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INTRODUCTION

Resective surgery, when possible, is the best treatment for focal pharmacoresistant epilepsy. Optimal determination of the epileptogenic zone (EZ) often requires intracranial recordings such as stereo-EEG (SEEG), especially in cases of negative magnetic resonance imaging (MRI), widespread epilepsies, and proximity of eloquent areas [START_REF] Isnard | French guidelines on stereoelectroencephalography (SEEG)[END_REF] . SEEG interpretation [START_REF] Bartolomei | Interpretation of SEEG recordings[END_REF] is crucially based on analysis of seizure dynamics including seizure onset pattern (SOP) and the spatial extent of the discharge (EZ organization). A limited number of distinct SOP have been described [START_REF] Singh | Ictal onset on intracranial EEG: Do we know it when we see it? State of the evidence[END_REF][START_REF] Perucca | Intracranial electroencephalographic seizureonset patterns: Effect of underlying pathology[END_REF][START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] , suggesting a limited repertoire of interictal to ictal transitions at the macroscopic scale.

From a pathophysiological point of view, identifying SOP is of utmost importance for understanding the mechanisms of interictal to ictal transition. Animal studies have demonstrated that distinct neuronal populations are involved in the genesis of fast activity and rhythmic paroxysms [START_REF] Avoli | Specific imbalance of excitatory/inhibitory signaling establishes seizure onset pattern in temporal lobe epilepsy[END_REF] . In humans, pre-ictal synchrony among EZ structures appears linked to the SOP [START_REF] Courtens | Graph Measures of Node Strength for Characterizing Preictal Synchrony in Partial Epilepsy[END_REF][START_REF] Bartolomei | Pre-ictal synchronicity in limbic networks of mesial temporal lobe epilepsy[END_REF] . Therefore, the study of SOP could improve our understanding of seizure generation and hopefully lead to new therapeutic targets. For instance, in closed-loop strategies, detection algorithms depend on proper understanding of the mechanisms underpinning the transition between the interictal and ictal state in order to efficiently trigger stimulation and abort seizures.

Previous studies have reported distinct SOP in mesio-temporal and neocortical epilepsies [START_REF] Singh | Ictal onset on intracranial EEG: Do we know it when we see it? State of the evidence[END_REF] . The SOP was also correlated with the degree of mesio-temporal atrophy 4,9- 14 . Of note, most previous reports did not find a clear relationship between lesion type and SOP [START_REF] Perucca | Intracranial electroencephalographic seizureonset patterns: Effect of underlying pathology[END_REF] . However, we recently suggested that some SOP are linked to histopathology in patients with malformations of cortical development (MCD) [START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] . Some studies have also suggested different SOP according to focal or regional organization of the EZ [START_REF] Perucca | Intracranial electroencephalographic seizureonset patterns: Effect of underlying pathology[END_REF][START_REF] Weinand | Long-term ictal monitoring with subdural strip electrodes: prognostic factors for selecting temporal lobectomy candidates[END_REF] . The value of SOP in predicting post-surgical seizure outcome has been also investigated, suggesting better outcome in the presence of low-voltage fast activity [START_REF] Singh | Ictal onset on intracranial EEG: Do we know it when we see it? State of the evidence[END_REF][START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] .

Nevertheless, some aspects of previous literature preclude a global conclusion about the relation between SOP, clinical variables and surgical outcome. Firstly, most studies have used different methods of intracranial recordings (grids, depth or mixed electrodes) leading to limited comparability. Secondly, most have focused on temporal epilepsies, thus not covering the whole spectrum of surgical epilepsies. Thirdly, relations between SOP and other clinical variables (such as EZ localization, etiology, presence of MRI lesion and EZ organization) have not been investigated using homogenous methodology in a large series. Finally, the association between SOP and post-surgical seizure outcome has not been studied with multivariate analysis taking into account confounding variables (such as EZ extension).

