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ABSTRACT

Objective: The effect of chronic carbamazepine 
(CBZ) therapy on regional blood flow (rCBF) was 
evaluated using single photon emission computed 
tomography (SPECT) with technetium-99m 
hexamethylpropyleneamineoxime.

Methods: In te ric ta l SPECT scans and
electroencephalography (EEG) examinations in 13 (8 
males, 5 females) children with partial epilepsy were 
performed twice before administering CBZ and 
between 4-12 months (8.00±2.23 months) after 
starting the therapy.

Results: Visual assessment of interictal SPECT 
images showed stable perfusion abnormalities in 9 of 
11 cases who had regions of hypoperfusion in the 
first scans. Before CBZ therapy, EEG correlated well 
with SPECT in 9/11 patients in localizing focal 
abnormality and the rate of correlation was 7/11 
during the therapy. By quantitative evaluation, no 
significant change of rCBF in all cerebral cortical 
regions except right inferior frontal (p<0.03) was 
found after initiation of CBZ therapy. Repeated 
SPECT scans done in 6 healthy volunteers at 
intervals of 6 to 10 months (7.20±3.45 months) 
demonstrated no significant change of rCBF.

Conclusion: Our results suggest that chronic CBZ 
therapy does not affect blood flow of the 
epileptogenic zone nor of the other parts of cerebral 
cortex. The absence of any effect due to chronic CBZ 
therapy may be related to the partial clinical 
improvement.

Key W ords: Regional cerebral blood flow, 
carbamazepine, chronic antiepileptic drug therapy.

INTRODUCTION

Functional brain imaging in partial epilepsy has been 
focused on the investigation of focal abnormalities 
corresponding to the epileptic foci determined by 
electroencephalography (EEG). Using single photon 
emission computed tomography (SPECT), epileptic 
foci were usually visualised as a hypofixation zone 
due to a decreased regional cerebral blood flow 
(rCBF) during the interictal state (1-3) and a 
hyperfixation zone due to an increased rCBF during 
the ictal state (2,4-8).

The effects of antiepileptic drugs (AEDs) on cerebral 
metabolism and perfusion have not been investigated 
extensively. Using positron emission tomography with 
(18-F)-2-deoxyglucose, Theodore et al. (9) 
demonstrated that chronic barbiturate therapy 
reduces cerebral glucose metabolism whereas 
phenytoin (PHT) causes a mild decrease (10). The 
difference between the functional effects of 
phénobarbital and PHT might be related to the 
differences In drug mechanisms of action. 
Carbamazepine (CBZ) slightly reduces cerebral 
glucose metabolism because it has similar 
mechanism of action as PHT (11,12). A few studies 
have investigated the effect of CBZ therapy on 
cerebral blood flow only in adults. To our knowledge, 
no data concerning hemodynamic influence of 
chronic CBZ therapy in epileptic children is yet 
available. The present study was planned to 
investigate the effect of long-term CBZ treatment on 
cerebral blood flow.

(*) Presented at the 21st International Epilepsy Congress, Sydney Australia, 1995.
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Fig. 1: A. Reduced perfusion in the left parieto-occipital region before starting therapy (patient number 12). 
B. After CBZ therapy normalization of the perfusion abnormality in the same patient.

MATERIALS AND METHODS

The patient group consisted of 13 children (8 males, 
5 females) who had partial seizure disorders within 
the previous 2-24 months (mean 12.20±10.36 
months) before the admission. They were not recei­

ving any medication (Table I). Their ages ranged from 
4 to 13 years (mean age 8.30±2.62 years). Clinical 
diagnosis of partial seizure disorder in each patient 
was based on the 1989 ILAE (13). Neurological 
examinations were normal in all patients. No 
structural abnormality had been determined in MRI 
examinations.
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After informed parental consents were obtained, 
technetium-99m hexamethylpropyleneamineoxime 
(HMPAO) SPECT scans a t interictal states were 
performed twice at intervals of 4 to 12 months (mean 
8.00±2.23 months). All patients received CBZ 
monotherapy (15-25mg/kg per day) between the two 
scans. CBZ plasma level remained in the 4-10 pigr/L 
range.

As the control group, 6 volunteers (3 males, 3 
females) who had no history of neurological or 
behavioral illness were investigated by serial scans. 
Their ages ranged from 5 to 14 years (mean age 
7.80±2.72 years). The interval between the two 
measurements was 6 to 10 months (mean 7.20±3.45 
months).

During CBZ therapy the rate of reduction in seizure 
frequency was less than 60% in all cases except 3 
cases with a rate of 82%, 80% and 78%, respectively 
(patients 2, 12 and 13) (Table I).

