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Concentration-effect relationships with carbamazepine
and its epoxide on psychomotor and cognitive
function in epileptic patients
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SUMMARY A battery of psychometric tests was administered to 85 patients with epilepsy, of whom
26 were untreated, 40 received carbamazepine monotherapy and 19 took carbamazepine with
another anticonvulsant. Carbamazepine alone had little effect on performance, but carbamazepine
polypharmacy produced significant impairment. Increasing concentrations of carbamazepine (four
tests) and its active metabolite, carbamazepine 10,1 1 epoxide (seven tests), correlated with
decreasing performance in the monotherapy patients.

Since the epidemiological studies of the 1950s, an
association has been established between seizure
disorders and neuropsychological deficit.' 2 The com-
plex relationship between fits, cognitive impairment,
psychosocial difficulties and underlying cerebral
pathology has been the subject of several recent
investigations.3 The tangle of causality between
these four factors has not been fully unravelled. Since
the first controlled study of Reynolds and Travers,6
there has been a growing body of evidence that a fifth
factor, the presence of antiepileptic drugs in the brain,
contributes independently to disruption of intellectual
functioning. Thompson and Trimble7 and Ludgate
and his colleagues8 have shown that patients receiving
multiple anticonvulsants function less well on cogni-
tive testing than those treated with monotherapy and
that reducing the number ofcirculating drugs can lead
to improvement in performance without producing a
deterioration in seizure control.

Patients taking carbamazepine appear to show less
evidence of cerebral impairment than those treated
with older agents such as phenytoin or pheno-
barbitone.9Y'1 However, Macphee and co-workers,
in a recent series of studies using a battery of simple
psychomotor tests, have demonstrated that subtle
derangement can be produced in naive subjects
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following a single dose of carbamazepine, 12 in
patients with epilepsy given a single supplementary
dose,'3 and in patients on chronic carbamazepine
monotherapy.'4 The purpose of the present investi-
gation was to examine more closely the relationship
between carbamazepine, its active metabolite carba-
mazepine 10,11 epoxide (CBZ-E) and psychomotor
and cognitive functioning in patients with epilepsy.

Materials and methods

Patients
Eighty-five patients attending the epilepsy clinic at the
Western Infirmary were studied (table 1). Forty were taking
carbamazepine alone and 19 received carbamazepine with
one other anticonvulsant (8 sodium valproate, 6 phenytoin,
3 primidone, 2 phenobarbitone). Dosages had not been
altered over the previous 3 months and all patients were
compliant with their anticonvulsant medication as judged by
consistent concentrations at out-patient attendances. No
other drugs were being prescribed and no patient was known
to abuse alcohol. Twenty-six untreated patients were
included as controls. They were studied following an isolated
seizure, during investigation of a likely seizure disorder or at
least 6 months after a trial of drug withdrawal. The protocol
had the approval of the Western Ethics Committee and all
patients gave informed consent.

Analyses
Blood samples were taken from the treated patients at the
time of testing and stored at - 200C for batch analysis.
Carbamazepine and CBZ-E concentrations were obtained
using high performance liquid chromatography by a
modification of the method outlined by Meijer.'5 Lower
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Table 1 Clinical features in all patient groups

Untreated Carbamazepine Carbamazepine
controls monotherapy polypharmacy

Age (yr) 27-1 (10-9) 28-3 (8 9) 30 0 (7 6)
Sex 12m 14f 18m 22f 5m 14f
Secondary

Education
(yr) 41 (1-7) 47 (19) 41 (07)

Type of
epilepsy Centren- Centren- Centren-

cephalic 15 cephalic 5 cephalic 12
CPE + CPE + CPE +
SG 25 SG 14 SG 14

Duration
(yr) 6-4 (7-6) 9-5 (8-9) 14 8 (10-1)

Values are mean (SD).
CPE + SG = Complex partial epilepsy ± secondary generalisation.

limit of detection for the CBZ-E assay was 0-2 mg/l which
had a coefficient of variation of < 5%.

