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Slow release carbamazepine in treatment of poorly
controlled seizures

S W Ryan, I Forsythe, R Hartley, M Haworth, C J Bowmer

Abstract
Thirty three children with poorly controlled
epilepsy, and six new patients, were treated
with slow release carbamazepine. Twelve of
the former had a reduction in the number of
seizures of more than half, and 10 had fewer
side effects. Three of the new patients
stopped having seizures. Variations in plasma
concentrations between doses was signifi-
cantly less when patients took the slow release
preparation (22%) compared with the stan-
dard preparation (41%). Slow release
carbamazepine may improve the conditions of
children whose seizures are poorly controlled.

Department of
Paediatrics and
Child Health,
D Floor,
Clarendon Wing,
The General Infirmary,
Belmont Grove,
Leeds LS2 9NS
S W Ryan
I Forsythe
R Hartley
M Haworth
Department of
Pharmacology,
University of Leeds
C J Bowmer
Correspondence to:
Dr Ryan.
Accepted 12 April 1990

Carbamazepine is the first choice of drug for the
treatment of children with tonic-clonic and
complex partial seizures.lA Giving treatment
twice daily has been recommended to simplify
administration, aid compliance, and avoid the
necessity of teachers having to dispense the
drug during school hours.3 5 6 We have shown,
however, that because of the short half life of
carbamazepine, there is a significant difference
in plasma carbamazepine concentrations
between the maximum (peak) and the minimum
(trough) in patients receiving doses twice daily.7
Experience has shown that seizures are more

likely to occur during troughs, particularly
in the morning on awakening, whereas side
effects are often associated with peaks.8 9

Until the recent introduction of slow release
preparations of carbamazepine the only way of
diminishing the effects of troughs and peaks
was to increase the number of doses. This pre-
sented difficulties in dispensing the drug at
school, and lead to poorer patient
compliance.3 5 6 Despite minimising plasma
fluctuations during the day by this approach,
the problem of dividing doses equally during
the night remains. As this is not practicable
because of children's sleeping patterns, the
early morning troughs persist. Furthermore,
attempts to vary the dose during the day to take
account of the irregular dosing intervals, may
lead to confusion among patients and paediatri-
cians.
A slow release preparation should, however,

provide a smoother plasma concentration-time
profile, with smaller peaks and shallower
troughs, thus permitting twice daily dosage. In
view of the increased cost of such a preparation
it is important to assess its clinical effectiveness
and its pharmacokinetic profile. If these are

satisfactory, the preparation would be a useful
addition to the anticonvulsant formulary.

Consequently, when slow release carbamaze-

pine became available (Tegretol CR Divitabs,
Ciba Geigy) we assessed its effects.

Patients and methods
The study was approved by the hospital ethics
committee. Thirty three children with poorly
controlled epilepsy who were suffering from
generalised tonic-clonic (n=25) or complex
partial seizures (n=8) were identified during a
one year period. In addition six new patients
with tonic-clonic seizures who had not yet
received treatment were also studied. They all
started drug treatment if three seizures, each of
more than five minutes duration, had occurred
during a period of six months. When such chil-
dren were identified the study was explained to
the parents and child and consent obtained.
There were no refusals.

All 33 children with poorly controlled sei-
zures had received standard carbamazepine
twice daily, and later some had been given
carbamazepine and acetazolamide, sodium val-
proate, mysoline, bromide, or phenytoin (table
1). In patients who had previously been treated
with carbamazepine, the dosage of slow release
carbamazepine/kg body weight that was given
was similar to the previous dose, except for two
patients, in whom the previous dose was felt to
be inadequate and so a higher dose of slow
release carbamazepine was prescribed.
Those receiving acetazolamide were allowed

to continue, as we regarded it as unethical to
discontinue it at this stage. Patients on other
drugs were changed over a period of two to
three weeks to slow release carbamazepine.

