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Abstract: The present fMRI study explores the cerebral reorganisation of language in patients
with temporal lobe epilepsy, according to the age of seizures onset (early or late) and the
hippocampal sclerosis (associated or not). Seven right-handed control volunteers and seven
preoperative adult epileptic patients performed a rhyme decision (language condition) and a
visual detection (control condition) tasks in visually presented words and unreadable characters,
respectively. All patients were left hemisphere dominant for language. Appropriate statistical
analyses provided the following preliminary results: (1) patients compared with healthy subjects
showed lower degree of hemispheric lateralization with supplementary involvement of the right
hemisphere; (2) the degree of hemispheric specialization depends on the considered region; (3)
patients with early seizures show signs of temporal and parietal reorganization more frequently
than patients with late onset of seizures; (4) patients with early seizures show a fendency for
intra-hemispheric frontal reorganisation; (5) associated hippocampal sclerosis facilitates the
inter-hemispheric shift of temporal activation. Although our patients were left hemisphere
predominant for language, the statistical analyses indicated that the degree of lateralization was
significantly lower than in healthy subjects. This result has been considered as the indication
of atypical lateralization of language.
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Introduction

The term “focal epilepsy” is classically used for describing seizures generated by a
specific cerebral region, the epileptogenic zone (Rosenow and Liiders 2001; Liiders
et al 2006). The majority of focal epilepsies in adults are temporal lobe epilepsies
(TLE) (Thomas and Genton 1992; Engel 2001), meaning that the region responsible for
seizures is situated in the temporal lobe. With respect to healthy subjects, the patients
with chronic temporal epileptogenic show reorganization of temporal language net-
works (Hertz-Pannier et al 2002; Breier et al 2005; Pataraia et al 2004, 2005). As the
left temporal lobe is involved in language (Billingsley et al 2001; Seghier et al 2004;
Gitelman et al 2005), an atypical representation (bilateral hemispheric representation
or right hemispheric predominance) of the subjacent cerebral regions, could occur
(Adcock et al 2003; Demonet et al 2005). Overall, when the epileptogenic zone is
located within the predominant hemisphere for language, two types of cerebral reor-
ganization have been generally described: (a) intra-hemispheric, ie, the nonaffected
cerebral regions from the hemisphere where the epileptogenic zone is located in, take
over language functions, for instance, the language function of the temporal region
could “shift” within the frontal region of the same hemisphere, when the epileptogenic
zone is situated in the temporal lobe (Bell et al 2002; Brazdil et al 2003; Pataraia et al
2004, 2005; Kadis et al 2007) and (b) inter-hemispheric, ie, the homologues cerebral
regions situated within the nonpredominant hemisphere for language become involved
in language (Hertz-Pannier et al 2002; Pataraia et al 2004, 2005; Breier et al 2005;
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Thivard et al 2005; Helmstaedter et al 2006). The type of
reorganization may depend on many factors such as the age
of seizures onset (Hertz-Pannier et al 2002; Liegeois et al
2004; Berl et al 2005; Demonet et al 2005; Goldmann and
Golby 2005; Thivard et al 2005), the considered language
region, temporo-parietal or frontal (Kurthen et al 1992;
Hertz-Pannier et al 2002; Liegeois et al 2004; Thivard et al
2005) or the associated hippocampal sclerosis (Knecht 2004;
Janszky et al 2006; Weber et al 2006).

The factor which has been often studied within this
framework, was the age of seizures onset (Muller et al 1999a;
Bell et al 2002; Brazdil et al 2003; Pataraia et al 2004). The
onset of seizures before age of six (Goldmann and Golby
2005; Yuan et al 2006) and originated in the left predominant
hemisphere could induce either inter-hemispheric (bilateral
or right hemispheric) (Liegeois et al 2004; Muller et al 1999a,
1999b; Voets et al 2006) or intra-hemispheric (Bell et al 2002;
Pataraia et al 2004) reorganization of language. Overall, it is
generally accepted that the right shift of language tends to
be stronger and concerns more numerous language regions
in patients with early seizures, as compared to patients with
late (after age of six) lesions (Muller et al 1999a). The intra-
hemispheric reorganization means that language operations
depend on regions which are not originally dedicated to these
operations. Thus, the incidence of the intra-hemispheric
reorganization is significantly higher if seizures start early
in life (Bell et al 2002; Pataraia et al 2004).

