Voxel Based Morphometry in Temporal Lobe Epilepsy: a pilot study using MT maps instead
of conventional T1-weighted data
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Synopsis

Temporal Lobe Epilepsy (TLE) is the most common form of focal epilepsy. Neuroimaging and neuropathological studies indicates that the
structural network affected in TLE extends to both temporal and extra-temporal structures. In this work, quantitative SDMT maps were used in a
Voxel Based Morphometry(VBM) framework to assess atrophy in left and right TLE compared to controls. Our findings revealed that 3DMT maps,
thankfully to their excellent grey-white matter contrast, can be successfully employed for VBM in epilepsy identifying temporal and extra-
temporal grey and white matter alterations in patients. This study is a proof-of-principle to adopt 3DMT for voxel based analysis in TLE.

Introduction

Temporal Lobe Epilepsy (TLE) is the most common form of focal epilepsy, accounting for about 70% of cases undergoing epilepsy surgery. It is often
associated with hippocampal sclerosis, low-grade tumours, or malformation of cortical development, but some cases remain without specific pathology
even after histological examination (1). Regardless of the underlying pathology, converging evidence from neuroimaging and neuropathological studies
indicates that the structural network affected in TLE extends to both temporal and extra-temporal brain structures. Several studies have explored
structural abnormalities in TLE using Voxel Based Morphometry (VBM) on conventional 3DT1 data (2,3). However, it has been shown in other diseases that
magnetization transfer (MT) maps may provide a better grey/white matter demarcation (4). This is attractive for detecting malformations of cortical
development, often associated with a loss of grey/white matter demarcation. This pilot study aimed at evaluating structural abnormalities in TLE, divided in
left and right groups, compared to healthy controls (HC) using 3DMT maps instead of conventional 3DT1.

Methods

Subjects: 33 TLE patients (19 left TLE: 33.2+9.9yrs, 10males, 14 right TLE: 39.5+10.7yrs, 6males) and 32 HC (32.6+8.2yrs, 18males). After temporal
lobectomy, histopathology revealed hippocampal sclerosis (7 cases, 4 left and 3 right), focal lesions (tumours, cavernoma, scars 8 cases, 5 left and 3
right), focal cortical dysplasia (4 cases, 2 left and 2 right) and cryptogenics with only a gliosis (14 cases, 8 left and 6 right).

MRI acquisition: A multi-parameter mapping (MPM) (5) protocol was implemented by acquiring 3D multi-echo PD, R1 and MT-weighted gradient-echo
scans using a Siemens Skyra 3T scanner (Siemens AG, Erlangen, Germany).

3DMT and VBM analysis: MPM maps were elaborated with the hMRI tool (http://hMRl.info) under Matlab and quantitative 3D maps of MT, pseudo PD, R1
and R2* were generated. 3DMT maps of all subjects were segmented into grey matter (GM), white matter (WM) and cerebrospinal fluid (CSF) using the
CAT12 toolbox (6). Using the DARTEL framework, the segmented images were normalized to MNI space (ICBM-152) with 1.5 mm isotropic voxels, and
smoothed using a kernel of 6-6-6 mm3 in SPM12 toolbox (7).

Statistical analysis: The smoothed and normalized images were used as inputs for the voxel-wise general linear model analysis. A one Way ANOVA
analysis was performed to identify the atrophic regions of right TLE versus HC, left TLE versus HC and right TLE versus left TLE. Gender, age and total
intracranial volume (TIV) were used as covariates. The significance was set at p<0.001 with an extension of 100 voxels and with FWE correction at p<0.05
at cluster level.

Results

The 3DMT maps obtained showed an excellent grey/white matter contrast (Fig.1). The enhanced grey/white matter contrast of the 3DMT compared to
3DT1 (Fig.1) resulted also in a more accurate segmentation of the two cerebral tissues and cerebro spinal fluid.

Most of grey matter atrophic changes were identified in the left hemisphere of both left and right TLE patients, compared to HC. Specifically, grey matter
abnormalities in left TLE were found in left fronto-orbital gyrus, left superior frontal gyrus, left thalamus, and bilateral precentral gyrus (Fig.2).

Grey matter abnormalities in right TLE were found in bilateral cerebellar hemispheres and vermis, left fronto-orbital gyrus, left superior temporal gyrus
(Fig.3).

Significant white matter atrophy was identified only in right TLE patients, mainly in bilateral cerebellum, deep right temporal lobe and bilateral fornix (Fig.4).

No significant differences were found in direct comparisons between left and right TLE patients.

Discussion

This pilot study using VBM on 3DMT maps identified grey and white matter atrophy, localised in the cerebellum and cerebral areas previously reported for
classical VBM studies on conventional 3DT1 (2). For instance, the thalamus is the subcortical region more often found atrophic in TLE. In our pilot study, a
lack of significant temporo-mesial atrophy may be due to the low percentage of patients of this study with hippocampal sclerosis, compared to classical
TLE studies. A peculiar lateralized pattern of abnormalities emerged: prevalent grey matter atrophy in left TLE, and on the contrary a prevailing white
matter atrophy in right TLE.

Conclusions

3DMT map obtained by MPM, with excellent grey-white matter contrast, can be successfully employed for VBM in epilepsy. This study is a proof-of-
principle to adopt 3DMT for voxel based analysis in TLE patients, both for study groups and single subject analysis.
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Figure 1: Example of 3DMT map (a) and 3DT1 image (b) of a randomly chosen healthy control. 3DMT map shows an enhanced grey/white matter contrast
compared to 3DT1 image.

Figure 2: Grey matter atrophy (light blue) in left TLE compared to healthy controls. Atrophic areas were found in left fronto-orbital gyrus, left superior
frontal gyrus, left thalamus, and bilateral precentral gyrus. L indicates left hemisphere.

Figure 3: Grey matter abnormalities (yellow) in right TLE compared to healthy controls. Atrophic areas were found in bilateral cerebellar hemispheres and
vermis and left fronto-orbital gyrus. L indicates left hemisphere.

Figure 4: White matter atrophy (yellow) in right TLE patients compared to healthy controls. Atrophic areas were found in bilateral cerebellum, deep right
temporal lobe and bilateral fornix. L indicates left hemisphere.
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