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Background

Recent data suggest a favorable benefit/risk ratio for insular glioma surgery. However, it remains unknown if this is also applicable in the learning period of this expertise. Moreover, very little is known about the neuropsychological outcomes following resection of insular glioma.

Objective

To report an initial experience of IDH-mutated insular glioma resection and to contribute to our knowledge of neuropsychological outcomes following insular glioma resection.

Methods

A consecutive series of twelve patients operated on for an IDH-mutated insular glioma was retrospectively reviewed. Surgery was performed through a transopercular approach. In 10 out of the 12 cases, brain mapping with electrical stimulation in an awake patient guided the resection. The extent of resection was assessed by volumetric measures of postoperative FLAIR MRIs. Areas of postoperative ischemia were detected by diffusion imaging.

Neurological, neuropsychological and professional outcomes were retrieved from medical files.

Results

The median extent of resection was 94 % (range 80-100 %). None of the patients had permanent speech or motor deficits. Areas of ischemia were observed in 75 % of cases.

Neuropsychological evaluations demonstrated deterioration regarding lexical abilities and verbal memory in patients with left-sided tumors. Patients' performances in cognitive flexibility also commonly declined, regardless of the tumor side. Eight out of the nine patients working at the time of the surgery were able to resume their professional activity.

Conclusion

Resecting insular glioma under brain mapping techniques is a safe option, even during the learning period. Patients should be informed about the risk of mild deterioration of lexical abilities and cognitive flexibility.

Introduction

In the past decade, several teams have reported a favorable benefit/risk ratio of insular glioma surgery [START_REF] Duffau | A personal consecutive series of surgically treated 51 cases of insular WHO Grade II glioma: advances and limitations[END_REF][START_REF] Simon | Insular gliomas: the case for surgical management[END_REF][START_REF] Sanai | Insular glioma resection: assessment of patient morbidity, survival, and tumor progression[END_REF][START_REF] Ius | Surgery for insular low-grade glioma: predictors of postoperative seizure outcome[END_REF][START_REF] Sl | Surgical assessment of the insula. Part 2: validation of the Berger-Sanai zone classification system for predicting extent of glioma resection[END_REF] . These encouraging results contributed to popularizing insular glioma surgery, as attested by the numerous reports published over the last couple of years [START_REF] Alimohamadi | Application of Awake Craniotomy and Intraoperative Brain Mapping for Surgical Resection of Insular Gliomas of the Dominant Hemisphere[END_REF][START_REF] Eseonu | Volumetric Analysis of Extent of Resection, Survival, and Surgical Outcomes for Insular Gliomas[END_REF][START_REF] Gravesteijn | Awake craniotomy versus craniotomy under general anesthesia for the surgical treatment of insular glioma: choices and outcomes[END_REF][START_REF] Hameed | Transcortical insular glioma resection: clinical outcome and predictors[END_REF][START_REF] Przybylowski | Surgical morbidity of transsylvian versus transcortical approaches to insular gliomas[END_REF] .

However, acquiring a high level of expertise in insular glioma surgery remains a challenge for a young neurosurgeon. The aim of the present study is to critically review initial experiences in the form of a consecutive series of twelve cases. We propose to highlight the difficulties encountered during this learning experience and to provide an in-depth analysis of the neuropsychological outcomes.

Methods

Inclusion criteria

We retrospectively reviewed our institutional database searching for patients fulfilling the following criteria:

-a first surgical resection (biopsy excluded), between January 2013 and December 2018, of a tumor located at the insula, or invading the insula from a seed located at a nearby operculum, -a pathological diagnosis of IDH-mutated glioma, according to the WHO 2016 classification [START_REF] Louis | The 2016 World Health Organization Classification of Tumors of the Central Nervous System: a summary[END_REF] -complete cognitive evaluations performed preoperatively and at 4 months postoperatively.

