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1  |  INTRODUC TION

Glioma-related epilepsy (GRE) is a common manifestation ac-
companying glioma, occurring in approximately 60% of glioma 
patients.1 Superficial tumor location and isocitrate dehydroge-
nase (IDH) mutations are frequently implicated factors in the 

development of GRE.2 Both epilepsy and glioma induce changes 
in functional networks. Previous studies have reported associa-
tions between temporal and frontal GRE and alterations in func-
tional connectivity.3 As an integral part of the cortical structure, 
the insula plays a role in various functions, including cognition and 
sensorimotor activities.4 Similar to other lobes GRE, insular GRE 
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Abstract
Aims: We intend to elucidate the alterations of cerebral networks in patients with 
insular glioma-related epilepsy (GRE) based on resting-state functional magnetic reso-
nance images.
Methods: We collected 62 insular glioma patients, who were subsequently catego-
rized into glioma-related epilepsy (GRE) and glioma with no epilepsy (GnE) groups, and 
recruited 16 healthy individuals matched to the patient's age and gender to form the 
healthy control (HC) group. Graph theoretical analysis was applied to reveal differ-
ences in sensorimotor, default mode, visual, and executive networks among different 
subgroups.
Results: No significant alterations in functional connectivity were found in either 
hemisphere insular glioma. Using graph theoretical analysis, differences were found in 
visual, sensorimotor, and default mode networks (p < 0.05). When the glioma located 
in the left hemisphere, the degree centrality was reduced in the GE group compared 
to the GnE group. When the glioma located in the right insula, the degree central-
ity, nodal efficiency, nodal local efficiency, and nodal clustering coefficient of the GE 
group were lower than those of the GnE group.
Conclusion: The impact of insular glioma itself and GRE on the brain network is wide-
spread. The networks altered by insular GRE differ depending on the hemisphere lo-
cation. GRE reduces the nodal properties of brain networks than that in insular glioma.
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may disrupt the relationships between the insula and other brain 
regions. Consequently, there is a significant interest in investigat-
ing insular glioma and insular GRE. However, our understanding 
of the altered functional connectivity in insula glioma and insular 
GRE remains limited.

Resting-state MRI blood oxygen level-dependent (BOLD) sig-
nal measures changes in the brain's blood oxygen content, enabling 
the calculation of functional connections between different brain 
regions.5 Graphs are data structures composed of nodes and edges 
linking them.6 In a graphical representation of a brain network, 
each node represents a specific brain region, while edges signify 
the functional interactions between two brain regions. In recent 
years, there has been a growing interest in employing graph met-
rics to characterize aberrant large-scale brain networks.7,8 Previous 
studies have indicated that patients with insular epilepsy show an 
increase in the strength of cerebral network connections and a de-
crease in path length.9 However, the combined impact of glioma 
and epilepsy on cerebral networks is more intricate. There are 
fewer studies related to insular GRE. It remains uncertain whether 
insular glioma and insular GRE influence cerebral networks in a 
similar manner. Therefore, relying only on previous studies may 
impede antiepileptic therapy in patients with newly diagnosed gli-
oma. Therefore, it is crucial to conduct further analysis to better 
understand the effects of insular glioma itself and insular GRE on 
brain networks, providing essential insights for the preoperative 
management of seizure occurrences. To address this issue more ef-
fectively, the present study retrospectively enrolled both healthy 
individuals and patients with glioma to investigate the changes in 
brain networks associated with insular GRE and glioma.

2  |  METHODS

The study has been evaluated and approved by the ethics com-
munity of Beijing Tiantan Hospital, Capital Medical University (KY 
2020–146-02).

2.1  |  Participants

This study conducted a retrospective analysis of patients diagnosed 
with insular glioma at the Department of Neurosurgery, Beijing 
Tiantan Hospital, between July 2019 and June 2022. Patient infor-
mation, including age, gender, histopathology, IDH mutation status, 
and seizure history, was extracted from hospital records. Inclusion 
criteria were as follows: (1) age over 18 years; (2) right-handed; (3) 
tumor primarily located in the insula; (4) patients with documented 
epilepsy; (5) histopathological confirmation of glioma; and (6) the 
absence of a history of brain disease. Exclusion criteria included: 
(1) antiepileptic drug usage exceeding 30 days; (2) head movement 
exceeding 3 mm; (3) the presence of multifocal glioma; and (4) uncer-
tain history of epilepsy.

2.2  |  MRI acquisition

All MRI images were acquired from a 3 T MR scanner (MAGNETOM 
Prisma, Siemens). The acquisition parameters are as follows: (1) T2 
fluid-attenuated inversion recovery (FLAIR): echo time (TE) 581 ms; 
repetition time (TR) 5000 ms; flip angle (FA) 120°; Field of View (FOV) 
192 × 256 mm; voxel size 1 × 1 × 1 mm; (2) rs-fMRI: TE 35/30 ms; TR 
750/2000 ms; FOV 220 × 220/192 × 192 mm; FA, 80°/90°; voxel size, 
2.4 × 2.4 × 2.4/3.0 × 3.0 × 5.0 mm.

