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Synopsis

In this work we aim to improve the detection of Focal Cortical Dysplasia on MRI images using a
multimodal approach. We propose to estimate the thickness of the cortex jointly using partial volume maps
of T1-weighted MPRAGE and T2- weighted FLAIR images by fitting spheres into the gray matter of the
brain such that the amount of probability-weighted gray matter contained in each sphere is maximized.
Results on nine patients show that the FCD lesions for all patients could be detected using the multimodal
approach compared to T1 alone (FCD detected in only 7 patients) and Freesurfer (4 patients).

Description of the problem

Focal cortical dysplasia (FCD) is a disease of the brain caused by malformations during cortical
development and is found in approximately one-half of patients with drug refractory epilepsy. Epilepsy
surgery can render many of these patients seizure-free but depends on accurate identification and
delineation of the lesion. Magnetic resonance imaging (MRI) is typically used to diagnose FCD, but
clinical experience suggests that FCD lesions can be missed in the initial evaluation in up to 35% of the
cases. This can be due to a combination of factors including the presence of subtle lesions, the complex
convolution of the human cerebral cortex, and the dependence on the expertise and attention of the
radiologist viewing the MR images. Algorithms that are automatically able to detect these abnormalities
may be able to decrease the number of missed cases. Features of FCD on MR images include localized
cortical thickening and blurring of the gray/white matter junction in T1-weighted (T1-w) images, and
increased signal on T2-weighted (T2-w) or fluid attenuated inversion recovery (FLAIR) images [1].
Previous work in automatically detecting FCD and measuring cortical thickness has often focused on the
processing of T1-w images [2,3]. In this work, we apply a recently proposed cortical thickness
measurement algorithm [3] in a multi-modal fashion using both T1-w and T2-w FLAIR images. The multi-
modal approach aims to overcome the limitations of uni-modal (T1-w) methods which may lead to an
underestimation of the gray matter thickness in subtle FCD cases. The increased signal seen on T2-w
FLAIR sequences in the region of the FCD lesion [1] can offer additional information. Another advantage
of this method includes its awareness of the partial volume (PV) effect (presence of multiple tissue classes
in a single voxel) present at the white matter (WM) to gray matter (GM) and the GM to cerebrospinal fluid
(CSF) transitions.

Methods

Inspired by the work of Thorstensen et al. [4] and Platisa et al. [3], we propose to estimate the thickness of
the cortex jointly using T1-w MPRAGE and T2-w FLAIR images by fitting spheres into the gray matter of
the brain such that the amount of probability-weighted GM contained in each sphere is maximized. Fig. 1
shows the pipeline used to process the MRI scans. The following steps are applied to the scans in parallel:
skull removal [5], volume interpolation, bias-field removal and PV estimation [6] to generate GM, WM,
and CSF maps. Then, in each voxel whose probability in the GM PV map is above a given threshold, a set
of spheres with different radii are centered and the sums of the weighted posterior probabilities over all
sub-voxels contained in a sphere are computed. We select the sphere that contains as much GM and as little



WM and CSF as possible and take the radius of that sphere as the thickness of the cortex at a given voxel.
The T1-w and T2-w FLAIR cortical thickness maps are weighted and combined to give one thickness map.

Results & Discussion

A set of nine patients who underwent both T1-w and T2-w FLAIR scans have been used to identify regions
of cortex with increased thickness, which would suggest increased probability of the FCD lesion in that
area. For T1-w images, the FCD lesion area had a visibly higher value on the thickness maps than the
surrounding tissue in 7 out of 9 patients. In the remaining 2 patients, cortical thickness measurements on
the T2-w FLAIR images showed clear thickening in the region of the FCD, resulting in 100% detection
using both images. The results show a clear benefit of the multi-modal approach over the uni-modal
approach. In comparison, the T1-w thickness maps obtained by Freesurfer [7], a well-recognized tool in the
brain MRI imaging, found lesions in only 4 of 9 patients.

Tiw ( Tiw 1 ( Tiw W ( Tiw W
Original Pre- Partial Cortical
fess processe d Volume thickness
Skull image Bias field maps ompute map Combin
vvvvvv | & maps with
vvvvvv | & PV map cortical weighting
o w P ( 2w W generation ( o Th‘c""ess ( o W factors .6 (aMapr,,, + B Maprz.,)
Original Partial Cortical
image LprocessedJ L Volume J L(hlckness J
image maps map

Figure 1: Processing pipeline for cortical thickness measurement based on T1-w and T2-w MRI images
Final map is generated by wegmng cortical thickness maps of T1-w and T2-w images.

Conclusions

These results show promise in the use of multi-modal methods for FCD detection. In the future, we will
look into ways of improving the specificity of the technique: better incorporation of multi-modal
information (T1-w and T2-w FLAIR), improving the PV segmentation, better sulci detection, incorporating
restrictions determined by anatomical characteristics of the cortex.
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