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The insula is a pyramid-shaped lobe of the brain that 
forms part of the limbic and paralimbic systems, 
and brain functions ranging from cognitive to lan-

guage and motor functions can be traced directly or indi-
rectly to the insular region.30 Insular gliomas are the most 
common intrinsic tumors of this region, however, due to 
their depth and impinging neural networks, insular glio-
mas are dangerous to resect and have always challenged 

neurosurgeons. Despite this, the standard management of 
insular gliomas continues to remain maximum resection 
followed by chemoradiation therapy.2,10,34,37 The multiple 
risks associated with resection have forced some authors to 
opt for more conservative diagnostic stereotactic biopsies 
followed by chemoradiation therapy,4,29 while others have 
reported good results with microsurgical resections.5,17

The initial approach to access insular gliomas via the 
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OBJECTIVE Insular lobe gliomas continue to challenge neurosurgeons due to their complex anatomical position. Trans-
cortical and transsylvian corridors remain the primary approaches for reaching the insula, but the adoption of one tech-
nique over the other remains controversial. The authors analyzed the transcortical approach of resecting insular gliomas 
in the context of patient tumor location based on the Berger-Sinai classification, achievable extents of resection (EORs), 
overall survival (OS), and postsurgical neurological outcome.
METHODS The authors studied 255 consecutive cases of insular gliomas that underwent transcortical tumor resection 
in their division. Tumor molecular pathology, location, EOR, postoperative neurological outcome for each insular zone, 
and the accompanying OS were incorporated into the analysis to determine the value of this surgical approach.
RESULTS Lower-grade insular gliomas (LGGs) were more prevalent (63.14%). Regarding location, giant tumors (involv-
ing all insular zones) were most prevalent (58.82%) followed by zone I+IV (anterior) tumors (20.39%). In LGGs, tumor lo-
cation was an independent predictor of survival (p = 0.003), with giant tumors demonstrating shortest patient survival (p 
= 0.003). Isocitrate dehydrogenase 1 (IDH1) mutation was more likely to be associated with giant tumors (p < 0.001) than 
focal tumors located in a regional zone. EOR correlated with survival in both LGG (p = 0.001) and higher-grade glioma 
(HGG) patients (p = 0.008). The highest EORs were achieved in anterior-zone LGGs (p = 0.024). In terms of developing 
postoperative neurological deficits, patients with giant tumors were more susceptible (p = 0.038). Postoperative transient 
neurological deficit was recorded in 12.79%, and permanent deficit in 15.70% of patients. Patients who developed either 
transient or permanent postsurgical neurological deficits exhibited poorer survival (p < 0.001).
CONCLUSIONS The transcortical surgical approach can achieve maximal tumor resection in all insular zones. In addi-
tion, the incorporation of adjunct technologies such as multimodal brain imaging and mapping of cortical and subcortical 
eloquent brain regions into the transcortical approach favors postoperative neurological outcomes, and prolongs patient 
survival.
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transsylvian corridor38 has improved significantly over the 
last two decades and continues to remain in practice.8,11 
With advancements in awake/asleep cortical stimulation 
and functional brain mapping techniques, the transcortical 
approach to access the insula is also gaining popularity. 
While the choice of one technique over the other remains 
subjective and dependent on the surgeon’s experience, 
there is evidence from cadaveric study1 that the trans-
cortical corridor better exposes and is more suitable for 
resecting gliomas extending beyond the insula. However, 
there is limited conclusive evidence on the actual surgical, 
postsurgical, and survival implications of this approach in 
patients with insular glioma.

To facilitate insular tumor surgery, a number of clas-
sifications have been proposed and these have attempted 
to classify insular gliomas based on blood supply,17 pat-
terns of invasiveness,26,37 white matter involvement,15 and 
anatomical location relative to the sylvian fissure and fora-
men of Monro.27 While each of these classifications has its 
own advantages, their value in predicting patient survival 
remains obscure.

In light of these complexities, we describe our trans-
cortical surgical nuances that have been applied to a large 
cohort and explore how they relate to the extent of tumor 
resection (EOR) within each insular tumor zone based 
on the Berger-Sinai classification,27 overall survival (OS), 
postoperative neurological outcomes, and predictors.

Methods
Patient Selection

We analyzed 255 consecutive patients with insular gli-
oma who underwent resection using the transcortical ap-
proach in our glioma division from March 2011 to March 
2017. All surgeries were performed by the senior author 
(J.W.). The tumors were classified into various zones based 
on the Berger-Sinai classification27 using MR images. For 
each patient, tumor histopathology was reviewed in accor-
dance with the 2016 WHO classification of tumors of the 
CNS and compared with the former 2007 WHO classifi-
cation.12,13 Tumors were classified into lower-grade insular 
gliomas (LGGs) and higher-grade gliomas (HGGs) based 
on tumor grade and OS: grade II and grade III isocitrate 
dehydrogenase 1 (IDH1)-mutant insular tumors were de-
noted as LGGs, whereas grade III IDH1–wild-type and 
grade IV tumors were denoted as HGGs.13,22,23 Adjuvant 
therapy effects on patient survival were analyzed. Clinical 
data of patients were obtained from the Huashan Glioma 
Registry and onsite/telephone interviews. Informed con-
sent was obtained from all patients preoperatively. The 
study was approved by the Huashan IRB.