In the present study, we applied our previously published methodology [START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] in order to reproducibly analyze the SOP of 820 seizures in 252 consecutive patients explored by SEEG. We sought to study predictors of the SOP, and the impact of SOP in predicting post-surgical seizure outcome.

METHODS

Patient selection

We retrospectively analyzed all consecutive patients who underwent stereotacticelectroencephalography (SEEG) in our department from 2000 to 2016. All patients had detailed presurgical work-up, including medical history, neurologic examination, cerebral MRI, cerebral positron emission tomography (PET) and scalp-EEG recordings.

In this study, all patients required SEEG as part of usual clinical care (epileptogenic zone (EZ) suspected to be larger than the lesion, and/or overlapping with eloquent cortices, and/or extra temporal regions suspected to be involved, and/or when bilateral involvement suspected, and/or lack of MRI lesions [START_REF] Jayakar | Diagnostic utility of invasive EEG for epilepsy surgery: Indications, modalities, and techniques[END_REF] ). The placement of electrodes was selected, in each patient, based on available non-invasive information providing hypotheses about the localization of the EZ. We excluded patients without spontaneous seizures (apart from stimulation) and/or with sub-optimal ictal recording (e.g. deficient contact or electrode, absence of SEEG ictal discharge).

For patients who were operated on, an expert neuropathologist reviewed histological data and established the pathological diagnosis according to current ILAE and WHO classifications [START_REF] Blümcke | International consensus classification of hippocampal sclerosis in temporal lobe epilepsy: A Task Force report from the ILAE Commission on Diagnostic Methods[END_REF][START_REF] Blümcke | The clinicopathologic spectrum of focal cortical dysplasias: A consensus classification proposed by an ad hoc Task Force of the ILAE Diagnostic Methods Commission[END_REF][START_REF] Louis | The 2016 World Health Organization Classification of Tumors of the Central Nervous System: a summary[END_REF] . The institutional review board of the French Institute of Health (IRB15226) approved this study and patients' written consent was obtained.

SEEG recordings

Recordings were performed using intracerebral multiple contact electrodes (10-15 contacts with length 2 mm, diameter 0.8 mm, and 1.5 mm apart; for details see [START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] ).

Signals were recorded on a 128 or 256-channel Natus system and sampled at 256, 512, or 1,024 Hz, depending on the period of recording, and recorded on a hard disk (16 bits/ sample) using no digital filter. Two hardware filters were present in the acquisition procedure: a high-pass filter (cut-off frequency equal to 0.16 Hz at -3 dB), and an antialiasing low-pass filter (cut-off frequency equal to 97 Hz at 256 Hz, 170 Hz at 512 Hz, or 340 Hz at 1,024 Hz).

Seizure-onset pattern analysis

Seizure-onset pattern analysis was carried out according to the same methodology as our previous study [START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] . The main points are: all seizures of patients were analyzed while blinded to clinical data by two independent epileptologists (SL and SB), and discrepancies were resolved by a senior epileptologist (FB); visual analysis was performed without software filters, and spectral analysis was performed using Amadeus software (LTSI Rennes). The seizure onset was defined as the first alteration of SEEG signal in the context of a sustained rhythmic discharge associated with clinical signs (exclusion of uniquely electrographic seizure). Patients with seizures in which clinical manifestations preceded electrographic onset were excluded from the analysis. Seizureonset SEEG patterns were assessed on the earliest involved electrodes (first 5 seconds).

