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Abstract The insular lobe is a functionally complex
structure, harbouring peculiar anatomical and vascular
features and specific neuronal connectivity with surrounding
cerebral structures. It is situated in the depth of the Sylvian
fissure and can be affected by either low-grade or high-grade
gliomas. Because of its complexity, surgery of insular
tumours has been traditionally regarded as hazardous.
Nonetheless, currently improved diagnostic, neurophysio-
logical and surgical tools allow the neurosurgeon to perform
surgery of insular gliomas in a safer way, thus bringing
forward the pioneering work performed by neurosurgeons in
the past two decades.The aim of this paper is to provide the
reader with an updated review of the anatomy, the clinical
picture, diagnosis and surgical management of insular
gliomas.

Keywords High-grade glioma . Insula . Low-grade glioma .

Tumour

Introduction

The island or insula of Reil is named after the German
anatomist, physiologist and psychiatrist, Johann Christian
Reil (1759–1813), who in 1809 first described this
anatomically and functionally complex structure situated in
the depth of the Sylvian fissure and hidden by the opercula
of the frontal, parietal and temporal lobes (Figs. 1, 2). The
convolutional anatomy of the area presents an overt
challenge for the surgeon, while its diverse functional
associations further compound fears of disability. Moreover,
the insula is adjacent to perisylvian essential language areas,
the primary auditory area, both the primary motor (PMA)
and sensory (PSA) areas of the lower face in addition to
subcortical pathways subserving these sites. It is involved
with gustatory, olfactory, auditory and vestibular senses,
motor integration and the motor planning of speech.
Cardioregulatory and vasomotor functions as well as pain
perception suggest a further integrative role in association
with proximate limbic structures. In fact, the insula is
thought to be critically involved in the bio-behavioural
dysfunction characteristic of schizophrenia [19].

Tumours affecting the insula and the adjacent opercular
region may therefore present with a variety of ill-defined
symptoms dominated perhaps by a single entity such as a
motor dysphasia with or without lower facial paresis
[13, 15] and may, on occasion, do so only after reaching
a considerable size. They are often managed conservatively
regardless of their nature and clinical evolution even with
impending invasion of nearby eloquent areas. Some authors
[4, 14, 18, 34, 38, 42, 43] have demonstrated that resection
of these lesions is nonetheless feasible arguing that tumour
burden often displaces the surrounding cerebral tissue
[4, 18], while compensatory mechanisms allow for some
adaptation of function lost by infiltrated tissues. Two open
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surgical approaches are possible: (1) trans-sylvian and (2)
transcortical [4, 8, 14, 18, 34, 38, 42, 43]. In either, an
appreciation of the cortical, subcortical and vascular
anatomy of the deep perisylvian region is required.

Surgical anatomy

The insula is a well-defined cerebral cortical surface with
an ellipsoidal outline but flattened superiorly (Fig. 1c). Its

topology is pyramidal rising from its base medially with its
three sides skewed towards an anteroinferiorly situated
insular apex, the most lateral projection of the insula. The
central sulcus separates the larger anterior lobule from the
posterior. Three short gyri dominate the lateral surface of
the anterior lobule, the anterior, middle and posterior short
insular gyri. The middle gyrus, at times, may not be
distinguished [23]. The transverse and accessory gyri
comprise the remainder of the anterior lobule. The former
extends from the fronto-orbital surface to the most

Fig. 1 Axial (a) and coronal (b) T2-weighted, magnetic resonance
(MR) images showing the insula (areas outlined by black lines in a)
surrounded by the frontal (FO) and temporal (TO) opercula. The

Sylvian fissure (SF) is indicated by white arrows. c Sagittal T2-
weighted MR image demonstrating the insular lobe with the short
gyri, the insular central sulcus and the long gyri

