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Phaeochromocytoma in childhood
Report of 3 cases
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3 children with phaeochromocytoma are described, one had associated renal artery

stenosis, and one had multiple tumours.
In the third case hypertension was never recorded. Analysis of the tumour revealed

high levels of dopamine and dopa in addition to noradrenaline, and its removal was

followed by profound collapse and pulmonary oedema, ultimately reversed by an

infusion of adrenaline. It is suggested that the absence of hypertension was related
to the high circulating levels of dopa and dopamine. The absence of hypertension
and the initially low urine catecholamine levels led to an initial belief that the tumour
was non-functioning and to delay in diagnosis.

Less than 5% of all cases of phaeochromocytoma
occur in childhood so that the experience in any
one paediatric institution is limited. Stackpole,
Melicow, and Uson (1963) collected the first 100
published cases of phaeochromocytoma in children.
In 1956, Robinson and Williams discussed the
disorder in childhood and described two cases.
Since that time, a further three cases have been
seen at the Royal Children's Hospital, Melbourne.
We present two of these cases in brief and the third
in some detail because it illustrates certain features
not previously recorded and aspects of management
which we feel are particularly instructive.

All who have described phaeochromocytoma in
childhood stress its low incidence compared
with adults, and the stormy clinical course.
Before adolescence, the disease is more common
in males, but afterwards there is no apparent
sex preponderance; cases in girls are most
commonly seen soon after the onset of puberty
(Stackpole et al., 1963). Phaeochromocytoma in
childhood is associated with hypertension which is
usually sustained: in addition, paroxysms of
excessive hypertension occur superimposed upon
the sustained hypertension (Robinson and Williams,
1956). The history usually involves episodic
sweating, headache, tachycardia, and fever, and
the disorder may be associated with cafe au lait
pignentation, renal artery stenosis, polyuria, poly-
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dypsia, and manifestations of obstructive uropathy
(Wolf, Mendlowitz, and Fruchter, 1970). The
tumours are frequently multiple. Failure to
establish a diagnosis is usually fatal.

Case reports

Case 1. A girl presented at the age of 91 years.
She was investigated because of episodic headaches and
palpitations. At about this time she had a generalized
seizure which was followed by a hemiplegia and asso-
ciated with a blood pressure of 230/140 mmHg. Shortly
after this seizure, the blood pressure fell to 130/85
mmHg. Serum urea was 19 mg/100 ml and serum
potassium 3*2 mEq/l. Recovery was complete and
she was discharged and observed in the outpatient
department. One year later the blood pressure was
180/50 mmHg, bilateral renal bruits were noted, and
oedema with exudate was seen in the right optic fundus.
The urinary catecholamines were 18 * 5 ,ug in 24

hours. Phentolamine administered intravenously
lowered the blood pressure from 160/140 to 140/120
mmHg. An aortogram revealed a small left kidney,
left renal artery stenosis, and a vascular tumour over-
lying the left kidney. After this procedure, the blood
pressure rose to 230/200 mmHg. Reserpine intra-
muscularly, methyldopa, and bendrofluazide orally
reduced it to 130/90 numHg. One week later, the
tumour of the left adrenal gland together with the left
kidney were removed. Phentolamine was adminis-
tered during the operation, but afterwards pressor
agents were unnecessary. Microscopical examination
of the tumour confirmed the diagnosis of phaeochro-
mocytoma. The left renal artery stenosis appeared to be
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due to fibromuscular hypoplasia. Postoperatively the
vanillyl mandelic acid (VMA) output was less than
10 ,ug per 24 hours. Follow-up has been uneventful and
5 years after operation the blood pressure remained at
120174 mmHg. The urinary VMA has remained at the
normal level.

Case 2. A boy aged 94 years presented with a history
of nocturnal sweating for 3 months. 1 week before
admission he complained of paroxysmal headaches and
on the day of admission a generalized seizure occurred.
He was comatose on admission to hospital and his
blood pressure was 225/125 mmHg. During the next
week the blood pressure fluctuated between 230/170
and 145/95 mmHg. Phentolamine 4 mg administered
intravenously lowered the blood pressure from 260/160
to 165/90 mmHg. The urinary catecholamines were
300 jug/l. Laparotomy was undertaken and a right
adrenal tumour and a mass present in the region of the
para-aortic lymph nodes were removed. Section of
these tumours indicated that both were phaeochromo-
cytomata. Postoperatively, levels of catecholamines
in the urine were 88 and 123 tg/l.

