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INTRODUCTION

RECENT ADVANCES in neuroimaging techniques have made
a great contribution to the diagnosis, management, and
clarification of the pathophysiology in epilepsies. Positron
emission tomography (PET) has been utilized for more
than two decades to investigate seizure disorders, and is
an accurate and noninvasive method to study brain activ-
ity using systemically administered tracers labeled with
positron emitting isotopes.1

The role of PET in the other pediatric epileptic condi-
tions has been reported. In the Lennox-Gastaut syndrome,
PET with [18F]-fluorodeoxyglucose (FDG) has demon-
strated different metabolic patterns, underscoring the

heterogeneity of this syndrome.2 In some patients with
hemimegalencephaly, PET has revealed bilateral meta-
bolic abnormalities.3 Also, in patients with Sturge-Weber
syndrome, PET may provide a sensitive measure of the
extent of cerebral involvement, especially during the first
year of life.4

On the other hand, generalized epilepsy starts at all ages
in the childhood period, and is a very common disorder in
children.5 Despite a focal epileptic pattern, the tonic and
general spasms are quite symmetrical. Although FDG-
PET has been used to detect seizure foci and to evaluate
the area of surgical resection in localization related epi-
lepsies,6 the clinical value of PET studies in generalized
epileptic children has not been analyzed in detail.

We considered that the evaluation of the interictal
FDG-PET in patients with general and partial epilepsy
would be useful, and undertook this study to determine the
pathophysiology of generalized epilepsy in children us-
ing FDG-PET.
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Positron emission tomography (PET) with [18F]fluoro-D-deoxyglucose (FDG) has been used to
detect seizure foci and evaluate surgical resection with localization related epilepsies. However,
few investigations have focused on generalized epilepsy in children. To reveal the pathophysiology
of generalized epilepsy, we studied 11 patients with generalized epilepsy except West syndrome,
and 11 patients with localization related epilepsy without organic disease. The FDG PET was
performed by simultaneous emission and transmission scanning. We placed regions of interest
(ROI) on bilateral frontal lobe, parietal lobe, occipital lobe, temporal lobe, basal ganglia, thalamus
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ipsilateral cerebellum. Then, we compared the data of generalized epilepsy to those of localization
related epilepsy.

FDG PET revealed significant interictal glucose hypometabolism in bilateral basal ganglia in
generalized epilepsy compared to that in localization related epilepsy (right side: p = 0.0095, left
side: p = 0.0256, Mann-Whitney test). No other region showed any significant difference (p > 0.05)
between the two groups. These findings indicate that the basal ganglia is involved in the outbreak
of generalized seizures or is affected secondarily by the epileptogenicity itself.
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PATIENTS AND METHODS

STUDY PROTOCOL
All of the patients were asked about their past history of
epilepsy in detail, and underwent detailed neurologic
examinations, interictal and ictal EEGs, CT and/or MRI.
After diagnosing epilepsy, the cerebral glucose metabo-
lism was measured using the FDG-PET technique.7,8

STUDY SUBJECTS
Eleven children with generalized epilepsy (8 boys and 3
girls, 3 to 19 years old; mean 10.5 years) participated in
this study (Table 1). A clinical diagnosis of epilepsy was

based on previous reports; a characteristic history of
epilepsy, and identification of neurologic examinations.
In all of them, EEG showed a marked increase in abun-
dance and amplitude of wake and sleep interictal abnor-
malities. CT and/or MRI showed no virtual abnormalities.
West syndrome has been studied using FDG PET, and is
now being discussed in connection with the relationship
between brain hypometabolism and convulsions.9,10 Thus,
patients with West syndrome were excluded from this
study. For comparison, eleven children with partial epi-
lepsy (7 boys and 4 girls, 3 to 19 years old; mean 7.7 years)
also participated in this study (Table 2). On MRI, one
patient showed diffuse brain atrophy, and one showed