Clinical Variables

We defined the EZ using visual analysis complemented by a quantitative method (epileptogenicity index, for detail see [START_REF] Bartolomei | Epileptogenicity of brain structures in human temporal lobe epilepsy: A quantified study from intracerebral EEG[END_REF] ). Location of electrodes was defined by visual analysis of pre-SEEG MRI fused with the post-operative CT scan performed less than 24h after electrode implantation [START_REF] Medina Villalon | A software suite for presurgical brain mapping in epilepsy: Intracerebral EEG[END_REF] . We classified epilepsies into 12 sub-groups: mesial temporal; lateral temporal; mesio-lateral temporal; temporal plus (temporal and frontal and/or parietal and/or occipital and/or insular, bitemporal); prefrontal; those involving "motor systems" (central, premotor, or both); frontal plus (frontal and temporal and/or parietal and/or insular, bifrontal), operculo-insular; parietal; parietal plus (parietofrontal); occipital; occipital plus (occipital and temporal and/or parietal) [START_REF] Bartolomei | From mesial temporal lobe to temporoperisylvian seizures: A quantified study of temporal lobe seizure networks[END_REF][START_REF] Bonini | Frontal lobe seizures: From clinical semiology to localization[END_REF][START_REF] Bartolomei | Neural networks underlying parietal lobe seizures: A quantified study from intracerebral recordings[END_REF][START_REF] Marchi | Occipital and occipital "plus" epilepsies: A study of involved epileptogenic networks through SEEG quantification[END_REF] .

Extension of the EZ was evaluated as the number of distinct brain regions (further referred to as "sub-lobes") involved (defined by high epileptogenicity index (0.4) or by visual analysis for the cases with lower frequency patterns (structures involved within the first five seconds)). We distinguished the following sub-lobes: mesial temporal, lateral temporal, insular, orbito-frontal, mesial prefrontal, lateral prefrontal, premotor, central (pre-and post-central), opercula (frontal and rolandic), mesial parietal, lateral parietal, mesial occipital and lateral occipital. Focal organization corresponded to a situation where only one sub-lobe was involved during the first five seconds of seizure; in other cases the EZ was considered as network-organized.

Definition of the etiology took into account a combination of factors including clinical

history, MRI and histological findings. Epilepsy etiology fell into nine sub-groups: malformations of cortical development (focal cortical dysplasia, heterotopia, hemimegalencephaly and tuber), neurodevelopmental tumors (dysembryoplastic and angiocentric neuro-epithelial tumors, ganglioglioma), post-vascular (mainly neonatal stroke), hippocampal sclerosis, post-infectious (mainly encephalitis but also abscess), cavernoma, post-head trauma, others (two patients with Rasmussen's encephalitis and one with hypothalamic hamartoma), and undetermined for the remaining patients (no history of head trauma neither stroke nor infection of CNS, normal MRI, and/or normal or none specific histology such as gliosis).

Surgical outcome was assessed regularly during post-operative follow-up and rated according to Engel's classification [START_REF] Engel | Update on surgical treatment of the epilepsies. Summary of the Second International Palm Desert Conference on the Surgical Treatment of the Epilepsies[END_REF] . For analysis, we used the surgical outcome score at the latest available follow-up (with exclusion of patients with less than one year of follow-up).

Statistical Analysis

For statistical analyses, we defined one SOP per patient. For the patients with distinct SOP between seizures (only eight patients in this series), we used the most prevalent pattern. For statistical analyses, we used only categories with more than 2% of prevalence and for the SOP we grouped the two less prevalent patterns. The Kruskal-Wallis rank-sum test was performed to analyze numerical variables, and Fisher's twotailed exact test was used to analyze nominal variables. To achieve our main objectives with limited effect of confounding factors and no inflation of the type-1 (alpha)errorrisk, we used multiple logistic regression analyses. We included in these analyses the previous factors with a p-value ≤0.05 on univariate analyses. We fitted one logistic regression analysis to test the predictive factors of the SOP, and another logistic regression analysis to test the predictive factors of postsurgical outcome. In these analyses, a p-value ≤0.05 was considered to be statistically significant. Statistical tests were performed with the software IBM SPSS Statistics for Mac, version 22.

RESULTS

Population

We reviewed two hundred and sixty-five patients, of which 13 were excluded; 252 patients (136 women, 116 men) were selected for this study. A total of 2428 electrodes were implanted in these patients (mean: 11.7 electrodes per patient, SD: 2.6), including 54.5 % bilateral implantations and a mean of 3.4 sampled lobes per patient (SD: 1.1).