Test Battery
The test battery was administered immediately after blood
sampling in all patients. The average time for completion was
45 minutes. The following tests were performed:
(1) Performance IQ: Calculated from score on Ravens
Standard Progressive Matrices.
(2) Decision Time: Time (ms) to respond to light coming on
by removing finger from base button in choice reaction time
task. A mean of 30 tests was recorded.
(3) Choice Reaction Time: Time (ms) to move finger from
base button to extinguish light. A mean of 30 tests was
recorded.
(4) Finger Tapping: Number of taps (per minute) of domi-
nant index finger on calculator button in constant addition
mode.
(5) Threshold Detection: An array of small rectangles is
displayed on a VDU. After a very brief period of time an

extra rectangle is added to the array. The subject is required
to indicate which is the extra rectangle. The "threshold" is
the minimum time gap in Frame Units between the
presentation of the array and the additional stimulus which
the subject requires to perceive that an extra rectangle has
been added.
(6) Movement Detection: An array of small rectangles is
displayed on a VDU. One moves out of position and back
once. The subject is required to indicate which rectangle
moved. Score is number of correct responses out of 32.
(7) ForwardDigit Span: Maximum number ofdigits subject
can recall immediately following oral presentation. The
subject is allowed two trials at each level and the task is
discontinued when he fails both.
(8) Backward Digit Span: Maximum number of digits the
subject can recall in reverse order immediately following oral
presentation. The subject is allowed two trials at each level
and the task is discontinued when he fails both.
(9) Paired Association Learning: Number of trials to reach
criterion of three correct in learning unrelated word pairs.
(10) Visual Span: An array ofboxes is displayed on a VDU.
Some are unshaded and some shaded. The first array is
replaced by a second after 100 ms. In the second display one
box which was previously shaded is now unshaded. The
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subject is required to indicate which box has changed. In the
first example there are only two boxes. The task makes
increasing demands on the subject's visual memory as more
boxes are added. The visual span is the highest number of
boxes in the display before the subject is unable to identify
the change.
(11) Sedation Score: Subjects rating of level of alertness
using 10 cm line where 0 is "nearly asleep" and 10 "wide
awake".
(12) Side effect Score: The subject is presented with a stan-
dardised list of 15 side-effects associated with carbamazepine
therapy (for example dizziness, diplopia, nausea, headache).
Each one is rated on a four point scale as follows: 0 = not
present, 1 = mild, 2 = moderate, 3 = severe. The individual
ratings are summated to produce a side effect score.

Tests 2 and 3 were carried out using the choice reaction
time facility of the Leeds Psychomotor Tester. Tests 5, 6 and
10 were developed in the Psychology Department at Stirling
University and have been standardised using normal
controls and alcoholic patients. They were administered
using an Apple Ile microcomputer. Tests 7 and 8 are the
Digit Span sub-test of Wechsler Memory Scale. Test 9 was
the Inglis Paired Associate Learning test.

Results

There were no significant differences in age, in years of
secondary education or in duration or type of epilepsy
between the three groups (table 1, ANOVA). Patients
taking more than one anticonvulsant drug had higher
circulating levels ofCBZ-E (t test, p < 0.01) but mean
carbamazepine concentrations in these two groups
were almost identical (table 2).
Monthly seizure frequency and scores for each test

are shown in table 3. ANOVA revealed significant
differences between the groups on three tests: forward
digit span (p < 0 05), sedation (p < 0-05) and side
effect scores (p < 0-01). Multivariate analysis gave an
F value (Pillais) of 2-01 (df 2,26; p < 0.02) showing the
discriminative value of the test battery taken as a
whole. When seizure frequency was taken out of this
analysis as a covariate, the F value remained signifi-
cant at the 2% level (F value 1 87, df 2,26; p < 0 02).

There was no difference in performance between
patients on carbamazepine monotherapy and
untreated patients, except with the movement
detection task (p < 0 05). Patients treated with

Table 2 Concentrations (mean, SD) of carbamazepine
and carbamazepine 10,11 epoxide (CBZ-E) in monotherapy
and polypharmacy patients

Carbamazepine CBZ-E
(mg/l) (mg/l)

Monotherapy
(n = 40) 10-4 (4 5) 1-3 (09)*

Polypharmacy
(n = 19) 11 1 (39) 25 (1l5)

Statistics obtained by t test.
* p < 0 005.
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Table 3 Mean (SD) seizurefrequency and test scores in each
group

Epileptic Carbamazepine Carbamazepine
Test controls monotherapy polypharmacy

Seizures* 1-7 92t 106t
(per month) (4-3) (20-0) (8-5)

Performance 90 6 96 5§ 85 3
IQ (17.7) (17.2) (13 2)

Decision Time* 0-44 0 50 0 61
(ms) (0 I 1) (0.23) (0-59)

Choice Reaction
Time* 072 077 0-921
(ms) (0-21) (0 27) (0-57)

