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SIDE EFFECTS OF DRUGS

Depressive effects of carbamazepine
on idioventricular rhythm in man

One of the differential diagnoses of epilepsy is syncope of cardiac
origin. The antiepileptic drug carbamazepine has a membrane-
depressant effect similar to that of quinidine and procainamidel and
was found to induce Stokes-Adams attacks in a woman with atrio-
ventricular (AV) block of Mobitz type 11.2 Carbamazepine blocked
atrioventricular conduction completely, and it also seemed to suppress
ventricular automaticity. Thus carbamazepine treatment of patients
with Stokes-Adams attacks misdiagnosed as epilepsy might have
deleterious effects. To find out whether this patient was especially
sensitive to carbamazepine or whether the drug regularly has cardiac
effects on patients with AV conduction disturbances we performed a
pilot study on patients with AV conduction disturbances who had
been given pacemakers.

Patients, methods, and results

Four patients with advanced atrioventricular conduction defects were
studied. All gave their informed consent. The experiments were carried out
at least one week after electrode implantation, which was performed via the
right external jugular vein.3 The patients were supplied routinely with an
external pulse generator (Siemens-Elema EM 145). The experiments were
undertaken only in patients with a stable stimulation threshold, which was
checked regularly. During the experiments the patients were in the supine
position and electrocardiograms (ECGs) were recorded continuously. Before
and after administration of carbamazepine (Tegretol), pacemaker stimulation
was interrupted abruptly several times and the ventricular standstill measured
from the time of the last stimulation artefact to the start of regular idio-
ventricular activity or pacemaker-induced rhythm. Continuous conversation
with the patients was used to detect the effect of any ventricular standstill
during the interruption of pacemaker stimulation. If the patient experienced
any discomfort during a break pacing was restarted immediately.

Case 1-This 83-year-old man's ECG showed complete atrioventricular
block with regular idioventricular rhythm, rate 25 beats/min. He was given
frusemide 40 mg twice a day and potassium chloride 1-5 g three times a day
and supplied with a pacemaker. During eight consecutive interruptions of
pacemaker stimulation regular ventricular activity started after a mean of
3-2 SD 09 seconds. The patient was then given 300 mg carbamazepine
daily for three days. On the last day of medication only a single ventricular
beat was seen during three interruptions of pacing lasting 9 to 10-3 seconds.
During two other interruptions lasting 8-4 and 10-2 seconds there was
complete asystole (fig 1). The picture was similar next day. Three days after
carbamazepine had been stopped regular ventricular activity started after
4-9 ±21 seconds (eight interruptions).
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FIG 1-Case 1. Representative ECG (paper speed 25 mm/sec) before (a)
and during (b) carbamazepine treatment. Spikes in upper strip are pacemaker
artefacts of stimulation voltage far below threshold. Marked artefact (x) in
lower strip was caused by switching on pulse generator.

Case 2-This 82-year-old man was supplied with a pacemaker for complete
atrioventricular block with an idioventricular rate of 40 beats/min. Three
weeks after electrode implantation his spontaneous heart rhythm was
AV-block III with intermittent AV-block Mobitz type II. During seven
interruptions of pacemaker stimulation regular idioventricular rhythm
(AV III) started after a mean of 2-5 + 0-2 seconds (fig 2). He received 200 mg
carbamazepine in the afternoon of the day of the control measurement (day 1),
600 mg on day 2, and 800 mg on day 3. On the third day he became confused
and vomited, so carbamazepine was stopped. On days 4 and 6 pacemaker
stimulation was stopped four times for 7-6±1 9 and 6-9±1-6 seconds
respectively. No spontaneous ventricular activity occurred (fig 2). On the
seventh day one ventricular beat appeared during two of six interruptions,
after 4-3 and 6-0 seconds. Next day the ventricular automaticity had improved
and conducted ventricular beats appeared after 2-1 + 0-9 seconds (five

interruptions), but no iegular idioventricular activity was seen. Regular
idioventricular rhythm appeared on day 9 after a mean of 3-1 + 1-3 seconds
in five out of eight interruptions of stimulation.

