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Abstract

Introduction: Quantitative measurements of T2 relaxation in the hippocampus for
focus lateralization in mesial temporal lobe epilepsy (mTLE) are well established.
Less is known to what degree such relaxation abnormalities also affect regions
beyond the ipsilateral hippocampus. Therefore, the aim of this study was to
characterize extent and distribution pattern of extrahippocampal relaxation
abnormalities in TLE with (TLE-MTS) and without MRI evidence of mesial-temporal
sclerosis (TLE-no).

Methods: Double spin echo images (TE1/2: 20/80 ms) acquired in 24 TLE-MTS and
18 TLE-no were used to calculate relaxation rate maps. These maps were analyzed
by SPM2 and by selecting regions of interest (ROI) in the hippocampus and several
extrahippocampal brain regions.

Results: In TLE-MTS, the results of the SPM and ROI analysis were in good
agreement and showed the most severe relaxation rate decreases in the ipsilateral
hippocampus but also in other ipsilateral temporal regions, orbito-frontal, and parietal
regions and to a lesser degree in contralateral frontal regions. The relaxation rate
decreases in TLE-no were confined to small regions in the ipsilateral anterior inferior
and medial temporal lobe in the SPM analysis while ROl analysis showed additional
regions in the ipsilateral hippocampus, amygdala and anterior cingulate.
Conclusion: TLE-MTS showed extensive, widespread but predominantly ipsilateral
temporal and also extratemporal T2 relaxation rate decreases. In contrast, the
findings of the SPM and ROI analyses in TLE-no suggested that if relaxation rate
decreases are present, they are less uniform and generally milder than in TLE-MTS.
This further supports the hypothesis that TLE-no is a distinct clinico-pathological

entity from TLE-MTS and probably heterogeneous in itself.
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Introduction

Mesial temporal lobe epilepsy (mTLE) is one of most common forms of partial
epilepsy in adults. In the majority of patients (60-70%) mTLE is associated with
hippocampal sclerosis which is characterized by hippocampal atrophy on the MRI
and severe hippocampal neuronal cell loss on the histological examination. In about
20-30% of the patients however, the hippocampus appears normal on the MRI and
the histopathological examination shows no or only minimal neuronal loss (TLE-no).
Hippocampal sclerosis is typically associated with a prolonged T2 relaxation, i.e.,
with a visually apparent signal increase on T2 weighted images. Quantitative
measurements of T2 relaxation in the hippocampal formation have found to be very
useful for focus lateralization in mTLE and not only correctly identify the epileptogenic
hippocampus in over 90% of TLE-MTS but also in up to 80% of TLE-no (1,2).
Furthermore, histopathological studies showed the prolonged T2 relaxation to be well
correlated with the degree of hippocampal neuronal cell loss and/or gliosis (3,4).
However, despite its usefulness, T2 relaxometry is not widely used clinically for
presurgical evaluation. One reason for this is the relatively long acquisition time of
the multispin echo Carr-Purcell-Meiboom-Gill sequence traditionally used for T2
relaxometry. Therefore, in clinical settings a simple double spin echo sequence is
often preferred to the Carr-Purcell-Meiboom-Gill sequence and has successfully
been used for focus lateralization (4-7) despite its inherent limitations, e.g., incorrect
assumption of a mono-exponential decay in voxels of mixed tissue composition or
error propagation from a two point fit of an exponential function etc. (8). Another
limitation of T2 relaxation measurements is that they usually employ a region of
interest (ROI) analysis which not only requires an a priori assumption about the focus
localization in the brain but also restricts the number of extrafocal brain regions to be
explored. However, two recently published studies report the successful application
of voxel based statistical parametric mapping (SPM) to T2 relaxometry (9,10) thus

allowing for an operator independent, automated analysis of the whole brain. The
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exploration of extrafocal brain areas is particularly important for TLE-MTS because
other neuroimaging modalities, e.g. volumetric MRI, MR spectroscopy, PET etc.,
have shown that structural and metabolic abnormalities are not restricted to the
region of the suspected focus but also affect remote brain regions. Extrafocal
abnormalities, particularly metabolic abnormalities, have also been described in TLE-
no but compared to TLE-MTS are less severe and more often also found
contralaterally (11). In this study we calculated T2 relaxation rate maps from double
spin echo studies and analyzed them using statistical parametric mapping and ROI
analysis. The aims of this study were as follows: 1. To identify regions of T2
relaxation abnormalities beyond the hippocampus in TLE-MTS. Based on the
findings of other neuroimaging modalities, we expected them to affect the ipsilateral
temporal lobe, fronto-orbital region, insula and parietal regions. 2. To identify regions
of T2 relaxation abnormalities beyond the hippocampus in TLE-no, which were
expected to affect the same regions as in TLE-MTS but to be less severe and more

diffuse.