Fig. 2 Axial (a), coronal (b)
and sagittal (c) fluid attenuated
inversion recovery (FLAIR) MR
imaging (MRI) showing the left
insula. The red, green and yel-
low crosses, respectively, mark
the site in the corresponding
three-dimensional reconstruction
of the lateral insular surface (d)
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anteroinferior point of the insula or the pole and so is the
inferiormost structure of the anterior lobule. The accessory
gyrus is typically small but may be, at times, a prominent
anteriorly placed entity on the lateral surface. The limen
insulae (threshold to the insula) is the white matter structure
extending from the anterior perforated substance medially
to the insular pole along what is known as the sylvian stem
and situated in parallel with the lateral olfactory stria [40].
The smaller posterior lobule consists of an anterior and a
posterior long insular gyrus. These converge anteroinfer-
iorly to form the pole of the posterior lobule situated behind
the limen insulae. The perimeter of the insula is provided
by anterior, superior and inferior peri-insular sulci. The
anterior and posterior insular points are identified as the
meeting points of anterior with the superior sulcus and
the superior with the inferior sulcus, respectively [40].

Deep to the central portion of the insula in a lateral-to-
medial direction lie the extreme capsule, claustrum, external
capsule and putamen with its subjacent globus pallidus.
Superiorly, at the level of the peri-insular sulcus, is the
corticospinal tract, anteroinferiorly, the uncinate fasciculus
and posteriorly, along the same sulcus, the arcuate
fasciculus.

The blood supply of the insula is largely derived from
the second (M2) segment of the middle cerebral artery
(MCA) through its short and medium-sized perforating
vessels. Long perforators overlying the posterior lobule are
larger in diameter and may supply the corona radiata,
particularly the corticospinal and thalamocortical fibers
[14]. The primary trunk of the MCA (M1) or the sphenoidal
segment courses laterally from the carotid bifurcation,
parallel and 1 cm behind the lesser sphenoid ridge to lie
under the anterior perforated substance where it commonly
bifurcates (88%). Most of the lenticulostriate branches
originate in the vicinity of the bifurcation and arise in a
nearly even distribution from before and after the bifurca-
tion, although the number arising from M1 increases
commensurate with its length [28]. At a length of 2.5 cm
or more, all lenticulostriate branches will arise from M1.
The mean distance from the insular apex to the lateralmost
lenticulostriate artery, the length of M1 notwithstanding, is
less than 1.5 cm. The peri-insular sulcus marks the
transition from M2 to M3, whereas the convexity surface
of the opercula defines the M4 segment of the MCA.

Clinical presentation and diagnosis

Study of the clinical presentation of gliomas reveals some
association with grade. Insular low-grade gliomas (LGGs)
give rise to a medically intractable epilepsy in 58% of cases
with little or no neurological impairment [5]. High-grade
gliomas (HGGs) tend to present with mass effect and

headache. A sensorimotor or language impairment reflects
either tissue injury or surrounding vasogenic edema.
Cognitive ability often declines ostensibly from regional
edema, electrophysiological disturbance and adverse effects
brought about by anti-epileptic drugs (AEDs) [16, 21].
When imaging declares the likelihood of a LGG, a formal
cognitive assessment before and after treatment would aid
in the recognition of any decline. Language assessment in
the case of dominant insular LGG would also define more
objectively issues of communication. Such studies often
reveal impairment of motoric speed, visual memory,
attention and executive function, all of which will impact
a patient’s quality-of-life, specifically their interactions with
those close to them [8, 16].

The semiology of insular epilepsy reflects the heteroge-
neity of the region’s functional anatomy [32]. It may mimic
that of temporal lobe epilepsy [2, 15, 25, 32] or nocturnal
hypermotor epilepsy of frontal lobe origin [3, 32] and may
also present with certain features that recommend it to its
rightful place. The latter commonly manifest as a simple
partial epilepsy with respiratory, viscerosensitive or oroali-
menatry features [13, 24]. Spread to the suprasylvian
opercular cortex may produce facial paresthesia or tonic-
clonic action laryngeal constriction, gustatory illusions and
hypersalivation with postictal facial paresis [15, 26]. Infra-
sylvian opercular spread may produce auditory hallucina-
tions or a sensory aphasia [1]. Further spread of activity
over the central convexity gives rise to contralateral
hemisensory or hemimotor manifestations.