Epileptics with associated hippocampal sclerosis are
more likely to show atypical reorganisation of language
than patients without sclerosis (Janszky et al 2003; Knecht
2004; Liegeois et al 2004; Weber et al 2006; Maccotta et al
2007). It has been suggested that hippocampal pathology
influences the intra- and the inter-hemispheric reorganiza-
tion of language (Knecht 2004). By using fMRI, it has been
shown that patients with left hippocampal sclerosis show
high involvement of the right medial temporal lobe during
synonym judgement (Weber et al 2006) or living categoriza-
tion (Richardson et al 2003). During performing a language
task, epileptics with hippocampal sclerosis show evidence
for supplementary ipsilateral recruitement of nontemporal
areas such as frontal regions (Maccotta et al 2007). These
studies suggest inter-hemispheric temporal as well as intra-
hemispheric reorganisation of language when the hippocam-
pal sclerosis is associated.

Also, the pattern of language plasticity depends on the
language region which is considered. Within this frame-
work, Thivard and colleagues (2005) have shown that the
inter-hemispheric shift of language from the left to the right

hemisphere is more likely to occur for temporal than for
frontal regions in patients with TLE. Indeed, they showed
that temporal lateralization indices indicate supplementary
involvement of the right hemisphere, than frontal lateraliza-
tion indices. These findings are in agreement with results
provided by Billingsley and colleagues (2001) showing
larger inter-hemispheric shift of the activation for temporal
than for frontal regions. These results suggest that language
plasticity should be investigated at regional rather than at
global hemispheric level.

The aim of this fMRI study was to assess the possible
reorganization of language regions in epileptic patients
with focal temporal lobe epilepsy when they are compared
to healthy participants. The language reorganisation was
explored at regional (frontal, temporal, parietal) level and
the influence of two factors, the age of seizures onset and
the associated hippocampal sclerosis, has been explored.
All subjects performed a rhyme detection task. This task
induces robust lateralized activation within the predominant
hemisphere for language (Lurito et al 2000; Baciu et al 2001;
Billingsley et al 2001; Seghier et al 2004; Baciu, Watson et al
2005; Cousin et al 2006) and particularly along the left peri-
sylvian (frontal, temporal, parietal) regions (Pugh et al 1996;
Baciu, Juphard et al 2005) essential for language (Ojemann
et al 1989). Thus, by using this task we could explore the
possible reorganisation at global hemispheric level as well
as at regional level.

Our hypotheses were the following:

e At hemispheric level, the difference between left and
right hemisphere activity should be greater in healthy
participants than in epileptic patients due to significant
involvement of the right hemisphere,

* Atregional level, the reorganisation would significantly
concern temporo-parietal than frontal regions, as the
epileptogenic zone is temporal,

* The TLE associated with hippocampal sclerosis would
induce higher degree of atypical temporal lateralization
than TLE without hippocampal sclerosis.

Material and methods

Participants

The explored population included seven healthy right-handed
(Oldfield 1971), native French speaker volunteers (3 women
and 4 men, mean of age 28.28 years old) with no history of
neurological disorders and seven preoperative adult patients
(see Table 1 for demographic data) with medically intractable
TLE. Among them, 6/7 had left TLE, 4/6 had ipsilateral hip-
pocampal sclerosis, 4/7 had early seizures (before age of six;
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Table | Shows demographic data for the epileptic patients examined in this study. For each of them the following information is

mentioned
Patients Age, Handedness VIQ Ageat VEEG SEEG EZ location HD HD HD Hippocampal
Sex seizures VEEG SEEG fmRIl sclerosis
onset (y)
| 14,m R 105 12 Clinical features Yes L temporal - LH LH -
and EEG spikes (VEEG, SEEG)
2 I15m R Not 12 Intercritical Yes L temporal LH LH LH -
available EEG spikes (VEEG, SEEG)
3 39,f L 95 14 Clinical features  Yes R temporal LH LH LH R
and EEG spikes (VEEG, SEEG)
4 17,f L Not 3 Clinical features Yes L temporal - LH LH -
available (VEEG, SEEG)
5 17,f R 85 5 EEG spikes Yes L temporal LH LH LH L
(VEEG, SEEG)
6 43,m L 100 | Clinical features No L temporal LH - LH L
and EEG spikes (VEEG)
7. 34f R Not 5 EEG spikes No L temporal LH - LH L
available (VEEG)