Methods

Study Population

The committee of human research at the University of California, San Francisco (UCSF)
approved the study and written informed consent was obtained from each subject
according to the Declaration of Helsinki. Forty-two consecutive patients suffering from
drug resistant TLE were recruited from the Northern California Comprehensive Epilepsy
Center, UCSF and the Pacific Epilepsy Program, California Pacific Medical Center, where
they underwent evaluation for epilepsy surgery. Twenty-four patients (mean age 35.6
10.1; left TLE/right TLE: 13/11; females/males 9/15) had evidence of mesial temporal lobe
sclerosis on MR, i.e., hippocampal T2 signal hyperintensity and/or atrophy, (TLE-MTS).
The remaining 18 patients (mean age 34.7 + 11.5; left TLE/right TLE: 11/7;

females/males: 10/8) had no evidence for mesial temporal sclerosis and, except for one
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patient with a small right parietal arterio-venous malformation, normal MRIs. The
identification of the epileptogenic focus was based on seizure semiology and prolonged
ictal and interictal scalp Video/EEG/Telemetry (VET) in all patients. All patients had been
seizure free for at least 24 hours before the MRI. The control population consisted of 30

healthy volunteers (mean age 30.3 + 7.9; females/males: 15/15).

MRI Acquisition and Postprocessing

All subjects were studied on a 1.5 T Vision MR system. The following sequences
were obtained as part of a larger study protocol: A 3D volumetric magnetization-
prepared rapid gradient echo (MPrage) with TR/TE/TI = 13.5/7/300 msec, 15° flip
angle, 1.0x1.0 mm? in-plane resolution and slice thickness 1.5 mm, 144 coronal
images. The first 39 subjects (19 controls, 13 TLE-MTS, 7 TLE-no) were studied
with a double spin echo (DSE) sequence with. TR/TE1/TE2 2575/20/80 msec
1.0x1.0 mm?in-plane resolution and slice thickness 3 mm, 49 axial images,
interleaved acquisition. Because the interleaved acquisition resulted in loss of
data in a non negligible percentage of exams due to motion between the two
acquisitions or operator error, a non-interleaved DSE sequence with a longer
TR (TR/TE1/TE2 5000/20/80 msec 1.0x1.0 mm?in-plane resolution and slice
thickness 3 mm, 49 axial images) was used for the remaining 33 subjects (11
controls, 11 TLE-MTS, 11 TLE-no).

Data were analyzed using SPM2 (Wellcome Department of Cognitive Neurology,

www.fil.ion.ucl.ac.uk) running MATLAB 6.1 (The MathWorks, Natick, MA, USA) on a

Windows XP computer. Figure 1 gives an overview of the post-processing steps.
Altogether, there were three post-processing steps.

1. Creation of a symmetrical T1 template and priors to allow for the combination of
right and left TLE. This step was necessary because the number of subjects in the
two patient groups was too small to analyze right TLE and left TLE separately. The

symmetrical customized T1 weighted template and symmetrical customized gray,
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white and csf priors were created from the T1 weighted images of the control group
(30 original images and 30 side-flipped images) (12). Left and right TLE were
combined by side-flipping all images of the left-sided TLE group so that the focus
was on the same side in all TLE subjects. 2. Creation of a tissue mask. The T1
weighted image was co-registered and re-sampled to the resolution of the T2/ proton
density (PD) weighted images. These co-registered and re-sampled T1 weighted
images (original and left-right flipped control images, original right TLE images and
left-right flipped left TLE images) were then segmented in native space into gray and
white matter images, followed by a series of fully automated morphological
operations for removing unconnected non-brain voxels from the segmented images
as described by Good et al., 2001 (13). The gray images were then spatially
normalized to the customized symmetrical GM template and these deformation
parameters applied to all other structural images of this subject (T1, PD, T2 weighted
images). The normalized T1 weighted images were then segmented into gray, white
and csf and the brain extraction step was repeated. The resulting gray and white
matter images of each subject were used to calculate a tissue mask for this subject
which was thresholded at 0.7, i.e., contained only pixels with at least 70% tissue
content.

