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Abstract

The surgical treatment of insular gliomas requires specialized knowledge. Over the last three decades, increased momentum in surgical resec-
tion of insular gliomas shifted the focus from one of expectant management to maximal safe resection to establish a diagnosis, characterize
tumor genetics, treat preoperative symptoms (i.e., seizures), and delay malignant transformation through tumor cytoreduction. A compre-
hensive review of the literature was performed regarding insular glioma classification/genetics, insular anatomy, surgical approaches, and
patient outcomes. Modern large, published series of insular resections have reported a median 80% resection, 80% improvement in preop-
erative seizures, and postsurgical permanent neurologic deficits of less than 10%. Major complication avoidance includes recognition and
preservation of eloquent cortex for language and respecting the lateral lenticulostriate arteries.

RÉSUMÉ : Analyse de la prise en charge chirurgicale des gliomes de la région insulaire. Le traitement chirurgical des gliomes de la région
insulaire nécessite assurément des connaissances spécialisées. Au cours des trois dernières décennies, un accroissement de la résection de ces
gliomes a permis de passer d’une prise en charge expectante (expectant management) à une résection à la fois maximale et sécuritaire permettant
d’établir des diagnostics, de caractériser la génétique des tumeurs, de traiter les symptômes préopératoires (c’est-à-dire des crises convulsives) et de
retarder la transformation maligne grâce à la cytoréduction des tumeurs. Nous avons donc effectué une revue complète de la littérature en ce qui
regarde la classification et la génétique des gliomes de la région insulaire, l’anatomie de cette région, les méthodes chirurgicales et l’évolution de
l’état de santé des patients. Les grandes étudesmodernes de série de cas portant sur la résection de la région insulaire ont signalé un tauxmédian de
résection de 80 %, une amélioration de 80 % des crises convulsives préopératoires ainsi que des déficits neurologiques permanents post-chir-
urgicaux inférieurs à 10 %. Pour éviter des complications majeures, il importe de reconnaître et de préserver les régions « éloquentes » du cortex
liées au langage et d’éviter une atteinte des artères lenticulo-striées latérales.
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Introduction

Surgical resection of insular tumors was pioneered in the 1990s by
Yaşargil and Reeves1 and is a subspecialization within neuro-onco-
logic surgery requiring detailed knowledge of surgical anatomy,
microsurgical technique, and intraoperative mapping to maximize
extent of resection and minimize morbidities. Support for aggres-
sive insular glioma surgery is reinforced by regional tumor biology,
symptom improvement (i.e., seizures), and increased survival asso-
ciated with extent of resection.2,3

Methods

A literature search using PubMed was conducted using the term
“insular glioma” as a screening tool with the authors selecting

appropriate articles to cover the main goals of this article regarding
the pathogenesis, incidence, clinical presentation, genetics, anatomy,
and surgical management strategies/outcomes for insular gliomas.
Two hundred and forty-seven articles were screened. The largest
clinical series in the literature were used to discuss surgical manage-
ment strategies and patient outcomes. Inclusion of senior neurosur-
geon series with an established reputation in insular glioma surgery
was targeted in this review under guidance of the senior author.
Reporting of outcome variables including seizure control, extent of
resection, and patient survival varied and are summarized in Table 1.

Incidence, Grade, and Clinical Presentation of Insular Gliomas
Gliomas are disproportionately represented in the insula, which
makes up 2% of the total cortical area, yet is affected in 25% of

Correspondence author: Jaclyn Renfrow, Department of Neurological Surgery, 200 First Street SW, Rochester, MN 55905, USA. Email: jaclyn.renfrow@gmail.com
Cite this article: Renfrow JJ, Julian B-Q, Brown DA, Tatter SB, Laxton AW, Lesser GJ, Strowd RE, and Parney IF. (2023) A Review on the Surgical Management of Insular Gliomas. The

Canadian Journal of Neurological Sciences 50: 1–9, https://doi.org/10.1017/cjn.2021.248

© The Author(s), 2021. Published by Cambridge University Press on behalf of Canadian Neurological Sciences Federation