After the patients had been treated for 30 to
100 days they were admitted overnight so that
blood samples could be taken to provide mea-
surements of the pharmacokinetic profile of the
slow release preparation. The skin was anaes-
thetised with 2-5% lignocaine and prilocaine
cream (Emla, Astra), and an indwelling venous
cannula was inserted. At 2000 the first sample
was taken to assess compliance. The following
day samples were taken at hourly intervals
(0800-1200) and then every two hours until
2000. On each occasion a 3 ml sample was
obtained after adequate flushing of the cannula
to avoid dilution with heparin; samples were
then stored at 4°C for 36 hours before separa-
tion.
Plasma concentrations of carbamazepine were

measured by an established method with high
performance liquid chromatography.'0 Mean
peak and trough plasma concentrations of car-
bamazepine were calculated and the interdose
fluctuations were calculated as the percentage
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Slow release carbamazepine in treatment ofpoorly controlled seizures

Table I Details of patients studied

Case Sex Age Weigh Previous drugs, dose, and timing Initial dose of slow Other features
No (years) (kg) release carbamazepine

(twice a day, mg)

Children with tonic-clonic seizures:
1 Male 4 20 Carbamazepine 200 mg twice a day 200 Mental retardation
2 Female 4 17 Carbamazepine 200 mg 3 times a day 300 Atonic
3 Female 5 29 5 Mysoline. 125 mg 3 times a day 300 None
4 Female 5 25 Carbamazepine 150, 100, and 200 mg 200 None
5 Male 6 32 Carbamazepine 200 mg 3 times a day 300 None
6 Female 7 40o5 Phenytoin 100 mg twice a day 400 Atonic
7 Male 7 24 Bromide 200 Focal right sided seizures
8 Female 8 23 Carbamazepine 150 m.g 3 times a day 200 Focal left sided seizures
9 Female 9 38 Sodium valproate 200mg 3 tnmes a ilay 300 None
10 Male 9 34 Carbamazepine 300 mg 3 times a day 400 None
11 Female 10 32 Carbamazepine 200 mg 3 times a day 300 Atonic
12 Female 10 29 Carbamazepine 200 mg 3 times a day 200 Focal left sided seizures
13 Female 10 40 Mysoline 250 mg 3 times a day 400 None
14 Male 10 39 Carbamazepine 200, 200, and 400 mg 500 Left hemiplegia
15 Male 10 32 Carbamazepine 200 mg twice a day 200 None
16 Male 10 31 Carbamazepine 100 mg 3 times a day 300 Tuberous sclerosis
17 Male 11 23 Carbamazepine 150 mg 3 times a day 200 Spastic quadriplegia
18 Male 11 46-5 Carbamazepine 800, 600, and 600 mg, 1000 Operation to frontal lobe

and acetazolamide
19 Male 12 57 Carbamazepine 200, 200, and 400 mg 400 None
20 Male 12 45 Carbamazepine 200, 200, and 400 mg 400 Hemiplegia
21 Male 14 52 Carbamazepine 400, 200, and 600 mg 600 None
22 Female 14 62 Carbamazepine 200 mg twice a day 100 None
23 Male 15 60 Carbamazepine 400 mg 3 times a day 600 None
24 Female 16 48 Carbamazepine 400 mg twice a day 500 None
25 Male 16 Not known Carbamazepine 500 mg twice a day 500 Focal right sided seizures

Children with complex partial seizures:
26 Male 5 22 Carbamazepine 200 and 300 mg 200 Hemiplegia
27 Male 8 23 Carbamazepine 200 mg twice a day 200 None
28 Female 9 35-5 Carbamazepine 400 and 800 mg 600 None
29 Male 11 46-5 Carbamazepine 200, 200, and 400 mg 400 None
30 Female 12 48 Carbamazepine 300 mg 3 times a day, 500 None

and acetazolamide
31 Female 13 52-5 Sodium valproate 700 mg twice a day 600 None
32 Female 14 47 Carbamazepine 200 mg twice a day 200 None
33 Female 14 39 Carbamazepine 200 mg 3 times a day 600 None

decrease from peak to trough concentration
(100(peak-trough)/peak).
Comparison of the mean peak (1200) and