Frontal lobe was sampled in 81.7% of patients, temporal lobe in 80.4%, parietal lobe in 70.1%, occipital lobe in 21.9% and insula in 18.3% (patient features are summarized in supporting information).

The mean number of seizures per patient was 3.3 with a total of 820 seizures analyzed.

The mean age at epilepsy onset was 10 years (SD: 9,3); the mean age at SEEG was 26.3 years (SD: 13.8) and the mean epilepsy duration before SEEG was 16.1 years (SD: 10.4).

One hundred and ninety-seven patients (78.2%) had a visible lesion on MRI and 55 (21.8%) were considered to be MRI-negative. Fifteen patients (6%) had had previous surgery. Twenty-eight patients (11,1%) had a family history of epilepsy.

The organization of the EZ was focal in 102 patients (40.5%) and network-organized in 150 patients (59.5%). The mean number of distinct structures involved was three (SD: 1,7).

Concerning the type of epilepsy, we found by decreasing order: 50 temporal plus (19.8%), 38 mesial temporal (15.1%), 37 prefrontal (14.7%), 34 "motor system" (13.5%), 20 occipital plus (7.9%), 14 parietal (5.6%), 13 lateral temporal (5.2%), 12 operculo-insular (4.8%), 11 frontal plus (4.4%), nine mesio-lateral temporal (3.6%), eight parietal plus (3.2%), six occipital (2.4%).

Epilepsy etiology was, in decreasing order: malformation of cortical development in 100 patients (39.7%), undetermined in 65 patients (25.8%), neurodevelopmental tumors in 24 patients (9.5%), post-vascular in 22 patients (8.7%), hippocampal sclerosis in 17 patients (6.7%), post-infectious in 9 patients (3.6%), cavernoma in 6 patients (2.4%), traumatic brain injury in 6 patients (2.4%), others for 3 patients (1.2%: 2 Rasmussen encephalitis and 1 hypothalamic hamartoma) One hundred and fifty patients (59.5%) were finally operated on after SEEG (reasons for absence of surgery were: bilateral, multifocal or too extensive EZ organization, EZ overlapping with eloquent cortex, or patient refusal). For 7 patients, insufficient postsurgical follow-up data was available, so for the remaining with a mean follow-up duration of 69.6 months (SD: 37.7): 77 were Engel Class I (53.8%), 14 Engel Class II (9.8%), 18 Engel Class III (12.6%), and 34 Engel Class IV (23.8%). F. Sharp theta/alpha activity with sinusoidal activity of low frequency (lower than LVFA, median of 9.5 Hz), median initial amplitude (higher than LVFA) and progressive increasing amplitude; G. Sharp beta activity with sinusoid activity of beta-band frequency (lower than LVFA), median initial amplitude (higher than LVFA) and progressive increasing amplitude; H. Delta-brush, with burst of low amplitude rapid activity (within gamma frequency bands) superimposed upon low frequency (delta) sinusoidal activity.

Seizure Onset Pattern Prevalence

Overall, 53 patients (21%) did not present LVFA at seizure onset. More specifically, the prevalence of the different SOP was the following (Figure 2): low-voltage fast activity: 115 (45.6 %); slow-wave prior to LVFA: 39 (15.5%); rhythmic slow spikes: 30 (11.9%); pre-ictal spiking prior to LVFA: 28 (11.1%); sharp theta/alpha: 17 (6.7%); burst of polyspikes: 15 (6%); sharp beta: six (2.4%); delta-brush: two (0.8%).

Predictors of Seizure Onset Pattern

Figure 3 represents SOP according to epilepsy etiology. We observed some correspondence between type of SOP and etiology: bursts of polyspikes were only seen in MCD; pre-ictal spiking was not observed in post-vascular epilepsy and cavernoma; slow wave or baseline shift were not observed in hippocampal sclerosis and cavernoma; rhythmic slow spikes were not observed in cavernoma; sharp theta/alpha activity was not observed in post-vascular epilepsy and cavernoma. LVFA was found in all etiologies of epilepsy but with an over-representation in MCD, post-vascular epilepsy and those with "unknown" etiology (statistically significant after Bonferroni correction). Globally, there was a significant association between the SOP and the epilepsy etiology (p= 0.014).

