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Phaeochromocytoma and catecholamine induced
cardiomyopathy presenting as heart failure

Suhrud H Sardesai, Anthony J Mourant, Yasothai Sivathandon, Richard Farrow,
David 0 Gibbons

Abstract
Phaeochromocytoma is rare and usually
presents as paroxysmal or sustained
hypertension; none the less, it can also
cause severe acute pulmonary oedema in
normotensive individuals.
Six patients with phaeochromocytoma

presenting in Cornwall and West Devon
between 1982 and 1986 are described. Five
of them died ofpulmonary oedenma with-
in 24 hours of the onset of symptoms. At
necropsy all five had normal sized hearts
and in the four hearts examined by his-
tology there was evidence of cate-
cholamine induced heart disease in the
form of focal myocardial necrosis. The
sixth patient presented with arterial
spasms and pulmonary oedema. Surgical
removal of the causative tumour was
successful in this patient.
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The commonest manifestations of phaeo-
chromocytoma are paroxysmal or sustained
hypertension with paroxysms of adrenergic
stimulation, causing palpitation, headaches,
sweating, pallor, tremors, and anxiety.'
Phaeochromocytomas account for about
0 04% of cases of hypertension,2 but there is a

distinct group of patients with phaeochromo-
cytoma who remain normotensive despite
active metabolites being secreted.34 Sometimes
high blood pressure may fall back to normal
values because of myocardial damage,5 and
normotensive patients who do not have par-

oxysmal symptoms may be more likely to die as
a result of adrenergic heart disease because the
diagnosis is not suspected.6 Although rare,
hypotension can occur when ,B adrenergic
stimulation overrides a adrenergic
stimulation.3
Acute pulmonary oedema is less widely rec-

ognised as a feature of phaeochromocytoma.
We report six such patients, of whom five
presented with acute pulmonary oedema.

Case reports
PATIENT 1

A 71 year old woman was admitted to hospital
as an emergency with acute chest pain and
breathlessness. She was tachycardic (heart rate
150 beats/min), tachypnoeic (respiratory rate
36 per min), pyrexial (axillary temperature
40°C), and cyanosed. She was normotensive
(blood pressure 130/80 mm Hg) and the
jugular venous pressure was not raised. Heart
sounds were unremarkable and there were

bilateral scattered crepitations. The chest x ray
showed a slightly enlarged cardiac shadow and
pulmonary oedema. The electrocardiogram
showed sinus tachycardia, poor R wave pro-
gression in the chest leads, and non-specific T
wave changes. Full blood count and electro-
lytes were normal and analysis of arterial blood
gases showed Po2 9-8 kPa, Pco2 3-2 kPa, and pH
7-2. She deteriorated rapidly and despite resus-
citative measures she died within two hours of
admission.
At necropsy the heart weighed 285 g (normal

250-400 g) with minimal dilatation of both
ventricles. No significant lesions were found in
the coronary arteries and histological examina-
tion of the heart showed patchy muscle fibre
necrosis with phagocytosis. Severe haemor-
rhagic oedema was found in both lungs, which
showed no evidence ofacute pulmonary infarc-
tion. A tumour 4 cm in diameter was found in
the right adrenal gland and histology showed
this to be a phaeochromocytoma.

PATIENT 2
A 63 year old woman was admitted with a
history of chest pain and breathlessness for two
hours. The week before she had presented to
the local cottage hospital with malaise, pedal
oedema, and non-specific chest discomfort.
She had had no other significant problems in
the past and had never had hypertension. On
admission she was pale with sinus tachycardia
of 146 beats/min and blood pressure of 110/70
mm Hg. Jugular venous pressure was 3 cm
above the sternal angle and auscultation
showed a gallop rhythm. She had widespread
crepitations in both lung fields. The electrocar-
diogram showed no evidence of myocardial
infarction or left ventricular hypertrophy and
the chest x ray was consistent with pulmonary
oedema. She was treated with frusemide,
amoxycillin, and dobutamine but she did not
respond to these measures and died within
eight hours of admission.
At necropsy the heart weighed 350 g (normal

250-400 g) and was macroscopically normal.
Histological examination of the myocardium
showed vacuolar and focal necrosis with an
inflammatory reaction. The coronary arteries
were normal. The airways contained frothy
liquid and the lungs were moist on section with
microscopic changes consistent with acute pul-
monary oedema. The right adrenal gland was
replaced by a phaeochromocytoma weighing
70 g with typical histology.