2.3  |  Image preprocessing progress

Lesion areas were manually delineated on T2 FLARE images by a 
neurosurgeon with 20 years of experience and produced as tumor 
masks using ITK-SNAP.10 All tumor masks were subsequently nor-
malized to the Montreal Neurological Institute (MNI) template using 
FSL.11 Rs-fMRI data was preprocessed using GRETNA.12 Major steps 
include: (1) the first five volumes data were removed; (2) slice tim-
ing; (3) realignment to correct head movement; (4) functional im-
ages were normalized to EPI template;13 (5) images were smoothed 
with a Gaussian kernel of 4 mm full-width at half maximum; (6) lin-
ear temporal detrending; (7) regression of nuisance variables (white 
matter signal: with WMMask3mm; CSF signal: with CSFMask3mm; 
head motion: Friston—24 parameters);14 and (8) temporal filtering 
(0.01–0.08 Hz).

2.4  |  Functional connectivity and the graph theory

The brain of each subject was partitioned into 210 cortical regions 
and 36 subcortical regions based on the human Brainnetome Atlas.15 
Based on previous studies, four subnetworks related to insula func-
tion were extracted to compute functional connectivity: the visual, 
left/right sensorimotor, left/right executive, and left/right default 
mode networks.16 To mitigate the impact of glioma, the contralat-
eral network was selected for calculating the sensorimotor, execu-
tive, and default mode networks. Subnetwork details are provided 
in Tables S1–S7.

We calculated the Pearson's correlation coefficient for the 
average time series of each region, subsequently creating the 
functional connectivity matrix. To enhance the statistical prop-
erties, we applied Fisher's Z transform to all functional connec-
tivity matrices. These matrices were then transformed into binary 
undirected graphs, spanning a range of sparsity values (0.16 to 
0.4, with intervals of 0.01). The minimum sparsity threshold is 
estimated using the Gretna_get_rmax command in GRETNA.17 
The area under the curve (AUC) is highly sensitive to the brain 
disease's topology. We calculated the AUC for the topological 
features within the defined threshold range. Global and node to-
pological features of the functional networks are calculated using 
the GRETNA12 package(Network Analysis toolbox): (1) global 
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    |  3 of 10HE et al.

properties: global efficiency, local efficiency; (2) small-world net-
works: the clustering coefficient (CP), Gamma, Lambda, Sigma and 
the shortest length (LP); and (3) nodal properties: the nodal effi-
ciency, nodal local efficiency, nodal clustering coefficient, degree 
centrality, and betweenness centrality.

2.5  |  Statistical analyses

Various statistical methods were employed to assess intergroup dif-
ferences in demographic and clinical characteristics. Depending on 
the nature of data, two-sample t-tests, one-way analysis of variance 
(ANOVA), and chi-square tests were used to compare characteris-
tics. Student's t-test was applied to compare functional connectiv-
ity differences between GE and GnE groups, and the results were 
subsequently post hoc test using the false discovery rate (FDR). 
The AUC of global and nodal topological features was compared by 
one-way ANOVA (corrected by false-positive-adjustment).18 If the 
corrected results show a difference, the least significant difference 

(LSD) test for post hoc pairwise global and node properties compari-
sons. p < 0.05 was considered significantly different.

3  |  RESULTS

Sixty-two patients (n = 30, R; n = 32, L) diagnosed with insular glioma 
were included in the study and statistically compared with 16 HC, 
while 21 patients were excluded (Figure 1). Thirty-four patients were 
included in the GE group based on the presence or absence of epi-
lepsy (17 patients with insular glioma in the right hemisphere and 17 in 
the left hemisphere), and 28 patients were divided into the GnE group 
(13 patients with insular glioma in the right hemisphere and 15 in the 
left hemisphere). The overlapping areas of lesions in both right and 
left glioma located in the insula (Figure 2). No significant differences 
were observed among the three groups concerning age, gender, and 
handedness. Additionally, there were no disparities in IDH mutation 
status, tumor volume, and pathology between the GE and GnE groups. 
(Tables 1 and 2).

F I G U R E  1 Pipeline of enrolling patients.
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3.1  |  Functional connectivity

The study revealed no significant difference in functional connec-
tivity between the GE and GnE groups of the four sub-networks in 
right and left sided glioma after FDR correction.

3.2  |  Global topological properties

In cases where the glioma situated in the right insula, the three 
groups exhibited variations in the local efficiency of the default mode 
network (p = 0.0355) as determined by one-way ANOVA (Figure 3A, 
Table S8). After a post-hoc correction with LSD correction, the local 

efficiency of GE (0.165 ± 0.002) was significantly lower compared to 
that of the HC group (0.174 ± 0.002, p = 0.0143). When glioma lo-
cated in the left insular lobe, none of the four networks detected 
global properties differences.