Five years later, because of rise in blood pressure
to 160/90 mmHg, an aortogram was performed. This
showed a tumour of the left adrenal gland. At this
stage urinary catecholamine levels were 900 ,ug per 24
hours and a left adrenal phaeochromocytoma was
revealed and removed. Postoperatively the blood
pressure remained at 160/120 mm Hg and two urinary
catecholamine estimations were recorded at 30 and 18 * 5
,g per 24 hours.
At the age of 17 years, he was reinvestigated because

of persistent rise in catecholamines. A tumour was
located in the bladder wall and removed endoscopically.
To date he remains well.

Case 3. A girl aged 14 years, weighing 32 kg,
presented with an influenza-like illness. This was slow
to resolve and over the following 3 months she remained
lethargic, tired, anorexic, and lost 13 kg in weight.
She complained intermittently of vague abdominal
pains and nausea, and vomited on two occasions.
There were also vague aches and pains over the whole
of the body. Throughout this period. she ran a
fluctuating fever with peaks at up to 38 * 5 'C. She had
several unexplained falls and on one occasion appeared
to lose consciousness for 2 to 3 minutes. At these
times she also appeared to have extreme muscular
weakness. For these reasons she was investigated in
hospital with the following results. Haemoglobin
9.5 g/100 ml; white cell count 11,100/mm3; platelets
1,000,000/mm'; serum iron 16 zg/100 ml; iron binding
capacity 294 ,Lg/100 ml; ESR 77 mm and 122 mm in
1 hour; serum protein 8-7, albumin 2-1, and globulin
2-5 g/100 ml. Faecal occult blood was intermittently
positive. The following were normal. Serum sodium,
potassium, chloride, calcium, and phosphorus; liver
function tests; microscopy and culture of urine;
immunoelectrophoresis; autoimmune antibodies; agglu-
tination tests for Q fever and brucella; Casoni and

hydatid complement-fixation tests; faecal fat; glucose
and xylose tolerance tests; barium meal; barium enema
and skeletal survey; bone marrow biopsy.
The intravenous pyelogram showed the right kidney

to be much lower than the left, both kidneys being of
normal size. An aortogram showed a large tumour
mass in the region of the adrenal gland (Fig. 1). Assay
of a 24-hour specimen of urine for 17-hydroxycorti-
costeroids and for VMA yielded values of 27-4 mg
and 5 * 2 mg, both normal values at this age.

After localization of this tumour, 4-hourly estimations
of the blood pressure over the next 2 weeks failed to
reveal any rise whatsoever. The temperature remained
raised, and she continued to complain of tiredness and
lost further weight.

Before operation, vincristine was administered
intravenously. Laparotomy revealed a large, firm, and
well-encapsulated tumour in the right adrenal gland.
It did not appear to be infiltrating but was adherent
medially to the inferior vena cava and displaced the
right kidney downwards. Operative removal was
difficult because of its size, and at one stage a small
tear in the inferior vena cava led to considerable blood
loss. The macroscopical appearance of the tumour did
not suggest phaeochromocytoma, and frozen sections
were not obtained.
During operation a rise in blood pressure did not

FIG. 1.-Case 3. Aortogram showing the tumour in the
region of the right adrenal gland.
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Phaeochromocytoma in childhood
occur at any stage. After removal of the tumour, the
patient remained hypertensive. This was initially
ascribed to the brisk and sudden blood loss associated
with the inferior vena cava tear, but she did not respond
to transfusion given in excess of the loss which had
occurred (measured loss 750 ml, blood replacement
1250 ml).