Age; Sex; Handedness (R = right-handed; L = left-handed),VIQ (verbal IQ assessed by Mill Hill Part B or WAIS 1), age of seizures onset,VEEG (video-EEG monitoring show-
ing the clinical features and the EEG during seizures or intercritical); SEEG (stereo-EEG); Location of the EZ (epileptogenic zone); HD = hemispheric predominance assessed
by VEEG, SEEG, fMRI (all patients had LH = left hemispheric predominance); Associated hippocampal sclerosis (L = left or R = right). In all patients the neurological examina-
tion was normal and MRI excluded tumours or scars.The epileptogenic zone in all patients was dysplasia.

mean of age 3.5) and 3/7 had late seizures (after age of six;
mean of age 12.3). Although 4/7 patients were right-handed
and 3/7 were left-handed, they were considered together in the
analyses. Each patient included in this study was diagnosed in
the neurology department and the type of seizures was deter-
mined based on the clinical features, video-EEG and stereo-
EEG. None patient underwent surgery at the time of the present
study. The temporal location of the epileptogenic zone was
determined by VEEG and by using SEEG (5/2 patients). All
patients had “functional” epileptogenic zone, meaning that no
tumours or scars was detected to MRI, although some of them
had hippocampal sclerosis. In all patients the left hemisphere
was predominant for language (as determined by VEEG and
SEEG and confirmed by fMRI examination, see Table 1). This
study has been reviewed by the appropriate ethics committee
and all participants gave their informed consent.

Stimuli

The stimuli consisted of couples of words presented visually
one above the other in the middle of the screen. The words
were written either in a readable (7imes) or in an unreadable
(Karalyn Patterson) font. Overall, 58 couples of readable
and 58 couples of unreadable words were presented per scan.
The stimuli were generated by means of Psyscope V.1.1
(Carnegie Mellon Department of Psychology) on a Macintosh
computer (Power Macintosh 9600). They were transmitted
into the magnet by means of a video projector (Eiki LC

6000), a projection screen situated behind the magnet and
a mirror centred above the patient’s eyes. The duration of
each stimulus (couple of readable and unreadable words) was
3 sec. Examples of stimuli presented during the experiment
are shown in Figure 1.

Tasks

Patients and control subjects were instructed to judge whether
the words rhymed (rhyme detection task, “task epoch”). With
respect to “words” in unreadable font, patients and controls
were instructed to judge if “words” contained at least one char-
acter which overshot the others (visual detection task, “control
epoch”). The “yes” and “no” responses for the two epochs were
transmitted by means of two keys pressed with the index and
the middle finger of the dominant hand, respectively.

Paradigm and MR acquisition
A “block” paradigm was used during the fMRI examination,
consisting of five periods, each composed of a “control” and
a “task” epochs. Each epoch lasted 48 seconds. Each patient
underwent a single fMRI scan. Before entering into the
magnet, the subjects were positioned in front of a computer
screen, and carefully instructed and trained to execute the
tasks by using stimuli which were different from those used
during the experiment.

Functional MR imaging was performed on a 1.5 Tesla
MR imager (Philips NT) equipped with echo-planar (EPI)
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tonneau

bateau

Task epoch

Control epoch

Figure | Examples of stimuli presented during fMRI paradigm, respectively “Task™ (pairs of readable words) and “Control” (pairs of unreadable words written in Karalyn
Patterson font) conditions. Concerning the “Task”, patients and controls were instructed to judge whether the words rhymed (rhyme detection task,“task epoch”).
Concerning the “Control”, patients and healthy controls were instructed to judge whether the words contained at least one character which overshot the others.

acquisition. Twenty five adjacent, axial slices (thickness 5 mm
each) were imaged sequentially. The imaging volume was ori-
ented parallel to the bicommissural (AC-PC) plane. It was meas-
ured sixteen times during each epoch. Positioning of the image
planes was performed on scout images acquired in the sagittal
plane. An EPI MR Pulse sequence was used. The major MR
acquisition parameters of this sequence were: TR = 3000 ms,
TE =45 ms, flip angle =90°, acquisition time per slice =37 ms,
field-of-view = 256 x 256 mm?, imaging matrix = 64 X 64,
reconstruction matrix = 128 x 128. Subsequent to the func-
tional scan, a high resolution 3D anatomical MR scan was
obtained from the volume examined functionally.

