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Potential predictors of awake
surgery failure for insular glioma
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To accomplish maximal safe resection for insular glioma (IG), we perform awake surgery (AS) for

1G. The aim of our study was to identify potential predictors of AS failure for IG. We retrospectively
reviewed the records of 24 patients with 1Gs who underwent resection between January 2014 and April
2024. Their baseline characteristics and clinical outcomes were examined and we analysed the factors
associated with AS failure. AS was planned and performed successfully in 13 cases (the AS group). In
five cases, AS was planned but failed due to sleepiness or delayed awakening. AS was not planned

in six cases. These 11 cases were assigned to the non-AS (NAS) group. The median extent of tumor
resection was 87.7% in the AS group vs. 58.0% in the NAS group (p=0.004). There were no cases with
postoperative permanent neurological deficits in both groups. Basal ganglionic involvement, which
means the high-intensity area on Fluid Attenuated Inversion Recovery imaging is found in the basal
ganglia consisting of the striatum and globus pallidus, was significantly associated with AS failure. AS
contributes significantly to the maximal resection of I1G. Basal ganglionic involvement is a potential
predictor of AS failure for IG.
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The surgical principle for glioma is maximal safe resection. Insular glioma (IG) resection remains challenging
because of the complex functional involvement and the intricate vascularization of the insular lobe!~’. The
insular lobe has a variety of functions ranging from sensory processing to representing feelings and emotions,
autonomic and motor control, risk prediction and decision-making, self-awareness, and complex social functions
like empathy®°. In terms of anatomy, the insular lobe has a complex shape and a rich vascular supply extending
from the internal carotid and middle cerebral arteries. Besides, the basal ganglia, which is related to sleep and
wakefulness, is located adjacent to the insular cortex. There is evidence that the extent of tumor resection
(EOR) greatly impacts survival in patients with IGs!®!!. Therefore, we need a surgical strategy to increase the
EOR. To accomplish the maximal safe resection for IG, we use functional magnetic resonance imaging (MRI),
tractography, and the Wada test routinely as a preoperative examination, and cortical and subcortical mapping,
sensory-evoked potential (SEP), motor-evoked potential (MEP), and cortico-cortical evoked potential (CCEP)
as an intraoperative monitoring. In addition, we perform awake surgery (AS) with intraoperative MRI (iMRI)
for IG. However, in some cases, there is a relative contraindication to AS because of various factors and risks!?-1°.
Therefore, the benefits of AS should outweigh its risks and it would be beneficial to know in advance whether AS
will be successful to avoid its risk. There have been several studies about the predictors of AS failure for glioma,
while no reports have been published regarding the predictors of AS failure for IG. In this study, we aimed to
identify potential predictors of AS failure for IG by evaluating the usefulness of AS.

Results

Baseline patient population

Twenty-seven patients underwent surgery for IG over 10 years at Kyoto University Hospital. Of these, 24
who underwent surgical resection were included in the final analysis. AS was planned for 18 patients. AS was
successfully performed for 13 (Successful AS group), while five others experienced AS failure due to sleepiness
or delayed awakening (Failed AS group). AS was not planned for six patients because of cognitive impairment,
low Karnofsky Performance Status (KPS), location on the non-dominant side, or age below 10 years. As a
result, 13 and 11 patients were included in the AS and NAS groups, respectively (Fig. 1). The demographic
and baseline characteristics of the patients in the two groups are presented in Table 1. The median age was 47.5
years, with 70.1% of patients being male. Based on WHO (World Health Organization) 2021 classification, there
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Fig. 1. Patient flow chart. Awake surgery (AS) was planned and performed successfully in 13 cases, which were
assigned to the AS group (the successful AS group). In five cases, AS was planned but failed due to sleepiness
or delayed awakening (the failed AS group). AS was not planned in six cases (the unplanned AS group). These
11 cases (failed AS +unplanned AS) were assigned to the NAS group.

were 13 astrocytomas, 4 oligodendrogliomas, 6 glioblastomas, and 1 diffuse paediatric-type high-grade glioma,
H3-wildtype and IDH-wildtype. In all cases, iMRI was employed. The NAS group had a higher proportion
of patients with basal ganglionic involvement than the AS group (72.7% vs. 23.1%, p= 0.04), while the other
baseline characteristics did not differ significantly between the two groups.