Among the eighteen patients who fulfilled the first criteria, four patients with glioblastoma were excluded. Among the fourteen patients who fulfilled the first two criteria, 2 patients were further excluded: 1 patient diagnosed in January 2013 was never evaluated cognitively, and one patient diagnosed in 2017 was lost to follow-up, as he moved to another area just after the surgery. Thus, twelve patients constituted the present series. Of note, none of the 6 excluded patients experienced a permanent speech or motor deficit, ruling out that we could have a posteriori selected ad hoc criteria to reduce the rate of permanent deficits.

Surgical technique

In all cases, the patient was placed in the lateral position, and a transcortical approach through the pars triangularis was chosen. In selected cases, based on both the tumor extension and the cortical mapping, this approach was complemented by an additional removal of the pars opercularis and/or the anterior part of the superior temporal gyrus.

Resection was performed with the naked eye, a surgical microscope (Pentero, Zeiss, Jena, Germany) or surgical loupes (Zeiss, Jena, Germany), with the aim of optimizing illumination, especially for the most posterior part of the insula. Endoscopic light (Zeiss, Jena, Germany) was also used in patient-case 11. Neuronavigation (S7, Medtronic, Minnesota, USA) was used in all cases but trusted only in the anteroposterior axis, as only this direction was unaffected by brain shift (given the lateral positioning).

Awake surgery was offered in all patients but two: one case with some behavioral traits judged incompatible with such a procedure and another case because suboptimal participation during the awake period was anticipated in keeping with her age (72 years old).

Surgery was thus performed in the awake condition in 10 out of the 12 cases. We adhered to the same methodology as previously reported [START_REF] Mandonnet | Initial Experience Using Awake Surgery for Glioma: Oncological, Functional, and Employment Outcomes in a Consecutive Series of 25 Cases[END_REF] by making use of electrical cortical and axonal stimulation (Nimbus iCare light, Innopsys, Narbonne, France) with the following settings: frequency = 60 Hz, biphasic pulses of 500 µs each, intensity between 1 mA and 3 mA. A site was considered eloquent for a given test if disturbances were consistently generated in at least two consecutive trials under active stimulation. In addition to motor functions, the following cognitive tasks were monitored intraoperatively: picture naming, pyramid and palm tree test (PPTT), and emotion recognition. Selection of the appropriate task for each case and at each step of the resection was left to the surgeon's discretion.

Imaging

Pre-and postoperative (immediately and 4 months after surgery) MRIs were acquired on a Skyra system (Siemens, Erlangen, Germany). Preoperative and late postoperative FLAIR volumes were manually segmented using Carestream software. The extent of resection (EOR) was calculated as follows: [100 -(postoperative tumor volume/ preoperative tumor volume)*100], with 100 % indicating gross total resection. Small deep infarcts were defined by a marked hypersignal on the diffusion sequence, concomitantly with a decrease in apparent diffusion coefficient, and excluding restricted diffusion related to methemoglobin (hyperintense T1 signal and/or hypointense T2*).

Molecular biology

The entire description of the procedure for the detection of IDH1 and IDH2 mutations has been previously described [START_REF] Amelot | IDH-Mutation Is a Weak Predictor of Long-Term Survival in Glioblastoma Patients[END_REF] . In brief, after DNA extraction, a fragment of exon 4 of IDH1, spanning the R132 mutation hotspot of IDH1, and the entirety of IDH2 exon 4 were amplified from genomic DNA by polymerase chain reaction, and mutations were screened by high-resolution melting-curve analysis followed by direct sequencing.

The 1p19q codeletion was determined by a CGH array technique on frozen samples, using a Sureprint G3 human CGH Microarray Kit 4x180K (Agilent, Santa Clara, US).