MRI defines tumour location and the surrounding
structural distortion. Tumour volume may be estimated
along with some appreciation of gross margination.
Contrast enhancement provides some intrinsic detail of
neovascularity and necrosis and both T2-weighted and
FLAIR images declare the extent of territorial infiltration
by tumour element (Fig. 3). Based upon these imaging
features, Yasargil et al. [44] proposed a classification in
which type 3a tumours were purely insular, whereas type
3b tumours infiltrated the perisylvian opercula. Type 5
tumours extended to other paralimbic areas, namely the
orbitofrontal and temporopolar regions, with or without
involvement of primary limbic sites. The proximity to
highly functionally relevant cerebral cortex and white
matter tracts has confounded the surgical approach to the
insular region for fear of serious clinical impairment. The
advent of functional imaging, however, has provided much
needed preoperative detail in the regard. Functional MRI
[31, 35] magnetoencephalography [20] and positron emis-
sion tomography [37] provide useful estimates of cerebro-
cortical activation that help to define regional language,
auditory, sensory and motor function. Moreover, diffusion
tensor imaging (DTI) and, in particular, tractography has
provided a much needed picture of the major interconnecting

Review of current microsurgical management of insular gliomas



tracts in the vicinity, interruption of which would be
detrimental [19]. Taken together, cortical and subcortical
structural features coupled with an appreciation of regional
functionality provides highly relevant information for surgi-
cal planning. Ultimately, such information is supplemented
by intraoperative cortical and subcortical stimulation as the
final measure to optimize tumour removal while preserving
local function [4, 7–9].

Surgical procedure

The patient is turned obliquely with a rest pad under the
ipsilateral shoulder and the head turned 60° or more
controlaterally (Fig. 4). This allows the opercula to separate
more easily when the Sylvian fissure is opened and
provides the surgeon a better orientation towards the
posterior insular lobule. The latter is hidden by both the
pre- and postcentral gyri [14]. For dominant hemispheric

tumours, surgery under awake conditions are undertaken in
order to assess the extent of the cortex subserving language
and to identify subcortical pathways interconnecting corti-
cal sites critical for language. A wide frontotemporoparietal
craniotomy (Fig. 4b) exposes the Sylvian fissure from the
pars orbitalis of the inferior frontal gyrus (IFG) to the
postcentral sulcus, in order to directly visualize its anterior
and middle parts. It is important to have a frontobasal
exposure in cases of infiltration of the orbitofrontal region
towards the anterior perforated substance. After the identi-
fication of the primary motor area (PMA) of the face and
hand and, in the case of dominant-sided tumours, of the
perisylvian language sites (Fig. 5a), a resection of non-
functional frontotemporal opercula allows exposure of the
lateral surface of the insula with retraction minimized
(Fig. 5b). In particular, the apex is generally found under
the pars triangularis of IFG [30], while the limen insulae
and the MCA bifurcation are located somewhat more
deeply and anteriorly. Subpial resection of cortical tissue

Fig. 3 a–c Axial, T2-weighted, MRI of a patient harbouring a right-
sided low-grade glioma involving the insula, the opercular, fronto-
temporopolar region and the limbic lobe (type 5B of Yasargil’s
classification [44]). d–f Early (24 h) postoperative, axial, T2-weighted
MRI. Note that one reliable marker of the resection’s depth is the

frontal horn of the lateral ventricle, which has been opened, as shown
by the presence of air inside it. In this case, the infiltration of the
anterior perforated substance limited the resection of the tumour
medially to the limen insulae
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behind the ascending ramus of the Sylvian fissure exposes
the anterior peri-insular sulcus and thus the anterior aspect
of the insula behind the posterior orbitofrontal gyrus [30].
The superior sulcus lies under the frontoparietal operculum
and the inferior sulcus under the temporal operculum [29].
A transcortical approach respecting a subpial plane of
dissection avoids any injury or iatrogenic spasm of the
MCA and its branches [33] and remains most suitable when
opercular extension of the tumour has occurred. Alterna-
tively, a wide trans-sylvian approach [14] may expose a
larger insular surface for a more direct approach to a
tumour confined to the insular structure.