3.3  |  Small-world properties

Regarding small-world properties, both the CP (p = 0.0049) of 
the default mode network (Figure  3B, Table  S8) and the lambda 
(p = 0.0069) of the visual networks (Figure  3C, Table  S9) exhib-
ited differences among the three groups. After a post hoc correc-
tion with LSD correction, the lambda of the visual network in the 

Demographic characteristics

Patients

HC p-valuesGE GnE

Number 17 13 16 NA

Age, yearsa 43.94 ± 2.41 40.77 ± 3.65 42.2 ± 2.9 0.753

Gender, F/M 5/12 4/9 6/10 0.872

Handedness, R/L, n 17/0 13/0 16/0 NA

Tumor volume, cm3a 53.95 ± 11.08 43.26 ± 14.14 NA 0.551

Tumor grade

Grade 2 9 9 NA —

Grade 3 6 5

Grade 4 2 3

IDH status, Mutation/Wild-type 12/5 10/3 NA >0.999

Note: The p-values were determined by a one-way ANOVA for age, a χ2 test for gender, 
handedness, histopathology, IDH status, and a t-test for tumor volume.
aData are means ± standard errors.

TA B L E  1 Demographic and clinical 
characteristics of patients with right 
insular gliomas.

F I G U R E  2 Lesion overlap area for (A) left insular glioma and (B) right insular glioma.
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    |  5 of 10HE et al.

Demographic characteristics

Patients

HC p-valuesGE GnE

Number 17 15 16 NA

Age, yearsa 45.2 ± 3.1 46.1 ± 3.3 42.2 ± 2.9 0.654

Gender, F/M 6/11 6/9 6/10 0.96

Handedness, R/L, n 17/0 15/0 16/0 NA

Tumor volume, cm3a 62.33 ± 10.63 40.74 ± 8.88 NA 0.135

Tumor grade

Grade 2 8 10 NA —

Grade 3 5 4

Grade 4 4 1

IDH status, Mutation/Wild-type 11/6 12/3 NA 0.444

Note: The p-values were determined by a one-way ANOVA for age, a χ2 test for gender, 
handedness, histopathology, IDH status, and a t-test for tumor volume.
aData are means ± standard errors.

TA B L E  2 Demographic and clinical 
characteristics of patients with left insular 
gliomas.

F I G U R E  3 Results of global topology property changes among the three groups (p < 0.05, corrected). (A) Local efficiency of default mode 
network when glioma located in the right insula. (B) CP of default mode network when glioma located in the right insula. (C) Lambda of visual 
network when glioma located in the right insula. (D) Lambda of visual network when glioma located in the left insula. The GE group = glioma-
related epilepsy group. The GnE group = glioma with no related epilepsy. The HC group = healthy control group. * p < 0.05, ** p < 0.01, *** 
p < 0.001 (LSD corrected)
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6 of 10  |     HE et al.

GE (0.263 ± 0.004, p = 0.0030) and GnE (0.267 ± 0.007, p = 0.0163) 
groups was significantly lower than that in the HC (0.287 ± 0.007) 
group. Furthermore, the CP values of the default mode networks in 
the GE (0.136 ± 0.002, p = 0.0031) and GnE groups (0.137 ± 0.003, 
p = 0.007) were also significantly lower than those in the HC group 
(0.145 ± 0.002).

When glioma located in the left insula, differences in the vi-
sual networks’ lambda (p = 0.0009) were observed among the 
three groups, similar to the findings in the right insula (Figure 3D, 
Table  S10). After a post hoc correction with LSD correction, the 
Lambda of the visual network in the GE (0.264 ± 0.004, p = 0.0015) 
and GnE (0.262 ± 0.003, p = 0.0007) groups was significantly lower 
than that in the HC group (0.287 ± 0.007).

The global properties of the remaining networks (left/right sen-
sorimotor and left/right executive network) did not differ among the 
three groups (p < 0.05, corrected).

