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Electroencephalographic (EEG) investigations are crucial in the diagnosis and management of patients with focal epilepsies.

EEG may reveal different interictal epileptiform discharges (IED: spikes, sharp waves). The EEG visibility of spike depends on the surface area of cortex involved (>10cm 2 ) and the brain localisation of cortical generators. Regions generating IED (defining the "irritative zone") are not necessarily equivalent to the seizure onset zone. Focal seizures are dynamic processes originating from one or several brain regions (generating fast oscillations and called "epileptogenic zone") before to spread to other structures (generating lower frequency oscillations and called "propagation zone"). Several factors limit the expression of seizures on scalp EEG, such as area involved, degree of synchronization and depth of the cortical generators.

Different scalp EEG seizure onset patterns may be observed: fast discharge, background flattening, rhythmic spikes, sinusoidal discharge, or sharp activity but to a large extent EEG changes are linked to seizure propagation.

Finally, in the context of presurgical evaluation, the combination of interictal and ictal EEG features is crucial to provide optimal hypothesis about the epileptogenic zone.

Introduction

Electroencephalographic (EEG) recordings have an important place in the diagnosis and management of patients with focal (partial) epilepsies. These investigations provide functional information related to the disorder and important clues to the diagnosis, and are thus complementary to neuroimaging [START_REF] Gilliam | Association of combined MRI, interictal EEG, and ictal EEG results with outcome and pathology after temporal lobectomy[END_REF]. Interpretation of the EEG must, however, always be considered within the clinical context of a given patient [START_REF] Cascino | Video-EEG monitoring in adults[END_REF].

Several types of recordings may be carried out depending on the expected objectives. Standard EEG recordings using 10/20 montage are systematically proposed for the initial diagnosis. The standard EEG can be completed by a sleep recording (daytime nap or night) that allows recording over a longer period, which is often associated with activation of focal spikes. In detail, non-rhythmic eye movement (NREM) sleep is associated with higher rate of spikes (increasing with the deepness of the sleep) but more often bilateral, whereas in some rare patients rhythmic eye movement (REM) sleep revealed more localized spikes [START_REF] Asano | Effect of sleep on interictal spikes and distribution of sleep spindles on electrocorticography in children with focal epilepsy[END_REF]Bazil 2003;[START_REF] Halász | How Sleep Activates Epileptic Networks?[END_REF][START_REF] Malow | Interictal spiking increases with sleep depth in temporal lobe epilepsy[END_REF][START_REF] Malow | Lateralizing value of interictal spikes on overnight sleep-EEG studies in temporal lobe epilepsy[END_REF][START_REF] Okanari | Rapid eye movement sleep reveals epileptogenic spikes for resective surgery in children with generalized interictal discharges[END_REF][START_REF] Sammaritano | Interictal spiking during wakefulness and sleep and the localization of foci in temporal lobe epilepsy[END_REF]). Moreover, the localizing value of ictal discharge on scalp-EEG may also be improved during sleep [START_REF] Buechler | Ictal scalp EEG recording during sleep and wakefulness: Diagnostic implications for seizure localization and lateralization[END_REF]. Moreover, in some cases longer recording is mandatory, because some patients have low spike rates (e.g. in one study, 7.3% of the first IEDs were present within 20 min, 9.7% within 30 min, 74.5% within 24 h, 87.9% within 48 h and 96.4% within 72 h) [START_REF] Werhahn | Latency of interictal epileptiform discharges in long-term EEG recordings in epilepsy patients[END_REF]. Furthermore, longer recording allows better detection of contralateral spikes (for example, in temporal lobe epilepsy (TLE) the mean latency for detect contralateral IED is 5h) [START_REF] Ergene | Frequency of bitemporal independent interictal epileptiform discharges in temporal lobe epilepsy[END_REF].

Video-EEG recordings provide an additional visual record of the seizure allowing clarification of diagnosis and classification and is required for pre-surgical evaluation of focal epilepsies. Video-EEG consists of both scalp EEG and video monitoring of the patient's activity, and is carried out in specialized video-telemetry units. In this case, the scalp electrodes are typically placed according to the 10/20 system with additional temporal-basal electrodes (FT9, TP9, FT10, TP10) (Foldvary, 2001).

It is useful to analyse the scalp EEG over different types of montages (longitudinal, transverse, average reference) because the "visibility" of abnormalities in some region could depend on the montage used (e.g. temporal seizure are sometimes more visible using transversal montage).

Finally, more sophisticated techniques (high resolution EEG, MEG) can be used in the context of epilepsy surgery to estimate the source of the interictal activities (see specific chapters).

Interictal recording in focal epilepsies

EEG may reveal different types of interictal epileptiform discharge (IED) in patients with focal epilepsies. Some are non-specific and/or depend on the aetiology (e.g. localized slow waves or altered background activity). More specific features include spikes (predominantly negative and transient with a characteristic steeply ascending and descending slope, and a duration of 20-70 ms) or sharp waves (differing mainly from spikes in their longer duration of 70-200 ms).

Notably, an increase in IEDs rate can occur after seizures but with a more extensive spatial distribution [START_REF] Gotman | Interictal spiking increases after seizures but does not after decrease in medication[END_REF][START_REF] Gotman | Relationships between interictal spiking and seizures:human and experimental evidence[END_REF]. Moreover, IEDs can be falsely localized in some patients and have often a wider projection on scalp than the epileptogenic zone [START_REF] Dworetzky | The role of the interictal EEG in selecting candidates for resective epilepsy surgery[END_REF].

Intracerebral organization of interictal spikes

It is important to recall some of the principles of EEG interictal spike genesis in focal epilepsies in order to understand how surface electrodes can detect these spikes. Animal models have demonstrated that focal spikes are caused by large, synchronous bursts of depolarization of the cortical neurons within the experimentally induced 'focus' [START_REF] Prince | Intracellular recordings in chronic focal epilepsy[END_REF]. The slow wave that may follow the spikes corresponds to local hyperpolarization that follows the paroxysmal depolarization shift. In the limbic epilepsy model [START_REF] Barbarosie | CA3-driven hippocampal-entorhinal loop controls rather than sustains in vitro limbic seizures[END_REF][START_REF] Bertram | Why does surgery fail to cure limbic epilepsy? Seizure functional anatomy may hold the answer[END_REF], it has been shown that spikes may also 'travel' through synaptic connections and be recorded through a network of hyper-excitable structures rather than from an unique structure.

Intracerebral recordings in patients with pharmacoresistant epilepsies have revealed that intracerebrally recorded spikes are produced in some brain regions that are also involved in seizure generation (called the 'primary irritative zone') [START_REF] Badier | Spatio-temporal characteristics of paroxysmal interictal events in human temporal lobe epilepsy*[END_REF]. A good spatial superimposition of interictal and ictal activities is particularly encountered in epilepsies related to focal cortical dysplasias [START_REF] Gambardella | Usefulnes of focal rhythmic discharges on scalp EEG of patients with focal cortical dysplasia and intractable epilepsy[END_REF].

On the other hand, the fact that interictal discharges can also be seen in areas other than the seizure onset zone and in tissue distant from the lesional site has long been described [START_REF] Penfield | Epilepsy and the Functional Anatomy of the Human Brain[END_REF][START_REF] Jasper | Evaluation of EEG and Cortical Electrographic Studies for Prognosis of Seizures following Surgical Excision of Epileptogenic Lesions[END_REF]. In this case, the irritative zone is larger than the seizure onset zone [START_REF] Talairach | Lesion," irritative" zone and epileptogenic focus[END_REF] and may form a distinct network independent from the seizure onset zone [START_REF] Bourien | A method to identify reproducible subsets of co-activated structures during interictal spikes. Application to intracerebral EEG in temporal lobe epilepsy[END_REF]. These regions represent the 'secondary irritative zone' and are generally regions affected by seizure propagation [START_REF] Badier | Spatio-temporal characteristics of paroxysmal interictal events in human temporal lobe epilepsy*[END_REF][START_REF] Badier | Magnetic Source Imaging in Posterior Cortex Epilepsies[END_REF][START_REF] Bettus | Role of resting state functional connectivity MRI in presurgical investigation of mesial temporal lobe epilepsy[END_REF]. Finally, even in intracranial EEG, concordance between the areas generating interictal spikes and those generating seizures is good for only about 60 % of patients (75% with focal cortical dysplasia) [START_REF] Bartolomei | What is the concordance between the seizure onset zone and the irritative zone? A SEEG quantified study[END_REF]. For this reason, interictal EEG is insufficient to define the epileptogenic zone.

Correspondence between intracranial and scalp-EEG inter-ictal recordings

Recent simulation studies [START_REF] Cosandier-Rimélé | The neuronal sources of EEG: Modeling of simultaneous scalp and intracerebral recordings in epilepsy[END_REF] have revealed that a cortical source of 10 cm 2 area is required in order to observe scalp activity with a good signal to noise ratio [START_REF] Cosandier-Rime | Computational modeling of epileptic activity: from cortical sources to EEG signals[END_REF]. For example, the cortical discharges that corresponded to scalp EEG recorded spikes involved 8-21 contacts of SEEG electrodes for temporal and 15-10 contacts of SEEG electrodes for extra-temporal sources [START_REF] Merlet | Reliability of dipole models of epileptic spikes[END_REF] . Interestingly, in this study no scalp EEG spikes were observed that corresponded exclusively to focal activity limited to mesial temporal structures. It is noteworthy that, despite repeated standard EEG, some patients, particularly those with medial temporal lobe epilepsy, do not exhibit interictal spikes.

