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ABSTRACT. Theinfluence of Carbamazepine (CBZ) wasstudied regar ding the dynamicsof characteristicsof EEG
(absolutevalue of power, mean frequencieswithin the standar d EEG ranges, epileptifor m graphodementsmor phol-
ogy and density) during the treatment of 45 epileptic children (aged 1-16). The findings obtained befor e and 3-6
monthsafter the commencement of CBZ monother apy wer ecompared. The most expr essed and per sstent effect of
CBZ wasobserved in 3 months of ther apy and manifested itself in a considerable incr ease of absolute power value
in the low frequency bandsof EEG spectrumand in decreased aver agefr equency of alphawaves. The diminution of
spontaneous epileptifor m graphoelementsdensity (78% aver age) wasseen on EEGsrecor ded at rest with closed eyes.
Nointerhemispheric peculiaritieswer erevealed. In three cases(with partial frontal and temporal fits) CBZ ther apy
wasmarked by wor sening of both clinical manifestationsand EEG picture. © 2010 Bull. Georg. Natl. Acad. ci.
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Introduction

Administration of Carbamazepine (CBZ) counts over
half a century of its history. Onceincluded in the arse-
nal of practitioner physicians in the 1960s as an
antiepileptic drug (AED), CBZ has not only sustained
its position, but also revealed new properties, alowing
to sizably broaden the area of itsapplication. The com-
plex positive action of CBZ, provides not only effective
suppression of seizures, but also good thymoleptic re-
sult, elimination of concurrent behavioral and psychic
disorders. In this connection, CBZ is used in modern
medicine as antiepileptic, neurotropic, and psychotro-
pic medication [1].

According to the ILAE recommendations, CBZ is at
present considered thefirst choice medicinein thetreat-
ment of partial epileptic paroxysms, including fits with

secondary generalization [2]. Taking into account the
prevalence of partial, localization-dependent seizeres
making up to 60 % of all forms of epilepsy in children
and about 80% - in adults[3, 4] the shareof CBZ and its
derivatives among the total volume of AEM used is not
lessthan 50%. However, in primarily generalized seizures,
particularly with atonic, myoclonic and absence fits ad-
ministration of CBZ requiresadequate caution since CBZ
was established to be capable of provoking certain types
of epileptic paroxysms|[2]. The advisability of itsadmin-
istration is being discussed in respect of benign partial
epilepsy with central-temporal spikes, Lennox- Gastaut
syndrome and Continuous Spike and Waves during
Slow Seep[2].

Obviously, electroencephal ographic (EEG) examina-
tion of patients placed on CBZ therapy is of specid im-
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portance duetothisability of medication: theadministra-
tion of CBZ and its derivates should be scheduled with
due regard to the form of epilepsy, specificity of indi-
vidual EEG EEG dynamicsand clinical manifestation dur-
ing the treatment. In this light, the aim of the present
work wasto study the dynamics of EEG characteristicsin
epileptic children at different gages of CBZ monotherapy.

M aterial and M ethods

Patients. Subjectswith partial seizures, with or with-
out secondary generalization were drawn from a pool of
patient clinics of the Department of Pediatric Neurol-
ogy of the Medical University of Thilisi. The present
study included 45 children (details are presented in
Table1).

All patients havethe history of partial seizureswith
or without secondary generalization with at least two
seizures in 6 months prior to entry into the study.

The dosage (in monotherapy) was defined by the
physician-in-charge, individually reckoned on the basis
of mean daily dose 20 mg per 1kg of the body weight.

EEG Recording and M ethods of Analysis. All the
patients underwent three-fold recording of the EEGs: at
first visit, before the administration of AED, in 3-4 and
6-8 months after the commencement of thetreatment. In
children aged 1-3 the EEG recordings were carried out
during natural seep. In patients over 3 years of age the
recordings were performed in relaxed wake state. The
rhythmic photostimulation (ranging 3-27 Hz) , hyperven-
tilation (3 min), and breath hold (15-25 sec) after hyper-
ventilation being used as functional tests.

Table 1.
Characterigtics of the contingent
Age (years)

Range 1-16
Mean (SD) 7.6+320
Males 21
Females 24

Seizuretypes
Simple partial 9
Complex partial 13
Partial secondarily generalized 23

EEG findings
Abnormal 11
Focal 28
Generalized 6
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EEG signals were recorded using a set of 19 scalp
electrodes (according to the International 10-20 system)
and amplified and filtered by digital encephalograph
ENCEPHALAN 131-03, professional version,
“MEDICOM” (Russia). The pass band of the amplifiers
0.5-100 Hz, notch filter- 50 Hz. The signals from each
input electrode were digitized in online regime with the
frequency discreditation 256 Hz with the resolution of
12 hits. Electrode (Ag/AgCl) specific resistance was not
higher than 5KQ.