Surgical outcomes

The surgical outcomes of the participants in the two groups are presented in Table 2. The median postoperative
residual tumor volume was significantly lower in the AS group than in the NAS group (2.2 ml vs. 41.4 ml, p=
0.015), and the EOR was significantly higher in the AS group than in the NAS group (87.7% vs. 58.0%, p= 0.004).
There were no statistically significant differences in the additional resection after iMRI, ischemic complication,
hemorrhagic complication, and KPS deterioration at discharge between the two groups. The incidence of
postoperative transient neurological deficits was 15.4% in the AS group and 18.2% in the NAS group. There were
no cases with postoperative permanent neurological deficits in this study.

Awake surgery (AS) failure

There were five cases of AS failure in this analysis (Tables 3 and 4), and they were all due to sleepiness or delayed
awakening. The failed AS group had a significantly higher proportion of patients with basal ganglionic involvement
than the successful AS group (100% vs. 23.1%, p= 0.007), suggesting that basal ganglionic involvement is a
potential predictor of AS failure for IG. The other baseline characteristics did not differ significantly between
the two groups (Table 3). The presence of known predictors associated with AS failure and basal ganglionic
involvement in each case is summarized in Table 4.

Discussion

In our hospital, AS is performed for IG to accomplish the maximal safe resection in principle. In this study, the
authors demonstrated that AS can contribute to the increase in EOR for IG and that basal ganglionic involvement
is a potential predictor of AS failure for IG.

A meta-analysis has demonstrated that AS with intraoperative stimulation mapping is associated with more
extensive glioma resection and fewer late severe neurologic deficits'®. It has also been described that brain
mapping during awake craniotomy helps to maximize EOR while preserving neurological function in patients
with dominant insular lobe glioma'”. In our study, EOR was significantly higher in the AS group than in the NAS
group (87.7% vs. 58.0%, p = 0.004; Table 2), suggesting that AS is associated with the increase in EOR for IG and
can contribute to the increase in EOR for IG. AS helps us to aggressively resect the tumor close to the internal
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Surgical resection, | AS group, | NAS group,
Characteristic N=24 N=13 N=11 P
Age (years) 0.57
Median 475 49 47
Range 8-74 28-62 8-74
Male 17 (70.1%) 8(61.5%) |9 (81.8%) 0.38
Preoperative KPS 0.26
100 13 (54.2%) 7 (53.8%) | 6 (54.5%)
90 7 (29.2%) 5(38.4%) |2(18.2%)
80 1(4.2%) 0 (0%) 1(9.1%)
70 1 (4.2%) 1(7.7%) | 0(0%)
60 2 (8.3%) 0 (0%) 2 (18.2%)
Aphasia 4(16.7%) 2(15.4%) | 2(18.2%) 1.00
Left side 13 (54.2%) 6(46.2%) |7 (63.6%) | 0.44
No prior operation 19 (79.2%) 11 (84.6%) | 8 (72.7%) 0.63
Intraoperative consultation 0.41
High grade glioma 14 (58.3%) 5(38.5%) |7(63.6%)
Low grade glioma 10 (41.7%) 8 (61.5%) |4 (36.4%)
WHO 2021 classification 0.43
Astrocytoma, IDH-mutant, grade 2 9 (37.5%) 6 (46.2%) | 3(27.3%)
Astrocytoma, IDH-mutant, grade 3 4(16.7%) 3(23.1%) |1(9.1%)
Oligodendroglioma, IDH-mutant and 1p/19q-codeleted, grade 2 3(12.5%) 1(7.7%) 2 (18.2%)
Oligodendroglioma, IDH-mutant and 1p/19q-codeleted, grade 3 1(4.2%) 1(7.7%) 0 (0%)
Glioblastoma, IDH-wildtype 6 (25.0%) 2 (15.4%) | 4(36.4%)
Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype | 1 (4.2%) 0 (0%) 1(9.1%)
Preoperative tumor volume (cm?) 0.13
Median 59.5 46.0 79.7
Range 3.7-171.9 3.7-167.4 |10.7-171.9
Basal ganglionic involvement 11 (45.8%) 3(23.1%) | 8(72.7%) 0.04
Surgical approach 0.22
Transsylvian approach 21 (87.5%) 10 (77.0%) | 11 (100%)
Transcortical approach 3 (12.5%) 3(23.0%) | 0(0%)
iMRI 24 (100%) 13 (100%) | 11(100%) | 1.0
CCEP 16 (66.7%) 8(61.5%) | 8(72.7%) 0.68
MEP 21 (87.5%) 10 (77.0%) | 11 (100%) | 0.22

