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STATISTICAL VOXEL-WISE ANALYSIS OF ICTAL SPECT
REVEALS PATTERN OF ABNORMAL PERFUSION IN
PATIENTS WITH TEMPORAL LOBE EPILEPSY

Bdrbara Juarez Amorim’, Elba Cristina Sa de Camargo Etchebehere?,
Edwaldo Eduardo Camargo?®, Pablo Augusto Rio* Leonardo Bonilha®,

Chris Rorden®, Li Min Li’, Fernando Cendes?®

ABSTRACT - Objective: To investigate the pattern of perfusion abnormalities in ictal and interictal brain
perfusion SPECT images (BSI) from patients with temporal lobe epilepsy (TLE). Method: It was acquired
interictal and ictal BSI from 24 patients with refractoryTLE. BSIs were analyzed by visual inspection and
statistical parametric mapping (SPM2). Statistical analysis compared the patients group to a control group
of 50 volunteers. The images from patients with left-TLE were left-right flipped. Results: It was not ob-
sened significant perfusional differences in interictal scans with SPM. Ictal BSI in SPM analysis revealed hy-
perperfusion within ipsilateral temporal lobe (epileptogenic focus) and also contralateral parieto-occipi-
tal region, ipsilateral posterior cingulate gyrus, occipital lobes and ipsilateral basal ganglia. Ictal BSI also
showed areas of hypoperfusion.  Conclusion: In a group analysis of ictal BSI of patients with TLE, voxel-
wise analysis detects a network of distant regions of perfusional alteration which may play active role in
seizure genesis and propagation.
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Analise estatistica baseada em voxel do SPECT ictal revela um padrao de alteracao perfusional
em pacientes com epilepsia de lobo temporal

RESUMO - Objetivo: Investigar o padrdo de anormalidades perfusionais no SPECT de perfusdo cerebral
(SPC) ictal e interictal na epilepsia de lobo temporal (ELT). Método: Foram realizados SPCs ictal e interic-
tal de 24 pacientes com ELT que foram analisados visualmente e com o statistical parametric mapping
(SPM2). A anélise estatistica comparou o grupo de pacientes versus um grupo controle de 50 voluntarios.
Resultados: Na analise do SPM nao foram observadas diferencas significativas no grupo de SPC interictal.
No grupo de SPC ictal o SPM revelou hiperperfusdo no lobo temporal ipsilateral (foco epileptogénico) e
também na regido parieto-occipital contralateral, porcao posterior do cingulo ipsilateral, lobos occipitais
e nucleos da base ipsilateral. O SPC ictal também mostrou areas de hipoperfusdo. Conclusdo: Em uma
andlise de grupo do SPC ictal de pacientes com ELT, a analise baseada em voxel detecta uma rede de alte-
racdo perfusional em regides distantes que pode ter uma func¢do ativa na origem e propagagdo das crises.

PALAVRAS-CHAVE: Perfusao cerebral, SPECT, SPM, crises epilépticas, epilepsia.

Epilepsy affects 0.5 to 1% of the world popula-
tion'. Anti-epileptic drugs successfully control sei-
zures in most patients with epilepsy. Surgical treat-
ment of epilepsy is a therapeutic option for those
patients who do not achieve a seizure - free status
with medication and have a focal brain lesion ac-

counting for the origin of seizures. Medial tempo-
ral lobe epilepsy (TLE) is both the most frequent
formof epilepsy as well as the form that accounts
for the majority of epilepsy patients submitted to
surgery, which is performed by hippocampal re-
moval. Histological analysis of the specimen resect-
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ed reveals hippocampal sclerosis in nearly 60% in
patients with medial TLE2. The success of the surge-
ry relies on techniques that help identify the source
and side of the seizures. Brain perfusion SPECT (sin-
gle photon emission computed tomography) is an
accurate method for detecting the seizure origin.

