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A c c e p t e d m a n u s c r i p t

Introduction

Post-traumatic epilepsy (PTE) is a common cause of structural epilepsy, defined by the occurrence of one or more late unprovoked seizures associated with a known traumatic brain injury (TBI) [START_REF] Szaflarski | Post-traumatic epilepsy: current and emerging treatment options[END_REF][START_REF] Scheffer | ILAE classification of the epilepsies: Position paper of the ILAE Commission for Classification and Terminology[END_REF]. Several risk factors for developing PTE have been identified, including duration of loss of consciousness, missile injuries, intracerebral hemorrhage, diffuse cerebral contusions, acute subdural hematoma with surgical evacuation, early post-traumatic seizures and depressed skull fracture [START_REF] Agrawal | Post-traumatic epilepsy: an overview[END_REF]. Estimated relative risks of seizure occurrence have been estimated to be 1.5 after mild TBI (loss of consciousness or amnesia less than 30 minutes), 2.9 after moderate TBI (loss of consciousness from 30 min to 1 day or a skull fracture) and 17.2 after severe TBI (loss of consciousness of more than 1 day, SDH or brain contusion) [START_REF] Agrawal | Post-traumatic epilepsy: an overview[END_REF][START_REF] Annegers | The risks of epilepsy after traumatic brain injury[END_REF]. PTE can occur even decades after the initial TBI [START_REF] Hung | Treatment of post-traumatic epilepsy[END_REF] and accounts for 20% of symptomatic epilepsy in the general population [START_REF] Frey | Epidemiology of posttraumatic epilepsy: a critical review[END_REF]. Post-traumatic seizures can be difficult to control [START_REF] Diaz-Arrastia | Posttraumatic epilepsy: the endophenotypes of a human model of epileptogenesis[END_REF] and the diagnosis of PTE is present in 5% of all epilepsy patients referred to specialized epilepsy centers. Nevertheless, such epilepsy is not frequently assessed for epilepsy surgery, in particular using intracranial recordings. Indeed, PTE accounts for 2-3% of pre-surgical series using SEEG [START_REF] Lagarde | The repertoire of seizure onset patterns in human focal epilepsies: Determinants and prognostic values[END_REF][START_REF] Gonzalez-Martinez | Stereoelectroencephalography in the "difficult to localize" refractory focal epilepsy: early experience from a North American epilepsy center[END_REF]. Head injuries frequently cause bilateral or multifocal injuries not amenable to epilepsy surgery. There are also surgical challenges due to scar tissue and adhesions secondary to the TBI [START_REF] Mathern | Traumatic compared to nontraumatic clinical-pathologic associations in temporal lobe epilepsy[END_REF].

Therefore, presurgical evaluation of such epilepsies can be a challenging task in locating a limited seizure onset zone and guiding possible resective surgery.

Only a few series have studied surgical outcome of selected patients with PTE.

Outcome was found to be favorable in temporal cases associated with hippocampal sclerosis [START_REF] Diaz-Arrastia | Posttraumatic epilepsy: the endophenotypes of a human model of epileptogenesis[END_REF][START_REF] Marks | Seizure localization and pathology following head injury in patients with uncontrolled epilepsy[END_REF][START_REF] Hartzfeld | Characteristics and surgical outcomes for medial temporal post-traumatic epilepsy[END_REF][START_REF] Hitti | Surgical Outcomes in Post-Traumatic Epilepsy: A Single Institutional Experience[END_REF]but more uncertain in extra-temporal cases [START_REF] Hakimian | Long-term outcome of extratemporal resection in posttraumatic epilepsy[END_REF] [START_REF] Kazemi | Resection of frontal encephalomalacias for intractable epilepsy: outcome and prognostic factors[END_REF]. However, A c c e p t e d m a n u s c r i p t while cases localized to the temporal region are often associated with hippocampal sclerosis, they may exhibit more widespread injury on neuroimaging [START_REF] Marks | Seizure localization and pathology following head injury in patients with uncontrolled epilepsy[END_REF]. The MRI aspect is therefore not a reliable indicator of the potential seizure onset zone.

To our knowledge there have been no studies specifically dedicated to presurgical invasive evaluation using stereoelectroencephalography (SEEG) in PTE. The usefulness of intracranial explorations in these cases has however been highlighted, contributing to a better prognosis in series using subdural grid recordings [START_REF] Hakimian | Long-term outcome of extratemporal resection in posttraumatic epilepsy[END_REF]. Our objectives were to describe the SEEG-based characteristics of epileptogenicity in PTE and to correlate these data with surgical outcome.

