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Frinkel27 described the first case of phaeo-
chromocytoma; further case reports accumulated
slowly until by 1944 Mackeith was able to find
I65 in the literature.50 By I953 the figure had
reached 255,31 and by January I957, 626.6 Apgar
and Papperl remark on the difficulty in com-
pounding accurate statistics because of multiple
reports on single cases. They cite examples which
were reported in four or five papers.
These tumours occur in both white and coloured

people; they are very rarely familial, eight kin-
ships being recorded up to I959.33 They are not
uncommon in children;19, 75 but are most often
found in adults, women being affected a little
more frequently than men. Phaeochromocytoma
has also been found in dogs and cattle.38

Pathology
The majority of these tumours are found in the

adrenal, the right gland being involved more
frequently than the left. Barbeau et al.6 found
that 45 cases of bilateral tumour had been de-
scribed up to January 1957, making an incidence
of approximately 7 per cent. The incidence of
multiple tumours is, however, more common than
this, for phaeochromocytoma also occurs in other
tissues derived from the neural crest such as the
organs of Zuckerkandl and the sympathetic
ganglia. Such tumours are most often found in
the upper abdomen, either singly or in association
with an adrenal tumour, but they may occur
lower down, for example, in the urinary bladder49
and very rarely in the chest and neck.11' 61
There is an enormous variation in size, the

weight ranging from 3 to 2,I00 g.,18 but the
appearance is comparatively uniform (Fig. i).
The tumours tend to be spherical or oval, though
they are frequently bossed at various points.
They are usually well encapsulated and in those
arising in the adrenal it is usually possible to see
a remnant of cortical tissue at one pole of the
tumour.
The cut surface is plum coloured or greyish-

red; haemorrhagic and cystic areas are common
and there is rarely some calcification.

Histology
The tumour cells are polygonal or spheroidal,

resembling the cells of the normal adrenal medulla,
but great variation in size and shape occurs and
giant cell forms are common. The chromaffin
reaction is of variable intensity and is unreliable
if the tumour is fixed in formalin prior to treat-
ment with bichromate. To some extent the
name of this reaction is misleading, for as Brines
and Jennings13 observe, any oxidizing substance
will give a brown colour with adrenaline.
The architecture of tumours is also variable,

but the most common picture is of alveolar cell
masses separated by delicate connective tissue
stroma. Usually the tumour cells merge into the
remnant of cortical tissue, but sometimes the two
are separated by a fibrous capsule.

Malignant Change
About i o per cent. of cases are reported as

malignant, mainly on the basis of histological
signs such as capsular and vascular invasion by
the tumour cells. Goodall and Symington3'
observed the infrequency of metastases in cases
where the tumours had these histological features
and they doubted whether such tumours should
be classified as truly malignant. The favourable
clinical progress of many patients from whom
such tumours are removed suggests that io per
cent. is too high an estimate for malignancy.
Russell and Rubinstein,72 from whose book the
above notes on pathology are largely drawn, lean
also to the view of Goodall and Symington3' and
they remark that although several of their series
of i8 tumours showed capsular invasion or intra-
vascular deposits of cells, only one case had
metastases; the cells of these metastases were
primitive, but the bulk of cells in the bilateral
primary adrenal tumours were of the adult
phaeochrome type and only a few nests of primi-
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FIG. I.-Section across a typical phaeochromocytoma.

tive cells were found collected beneath the capsule
and vascular connective tissue of the right adrenal
tumour.

Pharmacology
Vulpian79 demonstrated colour changes in

watery extracts of adrenal glands which we can
now assume to have been due to oxidation pro-
ducts of adrenaline. Adrenaline remained undis-
covered until I894 when its pressor effect was
demonstrated by Oliver and Schifer.59 Twenty-
eight years elapsed before Labbe, Tinel and
Doumer44 suggested that adrenaline was secreted
by phaeochrome tumours to cause the hyper-
tensive syndrome which they described so well,
but proof of the connection between a high circu-
lating level of adrenaline and the occurrence of
-clinical attacks was not forthcoming until I937.9
The presence of another pharmacologically active
catechol amine, noradrenaline, though synthesized
along with adrenaline by Stolz76 in I904, was not
proved until I949 when it was found by Holton
in phaeochromocytoma40 and in large amounts in
the urine of patients with these tumours by
Engel and von Euler.21 The latter authors
observed that the relative proportions of adrena-