Figure 4 represents SOP according to the presence or not of an MRI lesion. All SOP could be observed in both MRI-positive and MRI-negative patients with the exception of bursts of polyspikes, which were only seen in patients with visible MCD on the MRI. There was a significant association with MRI findings (p=0.007) with significant underrepresentation of LVFA and over-representation of slow-wave prior to LVFA in patients with negative MRI (significant after Bonferroni correction, Figure 4). Other clinical variables were not significantly associated with SOP: epilepsy type (p=0.08), epilepsy duration (p=0.128), history of previous surgery (p=0.158), age at SEEG (p=0.717), age at epilepsy onset (p=0.874), and family history of epilepsy (p=0.87).

For multivariate analysis (multinomial logistic regression), we included epilepsy etiology, EZ organization, MRI findings; and we found that epilepsy etiology and EZ organization remained independently and significantly associated with SOP (p=0.006 and 0.022 respectively, Pseudo-R 2 = 0.335 Cox and Snell, 0.349 Nagelkerke) [START_REF] Nagelkerke | A note on a general definition of the coefficient of determination[END_REF][START_REF] Cox | Analysis of binary data[END_REF] .

Predictors of post-surgical prognosis

We analyzed 143 of the 150 operated patients (excluding seven with missing outcome data). Figure 6 represents post-surgical seizure outcome according to SOP. The SOP with the best post-surgical outcome were, in decreasing order of seizure-freedom rate: bursts of polyspikes prior to LVFA (83.3 % seizure-free), LVFA (58.5 % seizure-free), pre-ictal spiking prior to LVFA (57.9 % seizure-free), slow-wave prior to LVFA (50 % seizurefree), sharp theta/alpha (38.5% seizure-free), rhythmic slow spikes (30.7 % seizurefree), delta-brush and sharp beta (no patients seizure free). Absence of LVFA was associated with poorer prognosis (only 31 % seizure freedom). Moreover, in patients with SOP including LVFA the presence of a slow-wave prior to the LVFA conferred poorer prognosis, in contrast to the presence of bursts of polyspikes, which indicated excellent outcome. Finally, there was a significant association between post-surgical prognosis (seizure-freedom) and SOP (p=0.04), with better prognosis in patients with bursts of polyspikes prior to LVFA and less with others (significant after Bonferroni's correction).

There was also a significant association with the EZ organization (p=0.001), with more favorable prognosis in patients with focal EZ organization. Concerning the association between other clinical variables and post-surgical prognosis: there was no significant association with MRI findings (p= 0.172), type of epilepsy (p= 0.293), age at SEEG (p=0.297), epilepsy duration (p=0.381), history of previous surgery (p= 0.687), family history of epilepsy (p= 0.797), age at epilepsy onset (p=0.825), and epilepsy etiology (p= 0.981).

After multivariate analysis (multinomial logistic regression including as predictors the SOP and the EZ organization), both SOP and EZ organization remain independently associated with the post-surgical prognosis (p=0.023 and p= 0.001 respectively; Pseudo-R 2 = 0.165 Cox et Snell, 0.220 Nagelkerke).

DISCUSSION

Several studies in the past have focused on SOP, but often involved a limited number of patients and were based on heterogeneous recording methods. Direct in situ recording using intracerebral electrodes (SEEG) is probably the best way to capture electrophysiological changes at the onset of seizures. Our study is the first to use a SEEG method in such a large cohort of patients (n=252) and seizures (n=820). We described eight distinct SOPs, separated into three categories: LVFA preceded or not by paroxysmal abnormalities (pre-ictal spiking, burst of polyspikes or slow-wave), rhythmic slow spikes, or sinusoidal sharp activity (ranging from theta to beta frequencyband). Interestingly, we confirmed that 21% of SOP do not include fast activity. We also did not observe a diffuse electrodecremental pattern, which probably reflects cortical changes recorded at a distance from the EZ, with grids 3 . Our study echoes previous literature revealing that SOP could take on various aspects with a limited repertoire of patterns.

