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ABSTRACT – For patients with focal epilepsy scheduled for surgery, includ-
ing MRI-negative cases, 18FDG-PET was shown to disclose hypometabolism
in the seizure onset zone. However, it is not clear whether grey mat-
ter hypometabolism is informative of the integrity of the surrounding
white matter cerebral tissue. In order to study the relationship between
metabolism of the seizure onset zone grey matter and the integrity of
the surrounding white matter measured by diffusion tensor imaging (DTI),
we performed a monocentric prospective study (from 2006 to 2009) in
15 children with pharmacoresistant focal epilepsy, suitable for interictal
18FDG-PET, T1-, T2-, FLAIR sequence MRI and DTI. Children had either pos-
itive or negative MRI (eight with symptomatic and seven with cryptogenic
epilepsies, respectively). Seven children subsequently underwent surgery.
Standardised uptake values of grey matter PET metabolism were compared
with DTI indices (fractional anisotropy [FA], apparent diffusion coefficient
[ADC], parallel diffus
ficient [TDC]) in gre
white matter, using re
sulcal and gyral parc
white matter ADC, P
684/ep
d

.2012.0547
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ion coefficient [PDC], and transverse diffusion coef-
y matter within the seizure onset zone and adjacent
gions of interest automatically drawn from individual
ellation. Hypometabolism correlated positively with
DC, and TDC, and negatively with white matter FA.
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In the cryptogenic group of children, hypometabolism correlated positively
with white matter ADC. Our results demonstrate a relationship between
abnormalities of grey matter metabolism in the seizure onset zone and
adjacent white matter structural alterations in childhood focal epilepsies,
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hildren with intractable partial epilepsy can be
uccessfully treated by neurosurgery (Freitag and
uxhorn, 2005; Wyllie et al., 2007; Delalande et al.,
007; Kim et al., 2008; Harvey et al., 2008; Hemb
t al., 2010; Dunkley et al., 2011), but outcome is
losely linked to precise delineation of the seizure
nset zone (SOZ) (Paolicchi et al., 2000). To this end,
resurgical investigation includes clinical ictal and

nterictal semiology, interictal and ictal scalp elec-
roencephalography (EEG), structural imaging (high
esolution T1-, T2-, fluid-attenuated inversion reco-
ery [FLAIR]- magnetic resonance imaging [MRI]
equences), 18F-fluorodeoxyglucose positron emis-
ion tomography (18F-FDG PET), and in selected cases,
ntracerebral recording (Cross et al., 2006). Although
nterictal FDG-PET hypometabolism extends beyond
he SOZ proper (Juhász et al., 2001; Chassoux et al.,
004), FDG-PET and MRI coregistration further delin-
ates focal abnormalities (Salamon et al., 2008) and may
elp to avoid intracortical recordings in an increasing
umber of cases (Chassoux et al., 2010). However, it is
stimated that imaging techniques fail to reveal lesions

n 20% of intractable partial epileptic patients (Koepp
nd Woermann, 2005).
iffusion MRI (DTI) is widely used to study the
icrostructure of the brain. Modelling the 3D displace-
ent of water molecules within tissue components

Oppenheim et al., 2007) yields indices reflecting tissue
tructure. The apparent diffusion coefficient (ADC),
ransverse diffusion coefficient (TDC, �⊥), and paral-
el diffusion coefficient (PDC, �‖) reflect the average
isplacement of free water molecules, either globally,
erpendicular to (transverse) or along the (paral-

el) main diffusion axis, while fractional anisotropy
FA) reflects the directionality of the displacement
Adcock et al., 1998). In white matter (WM) neural
bres, intact membranes are the primary determinant
f anisotropic water diffusion, whereas the relative
pileptic Disord, Vol. 14, No. 4, December 2012

egree of myelination is reflected more by radial dif-
usivity (Song et al., 2002) (Concha et al., 2006).
iffusion abnormalities have previously been
escribed in adult epileptic patients. In those with
cquired or developmental lesions visible on MRI
symptomatic epilepsies), recent studies indicated
00% sensitivity of diffusion index changes, partic-

e
s
a
c
l
w
m

pilepsy. This relationship supports the hypothesis that
tions of the white matter are related to epileptic net-
tial implications for the evaluation of children with
y.