Material and methods

2.1.Patients' selection

We selected 26 patients from four different French tertiary epilepsy centers (Marseille, Lyon, Toulouse and Rennes) with post-traumatic drug-resistant epilepsies who benefited from presurgical evaluation between 1998 and 2018. All of the patients suffered from severe traumatic brain injury (TBI), defined according to Annegers et al [START_REF] Annegers | The risks of epilepsy after traumatic brain injury[END_REF] : post-traumatic loss of consciousness/amnesia > 1 day and/or brain contusion/intra-cranial hematoma. The delay between the acute brain injury and the epilepsy onset was not restrictive, since it has been shown that brain-injured patients can develop epilepsy even more than 10 years after TBI [START_REF] Annegers | The risks of epilepsy after traumatic brain injury[END_REF][START_REF] Brady | Modelling traumatic brain injury and posttraumatic epilepsy in rodents[END_REF].

2.2.Pre-surgical evaluation

Prior to SEEG and/or surgery, all patients included underwent non-invasive assessment for drug-resistant focal epilepsy, including clinical history, neurological examination, long-term video-EEG monitoring, neuropsychological evaluation, 1.5 and/or 3 Tesla brain magnetic resonance imaging (MRI), interictal 18-A c c e p t e d m a n u s c r i p t fluorodeoxyglucose-positron emission tomography (18PET-FDG). Some of them also underwent ictal single photon emission computed tomography (SPECT), functional MRI and/or Wada test for language assessment. SEEG exploration was carried out during long term video-SEEG monitoring as part of patients' normal clinical care. The SEEG was decided on a case-by-case basis in order to clearly define the seizure-onset zone, in particular its relationship with the post-traumatic lesion. It was indicated only in cases where a reasonable hope of surgery was considered after the non-invasive phase and in accordance with French guidelines [START_REF] Isnard | French guidelines on stereoelectroencephalography (SEEG)[END_REF]. The targeting and number of electrodes was individually designed based on the data of the non-invasive pre-surgical assessment performed for each patient, according to hypotheses about the localization of the seizure onset zone (SOZ).

The institutional review board of the French Institute of Health approved this study and written consent from patients or legal tutors was obtained.

2.3.SEEG recordings

Recordings were performed using intracerebral multiple contact electrodes (Dixi Medical ™ or Alcis™) ; 5-15 contacts) placed intracranially according to stereotactic methodology [START_REF] Isnard | French guidelines on stereoelectroencephalography (SEEG)[END_REF]. The anatomical localization of the electrodes was defined using post-implantation 1.5T MRI or using a fusion of pre-implantation brain MRI and post-implantation brain computed tomography (CT). Signals were recorded on a Natus or Micromed System, sampled at 256 Hz, 512Hz or 1024Hz, depending on the time of recording and recorded on a hard disk (16bits/sample) using no digital filter. Two hardware filters were present in the acquisition process, one high-pass filter A c c e p t e d m a n u s c r i p t (cut-off frequency equal to 0.16 Hz) and one antialiasing low pass filter (cut-off frequency equal to 97Hz at 256Hz, 170Hz at 512Hz or 340Hz at 1024Hz).

2.4.Signal analysis

The seizure onset was defined as the first change of intracranial EEG signal within the context of a sustained rhythmic discharge and correlated with clinical signs.

Electroclinical seizures resulting from direct cortical stimulation were excluded.