This may be due to the spike generator characteristics. Therefore, it has been shown that the location of the cortical generator relative to the recording electrodes strongly influences EEG signal properties, thus underlining the importance of source geometry in this context [START_REF] Ramantani | Correlation of invasive EEG and scalp EEG[END_REF]. For example, the curved, inwardly rolled shape of the hippocampus, combined with its relations with surrounding structures such as the parahippocampal gyrus, tend to create a closed electric field, cancelling out the effects on the external field [START_REF] Niedermeyer | Electroencephalography: Basic Principles, Clinical Applications, and Related Fields[END_REF]. The activity of more lateral temporal neocortex, in addition to the mesial temporal structures, is therefore required for the generation of scalpvisible EEG spikes [START_REF] Merlet | Reliability of dipole models of epileptic spikes[END_REF].

Moreover, different locations of the intracerebral spike generators can lead to relatively similar distribution of electrical potentials on scalp EEG [START_REF] Cosandier-Rimélé | The neuronal sources of EEG: Modeling of simultaneous scalp and intracerebral recordings in epilepsy[END_REF]. As a consequence, the IED observed at a given electrode does not necessarily represent the interictal activity of the directly underlying brain region.

Interictal scalp-EEG recordings in focal epilepsies

Interictal scalp EEG in temporal lobe epilepsy

A number of studies, some of them validated by intracerebral recordings, have indicated that surface interictal spikes are not seen when interictal activity is limited to medial structures and always indicate interictal activity in widespread lateral structures [START_REF] Gavaret | Electric source imaging in temporal lobe epilepsy[END_REF][START_REF] Merlet | Topographical reliability of mesio-temporal sources of interictal spikes in temporal lobe epilepsy[END_REF] . In this scenario, the absence or paucity of interictal spikes in the scalp EEG in TLE could then be suggestive of medial TLE if the seizure semiology is compatible. On the other hand, IEDs on scalp EEG with maximal amplitude on anterior temporal and anterior temporo-basal channels are evocative of a temporo-polar origin, whereas IEDs with maximal amplitude within mid-temporal region evokes lateral temporal origin Moreover, amplitude mapping of interictal spikes is a way to improve non-invasive EEG localization [START_REF] Asadi-Pooya | Spike voltage topography in temporal lobe epilepsy[END_REF]. In this context, two different populations of IED have been identified in TLE: type 1 = dipolar with inferior temporal negativity and vertex positivity; type 2 = non-dipolar with a lateral temporal maximum. The intracranial EEG correlates of these IEDs show that Type 1 is associated with mesial temporal sources, and Type 2 with temporal or frontal neocortical sources [START_REF] Ebersole | Spike voltage topography and equivalent dipole localization in complex partial epilepsy[END_REF].

In mesial TLE (MTLE), the most prevalent (in about 90% of patients) IEDs are anterior temporal spikes or sharp waves with a maximum voltage in the anterior temporal regions (Tp and Fp electrodes; see Figure 2) [START_REF] Williamson | Characteristics of medial temporal lobe epilepsy: II. Interictal and ictal scalp electroencephalography, neuropsychological testing, neuroimaging, surgical results, and pathology[END_REF]. IEDs may also be seen on mid-temporal electrodes (T3-T5-T4-T6) but if present should raise the question about a more widespread extra-mesial temporal generator [START_REF] Tatum | Mesial Temporal Lobe Epilepsy[END_REF]. In addition to spike and sharp waves, slow waves may also be observed. Temporal intermittent rhythmic delta activity (TIRDA), contrary to temporal polymorphic delta activity (TIPDA) or theta activity, could be evocative of TLE [START_REF] Geyer | Significance of interictal temporal lobe delta activity for localization of the primary epileptogenic region[END_REF]. Such delta activity can be bilateral, but has a high concordance with spikes [START_REF] Gambardella | Focal Intermittent Delta Activity in Patients with Mesiotemporal Atrophy: A Reliable Marker of the Epileptogenic Focus[END_REF]. Notably, IEDs coming from the amygdalo-hippocampal complex are invisible on scalp EEG recording, because of the spike-generator characteristics, especially the spatially restricted source. Thus, IEDs recorded on scalp EEG reflect at least the propagation to basal temporal regions with synchronization of larger areas (i.e. entorhinal and fusiform cortices). Scalp EEG detects only a small proportion of the IEDs generated within mesial temporal areas [START_REF] Fernández Torre | Generation of scalp discharges in temporal lobe epilepsy as suggested by intraoperative electrocorticographic recordings[END_REF]. Therefore, some authors have suggested that the spike frequency could reflect a higher involvement of extra-hippocampal structures in patients with MTLE [START_REF] Krendl | Absolute spike frequency predicts surgical outcome in TLE with unilateral hippocampal atrophy[END_REF]. Another study suggests that high spike frequency is associated with longer epilepsy duration (Jozsef Janszky et al., 2005).

Complementarily, patients with low spike rates have classically less severe epilepsy (later age at seizure onset, as well as less frequent and less severe seizures) [START_REF] Rosati | Intractable temporal lobe epilepsy with rare spikes is less severe than with frequent spikes[END_REF]. Finally, patients with hippocampal sclerosis tend to have more restricted IEDs than patients with mesial temporal tumours [START_REF] Hamer | Interictal epileptiform discharges in temporal lobe epilepsy due to hippocampal sclerosis versus medial temporal lobe tumors[END_REF].

At least one-third of patients have bilateral temporal IEDs [START_REF] Tatum | Mesial Temporal Lobe Epilepsy[END_REF], which become more apparent with longer EEG monitoring [START_REF] Ergene | Frequency of bitemporal independent interictal epileptiform discharges in temporal lobe epilepsy[END_REF]. Nevertheless, in such patients explored by intracranial EEG, more than 75% had unilateral seizure onset zone [START_REF] So | Depth electrode investigations in patients with bitemporal epileptiform abnormalities[END_REF]. There is no clear difference concerning epilepsy aetiology between patients with unilateral versus bilateral IEDs [START_REF] Lim | Etiologic factors for unitemporal vs bitemporal epileptiform discharges[END_REF]. Although the association between bitemporal IEDs and post-surgical prognosis remains debated, it is noteworthy that many patients with bitemporal IEDs but unilateral seizure onset will benefit from a unilateral temporal resection [START_REF] Holmes | Unilateral focal preponderance of interictal epileptiform discharges as a predictor of seizure origin[END_REF][START_REF] Hufnagel | Prognostic Significance of Ictal and Interictal Epileptiform Activity in Temporal Lobe Epilepsy[END_REF]Janszky et al. 2005;[START_REF] Krendl | Absolute spike frequency predicts surgical outcome in TLE with unilateral hippocampal atrophy[END_REF]So et al. 1989).

It is therefore more important to consider the degree of lateralization of IEDs rather than merely the existence of independent bilateral IED in patients with independent bitemporal abnormalities [START_REF] Chung | Temporal Lobectomy and Independent Bitemporal Interictal Activity: What Degree of Lateralization Is Sufficient?[END_REF]. Thus, patients with bitemporal IEDs should not be precluded from surgery because of the bilaterality of interictal abnormalities.

In lateral TLE, while some patients show IEDs over anterior temporal electrodes (about one third), the majority of them have been noted to predominate over the lateral temporal electrodes (T3-T5-T4-T6; see Figure 3 Patients with temporal "plus" epilepsies more frequently have pre-central IEDs (F4-C4; F3-C3) [START_REF] Barba | Ictal clinical and scalp-EEG findings differentiating temporal lobe epilepsies from temporal "plus" epilepsies[END_REF].

Interictal scalp EEG in frontal lobe epilepsy

In frontal lobe epilepsy (FLE), interictal spikes on scalp EEG (Figure 4) may be non-or mislocalizing, and are often widespread and bilateral [START_REF] Harner | Interictal EEG topography of frontal lobe epilepsy[END_REF]. Indeed, a high proportion of patients with FLE have IED discordant with their seizure onset zone (about 45%) [START_REF] Vadlamudi | Factors underlying scalp-EEG interictal epileptiform discharges in intractable frontal lobe epilepsy[END_REF]. Widespread surface interictal spikes in FLE can be explained by the fast and remote propagation of interictal activities due to the extensive intra-and inter-lobar connections that characterize the frontal lobe. Widespread surface interictal spikes can also be explained by electric fields that have a diffuse projection on surface EEG [START_REF] Sutherling | Localization of partial epilepsy using magnetic and electric measurements[END_REF].

