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A 56-year-old woman had a 22-year
history of hypertension. Investigation
showed hypokalemia and kaliuresis
without pronounced suppression of
plasma renin activity or elevation of
urinary aldosterone excretion. There
was biochemical evidence of
catecholamine metabolite excess but
the usual clinical features of
pheochromocytoma were absent.
Laparotomy revealed a pheochromo-
cytoma and adrenal adenoma in the
right adrenal gland. Excision of the
tumours was followed by resolution
of the hypertension and metabolic
abnormalities.

Une femme de 56 ans a presente une
anamnese hypertensive de 22 ans
L'examen a montre une hypokaliemie
avec kaliurese sans depression marquee
de l'activite renine plasmatique ou
elevation de l'excretion urinaire de
l'aldosterone. II y avalt bien les signes
biochimiques d'un exces de metabolites
des catecholamines, mais les
manifestations cliniques habituelles
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du pheochromocytome etaient
absentes La laparotomie a r6v616 un
pheochromocytome et un ad6nome
de Ia surrenale droite. L'excision des
tumeurs a 6te suivie de Ia disparition
de l'hypertension et des anomalies
metaboliques.

Patients with pheochromocytoma do
not demonstrate abnormalities of
adrenocortical function or electrolyte
disturbance. There are, however, case
reports of hypokalemia associated with
pheochromocytoma.1'2 The cause of hy-
pokalemia has not been documented
but at least one case has been reported
with hyperaldosteronism.2 There are
also case reports of an adrenal adeno-
ma with Cushing's syndrome and pheo-
chromocytoma.3'4 In the report by
Mathison and Waterhouse3 the Cush-
ing's syndrome resolved after removal
of the adrenal adenoma, which con-
tained cortical and medullary cells.
Williams and colleagues5 described a
patient with a pheochromocytoma, an
adrenal adenoma and clinical evidence
of adrenocortical hyperfunction - hir-
sutism, acne and glucose intolerance;
these abnormalities resolved after ex-
cision of the tumour. In the case re-

ported by Cope and associates6 there
was no clinical evidence of adrenocor-
tical hyperfunction, but hyperfunction
was inferred from atrophy of the con-
tralateral adrenal gland. None of the
patients with both pheochromocytoma
and adrenocortical hyperfunction had
evidence of hypokalemia. The patient
referred to in the following report,
however, had a pheochromocytoma
with hypokalemia and kaliuresis.

Case report

First admission

A 56-year-old woman was admitted to
St. Paul's Hospital for investigation of
hypertension, which had first been diag-
nosed 22 years before in the immediate
postpartum period of the patient's only
pregnancy. Although the hypertension per-
sisted, therapy was not started until 9
years later.

After 5 years of antihypertensive ther-
apy hypermetabolism was suspected and
the basal metabolic rate was +57%; the
protein-bound iodine value was 5.1 isg/dl.
Nocturnal episodes of nausea, perspiration
and tachycardia occurred 7 years later and
were attributed to cardiac insufficiency;
they resolved.
Hypokalemia had first been noted 3

months before admission, the following
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serum values having been recorded: so-
dium, 142 mmol/I; potassium, 2.9 mmol/l;
and bicarbonate, 29 mmol/l. Hydro-
chiorothiazide was discontinued; 1 month
later the serum sodium value was 141
mmol/l, the serum potassium value, 3.7
mmol/l and the 24-hour urine potassium
value, 44 mmol/vol. At the time of ad-
mission there was no recent history of
headache, pallor, perspiration or weight
loss - in fact, her weight had increased
by almost 7 kg in the preceding 12
months.

Hypertensive retinopathy, grade 2
(Keith-Wagener-Barker classification) was
noted. There was no evidence of cardio-
megaly but the electrocardiogram (EGG)
showed left axis deviation and left ventri-
cular hypertrophy. Blood pressure was
200/130 mm Hg. Diastolic pressure re-
mained at 120 to 140 mm Hg throughout
the patient's hospital stay. There were
no clinical features of Gushing's syndrome.

Hemoglobin value was 16.2 g/dl. Hypo-
kalemia (serum potassium values: 3.2, 2.9
and 3.3 mmol/l), persistent alkalosis
(serum bicarbonate values: 34, 31 and
26 mmol/I) and kaliuresis were detected
(Fig. 1). The sodium content of the diet
was altered as indicated in Fig. 1 but
the potassium content was maintained at
100 mmol/d.
Plasma renin activity (PRA) was meas-