3.4  |  Nodal topological properties

Nodal properties of the sensorimotor and the default mode net-
works differed when the glioma in the right insular lobe (Figure 4, 
Tables S11–S14). After correcting for false-positive tests, A6cvl_L 

(caudal ventrolateral area 6) showed differences in the sensorimo-
tor network. Nodal efficiency (p = 0.0008), nodal local efficiency 
(p = 0.0003), and nodal clustering coefficient (p = 0.0003) varied 
among the three groups. In A6cvl_L, GnE exhibited higher nodal 
efficiency (0.113 ± 0.005) than GE (0.072 ± 0.009, p = 0.0029) 
and HC groups (0.061 ± 0.010, p = 0.0003). Nodal local efficiency 
in the GnE group (0.187 ± 0.013) was significantly higher than 
GE (0.082 ± 0.019, p = 0.0002) and HC groups (0.083 ± 0.020, 
p = 0.0003). Additionally, nodal clustering coefficient in the GnE 
group (0.175 ± 0.012) was higher than GE (0.076 ± 0.017, p = 0.0002) 
and HC groups (0.080 ± 0.019, p = 0.0004). In the default mode net-
work, betweenness centrality of A35/36c_L (caudal area 35/36, 
p = 0.0012) differed after correction for false-positive tests. In 
A35/36c_L, the GE (0.906 ± 0.303) had weaker betweenness cen-
trality than the GnE (4.361 ± 1.206, p = 0.0104) and the HC groups 
(5.593 ± 1.070, p = 0.0004).

When the glioma in the left insular lobe, nodal properties of the 
visual and default mode networks differed (Figure 5, Tables S15–
S20). After correcting for false-positive tests, rLinG_L(R) (ros-
tral lingual gyrus) showed differences in degree centrality 
(p < 0.0001), nodal efficiency (p = 0.0004), nodal local efficiency 
(p = 0.0012), and nodal clustering coefficient (p = 0.0007). In 
rLinG_L, GE (0.893 ± 0.139) had lower degree centrality than the 

F I G U R E  4 Results of nodal topology property changes among the three groups when glioma is located in the right hemisphere (p < 0.05, 
corrected). The GE group = glioma-related epilepsy group. The GnE group = glioma with no related epilepsy. The HC group = healthy control 
group. * p < 0.05, ** p < 0.01, *** p < 0.001 (LSD corrected).
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GnE (1.397 ± 0.144, p = 0.0095) and HC group (1.882 ± 0.108, 
p < 0.0001). The nodal efficiency of the GE group (0.101 ± 0.009) 
was also lower than the GnE (0.129 ± 0.006, p = 0.0052) and the 
HC groups (0.140 ± 0.005, p = 0.0002). Regarding rLinG_R, the 
nodal local efficiency of the GE (0.140 ± 0.017) was lower than the 
GnE (0.190 ± 0.008, p = 0.0040) and the HC groups (0.200 ± 0.007, 
p = 0.0006). Nodal clustering coefficient of the GE (0.117 ± 0.014) 
was also lower than the GnE (0.166 ± 0.010, p = 0.0037) and the 
HC groups (0.178 ± 0.008, p = 0.0003). A8m_R (Medial area 8) 
in the default mode network has differences in nodal clustering 
coefficient (p = 0.0013) and betweenness centrality (p = 0.0005) 
after correction for false-positive tests. In A8m_R, the nodal 
clustering coefficient was lower in the HC group (0.127 ± 0.006) 
than that in the GE (0.160 ± 0.005, p = 0.0003) and the GnE 
groups (0.148 ± 0.007, p = 0.0225). On the contrary, betweenness 

centrality was significantly higher in the HC group (7.133 ± 0.899) 
than that in the GE (3.093 ± 0.561, p = 0.0003) and the GnE groups 
(3.712 ± 0.713, p = 0.0021).

After correction, nodal properties of the remaining network 
(left/right executive network) were not different between the three 
groups (p < 0.05, corrected).

4  |  DISCUSSION

This study explores the distinctions in functional networks be-
tween insular glioma and insular GRE. Our study identified al-
terations in the sensorimotor, default mode, and visual networks 
among patients with insular glioma and GRE. The specific impact 
varied based on the hemisphere of injury: right insular glioma and 

F I G U R E  5 Results of nodal topology property changes among the three groups when glioma is located in the left hemisphere (p < 0.05, 
corrected). The GE group = glioma-related epilepsy group. The GnE group = glioma with no related epilepsy. The HC group = healthy control 
group. * p < 0.05, ** p < 0.01, *** p < 0.001 (LSD corrected).
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GRE predominantly affected the sensorimotor and default mode 
networks, whereas left insular glioma and GRE primarily altered the 
visual and default mode networks. Compared to the nodal proper-
ties of insular glioma itself, GRE reduces the nodal attributes of the 
brain network.

Differential alterations observed in the three sub-networks il-
lustrate the impact of insular glioma and GRE on brain networks. 
The function of the insula involves sensorimotor and cognitive func-
tions but is not limited to them.4,19 Recent studies have found that 
the insula shows higher activation responses in visual and auditory 
modalities.20,21 Our study identified that insular glioma exhibit a ca-
pacity to reorganize visual and sensorimotor networks, consistent 
with findings from prior research.22,23 Alterations in the topological 
properties of the visual network were predominantly observed in 
the left brain, while changes in the topological properties of the sen-
sorimotor network were evident in the right brain. This discrepancy 
may be attributed to functional lateralization, a fundamental princi-
ple of brain organization.24,25 The triple network model, consisting 
of the executive network, default mode network, and salience net-
work, holds significant sway over cognitive processes. The anterior 
insula governs the activity of the default mode network.26,27 Our 
results also indicate that insular glioma and GRE can induce changes 
in the default mode network. The salience network, anchored in the 
anterior insula, assumes a pivotal role in initiating network switch-
ing.28-30 Tumor-induced disruptions of cortico-cortical connections 
may disrupt this process.31 Therefore, we posited that insular glioma 
might indirectly impact the default mode network through the sa-
liency network.

