodynamic
state is stable up to the time of surgical manipulation of the
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tumour. Oral premedication with temazepam (10-30 mg)
suffices in most patients.

Peripheral venous, arterial and central venous (antecubi-
tal or internal jugular vein entry) catheters are placed under
local anaesthesia and haemodynamic monitoring is estab-
lished together with ECG (CMS lead) and pulse oximeter. I
have only once felt the need for balloon-occluded pulmon-
ary artery pressure measurement.'’

After preoxygenation, I induce anaesthesia with fentanyl
5 ug kg™ and propofol 1 mg kg™ followed by atracurium
0.5 mg kg' when the patient no longer responds to
command. Following tracheal intubation and insertion of a
nasogastric tube, the patient’s lungs are ventilated with a
tidal volume of 10 ml kg_] at a rate of 1012 breaths min",
using a circle system, either without a soda—-lime absorber,
or with a soda-lime absorber with a partial bypass. This
allows controlled partial rebreathing of carbon dioxide,
allowing the patient’s end-tidal PCO, to be controlled at 38
mm Hg (5.1 kPa). I maintain anaesthesia with isoflurane in
an air-oxygen mixture to achieve an Flo, of about 0.5, and
an end-tidal isoflurane concentration of about 0.9%. The
patient can then be turned, carefully, on to their side for
sterile placement of an epidural catheter at an appropriate
site for the proposed surgical incision, usually a paraspinous
mid- (T9-10) to low- (T12-L1) thoracic Tuohy needle
placement, allowing a catheter length of 5 cm in the epidural
space. I inject bupivacaine (4 ml of 0.5% solution) into the
epidural space before placement of the catheter and I give
further incremental doses of 4 ml of 0.5% bupivacaine at 1 h
intervals throughout surgery. I have never seen a severe
hypertensive or tachycardic response to turning the patient.
The patient is then transferred to the operating theatre and
positioned for the planned surgical approach. This technique
is equally applicable for both open and laparoscopic surgical
approaches. For laparoscopic surgery, the patient is placed
in the full lateral position with the anticipated tumour site
uppermost.

Once the epidural block is effective, further doses of
fentanyl or neuromuscular blocking drug are rarely required
for open surgery, although during laparoscopic surgery it
may be necessary to use small doses of either drug to
suppress the drive to breathe as carbon dioxide is absorbed
from the peritoneal cavity.

Pharmacological control of catecholamine release
during surgery

The combination of adequate regional anaesthesia with
general anaesthesia sufficient to prevent the patient cough-
ing on the tracheal tube provides satisfactory conditions for
the initial surgical incision and exposure of the tumour.
Manipulation of the tumour, however gently performed,
usually causes a brisk haemodynamic response. In patients
with norepinephrine-secreting tumours this response is
predominantly a pressor response, the systolic arterial
pressure rising from a basal 100-120 mm Hg about 20 s
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Fig 5 Computer reconstruction of patient record (Hewlett—Packard Merlin) for patient 20,”” a predominantly norepinephrine secretor (7500 nmol
24 b, showing changes of heart rate (HR), systolic (SAP) and diastolic (DAP) arterial pressures, and central venous pressure (CVP). Note the
response to direct tumour handling at 09.50 h, in which systolic and diastolic arterial pressure increase swiftly together with an initial increase in heart
rate. When the systolic arterial pressure reaches 160 mm Hg, there is a sudden reversal of the heart rate response, presumably as a result of a
baroreflex response; this occurs before the phentolamine and labetalol have reached their relevant receptors. This biphasic response was observed in
four other patients all of whom had predominantly norepinephrine-secreting tumours. Note also the sudden exponential decrease in arterial pressure
immediately after the final vein draining the tumour had been ligated. This response was observed in all the patients having predominantly
norepinephrine-secreting tumours. Note the diminished arterial pressure increase (approximately 16 mm Hg) in response to phenylephrine 200 ug,
indicating a substantial degree of o-adrenoceptor blockade. Note also the step increase in arterial pressure when the patient recovers consciousness.
Key: I=induction, T=tracheal intubation, E=turning the patient on to side to perform epidural, S=initial surgical incision, V=ligation of final

connecting vein, A=patient awake and responding to command.