Table 1. Demographic, clinical, and procedural characteristics. AS awake surgery, CCEP cortico-cortical
evoked potential,IDH socitrate dehydrogenase, iMRI intraoperative magnetic resonance imaging, KPS
Karnofsky performance status, MEP motor evoked potential, NAS non-awake surgery, WHO World Health
Organization.

capsule and language areas by performing cortical and subcortical mapping!®!%. The EOR of IG in the AS group
in our study was comparable to that reported in previous studies'®!"1°-2l. However, the EOR of IG in the NAS
group in our study was relatively low (Table 5). This finding suggests that we should predict and avoid AS failure
and strive to increase the EOR in the NAS group, which includes cases of AS failure. In our study, the rate of
postoperative transient neurological deficit and postoperative permanent neurological deficit was 15.4% and
0%, respectively, in the AS group. These rates are comparable to those reported in previous studies. Moreover, in
the NAS group, the rates of postoperative transient and permanent neurological deficits were also comparable
to those in previous studies (Table 5)1%11:19-22 These results suggest that we prioritized safe IG resection in the
NAS group, leading to a decrease in the EOR.

There have been several studies referring to the predictors of AS failure, although the definition of AS
failure is different between them. It has been described that preoperative cognitive dysfunction, low KPS,
female patients, left-sided surgery, remifentanil administration, asthma, long duration of surgery after cortical
mapping, aphasia, IDH1 wild-type tumors, and recurrence (prior operation), 70 years or older, uncontrolled
epileptic seizures, previous oncological treatment, hyperperfusion on MRI, and mass effect on midline were
predictors of AS failure (Table 6)!%1523-27, To the best of our knowledge, this is the first report demonstrating that
basal ganglionic involvement is a potential predictor of AS failure for IG. It has also been reported that there are
several contraindications to AS, including a significant mass effect despite preoperative diuretics and steroids,
obesity (Body mass index > 30), obstructive apnea, psychiatric history, emotional instability, juvenility (Age <10
years), and severe preoperative function impairment!'>!. Appropriate patient selection is crucial for ensuring AS
success?. In this study, we had five cases of AS failure (Tables 3 and 4). There was a higher incidence of AS failure
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Surgical resection, | AS group, | NAS group,
Outcome N=24 N=13 N=11 P
Residual tumor volume (cm?) 0.015
Median 12.9 22 414
Range 0-95.3 0-95.3 2.1-723
EOR (%) 0.004
Median 78.5 87.7 58.0
Range 13.1-100 39.1-100 13.1-90.1
Additional resection after iMRI 10 (41.7%) 6(46.2%) | 4(36.4%) 0.70
Ischemic complication 3 (12.5%) 2(15.4%) | 1(9.1%) 1.0
Hemorrhagic complication 0(0%) 0(0%) 0 (0%) 1.0
Deterioration of KPS at discharge 0 (0%) 0 (0%) 0 (0%) 1.0
Postoperative transient neurological deficits 4 (16.7%) 2(15.4%) | 2(18.2%) 1.0
Postoperative permanent neurological deficits | 0% 0% 0% 1.0

