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SUMMARY Fourteen patients with established atrial fibrillation (longer than three months) that
was refractory to treatment were studied to compare the clinical and electrophysiological effects
of amiodarone and bepridil. All patients initially received bepridil for three weeks (200-600
mg/day), followed by amiodarone for two to three months (100-400 mg/day). Bepridil seemed to
be slightly more effective than amiodarone in converting the fibrillation to sinus rhythm (nine of
fourteen compared with four of ten). The ventricular response in atrial fibrillation was equally
well controlled by bepridil and amiodarone, both at rest and during exercise. Bepridil was associ-
ated with the development of ventricular arrhythmias in eight of fourteen patients; two had
torsade de pointes, which in one degenerated into fatal ventricular fibrillation. These arrhythmias
seemed to be associated with bepridil induced prolongation of the QTc interval. No ventricular
arrhythmias were seen during amiodarone treatment.
Although bepridil seems to be an effective antiarrhythmic agent for the management of atrial

fibrillation, its arrhythmogenic actions make it unsuitable for this purpose.

In chronic atrial fibrillation the usual therapeutic
target is the slowing of the ventricular response, but
a return to sinus rhythm may offer considerable
additional benefits to the patient.1 Most drugs used
to suppress or prevent atrial fibrillation are
inhibitors of the fast inward membrane current and
tend to enhance atrioventricular conduction and are
therefore usually given in combination with digoxin
or other agents that slow conduction in the atrio-
ventricular node. Amiodarone combines at anti-
arrhythmic effect in the atria with depression of
atrioventricular conduction and is therefore useful
in atrial fibrillation. As bepridil, introduced as an
antianginal agent,2 3 has been shown to have electro-
physiological properties-blocking both the slow4 5
and fast6 inward currents and prolonging
repolarisation-it might thus be expected to have
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similar actions to those of amiodarone. This study
was designed to examine the antiarrhythmic poten-
tial of bepridiI and compare its use in established
atrial fibrillation with that of amiodarone.

Patients and methods

Fourteen patients with established atrial fibrillation
of at least three months' duration and a ventricular
rate of more than 100/minute were studied. The
protocol was approved by the ethics committee of
the Royal Postgraduate Medical School and all
patients gave their informed and written consent.

Because of the long half life of amiodarone, ran-
domisation of the order of drug administration was
not practical. All antiarrhythmic medications were
withdrawn for at least five half lives. Patients were
then given bepridil for three weeks: 300mg twice a
day for two days then 100mg twice a day for five
days, increasing to 200 mg twice a day for the second
week and 300mg twice a day for the third week. In
patients who remained in atrial fibrillation there was
a two week wash-out period after bepridil was
stopped and before amiodarone was started. Patients
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who reverted to sinus rhythm during bepridil were
followed, off all antiarrhythmic medication, after
stopping bepridil. If they reverted to atrial
fibrillation amiodarone was introduced at least three
weeks later. In all patients, amiodarone was admin-
istered in a loading dose of800 mg/day for one week
and then continued at 400 mg/day for two months.
In those patients who converted to sinus rhythm on
amiodarone, the daily dose was further reduced to
200 mg/day.

ASSESSMENT
Baseline rhythm and rate were assessed off medica-
tion immediately before bepridil, at the end of each
week on bepridil, and after one and two months on
amiodarone 400 mg/day. In those patients receiving
the reduced dose ofamiodarone a further assessment
was made six to eight weeks later.
At each assessment a standard procedure was fol-

lowed which required two outpatient visits on con-
secutive days. On the first day a two channel 24 hour
ambulatory electrocardiogram (Oxford Medilog 1)
was recorded. When the patient returned the follow-
ing day, usually in the morning and always at the
same time of day, blood was drawn for the mea-
surement of the serum drug concentration (at least
12 hours after the last tablet) and a resting 12 lead
electrocardiogram was recorded. At the same visit a
symptom limited treadmill exercise test (Naughton
protocol) was performed during which rhythm
strips were recorded every three minutes and at peak
exercise.
The predominant rhythm was determined from

the resting 12 lead and ambulatory electro-
cardiograms. The ventricular rate was recorded dur-
ing 10 second rhythm strips at rest and on peak
exercise. If the patient was in sinus rhythm the QT
interval was measured and the QT, was derived
(Bazett's formula).
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The ambulatory electrocardiograms were anal-

ysed by a technician using a Reynolds Pathfinder II
analysis system and checked by a physician. Rhythm
variation was noted, as was the presence of ventricu-
lar arrhythmias.

