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Abstract

Drug-resistant focal epilepsy can be caused by structural lesions for which surgery can be
curative if the lesion is found and fully resected. We built a large multi-centre MRI dataset
of 1181 patients with focal epilepsy and 1009 healthy controls to train a state-of-the-art
nnU-Net model to segment a range of aetiologies on T1w MRI scans. The model was able
to detect different aetiological causes of focal epilepsy with a sensitivity of 73% in patients
and a specificity of 90% in controls.
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1. Introduction

Drug-resistant focal epilepsy (DRFE) can be caused by a range of structural brain abnor-
malities, from large tumours to small, difficult-to-detect cortical malformations. Resective
brain surgery is a potentially curative treatment. The likelihood of being offered surgery
and the rate of post-surgical seizure freedom is higher if the abnormality is detected on
MRI. Diagnosing these lesions is a widely-recognised challenge in epilepsy, with 10-50% of
lesions described as “MRI negative”, i.e. not found on MRI review (Eriksson et al., 2023;
Téllez-Zenteno et al., 2010). AI models have been developed to aid in the detection of spe-
cific epilepsy pathologies, such as focal cortical dysplasia (FCD) or hippocampal sclerosis
(HS) (Spitzer and Ripart et al., 2022; Ripart et al., 2023). However, at the point of MRI re-
view, the underlying pathology is not known and there is an urgent clinical need to develop
models capable of detecting a broad range of those pathologies. In this study, we leverage
the MELD Focal Epilepsy dataset, the largest collection of 3D MRI scans in patients with
drug-resistant focal epilepsy, to investigate whether a single classifier can segment a variety
of structural causes of focal epilepsy.

2. Material and Methods

2.1. Cohort and dataset preparation

Following national and local Institutional Review Board approval, data were retrospectively
collected and anonymised from 18 epilepsy centres worldwide. The study included 1181
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patients with DRFE and a radiological or histopathological lesion. Pathologies included
focal cortical dysplasia (FCD), hippocampal sclerosis (HS), low-grade epilepsy-associated
tumours (LEAT) (including dysembryoplastic neuroepithelial tumours (DNET) and gan-
gliogliomas), hypothalamic hamartoma (HH), cavernoma (CAV), polymicrogyria (PMG),
periventricular nodular heterotopia (PNH) and other pathologies. A cohort of 1009 controls
was included. All participants had a 3D T1w scan acquired on a 1.5T or 3T MRI scanner.
The cohort was split into 80% train-val and 20% test datasets using stratified random sam-
pling by pathology, site, and histological status to ensure a good representation of each of
the groups in the training and test datasets (Figure 1). T1w scans underwent neuroanatom-
ical brain segmentation using Synthseg (Billot et al., 2023). For patients with hippocampal
lesions, the SynthSeg hippocampal segmentation was used as the ground truth lesion mask.
For all other lesions, experts manually drew the ground truth lesion mask on the preoper-
ative T1w scan. Lesion mask preprocessing included a dilation-erosion algorithm to fill in
small defects/holes derived from masking in 2D and removal of any CSF voxels, using the
Synthseg CSF segmentation. For patients with dual pathologies (e.g. HS & FCD in FCD
Type 3a), hippocampal labels were merged with the manual cortical lesion mask.

2.2. Training and evaluating the model

T1w MRI scans were used to train a nnU-Net model (Isensee et al., 2021) to segment focal
lesions using the ground truth lesion masks. The nnU-Net was trained for 1000 epochs
with the ‘3d_fullres’ configuration. The model’s predictions were connected to regroup any
fragmented clusters, discarding those containing fewer than 100 voxels. The model was
evaluated on the test dataset for its sensitivity in detecting lesions (i.e. minimum 1 voxel
overlap between the prediction and the mask) and specificity in controls (i.e. no prediction).
We report the performance of the model on the test dataset and test dataset subgroups:
pathology, age group, histology confirmation and MRI status.

3. Results

Model performance is detailed in Figure 1. The model detected 170 out of the 232 focal
epilepsy abnormalities in patients (73% sensitivity). It accurately detected 63% of FCD,
91% of HS, 80% of LEAT, 60% of CAV, 67% of PMG and 50% of HH, PNH and other
pathologies. Notably, the model accurately detected 13 out of the 29 abnormalities (45%)
previously reported MRI-negative. Patients had a median of 0 false-positive clusters pre-
dicted, and the model accurately predicted no putative lesions in 182 out of 202 healthy
controls (90% specificity). Figure 2 depicts examples of seven accurate predictions in pa-
tients with different underlying pathologies. The radiological characteristics visibly differ
between the pathologies. Nonetheless, the model was able to segment these pathologies
with a good overlap with the manual lesion masks.

4. Discussion

We demonstrate that a single deep-learning model can segment a variety of pathologies
associated with focal epilepsy on T1w MRI, on an heterogenous cohort, representing a range
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of ages, countries and MRI scanners. The algorithm successfully detected 45% of MRI-
negative lesions, evidence of its potential utility as a radiological adjunct. Furthermore,
radiological delineation of subtle lesions in epilepsy typically relies on inspection of a 3D
FLAIR, and we anticipate future work incorporating additional sequences will further boost
model performance. This work represents a significant step forward in the development of
a robust automated lesion segmentation tool that could help in the presurgical planning for
patients with focal epilepsy, potentially aiding early identification and referral of candidates
for epilepsy surgery, and reducing the need for invasive investigations.

Demographic and clinical information Model performances on the test dataset
Training dataset Test dataset Dete;:i(c:‘ '; 2t ':‘;;1?; ;:f g:’c:)u;tse]r
Healthy controls (n) 807 202 90.1% (182/202) [0,0, 0]
Sex (m:f) 319:488 70:132 - -
Age at scan, years (median [min-max]) 34.0[0.4-78.0] 36.5[1.9-68.0] - -
Patients (n) 949 232 73.3% (170/232) [0,0,1]
Sex (m:f) 486:463 118:114
Age of epilepsy onset, years (median [IQR]) 7.5[2.5-15.0] 7.5(3.0-15.0]
years (median [min-max]) 22.5[0.1-69.0] 22.0[1.0-60.4] - -
Age atscan  Children (< 18 years old) 402 96 64.6% (62/96) [0,0.5,2]
Adults (2 18 years old) 547 136 79.4% (108/136) [0,0,1]
FCD 389 101 63.4% (64/101) [0,1,2]
HS 298 74 90.5% (67/74) [0,0,0]
LEAT 124 30 80.0% (24/30) [0,0,1]
X CAV 45 10 60.0% (6/10) [0,0,1]
Histopathology (n)
PMG 16 3 66.7% (2/3) [0,0,0]
HH 16 2 50.0% (1/2) [2,2,2]
PNH 16 4 50.0% (2/4) [0.75,1,1]
Other 45 8 50.0% (4/8) [0,0,1]
) . yes 765 (81%) 189 (81%) 74.1% (140/189) [0,0,1)
Confirmed on histopathology
184 (19%) 43 (19%) 69.8% (30/43) [0,1,1]
) yes 93/722 (13%) 29/176 (16%) 44.8% (13/29) [0,0,1)
Ever reported MRI-negative (n)
no 629/722 (87%) 147/176 (83%) 72.1% (106/147) [0,0,1)

Figure 1: Demographic and clinical information of the training and test datasets and model
performances on the test dataset. (FP: False Positives, IQR: interquartile range)
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Figure 2: Examples of segmentation of multiple focal epilepsy pathologies. Coronal views of
the T1w scan with and without the ground truth lesion mask, model prediction,
and their overlap overlayed.
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