Two common brain perfusion SPECT radiotrac-
ers used for identifying the origin of seizures are
9mMTc-HMPAO (hexamethyl-propyleneamine-oxime)
and *mTc-ECD (ethyl-cysteinate-dimer). Both are
lipophilic amines that are able to cross the blood-
brain barrier with extraction rate of approximate-
ly 100% after 2 minutes for ®"Tc-HMPAO and 95%
after 20 seconds for **"Tc-ECD. **™Tc-ECD has the
advantage of a higher chemical stability after pre-
paration (6 hours compared to only 30 minutes for
9mTc-HMPAO). Visual inspection of brain perfusi-
on SPECT images (BSI) is a common method for iden-
tifying the epileptogenic focus. Classically, this re-
gion appears hypoperfused in the interictal study
and becomes hyperperfused in ictal study. The spe-
cificity of this combination is nearly 100%. The as-
sessment of interictal BSIs alone has a sensitivity
of 44% to detect the source of seizures in patients
with TLE, while the sensitivity of the evaluation of
the ictal study alone has a sensitivity of up to 96%3.
In the ictal study, the radiotracer is injected early in
a seizure, and BSlI is acquired after the seizure has
ceased. In these ictal images, the source of the sei-
zureshows stronger uptake of the radiotracer due
to its increased metabolic demand and therefore
augmented perfusion. In addition to visual inspec-
tion, BSl is also suitable for statistical analysis. Sta-
tistical analysis of BSI has been used to analyze the
regions of the brain that show diff e rences in per-
fusion in pathologies such as Alzheimer’s disease?,
systemic lupus erythematosus® and in the evalua-
tion of epileptic foci in BSI®®E,

In the present study, we conducted a statistical
voxel-wise analysis of BSI comparing images from
patients with chronic refractoryTlE with images
from age-matched neurologically healthy controls.
Our aim was to identify the pattern of hyperperfu-
sion and hypoperfusion revealed by ictal and inter-
ictal BSI. We hypothesized that, as a group, pa-
tients with TLE show significant hyperperfusion
involving the medial portion of the temporal lobe
and its connections.

METHOD

This study complies with the current laws of Brazil
and had the previous approval of the Ethics Committee
of the School of Medical Sciences, Campinas State Uni-
versity (UNICAMP), Campinas, Brazil.

Patients and control group — Twenty-four patients
with chronic drug-refractory TLE were studied (16 wo-
men, 8 men; mean age: 26 years). All patients had a clini-
cal diagnosis of TLE as assessed by ictal and interictal
EEG. All patients had a structural abnormality in the
temporal lobe demonstrated by magnetic resonance
imaging (MRI). Lateralization of the epileptogenic focus
was based on matching the clinical data, EEG findings
and MRI. Histopathological analysis and surgical outco-
me data were used to confirm the localization of the
epileptogenic focus. The control group for the statisti-
cal parametric mapping (SPM) consisted of 50 healthy
volunteers with ages between 25 and 49 years, mean
age 30 years, 29 women and 21 men.

Electroencephalography - All patients underwent
serial routine EEG recordng using the 10-20 system with
additional anterior temporal and zygomatic electrodes.
They were also submitted to long-term-video-EEG moni-
toring with scalp electrodes for seizure recording.

Magnetic resonance imaging (MRI) — MRI was per-
formed in a 2.0 T scanner (Elscint Prestige, Haifa, Israel)
using a protocol that consisted of: a) sagital T1 spin-
echo, 6 mm thick (TR= 430, TE=12) for optimal orientati-
on of the subsequent images; b) coronal T1 inversion
recovery(IR), 3 mm thick (flip angle=2000; TR=2700, TE=
14, T1=840, matrix=130x256, FOV=16x18 cm); c) coronal
T2-weighted "fast spin-echo" (FSE), 3-4mm thick (flip
angle=120°, TR=4800, TE=129, matrix=252x320, FOV
=18x18 cm); d) axial images parallel to the long axis of
the hippocampus; T1 gradient echo (GRE), 3mm thick
(flip angle=70°, TR= 200, TE= 5, matrix=180x232, FOV
=22x22 cm); e) axial T2 FSE, 4mm thick (flip angle=120¢°,
TR=6800, TE=129, matrix=252x328, FOV=21x23 cm); f)
volumetric (3D) T1 GRE, acquired in the sagital plane
for multiplanar reconstruction, 1 mm thick (flip angle=35°,
TR=22, TE=9, matrix=256x220, FOV=23x25 cm).