trough (2000) concentrations were made with
Student's t test for paired samples. In addition
the mean peak and trough concentrations from
a subgroup of 16 patients receiving a daily dose
of 14 to 20 mg/day slow release carbamazepine
were compared with the corresponding concen-
trations in children taking similar doses of stan-
dard carbamazepine. The interdose fluctuation
in concentrations obtained from the subgroup
of patients receiving slow release carbamazepine
was also compared with that in children taking
the standard preparation. In all cases compari-
sons of mean carbamazepine plasma concentra-
tions and the interdose fluctuations between
patients receiving slow release carbamazepine or
the standard preparation were made with
Student's t test for unpaired samples.
Once the plasma carbamazepine concentra-

tions had been calculated, the patients'
responses were analysed. If seizures recurred,
the dose was increased (provided that plasma
carbamazepine concentration indicated that this
was reasonable), or they were changed back to
their original preparation, or they were given a
different preparation (for example, oxcarbaze-
pine). Results of the adjustments and changes in
treatment are shown in tables 2 and 3.

All parents and patients were asked to keep
an accurate record of seizures, and in the group
of poorly controlled children, diaries were well
kept. Each time a patient was seen at the clinic
the number, type, duration, and severity of sei-
zures was recorded by the doctor.

When the study was completed the duration
of treatment and the number of seizures were
noted. An equal retrospective time period from
the onset of the medication change was also
noted, and the number of seizures occurring
during that period was recorded for compari-
son. In this way we hoped to assess any thera-
peutic benefit of the new preparation. The
length of periods of observation are shown in
tables 2 and 3.

In addition, parents were asked to note any
change that occurred in their child after the
drug was changed to identify benefits as well as
adverse side effects.

Results
SEIZURES
The results for individual patients are shown in
table 2. Of 25 patients with poorly controlled
tonic-clonic seizures, five (20%) had no seizures
while taking slow release carbamazepine
(although two had had no seizures in either the
treatment or the control period); in six (24%)
the number of seizures was reduced by more
than half; nine (36%) showed no change in their
seizure pattern; in one (4%) the frequency of
seizures increased by more than half; and in
four (16%) the frequency more than doubled.
Thirteen patients (52%) remained on un-
adjusted doses of slow release carbamazepine,
four (16%) had their doses increased, two (8%)
were given acetazolamide in addition, two (8%)
reverted to their original treatment, and four
(16%) received new forms of treatment includ-
ing two (8%) who were prescribed oxcarbaze-
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pine. All four patients who had their doses of
slow release carbamazepine increased had a

decrease in the frequency of seizures.
Of the eight patients with complex partial sei-

zures, one had complete control of seizures (but
was also free of seizures in the control period);
in three (37%) the number of seizures was

reduced by between a half and three quarters;
four (50%) were unchanged, and one was worse.

Five patients remained on slow release carbama-
zepine and two of these had the dose increased
without further improvement in seizure control.
Of the six new patients who were given slow

release carbamazepine, three were free of sei-
zures on follow up after 62 to 182 days, having
previously had between two and four seizures
during the control period (table 3). One patient
experienced pronounced deterioration in sei-
zure control (from one seizure in 136 days dur-

ing the control period to 195 seizures during the
period of treatment). This patient's condition
however, constantly changed after a cerebral
infarct, and other treatments were equally
ineffective.

SIDE EFFECTS
Of the 33 patients, 10 (30%) experienced some
side effects. In seven (2 1%) transient diplopia,
vertigo, or bad temper were noted. Only three
patients (9%) had persistent adverse side
effects, and in two of these treatment was dis-
continued. One patient experienced screaming
and photophobia, the other slurred speech and
ataxia. The remaining patient complained of
tiredness, which persisted, but elected to con-
tinue treatment as the seizures were controlled.
In this patient trough and peak plasma concen-

Table 2 Number of seizures that occurred when patients changed to slow release carbamazepine compared with the number
that occurred when taking previous treatment over a comparable period, andfurther changes in treatment made during the study

Case Study No of seizures Further changes in treatment made during the study
No period