For each child, 20 artifact-free EEG epochs (at rest,
with open and closed eyes, during functional exertion
and 20 sec after their termination) each of 9 s duration
were selected for spectral analysis to calculate spectral
power.

Visua analyssof EEG for the eval uation of the speci-
ficity of the background activity (focal and/or general-
ized dow waves, morphology of epileptiform elements,
the spike density and the number of paroxysmal bursts
discharges) was performed before the quantitative as-
sessment.

A fast Fourier transformation algorithm of signal
processing was used to obtain the power spectrum of
each lead. For the satistical evaluation of the EEG phe-
nomenawere cal culated within 6 frequency bands: delta
(0.5-4.0H2), theta-1(4.0-6.0 Hz), theta-2 (6.0-8.0 Hz), al-
pha(8-13Hz), beta-1 (13-24 Hz), beta-2 (24-50.8 Hz). The
following quantitative characteristicsof EEGswereana-
lyzed: absolute values of the power spectra (AVP), the
limits of the spectrum, median values of the frequency
power.

Satigtical analysis. Wilcoxon'stest was applied to
determine the probabilities in al the groups in power
spectra. Each of the frequency bandswas analyzed sepa-
rately. Statistical calculations were preformed using
Biostat. For al the analyses, wetook the two-tailed sig-
nificance (p < 0.05).

Resaults

Themain results obtained from the qualitative analy-
sis of the EEG dynamics at different stages of CBZ ad-
minigtration aredemonstratedin Fig.1.

The analysis of total AVP dynamics reveals a reli-
able elevation of thisindex in parietal and, especialy,
occipital recordings 3 months after the beginning of the
treatment. Thefrontal and central regionsshowed asmi-
lar picture, though it was less expressed and did not
reach thereliability level. Thiseevation remained even
6 months after the beginning of CBZ consumption, hav-
ing a dight tendency to decrease mainly in occipital
recordings. However, at al the stages of the treatment
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AVP indices preserved higher values than those before
the therapy.

The spectral analysis of AV P dynamics showed that
theincreasein total valuesof thisindex iscaused mainly
by the growth proportion of low frequency wave ranges
in the common EEG pattern. Increase in the activity of
both delta and theta ranges was observed, being better
pronounced in the theta frequency range. In turn, the
analysis of the activity dynamics in theta sub-ranges
(Table 2, theta-1, theta-2) reveal ed the primary augmen-
tation of thequantity of wavesin theta-2 zone. Similarly
to the total AV P, the theta-range indices of AVP tended
to decreasein 6 months (compared to those of month 3)
of the extension of CBZ consumption, however kept
exceeding the initial indices, recorded before the com-
mencement of the treatment. Almostin al the children
investigated an obvious increase in the AVP of alpha
activity was also found (Table 2, apha). This increase
was particularly demonstrative in occipital zones, how-
ever also seenin central, parietal and temporal zones. It
reached maximal valuesin the 3rd month after the com-
mencement of CBZ consumption. The fact has to be
emphasi zed that along with theincrease of AVPin alpha
range there was also a decrease in mean frequency of
alpha rhythm against the background of CBZ therapy.
Individual changes of the power and average-frequency
alpha activity were rather variable. The decrease in the
average alpha frequency > 0.5 Hz was observed in 10 of
32 patients; in the rest of the patients this deceleration
did not exceed 0.5 Hz , though remained during the en-
tire course of the investigations, being mostly pro-
nounced in the occipital zone.

Alteration of AVP and frequency characteristics of
the activity in beta spectrum (Table 2, beta-1, beta-2)
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gray columns - before treatment, white columns - 3,
shaded columns - 6 months after the commencement of
the treatment. X-axis - EEG leads: F-frontal, C - central,
T - temporal, O - occipital, P- parietal regions of the
brain cortex. Y - axis- power spectrum - pV/2s.
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did not show any steady dynamics, revealing different
features at aparticular recording. For example, in frontal
central and temporal zones, the growth of the activity
power was observed after 3 months of CBZ therapy
within beta-1 range (Table 2, beta-1). However thisindex
decreased in month 6 of the therapy and reached initial
levels, occasionally being even lower. Apparently differ-
ent was the dynamics of this range of the activity in
parietal and occipital zones: in parietal regionsAV P con-
tinued to elevate during the entire course of the investi-
gation, whilein occipital areas after theinitial decrease
in month 3 the e evation of thisindex was seen in month
6 of the treatment.