PATIENT 3
This 39 year old woman with long standing
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rheumatoid arthritis started getting "funny
turns" in 1976 when she was 29. Episodes
lasted between two and 30 minutes when she
experienced palpitation, chest tightness, and
breathlessness. She was extensively investi-
gated and initially it was felt that her symptoms
were caused by refractory supraventricular
tachycardia. Subsequent electrophysiological
studies showed an atrioventricular accessory
pathway, although later it was thought that this
could not explain her various symptoms and
the different types of ventricular and supra-
ventricular tachycardias seen on Holter moni-
toring. Urinary concentrations of 4-hydroxy-
3-methoxymandelic acid were assayed on

numerous occasions but were always normal.
Provocation tests with glucagon and tyramine
were also within normal limits.
Symptoms settled spontaneously but in May

1986 she was admitted to hospital unconscious,
tachycardic, and tachypnoeic after being resus-
citated after a sudden collapse at home. She was
found to have gross pulmonary oedema and
was deeply unconscious with evidence of
anoxic brain damage. She died shortly after
admission despite full supportive treatment.
At necropsy the heart size was normal (300 g)

and the coronary arteries were widely patent.
The air passages contained a moderate excess
offrothy mucus. The lungs were collapsed with
considerable frothy oedema and congestion.
Histological examination of the heart showed
multiple foci of myocardial cell necrosis and
surrounding infiltration with acute inflam-
matory cells. A phaeochromocytoma weighing
200 g and 7 cm in diameter was found in the
right adrenal gland.

PATIENT 4
A 44 year old woman who was 36 weeks'
pregnant was admitted in October 1986 with
hydramnios and an abnormal glucose tolerance
test. Her first two deliveries had been normal
and although the third had been uncomplicated
the baby had spina bifida and died soon after
birth. Subsequently she had three miscarriages
(fetal ages between eight and nine weeks). In
1985 she was investigated for episodic palpi-
tation which she had had for 20 years. Supra-
ventricular tachycardia was documented and
no cause was sought.
Labour was induced by artifical rupture of

membranes because of the hydramnios but
failed to progress. At subsequent caesarean
section a live baby was delivered but post-
operatively tachycardia, hypotension, and
severe pulmonary oedema developed in the
mother. She had a cardiac arrest but was
successfully revived and transferred to the
intensive care unit. Despite full cardiopul-
monary support, she had a further cardiac
arrest and died within 12 hours ofthe caesarean
section.
At necropsy the heart size was normal

(295 g). The valves and coronary arteries were
completely normal. Myocardial histology
showed focal necrosis and inflammatory cells.
The airways and lungs showed changes consis-
tent with pulmonary oedema. The right
adrenal gland was replaced with a dark brown

tumour weighing 125 g and histology showed
this to be a phaeochromocytoma with haemor-
rhagic and necrotic areas.

PATIENT 5
A 69 year old retired quarry worker collapsed
and died while working on his farm. A short
time before he had complained to his family of
feeling generally unwell and breathless. There
was no relevant past medical history and the
general practitioner's records showed him to be
normotensive.
At necropsy the heart size was normal

(375 g). The coronary arteries showed a few
patches of atheroma and the aorta showed
moderate atherosclerosis. Microscopic exam-
ination of the heart was not performed. Both
lungs were oedematous. A tumour 7 cm in
diameter was found attached to the posterior
abdominal wall, near the bifurcation of the
aorta. Histologically this was found to be a
phaeochromocytoma.

PATIENT 6
This 48 year old crane driver was admitted to
hospital in 1981 with sudden onset of gangrene
of the left forefoot, headaches, and breathless-
ness. He was normotensive and had normal
heart sounds. The chest x ray showed slight
cardiomegaly and pulmonary oedema, which
responded to conventional diuretic treatment.
An attempted embolectomy via the left
popliteal artery produced no clot and the
possibility of a vasospastic phenomenon was
considered. A few days later a left below knee
amputation was performed and histological
examination of this showed no evidence of
arterial disease. After the operation he was
referred to the physicians and had several
further investigations including an electro-
cardiogram, echocardiogram, and measure-
ment of urinary concentrations of 4-hydroxy-
3-methoxymendelic acid-all were within
normal limits.
One year after the initial presentation he had

a left lumbar sympathectomy performed
because ofpersistent problems with a cold blue
stump.
A second exploration was attempted two

years after the initial presentation because of
continuing pain in the stump, with a view to
excision of the long saphenous nerve. During
the operation pulmonary oedema developed.
Postoperatively his blood pressure was 110/70
mm Hg and the urinary concentration of
metadrenaline was raised (8-2 umol/l (normal
<55imol/1)). A computed tomogram showed a
right adrenal tumour. At operation a phaeo-
chromocytoma measuring 4 x 5 cm was
removed. He made a good postoperative
recovery.

Discussion
Cardiovascular injury induced by sympatho-
mimetic amines has been well recognised for
some time in both humans and experimental
animals.78 It is also recognised that myocardial
lesions produced by high doses of catechola-
mines are similar in all species including
humans.9 The finding of foci of myocardial
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cellular necrosis is consistent and predominant.
Initial lesions show diffuse oedema and minor
alteration of myocardial nuclei. Later, focal
myofibril degeneration with loss of striation of
individual myocytes is seen.'0 Inflammatory
cellular infiltration takes place in response to
this. When phaeochromocytomas were trans-
planted into rats the heart consistently showed
multifocal lesions of enhanced interstitial and
replacement fibrosis, granularity of the cyto-
plasm and contraction band necrosis, and
mixed inflammatory infiltrates six weeks after
transplantation." More advanced lesions had
more fibrosis and did not show inflammatory
cells.'0
During the earlier stages, the myocardium in