Visual analysis of MRl and multi-planar reconstruc-
tion were systematically performed in a workstation (02
Silicon Grafic) using the Omnipro software (Elscint Pres-
tige, Haifa, Israel).

Brain perfusion SPECT imaging (BSI) acquisition —Both
interictal and ictal studies were acquired for all patients.
For all the control participants as well as for the patients’
interictal scans, the participants were asked to rest in a
dark, quiet room for 15 minutes, with a permanent intra-
venous access through a butterfly connected to a catheter
with saline solution. While at rest, 1110 MBq (30 mCi) of
9mTc-ECD were injected. The participants rested for anoth-
er 10 minutes prior to BSI acquisition.

The ictal BSls were acquired after a spontaneous sei-
z ure. Patients were asked to rest while continuous EEG
and video were recorded. Patients remained with a per-
manent intravenous access through a butterfly connect-
ed to a catheter with saline solution. To ensure a fast
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injection of the radiopharmaceutical the syringe was
connected to the catheter and protected with a lead
shield. Upon seizure onset, 1110 MBq (30 mCi) of 99mTc-
ECD were injected as fast as possible. Seizures were con-
firmed by EEG and video recordings. BSIs were acquired
after the seizure had ended.

BSI was performed in a computed scintillation cam-
era with a fan-beam collimator. Sixty images were ac-
quird in a 64 x 64 matrix, every 6 degrees, in a total of
360 degrees. Raw data were reconstructed by filtered
back projection and attenuation correction was perfor-
med using Chang’s method with a 0.115 attenuation
coefficient. Images were displayed in the transaxial, co-
ronal and sagital planes for interpretation. The mean
time of the radiotracer injection was 16 seconds (from
4 to 40 seconds).

BSlI visual analysis — Qualitative analysis was perfor-
med by two experienced nuclear physicians who sear-
ched for hypoperfusion or hyperperfusion areas in BSI.
This was done through the comparison of the perfusion
in cortical and subcortical regions with the perfusion in
the cerebellum.

BSl statistical analysis — The reconstnucted BSls were
converted into Analyze format using MRIcro software
(www.mricro.com). Voxel-based analysis was performed
using SPM2 (Wellcome Department of Cognitive Neuro-
logy, www.fil.ion.ucl.ac.uk). To allow group comparison,
the size and shape of each individual’s scans were nor-
malized to stereotaxic space (warping each image to
match the default PET template that is distributed with
SPM2). This process involves a 12 parameter linear trans-
formation. The normalized images were smoothed by
convolution with an Isotropic Gaussian Kernel (FWHM)
of 6mm. The **"Tc-ECD distribution was standardized to
the mean global uptake using a proportional scale.

The patients were divided into two groups: right and
left epileptogenic focus. The five patients who had bilat-
eral epileptogenic foci were classified as right or left by
the video and EEG analysis during the seizure of the ic-
tal BSI. The BSIs from patients with left epileptogenic
focus were left-right flipped, in order to render possi-
ble to evaluate all MTLE patients in a single group.

Statistical analysis was performed by comparing both
the ictal and the interictal studies with the control group.
Comparisons between groups were performed using a
non-paired two sample t-test. In order to control for fa-
milywise errors due to multiple comparisons, we appli-
ed a false discovery rate (FDR) statistical threshold of p
< 0.05 and of p < 0.01.