Seizure-onset pattern (SOP) determination was assessed by two independent epileptologists (AF and FB), blinded to clinical data. SOP were described using visual analysis combined with time-frequency analysis and defined for the electrodes involved in the SOZ, within the first 5 seconds of the discharge. We categorized eight different SOP, as previously reported by our group [START_REF] Lagarde | The repertoire of seizure onset patterns in human focal epilepsies: Determinants and prognostic values[END_REF][START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF]. As previously discussed, four patterns were considered to be "fast SOP" (included ictal discharge above 12 Hz) and four were considered to be slow SOP, because of the absence of clear fast discharge (see Supplementary Figure ). If ictal recordings of a patient showed different types of SOP, the most prevalent type of SOP was selected. The SOZ was defined using visual analysis complemented by a systematic calculation of the epileptogenicity index (EI) [START_REF] Medina Villalon | EpiTools, A software suite for presurgical brain mapping in epilepsy: Intracerebral EEG[END_REF][START_REF] Bartolomei | Epileptogenicity of brain structures in human temporal lobe epilepsy: a quantified study from intracerebral EEG[END_REF]. The EI is used to determinate the epileptogenicity of analyzed brain structures, by quantifying two important features of the SEEG signal during the transformation from preictal to ictal activity: the energy ratio (ER) redistribution (decrease of low frequency below 12hz and increase of high frequency above 12 Hz) and its delay of occurrence (in regards of the first structure generating ictal discharge). The normalized EI value ranges from 0 (selected brain structure not involved in the ictal discharge) to 1 (maximum epileptogenicity, which means that the selected brain structure generates a rapid A c c e p t e d m a n u s c r i p t discharge with a minimal delay). The SOZ was defined without EI in case of SOP not including fast discharge. We used the methodology of previous studies of our group to characterize the SOZ [START_REF] Lagarde | Interictal stereotactic-EEG functional connectivity in refractory focal epilepsies[END_REF][START_REF] Aubert | Local and remote epileptogenicity in focal cortical dysplasias and neurodevelopmental tumours[END_REF] : the SOZ extension was classified as "focal" (one sub-lobe involved) or "network" (more than one sub-lobe involved) according to the number of distinct brain regions ("sub-lobes") involved, defined by a high nEI (≥0.4) or visual analysis (e.g. structures involved within the five first seconds of the ictal discharge) when the SOP was characterized by lower frequencies. The sublobes were distinguished as follows: mesial temporal, lateral temporal, insular, orbitofrontal, mesial prefrontal, lateral prefrontal, premotor, central (pre-and postcentral), operculum (frontal and Rolandic), mesial parietal, lateral parietal, mesial occipital and lateral occipital.

2.5.Surgical outcome

Surgical outcome was regularly assessed during the post-operative follow up, using the Engel 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 (1992)[END_REF]. The latest surgical outcome was used in this study, with exclusion of patients with less than 12 months of follow-up.

2.6.Statistical analysis

Chi-squared (χ2) and Fisher's exact test and Mann Whitney U test were used to compare respectively categorical data or continuous data between some clinical parameters (localization of the SOZ, type of SOP (slow vs fast), organization of the SOZ (focal versus network), epilepsy duration and surgical outcome. In these analyses, p ≤ 0.05 was considered to be statistically significant.

Results

A c c e p t e d m a n u s c r i p t

3.1.Clinical and SEEG data

During the period under consideration, 1227 SEEG procedures were performed in the 4 centres. We reviewed 26 patients with drug-resistant PTE representing thus 2% of the total SEEG procedures. Three patients were excluded due to multiple etiologies (2 with TBI and focal cortical dysplasia type II) or incomplete medical records [START_REF] Szaflarski | Post-traumatic epilepsy: current and emerging treatment options[END_REF]. Furthermore, we excluded 2 patients because SEEG recordings were not available for analysis and 3 patients who did not benefit from SEEG recordings and who were operated based on non-invasive assessment (Fig1). Eighteen patients (5 women and 13 men) were thus selected for this study. Fourteen (74%) were righthanded and the mean age was 41 years (range 25-61). All of them suffered from severe TBI. The mean time between TBI and seizure onset was 4.5 years (range 0.2-25) and the mean age at seizure onset was 22.6 years old (range 5-38). All patients presented post-traumatic MRI lesions: 4/18 had hippocampal sclerosis and 17/18 had encephalomalacia/gliosis (8/18 focal and 9/18 multifocal, detailed in Table 1). Mean number of sublobes involved by post-traumatic lesions was 2.8 (range 1-7).

All the selected patients underwent SEEG exploration and recordings. The mean number of implanted electrodes per patient was 11.4 (range 7-14), with bilateral implantations in 55.5%. One patient (5%) experienced a surgical complication of intracranial electrode implantation (asymptomatic subdural hematoma). The mean number of lobes sampled per patient was 3.3 (where implantations sampled frontal, temporal, parietal and/or occipital lobes in 94, 100, 44 and 5.5% of the cases, respectively). The mean number of intra-lesional electrodes per patient was 3 (range A c c e p t e d m a n u s c r i p t 1-6). A total of 59 seizures were analyzed; mean number of seizures per patient was 3.3 (range 1-5).