3. Creation of T2 relaxation rate map: Using the normalized PD (TE = 20 ms) and the
normalized T2 (TE = 80 ms) weighted images relaxation rate maps were calculated
according to the following formula: T2rate = In (Spp / St2) where Spp represents the
signal from the PD weighted image and S, the signal from the T2 weighted image.
The resulting T2rate maps were then masked with the tissue mask image to reduce

csf partial volume effects.

Figure 1 about here
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Data analysis

SPM analysis

For the analysis in SPM2, the masked normalized T2 rate maps were smoothed with
a 4 mm isotropic Gaussian kernel. The analysis included grand mean scaling and
normalization for global differences in voxel intensity across scans by inclusion of the
global mean voxel value as a confounding covariate. Age and TR were included as
nuisance variables. Regions with significant decreases of the T2 relaxation rate in
TLE-MTS vs. controls, TLE-no vs. controls and TLE-MTS vs TLE-no or TLE-no vs
TLE-MTS were detected at an individual voxel intensity threshold of p < 0.001 and a

cluster extent threshold of p < 0.05 (300 voxels).

Region of Interest (ROI) analysis

To improve the consistency of ROI placement, the following ROls were drawn on the
normalized PD image of one control subject with the ROI tool of MRIcro

(www.mricro.com, author: Chris Rorden): Left and right amygdala, hippocampal

head, temporal stem, fronto-orbital white matter, posterior thalamus, white matter of
anterior and posterior cingulate and parietal lobe (cf Figure 2). The co-ordinates of
these ROI were then applied to the PD images of each TLE subject and each
remaining control and, if necessary, slightly adjusted to ensure that no CSF was
included in the region of the hippocampus/amygdala ROIs or that no gray matter was
included in white matter ROls and finally transferred to the corresponding
unsmoothed relaxation rate map.

Kruskal-Wallis tests were used to test for group differences for each ROI, i.e.,
controls (left and right side combined) vs. ipsilateral TLE-MTS and ipsilateral TLE-no
and controls (left and right side combined) vs. contralateral TLE-MTS and
contralateral TLE-no followed by post hoc analyses with Mann Whitney tests.
Wilcoxon tests were used to test for ipsi-/contralateral differences in TLE-MTS and

TLE-no. Correction for multiple comparisons was performed with Holm’s test. To
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identify ROI with abnormal low T2 relaxation rates in individual patients (ROI single
subject analysis), a threshold defined as: T2 relaxation rate threshold < mean T2
relaxation rateconos -2.5 standard deviation T2 relaxation ratescqnos Was calculated

for each ROL.

Figure 2 about here

Results

SPM Analysis

Table 1 displays the results of the SPM analysis. In the comparison TLE-MTS vs.
controls large ipsilateral clusters of decreased T2 relaxation rate encompassing
hippocampus, parahippocampal gyrus, temporal lobe, frontal and fronto-orbital
regions and several smaller clusters in the ipsilateral parieto-occipital lobe and
insular region and in the contralateral orbito-frontal and frontal regions were found
(TLE-MTS<controls) (c.f. Figure 3a). In the comparison TLE-no vs. controls (TLE-
no<controls) two clusters of decreased T2 relaxation rate were found corresponding
to the ipsilateral inferior temporal gyrus and the parahippocampal gyrus (c.f. Figure
3b). When TLE-MTS were compared to TLE-no (TLE-MTS<TLE-no), clusters of
decreased T2 relaxation rate were found in the ipsilateral hippocampal head and
white matter of the temporal pole and temporal stem; there were no regions of
decreased T2 relaxation rate when TLE-no were compared to TLE-MTS (TLE-

No<TLE-MTS).

Table 1 and Figures 3a-b about here

Region of Interest Analysis
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The Kruskal Wallis tests showed a significant group effect (p< 0.05) for ipsilateral
amygdala, hippocampus, thalamus, white matter of anterior cingulate and parietal
lobe and ipsi- and contralateral temporal stem and fronto-orbital white matter. The
results of the post hoc analyses and side comparisons are displayed in Table 2. In
TLE-MTS, the findings of the ROI analysis were in good agreement with the findings
of the SPM analysis. Compared to controls, a decreased T2 relaxation rate was
found in the ipsilateral amygdala, hippocampus, thalamus, anterior cingulate and
parietal lobe and ipsi- and contralateral temporal stem and fronto-orbital white matter.
In TLE-no, the ROI analysis showed a decreased T2 relaxation rate in the ipsilateral
amygdala, hippocampus and anterior cingulate. These regions were normal in the
SPM analysis.