Case 3-This 93-year-old man had complete atrioventricular block and
a ventricular rate of 32 beats/min. He was prescribed 40 mg frusemide
and 1-5 g potassium chloride daily and given a transvenous pacemaker
electrode, attached to an external pulse generator. Two weeks later the
heart rhythm had changed to a 3:1 AV block of Mobitz type II with a
ventricular rate of 27 beats/min. He was given 600 mg carbamazepine daily.
After three days the pacemaker was switched off five times for a mean of
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FIG 2-Case 2. Representative ECG (paper speed 25 mm/sec) before (a)
and during (b) carbamazepine treatment.

7-0+0-9 seconds. A single ventricular beat appeared during one of the
interruptions. During the other four there was complete ventricular asystole.
Carbamazepine was stopped. The picture was similar three days later but on
the fourth day he had regular idioventricular activity, rate 15 beats/min,
when pacemaker stimulation was interrupted.

Case 4-This 75-year-old woman had complete heart block and idio-
ventricular activity with a rate of 35 beats/min. During eight consecutive
interruptions of pacemaker stimulation before intake of carbamazepine
regular idioventricular rhythm started after an average of 1-8 0-3 seconds.
She was given 600 mg carbamazepine orally. During three interruptions of
stimulation one hour after administration of the drug spontaneous ventricular
activity was seen after 5-3-5 9 seconds. A fourth interruption was followed
by one ventricular beat at 3 seconds and the next at 9-9 seconds.

Comment

The delay in the resumption of idioventricular activity after a break
in pacemaker stimulation reflects the degree of automaticity of the
ventricles. This varies considerably among individuals,4 but is
relatively constant in any one patient. These four patients had regular
idioventricular activity during interruptions in pacing before
carbamazepine was administered, but during carbamazepine
treatment the preautomatic pause was prolonged substantially-
sometimes to such an extent that it could not be determined. The
regular ventricular activity was restored some days after the drug
had been stopped.
We were unable to perform a controlled trial because the ethical

committee would not approve a further study in which patients
would not benefit from carbamazepine. Nevertheless, there is no
reason to doubt that carbamazepine caused the depression of
ventricular automaticity in these few patients. This finding agrees
with that of Steiner et al,5 who showed a slowing of the idioventricular
rate in dogs with experimentally induced heart block when given
carbamazepine. The electrophysiological background seems to be
suppression of phase 4 depolarisation. In case 4 the automaticity was
already impaired one hour after administration of carbamazepine, and
in a previous patient2 atrioventricular conduction was likewise
depressed one hour after oral administration of the drug. Thus, the
cardiac effects of carbamazepine appear rapidly, in spite of the
slow absorption of the drug in tablet form.6 This agrees with the
findings of Corday et al,7 who showed that carbamazepine converted
digoxin-induced arrhythmias in dogs into sinus rhythm immediately.
In accordance with the long half life of carbamazepine (24-46 hours
after a single dose6) the depressive effects of carbamazepine lasted
for three to four days in cases 1-3.

Since carbamazepine suppresses ventricular automaticity in
patients with a defective conduction system, prescription of the drug
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should be preceded by an ECG to exclude those patients with atrio-
ventricular block grades II and III.
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Sulphamethoxazole,
hypoalbuminaemia, crystalluria, and
renal failure
Sulphamethoxazole is an active component of co-trimoxazole. We
describe two patients who developed renal failure after receiving this
drug.

Case reports

Case 1-A 31-year-old woman developed generalised peritonitis secondary
to a pyosalpinx, which had been excised. Endotoxic shock ensued, which was
treated with penicillin, gentamicin, and metronidazole for seven days with
good effect. She then became febrile and was started on co-trimoxazole
intravenously, 1 ampoule (5 ml co-trimoxazole in 150 ml 0 9",, saline)
infused over 30 minutes. The drug was given 12-hourly, and within 36 hours
her urine output had fallen in association with haematuria and profound
crystalluria. Co-trimoxazole was stopped but she went into complete renal
failure and, despite acute haemodialysis, died.

Case 2-A 24-year-old man presented with peritonitis eight days after
being stabbed in the abdomen causing three colonic perforations, which had
been oversewn. He was given the same antibiotics as in case 1, but with little
effect, and intravenous co-trimoxazole was begun (same regimen as in case
1). Within 48 hours he went into acute renal failure. Mannitol (20",) 300 ml
was administered and co-trimoxazole stopped. This resulted in a pronounced
diuresis, and within 14 days renal function returned to normal.

