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OBJECTIVE  In low-grade glioma (LGG), awake surgery (AS) with intraoperative functional mapping minimizes morbid-
ity while increasing the extent of resection (EOR). However, the actual role of AS for insular LGG resection through the 
opercula is still debated. The aim of this study was to investigate the long-term results after AS via a transcortical ap-
proach in patients with LGG within the insula, and to compare outcomes between pure insular gliomas and gliomas also 
invading other lobes.
METHODS  Patients who underwent AS with functional-based resection via the opercula performed by the author for an 
isocitrate dehydrogenase–mutant grade 2 glioma involving the insula were selected (June 2002–January 2024). Func-
tional and oncological outcomes were analyzed by comparing pure insular gliomas (group 1) versus insular-centered 
gliomas also involving the frontal and/or temporal and/or parietal lobes (group 2).
RESULTS  In this consecutive cohort, 309 ASs were achieved in 253 patients (132 men [52.2%], mean age 37.5 ± 9.5 
years). Among 214 patients (84.5%) with epilepsy before surgery, 55 had intractable seizures (21.7%). The preoperative 
mean Karnofsky Performance Scale score was 93.1 ± 7.4, with 206 patients (81.4%) working before surgery. The series 
included 147 left-sided gliomas (58.1%), with a mean preoperative tumor volume for both sides of 70.1 ± 50.1 cm3 with 39 
total tumors (15.4%) in group 1 and 214 total tumors (84.6%) in group 2. No patients except 2 (99.2%) had a permanent 
postoperative deficit (mean Karnofsky Performance Scale score 93 ± 6.6), with 199 patients returning to work (96.6%). 
Only 20 patients (7.9%) continued to suffer from intractable epilepsy. The mean EOR was 89.4% ± 8.4% (mean residual 
tumor volume: 9.6 ± 13.1 cm3). There were 166 astrocytomas (65.6%) and 87 oligodendrogliomas (34.4%). Fifty-three 
patients (20.9%) received immediate postoperative adjuvant therapy and 49 patients (19.3%) underwent subsequent AS. 
The mean follow-up was 7.1 ± 3.9 years, with an overall survival rate of 80.2% (203 patients were still alive at last evalu-
ation). More patients had an incidental glioma in group 1 (p = 0.00009), whereas there was a higher rate of intractable 
seizures (p = 0.0019) and a greater tumor volume before surgery in group 2 (p < 0.00001). Nonetheless, the EOR and 
the rate of postoperative intractable seizures were similar in both groups, with more patients in group 2 resuming work (p 
= 0.001).
CONCLUSIONS  This is the largest homogeneous surgical experience of LGGs involving the insula that were resected 
through the opercula based on awake mapping. The results show a high percentage of functional preservation and re-
turn to work, with a high overall survival rate.
https://thejns.org/doi/abs/10.3171/2025.1.JNS242462
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Low-grade glioma (LGG)—i.e., WHO grade 2 gli-
oma—is a diffuse primary brain cancer that mi-
grates within the CNS and ultimately progresses 

into a higher grade of malignancy if not treated.1 Early 
and active therapeutic strategy, based on surgery as first 
treatment, led to a prolonged overall survival (OS); ap-
proximately 20 years in recent experiences.2,3 Interest-
ingly, in addition to an increase of the extent of resection 
(EOR), connectome-based resection performed by means 
of cortical-subcortical stimulation mapping in awake pa-
tients also permitted the preservation of an active quality 
of life, with a minimization of the risk of severe perma-
nent neurological deficits (< 1%) as well as with a high rate 
of return to work (RTW)—between 93% and 97%.3–5

Remarkably, LGGs are frequently located within the in-
sula,6,7 an area that still represents a surgical challenge. In-
deed, the incidence of new persistent deteriorations, mostly 
hemiparesis and/or language impairments, is between 2.7% 
and 17%, even in modern series conducted since 2010.8–24 
In this context, the actual role of awake surgery (AS) for the 
removal of insular LGG through the opercula is still a mat-
ter of debate. This is especially due to the fact that previous 
studies had the following limitations: 1) mixed asleep and 
awake craniotomies;8–10,​12,​18,​24,25 and/or 2) mixed high-grade 
and low-grade gliomas;10–24 and/or 3) did not make the dis-
tinction between pure insular tumors and insular-centered 
tumors extended within the frontal and/or temporal and/or 
parietal structures;11,12,14–18,21 and/or 4) mixed transsylvian 
and transopercular approaches;9,23 and/or 5) did not evalu-
ate the return to an active life, in particular RTW;8–19,​21–24 
and/or 6) did not report a lengthy follow-up.11,17,​19,​21,​23–25

Here, the first aim was to investigate the long-term on-
cological and functional results, including RTW, in a ho-
mogeneous personal experience based on AS performed 
in a systematic way via the transcortical approach in iso-
citrate dehydrogenase (IDH)–mutant LGG involving the 
insula. The second aim was to compare outcomes between 
pure insular gliomas and insular-centered gliomas also in-
vading other lobes.