One control subject had a pathological low T2 relaxation rate in the right
hippocampus, when the thresholds to identify ROIs with abnormal low T2 relaxation
rate in individual subjects were applied. Therefore, the finding of one abnormal ROI
in each subject was expected by chance alone. 54% of the TLE-MTS (median
number of pathological ROI: 2, range: 1-6) and 44% of the TLE-no (median number
of pathological ROI: 1, range 0-5) had at least two or more abnormal ROI (p>0.05,
with Fisher’s exact test). Table 3 displays the percentage of TLE-MTS and TLE-no
with pathological low T2 relaxation rate values in any given ROI. Except for the
ipsilateral hippocampal ROI which was abnormal in 87% of TLE-MTS but only in 17%
of TLE-no (p < 0.0001, with Fisher’s exact test), the frequency in which a ROl was
abnormal did not differ between TLE-MTS and TLE-no. Two TLE-MTS had bilateral
pathological hippocampal T2 relaxation rates; in both cases the side with the more
prominent decrease corresponded to the EEG lateralization. None of the TLE-no had

bilateral hippocampal abnormalities.

Table 2 and 3 about here
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Discussion

The major findings of this study were the following: 1. TLE-MTS had widespread T2
relaxation rate decrease in the ipsilateral temporal lobe which were most severe in
the hippocampus in the SPM and ROI analysis. In TLE-no temporal relaxation rate
decrease was restricted to small areas in the ipsilateral inferior and medial temporal
lobe in the SPM analysis, additional regions were found in the ipsilateral
hippocampus and amygdala in the ROI analysis. 2. TLE-MTS showed widespread
ipsilateral extratemporal T2 relaxation rate decrease in the ipsilateral insula, frontal
and parieto-occipital regions and to a lesser degree also in the contralateral frontal
lobe in the SPM and ROI analysis. 3. TLE-no had no extratemporal T2 relaxation
rate abnormalities in the SPM analysis. However, in the single subject ROI analysis,
the frequency in which extratemporal regions with T2 relaxation rate decrease were

found in TLE-no was the same as in TLE-MTS.

The first major finding was that relaxation rate decreases in TLE-no were
restricted to the ipsilateral anterior inferior temporal gyrus and
parahippocampal gyrus in the SPM analysis while the ROl analysis showed
additional but compared to TLE-MTS less severe decreases in the ipsilateral
hippocampus and amygdala. In contrast, SPM and ROI analysis found both
widespread relaxation rate decreases in the ipsilateral temporal lobe of TLE-
MTS which were most prominent in the ipsilateral hippocampus. Together with
the finding that the ipsilateral hippocampus was also the most prominently
affected structure when TLE-MTS were compared to TLE-no, this would be
consistent with assumption that the hippocampus is the epileptogenic focus in
TLE-MTS and that the extrahippocampal temporal regions become secondarily
involved during seizure spread. The findings in TLE-no are more difficult to

interpret. The SPM analysis found the most severe T2 abnormalities in the
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ipsilateral inferior and medial temporal lobe but the hippocampus was normal.
This could suggest that the hippocampus is not as consistently involved in
seizure generation/propagation in TLE-no as it is in TLE-MTS. This assumption
is supported by the fact that findings of functional studies, e.g. EEG, PET or
MRS also show milder hippocampal abnormalities in TLE-no than in TLE-MTS.
However, extrahippocampal temporal functional abnormalities in TLE-no tend
often to be widespread and diffuse. For example, intracranial EEG recordings
in TLE-no showed that initial ictal discharges often encompass large areas of
the anterior and/or medial and sometimes even lateral temporal lobe (14).
Similarly, PET and MRS studies have shown that TLE-no can be associated
with widespread temporal metabolic abnormalities although they are often less
homogeneous and less severe than those found in TLE-MTS (11,15,16). The
characteristics of the temporal abnormalities in functional studies, i.e.,
widespread, but diffuse and heterogeneous seem to be at odds with the very
circumscribed T2 relaxation rate decreases in TLE-no found by the SPM
analysis. However, this seemingly discrepancy can be resolved if the findings
of the single subject ROl analysis are also taken into account which suggest
that at least in some TLE-no T2 relaxation rate abnormalities can be diffuse and
widespread. Further research will be necessary, particularly whole brain single
subject analyses of T2 abnormalities and careful comparisons with functional
findings to fully characterize the T2 abnormalities in TLE-no and address their

value for focus localization in this group.