Surgical Technique
Our transcortical approach involves awake/asleep brain 

mapping and multimodal brain imaging–guided resection 
of insular gliomas. Preoperative surgical navigation, in-
cluding both structural and functional MRI, is performed. 
The layout of our intraoperative MRI system has been de-
scribed elsewhere.20 Diffusion tensor imaging (DTI) was 
performed in all cases. To assess language and motor func-
tion, blood oxygen level–dependent functional MRI was 

also performed. Eloquent pathways and activated language 
and motor cortices were infused into 3D structural images 
using Syngo MultiModality Workplace (Siemens AG).40

The anesthetic approach was determined by presurgical 
evaluation of the patient’s dominant hemisphere and anes-
thesia tolerance. Awake craniotomies (protocol described 
in a previous paper14) were preferred for most patients 
with dominant hemispheric tumors. Patients were placed 
supine with the ipsilateral shoulder elevated and placed on 
a rest pad, and the head tilted contralaterally to the inci-
sion site at an angle of 30°–45°. A tailored frontotemporal 
craniotomy was performed via the pterion with the size 
of the bone window dependent on the extent of the tumor. 
Following separation of the dura, subdural strip electrodes 
were placed to locate the central sulcus and continuously 
detect the motor evoked potentials (MEPs). Language 
mapping was conducted for patients under awake crani-
otomy as described elsewhere14 (Fig. 1).

Following identification of language and motor regions, 
cortical incisions were made along the sylvian fissure in 
noneloquent regions and the opercula depending on the 
size, location, and opercular involvement of tumors. This 
was followed by subpial resection of tumors guided by 
structural imaging and functional navigation to mini-
mize complications. In all cases, to preserve the pyrami-
dal tracts and motor pathways, neuronavigation by DTI 
tractography was combined with continuous transcortical 
monitoring of MEPs and subcortical electrical stimula-
tion mapping. Following resection, intraoperative MRI 
was performed to assess the EOR to guide the surgeon. 
In every patient, the goal of surgery was maximal tumor 
resection, however, tumor involvement of eloquent brain 
regions as well as involvement of the critical arteries lim-
ited EOR in some instances (Fig. 2). A video of the surgi-
cal technique has been presented elsewhere.7

Tumor Volumetric Analysis
EOR for each patient was measured by a neuroradi-

ologist, and independently confirmed by a neurosurgeon 
(N.U.F.H., D.Z.). Tumor borders were manually delineated 
on MRI (FLAIR or T2-weighted sequence for LGGs as 
described in a previous study,32 and volume of contrast-
enhancing tissue on gadolinium-contrasted T1-weighted 
images for HGGs) in DICOM format, followed by seg-
mentation and volumetric quantification with OsiriX 
software (version 5.5.2, http://www.osirix-viewer.com, 
Pixmeo SARL). All postoperative scans were completed 
within 72 hours. EOR was calculated using the following 
formula: [(preoperative tumor volume - postoperative tu-
mor volume)/preoperative tumor volume] × 100%. EOR 
was used to categorize tumor resections as ≥ 90% or < 
90% in LGGs, and 100% or < 100% in HGGs represent-
ing gross-total resection (GTR) and subtotal resection 
(STR), respectively.

Patient Evaluation and Survival Analyses
Patients were examined perioperatively by a senior 

neurosurgeon. Patients with LGG underwent postopera-
tive follow-up at the following intervals after surgery: 3 
days, 1 month, 3 months, 6 months, and every 6 months af-
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terwards. Postoperative follow-up was performed 3 days, 
1 month, and every 3 months afterwards for patients with 
HGG. Radiological assessment was performed for patients 
who visited the hospital for follow-up. Neurological defi-
cits persisting at the 6-month follow-up were considered 
permanent, and those that resolved prior to this were con-
sidered transient. The effect of postoperative neurological 
deficits on survival was studied.

Based on the Berger-Sinai classification, we compared 
the OS between patients with giant tumors (involving 
all insular zones) with those with tumors involving one 
of these zones: zones I+IV (anterior), zones I+II (supe-
rior), zones II+III (posterior), or zones III+IV (inferior), 
hereafter collectively labeled as ASPI zones. These were 
combined because their individual sample sizes were 
small. Additionally, we compared the survival outcomes 

