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The subtraction of interictal from ictal SPECT coregistered to
3-dimensional (3D) MRI (SISCOM) and ®F-FDG PET are 2 tech-
niques that are involved in the definition of the epileptogenic
zone in refractory partial temporal lobe epilepsy (TLE). The aim
of this study was compare, region by region, the functional
patterns obtained by both strategies, SISCOM and PET, in
patients with unilateral TLE. Methods: Perfusion data using
SISCOM and metabolic data using 8F-FDG PET scans were
acquired from 17 patients with unilateral TLE. The functional
metabolism and perfusion maps were overlaid onto a 3D ren-
dering of the patient’s anatomic MRI scans. Results: The func-
tional patterns that were observed with PET and SISCOM were
found mainly in the ipsilateral and contralateral temporal lobes,
in the orbitofrontal and insular cortices. Despite the high rate of
concordance, in some cases discrepancies could be observed
between PET and SISCOM abnormalities: In the mesial regions,
as in the anterior neocortex, PET abnormalities were found more
frequently than SISCOM changes. SISCOM abnormalities were
found more frequently in the posterior temporal neocortex. In
the extratemporal cortex, SISCOM abnormalities were more
widespread. Conclusion: The marked rate of concordance be-
tween PET and SISCOM abnormalities observed in relatively
extensive regions shows that, in TLE, seizures were generated
and spread in metabolically abnormal regions.
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SPECT coregistered to 3-dimensional (3D) MRI (SISCOM)
have been used to image cerebral perfusion during seizures.
SPECT hyperperfusion has been clearly showi.) to be

a highly sensitive technique for the localization of an epi-
leptogenic zone.

Although both functional strategies have been used pri-
marily in the presurgical evaluation of TLE, and their po-
tentials evaluated individually, the correspondence between
local interictal hypometabolism and hyperperfusion occur-
ring during a seizure in the same patient has never been
clearly evaluated. The few studie$2{15) broaching this
subject were based on a global approach—that is, on later-
ality or on rough localization concordance (temporal vs.
extratemporal injury). The aim of this study was to estab-
lish, region by region, the concordance rates of these 2
noninvasive techniques in the evaluation of temporal and
extratemporal consequences in unilateral TLE. Recent stud-
ies have shown that increased glucose metabolih dr
decreased cerebral blood flot7¢19) could be noted in the
epileptogenic cortical areas. In this study, we have com-
pared only the interictal hypometabolism pattern with the
ictal hyperperfusion pattern.

MATERIALS AND METHODS

Patients
The population studied included 17 patients with medically
refractory epilepsy of temporal lobe origin who were undergoing

he potentials of noninvasive functional strategies tyesurgical evaluation (Table 1). Each patient underA#rEDG
localize the epileptogenic zone in refractory temporal lodeET and SISCOM in the presurgical evaluation. In addition, all

epilepsy (TLE) have become well established in the dia%
nostic evaluation of TLE patients considered for epiIep%
surgery (1,2). PET studies with®F-FDG have provided

atients underwent identical evaluation including medical, neuro-
gic, and neuropsychologic examinations; video-electroencepha-
graphic (EEG) monitoring; and brain MRI examinations. The
patient selection criteria for this analysis included medically in-

evidence of interictal hypometabolism in the epileptogenic, tapie unilateral TLE based on seizure semiology and ictal EEG

zone, with a sensitivity of 70%-90%246). Ictal SPECT studies and absence of visually detectable contralateral abnormal-
and, more recently, the subtraction of interictal from ictaly on high-resolution MRI.
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PET Data Acquisition

18F-FDG PET studies were performed using a high-resolution
head-dedicated PET camera (ECAT 953/31B; Siemens Medical
Systems, Iselin, NJ). This tomograph has a 5.8-mm in-plane and
5-mm axial resolution (20). For each patient, 31 transverse sec-
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TABLE 1
Study Population
SPECT
History Length of  Injection
Seizure Electroclinical data MRI or seizure in  delay of

Patient Age Febrile Age at  frequency neuropathologic ictal 99mTc-ECD
no. (y) Sex convulsion onset(y) (no./mo) Lateralization sSEEG Surgery data SPECT (s) (s)
1 4 M Yes 5 30 L temporal L dysplasia (pole) + 126 59