, metabolism, white matter, epilepsy, network, DTI

larly ADC increase and FA decrease (Rugg-Gunn
t al., 2001; Guye et al., 2007). These diffusion changes
ay reflect the lesion itself as well as epilepsy-related

unctional changes. Elevated ADCs have been found
round the MRI-apparent lesion as well as remote
ocations (Rugg-Gunn et al., 2001; Thivard et al., 2006;

uye et al., 2007). In areas investigated by intracerebral
lectrode recordings, regions adjacent to visible focal
ortical dysplasias (FCDs) with normal appearance
howed elevated ADC values, with no change in FA
Thivard et al., 2006; Guye et al., 2007). In 20 to 33% of
atients with negative MRI (cryptogenic epilepsies),
hich corresponds to cortical dysplasias in 50%
f cases (Bautista et al., 2003), subjects showed an

ncrease in ADC concordant with the SOZ (Rugg-Gunn
t al., 2001; Guye et al., 2007). In some cases, diffu-
ion changes also occurred beyond the SOZ, more
ften in regions highly structurally connected to the
pileptogenic cortex. Moreover, ADC changes were
ssociated with the duration of epilepsy (Guye et al.,
007). Among the rare studies in children, magne-
oencephalographic (MEG) dipole clusters overlaying

RI-visible lesions were shown to match changes
n both FA and ADC (Widjaja et al., 2009). Although
he mechanisms underlying diffusion changes and
heir value in presurgical evaluation are not yet
lear, studies strongly suggest the presence of tissue
bnormalities within and beyond the MRI-visible
esion and/or SOZ. Authors suggest that distant tissue
lterations are likely to reflect multifactorial structural
hanges (Guye et al., 2007; Rodrigo et al., 2007).
nterictal 18F-FDG PET cost effectiveness in presurgi-
al evaluation is well established (O’Brien et al., 2008).
ocal cortical hypometabolism is found on simple
isual inspection in most symptomatic cases and 42
o 78% of cryptogenic cases (Matheja et al., 2001; Lee
t al., 2005; Chassoux et al., 2010). However, the sig-
ificance of cortical hypometabolism in cryptogenic
405

pilepsies is still debated. Some studies have failed to
how a strong correlation with MRI signal changes or
trophy (O’Brien et al., 1997), topography of structural
hanges on MRI (Chassoux et al., 2004), or neuronal
oss on resected specimens (Henry et al., 1994). But

hen compared to controls using statistical para-
etric mapping, FDG-PET interictal hypometabolism
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n epileptic patients was shown to reflect not only
he epileptogenic zone, but also the seizure spread
Chassoux et al., 2004). Recently, it was shown that
ET-MRI co-registration can provide 95% sensitivity, in
epicting Taylor-type dysplasia in adults, with good co-

ocalisation of the epileptic zone and hypometabolism
n 55% of cases (Chassoux et al., 2010).

iven both the very low metabolic level of WM and the
imited spatial resolution that prevents a clear delin-
ation between the cortex and the underlying WM, PET

s not a suitable technique to test the integrity of the
M in areas adjacent to, or remotely located from the

OZ. In this study, we aimed to clarify the relationship
etween cortical hypometabolism and the microstruc-

ure of both grey matter (GM) and WM adjacent to the
OZ, by directly comparing FDG-PET and DTI in a series
f 15 children awaiting surgery for pharmacoresis-

ant partial epilepsy, either symptomatic (positive MRI)
r cryptogenic (negative MRI). We hypothesized that
ortical hypometabolism would be associated with
icrostructural disorganisation and/or cellular loss,

etectable as an increase in diffusivity (ADC, TDC) and
decrease in anisotropy (FA) in the WM.