Dynamics of beta-2 range activity (Table 2, beta-2)
in frontal, central and temporal zonescoincided with that
of beta-1 range but, in contrast, revealed a significant
decreasein the parietal zonein month 6 of the observa-
tion. The functional significance of this type dynamics
in this spectrum is not quite clear.

The described AV P dynamics changes were analo-
gousin both hemispheres—i.e. no interhemispheric speci-
ficity was seen in the activity dynamics of the analyzed
frequency ranges (Table 2).

The qualitative analysis revealed that againgt the
background of CBZ therapy, there was a decrease in
the density (78 % average compared to the primary
recordings) of spontaneous epileptiform
graphoelements as well as spontaneous generalized
epileptiform bursts (82% average) in the EEGs recorded
at rest with closed eyes. Complete normalization of the
EEG at rest was recorded in 39 % of patients after 3
months and in 47 % of patients after 6 months of the
commencement of the treatment. A certain decreasein
the patients’ response to functional tests - i.e. reduc-
tion of the number of generalized paroxysmal interictal
and especially ictal type bursts against the background
of rhythmic photostimulation and hyperventilation -
was seen. This decrease was clearly expressed during
the comparison of initial dataand those recorded in
month 3 of the commencement of the treatment. The
comparison of the recordings obtained in month 3 and
6 showed that these differences became expressed to a
lower degree, not reaching, in a number of cases, the
levelsof reliability.

It isworth noting that, during CBZ therapy, in three
cases (children under 8 with partial frontal seizures- 2,
partial temporal seizures- 1) aworsening of clinical and
EEG manifestations of the disease was observed: more
frequent seizures, appearance of fits with secondary
generalization. In all these patients the presencein the
initial EEG of periodic spontaneous generalized bursts
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Table 2.
Spectral analysis of dynamics of AVP at different stages of treatment.
| — First visit (background), Il — 3 and IIl — 6 months

