
37ournalofNeurology, Neurosurgery, and Psychiatry 1997;62:372-376

Gabapentin and cognition: a double blind, dose
ranging, placebo controlled study in refractory
epilepsy

John Paul Leach, Jacqueline Girvan, Audrey Paul, Martin J Brodie

Epilepsy Unit,
University Department
ofMedicine and
Therapeutics, Western
Infirmary, Glasgow,
Scotland
J P Leach
J Girvan
A Paul
M J Brodie
Correspondence to:
Professor M J Brodie,
Epilepsy Unit, Department
of Medicine and
Therapeutics, Western
Infirmary, Glasgow
GIl 6NT, Scotland, UK.
Received 2 July 1996
and in revised form
23 September 1996
Accepted 30 October 1996

Abstract
Objective-To assess the effect of different
doses of gabapentin (GBP) on cognitive
function in treated epileptic patients.
Methods-Twenty seven patients with
refractory partial seizures commenced a
double blind, dose ranging, placebo con-
trolled, crossover study of adjuvant GBP.
Each treatment phase lasted three months,
during which the dose of GBP or matched
placebo was increased stepwise at intervals
of four weeks (1200 mg/day, 1800 mg/day,
and 2400 mg/day in three daily doses).
Psychomotor and memory testing was car-
ried out at the end ofeach four week period,
at which time the patient also completed
subjective measures of cognition, fatigue,
worry, temper, and dysphoria. A visual
analogue scale was used to assess drowsi-
ness and a questionnaire was employed to
gauge the severity ofside effects.
Results-In the 21 patients completing the
study, GBP produced a significant reduc-
tion in median monthly seizure frequency
from 7 to 4-3 (P = 0-02), the decrease being
most pronounced for secondarily gener-
alised seizures (from 1 0 to 0 3, P = 0-01).
Forty three per cent of patients reported a
reduction in seizure frequency of at least
50% throughout all GBP doses. Mean (SD)
plasma concentrations of GBP at 1200,
1800, and 2400mg/day were 4-7 (2.6), 6-8

Table 1 Demographic data ofevaluable patients

Duration Baseline
Patient of epilepsy seizures Seizure
number Sex Age (Y) (nlmonth) Treatment types

1 M 26 24 5 CBZ,VGB CP/2GTC
2 F 16 13 91 CBZ, SP/2GTC
3 F 37 36 42 CBZ,LTG SP/2GTC
4 M 35 10 4 CBZ,PHT SP/2GTC
5 F 27 19 5 VPA,PRM SP/CP
6 M 54 3 5 PHT CP/2GTC
7 F 31 17 8 CBZ,PB CP
8 M 38 24 7 CBZ,VGB CP/2GTC
9 F 25 23 212 CBZ,VPA CP/2GTC
12 M 35 18 4 VGB,LTG CP/2GTC
13 M 40 5 15 CBZ SP/2GTC
15 F 67 62 4 CBZ,CZP CP/2GTC
16 M 41 9 28 OXC SP/CP/2GTC
18 M 41 34 6 VGB,PHT SP/CP/2GTC
19 M 46 7 3 CBZ CP/2GTC
20 F 25 13 71 CBZ,VGB CP/2GTC
21 M 44 2 7 VPA CP/2GTC
22 F 39 30 4 CBZ,VGB SPCP/2GTC
23 F 30 13 30 CBZ,VPA SP/CP
26 F 32 18 7 VPA CP/2GTC
28 F 39 34 8 CBZ,PHT CP

CBZ= carbamazepine; VGB = vigabatrin; LTG = lamotrigine; PHT = phenytoin; PRM =
primidone; PB = phenobarbitone; VPA = sodium valproate; OXC = oxcarbazepine; SP = sim-
ple partial seizures; CP = complex partial seizures; 2GTC = secondary generalised tonic-clonic
seizures.

(3.8), and 8'6 (3.3) mg/l respectively. The
drug had no effect on composite psychomo-
tor and memory scores; nor was there
alteration in any self assessment subscore.
The mean drowsiness (P = 0.03) score was
higher during treatment with 2400 mg GBP
daily compared with matched placebo.
Composite psychomotor (r = - 0-47,
P < 0.01), tiredness (r = 0-42, P < 0.01),
and side effect (r = 0-61, P < 0 001) scores
correlated significantly with seizure fre-
quency but not with GBP dose.
Conclusion-GBP is a well tolerated and
effective antiepileptic drug which had no
measurable effect on cognition but did pro-
duce sedation at the highest dose. This
study also supports the suggestion that
seizures can cause cognitive impairment.