Data processing

Data analysis was performed by using the SPM2 software
(Friston et al 1995) and based on the general linear model
(boxcar function convolved with the hemodynamic response).
The MR images were spatially pre-processed as follows. First,

motion correction was applied and all images were realigned
by means of a rigid body transformation with respect to the
first acquired image. Subsequently, all images (patients and
controls) were normalized, first the anatomical and then, the
functional volumes. In order to avoid left-right morphological
asymmetries that could bias the inter-hemispheric comparison,
a symmetrical template was built by averaging the standard
MNI template and its mirror with respect to the mid-sagittal
plane. This average template was then used during for normali-
zation of all participants including patients, as they did not have
anatomical brain deformation, confirming by MRI. To conform
to the underlying assumption in SPM that the data are normally
distributed, the functional images were spatially smoothed by an
8 mm FWHM (Full Width at Half Maximum) Gaussian kernel.
Time-series for each voxel were high-pass filtered (1/128 Hz
cutoff) to remove low-frequency noise and signal drift.

The general linear model was then used to generate
parameter estimates of activity at each voxel, for each
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condition, and each participant. Statistical parametric maps
were generated from linear contrasts between the HRF
parameter estimates for the two experimental conditions.
At the individual level, we assessed the whole network of
cerebral areas involved for each contrast (rhyme vs control;
control vs rhyme). Subsequently, we performed in healthy
participants a random-effect group analysis on the contrast
images from individual analyses (Friston et al 1998), using
one-sample t tests. Clusters of activated voxels were then
identified as significant at a voxel level of p < 0.001, T >
4.50, extended threshold of 15 voxels. The group analysis
allowed identifying language regions significantly more acti-
vated within one hemisphere with respect to the other one.
The brain regions were reported according to the stereotaxic
atlas of Talairach and Tournoux (1988) and the activation’s
peak (x, y, z coordinates) of regions of interest (ROI) have
been identified. The considered ROIs were the regions clas-
sically activated by previous studies for this task for healthy
participants (Demonet et al 1992; Lurito et al 2000; Baciu
et al 2001; Seghier et al 2004; Baciu, Juphard et al 2005).
They were the inferior frontal gyrus (IFG, BA 44, 45), the
inferior and middle temporal regions (IMTG, BA 37,21) and
the inferior parietal lobule (IPL, BA 39, 40). Subsequently,
the peak of activation was used for drawing individual ROI
in each participant (healthy controls and patients) by using
the Marsbar tool (see http://marsbar.sourceforge.net). Each
ROI was delineated as a sphere of 20 mm radius (Liegeois
et al 2004) centred on the peak (x, y, z) and symmetrically
within hemispheres (one ROI to the left and the symmetrical
to the right for each participant). Then, the parameter esti-
mates (% of signal intensity variation for task and control
conditions) were extracted from all left and right ROIs, in
each participant.

Statistical analysis of the parameter

estimates in patients

The parameter estimates values for all left ROIs and all right
ROIs of individual participants were submitted to a three way
ANOVA analysis (by using STATISTICA 5.0 software) with
activated regions (IFG, IMTG, IPL) and hemispheres (Right
and Left) as within-subjects factors, and pathological condition
(Controls and Patients) as between-subject factor. We checked
first if patients were significantly differently lateralized than
healthy subjects. If significant difference in lateralization
between the groups has been detected, we subsequently tested
for each ROl if the factors of interest (age of seizures onset and
associated hippocampal sclerosis) influenced plasticity. Their
influence was checked for the intra- and inter-hemispheric

reorganization of language. The parameter estimates for each
left and the homologue right ROI were correlated with the two
variables (age of onset and associated hippocampal sclerosis).
Because of the small sample size, a nonparametric procedure
was used (Spearman correlations). The critical significance
threshold of correlations was considered at p < 0.05. Signifi-
cant correlations suggested that these factors have an effect on
the cerebral reorganization of language in epileptic patients.