HS
2 30 M Yes 7 2 L temporal Yes Yes L HS 60 16
3 47 F 13 60 L temporal Yes L DNT (amygdala) 106 27
4 43 M Yes 6 30 R temporal Yes R HS 87 19
5 29 F Yes 12 8 R temporal R HS 70 28
6 35 F 15 2 R temporal Yes R cavernoma (T4) 82 7
7 21 M Yes 2 30 R temporal Yes R HS 80 44
8 40 F 6 10 L temporal Yes L HS 131 34
9 41 F 11 12 L temporal Yes L HS 190 26
10 25 M 7 8 L temporal Yes L HS 180 12
11 50 M Yes 34 15 R temporal Yes R HS 110 10
12 34 F 12 3 R temporal Yes R HS 88 10
13 26 M Yes 10 3 R temporal  Yes Yes R HS 92 13
14 68 F 25 2 R temporal R HS 60 7
15 19 M Yes 3 12 R temporal Yes Yes R cavernoma 120 28
(cingulum) + HS

16 24 F Yes 9 10 R temporal Yes Yes R HS 100 20
17 49 M Yes 4 3 R temporal Yes R HS 80 30

sEEG = stereo-electroencephalography; ECD = ethylcysteinate dimer; HS = hippocampal sclerosis; DNT = dysembryoplastic neuro-

epithelial tumor.

tions of the brain, 3.4 mm apart, were acquired simultaneously.
1BE-FDG was injected intravenously at a mean dose of 207
MB@/70 kg of body weight. Image acquisition was started 30 min
after the 18F-FDG injection and ended 20 min later. PET scanning
and injection of the tracer were conducted in a quiet, dimly lit
environment with minimal background noise. The subjects were
studied in an awake resting state, with eyes closed and ears
unplugged. During PET scanning the patients were carefully mon-
itored for head movements. Reconstructed images were corrected
for attenuation using 8Ga-%Ge transmission scans. These inves-
tigations took place during an interictal phase, ascertained by close
clinical supervision.

Before each PET study, the plane parallel to the long axis of the
hippocampus was determined individually on a T21-weighted
7-mm-thick parasagittal MR image as described (21). Briefly, the
angle between the MR axia plane and the hippocampal plane was
determined and then recorded on the patient's head with skin
markers. The head of the subject was then tilted in the MRI head
holder. To obtain a set of MRI scans superimposable on the PET
images, contiguous axia T1-weighted slices were then performed
in the hippocampal plane with aspecial 3.4-mm-thick diceinterval
(25-cm field of view, 2562 data matrix). PET images were then
replaced on MR images using an automatic 3D registration method
(Fig. 1) (22). In @l cases, regiona metabolic values were normal-
ized to the global cerebral activity.

SISCOM Data Acquisition

SPECT imaging studies were realized with alow-energy, high-
resolution, double-head camera (Helix; Elscint, Haifa, Israel) using
740-925 MBq %MT c-ethylcysteinate dimer ([ECD] Neurolite; Du-
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Pont Pharma, North Billerica, MA). The camera was operated in
the stop-and-shoot mode, with acquisitions at 3° intervals and a
total acquisition time of 30 min (120 projections, 642 matrix). The
total number of counts was 5 million. Slices were reconstructed by
filtered backprojection using a Metz filter (full width at half
maximum, 8 mm). The interictal studies were performed after a
24-h seizure-free period. Video-EEG recording was used before
and during isotope injection. For ictal studies, patients underwent
continuous video-EEG monitoring and the isotope was injected
immediately after the clinical onset of a seizure. Slices were
acquired 30 min after the injection of ECD. The MR studies used
for SISCOM were obtained with a 3D inversion-recovery gradient-
echo sequence, using a 25.6-cm field of view and a 1283 matrix.
SISCOM images were obtained on a C360 workstation (Hewlett-
Packard, Andover, MA) using the 3D medical image analysis
software MEDIMAX  (http://www-ipb.u-strasbg.fr/ipb/gitim). The
procedure consisted of 3 steps:

e SPECT-MRI registration. The icta and interictal SPECT
images were registered successively on the MRI using afully
automated data-driven registration algorithm. This algorithm
relies on a robust voxel similarity-based method that enables
accurate rigid registration of dissimilar multimodal 3D im-
ages (23).

e Ictal — interictal difference. To obtain the difference SPECT,
interictal SPECT images were first subtracted from ictal
SPECT images; each voxel value of this subtracted image
was then divided by the mean voxel value of the interictal
SPECT. The result was represented as a percentage of cere-
bral perfusion variation relative to the interictal SPECT.
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e Fusion of MRI and difference SPECT images (SISCOM). In
this study only positive variations have been retained to
create the SISCOM images (Fig. 1).