FIG. 1. A: Tailored frontotemporal craniotomy is performed via the pterion with the size of the bone window dependent on the 
extent of tumor. B: Following separation of the dura, subdural strip electrodes were placed to locate the central sulcus and then 
continuously detect the MEPs. C: Language and motor cortical mapping is performed next. Functional cortical areas are labeled 
with sterile tags (1, 2, 5, speech arrest; 3, dysarthria; M, mouth motor area; 6, 7, 8, 9, anomia) and covered with thin film for both 
visualization and protection. Under neuronavigation, the tumor border is identified and marked with 4–0 silk (dashed line). D: 
Cortical incisions are made, avoiding critical areas, and the incisions are made longitudinally away from the sulci to preserve the 
sulcal vessels. E: The tumor is gradually debunked using the cavitron ultrasonic surgical aspirator, which is set to tissue selection 
to sense vessels and viable tissue. F: Subcortical bipolar stimulation is conducted alongside intermittently to ensure no injury is 
caused to the ventral language pathway (tag “L”). Copyright Jinsong Wu. Published with permission.
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of patients with tumors restricted to the insular lobe only 
to those with insular tumors extending into neighboring 
lobes. For this comparison, to eliminate bias resulting 
from the effect of tumor location within the insula, we 
only included patients with giant tumors.

OS was defined as the time between initial surgery and 
death, whereas progression-free survival (PFS) was the 
time from initial surgery to demonstration of an increase 
in tumor volume by 25% or more on follow-up MRI, or 
death.

Statistical Analyses
The Kaplan-Meier method was used to estimate the OS 

and PFS. ANOVA was used to compare the mean EORs 
among various insular zones. Cox proportional hazards 
analysis was performed to assess the implications of vari-
ous potential prognostic factors on OS. Those p values < 
0.05 were considered statistically significant. IBM SPSS 
software (version 22, IBM Corp.) was used for data analy-
ses.

Results
Patient Demographics

The 255 patients with insular glioma ranged in age 
from 20 to 78 years, and comprised 161 men and 94 
women. Of these, 246 (96.47%) underwent primary cra-
niotomy and 9 (3.53%) experienced recurrence follow-
ing prior resections. One hundred and forty-five patients 
(56.86%) had left-sided tumors. The most common pre-
senting chief complaint was seizures (41.18%). The major-
ity of the patients (90.80%) had a preoperative Karnofsky 
Performance Scale score ≥ 90. Adjuvant therapy data were 
available for 247 patients, and of these patients, 76.92% re-
ceived either radiotherapy (5.26%), chemotherapy (4.21%), 
or both (90.53%). In patients with HGG, 78.72% (74/94) 
were offered concurrent chemoradiation therapy in accor-
dance with the Stupp regimen33 and clinical guidelines for 
diagnosis and treatment of CNS gliomas in China (2015; 
Table 1).39

Histopathological Diagnosis
The breakdown of tumor histological grades, based 

on decreasing frequency, was as follows: 120 (47.06%) 
WHO grade II glioma patients, followed by 81 (31.76%) 
grade IV and 54 (21.18%) grade III glioma patients. We 
also compared the 2007 WHO classification with the 2016 
WHO classification. Glioblastoma (IDH1 wild-type) was 
the most prevalent (68/255, 26.67%) followed by diffuse 
astrocytoma (IDH1 mutant) (56/255, 21.96%) and anaplas-
tic astrocytoma (IDH1 mutant, 36/255, 14.12%; Table 2).

IDH1 wild-type status was more likely to be associ-
ated with a tumor affecting only one insular zone, where-
as IDH1 mutation showed association with giant insular 
tumors (odds ratio 2.504, 95% confidence interval [CI] 
1.488–4.213, p < 0.001).

Distribution of Insular Glioma Locations
The most prevalent insular tumors were giant tumors, 

followed by anterior zone tumors. In the 161 patients in 
the LGG cohort, the majority (n = 107, 66.46%) had gi-
ant tumors, followed by anterior zone tumors (n = 28, 
17.39%). For the 94 patients with HGG, a similar trend 
was observed, with 43 patients (45.74%) having giant and 
24 (25.53%) having anterior zone tumors (Table 1). The 
distribution of insular glioma locations was not signifi-
cantly different when comparing left- and right-sided tu-
mors. Furthermore, a similar pattern of tumor localization 
persisted within each histological grade.

Extent of Resection
In total, 172 patients (67.45%) had an EOR ≥ 90%. In 

the LGG group, 93 patients (57.76%) had an EOR ≥ 90%. 
In the HGG group, GTR was achieved in 40 (42.55%) 
patients. In general, EOR was higher for HGGs (median 
EOR 98.85%, interquartile range 81.51%–100%, 95% 
CI 97.95%–100%, p < 0.001) than LGGs (median EOR 
95.22%, interquartile range 95.25–100%, 95% CI 91.71%–
97.50%, p < 0.001). Regarding location, a significant dif-
ference was observed between the mean EORs of anterior 

FIG. 2. A: MRI sequence showing the preoperative, postoperative, and follow-up images of a typical insular tumor. AF = arcuate 
fasciculus; ILF = inferior longitudinal fasciculus. B: MR image showing a cortical window created to access the insula tumor.
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and giant zone tumors. The greatest EORs were achieved 
for anterior-zone tumors (median EOR 98.99%, interquar-
tile range 94.00%–100%, p = 0.024), with EOR the lowest 
for giant tumors (median EOR 93.61%, interquartile range 
83.50%–100%, p = 0.024). Residual tumor was mostly lo-
cated in the putamen region, posterior insular point, and 

superior periinsular regions in 57.83% (48/83) patients 
(Table 3).