Results

Table 1 shows the clinical data of the fourteen
patients in the study.

In four patients bepridil was withdrawn early
because of the development of arrhythmias. In one
case ventricular bigeminy was present at rest, while
in three patients non-sustained uniform ventricular
tachycardia developed on exercise (tables 2 and 3).
Four patients did not go on to receive amiodarone.

One patient died of a pulmonary embolus, a second
died of torsade de pointes during the third week on
bepridil, and two others did not complete the study.

CONVERSION TO SINUS RHYTHM
Nine of fourteen patients were converted to sinus
rhythm during bepridil: two in the first week, four in
the second week, and three in the third week. Atrial
fibrillation reappeared in all nine patients within
eight days of discontinuing bepridil.
Four of ten patients were converted to sinus

rhythm during amiodarone (six of these had con-
verted during bepridil (NS)): one by one month, two
by two months, and one other after four months
(maintenance dose 200mg daily). Two of three
patients remained in sinus rhythm when the
amiodarone was reduced from 400 to 200mg daily,
while the third reverted to atrial fibrillation; sinus
rhythm resumed when the dose was restored to
400mg daily.

Neither the cause nor the duration of atrial
fibrillation were related to the successful restoration
of sinus rhythm during bepridil (table 1). During

Table 1 Clinical details

No Sex Age Diagnosis Duration ofAF Bepridil Amiodarone

1 M 54 Pulm dis Several years + +
2 M 62 DCM Several years + +
3 F 61 L AF 3mnth +
4 M 62 LAF I yr + +
5 M 58 DCM 3 mnth + +
6 F 54 Rh VHD Severalyears + +
7 F 73 Rh VHD 6mnth + +
8 F 66 DCM Severalyears +
9 M 68 DCM Severalyears + +
10 F 75 Rh VHD Severalyears +
11 F 65 Rh VHD 4mnth +
12 F 68 Rh VHD I yr + +
13 M 66 Rh VHD 4 mnth + +
14 M 60 L AF 3 mnth + +

AF, atrial fibrillation; Pulm dis, pulmonary disease; DCM, dilated cardiomyopathy; LAF, lone atrial fibrillation; RhVHD, rheumatic
valvar heart disease.
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Table 2 Rhythm during study

Bepridil Amiodarone

Week Month
Patient 1 2 3 1 2 3-4

I AF AF SR/AF AF SR AF
2 AF - - AF AF AF
3 AF SR SR Died
4 AF AF AF AF AF AF
5 SR SR SR SR SR SR
6 AF SR - AF AF AF
7 AF AF AF AF SR SR
8 AF SR SR - - -
9 SR SR SR AF AF -
10 AF AF - - - -
11 AF AF SR Died
12 AF AF SR AF AF AF
13 AF SR SR AF AF SR
14 AF AF - AF AF AF

AF, atrial fibrillation; SR, sinus rhythm;-, drug stopped.

amiodarone treatment restoration of sinus rhythm
was more common in patients with a shorter
duration of atrial fibrillation.

CONTROL OF THE VENTRICULAR RESPONSE IN
ATRIAL FIBRILLATION
Figures 1 and 2 show the ventricular rates at rest and
during exercise respectively. During bepridil treat-
ment there was progressive reduction in the rate
over the three weeks; during amiodarone treatment
maximal slowing was achieved at the first assessment
at one month. Maximal slowing of the ventricular
rate on the two agents was similar (figs 1 and 2, left
hand panel).