line and noradrenaline were approximately the
same in tumours and in urine. This is important
inasmuch as ectopic tumours usually secrete only
noradrenaline and the presence of large amounts
of adrenaline in urine therefore suggests that the
tumour is situated in the adrenal. The converse
is not true in that the presence of excess nor-
adrenaline alone in the urine does not rule out the
adrenal as the site of the tumour.
The concentration of noradrenaline in tumours

usually ranges from i to 8 mg./g., but much
smaller and larger concentrations have been
recorded. Adrenaline is never present to the
exclusion of noradrenaline,25 but may equal or
slightly exceed the output of noradrenaline.
Wright84 found differences in the relative concen-
trations of adrenaline and noradrenaline in each of
three tumours removed from the same patient,
and there was in particular a higher proportion
of adrenaline to noradrenaline in a nodular portion
of one of these tumours as compared with the
surrounding tissue in the same tumour. No cyto-
logical differences were noted between these two
areas, but it is of some interest that capsular
invasion was present in the tissue surrounding
the nodule.
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There is some evidence to suggest that adrena-
line and noradrenaline are not only stored in
separate granules in the phaeochrome cells but
that the two substances may even be stored in
separate cells.35 Proof of this idea must await
histochemical techniques specific for N-methyla-
tion.

Studies with isotopically labelled precursors of
biologically active catecholamines show that
adrenaline is formed rapidly in the normal adrenal
but is stored for some considerable time. In
patients with phaeochromocytoma the turnover is
much more rapid. It is suggested that the size
of a tumour is to some extent determined by the
ability of its cells to methylate noradrenaline and
to store adrenaline.74

Recently two substances chemically related to
the pressor amines have been isolated from
tumours; 3-hydroxytyramine (Dopamine) was
found in one out of 35 tumours examined chroma-
tographically by Manger et al.55 who related it to
post-mortem changes in an embalmed specimen,
but it was also found in each of two fresh tumours
examined by Weil-Malherbe8l and in one tumour
examined by McMillan.52 3-hydroxy-tyramine
was the predominant catechol-amine present in
McMillan's tumour and it is of interest that this
tumour was locally invasive. Weil-Malherbe also
found dihydroxy-phenyl-alanine (Dopa) in both
of his tumours.
The finding of Dopa and Dopamine in phaeo-

chromocytomata supports the theory of biosyn-
thesis of adrenaline from tyrosine put forward by
Blaschko in 193912 (Fig. 2).
The practical significance of these findings is

that they provide a possible explanation for
the physiologically inactive phaeochromocytomata
which have not infrequently been described. It
seems possible that such tumours are unable to
carry the synthesis of catechol-amines further
than 3-hydroxy-tyramine. Although 3-hydroxy-
tyramine does not appear to exert any dramatic
physiological effects, evidence is accumulating
that it has a physiological role other than that of
a mere intermediary in catechol-amine metabolism.

Within the last three years some of the break-
down products of pressor amines have been
isolated from urine and tumours. Armstrong
and McMillan2 and Axelrod4 demonstrated the
presence of 3-methoxy,4-hydroxy-mandelic acid
(V.M.A.) in urine and showed that it is generally
increased in cases of phaeochromocytoma. These
workers also isolated dihydroxy-mandelic acid
(D.M.H.) from urine, thus showing that one
catabolic pathway for adrenaline is by deamination
followed by 0-methylation. It seems more prob-
able, however, that the more important break-
down route is by a reversal of these processes,

Ho- CH2-CH( COOH)-2

1% Tyrosine

I

HO-CH-2C HC(COOH) -NH2

I Dopa

Ho- CH2-C92N2

Dopamine

HO-Q Cc(oH) -CH2-W2

Noradrenaline

I
HO-

Ho-t .-CH(OH)-CH-H-CH3
Adrenaline

FIG. 2.-Main pathway of formation of catechol-amines
(Blaschko, I959).

i.e. by 0-methylation to the 3-methoxy,4-hydroxy
derivatives (normetanephrine and metanephrine)
followed by deamination to V.M.A. (Fig. 3).
Normetanephrine occurs in normal urine and was
isolated for the first time in tumour tissue by
Sjoerdsma et al.74

Clinical Features of Phaeochromocytoma
Paroxysmal Hypertension

Intermittent secretion of pressor amines causes
a most characteristic chain of symptoms by which
the presence of phaeochromocytoma may be in-
ferred. Attacks usually begin with feelings of
intense anxiety; palpitation, precordial distress,
headache and nausea quickly follow. Vomiting is
common and profuse sweating usual. Palpitation
may be slow or rapid and there is some correlation
in this respect with the relative proportion of
adrenaline and noradrenaline being secreted, the
heart being quickened by adrenaline and slowed
by noradrenaline.
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FIG. 3.-Metabolism of adrenaline and noradrenaline (Armstrong and
McMillan, 1959).