Cognitive testing

Preoperative and postoperative long-term (4 months) testing assessed the following cognitive domains 12 :

-Language functions, including naming 80 black & white pictures (DO 80) [START_REF] Metz-Lutz | Standardisation d'un test de dénomination orale: Contrôle des effets de l'âge, du sexe et du niveau de scolarité chez les sujets adultes normaux[END_REF] and literal and categorical word fluencies -Nonverbal semantic association, using the PPTT [START_REF] Howard | The Pyramidal and Palm Tree Test[END_REF] -Mathematics : three basic arithmetic mental computations -Praxis: copy of the Rey figure [START_REF] Rey | L'examen psychologique dans les cas d'encéphalopathie traumatique[END_REF] -Memory: forward and backward digital span, verbal span, free and cued selective (16 items or 48 items) reminding test (FCSRT) [START_REF] Grober | Screening for dementia by memory testing[END_REF] ; delayed copy of the Rey figure -Attention: d2 attention test [START_REF] Brickenkamp | Test D2: Aufmerksamkeits-Belastungs-Test (Test D2: Concentration-Endurance Test: Manual)[END_REF] -Spatial awareness: Bell's test, line bisection [START_REF] De Schotten | Direct evidence for a parietalfrontal pathway subserving spatial awareness in humans[END_REF] -Executive functions: Stroop test [START_REF] Stroop | Studies of interference in serial verbal reactions[END_REF] 

Results

Patient and tumor characteristics

Six patients were operated on between January 2013 and December 2017, while the other six were operated on in 2018. The patient and tumor characteristics are given in table 1. There were 6 males and 6 females. The median age was 37 years (mean = 40 ; range: 21-72).

All patients were right-handed (scores of Edinburgh inventory [START_REF] Oldfield | The assessment and analysis of handedness: the Edinburgh inventory[END_REF] between 80 and 100).

Revealing symptoms were partial seizures in 9 patients and generalized seizures in 2 patients. One tumor was diagnosed incidentally on an MRI performed for headaches.

The tumor was left-sided in 7 cases and right-sided in the other 5 cases. The median tumor volume was 68.5 cm 3 (mean = 70; range: 20-125). The majority of tumors were giant according to the Sanai-Berger classification 3 . The 1p19q codeletion was detected in 5 out of the 12 cases.

Intraoperative monitoring

In all 7 left-sided cases (see figure 1), stimulation of the precentral gyrus just above the lateral fissure generated motor disturbances (speech arrest, complete motor arrest, lip or jaw movements). In 5 cases, mapping with picture naming of the whole inferior frontal gyrus was negative for motor function, picture naming, and PPTT. In patient-case 2, a site of anomia was observed in the pars opercularis, and in patient-case 4, a site of complete motor arrest was found in the pars opercularis. Of note, in patient-cases 3 & 11, anomia or semantic paraphasia were occasionally observed when stimulating the pars triangularis, albeit in a nonreproducible way. Consequently, in all cases, the mapping of the pars triangularis was considered as negative, allowing the creation of a surgical corridor to uncover the anterior insular sulcus, up to its junction with the superior insular sulcus.

In all 3 right-sided cases operated on while the patient was awake (see figure 2), stimulation of the lower end of the precentral gyrus generated motor disturbances (speech arrest, complete motor arrest, or jaw movements). In the three cases, no eloquent sites were found in the inferior frontal gyrus for motor function, picture naming, PPTT, or emotion recognition. Consequently, in these three cases, the pars triangularis was removed.

Surgical approach

As it was infiltrated by the tumor, the pars opercularis was also removed, in addition to the pars triangularis, in patient-cases 1 & 5. Furthermore, a second cortical window within the anterior part of the superior temporal gyrus was created in all cases but one (patient-case 5), in order to facilitate the identification of the inferior limiting sulcus of the insula and to obtain a second access point for the most inferior part of the tumor. The extent of this temporal operculum resection was tailored based on the tumor extension in the superior temporal gyrus, on the cortical mapping, and on the size of the corridor needed to access the tumor part located (latero-)inferiorly to the inferior limiting sulcus of the insula.

Axonal Mapping

For patient-cases 2, 3, 4, and 9, the spontaneous rate of errors in picture naming increased over the course of the resection, precluding continued mapping by electrical stimulation.