3.2.Quantification of epileptogenicity and SOZ organization

Visual analysis and quantification led to the anatomical definition of the SOZ in all the patients. Finally, we could classify the involved SOZ as follows: temporal 8/18 (44%), temporal-plus (temporal and frontal) 4/18 (22%), bi-temporal 2/18(11%) and frontal 4/18 (22%). One example of a temporal "plus" epilepsy is represented in Fig 2 . Thus, taken as a whole, a majority of explored PTE included the temporal lobe region.

As described in the methods, SOZ extension and organization were defined as the number of sub-lobes displaying a high epileptogenicity index (≥0.4) or, for the cases with lower frequency patterns involved visually within the 5 first seconds of the epileptic discharge. SOZ displayed a focal organization in 44.4% (3 lateral temporal, 4 mesial temporal, 1 precentral) and a network organization in 63.6% (detailed in Table1). The SOZ was bilateral in 16% of cases and involved temporal lobe in 77.7% of the patients. Using the sub-lobar categorization, we compared the extent of the SOZ to the post-traumatic lesion (Fig 3B). Interestingly, SOZ was less extensive than the corresponding post-traumatic lesion in 50% of the patients, in terms of sublobes involved (detailed in Table 1).

3.3.Seizure-onset patterns

The SOP determination was the following: 6/18 slow wave or baseline shift followed by low voltage fast activity (LVFA) (pattern D according to [START_REF] Lagarde | The repertoire of seizure onset patterns in human focal epilepsies: Determinants and prognostic values[END_REF][START_REF] Lagarde | Seizure-onset patterns in focal cortical dysplasia and neurodevelopmental tumors: Relationship with surgical prognosis and neuropathologic subtypes[END_REF]; 4/18 sharp A c c e p t e d m a n u s c r i p t theta/alpha activity (pattern F) ; 2/18 delta-brush (pattern H) ; 1/18 beta sharp activity (pattern G) ; 1/18 LVFA (pattern A); 1/18 preictal spiking followed by LVFA (pattern B); 1/18 burst of polyspikes followed by LVFA (pattern C). Two patients showed 2 types of SOP (with only two available seizures per patient): delta brush (pattern H) and rhythmic slow spike (pattern E) for the first one; preictal spiking followed by LVFA (pattern B) in seizures emerging from the left side of the brain and rhythmic slow spikes (pattern E) in seizures emerging from the right side of the brain of the second patient. Examples of SOP seen in our study are represented in Fig 3A . Taken as a whole, we noticed that half of cases involved slow onset patterns without clear fast discharge. We did not find significant statistical association between slow versus fast patterns and type of epilepsy (temporal versus extra-temporal, p=0.33) or the network versus focal organization of the SOZ (p=0.9).

3.4.Surgical outcome

Thirteen patients (72%) benefited from surgical resection after SEEG. The mean duration of epilepsy before surgery was 18.6 years (SD 5.2). The 5 remaining patients were either contraindicated for surgery due to bilateral EZ (3/5) or refused to be operated (2/5).

Surgery was a tailored resection based on SOZ localization from SEEG recordings except one patient with a mesial temporal lobe epilepsy who underwent selective amygdalohippocampectomy with Gamma Knife radiosurgery (Table 1). Undesired side-effects were mild to moderate and only transient (dysarthria/facial palsy/hemiplegia worsening/headache/depression) in 5/13 patients. However, one patient died after resective surgery due to malignant brain edema. In the remaining 7 patients, no side effects were observed. Comparing seizure-free (n=8) with non-seizure-free (n=4) patients, we did not find significant association with the epilepsy duration before surgery (p=0.6) or age at onset (p=0.46), presence of hippocampal sclerosis (p=0.56) or type of SOZ (focal versus network, p=0.27). It should be noted, however, that the outcome seems to be better in focal cases than in network cases (3/4 of Engel III IV outcomes are network cases). Better outcome tended to be associated with pure temporal localization of the SOZ (Engel I, 6/7, 85%) versus extratemporal/temporal-plus (including bi-temporal) localization (Engel I, 1/5, 20%), though this was non-significant (Fisher test p=0.09).