Results

Healthy participants

Activated regions (ROI) during rhyming task

Brain areas involved in “task” (rhyme) condition relative to
“control” (visual detection) and in “control” relative to “task’ are
summarized in Table 2. During rhyme, the activated regions of
interest were exclusively located to the left: inferior frontal gyrus
(IFG,BA 44, xy z,—40 17 25), inferior parietal lobule (supramar-
ginal gyrus, SMG, BA 40, x y z, —44 —41 35) and infero-medial
temporal gyrus (IMTG, BA 37/21, x y z, —44 —63 —7). During
visual detection, the activated regions were exclusively located
to the right: middle frontal gyrus (BA 9, x y z, 51 10 36) and
middle occipital gyrus (BA 19, x y z, 44 —40 —15).

Epileptic patients

MR signal intensity variation (parameter estimates,
magnitude) in left and right ROl in individual patients
The parameter estimates were extracted from the ROl identi-
fied in healthy subjects: IFG, IPL (SMQG), and IMTG. Then,
these values were subsequently analysed by using ANOVA
analyses. First, when all participants (Controls and Patients)
and all regions (IFG, IPL, IMTG) were considered, we
obtained significantly greater activation of the left (¥, |, =
5.295, p < 0.05) than of the right hemisphere. Furthermore,
ANOVA revealed an interaction (Figure 2) between hemi-
112 =7.60,p < 0.01)
with greater inter-hemispheric difference (ie, left hemispheric

spheres and pathological condition; (F

dominance) for healthy than for epileptic patients. This result
suggests that right hemisphere is supplementary involved in
patients than in controls during language, although patients
keep left hemispheric predominance.

The effect of seizures onset and hippocampal
sclerosis on plasticity

This effect was assessed for each individual left ROI and
right ROI by performing correlations between the param-
eter estimates extracted from these regions and the two
variables (age of seizures onset and associated hippocam-
pal sclerosis). By using the WFUpickatlas (Maldjian et al
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Table 2 Cerebral activated regions obtained for “Task” versus “Control” (T > C) and for “Control” versus “Task” (C >T).The
statistical significance threshold for individual voxels was set at p < 0.001 uncorrected (random-effect analysis). The Talairach peak

coordinates (x, y, z) are indicated for each cluster

Contrast Cerebral activated regions H BA k X y z T
TvsC Frontal cortex
Inferior frontal gyrus L 44 133 —40 17 25 10.75
Superior frontal gyrus R I 22 32 —63 —24 5.79
Parietal cortex
Inferior parietal lobule
(supramarginal gurus) L 40 114 —44 —41 35 852
Temporal cortex
Inferomedial temporal gyrus L 21/37 41 —44 —63 -7 5.95
Cerebellum L - 46 -6 -90 -6 6.77
CvsT Frontal cortex
Middle frontal gyrus R 9 22 51 10 36 5.65
Occipital cortex
Middle occipital gyrus R 19 55 44 —40 -15 727
Cerebellum L - 46 -6 -90 —6 6.77

Abbreviations: H, hemisphere; R, right hemisphere; L, left hemisphere; BA, Brodmann area; k, number of voxels in the cluster;T, rhyme task; C, control task.

2003, 2004) we illustrate in Figures 3—5 only cerebral
regions suggesting reorganization (“plastic” regions) with
respect to control subjects, according to the age of seizure
onset (IFG, IMTG, IPL) and the associated hippocampal
sclerosis (IMTG). In the following section we describe
each specific region.

Signal %
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0
-0.02 -

Patients

Inferomedial temporal gyrus (IMTG, BA 37/21)

We obtained significant correlations between the parameter
estimates extracted from the left IMTG and the age of seizures
onset (r, = 0.83; p < 0.01), as well as between the param-
eters estimates extracted from the right IMTG and the age
of seizures onset (r, = 0.89; p < 0.006). This result suggests

B Left hemisphere
@ Right hemisphere

Control subjects

Figure 2 Significant interaction between hemisphere (Left and Right) and pathological condition (Control and Patient). The y-axis shows the degree of hemispheric
lateralization (magnitude difference between conditions in left and right ROI for patients and controls (x-axis). It shows significantly left-right difference for controls with

respect to patients.
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that patients presenting seizures early in life have more bilat-
eral activation of the IMTG (Figure 3a). Interestingly, we
also obtained significant correlation between the parameters
estimates extracted from the right IMTG and the associated
left hippocampal sclerosis (r, = 0.77; p < 0.05). This result
suggests that patients with associated hippocampal sclerosis
are more likely to involve their homologue IMTG during
language (Figure 3b).

