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Abstract:

Carbamazepine (CBZ) is a drug of choice for the treatment of simple or complex partial seizures and secondary generalized seizures
in adults and children. Vigabatrin (VGB) is a relatively new second line antiepileptic drug and was first registered for use in Poland
more than ten years ago. Few reports have been published on the comparison of efficacy of VGB in children with epilepsy. The
objective of this study is to evaluate the safety, efficacy and EEG effects of initial VGB monotherapy compared with initial CBZ
monotherapy in children with newly diagnosed epilepsy. We present results of a prospective, outpatient and open study carried out in
the University Hospital Center in Bia³ystok. Twenty-six children with partial epilepsy treated with VGB and 28 patients treated with
CBZ were studied. The evaluation of the efficacy of the two drugs did not reveal any significant differences. Very good (reduction
> 75%) seizure control was achieved in 22 out of 26 patients (84.6%) in the VGB group. One patient had a 50–75% decrease of
seizures (good effect), similarly one child had a 25–50% reduction of seizures (mild effect). In two patients, we observed increased
seizures (myoclonic jerks). Very good seizure control was achieved in 17 out of 28 patients (60.7%) in the CBZ group. Good seizure
control was achieved in 5 out of 28 patients (17.8%) and mild control was seen in two children. No improvement was observed in 4
(14%) of the patients. The EEG background activity was improved in VGB-treated patients. No effect on the EEG background
activity was observed in CBZ-treated children. VGB seems to be a safe and effective antiepileptic drug as primary monotherapy for
epilepsy in children with similar proportion of side effects as CBZ.
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Introduction

Patients with medically uncontrolled seizures present
a major challenge to physicians, health care system
and society. Despite the advent of new antiepileptic

drugs (AEDs) still 20–30% of epileptic patients re-
main unsatisfactory controlled [6].

Carbamazepine (CBZ) is a drug of choice for the
treatment of simple or complex partial seizures and
secondary generalized seizures in adults and children
[6, 15]. Patients with partial seizures are often poorly
controlled by available and new antiepileptic drugs [8].

In contrast to other AEDs, CBZ induces its own
metabolism thereby enhancing its elimination and re-
ducing half life from about 30 h to 10–15 h [5, 20,
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29]. Due to its slow and irregular absorption and to its
short half-life considerable fluctuations of CBZ and
CBZ-10,11-epoxide have been observed in the serum
[9, 15, 22, 23, 26]. These fluctuations, in some pa-
tients, may result in intermittent side-effects, such as
diplopia, nystagmus, ataxia, headache and dizziness
[2, 4, 14, 34]. Despite drug titration and qid dosing
with CBZ, variable peak-to-through fluctuations and
adverse reactions continue to occur [9, 14, 25, 29].
Preparations with a slow-release CBZ should smooth
the concentration profile and should allow for an ap-
plication frequency 1–2 times daily [26, 29, 30]. CBZ
is also used in various disorders: in the treatment of
acute mania or prophylaxis of manic-depressive dis-
orders unresponsive to lithium, trigeminal neuralgia
and nocturnal enuresis [1, 19, 20, 27, 31].

Vigabatrin (VGB) is a relatively new second line
antiepileptic drug and was first registered for use in
Europe more than ten years ago. It is an irreversible
inhibitor of �-aminobutyric acid (GABA)-transa-
minase which exerts its antiepileptic effect by increas-
ing the levels of the neurotransmitter GABA [8, 12,
18]. In various animal seizure models, VGB-induced
increases in GABA concentrations have been associ-
ated with anticonvulsant activity [32]. Except for use
in infantile spasms (West’s syndrome), where it is rec-
ommended as monotherapy [11, 17], VGB is used
mainly as a second line antiepileptic drug. More stud-
ies on VGB in children have usually tested it as add-
on therapy in the refractory partial epilepsies [6, 7, 12,
28], and few reports [6, 32], compare VGB monother-
apy with other standard monotherapy treatments in
patients with newly diagnosed epilepsy. To our
knowledge, no comparative study on VGB in newly di-
agnosed epilepsy in children was performed in Poland.

The objectives of this study are to evaluate 1) the
safety and efficacy of initial VGB monotherapy com-
pared with initial CBZ monotherapy in children with
newly diagnosed epilepsy, 2) influence of VGB and
CBZ on EEG. We present results of a prospective,
outpatient and open study carried out in the Depart-
ment of Pediatric Neurology in Bia³ystok.