The greatest difficulty resides with the resection of
tumour infiltrating the posterior lobule, which is hidden by
the subcentral gyrus or the U-shaped convolution connect-
ing the pre- and postcentral gyri and otherwise termed the
subrolandic gyrus [30]. It is generally possible to resect part
of the frontoparietal operculum without incurring a deficit,
as in most cases the tumour displaces eloquent cortex at its
periphery [4]. Once entered, the debulking of tumour mass
reduced the need for surrounding retraction of eloquent
tissues. The medial boundaries of the resection are
confirmed by neuronavigation and/or intraoperative ultra-

sound. Subcortical electrical stimulation mapping (ESM)
(Fig. 5c) refines the definition of these boundaries and
ensures the integrity of the functional white matter in the
immediate vicinity [7]. The anterior extremity of the frontal
horn of the lateral ventricle coincides with the anterior peri-
insular sulcus and provides a useful landmark to judge the
anterior extent of a tumour occupying the anterior insular
lobule (Fig. 3g). On the dominant side, subcortical ESM
just lateral to the frontal horn is likely to impair the
initiation of spontaneous speech, mimicking a transcortical
motor aphasia. This is a consequence of electrical disrup-
tion of the subcallosal fasciculus connecting the supple-
mentary motor area (SMA) with the head of caudate
nucleus [9, 19]. Entry into the ventricle in this location
would incur a language deficit. Superiorly and still anterior
to the striatum, stimulation of the external capsule will
result in semantic paraphasias as a result of interference
with the ventral semantic stream between the frontal and
temporooccipital areas conducted through the inferior
occipitofrontal fasciculus [9, 10]. The temporal portion of
the same fasciculus will underlie the inferior boundary of
any resection at the level of the temporal stem. As a
consequence, entry into the temporal horn of the lateral
ventricle immediately anterior to the optic radiations [9]
again will incur a language deficit. More posteriorly, the
striatum becomes the medial limit for resection. Stimulation
in the vicinity of the putamen may result in anarthria [12].

Motion of the contralateral limbs can be initiated by
subcortical stimulation of the internal capsule posterior to
the genu. When resection is carried above the superior
limiting sulcus care must be taken to avoid injury of motor
fibers traversing the corona radiata as these are devoid of
the protection of the lenticulate nucleus provided inferiorly
at the level of the posterior limb of the internal capsule. In
the corona radiata, the motor fibres have a somatotopic
distribution with those subserving the upper limb and face
more laterally situated and those for the lower limb more
medially [8]. Moreover, the second component of the
superior longitudinal fasciculus (SLF) and the horizontal
part of the arcuate fasciculus (AF) run above the superior
insular sulcus deep to the extreme and external capsules and
just lateral to corona radiata to join, respectively, the middle
frontal gyrus (MFG) and the pars opercularis of IFG and
the MFG and the dorsal part of the superior frontal gyrus
(SFG) [19]. When disrupted during tumour removal above
the superior limiting sulcus, permanent language (i.e.
impaired perception and conduction aphasia) and short
term memory difficulties arise [9].

Upon completion of resection, thorough hemostasis is
mandatory to avoid secondary compromise of peri-insular
tissues. An early postoperative MRI is desired to confirm
the extent of resection and rule out iatrogenic complications
such as ischemia or hematoma (Fig. 3d–f).

Fig. 4 a Intra-operative patient’s position for a left-sided, awake
craniotomy. b The blue line marks the wide frontotemporoparietal flap
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Discussion

Surgical series have supported the notion that optimal
resection of both LGG [27] and HGG [17, 38] extend
median survival. A significant percentage of LGGs, up to
25% in one series [6], invade the insula, raising doubt
regarding their resectability. Both tumour volume and
involvement of functionally eloquent regions are significant
predictive factors for incomplete resection [39]. Several
LGGs, however, are operated on 2.5–10 years from the
time of diagnosis [11, 43] raising questions regarding the
advisability of delay. Aggressive resection of HGGs in
eloquent regions has also been shown not only to advance
survival but to improve the quality of life [36].