Inferior parietal lobule (IPL, SMG, BA 40)
Significant correlation was obtained between the param-
eters estimate extracted from the right IPL and the age of
seizures onset (r, = 0.89; p < 0.006). This result suggests
that early age of seizures onset could induce supplementary
activation of the right homologue parietal region in patients
(Figure 4).

No significant correlation has been obtained between
the parameter estimates extracted from this region and the
presence/absence of hippocampal sclerosis.

Inferior frontal gyrus (IFG, BA 44)

The correlation between the parameter estimates extracted
from the left IFG and the age of seizures onset failed to reach
significance (r,= 0.71; p = 0.06) suggesting only a tendency
of the intra-hemispheric reorganisation for this region when
seizures start early in life (Figure 5).

No significant correlation was observed between the
parameter estimates extracted from the IFG and the pres-
ence/absence of hippocampal sclerosis.

Our patient population was not homogeneous with
respect to the handedness: 4/7 of patients were right-
handed and 3/7 were left-handed. This sample was too
small for splitting patients in right and left-handed.
Although the handedness was confounded because we
did not explore the relationship between handedness and
cerebral reorganisation, we checked the possible effect
of this factor. On this purpose, Spearman correlations
between handedness and left and right homologues ROI
have been calculated. None significant effect was obtained
(0.43 <1 <0.14; 0.33 < p < 0.75) suggesting that the
handedness did not significantly affect the cerebral reor-
ganisation in our sample.

Discussion

This fMRI study explored the influence of two variables
(age of seizures onset and associated hippocampal scle-
rosis) on the cerebral reorganisation of language in seven
adult epileptic patients with respect to seven healthy

subjects, while they performed a rhyme detection task.
We first identified language ROI based on a random-
effect group analysis for delineating their own left and
symmetrical right ROI. From each ROI we extracted
the parameters estimates (magnitude or % of MR signal
variation) for each condition (“task” and “control”). We
included these values in ANOVAs for detecting significant
differences between patients and controls within these
ROIL. In patients, we also estimated (Spearman correla-
tions) the effect of the two variables (age of seizures
onset and hippocampal sclerosis) on the reorganization
of language.

Regions of interest during rhyme

detection

This task presupposes predominant grapho-phonemic
conversion (phonological analysis) of words in order
to detect rhyming but also automatic semantic analysis
when a word is presented (Baciu et al 2001; Seghier
et al 2004). That is why this task was used in the present
study for assessing regions related to “language” (both,
phonological and semantic aspects of language). The task
induced activation of regions predominantly located in the
left hemisphere, confirming results obtained by previous
studies (Demonet et al 1992; Binder et al 1996, 1997,
Lurito et al 2000; Price 2000). We obtained (a) left frontal
activation (BA 44, xy z,—40 17 25) responsible for output
phonology (Demonet et al 1992), planning and execution
of language (ie, articulation) and post-lexical processing
(Gitelman et al 2005), (b) left temporal activation (BA
37/21,x y z, —44 —63 —7) related to semantic associations
(Lurito et al 2000; Billingsley et al 2001; Gitelman et al
2005; Schaefer et al 2006) and (c) left parietal activation
(BA 40, x y z, —44 —41 35) related to short term memory
phonological storage (Gitelman et al 2005). We briefly
remind that visual detection (“control”) induced very
limited activation within the right hemisphere, related
to visual attentional processes particularly involved for
performing this task (Corbetta et al 1998).

Hemispheric lateralization of language in

patients with respect to control subjects

Our results show that patients have significantly reduced
left hemispheric lateralization for language than right-
handed healthy participants who are classically strongly left
lateralized (Fiez 2001; Seghier et al 2004; Baciu, Juphard
et al 2005). The reduced left hemisphere predominance
suggests a tendency for bilateralization with supplementary
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Panel B
N=4; P<.05; K=15 N=3; P<.05; K=15

Figure 3a Shows the inferomedial temporal gyrus (IMTG) activation in TLE patients according to the age of seizures onset. The Panel A shows bilateral IMTG activation
in patients with seizures starting before age of 6 years old (OC, SDi, PD, CG, Table 1).The Panel B shows left IMTG activation in patients with seizures starting after age of
6 years old (MR, FD, SD, Table 1).The activation is projected onto 2D anatomical slices (left is right).

involvement of the right hemisphere (Springer et al 1999;  Thivard et al 2005; Yuan et al 2006) with respect to healthy
Adcock et al 2003). Other studies have previously shown  subjects. However, in these studies, the assessment of the
change of the hemispheric specialization degree or pattern  left-right hemispheric difference was not statistically robust
in patients (Pataraia et al 2004, 2005; Brazdil et al 2005;  as they generally used lateralization indices calculation.