Materials and Methods

Design of the study

The design was a 24-week, outpatient, randomized
and open study in children with newly diagnosed par-

tial epilepsy. Each patient was receiving either mono-
therapy with VGB or CBZ. The patients have been
maintained on a stable dose of their standard antiepi-
leptic drug therapy for at least 30 days. Prior to entry
into the study, the patients have had their physical ex-
ams, laboratory and EEG tests. The patients have
been randomized to receive either a mean dose of
VGB of 50 mg/kg q 12 h or CBZ at 18 mg/kg q 12 h.
All the doses were chosen on the basis of previous
studies [12, 25, 28].

During the course of the 24-week study, every pa-
tient had to keep a seizure diary and to record the date
and approximate length of each seizure attack. During
the course of the study, outpatient visits were every
four weeks. Physical examination was repeated as re-
quired throughout the study, but only changes were
recorded except for the conclusion of the study. Oc-
currence of adverse effects were evaluated and docu-
mented by the investigators during each visit. Patients
were instructed to contact the clinic immediately if
they had experienced seizures of increasing severity
or frequency or they experienced serious adverse
events between outpatient visits. Each blood sample
collected before the study, after 3 months and at the
end-of-study were assayed for the following: 1) he-
matology – complete blood cell count, differential
white blood cell count, platelet count, 2) clinical
chemistry – ALAT, AspAT, albumin, total bilirubin,
creatinine, total calcium, cholesterol, chloride, glu-
cose, phosphorus, potassium, total protein, sodium,
urea, uric acid and urine. The plasma CBZ concentra-
tion was assessed after one and 3 months of the therapy
using a TDx method [15]. VGB serum levels were not
assessed due to a lack of the appropriate tests.

Patients

Subjects with partial seizures, with or without secon-
dary generalization were drawn from a pool of out-
patient clinics of the Department of Pediatric Neurol-
ogy and Rehabilitation of Medical University of
Bia³ystok. The present study included 26 children,
13 girls and 13 boys, aged 5–17 years (9.9 ± 2.3) in
the VGB group (details are presented in Tab. 1).
Etiologies of epilepsy in the VGB group: 2 idiopathic;
9 perinatal and unknown in 15 cases were established.
In the CBZ group 28 patients: 11 girls and 17 boys,
aged 2–17 years, (9.01 ± 3.2) participated in this
study. Etiologies of epilepsy in this group: 2 post-
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traumatic, 4 idiopathic, 5 perinatal and unknown in 17
patients were documented.

Inclusion criteria

1. Patients aged 2–17, with history of partial seizures
with or without secondary generalization with at least
two seizures in 6 months prior to entry into the study
2. Patients on VGB or CBZ monotherapy
3. Patients had to be physically healthy for their age,
with no history of major chronic illness

Exclusion criteria

1. Patients with chronic epilepsy
2. Patients with a history of sensitivity or adverse re-
actions to VGB or CBZ
3. Children with a significant history of heart disease

4. Patients with a history of other neurological or psy-
chiatric disorders
5. Patients requiring concomitant medications which
could interfere with patients’ compliance or study
conduct, i.e. sedatives, hypnotics, antidepressants,
and neuroleptics
6. Patients who had clinically significantly changed
values of laboratory tests
7. Participation in a study with another experimental
drug within 4 weeks prior to entering the study
8. Patients with any disease of the gastrointestinal
system, liver or kidneys, or abnormal condition which
compromises a function of the systems and could re-
sult in a possibility of altered absorption, excessive
accumulation or impaired metabolism or excretion of
the study drug.

Safety

Safety was assessed by: 1) physical examination, 2)
assessment of adverse reactions, 3) laboratory tests
prior to the study and after 3 and 6 months of the ther-
apy, 4) clinical evaluation, 5) opthalmological exami-
nation (during the trial due to data on constriction of
visual fields in patients treated with VGB).

The escape criteria were defined as follows:

1. A two-fold increase in the highest 2 day seizure fre-
quency, or two seizure episodes in one week for pa-
tients who met inclusion criteria but, nevertheless, had
no seizures during the first four weeks of the study.
2. A two-fold increase in weekly seizure frequency
(partial or secondarily generalized seizures) or two
seizure episodes in two weeks for patients who met
inclusion criteria but, nevertheless, had no seizures
during the first four weeks of the study.
3. A single generalized tonic clonic seizure if general-
ized seizures were not present during the 6 months pe-
riod before the study.
4. A prolongation of generalized seizure duration (se-
rial seizures or status epilepticus).
5. Appearing of the new types of seizures eg. myo-
clonic.