We found that epilepsy etiology and EZ organization were the main determinants of SOP and that SOP was associated with post-surgical seizure outcome. SOP and the spatial extent of the initial discharge are two important characteristics of the seizure genesis as recorded during SEEG 2 .

The etiology of the epilepsy is a significant determinant of the SOP

It is known that similar lesions could generate distinct SOP and conversely that a SOP could be generated by distinct lesions [START_REF] Perucca | Intracranial electroencephalographic seizureonset patterns: Effect of underlying pathology[END_REF][START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] . Notably, we demonstrated an association between epilepsy etiology and SOP independently of other clinical covariables. We showed that bursts of polyspikes prior to LVFA were only found in focal cortical dysplasia (FCD), and that LVFA was over-represented in post-vascular epilepsy, MCD and epilepsy of "undetermined" etiology. In our previous study, we have shown bursts of polyspikes to exist in FCD but not in neurodevelopmental tumours [START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] . This study extended this result, showing that this SOP appears specific for FCD even in comparison with other etiologies, and could argue for a particular physiopathological mechanism involved in FCD. However, most studies focusing on neocortical epilepsies did not find correlation between SOP and histological substrates [START_REF] Singh | Ictal onset on intracranial EEG: Do we know it when we see it? State of the evidence[END_REF] . This is probably due to a limited number of patients, and even to the lack of etiological analysis.

Animal experimental studies indicate that distinct neurochemical systems drive distinct SOP [START_REF] Avoli | Specific imbalance of excitatory/inhibitory signaling establishes seizure onset pattern in temporal lobe epilepsy[END_REF] . Injection of a GABA-A agonist (kainite and 4-aminopyridine) triggers LVFA whereas the injection of NMDA agonist (bicuculline) or GABAA antagonist (picrotoxin) triggers a pre-ictal spiking pattern [START_REF] Bragin | The Cause of the Imbalance in the Neuronal Network Leading to Seizure Activity Can Be Predicted by the Electrographic Pattern of the Seizure Onset[END_REF] . Similarly, optogenetic stimulations of interneurons led to LVFA whereas stimulation of pyramidal cells led to pre-ictal spiking in other studies [START_REF] Shiri | Interneuron activity leads to initiation of low-voltage fast-onset seizures[END_REF][START_REF] Shiri | Activation of specific neuronal networks leads to different seizure onset types[END_REF] . Moreover, in intracellular recordings, initial LVFA is associated with tonic interneurons firing and transitory silencing of principal cells of both superficial and depth layers [START_REF] Gnatkovsky | Fast activity at seizure onset is mediated by inhibitory circuits in the entorhinal cortex in vitro[END_REF] .

A neuronal-population based model also confirmed the crucial role of interneuron inhibition on pyramidal cells in the transition from interictal to ictal state. In this model, a progressive decrease of dendritic inhibition followed by a decrease of somatic inhibition (with constant excitation) led to pre-ictal spiking followed by LVFA seizureonset pattern [START_REF] Wendling | Epileptic fast activity can be explained by a model of impaired GABAergic dendritic inhibition[END_REF] . We could hypothesize that the SOP depends on the underlying excitatory/inhibitory balance and the micro-connectivity alteration. Therefore, one hypothesis is that in FCD some particular physiopathological alterations exist, including perhaps altered balance between interneurons and pyramidal cells leading to a specific SOP, namely bursts of polyspikes. Experimental studies have shown specific alteration of the population of interneurons in FCD both quantitatively and qualitatively [START_REF] Medici | Different parvalbumin and GABA expression in human epileptogenic focal cortical dysplasia[END_REF] , supporting this hypothesis. Nevertheless, further studies using specific animal model of FCD are required to confirm this. This finding is also of particular clinical interest in patients with negative or unclear MRI because in this case the observation of a burst of polyspikes followed by a LVFA is strongly suggestive of FCD, classically associated with better post-surgical seizure outcome [START_REF] Fauser | Long-term seizure outcome in 211 patients with focal cortical dysplasia[END_REF] . Moreover, knowing that some intracranial SOP have correlates on scalp-EEG in case of superficial lesions [START_REF] Tanaka | Association between scalp and intracerebral electroencephalographic seizure-onset patterns: A study in different lesional pathological substrates[END_REF] , their observation during non-invasive pre-surgical work-up could suggest certain underlying etiology.