Methods
Study Design, Patient Selection, and Data Collection

From a database of 340 patients operated on by the 
author for an IDH-mutant WHO grade 2 insular glioma 
between June 2002 and January 2024, 253 cases with AS 
were selected. The following groups were excluded: 1) 41 
patients who underwent surgery under general anesthesia, 
because they were operated on during the early experience 
of the author for a right-sided insular tumor (before the 
better understanding of the need to map more extensively 
the so-called nondominant hemisphere4); and 2) 46 pa-
tients with a wild-type glioma or a not otherwise specified 
glioma (see flowchart, Fig. 1).

In this retrospective analysis of a consecutive cohort, 
information regarding the following variables was ex-
tracted from medical records: demographics (sex and age); 
handedness; clinical manifestations (neurological deficit, 
preoperative seizure including possible intractable epi-
lepsy [defined as failure of adequate trials of 2 tolerated, 
appropriately chosen and used, antiepileptic drug sched-

ules—whether as monotherapies or in combination—to 
achieve sustained seizure freedom];26 tumor characteris-
tics (location and preoperative volume); EOR; postopera-
tive tumor volume; histopathological results; neurological 
outcome; RTW; and follow-up duration.

This series of patients was split into 2 groups: group 
1 included pure insular gliomas (Fig. 2), and group 2 in-
cluded gliomas that also extended within the frontal and/
or temporal and/or parietal lobes (Fig. 3).

Awake Surgery
The same connectome-based awake surgical approach 

through the opercula was performed in a systematic way, 
regardless of the side of the tumor, as my colleagues and 
I previously detailed.27–30 Intraoperative functional map-
ping was performed using cortical and axonal direct elec-
trostimulation (DES) in an asleep-awake-asleep protocol. 
After the opening under general anesthesia, the cortical 
surface was exposed, and the boundaries of the glioma 
were detected by intraoperative ultrasound. Once the 
patient was awake, electrical cortical mapping was per-
formed using a bipolar electrode probe with 5-mm inter-
tip spacing (NIMBUS Stimulator; Newmedic, France), 
delivering a biphasic electric current (60 Hz, 1-msec pulse 
width). The amplitude was progressively increased until 
a positive response from the ventral premotor cortex was 
obtained in all cases (namely, transitory speech articula-
tory disturbances regardless of the hemisphere), given that 
the lateral part of the precentral gyrus had been exposed 
in a systematic manner in order to select the optimal inten-
sity of electrical stimulation (amplitude between 1.50 and 
3 mA to allow identification of critical structures in all 
patients). These electrical parameters were not modified 
during the remainder of the intraoperative mapping. 

Sensorimotor, visuospatial, language, cognitive, and 
emotional functions were mapped at the level of the cor-
tex, especially by stimulating the opercula. Patients were 
asked to achieve real-time multitasking by combining sev-
eral tests performed simultaneously during the transient 
presentation of a problem to solve on a computer screen, 
while enabling the surgeon to stimulate a specific brain 
structure in this time window. Tests were selected based 
on the relationships between the glioma and the surround-
ing pathways, and based on the wishes of the patient à la 
carte.31 The possibility of switching from one combina-
tion of tests to another was also considered in order to in-
crease the cognitive demand if needed, and depending on 
the various cortical and subcortical neural networks suc-
cessively encountered during tumor removal around the 
surgical cavity.32 In addition, multitasking was performed 
with a time constraint (every 4–5 seconds) throughout the 
resection, without any rest, to monitor sustained attention-
al processing. Such combinations of tests may include the 
following: motor tasks with possible evaluation of move-
ment control and complex bimanual coordination by ask-
ing the patient to move several limbs simultaneously; a 
picture naming task; a semantic association task using the 
pyramids and palm trees test; reading tasks; a mentalizing 
task based on the recognition of mental states expressed 
by the eyes of the human face that uses an adapted ver-
sion of the read the mind in the eyes (RME) test; a visual 
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field monitoring task using a modified picture naming test 
with 2 pictures placed diagonally on the computer screen; 
a line bisection task; and a self-evaluation task performed 
using an index reflecting the level of confidence of the pa-
tient in his/her own response (ranging from 1 to 6, with 
6 being the most confident) combined with another task 
(e.g., the RME test).3,4

In all cases, following completion of the cortical map-
ping the glioma removal was achieved using subpial dis-
section, while the patient benefited from the online neu-
ropsychological monitoring.32 A transopercular approach 
was performed (without splitting the sylvian fissure) be-
fore removing the insula by using a subpial technique.27–30 
In the depth, axonal DES mapping was achieved to pursue 

FIG. 1. Data flow diagram. NOS = not otherwise specified.