Moreover in children with FLE, IEDs may be bilateral synchronous, multifocal or even localized to temporal lobe [START_REF] Lawson | Clinical, EEG, and quantitative MRI differences in pediatric frontal and temporal lobe epilepsy[END_REF]. On the other hand, up to 20% of patients with FLE seizures do not have IED [START_REF] Salanova | Comparison of Scalp Electroencephalogram With Subdural Electrocorticogram Recordings and Functional Mapping in Frontal Lobe Epilepsy[END_REF][START_REF] Bautista | EEG findings in frontal lobe epilepsies[END_REF][START_REF] Vadlamudi | Factors underlying scalp-EEG interictal epileptiform discharges in intractable frontal lobe epilepsy[END_REF]. Electrical activities arising from lateral, medial and basal regions of the frontal lobe are projected differently on scalp EEG and thus pose different detection problems.

In dorsolateral FLE, there is generally good concordance between the IEDs and the seizure onset zone (about in 68% of patients) [START_REF] Vadlamudi | Factors underlying scalp-EEG interictal epileptiform discharges in intractable frontal lobe epilepsy[END_REF]. Moreover, IEDs could be restricted to smaller irritative zones (see Figure 4).

On contrary, in mesial FLE only 33% of patients have good concordance between IEDs and seizure onset zone [START_REF] Vadlamudi | Factors underlying scalp-EEG interictal epileptiform discharges in intractable frontal lobe epilepsy[END_REF]. Thus, patients with mesial FLE frequently have poorly localized or even absent IEDs [START_REF] Unnwongse | Mesial frontal lobe epilepsy[END_REF][START_REF] Williamson | Complex partial seizures of frontal lobe origin[END_REF]. If visible, IEDs are mostly seen on frontal (F4, F3) or midline (Fz, Cz) electrodes. Notably, midline IEDs are particularly seen in patients with supplementary motor area seizures (figure 5) [START_REF] Morris | Supplementary motor seizures: clinical and electroencephalographic findings[END_REF][START_REF] Blume | Noninvasive electroencephalography in supplementary sensorimotor area epilepsy[END_REF]. Furthermore, anterior medial spikes project to fronto-polar surface EEG electrodes, whereas posterior medial spikes project to central and centro-parietal surface EEG electrodes [START_REF] Gavaret | Electric Source Imaging in Frontal Lobe Epilepsy[END_REF]. On the other hand, bilateral frontal synchronous or multilobar IEDs are frequent in mesial FLE [START_REF] Harvey | Frontal lobe epilepsy: clinical seizure characteristics and localization with ictal 99mTc-HMPAO SPECT[END_REF]. Interictal rhythmic midline theta (mean frequency of 6Hz and mean duration of 8 seconds, observed on Cz, Fz electrodes) during clear wakefulness, excluding periods of mental activation and drowsiness (differential diagnosis with normal variants), is particularly evocative of FLE, especially mesial FLE, even in patients without IEDs [START_REF] Beleza | Interictal rhythmical midline theta differentiates frontal from temporal lobe epilepsies[END_REF].

In orbital FLE, IEDs are mostly noted in frontal, fronto-polar, or fronto-temporal areas. In these epilepsies, bilateral synchrony is not uncommon, with maximum amplitude on fronto-polar or frontal electrodes; notably maximum IED presence in one anterior quadrant is possible [START_REF] Chang | Seizures of Fronto-Orbital Origin: A Proven Case[END_REF][START_REF] Kriegel | Orbitofrontal and Insular Epilepsy[END_REF][START_REF] Ludwig | Cerebral Seizures of Probable Orbitofrontal Origin[END_REF][START_REF] Rougier | Orbital frontal epilepsy: a case report [letter[END_REF][START_REF] Smith | Orbitofrontal epilepsy: Electroclinical analysis of surgical cases and literature review[END_REF]).

IEDs often do not allow accurate localization of the irritative zone in the basal frontal lobe [START_REF] Beleza | Frontal lobe epilepsy[END_REF]. IED are thought to appear widely distributed because of the large distance and intervening cortical area between the cortical generator and the scalp EEG electrodes. Moreover, false localization to anterior temporal region is possible in patients with basal frontal epilepsies [START_REF] Shihabuddin | Orbito-frontal epilepsy masquerading as temporal lobe epilepsy -A case report[END_REF].

Interictal scalp EEG in other lobes epilepsies

In parietal lobe epilepsy, IEDs may be recorded on several regions: parietal, frontocentral, temporal posterior, occipital, even entire hemisphere (Figure 6) [START_REF] Salanova | Parietal lobe epilepsy clinical manifestations and outcome in 82 patients treated surgically between 1929 and 1988[END_REF][START_REF] Salanova | Parietal lobe epilepsy[END_REF]. Secondary bilateral synchrony is also frequent (about in 31% of patients) [START_REF] Salanova | Parietal lobe epilepsy clinical manifestations and outcome in 82 patients treated surgically between 1929 and 1988[END_REF][START_REF] Salanova | Parietal lobe epilepsy[END_REF].

In occipital lobe epilepsies, the IEDs could be seen on occipital (O1-O2; see Figure 7) but are more frequently seen on temporal posterior electrodes (T5-T6) [START_REF] Salanova | Occipital lobe epilepsy: Electroclinical manifestations, electrocorticography, cortical stimulation and outcome in 42 patients treated between 1930 and 1991: Surgery of occipital lobe epilepsy[END_REF]Williamson et al. 1992). In some patients, IEDs could be contralateral at the seizure onset zone, bilateral and independent, or even with bilateral synchrony [START_REF] Salanova | Occipital lobe epilepsy: Electroclinical manifestations, electrocorticography, cortical stimulation and outcome in 42 patients treated between 1930 and 1991: Surgery of occipital lobe epilepsy[END_REF]P. Williamson et al. 1992).

In insular epilepsies, due to deep location, specific gyral organization and limited cortical surface, interictal epileptiform discharges (IEDs) limited to insula/operculo-insula can be invisible on scalp EEG [START_REF] Luders | Textbook of epilepsy surgery[END_REF]. When visible, IEDs mostly reflect peri-sylvian propagation and are observed on temporal (T3/T5/T4/T6) and/or frontal (Fp1/Fp2/F7/F8/C4/C3) electrodes, even multifocal or falsely lateralized [START_REF] Isnard | The role of the insular cortex in temporal lobe epilepsy[END_REF][START_REF] Isnard | Clinical manifestations of insular lobe seizures: a stereoelectroencephalographic study[END_REF][START_REF] Nguyen | Revisiting the role of the insula in refractory partial epilepsy[END_REF][START_REF] Kriegel | Orbitofrontal and Insular Epilepsy[END_REF][START_REF] Dylgjeri | Insular and insulo-opercular epilepsy in childhood: An SEEG study[END_REF][START_REF] Laoprasert | Insular epilepsy surgery[END_REF][START_REF] Levy | Operculo-Insular Epilepsy[END_REF].

High frequency oscillations:

Recently, technological advances have allowed the recording of a new IED type: high frequency oscillations (HFOs; 80-500 Hz) in intracranial EEG. If HFOs were initially recorded from intracranial micro-electrodes in humans and rat models of epilepsy [START_REF] Bragin | Hippocampal and entorhinal cortex high-frequency oscillations (100-500 Hz) in human epileptic brain and in kainic acid-treated rats with chronic seizures[END_REF], it can be recorded with conventional invasive EEG electrodes using high sampling rates ( > 2000 Hz). These interictal HFOs can be seen in both physiologic and pathologic situations. The HFO rates also vary according the cerebral area [START_REF] Guragain | Spatial variation in high-frequency oscillation rates and amplitudes in intracranial EEG[END_REF]. In pathologic situations, HFO are related to the seizure onset zone in interictal periods and have been identified in a large variety of clinical scenarios (e.g. different seizure onset zone topography, MRI negative epilepsies, etc. ) [START_REF] Andrade-Valença | Interictal high frequency oscillations (HFOs) in patients with focal epilepsy and normal MRI[END_REF][START_REF] Crépon | Mapping interictal oscillations greater than 200 Hz recorded with intracranial macroelectrodes in human epilepsy[END_REF][START_REF] Jacobs | Interictal high-frequency oscillations (80-500 Hz) are an indicator of seizure onset areas independent of spikes in the human epileptic brain[END_REF][START_REF] Urrestarazu | Interictal high-frequency oscillations (10-500 Hz) in the intracerebral EEG of epileptic patients[END_REF]). Whether or not HFOs co-occur with interictal spikes, HFOs (especially fast-ripples) may be more specific than spikes as a marker of the seizure onset zone [START_REF] Andrade-Valença | Interictal high frequency oscillations (HFOs) in patients with focal epilepsy and normal MRI[END_REF][START_REF] Crépon | Mapping interictal oscillations greater than 200 Hz recorded with intracranial macroelectrodes in human epilepsy[END_REF][START_REF] Jacobs | Interictal high-frequency oscillations (80-500 Hz) are an indicator of seizure onset areas independent of spikes in the human epileptic brain[END_REF].