Panel B :

N=3; P<05; K=15 N=4; P<.05; K=15

Figure 3b Shows the inferomedial temporal gyrus (IMTG) activation in TLE patients according to the associated hippocampal sclerosis. The Panel A shows left IMTG
activation in patients without hippocampal sclerosis (MR, FD, OC from Table 1).The Panel B shows bilateral IMTG activation in patients with hippocampal sclerosis (SD,
SD;i, PD, CG from Table I).The activation is projected onto 2D anatomical slices (left is right).
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N=4; P<.05; K=15

Panel B
N=3; P<.05; K=15

Figure 4 Shows the supramarginal gyrus (SMG) activation in TLE patients according to the age of seizures onset. The Panel A shows bilateral SMG activation in patients
with seizures starting before age of 6 years old (OC, SDi, PD, CG from Table 1).The Panel B shows left SMG activation in patients with seizures starting after age of 6 years
old (MR, FD, SD from Table |).The activation is projected onto 2D anatomical slices (left is right).

This method is known as being threshold-dependent and
based on the number of activated voxels within hemispheres
(Liegeois et al 2002; Baciu, Juphard et al 2005). In the
present study, we brought robust evidence suggesting

N=4; P<.001; K=15

differences in the lateralization pattern in patients and in
controls, by using robust statistical analyses on the MR
signal intensity variation (parameter estimates) extracted
from ROls.

N=3; P<.001; K=15

Figure 5 Shows the inferior frontal gyrus (IFG) activation in TLE patients according to the age of seizures onset. The Panel A shows left IFG activation in patients with
seizures starting before age of 6 years old (OC, SDi, PD, CG from Table |).The Panel B shows left IFG activation in patients with seizures starting after age of 6 years old
(MR, FD, SD from Table 1).The first sub-group had significantly higher activation of the left frontal region than the second sub-group.The activation is projected onto 2D

anatomical slices (left is right).
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The effect of seizures onset
and associated hippocampal sclerosis

on language reorganisation

As suggested by other studies (Lehericy et al 2002; Ries
et al 2004; Thivard et al 2005), the language reorganization
should be explored at regional rather than at hemispheric
level, because the reorganisation pattern depend on the
region taken into account. Furthermore, the reorganisa-
tion of temporal regions occurs more frequently than the
reorganisation of frontal regions. Several factors can
influence the reorganisation pattern. In this study we explored
two of them:

Age of seizures onset

The age of seizures influences cerebral plasticity (Hertz-
Pannier et al 2002; Brazdil et al 2003; Liegeois et al 2004;
Thivard et al 2005). Althought it is difficult to distinguish
between neuropathological changes and normal language
development (Yuan et al 2006), it is largely accepted that the
age is the primary factor for predicting recovery with prognosis
so far better in children under age of six. Thus, under the age
of six, the language plasticity is reflected by supplementary
involvement of the homologue hemisphere and decrease of the
degree of specialization (Muller et al 1999a; Brazdil et al 2003;
Liegeois et al 2004; Demonet et al 2005; Pataraia et al 2005;
Thivard et al 2005; Helmstaedter et al 2006; Voets et al
2006; Yuan et al 2006). Is is also reflected by intra-hemispheric
reorganization of cerebral networks (Lazar et al 1997; Bell et al
2002; Pataraia et al 2004), meaning that regions not originally
involved in a specific language operation, become involved
after reorganization. In the present study, the age of seizures
onset was significantly correlated with the activity of each
ROI taken into account. Next, we describe how the cerebral
plasticity could occur in each of the “plastic” regions.