Data Analysis

All neuroimaging findings were interpreted independently by 2
experienced specialists without prior knowledge about the results
of electroclinical data. PET and SISCOM images were interpreted
on the basis of qualitative visual analysis, which took into account
several regions, including the temporal |obes, perisylvian regions,
frontal lobes, posterior regions, and subcortical structures. Regard-
ing the PET studies, the areawith the greatest decrease in ¥F-FDG
uptake relative to the intra- and interhemispheric metabolic pat-
terns was considered as the hypometabolic region. With respect to
the SISCOM studies, perfusion variations of =10% were regarded
as significant. Interobserver reliability was tested with a «k-test,
which showed an excellent agreement regarding the localization of
abnormalities (x = 0.96). The interrater concordance was 98%
(1335/1360 regions). In case of disagreement, both specialists
reviewed the scans and a consensus was obtained. The final results
are expressed as a percentage of the number of patients in whom
abnormalities have been found, either with PET and SISCOM,
PET alone, or SISCOM alone.

RESULTS

Temporal Abnormalities

In the ipsilateral hemisphere, mesial and polar functional
abnormalities were present in all patients, with the higher
rate of concordance between PET and SISCOM (82% and
100%, respectively) (Figs. 2A and 2B). In the ipsilatera
anterior temporal neocortex (Figs. 2B, 3A, and 3C), func-
tional abnormalities were found in >94% of the patients

PET anD SISCOM IN TEmPoraL LoBE EriLEPSY ¢ Bouilleret et d.

FIGURE 1. Images of representative pa-
tient. (A-C) First MRI (A), PET (B), and su-
perimposed MRI-PET (C). (D-F) Second
MRI obtained for SISCOM (D), difference
SPECT (E), and SISCOM (F).

(superior and middle temporal gyri = 94%; inferior tempo-
ral gyrus = 100%). The concordance between PET and
SISCOM dlso remained high in the anterior temporal neo-
cortex (superior and middle temporal gyri = 70.6%; inferior
temporal gyrus = 65%). The discrepancy between PET and
SISCOM abnormalities was in favor of PET, in the mesia
regions as in the anterior neocortex. In the ipsilateral pos-
terior temporal neocortex (Figs. 2D, 3B, and 3D), the rate of
abnormalities rose to >80%, with a concordance rate of
39% between PET and SISCOM. In case of discrepancy
between PET and SISCOM, SISCOM abnormalities were
more frequent. In the temporal contralateral side, functional
abnormalities occurred mainly in the mesial regions (85%)
and in the polar region (76%) but aso in the anterior
temporal neocortex (57%) and in the posterior neocortex
(29%). Therate of correlation between PET and SISCOM in
the anterior mesia region reached 65%. In case of discrep-
ancy between PET and SISCOM, PET abnormalities alone
were more frequent in the anterior temporal regions. Con-
versely, in the posterior temporal neocortex, SISCOM ab-
normalities were the most frequent.

Frontal Abnormalities

Frontal functional abnormalities occurred mainly in the
ipsilateral and contralateral orbitofrontal gyrus, with a high
rate of concordance between PET and SISCOM (Fig. 4A).
Abnormalities could also extend to the cingulate gyrus and,
to a lesser extent, to the prefrontal cortex and the polar
region. Most of these functional changes were evident
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FIGURE 2. PET and SISCOM abnormalities in ipsilateral and contralateral temporal lobe (M, PET and SISCOM abnormalities; E,
PET abnormalities alone; [], SISCOM abnormalities alone). (A) Mesial temporal structures. (B) Temporal pole. (C) Anterior part of
superior temporal gyrus. (D) Posterior part of superior temporal gyrus.

mainly with SISCOM in the ipsilateral and contralateral of concordance between PET and SISCOM. Functional
lobe (Figs. 4B and 4D). changes were aso found in the pre- and postcentral gyri on
Perisylvian Abnormalities both sides. In these regions, the rate of abnormalities re-

Functional changes in the insular gyri occurred on the vealed on PET and SISCOM or SISCOM aone was similar
ipsilateral and contralateral sides (Fig. 4C), with ahigh rate (Figs. 5A and 5B).
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FIGURE 3. PET and SISCOM abnormalities in ipsilateral and contralateral temporal lobe (l, PET and SISCOM abnormalities; E,
PET abnormalities alone; [], SISCOM abnormalities alone). (A) Anterior part of middle temporal gyrus. (B) Posterior part of middle
temporal gyrus. (C) Anterior part of inferior temporal gyrus. (D) Posterior part of inferior temporal gyrus. Functional changes
occurred mainly in polar, mesial, and anterior ipsilateral regions. Polar region displayed higher rate of concordance between PET
and SISCOM. In cases of discrepancy between PET and SISCOM, functional changes were in favor of PET in mesial and anterior
temporal neocortex. Conversely, in posterior part of temporal gyrus, SISCOM abnormalities alone were more frequent. Note
involvement of contralateral side in same way but to lesser extent.
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FIGURE 4.

