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Abstract

Purpose The goal of this article is to review the outcomes of insular glioma surgery and discuss strategies to minimize
postoperative morbidity.

Methods The authors reviewed the published literature on low- and high-grade insular gliomas with a focus on glioma biol-
ogy, insular anatomy, and surgical technique.

Results Maximal safe resection of insular gliomas is associated with improved survival and is the primary goal of surgery.
Protecting patient speech and motor function during insular glioma resection requires versatile integration of insular anatomy,
cortical mapping, and microsurgical technique. Both the transsylvian and transcortical corridors to the insula are associated
with low morbidity profiles, but the transcortical approach with intraoperative mapping is more favorable for gliomas within
the posterior insular region.

Conclusions Surgical strategy for insular gliomas is dependent on biological, anatomical, and clinical factors. Technical

mastery integrated with intraoperative technologies can optimize surgical results.

Keywords Insula - Glioma - Transsylvian - Transcortical - Awake craniotomy - Cortical mapping

Introduction

Gliomas within the insular region represent one of the most
challenging problems in neurosurgical oncology. Tumor
resection improves survival, but increasing extent of resec-
tion poses a risk of neurological compromise. Despite
being surrounded by eloquent cortex and microvasculature,
gliomas within the insula commonly invoke seizures, and
patients often present with only mild focal deficits [1, 2].
Considering the risks associated with surgical resection,
operative mastery is required to produce optimal clinical
outcomes. The surgical strategy for insular gliomas has thus
evolved with our understanding of glioma biology, subcorti-
cal white matter neuroanatomy, and advancements in micro-
surgical technique. In this article, the authors review the role
of surgical resection for patients with low- and high-grade
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insular gliomas and discuss operative techniques to maxi-
mize extent of tumor resection.

Methods

The authors performed a literature search in PubMed for
published reports on insular region anatomy, insular gli-
oma resection techniques, and clinical outcomes following
insular glioma resection from 1990 to 2019. Articles were
selected for inclusion to address to the two main questions
posed in this review: (1) how does insular region anatomy
influence the morbidity of different surgical approaches to
insular gliomas? and (2) how do brain mapping and other
intraoperative technologies improve the surgical outcomes of
insular glioma resection? An emphasis was placed on recent
biological, anatomical, and clinical factors associated with
optimized insular glioma resection outcomes.
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Results
Goals of surgery

The effect of microsurgical resection on the natural his-
tory of gliomas is being revisited in the context of tumor
genetics [3]. In low-grade glioma, early, aggressive resec-
tion has been associated with seizure freedom, decreased
malignant transformation, and improved overall survival
[4-6]. Recently, data suggests that this association between
extent of resection (EOR), malignant transformation, and
overall survival may not exist for 1p/19q co-deleted glio-
mas, which may be due to a more indolent and chemo-
sensitive nature [7-9]. Similarly, in high-grade glioma,
increasing EOR has been shown to improve overall sur-
vival, and an EOR threshold as low as 80% may provide
a meaningful benefit in both newly diagnosed and recur-
rent tumors [10, 11]. Supratotal resection of up to 53%
of the FLAIR abnormality beyond the enhancing tumor
margin may provide an enhanced survival benefit [12, 13].
However, in a study of 335 patients with supratotal resec-
tion of high-grade gliomas, this survival benefit was only
observed in patients with gliomas that carried an IDH-1
mutation [14].

Despite their unpredictable natural history, the asso-
ciation between EOR and survival has been observed in
insular gliomas. In a study of 70 WHO Grade II insular
gliomas, increasing EOR led to a stepwise improvement
in overall survival [1]. A>90% EOR led to 100% 5-year
survival, compared to 84% 5-year survival for EOR <90%.
Increasing EOR also predicted both radiographic and
malignant PFS. In this same study, EOR was strongly asso-
ciated with overall survival and radiographic PFS in 45
patients with WHO Grade III-IV insular gliomas. A >90%
EOR led to 91% 2-year survival, compared to 75% 2-year
survival for EOR <90%. These findings were confirmed in
a recent study of 255 consecutive transcortical resections
of insular gliomas, in which EOR correlated with survival
in both LGG (p=0.001) and HGG (p=0.008) [15]. Con-
sidering the survival benefit associated with insular glioma
resection, maximal safe cytoreduction is the primary goal
of surgical management.