FIG. 2. Awake resection of a left pure insular LGG. A: Preoperative axial FLAIR-weighted MR image obtained in a 42-year-old 
right-handed woman, a nurse’s aide, who experienced migraines that allowed the incidental discovery of a left insular LGG. Results 
of the neurological examination were normal. The tumor volume was 23 cm3. B: Intraoperative view obtained after resection, which 
was achieved through the frontal operculum (pars triangularis), by preserving the pars opercularis (tag 5); the ventral premotor 
cortex and the primary motor cortex of the face (tags 1–4) were still critical for the function. Subcortically, the resection was also 
performed according to functional boundaries identified in the depth. Indeed, white matter stimulation enabled the detection of the 
left inferior fronto-occipital fasciculus, which elicited semantics paraphasias (tag 38). C: Postoperative axial FLAIR-weighted MRI 
(obtained 3 months after resection) demonstrating a total resection. The patient resumed a normal familial, social, and professional 
life within 3 months after surgery. A diffuse WHO grade 2 astrocytoma (IDH1-mutated, noncodeleted) was diagnosed, and no ad-
juvant treatment was administered. The imaging is stable with 8 years of follow-up, and the patient continues to enjoy an active life, 
working full time, with no symptoms (especially with no seizures, without antiepileptic drugs). Figure is available in color online only.
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glioma removal up to individual white matter tracts and 
deep gray nuclei critical for brain functions.33 Photographs 
of cortical and subcortical responses (marked with sterile 
tags) were taken before and after resection (Figs. 2 and 3).

Postoperative Course
All patients received motor and/or speech and/or cogni-

tive therapy following surgery. This functional rehabilita-
tion was tailored to the results of the immediate postop-
erative neurological and neuropsychological assessment.

Clinical examination was performed postoperatively at 
3 months and then every 6 months. Postoperative perma-
nent neurological deficit was defined as a persistent deficit 
3 months after surgery. The RTW status was also assessed. 
Postsurgical MRI was obtained within 24 hours after re-
section, at 3 months, and then every 3–6 months. The EOR 
and the possible residual glioma volume were calculated 
on the MRI study performed 3 months after surgery.

Resection subtypes were categorized as follows, in 
agreement with previously published literature:3,34 partial 

resection (postsurgical tumor volume > 10 cm3); subtotal 
resection (postsurgical tumor volume > 0 cm3 and ≤ 10 
cm3); and total resection (no residual signal abnormality 
visible on FLAIR-weighted MRI).

Standard Protocol Approval and Patient Consent
The study was approved by an independent institution-

al review board of the ethical comity of research from 
the French National College of Neurosurgery. Written in-
formed consent was obtained from the patients. Patients 
were not subjected to interventions outside the routine 
clinical management.

Statistical Analysis
Descriptive statistics were used to analyze the patient 

cohort, characteristics of the glioma, treatment details, and 
oncological and functional outcomes. Continuous variables 
were expressed as the mean ± SD, and categorical vari-
ables were expressed as numbers and percentage. To assess 
for differences between both groups, categorical variables 

FIG. 3. Awake resection of a left insular-centered LGG also involving the orbitofrontal region and the anterior temporal lobe. A: Pre-
operative axial FLAIR-weighted (upper) and sagittal enhanced T1-weighted (lower) MRI obtained in a 28-year-old right-handed 
woman, who had not been able to work (in marketing) for 1.5 years due to intractable seizures (despite 3 antiepileptic drugs), which 
revealed a left insular-centered LGG also involving the orbitofrontal region and the anterior temporal lobe. The neurological examina-
tion revealed mild language deficit (especially with missing words). The tumor volume was 104 cm3. B: Intraoperative view after 
resection, showing removal of the left inferior frontal gyrus, by preserving the ventral premotor cortex and the primary motor cortex 
of the face (tags 1–3) as well as the dorsolateral prefrontal cortex (tag 4) still critical for the language function, and with removal of 
the anterior temporal lobe. Subcortically, the resection was also achieved up to functional boundaries identified in the depth. Indeed, 
white matter stimulation enabled the detection of the left inferior fronto-occipital fasciculus, which generated semantics paraphasias 
(tag 48), the superior longitudinal fasciculus, which elicited anomia (tag 50), and the head of the caudate, which induced persevera-
tions (tag 49). C: Postoperative axial FLAIR-weighted (upper) and sagittal enhanced T1-weighted (lower) MRI (obtained 3 months 
after resection) demonstrating a total resection. Because the patient did not experience seizures anymore, she resumed a normal 
familial, social, and professional life within 3 months after surgery, with an improvement of the neuropsychological examination 
results thanks to a postsurgical cognitive rehabilitation. The number of antiepileptic drugs was progressively decreased. A diffuse 
WHO grade 2 astrocytoma (IDH1-mutated, noncodeleted) was diagnosed, and no early adjuvant treatment was administered. Due to 
a delayed relapse of the tumor, chemotherapy was administered 5 years later and then radiotherapy was administered 12 years post-
surgery. The patient continues to enjoy an active life, including working, with no symptoms. Figure is available in color online only.
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were compared using the Fisher’s exact test, whereas con-
tinuous variables were compared using the Student t-test. 
The level of significance was 0.05 for all analyses.

Results
Clinical and pathological characteristics and therapeu-

tic management are summarized in Table 1.