ured by the method of Haber and col-
leagues7 three times prior to operation.
From the first assay, performed at an
independent laboratory, the value in blood
collected with the patient upright was
2.10 ng/ml.h with a urine sodium excre-
tion of 131 mmol/vol (normal, 1.9 to 3.6
mmol/vol). The two values obtained in
our laboratory were 2.5 ng/mPh with the
patient lying and 2.9 ng/mlh with the
patient standing for 2 hours with a
urine sodium excretion of 85 mmol/vol,
and 2.1 ng/mlh lying and 2.8 ng/ml*h
standing with a urine sodium excretion of
31 mmol/vol. The former value was nor-
mal and the latter was low. PRA did not
increase with sodium restriction. (In 10
patients with primary aldosteronism that
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we have studied, the PRA has been less
than 0.40 ng/ml*h with the patient upright
after salt restriction.)
The 24-hour urinary aldosterone excre-

tion was 16 .tg/vol (normal, 2 to 26
sg/vol according to Bio-Science Labora-
tories, Van Nuys, Galifomia). The 24-hour
sodium excretion at that time was 94
mmol/vol. Greatinine clearance was 116
ml/min. Plasma cortisol values were 22
.g/dl at 8 am and 10 .'g/dl at 8 pm.
The patient was discharged from hos-

pital taking spironolactone, 400 mg daily,
while results of investigations were
awaited. Twelve days after spironolactone
therapy was started her blood pressure
had not improved and she was having
nausea. Propranolol therapy was started
at 20 mg tid orally, and later that day
the patient was admitted to her local hos-
pital with tachycardia, perspiration and
chest pain. EGG showed subendocardial
ischemia but no evidence of infarction.
Spironolactone and propranolol were dis-
continued and the patient was discharged
taking methyldopa and hydrochlorothi-
azide. The possibility of pheochromocy-
toma was raised by the referring physician.
One of the 24-hour urine samples from
the previous admission showed a vanillyl-
mandelic acid (VMA) value of 11.8
mg/vol (normal, 2 to 7 mg/vol) and a
value for catecholamines of 408 itg/vol
(normal, up to 100 .'g/vol).

Second admission

The patient was readmitted to St. Paul's
Hospital 2 months after the first ad-
mission for investigation of possible
pheochromocytoma. Medication was me-
thyldopa, 250 mg tid, and hydrochloro-
thiazide, 50 mg ad. Electrolyte studies
showed persistent hypokalemia (Fig. 1).
Intravenous pyelography with nephroto-
mography yielded abnormal results, a
faint triangular blush being noted above
the right kidney. VMA values in 24-hour
urine samples were 4.8, 5.9, 6.7 and 6.1
mg/vol. Gatecholamine studies were not
done because the patient was receiving
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methyldopa. Blood pressure was 140 to
180/90 to 120 mm Hg when the urine
samples were collected.

After 1 week she was discharged taking
methyldopa, 250 mg tid, and spironolac-
tone, 25 mg tid.

Third admission

The patient was readmitted 1 month
later for abdominal angiography. Blood
pressure was 200/120 mm Hg but this
decreased with bed rest. On the 2nd day
abdominal angiography was performed by
the retrograde femoral route, blood pres-
sure being monitored by a transducer on
the catheter. With injection of the dye
the blood pressure increased from 160/100
to 280/140 mm Hg. Phentolamine, S mg,
was given intravenously and the blood
pressure decreased promptly to 200/100
mm Hg but a gallop rhythm developed. A
total of 15 mg of phentolamine was re-
quired over 15 minutes to control the
blood pressure. The procedure was ter-
minated without selective adrenal arte-
riography and the aortic flush was inter-
preted as normal.

Oral therapy with phenoxybenzamine
hydrochloride was started and angiography
repeated with a nitroprusside infusion. A
large right adrenal mass was visualized.
The daily dose of phenoxybenzamine was
increased to 120 mg. Blood pressure re-
mained elevated at 150 to 170/90 to 110
mm Hg. VMA values in 24-hour urine
samples on the 9th, 10th and 11th days
after phenoxybenzamine therapy was in-
stituted were 16.9, 14.9 and 15.8 mg/vol.
Twenty-four-hour urinary potassium excre-
tion remained elevated at 90 to 100
mmol/vol but serum potassium values
began to increase. PRA was in the same
range a. during the first admission.

Phenoxybenzamine therapy was con-
tinued until the 21st hospital day, when
laparotomy was performed. Sodium nitro-
prusside was administered to control blood
pressure during the operation. A large
right-sided adrenal gland was removed
(Fig. 2); it contained a pheochromocy-
toma, an adrenal adenoma (Fig. 3) and
associated focal hyperplasia of the zona
glomerulosa. The left adrenal gland was
grossly normal.

Postoperatively pneumonia and pul-

I

FIG. 2-Right adrenal gland: pheochromocytoma on left; adrenal adenoma in centre.
FIG. 3-Adrenal adenoina (hematoxylin-
eosin; xlOO, reduced 50%).
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monary embolism occurred. The patient
was discharged almost 4 weeks after oper-
ation; her blood pressure was 140/100
mm Hg and she was taking digoxin and
hydrochlorothiazide.