(days) While taking While taking slow
previous treatment release carbamazepine

Children with tonic-clonic seizures:
1 14 18 100 Standard carbamazepine restarted
2 168 30 30 Oxcarbazepine started
3 188 8 24 Dose of slow release carbamazepine increased to 500 mg twice a day on

day 75
4 135 6 23 Sodium valproate started
5 238 4 1 None
6 211 12 4 None
7 71 6 90 Phenytoin started
8 24 0 0 None
9 168 7 3 None
10 254 1 0 None
11 167 7 6 Acetazolamide added to regimen
12 147 93 60 Dose of slow release carbamazepine increased to 500 mg twice a day on

day 93
13 210 36 26 Acetazolamide added to regimen
14 19 2/Day 3/Day Restarted standard carbamazepine because of side effects
15 62 0 0 None
16 200 100 130 None
17 233 1 1 None
18 52 9 5 None
19 166 10/Day 3/Day Dose of slow release carbamazepine increased to 600 mg twice a day on

day 81
20 187 5/Day 5/Day Dose of slow release carbamazepine increased to 600 mg twice a day on

day 84
21 206 4 1 None
22 63 1 0 None
23 139 3 1 None
24 217 49 0 None
25 29 12/Day 8/Day Oxcarbazepine started

Children with complex partial seizures:
26 218 36 28 Dose of slow release carbamazepine increased to 300 mg twice a day on

day 58
27 232 20 4 Dose of slow release carbamazepine increased to 300 mg twice a day on

day 155
28 126 31 27 None
29 256 0 0 None
30 98 61 38 Oxcarbazepine started
31 191 100 43 Oxcarbazepine started
32 35 4 1 Mysoline started because of side effects
33 45 9 14 None

Table 3 Details of six patients with tonic-clonic seizures who received slow release carbamazepine as their first
anticonvulsant treatment

Case Sex Age Weight Dose (twice Study period No of seizures Changes made in treatment
No (years) (kg) a day) (days) during period of study

Before After starting
treatment treatment

34 Male 13 55 5 600 182 2 0 None
35 Female 11 43 400 62 2 0 None
36 Male 9 20 200 7 Study period too short to Sodium valproate started

assess frequency
37 Female 7 28-5 300 85 4 0 None
38 Male 4 25 300 136 1 195 Phenytoin started
39 Male 15 58 4 400 7 Study period too short to Phenytoin started

assess frequency
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trations of carbamazepine were 35-9 and 47-4
,tmol/l, respectively. Beneficial side effects were
observed in 10 patients, these included
improved behaviour and school performance,
less vertigo, and less sedation (six had changed
from standard carbamazepine, and four from
other drugs).
Of the six new patients who were treated with

slow release carbamazepine, two developed
rashes, and treatment was discontinued. The
rash in one persisted on sodium valproate and
was eventually diagnosed as acne with follicular
eczema.

In all, 14 of the 33 patients (42%) who had
previously received anticonvulsant treatment
(reduced frequency of seizures in 12, reduced
side effects in 10) and three new patients
obtained some benefit from treatment with slow
release carbamazepine.

PLASMA CONCENTRATIONS OF CARBAMAZEPINE
Of the 39 children recruited into the study, 28
satisfied the criteria for inclusion of data on
plasma concentrations for statistical analysis.
Eleven patients were not included because two
were receiving acetazolamide, four changed
treatment before analysis, and in five patients
samples were not available at a suitable time.
Consequently, in 28 patients taking slow release
carbamazepine (mean (SD) daily dose 19-3 (5 4)
mg/kg) the mean (SD) peak plasma concentra-
tion at 1200 was 37-3 (7-5) [tmol/l and mean
(SD) trough concentrations were 33-3 (9-1) and
29-4 (7 6) [tmol/l at 0800 and 2000, respectively.
The differences between peak and trough con-
centrations of carbamazepine were significant
(p<O-OOl). Similar peak and trough values for
plasma carbamazepine were calculated for 16
children who received between 14 and 20
mg/kg/day of slow release carbamazepine (mean
17-7 (1-8) mg/kg/day). These values were com-
pared with those obtained in 18 children receiv-
ing a standard formulation of carbamazepine in
the same dose range (16-9 (1-7) mg/kg/day)
(table 4). Comparisons of these mean plasma
concentrations between treatment groups
showed no significant difference between peaks
(p>0 05), but troughs were significantly lower
(p<001 and p<005 at 0800 and 2000, respec-

SlowStandardre
Slow release

. *0 * * **0.,~~~~~~~~c

Time (hours)

Plasma concentrations ofcarbamazepine in children treated with comparable doses (14 to
20 mg/kglday) of standard and slow release carbamazepine.