(J Neurol Neurosurg Psychiatry 1997;62:372-376)

Keywords; gabapentin; cognition; epilepsy.

Gabapentin (GBP) is a new antiepileptic drug
that was licensed for use as add on therapy in
the United Kingdom in 1993.' Its mode of
action is still uncertain,2 but clinical trials have
shown it to be well tolerated and effective.3
Side effects reported with GBP are transient
and minor, the most common being somno-
lence, dizziness, ataxia, and fatigue.6 We have
shown previously that antiepileptic drugs can
alter cognitive function in a dose related man-
ner.7 " If newer antiepileptic drugs such as
GBP are to attain a useful place in the thera-
peutic armamentarium, they must be at least
as well tolerated as the older agents. 12-13 The
aim of this study was to assess the efficacy and
tolerability of different doses of GBP in
patients with refractory partial seizures, with
particular reference to cognitive function.

Methods
Twenty seven patients were recruited from the
epilepsy unit at the Western Infirmary in
Glasgow (table 1). All had epilepsy refractory
to one or two antiepileptic drugs, the doses of
which had remained unchanged for at least
three months before recruitment. Seizures
were partial with or without secondary gener-
alisation. All patients reported at least four per
month for the previous three months. They
had a history of good compliance with medica-
tion, and were able to document their seizures.
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Details of the protocol were approved by the
local ethics committee and the patients gave
informed, written consent to their participa-
tion.

PROTOCOL
The study was a double blind, random order,
crossover comparison of three sequential doses
of GBP (400 mg, 600 mg, and 800 mg all
thrice daily) with a similar number of tablets of
matched placebo. One month after a screening
visit, patients were entered into the first 12
week treatment period. Psychomotor and cog-

nitive testing were carried out every four
weeks, before increasing the dose of GBP or

placebo. After the three dose levels had been
tested, patients entered a four week washout
before commencing the second treatment
phase (GBP or placebo). Patients were given
individual appointment times. Each visit was

at a similar time of day to minimise variability
in drug concentrations at the time of testing.
Compliance was checked by a drug history
and tablet count at each visit.

NEUROPYSCHOLOGICAL TESTING
A total of 10 tests was given at each four
weekly visit. These included four psychomotor
tests and six tests of memory. Tests of sub-
jective wellbeing comprised the side effects
activities and life satisfaction (SEALS) ques-

tionnaire, a side effect score, and a visual ana-

logue scale for drowsiness.
All psychomotor tests were performed at

every visit. The decision time was the time taken
to respond to a light by removing the finger
from the base button and the movement time
that taken to move the finger from the base
button to extinguish the light in a choice reac-

tion time task. The mean of 30 trials was

recorded for both using the Leeds psychomo-
tor tester. In the threshold detection test, an array

of small rectangles was displayed on an Apple
Ile computer screen. After a brief time, an

extra rectangle was added. The patient was

required to indicate which it was. The thresh-
old was the minimum time gap between the
presentation of the array and the additional
stimulus that the patient required to perceive
that an extra rectangle had been added. The
Stroop test assessed the patient's decision mak-
ing and flexibility. Patients were given a card
with a list of words printed in inks of varying
colours. They were then asked to go through
the list, stating the colour of ink used for each
word, ignoring the meaning of the word. The
number of colours stated correctly within two
minutes of starting formed the basis of the
score. Composite psychomotor scores were calcu-
lated as previously described.9 This involved
subtraction of the mean and division by the
standard deviation (SD) to give each assess-

ment a mean of zero and an SD of 1. Addition
of each score then provided a composite score

which gave equal weighting to each test.
All memory tests except for the paired asso-

ciated learning, which was not undertaken at
baseline, were performed at every visit. The
forward digit span measured the maximum
number of digits the patient could recall

immediately after oral presentation. Patients
were allowed two trials at each level. The back-
ward digit span measured the maximum num-
ber of digits that the patient could recall
immediately after oral presentation. Both digit
span tests were discontinued when two were
failed at the same level. The forward visual
span measured the maximum number of
squares correctly reproduced in sequence as
shown by the examiner. The backward visual
span assessed the maximum number of
squares correctly reproduced in reverse order
to that shown by the examiner. The visual
span tests were terminated when two consecu-
tive tests were failed. The paired associate learn-
ing test gave a score up to 18 depending on the
number of attempts required by the patient to
name three sets of correctly paired words.
Composite memory scores were calculated in a
similar manner to the composite psychomotor
scores, providing a figure that gave equal
weighting to each test.9
The SEALS questionnaire involved 50