Table 2   Control clinical and interictal EEG features

Patient
Age at Age at

Seizure type Interictal EEG
Drugs at time

scan onset of scan

1 14 9 CPS frontal～diffuse sp-w CBZ
2 9 7 CPS multifocal sp-w VPA, CBZ
3 7 2 CPS frontal slow ZNS, CBZ
4 4 4 CPS, s-GTC frontal slow～sp-w CBZ, PB
5 1 0 CPS normal CBZ
6 1 0 CPS, s-GTC normal CBZ
7 1 1 s-GTC normal CBZ
8 11 9 CPS left frontal sp PHT, CBZ
9 9 7 simple partial seizure normal PHT, CBZ

10 13 4 CPS, SPS, s-GTC right central sp VPA, PB
11 15 14 CPS frontal sp CBZ

CPS; complex partial seizure, s-GTC; secondarily generalized tonic epilepsy, sp-w; spike and wave, sp; spike, PTH;
Phenytoin, VPA; Valproic acid, ESM; Ethosuximide, CBZ; Carbamazepine, CZP ; Clonazepam, PB; Phenobarbital,
ZNS; Zonisamide

Table 1   Clinical features and interictal EEG findings in patients with generalized epilepsy

Patient
Age Onset

Seizure type Interictal EEG
Drugs at time

(year) (year) of PET study

1 19 6 GTC, myoclonus photoparoxysmal VPA, ZNS
   response

2 19 6 GTC, myoclonus photoparoxysmal VPA, ZNS
   response

3 6 6 myoclonus diffuse sp-w VPA
4 10 3 GTC, myoclonus diffuse sp-w VPA, ESM

absence
5 10 9 absence 3 Hz diffuse sp-w VPA
6 3 1 GTC, myoclonus diffuse sp-w VPA, CZP

atonic seizure ZNS
absence

7 6 4 GTC, myoclonus diffuse sp-w VPA, CZP
8 3 2 myoclonus, absence diffuse slow wave VPA
9 13 11 GTC diffuse sp-w VPA

10 12 12 GTC difuse sp-w VPA
photoparoxysmal
   response

11 14 14 GTC normal VPA

GTC; generalized tonic epilepsy, sp-w; spike and wave, VPA; Valproic acid, ESM; Ethosuximide, CZP; Clonazepam,
ZNS; Zonisamide
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subcortical hemangioma in the right frontal lobe. The
others had no abnormal findings.

All subjects were free of upper respiratory tract infec-
tions for more than 2 weeks prior to the study, and none
had received any medication for at least 12 hours prior to
the study. Informed parental consent was obtained before
each study.

FDG PET imaging technique
All PET studies were performed in accordance with the
policies of the hospital’s human subject protection com-
mittee, and informed consent was obtained. PET studies
were performed using a SET 2400W (Shimadzu Corpora-
tion, Kyoto, Japan). An 8 min simultaneous emission/
transmission scan was performed about 50 min after FDG
injection (5 MBq/kg). Spatial resolution at the center of

the field was 4.2 mm (FWHM), and the slice thickness
was 3.125 mm.

All studies were initially planned to be conducted in the
wake state, with children’s eyes open and ears unoccluded.
Despite the presence of seizures, visual, auditory, and
other sensory stimuli being kept to a minimum by dim-
ming the lights and discouraging parent-child interaction
just before and during at least the first 30 min after FDG
administration. However, the studies in less than 5-years
old children had to be performed during sleep in the
supine position after trichlorethyl phosphate monoso-
dium syrup (70 mg/kg) was administered because of
problems with cooperation. Approximately 50 min after
injection, a head-holder was used to minimize head move-
ment, and tomographic scanning of the brain was initi-
ated.

Fig. 1   PET images and settings of ROI; The density of those images indicates the degree of determine
standardized uptake value (SUV). ROIs were manually placed on bilateral cerebellum, basal ganglia,
thalamus, frontal lobe, parietal lobe, temporal lobe and occipital lobe, to determine SUV of FDG in 3
different transaxial images. Each SUV was represented by the average of all ROIs.