Table 4 Plasma concentrations of carbamazepine in
children receiving comparable doses of standard compared
with slow release preparations in the dose range 14-20
mglkglday

Time Mean (SD) carbamazepine p Value
concentration (pmolll)
Slow release Standard
(n= 16) (n= 18)

0800 (trough) 34-6 (7-9) 26-8 (4-3) <0-01
1200 (peak) 38-1 (70) 42-3 (6-8) >005
2000 (trough) 29-9 (7 6) 25 2 (4-9) <0 05

tively) in the group of patients receiving stan-
dard carbamazepine. The interdose variation in
carbamazepine plasma concentrations was
21-3% for the total population of 28 receiving
slow release carbamazepine, 21-5% for the sub-
group of 16 patients receiving 14 to 20
mg/kg/day of slow release carbamazepine, and
41% for the 18 patients receiving comparable
doses of the standard carbamazepine prepara-
tion.
The carbamazepine peak:trough plasma level

ratio was 1-27 for slow release carbamazepine in
both the total group of patients and the sub-
group of 16 patients who were receiving doses
ranging from 14 to 20 mg/kg/day. In 18 patients
treated with the standard carbamazepine prepa-
ration in comparable doses (14 to 20
mg/kg/day), however, the ratio was 1-68.

Discussion
For the purpose of this discussion slow release
carbamazepine-CG refers to Ciba Geigy carba-
mazepine (Tegretol CR Divitabs), slow release
carbamazepine-D to Desitin carbamazepine
(Timonil Retard), and slow release
carbamazepine-F to Farmos Group Limited
carbamazepine (Neurotol Slow). In a group of
children selected because of their difficulty in
controlling seizures, benefit was obtained in
36% on changing to slow release carbama-
zepine-CG. Half of six new patients treated with
this preparation were also well controlled. The
only other study that reports the clinical effec-
tiveness of slow release carbamazepine found
that 11 out of 18 children were improved by the
use of slow release carbamazepine-D once daily
(M Albani, B Sehringer-Mansour, unpublished
observations); four of the patients became free
of seizures and seven had diminished frequency
of seizures. The outcome in six of the patients
was not recorded, however, and in addition 13
of the 18 patients studied were taking several
other drugs that were continued during treat-
ment with slow release carbamazepine-D, so
that it is impossible to assess fully the value of
slow release carbamazepine-D in this study.
Some adult studies that reported no change in

the frequency of seizures in patients who were
changed to slow release carbamazepine-CG or
slow release carbamazepine-F were too short to
be valid." 12 One study showed complete con-
trol of seizures in 42% of adults changed from
various anticonvulsant regimens to slow release
carbamazepine-D, once daily, with reduced
frequency of seizures in 16%. 3 Slow release
carbamazepine-D seemed to be most effective in
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patients who had previously been receiving car-
bamazepine alone or in combination, and in
patients affected only with tonic-clonic seizures.
Our study of complex partial seizures was too
small to differentiate response according to type
of seizure.

Adverse side effects were observed in 30% of
the children included in this study, but in most
cases they were transient and tolerable so that it
was necessary to discontinue treatment with
slow release carbamazepine-CG in only two
patients. Slow release carbamazepine-D has
been reported to cause fewer side effects in chil-
dren who had previously received carbamaze-
pine alone or in combination (M Albani,
B Sehringer-Mansour, unpublished observa-
tions), but some short studies in adult patients
have reported no difference in side effects
between treatment with standard carbamaze-
pine and with slow release carbamazepine-CG
and slow release carbamazepine-F.13 14 Others
have found that slow release carbamazepine-CG
had a diminished effect on cognitive function
compared with standard carbamazepine,
although side effects still persisted in 17% of
adult patients treated with slow release
carbamazepine-CG.'3 Compared with standard
carbamazepine preparations, however, slow
release carbamazepine-F produced similar side
effects,'4 and slow release carbamazepine-CG
similar psychomotor function in healthy adult
volunteers. 15