REPOLARISATION AND VENTRICULAR
ARRHYTHMIAS
At baseline assessments no ventricular arrhythmias
were detected during 24 hour ambulatory electro-
cardiographic monitoring. However, they were
documented in eight of fourteen patients during
bepridil; two ofwhom developed torsade de pointes
(table 3). Details of these two patients follow:
A 61 year old woman with lone atrial fibrillation

reverted to sinus rhythm, albeit with paroxysmal
atrial fibrillation, during the second week of
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Fig 1 Plot of maximal slowing of the ventricular response

rate at rest on each drug and at each assessment point in those

patients in atrialfibrillation.

bepridil. While undergoing routine ambulatory
monitoring, she developed torsade de pointes;
immediately beforehand she had been in sinus
rhythm (QTC 600 ms) with infrequent late-coupled
ventricular extrasystoles, falling on the T wave (fig
3). The torsade de pointes promptly degenerated
into ventricular fibrillation. Necropsy showed mild
left ventricular hypertrophy of uncertain aetiology;
there was no clinically significant coronary artery
disease.
A 65 year old woman with rheumatic mitral valve

disease also developed torsade de pointes. During
the third week of bepridil treatment, the electro-
cardiogram showed atrial fibrillation with a rapid
ventricular response and runs of broad complex
tachycardia which were interpreted as aberration (fig
4, 25 October 1983); the QT interval could not be
determined. The next day, she reverted to sinus
rhythm with a pronounced bradycardia and a QTC of
755 ms, with brief runs of non-sustained torsade de
pointes. Bepridil was discontinued and no further
episodes of torsade de pointes or other ventricular
arrhythmias were documented. Amiodarone was not
started because she died of a pulmonary embolism

Table 3 Details of those patients who developed important ventricular arrhythmias while on bepridil

Underlying
Patient Week rhythn QT, (ms) Ventricular arrhythmia

2 1 AF VT on exercise, VT on Holter (26 episodes)
3 3 SR 600 Torsade de pointes degenerating into ventricular fibrillation
6 2 SR 560 Ventricular bigeminy on rest ECG
8 2 SR 490 Ventricular bigeniny on rest ECG; VT on Holter (1 episode)
10 2 AF VT on exercise
11 3 AF VT on rest ECG and on Holter (3 episodes)

3 SR 755 Torsade de pointes on rest ECG
12 3 SR 524 Ventricular bigeminy on exercise and on Holter
14 2 AF VT on exercise

VT, ventricular tachycardia, more than 3 complexes; Holter, 24 hour ambulatory ECG; AF, atrial fibrillation; SR, sinus rhythm.
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Fig 2 Plot of maximal slowing of the ventricular response
rate at peak exercise on each drug and at each assessment
point in those patients in atrialfibrillation.

five days after stopping bepridil, despite having been
treated with anticoagulants.

Eight of the nine patients with sinus rhythm on
bepridil had QT, prolongation (greater than 440 ms)
which was dose related (fig 5). Three developed ven-
tricular arrhythmias, but five did not. The QT,
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range in the former group was 524 to 755 ms (mean
(SD) 586 (± 103)) and in the latter group it was 408
to 521 ms (475 (± 48)) (NS). Ventricular arrhyth-
mias developed during sinus rhythm in five and
during atrial fibrillation in four; in these latter the
QTC could not be derived. The two patients who
developed torsade de pointes had conspicuous QTt
prolongation.

Discussion

When conversion to sinus rhythm is inappropriate,
or unsuccessful, atrial fibrillation is managed by
slowing the rapid ventricular response. Amiodarone
not only slows atrioventricular nodal conduction,
but also offers the potential extra benefit of con-
version to sinus rhythm,7 and there is thus an extra
indication for considering its use in the management
of atrial fibrillation.