The two important signs are rise in blood
pressure, which may exceed 300/I8o, and pallor
of the face and extremities. Pallor serves to dis-
tinguish these attacks from superficially similar
attacks seen in more common conditions such as
anxiety states in subjects with labile blood
pressure, menopausal hot flushes and hypo-
glycaemic states, in all of which there is a ten-
dency for facial flushing. This sign also serves to
distinguish rarer conditions which may mimic
very closely the paroxysms associated with phaeo-
chromocytoma. Respiratory obstruction, whether
organic, as in oesophageal carcinoma with laryn-
geal involvement,78 or hysterical,77 may cause
attacks of paroxysmal hypertension and similar
attacks have been observed by Pickering62 in
patients with aortic incompetence who suffer from
angina pectoris at rest. In all these conditions
the face tends to be flushed; it must be noted,
however, that in phaeochromocytoma the face
may be almost always flushed in between
paroxysms of hypertension owing to reactive
hyperaemia.

Attacks may occur spontaneously, but patients
frequently notice precipitating causes; commonest
of these are changes in posture such as bending
over and lateral flexion of the trunk.66 Almost
all case histories refer to a tendency for attacks to
be provoked by lying on one side; this usually
proves to be the side opposite to that on which
the tumour is situated. Attacks may be pre-
cipitated by hyperpnoea,6 possibly due to the
massaging action of the diaphragm, and occasion-
ally by the act of swallowing when an intrathoracic
tumour is present."1 Horn42 described the case of

a 41-year-old Negro in whom attacks seemed to
be precipitated by food or drink, but as the
patient also had a duodenal ulcer it is difficult to
be certain to which cause the symptoms were
attributable. Occasionally emotional stress causes
attacks. Attacks are particularly prone to occur
for the first time during pregnancy; when they
begin during labour the consequences may be
very serious.7 32, 37 Lumb and Gresham49 de-
scribe a case of phaeochromocytoma of the urinary
bladder which gave rise to attacks of paroxysmal
hypertension after micturition in warm weather.
This rare site for the tumour has apparently been
described only twice before."' 85

Genito-urinary symptoms may occur irrespec-
tive of the site of the phaeochromocytoma for
male patients may complain of impotence and the
sudden outpouring of catechol-amines may inter-
rupt the act of micturition. Wright84 found a
high concentration of catechol-amines in a large
volume of urine passed by a woman with a
phaeochromocytoma who had not urinated for
the previous i8 hours.
The history of paroxysmal hypertension may

be very long indeed, as long as 20 years for
instance. One peculiar feature about such his-
tories is that there may be long periods of freedom
from symptoms. Such remissions from symptoms
do not necessarily imply that attacks of hyper-
tension no longer occur, in fact one of the well
recognized forms of presentation of phaeochromo-
cytoma is the discovery of labile blood pressure
in the complete absence of symptoms. There
does seem to be a possibility, however, that the
activity of some tumours may diminish for con-
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siderable periods; this is likely in view of the
marked tendency of these tumours to undergo
haemorrhagic necrosis and cyst formation. There
are no authentic cases to show that the disease is
ever self-limiting in this way, but the onset of
malignant change in a tumour must occasionally
affect its ability to produce biologically-active
catechol-amines. Mandl54 cites the case of a
28-year-old woman who had symptoms suggestive
of paroxysmal hypertensive attacks since child-
hood. The attacks gradually diminished in
severity and were absent at the time when
laparotomy disclosed a large malignant phaeo-
chromocytoma. She had a third child after the
operation; apparently functionless metastases
appeared at the age of 30 and she died a year
later.