In both children and adults cognitive func-
tion is impaired by higher serum concentrations
of carbamazepine,16 17 and other side effects are
seen more often when blood concentrations of
carbamazepine are above 36 [tmol/.8 18 Using
slow release carbamazepine-CG we were able to
give higher doses with less risk of side effects
than with the standard preparation. In six of our
patients the doses were increased in excess of 30
mg/kg/day though none of these children
experienced adverse side effects. Other authors
have had similar experiences (M Albani, B
Sehringer-Mansour, unpublished observa-
tions). This finding has important implications:
the recommended dose range for slow release
carbamazepine can be greater, with a maximum
of about 30 mg/kg/day. Once the patient is on
the higher dose of slow release carbamazepine
he or she should not be changed automatically
to the same dose of standard carbamazepine, as
this could lead to adverse side effects.

As with standard carbamazepine, the time to
achieve peak plasma concentration with slow
release carbamazepine-CG was in the region of
four hours. Similar observations have been
reported for slow release carbamazepine-F,'2
D,18 and CG.'6 19 The pharmacokinetic profile
obtained using slow release carbamazepine-CG,
however, was considerably smoother compared
with the standard preparation (figure): the
interdose variation was reduced by a factor of
two by a 10% reduction in the mean peak carba-
mazepine plasma concentration combined with
a 20-30% increase in mean trough concentra-
tion. The interdose variation found with slow
release carbamazepine-CG in this study is com-
parable with results from previous studies using
slow release carbamazepine-CG,'6 slow release

carbamazepine-D,'8 and slow release carba-
mazepine-F'2 using twice daily doses. The
degree of fluctuation, however, was reported to
be much larger when slow release carbamaze-
pine-D was given once daily.'3 Reduced inter-
dose variation in carbamazepine concentrations
does not seem to be at the expense of bioavaila-
bility, as on slow release carbamazepine-CG
twice daily the mean area under the carbamaze-
pine concentration-time curve is not signifi-
cantly different from the standard preparation
(R Hartley, SW Ryan, I Forsythe, et al, unpub-
lished observations); this is consistent with
earlier reports." 16 The mean carbamazepine
peak:trough plasma concentration ratio was
1-68 in children receiving standard carbamaze-
pine, which was reduced by 24% to 1 27 using
slow release carbamazepine-CG. The lower
value (1-27) compares favourably with figures
obtained with other preparations,'2 1318 and
indicates that slow release carbamazepine-CG
has the characteristics of a slow release prepara-
tion.

Slow release carbamazepine seems to have
several advantages over standard formulations,
and should be considered in children with
poorly controlled seizures. Some of the advan-
tages could benefit new patients, as lower peak
concentrations and reduced interdose fluctua-
tions in plasma concentrations result in fewer of
the adverse side effects (including impaired cog-
nitive function). The same may apply to well
controlled patients who have side effects. In
addition, the pharmacokinetic profile of this
preparation suggests the possibility of once
daily dosage. For this to be effective the daily
dose would probably have to be increased, and
it would be advantageous to give the dose at
night (2000) to benefit from the slower absorp-
tion observed at this time.20 Night dosing would
help to minimise adverse side effects (as the
patient would be asleep) yet would ensure high
plasma concentrations of carbamazepine during
a period of high susceptibility to seizures (on
waking). Adequate plasma concentrations
would be maintained throughout the dose inter-
val because of an appreciable increase in the
apparent half life of carbamazepine in patients
at steady state receiving slow release
carbamazepine-CG (R Hartley, S W Ryan,
I Forsythe, et al, unpublished observations).
Once daily doses of slow release carbamazepine-
D have been used successfully in children,
mainly those receiving several drugs, but with a
comparatively large fluctuation in blood
concentration (M Albani, B Sehringer-Mansour,
unpublished observations).
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