Table 3 Supplemental doses of phentolamine and labetalol required in
patients pretreated with phenoxybenzamine or doxazosin’’

Dose (mg) Phenoxybenzamine (rn=8) Doxazosin (n=18) P
Phentolamine 9.6 (6.8) 11.1 (7.6) 0.652
Labetalol 33.1 (8.4) 15.8 (8.2) 0.080

after surgical manipulation. I attempt to give phentolamine
2 mg i.v. in anticipation of this event, partly to suppress it,
and partly to assess the patient’s response to such a dose. In
the event that this pressor response is accompanied by
tachycardia, I use 5 mg incremental doses of labetalol to
suppress it (Fig. 5). Subsequently it is possible to control the
surges of systolic arterial pressure and heart rate by
judiciously timed combination of these two drugs, together
with transient increased concentrations of isoflurane. The
average phentolamine and labetalol requirements in my
recent series’’ are shown in Table 3. In patients with a
predicted predominant epinephrine (and dopamine) secre-
tion I would anticipate an increase in heart rate by giving
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labetalol 20 mg i.v. over a period of 10 min before
anticipated tumour handling, followed by phentolamine or
labetalol, or both, to control anticipated or extant surges
(Fig. 6). Esmolol, having an ultra-short elimination half-life,
has been proposed as a suitable drug for the control of -
adrenoceptor-mediated haemodynamic changes.®® 7° 10
There is little evidence that residual B-adrenoceptor block-
ade by longer-acting drugs is a drawback.

In most patients with a unilateral phaeochromocytoma it
is possible to identify the moment the surgeon ligates the
predominant or last major emptying vein from the tumour as
an exponential decrease of arterial pressure over a 5 min
period to a level below the pre-handling arterial pressure
(Fig. 5).

In patients pretreated with phenoxybenzamine it has been
my experience that mean (SD) systolic arterial pressure
remains relatively low (100 (12) mm Hg) during the first 1—
2 h after surgery despite vigorous attempts to fill the
circulation with colloid solutions (previously dextran 70,
now gelatin) to increase the central venous pressure to =8
mm Hg. Such patients can be unresponsive to huge doses of
oj-adrenoceptor agonists such as phenylephrine, methox-
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Fig 6 Computer reconstruction of patient record (Hewlett—Packard Merlin) for patient 17,”” showing changes of heart rate (HR), systolic (SAP) and
diastolic (DAP) arterial pressures and central venous pressure (CVP). This patient had a predominantly epinephrine- (1571 nmol 24 h™') and
dopamine- (14 916 nmol 24 h™') secreting tumour. Note the tachycardia in response to initial tumour handling despite labetalol 10 mg given 5 min

earlier, and the exponential decrease of heart rate to <50 beats min™'

amine or norepinephrine (see below). Patients pretreated
with doxazosin are much less refractory, indeed their
systolic arterial pressure remains moderately low during the
remainder of the surgical procedure but returns sharply to
normal levels (118 (14) mm Hg) as soon as consciousness
returns and cerebral arousal stimulates the sympathetic
nervous system.’’ Such patients require much less fluid
loading in the postoperative period and consequently have a
significantly lower positive fluid balance in the first three
postoperative days (2800 (1380) ml) compared with patients
receiving phenoxybenzamine (4800 (2474) ml).”” Most
patients (93%) pretreated with phenoxybenzamine were
clinically oedematous during this period, whereas only one
of the 19 patients who received doxazosin was oedematous.

All patients have been returned, breathing spontaneously
and with full analgesia, to a high-dependency bed in the
intensive care unit (ICU) for monitoring and observation,
and most have been discharged to the general ward the
following day.

Assessment of adrenergic block

Since 1988, I have assessed the degree of a-adrenoceptor
blockade in all patients with phacochromocytoma.”” This
was done by constructing dose—response curves represent-
ing the increase in systolic arterial pressure to increasing
intravenous doses of phenylephrine.”> These curves were
constructed before induction of anaesthesia in the awake
patient in the anaesthetic room, during surgery before
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after ligation of the final draining vein of the tumour. Key as in Fig. 5.

tumour handling, at the end of surgery before departing to
the ICU and on the first and sometimes later postoperative
days. These dose-response curves were an extension of a
method which was validated for B-adrenoceptor antag-
onists.'® Patients pretreated with B-adrenoceptor antagonists
were tested in the same manner, deriving dose—response
curves for isoprenaline.

Thus patients treated with varying doses of adrenoceptor
antagonists can be assessed before, during and after surgery,
to enable the anaesthetist to control the patient’s state of
protection more precisely. The data obtained from patients
receiving phenoxybenzamine established the extensive
duration of non-competitive oc-blockade,77 up to 2 weeks
after the drug has been discontinued; confirming previous
evidence from studies in animals.>? * The data from
patients receiving doxazosin confirm the competitive nature
of the antagonism in patients with phaeochromocytoma and
the very rapid return to normal within 24-36 h after
discontinuing the doxazosin.”’