questions that assessed subjective feelings of
cognitive slowing, dysphoria, irritability,
fatigue, and worry.'4 The period under assess-
ment was the seven days immediately before
each clinic visit. The side effects score was
constructed from patients' responses to a four
point grading score for 10 adverse effects
(dizziness, headache, nausea, double vision,
tremor, unsteadiness, dry mouth, flushing,
ankle swelling, and palpitations). Only the first
six were regarded as being associated with
antiepileptic drug use, the other four being
controls. The combined score for the six
recognised antiepileptic drug associated symp-
toms were obtained via simple addition as all
symptoms were scored on the same four point
scale. To undertake the drowsiness score,
patients were asked to estimate, with the help of
a visual analogue scale, their degree of alert-
ness. The measured distance along a 10 cm
line marked at either end "fully awake" and
"nearly asleep" was recorded.

DRUG ASSAYS
Carbamazepine, sodium valproate, phenytoin,
and phenobarbitone concentrations were mea-
sured by enzyme immunoassay (Emit, Syva,
Palo Alto, USA). Vigabatrin was extracted from
plasma into ethyl acetate, heated with dansyl
chloride at high pH to form a fluorescent deriv-
ative, and measured by high performance liquid
chromatography (HPLC) with phenyl GABA
as internal standard. The interassay coefficient
of variation (CV) over the range 1-100 mg/l
was 5% and the lower limit of detection was
0-1 mg/l.'5 Lamotrigine was extracted into
ethinyl acetate from plasma with 2M sodium
hydroxide and measured by HPLC with BWA
725C (Wellcome Laboratories, UK) as internal
standard. The interassay CV over the range up
to 5 mg/l was 6% with a lower limit of detection
of 0-25 mg/1.'6 Concentrations of GBP were
determined using HPLC with fluorimetric
detection.'7 The interassay and intraassay varia-
tions of this method were 3-8% and 2-6%
respectively at 5 mg/l, and the lower limit of
detection was 1 mg/l.
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STATISTICS

Statistical analysis was carried out with the
SAS statistical package. The primary measure
of seizure control was the comparison of
seizure frequency during active (GBP) and
placebo treatment. Seizure frequencies were
normalised by log transformation before
analysis of variance (ANOVA). Individual
cognitive function tests were analysed using
Wilcoxon signed rank tests. Composite scores
for memory and psychomotor performance
were constructed by summation of normalised
scores for related assessments and compared
using ANOVA. The five SEALS subscores,
the side effect scores, and the visual analogue
scale for drowsiness were explored using
analysis of covariance(ANCOVA), fitting the
week 0 and week 16 scores as the covariate.

All ANOVA and ANCOVA models used
fitted patient, period, and treatment effects.
The dose titration in the study design caused
dose and length of time on treatment to be
confounded in the analysis, and hence no
direct comparisons were made between dose
levels. The primary analysis grouped together
data for all dose levels. When individual doses
were evaluated this was done by comparing
data for a particular dose level with data from
the corresponding dose of placebo.

Results
Fourteen patients received GBP during the
first phase and 13 started on placebo. One
patient withdrew consent to participate in the
study before visit two. Four patients did not
receive all doses of both treatment phases due
to onset of adverse events (one on GBP, three
on placebo). Of these six withdrawals, two
occurred during the later stages of the seizure
treatment period, so providing seizure fre-
quency and cognitive function data for both
phases of the study. One patient could not
provide complete data for seizure frequency,
leaving 21 evaluable patients overall (11 GBP
first, 10 placebo first).
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Figure 1 Correlation of composite psychomotor scores with
normalised seizure frequency during treatment with
adjuvant gabapentin and placebo.

SEIZURE FREQUENCY
The median monthly seizure frequency was
significantly reduced by GBP treatment com-
pared with placebo (4 3 v 7, P = 0-02)
throughout the active treatment period. Of the
21 patients exposed to all GBP doses, nine
(43%) had their total seizure frequency
reduced by at least 50% that is, they were

responders. Efficacy was greatest for the 1800
mg and 2400 mg daily doses of GBP. Two
patients were seizure free throughout the
active treatment phase with none responding
similarly to placebo. The median monthly fre-
quency for simple partial seizures was not sig-
nificantly reduced by GBP (P = 0 80),
although two patients (29%) reported a reduc-
tion in excess of 50%. The frequency of com-
plex partial seizures without secondary
generalisation, noted in 17 patients, was also
lower on GBP, with five (29%) documented
responders. Again, however, this did not reach
significance (P = 0 62). Ten (59%) of 17
patients experiencing secondarily generalised
seizures responded to GBP treatment, with
the median monthly frequency of this type
being reduced from 1 to 0 3 on GBP (P =