Insular anatomy

Gross anatomy

The insula is a pyramid-shaped structure covered by the
frontal, temporal, and parietal opercula within the depths

of the Sylvian fissure. It is defined anatomically by the
anterior, superior, and inferior peri-insular sulci [16].
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The central insular sulcus divides the insula into ante-
rior and posterior zones and is in line with the central
sulcus of the cerebral hemispheres; the anterior insula is
composed of three short gyri, while the posterior insula is
composed of two long gyri [16—19]. The limen insulae is
the anterior—inferior aspect of the insular cortical surface
and conjoins the inferior insular point, anterior perforated
substance, and temporal-mesial surface [20]. Basal ganglia
structures including the internal capsule, putamen, exter-
nal capsule, claustrum, and extreme capsule lie medial to
the insula. The insula receives its blood supply from short
M2 perforators, and venous drainage is superficial through
the Sylvian venous network [16, 21].

Functional connectivity

The insula has been implicated in a wide variety of lim-
bic, sensory, and cognitive modalities. Connections to the
insula’s rostro-ventral allocortex include the amygdala, cin-
gulate cortex, and orbitofrontal cortex, suggesting a role in
emotional and olfactory function [16, 17, 22, 23]. The dorso-
caudal neocortex is involved in sensory function, receiving
a wide array of thalamic and cortical sensory afferents for
gustatory, somatosensory, and vicerosensory relays [16].
Further, thalamic afferents for bodily sensations (hunger,
pain, thirst, oxygenation) are organized topographically in
the insular cortex, and patients with left-sided insular glio-
mas have been shown to have significantly greater heart rate
variability compared to control patients, suggesting a role
in autonomic sensory input integration [17, 22, 24]. Lastly,
the disgranular zone of the insula is believed to contribute to
cognitive function, such as attention, memory, and language
processing [16]. It remains unknown whether patients with
insular gliomas experience lasting neurological deficits as
the result of tumors within these sensory afferent subcorti-
cal regions.

Surgical anatomy

The insula is surrounded by eloquent speech and motor path-
ways, as well as their microvascular supply. In the dominant
hemisphere, the peri-Sylvian language network overlies the
insular cortex superficially, while the uncincate fasciculus
and inferior frontal occipital fasciculus extend through the
insula’s deeper subcortical region [25]. Medial to the insula
lies the basal ganglia and internal capsule, as well as the tra-
versing lenticulostriate arteries. While short M2 perforators
supply the insula and can be sacrificed, these must be dif-
ferentiated from long M2 perforators, which travel past the
insular region to the corona radiata to supply the descending
corticospinal tract.

It is crucial for surgical approaches to the insula to respect
the functional cortex, connectivity, and microvasculature of
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Fig. 1 Representative illustration of the four zones of the insula as
described in the Berger-Sanai classification

this region. The Berger-Sanai classification of insular glio-
mas was introduced with these anatomical considerations
in mind [1]. The insula is divided into four zones, with the
anterior—posterior border defined by a line bisecting the fora-
men of Monro, and the superior—inferior border defined by
the Sylvian fissure (Fig. 1). This classification scheme allows
for evaluation of insular gliomas in relation to their relevant
functional anatomy, such as the peri-Sylvian language net-
work (Zones I-III), the primary motor and sensory areas
(Zone II), Heschl’s gyrus (Zone III), and the deep lenticu-
lostriate arteries (Zone IV) [26]. The Berger-Sanai classifi-
cation has been shown to predict both EOR and operative
morbidity [2, 26].