RESULTS

Patient group — Based on the clinical history, EEG
and MR, ten patients were classified as having a
right temporal lobe foci, nine as having a left tem-
poral lobe foci and five as having bilateral epilep-

togenic foci. Three of them (pts. # 3, 12 and 16) had
predominance of hippocampal atrophy and sig-
nal changes on MRI in one side, ipsilateral to the
video-EEG results and ictal brain perfusion SPECT
hyperperfusion. The other two patients (pts. # 1
and 22) were classified as right or left by the video-
EEG recording at the time of injection for ictal BSI.

Among the 24 patients studied, 19 were sub-
mitted to surg ery. Histopathological analysis sho-
wed medial temporal sclerosis in 10 patients, sub-
pial gliosis in 2 patients, a glial nodule in 1 patient
and a ganglioglioma in 1 patient. In 5 patients, the
sample was not sufficient for proper histopatho-
logical evaluation. The mean follow-up period after
surgery was 40 months (3 months to 6 years). Four-
teen patients (74%) were classified as Engel class |,
four patients (21%) as Engel class Il and one (5%)
as Engel class IlI1°.

Two patients were submitted to two surgeries
(pts. # 2 and 9) (Table 1). One patient (pt. # 9) per-
sisted with seizures after the first surgery and was
submitted to another surgery to widen the mar-
gins of the resection. This patient was classified as
Engel class Il after the second surgery. One patient
(pt. # 2) had a ganglioglioma and began with sei-
zures three years after surg e ry due to incomplete
resection of the tumor. This patient was operated
on again, being re-classified as Engel class IB. Three
patients (pts. # 3, 12 and 16) that were classified
as having bilateral epileptogenic foci were opera-
ted on because they had predominance of EEG
and MRI findings on one side. After surgery one
patient (pt. # 3) became seizure free (Engel class
1), one patient remained with rare seizures (Engel
class l1A) (pt. # 16) and one patient remained in
Engel class lll (pt. # 12).

Five patients are still waiting for surgery (pts.
#1,5, 11,19 and 22). They all showed concordant
seizureonset lateralization by MR, video EEG and
ictal BSI.

Visual analysis of brain perfusion SPECT imag -
ing (BSI) — Table 2 displays the findings of the visu-
al analysis of ictal BSI. All patients had hyperperfu-
sion in the epileptogenic focus as determined by
clinical-EEG investigation and surgery. Hyperper-
fusion was also detected in the ipsilateral basal
ganglia in thirteen patients and in two patients
bilateral basal ganglia hyperperfusion was also
noted. Other areas of hyperperfusion were obser-
ved on visual analysis: ipsilateral (2/24), contralate-
ral (1/24) and bilateral thalami (2/24); contralater-
al (1/24) and ipsilateral cerebellar hemisphere (1/24)
and contralateral temporal lobe (1/24).
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Table 1. Patient data.

Patient Age Sex Side Histopathology MRI Visual analysis

(years) (epilept. focus)
1 13 F B - MTS R
2 2 F L GG CL L
3 45 F B (+L) MTS MTS L
4 42 F MTS MTS L
5 19 M L - nl L
6 36 F R MTS MTS R
7 17 F R MTS MTS R
8 33 F R SPG MTS R
9 28 M L IM nl L
10 31 F R MTS MTS R
1 9 M L - MTS L
12 45 M B (+R) SPG MTS R
13 6 F R MTS MTS R
14 41 F R IM MTS R
15 26 M R MTS MTS R
16 43 F B (+L) IM MTS L
17 41 F R MTS MTS R
18 32 F L GN MTS L
19 21 M L - MTS L
20 10 M R IM D R
21 20 M L MTS MTS L
22 32 F B - MTS L
23 17 F R IM MTS R
24 16 F L MTS MTS L

F, female; M, male; B, bilateral; L, left; R, right; MTS, medial temporal sclerosis; SPG, subpial
gliosis; CL, cystic lesion; IM, insufficient material; TD, temporal dysplasia; GG, ganglioglioma;
nl, normal; GN, glial nodule; +L or +R, more intense at left or right side.

Table 2. Visual analysis of ictal brain perfusion SPECT: areas of hyperperfusion.