Fig. 2   Normalization of SUV, a; the SUV of right hemisphere of each patient. The level of SUV is
variable between the individuals. b; SUV was normalized with ipsilateral cerebellum. After the
normalization, interindividual comparison became visually and statistically understandable.
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Fig. 3   a–f; Statistical difference in normalized SUV of FDG in
each ROI. A significant interictal glucose hypometabolism on
both sides of the basal ganglia in generalized epilepsy compared
to the localization related epilepsy is shown in Figure 3a. No
other regions showed any significant difference between the two
groups (b–f). GE; generalized epilepsy, LE; localization related
epilepsy, n.s.; not significant.

By using attenuation corrected transverse images, in-
jected doses of FDG, body weight, and cross-calibration
factors between the PET scanner and the dose calibrator,
functional images of the standardized uptake value (SUV)
were also produced. SUV was defined as SUV = conc/
dose/weight, where conc is the radioactive concentration
in the tissue or lesion in MBq per gram, dose is the injected
dose of FDG in MBq, and weight is the patient’s body
weight in grams.

We placed a region of interest (ROI) on both sides of
cerebellum, basal ganglia, thalamus, frontal lobe, parietal
lobe, temporal lobe and occipital lobe, and determined
SUV in each ROI (Fig. 1). Furthermore, SUV was nor-
malized with ipsilateral cerebellum for comparison.

DATA ANALYSIS
Non-parametric analysis of variance (Kruskal-Wallis
method) was used to determine the significant difference
between groups. If a significant overall difference was
found, a Mann-Whitney U-test was performed to assess
the significant difference between individual groups. For
convenience, data are expressed as means ± S.E.M. A p-
value of less than 0.05 was considered to be significant.

RESULTS

(1)   Normalization of SUV
Figure 2a shows the SUV of ROIs in the right hemisphere
of each patient with generalized epilepsy. The level of
SUV varies in individual patients. Therefore, normaliza-
tion of SUV is required to compare these values between
them. Then, every SUV was normalized to ipsilateral
cerebellar SUV, and the differences between individuals
were resolved (Fig. 2b). Thus, normalization of SUV is
useful for this study, and the normalized SUV in patients
with generalized epilepsy and those in patients with
partial epilepsy were used to compare the data.

(2)   PET results
We demonstrated the presence of interictal glucose hy-
pometabolism in the bilateral basal ganglia in generalized
epilepsy compared to that in localization related epilepsy.
The normalized SUV in the bilateral basal ganglia in
generalized epilepsy were significantly lower than that in
partial epilepsy (right side: p = 0.0095, left side: p =
0.0256, Mann-Whitney test, Fig. 3a). No other regions
showed any significant difference (p > 0.05) between the
two groups (Fig. 3 b–f).

DISCUSSION

Advances in neuroimaging continue to resolutionize the
evaluation and management of patients with central ner-
vous system disorders. The impact in the management of
patients with seizures and epilepsy cannot be overempha-
sized, considering the high sensitivity and exquisite de-
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gree of anatomic resolution now available with different
imaging techniques. In neurology, one of the most widely
accepted uses of FDG-PET is in the field of epilepsy.11

Also, the interictal FDG-PET technique used in this study
is a sensitive technique to identify the functional deficit
zone in patients with focal epilepsy. It has been suggested
that the changes are more extensive than the structural and
EEG abnormalities. Nevertheless, when MRI is normal,
PET is able to aid in the localization.

Previously, however, few neuroimaging studies have
been performed in generalized epilepsy, and it is gener-
ally believed that patients with primary generalized epi-
lepsy have normal findings.12 Using FDG-PET, Theodore
et al. reported no significant interictal changes in glucose
metabolism in patients with absence seizures and tonic-
clonic generalized seizures.13 On the other hand, Swartz
et al. showed some degree of regional decrease in relative
glucose uptake in patients with juvenile myoclonic epi-
lepsy.14 Thus, localization and abnormality in glucose
metabolism in generalized epilepsy are still unclear.