Table 2 Median psychomotor and memory scores during gabapentin and matched placebo treatment

Gabapentin treatment phase Placebo treatment phase

1200 1800 2400 1200 1800 2400
Baseline mglday mglday mglday Baseline mglday mglday mglday

Psychomotor tests:
Decision time (s) 0-56 0-58 0.55 0-58 0.55 0-56 0-55 0-55

(0-48, 0 63) (0 47, 0 66) (0-46, 0-61) (0 50, 0 70) (0-48, 0-61) (0 50, 0 73) (0 50, 0 60) (0-51, 0 76)
Reaction time (s) 0-92 0-90 0.91 0 90 0-92 0-86 0-81 0-91

(0-79, 1-07) (0-81, 1-02) (0 79, 1-02) (0-74, 1-03) (0 75, 0 99) (0 77, 1-19) (0-73, 0.99) (0-78, 1 28)
Threshold detection (s) 1-2 1-5 1-5 1-4 1-5 1-6 1-5 1-6

(1-0, 1-75) (1-25, 1 75) (1-25, 1-88) (1 19, 1-63) (1-13, 1-88) (1-38, 2 13) (1-38, 2 13) (1-13, 2-38)
Stroop test 104 96 106 104 100 105 104 105

(88, 112) (92, 105) (79, 110) (92, 112) (91, 111) (88, 112) (88, 111) (86, 112)
Psychomotor score 0-2 (3-1) 0-3 (3 5) -0-2 (3 6) 0-0 (3-6) -0-1 (3-3) -0-2 (3-7) 0.2 (3-0) 0-0 (2 7)

Memory tests:
Forward digit span 6 7 7 7 7 6 6 7

(5, 7) (5, 8) (6, 7) (6, 7) (6, 7) (5, 8) (5, 8) (6, 7)
Backward digit span 4 4 5 5 5 5 5 5

(4, 5) (4, 5) (4, 6) (4, 6) (4, 6) (4, 5) (4, 5) (4, 6)
Forwardvisual span 5 6 6 5 5 5 5 5

(4, 6) (5, 6) (5, 6) (5, 6) (5, 5) (5, 6) (5, 6) (5, 6)
Backward visual span 5 5 5 5 5 5 5 5

(4, 5) (5, 5) (4, 6) (5, 5) (4, 5) (5, 6) (4, 5) (5, 6)
Paired associates not available 15 17 17* not available 14 16 12*

(11, 18) (10, 18) (14, 18) (7, 17) (11, 18) (8, 18)
Memory score not available -0-2 (3-4) 0-3 (4-1) 0-2 (3-6) not available 0-2 (3 8) -0-3, (3-4) -0-3 (3 6)

*P < 0 05.
Figures in parentheses represent quartiles for individual tests and SDs for composite scores.
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Table 3 Mean (SD) SEALS subscores and tiredness scores at each dosage level of
adjuvant gabepentin or placebo in 21 patients with refractory epilepsy

Gabapentin Placebo Gabapentin Placebo Gabapentin Placebo
1200 mg 1200 mg 1800 mg 1800 mg 2400 mg 2400 mg

Cognition 50 (12) 49 (12) 50 (13) 48 (12) 49 (12) 51 (13)
Dysphoria 16 (5) 17 (4) 17 (6) 16 (5) 17 (5) 17 (5)
Temper 13 (3) 12 (3) 12 (4) 12 (3) 13 (4) 12 (3)
Fatigue 14 (4) 15 (3) 14 (4) 14 (4) 13 (3) 14 (4)
Worry 10 (3) 10 (3) 11 (3) 10 (2) 10 (4) 10 (3)
Tiredness 35 (27) 44 (30) 47 (31) 33 (27) *43 (29) *36 (27)

*P= 003.

0-01). There was no significant difference in
response between the patients taking one or
two antiepileptic drugs before introduction of
GBP.