ethods

atients

e performed a prospective study of children
ith focal epilepsy referred for presurgical FDG-PET

nvestigation at the Frédéric Joliot Hospital, France,
etween December 2006 and February 2009. Patients
ere divided into two subgroups, depending on

he presence or absence of lesions visible on MRI
T1-weighted, T2-weighted, and FLAIR sequences).
onsent for biomedical research was obtained from
arents of all participants and the project was accepted
y the Ethics Committee of Paris Hospitals (France).
f 50 consecutive children with non-syndromic

ntractable partial epilepsy identified for presurgical
DG-PET evaluation, 32 received all T1-weighted, T2-
eighted, FLAIR, and DTI sequences. Seventeen were
xcluded due to movement artefacts on either PET
n=6) or diffusion imaging (n=11), despite sedation
sed for non-cooperative children. The remaining 15
hildren were included in the study: 8 had symp-
omatic epilepsy and 7 cryptogenic epilepsy (table 1).

ean age was 13.5 years and ranged from 11 to 16
ears. The two subgroups did not differ according to
linical data: age (U=22.0, p=0.487), age at onset (Mann
06

ithney’s U=17.5, p=0.370), epilepsy duration (U=14.0,
=0.180), and seizure frequency (U=23.5, p=0.872).
even children subsequently proceeded to surgery (6
ymptomatic, 1 cryptogenic). Histologically, 3 showed
CD (type IIA) including 1 case of cryptogenic epilepsy.
istopathology showed an ischaemic lesion, an astro-

i
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l
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d

ytic inclusion immunoresponsive to filamin A, a
ysembryoplastic neuroepithelial tumour and a con-
rmed hippocampal sclerosis in the remaining 4
atients.

mage acquisition

R images were acquired on a GE Signa 1.5T Excite
I MRI system (General Electric, Milwaukee, WI,
SA). High-resolution T1-weighted sequences were

cquired by 3D inversion recovery fast gradient echo
slice thickness: 1.3 mm; field of view: 24 cm; matrix:
56 × 256 × 128; TI/TE/TR: 600/2.0/9.9 ms). T2-weighted
mages were acquired by turbo spin-echo 3D sequence
180 slices; field of view: 250 mm; matrix: 250 × 250;
R: 2,500 ms; TE: 364 ms; Flip angle: 90 degrees). Para-
eters for the FLAIR sequence were: field of view:

30 mm; matrix size: 352 × 248; slice thickness: 5 mm;
nd TI/TR/TE: 2,800 ms/11,000 ms/125 ms. Diffusion MRI
canning was performed using a single-shot twice-
efocused spin-echo EPI sequence (TE/TR: 66 ms/14 s;
lice thickness: 2.5 mm; read bandwidth: 200 kHz; par-
ial Fourier factor: 5/8; field of view: 24 cm; matrix:
28 × 128; 45 slices), with five T2-weighted images
b=0 s/mm2) and 41 non-collinear directions uniformly
istributed over the sphere (b=700 s/mm2).
ET scans were performed using a high-resolution
ead-dedicated PET camera (Siemens ECAT EXACT
R+; 4.5 mm intrinsic resolution) with a field of view
f 15.52 mm, providing 63 slices. Attenuation correc-

ion was performed using 68 Ge transmission scans
cquired just before intravenous 18F-FDG injection.

bolus of 0.37 MBq/kg (maximum dose: 148 MBq)
8F-FDG was injected and dynamic images of 4 raw
ata sets of 5 minutes were acquired 30 minutes
ost-injection. Dynamic images were corrected for
ttenuation and summed into a 20-minute PET image
sed for processing.

mage preprocessing

MRIB Software Library (FSL, www.fmrib.ox.ac.uk/fsl/)
as used to correct DTI images for rigid head motion

nd eddy-current related distortions. We estimated
DC, PDC, TDC, and FA maps using the diffusion ten-
or model in BrainVISA software (www.brainvisa.info).
tandard uptake values (SUV) with decay correction
ere calculated for each voxel of PET images and
ormalised by the mean metabolism of the cerebel-

um, as proposed by Ferrie et al. (1997). There was no
ocal hypometabolism nor hypermetabolism on visual
nspection of the cerebellum. Our goal was to mini-
Epileptic Disord, Vol. 14, No. 4, December 2012

