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A B S T R A C T

Background: Neurosurgical resection of insular gliomas is complicated by the possibility of iatrogenic injury to the
lenticulostriate arteries (LSAs) and is associated with devastating neurological complications, hence the need to
accurately assess the number of LSAs and their relationship to the tumor preoperatively.
Methods: The study included 24 patients with insular gliomas who underwent preoperative 3D-TOF MRA to
visualize LSAs. The agreement of preoperative magnetic resonance imaging with intraoperative data in terms of
the number of LSAs and their invasion by the tumor was assessed using the Kendall rank correlation coefficient
and Cohen's Kappa with linear weighting. Agreement between experts performing image analysis was estimated
using Cohen's Kappa with linear weighting.
Results: The number of LSAs arising from the M1 segment varied from 0 to 9 (mean 4.3 � 0.37) as determined by
3D-TOF MRA and 2–6 (mean 4.25 � 0.25) as determined intraoperatively, κ ¼ 0.51 (95% CI: 0.25–0.76) and τ ¼
0.64 (p < 0.001). LSAs were encased by the tumor in 11 patients (confirmed intraoperatively in 9 patients). LSAs
were displaced medially in 8 patients (confirmed intraoperatively in 8 patients). The tumor partially involved the
LSAs and displaced them in 5 patients (confirmed intraoperatively in 7 patients), κ ¼ 0.87 (95% CI: 0.70–1), τ ¼
0.93 (p < 0.001). 3D-TOF MRA demonstrated high sensitivity (100%, 95% CI: 0.63–1) and high specificity
(86.67%, 95% CI: 0.58–0.98) in determining the LSA–tumor interface.
Conclusions: 3D-TOF MRA at 3T demonstrated sensitivity in determining the LSA–tumor interface and the number
of LSAs in patients with insular gliomas.
1. Introduction

Glial tumors account for up to 40–50% of all primary brain tumors,
and a significant proportion of these tumors (25% of all low-grade and
10% of all high-grade gliomas) arise from or involve the insula (Duffau
and Capelle, 2004). The first stage in the treatment of intrinsic insular
tumors according to modern standards is their microsurgical removal
(Weller et al., 2017). Despite advances in neurosurgery, the resection of
intrinsic insular tumors remains a daunting task (Hervey-Jumper and
Berger, 2019), leading to a high incidence of postoperative neurological
Trube).
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deficits primarily related to the complex surgical anatomy of this area.
The cortex of the insula is covered by the frontal, temporal, and parietal
opercula and does not extend to the superficial surface of the brain.
Medial to the insular lobe are the basal ganglia, internal capsule, which
are supplied by the lenticulostriate arteries (LSAs).

LSAs are small-diameter (0.3–1.2 mm) branches of the M1 segment of
the middle cerebral artery. Although the number of LSAs varies from 1 to
21 Bykanov et al., 2015; Marinkovi�c et al., 2001; Türe et al., 2000;
Umansky, 1985, the occlusion of even one artery can lead to an extensive
infarction of the subcortical ganglia and the internal capsule because
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there is no collateral blood supply between the LSAs Marinkovi�c et al.,
2001. Injury to any individual LSA during insular surgery can cause se-
vere and irreversible neurological deficits, including persistent hemi-
paresis due to ischemic damage to the internal capsule) (Eseonu et al.,
2017; Hameed et al., 2019; Hentschel and Lang, 2005; Lang et al., 2001;
Wang et al., 2017. As a result, the preoperative detection of the intra-
parenchymal courses and the location of LSAs relative to the tumor
margins is of particular importance as a factor in the selection and
planning of patients for surgical treatment. In cases where glial tumors
involve the LSAs, the feasibility of radical tumor removal without
neurological deficit is significantly reduced (Kawaguchi et al., 2014;
Moshel et al., 2008). Tumor involvement of LSAs significantly increases
the likelihood of persistent neurological deficit and decreases the overall
survival rate (Kawaguchi et al., 2014; Moshel et al., 2008).

A non-invasive method of preoperative visualization of LSAs that is
widely used in clinical practice is three-dimensional time-of-flight mag-
netic resonance angiography (3D-TOF MRA) (Bykanov et al., 2015; Rao
et al., 2018; Saito et al., 2009) (Table 2). However, the specificity and
sensitivity of this method in determining the number and course of
perforating arteries of such a small diameter remain unknown. The goal
of the present study is to evaluate whether 3D-TOF MRA can successfully
determine the number of LSAs and their relation to tumor tissue in pa-
tients with insular gliomas of the brain compared to intra-operative
evaluation.