Withdrawal criteria were: withdrawal of in-
formed consent, severe or unacceptable adverse expe-
riences, including hematological or biochemical ab-
normalities, or meeting of the escape criteria.
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VGB CBZ

Age (years)

Range 5–18 2–17

Mean (SD) 9.90 ± 2.30 9.01 ± 3.20

No. of

Males 13 17

Females 13 11

Seizure types

Simple partial 1 1

Complex partial 2 7

Partial secondarily 23 20

generalized

AED

Range 35–90 13.3–26

Mean dose of 49.9 ± 14.9 18.6 ± 0.60

EEG findings

Abnormal – 7

Focal 20 18

Generalized 6 3
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Efficacy

Efficacy was assessed according to generally used
treatment efficacy scale: decreasing of seizures > 75%
– very good, 50–75% – good; 25–50% – mild; < 25%
no effects; increase in seizures – worsening [6, 7].

EEG

EEG recordings were performed while the patients
were in a resting state with eyes closed, lying in
a sound-attenuated room. EEG signals were recorded
from scalp electrodes (according to the International
10–20 system), all correlated with the vertex refer-
ence. The signals were recorded using a set of 19
scalp electrodes and amplified and filtered by a Mede-
lec DG Compact 32 (Great Britain). We used
Ag/AgCl electrodes, with an impedance less than
5 k�. Visual analysis of EEG was performed before
the quantitative assessment. For quantitative analysis
we have chosen P3-01 derivations. For each child, 20
artifact-free EEG epochs, each of 2 s duration were
selected for spectral analysis to calculate spectral
power [13]. The sampling frequency was 240 Hz. Fre-
quencies below 1 Hz and above 70 Hz were elimi-
nated by digital filtering. The signals were recorded
relative to a vertex reference. A fast Fourier transfor-
mation alogorithm of signal processing was used to
obtain the power spectrum of each lead. For the statis-
tical evaluation of the EEG phenomena: absolute
power spectrum and coherence values were calculated
within 4 frequency bands: delta (1–3.99 Hz), theta
(4–7.99 Hz), alpha (8–12.99 Hz), and beta 1
(13–19.99 Hz).

Statistical analysis

The percentage reduction of seizures in each treat-
ment group was compared using the chi-square test.
Wilcoxon’s test was applied to determinate the prob-
abilities in all the groups in power spectra. Each of the
frequency bands was analyzed separately. Laboratory
findings and data on signs and symptoms reported
during the trial were analyzed descriptively, labora-
tory values were analyzed for changes from the base-
line using Student’s t-test. Statistical calculations
were preformed using Statistica 5.0 PL. For all the
analyses, we took the two-tailed significance (p < 0.05).

This study was reviewed and accepted by the Ethics
Committee of the Medical University of Bia³ystok.

Results

Fifty-four patients entered the study and 50 patients
completed the whole 24-week trial. In the VGB group
two patients were excluded from the study due to ap-
pearance of new forms of seizures (myoclonic jerks)
and two due to constriction of visual fields. Demo-
graphic data and the disease history of the participat-
ing patients are summarized in Table 1. The mean
plasma baseline CBZ concentration was 7.55 ± 1.53 �g/ml
(range 5.90–8.90); individual data are not shown. The
plasma concentration of CBZ was in the therapeutic
range. VGB concentrations were not available.

VGB efficacy

Number of seizures

Total number of seizures was significantly reduced af-
ter 6 months of VGB monotherapy from 186 to 47 by
(74.7%).

Percentage reduction of seizures

Of 26 patients on 6-month VGB monotherapy, 24
(92.3%) had a reduced number of epileptic fits. The
evaluation of the efficacy of the two drugs did not re-
veal any significant differences. Very good seizure
control (reduction by > 75%) was achieved in 22 out
of 26 patients (84.6%) in the VGB group (Fig. 1). One
patient had a 50–75% decrease in seizures (good ef-
fect), similarly one child had a 25–50% reduction of
seizures (mild effect). In two patients, we observed
increasing of seizures (myoclonic jerks).
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CBZ efficacy

Number of seizures

Total number of seizures was significantly reduced af-
ter 6-month CBZ monotherapy from 177 to 59 (66%).