ise potential confounding effects of inter-subject
mage variability on asymmetry indices. SUV was calcu-
ated by multiplying the glucose uptake values in each
oxel by the body weight in kg, divided by the injected
ose corrected for 30-minute decay.
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DTI correlates with FDG-PET hypometabolism in childhood focal epilepsies
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mage processing

s the study included children of various ages with
ifferent epilepsy-affected areas, the construct was
ot directly amenable to group comparisons. Instead,
e designed a method that mimicked the clinical

pproach, comparing DTI and PET measures within
M and GM regions of ipsi- and contralateral hemi-

pheres. First, T1-weighted images were segmented
nto GM, WM, and cerebrospinal fluid masks (Mangin
t al., 2004a, 2004b). Individual gyral GM regions of

nterest (ROIs) were extracted automatically using
rainVISA software and segmentation algorithms for
ulci (Mangin et al., 2004b) and gyri (Cachia et al.,
003) (figure 1A). The gyral GM ROIs (mean volume:
0821.37±7512.07 mm3) were then used to parcel the
nderlying WM into a geodesic Voronoi diagram
08

figure 1B).
he b=0 and T1 images were then aligned using a rigid
D transformation, applicable also to FA, ADC, PDC,
nd TDC maps. We estimated another rigid 3D trans-
orm by coregistering PET and T1 images. Mean ADC,
DC, TDC, and FA were calculated in each WM ROI
nd SUVs were then calculated in each GM ROI.

c
w
e
b
c
c

Superior frontalB

A

Rostral middle frontal

Pars triangularis 

Pars orbitalis

Lateral orbito frontal Me

igure 1. (A) Colour-coded individual gyral GM regions of interest (R
OIs and WM ROI co-registered on FA map.
symmetry index was calculated using homologue ipsilateral and con
nalyses were performed on an ROI involved in
he epileptic zone and an ROI not involved in the
pileptic zone. For each patient, one gyral GM ROI
long with its underlying WM ROI, not encompass-
ng the SOZ or related to SOZ areas, was identified.
he ROI chosen was the superior frontal gyrus in
3 patients and the superior parietal gyrus (superior
arietal lobule) in the remaining 2 patients. Subse-
uently, for each patient, gyral GM ROI along with

he respective underlying WM ROI, encompassing the
OZ, was chosen. The SOZ was identified by a panel
hich included an epileptologist, neurophysiologist,
euroradiologist and neurosurgeon, based on ictal
ideo-EEG recordings of scalp EEG of all patients and
lso depth electrodes in 8 patients. PET metabolism
as assessed by a nuclear medicine physician in

he context of clinical evaluations, using PET-MRI
Epileptic Disord, Vol. 14, No. 4, December 2012

oregistration. Thus, the nuclear medicine physician
as informed of clinical data. Hypometabolism could
ncompass more than one ROI in some patients,
ut without difference between symptomatic and
ryptogenic patients. The level of hypometabolism
onsidered to represent the SOZ in each patient did
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Figure 2. (A) White matter apparent diffusion coefficient asym-
metry index correlates negatively with grey matter FDG-PET
metabolism asymmetry index (r=-0.581, p=0.003). (B) White mat-
ter fractional anisotropy (FA) asymmetry index correlates with
grey matter FDG-PET metabolism asymmetry index (r=0.448,
p=0.020).
Full circles correspond to symptomatic epilepsy whereas empty
DTI cor

ot always correspond to the highest level in the brain,
ut was considered the most clinically relevant accord-

ng to the converging clinical and electrophysiological
ata. Interictal EEG, FDG-PET hypometabolism, and

esion on MRI (if any) provided additional argu-
ents leading to a consensus for localising the