The second major finding was that TLE-MTS had T2 relaxation abnormalities in ipsi-
and to a lesser degree contralateral extratemporal regions in the SPM and the ROI
analysis. Two studies, one using ROI analysis (17) and another study from the same
group using voxel based statistical parametric mapping (9) described

extrahippocampal T2 relaxation abnormalities in the ipsilateral parahippocampal
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gyrus and in the white matter of the ipsilateral anterior and lateral temporal lobe but
found in contrast to our study no extratemporal abnormalities. Technical differences
(use of a standard Carr-Purcell-Meiboom-Gill sequence, differences in the SPM
analysis and ROl selection) and differences of the patient population studied most
likely account for this discrepancy. Although TLE-MTS belongs to the group of focal
epilepsies and resection of the epileptogenic hippocampus results in seizure control
in a high percentage of patients, ictal (18-20) and interictal (11,21,22) functional
studies show that abnormalities are not restricted to the hippocampus but rather
involve a widespread subcortical and cortical network, consisting of other limbic
structures, thalamus, basal ganglia, insular, frontal and parietal cortical regions.
Furthermore, whole brain volumetric measurements using voxel based morphometry
(23-26) found abnormalities in the same extratemporal brain regions suggesting that
extratemporal abnormalities in functional studies are at least partly due to permanent
structural alterations rather than to potentially reversible neuronal/glial dysfunction.
The nature of these extrahippocampal/extratemporal abnormalities is unknown. On
the one hand, they could represent neurodegenerative changes, e.g. loss of neuronal
cells, reduction of neuropil or reactive gliosis caused by local excitotoxic effects of
seizures spreading from the epileptogenic focus to connected brain areas. On the
other hand, it is equally plausible that they could result from developmental
abnormalities, e.g. microdysgenetic abnormalities (27-28), which lower the threshold
for seizure generation and thus increase the risk for the development of epilepsy later
in life and eventually also favor certain routes of seizure propagation once the
epileptic disorder is established. Finally, it is also possible that these abnormalities
result from a combination of developmental and neurodegenerative influences.
Further research is necessary to determine if these extrahippocampal/extratemporal
relaxation abnormalities are associated with functional deficits comparable to
extratemporal hypometabolic areas in PET studies (29-31) and if their presence and

extent influence the probability of becoming seizure free after epilepsy surgery.
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The third major finding was that TLE-no had no extratemporal relaxation
abnormalities when compared with controls in the SPM analysis. There are two
possible explanations for this finding. The first is that relaxation abnormalities in TLE-
no are indeed confined to the temporal lobe and that extratemporal brain regions are
completely normal. However, in this case it would be expected that SPM would
show similar widespread abnormalities in the comparison TLE-MTS with TLE-
no as it does in the comparison TLE-MTS with controls. This was not the case.
The alternative explanation is that TLE-no do have extratemporal relaxation
abnormalities but their peculiar characteristics make them difficult to detect by SPM
group analysis. Relaxation abnormalities which might typically be missed by a SPM
group analysis would expected to be either mild and lack a uniform distribution
pattern or be severe but affect only a minority of patients. The assumption that TLE-
no do have extratemporal relaxation abnormalities is supported by the findings of the
ROI analysis. In the ROI group comparison, the relaxation rates in the different ROI
of TLE-no were between those of TLE-MTS and controls and in the ROI single
subject analysis, the percentage of TLE-no with abnormal extratemporal ROIs (44%)
was not different from the percentage of TLE-MTS subjects (37%) with abnormal
extratemporal ROls. Based on the findings of the ROI analysis, we therefore
conclude that at least a subgroup of TLE-no has extratemporal relaxation
abnormalities similar to TLE-MTS. As for TLE-MTS, the nature of those
extratemporal abnormalities is unclear. The fact that they seem to be less severe in
TLE-no suggests either a different etiology and/or a better protection against
whatever mechanism is causing them in TLE-MTS. This further supports the notion
that, despite their similar seizure semiology and presumably identical seizure origin,
these two forms of mTLE are two different clinico-pathological entities and that the

TLE-no group might be heterogeneous in itself.