Table 2. Clinical outcomes, awake surgery versus non-awake surgery for insular glioma. AS awake surgery,
EOR extent of resection, iMRI intraoperative magnetic resonance imaging, KPS Karnofsky performance status,
NAS non-awake surgery.

in this study (5 in 18 cases). The rate of AS failure depends on the definition of AS failure. In the present study, we
defined AS failure as cases in which neurological monitoring could not be performed due to sleepiness or delayed
awakening during planned AS. Among these five cases, the only common denominator was basal ganglionic
involvement, which means the high-intensity area on FLAIR imaging is found in the basal ganglia consisting of
the striatum and globus pallidus. Basically, the basal ganglia are involved in motor function, habit formation,
and reward or addictive behaviors. In addition, findings based on electrophysiology, neurotoxic lesioning, and
the use of transgenic animals have established that the striatum and globus pallidus are key structural elements
for the control of sleep and wakefulness. The basal ganglia are strongly connected to the cortex, thalamus, and
amygdala, as well as midbrain dopaminergic neurons. They act as a cohesive functional unit in regulating the
vigilance state of wakefulness**-3!. Therefore, our findings are in accordance with these previous reports. In cases
with basal ganglionic involvement, modifying the anesthetic technique may represent a viable option.

Nevertheless, our study has some limitations. Being a single-center study with a relatively small sample size,
its findings have limited generalizability. Therefore, more multicenter studies with larger samples should be
conducted in the future to further investigate our findings.

Conclusions

AS with iMRI contributes significantly to the maximum possible safe resection for IG. It is necessary to discuss
and measure predictors of AS failure before surgery. Basal ganglionic involvement could be a good predictor of
AS failure for IG.

Methods

Patient population

This study is approved by Ethics Committee of Kyoto University Graduate School of Medicine (approval number:
R2088). The requirement for individual informed consent was waived by Ethics Committee of Kyoto University
Graduate School of Medicine. The study was conducted in accordance with the Declaration of Helsinki. In
this single-center retrospective study, we collected data on IGs for which craniotomy was performed at Kyoto
University Hospital between January 2014 and April 2024. When we can monitor neurological findings during
planned AS, we define the surgery as successful AS. On the other hand, when we cannot monitor neurological
findings due to sleepiness or delayed awakening during planned AS, we define the surgery as failed AS. Patients
for whom AS was performed successfully were assigned to the “Awake surgery group (AS group) or Successful
AS group” and those for whom AS failed or AS was not planned intentionally based on the previous reports
regarding contraindications to AS were assigned to the “Non-awake surgery group (NAS group)”'%!432 In
addition, the authors assigned the patients for whom AS failed to the “Failed AS group” and the patients for
whom AS was not planned intentionally to the “Unplanned AS group”

Preoperative examination

The MRI protocol was a standard T1-weighted MRI with gadolinium contrast, T2-weighted MRI, and Fluid
Attenuated Inversion Recovery (FLAIR) MRI in all patients. The high-intensity area on FLAIR imaging that
is found in the basal ganglia consisting of the striatum and globus pallidus was defined as basal ganglionic
involvement (Fig. 2). In addition, we used functional MRI, tractography, and the Wada test to establish the
dominant side and the locations of language-related functions®*. Preoperative assessments of higher cognitive
functions, including language, and motor functions were conducted by speech therapists (STs), physical
therapists (PTs), and occupational therapists (OTs).
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Successful AS