Overall Survival Analysis
OS data were available for 247 patients. At last follow-

up, 72 (29.15%) patients had died of their condition, 50 

TABLE 1. Patient demographics and breakdown of insular glioma mutations

All Tumors
Zone

LGGs HGGsAnterior Superior Posterior Inferior Giant Tumor

No. of patients 255 52 12 26 15 150 161 94
Age (yrs)
 Mean 48.2 49.04 49.25 50.96 53.1  46.78  44.48 54.46
 Median 47 48 52 53.5 51 46 45 56
 Range 20–78 21–78 27–69 24–72 34–75 20–75 20–74 21–78
Sex
 Male 161 28 8 14 9 102 101 60
 Female 94 24 4 12 6 48 60 34
Tumor grade
 LGGs 161 28 8 13 5 107 — —
 HGGs 94 24 4 13 10 43 — —
Adjuvant therapy
Radiotherapy 10 1 1 1 1 6 10 0
Chemo 8 1 0 1 0 6 8 0
Radiotherapy & chemo 172 37 4 17 8 106 98 74
No adjuvant therapy 57 11 7 7 6 26 40 17
Not available 8 2 — — — 6 5 3
IDH1 253 52 12 25 15 149 159 94
 Mutation 143 25 8 8 5 97 130 13
 Wild-type 105 26 4 17 10 48 25 80
 Ambiguous 5 1 0 0 0 4 4 1
TP53 226 46 10 24 15 131 141 85
 Mutation 123 30 4 8 8 73 78 45
 Wild-type 43 9 4 3 3 24 31 12
 Ambiguous 60 7 2 13 4 34 32 28
MGMT 172 33 11 14 11 103 117 55
 Methylation 104 23 7 5 8 61 77 27
 Unmethylated 55 7 3 7 2 36 33 22
 Ambiguous 13 3 1 2 1 6 7 6
MIB-1/Ki-67 PI 226 46 11 24 15 130 142 84
 Mean (%)   8.26 9 8.09 10.83 11.26 7.18 4.31 14.93
 Median (%) 5 8 3 5.5 8 4 3 10
 Range (%) 0–60 1–25 1–30 1–60 3–30 0–50 0–25 3–60
TERT promoter 103 25 5 7 9 57 68 35
 Mutant 38 9 1 2 4 22 26 12
 Wild-type 65 16 4 5 5 35 42 23
1p/19q 128 32 5 8 9 74 97 31
 Codeletion 40 8 1 3 1 27 37 3
 Intact 88 24 4 5 8 47 60 28

Chemo = chemotherapy; MGMT = methylguanine methyltransferase gene; PI = proliferative index; TERT = telomerase reverse transcriptase 
gene.
Values are presented as number of patients unless specified otherwise.

Unauthenticated | Downloaded 05/23/23 11:20 PM UTC



J Neurosurg Volume 131 • September 2019 711

Hameed et al.

(69.44%) of whom were patients with HGG. Patients with 
LGG had significantly longer survival (median not reached, 
mean [at last follow-up] 62.68 months, 95% CI 58.14–67.19 
months, p < 0.001) than patients with HGG (median 17.00 
months, 95% CI 13.50–20.50 months, p < 0.001).

EOR was found to significantly correlate with OS in 
both LGGs and HGGs. In LGGs, a significantly longer 
mean OS was observed in patients with EOR ≥ 90% (me-
dian not reached, mean 68.51 months, 95% CI 64.00–72.91, 
p = 0.001) than in patients with EOR < 90% (median 49.80 
months, 95% CI 48.00–51.60, p = 0.001). Similarly, patients 
with HGG and GTR had longer median survival (22.00 
months, 95% CI 16.17–27.83, p = 0.008) than patients with 
STR (11.30 months, 95% CI 8.15–14.45, p = 0.008).

Regarding location, for LGGs, a significantly lon-
ger OS was observed for ASPI zone tumors (median not 
reached, mean 73.27 months, 95% CI 69.75–76.78 months, 
p = 0.003) than giant tumors (median 60.00 months, 95% 
CI 54.85–66.41 months, p = 0.003). A similar result was 
noted for PFS with these patients demonstrating a lon-
ger PFS (median not reached, mean 57.55 months, 95% 
CI 51.28–63.81 months, p < 0.001) than giant tumor pa-
tients (median 29.00 months, 95% CI 22.02–36.00 months, 
p < 0.001; Fig. 3). On univariate analysis, insular tumor 
zones continued to remain a significant predictor of OS 

(hazard ratio [HR] 11.105, p = 0.003) in LGGs. However, 
for HGGs, no significance was appreciated between zone 
involvement and OS. Additionally, HGG patients who re-
ceived chemotherapy and radiotherapy had longer median 
OS (17.80 months, 95% CI 14.18–21.42 months, p < 0.001) 
than those who did not (6.02 months, 95% CI 4.00–8.40 
months, p < 0.001).