Patient Population
In this consecutive cohort, 309 ASs were achieved in 

253 patients (132 men [52.2%] and 121 women [47.8%]), 
mean age 37.5 ± 9.5 years, including 210 right-handed pa-
tients (83%). The glioma was incidentally discovered in 39 
cases (15.4%). Among 214 patients (84.5%) who experi-
enced epilepsy before surgery, 55 had intractable seizures 
(21.7%). The mean preoperative Karnofsky Performance 
Scale (KPS) score was 93.1 ± 7.4, and there were 206 pa-
tients who were working (81.4%).

There were 147 left-sided (58.1%) and 106 right-sided 
(41.9%) tumors, with 39 pure insular gliomas (15.4%) 
(group 1) versus 214 insular-centered gliomas (84.6%) 
also invading other lobes (group 2): 121 fronto-temporo-
insular, 46 fronto-insular, 45 temporo-insular, and 2 pari-
eto-insular tumors. The mean preoperative tumor volume 
was 70.1 ± 50.1 cm3.

Postoperative Outcomes
Functional, surgical, and oncological results are sum-

marized in Table 2. The surgical approach was performed 
through 46 frontal, 45 temporal, 121 combined fronto-
temporal, and 2 parietal corticectomies.

No patients except 1 (0.39%) had a permanent postop-
erative deterioration (one language deficit) after the first 
surgery. Only 20 patients continued to suffer from intrac-
table epilepsy after surgery (7.9% of the full series); note 
that 11 of these patients had intractable seizures prior to 
surgery (among 55 patients with preoperative drug-resis-
tant epilepsy—namely 20%). The mean KPS score was 93 
± 6.6 at 3 months after surgery. Within the year following 
surgery, 199 patients returned to work (96.6%).

The mean EOR was 89.4% ± 8.4%, with 32 total re-
sections (12.7%), 141 subtotal resections (55.7%), and 80 
partial resections (31.6%). The mean residual tumor vol-
ume was 9.6 ± 13.1 cm3). Positive subcortical responses 
during intraoperative mapping were associated with in-
complete resection related to a residual tumor within the 
white matter tracts (p < 0.001). No correlation was found 
between continued intractable seizures and the EOR or 
the residual tumor volume. There were 166 IDH-mutant 
astrocytomas (65.6%) and 87 oligodendrogliomas (34.4%). 
Fifty patients (19.8%) received early postoperative adju-
vant chemotherapy in the year following surgery and 10 
patients (3.9%) had early postoperative radiation therapy 
(3 had both treatments). Moreover, 49 patients (19.3%) 
underwent a second AS and 7 had a third surgery, with 
1 patient who experienced a permanent hemiparesis af-
ter a third intervention: therefore, in the complete surgi-

TABLE 1. Clinical, radiological, and histopathological characteristics of the total cohort and comparison between both groups

Demographics
Total Cohort Group 1 Group 2

p ValueNo. (%) Mean (SD) No. (%) Mean (SD) No. (%) Mean (SD)

Total population 253 39 (15.4) 214 (84.6)
Sex
  Male 132 (52.2) 18 (46.2) 114 (53.3)
  Female 121 (47.8) 21 (53.8) 100 (46.7) NS
Age in yrs 37.5 (9.5) 36.7 (10) 37.7 (9.4) NS
First symptoms
  Epilepsy 214 (84.5) 24 (61.5) 190 (88.8)
    Szs under control 159 (62.8) 21 (53.8) 138 (64.5)
    Intractable Szs 55 (21.7) 3 (7.7) 52 (24.3) 0.0019
    Intractable Szs & glioma location 0.003
      FTI 40 (77)
      TI 9 (17.3)
      FI 3 (5.8)
  Incidental glioma 39 (15.4) 15 (38.5) 24 (11.2) 0.00009
Preop KPS score 93.1 (7.4) 95.4 (6.4) 92.7 (7.5) 0.023
Work before surgery 206 (81.4) 34 (87.2) 172 (80.4) NS
Tumor side
  Lt 147 (58.1) 22 (56.4) 125 (58.4)
  Rt 106 (41.9) 17 (43.6) 89 (41.6) NS
Preop tumor vol in cm3 70.1 (50.1) 35.4 (32.5) 85.1 (49.1) <0.00001

FI = fronto-insular; FTI = fronto-temporo-insular; NS = not significant; Szs = seizures; TI = temporo-insular.
Boldface type indicates statistical significance.
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cal series comprising 309 ASs, the neurological morbidity 
rate was 0.8%. The rate of persistent deficit following the 
third operation was significantly higher than the rate of 
persistent deficit following the first and second operations 
(p = 0.044). Pathological examination revealed malignant 
transformation in 20/49 patients (40.8%) after the second 
surgery and in 2/7 (28.6%) patients after the third surgery.

The mean follow-up was 7.1 ± 3.9 years, with an OS 
rate of 80.2% (203 patients were alive at the last evalua-
tion).