Moreover, some studies have suggested a link between the removal of tissue generating high HFO rates and favourable surgical outcome [START_REF] Akiyama | Focal resection of fast ripples on extraoperative intracranial EEG improves seizure outcome in pediatric epilepsy[END_REF][START_REF] Jacobs | High-frequency electroencephalographic oscillations correlate with outcome of epilepsy surgery[END_REF][START_REF] Van't Klooster | Residual fast ripples in the intraoperative corticogram predict epilepsy surgery outcome[END_REF][START_REF] Höller | High-frequency oscillations in epilepsy and surgical outcome. A meta-analysis[END_REF][START_REF] Wu | Removing interictal fast ripples on electrocorticography linked with seizure freedom in children[END_REF]. However, at the individual level, the real impact of HFO study is uncertain. A recent study using quantification of the ictal zone, based on both spikes and HFOs revealed that HFOs or any of its variants were not statistically better than spikes at the group or individual level [START_REF] Roehri | High-frequency oscillations are not better biomarkers of epileptogenic tissues than spikes[END_REF].

More recently, it has been demonstrated that HFOs (ripple) can be detected in scalp EEG in patients with focal epilepsies [START_REF] Andrade-Valenca | Interictal scalp fast oscillations as a marker of the seizure onset zone[END_REF][START_REF] Melani | Occurrence of scalp-fast oscillations among patients with different spiking rate and their role as epileptogenicity marker[END_REF][START_REF] Zelmann | Scalp EEG is not a blur: It can see high frequency oscillations although their generators are small[END_REF][START_REF] Pizzo | When spikes are symmetric, ripples are not: bilateral spike and wave above 80 Hz in focal and generalized epilepsy[END_REF][START_REF] Cuello-Oderiz | Influence of the location and type of epileptogenic lesion on scalp interictal epileptiform discharges and high-frequency oscillations[END_REF][START_REF] Zijlmans | How to record high-frequency oscillations in epilepsy: A practical guideline[END_REF]. Nevertheless, scalp HFOs analyses require careful methodology to avoid muscular or movement artefact [START_REF] Zijlmans | How to record high-frequency oscillations in epilepsy: A practical guideline[END_REF], and regarding filtering in order to avoid "false-ripple" detection [START_REF] Bénar | Pitfalls of high-pass filtering for detecting epileptic oscillations: A technical note on "false" ripples[END_REF] Even although scalp HFOs have better specificity than spikes they are less sensitive [START_REF] Andrade-Valenca | Interictal scalp fast oscillations as a marker of the seizure onset zone[END_REF]. Moreover, scalp HFOs are not detected on scalp in all epileptogenic lesions (notably not in mesial locations) [START_REF] Cuello-Oderiz | Influence of the location and type of epileptogenic lesion on scalp interictal epileptiform discharges and high-frequency oscillations[END_REF] and scalp HFOs are very rare in patients with low spike rates [START_REF] Melani | Occurrence of scalp-fast oscillations among patients with different spiking rate and their role as epileptogenicity marker[END_REF]. Furthermore, HFOs detection in patient without epilepsy highlighted the importance of distinguishing physiological from pathological ripples in scalp [START_REF] Mooij | Physiological Ripples (± 100 Hz) in Spike-Free Scalp EEGs of Children With and Without Epilepsy[END_REF]. These points suggest that the added-value of scalp HFOs in patient with rare/absent spikes will be very limited. On the other hand, scalp HFOs could be more useful in patient with widely distributed spikes. This approach demonstrated the possibility of lateralizing the seizure onset zone in patients with focal epilepsy and secondary bilateral synchrony [START_REF] Pizzo | When spikes are symmetric, ripples are not: bilateral spike and wave above 80 Hz in focal and generalized epilepsy[END_REF]. Further studies are required to estimate, in larger samples and in the context of clinical practice, the added-value of scalp HFOs in patients with focal epilepsies.

Ictal recordings in focal epilepsies

Analysis of scalp ictal EEG recordings aims at identifying the presence of abnormal rhythms (rhythmic activity), at lateralizing (i.e. the hemisphere in which seizures start) and if possible localizing the epileptogenic zone even approximately in a given brain region (e.g. frontal, temporal). Scalp ictal EEG patterns vary according to the type of epilepsy and are thus most of the time helpful to define the epileptogenic zone (Foldvary et al. 2001;[START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF]. Moreover, ictal EEG modifications are more accurate than interictal EEG abnormalities for inferring EZ localization, because of the possible discordance between the areas generating the interictal spikes and the seizures [START_REF] Bartolomei | What is the concordance between the seizure onset zone and the irritative zone? A SEEG quantified study[END_REF].

From the viewpoint of epilepsy surgery, ictal EEG provides essential information, in complement with other ancillary exams of the presurgical work-up (e.g. MRI, PET), to define which brain structures are potentially involved in the epileptogenic network and then need to be resected. On the other hand, if intracerebral EEG recording is required, this information is crucial to plan the position of the necessary intracerebral electrodes.

Although significant technical progress has been made in acquisition systems, it is noteworthy that the analysis of ictal scalp EEG signals (both visual and quantified) remains a difficult task due to the various sources of patient-related artefacts (muscle, movements, etc.), particularly during ictal episodes in which motor manifestations are frequent. Moreover, some seizure onset zones could remain invisible on scalp EEG because of various factors (see below). At worst, false localization and even lateralization are also not uncommon, occurring in about 6-18% of cases [START_REF] Engel | Consistent false lateralization of seizure onset with sphenoidal and scalp telemetered ictal EEG recordings in 2 patients with partial complex epilepsy[END_REF][START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF][START_REF] Risinger | Ictal localization of temporal lobe seizures with scalp/sphenoidal recordings[END_REF][START_REF] Sammaritano | False lateralization by surface EEG of seizure onset in patients with temporal lobe epilepsy and gross focal cerebral lesions[END_REF][START_REF] Spencer | Reliability and accuracy of localization by scalp ictal EEG[END_REF].

There may be concerns with AED withdrawal routinely applied in most epilepsy surgery centres during video-EEG, since this might affect the patterns of ictal onset and/or propagation. Although some patients have atypical seizures after AED withdrawal [START_REF] Engel | Falsely Localizing Ictal Onsets with Depth EEG Telemetry During Anticonvulsant Withdrawal[END_REF], a large majority of them have no change in their seizure features [START_REF] Spencer | Ictal Effects of Anticonvulsant Medication Withdrawal in Epileptic Patients[END_REF]. Whereas medication clearly affects seizure frequency and secondary generalization, it does not affect the morphology of scalp EEG ictal discharges, the occurrence and/or duration to contralateral spread [START_REF] So | Changes in seizure activity following anticonvulsant drug withdrawal[END_REF].

Therefore, ictal scalp EEG recorded during anticonvulsant withdrawal does not provide misleading information about epileptogenic zone localization hypothesis [START_REF] Marciani | Effects of Drug Withdrawal on Location of Seizure Onset[END_REF][START_REF] Spencer | Ictal Effects of Anticonvulsant Medication Withdrawal in Epileptic Patients[END_REF][START_REF] Zhou | Influence on ictal seizure semiology of rapid withdrawal of carbamazepine and valproate in monotherapy[END_REF].

Organization of seizures: contributions of intracerebral recordings

It is important to understand how a seizure may originate and 'spread' in the brain. Most of our knowledge comes from studies using direct intracerebral recordings.

A model of seizure dynamics and anatomy is proposed in Figure 8 [START_REF] Bartolomei | Spatio-temporal dynamics of neuronal networks in partial epilepsy[END_REF]. A seizure originates from one or several regions in the brain (including or not a visible lesion) before to spread to a second set of structures generating lower frequency oscillation. Seizure may involve a very focal region (e.g. as the sole lesion in some focal cortical dysplasia) or a more distributed network of brain structures (as in mesial temporal lobe seizures (Figure 9 and 10). These structures are the most epileptogenic and are called the "epileptogenic zone".

In the epileptogenic zone, the possible patterns of interictal to ictal transition are variable. The most characteristic pattern is the emergence of a low voltage fast activity (LVFA) [START_REF] Singh | Ictal onset on intracranial EEG: Do we know it when we see it? State of the evidence[END_REF]. The frequencies in LVFA range from beta/low gamma ranges (15-30Hz) (mostly in mesial temporal seizures [START_REF] Bartolomei | Pre-ictal synchronicity in limbic networks of mesial temporal lobe epilepsy[END_REF])), to higher frequencies (gamma range, 30-100hz, generally observed in neocortical seizures [START_REF] Alarcon | Power spectrum and intracranial EEG patterns at seizure onset in partial epilepsy[END_REF][START_REF] Allen | Very high-frequency rhythmic activity during SEEG suppression in frontal lobe epilepsy[END_REF][START_REF] Fisher | High-frequency EEG activity at the start of seizures[END_REF][START_REF] Singh | Ictal onset on intracranial EEG: Do we know it when we see it? State of the evidence[END_REF][START_REF] Worrell | High-frequency oscillations and seizure generation in neocortical epilepsy[END_REF]. Most of the time the emergence of such fast activity leads to a desynchronization among the involved structures [START_REF] Wendling | Epileptic fast intracerebral EEG activity: Evidence for spatial decorrelation at seizure onset[END_REF]. In some cases, this rapid discharge may be preceded by EEG changes in the form of pre-ictal spiking, burst of poly-spike or slow-wave/DC shift complexes. These changes are thought to synchronize the ictal activity in several distributed structures [START_REF] Bartolomei | Pre-ictal synchronicity in limbic networks of mesial temporal lobe epilepsy[END_REF].