Areas Number of patients

Temporal lobe (seizure focus) 24

—_
w

Ipsilateral basal ganglia

Bilateral basal ganglia

Ipsilateral thalamus

Bilateral thalami

Contralateral thalamus

Ipsilateral cerebellar hemisphere
Contralateral cerebellar hemisphere
Contralateral temporal lobe

- a a s NNN

Table 3. SPM in ictal brain perfusion SPECT: areas of hyperperfusion p(FDR) < 0.05.

Brain region Z score p (FDR)
Temporal lobe (seizure focus) 5.96 0.001
Contralateral parieto-occipital region 4.30 0.003
Ipsilateral posterior cingulate gyrus 4.22 0.005
Contralateral occipital lobe (calcarine sulcus) 3.64 0.026
Ipsilateral occipital lobe 3.51 0.037

Ipsilateral basal ganglia 3.43 0.046
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Fig 1. Statistical maps comparing ictal BSI from patients to BSI from neurologically healthy controls. The top row shows the regions
with most significant hyperperfusion in orange-red (temporal lobe, contralateral parieto-occipital region, ipsilateral posterior cingu -
late gyrus and contralateral occipital lobe), while the lower row shows the regions of most significant relative hypoperfusion in
blue (bilateral medial frontal lobes, posterior region of cingulated gyrus, lateral region of the ipsilateral frontal lobe and vermis).

Table 4. SPM in ictal brain perfusion SPECT: areas of hypoperfusion p(FDR) < 0.05.

Brain region Z score p (FDR)
Medial frontal lobes (bilateral) 4.66 0.009
Posterior region of cingulate gyrus (bilateral) 4.10 0.010
Ipsilateral frontal lobe (lateral region) 4.05 0.010
Vermis 3.88 0.012
Ipsilateral cerebellar hemisphere 3.76 0.014
Ipsilateral orbito-frontal region 3.73 0.015
Contralateral cerebellar hemisphere 3.36 0.029

Interictal SPM — Comparison of the data from
contrd participants and patients with TLE did not
reveal a significant hypoperfusion on the interic-
tal study at a FDR threshold of p < 0.05.

Ictal SPM — Table 3 displays the SPM ictal BSI
findings. Using a p (FDR) < 0.05, the most signifi-
cant hyperperfusion was found in the temporal
lobe (Zscore = 5.96) (Figure 1). Hyperperfusion was
also noted in the contralateral parieto-occipital
region (Z score= 4.30), in the ipsilateral posterior
cingulate gyrus (Z score = 4.22), occipital lobes (Z
score= 3.64 for the contralateral occipital lobe; Z
score = 3.51 for the ipsilateral side) and ipsilateral
basal ganglia (Z score = 3.43). Hyperperfusion of

the contralateral cerebellar cortex was not observ-
ed even when the statistical threshold was reduced
to a more liberal p (FDR) < 0.1. Some of these find-
ings are illustrated in Figure.

For a p value (FDR) < 0.01, only three regions
of hyperperfusion were observed: the temporal
lobe with the highest Z score (5.96), the contralate-
ral parieto-occipital region and the posterior re-
gion of the ipsilateral cingulated gyrus.

Regions of relative hypoperfusion were also
evaluated (Table 4). A large area of hypoperfusion
with the highest Z score, was observed in the medi-
al portion of the frontal lobes bilaterally (Z score=
4.66) (Figure). Hypoperfusion in the posterior por-
tion of the cingulate gyrus (Z score= 4.10), in the



982 Arqg Neuropsiquiatr 2005;63(4)

lateral portion of the ipsilateral frontal lobe (Z sco-
re = 4.05), the cerebellar vermis (Z score= 3.88),
cerebellar hemispheres (Z score= 3.76 ipsilateral
hemisphere; Z score= 3.36 for the contralateral
hemisphere) and the ipsilateral orbito-frontal re-
gion (Z score = 3.73) were also noted.