IDH1 mutation was a significant predictor of OS in 
LGG giant tumors, with IDH1-mutant patients demon-
strating a longer survival (median not reached, mean 58.79 
months, 95% CI 52.96–64.61 months, p = 0.0060) than 
IDH1–wild-type patients (median 31.50 months, 95% CI 
8.05–55.20 months, p = 0.006). However, in ASPI tumors, 
due to a smaller sample size and good overall survival 
(only 1 recorded death), conclusions could not be derived 
on the effects of IDH1 mutation. For MIB-1/Ki-67, the 
patients were divided into 2 groups based on the MIB-1/
Ki-67 proliferative indices (PIs): PI > 5% and PI ≤ 5%. 
MIB-1/Ki-67 was a significant predictor of OS (HR 0.314, 
p = 0.013) in LGGs.

Tumor zone (HR 11.975, p = 0.030), EOR (HR 0.229, 
p = 0.009) and IDH1-mutation (HR 4.891, p = 0.008) re-
mained significant predictors of OS in LGGs after control-
ling for multiple factors (Table 4). Putamen involvement 
was not a significant predictor of OS in LGGs and HGGs 

TABLE 2. Classification of 255 insular gliomas based on the old (2007) and new (2016) WHO classification

2007 WHO Classification No. 2016 WHO Classification No.

Diffuse astrocytoma 75 Diffuse astrocytoma, IDH1 mutant 56
Oligodendroglioma 32 Diffuse astrocytoma, IDH1 wild-type 22
Oligoastrocytoma 13 Diffuse astrocytoma, NOS 5
Anaplastic astrocytoma 42 Oligodendroglioma, IDH1 mutant & 1p/19q-codeleted 25
Anaplastic oligodendroglioma 6 Oligodendroglioma, NOS 7
Anaplastic oligoastrocytoma 4 Oligoastrocytoma, NOS 5
Glioblastoma 82 Anaplastic astrocytoma, IDH1 mutant 36
Glioblastoma-oligo 1 Anaplastic astrocytoma, IDH1 wild-type 13

Anaplastic oligodendroglioma, IDH1 mutant & 1p/19q-codeleted 5
Glioblastoma, IDH1 mutant 12
Glioblastoma, IDH1 wild-type 68
Glioblastoma, NOS 1

NOS = not otherwise specified.

TABLE 3. EOR analysis based on insular tumor locations

EOR Values All Tumors
Zone

LGGs HGGsAnterior Superior Posterior Inferior Giant Tumor

Median glioma vol (cm3)  70.45 56.57 47.22 64.37 52.92 80.39 70.47 67.33
≥90% (no.) 172 43 9 17 13 90 93 79
<90% (no.) 83 9 3 9 2 60 68 15
Mean (%) 91.60 95.26 93.69 91.67 95.19 89.67 89.05 95.12
Median (%) 97.95 98.99 97.49 98.25 98.89 93.61 95.22 98.85
Range (%) 52.61–100 68.46–100 71.40–100 62.00–100 65.81–100 52.61–100 55.37–100 52.61–100

Residual tumor location (n = 83) was as follows: superior periinsular sulcus, n = 14 (16.87%); posterior insular point, n = 16 (19.28%); putamen 
region, n = 18 (21.69%); and others, n = 35 (42.17%). The “others” category includes neighboring lobes outside the insula.
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FIG. 3. A: EOR is an independent predictor of OS in both LGG and HGG patients. Patients with EOR ≥ 90% had longer survival 
among LGGs. B: Patients with GTR had better prognosis than those with STR among HGG. C: LGG patients who experienced 
no postoperative neurological deficit had better survival than those who did experience postoperative neurological deficits. D: In 
HGG, development of neurological deficit did not affect survival outcomes in our cohort. E and F: Patients who experienced tran-
sient neurological deficits had better OS than those who experienced permanent deficits in LGG (E) and HGG (F) patients. G and 
H: Insular tumor location was an independent predictor of OS. Longer OS (G) and PFS (H) were observed in the ASPI zone tumors 
(I+IV [anterior], I+II [superior], II+III [posterior], or III+IV [inferior]) as compared with the giant tumors (involving all insular zones).
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on both univariate and multivariate analysis. In HGGs, 
only EOR and adjuvant therapy were significant in pre-
dicting OS.

Insular Tumors Involving Neighboring Lobes
The tumors were not all restricted to the insular lobe 

only, and unsurprisingly, the majority (203/255, 79.61%) of 
them extended into one or more adjacent lobes. These lobes 
included the frontal (83/255, 32.55%), temporal (95/255, 
37.25%), and frontotemporal lobes (25/255, 9.80%). Six 
patients had tumors extending into the parietal lobe, in ad-
dition to the frontal and temporal lobes, and they were in-
cluded in the frontotemporal group for statistical analysis. 
A similar pattern of lobar involvement was observed in 
both LGG and HGG groups.