DELTA THETA 1 THETA 2 ALPHA BETA 1 BETA 2
I I 11l I I I I I I | I 11l I 1 11l I I 11
Fi|347.6 | 466.7 | 487.1 | 1090 | 1153 | 1345 | 38.7 | 86.5 | 84.8 | 603 | 444 | 588 | 19.7| 125| 184 | 21.7| 6.8 | 10.1
+42.1| £38.7 | £314 | £21.7 | £194 | £20.2 | £104 | £183 | £19.8 | +144 | £12.3 | £142 | 4.7 | +4.1 | £49 | £8.1 | £2.2 | 2.5
Fp | 319.0 | 551.1 | 598.7 | 99.6 | 1023 | 115.7 | 413 | 930 | 996 | 557 | 498 | 499 | 178 | 149 | 174 | 208 | 58 | 94
+38.5 | £364 | £36.1 | £20.7 | £20.8 | £183 | £11.3 | +17.6 | £19.5 | £15.7 | £12.8 | £11.8 | +44 | +4.7 | £5.1 | £79|+2.0 | £1.8
Fs | 186.8 | 395.1 | 398.1 | 66.8 | 123.7 | 1242 | 46.1 | 107.7 | 103.1 | 89.2 | 81.1 | 90.6 | 204 | 156 | 181 | 156 | 6.8 | 74
+203 | £184 | £199 | £15.1 | £194 | £22.7 | +12.3 | £18.8 | £174 | £164 | £16.1 | £174 | £55 | +4.8 | +55 | £33 | £3.1 | £2.1
Fs | 1576 | 4418 | 3885 | 55.6 | 108.1 | 123.1 | 44.0 | 1052 | 1069 | 873 | 758 | 814 |200| 149 | 188 | 142 | 53 | 8.1
+22.5 | £21.1 | £238 | £164 | £21.1 | £204 | £14.7 | £17.2 | £19.1 | £16.1 | £17.7 | £183 | £6.1 | 3.9 | £5.6 | £3.1 | +2.8 | £3.1
Cs | 1303|2842 | 3112 | 57.0 | 121.7 | 124.1 | 422 | 1936 | 194.1 | 869 | 1232 | 1284 | 190 | 157 | 174 | 136 | 64 | 7.7
+195 | £244 | +189 | £11.6 | +134 | +178 | 294 | £194 | +15.1 | +17.8 | +194 | +188 | 93 | £88 | £89 | +32 | +2.1 | +2.1
Cy | 1249|2703 |3009 | 443 | 114.1 | 132.1 | 36.5 | 192.1 | 1983 | 853 | 1299 | 1228 | 16.6 | 143 | 16.1 | 14.0| 57 | 79
+19.7 | £20.1 | £19.1 | £132 | £13.8 | £15.1 | £103 | £17.9 | £214 | £18.1 | £179 | £19.1 | +9.8 | £79 | £94 | £33 | £2.7 | £2.8
P; | 1188 | 3972 | 436.1 | 47.5 | 1003 | 98.8 | 469 | 2392|2347 | 1009 | 1133 | 1222 | 189 {220 | 241 | 93 | 6.1 | 7.7
+204 | £232 | £254 | £119 | £153 | £158 | £92 | £199 | £199 | £18.6 | +188 | +164 | +8.1 | +8.8 | £99 | £19 | £14 | £19
Py | 1151 | 4157 | 411.1 | 39.8 | 121.8 | 1184 | 489 | 261.6 | 2222 | 1075 | 1233 | 1304 | 184 | 22.7 | 26.1 | 10.7 | 59 | 7.1
+25.1 | £22.8 | £233 | +133 | £14.7 | +149 | £10.1 | +18.9 | £16.7 | £192 | £17.3 | £183 | £7.6 | £8.1 | £10.1 | +1.7 | £1.3 | 1.5
O | 1464 | 3264|3342 | 615 | 1564 | 166.2 | 81.6 |280.8 | 220.5| 1405 | 184.1 | 189.3 [ 234 | 159 | 20.1 | 93 | 64 | 73
+22.6 | £25.1 | £285 | £16.1 | £204 | £209 | £13.8 | +20.4 | £252 | +12.5 | +12.8 | £13.5 | +84 | +83 | £73 | £1.1 | £1.1 | £1.3
O, | 1654 | 3524|3239 | 49.2 | 144.1 | 153.1 | 929 | 284.6 | 239.6 | 135.1 | 1957 | 179.8 | 226 | 150 | 204 | 10.1 | 57 | 7.3
+19.8 | £264 | +27.2 | +17.1 | +18.7 | £18.1 | £14.1 | +18.9 | +21.6 | £132 | £13.9 | +164 | £7.7 | +89 | 83 | +0.8 | +1.0 | 14
Ts | 1105 | 2088 | 237.1 | 473 | 994 | 1024 | 37.7 | 1084 | 104.1 | 613 | 83.7 | 914 | 184 | 138 | 166 | 82 | 59 | 74
+13.6 | £20.1 | #21.1 | +13.1 | 185 | +18.9 | £10.3 | +18.8 | +19.7 | £11.3 | £132 | £13.6 | 6.1 | £6.6 | £5.8 | £0.7 | £0.8 | +0.7
T, | 949 | 2137|2784 | 374 | 958 | 1159 | 345 [ 1099 | 1024 | 629 | 89.1 | 895 [ 16.6 | 154 | 169 | 96 | 54 | 81
+12.8 | £174 | £23.1 | £144 | £19.7 | £104 | £13.1 | £15.9 | £16.6 | 109 | £13.8 | +11.9 | £6.9 | 59 | +6.1 | +0.8 | 0.6 | 0.6
Ts | 164.0 | 2644 | 2609 | 445 | 92.1 | 994 | 387 | 1108 | 1079 | 71.8 | 83.6 | 874 | 194 | 153 | 20.1 | 114 | 56 | 63
+194 | £22.1 | £20.8 | 119 | £16.5 | +14.8 | £11.8 | +15.8 | £17.5| £99 | £109 | £133 | +7.1 | 6.3 | 6.7 | £0.8 | £0.7 | +0.6
Te | 157.1 128492693 | 313 | 963 | 924 | 29.7 | 109.2 | 1064 | 756 | 94.1 | 929 | 183 | 14.7| 208 | 125| 52 | 6.1
+179 | £25.1 | £22.6 | £12.5 | £182 | +182 | £13.8 | £16.0 | £19.8 | £10.5 | £112 | £14.7 | £73 | £7.1 | £55 | 0.6 | £0.8 | 0.8

of sharp waves and peak-wave discharges was observed.

DISCUSSI ON

On thewhole, our resultsarein agreement with those
obtained by other authors studying the influence of CBZ

alpharhythm deceleration) are not known. The infer-
ence may be made that in this aspect this drug shows
some resemblance to the benzodiazepine group prepa-
rations [9]. Such a special feature of CBZ allows to
suggest that its anti-epileptic effect happens via neu-

on EEG characteristics [5, 6]: during the treatment of
children suffering from partial epilepsy with CBZ EEG
undergoes a number of regular changes, the most con-
sistent being the deceleration of the background EEG
activity and decrease in the mean frequency of the al-
pha rhythm. According to the results shown in Table 2
this deceleration arises at the expense of the augmenta-
tion of mean- and high- amplitude activity of the low
frequency range, predominantly in the parietal and oc-
cipital zones of the brain cortex. No interhemispheric
differencesin CBZ action werereveaed.