The testing was nevertheless pursued without any stimulation while still assessing picture naming until the resection was stopped according to the surgeon's feeling that the spontaneous error rate was becoming too high. Note that this monitoring allowed the surgeon to check that the patient could still speak, thus warranting to preserve the speechmotor network [START_REF] Corrivetti | Dissociating motor-speech from lexicosemantic systems in the left frontal lobe: insight from a series of 17 awake intraoperative mappings in glioma patients[END_REF] . In patient-case 11, three eloquent sites were identified in the white matter: two in the external capsule and the temporal stem, causing anomia, verbal perseverations or semantic paraphasias, and one at the posterior end of the superior temporal gyrus resection, causing phonological paraphasia. In patient-case 12, two sites of anomia were identified, one in the posterior part of the temporal stem, and one in the external capsule, just at the depth of the anterior part of the superior insular sulcus. In patient-case 10, a site whose stimulation disturbed the PPTT was found in the external capsule. When the resection reached the superior insular sulcus, just at the depth of the central sulcus of the insula, the patient suddenly presented an impossibility to name pictures (although he was still able to count), together with a severe dysarthria and a right facial palsy. The resection was thus stopped.

For the three patients with right-sided tumors, no sites were found in the external capsule while testing for PPTT. In patient-case 5, a negative motor site of the left superior limb was found in the anterior periventricular white matter. In patient-case 7, a site whose stimulation generated acute pain in the face was observed at the posterosuperior level of the resection, in keeping with the thalamocortical fibers of the posterior limb of the internal capsule. In patient-case 8, no eloquent sites could be identified in the white matter.

Extent of resection

The median EOR was 94 % (mean = 91 %, range: 80-100). Following the recent classification [START_REF] Sl | Surgical assessment of the insula. Part 2: validation of the Berger-Sanai zone classification system for predicting extent of glioma resection[END_REF] , 50 % of patients had an EOR greater than 90 %, while none of them had an EOR lower than 70 %. According to the standard classification [START_REF] Berger | The effect of extent of resection on recurrence in patients with low grade cerebral hemisphere gliomas[END_REF][START_REF] Duffau | The insular lobe: physiopathological and surgical considerations[END_REF] , resection was total in 8 % of cases, subtotal (residue < 10 cm 3 ) in 58 % of cases and partial (residue > 10 cm 3 ) in 34 % of cases. 

Occurrence of mini-strokes

Three patients had no sign of ischemia on the immediate postoperative diffusion-weighted MRI (patient-cases 1, 2 & 9, see figure 7 &8). Nine patients had small areas of ischemia. For two of them (patient-cases 8 & 11, see figure 8), the mini-strokes were entirely located within the tumor residue at the level of the external capsule.

Neurological and professional outcomes

In the immediate postoperative period, none of the patients had a motor deficit of the superior or inferior limbs. Only one patient (patient-case 10) experienced a severe dysarthria associated with a right facial palsy. This deficit resolved at 4 months, although a slightly reduced speech rate persisted. Moreover, all patients with a left-sided tumor presented difficulties in picture naming, which were almost resolved at 4 months (see DO scores in table 2). Out of the nine patients professionally active at the time of the surgery, one had still not resumed his job at the last follow-up (12 months after surgery).

Cognitive outcomes

A summary of cognitive evaluations is given in table 2. Naming deteriorated in 4 out of the 7 patients with a left-sided lesion and in 1 out of the 5 patients with a right-sided lesion. The scores on the Rey figure copy were worse in two patients, one with a left-sided and one with a right-sided tumor. We did not observe significant score changes at the delayed copy of the Rey figure, but the free delayed recall scores in the FCSRT were significantly lower in three cases (all with left-sided tumors). Categorical and literal fluencies decreased in two and four patients, respectively. The most striking changes were observed for the TMT-B, with significant postoperative impairment in 6 patient-cases (two right-and four left-sided tumors). Finally, emotion recognition was worse for two patients with right-sided tumors.