The first large surgical series of insular tumours was that
of Yasargil et al. [44] and addressed both low- and high-
grade tumours. A few other series have followed [14, 18,
22, 34, 38, 41, 45], including that of Duffau et al. [4, 8]
which dealt solely with LGGs. A number of reports have

emphasized the importance of functional mapping because
of the critical nature of both insular and peri-insular
structures. Mapping of the sensorimotor cortex either by
sensory and/or motor evoked potentials [24, 43] or by ESM
[4–10, 41] is often applied here. Dominant hemisphere
cortical language localization is advisable, although lan-
guage interference seldom results from direct stimulation of
the insular cortex [4, 8, 11, 14], particularly when infiltrated
by tumour. The patient may be engaged in conversation
during the stage of tumour removal [4, 8, 14, 18] and the
course of resection altered when interference of speech
production occurs. Resection is stopped altogether when
impairment cannot be reversed despite release of opercular
retraction [4, 8, 11, 14, 18]. When reporting upon total or
near complete removals of greater than 80% to 90% of the
insular tumour volume, results vary between 40% and 90%
[4, 8, 18, 38, 41, 43] without notable differences between
dominant and non-dominant sides. The incidence of
immediate postoperative clinical impairment is 21–63% of

Fig. 5 a Intraoperative picture
showing the left frontotemporo-
parietal cerebral cortex after
ESM. The yellow area repre-
sents the projection of the insula
over the brain surface. The
Sylvian fissure with the superfi-
cial middle cerebral vein is
recognised within the yellow
area. b The first stage of the
surgical procedure: the resection
of pars triangularis of F3, which
exposes the insular lateral sur-
face with no need to retract the
sylvian opercula. Note the re-
spect of a subpial plane of
resection. F marks the primary
motor area of the face. c A
bipolar, fine-tipped probe is
used for ESM. d Intra-operative
picture demonstrating the
tumour resection at the end of
the procedure
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cases, whereas permanent morbidity occurs in 3.6–9% of
cases [4, 8, 18, 43]. Without language mapping, a
postoperative permanent aphasia in cases of dominant-
sided insular LGG is reported to be as high as 14% [43].

Language function has been variably interrupted by ESM
applied to the insular cortex with speech arrest at times
reported in patients with LGG infiltrating the insula along
with the perisylvian opercular structure (type 3b) and
paralimbic regions (type 5), whereas no speech arrest could
be elicited in cases where tumours were confined to the
insula itself (type 3a) or in cases of insulo-opercular tumours
when patients presented initially with a language impairment
[4, 8]. A complete or near-complete tumour resection is
achieved in 55.5–74% in the latter case [4, 8, 18, 43].
Immediate postoperative language impairment was evident
in 92–100% of cases but regressed completely in 1–3
months [4, 8, 18, 43]. In one series, patients who had
presented with phasic language disturbances preoperatively
showed improvement following surgery [8]. Motor impair-
ment predominated as a lasting disability in 7% of cases [8].

It therefore appears necessary to undertake ESM of the
insular cortex for language function particularly for the
patient without apparent clinical impairment but harbouring
a tumour that extends through the dominant opercular
region. One might speculate that the insula acquires some
capacity for compensatory language function in such
circumstances.

Conclusions

Insular tumours present a surgical challenge because of the
highly functional nature of the insula and surrounding brain
as well as its accessibility with its hidden surface underlying
the cerebral operculum. The advent of improved structural
and functional imaging supplemented by intraoperative ESM
has provided the surgeon the ability to plan and carry out an
approach with acceptable risk in most circumstances.
Moreover, the optimization of tumour removal coupled with
ultimate return of function assures an improved quality of
life and improved survival.
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