group, Failed AS group,
Characteristic N=13 N=5 P
Age (years) 0.96
Median 49 47
Range 28-62 37-57
Male 8 (61.5%) 4 (80.0%) 0.61
Preoperative KPS 0.54
100 7 (53.8%) 2 (40.0%)
90 5 (38.4%) 2 (40.0%)
80 0 (0%) 0 (0%)
70 1(7.7%) 0 (0%)
60 0 (0%) 1 (20.0%)
Aphasia 2 (15.4%) 2 (40.0%) 0.53
Left side 6 (46.2%) 5 (100%) 0.10
No prior operation 11 (84.6%) 4 (80.0%) 1.0
Intraoperative consultation 1.0
High grade glioma 5(38.5%) 2 (40.0%)
Low grade glioma 8 (61.5%) 3(60.0%)
WHO 2021 classification 0.41
Astrocytoma, IDH-mutant, grade 2 6 (46.2%) 2 (40.0%)
Astrocytoma, IDH-mutant, grade 3 3(23.1%) 0 (0%)
Oligodendroglioma, IDH-mutant and 1p/19q-codeleted, grade 2 | 1 (7.7%) 1(20.0%)
Oligodendroglioma, IDH-mutant and 1p/19q-codeleted, grade 3 | 1 (7.7%) 0 (0%)
Glioblastoma, IDH-wildtype 2 (15.4%) 2 (40.0%)
Preoperative tumor volume (cm?) 0.17
Median 46.0 79.7
Range 3.7-167.4 22.7-171.9
Basal ganglionic involvement 3(23.1%) 5 (100%) 0.007
Surgical approach 0.52
Transsylvian approach 10 (77.0%) 5 (100%)
Transcortical approach 3(23.0%) 0 (0%)
iMRI 13 (100%) 5 (100%) 1.0
CCEP 8 (61.5%) 5 (100%) 0.25
MEP 10 (77.0%) 5 (100%) 0.52

Table 3. Demographic, clinical, and procedural characteristics. AS awake surgery, CCEP cortico-cortical
evoked potential, iMRI intraoperative magnetic resonance imaging, KPS Karnofsky performance status, MEP
motor evoked potential, NAS non-awake surgery.

Awake surgery, intraoperative monitoring, and intraoperative MRI (iMRI)

In principle, we performed the resection of IG through a transsylvian approach. AS was performed as per the
Guidelines for Awake Surgery Committee of The Japan Awake Surgery Conference®”. Patients were positioned
in a semilateral position with the head turned parallel to the floor. After craniotomy, cortical and subcortical
language, motor, and sensory mapping were conducted with CCEP, MEP, and SEP. Defining the medial resection
boundary is feasible in most cases through identification of the lenticulostriate arteries and functional mapping
of the internal capsule!®!#3, Intraoperative assessments of language and motor functions were conducted by
STs, PTs, and OTs. The selected tasks were practiced several times preoperatively until the patient was able to
respond with confidence. As neuropsychological testing, language tasks, including spontaneous speech, naming
(visual naming and naming from verbal descriptions) and counting, were performed. We performed iMRI using
High-field 3 Tesla MRI, MAGNETOM Verio Dot (SIEMENS). Intraoperative imaging protocol included T1-
weighted MRI with gadolinium contrast and FLAIR. iMRI was conducted based on the surgeon’s assessment
that the majority of the targeted lesion had been resected within functional boundaries identified through awake
brain mapping. If any residual resectable tumor was detected, additional resection was performed.

Patient outcome measurements

Neurosurgical examinations were performed preoperatively and one day, one week, three months, and six months
after surgery. Patients with no clinical improvement at the 6-month follow-up examination were considered to
have a permanent neurological deficit. In all cases, MRI was performed one day after surgery and we evaluated
ischemic and hemorrhagic complications.
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Failed AS group Known factors associated with AS failure | Basal ganglionic involvement
57 y.0, male Left-sided surgery, aphasia Yes
55 y.0, female Left-sided surgery Yes
47 y.o, male Left-sided surgery, aphasia, IDH-wildtype | Yes
37 y.o, female Left-sided surgery, prior operation Yes
47 y.0, male Left-sided surgery, IDH-wildtype Yes
Successful AS group

28 y.0, male Left-sided surgery, aphasia Yes
31 y.o, female Left-sided surgery No
50 y.0, male None No
39 y.0, male Left-sided surgery No
62 y.0, male None No
49 y.o, female None Yes
54 y.0, male Left-sided surgery, aphasia Yes
43 y.0, male Prior operation No
58 y.0, male IDH-wildtype No
38 y.0, female Prior operation No
55 y.0, female Left-sided surgery, IDH-wildtype No
48 y.0, male Left-sided surgery No
60 y.0, female None No