Discussion

Analysis of extent of resection and neurological risk

Volumetric analysis of the extent of resection in the present series compares favorably with current data in the literature (see table 3). To make the comparison fair, a more elaborate method -making use of resection probability maps -should be used in the future, to eliminate the location bias [START_REF] Witt Hamer | Resection Probability Maps for Quality Assessment of Glioma Surgery without Brain Location Bias[END_REF] . Not surprisingly, there is some evidence that more tumor could have been resected in the first three patient-cases. As we previously stated [START_REF] Mandonnet | Initial Experience Using Awake Surgery for Glioma: Oncological, Functional, and Employment Outcomes in a Consecutive Series of 25 Cases[END_REF] , "It was our deliberate choice to err on the side of a suboptimal resection rather than to induce deficits by pushing the resection too far." This likely explains inflated residue close to the APS and at the posterosuperior end of the insula. In patient-case 3, some tumor was inadvertantly missed just inferiorly to the inferior limiting sulcus of the insula, in keeping with a too small temporal operculum window, precluding to navigate this part of the tumor under reliable anatomical landmarks.

The absence of definitive postoperative motor or speech deficit is in line with a recent metaanalysis reporting very low rates of deficits after insular glioma surgery : risks of permanent deficit were estimated at approximately 2 % for language and 4 % for motor functions [START_REF] Lu | Updated incidence of neurological deficits following insular glioma resection: A systematic review and metaanalysis[END_REF] .

It is worth emphasizing that these favorable outcomes seem to be achievable even during the learning phase of this expertise. This might be related to the recent idea that the transopercular approach (under control of awake mapping) is safer than the transsylvian approach regarding the risk of deep strokes and language/motor deficits [START_REF] Przybylowski | Surgical morbidity of transsylvian versus transcortical approaches to insular gliomas[END_REF][START_REF] Carlo | Post-operative morbidity ensuing surgery for insular gliomas: a systematic review and meta-analysis[END_REF] . It is also worth mentioning that we systematically left the tumor part located within the anterior perforated substance, with the aim of minimizing the risk of damage to M1-perforating arteries, as previously recommended [START_REF] Duffau | A personal consecutive series of surgically treated 51 cases of insular WHO Grade II glioma: advances and limitations[END_REF] . The advent of new laboratory models [START_REF] Corrivetti | Endoscopic Approach of the Insula Through the Anterior Middle Temporal Gyrus: A Feasibility Study in the Laboratory[END_REF][START_REF] Mandonnet | Neuronavigated Fiber Dissection with Pial Preservation: Laboratory Model to Simulate Opercular Approaches to Insular Tumors[END_REF] , allowing specific training of insular surgery, might also have contributed to achieving these results.

Nonetheless, it should be noted that small strokes were seen on immediate postoperative MRI in a large majority of cases. As previously discussed [START_REF] Loit | Hotspots of small strokes in glioma surgery: an overlooked risk?[END_REF] , these mini-strokes are located in the white matter superomedially to the superior insular sulcus at the lower end of the corona radiata. Their occurrence is attributed to the damage of small perforators arising from the junction between M2 and M3 branches of the MCA at the level of the superior insular sulcus. It remains unclear how these mini-strokes could be avoided, but we fully agree with the recommendation of Lang et al. to stick to the superior insular limiting sulcus as the upper limit of the resection [START_REF] Lang | Surgical resection of intrinsic insular tumors: complication avoidance[END_REF][START_REF] Hentschel | Surgical resection of intrinsic insular tumors[END_REF] .

Neuropsychological outcomes

Very few studies have reported on neuropsychological outcomes after insular surgery. Wu et al. demonstrated that the postoperative decline was similar for insular glioma versus glioma located at the frontal, temporal or parietal lobes. The most impacted functions were the verbal memory and the TMT-B. There was a trend towards a stronger impact for verbal memory in the insular group. Even if definitive statements cannot be drawn from the small group of patients in the present series, our results corroborated the findings from Wu et al.: in addition to lexical abilities, which declined only in patients with left-sided lesions (see scores for DO 80, FCSRT, and fluencies), executive functions commonly deteriorated after the surgery for both left-and right-sided lesions. This was especially marked for cognitive flexibility, as measured with the TMT-B.

Several hypotheses can be put forward in search of an explanation for this cognitive decline.