Percentage reduction of seizures

Of 28 patients on 6-month CBZ monotherapy, 24
(85.7%) patients had a reduced number of epileptic
seizures. Very good seizure control (reduction by >
75%) was achieved in 17 out of 28 patients (60.7%) in
the CBZ group (Fig. 2). Five patients had a 50–75%
reduction of seizures (good effect), two (7%) children
had a 25–50% reduction of seizures (mild effect). No
effects were observed in 4 (14%) of patients. None of
patients had increased of seizures.

Safety

Somnolence and vertigo were the most frequent com-
plaints during CBZ treatment (Tab. 2). A moderate
weight gain was observed in 5 patients. There were no
significant changes in routine hematological and bio-
chemical tests, except for moderate leucopenia ob-
served in 2 patients receiving CBZ treatment. None of
these were classified as serious. With regard to recent
reports on the concentric constriction of visual fields
in VGB-treated patients, all the patients had opthal-
mogical examinations. To exclude other ophthalmic
disorders a full ophthalmological evaluation was per-
formed at the Department of Pediatric Ophtalmology.
The ophthalmological examination consisted of a his-
tory of visual symptoms, testing the best corrected

visual acuity, direct and indirect ophthalmoscopy with
the aid of tropicamide 0.8% drops. Visual fields were
examined with the kinetic Goldmann perimeter. In
two patients aged 12–17 years, we have noted bilat-
eral concentric constriction of visual fields. Before
the study they have not reported visual troubles. They
had normal visual acuity. We decided to discontinue
VGB in these patients.

EEG

The background EEG activity was improved in the
VGB–treated patients (data not shown). Improvement
of EEG (reduction of focal or generalized changes)
was noted in 16 of 26 patients. No improvement of
EEG or its worsening was observed in 6 and 4 pa-
tients, respectively. We noted a significant (p = 0.005)
increase of alpha (from 20 to 29%) and decrease (p =
0.01) of delta bands at P3-01 derivations. No signifi-
cant differences were observed in the theta and beta
bands in the VGB group. No effect on the background
EEG activity was observed in the CBZ-treated chil-
dren. Improvement of the EEG was observed in 11 of
28 patients. No improvement of the EEG or its wors-
ening were observed in 9 and 8 patients, respectively.
Variations in interictal epileptiform EEG activity were
not correlated with clinical outcome.

Discussion

We demonstrated herein similar effect of VGB and
CBZ on the seizures reduction in newly diagnosed
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Nature of adverse events VGB (n = 26) CBZ (n = 28)

Central nervous system

Somnolence 2 4

Vertigo 2 4

Seizures 2 –

Others

Leucopenia 2

Weight gain 5 2

Visual fields constriction 2 –
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partial epilepsy in children. VGB and CBZ were well
tolerated and side events were moderate and transient.
No significant changes in routine hematological and
biochemical tests were found. The background EEG
activity was improved in VGB-treated patients. No ef-
fect on the background EEG activity was observed in
CBZ-treated children. EEG activity was not corre-
lated with clinical outcome. Our findings are consis-
tent with previous reports [6, 16, 32, 37].

As in add-on VGB therapy of refractory partial sei-
zures [12, 28], VGB monotherapy is effective in all
types of partial seizure (simple partial, complex par-
tial, and secondarily generalized). It is of clinical rele-
vance that VGB seems to be better in reducing com-
plex partial seizures while carbamazepine appears to
be more effective in controlling secondary general-
ized seizures [6, 8, 12, 16]. These findings are in
agreement with our results.

New antiepileptic drugs are licensed for add-on
treatments in the first instance and their efficacy and
safety have been demonstrated in randomized placebo
controlled add-on trials, with additional safety data
predominantly derived from follow-up studies [7].
Results from follow-up studies are often difficult to
interpret because comparisons are no longer random-
ized. Trials usually recruit patients with drug-
refractory partial seizures [6]. Patients are first of all
observed during a prerandomization baseline period
of 8–12-week duration. Provided that they have a suf-
ficient number of seizures (usually four a week), they
are randomized to have either active drug or placebo
added to their regime, and are followed up for 12–16
weeks. Efficacy is assessed by comparing individual
patient’s seizure frequency during the treatment pe-
riod with the baseline period. Median reduction in sei-
zure frequency and the number of patients with a 50%
or greater reduction in seizure frequency (responders)
are usually reported as efficacy outcomes.