Finger Tapping 315 8 314 4 294-0
(per min) (91-4) (679) (73-0)

Threshold
Detection* 41 5-2 6 6
(Frame units) (4 5) (5 0) (5 2)

Movement 17 3 11*8t 14-6
Detection (9.2) (10.2) (9 1)

Forward 6-4 6-6§ 5 7
Digit Span (1 3) (1-2) (1 3)

Backward 49 48§ 39$
Digit Span (1-3) (16) (1 1)

Paired
Association 42 4-8 6 71
Learning* (3-1) (4.4) (46)

Visual Span 120 12 2 11-6
(4 1) (4-5) (4-6)

Sedation Score 7 3 7-1§ 5-3+
(cm) (20) (29) (3 1)

Side Effect 2-8 3 8§ 7-1$
Score* (3-4) (46) (5 5)

* Denotes test where low score is better than high score.
t t test shows control group better than Carbamazepine monotherapy
group p < 0-05.
$ t test shows control group better than Carbamazepine poly-
pharmacy group p < 0 05.
§ t test shows CBZ monotherapy group better than Carbamazepine
polypharmacy group p < 0-05.

carbamazepine and one other anticonvulsant did less
well in choice reaction time, back digit span, paired
association learning (all p < 0-05) than the epileptic
control group and in performance IQ and forward
and back digit span (all p < 0-05) than the mono-
therapy patients. The polypharmacy group also
reported greater sedation and side effects than the
other patients (all p < 0 05).
Spearman correlations between carbamazepine and

CBZ-E concentrations and test scores are outlined in
table 4. There were significant negative correlations
for four tests with carbamazepine and for seven tests
with CBZ-E. The relationships between carbamaze-
pine and CBZ-E and choice reaction time and
threshold detection are illustrated in figs 1 and 2
respectively. The poorer correlation between CBZ-E
as a percentage of carbamazepine (two tests only)
suggests that carbamazepine and CBZ-E exert
independent effect on psychomotor function. Circu-
lating levels of CBZ-E (r = 0-35, p = 0-14) but not
carbamazepine correlated positively with seizure
frequency.
To compare directly performances of patients with

high and low concentrations, the sample was divided
into two groups; those with carbamazepine levels
< 10 0 mg/l (n = 18) and those > I0-0 mg/l (n = 20).
The high concentration patients scored significantly
worse (Mann-Whitney U test) on threshold detection
(p < 0-001), finger tapping (p < 0 05), decision time
(p < 0 05) and choice reaction time (p < 0 02). There
was no significant difference between these two groups
in terms of seizure frequency or duration of the dis-
order.
The sample was divided into two further groups;

those with a CBZ-E concentration < 1-15 mg/l
(n = 19) and those > 115 mg/l (n = 19). The high
concentration patients scored significantly worse
on threshold detection (p < 0-01), decision time
(p < 0-05), and choice reaction time (p < 0-02). Once
again, there was no significant difference in seizure
frequency or duration of epilepsy.

Discussion

The three groups of patients in this study were not
absolutely matched for seizure frequency or duration
of epilepsy. Not surprisingly also, both the carba-
mazepine groups reported a higher seizure frequency
and longer duration of epilepsy than the controls.
Previous research has provided evidence to suggest
that these factors are associated with poorer cognitive
performance.4 16 Thus, any superiority shown by an
untreated control group may be due to combination
of three factors: low seizure frequency, short duration
of epilepsy and no anticonvulsant medication.

Multivariate analysis demonstrated, however, that
the test battery as a whole still discriminated between
the groups when fit frequency was taken out as a
covariate. Thus it may be concluded that the variance

Table 4 Significant correlation coefficients between tests
scores and carbamazepine and carbamazepine 10,11 epoxide
(CBZ-E) concentrations

Carbamazepine CBZ-E CBZ-E %
Test (mg/l) (mg/l) Carbamazepine

Performance IQ - 028t -0-29t
Decision Time* 0 37+ 0 33t
Choice Reaction
Time* 0-30t 0-43§ 0 35+

Finger Tapping -0 28t
Threshold

Detection* 0-67§ 0-61§
Digits Back -0-31t
Visual Span -0 35+
Paired

Association
Learning* 0 31t

* Denotes tests where a low score is better than a high score.
tp < 005.
++p < 002.
§ < 001.
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Fig 1 Correlations between choice reaction time and
threshold detection with circulating carbamazepine
concentration in 30 epileptic patients receiving the drug as
monotherapy.

between the groups is not attributable to the effect of
seizures per se.