Postoperatively she remained hypotensive (systolic
blood pressure 75 mmHg) despite the infusion of a
further 750 ml of blood, and a diagnosis of phaeochro-
mocytoma was entertained. Because of the hypo-
tension and associated oliguria (45 ml in the first 5
hours postoperatively) a noradrenaline infusion 8 fig/
minute was started. 2 hours later the blood pressure
rose to a level of 110 mmHg systolic and the urinary
output improved. 6 hours later she became cold,
clammy, and hypotensive with central cyanosis. Clini-
cal and radiological signs ofpuhmonary oedema appeared
(Fig. 2). She rapidly deteriorated despite treatment
with digitalis and diuretics and the cyanosis became
more marked. Large amounts of yellow frothy sputum
appeared. She was intubated with a cuffed polyvinyl
chloride nasotracheal tube, and ventilation with a
Bird Mark 8 respirator was begun. In order to control
the pulmonary oedema, inspiratory pressures of 40
cmH2O and a high expiratorv resistance were necessary.
At this stage (15 hours postoperatively) a central

venous pressure catheter was inserted. The central

venous pressure was measured intermittently during
the succeeding 24 hours, and at no stage did it rise
above 10 cm H20. It was decided to replace the
noradrenaline infusion with isoprenaline, but hypo-
tension (BP 70 mmHg systolic) recurred, so the iso-
prenaline was replaced with adrenaline at a rate
of 15 ,ug/minute. After a further 6 hours, blood
pressure was 120 mmHg systolic, Pco2 52 mmHg, and
Po2 70 mmHg, and the adrenaline infusion was stopped.
However, 6 hours later the blood pressure had fallen
to 75 mmHg systolic and adrenaline was started again
at a rate of 4 ,uglminute. 12 hours later it was possible
to discontinue it altogether and the systolic blood
pressure remained within the normal range 90 to 110
mgHg. Assisted respiration was discontinued after
36 hours and the patient allowed to breathe 40%
oxygen via the endotracheal tube. After this she had a
massive diuresis. After a further 12 hours the endo-
tracheal tube was removed. 5 days later intravenous
therapy was discontinued. She remained miserable,
eating poorly, but her general condition rapidly im-
proved. 2 weeks after operation she was discharged
home.
The pathological report was as follows. 'The speci-

men consists of two pieces of flattened tissue collectively
weighing 39 g. Both measure 8 x 6 x 1 cm and consist
of firm yellow tissue with a brown edge which has
become yellow (Fig. 3). Microscopically the greater
part of both sections is necrotic, but at the periphery
the lesion is composed of clumps of polyhedral cells with

-t(l'llrn_
FIG. 2.-Case 3. X-ray to illustrate pulmonary oedema FIG. 3.-Case 3. Macroscopical appearance of tumour.

and normal size of heart. Note peripheral staining reaction of tumour to formalin.
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FIG. 4.-Case 3.-Photomicrograph of tumour. ( x 354.)

"cobweb" cytoplasm and somewhat irregular large
vesicular nuclei. The appearance is that of phaeo-
chromocytoma. The lesion appears to be benign but
the degree of malignancy of these tumours is notoriously
difficult to predict.' A photomicrograph of the tumour
is shown in Fig. 4.
The consequent course has been uneventful. Her

blood pressure has remained steady at 120/70 mmHg
and she has gained 6 kg weight in the 3 months since
operation. Catecholamines after operation were normal
(Table I).

Discussion
The first two cases illustrate the common mode

of presentation and complications of phaeochromo-
cytoma in childhood, sustained hypertension with
paroxysmal exacerbations. They also show an
association with renal artery stenosis which has

TABLE I
Follow-up levels of VMA in Case 3

Time after operation (mth) VMA (mg/24 hr)

2 39
4 3-1
6 40

20 4-4

been previously reported (Wolf et al., 1970) and
the presence of multiple tumours. However, the
third case appears unique in that this patient did
not ever develop hypertension of either a paroxys-
mal or sustained nature. The association of gross
weight loss, persistent tachycardia, and fever suggests
a hypermetabolic state and this, in association with
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Phaeochromocytoma in childhood
an adrenal tumour, might have alerted us to the
almost certain presence of phaeochromocytoma.
However, we were initially put off this diagnosis by
the absence of hypertension, even when the tumour
was manipulated, and by the presence of normal
catecholamine excretion levels. A subsequent
specimen taken before operation gave a raised value
of 17 mg/24 hours, but the result was unavailable
preoperatively. Multiple VMA assays are impor-
tant before excluding a diagnosis of phaeochromo-
cytoma should this be suspected on clinical grounds.
The hypotension which occurred after the removal
of the tumour was initially attributed to blood loss,
but when this loss was adequately replaced the
diagnosis of phaeochromocytoma seemed estab-
lished. Undoubtedly this would have occurred
earlier had we performed a frozen section on the
tumour at the time of surgery.