An interictal electroencephalography (EEG) was 
obtained a few hours after each SPECT scan.

SPECT Studies
The scans were performed on subjects who were 
seizure-free for at least 4 days. Using a previously 
inserted and fixed butterfly needle 5-15 mCi (185-555 
MBq) Tc-99m HMPAO (Ceretec, Amersham 
International, Amersham, UK) was injected to the 
patients who were in the resting state (supine, eyes 
closed and silent, with a minimum background noise). 
Scanning was started within 15-60 minutes of 
injection using a large field of view, single head 
rotating camera (Siemens Orbiter ZLC/7500, Des 
Plaines, IL, US) fitted with a high resolution parallel 
hole collimator. 128 views, each of 15 sec, were 
acquired on a circular, step and shoot mode at 360°. 
Uniformity and center of rotation (COR) corrections 
were performed and followed by a transverse plane 
reconstruction via the standard backprojection 
algorithm using a Butterworth filter (0.45 Nyquistic 
frequency and 10th order). Each slice was 6.5 mm 
thick. After applying an attenuation correction using 
Chang's methods with a coefficient of 0.12/cm, 
transaxial slices were reoriented parallel to 
orbitomeatal axis.

Visual Analysis of SPECT Images
All SPECT scans were interpreted visually by two 
nuclear medicine physicians without having any 
knowledge about the clinical data, both 
independently and together.

Semiquantitative Analysis of SPECT Images
Twelve contiguous transverse slices on and over the 
orbitomeatal line were combined to obtain six 13 mm

thick slices. Symmetric regions of interest (ROIs) 
were manually drawn over the following regions on 
the composite 6 slices: mesial, inferior, lateral and 
anterior frontal, mesial, inferior and superior temporal, 
parietal and occipital cortical areas, basal ganglia, 
thalamus and cerebellar hemispheres. For each ROI, 
a cerebral cortex / cerebellum ratio (CC) was 
acquired by dividing the mean counts per pixel in the 
ipsilateral cerebellar hemisphere. This ratio was used 
as a measure of rCBF.

EEG Recordings
The examinations were performed with scalp 
recordings using both mono- and bipolar montages 
according to the International 10/20 system.

Statistical Analysis
Significance was assessed by a 2-tailed t test. A 
p-value<0.05 was considered statistically 
significant.

RESULTS

SPECT Findings
By visual assessment of interictal SPECT images, 
stable perfusion abnormalities were found in 9 of 11 
patients who had hypoperfused regions in the first 
scans (Table II). The initial focal perfusion 
abnormalities in 2 patients changed to normal 
(patients 12 and 13) (Fig 1). Both first and second 
SPECT scans had no perfusion abnormality in 2 
patients (patients 1 and 4).

Similar to visual evaluation, semi quantitative analysis 
demonstrated no significant change of CC ratio in all 
regions except right inferior frontal (p<0.03) (Table
III). Both visual and semi quantitative evaluation of 
consecutive scans in healthy cases showed no 
significant change.

EEG Findings
All of the patients had epileptic foci (spike and/or 
spike-wave) in the first recordings and 10 of them 
showed the same foci in the second examinations 
(Table II). Epileptic foci normalized in 3 patients 
(patients 10,12 and 13).

Comparison of SPECT Data with EEG Results:
Comparing the findings of the first EEG findings and 
SPECT scans, 11 of 13 patients with EEG foci also 
had focal hypoperfused regions on the SPECT scans 
and SPECT correlated well with EEG in the 
localization of the foci in 9/11 patients. After initiation 
of CBZ therapy, 7/11 cases had stable epileptic foci 
and hypoperfused regions (Table II).
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Table I. Clinical data of epileptic patients

Patient No/ 
Gender

Age

(Year)

Duration of 
seizures before 

therapy

(Month)

Interval
between scans 

(Month)

Reduction 
of seizure 
frequency

(%)

1/M 4 6 10 46
2/M 8 2 4 82
3/M 8 7 12 55
4/M 12 12 7 58
5/F 13 5 9 53
6/M 8 18 9 59
7/M 9 24 8 44
8/M 7 6 11 41
9/F 7 3 7 54

10/M 8 24 8 60
11/F 6 12 7 55
12/F 12 24 8 80
13/M 6 4 5 78

MEAN: 8.30 12.20 8.00
SD: 2.62 10.36 2.23

Table II. Localization of abnormal perfusion area (SPECT) or abnormal electrical activity (EEG)

Patient No. EEG
Off CBZ On CBZ

SPECT
Off CBZ On CBZ

1 L-T. L-T. N N
2 R-T.P. R-T.P. R-T. R-T.P.
3 L-T.P. L-T.P. L-T.P. L-T.P.
4 L-T.P. L-T.P. N N
5 R-F.T. R-F.T. R-T. R-T.
6 R-T. R-T. R-F.T. R-T.
7 L-T. L-T. L-F.T. L-F.T.
8 B-P.O. B-P.O. R-P.O. R-P.O.
9 L-F.T. L-F.T. L-F.T. L.T.