Alternative anaesthetic and adrenoceptor antagonist
Strategies

Hull, in his 1986 review, preferred a balanced anaesthetic
scheme of enflurane in nitrous oxide supplemented with an
alfentanil infusion and sustained neuromuscular block.*’
This technique was supplemented by intravenous infusion
of a potent vasodilator to control hypertension, and a -
adrenoceptor antagonist. In his review, Hull did not indicate
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specifically his choice of arteriolar dilator, but indicated that
sodium nitroprusside (SNP) ‘is currently the most widely
used’. While I would question the accuracy of this
statement, even at that time, there is ample evidence that
SNP has been successfully used.” ®” °® While SNP may be
effective in causing arteriolar dilation and suppressing the
hypertensive response to circulating catecholamines, evi-
dence from our own studies show that isoflurane is as
effective as an arteriolar dilator and almost as rapid in onset,
while avoiding the undesirable metabolic consequences of
prolonged SNP infusions.®> > SNP was specifically advo-
cated to supplement the ‘anaesthetic’ management (fentanyl
50 pg kg™ alone) of an 11 yr old child with a single
ventricle and phaeochromocytoma to avoid impairment of
ventricular function.”®

The most widely quoted alternative to SNP is phentola-
mine, a competitive o;- and weak o,-adrenoceptor antag-
onist, which can be given intravenously as an infusion or as
incremental doses of 1-2 mg. Hull claims that ‘phentola-
mine is less satisfactory because tachycardia is an invariable
problem’.*” I find this somewhat puzzling in that I have used
phentolamine for all my phaeochromocytomas except two
over the past 32 yr without observing a substantial
tachycardia that could be attributed directly to phentolamine
in any patient. Admittedly, most of my patients have also
received a P-adrenoceptor antagonist during surgery and
would therefore be unlikely to manifest such a tachycardia
secondary to catecholamine release at cardiac nerve
endings, but those are the very circumstances under which
phentolamine should be used in the management of these
patients.

Calcium channel blockers have been used by a number of
authors, based on the concept that calcium ion transfer is
essential for the release of catecholamines from the
chromaffin cells of the adrenal medulla'® >* and from
adrenergic nerve endings.”® A French group has advocated
the use of calcium channel blockers exclusively in the
preoperative preparation of patients’® and there are a
number of case reports in which nifedipine or nicardipine
has been used.? °% 38 ©4 82 By contrast, Munro and colleagues
report poor pre- and intra-operative control of a patient with
a malignant phaeochromocytoma.®”

Takahashi and colleagues® report the use of prostaglan-
din E,*° combined with labetalol for the preoperative
management of a pregnant patient who underwent
Caesarean section at 35 weeks.

Much has been made of the dangers of using drugs which
potentially release histamine because of the risk of provok-
ing catecholamine release from chromaffin granules.’’
Three drugs which have been implicated are d-tubocurarine,
morphine and atracurium. Morphine has been used safely>°
and, although Hull questions the safety of atracurium,’’ I
have used 0.5 mg kg~' as an intubating dose in 36 patients
with phaeochromocytoma since 1984 without any adverse
consequences.
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Magnesium sulphate

James and colleagues have championed the infusion of
magnesium sulphate as the main alternative therapeutic
strategy to adrenergic block during anaesthesia and surgery
for phacochromocytoma.** ** James bases his technique on
the principle that magnesium ions inhibit the release of
catecholamines from the normal adrenal medulla,'® >* and
from adrenergic nerve terminals.”” James** describes a
series of 17 patients in whom preoperative control was
achieved with either phenoxybenzamine (eight patients) or
prazosin (eight patients), and in whom operative control was
achieved with a loading dose of magnesium sulphate (40-60
mg kg™') followed by an infusion of 1-2 g h™, designed to
achieve serum magnesium concentrations between 2 and 4
mmol litre™!. Good stability, defined as an arterial pressure
within 30 mm Hg of the preoperative value, was achieved in
12 of the 17 patients; sodium nitroprusside was required in
five patients. Supplementary doses of magnesium sulphate
were required in all patients at the time of tumour
manipulation. In two of the five patients in whom plasma
catecholamine measurements were made during surgery,
magnesium sulphate was ineffective in blocking the release
of catecholamines.

Two of the patients in James’ series were pregnant at the
time of surgery.*> One had inadequate control because
therapeutic concentrations of magnesium were not
achieved, whereas the other, who also underwent
Caesarean section, was well controlled.

Magnesium sulphate 2 g h™' has also been used success-
fully in combination with epidural blockade in a patient with
bilateral phaeochromocytoma complicating severe coronary
artery disease.”

Whether the use of magnesium sulphate results in better
outcomes than the use of phentolamine or sodium nitroprus-
side can be determined only by a properly designed
randomized trial in which many variables, such as type of
catecholamine-secreting tumour or preoperative drug ther-
apy, have been controlled. In view of the rarity of the
condition, such trials are unlikely to be undertaken, and in
the final analysis anaesthetists will have to rely on their
‘idiosyncratic fondness for particular drugs or methods’.>’
For completeness, the following anaesthetics/techniques
have been reported during the past 12 yr, usually as single
case reports: midazolam/sufentanil infusion,83 midazolam/
fentanyl infusion,”® propofol/fentanyl infusion,”® magne-
sium sulphate combined with glyceryl trinitrate,®' desflur-
ane,” sevoflurane with adenosine triphosphate® and
esmolol infusion (despite the fact that the patient had a
norepinephrine-secreting tumour).”’

