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Added value of high-resolution electrical source imaging of ictal activity in children with structural focal epilepsy

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

We read with great interest the paper "Source imaging of seizure onset predicts surgical outcome in pediatric epilepsy" by [START_REF] Ricci | Source imaging of seizure onset predicts surgical outcome in pediatric epilepsy[END_REF]. Authors estimated the ictal onset sources from 35 children with refractory focal epilepsy who underwent surgery and concluded that ictal electrical source imaging (ESI) performed on low density scalp EEG can delineate the seizure-onset zone (SOZ) and predict outcome.

In the context of presurgical evaluation of pharmaco-resistant focal epilepsy, there is no unique method that can localize the epileptogenic zone (EZ), and a comprehensive multimodal workup is usually needed. ESI relies on the use of algorithms that compute the location of brain sources on patient's MRI. This approach is now widely used to reconstruct the sources of interictal epileptiform discharges (IEDs) from high-density scalp EEG (HD-EEG). Indeed, it is wellestablished that increasing the number of electrodes improves the spatial resolution of the technique and is of critical importance for ESI accuracy. Ictal studies from HD-EEG are rarely done considering that most of the nets of electrodes used for HD-EEG acquisitions are not designed to perform EEG recording during long periods of time.

We investigated the feasibility to perform long sessions of EEG recording with a 256-channels device in children with focal structural epilepsy in order to obtain ictal data, and to evaluate the added value of ictal HD-ESI using advanced distributed source localization methods based on Maximum Entropy of the Mean [START_REF] Pellegrino | Source localization of the seizure onset zone from ictal EEG/MEG data: wMEM for Ictal Source Imaging[END_REF].

We recorded during up to 24 hours 3 consecutive children aged 5.5 to 9 years admitted for presurgical evaluation of pharmaco-resistant structural epilepsy using 256 electrodes long-term Geodesic Sensor Nets and Net Amp GES 400 series amplifiers (Philips Neuro, Electrical Geodesic, Eugene, OR, U.S.A.). One patient had frontal lobe epilepsy and 2 had posterior cortex epilepsy. MRI showed a focal cortical dysplasia in all cases, including a case of Tuberous Sclerosis Complex (TSC). Artefact-free EEG epochs at ictal onset and IEDs clusters were visually selected. ESI derived from HD-EEG was computed on ictal events (ictal ESI) and on each averaged IEDs clusters (interictal ESI) using patient specific head models. For ictal ESI, the wavelet based ACCEPTED MANUSCRIPT/ CLEAN COPY Maximum Entropy of the Mean (wMEM) method was used considering the frequency band calculated from the strongest power change captured around seizure onset. Anatomical sublobar concordances between ictal ESI, interictal ESI and the epileptogenic lesion (EL) were assessed and classified as fully concordant, partly concordant, or discordant [START_REF] Rikir | Electrical source imaging in cortical malformation-related epilepsy: A prospective EEG-SEEG concordance study[END_REF].

Eight ictal recordings and 7 interictal clusters of IEDs from the 3 patients were analyzed. As the interictal analysis provided more than one ESI localization due to the existence of multiple IEDs clusters in all patients, concordance was considered as present when observed from at least one IEDs cluster. The concordance between ictal ESI and EL was found fully concordant in 57% of seizures and partly in 43%. No discordant solution was found. Ictal and interictal ESI were fully concordant for all seizures for the first patient, and partially concordant for the second one. For the last patient, with TSC, ictal ESI was completely discordant with interictal ESI. The electroclinical semiology of seizures in this patient suggested a frontal lobe epilepsy, and ictal ESI indicated a frontal source that was concordant with a frontal tuber, whereas interictal ESI indicated extra-frontal sources.

These data suggest that long-term 256-channel scalp EEG monitoring in order to record seizures is feasible in children and that advanced source localization methods of both ictal and interictal activity can provide non-redundant and clinically useful information. Indeed, our data strongly suggest that ictal ESI correctly localized the SOZ, as all ictal sources were found fully or partially concordant with EL, as well as reproducible across seizures for a same patient. The comparison of ictal and interictal ESI shows that localizing the EZ only with interictal ESI has limitations. First, selecting a dominant IEDs cluster can be misleading, even when clinical data are taken into account. Second, it may happen that no IEDs are recordable from the EZ. This was illustrated in our series by the patient suffering from TSC, who had seizures that started from the frontal region but had IEDs in 3 other distinct localizations (Figure 1).

We found only one published ictal ESI study from HD-EEG performed in a pediatric population.

This study performed with 256-channel EEG included 6 children among a cohort of 14 patients ACCEPTED MANUSCRIPT/ CLEAN COPY [START_REF] Nemtsas | Source localization of ictal epileptic activity based on high-density scalp EEG data[END_REF]. Data concerning SEEG and surgery outcomes were available for 2 of these 6 cases and showed good concordance between SEEG and ictal ESI.

We chose here to apply the wMEM method, a dynamic approach that is considered as the best approach for ictal oscillatory patterns. This approach recovers the spatial extent of ictal cortical sources and offers the possibility to study the spatiotemporal evolution of generators of ictal patterns in different frequency bands by applying a discrete wavelet transform of the data [START_REF] Chowdhury | MEG Source Localization of Spatially Extended Generators of Epileptic Activity: Comparing Entropic and Hierarchical Bayesian Approaches[END_REF].

We estimated the location EZ from the EL, which is a good approximation when the patient has a well-delineated EL. However, the EZ may extend beyond the EL. Therefore, the EZ is estimated from the SOZ delineated by SEEG in a lot of studies. However, SEEG has also limitations because its spatial sampling is always partial. The outcome after surgery is probably the best indicator to evaluate the accuracy of a particular method of localization, as it was done in the study of [START_REF] Ricci | Source imaging of seizure onset predicts surgical outcome in pediatric epilepsy[END_REF]. Up to now, only one of our 3 patients was operated on and was seizure-free after 1 year.

In conclusion, ictal ESI based on HD-EEG using appropriate nets and an advanced source localization method is feasible in children and may be of significant help in locating ictal sources in challenging cases. Prospective studies in larger cohorts are required to confirm and extend these findings. 
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 1 Figure 1. Illustration of a case. Patient 3, a 9-year-old girl, had a Tuberous Sclerosis Complex and suffered from focal epilepsy since the age of 8. Her daily seizures were described as: intense motor restlessness, motor automatisms and vocalizations. She quickly became drug-resistant. Low density EEG showed 3 different IEDs foci: T3, Cz, O1. 1. Source localization based on 256-channel EEG and obtained after co-registration of the interictal (a-c) and the ictal (d,e) ESI to the patient's MRI. Ictal ESI was performed using wMEM (applied on the averaged time window around the onset of seizure) and interictal ESI using cMEM on averaged spikes. 2. T2 MRI showing a left fronto-lateral FCD. For 1. and 2., the right side of the brain corresponds to the left side of the figure. Abbreviations: IED: interictal epileptiform discharge; ESI: electrical source imaging; wMEM: wavelet maximum entropy of the mean; cMEM: coherent maximum entropy of the mean; FCD: focal cortical dysplasia.
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