First, we cannot rule out that the pars triangularis, even if not functional regarding picture naming, would have been responsive to other cognitive tests, such as the TMT-B. Such a hypothesis would be in agreement with recent neuroscientific literature showing that the multidemand system, thought to support executive functions, encompasses the upper part of the pars triangularis [START_REF] Fedorenko | Broad domain generality in focal regions of frontal and parietal cortex[END_REF] , but would not explain why a similar decline has been reported after transsylvian resection [START_REF] Wu | Neurocognitive function before and after surgery for insular gliomas[END_REF] . Second, uncontrolled resection of white matter connectivity, before proper identification of eloquent boundaries by stimulation, could have participated in this impairment. This mechanism is plausible for patient-cases 3, 4, 8 & 9, in whom no functional sites were identified by electrical stimulation. This failure of eloquent sites identification might be explained by the lack of experience (stimulation was used too late in the course of the resection and/or selection of cognitive task was inadequate). Accordingly, axonal sites in left tumors were found in last cases (10, 11 & 12) and not in early cases (2, 3 & 4), suggesting that later cases benefited from the lessons learned in early cases.

However, for patient-cases 5, 8 & 11, cognitive monitoring was effective up to the end of the resection. In the same way as for the cortical mapping, the lack of sensitivity of intraoperative tasks regarding the preservation of executive functions could also have contributed to the unwanted resection of the connectivity supporting executive functions.

Last but not least, and as discussed above, mini-strokes from damage to long perforators of M2 arteries might constitute the main mechanism. Indeed, despite their small size, these strokes are located within the minimal common brain [START_REF] Ius | Evidence for potentials and limitations of brain plasticity using an atlas of functional resectability of WHO grade II gliomas: towards a "minimal common brain[END_REF] , hence implementing a wide disconnection syndrome. This hypothesis is also in accordance with our recent study in a cohort of patients with surgical resection of glioma of any location, which demonstrated lower categorical fluency scores in the group with postoperative mini-strokes compared to the group without [START_REF] Loit | Hotspots of small strokes in glioma surgery: an overlooked risk?[END_REF] .

Pain management in insular glioma awake surgery

Finally, it should be mentioned that the insular location raises a specific issue regarding the pain experienced by the awake patient. Whereas we did not observe any pain when performing subpial resection in other areas of the brain, somehow contradicting a recent report [START_REF] Fontaine | Dural and pial pain-sensitive structures in humans: new inputs from awake craniotomies[END_REF] , we must acknowledge that several patients of the present series complained about acute and intense pain when performing the subpial resection along the sylvian vessels, especially for the most proximal branches. Further research is needed to understand why some patients are more sensitive than others and to find new avenues for preventing this discomfort.

Conclusion

Acquiring expertise in insular glioma surgery requires engaging in a dedicated training program. Provided that the prerequisite skills (including standard techniques and principles of glioma resection, mental imagery of three-dimensional anatomical structures learned from dissection rehearsal in the laboratory, and anatomofunctional academic knowledge of brain mapping) have been appropriately mastered, extensive resection of an insular lower-grade glioma comes with a very low neurological risk, even during the very first cases.

However, these favorable results are not without any neuropsychological risks that, even if acceptable, should not be downplayed during the preoperative interview with the patient. 
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  , Trail making test part A & B 21 (TMT-A & TMT-B)-Emotion recognition[START_REF] Ekman | Pictures of Facial Affect[END_REF] 