Comparison Between Both Groups
By comparing both groups, the proportion of incidental 

glioma was significantly greater in group 1 (p = 0.00009), 
whereas there was a significantly higher rate of intracta-
ble seizures (p = 0.0019) correlated to a lower mean KPS 
score (p = 0.023) before surgery in group 2—with a greater 
percentage of pharmaco-resistant epilepsy for fronto-tem-
poro-insular tumors compared to fronto-insular and tem-
poro-insular tumors (p = 0.003). The preoperative tumor 
volume was greater in group 2 (p < 0.00001).

Despite a similar EOR in both groups, the postopera-
tive tumor volume was higher in group 2, with more partial 
resections (p < 0.0001). Although the rate of postoperative 
intractable seizures did not differ between the 2 groups, the 
proportion of patients who resumed professional activities 
after surgery was significantly higher in group 2 (p = 0.001) 
because 12 patients who did not work before surgery were 
able to work again (due to postoperative control of intrac-

table epilepsy). Finally, the proportion of patients who had 
early postoperative chemotherapy was greater in group 2 
(p = 0.001). There were no further significant differences 
regarding the other clinical, radiological, and pathological 
variables.

Discussion
Analysis of the Full Cohort

This is the largest ever published consecutive and ho-
mogeneous cohort of patients who underwent AS for an 
IDH-mutant LGG involving the insula via the opercula—
moreover, with the comparison of pure insular glioma 
versus insular-centered glioma extended within the oth-
er lobes. Indeed, as mentioned, previous surgical series 
dedicated to insular glioma were heterogeneous because 
of mixing various grades of gliomas, asleep and awake 
patients, transsylvian and transcortical approaches, pure 
insular glioma, and gliomas also infiltrating peri-insular 
structures.8–24

Here, from a functional perspective, by using mapping-
based resection through the opercula, the results show a 
high percentage of neurological preservation (0.8% of per-
manent deficits, mean KPS score of 93 ± 6.6 at 3 months 
after surgery), with an improvement of the quality of life in 
35 patients (13.8%) who experienced preoperative intracta-
ble seizures and in whom seizures did not occur anymore 
after surgery. Furthermore, 96.6% of patients were able to 
return to work. The percentage of persistent deterioration 
in the present study is lower in comparison with modern 

TABLE 2. Surgical, histopathological, and functional results, and group comparison

Variable
Cohort Group 1 Group 2

p ValueNo. (%) Mean (SD) No. (%) Mean (SD) No. (%) Mean (SD)

Total population 253 39 (15.4) 214 (84.6)
Residual vol in cm3 9.6 (13.1) 3.5 (5.2) 10.7 (13.8) <0.0001
EOR, ratio 89.4 (8.4) 91.6 (9.9) 89 (8.1) NS
Type of resection, FLAIR
  Partial 80 (31.6) 2 (5.1) 78 (36.4)
  Subtotal 141 (55.7) 25 (64.1) 116 (54.2)
  Total 32 (12.7) 12 (30.8) 20 (9.4) <0.0001
Pathology per WHO 2021
  Astro grade 2, IDHm 166 (65.6) 29 (74.4) 137 (64)
  Oligo grade 2, codel 87 (34.4) 10 (25.6) 77 (36) NS
Long-lasting neuro def
  S1 + S2 1/302 (0.03) 0/47 (0) 1/255 (0.4)
  S3 1/7 (14.3) 0/2 (0) 1/5 (20) 0.044
Chronic epilepsy 20 (7.9) 1 (2.6) 19 (8.9) NS
Postop KPS score at >3 mos 93 (6.6) 94.6 (6.4) 92.7 (6.7) NS
RTW 199/206 (96.6) 29/34 (85.3) 170/172 (98.8) 0.001
Early postop chemo 50 (19.8) 1 (2.6) 49 (22.9) 0.001
Early postop RT 10 (3.9) 1 (2.6) 9 (4.2) NS
Alive pts; OS rate 203 (80.2) 35 (89.7) 168 (78.5) NS

Astro = diffuse astrocytoma; chemo = chemotherapy; codel = 1p19q codeletion; IDHm = isocitrate dehydrogenase mutated; neuro def = neurological deficit; Oligo = 
oligodendroglioma; pts = patients; RT = radiotherapy; S1–S3 = surgery nos. 1–3. 
Boldface type indicates statistical significance.
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series on glioma surgery, which reported between 2.7% 
and 17% of permanent impairment.8–24 Nonetheless, it is 
worth noting that a lower rate of neurological morbidity 
was already described in experiences in which a trans-
cortical approach was used; namely, < 6%8,10,12,14,16,18,20,25 
(compared to a transsylvian approach, with approximately 
6%–17% of long-lasting deficits).13,15,17,19,23 In addition, the 
proportion of persistent deficit was also lower in studies 
in which intraoperative awake mapping was used; namely, 
3.5% of permanent deficits versus 15.7% when insular re-
section was achieved under general anesthesia (see a re-
cent meta-analysis by Di Carlo et al., 2020).35 