DISCUSSION

Voxel-based statistical analysis with SPM has
been used for analyses of different neuroimaging
modalities'®'2. This method of imaging analyses
has the advantage of being fully automated and,
therefore free of operator bias. A previous study
using voxel-based morphometry in MRI of patients
with mesial TLE showed reduced gray matter con-
centration in the epileptogenic region (hippocam-
pus), and also in extra-temporal regions such as
parahippocampal gyrus, subcortical nuclei, cerebel-
lum, and parieto-occipital regions, suggesting an
anatomical route for atrophy'2.

We observed that voxel-wise group analysis of
ictal BSIs of patients with TLE reveals significant
hyperperfused brain regions that concurs with the
region that the electrophysiology study indicates
as the seizure onset, i.e., the temporal lobe. More-
over, voxel-wise statistical analysis is able to discri-
minate hyperperfusion and hypoperfusion regions
beyond the anatomic site of seizure onset. Statis-
tical analysis found any regions of perfusion abnor-
malities when comparing controls to interictal BSI
from patients with TLE. This result is in agreement
with the literature that has shown a low sensitivi-
ty for interictal BSI study alone3.

In the present study, hyperperfusion in the ipsi-
lateral basal ganglia was noted. This finding has
been reported before in qualitative BSI analyses stud-
ies'*>, These and other regions of hypemerfusion
such as the contralateral temporal lobe, the basal
ganglia bilaterally and the frontal and parietal lobes
have been detected. Increased perfusion in these
regions may be due to spread of increased neuronal
activity triggered by the epileptogenic focus.

Hyperperfusion of the contralateral occipito-
parietal region and the posterior portion of the ipsi
lateral cingulate gyrus were also noted in the pres-
ent study. A previous study® observed parietal hy-
perperfusion in a few patients using SPM96 when
comparing each individual ictal BSI with their in-
terictal group. These authors believed that the fin-
dings of extra-temporal hyperperfusion at a low-
er threshold could be a false-positive result or arap-

id propagation of seizure discharge. In the present
group study, hyperperfusion of the contralateral
occipito-parietal region and the posterior portion
of the ipsilateral cingulate gyrus were clearly obser-
ved, probably due to rapid seizure propagation,
which is in agreement with the principle of neural
networks in epilepsy’s. These results were obser-
ved even when using more rigorous thresholds (p <
0.01 with FDR). FDR is a tool that minimizes false
positive results, and is not available in previous ver-
sions of SPM.

The basal ganglia have many connections with
the frontal and temporal lobes and thus hyperper-
fusion of the basal ganglia is probably secondary
to subcortical activation from the cortical focus
through corticostriate connections''8. Because of
the clustering of corticopontocerebellar fibers in
the basal ganglia, activation of the basal ganglia
from temporal lobe seizures may stimulate these
corticopontocerebellar fibers causing hyperperf u-
sion on the contralateral cerebellar cortex. Hyper-
perfusion in the contralateral cerebellar hemisphe-
re has been reported in the literature''%2°. Marks,
et al.?’ obsened that most contralateral cerebel
lar hyperperfusion occurred contralateral to frontal
lobe hyperperfusion. These findings were also ob-
senved by Shin, et al.”>. These authors found that
contralateral cerebellar hemisphere hyperperf u-
sion occurred more often in MTLE seizures associa-
ted with frontal hyperperfusion. We did not find
cerebellar or frontal lobe hyperperfusion. On the
contrary our results showed cerebellar and frontal
lobe hypoperfusion, as also observed by Van Paes-
schen, et al.Z2.

In the present study, bilateral occipital lobe hy-
perperfusion was noted when comparing ictal ima-
ges to images from control participants. This find-
ing was previously noted by Van Paesschen, et al.??
during a statistical voxel-wise paired comparison
between ictal with interictal BSI. They believed that
this finding was explained by a relative occipital
hypoactivation during interictal injection with eyes
open in a dimly lit environment as opposed to ictal
injection that happened in a fully illuminated ro-
om. In our study, even though the ictal BSI was com-
pared to a control group and not with the interic-
tal study, the same explanation is valid, due to the
fact that radiotracer injection during seizure was
performed with the patients’ eyes open, in con-
trast to the control group, who remained in a dark,
quiet room. Another hypothesis for occipital hyper-
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p erfusion could be seizure spread from the epilep-
togenic focus.