The strength of functional connections between brain regions, 
often referred to as functional connectivity, is a measure of the 
degree of synchrony.32 In contrast to the observed differences in 
functional connectivity between glioma and GRE in the temporal 
and frontal lobes, no significant distinctions were identified in the 
context of insular glioma. Small-world properties gauge the de-
gree of integration and segregation in brain functions.33,34 Both 
the GE and GnE groups exhibited smaller small-world properties 
in visual and default mode networks than the HC group. Visual 
and default mode networks undergo reorganization in the pres-
ence of glioma, affirming the critical role of the insula in these 
networks.

The nodal properties highlight the differences between the GE 
and GnE groups. When the glioma located on the right side, the 
nodal properties of the GE group were significantly lower than those 
of the GnE group, but no significant difference was observed com-
pared to the HC group. This finding suggests that the glioma acti-
vated nodes, while GRE inhibited them. When the glioma was on the 
left side, the nodal properties of the GE group were also lower than 
those of the GnE group. However, the nodal properties of the GnE 
group were comparable to those of healthy individuals. In summary, 
GRE inhibits node activation.

However, a major limitation of the study is that glioma induces 
changes in the structure and integrity of the peritumoral vascula-
ture, consequently influencing the vascular microenvironment.35,36 

In this study, computations were conducted utilizing contralateral 
brain networks for three networks, excluding the visual network. 
As a result, it was challenging to discern network alterations on 
the glioma-affected side. In future investigations, we intend to ad-
dress this limitation and explore the specific alterations within the 
glioma-affected networks. Another limitation of our study lies in the 
challenge of assessing the impact of antiepileptic drugs on the func-
tional network. The influence of antiepileptic drugs on functional 
networks is known to be dose-dependent, capable of either acti-
vation or inhibition.37,38 In our investigation, patients with epilepsy 
were administered antiepileptic drugs, but the duration of usage was 
relatively short. In addition, due to the limited sample size, we did 
not categorize the epilepsies to explore the differences between the 
different types of epilepsy. Future studies will continue to include 
more patients to discuss how different epilepsy types alter the insula 
glioma brain network.

5  |  CONCLUSIONS

Our study indicates that the impact of insular glioma itself and 
GRE on the brain network is widespread. Insular glioma and GRE 
in distinct hemispheres induce modifications in various functional 
networks. In addition, GRE reduced brain network nodal properties 
than that in glioma. These findings contribute significantly to our 
comprehension of the alterations in functional networks associated 
with glioma and GRE. Moreover, the study offers novel insights into 
strategies for both preoperative and postoperative epilepsy preven-
tion in individuals with insular glioma. In our future research, we will 
explore the combination of molecular mechanisms and imaging to 
deeply analyze the link between glioma and epilepsy. We hope that 
by elucidating the specific mechanisms by which glioma triggers 
epilepsy, we can provide a scientific basis for the innovation and ad-
vancement of therapeutic approaches.

AUTHOR CONTRIBUTIONS
The conceptual foundation of the research: JX and ZGH. Data acqui-
sition and analysis: ZCY, BWX, XYS, CHZ, ZYL, CDY, HQ, and SJS. 
Data interpretation: QFH and ZGH. Figures and drafting creation: 
QFH. Writing the first draft: QFH and ZGH. Supervision research: 
ZHD and JX. All contributing authors have examined and endorsed 
the finalized manuscript and jointly agree to its submission for journal 
publication.

ACKNOWLEDG MENTS
We would like to express our sincere appreciation to Dr. Yaou Liu, 
Director of the Radiology Department at Beijing Tiantan Hospital, 
Capital Medical University, for his invaluable assistance in the acqui-
sition of imaging data.

FUNDING INFORMATION
This study was supported by the National Natural Science 
Foundation of China (82172028).

 17555949, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14805 by C

ochraneItalia, W
iley O

nline L
ibrary on [20/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  9 of 10HE et al.