2. Materials and methods

The present, prospective study was approved by The Ethics Board of
our institution in accordance with the 1964 Helsinki Declaration and its
later amendments. Written informed consent was obtained from each
patient who participated in this study.

2.1. Patient selection

During the period from June 2012 to March 2018, 59 preoperative
3D-TOF MRA studies were performed at our institute to determine the
course, relation to tumor margins, and number of LSAs in patients with
presumed glial insular lobe tumors. The inclusion criteria for the study
were: 1) pathologically proven glial tumor in the insula; 2) absence of
contraindications to MRI; 3) microsurgical removal of the tumor as the
first stage of treatment; 4) adequate intraoperative evaluation of the
number of LSAs and their relation to tumor. Metastases and nonglial
tumors were excluded from the study, because they were not likely to be
infiltrative and encase the LSAs. 24 patients met the inclusion criteria and
were included in the study.

2.1.1. Preoperative imaging protocol
Magnetic resonance imaging (MRI) was performed (Signa HDxt 3.0 T,

GE Healthcare, Milwaukee, WI, USA) according to the following proto-
col: T2 (slice thickness ¼ 3 mm), T2 CUBE (slice thickness ¼ 0.8 mm),
FLAIR-CUBE (slice thickness¼ 0.8 mm), diffusion-weighted imaging and
FSPGR (slice thickness ¼ 1 mm) sequences before intravenous contrast
and FSPGR (slice thickness - 1 mm). All patients underwent 3D-TOFMRA
without contrast enhancement. 3D-TOF MRA was performed in the axial
plane using a gradient echo pulse sequence with the following parame-
ters: repetition time (TR) ¼ 19 ms, echo time (TE) ¼ 3.4 ms, flip angle ¼
18�, field of view ¼ 240 mm, matrix ¼ 1024 � 1024, slice thickness ¼
1.2 mm, gap between the slices in the reconstruction ¼ 0.3 mm, and
voxel size ¼ 0.234 � 0.234 � 1.2 mm. The 3D-TOF MRA images were
used to create maximum intensity projections on an ADW (GE Health-
care, Milwaukee, WI, USA) workstation. The total time of the MRI study
was 40–45 min. LSAs were identified as linear hyperintense signals
arising from theM1 segment of the middle cerebral artery and continuing
into the subcortical nuclei and the internal capsule.
2

2.1.2. Image post-processing and analysis
For more accurate visualization of tumor tissue margins, a combina-

tion of coronal T2 images and MR angiography was displayed on the
Advantage Windows (AW) server 3.2 Ext 2.0 workstation using the
SynchroView and NeuroRegistration software (GE Healthcare, Milwau-
kee, WI, USA). Image analysis (number, course, and relation of LSAs to
tumor tissue) was performed independently by two neuroradiologists
with more than 5 years of experience each, and in cases of discrepancy
between the results, the opinion of a third expert (neuroradiologist, with
more than 15 years of experience) was used to reach consensus.
Encasement of the LSA was defined using 3D TOF MRA fused with 3DT2
CUBE/3DT2FLAIR-CUBE images.

Three variants (Fig. 1) of the relationship between the tumor and LSA
were identified: I - all LSAs were completely encased by the tumor; II -
LSAs were partially encased by the tumor; and III - LSAs displaced
medially without signs of tumor growth around arteries. The tumor
volume was measured in every patient before and after surgery.

Segmentation and volume measurements were performed pre- and
postoperatively in the axial plane on AW workstation (AW Volume Share
5, GE,USA). The tumor volume was estimated on T2 and FLAIR images.

2.1.3. Surgical approach
In all patients, the trans-sylvian approach was used to access the

insular lobe. In two patients this approach was supplemented with an
opercular resection. Proximal dissection of the sylvian fissure was per-
formed until the insula was reached, the M1 segment of the middle ce-
rebral artery was exposed, and when it became possible to visualize the
LSAs. Intraoperative indocyanine green fluorescence angiography was
used to optimize LSA identification and counting.