Mueller SG et al. 14

The study has limitations: 1. As pointed out in the introduction, we used a dual spin
echo sequence which has several short comings compared to the Carr-Purcell-
Meiboom-Gill sequence traditionally used for relaxation measurements (please see
references 5 and 8 for a detailed comparison between DSE and Carr-Purcell-
Meiboom-Gill sequence in TLE). Furthermore, the echo times used were not
optimized for relaxometry, i.e., the second echo time of 80 ms was rather short.
Therefore, we cannot exclude that relaxation abnormalities in TLE-no were missed
because of limitations of the sequence. 2. We used two slightly different DSE
sequences for this study. We tried to account for this by introducing TR as a
nuisance variable in the statistical analysis. We also tested for a systemic error
due to the two different TR values by comparing T2 rates of controls studied
with the short TR with T2 rates of controls studied with the longer TR and
found no significant difference, neither in the ROl analysis nor in the SPM
analysis. Therefore, we do not think that the different TR influenced the
findings of this study. 3. The focus localization was based on clinical signs and
ictal scalp VET recordings. Therefore, we cannot completely exclude that in
some of the TLE-no the seizures originated from the lateral temporal lobe
which might have contributed to the heterogeneity observed in this group. 4. In
contrast to other studies using SPM for whole brain relaxometry (10), we did not
perform single subject SPM analysis, although this might have given us further
insight into the patterns of relaxation abnormalities found in the two TLE groups. We
felt that a single-subject analysis would not be appropriate because the method used
for normalization in this study allowed for a certain degree of miss-registration
particularly in cortical regions. In the group analysis, this resulted probably in a high
variability in cortical regions and thus might explain why the relaxation abnormalities
were mostly found in white matter structures. In single subject analysis, miss-
registrations of this type might cause false positive findings, e.g. result in regions with

significant reduced relaxation rates in a deeper than usual sulcus. 5. Although it
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might have given further information regarding the nature of the relaxation
abnormalities, we did not try to correlate the relaxation abnormalities with measures
of lifetime seizure severity because this information could often not reliably be

obtained.

In conclusion, we found widespread extrahippocampal and extratemporal relaxation
abnormalities in TLE-MTS. In contrast, relaxation abnormalities in TLE-no were
confined to small regions of the anterior temporal lobe, however, the ROl analysis
suggested that there is a subgroup of TLE-no who have similar extratemporal
abnormalities as TLE-MTS. This provides further evidence that TLE-MTS is a distinct
clinico-pathological entity from TLE-no and that the latter group might be

heterogeneous in itself.
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Table 1. 5PM Analysis: Regions of T2 Rate Decrease

Contrast Side Region P corr (cluster) ke SPM (T} (voxel) Peak Coordinates in SPM
TLE-MTS<Controls Ipsi hippocampus, termporal pole, temporal stem, =0.001 26715 16.99 322218
superior, medial, inferior temporal gyrus 12.84 2814 -2
parahippocampal gyrus, frontal, fronto-arbital 10.55 |1
Ipsi fronto-arbital =0.001 4200 51 13 61-7
475 18 48-13
471 1529
Ipsi frantal 0027 30 4.14 16 18 32
.45 23 14 35
Ipsi parieto-occipital 0.005 384 463 7 -B5EN
4.00 2722
Ipsi operculurmn, insula 0.0 514 4.38 3722 24
432 3|/ 9N
Contra frantal, fronto-orbital =0.001 1040 5.05 220043 -1
399 -15 29 21
392 -22 38 16
0.020 b 5.00 -16 56 -1
Caontra frontal 0.038 283 3.95 -22 3816
TLE-no<Controls  Ipsi inferior temparal gyrus 0.ma 355 5.64 53-1 -34
5.04 48 6 -7
Ipsi parahippocampal gyrus, =0.001 o245 413 3B -3 37
4.06 26 0-31
398 33126
TLE-MTS= TLE-no Ipsi hippacampus, parahippocampal gyrus =0.001 2713 .87 32-21-18
825 2713 -22
554 28-29-17
Ipsi ternporal pole =0.001 1561 5.31 40 1-38
517 43 7 -30
4.594 ¥ 9-3FF