Fixed Hypertension
A fair proportion of patients present for the

first time with persistent hypertension; they may
not admit to any symptoms suggestive of phaeo-
chromocytoma even on close questioning. The
hypertension may be of ' benign' or ' malignant'
type. The onset of malignant hypertension asso-
ciated with phaeochromocytoma may be devastat-
ing and patients can go blind from retinopathy in
a very few weeks.67 Such cases are of great
theoretical interest, for although they have all the
clinical features of malignant hypertension it is
rare for arteriolar necrosis to be found either in
the kidneys or other organs and the patient may
be completely cured by removal of the tumour.
Cases in which arteriolar necrosis occurred are,
however, described.17, 63, 80
Sudden death from cerebral vascular accident

may occur in patients with phaeochromocytoma;
death is occasionally due to a state of irreversible
shock which may come on quite suddenly without
antecedent symptoms, but more often follows a
paroxysm of hypertension. When such a cata-
strophe overtakes a patient with no previous
symptoms there may well be suspicion of poison-
ing.41 The clinical features are those of profound
shock with low blood pressure and severe pul-
monary oedema. Death occurs within a few
hours. At post-mortem examination massive
haemorrhage into the tumour may be found,46
though there may be no gross changes in it.68
Irreversible shock sometimes follows removal of
a phaeochromocytoma,8 54 but also may occur
after operations for unrelated conditions.'0

Associated Symptoms and Signs
Clinical diagnosis of phaeochromocytoma in the

absence of a history of attacks of hypertension is
very difficult, but occasionally, helpful signs are
present. The most important of these is a palpable

abdominal tumour. It may be possible to observe
a rise in blood pressure when such a tumour is
palpated, but even if no tumour is palpable
massage of one or other loin may also be associated
with rise in blood pressure. Ransom et al.66
describe a patient who had a large left subcostal
tumour which could be palpated without a rise in
blood pressure occurring, however this patient
could voluntarily produce a paroxysm of hyper-
tension by lateral flexion of his trunk. The
occurrence of haemorrhagic necrosis in a phaeo-
chromocytoma may give rise to local discomfort,
fever and high polymorphonuclear leucocytosis.

Other endocrine abnormalities are frequently
associated with phaeochromocytoma; the most
important of these is a thyrotoxic appearance;
this is not usually very marked, the eyes have a
slight ' staring' quality, the thyroid is uniformly
slightly enlarged and there may be considerable
wasting. The basal metabolic rate is then almost
always raised, but uptake of 1311 is usually within
normal limits.

Glycosuria with impaired sugar tolerance is
common; frank diabetes mellitus with diabetic
symptoms is much less common. Freedman
et al.28 describe four cases of phaeochromocytoma
occurring in diabetics and demonstrated improved
sugar tolerance after removal of the tumours.
They discovered two more possible cases of
phaeochromocytoma by screening for excess
catechol-amines the urine from i44 carefully
selected diabetics with hypertension.
A further endocrine abnormality which is said

to occur is Addison's disease due, presumably, to
destruction of both adrenal cortices by bilateral
tumours. This must be very rare indeed since
some cortical tissue usually survives on the surface
of a phaeochromocytoma. It seems possible that
the pigmentation seen in some of the alleged
cases of Addison's disease in phaeochromocytoma
is really due to neurofibromatosis (vide infra).
McGavack et al.5' cite such a case in which

there was advanced cachexia due to malignant
phaeochromocytoma with metastases, and patchy
pigmentation over face and trunk (B.P. 122-85/
82-70). At necropsy there were multiple secondary
growths from a large primary phaeochromocytoma
in the right adrenal, the left adrenal being normal.

Adrenal cortical hyperfunction appears to be a
rare concomitant of phaeochromocytoma.16 58
The association of neurofibromatosis with

phaeochromocytoma is becoming increasingly
well recognized. Rosenthal and Willis69 reported
such a case and mentioned five others appearing
in the literature up to that time. Glushien,
Mansuy and Littman29 found ii more cases pub-
lished after 1936; they added another of their
own in addition to reporting two cases of
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FIG. 4.- Iinimal clinical evidence of neurofibromatosis in a I7-year-old boy with a left-sided
phaeochrornocytona. (The dressing on the back covers area of biopsy of skin nodule.)