Surgical approaches

Yasargil et al. [27], in 1992, classically described the trans-
sylvian approach to 240 tumors of the limbic and paralimbic
system. This landmark publication revitalized the notion that
insular gliomas typically respect the anatomical boundaries
of the limbic system and do not invade into the deep neocor-
tical structures. Thus, despite earlier reports that tumors in
this region were too difficult to resect, Yasargil achieved an
excellent long-term morbidity rate of 5% following aggres-
sive surgical treatment. Advancements in microsurgical
technique and awake cortical mapping have continued to
improve the safety of insular glioma resection in the cur-
rent neurosurgical era. A recent meta-analysis of 890 insular
glioma patients found the pooled incidences of new perma-
nent motor and speech deficits following surgery to be 4%
and 2%, respectively [28].

Transsylvian approach

A wide Sylvian fissure split is typically performed to obtain
complete exposure of the insular region. Potts et al. [29]
have recommend a two-part fissure split, divided into ante-
rior and posterior segments. The anterior fissure split pro-
ceeds from distal to proximal, following cortical arteries to
opercular arteries to the M2 segments at the base of the
MCA bifurcation. This dissection exposes the anterior zone
of the insula through several windows of MCA vessels. The
posterior fissure split then proceeds from proximal to dis-
tal. This dissection becomes more difficult as the Sylvian
cistern ends posteriorly and the frontal-temporal opercula
become attached at their pial margins, as described in detail
by Safaee et al. [30]. Due to constraints in space and surgi-
cal positioning, the posterior fissure split may require the
assistance of fixed retraction or the sacrifice of superficial
Sylvian veins (Fig. 2) [29, 31]. However, a key advantage
of the transsylvian approach is the sparing of the frontal
and temporal opercula in the dominant hemisphere, which
minimizes the risk of direct surgical injury to the language
network. In modern series, long-term neurological morbidity
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Fig.2 Representative illustration of the transsylvian approach to the
superior—posterior insular region (Zone II). Due to restraints in surgi-
cal freedom, fixed retraction may be required to gain adequate expo-
sure to this region during microsurgical dissection
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following the transsylvian approach for insular gliomas has
ranged from 9 to 11% [2, 32].

Transcortical approach

The transcortical approach to the insula has gained popular-
ity with the evolution of intraoperative mapping techniques.
Awake language mapping is performed for dominant-sided
insular gliomas, and subcortical motor mapping is per-
formed at the medial plane of resection for identification
of the internal capsule. For large gliomas, multiple cortical
windows are made through non-functional cortex and con-
nected at the level of the resection cavity, preserving the
functional cortex and critical Sylvian vessels above [1, 26]
(Fig. 3).

Typically, the incision and craniotomy are tailored to the
size and location of the glioma. Dominant hemisphere cor-
tical stimulation may yield both “positive” and “negative”
sites of language function, but more focused exposures may
only yield “negative” results. In an analysis of 250 patients
who underwent awake resection of gliomas in the domi-
nant hemisphere, 3094 of 3281 (94.3%) cortical stimulation
sites were negative, and zero “positive” language sites were

Peri insular
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Fig.3 Representative illustration of the transcortical approach to the
superior—posterior insular region (Zone II). A corticectomy though
“silent” cortex provides a direct view to this region, preserves sur-
geon comfort, and maximizes surgical exposure
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identified in 105 (42%) of their patients [33]. In patients with
only “negative” results, glioma resection proceeded through
the presumed non-functional cortex. Using this strategy of
“negative mapping,” the 1-year rate of worsened language
function remained very low (1.6%), demonstrating that
focused exposures of the dominant hemisphere, even in the
absence of identification of “positive” language sites, can
permit most gliomas to be resected without language defi-
cits. This technique followed the assumption that language
pathways descend perpendicular to their cortical site of
origin, and, thus, undercutting “negative” cortical sites was
safe [33]. Subcortical language mapping techniques have
evolved since that time, and experienced mapping surgeons
have reported success with identification of important sub-
cortical language tracts, such as the arcuate fasciculus and
the inferior frontal occipital fasciculus [17, 34]. While there
is risk of direct surgical injury to functional tissue with the
transcortical approach, advancements in mapping techniques
have led to low rates of neurological morbidity in recent
series (3-9%) [1, 2, 26, 35, 36].