Although a trend did emerge suggesting better survival 
in patients with tumors involving the insular lobe only, 
comparison between the two groups did not yield a statis-
tically significant difference in survival.

Postsurgical Neurological Follow-Up
Complete long-term (6-month postsurgery) follow-up 

data were available for 172 (67.45%) patients. Following 
surgery, 11.05% (19/172) patients developed language im-
pairment, while 13.37% (23/172) developed motor impair-
ment, of whom 68.42% (13/19) and 34.78% (8/23) patients, 
respectively, experienced complete recovery on long-term 

follow-up. Both motor and language neurological deficits 
arose in 4.1% (7/172) of the patients (Table 5).

The majority of the patients (16/19, 84.21%) who de-
veloped postoperative language deficits either had a giant 
or posterior insular tumor. By comparison, most patients 
developing postoperative motor deficits either had a giant 
or anterior insular tumor (20/23, 86.96%). Generally, pa-
tients with giant tumors were at a higher risk of developing 
postoperative neurological deficits (relative risk 1.58, p = 
0.038).

In addition to these deficits, over the course of long-
term follow-up, 8.97% (13/145) postoperatively asymp-
tomatic patients developed late-onset language or motor 
impairment. Among these, 76.92% (10/13) had a giant 
tumor. All patients who developed language impairment 
had dominant-sided tumors, whereas for patients with mo-
tor impairment, tumor location was evenly distributed be-
tween dominant and nondominant hemispheres. Overall, 
for LGG, transient deficit was recorded in 9.84% (12/122) 
and permanent deficit in 17.21% (21/122) patients. For 
HGG, transient deficit was recorded in 20% (10/50) and 
permanent deficit in 12% (6/50). In patients who developed 
permanent deficits, the incidence of postoperative infarc-
tion was 66.67% (18/27). Lenticulostriate artery infarction 
was detected in 40.74% (11/27) patients (Table 5).

Patients with transient deficit showed better survival 
than those with permanent deficits in both LGG and HGG 
(p < 0.05). LGG patients who did not develop any post-
surgical neurological deficit had a better OS (median not 
reached, mean 66.89 months, 95% CI 61.81–71.96 months, 
p < 0.001) than those who did develop some form of post-
operative neurological deficit (median 48.00 months, 95% 
CI 26.80–69.20 months, p < 0.001). Predictably, patients 
who developed both language and motor neurological 
deficits had the worst survival (median 41.50 months, 95% 

TABLE 4. Univariate and multivariate analyses of survival 
outcome in LGG patients

p 
Value HR

95% CI
Lower Upper

Univariate analysis
 Sex (female) 0.060 0.353 0.120 1.044
 Age (>45 yrs) 0.201 0.576 0.245 1.355
 Zone (giant tumor) 0.003 11.105 1.491 82.699
 EOR (≥90%) 0.001 0.195 0.072 0.533
 Hemisphere (lt) 0.879 1.073 0.432 2.666
 Putamen (non-involved) 0.515 0.755 0.324 1.758
 Preop seizures (yes) 0.984 1.01 0.378 2.701
 Adjuvant therapy (given) 0.624 0.738 0.218 2.499
 IDH1 (wild-type) 0.342 1.640 0.591 4.550
 MGMT promoter (unmethylated) 0.082 2.184 0.885 5.388
 TERT promoter (wild-type) 0.175 2.443 0.644 9.264
 1p/19q (intact) 0.381 1.707 0.509 5.726
 TP53 (wild-type) 0.049 0.314 0.119 0.827
 MIB-1 PI (≤5%) 0.013 0.314 0.119 0.827
Multivariate analysis
 Sex (male) 0.487 1.593 0.429 5.197
 Age (>45 yrs) 0.134 0.468 0.174 1.262
 Zone (giant tumor) 0.030 11.975 1.266 113.288
 EOR (≥90%) 0.009 0.229 0.076 0.665
 Hemisphere (rt) 0.300 0.561 0.188 1.675
 IDH1 (wild-type) 0.008 4.891 1.503 15.911

Boldface type indicates statistical significance.