Moreover, in a cohort of patients who underwent asleep 
resection for a fronto-temporo-insular glioma with the aid 
of intraoperative MRI, the rate of RTW was only 45%36 
(vs 74%–89% in other experiences based on AS,20,25 so in 
agreement with the results of the present series). Therefore, 
these findings strongly support the use of intrasurgical DES 
mapping with the transopercular approach, which results in 
more favorable neurological and professional outcomes for 
resection of insular LGG. Interestingly, such a surgical ac-
cess via the opercula, which allows a better exposure of the 
insula,37 can be taught in optimal conditions in specimens, 
to accelerate the learning curve of neurosurgeons.38 Of note, 
in case of reoperations in this location, although the risk is 
not higher for a second surgery,39,40 it seems that this risk 
may increase for a third surgery (1 patient among 7 experi-
enced a permanent hemiparesis in the present series). This 
parameter could be helpful to elaborate the long-term thera-
peutic strategy, notably by taking into consideration the in-
vasion of the white matter tracts by tumor cells as a limit 
of resection, given that the subcortical connectivity should 
be preserved to avoid large-scale neural disconnection.40,41

From an oncological perspective, stopping the resection 
when cortico-subcortical structures critical for brain func-
tions have been reached is not incompatible with favorable 
long-term outcomes, as supported by a high OS rate of 
80.2% with a mean follow-up of 7.1 ± 3.9 years.

Comparison Between Pure Insular LGG Versus Insular-
Centered LGG Involving Other Lobes

There was a higher rate of incidentally discovered LGG 
in group 1, which is consistent with significantly lower tu-
mor volumes for gliomas restricted to the sole insular lobe 
(p = 0.00001)—therefore compatible with a diagnosis at an 
early stage in the natural history of the disease. Converse-
ly, larger LGGs that extend within the opercula, especially 
voluminous fronto-temporo-insular tumors, are more 
prone to elicit seizures, in particular intractable epilepsy 
(21.7% in this series). Unsurprisingly, pharmaco-resistant 
seizures were correlated to a lower mean KPS score in 
group 2 (p = 0.023), with a negative impact on professional 
activities; among 41 patients who did not work before sur-
gery, 23 patients (56%) had chronic epilepsy—as previous-
ly described in this tumor location.42 Remarkably, thanks 
to a similar EOR in both groups (even though the tumor 
volume remained higher after surgery in group 2), there 
was no longer any significant difference between mean 
KPS scores after resection of pure insular LGG versus in-
sular LGG also involving other lobes. Indeed, the rate of 
postoperative intractable seizures no longer differed, with 

only 7.9% of patients who continued to experience chronic 
epilepsy following surgery; this explains why 12 patients 
in group 2 who did not to work before surgery were able to 
resume their professional activities after glioma removal.

Finally, there was a significantly higher rate of earlier 
chemotherapy in group 2 (p = 0.001). This is related to a 
greater residual tumor volume, due to the complexity of 
removing more extensive LGGs not restricted to the in-
sula, because these tumors frequently invade the anterior 
perforating substance. In such cases there is a high risk 
of inducing stroke by damaging the lenticulostriate arter-
ies22,43,44 and/or the deep connectivity that is still critical 
for neural functions as identified by intraoperative axonal 
stimulation, representing a limit of compensatory mecha-
nisms.40,45 It is nevertheless important to acknowledge that 
this is a single-center series, with outcomes that could be 
difficult to generalize. Additional series are needed as ex-
ternal validation to confirm these results.

Conclusions
This is the largest surgical experience of IDH-mutant 

grade 2 gliomas involving the insula resected through 
the opercula based on awake mapping. The results show 
a high percentage of functional preservation (< 1% of 
permanent neurological deficit) and a high percentage of 
RTW (96.6%), with a high OS rate (80.2%, with a mean 
follow-up of 7.1 ± 3.9 years). AS via a transcortical ap-
proach should be considered in a more systematic way in 
insular-centered LGG.

References
  1.	 Duffau H, ed. Diffuse Low-Grade Gliomas in Adults. 2nd ed. 

Springer Cham;​ 2017.
  2.	 Hervey-Jumper SL, Zhang Y, Phillips JJ, et al. Interactive 

effects of molecular, therapeutic, and patient factors on out-
come of diffuse low-grade glioma. J Clin Oncol. 2023;​41(11):​
2029-2042.

  3.	 Ng S, Rigau V, Moritz-Gasser S, et al. Long-term autonomy, 
professional activities, cognition, and overall survival after 
awake functional-based surgery in patients with IDH-mutant 
grade 2 gliomas:​ a retrospective cohort study. Lancet Reg 
Health Eur. 2024;​46:​101078.

  4.	 Lemaitre AL, Herbet G, Ng S, Moritz-Gasser S, Duffau H. 
Cognitive preservation following awake mapping-based 
neurosurgery for low-grade gliomas:​ a longitudinal, within-
patient design study. Neuro Oncol. 2022;​24(5):​781-793.

  5.	 Ng S, Herbet G, Moritz-Gasser S, Duffau H. Return to work 
following surgery for incidental diffuse low-grade glioma:​ a 
prospective series with 74 patients. Neurosurgery. 2020;​87(4):​
720-729.