Monotherapy studies of antiepileptic drugs are im-
portant for several reasons [6]. They are relevant to
the 70% of patients with epilepsy who are treated with
monotherapy and allow comparisons without poten-
tial pharmacokinetic and pharmacodynamic interac-
tions that can confound the interpretation of add-on
studies.

VGB has been compared with CBZ in three mono-
therapy trials [8, 16, 33] The largest of these trials re-
cruited 459 patients who were randomized to VGB or
CBZ and was of 52 weeks duration. The trial was
double blind and treatment dose was increased to

meet clinical need in an attempt to mirror clinical
practice. The results showed no significant difference
between drugs in the primary end point time to treat-
ment failure or in the time to 6 month remission.
However, confidence intervals for these estimates
failed to meet the authors’ generous definition of
equivalence. Patients taking VGB had significantly
earlier first seizures after randomization, and were
significantly more likely to have VGB withdrawn due
to lack of therapeutic effect, whereas CBZ was sig-
nificantly more likely to be withdrawn because of side
effects.

In our study, comparable efficacy of VGB to CBZ
in controlling seizures in children and no significant
side effects support the use of VGB as monotherapy
in newly diagnosed epilepsy in children.

Kälviäinen and colleagues’ study [16] demon-
strated that 46% of patients were seizure-free on VGB
compared with 56% of patients assigned to CBZ, al-
though the investigators concluded that there was lit-
tle difference in efficacy between the two drugs.

The effect of VGB on interictal EEG abnormalities
has been confirmed in earlier reports [23, 24], and
may be of clinical relevance. In the VGB group, there
was a large number of patients in whom interictal
EEG abnormalities disappeared, and the number was
significantly reduced vs. that seen in the CBZ group.
This difference may depend on the different mecha-
nisms of action of these two drugs. In fact, it is known
that the appearance of generalized spike and wave
discharges has to be considered as a predictive factor
of the risk of seizure exacerbation on carbamazepine
therapy [1, 27, 38].

Visual field defects were noted in two of 26 pa-
tients treated with VGB. Our findings are in agree-
ment with earlier studies [21, 35, 36]. The effects of
VGB on retina are not surprising, as GABA is an es-
tablished inhibitory neurotransmitter in the vertebrate
retina, and occurs in retinal horizontal and interplexi-
form cells as well as in many types of amacrine cells
[34]. Occasional visual field defects reported earlier
are thought to be insignificant. Recent reports [10, 35]
indicate symptomatic and asymptomatic retinal de-
fects in 50–70% of patients on VGB compared to con-
trols. Other than visual field defects, ophthalmic find-
ings noted narrowed retinal arteries, surface wrinkling
retinopathy and abnormal macular reflexes. The usual
complaints in such patients are field restrictions or
blurred vision. The eye changes occur both during
monotherapy and add-on therapy. There has been con-
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cern whether duration and dose of therapy are related
to retinal changes. The duration of therapy seems to
be unrelated, as an effect has been seen as early as
2–40 months after treatment beginning [10, 37]. Some
studies suggest dose-related effects and recommend
dose reduction in patients whose seizures have been
controlled with VGB, when previously the seizures
had been refractory. Multimodial evoked potentials in
children with epilepsy treated with VGB have also
been evaluated [3]. No significant changes in the so-
matosensory, visual and brain auditory evoked poten-
tials parameters associated with VGB treatment were
found. Another study suggests that VGB-induced reti-
nal damage is irreversible, except in minimally af-
fected cases, where it may be reversible on with-
drawal of the drug. A recent report found complete re-
covery from visual field constriction following
discontinuation of VGB [10].

The result of this study demonstrate the potential
usefulness of VGB as an alternative to traditional
first-line agents in children with newly diagnosed epi-
lepsy. The present study confirms that VGB seems to
be a safe and effective antiepileptic drug in primary
monotherapy for epilepsy in children with similar
proportion of side effects as CBZ. Very good seizure
control was achieved in 84.6% of patients in the VGB
group. Side effects were moderate with no clinical
significance. The background EEG activity was im-
proved in VGB-treated patients. No effect on the
background EEG activity was observed in CBZ-
treated children. Furthermore, we have observed these
patients over one year (unpublished data) and we
noted a similar efficacy of VGB in controlling of epi-
leptic seizures as in the six-month study.
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