Frontal region

Our results suggest only a tendency of an intra-hemispheric
reorganization of frontal activation with respect to healthy
subjects. This tendency suggests that early seizures induce
greater activation/involvement of frontal region than seizures
starting late in life. This result is in agreement with Hertz-
Pannier and colleagues’ (2002) study. Indeed, they showed
that language reorganization occurs in pre-existing bilateral
networks which could not be detected preoperatively but
postoperatively. This pattern, also called “translocation of
language function” (Lazar et al 1997), is interpreted as an
over-activity of frontal region with probably taking into
account the function of other language regions, such as the

posterior (temporo-parietal) ipsilateral areas (Lehericy et al
2002). This pattern could also reflect lower involvement of
temporal regions during language, due to their pathological
condition (Ries et al 2004).

Parietal region

Our results indicate an inter-hemispheric reorganization for
this region, correlated with the age of seizure onset: higher
probability of reorganisation when patients had seizures
early in life. These results are in agreement with previous
studies which explored the temporo-parietal reorganization
for language either by collapsing the two regions (Thivard
et al 2005; Helmstaedter et al 2006) or by considering them
separately (Hertz-Pannier et al 2002).

Temporal region

Significant correlation obtained between the signal inten-
sity variation for both, right and left IMTG and the age of
seizures onset, suggests that early seizures induced bilateral
representation of language for temporal regions. Further-
more, significant correlation of the left IMTG and the age of
seizures onset, suggests that the injured hemisphere is still
able to deal with language functions (DeVos et al 1995),
as the epileptogenic zone is located in the majority of our
patients in the left temporal lobe. The correlation obtained
between age and the right IMTG is consistent with previous
studies showing similar result when the left temporal region
is damaged (Hertz-Pannier et al 2002; Brazdil et al 2003;
Sabbah et al 2003; Liegeois et al 2004; Thivard et al 2005;
Janszky et al 20006).

All together, these results suggest a possible segrega-
tion within the left temporal lobe in patients with TLE with
seizures starting early in life. Some functional temporal sub-
regions would not be able anymore to take in charge specific
language operations. By consequent, their role could be
assumed either by other intra-hemispheric language regions
(such as frontal; intra-hemispheric “shift”) or homologue
language regions (right temporal; inter-hemispheric “shift”).
Some other functional temporal sub-regions could be over-
activated by taking in charge the language functions of those
dysfunctional temporal sub-regions.

Associated hippocampal sclerosis

Hippocampal sclerosis seems playing an important role on the
cerebral plasticity for language. In our study, this factor was
significantly correlated with the right IMTG activity. Several
studies showed right lateralization of the temporal lobe acti-
vation in TLE with hippocampal sclerosis (Grunwald et al
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1999; Richardson et al 2003; Schaefer et al 2006; Weber et al
2006). The right “shift” was interpreted either as a compensa-
tory mechanism for verbal memory processes depending on
the left damaged hippocampal structures (medial temporal
regions) and/or as a compensatory mechanism for language
as hippocampal structures could be involved in language
lateralization development (Knecht 2004).

Our population of epileptic patients was not homogenous
for handedness. The hand preference should be taken into
account (Pujol et al 1999; Knecht et al 2000) when studying
the language plasticity as linear relationship has been shown
between handedness and atypical dominance, with increased
incidence of the reorganisation in strong left-handed patients.
In the present study, at a first glance, our results did not show
correlation between handedness and MR signal intensity val-
ues measured in left and right ROIs. This result should be con-
sidered very cautiously as the patients sample was very small
and the control subjects were not matched with patients for
handedness. The influence of the hand preference on language
reorganisation will be clearly explored in a greater population
of epileptic patients and compared to appropriate and matched
left and right-handed healthy subjects in future studies.

Conclusion

With respect to healthy subjects, the patients with focal TLE
explored in the current study show significantly reduced hem-
ispheric lateralization during performing a language task. The
significant correlations obtained between the age of seizures
onset and the magnitude of temporo-parietal regions suggest
supplementary involvement of the right hemisphere (Thivard
et al 2005). The tendentious correlation obtained between
seizures onset and the magnitude in left frontal region could
suggests a possible intra-hemispheric reorganisation of this
region, but supplementary examinations should be performed
in order to obtain robust significant results. These preliminary
results show that cerebral reorganisation could be statistically
assessed as a function of different regions and depending on
several variables. The sample of patients was small and the
results should be considered carefully at the individual level.
However, this is encouraging evidence for using neuroimag-
ing methods to study plasticity in further research.
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