  6.	 Duffau H, Capelle L. Preferential brain locations of low-
grade gliomas. Cancer. 2004;​100(12):​2622-2626.

  7.	 Parisot S, Darlix A, Baumann C, et al. A probabilistic atlas 
of diffuse WHO Grade II glioma locations in the brain. PLoS 
One. 2016;​11(1):​e0144200.

  8.	 Sanai N, Polley MY, Berger MS. Insular glioma resection:​ 
assessment of patient morbidity, survival, and tumor progres-
sion. J Neurosurg. 2010;​112(1):​1-9.

  9.	 Skrap M, Mondani M, Tomasino B, et al. Surgery of insular 
nonenhancing gliomas:​ volumetric analysis of tumoral resec-
tion, clinical outcome, and survival in a consecutive series of 
66 cases. Neurosurgery. 2012;​70(5):​1081-1094.

10.	 Hervey-Jumper SL, Li J, Osorio JA, et al. Surgical assess-
ment of the insula. Part 2:​ validation of the Berger-Sanai 

Unauthenticated | Downloaded 04/27/25 02:06 PM UTC



Duffau

J Neurosurg  April 18, 20258

zone classification system for predicting extent of glioma 
resection. J Neurosurg. 2016;​124(2):​482-488.

11.	 Zhuang DX, Wu JS, Yao CJ, et al. Intraoperative multi-infor-
mation-guided resection of dominant-sided insular gliomas 
in a 3-T intraoperative magnetic resonance imaging integrat-
ed neurosurgical suite. World Neurosurg. 2016;​89:​84-92.

12.	 Eseonu CI, ReFaey K, Garcia O, Raghuraman G, Quinones-
Hinojosa A. Volumetric analysis of extent of resection, 
survival, and surgical outcomes for insular gliomas. World 
Neurosurg. 2017;​103:​265-274.

13.	 Sughrue M, Bonney PA, Burks JD, et al. Multilobar insular-
involving gliomas:​ results with hyperaggressive resection. 
Cureus. 2017;​9(8):​e1623.

14.	 Hameed NUF, Qiu T, Zhuang D, et al. Transcortical insular 
glioma resection:​ clinical outcome and predictors. J Neuro-
surg. 2018;​131(3):​706-716.

15.	 Przybylowski CJ, Baranoski JF, So VM, Wilson J, Sanai N. Sur-
gical morbidity of transsylvian versus transcortical approaches 
to insular gliomas. J Neurosurg. 2019;​132(6):​1731-1738.

16.	 Li Z, Li G, Liu Z, et al. Transcortical approach for insular glio-
mas:​ a series of 253 patients. J Neurooncol. 2020;​147(1):​59-66.

17.	 Pitskhelauri D, Bykanov A, Konovalov A, et al. Transsylvian 
insular glioma surgery:​ new classification system, clinical 
outcome in a consecutive series of 79 cases. Oper Neurosurg 
(Hagerstown). 2021;​20(6):​541-548.

18.	 Rossi M, Gay L, Conti Nibali M, et al. Challenging giant 
insular gliomas with brain mapping:​ evaluation of neuro-
surgical, neurological, neuropsychological, and quality of 
life results in a large mono-institutional series. Front Oncol. 
2021;​11:​629166.

19.	 Panigrahi M, Doshi S, Chandrasekhar YBVK, Vooturi S. 
Avoiding complications in surgical resection of insular glio-
mas—single surgeon experience. Neurol India. 2021;​69(4):​
904-909.

20.	 Pallud J, Zanello M, Moiraghi A, et al. Surgery of insular 
diffuse gliomas—part 1:​ transcortical awake resection is safe 
and independently improves overall survival. Neurosurgery. 
2021;​89(4):​565-578.

21.	 Hou Z, Huang Z, Li Z, et al. Incidence of ischemic complica-
tions and technical nuances of arteries preservation for insu-
lar gliomas resection. Front Surg. 2022;​9:​956872.

22.	 Ülgen E, Aras FK, Coşgun E, et al. Correlation of anatomical 
involvement patterns of insular gliomas with subnetworks of 
the limbic system. J Neurosurg. 2021;​136(2):​323-334.

23.	 Das KK, Gosal JS, Khatri D, et al. Balancing the extent of re-
section and ischemic complications in insular glioma surgery:​ 
technical nuances and proposal of a novel composite postoper-
ative outcome index. Neurol India. 2022;​70(3):​983-991.

24.	 Biswas C, Shetty PM, Sahu A, et al. Factors affecting the 
extent of resection and neurological outcomes following 
transopercular resection of insular gliomas. Acta Neurochir 
(Wien). 2024;​166(1):​244.

25.	 Mandonnet E. Transopercular resection of IDH-mutated 
insular glioma:​ a critical appraisal of an initial experience. 
World Neurosurg. 2019;​132:​e563-e576.

26.	 Kwan P, Arzimanoglou A, Berg AT, et al. Definition of drug 
resistant epilepsy:​ consensus proposal by the ad hoc Task 
Force of the ILAE Commission on Therapeutic Strategies. 
Epilepsia. 2010;​51(6):​1069-1077.