phaeochromnocytoma associated with anigiomatosis
retinae. They were able to find only one other
case in the literature showing the latter asso-
ciation. They predict that other neurocutaneous
syndromes such as the Sturge-Weber syndrome
and tuberose sclerosis will in due course be re-
ported in association with phaeochromocytoma.
'lThese authors made the interesting observation
that in cases of neurofibromatosis the phaeo-
chromocytoma lay on the left side in i6 out of 2I
cases, whereas in general phaeochromocytoma
more commonly affects the right adrenal. Davies
et al.20 found that three out of ten cases admitted to
the London Hospital since I947 had proven neuro-
fibromatosis. Two of the patients had multiple
skin lesions, but the third, a young man aged 17
(Fig. 4) had only one or two skin nodules, a
nodule in the tongue and a few caf6-au-lait
patches on the skin. These authors comment on

increased skin pigmentationi in four more of their
cases and they believe that the commonly accepted
incidence of io per cent. considerably under-
estimates the association between neurofibroma-
tosis and phaeochromocytoma. The finding of
hypertension in patients with neurofibromatosis
should lead to a careful search for phaeochromo-
cytoma. Rare cases have been described in which
neurofibromata of the intercostal nerves have
caused notching of the ribs and a wrong diagnosis
of coarctation of the aorta has been made.

Diagnosis
Catechol-amine Estimation in Urine

Engel and von Euler2l showed that large
amounts of noradren-aline and sometimes adrena-
line are excreted in the urine of patients with
phaeochromocytoma and further studies in the
last decade have fully justified their view that
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this is a reliable way of confirming the diagnosis.
Reviewing their experience of 35 cases of phaeo-
chromocytoma, von Euler and Str6m25 found that
in all cases showing clinical signs of a secreting
tumour the catechol-amine secretion is increased.
They give the normal noradrenaline output for
24 hours as 20-40 9g.; 32 out of 35 cases of
phaeochromocytoma excreted amounts of nor-
adrenaline exceeding 300 Itg. in 24 hours, and the
lowest values they recorded in cases of proven
tumour were I04 and I09 ,ug. For practical pur-
poses they regard a daily excretion in 100-200 ,Lg.
as the lower limit of noradrenaline excretion in an
actively secreting tumour. An exceptional case in
which the pressor amine content of three separate
24-hour specimens of urine was normal was
described by Litchfield and Peart ;47 hypertensive
attacks occurred during the collection of each of
these specimens. Cases such as these must be very
rare indeed and it would be unfortunate if the
general validity of urine catechol-amine estima-
tions were to be questioned on these grounds.

In defining the limits of normality for catechol-
amine estimation some allowance must be made
for the method used. Biological assay is more
sensitive than most chemical methods, but less
specific. Specificity for both biological and chemi-
cal methods of assay is enhanced by preliminary
purification of the urine. This is commonly done
by adsorption on aluminium oxide columns and
elution of the pressor amines with acid, the eluate
being subjected to biological assay or, after suit-
able treatment, to fluorimetry.22, 36, 60, 82 Wright83
employs a less tedious method of purification of
urine before fluorimetric estimation. Because in
this method only small volumes (5 ml.) of urine
are used, technical errors are magnified in assess-
ing 24-hour output, and Wright concedes an
upper limit of normal of 200 jig. noradrenaline per
24 hours by his method. Fig. 5 shows serial
specimens of urine from two patients with
phaeochromocytoma assayed by this method.
The need for 24-hour specimens is clearly shown
by the normal levels of catechol-amine excretion
in several of the individual specimens of urine
passed by one of these patients.

Fortunately, in most cases of phaeochromo-
cytoma the output of pressor amines is so great
that comparatively crude chemical methods suffice
as screening tests.'5' 9 5 Much more sensitive
are the biological methods devised by Moulton
and Willoughby57 and Floyer,26 in which the
pressor effects of minute quantities of untreated
urine are measured in cats and rats respectively.

Blood Catechol-amine Levels
Blood catechol-amine levels are of diagnostic

yalue only during hypertensive crises or in

80.

Zatechol-
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FIc. 5. Rate of urinary excretion of catechol-amines
in two cases of phaeochromocytoma.
A. Continuous high excretion.
B. Intermittent high excretion.

patients who are constantly secreting an excess of
these substances. The Mayo Clinic group find
these estimations useful in conjection with the
provocative histamine test.43 Some argument
exists as to the normal plasma catechol-amine
level, but most workers now agree that this lies
below 6 ,ug./l. whatever the method of estimation
used.