Finally, a significant number of seizures about 20 %, can start without any low voltage fast activity (e.g. slow rhythmic spikes/spike-waves or theta/alpha sharp activity) [START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF]. Some examples of interictal to ictal transition are shown in Figure 11.

A second set of brain structures may be involved later in the seizure and constitutes the "propagation zone network". This network may be more or less extensive, and is characterized by slower rhythms and higher voltage activities. The synchronization of rhythmic activities at this stage has been shown to be maximal during the seizure [START_REF] Guye | The role of corticothalamic coupling in human temporal lobe epilepsy[END_REF][START_REF] Schindler | Assessing seizure dynamics by analysing the correlation structure of multichannel intracranial EEG[END_REF]). Notably, the scenario of seizure onset and spread is generally remarkably reproducible in a given patient. Figures 9, 10 and 12 illustrate this showing a mesial temporal lobe seizures (the first mesial structures involved by the rapid discharge representing the "epileptogenic network") spreading to the lateral temporal lobe (Figure 10); and also prefrontal cortex and insula (Figure 12) (these neocortical structures being involved later with discharge of slower frequency, representing the "propagation network").

Correspondence between intracranial and scalp-EEG seizures recordings

It is important to understand the factors limiting the expression of seizures in surface [START_REF] Ramantani | Correlation of invasive EEG and scalp EEG[END_REF]Tao et al. 2007), because it is often difficult to capture the activity of the epileptogenic zone directly from scalp electrodes. In one study, less than 50% of intracerebral EEG ictal discharges had early concomitant scalp EEG correlate (Tao et al. 2007). Most of the scalp EEG changes observed during a seizure therefore indirectly reflect the seizure onset in the "epileptogenic network" (ex: background slowing), or only show activity in the "propagation zone network" [START_REF] Sakai | Localization of epileptogenic zone in temporal lobe epilepsy by ictal scalp EEG[END_REF]. For example, the mean delay before the appearance of scalp EEG changes after a seizure onset within the mesio-temporal areas is of the order of 7 seconds (Tao et al. 2007). Thus, from the electroencephalographer's point of view, it is important to "imagine" the underlying intracerebral dynamics in order to interpret the surface recordings.

Five factors are involved in the surface seizure expression: the area of seizure onset zone, the synchrony within the seizure onset zone, the distance from the seizure onset zone to the surface, the level of background and the skull conductivity. Firstly, studies of simultaneous intracerebral and scalp EEG recordings have shown that sufficient source area (at least 10 cm 2 ) and high synchrony (expressed generally as slow frequency and high amplitude discharges) are needed to generate ictal patterns visible on scalp EEG [START_REF] Cosandier-Rimélé | Recording of fast activity at the onset of partial seizures: Depth EEG vs. scalp EEG[END_REF]Tao et al. 2007 a,b). In fact, if sufficient source area and synchrony are achieved at seizure onset, then ictal rhythm appears simultaneously, or almost, on scalp and intracerebral EEG (Tao et al. 2007 a,b). The source-to-sensor distance is also an important factor and it is well-known that the amplitude of EEG signal is inversely proportional to the square of the source to surface's distance [START_REF] Cosandier-Rimélé | A physiologically plausible spatio-temporal model for EEG signals recorded with intracerebral electrodes in human partial epilepsy[END_REF]. Notably, when the distance to the source increases, the low frequencies increase and the high frequencies decrease on scalp EEG [START_REF] Cosandier-Rimélé | Recording of fast activity at the onset of partial seizures: Depth EEG vs. scalp EEG[END_REF]. Moreover, the level of background activity appears as the most critical factor impeding the observability of rapid discharges on scalp EEG. In this respect, a slight increase in background level may result in a drastic alteration of the frequency spectrum and could easily overshadow a concurrently rapid discharge [START_REF] Cosandier-Rimélé | Recording of fast activity at the onset of partial seizures: Depth EEG vs. scalp EEG[END_REF]. Finally, low skull conductivity is only a minor factor in the lack of observable rapid discharges in scalp EEG, leading to attenuation of voltage amplitude without altering the spectral content [START_REF] Cosandier-Rimélé | Recording of fast activity at the onset of partial seizures: Depth EEG vs. scalp EEG[END_REF].

Rapid discharges at seizure onset are often limited to restricted brain areas (James X. Tao et al., 2007) and transiently desynchronize the structures involved [START_REF] Wendling | Epileptic fast intracerebral EEG activity: Evidence for spatial decorrelation at seizure onset[END_REF], therefore their recording on scalp EEG remains very difficult and rare, because of the combination of small source area and lack of synchronized activity .

Dynamic patterns of scalp EEG seizures

Changes related to the epileptogenic zone

It is possible but very rare to observe the rapid discharge (as observed using intracerebral EEG) at the seizure onset on scalp EEG. If visible, such rapid discharge, reflects more superficial sources, generally neocortical (Figure 13) (Tao et al. 2007). Nevertheless, most of the time it is difficult to distinguish fast discharge from normal brain rhythms (e.g. rapid activities that are physiologic in fronto-central areas) or from muscular activity. Therefore, a focal or regional flattening of the EEG activity associated with the disappearance of normal background activity (often referred as 'electrodecremental pattern') is actually more often observed [START_REF] Blume | EEG morphology of parial epileptic seizures[END_REF][START_REF] Gastaut | Electrographic studies in man and in animal in so-called psychomotor epilepsy[END_REF][START_REF] Klass | Electroencephalographic manifestations of complex partial seizures[END_REF][START_REF] Jasper | Electrical signs of epileptic discharge[END_REF][START_REF] Jasper | Eeg and Cortical Electrograms in Patients With Temporal Lobe Seizures[END_REF]) (Figure 14). In these cases, the topography of focal flattening appears as an important clue to localize the epileptogenic zone. On the other hand, the slow seizure onset patterns (rhythmic spikes or theta/alpha sharp activity) are also very common and more easily visible on scalp because of their higher amplitude and synchrony [START_REF] Blume | EEG morphology of parial epileptic seizures[END_REF][START_REF] Ray | Localizing value of scalp EEG spikes: A simultaneous scalp and intracranial study[END_REF]Tao et al. 2007).

Similarly, the sequence of pre-ictal changes prior to the low voltage fast activity (visible or not on surface) may also be seen on scalp EEG (Figure 15 and16). Finally, it is notable that several scalp EEG ictal pattern may be observed in a same patient [START_REF] Risinger | Ictal localization of temporal lobe seizures with scalp/sphenoidal recordings[END_REF]. Less specifically, seizure onset discharge might be invisible on scalp-EEG but produces changes in normal brain rhythms, such as the unilateral disappearance of alpha rhythm [START_REF] Klass | Electroencephalographic manifestations of complex partial seizures[END_REF][START_REF] Ebersole | Localization of temporal lobe foci by ictal EEG patterns[END_REF], or changes in sleep activity such as diffuse flattening due to arousal [START_REF] Derry | NREM arousal parasomnias and their distinction from nocturnal frontal lobe epilepsy: a video EEG analysis[END_REF]. These indirect changes can be the first scalp EEG modification associated with focal seizure onset. Moreover, the absence of EEG changes during the initial clinical signs is already an indication that the seizure is generated from deep structures (e.g. mesio-temporal or orbito-frontal areas). It should also be kept in mind that non-epileptic seizures can also be the reason for the absence of EEG modifications.

In addition, concomitant muscular and ECG recordings can add crucial information.

Muscular contraction associated with seizure onset can be captured by bipolar electrodes placed over the appropriate muscles and is particularly important to record in patients with pre-motor/motor cortex seizures [START_REF] Mothersill | Twenty years of ictal EEG-EMG[END_REF][START_REF] Tassinari | Polygraphic recordings[END_REF]. In addition to localize the seizure onset zone within these structures, it could help the semiology analysis and help lead to establishing the lateralization of seizure onset.

Similarly, ECG changes can be the sole manifestations of a focal seizure, revealing tachycardia [START_REF] Di Gennaro | Ictal heart rate increase precedes EEG discharge in drugresistant mesial temporal lobe seizures[END_REF] more often than bradycardia (van der [START_REF] Van Der Lende | Cardiac arrhythmias during or after epileptic seizures[END_REF][START_REF] Shmuely | The heart of epilepsy: Current views and future concepts[END_REF]. For example, a seizure onset limited to the mesial temporal structures could express initially as a sole tachycardia without any concomitant changes on scalp EEG (figure 17).