Ipsi, ipsilateral; Contra, contralateral




Mueller SG et al. 23

Table 2. Region of Interest Analysis: Group and Side Comparisons

Amygdala left + right
ipsi
contra

Hippcampus left + right
ipsi
contra

Temporal stem left + right
ipsi
contra

Fronto-orhital left + right
ipsi
contra

Anterior Cingulate left +right
ipsi
contra

Posterior Cingulate |eft + right
ipsi
contra

Thalamus left + right
ipsi
contra

Parietal left + right
ipsi
contra

Controls
n =230

hWtean (S0
0.81 (0.02)

0.79 (0.02)

0.95 (0.03)

1.02 {0.02)

0.9 (0.03)

0.97 (0.02)

0.95 (0.02)

0.91 (0.03)

TLE-MTS
n=24

hWtean (S0
0.7g (0.03+

0.60 (0.02)

0.73 (0035
0.78 (0.02)

0.91 (0.03)°
0.92 (0.03)°

0.99 (0.03)°
1.00 (0.03)°

0.96 (0.02)°
0.97 (0.04)

0.95 (0.03)
0.95 (0.02)

0.95 (0.03
0.597 (0.02)

0,67 (0,03
0.90 (0.03)

TLE-no
n=18

htean (S0
0.79 (0.03

0.81 (0.02)

0.77 (0035
0.79 (0.02)

0.593 (0.04)
0.594 (0.03)

1.01 {0.04)
1.02 (0.04)

0.97 (0.02)°
0.57 (0.04)

0.57 (0.04)
0.96 (0.03)

0.596 (0.03)
0.57 (0.04)

0.90 {0.03)
0.90 (0.04)

* p= 0.05 with Wyilcoxon compared to cantralateral

“ p= 0.05 TLE compared to contrals or $TLE-MTS compared to TLE- no with Mann-Whitney test

corrected for multple comparisons with Holm's test
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Table 3. Region of Interest Analysis: Percentage of TLE with ROl below Threshold

Side

Amygdala ipsi

contra

Hippocampus ipsi
contra

Temporal stem ipsi
contra

Fronto-orbital ipsi
contra

Anterior Cingulate ipsi
contra

Posterior Cingulate ipsi

contra
Thalamus ipsi

contra
Parietal ipsi

contra

TLE-MTS
=24

13%
0%

g7 %"
g%

25%
13%

17 %
21%

0%
4%

4%,
4%

g%
0%

g%
4%

TLE-no
n=18

22%
1%

17 %
0%

17 %
B%

17 %
1%

B%
B%

1%
B%

0%
B%

1%
B%

*p=0.05 with Fisher' s exact test
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Legends

Figure 1. Post-processing.steps (see also Methods). The T1 was co-registered to
T2/PD and the resulting image was used for segmentation with SPM2. The gray
matter map was then normalized to the gray matter prior and the deformation
parameters were applied to the co-registered T1, T2 and PD. The normalized T2 and
PD were used to create T2 relaxation rate maps which were masked with a tissue
mask to reduce partial volume effects. For the analysis in SPM, the masked T2

relaxation maps were smoothed with a Gaussian kernel of 4 mm FWH.

Figure 2. Placement of the regions of interest (ROI) in the hippocampus (size: 44
pixels, Talairach coordinates: -24,-14,-17 and 27,-14,-17) and, amygdala (size: 44
pixels, Talairach coordinates: -23,-4,-17 and 23,-4,-17) (a), temporal stem (size:
24 pixels, Talairach coordinates: -44,-30,-7 and 46,-30,-7) (b), orbito-frontal white
matter (size: 61 pixels, Talairach coordinates: -21,42,-7 and 21,42,-7) (c),
thalamus (size: 68 pixels, Talairach coordinates: -14,-23,8 and 18,-23,8) (d),
posterior (size: 24 pixels, Talairach coordinates: -11,-46,23 and -7,-48, 23) and
anterior cingulate (size: 24 pixels, Talairach coordinates -10,29,19 and 10,25,19)
(e) and parietal white matter (size: 68 pixels, Talairach coordinates: -28,-50,25

and 31,-50,25) (f).

Figure 3. Regions with reduced relaxation rates in TLE-MTS (a) and TLE-no (b) and
in TLE-MTS compared with TLE-no (c). TLE-no had no regions with reduced
relaxation rate when compared with TLE-MTS, indicating that T2 relaxation
abnormalities are more severe in the former group. The regions are displayed on the

averaged symmetrical T1 image of the control group





