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A 10-ml plasma sample was taken from each patient and analysed for
urea, electrolyte, and carbamazepine concentrations, the latter being measured
by gas chromatography, methaqualone being used as an internal standard.
Plasma osmolality was measured by means of the depression of freezing point
technique. The results were analysed with Wilcoxon's sum of ranks test.

Details of the 16 patients are given in the table. Five patients were hypo-
natraemic. All were receiving carbamazepine in a daily dose exceeding
700 mg, and all had steady-state carbamazepine blood concentrations
exceeding 35,tmol/l (8-3 Hg/ml). There was a strong statistical association
between hyponatraemia and daily doses of carbamazepine over 700 mg
(P= 0025) and between hyponatraemia and steady-state carbamazepine
blood concentrations exceeding 35,tmol/I (P= 0005). The mean plasma
sodium concentration in patients receiving more than 700 mg carbamazepine
daily was 132+SE of mean 2-0mmol (mEq)/l, compared with 137±0-7
mmol/l in patients receiving smaller doses. Comparable figures for plasma
osmolality were 266 ± 6-0 mmol (mOsm)/kg and 285 +2-3 mmol/kg respec-
tively. Mean plasma sodium concentrations in those with steady-state
carbamazepine concentrations above and below 35'tmol/l were 129-7 ±
1-7 mmol/l and 137-5±07 mmol/l respectively, and the mean plasma
osmolalities were 260±4-5 mmol/kg 285 ±2-80 mmol/kg respectively.
There was no obvious relationship between hyponatraemia and age, sex, or
duration of carbamazepine treatment. Two of the five hyponatraemic
patients had been taking the drug for less than six months.

Comment

Carbamazepine has an action similar to antidiuretic hormone
and is useful in the management of diabetes insipidus.3-5 Except for
a patient who also suffered from psychogenic polydipsia,2 there have
been no reports of water intoxication in patients receiving carbamaze-
pine for epilepsy or trigeminal neuralgia. Our study, which shows
significant electrolyte disturbances in five out of 16 randomly chosen
carbamazepine recipients, suggests that the antidiuretic activity of
this drug is not confined to patients with diabetes insipidus. Although
none of our patients complained of symptoms of water intoxication
such as weakness, lethargy, or confusion, patients with plasma sodium
concentrations below 135 mmol (mEq)/l, or osmolalities below
255 mmol (mOsm)/kg, may be at risk.
Our study shows that the risk of hyponatraemia is related to dose

and blood concentration of carbamazepine. The data were insufficient
to show whether there is a predisposition related to age or sex, but
showed that duration of treatment was not important.
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Steroid responsiveness in
phaeochromocytoma
Patients with a phaeochromocytoma suffer from disturbances of blood
pressure and cardiac rhythm that are related to catecholamine release.'
The pressor response in individual patients depends on several
factors, which include levels of corticosteroids.2 We report a case of
phaeochromocytoma in which the typical hypertensive crises were
related to steroids.

Case report

In 1973 a 69-year-old woman presented with giant-cell arteritis, which
was confirmed histologically. Prednisone at an initial dosage of 60 mg daily
produced rapid improvement and the erythrocyte sedimentation rate
returned to normal. In December 1974, when taking 5 mg prednisone daily,
she had forceful palpitations and generalised tremor three times in one week.
These occurred without warning and lasted about 15 minutes. Between
attacks her pulse rate remained about 80/min and her blood pressure about

160,90 mm Hg. No cause of the attacks was found, and there were no more
for three months. Since the giant-cell arteritis was apparently in remission
prednisone was withdrawn in April 1975. Within two weeks, however,
severe headache had returned and her erythrocyte sedimentation rate was
80 mm in the first hour. Prednisone, 45 mg daily, rapidly abolished this
syndrome, but the palpitations and tremor returned within three days. While
on the high dose attacks occurred once or twice daily, and during them the
blood pressure was about 240/140 mm Hg. When the prednisone was reduced
to 5 mg daily the attacks almost ceased and the blood pressure remained
normal. The presence of a phaeochromocytoma was confirmed by finding
high levels of urinary vanillylmandelic acid and plasma catecholamines
(see table). After location of the tumour by intravenous pyelography,
arteriography was carried out, the premedication for which included 100 mg
hydrocortisone. Before induction of anaesthesia one hour later, the blood
pressure was 280/130 mm Hg despite preparatory blockade of adrenoceptors
with phenoxybenzamine and propranolol by mouth. Premedication for
removing a large right adrenal tumour again included parenteral hydro-
cortisone, and again the patient's blood pressure was high on arrival in
theatre. Blood pressure was controlled preoperatively with an infusion of
sodium nitroprusside, and the phaeochromocytoma was removed unevent-
fully. After surgery the blood pressure was about 170/100 mm Hg despite
large doses of steroids in the immediate postoperative period (100 mg
hydrocortisone daily for the first three days, reducing to 10 mg prednisone
daily within two weeks). There were no further hypertensive episodes, and
maintenance steroid treatment was uncomplicated.

Levels of urinary vanillylmandelic acid and plasma catecholamines in present
case compared with normal

Normal Present
value case

r 58-5
Urinary vanillylmandelic acid (,umol/24 h) <40 66-01.64-5
Plasma catecholamines (,ug/l): Total . .. 06-1*0 6-6

5.4Adrenaline .. .Nil-0-2 5-1515
Noradrenaline . . . 05-09 1 5

Conversion: SI to traditional units-Urinary vanillylmandelic acid: 1 tmol!24 h
0-2 mg/24 h.

Comment

Catecholamine crises in this patient were related to taking steroids,
both by mouth and parenterally. After removal ofthe tumour, steroids
exerted no hypertensive effect, and thus there appears to be a clear
connection. Corticosteroids are important in the synthesis and action
of catecholamines.' The enzyme that converts noradrenaline to
adrenaline (phosphoethanolamine-N-methyltransferase, PNMT) is
corticosteroid-dependent, so that only adrenal medullary tissue close
to cortical tissue produces adrenaline in appreciable amounts.3
Systemic corticosteroid levels are unlikely to affect adrenaline syn-
thesis, and a peripheral action is more likely to explain the pheno-
menon seen in our patient. Steroids control sodium metabolism
within smooth-muscle cells of arterial walls, and depletion of sodium
(consequent on low steroid levels) impairs the pressor response to
catecholamines. This may be restored by infusing saline4 or replacing
steroids. Our patient possibly had low circulating corticosteroid
levels owing to suppression of the pituitary-adrenal axis caused by
prednisone. Raising the steroid level allowed the pressor effect of
catecholamines to become apparent. We agree with Critchley et al5
that steroids should be given only with care to patients with a
phaeochromocytoma.

We are grateful to Professor S J G Semple for permission to report this
case, and to Dr Malcolm Carruthers for catecholamine measurements.
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