Postoperative management

The main postoperative complication of surgery for
phaeochromocytoma is persistent arterial hypotension
which may be refractory to intravascular volume replace-
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ment and adrenoceptor agonists. This is an extension of the
process referred to earlier and is the result of a number of
factors. While the excised tumour was active, the catecho-
lamine output of the contralateral adrenal gland was
effectively suppressed and the patient’s relevant adreno-
ceptors were down-regulated. Thus in the absence of
catecholamines from the tumour, the only source will be
norepinephrine liberated from adrenergic nerve endings.
This depends on generalized sympathetic nervous activity
which is considerably diminished during anaesthesia as a
result of the lack of ‘arousal’ and its effects in stimulating
the hypothalamus. In the 19 patients pretreated with
doxazosin in my series,”’ mean (SD) systolic arterial
pressure increased by 15 (8) mm Hg following recovery
of consciousness to 118 (14) mm Hg; by comparison with an
increase of 8 (6) to 100 (12) mm Hg in the eight patients
who had been pretreated with phenoxybenzamine.
However, the latter patients received an average of 1200
ml gelofusin, whereas those who had received doxazosin
received an average of 350 ml gelofusin, both based on an
attempt to maintain central venous pressure at about 8 mm
Hg. It is tempting, therefore, to ascribe such problems to the
use of phenoxybenzamine and the persistent o-adrenoceptor
blockade. However, the shift of the phenylephrine dose—
response curves was comparable in the two groups of
patients during the first two postoperative hours, largely as a
result of the additional effects of phentolamine used during
surgery.

Conclusion

Phaeochromocytoma has a way of presenting unexpectedly,
frequently during surgical operations for other conditions,
creating a set of potentially dangerous circumstances. Even
when the patient’s condition is recognized and treated
pharmacologically to control responses to catecholamine
release, management of anaesthesia can be highly stressful
for the inexperienced anaesthetist. Developments in surgical
technique, such as laparoscopic excision, may not decrease
the problems of intraoperative management, although the
patient may well leave hospital much sooner than after open
surgery. Patients with phaeochromocytoma or paraganglio-
noma should ideally be managed by an experienced team of
endocrinologists, endocrine surgeons and anaesthetists.

References

I Araki S, Kato M, Kase H, Okada K. Hyperdopaminemia may
produce an increased outlet resistance of the prostatic urethra: a
case report of malignant pheochromocytoma. J Urol 1995; 153:
1614-5

2 Arai T, Hatano Y, Ishida H, Mori K. Use of nicardipine in the
anesthetic management of pheochromocytoma. Anesth Analg
1986; 65: 706-8

3 Awoke S, Perlstein RS. Dopamine and norepinephrine secreting
intrapericardial pheochromocytoma in a normotensive patient.
South Med | 1985; 78: 994-8

55

4 Babamoto KS, Hirokawa WT. Doxazosin: a new o, -adrenergic
antagonist. Clin Pharm 1992; 11: 415-27

Beer E, King FH, Prinzmetal M. Pheochromocytoma with
demonstration of pressor (Adrenalin) substance in the blood
preoperatively during hypertensive crises. Ann Surg 1937; 106:
85-91

Bolande RP. The neurocrestopathies: a unifying concept of
disease arising in neural crest maldevelopment. Hum Pathol 1974;
5: 409-29

Bravo EL, Gifford RW Jr. Pheochromocytoma: diagnosis,
localization and management. N Engl | Med 1984; 311: 1298-303
Bristow MR, Larrabee P, Minobe W et al. Receptor
pharmacology of carvedilol in the human heart. | Cardiovasc
Pharmacol 1992; 19 (Suppl 1): S68-S80

Brown BR Jr. Anaesthesia for phaeochromocytoma. In: Prys-
Roberts C, Brown BR Jr, eds. International Practice of Anaesthesia.
Oxford: Butterworth Heinemann, 1996; 1/83/1-7

Brown M), Allison D}, Jenner DA, Lewis PJ, Dollery CT.
Increased sensitivity and accuracy of phaeochromocytoma
diagnosis achieved by plasma adrenaline estimations and a
pentolinium suppression test. Lancet 1981; i: 174-7

Chapman RC, Diaz-Perez R. Pheochromocytoma associated
with cerebellar hemangioblastoma. | Am Med Assoc 1962; 182:
1014-7