Estimation of the Breakdown Products of
Pressor Amines
The fact that only about 4 per cent. of infused

noradrenaline appears in the urine may well
account for low urinary excretion figures in some
cases of phaeochromocytoma. The recent dis-
covery that one of the end-products of catechol-
amine metabolism, 3-methoxy,4-hydroxy-mandelic
acid (V.M.A.), appears in large amounts in the
urine of patients with phaeochromocytoma,3 gives
grounds for hope that an unequivocal diagnostic
tool is now available. These workers give the
normal urine content of V.M.A. as 1.5-3.5 ,9g./mg.
of creatinine. In eight cases of phaeochromo-
cytoma the values ranged from 9 to go jig./mg.
creatinine. The figures for a few patients mori-
bund from various causes fell in the intermediate
range from 3.5 to 9, but otherwise the distinction
between normal and abnormal values was sharp.
Estimation of V.M.A. and other breakdown pro-
ducts of adrenaline and noradrenaline depends at
present on preliminary separation by paper
chromatography and as this technique is not very
suitable for screening large numbers of urines a
specific chemical test is awaited with interest.

Drug Tests: Adrenolytic Agents
15-20 mg. piperoxan (' Benzodioxane ')30 or

5-Io mg. phentolamine (' Regitine ')48 given intra-
venously to patients with hypertension due to
phaeochromocytoma produce a sharp fall in blood
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pressure. Sometimes the fall in blood pressure is
enough to cause alarming symptoms. False posi-
tive results particularly tend to occur in uraemic
patients; such patients often have slightly raised
blood catechol-amine levels.65 False positive tests
may also occur in patients who are taking sedatives
or narcotics and such drugs should be withheld
for 48 hours before these tests are made. In
contrast to piperoxan, phentolamine is said not to
produce pressor responses in patients with benign
essential hypertension.

Provocative Tests
25-50 mg. histamine-base intravenously usually

causes a large rise in blood pressure with or
without accompanying symptoms.71 This test
should be reserved for normotensive patients who
give a history suggestive of phaeochromocytoma
and phentolamine should be to hand to abort the
attack if necessary.

I0-20 mg. Mecholyl subcutaneously34 and 400
mg. tetra-ethyl ammonium bromide intra-
venously45 may also be used to provoke attacks.

Kvale et al.43 reviewing the Mayo Clinic ex-
perience of 8,873 pharmacological tests done on
7,993 patients in the ii years prior to their
publication report no serious side reactions. It is
true that fatalities arising in connection- with
these tests are very rare and possibly coincidental,
but the amount of vascular damage caused by
individual hypertensive attacks is not easy to
determine. Wright84 witnessed the appearance of
fresh retinal haemorrhages in a patient who
voluntarily produced a hypertensive attack by
lying on his right side. In view of the rapidity
with which patients can become completely blind
or develop permanent neurological disorders it
does not seem justifiable to apply any of these
drugs tests unless facilities for urinary catechol-
amine estimation are not available.

Localization of the Tumour
Features in the history, the clinical examination

and the relative amounts of noradrenaline and
adrenaline secreted in the urine may all help in
the localization of the tumour.

Radiographic examination is usually needed for
precise localization. Plain films of the abdomen
may show a soft tissue shadow due to the tumour.
Rarely a rim of calcified tissue may outline the
tumour sharply. Intravenous pyelography fre-
quently shows abnormal downward displacement
of the kidney on the affected side.

Peri-renal air insufflation and aortography are
dangerous in this condition, but pre-sacral air
insufflation is safe and may give most helpful
information (Fig. 6). Ectopic tumours are not
always easy to visualize and may be encountered

unexpectedly at operation. Chest X-rays are in-
dispensable for demonstrating the presence of
intrathoracic primary phaeochromocytoma or
metastases, and incidentally for giving information
about heart size and pulmonary congestion.
A special technique applied successfully by

von Euler et al.24 in three cases of phaeochromo-
cytoma is selective catheterization of the vena
cava at various levels with estimation of pressor
amines in the blood samples so obtained. This
technique also gave useful information in a case
of primary intrathoracic phaeochromocytoma with
functioning lung metastases."

Treatment
The treatment of phaeochromocytoma is sur-

gical, but as preliminary investigations may take
some time it may be necessary to temporize with
medical measures. Richardson et al.,67 confronted
with a case of fulminating malignant hypertension
resulting in almost complete blindness in a young
man, were able to obtain partial control of blood
pressure and relief of symptoms for several days
by intermittent intravenous infusion of piperoxan.
Tolerance to this drug developed rapidly and
enormous doses were required prior to successful
operation. Bannon and Allen5 had a similar
experience in a case of malignant phaeochromo-
cytoma with metastases which were presumed to
be functioning after removal of the primary
tumour. They found that for long-term usage
Dibenyline was superior to other adrenolytic
drugs.