Comment

Both these patients were septicaemic and hypoproteinaemic
(serum albumin concentrations 16 and 18 g 1 respectively). In both
cases serum samples taken before co-trimoxazole treatment were
recovered, which permitted in-vitro sulphamethoxazole-binding
studies using 15C-sulphamethoxazole. With normoalbuminaemic
serum 24-35', of sulphamethoxazole is protein bound.' In these two
patients, however, only 2",, and 36",, of the drug was bound. Neither
patient was dehydrated when co-trimoxazole was instituted, and in
both cases renal function was normal (serum creatinine 97 2 and
79 6 !smol 1 (1 1 and 0 9 mg,100 ml) respectively). Presumably by
virtue of the hypoalbuminaemia, and possibly due to the presence of
penicillin and metronidazole in the serum acting as competitive binders,
sulphamethoxazole was unable to bind, so that nearly all the drug was
free (unbound). This is a similar finding to that reported in kwashior-
kor serum, in which only 4-7",, of the drug was bound (serum albumin
22 g 1).'
As only the free component of a drug is filtered by the kidneys it

may be assumed that in these two patients crystalluria ensued
secondary to the massive load of free drug. Hence co-trimoxazole
should probably be used with circumspection in hypoalbuminaemic
patients. If it is essential to use the drug, the dosage should be de-
creased, the dosage frequency increased, and great care paid to fluid
therapy.
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SHORT REPORTS

Stimulated sweating in chronic
renal failure
Concentrations of urea and potassium in the sweat of normal subjects
and patients with chronic renal failure (CRF) are higher than serum
concentrations.'1 Water loss from the skin may exceed two litres per
hour in hot environments.2 4 It would therefore be interesting to
examine the extent to which stimulated sweating in patients with CRF
could compensate for loss of renal function. We describe a patient on
chronic intermittent haemodialysis who was used to taking sauna
baths. Serum concentrations of urea and potassium were low and
weight gain between haemodialysis sessions was small compared with
those of other patients undergoing intermittent haemodialysis. Losses
of urea, potassium, and water in sauna and hot baths) were measured
to investigate whether they could account for the observed low serum
concentrations of these substances and for the stable fluid balance in
this patient.

Patient, methods, and results

A 52-year-old anuric man started to take sauna baths three times a week
on days when he was not undergoing dialysis six months before our study.
Before the sauna baths the patient took a lukewarm shower and brushed his
skin to remove formerly excreted solids. The air temperature in the sauna
was 70 C, and he bathed for one to two hours. After each sauna bath his
body weight decreased by 1 5-2 kg. During the study the sweat that dripped
from his bended head while in the sauna was collected in 20-ml samples, and

total losses of urea and potassium were calculated from weight loss and
sweat concentrations. The patient was also studied in hot water baths of
42-C.5 He was immersed in water up to his neck in an impermeable plastic
bag, which contained 20 litres of distilled water. Fluid from the bag was
sampled before and after the baths and duplicate 1-litre portions were
concentrated tenfold by distillation. This permitted us to calculate more
accurately the total loss of urea and potassium than in the sauna bath.
The figure shows predialysis serum concentrations of urea and potassium

in the patient and in 16 controls on chronic intermittent haemodialvsis.
Results were corrected for differences in dietary intake related to body
weight. After six months serum urea and potassium concentrations were
significantly lower in the patient than in the controls (P< 0 001; t-test). The
sweat to serum urea ratio was 2 0 in two sauna baths and 1-8 in two hot water
baths. Sweat to serum potassium ratio was 2 5 for both sauna and hot water
baths. Sweat rates in sauna and hot water baths were 21 and 33 mllmin
respectively. Urea clearances in hot water baths were therefore higher than
in sauna baths-56 and 40 ml min respectively. Calculated losses of urea and
potassium in sweat were 43 and 12 mmol h (2 6 g 'h and 12 mEq, h) compared
with 117 and 20 mmol/h (7-0 gHh and 20 mEq h) by haemodialysis. Total
excretion of urea and potassium in sweat averaged 215 and 60 mmol/week
(12 9 g/week and 60 mEq week) respectively, which amounted to 19 11 and
3000 of the total quantity removed by haemodialysis. These figures fully
explain the observed falls in serum concentrations of urea and potassium of
23 0, and 35 (, respectively.

Comment

These findings indicate that stimulated sweating can be used as a
valuable adjunct to chronic intermittent haemodialysis. In our patient
a 30-minute hot water bath every day was as effective as a two-hour
sauna bath three times a week. In patients with CRF control of fluid
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