Evoked motor potential monitoring (Nicolet Viking Select device;
Natus) was conducted in all cases. Two methods for brain stimulation
were used: transcranial and direct cortical stimulation. Neuro-navigation
system (Medtronic, StealthStation S7) with tractography and intra-
operative ultrasound (BK Medical, Pro Focus) were used to aid tumor
excision.

Post-operative deficits were defined as the development of a new
neurological deficit, or the deterioration of the existing deficit of motor
function in the immediate post-operative period. If the neurological
deficit persisted for three months postoperatively, it was considered as
permanent.

2.1.4. Statistical analysis
Statistical software R v3.6.0 (IBM, Armonk, NY, USA) was utilized for

statistical analysis. Continuous variables were presented as means and
standard deviations. Cohen's kappa with linear weighting was used to
test interrater reliability. The number of LSAs determined by 3D-TOF
MRA was assessed against intraoperative data using the Kendall rank
correlation coefficient and Cohen's kappa. The sensitivity and specificity
of each method to determine the number of arteries were calculated.
Odds ratio with 95% CI was calculated for a new motor neurological
deficit in the early postoperative period (<24 h after surgery) for patients
with variant II or III (LSAs displaced medially or partially encased by the
tumor) versus patients with variant I (LSAs completely encased by the
tumor) of the LSA–tumor interface.

3. Results

The study included 11 male and 13 female patients. Patient age
ranged from 21 to 60 years (median, 35.2). In 11 (46%) patients, the
tumor was in the left hemisphere; in the remaining 13 (54%) patients, the
tumor was in the right hemisphere. According to the 2016 World Health
Organization (WHO) classification, tumors were: diffuse astrocytoma,
isocitrate dehydrogenase (IDH)-mutant (n ¼ 14, 58.3%; WHO grade II);
diffuse astrocytoma, IDH-wildtype (n ¼ 1, 4.1%; WHO grade II); oligo-
dendroglioma, IDH-mutant and 1p/19q-codelected (n ¼ 3, 12.5%; WHO
grade II); anaplastic astrocytoma, IDHmutant (n¼ 4, 16.7%; WHO grade



Fig. 1. Three variants of the LSA–tumor interface.
a, b, c: variant III: LSAs are displaced medially by the glioma of the left insular lobe (T), without signs of tumor growth around arteries. Anatomical drawing (a),
coronal 3D-TOF MRA image (b), and intraoperative photo of the same patient (c).
d, e, f: variant II: partial tumor invasion of the arteries with medial displacement of the LSAs. Anatomical drawing (d), coronal 3D-TOF MRA image (e), and
intraoperative photo of the same patient (f).
g, h, i: variant I: LSAs are encased by the tumor. Anatomical drawing (g), coronal 3D-TOF MRA image (h), and intraoperative photo of the same patient (i).
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III); and anaplastic oligodendroglioma IDH-mutant and 1p/19q-code-
lected (n ¼ 2, 8.3%; WHO grade III).

The median tumor volume before surgery was 56.6 cm3. The median
residual tumor volume after surgery was 4.72 cm3.

Using 3D-TOF MRA, agreement between experts was high for deter-
mining the number of LSAs (κ ¼ 0.90 [95% CI: 0.80–1]) as well as for
determining the LSA–tumor interface (κ ¼ 1) [95% CI: 1; 1]. Using 3D-
TOF MRA, the number of LSAs arising from the M1 segment of the
middle cerebral artery was determined to range from 0 to 9 (mean 4.3 �
0.37). Intraoperatively, the number of lenticulostriate arteries arising
from the M1 segment of the middle cerebral artery was determined to
range from 2 to 6 (mean 4.25 � 0.25). 3D-TOF MRA and intraoperative
methods were significantly correlated: κ ¼ 0.51 (95% CI: 0.25–0.76) and
τ ¼ 0.65 (p < 0.001).

Three variants (Figs. 1 and 2) of the LSA–tumor interface were
identified (Table 1). When comparing 3D-TOF MRA with intraoperative
Fig. 2. Variant III of the LSA–tumor interface. LSAs (arrow) are displaced by
tumor tissue in the medial direction and form an arcuate bend along the medial
margin of the tumor.