Cook JE, Ulrich RW, Sample HG Jr, Fawcett NW. Peculiar
familial and malignant pheochromocytomas of the organs of
Zuckerkandl. Ann Int Med 1960; 52: 12633

Cubeddu LX. New alpha,-adrenergic receptor antagonists for
the treatment of hypertension: role of vascular alpha receptors
in the control of peripheral resistance. Am Heart | 1988; 116:
133-62

Cubeddu LX, Fuenmayor N, Caplan N, Ferry D. Clinical
pharmacology of doxazosin in patients with essential
hypertension. Clin Pharmacol Ther 1987; 41: 43949

Cubeddu LX, Zarate NA, Rosales CB, Zschaeck DW. Prazosin
and  propranolol in  preoperative = management  of
pheochromocytoma. Clin Pharmacol Ther 1982; 32: 156—60
Dagnino |, Prys-Roberts C. Assessment of beta-adrenoceptor
blockade during anesthesia. Use of isoproterenol dose—response
curves. Anesth Analg 1985; 64: 305—1 |

Darby S, Prys-Roberts C. Unusual presentation
phaesochromocytoma. Management of anaesthesia
cardiovascular monitoring. Anaesthesia 1976; 31: 913-6
De Leeuw PW, Van Es PN, De Bos R, Birkenhiger WH. Acute
renal effects of doxazosin in man. Br | Clin Pharmacol 1986; 21:
415-43S

Douglas WW, Rubin RP. The mechanism of catecholamine
release from the adrenal medulla and the role of calcium in
stimulus—secretion coupling. | Physiol 1963; 167: 288-310
Eisenhofer G, Lenders JW. Clues to the diagnosis of
pheochromocytoma from the differential tissue metabolism of
catecholamines. Adv Pharmacol 1998; 42: 374-7

Eisenhofer G, Keiser H, Friberg P, et al. Plasma metanephrines
are markers of pheochromocytoma produced by catechol-O-
methyltransferases within tumors. | Clin Endocrinol Metab 1998;
83:2175-85

Elliott HL, Meredith PA, Vincent ), Reid JL. Clinical
pharmacological studies with doxazosin. Br | Clin Pharmacol
1986; 21: 27S-31S

Fahmy N, Assad M, Bathijad P, Whittier FC. Postoperative acute
pulmonary edema: a rare presentation of pheochromocytoma.
Clin Nephrol 1997; 48: 1224

Fink 1), Reinig JW, Dwyer AJ et al. MR imaging of
pheochromocytomas. | Comput Assist Tomogr 1988; 9: 454-8

5

of
and

20

21

22

23



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Prys-Roberts

Frankel F von. Ein fall von doppelseitigem, véllig latent verlaufen
Neben-nierentumor und  gleichzeitiger =~ Nephritis  mit
Verianderungen am Circulations-apparat und Retinitis. Virchow’s
Arch Pathol Anat 1886; 103: 244-63

Geoghegan |G, Emberton M, Bloom SR, Lynn JA. Changing
trends in the management of phaeochromocytoma. Br | Surg
1998; 85: 117-20

Gorlin R, Sedano HO, Vickers RA, Cervenka J. Multiple mucosal
neuromas, pheochromocytoma and medullary carcinoma of the
thyroid—a syndrome. Cancer 1969; 22: 293-9

Graham RM, Pettinger WA Effects of prazosin and phentolamine
on arterial pressure, heart rate, and renin activity. Evidence in
the conscious rat for the functional significance of the pre-
synaptic alpha-blockade. | Cardiovasc Pharmacol 1982; 4: 44-52
Gutman Y, Boonyaviroj P. Mechanism of PGE, inhibition of
catecholamine release from adrenal medulla. Eur | Pharmacol
1979; 55: 129-36

Hamaji M, Oka N, Tashiro C, et al. Anaesthetic management with
morphine in phaeochromocytoma. Can Anaesth Soc | 1984; 31:
681-3

Hamilton A, Sirrs S, Schmidt N, Onrot J. Anaesthesia for
phaeochromocytoma in pregnancy. Can | Anaesth 1997; 44:
654-7

Hamilton CA, Dalrymple H, Reid JL. Recovery in vivo and in vitro
of o -adrenoceptor responses and radioligand binding after
phenoxybenzamine. | Cardiovasc Pharmacol 1982; 4 (Suppl I):
S125-8

Hamilton CA, Reid JL, Sumner D). Acute effects of
phenoxybenzamine on o-adrenoceptor responses in vivo and
in vitro: relation of in vivo pressor responses to the number of
specific adrenoceptor binding sites. | Cardiovasc Pharmacol 1983;
5: 868-73

Heramalsu K, Takahashi K, Kanemoto N, Arimori S. A case of
pheochromocytoma with transient hyperinsulinemia and
reactive hypoglycemia. Jpn | Med 1987; 26: 88-90