10 B-P.O. N R-P.O. R-P.O.
11 R-F.T. R-F.T. R-F. R-F.
12 L-P.O. N L-P.O. N
13 L-T.P. N L-T.P. N

L: Left, R: Right, B: Bilateral, F: Frontal, T: Temporal, P:Parietal, O: Occipital, N: Normal.

DISCUSSION

The present study indicated that CBZ did not affect 
cortical blood flow in children with partial epilepsy 
after 8.00±2.62 months of treatment. This finding 
confirmed the data of a few clinical studies 
concerning the metabolic and hemodynamic effects 
of CBZ. Both induction and withdrawal effects of CBZ

therapy on cerebral glucose metabolism have been 
investigated in small study populations and no 
significant change has been found (11,12,14). 
Similarly, a SPECT study with Xenon 133 inhalation 
in 5 partial epileptic children showed that rCBF did 
not change following 4-6 months of CBZ 
monotherapy in spite of initial slight increase at the 
end of the first month of the treatment (15). Contrary
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Table III. Semiquantitative Analysis of rCBF

Region of Interest Cerebrocerebellar Ratio
Epileptic patients Control patients

Before CBZ On CBZ First scan Second scan

Inferior Frontal
right 0.91 ±0.09 0.97±0.06 * 1.04±0.03 1.02±0.05
left 0.91±0.10 0.95±0.07 1.06±0.09 1.04±0.08

Mesial Frontal
right 0.96±0.10 0.99±0.06 0.98±0.01 0.98±0.02
left 0.96±0.11 0.98±0.07 0.98±0.09 0.95±0.04

Lateral Frontal
right 1.02+0.11 1.01 ±0.05 1.04±0.08 1,03±0.05
left

Anterior Frontal
1.00±0.13 1.01±0.06 1.03±0.11 0.94±0.06

right 1.00+0.11 1.03±0.07 1.17±0.14 1,06±0.07
left 1.02±0.13 1.04±0.08 1.04±0.05 1.07±0.12

Inferior Temporal
right 0.95±0.14 0.94±0.05 1,02±0.04 1,03±0.05
left 0.96+0.15 0.94±0.06 1,01±0.06 0.99±0.01

Mesial Temporal
right 0.95±0.10 0.97±0.04 0.98±0.01 0.97±0.02
left 0.96±0.10 0.97±0.05 0.98±0.04 0.96±0.05

Superior Temporal
right 0.96±0.09 0.97±0.04 0.98±0.01 0.98±0.02
left 0.94±0.09 0.98±0.05 0.99±0.04 0.99±0.05

Parietal
right 0.96±0.10 0.98±0.04 0.97±0.02 0.99±0.05
left 0.95±0.09 0.99±0.03 0.98±0.02 0.96±0.02

Occipital
right 1.05±0.09 1.05±0.06 1,05±0.04 1,06±0.05
left 1.06±0.09 1.06±0.07 1.07±0.04 1.07±0.07

Basal ganglia
right 1.01 ±0.06 1,04±0.06 1,08±0.04 0.99±0.03
left 0.98±0.10 1.03±0.08 1.03±0.10 1.03±0.12

Thalamus
right 0.98±0.09 1.03±0.08 1.03±0.06 1.02±0.04
left 0.96±0.14 1,02±0.07 1.02±0.04 1.01 ±0.03

* p < 0.03

to the suggestion of more depressive effect of chronic 
CBZ therapy than acute administration on local 
cerebral metabolism (14), our study with a larger 
sample size and longer follow-up period than the 
previous studies did not show any change on rCBF 
induced by CBZ.

In this study the high number of cases with a stable 
focal perfusion abnormality and the high correlation 
rate of those SPECT findings with EEG foci indicate 
that chronic CBZ therapy has no effect on the 
epileptogenic area blood flow. The stable flow in the 
epileptogenic region may be related to the incomplete 
reduction of the seizure frequency. The positive 
relationship between the improvement of clinical 
findings and perfusion abnormalities was shown in 
the studies concerning the effects of CBZ or PHT (15- 
17). Further follow-up studies may provide more 
accurate information about the effect of chronic CBZ 
therapy on cerebral perfusion.
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