3

visualization in terms of encasement by tumor tissue, 3D-TOF MRA was
significantly correlated with intraoperative visualization: κ ¼ 0.87 (95%
CI: 0.70–1); τ ¼ 0.93 (p < 0.001). 3D-TOF MRA also demonstrated high
sensitivity (100%, 95% CI: 0.63–1) and high specificity (86.67%, 95% CI:
0.58–0.98) in determining the LSA–tumor interface.
3.1. Surgical outcomes

In the early postoperative period (24 h after surgery), a new motor
neurological deficit related to LSA injury was observed in 6 (25%) pa-
tients (3 patients with variant I of the LSA–tumor interface, 2 patients
with variant II, 1 patient with variant III). The odds ratio (variant II or III
vs variant I) was 3.18 (95% CI: 0.30–33.26) but was not statistically
significant. In one patient (4%), direct damage of the internal capsule
without signs of ischemia on DWI was recorded. In this patient, the pa-
tient's paresis was due to iatrogenic injury to the internal capsule and not
to injury of the LSAs. Three months after surgery, permanent neurolog-
ical deficit was observed in only 1 (4.1%) patient (variant I of the
LSA–tumor interface).

4. Discussion

The visualization of LSAs has clinical importance in both neurology
and neurosurgery. In neurology, many articles have demonstrated a
statistically significant correlation between the number of LSAs and the
risk of developing hypertension (Chen et al., 2011, 2016), cerebral
perforating artery disease, and deep cerebral infarction (Kang et al.,
2010; Liang et al., 2019; Seo et al., 2012). The evaluation of the number
and length of LSAs can be used as important factor in assessing the risk of
recurrent ischemic stroke (Zhang et al., 2019).

In neurosurgical practice, the preservation of LSAs remains one of the
most difficult tasks in insular glioma surgery (Pitskhelauri et al., 2021;



Table 1
Characteristics of preoperative and intraoperative data of 24 patients.

No of
case

The number of LSAs LSAs-tumor interface variant: Histopathology, IDH1 mutation
status

Cause of postoperative motor deficit

3D-TOF
MRA

Intraoperatively 3D-TOF
MRA

Intraoperatively

1 4 4 1 2 diffuse astrocytoma (IDH1þ) No new deficit
2 4 5 1 1 diffuse astrocytoma (IDH1þ) LSA injury
3 4 6 3 3 diffuse astrocytoma (IDH1-) No new deficit
4 4 3 2 2 diffuse astrocytoma (IDH1þ) LSA injury
5 3 3 1 1 anaplastic astrocytoma (IDH1þ) LSA injury
6 6 6 2 2 diffuse astrocytoma (IDH1þ) No new deficit
7 2 2 2 2 oligodendroglioma (IDH1þ) No new deficit
8 0 3 3 3 diffuse astrocytoma (IDH1þ) No new deficit
9 3 3 1 1 diffuse astrocytoma (IDH1þ) No new deficit
10 4 4 2 2 diffuse astrocytoma (IDH1þ) LSA injury
11 6 5 3 3 anaplastic oligodendroglioma

(IDH1þ)
No new deficit

12 4 4 3 3 anaplastic astrocytoma (IDH1þ) No new deficit
13 4 4 1 1 diffuse astrocytoma (IDH1þ) No new deficit
14 7 5 1 2 anaplastic astrocytoma (IDH1þ) No new deficit
15 9 6 2 2 diffuse astrocytoma (IDH1þ) No new deficit
16 5 5 3 3 anaplastic astrocytoma (IDH1þ) LSA injury
17 4 4 3 3 diffuse astrocytoma (IDH1þ) No new deficit
18 4 4 3 3 diffuse astrocytoma (IDH1þ) No new deficit
19 6 6 1 1 diffuse astrocytoma (IDH1þ) direct damage of the IC
20 4 4 1 1 diffuse astrocytoma (IDH1þ) No new deficit
21 3 5 3 3 oligodendroglioma (IDH1þ) No new deficit
22 7 4 1 1 oigodendroglioma (IDH1þ) No new deficit
23 4 4 1 1 diffuse astrocytoma (IDH1þ) No new deficit
24 3 3 1 1 anaplastic

oligodendroglioma(IDH1þ)
LSA injury

κ ¼ 0.508 (95% CI: 0.2539;
0.7621) τ ¼ 0.6447 (p ¼
0.0002)

κ ¼ 0.873 (95% CI: 0.7045; 1);
τ ¼ 0.9253(p < 0.0001)

The odds ratio (variant II or III vs variant I) - 3.18 (95% CI:
0.30–33.26).