PET and SISCOM abnormalities in ipsilateral and contralateral frontal and perisylvian regions (M, PET and SISCOM

abnormalities; E, PET abnormalities alone; [, SISCOM abnormalities alone). (A) Orbitofrontal gyri and gyrus rectus. (B) Frontal pole
and prefrontal cortex. (C) Insular gyri. (D) Cingulate gyrus. Note marked involvement of ipsilateral and contralateral orbitofrontal
gyrus (A) and insular cortex (C) with high rate of concordance between PET and SISCOM. In cases of spreading functional changes,

SISCOM abnormalities were more frequent (B and D).

Posterior Abnormalities

Functional changes occurred also on both sides in the
parietal region, the temporo—parieto—occipital junction and
the occipital cortex (Figs. 5C, 5D, and 6A). On the ipsi-
lateral side, the rate of concordance between PET and
SISCOM was similar in al of these anatomic regions,
except in the occipital cortex, where SISCOM changes were
higher. On the contralateral side, mainly SISCOM abnor-
malities were observed, whereas almost no changes were
observed with PET alone.

Subcortical Abnormalities

On theipsilateral side, functional abnormalitiesinvolving
the basal ganglia were noted in the caudate nucleus and in
the lenticular nucleus in 47% and 82.3% of the patients,
respectively, which were more frequently detected using
SISCOM aone (Figs. 6C and 6D). Thalamic functional
changes were found in 76.4% of the patients, and 35.3% of
these anomalies were detected with SISCOM and PET, and
29.4% were detected with only SISCOM (Fig. 6B). On the
contralateral hemisphere, functional abnormalities in the
basal ganglia were noted to a lesser extent than on the
ipsilateral side. As in the other hemisphere, these changes
were revealed primarily with only SISCOM. Thaamic
functional changes were found in 64.7% of the patients,
with abnormalities also observed primarily with SISCOM
alone.
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DISCUSSION

The main result of this study is the marked rate of
concordance between PET and SISCOM abnormalities in
patients with TLE with a unilateral lesion. The similarity
between the results was found despite the numerous factors
that can influence SISCOM data, such as heterogeneity of
the ictal symptoms or heterogeneity of the imaging timing
(pureictal or early postictal), which depends on the duration
of the seizures and on the uptake properties of the tracer
(i.e., uptake after the injection delay and the first pass of
blood through the brain capillaries, ~15 s). In this study the
functional patterns observed with PET and SISCOM oc-
curred mainly in the ipsilateral and contralateral temporal
lobes, in the orbitofrontal gyrus, and in the insular cortex.

In agreement with previous studies (7,24-27), the func-
tional changes observed in this study involved predomi-
nantly the temporal lobe but spread further out, mainly to
the orbitofrontal and insular cortices. Moreover, in these
regions, there is amarked correspondence between interictal
hypometabolism and ictal hyperperfusion. The concordance
between PET and SISCOM is 100% in the polar region;
73.6% in the ipsilateral, mesial, and anterior temporal neo-
cortex; and 65% in the contralateral mesial region. The high
rate of polar involvement underlines its predominant role in
TLE (28-31). The polar region has been shown to be
involved at the onset of temporal |obe seizures, which could

995


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

__ 100 A

2 <

g 807 e

g 60- 5

S 40 g

© 5

N BN B
Ipsilateral Contralateral Ipsilateral Contralateral

100 1 C 100 - D

2 80 - 2 80 A

2 2

5 60 - 5 60

S 40 S 40 -

o o

. 20 - . 20 1

) ) l l

Z 0 -——| | 1 . % 0 _& i .
Ipsilateral Contralateral Ipsilateral Contralateral

FIGURE 5. PET and SISCOM abnormalities in ipsilateral and contralateral central and posterior regions (M, PET and SISCOM
abnormalities; £, PET abnormalities alone; [, SISCOM abnormalities alone). (A) Precentral gyrus. (B) Postcentral gyrus. (C)
Superior and inferior parietal gyri. (D) Temporo—parieto-occipital junction. Rate of concordance between PET and SISCOM in pre-
and postcentral cortex (A and B), parietal region (C), and temporo—parieto—occipital junction (D) is similar. In cases of discrepancy
between these examinations, SISCOM abnormalities were found to predominate.