Changes related to the propagation zone

The most evident changes observed in scalp recordings are related to the propagation of ictal discharge. At this stage, it is usual to observe more extensive, synchronized and ample activity (Figures 9101112). Moreover, the scalp EEG ictal pattern may evolve either as a change in morphology, amplitude or frequency [START_REF] Blume | EEG morphology of parial epileptic seizures[END_REF]. The frequency of rhythmic discharge shows most of the time a gradual decline in frequency and an increase in amplitude, but these features are not constant [START_REF] Anziska | Changes in Frequency and Amplitude in Electrographic Seizure Discharges[END_REF][START_REF] Gloor | Contributions of electroencephalography and electrocorticography to the neurosurgical treatment of the epilepsies[END_REF][START_REF] Marsan | Electrographic Aspect of "Epileptic" Neuronal Aggregates[END_REF]. Moreover, some authors suggested a link between the frequency and the localization (more often in the theta range in lateral temporal epilepsies, and beta in occipital epilepsies) [START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF]. This discharge is generally unilateral initially, but bilateral expression is possible and does not necessarily imply that the epileptogenic zone is bilateral (Napolitano andOrriols, 2008, 2010;[START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF].

Notably, false lateralization is not uncommon, particularly in patients with extratemporal epilepsies (Foldvary et al., 2001).

Changes related to the seizure ending

The ictal discharge generally ends abruptly and is followed by depression of EEG activity or/and a marked slowing. The post-ictal slowing has important value to lateralize and even help localize the epileptogenic zone, especially when clear ictal rhythm is lacking or difficult to analyse (Jan et al. 2002;[START_REF] Jan | Electroencephalographic features of temporal lobe epilepsy[END_REF][START_REF] Kaibara | The postictal electroencephalogram[END_REF][START_REF] O'brien | Temporal lobe epilepsy caused by mesial temporal sclerosis and temporal neocortical lesions. A clinical and electroencephalographic study of 46 pathologically proven cases[END_REF][START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF][START_REF] Williamson | Characteristics of medial temporal lobe epilepsy: II. Interictal and ictal scalp electroencephalography, neuropsychological testing, neuroimaging, surgical results, and pathology[END_REF]).

Importance of electro-clinical correlations

It is important to correlate EEG changes and semiology when seizures are studied on video-EEG recordings. As seen above, the seizure onset discharge is often invisible on scalp-EEG. In this case, semiological analysis is the best way to provide hypothesis about the epileptogenic zone. Additionally, different cerebral source configurations could generate similar surface voltage distribution. Therefore, the maximal activity at a certain electrode does not systematically indicate that the generators are located in the underlying brain region [START_REF] Ebersole | Noninvasive localization of epileptogenic foci by EEG source modeling[END_REF][START_REF] Michel | EEG source imaging[END_REF]. Thus, the concomitant analysis of semiology and scalp-EEG is highly more accurate than analysis of EEG alone for the definition of the epileptogenic zone [START_REF] Serles | Combining Ictal Surface-Electroencephalography and Seizure Semiology Improves Patient Lateralization in Temporal Lobe Epilepsy[END_REF].

Specific problems with some focal seizures

Temporal lobe epilepsies

The TLEs are the most frequent forms of focal seizures recorded in adult patients.

Several subtypes of TLE have been described: mesial seizures in which the seizures start from the limbic medial part of the temporal lobe; lateral seizures starting from the lateral neo-cortex; mesio-lateral seizures arising concomitantly from mesial and lateral areas of temporal lobe; temporo-polar; and temporal "plus" involving also the neighboring structures (orbitofrontal cortex, insula, frontal and parietal operculum, or temporo-parieto-occipital junction) [START_REF] Kahane | Temporal lobe epilepsy and hippocampal sclerosis: Lessons from depth EEG recordings[END_REF].

Many studies have proved that ictal scalp EEG is a reliable and accurate way to lateralize and even localize the epileptogenic zone in patients with TLE [START_REF] Ebersole | Localization of temporal lobe foci by ictal EEG patterns[END_REF]Foldvary et al. 2001;[START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF][START_REF] Pataraia | Ictal scalp EEG in unilateral mesial temporal lobe epilepsy[END_REF][START_REF] Risinger | Ictal localization of temporal lobe seizures with scalp/sphenoidal recordings[END_REF][START_REF] Sakai | Localization of epileptogenic zone in temporal lobe epilepsy by ictal scalp EEG[END_REF][START_REF] Serles | Combining Ictal Surface-Electroencephalography and Seizure Semiology Improves Patient Lateralization in Temporal Lobe Epilepsy[END_REF][START_REF] Spencer | Reliability and accuracy of localization by scalp ictal EEG[END_REF][START_REF] Steinhoff | Ictal scalp EEG in temporal lobe epilepsy with unitemporal versus bitemporal interictal epileptiform discharges[END_REF][START_REF] Walczak | Accuracy and interobserver reliability of scalp ictal EEG[END_REF][START_REF] Williamson | Characteristics of medial temporal lobe epilepsy: II. Interictal and ictal scalp electroencephalography, neuropsychological testing, neuroimaging, surgical results, and pathology[END_REF]. Nevertheless, while false localization has been shown to be uncommon [START_REF] Risinger | Ictal localization of temporal lobe seizures with scalp/sphenoidal recordings[END_REF][START_REF] Williamson | Characteristics of medial temporal lobe epilepsy: II. Interictal and ictal scalp electroencephalography, neuropsychological testing, neuroimaging, surgical results, and pathology[END_REF][START_REF] Adamolekun | False lateralization of seizure onset by scalp EEG in neocortical temporal lobe epilepsy[END_REF], it remains possible especially in patients with large lesions [START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF][START_REF] Sammaritano | False lateralization by surface EEG of seizure onset in patients with temporal lobe epilepsy and gross focal cerebral lesions[END_REF]. Potential ictal rhythm patterns in TLE include:

 temporal rhythmic activity in the delta, theta or alpha ranges (the most prevalent) [START_REF] Ebersole | Localization of temporal lobe foci by ictal EEG patterns[END_REF][START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF][START_REF] Malter | Features of scalp EEG in unilateral mesial temporal lobe epilepsy due to hippocampal sclerosis: Determining factors and predictive value for epilepsy surgery[END_REF]Pacia & Pataraia et al. 1998;[START_REF] Sakai | Localization of epileptogenic zone in temporal lobe epilepsy by ictal scalp EEG[END_REF][START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF][START_REF] Steinhoff | Ictal scalp EEG in temporal lobe epilepsy with unitemporal versus bitemporal interictal epileptiform discharges[END_REF]  unilateral (or even bilateral [START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF]) background attenuation or interictal spikes cessation (Figure 16) [START_REF] Sakai | Localization of epileptogenic zone in temporal lobe epilepsy by ictal scalp EEG[END_REF][START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF]);

 rhythmic localized spiking (Figure 17) or sharp wave (Figure 18) [START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF];  rapid discharge (rarely) [START_REF] Sakai | Localization of epileptogenic zone in temporal lobe epilepsy by ictal scalp EEG[END_REF].

Whereas some authors suggested that ictal scalp EEG pattern differs according to the seizure onset zones (regular 5 to 9 Hz inferior temporal rhythm associated with mesial onset and irregular, polymorphic 2 to 5 Hz associated with lateral onset) [START_REF] Assaf | Visual and quantitative ictal EEG predictors of outcome after temporal lobectomy[END_REF][START_REF] Ebersole | Localization of temporal lobe foci by ictal EEG patterns[END_REF][START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF], many discrepancies remain across published articles [START_REF] Steinhoff | Ictal scalp EEG in temporal lobe epilepsy with unitemporal versus bitemporal interictal epileptiform discharges[END_REF][START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF][START_REF] Malter | Features of scalp EEG in unilateral mesial temporal lobe epilepsy due to hippocampal sclerosis: Determining factors and predictive value for epilepsy surgery[END_REF] and currently the accurate identification of epileptogenic zone cannot be based only on the type of ictal scalp EEG pattern [START_REF] Nakasato | Ictal pattern on scalp EEG at onset of seizure in temporal lobe epilepsy: Old and new problems for epileptologists[END_REF][START_REF] O'brien | Temporal lobe epilepsy caused by mesial temporal sclerosis and temporal neocortical lesions. A clinical and electroencephalographic study of 46 pathologically proven cases[END_REF].