27.	 Michaud K, Duffau H. Surgery of insular and paralimbic 
diffuse low-grade gliomas:​ technical considerations. J Neu-
rooncol. 2016;​130(2):​289-298.

28.	 Picart T, Duffau H. Awake resection of a left operculo-insu-
lar low-grade glioma guided by cortico-subcortical mapping. 
Neurosurg Focus. 2018;​45(VideoSuppl2):​V1.

29.	 Duffau H. Awake surgery for left posterior insular low-grade 
glioma through the parietorolandic operculum:​ the need to 
preserve the functional connectivity. A case series. Front 
Surg. 2022;​8:​824003.

30.	 Duffau H. Awake mapping with transopercular approach in 
right insular-centered low-grade gliomas improves neurologi-
cal outcomes and return to work. Neurosurgery. 2022;​91(1):​
182-190.

31.	 Duffau H. New philosophy, clinical pearls, and methods for 
intraoperative cognition mapping and monitoring “à la carte” 
in brain tumor patients. Neurosurgery. 2021;​88(5):​919-930.

32.	 Duffau H, Ng S, Lemaitre AL, Moritz-Gasser S, Herbet 
G. Constant multi-tasking with time constraint to preserve 
across-network dynamics throughout awake surgery for low-
grade glioma:​ a necessary step to enable patients resuming 
an active life. Front Oncol. 2022;​12:​924762.

33.	 Duffau H. Stimulation mapping of white matter tracts to 
study brain functional connectivity. Nat Rev Neurol. 2015;​
11(5):​255-265.

34.	 Berger MS, Deliganis AV, Dobbins J, Keles GE. The effect of 
extent of resection on recurrence in patients with low grade 
cerebral hemisphere gliomas. Cancer. 1994;​74(6):​1784-1791.

35.	 Di Carlo DT, Cagnazzo F, Anania Y, et al. Post-operative mor-
bidity ensuing surgery for insular gliomas:​ a systematic review 
and meta-analysis. Neurosurg Rev. 2020;​43(3):​987-997.

36.	 Leroy HA, Strachowksi O, Tuleasca C, et al. Microsurgical 
resection of fronto-temporo-insular gliomas in the non-
dominant hemisphere, under general anesthesia using adjunct 
intraoperative MRI and no cortical and subcortical mapping:​ 
a series of 20 consecutive patients. Sci Rep. 2021;​11(1):​6994.

37.	 Benet A, Hervey-Jumper SL, Sánchez JJ, Lawton MT, Berger 
MS. Surgical assessment of the insula. Part 1:​ surgical anatomy 
and morphometric analysis of the transsylvian and transcorti-
cal approaches to the insula. J Neurosurg. 2016;​124(2):​469-481.

38.	 Santos C, Velasquez C, Esteban J, et al. Transopercular insu-
lar approach, overcoming the training curve using a cadav-
eric simulation model:​ 2-dimensional operative video. Oper 
Neurosurg (Hagerstown). 2021;​21(6):​E561-E562.

39.	 Morshed RA, Young JS, Han SJ, Hervey-Jumper SL, Berger 
MS. Perioperative outcomes following reoperation for recur-
rent insular gliomas. J Neurosurg. 2018;​131(2):​467-473.

40.	 Ribeiro L, Ng S, Duffau H. Recurrent insular low-grade glio-
mas:​ factors guiding the decision to reoperate. J Neurosurg. 
2022;​138(5):​1216-1226.

41.	 Duffau H. Damaging a few millimeters of the deep white 
matter tracts during glioma surgery may result in a large-
scale brain disconnection. J Neurosurg. 2023;​140(1):​311-314.

42.	 Ghareeb F, Duffau H. Intractable epilepsy in paralimbic 
Word Health Organization Grade II gliomas:​ should the 
hippocampus be resected when not invaded by the tumor? J 
Neurosurg. 2012;​116(6):​1226-1234.

43.	 Moshel YA, Marcus JD, Parker EC, Kelly PJ. Resection of 
insular gliomas:​ the importance of lenticulostriate artery 
position. J Neurosurg. 2008;​109(5):​825-834.

44.	 Saito R, Kumabe T, Inoue T, et al. Magnetic resonance im-
aging for preoperative identification of the lenticulostriate 
arteries in insular glioma surgery. J Neurosurg. 2009;​111(2):​
278-281.

45.	 Herbet G, Duffau H. Revisiting the functional anatomy of the 
human brain:​ toward a meta-networking theory of cerebral 
functions. Physiol Rev. 2020;​100(3):​1181-1228.

Disclosures
The author reports no conflict of interest concerning the materi-
als or methods used in this study or the findings specified in this 
paper.

Correspondence
Hugues Duffau: Gui de Chauliac Hospital, Montpellier University 
Medical Center, Montpellier, France. h-duffau@chu-montpellier.fr.

Unauthenticated | Downloaded 04/27/25 02:06 PM UTC