  Residual tumor (see figures3-6) was evidenced at the level of the anterior perforated substance (all patient-cases except 3 and 5), in the external capsule covering the putaminal surface (see patient-cases 1, 2, 9, & 11) or within the putamen (patient-case 2), at the posterior end of the left insula (see patient-cases 1, 2, & 9) , at the level of the inner face of the frontal operculum (see patient-cases 9 & 10), and at the level of the white matter in the depth of the superior temporal gyrus (see patient-cases 3 & 8), inferior and anterior to the inferior insular sulcus.
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Table 1 . Patients' and tumors' characteristics
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			Side		Symptoms		SB			Mini-stroke Biology	Work
				Lat		Volumes	zone	Residue	EOR		1p19q	resumption
		(years)		(%)		(cm 3 )		(cm 3 )	(%)			(months)
	1	31	R	100	GS	78	giant	11	86	no	codel	FT (4)
	2	27	L	100	PS	62	I + IV	13	79	no	no codel	FT (5)
	3	21	L	80	PS	75	giant	15	80	yes	no codel	FT (6)
	4	49	L	100	PS	88	giant	3,5	96	yes	codel	PT (24)
	5	47	R	80	inc	42	I	0	100	yes	codel	FT (3)
	6	72	R	100	PS	50	giant	2	96	yes	no codel	NA
	7	33	R	90	GS	60	giant	2	97	yes	no codel	NA
	8	32	R	100	PS	125	giant	6,5	95	yes (tumor) no codel	0
	9	28	L	100	PS	120	giant	18	85	no	no codel	FT (6)
	10	62	L	100	PS	95	I + IV	6	94	yes	codel	NA
	11	44	L	100	PS	20	III	1,5	92,5	yes (tumor) no codel	PT (4)
	12	41	L	80	PS	25	I+III+IV	1	96	yes	no codel	FT (4)

. R = right ; L = left ; Lat = lateralization ; GS = generalized seizure ; PS = partial seizure ; inc = incidental ; SB = Sanai-Berger ; EOR = extent of resection ; FT = full time ; PT = part time.

Table 2 .

 2 Neuropsychological outcomes. The two numbers separated by an arrow are the preoperative and postoperative scores respectively. In brackets are given the changes in terms of standard deviations. The Stroop score is the difference between the conditions conflict and naming. CF = categorical fluency ; LF = literal fluency ; Q = quartile ; NA = not available.

		N	Lower	Left	Volume (cc)	Absolute EOR	Relative EOR	Speech	Motor	Approach	Awake
			grade	(%)		(total/subtotal/partial)	median (range)	deficit	deficit		left -right
			(%)			(%)	>90% -<70 %	(%)	(%)		(%)
							(%)				
	Duffau & al.	12	100	20	95 (5-200)	33 -50 -17	NA	0	8	TO	100 -10
	2000						NA				
	Lang & al. 2001 22	77	59	46.5 (1.3-173)	4.5 -54,5 -41	86 (22-100				38 -0
	Simon & al.	101	80	NA	NA	NA	NA	4	9	TS	0 -0
	2009						42 -7				
	Duffau & al.	51	100	27,5	65 (17-156)	16 -60 -24	NA	0	4	TO	100 -0
	2009						NA				
	Sanai &al. 2010 115	90	58	NA	NA	84,5 (31-100)	0.9	0.9	TO	100 -0
							NA				
	Ius & al. 2014	52	100	69	75.4 (36-174)	NA -NA -58	87 (28 -100)	0	2	NA	100 -0
							40 -16				
	Alimohamadi &	10	70	100	106 (72-134)	10 -30 -60	89 (70-100)	0	0	NA	100 -NA
	al. 2016						30 -0				
	Hervey-Jumper	129	54	53	48.5 (0.1 -245.7)	NA	85 (40-100)	0.8	1.6	TO	100 -0
	& al. 2016						39.5 -15.5				
	Eseonu & al.	74	33.8	58.1	43.6 (2.2 -256.4)	NA	91.7 (10.6-100)	0	2.7	TO	100 -0
	2017						54 -25.7				
	Gravesteijn &	52	61.5	65	NA	NA	50.5 (grade < 4)	NA	5 (AC)	TS	NA -NA
	al. 2018						82.4 (grade 4)		12 (GA)		
	Hameed & al.	255	63.14	56.9	70.45	NA	98 (53-100)	3.5	8.72	TO	≈100 ? -NA
	2018						67 -NA				
	Przybylowski &	52	NA	63	51.3	NA	91.6	NA	11	TS	0-0
	al. 2019						NA				
		48	NA	56	74.3	NA	88.6	NA	8	TO	≈100 ? -0 ?
							NA				
	Present series	12	100	58	68.5 (20-125)	8 -58 -34	94 (80-100)	0	0	TO	100 -60
							50 -0				

Table 3 . Comparaison between present series and the literature

 3 

. TO = transopercular ; TS = transsylvian ; NA = not available
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