Discussion
Optimizing insular glioma surgery
Surgical approach

The transsylvian approach requires meticulous subarach-
noid dissection and direct manipulation of critical vascu-
lature. For larger exposures, it may also require opercular
retraction, which can compress the M3 branches and lead to
frontal lobe ischemia [31, 32]. Conversely, the transcortical
approach includes frontal and/or temporal corticectomies,
necessitating the expertise and adding the risks of direct
cortical stimulation techniques. Traditionally, the choice of
transsylvian versus transcortical corridors has been based
on historical practice at individual institutions or anecdo-
tal experiences of individual surgeons. Recently, clinical
and cadaveric studies have used insular glioma anatomy to
inform a neurosurgeon’s decision as to which approach is
associated with the lowest rate of neurological morbidity
[2,26,31].

A recent retrospective study comparing both approaches
in 100 consecutive patients reported that surgeons were more
likely to choose the transcortical approach over the transsyl-
vian approach for larger gliomas (p=0.02) and for gliomas
located in Zone III (p < 0.01) [2]. Further, for tumors located
in Zone II, the transcortical approach was associated with a
significantly lower incidence of tissue ischemia on postoper-
ative MRI scans (p=0.02). It was hypothesized that this was
the result of excessive retraction of the frontal opercula or
sacrifice of Sylvian vessels in order to gain adequate access
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to Zone II gliomas (Fig. 2). These results correlated with
an anatomical analysis in cadaveric subjects by Benet et al.
[31] in which the transcortical approach was associated with
more surgical freedom to the posterior zones of the insula
(Zones II and IIT) than the transsylvian approach. Addition-
ally, the transsylvian approach to the posterior insula often
required frontal lobe retraction and sacrifice of Sylvian veins
for complete exposure, which was deemed unsafe in 30%
of their cadaveric subjects. Thus, while both techniques are
associated with an acceptable morbidity profile, the trans-
cortical approach appears to be favored over the transsyl-
vian approach for larger gliomas with significant posterior
extension, as it provides a direct view to this insular region,
preserves surgeon comfort, and maximizes surgical exposure
(Fig. 3).

Giant insular gliomas

Giant insular gliomas (all Zones) have been associated with
increased neurological morbidity and decreased overall
survival following resection [15, 26]. Giant gliomas are
also more likely to extend into the putamen, and putamen
involvement has been identified as an independent predic-
tor of poor survival [37]. This may relate to an underlying
difference in the molecular profile of these tumors. A recent
study demonstrated differential expression of genes involved
in cell proliferation, cell migration, and DNA repair in puta-
men-involved tumors compared to non-involved tumors,
suggesting a more malignant natural history [38].

A combined approach utilizing the benefits of both the
transsylvian and transcortical corridors has been advocated
to yield optimal results for giant tumors [30, 39]. A trans-
sylvian dissection is first performed to access and resect the
anterior aspect of the tumor while sparing the overlying,
uninvolved opercula. Intraoperative mapping of both motor
and language function is then used to identify safe entry
points to resect invasive areas of tumor. The transcortical
approach, which maximizes surgeon comfort and surgical
freedom to the posterior insula, is then utilized to resect
the posterior aspect of the tumor. The medial border of the
tumor is lastly dissected to the internal capsule with the aid
of intraoperative navigation and subcortical motor mapping.