Discussion

We report here the first retrospective study of SEEG-based analysis in PTE. We collected 18 cases from four epilepsy surgery centers in France over a period of twenty years, confirming that PTE is rare indication for patients undergoing presurgical evaluation. This is in agreement with the low rate of glial scars (potentially post-traumatic) in the European Brain Bank of epilepsy surgery specimens [START_REF] Blumcke | Histopathological Findings in Brain Tissue Obtained during Epilepsy Surgery[END_REF] and in agreement with previous SEEG series [START_REF] Lagarde | The repertoire of seizure onset patterns in human focal epilepsies: Determinants and prognostic values[END_REF][START_REF] Gonzalez-Martinez | Stereoelectroencephalography in the "difficult to localize" refractory focal epilepsy: early experience from a North American epilepsy center[END_REF].

A c c e p t e d m a n u s c r i p t

4.1.The seizure-onset zone in PTE

Our results showed that seizures arose mainly from temporal lobe (77.7% ; 44.4% temporal and 33.3% temporal "plus"), and frontal lobe (22.3%), consistent with previous findings [START_REF] Hitti | Surgical Outcomes in Post-Traumatic Epilepsy: A Single Institutional Experience[END_REF][START_REF] Hakimian | Long-term outcome of extratemporal resection in posttraumatic epilepsy[END_REF]. None of our patients suffered from parietal or occipital lobe epilepsy. In our sample, only 22.2% showed mesial temporal sclerosis (MTS), less than in previous studies [START_REF] Hitti | Surgical Outcomes in Post-Traumatic Epilepsy: A Single Institutional Experience[END_REF][START_REF] Gupta | Subtypes of post-traumatic epilepsy: clinical, electrophysiological, and imaging features[END_REF]. Most of the patients (63.6%) showed a network organization of the SOZ, which was slightly more frequent in frontal lobe localization. Only 16% of our sample presented bilateral SOZ. By comparison, the proportion of cases with network organization of the SOZ appeared to be similar in other causes of drug-resistant epilepsy explored in SEEG, such as malformations of cortical development [START_REF] Aubert | Local and remote epileptogenicity in focal cortical dysplasias and neurodevelopmental tumours[END_REF] or tuberous sclerosis [START_REF] Neal | Epileptogenicity in tuberous sclerosis complex: A stereoelectroencephalographic study[END_REF] .

Slightly more than a third of the patients presented an SOZ smaller than the posttraumatic lesion (detailed in Table 1, example of patient 4 detailed in Fig 4). This is an important finding, since the main explanation for the lack of surgical data concerning PTE could be the belief that such epilepsies are less likely to be surgical candidates due to their "non-focal" nature and/or large lesion on MRI. Our findings highlight the interest of SEEG in this population, since in most cases tailored resection was possible, and was sometimes smaller than the visible MRI lesion.

Regarding the SOP, these were composed by relatively slow ictal discharge (below 12 Hz) in half of the cases, showing that fast discharges are not a necessary hallmark of seizure onset in such cases. It has already been proposed to distinguish patterns including LVFA (with or without preceding spikes) from patterns characterized by rhythmic slower activity (rhythmic theta-alpha waves or spikes). These slow SOP are found in a non-negligible proportion of SOP collected in a large SEEG retrospective study [START_REF] Lagarde | The repertoire of seizure onset patterns in human focal epilepsies: Determinants and prognostic values[END_REF].