OZ. Asymmetry indices (AI) for mean SUVs, FA,
DC, PDC, and TDC were then calculated using ipsi-

ateral and contralateral ROIs, as follows: (ipsilateral-
ontralateral)/(ipsilateral+contralateral). ROI volumes
id not differ between ipsi- and contralateral sides

paired t-test; t=-1.73; dll=14; p=0.106). This intra-
ubject normalisation procedure allowed us to adjust
or age, SOZ localisation, history of epilepsy and medi-
ations that could affect glucose uptake (Theodore
t al., 1986; Theodore et al., 1989; Leiderman et al., 1991).
ccordingly, the deeper the hypometabolism in the
OZ, the more negative the asymmetry index; similarly,
he more reduced the FA, the more negative the index;
nd the higher the ADC, PDC, or TDC, the higher the
ndex.

tatistical analyses

tatistical analyses were performed using SPSS soft-
are. Non-parametric correlations (Kendall’s Tau-B)
ere performed for asymmetry indices (FDG-PET stan-
ard uptake values in the GM and FA, ADC, TDC, and
DC in the WM) and clinical data (age, age at onset,
pilepsy duration and seizure frequency) for the total
ample and subgroups separately (symptomatic, cryp-
ogenic and temporal vs extratemporal).

esults

nitially, the analyses of clinical data were performed.
nalyses were performed on the whole population

ested, and subsequently, on individual groups. We
ound no correlation between metabolism or diffu-
ion asymmetry indices and clinical data (age, epilepsy
uration, seizure frequency, and age at onset).
aking all children together, significant correlations
ere found between GM metabolism and diffusion

symmetry indices of WM ROIs corresponding to the
OZs (figure 2 and table 2). GM metabolism correlated
egatively with WM ADC, PDC, and TDC and positively
ith WM FA (table 2).
o correlations were found between GM metabolism

nd diffusion asymmetry indices of WM control ROI
p>0.062).
pileptic Disord, Vol. 14, No. 4, December 2012 409

n the symptomatic group, GM metabolism corre-
ated positively with FA. In the cryptogenic group, GM

etabolism correlated negatively with ADC (table 2).
o correlations were found between GM metabolism

nd diffusion asymmetry indices of WM control
OI for each group, separately. Finally, diffusivity

circles correspond to cryptogenic epilepsy. Cases with histologi-
cal results are labelled. The patient with positive metabolism AI
is identified by & in table 1. Positive metabolism AI in this patient
could be due to the size of the ROI, in contrast to the size of the
hypometabolic area.
ADC: apparent diffusion coefficient; FDC: focal cortical dyspla-
sia; HS: hippocampal sclerosis; astrocytic: astrocytic inclusion
immunoresponsive to filamin A.
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Table 2. Correlations between metabolism
and diffusion indices.

Grey matter metabolism

All subjects Symptomatic Cryptogenic

Diffusion
Index

r values/p values

FA **0.448/0.02 **0.714/0.013 0.143/0.652

ADC ** -0.581/0.003 -0.357/0.216 *-0.619/0.051

PDC ** -0.440/0.023 -0.357/0.216 -0.195/0.543
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TDC ** -0.448/0.02 -0.500/0.083 -0.429/0.176

*< 0.05; *=0.051; FA: fractional anisotropy; ADC: apparent dif-
usion coefficient; PDC: parallel diffusion coefficient; TDC:
ransverse diffusion coefficient.

symmetry indices of WM SOZ ROIs were compared
etween patients with TLE (n=7) and extraTLE (n=8).
o significant results were found (p>0.05).

iscussion

n this study, metabolism in the SOZ was nega-
ively correlated with diffusion indices ADC, PDC,
nd TDC and positively correlated with FA in the
djacent WM. Interestingly, such relationships were
ound not only in children with visible lesions, but
lso in children with cryptogenic epilepsy, where SOZ
M hypometabolism correlated with subjacent WM
DC. The absence of significant results in the cryp-

ogenic group between GM metabolism and WM FA
ay result from the fact that cryptogenic patients have

ubtle lesions which are difficult to locate, possibly
aking it more difficult to define the epileptogenic

one. Another possibility could be the variability of
nderlying lesions, with different effects on move-
ent/direction of water molecules. In symptomatic