It became quite clear that the pulmonary oedema
was associated with a normal heart size and a

low central venous pressure. The situation appears

to have arisen because of pulmonary hypertension
and capillary dilatation, with the consequent transu-
dation of fluid into the alveoli. This seems likely
to have resulted from the sudden withdrawal of
catecholamines which had previously maintained
the pulmonary vasculature in a state of constriction.
While it was possible to maintain an adequate

systemic blood pressure with noradrenaline, some
concern was felt at the systemic vasoconstriction
which this produced. Isoprenaline was then
infused, but when this failed to maintain the blood
pressure, adrenaline was administerered. It thus
seems unlikely that the tumour excreted noradrena-
line in large amounts. If noradrenaline had been
excreted in large amounts it seems strange that
hypertension was not present.
The analysis of urine levels and tumour levels of

catecholamines is of great interest (Tables II and
III). The figures are most unusual as dopa and
dopamine, though precursors to noradrenaline,
cannot usually be shown in normal adrenal gland,
nor in most cases of phaeochromocytoma (Shepherd

TABLE II
Tumour levels of catecholamines (Case 3)

mg/g Normal values

Noradrenaline 8 *3 0*034±0*014
Adrenaline 1*00 0*224±0*080
Dopamine 0*23 0*00
Dopa 0-16 0 00

and West, 1953). In non-chromaffin sympathetic
tumours, e.g. neuroblastoma, hypersecretion of
dopa, dopamine, and noradrenaline is the rule;
adrenaline is not produced (Voorhees, 1966).
Thus the presence of adrenaline plus the typical
histological picture differentiates these tumours
from a neuroblastoma. Louis et al. (1972)
noted that only 5 cases of dopamine-producing
phaeochromocytoma had been recorded and added
2 more, 1 being our Case 3. Only 3 of these have
had BP recordings: 1 normotensive with episodes
of paroxysmal hypertension, 1 normotensive except
when given reserpine, and the third (our case)
always normotensive. With this rise in nor-
adrenaline secretion it is difficult to explain the
absence of hypertension. Louis et al. (1972)
suggest that this may be due to hypersecretion of
dopa and dopamine in addition to noradrenaline.
Dopamine is a precursor to noradrenaline and is
also an indirect-acting sympathomimetic agent, i.e.
it can produce an effect at sympathetic receptors by
releasing noradrenaline from the granules at the
nerve endings. However, if the dopamine secre-
tion from the adrenal medulla is high, as in this
case, it may replace noradrenaline in the granules
at the nerve endings so that dopamine is released in
relatively greater quantities by the nerve impulse.
Dopamine produces a much weaker vasoconstrictor
effect than noradrenaline.
The amino acid dopa also has a hypotensive

action but, unlike the amines noradrenaline and
dopamine, it can cross the blood-brain barrier
where it is decarboxylated to dopamine and nor-

TABLE III
Urinary catecholamines in Case 3

Noradrenaline Adrenaline Dopamine Dopa
(mg/24 hr) (mg/24 hr) (mg/24 hr) (mg/24 hr)

Day of operation 173*0 74-0 1340 620
1st postoperative day 11.1 0-0 67 NE
2nd postoperative day 53-6 0-0 275 NE
Normal range 10-60 0-15 90-250 0-10

NE, not examined.
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adrenaline (Burn and Rand, 1958). There is a
considerable mount of evidence that these amines
(dopamine and noradrenaline) have a 'central'
hypotensive action (Tabei et al., 1969). In this
way the absence of hypertension in phaeochromo-
cytomas secreting large quantities of these catechols
may be explained. Such tumours may appear to
be non-functioning and cause delay in diagnosis
as in this case.

The authors wish to thank Dr. A. W. Venables for
permission to report Case 2; Dr. W. J. Louis, University
ofMelbourne, Department of Medicine, Austin Hospital,
for performing catecholamine analyses and for help in
preparing this paper.
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