Anaesthesia
Apgar and Papperl were able to find some infor-
mation on anaesthetic problems in only 41 out of
9I published reports of operation in cases of
phaeochromocytoma. In reviewing this important
subject they comment on the need for avoiding
anoxia and carbon dioxide retention which may
cause hypertensive crises prior to removal of the
tumour. Cyclopropane should be avoided on the
grounds that disturbances of cardiac rhythm may
occur with this anaesthetic in the presence of
high circulating levels of pressor amines. Curare
has the theoretical disadvantage of a histamine-
like action which could cause a release of pressor
amines; good relaxation is important since ade-
quate exposure and minimal handling of the
tumour is essential for success and later workers
have been able to use curare freely by adminis-
tering an anti-histamine drug with other pre-
medication.

Favourable reports attend the use of thio-
pentone, nitrous oxide and oxygen; ether may be
used for continued anaesthesia despite experi-
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FIG. 6.-Pre-sacral air insufflation with simultaneous intravenous pyelogram shows the presence of
bilateral phaeochromocytoma. The presence of these was confirmed at operation, but an
additional para-aortic tumour was also encountered.

mental evidence that it causes a rise in plasma
catechol-amine levels.37

Spinal anaesthesia is unsafe in this operation,
but epidural anaesthesia supported by light
general anaesthesia has been used successfully.14

-The Operation
The operative approach is important. If the

tumour is clearly located on one side, a renal
incision undoubtedly offers the best exposure, but
when the pre-operative studies leave some doubt
regarding the site of the tumour or if the possi-
bility of multiple tumours is entertained an
abdominal approach is best used. Kvale et al.,43
who have very considerable experience in this
field, use a transverse high abdominal incision
curving slightly upwards.
An experienced operating team is unlikely to

be troubled by a hypertensive crisis occurring
during operation, but it is as well to have a
solution of phentolamine ready for intravenous
injection. In any event, an intravenous drip
transfusion of dextrose saline or blood is essential
because as soon as the veins draining the tumour
are ligated a sharp fall in blood pressure usually
occurs; it is then necessary to give intravenous
noradrenaline; a concentration of noradrenaline
of 4 mg./l. is usually sufficient, but much larger

amounts may have to be given over a period of
several days. Even so, it may prove impossible
to resuscitate patients from post-operative shock;
Beard et al.8 gave to a patient a noradrenaline
solution containing 40 mg./l. at a rate of 40-60
drops per minute for about I 5 hours without
success; the patient having received I 28 mg.
noradrenaline at the time of his death.
Another hazard of operation is local haemor-

rhage since the vascular supply of these tumours
may be very great and they are sometimes adherent
to adjacent structures. Traumatic pneumothorax
with subsequent effusion is common and occa-
sionally chylous effusions occur owing to unavoid-
able section of the thoracic duct.
A more remote complication which occurred in

two of the cases described by Davies et al.20 was
an acute schizophrenic episode coming on towards
the end of the first week and lasting two weeks
in one of the cases. In view of the importance
of catechol-amine metabolism in cerebral function
it is curious that the literature does not appear to
contain other references to psychological disorders
after removal of phaeochromocytoma.
An additional hazard is inherent in removal of

bilateral tumours because it may be impossible to
preserve any adrenal cortical tissue. Roth et al.70
were able to remove, in single operations, bilateral
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tumours from each of three siblings without
untoward effect. Only one of these subjects
required to be maintained on cortisone. As a
general rule it would seem wiser to perform two-
stage operations in such cases, giving cortisone
cover for the second stage and continuing main-
tenance therapy if need be.

Results of Treatment
Complete removal of secreting tumour tissue

results in cessation of hypertensive attacks. The
noradrenaline content of the urine may remain
slightly raised for some days and this is thought
to be due to temporarily increased vasomotor
activity.
There are many reports of successful relief of

hypertension, even when this has been regarded
as of chronic character. Unhappily, hypertension
may persist in a number of cases. The mechanism
is obscure, but the most likely explanation is that
secondary hypertensive vascular changes in the
kidneys are responsible. Failure to lower the
blood pressure permanently by removal of the
tumour does not preclude great improvement in
hypertensive retinopathy, but continued visual
impairment is common.

Residual hypertension may respond well to
hypotensive drugs of the ganglion-blocking variety,
whereas before operation these drugs are usually
ineffective.
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