Hoffman BB, Lefkowitz R]. Catecholamines, sympathomimetic
drugs and adrenergic receptor antagonists. In: Hardman |G,
Limbird LE, Molinoff PB, Ruddon RV, Gilman AG, eds. The
Pharmacological Basis of Therapeutics, 9th edn. New York:
McGraw-Hill 1995; 199-247

Hopkins PM, McDonald R, Lyons G. Caesarean section at 27
weeks gestation with removal of phaeochromocytoma. Br |
Anaesth 1989; 63: 1214

Hull  CJ. Phaeochromocytoma: diagnosis, pre-operative
preparation, and anaesthetic management. Br | Anaesth 1986;
58: 1453-68

Ibsen H, Rasmussen K, Jensen HE, Leth A. Changes in plasma
volume and extracellular fluid volume after addition of prazosin
to propranolol treatment in patients with hypertension. Scand J
Clin Lab Invest 1978; 38: 425-9

Imperato-McGinley ], Gautier T, Ehlers K, Zullo MA, Goldstein
DS, Vaughan DE Jr. Reversibility of catecholamine-induced
dilated cardiomyopathy in a child with pheochromocytoma. N
Engl | Med 1987; 316: 793-7

Iseri LT, Henderson HW, Derr JW. Use of adrenolytic drug,
regitine, in pheochromocytoma. Am Heart | 1951; 42: 129-36
Jalil ND, Pattou FN, Combemale F, et al. Effectiveness and limits
of pre-operative imaging studies for localisation of
pheochromocytomas and paraganglionomas: a review of 282
cases. Eur | Surg 1998; 164: 23-8

James MFM. Use of magnesium sulphate in the anaesthetic
management of phaeochromocytoma: a review of 17
anaesthetics. Br | Anaesth 1989; 62: 616-23

James MFM, Huddle KRL, Owen AD, van der Veen BW. The use

56

of magnesium sulphate in the anaesthetic management of
phaeochromocytoma in pregnancy. Can | Anaesth 1988; 35:
178-82

44 James TN. De subitaneis mortibus. XIX. On the cause of sudden

death in pheochromocytoma with special reference to the
pulmonary arteries, the cardiac conduction system and the
aggregation of platelets. Circulation 1976; 54: 348-56

45 Jebara VA, Uva MS, Farge A et al. Cardiac pheochromocytomas.

Ann Thorac Surg 1992; 53: 356-61

46 Joffe D, Robbins R, Benjamin A. Caesarean section and

phaeochromocytoma resection in a patient with von Hippel-
Lindau disease. Can | Anaesth 1993; 40: 870—4

47 Jones DH, Reid JL, Hamilton CA, Allison D), Welbourn RB,

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Dollery CT. The biochemical diagnosis, localization and follow
up of phaeochromocytoma: the role of plasma and urinary
catecholamine measurements. Q | Med 1980; 49: 341-61
Karlberg BE, Hedman L. Value of clonidine suppression test in
the diagnosis of phaeochromocytoma. Acta Med Scand 1986; 714
(Suppl): 15-21

Khafagi FA, Shapiro B, Fig LM, Mallette S, Sisson JC. Labetalol
reduces iodine-13|1 MIBG uptake by pheochromocytoma and
normal tissue. | Nucl Med 1989; 30: 481-9

Khairi MRA, Dexter RN, Burzynski NJ, Johnston CC. Mucosal
neuroma, pheochromocytoma and medullary thyroid carcinoma:
multiple endocrine neoplasia type 3. Medicine 1975; 54: 89112
Langer SZ. Presynaptic regulation of the release of
catecholamines. Pharmacol Rev 1981; 32: 337-62

Lenders JWM, Sluiter HE, Thein T, Willemsen ). Treatment of a
phaeochromocytoma of the urinary bladder with nifedipine. Br
Med | 1985; 290: 1624-5

Lippmann M, Ford M, Lee C, et al. Use of desflurane during
resection of pheochromocytoma. Br | Anaesth 1994; 72: 707-9
Lishajko F. Releasing effect of calcium and phosphate on
catecholamines, ATP, and protein from chromaffin cell
granules. Acta Physiol Scand 1970; 79: 575-84

Loh KC, Shlossberg AH, Abbott EC, Salisbury SR, Tan M-H.
Phaeochromocytoma: a ten year survey. Q  Med 1997; 90: 51-60
McManus BM, Fleury TA, Roberts WC. Fatal catecholamine
crisis in pheochromocytoma, curable cause of cardiac arrest. Am
Heart | 1981; 102: 930-2

Manger WM, Gifford JW Jr. Phaeochromocytoma: a clinical
overview. In: Swales JD ed. Textbook of Hypertension. Oxford:
Blackwell Scientific, 1994; 941-58