Protecting critical vasculature

For both surgical approaches, preservation of critical vascu-
lature, including the M2 vessels, long M2 perforators, len-
ticulostriate arteries, and major Sylvian veins, is paramount.
Cortical and subcortical ischemia following insular glioma
resection is commonly seen on postoperative MRI scans—
up to 23% of patients—and is a major source of neurological
morbidity [2]. Identification of the lenticulostriate arteries
intraoperatively can be particularly challenging because they

travel directly through the substance of the brain and do not
have a protective pial margin. Lang et al. [32] have suggested
dissecting the M1 vessel to the most lateral lenticulostri-
ate branch and then using its parasagittal plane as the most
medial aspect of resection. Extensive dissection of the M1
and M2 vessels into their opercular branches can addition-
ally help prevent inadvertent coagulation of normal vascu-
lature, as well as aid in identification of long M2 perforators
off of the posterior segments of the M2 vessels.

Complimentary technology

Functional MRI (fMRI) and diffusion tensor imaging (DTT)
tractography are often employed to aid in safe insular glioma
resection. fMRI can establish the dominant hemisphere pre-
operatively and serve as a starting point for identification of
functional language cortex during direct cortical stimula-
tion. However, fMRI has not been shown to be a suitable
alternative to awake language mapping. A meta-analysis
of nine studies assessing the correlation between language
fMRI and direct cortical stimulation found a sensitivity rang-
ing from 59 to 100% and specificity ranging from 0 to 97%
[40]. The inconsistency in these results may be due to the
influence of the pathological features of gliomas on fMRI,
such as parenchymal invasion and angiogenesis. Gliomas
can cause both biochemical and architectural changes in the
local cerebral microenvironment, including alterations in
neurotransmitter concentration and cortical reorganization
of eloquent function [40, 41]. Similarly, DTI tractography
is effective—but not completely reliable—in delineating the
pathways of descending motor fibers. In a prospective cohort
of 58 patients, the concordance rate of DTI tractography and
pyramidal tract mapping had a sensitivity of 92.6% and spec-
ificity of 93.2%, with a distance between positive stimulation
sites and imaged DTI tracts ranging from 2 to 14.7 mm [42].

Diffusion tensor imaging tractography can be used in
combination with intraoperative navigation and subcortical
motor mapping to identify the medial tumor plane. Dur-
ing the transsylvian approach, egress of CSF from a wide
Sylvian fissure split can lead to brain relaxation, and, thus,
negatively impact the accuracy of the navigation software. In
such cases, intraoperative MRI may be an additional technol-
ogy to employ [43]. Intraoperative MRI can help assess the
degree of residual tumor at the medial border and allow for
re-registering of the navigation software during late stages of
the resection [44]. Fluorescence-guided surgery with 5-ami-
nolevulinic acid (5-ALA) may also help delineate the tumor
at the medial edge of dissection for high-grade lesions.
Although the benefits of 5-ALA have not been investigated
for insular location specifically, in a randomized trial of 322
patients undergoing resection of glioblastoma, fluorescence-
guided resection with 5-ALA led to a higher rate of gross-
total resection (65% vs. 36%; p<0.0001) and improved
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PFS (41.0% vs. 21.1%, p=0.0003) compared to resection
with white light [45]. Because high-grade pathology is an
independent predictor of neurological morbidity in insular
glioma surgery, such techniques to maximize safe resection
should be embraced [2, 46]. Complimentary technology may
be particularly useful in the resection of recurrent insular
gliomas, in which anatomical planes are further blurred by
scar tissue and radiation-induced changes. Surgeon experi-
ence in combination with modern cortical mapping technol-
ogy permits these tumors to be resected safely despite their
anatomical and functional complexities [47].

Conclusions

Surgical strategy for insular gliomas is dependent on biolog-
ical, anatomical, and clinical factors. Maximal safe resection
to improve patient survival is the primary goal of surgery.
Technical mastery integrated with intraoperative technolo-
gies can optimize surgical results. Collectively, a versatile
skill set is required to treat this challenging group of tumors.
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