< 100, A 9
@ 80 -
5 o0
S 40 3
S 20 ‘ | 5
2 0 : . 2

Ipsilateral Contralgieral Ipsilateral Contralateral
~ —_ . D
< 1004 C < 100
o 80 E 80 -
S 60 5 60
S 40 - | S 40
S 204 © 20
Z 0 l 20 ‘

Ipsilateral Contralateral Ipsilateral Contralateral

FIGURE 6. PET and SISCOM abnormalities in ipsilateral and contralateral occipital and subcortical regions (B, PET and SISCOM
abnormalities; E, PET abnormalities alone; [, SISCOM abnormalities alone). (A) Occipital cortex. (B) Thalamus. (C) Caudate
nucleus. (D) Lenticular nucleus. SISCOM revealed mainly functional changes in basal ganglia (C and D) and thalamus (B). Such
changes occurred in ipsilateral and contralateral hemispheres. SISCOM abnormalities were found to predominate in occipital
regions (A).
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explain falure of selective amygdal ohippocampectomy.
The correlation rate between PET and SISCOM remains
high outside the temporal lobe, with 53% in the orbitofron-
tal cortex and the insula. Such a similar pattern between
interictal hypometabolism and ictal hyperperfusion suggests
a persistent dysfunction in these highly connected anatomic
regions (32,33). Thus, interictal dysfunction, observed in
the anterior part of the temporal lobe, the orbitofrontal
region, and the insula cortex, exists in most patients with
TLE and shares a predominant part in the epileptogenic
network.

In the mesial and the anterior temporal neocortex, PET
hypometabolism is more frequent than SISCOM hyperper-
fusion. Because only SISCOM hyperperfusion has been
considered in our study, hypoperfusion has been neglected.
This relative discrepancy between PET and SISCOM
changes in the epileptic focus can be in relation to seizure
propagation (19). In fact, ictal SPECT represents the perfu-
sion status when the radiotracer is being injected. During the
ictal period, the regional cerebral flow continues to change
because ictal discharge propagates. Thus, the initia ictal
zone could show hypoperfusion due to intraictal early ex-
haustion or a steal phenomenon from neighboring brain
regions where ictal discharges are propagated, whereas hy-
perperfusion would appear in the subsequently active zone
where ictal discharges build up. This explains the higher
rate of SISCOM abnormalities in the posterior temporal
region compared with PET data in our study. In the ipsilat-
eral posterior temporal neocortex and outside the temporal
lobe, SISCOM hyperperfusion was more widespread than
PET changesin most patients. Thisfinding probably reflects
the dynamic aspect of the seizure diffusion (recorded with
SISCOM) influenced by the duration of the seizure, the
propagation speed, and the pathway of ictal EEG dis-
charges. The variable moment of injection during the ictal
SPECT could aso play a role (10,12,34). Contralateral
SISCOM abnormalities probably reflect seizure propagation
from the ipsilateral hemisphere through the commissural
fibers.

Seizure propagation is also underlined by subcortical
involvement (35-38). Previous studies have suggested the
involvement of the basal ganglia and thalamus in the initi-
ation or the propagation of temporal |obe seizures. Simul-
taneous intracranial thalamic or basal ganglia and temporal
EEG recordings during seizure activity have shown electro-
graphic abnormalities involving the subcortical structures
(39). It remains possible that thalamic activity could regu-
late epileptic activity in TLE. Such a hypothesis is sup-
ported by increased thalamic synaptic activity during vagus
nerve stimulation, producing antiseizure effects (40). Sub-
cortical involvement during the ictal phase could provide
preferential pathways for the propagation of ictal activity
from mesial sites and could regulate the excitability of the
side to which seizures spread (39).

PET anD SISCOM IN TEMPORAL LoBe EriLEPSY ¢ Bouilleret et dl.

CONCLUSION

Interictal hypometabolic areas correlate very well with
ictal hyperperfused regions in TLE (such as ipsilateral and
contralateral temporal, orbitofrontal, and insular regions).
Do al of these regions correspond to the epileptogenic
zone? Further studies with stereo-EEG correlation are nec-
essary to answer this question, which is important from a
surgical point of view.
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