The EZ organization is a significant determinant of the SOP

In a model developed by our group, the seizure onset occurs in a set of brain regions (the EZ) before disseminating to other specific regions (the propagation zone) [START_REF] Bartolomei | Defining epileptogenic networks: Contribution of SEEG and signal analysis[END_REF] . SOP takes place in the EZ and we found that network organization of the EZ was the most frequent pattern of organization (~60%). This result agrees with previous reports [START_REF] Bartolomei | Defining epileptogenic networks: Contribution of SEEG and signal analysis[END_REF] .

Few studies have specifically investigated the relation between the extension of the EZ and the SOP. Some have shown a tendency of wider EZ in case of LVFA [START_REF] Perucca | Intracranial electroencephalographic seizureonset patterns: Effect of underlying pathology[END_REF][START_REF] Velascol | Functional and Anatomic Correlates of Two Frequently Observed Temporal Lobe Seizure-Onset Patterns[END_REF][START_REF] Weinand | Long-term ictal monitoring with subdural strip electrodes: prognostic factors for selecting temporal lobectomy candidates[END_REF][START_REF] Lee | Intracranial EEG Seizure-Onset Patterns in Neocortical Epilepsy[END_REF] , while others have failed to demonstrate association between EZ organization and SOP [START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] .

Therefore, our study brings important information showing that the presence of a DC shift / slow-wave prior to LVFA was more frequently associated with a network EZ organization. One hypothesis could be that high amplitude slow-wave/baseline-shift before LVFA helps to synchronize distant areas within the EZ.

The effect of the organization of the EZ was previously suggested in mesio-temporal epilepsy with a difference in coupling between epileptogenic structures according to SOP [START_REF] Bartolomei | Pre-ictal synchronicity in limbic networks of mesial temporal lobe epilepsy[END_REF] . The neuronal-population based model emphasized also the importance of connectivity between neuronal population showing the influence of the coupling and its directionality in the genesis of SOP [START_REF] Wendling | Relevance of nonlinear lumpedparameter models in the analysis of depth-EEG epileptic signals[END_REF] . Nevertheless, to our knowledge no experimental study has specifically investigated this question.