The most common types of TLE involve the mesial temporal lobe regions (MTLE). In the case of pure MTLE, it has been found that about 95% of patients with TLE have EEG changes throghout the whole seizure course [START_REF] Parsonage | Epileptic Seizures. Clinical and Electrographic Features, Diagnosis and Treatment[END_REF]. Nevertheless , when the discharge is initially restricted to the mesial temporal region, it remains generally invisible on scalp EEG [START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF] and at best background attenuation over the surface temporal electrodes could be observed (without rapid discharge; Figure 18a) [START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF]. Therefore, the scalp EEG tends to observe the ictal pattern corresponding to the propagation (generally at least 10 seconds after the seizure onset, Figure 18b) of the discharge to basal or lateral temporal cortex [START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF][START_REF] Sakai | Localization of epileptogenic zone in temporal lobe epilepsy by ictal scalp EEG[END_REF]). The most prevalent propagated pattern is rhythmic temporal activity with a frequency ranging from delta to alpha. If this pattern is the first seen, it is very specific for TLE (Foldvary et al., 2001). Notably, the frequency of the rhythmic activity often varies in the same patient [START_REF] Malter | Features of scalp EEG in unilateral mesial temporal lobe epilepsy due to hippocampal sclerosis: Determining factors and predictive value for epilepsy surgery[END_REF]. This frequency increases with epilepsy duration [START_REF] Malter | Features of scalp EEG in unilateral mesial temporal lobe epilepsy due to hippocampal sclerosis: Determining factors and predictive value for epilepsy surgery[END_REF] and the degree of hippocampal sclerosis [START_REF] Vossler | Temporal ictal electroencephalographic frequency correlates with hippocampal atrophy and sclerosis[END_REF]. Notably the ictal scalp EEG is not necessarily limited to the temporal electrodes. For example, seizure activity within basal or polar temporal area can produce ictal scalp EEG pattern predominant around the vertex derivations [START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF]. Actually, about 13% of ictal scalp EEG patterns are hemispheric or non-localizing [START_REF] Lieb | A Comparison of EEG Seizure Patterns Recorded with Surface and Depth Electrodes in Patients with Temporal Lobe Epilepsy[END_REF][START_REF] Malter | Features of scalp EEG in unilateral mesial temporal lobe epilepsy due to hippocampal sclerosis: Determining factors and predictive value for epilepsy surgery[END_REF][START_REF] Napolitano | Graduated and Sequential Propagation in Mesial Temporal Epilepsy: Analysis With Scalp Ictal EEG[END_REF][START_REF] Risinger | Ictal localization of temporal lobe seizures with scalp/sphenoidal recordings[END_REF]). The probability to observe a focal seizure onset is also lower among the patients with independent bitemporal IEDs [START_REF] Steinhoff | Ictal scalp EEG in temporal lobe epilepsy with unitemporal versus bitemporal interictal epileptiform discharges[END_REF][START_REF] Walczak | Scalp ictal EEG shows fewer focal characteristics in patients with bilateral interictal discharges[END_REF]. Some patients may also exhibit different ictal patterns on scalp EEG across seizures. In these patients, a reproducible and localized ictal scalp-EEG pattern is associated with favourable prognosis [START_REF] Risinger | Ictal localization of temporal lobe seizures with scalp/sphenoidal recordings[END_REF][START_REF] Tatum | Ictal EEG remains the prominent predictor of seizure-free outcome after temporal lobectomy in epileptic patients with normal brain MRI[END_REF]. Additionally, propagation of the scalp-EEG discharge is mostly within the ipsilateral hemisphere, but contralateral propagation is not uncommon [START_REF] Napolitano | Graduated and Sequential Propagation in Mesial Temporal Epilepsy: Analysis With Scalp Ictal EEG[END_REF]. In cases of bilateral ictal discharge, early (< 10 seconds) should be distinguished from late (> 10 seconds) propagation [START_REF] Napolitano | Two types of remote propagation in mesial temporal epilepsy: Analysis with scalp ictal EEG[END_REF][START_REF] Monnerat | On the prognostic value of ictal EEG patterns in temporal lobe epilepsy surgery: a cohort study[END_REF][START_REF] Malter | Features of scalp EEG in unilateral mesial temporal lobe epilepsy due to hippocampal sclerosis: Determining factors and predictive value for epilepsy surgery[END_REF].

Actually, some patients have initial (within the first 3 seconds) bilateral seizure onset or switch of lateralization/asynchrony within a bitemporal discharge [START_REF] Schulz | Interictal EEG and Ictal Scalp EEG Propagation Are Highly Predictive of Surgical Outcome in Mesial Temporal Lobe Epilepsy[END_REF][START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF]. Thus, early bilateralization, in addition to bilateral independent seizures, are indicative of bitemporal epileptogenicity and are thus associated with worst prognosis [START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF][START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF]). On the other hand, delayed contralateral propagation is common and not associated with poor prognosis [START_REF] Monnerat | On the prognostic value of ictal EEG patterns in temporal lobe epilepsy surgery: a cohort study[END_REF][START_REF] Malter | Features of scalp EEG in unilateral mesial temporal lobe epilepsy due to hippocampal sclerosis: Determining factors and predictive value for epilepsy surgery[END_REF]. Finally seizure termination patterns, when unilateral, add some information to the hypothesized epileptogenic zone localization [START_REF] Kaibara | The postictal electroencephalogram[END_REF][START_REF] Jan | Lateralized postictal EEG delta predicts the side of seizure surgery in temporal lobe epilepsy[END_REF]. When bilateral, this is associated with poorer prognosis if contralateral [START_REF] Sirin | O RIGINAL R ESEARCH A Quadruple Examination of Ictal EEG Patterns in Mesial Temporal Lobe Epilepsy With Hippocampal Sclerosis : Onset , Propagation , Later Significant Pattern , and Termination[END_REF].

In case of temporal lateral seizure, ictal discharge is clearer and earlier seen on scalp EEG (temporal electrodes) (Sakai et sal., 2002). However, about 40% of temporal lateral seizures have no visible EEG onset [START_REF] Pelliccia | Ictal EEG modifications in temporal lobe epilepsy[END_REF]. Low-voltage fast activity and local flattening are more prevalent (about 20% and 30% respectively) [START_REF] Pelliccia | Ictal EEG modifications in temporal lobe epilepsy[END_REF]. More rarely, rhythmic spikes could also been seen [START_REF] Pelliccia | Ictal EEG modifications in temporal lobe epilepsy[END_REF]. Thus, in a large proportion of patients the main ictal EEG trait of temporal seizures remains the propagation pattern, mainly consisting of theta/delta rhythmic activity [START_REF] Ebersole | Localization of temporal lobe foci by ictal EEG patterns[END_REF][START_REF] Pacia | Intracranial EEG substrates of scalp ictal patterns from temporal lobe foci[END_REF][START_REF] Risinger | Ictal localization of temporal lobe seizures with scalp/sphenoidal recordings[END_REF][START_REF] Tatum | Ictal EEG remains the prominent predictor of seizure-free outcome after temporal lobectomy in epileptic patients with normal brain MRI[END_REF][START_REF] Vossler | Temporal ictal electroencephalographic frequency correlates with hippocampal atrophy and sclerosis[END_REF][START_REF] Walczak | Accuracy and interobserver reliability of scalp ictal EEG[END_REF]. Fast activity as a propagation pattern is also possible but is rather exceptional [START_REF] Pelliccia | Ictal EEG modifications in temporal lobe epilepsy[END_REF].

In temporo-basal and temporo-polar epilepsies, ictal discharge may sometimes be somewhat misleadingly better observed on vertex electrodes.

Finally, in temporal "plus" epilepsies, ictal scalp-EEG changes tend to be more frequently localized over anterior frontal, temporo-parietal or central electrodes (Figure 19) [START_REF] Barba | Ictal clinical and scalp-EEG findings differentiating temporal lobe epilepsies from temporal "plus" epilepsies[END_REF].

Frontal lobe epilepsies

Epilepsies originating from the frontal lobe are traditionally divided into lateral frontal, orbitofrontal, and mesial frontal epilepsies. Distinction between these syndromes can be challenging because of the complexity of functionally interconnected frontal areas and the variability of ictal propagation patterns [START_REF] Bonini | Frontal lobe seizures: From clinical semiology to localization[END_REF].

Frontal lobe seizures are often difficult to detect and localize on scalp EEG recordings, since about 42 % of ictal scalp EEG are unable to localize or lateralize the epileptogenic zone in FLE versus about 13% in lateral TLE [START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF]. Well-localized ictal EEG discharge in FLE is rare; most of the time it can be only regionalized or lateralized (Foldvary et al. 2001;[START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF][START_REF] Swartz | Surface Ictal Electroencephalographic Patterns in Frontal vs Temporal Lobe Epilepsy[END_REF]). In fact, spatially limited frontal lobe seizures could be expressed on scalp EEG as widespread changes over frontocentro-parietal or fronto-centro-temporal electrodes, giving the illusion of a large epileptogenic zone [START_REF] Quesney | Preoperative electroencephalographic investigation in frontal lobe epilepsy: electroencephalographic and electrocorticographic recordings[END_REF]. Moreover, ictal discharge in temporal regions or in the opposite frontal lobe has been reported (but are rare in dorsolateral frontal seizures) [START_REF] Quesney | Preoperative electroencephalographic investigation in frontal lobe epilepsy: electroencephalographic and electrocorticographic recordings[END_REF]. Ictal scalp EEG analysis of frontal lobe seizures is challenging because of:  frequent muscle artifacts from motor activity,  rapid seizure propagation limiting the localization of the seizure onset zone  the fact that discharges originating from mesial and orbital frontal regions are often invisible on surface  paradoxical lateralization and secondary bilateral synchrony phenomena add to the complexity when interpreting EEG (more frequent in case of orbital, mesial or cingulate FLE [START_REF] Quesney | Preoperative electroencephalographic investigation in frontal lobe epilepsy: electroencephalographic and electrocorticographic recordings[END_REF]).