atients, the lesion may add to abnormalities related
o the epileptic network.
n epileptic patients, most FDG-PET scans show altera-
ions in GM, reflecting abnormal activity in cell bodies
nd synapses. Glucose uptake is disrupted not only in
OZs but also in remote cortical areas of the epileptic
etwork (Juhász et al., 2002). However, on searching for
emote GM structural abnormalities in children with
emporal lobe epilepsy, Kimiwada et al. (2006) found
10

o correlation between FDG-PET hypometabolism and
TI measures in deep GM structures (hippocam-
us, thalamus, and lentiform nucleus). In children
ith tuberous sclerosis complex, subcortical WM
ith normal appearance surrounding the epilepto-
enic and hypometabolic tubers showed decreased FA

c
i
i
W
i
p

nd increased TDC (Widjaja et al., 2010), suggesting
he presence of microstructural alterations result-
ng from unknown mechanisms. Our study provides
dditional convincing evidence of the association
etween adjacent WM alteration and the SOZ cor-

ical hypometabolism seen in PET scans, even when
o lesion is visible in the SOZ. Specific correlation
ith the SOZ was suspected since no correlation
as found in control ROI, which did not encompass
nown epilepsy tissue. Consequently, it would appear
o be useful to investigate WM abnormalities with DTI
uring surgical evaluation, even when MRI is normal.
he link between WM abnormalities and EEG paroxys-
al activity is unclear. Reduced FA and increased

DC in WM are correlated with severity of spike-and-
ave discharges in a rat model of absence seizure

Chahboune et al., 2009). The authors speculated that
hronic seizures cause WM alterations in what had pre-
iously been considered a predominantly GM disease.
n our study, SOZ GM metabolism and WM ADC were
orrelated, even in the cryptogenic group. Increased
DC is reported to be responsive to seizures and

nduction of status epilepticus (Zhong et al., 1993; Ebisu
t al., 1996; Wieshmann et al., 1997), reflecting cellular
welling and a reduction of extracellular space. How-
ver, our results are unlikely to be related to seizure
ccurrence since our patients were seizure-free for at

east 12 hours preceding image acquisition. Nonethe-
ess, our study did not reveal any correlation between
ither PET or DTI measures and seizure frequency,
pilepsy duration and age at onset. The latter could
e related to our small sample size.
oth hypometabolism and WM ADC changes might
eflect microscopic tissue alteration, undetectable on
tandard MRI. In children and adults, FCD is frequently
verlooked (Salamon et al., 2008; Besson et al., 2008).

ndeed, as far back as 1971, Taylor et al. had suggested
hat cryptogenic epilepsies were caused by underlying
esions, describing giant glial cells in the layers beneath
ffected cortex and in the subjacent WM of seemingly
ormal cortical tissue. In those instances, increased
DC in the WM could reflect disturbed development

esulting in reduced membrane density.
n the present study, histopathology was available for
nly 7 patients, limiting analysis to qualitative descrip-

ions. In symptomatic patients, our results corroborate
revious findings found in GM and WM on both
RI (T2-weighted and FLAIR) and DTI (Eriksson et al.,

001; Rugg-Gunn et al., 2001; Gross et al., 2006; Guye
t al., 2007). Interestingly, the one child previously
Epileptic Disord, Vol. 14, No. 4, December 2012

haracterised as cryptogenic (figure 2), but show-
ng a FCD on histology, revealed important changes
n both DTI values and FDG-PET GM metabolism.

e observed an expected reduced anisotropy and
ncreased diffusivity in the SOZ. The last operated
atient showed hippocampal sclerosis and increased
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Adcock LM, Moore PJ, Schlesinger AE, Armstrong DL. Cor-
DTI cor

DC in the hippocampus and surrounding temporal
M, as previously reported in adults (Thivard et al.,