A c c e p t e d m a n u s c r i p t

4.2.Surgical outcome

We reviewed the surgical series related to PTE, detailed in Table 2. Some series [START_REF] Gupta | Subtypes of post-traumatic epilepsy: clinical, electrophysiological, and imaging features[END_REF], [START_REF] Hartzfeld | Characteristics and surgical outcomes for medial temporal post-traumatic epilepsy[END_REF] showed better surgical outcomes in temporal lobe epilepsy (TLE) (63 and 69% Engel I respectively) than in frontal lobe epilepsy(FLE) (30 and 33% Engel I respectively). These findings have been confirmed by another study [START_REF] Hakimian | Long-term outcome of extratemporal resection in posttraumatic epilepsy[END_REF] showing an Engel class I rate of 28% following resection of extra-temporal epileptic SOZ (mostly located in the frontal lobe) in PTE, highlighting the negative impact on outcome of absence of MRI lesions, absence of intracranial recordings prior to surgery and localization of the SOZ in the dominant hemisphere. Another study [START_REF] Schuh | Influence of head trauma on outcome following anterior temporal lobectomy[END_REF] found slightly better surgical outcomes in non-traumatic mesial TLE comparing with post-traumatic mesial TLE (40% and 50-69% of Engel class I, respectively), a tendency found in another study (78% and 63% of Engel class I, respectively), although non-statistically significant in this last study [START_REF] Hakimian | Long-term outcome of extratemporal resection in posttraumatic epilepsy[END_REF]. More recently, Hitti et al [START_REF] Hitti | Surgical Outcomes in Post-Traumatic Epilepsy: A Single Institutional Experience[END_REF] reviewed their institutional surgical experience in PTE and found an overall excellent surgical outcome (Engel Class I 68.8%), with a vast majority (82.6%) of mesial TLE. In our study, we confirmed previous findings showing an overall longterm surgical outcome that was good to excellent, with only one operated patient who did not experience worthwhile improvement of his epilepsy. Moreover, we found a globally better surgical outcome for TLE (Engel I 77%, Engel III 11.5%, Engel IV 11.5%) than for FLE (25% Engel I, 50% Engel III). As previously highlighted [START_REF] Hakimian | Long-term outcome of extratemporal resection in posttraumatic epilepsy[END_REF], intracranial electrode implantation during the presurgical assessment of drug-resistant PTE plays a crucial role in surgical outcome of such epilepsies.

Nevertheless, only a few patients included in previous studies have benefited from intracranial recordings, using mainly subdural electrodes [START_REF] Marks | Seizure localization and pathology following head injury in patients with uncontrolled epilepsy[END_REF][START_REF] Hitti | Surgical Outcomes in Post-Traumatic Epilepsy: A Single Institutional Experience[END_REF][START_REF] Gupta | Subtypes of post-traumatic epilepsy: clinical, electrophysiological, and imaging features[END_REF][START_REF] Schuh | Influence of head trauma on outcome following anterior temporal lobectomy[END_REF].

Implantation of invasive electrodes may indeed be surgically challenging due to

A c c e p t e d m a n u s c r i p t adhesions and scar tissue secondary to head trauma. On the contrary, SEEG electrode implantation is less affected by this issue [START_REF] Cardinale | Implantation of Stereoelectroencephalography Electrodes: A Systematic Review[END_REF] and only one patient in our group suffered from an asymptomatic post-SEEG complication (subdural hemorrhage).

To our knowledge, the present study is the first one carried out using SEEG prior to surgery for PTE. The good results obtained suggest that patient selection was satisfactory in the present series, and that PTE should not be considered per se to be a contraindication to pursing pre-surgical evaluation, including intracerebral recordings if necessary. Of note, about a third of our sample displayed a SOZ smaller than the MRI post-traumatic lesions observed. Therefore, SEEG data are crucial in this scenario to tailor the surgical resection, which can sometimes be smaller than the MRI lesion. 

A

  c c e p t e d m a n u s c r i p t Surgical outcome was excellent in 8/12 (Engel I) (66%), slight improvement in 3/12 (Engel III, 2/3 FLE) and no worthwhile improvement in 1/12 (Engel IV). Mean follow-up duration was 39.5 months, with no significant difference between patients with Engel class Ia and the others (Engel class II-IV) (mean duration 36.5 and 45.5 months respectively, range 12-60 months). Post-operative MRI showed complete SOZ resection in 9/13, associated with excellent outcomes (Engel Ia) in 7/9. Incomplete resection of the SOZ (4/13), mainly due to close relationship with eloquent cortices, was associated with poorer outcomes (1/4 Engel I, 1/4 Engel III, 1/4 Engel IV).
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 12 Figure 1. Flow chart of patient selection. PTE = post-traumatic epilepsy; SEEG =
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 4 Figure 4. Illustrative case of post-traumatic temporal lobe epilepsy in a patient

Table 1 .