Mann C, Millat B, Boccara G, Atger ], Colson P. Tolerance of
laparoscopy for resection of phaeochromocytoma. Br | Anaesth
1996; 77: 654-7

Mathys H, Doshan HD, Rhule H et al. The bronchosparing effect
of celiprolol, a new beta; alpha, receptor antagonist on
pulmonary function of propranolol sensitive asthmatics. | Clin
Pharmacol 1985; 25: 354-9

Matsuyuki D, Kazuyuki I. Sevoflurane anesthesia with adenosine
triphosphate for resection of pheochromocytoma. Anesthesiology
1989; 70: 360-3

Mihai R, Farndon JR. Familial endocrine disease—genetics and
early treatment. In: Farndon JR, ed. A Companion to Specialist
Surgical Practice, Vol 5: Breast and Endocrine Surgery. London: W.
B. Saunders, 1997; |13—42

Millard RK, Hutton P, Pereira E, Prys-Roberts C. On using a self-
tuning controller for blood pressure regulation during surgery in
man. Comput Biol Med 1987; 17: 1-18

Millard RK, Monk CR, Prys-Roberts C. Self-tuning control of
hypotension during ENT surgery using a volatile anaesthetic. IEE
Proc D 1988; 135: 95-105

Mugawar M, Rajender Y, Purohit AK et al. Anesthetic



65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Phaeochromocytoma

management of von Hippel-Lindau syndrome for excision of
cerebellar haemangioblastoma and pheochromocytoma surgery.
Anesth Analg 1998; 86: 673—4

Mulligan LM, Kwok ]BJ, Healey CS, et al. Germline mutations of
the RET proto-oncogene in multiple endocrine neoplasia type
2A. Nature 1993; 363: 458-60

Mulligan LM, Marsh D), et al. Genotype—phenotype correlation in
MEN 2: report of the International RET mutations consortium. |
Int Med 1995; 238: 3436

Munro J, Hurlbert BJ, Hill GE. Calcium channel blockade and
uncontrolled blood pressure during phaeochromocytoma
surgery. Can | Anaesth 1995; 42: 228-30

Muntz HH, Ritchey JO, Gatch WD. Adrenalin producing tumor
(pheochromocytoma) containing 2300 mg of adrenalin. Ann Int
Med 1947; 26: 133-147

Nicholas E, Deutschman CS, Allo M, Rock P. Use of esmolol in
the intraoperative management of pheochromocytoma. Anesth
Analg 1988; 67: | 1147

Nicholson  JP, Vaughn ED, Pickering TG, et adl
Pheochromocytoma and prazosin. Ann Int Med 1983; 99: 477-9
Pearse AGE. Cytochemical evidence for the neural crest origin of
mammalian ultimobranchial C cells. Histochemie 197 1; 27: 96—102
Pereira E. Adaptive closed-loop control of arterial pressure
during anaesthesia. PhD Thesis, University of Bristol, 1988
Perel Y, Sclumberger M, Marguerite G, et al. Pheochromocytoma
and paraganglionoma in children: a report of 24 cases of the
French Society of Pediatric Oncology. Pediatr Hematol Oncol
1997; 14: 413-22

Pick L. Das Ganglioma embryonale sympathicum (sympathoma
embryonale), eine typische bosirtige Geschwultsform des
sympathischen Nervensystems. Berl Klin Wochenschr 1912; 49:
1622 (also Verh Berl Med Ges 1912; 13: 522-57 )

Pivalizza EG. Magnesium sulfate and epidural anesthesia in
pheochromocytoma and severe coronary artery disease.
Anesth Analg 1995; 81: 414-6

Proye C, Thevenin D, Cecat P, et al. Exclusive use of calcium
channel blockers in preoperative and intraoperative control of
pheochromocytomas: hemodynamics and free catecholamine
assays in ten consecutive patients. Surgery 1989; 106: |149-54
Prys-Roberts C, Farndon JR. Doxazosin versus phenoxy-
benzamine in the perioperative management of patients with
phaeochromocytoma. Submitted to Clinical Endocrinology.
Russell W], Metcalfe IR, Tonkin AL, Frewin DB. The
preoperative management of phaeochromocytoma. Anaesth
Intens Care 1998; 26: 196-200

Ryan T, Timoney A, Cunningham AJ. Use of transoesophageal
echocardiography to manage beta-adrenoceptor block and
assess left ventricular function in a patient with
phaeochromocytoma. Br | Anaesth 1993; 70: 101-3

Saad MF, Frazier OH, Hickey RC, Samaan NA. Intrapericardial
pheochromocytoma. Am | Med 1983; 75: 371-6