1- LSAs encased by the tumor.
2- partial tumor growth around
arteries.
3- LSAs pushed medially

Table 2
Clinical data of patients in related neurosurgical reports.

Author Year Number of
patients

Type of study Scanner Modality Used Assessment of the
LSAs–tumor interface

Assessment of the
number of LSAs

Intraoperative
verification

Saito et al. (2009) 2009 3 Prospective 3T 3D TOF MRA with
contrast

Yes No No

Bykanov et al.
(2015)

2014 20 Prospective 3T 3D TOF MRA with
contrast

Yes No No

Kawaguchi et al.
(2014)

2014 83 Retrospective 3.0-T or
1.5-T

3D TOF MRA with
contrast

Yes No No

�Ste�no et al.
(2016)

2016 2 Prospective NA 3D TOF MRA Yes No Yes (3DUS)

Rao et al. (2018) 2017 48 Prospective 1.5T 3D TOF MRA with
contrast

Yes No No

Present study 2021 24 Prospective 3T 3D TOF MRA with
contrast

Yes Yes Yes (IFA)

Fig. 3. Photographs of brain specimens. a: fiber dissection reveals vascularization of the basal ganglia and vascularization of the internal capsule by the LSAs
(arrow). Colored needles show the boundaries of the insular lobe. b: anterior perforated substance and the LSAs (arrow).

A.E. Bykanov et al. Brain and Spine 2 (2022) 100856

4



A.E. Bykanov et al. Brain and Spine 2 (2022) 100856
Pitskhelauri and Bykanov, 2021). These arteries, as branches of the M1
segment of the middle cerebral artery, perforate the central and lateral
parts of the anterior perforated substance (Fig. 3). Depending on where
they branch from the M1 segment of the middle cerebral artery, they are
divided into medial and lateral groups. Medial LSAs supply the head of
the caudate nucleus, the central and medial portion of the putamen, the
lateral segment of the globus pallidus, partly the anterior limb of the
internal capsule and the anterior-superior part of the posterior limb
(Marinkovi�c et al., 2001; Marinkovic et al., 1985). Lateral LSAs supply
the upper part of the head of the caudate nucleus and the anterior limb of
the internal capsule, most of the putamen, part of the lateral segment of
the globus pallidus, and the upper part of the genu and the posterior limb
of the internal capsule with the adjacent part of the corona radiata
(Marinkovi�c et al., 2001; Tanriover et al., 2003).

Preoperative determining the course of LSAs and their relation to the
tumor is an important factor influencing the selection of patients for
microsurgical removal of the tumor. Given the practical importance of
the problem of visualization of LSAs in the surgery of intrinsic insular
tumors, many methods of their preoperative identification have been
proposed: stereotactic cerebral angiography, CT angiography (Duffau
et al., 2000), and the detection of arterial, T2 flow voids on MRI (Lang
et al., 2001). However, due to the small diameter of LSAs, their visuali-
zation with non-invasive methods is not trivial (�Ste�no et al., 2016). The
most widely used non-invasive method of LSA visualization in clinical
practice is 3D-TOFMRA at 1.5–3 T (Bykanov et al., 2015; Rao et al., 2018
; Saito et al., 2009).

4.1. Intraoperative LSAs localization

The use of navigation systems to detect the LSAs intraoperatively is a
difficult task. The LSAs usually are damaged during the final stages of
tumor resection when significant brain shift has already occurred,
causing target localization error. Reports on successful visualization of
the LSAs by 3D ultrasound Doppler are available in the literature (�Ste�no
et al., 2016). Our experience is the opposite. It is difficult to detect the
intraparenchymatous segment of the LSA 0.5–0.1 mm in diameter in the
surgical wound during the final stages of tumor resection. The fluores-
cence videoangiography is a simple and reproducible method of real-time
blood flow assessment allows visualization of small blood vessels. The
use of fluorescence videoangiography helps to visualize the extrapar-
enchymatous segment (and parent vessels) and confirm its integrity but
provides no information about the course of the intraparenchymatous
segment of the LSAs.