Notably, frontal lobe seizures often occur during slow-wave sleep, sometimes following spindles or K complexes. Examples of seizures in frontal lobe epilepsy are shown in Figures 20 and21. Moreover, duration of ictal activity is shorter than in other types of epilepsies [START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF]. Dorsolateral frontal lobe ictal onset typically presents on scalp EEG as rhythmic fast activity (Figure 20) [START_REF] Bautista | EEG findings in frontal lobe epilepsies[END_REF]; nevertheless rhythmic epileptiform activity, rhythmic delta, or background attenuation/flattening can also be observed (Foldvary et al. 2001;[START_REF] Lee | Dorsolateral Frontal Lobe Epilepsy[END_REF]. Scalp ictal EEG patterns are often lateralizing or localizing (contrary to other subtypes of FLE) and some post-ictal changes can be seen [START_REF] Lee | Dorsolateral Frontal Lobe Epilepsy[END_REF].

Furthermore, the absence of any visible scalp EEG ictal activity could almost exclude the possibility of seizures arising from dorsolateral frontal areas (negative predictive value of 93%) [START_REF] Bautista | EEG findings in frontal lobe epilepsies[END_REF][START_REF] Lee | Dorsolateral Frontal Lobe Epilepsy[END_REF]. In addition, a focal ictal beta-frequency discharge on scalp EEG was seen to be associated with favorable outcome after surgery both in lesional and non-lesional epilepsies [START_REF] Lee | Dorsolateral Frontal Lobe Epilepsy[END_REF][START_REF] Worrell | Focal ictal β discharge on scalp EEG predicts excellent outcome of frontal lobe epilepsy surgery[END_REF].

In mesial FLE, initial ictal scalp EEG discharge may consist of diffuse background attenuation followed by either no electrographic changes or rhythmic activity in the vertex channels occurring after clinical onset [START_REF] Bautista | EEG findings in frontal lobe epilepsies[END_REF]Foldvary et al. 2001;[START_REF] Unnwongse | Mesial frontal lobe epilepsy[END_REF].

In several cases, the ictal pattern appeared to have bilateral distribution [START_REF] Unnwongse | Mesial frontal lobe epilepsy[END_REF]. Moreover, mesial frontal seizures without secondary generalization commonly show no localized postictal changes [START_REF] Unnwongse | Mesial frontal lobe epilepsy[END_REF].

In orbital FLE, scalp EEG ictal discharges are often invisible [START_REF] Kriegel | Orbitofrontal and Insular Epilepsy[END_REF][START_REF] Ludwig | Cerebral Seizures of Probable Orbitofrontal Origin[END_REF][START_REF] Smith | Orbitofrontal epilepsy: Electroclinical analysis of surgical cases and literature review[END_REF] or could be recorded from frontal [START_REF] Rheims | Ipsilateral head deviation related to orbito-frontal and fronto-polar seizures[END_REF] or even from temporal electrodes [START_REF] Shihabuddin | Orbito-frontal epilepsy masquerading as temporal lobe epilepsy -A case report[END_REF]. Low voltage fast activity has been reported [START_REF] Rheims | Ipsilateral head deviation related to orbito-frontal and fronto-polar seizures[END_REF], but flattening or background attenuation are the most frequent scalp EEG ictal patterns (Figure 21) [START_REF] Ludwig | Cerebral Seizures of Probable Orbitofrontal Origin[END_REF][START_REF] Rougier | Orbital frontal epilepsy: a case report [letter[END_REF] and ictal scalp EEG without visible change is possible [START_REF] Kriegel | Orbitofrontal and Insular Epilepsy[END_REF].

Other epilepsies

Localized scalp EEG ictal discharges are more limited in parietal and occipital lobe (Foldvary et al. 2001;[START_REF] Lee | The Clinical Usefulness of Ictal Surface EEG in Neocortical Epilepsy[END_REF]), because false localization or even lateralization is more frequent, and bilateral scalp expression is not uncommon (Foldvary et al., 2001). No specific pattern of ictal scalp EEG has been described. Parietal lobe seizures are rarely localizable on scalp EEG; they can be only lateralized (Figure 22).

The localizing value is better in cases of lateral than mesial parietal seizures (Foldvary et al. 2001;[START_REF] Salanova | Parietal lobe epilepsy clinical manifestations and outcome in 82 patients treated surgically between 1929 and 1988[END_REF][START_REF] Salanova | Parietal lobe epilepsy[END_REF]Williamson et al. 1992). The maximal ictal activity is classically seen over the centro-parietal or, less frequently, in temporal posterior electrodes (Figure 22) [START_REF] Salanova | Parietal lobe epilepsy[END_REF]. Notably, a subsequent proportion of seizures can be mislocalized (about 16%) or have rapid and diffuse propagation limiting their localization (Foldvary et al., 2001) Occipital lobe seizures can be adequately localized in a limited number of patients (about 50%) because false localization, bilateral expression and widespread propagation are not uncommon (Foldvary et al. 2001;[START_REF] Salanova | Occipital lobe epilepsy: Electroclinical manifestations, electrocorticography, cortical stimulation and outcome in 42 patients treated between 1930 and 1991: Surgery of occipital lobe epilepsy[END_REF]Williamson et al. 1992).

In insular or insulo-opercular seizures, ictal discharges are rarely detected by scalp EEG, unless these discharges spread to adjacent peri-sylvian neocortex [START_REF] Luders | Textbook of epilepsy surgery[END_REF]. Insulo-opercular ictal discharges can be observed with scalp EEG usually over the frontal and/or temporal lobes [START_REF] Ryvlin | Invasive Investigation of Insular Cortex Epilepsy[END_REF]. Seizure onset pattern are not specific and can include fast activity, rhythmic spike and wave activity or rhythmic alpha and delta activity [START_REF] Levy | Operculo-Insular Epilepsy[END_REF]. Scalp EEG ictal discharge can appear on temporal, frontal, fronto-temporal, or frontocentro-parietal electrodes [START_REF] Levy | Operculo-Insular Epilepsy[END_REF], leading to the impossibility of differentiating insular seizures from temporal, frontal, or parietal seizures [START_REF] Isnard | Clinical manifestations of insular lobe seizures: a stereoelectroencephalographic study[END_REF][START_REF] Nguyen | Revisiting the role of the insula in refractory partial epilepsy[END_REF]. However, ictal scalp EEG might fail to display epileptiform discharges [START_REF] Levy | Operculo-Insular Epilepsy[END_REF][START_REF] Ryvlin | Invasive Investigation of Insular Cortex Epilepsy[END_REF].

Motor seizures arising from the medial central area can be limited to muscular jerks (focal cortical myoclonus). Importantly, these seizures can be unapparent on scalp EEG because of the depth and spatially limited extent of the generator, even in cases of epilepsia partialis continua. In such case, back-averaging is required to prove a time-locked relationship between EEG activity and myoclonus confirming the epileptic nature of the myoclonus [START_REF] Shibasaki | Electroencephalographic correlates of myoclonus[END_REF][START_REF] Shibasaki | Electroencephalographic studies myoclonus[END_REF][START_REF] Chauvel | Distinction between the myoclonus-related potential and the epileptic spike in epilepsia partialis continua[END_REF].

Even more complicated cases exist where seizures are often not limited to a single lobe and it is not rare to observe fronto-temporal, occipito-temporal or parieto-frontal seizures. In these cases, the visibility of ictal discharge on scalp EEG depends on the specific characteristics of each brain region involved. Therefore, the scalp EEG can be misleading, showing only one part of the epileptogenic network involved. For example, an occipito-temporal seizure can be reflected by a temporal discharge, and a temporo-frontal seizure by a frontal discharge. 

Conclusion

Figures Legends

  EEG investigations are crucial in the diagnosis and management of patients with focal epilepsies. EEG can detect interictal epileptiform discharges (IEDs) and record ictal discharges. Interpretation of the EEG requires knowledge of the factors influencing the scalp visibility of the source of these activities as well as a good knowledge of the dynamics of focal seizures. EEG is one of the most important elements in the diagnosis of focal epilepsy. As part of the presurgical assessment of focal epilepsy, video-EEG recordings are a cornerstone of localization diagnosis and possible surgery.
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Example of spikes observed in right temporal posterior and centro-parietal electrodes in a patient with superior parietal lobule focal cortical dysplasia. Note the maximum of amplitude on T6 and P4 electrodes in bipolar montage.

Figure 7:

Example of spikes visible on right occipital electrodes (maximum over O2 electrode) in a patient with latero-occipital epilepsy (normal MRI).

Figure 8:

Model of focal seizure organization and dynamic: seizure start from a set of structures that generate high frequency oscillations (epileptogenic network, in red). Epileptogenic network may include or not an identified lesion. A second set of structures generates later slower, but highly synchronized oscillations (propagation network, in orange). Semiology and scalp EEG findings during seizure are dependant of these two networks. Parietal seizure in a patient with focal cortical dysplasia in superior parietal lobule. Note the initial fast discharge not localized but only right lateralized (red rectangle), followed by a spikes' discharge more visible on temporal posterior channels (red circle, maximum amplitude and phase opposition over T6, also well seen over O2, T4 and P4 electrodes).