(1) Comparison between monotherapy patients and
untreated controls
The point of interest here is that the control group
showed superiority on only one test: movement
detection. The similarity between epileptic controls
and carbamazepine monotherapy patients despite
their higher seizure frequency allows the inference to
be drawn that carbamazepine produced negligible
cognitive impairment. This is in accordance with pre-
vious findings by other workers.9 11,17 Nevertheless,
patients who develop severe psychomotor impairment
with carbamazepine areunlikelyoto tolerate the drug
long-term and so will exclude themselves from study.

(2) Comparison between monotherapy and poly-
pharmacy patients
Carbamazepine monotherapy and polypharmacy
patients were well matched for seizure frequency and
duration of epilepsy. The monotherapy group was
found to be superior in performance IQ, forward and
backward digit span and both sedation and side effect
scores. Patients were not randomly allocated to the
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treatment conditions and so it cannot be concluded
that the cause of these differences lies purely in their
treatment; some unmeasured factor cannot be
excluded. However, the results do confirm that in a
clinical population where therapies have not been
determined by experimental design, there are real
differences between patients taking carbamazepine
alone and those taking it in combination with another
drug. This finding supports a deleterious effect of
polypharmacy on overall cerebral function.8'9 18
The active metabolite, CBZ-E, has anticonvulsant

efficacy similar to the parent compound in animal
epilepsy models19 and is more potent than carba-
mazepine in the treatment of trigeminal neuralgia.20
CBZ-E is also known to contribute to carbamazepine
neurotoxicity.21 In this study, CBZ-E levels in the
polypharmacy group were almost double those of the
monotherapy patients with equivalent carbamazepine
concentrations. This association is well known22 -23
and is related to induction of carbamazepine
epoxidation by phenytoin and phenobarbitone22
and inhibition of CBZ-E breakdown by sodium
valproate.24 Thus, CBZ-E may have contributed
substantially to the psychomotor impairment experi-
enced by the polypharmacy patients in this study.

(3) Concentration-effect relationships
Performance on four and seven tests deteriorated with
increasing carbamazepine and CBZ-E concentrations
respectively. Andrews et al1' found a relationship
between circulating carbamazepine levels and
performance on a tracking task. In view of the
inter-individual variation in response to these tests,
large groups of patients require to be studied over a
wide range of carbamazepine concentrations which
may explain the inability of others to document such
a clear-cut concentration-effect relationship.14 25

It is worth noting that more tests showed a
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Concentration-effect relationships with carbamazepine and its epoxide on epileptic patients
significant correlation with CBZ-E than with total
carbamazepine. This suggests that CBZ-E may be
more important in producing performance decre-
ment. If cognitive impairment were solely attributable
to the effects of CBZ-E on cerebral function, the ratio
of CBZ-E to total carbamazepine would be expected
to be a more sensitive predictor of dysfunction than
total carbamazepine. That it was not supports an
independent effect of both carbamazepine and its
metabolite in producing psychomotor impairment.
The term "impairment" in this context is relative; the
carbamazepine group performed significantly worse
than an appropriate control group on only one task.
Nevertheless, the general trend was towards poorer
performance with increasing carbamazepine and
CBZ-E concentrations.

Care must be taken in inferring cause and effect
between significant correlations; the relationship
between any given pair of variables may be indirect,
with a third factor "causing" both. Severity of
epilepsy may lead to increased prescribing of carba-
mazepine and to increased cognitive impairment. Fit
frequency, a reasonable measure of severity, did not
correlate with total carbamazepine concentration. It
did however appear to relate to CBZ-E level and it is
possible that patients with higher CBZ-E levels had a
more severe seizure disorder.
The division of the sample into high and low

concentration groups served to identify the most
discriminative tasks; for carbamazepine: threshold
detection, finger tapping, decision and choice reaction
times; for CBZ-E: threshold detection, decision and
choice reaction times. It is clear that these tasks
require relatively little information processing and
have a strong visuo-motor component. It appears that
the more primitive aspects of neuropsychological
function are most affected by carbamazepine and its
metabolite. These tasks may be of value in clinical
practice to identify early those patients who are likely
to become intolerant to high carbamazepine dosage.

We are grateful to Mrs Kay Cockburn for expert
secretarial assistance and the Epilepsy Association of
Scotland for financial support.
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