005; Parmar et al., 2006).
he symptomatic group showed MRI findings point-

ng to abnormalities in adjacent WM. As previously
eported (Song et al., 2002; Fink et al., 2010), WM alter-
tion was associated with decreased FA and a tendency
owards increased TDC, evoking changes in fibre ori-
ntation, density and myelination (Drobyshevsky et al.,
005; Snook et al., 2005), in addition to the presence
f abnormal cells in the WM. Indeed, myelin-deficient
ice and rats with a mutation of the gene for myelin

asic protein showed decreased anisotropy of up to
5% (Gulani et al., 2001; Song et al., 2002). TDC has
een shown to reflect the degree of myelination in
ealthy infants (Dubois et al., 2008). Developmental or

schaemic lesions are indeed accompanied by altered
bre organisation and myelination.

n the present study, we used an automated method to
earch for subtle changes in individual brains, by com-
aring both hemispheres quantitatively. We showed
ossible specificity of the measure in epileptic net-
orks since no correlation between AI was found

n a control ROI. However, this should be replicated
nd tested in surrounding ROIs of hypometabolism
efore drawing clear conclusions. While we used a
onventional DTI sequence with a low b value (700)
t 1.5T, we were able to highlight microstructural
nomalies in adjacent WM epileptic networks, even
or cryptogenic epilepsies. Such a method may there-
ore provide additional information in the presurgical
ork-up of epilepsy in the future. This study opens
p the possibility of a more powerful, substantiated
iagnosis of epileptogenic areas by DTI, using higher
agnetic fields (3T and more), stronger diffusion

radients (b>1,500 sec/mm2) and more elaborate diffu-
ion models (such as high angular resolution diffusion
maging).
he first limitation of our study is the heterogeneity
f localisation of the SOZ between children. It is
nknown how the lobar localisation of the SOZ

i.e. temporal vs extra-temporal epilepsies) may have
nfluenced our results. Depending on the location
f epilepsy, involved brain network and underlying
athology, the link between metabolism and adjacent
M microstructure may vary. Recent findings sug-

est that TLE patients with hippocampal sclerosis show
ore pronounced and extensive ADC abnormalities

ompared to controls and TLE patients without hippo-
ampal sclerosis (Shon et al., 2010). The fornix and
pileptic Disord, Vol. 14, No. 4, December 2012

ingulum anisotropy are affected only in TLE with
ippocampal sclerosis (Concha et al., 2009). How-
ver, in TLE without hippocampal sclerosis, frontal and
emporal components of the corpus callosum, as well
s the external capsule, showed reduced anisotropy,
lso suggesting extended epileptic networks (Concha

r
s

B
F
c
2

es with FDG-PET hypometabolism in childhood focal epilepsies

t al., 2009). In our series, 8 patients had an extra-
emporal lobe SOZ and 7 a temporal lobe SOZ,
ith only 1 case of confirmed hippocampal sclero-

is. Accordingly, no significant differences were found
hen comparing FA, ADC, TDC, and PDC AI, nor abso-

ute values in the SOZ between TLE and extra-TLE
atients. Since only the adjacent WM area was investi-
ated, abnormalities in extended regions of the brain
ay have been overlooked.
nother limitation is the small sample size. Child-
ood MRI studies are known to be difficult to perform
ince subjects are required to be patient, calm, and to
emain still during MRI. Since this study was performed
n the context of presurgical evaluation in children,
TI acquisition was not successfully completed for

ome children due to the length of time of the proce-
ure. This may have biased our results since children
howing behavioural difficulties may also have had
ore severe symptomatic or cryptogenic epilepsies. A

arger group of symptomatic and cryptogenic children
ould have yielded more data. Furthermore, the lack
f control group did not permit individual analyses.

ndividual analyses may have helped in targeting cir-
umscribed regions of anomalies. However, we used
laterality index, whereby the contralateral side was

onsidered as an internal control for each individual,
n order to minimise confounding inter-individual
ariability of DTI metrics which is present even in the
ormal population. In contrast, lobar mean diffusi-
ity is very similar in homologous regions of the right
nd left hemisphere in the normal population, except
or the temporal lobe where the right temporal lobe
hows higher mean diffusivity values (Yoshiura et al.,
010). Only 2 right temporal lobectomy patients were
ncluded in our series. Future multicentre studies are
eeded to address the relationship between cortical
OZ metabolism and structural imaging of the epilep-
ogenic network. �
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