In this study, we examined the interictal FDG-PET for
the evaluation of the original lesion in 11 children with
generalized epilepsy and compared with partial epilepsy.
Our study demonstrated the interictal glucose hypome-
tabolism in the bilateral basal ganglia in generalized
epilepsy compared to the basal ganglia in partial epilepsy.
Our results implicate the basal ganglia are related to
emergence of the generalized seizure. Because abnor-
malities of basal ganglia are bilateral and this abnormality
was not found in the control group, we suppose that there
is a basic mechanism of generalized epilepsy affecting the
function of bilateral basal ganglia. There have been no
reports of interictal glucose hypermetabolism of basal
ganglia in generalized epilepsy.

During the last two decades, there has been increasing
experimental evidence that the basal ganglia circuitry
may be a part of the remote control system influencing the
spread of epileptic seizures.15 The basal ganglia constitute
a major integrative system of the forebrain, critically
involved in the adaptive control of behavior.16,17 While
the basal ganglia have been considered to be essentially
involved in the control of movement, it is now accepted
that they contribute to a wide range of functions including
motor, cognitive, motivational and emotional aspects of
behavior.18,19 To achieve these functions, the basal gan-
glia process a considerable diversity of information
originating from the entire cerebral cortex including the
hippocampus, as well as the intralaminar and midline
thalamic nuclei and the amygdala. In turn, via their effer-
ent pathways, the basal ganglia control the excitability
of brainstem premotor networks and thalamic nuclei con-
nected to the motor, premotor, prefrontal and limbic areas
of the cerebral cortex.

PET studies of various neurotransmission systems in
epileptic patients have provided information about the
involvement of the basal ganglia in epilepsy. Most of

these studies have evaluated the GABAergic and dopa-
minergic systems.15 It seems reasonable to think that the
basal ganglia are involved in seizure propagation and that
dopamine may be important in this process, as well as in
determining the seizure threshold.20 Several authors have
suggested that the basal ganglia are involved in the control
of epileptic seizures.21 Clinical and electrophysiological
studies as well as experimental data have demonstrated
abnormalities of basal ganglia in generalized and partial
seizures.22 The present study clearly demonstrated hy-
pometabolism of glucose in basal ganglia in children with
generalized epilepsy.

However, in patients with untreated generalized epi-
lepsies such as childhood and juvenile absence epilepsy,
no significant change in benzodiazepine/GABA Type A
receptors was found in the thalamus, the basal ganglia, the
cerebellum or the occipital and parietal cortex, by [11C]
flumazenil-PET.23,24 Savic et al. reported a moderate
decrease of [11C]flumazenil binding in the thalamus of
patients with generalized tonic-clonic seizures.25 Thus,
the precise role of the subcortical structures is still contro-
versial, and further studies are needed to evaluate the
significance of abnormalities in the basal ganglia in gen-
eralized epilepsy and other different epilepsies.

In this report, we were concerned that some anti-
convulsive drugs might suppress brain metabolism and
affect our research into brain glucose hypometabolism
which is part of a FDG-PET study. Phenytoin (PTH)
clearly decreases cerebellum metabolism,26 and we com-
pared the values of cerebellum SUV in two patients,
Patient 8 and Patient 9, who used PTH, with other patients
who did not use PTH in a control group. The values of
SUV in the control group were 2.56 ± 1.4 and 2.56 ± 1.4
(mean ± S.D.), in Patient 8, 2.50 and 2.60, and in Patient
9, 4.59 and 4.94 (the right and left cerebellum, respec-
tively). We also examined the relationship between the
significant decrease in SUV and other anti-convulsive
drugs in the cerebellum and in other parts of the brain but
found no significant correlation (data not shown). These
data suggested that the anti-convulsive drugs adminis-
tered to our patients did not significantly suppress brain
metabolism which we evaluated using the FDG PET
technique.

In conclusion, our functional imaging study with FDG-
PET strongly suggests that the basal ganglia are involved
in epileptic seizures. These findings support the current
contention that the functional organization of the basal
ganglia can dynamically control generalized seizures
through their input-output relationships. Although many
aspects of the anatomy and physiology of this system have
now been clarified, allowing the emergence of basic
principles of organization, the precise contribution of the
basal ganglia to the propagation of epileptic activity is still
unclear. Further studies to evaluate the precise mecha-
nism of generalized epilepsy are needed.
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