SOP is associated with post-surgical seizure outcome

We also showed that SOP is associated with post-surgical outcome independently of the extension of the EZ. Our findings confirm better prognosis in patterns including LVFA and conversely poorer prognosis in patients with rhythmic slow spikes or sharp theta/alpha. Most previous studies have already suggested better prognosis in case of LVFA [START_REF] Spanedda | Relations between EEG seizure morphology, interhemispheric spread, and mesial temporal atrophy in bitemporal epilepsy[END_REF][START_REF] Lee | Intracranial EEG Seizure-Onset Patterns in Neocortical Epilepsy[END_REF][START_REF] Jung | Neocortical temporal lobe epilepsy: intracranial EEG features and surgical outcome[END_REF][START_REF] Wennberg | Preeminence of extrahippocampal structures in the generation of mesial temporal seizures: Evidence from human depth electrode recordings[END_REF][START_REF] Doležalová | Intracranial EEG seizure onset patterns in unilateral temporal lobe epilepsy and their relationship to other variables[END_REF][START_REF] Holtkamp | Intracranial EEG in predicting surgical outcome in frontal lobe epilepsy[END_REF][START_REF] Kim | Extent of neocortical resection and surgical outcome of epilepsy: Intracranial EEG analysis[END_REF][START_REF] Faught | Ictal EEG wave forms from epidural electrodes predictive of seizure control after temporal lobectomy[END_REF] . We highlight the very good prognostic value of bursts of polyspikes prior to LVFA with 80% of patients becoming seizure-free, a proportion twice as high as for cases without LVFA, probably because this SOP indicated the presence of FCD with focal EZ organization. 36% of patients with slow seizure-onset patterns (rhythmic slow wave or sharp theta/alpha) became seizure-free after surgery in our study. This percentage is in accordance with previous studies reporting fewer patients [START_REF] Wetjen | Intracranial electroencephalography seizure onset patterns and surgical outcomes in nonlesional extratemporal epilepsy[END_REF][START_REF] Lee | Intracranial EEG Seizure-Onset Patterns in Neocortical Epilepsy[END_REF][START_REF] Jung | Neocortical temporal lobe epilepsy: intracranial EEG features and surgical outcome[END_REF][START_REF] Kutsy | Ictal patterns of neocortical seizures monitored with intracranial electrodes: correlation with surgical outcome[END_REF][START_REF] Jiménez-Jiménez | Prognostic value of intracranial seizure onset patterns for surgical outcome of the treatment of epilepsy[END_REF] . The fact that about 1/3 of patients became seizure-free after a resection based on SOP not including LVFA, argues against the notion that slow SOP are solely propagation patterns. Another argument is that these patterns could also be observed within epileptogenic lesions (MCD) [START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF] . Therefore, patients exhibiting these slow patterns should not be surgically contraindicated on the sole suspicion of a propagation pattern having been recorded.

We also highlight the modest statistical effect of the SOP compared with the extension of the EZ (defined as focal or network). Similar findings have been reported concerning the extension of the EZ [START_REF] Park | The significance of ictal depth EEG patterns in patients with temporal lobe epilepsy[END_REF][START_REF] Jung | Neocortical temporal lobe epilepsy: intracranial EEG features and surgical outcome[END_REF][START_REF] Holtkamp | Intracranial EEG in predicting surgical outcome in frontal lobe epilepsy[END_REF][START_REF] Faught | Ictal EEG wave forms from epidural electrodes predictive of seizure control after temporal lobectomy[END_REF] . Moreover, the completeness of the resection of the EZ (crucially linked with its rapports with eloquent area) is another essential factor in order to guarantee seizure-freedom [START_REF] Fauser | Long-term seizure outcome in 211 patients with focal cortical dysplasia[END_REF][START_REF] Chassoux | Stereoelectroencephalography in focal cortical dysplasia: A 3D approach to delineating the dysplastic cortex[END_REF][START_REF] Tassi | Focal cortical dysplasia: neuropathological subtypes, EEG, neuroimaging and surgical outcome[END_REF][START_REF] Bonini | Predictive Factors of Surgical Outcome in Frontal Lobe Epilepsy Explored with Stereoelectroencephalography[END_REF] . While seizure onset pattern was independently associated with surgical prognosis, its predictive value in comparison with other important factors (completeness of EZ resection, EZ organization) cannot be fully extrapolated from our data. Further study looking at seizure onset patterns (and potentially other electrographic features) in a homogenous prospective cohort of patients, is required to assess their predictive power as biomarker of surgical prognosis.

Limitations

There are some limitations in our study, notably that we could had underestimated the number of network-organized EZ because of our restricted definition and the relatively limited number of electrodes per patients. Another limitation concerned our hardware high-pass filter at 0.16Hz that could have limited our ability to detect DC shifts in some patients.

Conclusion

In this study, we demonstrated in a large series of patients explored by SEEG with various causes of epilepsies that SOP is strongly dependent on underlying etiology and EZ organization. The main determinant factor of post-surgical seizure outcome is spatial organization of the EZ, but the SOP plays also a role with better prognosis when LVFA occurs. 
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