TABLE 5. Distribution of patients who developed transient and 
permanent neurological deficits among 172 patients

Impairment
Transient 
Deficit (%)

Permanent 
Deficit (%)

Permanent Deficit 
Specifics

Language
 Giant
 Zone I+II
 Zone II+III
 Zone I+IV

13 (7.56)
9 (5.23)

1 (0.58)
3 (1.74)

—

6 (3.49)
3 (1.74)
1 (0.58)
1 (0.58)
1 (0.58)

Lenticulostriate artery 
infarction (n = 2, 
1.16%), language 
pathway resection (n 
= 2, 1.16%), M3 infarc-
tion (n = 2, 1.16%)

Motor
 Giant
 Zone I+IV
 Zone I+II
 Zone II+III

8 (4.65)
3 (1.74)
3 (1.74)
1 (0.58)
1 (0.58)

15 (8.72)
11 (6.40)
3 (1.74)
1 (0.58)

—

Lenticulostriate 
artery infarction (n 
= 8, 4.65%), motor 
pathway resection (n 
= 5, 2.90%), long M2 
perforator infarction 
(n = 2, 1.16%)

Language & motor
 Giant
 Zone I+IV
 Zone I+II
 Zone II+III

1 (0.58)
1 (0.58)

—
—
—

6 (3.49)
3 (1.74)
1 (0.58)
1 (0.58)
1 (0.58)

Lenticulostriate artery 
infarction (n = 1, 
0.58%), motor path-
way resection (n = 2, 
1.16%), M2 infarction 
(n = 3, 1.74%)
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CI 27.05–58.00 months, p = 0.001). In HGGs, develop-
ment of postoperative neurological deficits did not affect 
OS (Fig. 3).

Discussion
Due to the complexity of insular glioma surgeries, the 

selection of the most appropriate surgical technique for pa-
tients that allows maximal tumor resection while minimiz-
ing morbidity continues to remain problematic. Our large 
cohort study shows that the transcortical corridor, when 
combined with multimodal brain imaging and adequate 
mapping of cortical and subcortical eloquent brain regions, 
is an effective surgical approach for maximizing EOR in 
all insular zones and minimizing postoperative morbidity.

The transsylvian approach for accessing insular glio-
mas, first described by Yaşargil et al.38 and Hentschel and 
Lang,8 has developed over the years35 and continues to 
remain appealing to neurosurgeons due to its uniqueness. 
In this approach, a transsylvian corridor is created to ac-
cess the insula by opening the superficial and deep sylvian 
cisterns. However, multimodal imaging technology and 
techniques for cortical and subcortical mapping of brain 
function have recently advanced and dramatically expand-
ed surgical possibilities, making transcortical resection of 
insular tumors more popular. In this approach, opercular 
eloquence is mapped and opercular “windows” in func-
tionally silent cortical surfaces are created through which 
tumor is resected. In this approach, dominant posterior 
zone tumors are challenging to resect because the cortical 
windows to these tumors, at the parietotemporal junction, 
are often eloquent.4,6 Nevertheless, they can be approached 
through tailored corticotomies of the postcentral and/or 
supramarginal gyri.

In patients with eloquent opercular cortex precluding 
transcortical resection, the transsylvian approach is very 
suitable. A notable example is the frontal operculum that 
harbors Broca’s area (pars opercularis and triangularis) 
that is critical to speech. Also, for smaller tumors, this ap-
proach is useful because the insula can be reached without 
the need for performing cortical incisions. However, as our 
results demonstrate, most insular tumors (79.61%) extend 
into neighboring brain regions, and to maximally resect 
these tumors a greater degree of surgical freedom via wid-
ened transsylvian corridors would be required. Unfortu-
nately, the need to preserve the superficial sylvian veins 
bridging the sylvian fissure limits the surgical freedom of 
the transsylvian approach and the possible EOR. In fact, a 
cadaveric study1 explored the possibility of cutting these 
sylvian bridging veins to further widen the transsylvian 
surgical corridor for resecting larger tumors but found it 
unsafe in 30% of patients. Additionally, the narrow sylvian 
cistern greatly limits the resection of posterior insular tu-
mors, and in some instances, this approach could be insuf-
ficient to even expose these tumors.1 However, the median 
EOR (98.25%) achieved by our transcortical approach for 
posterior zone insular tumors was not limited by tumor 
location and was as high as that of other zones with good 
postoperative outcome.

Despite the advantages of resecting insular gliomas via 
the transsylvian corridor stemming from cortical sparing 

and a recent study mentioning no associated major surgi-
cal or neurological complications with it,25 some studies 
have documented complications in as many as 30% of pa-
tients undergoing this approach, and most of these compli-
cations arise from opercular retraction causing edema and 
ischemia of M3 branches.8,24,38 This approach also involves 
manipulation of delicate arteries within the sylvian fissure 
that can risk ischemic postoperative neurological defi-
cits.3,4,6 By comparison, the transcortical approach, when 
used with adjuncts as described in our surgical technique, 
has a significantly better morbidity profile as demonstrated 
by our results and others.4,8,27,28