Table 4. Factors associated with awake surgery (AS) failure. AS Awake surgery, IDH Isocitrate dehydrogenase,

y.0 years old.
EOR (median) Postoperative transient neurological deficits | Postoperative permanent neurological deficits
Overall (in our study), N= 24 78.5% 4(16.7%) 0 (0%)
AS group (in our study), N= 13 87.7% 2 (15.4%) 0 (0%)
NAS group (in our study), N=11 | 58.0% 2 (18.2%) 0 (0%)
19
I[\)fiﬂ?;l’ etal”, Total or subtotal resection: 77% | 59% 4%
H 10
Sana et al. %, 84.5% 13% 5%
11
Skrap, etal.”, 80% 27.4% 6%
20
Esconu, etal. 91.7% 19% 2.7%

Table 5. The EOR and the rate of neurological deficits compared to previous studies. AS awake surgery, EOR
extent of resection, NAS non-awake surgery.

Volumetric analysis

The Brainlab Elements software (Origin server 3.3., Brainlab, Germany, https://www.brainlab.com/) was used
to compute volumetric analyses of both preoperative and postoperative tumoral volume by using contrast-
enhanced T1-weighted images for glioblastomas and FLAIR images for the other types of tumor. The EOR was
calculated as follows: (preoperative tumor volume — postoperative tumor volume)/preoperative tumor volume.

Statistical analysis

Continuous variables were presented as median values with ranges. They were assessed for normality and
compared using the Mann-Whitney U. Categorical variables were presented as frequencies and percentages
and compared using the ¥ test or Fisher’s exact test. A P-value of <0.05 was considered statistically significant.
Analyses were performed using the statistical software JMP (Version 16.1.0, SAS Institute Inc., Cary, NC, USA,

https://www.jmp.com/en/software).
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Cases
Author and Year | (Number) | Subject Definition of AS failure Predictors of AS failure
Itoi et al.?%, 2015 37 thma, metastasis, meningioma, | p, . monitoring of neurological findings due to sleepiness Cognitive dysfunction
malignant lymphoma
2 ™ - -
Gernsback etal, | |, Glioma, metastasis, others Intolerance of AS Female, left‘51ded surgery, remifentanil
2018 administration
Abaziou et al.'%, 162 Brain tumor Events leading to stopping of the cerebral mapping Asthma, remifentanil infusion, long
2020 (Respiratory failure, hemodynamic instability, seizure, etc.) | duration of surgery after cortical mapping
Takami et al./, Glioma, metasta'sw,‘mahgnant Intraoperative adverse events (emotional intolerance, air Cognitive decline, dysphasia, low KPS
562 lymphoma, meningioma, abscess, : ) .
2021 others embolism, generalized seizure, enexpected SAH) (<70)
: 2%
%12210 taetal ™, 55 Brain tumor, epilepsy Poor monitoring of neurological findings due to somnolence | Aphasia
. 2 Supratentorial glioma in or near | Poor monitoring of neurological findings due to delayed IDH1 wild-type tumor, repeated
Lin et al.*%, 2023 117 . .
eloquent areas awakening craniotomy
: - 70 years or older, uncontrolled epileptic
Glioma, metastasis, cavernous seizures, previous oncological treatment,
Elia et al.!®, 2023 384 angioma, dysembryoplastic Insufficient intraoperative cooperation h > Pre 8 ?
S yperperfusion on MRI, mass effect on
neuroepithelial tumor, etc. e
midline
Takada et al., 24 Tnsular glioma Poor monitoring of neurological findings due to sleepiness Basal ganglionic involvement

Present study

or delayed awakening

Table 6. Known predictors of awake surgery (AS) failure. AS awake surgery, IDH isocitrate dehydrogenase,
KPS Karnofsky performance status, MRI magnetic resonance imaging, SAH subarachnoid hemorrhage.

Fig. 2. Basal ganglionic involvement. The high-intensity area on Fluid Attenuated Inversion Recovery (FLAIR)
imaging that is found in the basal ganglia consisting of the striatum and globus pallidus was defined as basal
ganglionic involvement.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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