Schiittler J. Quantitative assessment of catecholamine secretions
as a rational principle of anaesthesia management in
phaeochromocytoma surgery. Anesth Intens Notfall Schmerz
1995; 30: 341-9

Serfas D, Shoback DM, Lorell BH. Phaesochromocytoma and
hypertrophic  cardiomyopathy: apparent suppression of
symptoms and noradrenaline secretion by calcium-channel
blockade. Lancet 1987; ii: 711-3

Shapiro D, El Ganzouri A, White PF, Ivankovich AD.
Midazolam—sufentanyl anaesthesia for phaeochromocytoma
resection. Can | Anaesth 1988; 35: 190—4

Shepherd JJ. The natural history of multiple endocrine neoplasia

57

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

type |: highly uncommon or highly unrecognized? Arch Surg 1991;
126: 935-52

Sipple JH. The association of pheochromocytoma with
carcinoma of the thyroid gland. Am | Med 1961; 31: 163-6
Smyth P, Pringle S, Jackson G, Lorimer AR. 24 hour control of
blood pressure by once daily doxazosin: a multicentre double-
blind comparison with placebo. Eur | Clin Pharmacol 1988; 34:
613-8

Steiner AL, Goodman AD, Powers SR. Study of a kindred with
pheochromocytoma, medullary thyroid carcinoma,
hyperparathyroidism, and Cushing’s disease: multiple endocrine
neoplasia, type 2. Medicine 1968; 47: 371-409

Stenstrom G, Haljamae H, Tisell L-E. Influence of pre-operative
treatment with phenoxybenzamine on the incidence of
cardiovascular reactions during anaesthesia and surgery for
phaeochromocytoma. Acta Anaesthesiol Scand 1985; 29: 797-803
Stowers SA, Gilmore P, Stirling M, et al Cardiac
pheochromocytoma involving the left main coronary artery
presenting with exertional angina. Am Heart | 1987; 114: 423-7
Strebel S, Scheidegger D. Propofol-fentanyl anesthesia for
pheochromocytoma resection. Acta Anaesthesiol Scand 1991;
35: 2757

Stringel G, Ein SH, Creighton R, et al. Pheochromocytoma in
children: an update. J Pediatr Surg 1980; 15: 496-500

Sutton H, Wyeth P, Allen AP, et al. Disseminated malignant
phaeochromocytoma, localization with iodine-131-labelled
meta-iodobenzylguanidine. Br Med J 1982; 285: 11534
Takahashi K, Sai Y, Nosaka S. Anaesthetic management of
Caesarean section combined with removal of
phaeochromocytoma. Eur | Anaesthesiol 1998; 15: 364-6
Takimoto E, Ueda W. Unsuspected pheochromocytoma of the
urinary bladder. Anesth Analg 1995; 80: 12434

Thrasher JB. Phaeochromocytoma of wurinary bladder:
contemporary methods of diagnosis and treatment options.
Urology 1993; 41: 435-9

Tjeuw M, Fong J. Anaesthetic management of a patient with a
single ventricle and pheochromocytoma. Anaesth Intens Care
1990; 18: 567-9

Vance JE, Buchanan KD, O’Hara D, Williams RH, Porte D. Insulin
and glucagon responses in subjects with pheochromocytoma,
effect of alpha adrenergic blockade. | Clin Endocrinol 1969; 29:
911-6

Vincent |, Meredith PA, Reid JL, Elliott HL, Rubin PC. Clinical
pharmacokinetics of prazosin—1985. Clin Pharmacokinet 1985;
10: 144-54

Von Euler US, Lishajko F. Effects of Mg?* and Ca®* on
noradrenaline release and uptake in adrenergic nerve granules
in different media. Acta Physiol Scand 1973; 89: 415-22

Wallace M, Gill DP. Prazosin in the diagnosis and management
of phaeochromocytoma. | Am Med Assoc 1978; 240: 2752-3
Welbourn RB. Early surgical history of phaeochromocytoma. Br |
Surg 1987; 74: 594-6

Wermer P. Endocrine adenomatosis and peptic ulcer in a large
kindred. Inherited multiple tumors and mosaic pleiotropism in
man. Am | Med 1963; 35: 20512

Wieland DM, Wu J-I, Brown LE, et al. Radiolabelled adrenergic
blocking agents: adrenomedullary imaging with ['*'l]iodobenzyl-
guanidine. | Nucl Med 1980; 21: 349-53

Wilner KD, Ziegler MG. Effects of alpha-I-inhibition on renal
blood flow and sympathetic nervous activity in systemic
hypertension. Am | Cardiol 1987; 59: 82G-86G

Zakowski M, Kaufman B, Berguson P, Tissot M, Yarmush L,
Turndorf H. Esmolol use during resection of
pheochromocytoma. Anesthesiology 1989; 70: 875-7