Previously, Yaşargil et al.38 and Mandonnet et al.15 
have classified insular gliomas anatomically. In this study 
however, we used the Berger-Sinai classification.27 Be-
cause most tumors involving a single zone had a major-
ity of tumor body located outside the insula, we only in-
cluded patients with more than one insular zone clearly 
involved, with the main tumor body in the insula. Among 
these zones, giant LGG tumors demonstrated worst patient 
survival and had the lowest EOR. The greater preopera-
tive tumor volume and risk associated with their surgical 
resection may have limited their EOR, and consequently, 
patients’ OS. By comparison, when LGGs were limited to 
one of the ASPI zones, EOR and OS improved significant-
ly. Moreover, the PFS for these patients was almost twice 
that of patients with giant tumors. Based on these results, 
a more aggressive follow-up and adjuvant therapy regimen 
could be suggested for patients with LGG giant tumors. 
For HGGs, results suggest that the more aggressive tumor 
pathology of HGGs favoring invasiveness and penetration 
of anatomical barriers limits the applicability of this clas-
sification in predicting survival. Recently, Wang et al.36 
proposed a putamen-based classification that could predict 
patient survival. However, our results do not concur with 
this. A possible explanation could be that Wang et al. did 
not clarify tumor involvement of other brain zones besides 
the putamen, and this could have influenced outcome.

We found EOR to vary significantly among the various 
insular zones. Due to their close proximity to pyramidal 
tracts, posterior zone tumors had lesser EORs than ante-
rior zone tumors, while giant zone tumors had the lowest 
EORs because maximum effort was directed at preserv-
ing function during their resection. Resection of tumor at 
the posterior insular point, superior periinsular sulcus, and 
the putamen region (in close proximity to lenticulostriate 
arteries) presents difficulty; therefore, insular residual tu-
mor is most likely to be found here. This also explains the 
general lower mean EOR recorded for the posterior and 
superior insular region tumors. In the HGG group, me-
dian EOR was higher because of relatively visible blood 
brain barrier disrupting tumor margins. In addition, these 
tumors were resected more aggressively. The EORs for 
various insular zones from our large cohort could serve as 
a reference point for surgeons adopting the transcortical 
approach to estimate possible tumor resections for tumors 
in these zones and the accompanying OS.

EOR remains the most important determinant of OS, 
and this point is further supported by our adjuvant thera-
py survival analysis. Based on the National Comprehensive 
Cancer Network guidelines and clinical guidelines for di-
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agnosis and treatment of central nervous system gliomas 
in China (2015),39 LGG patients with GTR are followed up 
closely, while those with STR receive adjuvant therapy. Ad-
juvant therapy administration improved OS in patients with 
STR, and this explains why a statistically significant dif-
ference was not observed between LGG patients receiving 
and not receiving adjuvant therapy. However, in HGG pa-
tients, those who received adjuvant therapy demonstrated a 
better OS. It is worth noting that the few patients who did 
not or opted not to receive adjuvant therapy already had 
poor postoperative recovery, which also explained their 
short survival.

A comparison between the 2007 and 2016 WHO clas-
sifications was also performed, showing that grade III tu-
mors could now be more easily distinguished as lower or 
higher grade, which facilitates clinical decision-making in 
cases requiring more aggressive treatment. While some 
studies18 have shown differences in survival between grade 
II and III tumors, others have not.19,23 Therefore, we clas-
sified grade III tumors into lower and higher grade based 
on their survivals. Analysis of mutations prevalent in our 
cohort revealed the IDH1-mutant form to be more preva-
lent among giant tumors. Moreover, IDH1-mutant giant tu-
mor patients exhibited longer survival. By contrast, IDH1 
wild-type was more prevalent among ASPI tumor patients, 
yet their OS was longest. These data suggest that in addi-
tion to influencing patient prognosis, IDH1 mutation could 
also be a potential predictor of tumor growth tendencies. 
The improved survival in ASPI IDH1–wild-type patients 
could be due to smaller tumor size and improved EOR as 
compared to giant tumors with total insular involvement. 
A comparison between IDH1-mutant and IDH1–wild-type 
statuses could not be made for the various ASPI zone tu-
mor patients because of a smaller sample size.

The prevalence of postoperative transient deficits rang-
es from 14% to 59% and that of permanent deficit from 0% 
to 20%.4,9,31 In our study, postoperative transient deficit was 
recorded in 12.79% and permanent deficit in 15.70% of 
patients. Also, tumor recurrence symptoms included new 
late-onset deficits. Regarding location, the larger transcor-
tical window required to resect giant tumors could explain 
their relatively poorer prognosis. The results indicate that 
tumor location can predict the likelihood of developing 
postoperative neurological deficit in patients with insular 
glioma. Insular surgeries resulting in motor morbidity have 
been associated with a poorer prognosis.16,21 Similarly, we 
have shown the morbidity associated with development of 
neurological deficits.

In this study, investigation of survival among the vari-
ous individual insular tumor zones could not be performed 
due to inadequate sample size. In addition, complete clini-
cal follow-up data were not available for a significant num-
ber of our patients. These limitations warrant further in-
vestigation in this direction.

Conclusions
The transcortical surgical approach, when combined 

with adjuncts, maximizes EOR and improves postopera-
tive outcomes in patients with insular glioma. Moreover, 
in transcortical insular tumor resection, the Berger-Sinai 
classification independently predicts survival, EOR, and 

postoperative complications, which aids in clinical deci-
sion-making.
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