NEUROPSYCHOLOGICAL TESTNG
No order effect was seen for any variable, nor
was there a "learning effect" as the study pro-
gressed. Comparison of individual tests and
composite psychomotor scores at each treat-
ment level with the corresponding placebo
phase failed to show any significant difference
(table 2). Mean composite psychomotor
scores, however, showed a negative correlation
(r = -0A47, P < 0 01) with seizure frequency
(fig 1), which reached significance during
treatment with both placebo (r = -0 40, P =
0-02) and GBP (r = -0-45, P= 004).
The paired associate learning test was

improved on 2400 mg GBP daily v placebo.
No other memory test showed a difference
between GBP and placebo at any dose. There
was no difference in composite memory scores
between GBP and placebo treatment (table 2).
No correlation was found between composite
memory scores and seizure frequency during
treatment with either placebo or GBP.
None of the five SEALS subscores was sig-

nificantly affected by GBP even at the highest
dose, although the increases in scores for cog-
nition and fatigue (table 3) narrowly failed to
reach significance (P = 0-06 and 0-08 respec-
tively). The mean tiredness score (table 3) was
significantly increased only during treatment
with 2400 mg/day GBP compared with the
corresponding placebo phase (P = 0-03).
There was a significant correlation (r = 042,
P < 0-01) between the degree of tiredness
reported and seizure frequency (fig 2), which
reached significance during placebo treatment
(r = 0 47, P = 0-03) and narrowly failed to
do so with GBP (r = 0-39, P = 0 08).

ADVERSE EVENTS
Five patients withdrew because of the onset of
adverse events, four during the placebo treat-
ment phase, and one on GBP. Nineteen
patients (79%) reported 47 adverse events on
GBP, compared with 15 patients (63%)
reporting 30 adverse events on placebo. The
side effect scores showed a significant differ-
ence compared with placebo while on the
highest dose of GBP only (P = 0 006). There
was a strong correlation between the side
effect score and seizure frequency (r = 0-61,
P < 0 001; fig 3) during both placebo (r =
0-72, P = 0001) and GBP treatment (r =
0-50, P= 002).

DRUG CONCENTRATIONS
Mean (SD) plasma concentrations of GBP at
1200, 1800, and 2400 mg/day were 4-7 (2 6),
6-8 (3 8), and 8-6 (3 3) mg/l respectively.
Individual GBP concentrations did not corre-
late significantly with any cognitive test or
composite score. There were no changes in
other antiepileptic drug concentrations after
GBP treatment (data not shown).

Figure 2 Correlation of
tiredness scores with
normalised seizure
frequency during treatment
with adjuvant gabapentin
and placebo.
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Figure 3 Correlation of
side effect scores with
normalised seizure
frequency during treatment
with adjuvant gabapentin
and placebo.
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entin Discussion
Cognitive function is an important issue in the

* treatment of epilepsy. Many patients complain
of impaired memory and slowed thinking
while receiving long term antiepileptic drug
therapy, and the vast literature on psychomo-
tor and memory testing in epileptic patients is
testimony to attempts to quantify the extent of
any drug related cognitive impairment.'2-'3
Delineation of the deleterious effects of

jj gantiepileptic drugs on higher mental processes
5 6 is vital. If the newer agents are to gain an

enduring place in the therapeutic armamentar-
ium, they will need to be at least as well toler-
ated as the established antiepileptic drugs.

entin | .Despite the refractory nature of the patient
cohort, the seizure response rates were better
than those in the other efficacy studies, a possi-
ble consequence of the higher top dose
employed.35 As with other studies, the effect
on secondarily generalised seizures was greater
than on other seizure types.2 The lack of phar-

o . macokinetic interaction with other antiepilep-
tic drugs was also confirmed.' 18-19

At doses high enough to produce a signifi-
jj cant reduction in seizure frequency, we failed
5 6 to show any effect of GBP on psychomotor or

memory impairment, in keeping with previous
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reports of its good clinical tolerability.6 How-
ever, scoring on the visual analogue scale for
drowsiness was significantly higher at the top
GBP dose compared with placebo. At this
dose, too, side effects were more likely to be
reported. Other studies have shown that toler-
ance can develop to fatigue and drowsiness
with carbamazepine and vigabatrin." 20 Were
the highest dose levels to be observed for
longer, perhaps this phenomenon would have
been found here. Although multiple compar-
isons may provide isolated significant results,
the fact that the composite scores measured
closely allied symptoms suggests that these
findings may be clinically as well as statistically
significant.
The significant correlation between seizure

frequency and composite psychomotor, tired-
ness, and side effect scores is interesting.
Whether this reflects impairment of an
innately more damaged brain or is secondary
to the seizures themselves is difficult to assess.
That the correlation between seizure fre-
quency and these variables was much stronger
than that with GBP dosage and concentration
does imply, however, that optimal improve-
ment in quality of life in epileptic patients can
be gained by reducing seizure frequency with
drugs that do not impair cognition.

Our grateful thanks go to Mrs Moya Dewar for typing the man-
uscript and to Parke-Davis for supporting the study.
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