CONFLIC T OF INTERE S T S TATEMENT
The authors declared that they have no conflicts of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Zonggang Hou   https://orcid.org/0000-0002-4674-0413 

R E FE R E N C E S
	 1.	 Chen H, Judkins J, Thomas C, et al. Mutant IDH1 and seizures in pa-

tients with glioma. Neurology. 2017;88(19):1805-1813. doi:10.1212/
WNL.0000000000003911

	 2.	 Englot DJ, Chang EF, Vecht CJ. Epilepsy and brain tumors. Handbook 
of Clinical Neurology. Vol 134. Elsevier; 2016:267-285. doi:10.1016/
B978-0-12-802997-8.00016-5

	 3.	 Fang S, Wang Y, Jiang T. Epilepsy enhance global efficiency of lan-
guage networks in right temporal lobe gliomas. CNS Neurosci Ther. 
2021;27(3):363-371. doi:10.1111/cns.13595

	 4.	 Chang LJ, Yarkoni T, Khaw MW, Sanfey AG. Decoding the role of the 
insula in human cognition: functional parcellation and large-scale 
reverse inference. Cereb Cortex. 2013;23(3):739-749. doi:10.1093/
cercor/bhs065

	 5.	 Bijsterbosch J, Smith SM, Beckmann C. An Introduction to Resting 
State fMRI Functional Connectivity. Oxford University Press; 2017. 
Accessed January 13, 2024. https://​books.​google.​ca/​books?​hl=​
en&​lr=​&​id=​JDwkD​wAAQB​AJ&​oi=​fnd&​pg=​PP1&​dq=​intro​ducti​
on+​to+​resti​ng+​state​+​fmri+​funct​ional​&​ots=​cbv50​Uu2YL​&​sig=​
sps2m​po8-​W8IC5​9uSy8​lJQO-​tZU.

	 6.	 Sporns O. Networks of the Brain. MIT Press; 2016.
	 7.	 Bullmore E, Sporns O. Complex brain networks: graph theoretical 

analysis of structural and functional systems. Nat Rev Neurosci. 
2009;10(3):186-198. doi:10.1038/nrn2575

	 8.	 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. doi:10.1152/
physrev.00033.2019

	 9.	 Yin C, Zhang X, Xiang J, et al. Altered effective connectivity net-
work in patients with insular epilepsy: a high-frequency oscil-
lations magnetoencephalography study. Clin Neurophysiol off J 
Int Fed Clin Neurophysiol. 2020;131(2):377-384. doi:10.1016/j.
clinph.2019.11.021

	10.	 Yushkevich PA, Piven J, Hazlett HC, et al. User-guided 3D active 
contour segmentation of anatomical structures: significantly im-
proved efficiency and reliability. NeuroImage. 2006;31(3):1116-
1128. doi:10.1016/j.neuroimage.2006.01.015

	11.	 Jenkinson M, Beckmann CF, Behrens TEJ, Woolrich MW, Smith 
SM. FSL. NeuroImage. 2012;62(2):782-790. doi:10.1016/j.
neuroimage.2011.09.015

	12.	 Wang J, Wang X, Xia M, Liao X, Evans A, He Y. GRETNA: a 
graph theoretical network analysis toolbox for imaging con-
nectomics. Front Hum Neurosci. 2015;9:386. doi:10.3389/
fnhum.2015.00386

	13.	 Calhoun VD, Wager TD, Krishnan A, et al. The impact of T1 versus 
EPI spatial normalization templates for fMRI data analyses. Hum 
Brain Mapp. 2017;38(11):5331-5342. doi:10.1002/hbm.23737

	14.	 Friston KJ, Williams S, Howard R, Frackowiak RS, Turner R. 
Movement-related effects in fMRI time-series. Magn Reson Med. 
1996;35(3):346-355. doi:10.1002/mrm.1910350312

	15.	 Fan L, Li H, Zhuo J, et  al. The human Brainnetome atlas: a new 
brain atlas based on connectional architecture. Cereb Cortex. 
2016;26(8):3508-3526. doi:10.1093/cercor/bhw157

	16.	 Fang S, Li L, Weng S, et al. Altering patterns of sensorimotor net-
work in patients with different pathological diagnoses and glioma-
related epilepsy under the latest glioma classification of the 
central nervous system. CNS Neurosci Ther. 2023;29(5):1368-1378. 
doi:10.1111/cns.14109

	17.	 Watts DJ, Strogatz SH. Collective dynamics of “small-world” net-
works. Nature. 1998;393(6684):440-442. doi:10.1038/30918

	18.	 Ji GJ, Yu Y, Miao HH, Wang ZJ, Tang YL, Liao W. Decreased net-
work efficiency in benign epilepsy with centrotemporal spikes. 
Radiology. 2017;283(1):186-194. doi:10.1148/radiol.2016160422

	19.	 Deen B, Pitskel NB, Pelphrey KA. Three Systems of Insular 
Functional Connectivity Identified with cluster analysis. Cereb 
Cortex. 2011;21(7):1498-1506. doi:10.1093/cercor/bhq186