patients with phaeochromocytomas resembles
that seen in patients treated with noradrenaline
(norepinephrine) and the term "norepine-
phrine myocarditis" has been used to describe
the cardiac lesion.7 "2 Others have used the same
term because of functional improvement in the
cardiac condition after surgical removal of the
phaeochromocytoma.'3 It is perhaps more

appropriate to use only the term "focal myocar-
dial necrosis" because the inflammation is
always a secondary process4 or "catecholamine
induced cardiomyopathy" which is the term
that we have used. Previously it has been
suggested that the incidence of clinically sig-
nificant catecholamine induced cardiomyo-
pathy is far less than that seen at necropsy."

Studies of catecholamine induced cardio-
myopathy have shown a global reduction in
myocardial pump function caused by a com-
bination of down-regulated receptors and a

net reduction in viable myofibrils.'6 Rabbit
hearts with catecholamine induced cardio-
myopathy had a reduced inotropic sensitivity
to noradrenaline and also a reduced response to
calcium chloride infusion. The pathogenesis of
catecholamine induced cardiomyopathies is
probably multifactorial. Catecholamine in-
duced vasospasm leading to hypoxia is impli-
cated and supported by the finding that more
severe lesions are located near the cardiac
apex-an area of peripheral coronary circu-
lation.'7 Excess noradrenaline also induces
changes in permeability of the sarcolemmal
membrane leading to increased calcium influx.
This excess intracellular calcium has a direct
toxic action giving rise to cellular necrosis.
Although calcium is undoubtedly important, it
is not the exclusive factor causing damage.'8'9
There is evidence that the oxidised products of
catecholamines may be toxic and contribute to
the damage.'9 It has also been proposed that the
injury process might involve damage by free
radicals.20
The commonest manifestations of phaeo-

chromocytoma are of paroxysmal or sustained
hypertension or symptoms of paroxysmal
adrenergic stimulation, such as palpitation,
headaches, anxiety, sweating, and tremors;
rarer presentations, such as acute abdomen,
cerebrovascular events, myocardial infarction,
hyperglycaemia, postural hypotension, shock,
and heart failure have been reported.
We described five normotensive patients

with phaeochromocytoma presenting with pul-

monary oedema as a dominant feature. In the
patient who died suddenly pulmonary oedema
was seen at necropsy. None had confirmed
hypertension. Five of the patients had normal
sized hearts. Histological examination under-
taken in four of our patients showed extensive
focal myocardial necrosis.
The diagnosis of phaeochromocytoma was

considered in two of the six patients described.
One gave a history of paroxysmal symptoms
before presenting with severe heart failure as a
terminal event (patient 3); the other had
additional vascular spasms together with pul-
monary oedema (patient 6). Both of these
patients had normal urinary concentrations of
4-hydroxy-3-methoxymandelic acid initially
but neither was examined by computed tomo-
graphy when they first presented and this
investigation might have led to the correct
diagnosis being reached earlier. In patient 6, a
subsequent computed tomogram confirmed
the presence of an adrenal phaeochromo-
cytoma. We now use computed tomography in
the initial assessment of patients in whom the
diagnosis of phaeochromocytoma is strongly
suspected despite normal urinary concentra-
tions of 4-hydroxy-3-methoxymandelic acid.
The remaining four patients presented rapidly
and died before relevant investigations could
be performed.
Our experience indicates that phaeo-

chromocytomas cause clinically important
catecholamine induced cardiomyopathy more
commonly that has been thought. In patients
with phaeochromocytoma presenting with
acute heart failure the prognosis can be very
poor because of the extensive focal myocardial
damage.

In patients presenting with heart failure
without any obvious cause, the diagnosis of
phaeochromocytoma should be considered.
Urinary concentrations of 4-hydroxy-3-
methoxymandelic acid should be measured and
computed tomography should be undertaken
as soon as possible.

We thank the following consultants for the inclusion in this
report of patients under their care: Dr A J Marshall, Dr E W
Hughes, Dr B J Prout, and Dr J L Dunscombe.
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VIEWS FROM THE PAST Willi'am Evans

William Evans's obituary was printed in the
British Heart Journal of January 1989. Here he
is photographed by me in 1975 on his farm in
Tregaron, Cardiganshire, where he was born in
1895 and died in September 1988, aged ninety
two. Wallace Brigden, writing in Munk's Roll,
says that "On retirement from the London
Hospital he returned to the Wales he loved.
The Principality reciprocated in making him
High Sheriff of Cardigan and an Honorary
Druid. He placed both of these honours above
the legion of professional ones which came his
way. He was not the most eminent cardiologist
of his time but one of the most unusual, well
known and well liked. In retrospect, medicine
in general and cardiology in particular seemed
to be only an interlude, albeit an absorbing and
exciting one which occurred between child-
hood in the Teify Valley overlooked by
Cambrian hills and the same unchanged scene
in his twenty five years of retirement."

AUBREY LEATHAM
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