Ipsilateral frontal lobe hypoperfusion has been
p reviously observed by some authors?>?4, In the pre-
sent study bilateral frontal lobe hypoperfusion simi-
lar to the study of Van Paesschen, et al.?2 was ob-
served. They?? suggested three possible explana-
tions for this finding: a steal phenomenon, absence
of active frontal lobe cognitive process or ictal surro-
und inhibition. They also reported hypoperfusion
of the contralateral cerebellar hemisphere, and be-
lieved that it could be secondary to a diaschisis relat-
ed to the ipisilateral frontal lobe hypoperfusion.
We found bilateral cerebellar hypoperfusion which
was probably related to a diaschisis secondary to
the bilateral frontal lobe hypoperfusion.

However, some caution should be noted in in-
terpreting these regions of hypoperfusion. There
is clear evidence from EEG and calibrated BSI that
neural activity and global perfusion increase dur-
ing the early phase of a seizure. Yet, in our analy-
sis we calibrated the overall cerebral perfusion lev-
els to be equal across all scans (minimizing variabi-
lity due to bolus uptake). Therefore hypoperfu-
sion may be relative to other regions with extreme-
ly high levels of ictal perfusion. In addition, the areas
of ictal onset and seizure propagation vary across
patients and a group analysis may underestimate
areas of hyperperfusion. Therefore, the results pre-
sented in this study are preliminary and a next step
should be an analysis of each individual patient to
control group using the FDR method.

We demonstrated that group voxel-wise analy-
sis is able to identify the temporal lobe hyperperfu-
sion associated with seizure onset in patients with
TLE. Moreover, we demonstrated that areas beyo-
nd the seizure onset zone, which are functionally
and anatomically connected to the medial portion
of the temporal lobe, also exhibit increased perf u-
sion. This finding is in accordance with the notion
that a neuronal network involving the medial por-
tion of the temporal lobe and the limbic system is
activated during seizures in patients with MTLE,
playing a role in the pathophysiology of the dis-
ease’®. We also observed that significant hypoper-
fusion occurs in other brains areas that are possibly
not recruited, or inhibited by seizure discharges.

In conclusion, a voxel-wise analysis of ictal BSI
from a group of patients with TLE, demonstrated
a network of distant regions of perfusional altera-
tion which may play active role in seizure genesis
and propagation.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

REFERENCES

Sander JWA, Shorvon SD. Incidence and prevalence studies in epilep-
sy and their methodological problems: a review. ] Neurol Neurosurg
Psychiatry 1987;50:829-839.

Babb TL, Brown W], Pretorius J, Davenport C, Lieb JP, Crandall PH.
Temporal lobe volumetric cell densities in temporal lobe epilepsy. Epi-
lepsia 1984;25:729-740.

Devous MD, Thisted RA, Morgan GE Leroy RE Rowe CC. SPECT brain
imaging in epilepsy: a meta-analysis. ] Nucl Med 1998;39:285-293.
Imran MB, Kawashima R, Awata S, et al. Parametric mapping of cerebral
blood flow deficits in Alzheimer’s disease: a SPECT study using HMPAO
and image standardization technique. ] Nucl Med 1999;40:244-249.
Jong BM, Pruim J, Sinnige LGE et al. Regional specific changes of cere-
bral metabolism in systemic lupus erythematosus identified by positron
emission tomography. Eur Neurol 1999;41:187-193.

Lee JD, Kim HJ, Lee BI, Kim O], Jeon TJ, Kim M]. Evaluation of ictal
brain SPET using statistical parametric mapping in temporal lobe epi-
lepsy. Eur ] Nucl Med 2000;27:1658-1665.