	20.	 Crottaz-Herbette S, Menon V. Where and when the anterior cin-
gulate cortex modulates attentional response: combined fMRI and 
ERP evidence. J Cogn Neurosci. 2006;18(5):766-780. doi:10.1162/
jocn.2006.18.5.766

	21.	 Kim H. Involvement of the dorsal and ventral attention networks 
in oddball stimulus processing: a meta-analysis. Hum Brain Mapp. 
2014;35(5):2265-2284. doi:10.1002/hbm.22326

	22.	 Almairac F, Deverdun J, Cochereau J, et  al. Homotopic redistri-
bution of functional connectivity in insula-centered diffuse low-
grade glioma. NeuroImage Clin. 2021;29:102571. doi:10.1016/j.
nicl.2021.102571

	23.	 Almairac F, Duffau H, Herbet G. Contralesional macrostruc-
tural plasticity of the insular cortex in patients with glioma: a 
VBM study. Neurology. 2018;91(20):e1902-e1908. doi:10.1212/
WNL.0000000000006517

	24.	 Kong XZ, Mathias SR, Guadalupe T, et  al. Mapping cortical brain 
asymmetry in 17,141 healthy individuals worldwide via the 
ENIGMA consortium. Proc Natl Acad Sci USA. 2018;115(22):E5154
-E5163. doi:10.1073/pnas.1718418115

	25.	 Toga AW, Thompson PM. Mapping brain asymmetry. Nat Rev 
Neurosci. 2003;4(1):37-48. doi:10.1038/nrn1009

	26.	 Chao THH, Lee B, Hsu LM, et al. Neuronal dynamics of the default 
mode network and anterior insular cortex: intrinsic properties 
and modulation by salient stimuli. Sci Adv. 2023;9(7):eade5732. 
doi:10.1126/sciadv.ade5732

	27.	 Menon V, Cerri D, Lee B, Yuan R, Lee SH, Shih YYI. Optogenetic 
stimulation of anterior insular cortex neurons in male rats reveals 
causal mechanisms underlying suppression of the default mode 
network by the salience network. Nat Commun. 2023;14(1):866. 
doi:10.1038/s41467-023-36616-8

	28.	 Goebel R, Roebroeck A, Kim DS, Formisano E. Investigating directed 
cortical interactions in time-resolved fMRI data using vector au-
toregressive modeling and granger causality mapping. Magn Reson 
Imaging. 2003;21(10):1251-1261. doi:10.1016/j.mri.2003.08.026

	29.	 Seeley WW, Menon V, Schatzberg AF, et  al. Dissociable intrin-
sic connectivity networks for salience processing and execu-
tive control. J Neurosci. 2007;27(9):2349-2356. doi:10.1523/
JNEUROSCI.5587-06.2007

	30.	 Menon V. Large-scale brain networks and psychopathology: a uni-
fying triple network model. Trends Cogn Sci. 2011;15(10):483-506. 
doi:10.1016/j.tics.2011.08.003

	31.	 Jütten K, Weninger L, Mainz V, et  al. Dissociation of structural 
and functional connectomic coherence in glioma patients. Sci Rep. 
2021;11(1):16790. doi:10.1038/s41598-021-95932-5

	32.	 Kenzie JM, Rajashekar D, Goodyear BG, Dukelow SP. Resting state 
functional connectivity associated with impaired proprioception 
post-stroke. Hum Brain Mapp. 2024;45(1):e26541. doi:10.1002/
hbm.26541

	33.	 Sporns O, Honey CJ. Small worlds inside big brains. Proc Natl Acad 
Sci. 2006;103(51):19219-19220. doi:10.1073/pnas.0609523103

	34.	 Rubinov M, Sporns O. Complex network measures of brain connec-
tivity: uses and interpretations. NeuroImage. 2010;52(3):1059-1069. 
doi:10.1016/j.neuroimage.2009.10.003