Bepridil was introduced for angina' 2 but has a
wide electrophysiological profile, affecting both fast
and slow inward channels. In the guinea pig ventri-
cle the upstroke velocity is reduced,4 while in the
frog atria both slow and fast channel inhibition can
be demonstrated.8 In sheep muscle fibres and Pur-
kinje fibres the upstroke velocity is reduced in asso-
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Fig 3 Plot of heart rate and QT interval (takenfrom ambulatory electrocardiogram) in patient3 on bepridil
(300 mg twice a day) . *Initiation of the episode of torsade de pointes and ventricularfibrillation, which is shown
in the printout below.
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Fig 4 (a) Electrocardiogram obtanedon 25 October 1983, inpatient 11 slwing atria friation with a rapid
ventricular response (approximately 180/mmin). (b) Electrocardiogram on 26 October1983 inpatientI showing sinus
rhythm (rate 95beats/min) with consierable QT, prolongation (755 ns). In leads aVR, aVL, andaVFtsere isa
brief episode of torsade de pointes.

ciation with prolongation of the action potential
duration in the muscle fibres and shortening of it in
the Purkinje fibres.6 It inhibits calcium flux in a sim-
ilar manner to verapamil45 and increases myocardial
refractoriness in many tissues.6 Studies of the elec-
trophysiological effects of bepridil in man have
shown that the increased myocardial refractoriness
is most conspicuous in the atria.79

In previous studies amiodarone has been shown to
convert approximately 50% of cases of atrial
fibriLlation to sinus rhythm, though the success rate
is lower in cases of longer duration. Four of our ten
patients who received amiodarone reverted to sinus

I
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Fig5 Plot ofQT. (mean (SD)) at each assement point
for those patients in smus rhythm.

rhythm, and six of the same ten patents were con-
verted by bepridil; in the larger group of fourteen
patents, nine reverted to sinus rhydtm during the
three weeks on bepridil-two in the first week, three
in the second week, and four others in the dtird
wee. Thus bepridil seems to be at least as effective
as amiodarone at inducng reversion.

In those patients rmaining in atrial fibrillation,
the effects of the two agents on the atrioventricular
node, both at rest and at exercise, were equal, and
very similar to the effects of digoxin and verapamil.
While bepridil has effective antiarrythmic proper-

ties, it also has sigifint arrhy genic effects.
Eight of the fourteen patients developed ventricular
arrhytmia while on bepridil, in two instances tor-
sade de pointes, which in one case de into
venticular fibrillation. In a review of the French
experience with bepridil there were sixteen cases of
torsade de pointes.°0 All occurred in elderly women
who had received bepridil 300mg per day for over
eight days. In fourtee the serum potassium was
4mmol/l or less, but correction of this relative hypo-
kalaemia did not abolish the torsade de pointes.

Bepridil has a long half life of over 50 hours, and
the protated recovery from tosade de pointes sug-
gests that the relative hypoklaenia may not have
been a major contributory factor.'0
The two patients in this study who developed tor-

sade de pointes had extremely long QT, intervals,
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600 and 750 ms. There was a direct relation between
QTc and daily dose of bepridil, which may explain
the arrhythmogenic effect of bepridil. The relation
between dose and the QT, has not been examined in
previous studies with bepridil, but there have been
abnormalities of the T and U waves with pro-
longation of the QT interval.3 l In contrast, ami-
odarone was free of arrhythmogenic effects. The
QT, interval was prolonged but not to the same
degree.

Therefore, in deciding whether bepridil offers a
real advance, the benefits must be weighed against
the potential risks. Bepridil is certainly a powerful
antiarrhythmic agent that offers much for the man-
agement of atrial fibrillation. But the QT, pro-
longation and arrhythmogenic effects are very
worrying, particularly as the QT, interval can only
be derived with any confidence, if at all, once sinus
rhythm has been achieved. In atrial fibrillation, the
QTc interval cannot be monitored as an early,warn-
ing sign. Thus, in our opinion, the risks outweigh
the benefits and bepridil does not offer an appre-
ciable advantage over the established regimens or
amiodarone.
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