Lee DS, Lee JS, Kang KW, et al. Disparity of perfusion and glucose me-
tabolism of epileptogenic zones in temporal lobe epilepsy demonstrat-
ed by SPM/SPAM analysis on O water PET, [18F]JFDG-PET, and
[*mTc]-HMPAO SPECT. Epilepsia 2001;42:1515-1522.

Chang DJ, Zubal IG, Gottschalk C, et al. Comparison of statistical
parametric mapping and SPECT diffe rence imaging in patients with
temporal lobe epilepsy. Epilepsia 2002;43:68-74.

Engel JJr, Ness PCV, Rasmussen T, Ojeman LM. Outcome with respect
to epileptic seizures. In Engel JJr (ed). Surgical treatment of epilepsies.
New York: Raven Press; 1993:609-621.

Signorini M, Paulesu E, Friston K, et al. Rapid assesment of regional
cerebral metabolic abnormalities in single subjects with quantitative
and nonquantitative [18F]JFDG PET: a clinical validation of statistical
parametric mapping. Neuroimage 1999;9:63-80.

Van Bogaert P, Massager N, Tugendhaft P, et al. Statistical parametric
mapping of regional glucose metabolism in medial temporal lobe
epilepsy. Neuroimage 2000;12:129-138.

Bonilha L, Rorden C, Castellano G, et al. Voxel-based morphometry re-
veals gray matter network atrophy in refractory medial temporal lobe
epilepsy. Arch Neurol 2004;61:1379-1384.

Shin WC, Hong SB, Tae WS, Seo DW, Kim SE. Ictal hyperperfusion of
cerebellum and basal ganglia in temporal lobe epilepsy: SPECT subtrac-
tion with MRI coregistration. ] Nucl Med 2001;42:853-858.

Shin WC, Hong SB, Tae WS, Kim SE. Ictal hyperperfusion patterns ac-
cording to the progression of temporal lobe seizures. Neurology 2002;
58:373-380.

Newton MR, Berkovic SF, Austin MC, Reutens DC, McKay WJ, Bladin
PF. Dystonia, clinical lateralization, and regional blood flow changes
in temporal lobe seizures. Neurology 1992;42:371-377.

Spencer SS. Neural networks in human epilepsy: evidence of and impli-
cations for treatment. Epilepsia 2002;43:219-227.

Dupond S, Semah F, Baulac M, Samson Y. The underlying pathophysiolo-
gy ofictal dystonia in temporal lobe epilepsy. Neurology 1998,51:1289-1292.
Yang CR, Mongenson GJ. An electrophysiological study of the neural
projection from the hippocampus to the ventral pallidum and the
subpallidal areas by way of the nucleous accumbens. Neuroscience
1985;15:10015-1024.

Bohnen NI, O’Brien TJ, Mullan BP, So EL. Cerebellar changes in par-
tial seizures: dlinical correlations of quantitative SPECT and MRI analy-
sis. Epilepsia 1998;39:640-650.

Won JH, Lee JD, Chung TS, Park CY, Lee BI. Increased contralateral
cerebellar uptake of technetium-99m-HMPAO on ictal brain SPECT. J
Nucl Med 1996;37:426-429.

Marks DA, Katz A, Hoffer P, Spencer SS. Localization of extratempo-
ral epileptic foci during ictal single photon emission computed tomogra-
phy. Ann Neurol 1992;31:250-255.

Paesschen WV, Dupont P, Driel GV, Billoen HV, Maes A. SPECT perfu-
sion changes during complex parcial seizures in patients with hippo-
campal sclerosis. Brain 2003;126:1103-1111.

Menzel C, Grunwald E Klemm E, Ruhlmann J, Elger CE, Biersack HJ.
Inhibitory effects of medial temporal partial seizures onto frontal neocor-
tical structures. Acta Neurol Belg 1998; 98: 327-331.

Rabinowicz AL, Salas E, Beserra E Leiguarda RC, Vazquez SE. Changes
in regional cerebral blood flow beyond the temporal lobe in unilater-
al temporal lobe epilepsy. Epilepsia 1997;38:1011-1014.