 17555949, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14805 by C

ochraneItalia, W
iley O

nline L
ibrary on [20/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-4674-0413
https://orcid.org/0000-0002-4674-0413
https://doi.org//10.1212/WNL.0000000000003911
https://doi.org//10.1212/WNL.0000000000003911
https://doi.org//10.1016/B978-0-12-802997-8.00016-5
https://doi.org//10.1016/B978-0-12-802997-8.00016-5
https://doi.org//10.1111/cns.13595
https://doi.org//10.1093/cercor/bhs065
https://doi.org//10.1093/cercor/bhs065
https://books.google.ca/books?hl=en&lr=&id=JDwkDwAAQBAJ&oi=fnd&pg=PP1&dq=introduction+to+resting+state+fmri+functional&ots=cbv50Uu2YL&sig=sps2mpo8-W8IC59uSy8lJQO-tZU
https://books.google.ca/books?hl=en&lr=&id=JDwkDwAAQBAJ&oi=fnd&pg=PP1&dq=introduction+to+resting+state+fmri+functional&ots=cbv50Uu2YL&sig=sps2mpo8-W8IC59uSy8lJQO-tZU
https://books.google.ca/books?hl=en&lr=&id=JDwkDwAAQBAJ&oi=fnd&pg=PP1&dq=introduction+to+resting+state+fmri+functional&ots=cbv50Uu2YL&sig=sps2mpo8-W8IC59uSy8lJQO-tZU
https://books.google.ca/books?hl=en&lr=&id=JDwkDwAAQBAJ&oi=fnd&pg=PP1&dq=introduction+to+resting+state+fmri+functional&ots=cbv50Uu2YL&sig=sps2mpo8-W8IC59uSy8lJQO-tZU
https://doi.org//10.1038/nrn2575
https://doi.org//10.1152/physrev.00033.2019
https://doi.org//10.1152/physrev.00033.2019
https://doi.org//10.1016/j.clinph.2019.11.021
https://doi.org//10.1016/j.clinph.2019.11.021
https://doi.org//10.1016/j.neuroimage.2006.01.015
https://doi.org//10.1016/j.neuroimage.2011.09.015
https://doi.org//10.1016/j.neuroimage.2011.09.015
https://doi.org//10.3389/fnhum.2015.00386
https://doi.org//10.3389/fnhum.2015.00386
https://doi.org//10.1002/hbm.23737
https://doi.org//10.1002/mrm.1910350312
https://doi.org//10.1093/cercor/bhw157
https://doi.org//10.1111/cns.14109
https://doi.org//10.1038/30918
https://doi.org//10.1148/radiol.2016160422
https://doi.org//10.1093/cercor/bhq186
https://doi.org//10.1162/jocn.2006.18.5.766
https://doi.org//10.1162/jocn.2006.18.5.766
https://doi.org//10.1002/hbm.22326
https://doi.org//10.1016/j.nicl.2021.102571
https://doi.org//10.1016/j.nicl.2021.102571
https://doi.org//10.1212/WNL.0000000000006517
https://doi.org//10.1212/WNL.0000000000006517
https://doi.org//10.1073/pnas.1718418115
https://doi.org//10.1038/nrn1009
https://doi.org//10.1126/sciadv.ade5732
https://doi.org//10.1038/s41467-023-36616-8
https://doi.org//10.1016/j.mri.2003.08.026
https://doi.org//10.1523/JNEUROSCI.5587-06.2007
https://doi.org//10.1523/JNEUROSCI.5587-06.2007
https://doi.org//10.1016/j.tics.2011.08.003
https://doi.org//10.1038/s41598-021-95932-5
https://doi.org//10.1002/hbm.26541
https://doi.org//10.1002/hbm.26541
https://doi.org//10.1073/pnas.0609523103
https://doi.org//10.1016/j.neuroimage.2009.10.003


10 of 10  |     HE et al.

	35.	 Lee J, Lund-Smith C, Borboa A, Gonzalez AM, Baird A, Eliceiri BP. 
Glioma-induced remodeling of the neurovascular unit. Brain Res. 
2009;1288:125-134. doi:10.1016/j.brainres.2009.06.095

	36.	 Venkatesh HS, Morishita W, Geraghty AC, et  al. Electrical 
and synaptic integration of glioma into neural circuits. Nature. 
2019;573(7775):539-545. doi:10.1038/s41586-019-1563-y

	37.	 Wandschneider B, Stretton J, Sidhu M, et al. Levetiracetam reduces 
abnormal network activations in temporal lobe epilepsy. Neurology. 
2014;83(17):1508-1512. doi:10.1212/WNL.0000000000000910

	38.	 Vollmar C, O'Muircheartaigh J, Barker GJ, et  al. Motor system 
hyperconnectivity in juvenile myoclonic epilepsy: a cognitive 
functional magnetic resonance imaging study. Brain J Neurol. 
2011;134(Pt 6):1710-1719. doi:10.1093/brain/awr098

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: He Q, Yang Z, Xue B, et al. Epilepsy 
alters brain networks in patients with insular glioma. CNS 
Neurosci Ther. 2024;30:e14805. doi:10.1111/cns.14805

 17555949, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cns.14805 by C

ochraneItalia, W
iley O

nline L
ibrary on [20/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1016/j.brainres.2009.06.095
https://doi.org//10.1038/s41586-019-1563-y
https://doi.org//10.1212/WNL.0000000000000910
https://doi.org//10.1093/brain/awr098
https://doi.org/10.1111/cns.14805

	Epilepsy alters brain networks in patients with insular glioma
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Participants
	2.2|MRI acquisition
	2.3|Image preprocessing progress
	2.4|Functional connectivity and the graph theory
	2.5|Statistical analyses

	3|RESULTS
	3.1|Functional connectivity
	3.2|Global topological properties
	3.3|Small-­world properties
	3.4|Nodal topological properties

	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