 1 Clinical, neuroradiological and surgical outcome in the studied population. TBI: traumatic brain injury, SOZ: seizure onset zone determined on SEEG recordings, HS: hippocampal sclerosis, GK: Gamma Knife radiosurgery Table 2. Published surgical series on post-traumatic epilepsies. PTE = Post traumatic epilepsy ; TBI = traumatic brain injury ; vEEG = videoelectroencephalography ; SEEG = stereoelectroencephalography ; TLE = Temporal lobe epilepsy ; MTLE = Mesial temporal lobe epilepsy ; MTS = mesio-temporal sclerosis ; ATL = anterior temporal lobectomy ; FLE = frontal lobe epilepsy ; EcoG = electrocorticography ; PLE = parietal lobe epilepsy ; OLE = occipital lobe epilepsy ; VNS = vagal nerve stimulation ; RNS = responsive neurostimulat A c c e p t e d m a n u s c r i p t
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Table 2
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	Authors	Numbe	Material/method	Population	Epil	Surgery	Outcome
	and date	r of		characteristics	epsy		
		patient			type		
		s					
	Mathern et	26	Clinical and histopathological findings; no vEEG or	-Age : 0,2-29 years	TLE	Not detailed	Better outcome in post-traumatic TLE
	al, 1994 9		intracranial recordings	-TBI classification :			(80% Engel I) than TLE post birth
			Comparison with non PT-TLE (94)	15/26 severe, 6/26			brain injury (18% Engel I)
				moderate, 5/26 mild			
	Marks et	25	Presurgical assessment of refractory epilepsy, using vEEG	-Mean age at TBI :	-	-MTLE : 14/17 ATL	-MTLE :
	al, 1995 10		in 25/25 and intracranial EEG in 21/25 (grids/strips	10.7 years	MTL	-Neocortical epilepsy : 3/8	-6/14 (42,8%) : seizure free,5/6
			mainly, depth electrodes only for MTLE)	-Mean age at epilepsy	E	neocortical cortectomy (2/3	with MTS
				onset : 13,6 years	17/2	partial frontal cortectomy +	-7/14 (50%) : no seizure
					5	callosotomy, 1/3 occipital	improvement (no MTS)
					-	cortectomy) ; 5/17	-1/14 (7,2%) : 50% reduction of
					"Neo	contraindicated	seizures (no MTS)
					corti		-Neocortical epilepsy : 3/3 seizure-
					cal"		free
					epile		
					psy		
					8/25		

Kazemi et al, 1997 14

  

	Gupta et	123	Presurgical assessment of refractory epilepsy with vEEG	TBI and epilepsy -Mean age at TBI :	FLE	22/123 (procedures not	-TLE : Engel I 69%, Engel II 19%,
	Hartzfield et al, 2008 11 Hakimiane t al, 2012 13 al, 2014 24	57 21	-Presurgical assessment of refractory PTE, using vEEG and per-operative EcoG -Inclusion of operated patients -Presurgical assessment of refractory epilepsy with vEEG in 21/21, and intracranial recordings in 16/21 (mainly grids/strips) -Only patients with extra-temporal refractory PTE grids/strips) in 21/21, and intracranial recordings in 16/21 (mainly	m a n u s c r i p t onset : 1.6 years -Mean age at resection 36years -Average duration of epilepsy 18 years -MRI findings : 16 /57 MTS ; other 26/57 : gliosis (mostly in frontal lobes), focal atrophy, encephalomalacia ; --15/57 patients with normal MRI -MTL E 30/5 7 -Extra -hipp ocam pal 27/5 7 PTE group : -Medial temporal resection 30/57, with MTS in 53% -Extrahippocampal resection 20/57 -VNS 7/57 Non-PTE group : 31/31 with mesial temporal lobe resection PTE group : -Medial temporal lobe resection : Engel I 63%, Engel II 10%, -Extrahippocampal resections : Engel I 30%, Engel II 25%, -no statistical difference between PTE and non-PTE patients -Mean age at TBI 15,7years -Mean age at surgery : 34,7 years -Mean age at epilepsy onset : 15,7 years Severity of TBI : 8/21 -FLE 12/2 1 -Front al plus -Frontal lobectomy 12/21 -Frontal and temporal lobectomy 6/21 Posterior neocortical resection (parietal, posterior temporo-occipital and temporo-parietal) resections -Overall : Engel I 28%, Engel II 57%, -Risk factors of worst outcomes : MRI-negative PTE, no invasive monitoring assessment, resection in the dominant hemisphere (3/4 lesio nal) OLE m -Mean age at epilepsy onset : 23,1years 23 (32/4 0 lesio nal) TLE 66/1 23 (46/6 6 lesio nal, 29/4 MTS ) PLE : 4/12 3 a majority of MTS), others are FLE a n u s c r i p t 20years 40/1 detailed) ; mostly TLE (with -FLE : Engel I 33%, Engel II 17%,,
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