Fourth admission

Four months after the previous dis-
charge the patient was readmitted for
investigation of her endocrine status. She
felt well and was not taking any medica-
tion. Blood pressure was 140/100 mm Hg;
throughout her hospital stay it was 120 to
150/90 to 105 mm Hg. The 24-hour urine
aldosterone excretion was 8.7 pg/vol (nor-
mal, 2 to 17 /Ag/vol). Serum potassium
values were 4.5 and 4.9 mmol/I. Serum
sodium values had decreased to 131 and
130 mmol/l. PRA was normal and there
was an excellent response to salt restric-
tion (Fig. 1).

Discussion

The pheochromocytoma in our pa-
tient was not typical, in that the usual
associated features - attacks of per-
spiration, palpitations, headaches and
pallor - were absent; at the time of
her first admission to our hospital she
had forgotten the episodes of a year
earlier that were suggestive of a pheo-
chromocytoma. Most patients with a
pheochromocytoma lose weight because
of hypermetabolism but this patient
had gained weight. Yet there is no
doubt that the pheochromocytoma was
active: the great increase in blood pres-
sure at abdominal angiography and the
prompt decrease with phentolamine ad-
ministration confirm its metabolic ac-
tivity. Another historical feature sup-
porting the activity of the pheochromo-
cytoma is the exacerbation of symp-
toms shortly after propranolol therapy
was begun. Beta-adrenergic blockade
will decrease vasodilatation with re-
sultant exacerbation of hypertension.
The normal urinary VMA values are
difficult to explain. Episodic secretion
of catecholamines does occur and a
small proportion of patients with pheo-
chromocytoma have normal VMA ex-
cretion even when hypertensive.8

Hypokalemia, alkalosis and kaliuresis
support a diagnosis of mineralocorti-
coid excess. A diagnosis of primary
aldosteronism is not excluded by the
normal urinary aldosterone excretion
because the value may be normal, espe-
cially in patients with hypokalemia.'
It would have been worth while to
study plasma aldosterone concentration
in this patient during both postural
changes and sodium loading; elevated
values unaffected by postural change
or sodium loading would have indi-
cated that the adrenal tumour was
producing excessive amounts of aldo-
sterone.' The main factor against the
diagnosis of primary aldosteronism is
the lack of suppression of PRA.

It is possible that the adrenal ade-
noma was a coincidental finding and
unrelated to the hypertension and hypo-
kalemia. The incidence of adrenal hy-
perplasia and adenomas is increased in
hypertensive patients.'0 In one report
of 2425 consecutive autopsies 4.2% of
the hypertensive patients had an adre-
nal adenoma."

If the adrenal adenoma was not the
cause of the hypokalemia, then other
explanations must be considered. Infu-
sion of catecholamines does produce
hypokalemia, which can be blocked
with propranolol." The catecholamines,
however, lead to a decrease in urinary
potassium" excretion and the acute
hypokalemia is thought to be secondary
to an intracellular shift of potassium.
Our patient had excessive urinary ex-
cretion of potassium. This plus the
absence of hypokalemia in most pa-
tients with pheochromocytoma indicate
that the hypokalemia was almost cer-
tainly not secondary to the direct ef-
fects of catecholamine excess.

Catecholamines lead to release of
renin.'4 It is possible that the catechol-
amine excess could lead to secondary
aldosteronism with hypokalemia. The
points against this hypothesis are that
the PRA was not elevated and aldo-
sterone excess was not documented.

Administration of the alpha-adren-
ergic blocker phenoxybenzamine hy-
drochloride was followed by an in-
crease in plasma potassium concentra-
tion but renal loss of potassium con-
tinued. It is difficult to interpret that
because spironolactone was given at
the same time.

Some pheochromocytomas have been
reported to produce adrenocortico-
tropic hormone." This could lead to
adrenocortical hyperplasia and adeno-
ma formation. It is most unlikely that
this was the cause of the hyperplasia
because plasma cortisol values were
normal, with a normal diurnal varia-
tion, and there was no clinical evidence
of glucocorticoid excess.

Accelerated hypertension can lead to
secondary aldosteronism and hypokale-
mia but this is always accompanied by
elevation of PRA. The absence of clin-
ical evidence of accelerated hyperten-
sion and the normal PRA virtually ex-
clude that possibility.
The cause of hypokalemia in this pa-

tient remains unresolved but the re-
moval of the right adrenal gland cured
the hypokalemia and greatly decreased
the blood pressure. This confirms the
role of one or both of the neoplasms
in the pathogenesis of the hypokalemia
and hypertension.

I am grateful to Dr. Michael M. O'Brien
for referring the patient, Dr. W.A. Doll
for anesthetic management, Mrs. Rose
Fera for secretarial assistance, and profes-

sor T. Symington and Dr. J.J. Brown for
reviewing the case and making many
helpful comments.
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