4.1.1. Assessment of the LSA–tumor interface
One of the limitations of 3D-TOF MRA in determining the relation

between LSAs and glial tumor tissue is tumor tissue signal intensity in 3D-
TOF MRA in cases of T1 isointense tumors (Bykanov et al., 2015; Rao
et al., 2018). In these cases, it is impossible to determine the relation
between the LSAs and tumor tissue. In a previously published paper
(Bykanov et al., 2015), for such cases, additional 3D-T2 and 3D-T2-FLAIR
sequences were recommended. This idea was later successfully imple-
mented in the work of Rao et al. (2018). In the current article, we used
the same approach, combining 3D-T2 and 3D-T2-FLAIR sequences with
3D-TOF MRA. As a result, the method demonstrated high sensitivity
(100%, 95% CI: 0.63–1) and high specificity (86.67%, 95% CI:
0.58–0.98) in determining the LSA–tumor interface.

4.1.2. Assessment of the number of LSAs
In insular lobe glioma surgery, determining the relation of LSAs to a

tumor is of primary practical importance. Relative to this task, deter-
mining the number of LSAs is associated with a lesser practical signifi-
cance. Since there is often a wide dissection of the sylvian fissure and
resection of the insula during surgery, it is possible to count the number
of LSAs. This allowed us to compare intraoperative data with the results
of 3D-TOFMRA for the first time and determine the sensitivity of 3D-TOF
5

MRA in determining the number of arteries of such a small diameter. The
number of LSAs according to the results of numerous anatomical studies
varies widely from 1 to 21 (average ¼ 5 to 10) (Bykanov et al., 2015;
Marinkovi�c et al., 2001; Umansky et al., 1985; Türe et al., 2000 Türe
et al., 2000; Marinkovic et al., 1985; Rosner et al., 1984). The average
number of LSAs determined by 3D-TOF MRA according to the results of
available imaging studies is smaller: 3.9 in Chen et al. (2011), 2.1 ac-
cording in Kang et al., 4.1 in Chen et al. (Kang, 2009), 3 in Liang et al.
(2019), 4.2 in Zhang et al. (2019), and 4.3 in our study. Understandably,
doubts exist about the possibility of correctly identifying the number of
LSAs using 3D-TOF MRA.

When 3D-TOF MRA findings were compared with intraoperative
findings, we found that the average number of arteries determined by 3D-
TOF MRA (4.3 � 0.37) differed only slightly from the average value
determined intraoperatively (4.25� 0.25), κ¼ 0.51 (95% CI: 0.25–0.76)
and τ ¼ 0.64 (p < 0.001). An exact match between the numbers of ar-
teries was observed in 15 (62.5%) cases. The discrepancy between the
number of arteries determined by 3D-TOF MRA and intraoperatively is
probably related to the insufficient resolution of 3.0 T MRI scanners. The
use of 7.0 T MRI to visualize small-diameter perforating arteries could
significantly improve the quality of the MR images obtained (Kang, 2009;
Seo et al., 2012; Zhang et al., 2019; Harteveld et al., 2015; von Morze
et al., 2007). However, 7.0 T MRI is not available in most clinical prac-
tices. Also, 3D-TOF MRA may be limited if the blood flow is perpendic-
ular to the scanning plane as the TR is too short and protons do not have
sufficient time for complete longitudinal relaxation, and it may be limited
for small diameter LSA branches <0.3 mm that are below current voxel
resolutions (Zhang et al., 2019). The LSAs could also be difficult to
identify when a mass effect caused by tumor tissue causes a medial shift
and an arcuate bend along the medial margin of the tumor.

The corticospinal tract can be supplied not only by the LSAs but also
by the long perforating arteries that originate from theM2 segment of the
middle cerebral artery. That is why identification and preservation of
these arteries is one of the most important stages of surgical resection of
the insula tumors. According to our anatomical study (Bykanov et al.,
2015), long perforators from M2 in of 11% hemispheres reached the
corona radiata. That is why in 2–3 patients in our series we could expect
to detect these arteries using 3D-TOF MRA. However, in this series of
patients they were not detected, presumably since they have a very small
diameter, smaller than the LSAs.

5. Limitations

The higher resolution MRI scanner would have visualized LSAs of
smaller diameter that may be undetected on the 3T MRI sequences. Due
to strict inclusion criterias of the study, only 24 patients met the inclusion
criterias and were included in the study.

6. Conclusions

The results of the current study demonstrated that in patients with
insular gliomas, 3D-TOF MRA at 3.0 T is a highly sensitive method of
characterizing LSAs. These results suggest that preoperative 3D-TOF
MRA is a useful preoperative tool for neurosurgical planning and pa-
tient counseling.
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