Thisfact isinterest-inducing, since CBZ isthe only
medi cation, among the variety of the AEDs currently
used, to act on the baseline EEG characteristicsin such
away [7, 8]. The neurophysiological mechanisms un-
derlying this effect (especialy, as regards the effect of

Bull. Georg. Natl. Acad. Sci., vol. 4, no. 1, 2010

rophysiological and molecul ar mechanismsthat at |east
partly differ from the action mechanismsof other phar-
macol ogical groups of AEDs - and from Val proate Acid
derivatives in the first place. This suggestion may be
favored by the study results of Liu et al., 2006 [10]
showing that at the thalamic level CBZ can activate
GABAa receptors of neuronal membranes, which has
not been seen during the treatment with other anti-
epileptic drugs. It was shown also that lamotrigine,
carbamazepine and phenytoin differentially alter extra-
cellular levels of 5-hydroxytryptamine, dopamine and
amino acids[11].

Apparently, it isnot inconceivablethat thesetraits
are plausible reasons of the worsening effect of CBZ
in certain formsof epilepticfits. In our investigations
we also observed exacerbation of the disease in three
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patients (6.6% of the cases). It is supposed that with
absence seizures, where the basic mechanism is the
thalamic pacemaker, CBZ is capable of acting on neu-
ronal structures of the thalamic ventro-basal nucleus
[10]. In this connection, we have to underline that we
observed worsening of the course of the disease in
patients with partial frontal and temporal seizures. Pa-
tients with absence seizure were not involved in the
study for the clear reason that CBZ is not recom-
mended for absence epileptics [2]. Therefore the
mechanism proposed by Liu et al., 2006 [10] could
hardly account for the effect we have observed.
Kochen et al., 2002 [12] also doubt that this mecha-
nism explains exacerbation of the fits in some cases
during CBZ therapy. These authors report that inten-
sity of the fits increased not only in the patients with
generalized forms of epilepsy but also in adults and
children suffering from partial fits, which complies
with our results. Thus, it only can be established at
present that in cryptogenic frontal epilepsy with gen-
eralized bursts of peak-wave discharges and benign
rolandic epilepsy with diffuse interictal sharp waves
and the discharges of the “sharp wave-slow wave
complexes” there is a risk of a negative effect of CBZ.
The issue whether the negative effect of CBZ is largely
related to the types of seizures (generalized or par-
tial) , or whether the main significance should be as-
cribed to the morphology of dominating epileptiform
elements (i.e. spike discharges, peak-wave complexes)
remains topical [13]. Thereupon it is significant that
in three of our patients with aggravation of the epi-
leptic attacks the presence in the initial EEG of peri-
odic spontaneous generalized bursts of sharp waves
and peak- wave discharges was observed.

On the other hand, it has to be remembered that the
cases with exacerbation in the course of the disease are

Bull. Georg. Natl. Acad. Sci., vol. 4, no. 1, 2010

observed not only with CBZ therapy: in an approximately
comparable number of cases this effect was described
under the administration of all currently widely used
AEDs [14]. Apparently, we have to admit that our knowl-
edge of pharmacological and neurophysiological mecha-
nisms of the antiepileptic action of AEDs is far from
being complete.

A certain interest may lie in the fact found in our
studies — the lack of reliable enough slowing down of
baseline EEG rhythmicity and decrease in the intensity
of epileptiform EEG elements (the spike density , and
the number of paroxysmal bursts discharges) when we
compared the results obtained after 3 and 6 months of
CBZ administration in the examined patients. Taking into
account that all the patients were treated with standard
doses of CBZ, this fact is likely to suggest that in the
cases where no clear clinical and/or EEG — effect is ob-
served after three months of the start of CBZ therapy,
alteration of further treatment strategy (CBZ dosage as
well as shifting from mono to complex therapy or even
replacement of AED) should be discussed.

CONCLUSION

The results obtained allow us to conclude that the
use of any type of AED should be accomplished with
maximal caution and under regular EEG control. The ne-
cessity of such control is due to the fact that in some
cases worsening of EEG findings was revealed before
the onset of clinical signs of exacerbation ofthe patient’s
state. Based on our results, such a control must be per-
formed not rarer than once in three months.

At the same time the cases with negative effect of
CBZ should not be considered as a reason for uncondi-
tional rejection of this drug, since, as noted in the Intro-
duction, its positive influence in many respects out-
weighs the probability of its negative action.
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