The Canadian Journal of Neurological Sciences (2023), 50, 1–9

doi:10.1017/cjn.2021.248

https://doi.org/10.1017/cjn.2021.248 Published online by Cambridge University Press

https://orcid.org/0000-0003-4891-498X
mailto:jaclyn.renfrow@gmail.com
https://doi.org/10.1017/cjn.2021.248
https://doi.org/10.1017/cjn.2021.248
https://doi.org/10.1017/cjn.2021.248


low-grade gliomas and up to 10%of high-grade gliomas.1,4 Cellmigra-
tion routes and proximity to subventricular and subgranular stem cell
zones, the purported cell of origin in gliomas, may account for these
observations.5,6 In terms of tumor grade, a series of 218 insular glioma
patients found the majority of insular lesions are low grade (grade II
(54.3%), grade III (34.1%), and grade IV (11.6%)).1,7–9 The natural his-
tory of grade II insular lesions is transformation to a highermalignant
grade with a median latency of 7–8 years,2,10 although it is interesting
to note the median time to malignant progression is 3–6 years11–15 in
grade II gliomas in other regions, suggesting a more indolent course
for insular lesions. The typical clinical presentation is seizures in
patients younger than 40 years of age.9 Patients can also experience
other psycho-emotional changes, anxiety about being in public places,
fear of venturing into new tasks that may be more demanding men-
tally, and limiting exposure to social stimuli. Patients often describe
postoperative relief of these symptoms.16

Molecular Genetics and Histological Classification of
Insular Gliomas

As the genetic classification of brain tumors evolves, distinct
IDH1/IDH2 (isocitrate dehydrogenase) mutation profiles emerged
in purely insular vs. paralimbic World Health Organization
(WHO) Grade II gliomas.17 In a study of 11 insular tumors,

IDH 1/2mutations were present in all purely insular lesions in con-
trast to IDH wild-type lesions with more widespread paralimbic
involvement (only 20/36 (55%) of tumors were IDH 1/2mutant).17

IDH wild-type tumors also demonstrated a more malignant clini-
cal course despite similar extent of resection, highlighting a rela-
tionship between genetics and outcome. The dominant lineage
of low-grade insular gliomas (i.e., IDH mutant) is unresolved.
Most authors report 1p/19q codeletion is relatively uncommon
among IDH mutant insular gliomas, thus making them diffuse
infiltrating astrocytomas per WHO classification (tumors likely
harboring ATRX loss and TP53 mutation).7,17–19 However, this
finding has not been universal and some have reported that 1p/
19q codeleted tumors (i.e., oligodendrogliomas) actually make
up the majority of insular gliomas.20,21

Anatomy of the Insula

Surface Anatomy

A triangular depression on the lateral temporal region defines the
insular cortex at 3 months gestation. The surrounding cerebral
lobes rapidly engulf this depression, becoming the opercular neo-
cortex and forming the sylvian fissure.6

The sylvian fissure is a deep divide between the frontal/parietal and
temporal lobes beginning at the anterior perforated substance and

Table 1. Summary of the largest published insular glioma surgical series ranging from 2002 to 2017

Author Year
Cases
(n)

Grade
(WHO)

Post-op
transient
deficits

Post-op
permanent
deficits Extent of resection*

Improvement
of pre-op
seizures Genetics

Yaşargil and
Reeves1

1992 177 NA NA 5% NA 84% NA

Sanai et al.53 1996 30 I - 2
II - 13
III - 6
IV - 9

63% 7% 17% GTR, 70% STR 89% NA

Zentner et al.54 1997 23 I - 5
II - 11
III - 3
IV - 4

22% 9% 87% GTR, 13% STR NA NA

Houston et al.29 2001 22 II - 11
III - 5
IV - 5

27% 9% 42% ESTR, 51% STR NA NA

Benet et al.38 2005 36 II - 22
III - 7
IV - 4

31% 11% NA NA NA

Velasquez et al.33 2008 38 II - 28
III - 6
IV - 4

16% 8% 55% GTR, 17% ESTR, 28%
STR

NA NA

Neuloh et al.56 2009 101 I - 6
II - 30
III - 44
IV - 21

NA 26% 42% ESTR, 51% STR 76% NA

Duffau9 2009 51 II - 51 59% 4% 77% GTR/STR 78% NA

Sanai et al.2 2010 115 II - 45
IV - 70

13% 5% 23% ESTR, 52% STR NA NA

Skrap et al.3 2011 66 II - 53
III - 13

27.4% 6% 33% ESTR, 45% STR NA NA

Eseonu et al.21 2017 74 II - 25
III - 16
IV - 33

19% 2.7% 54% ESTR, 20.3% STR 46% IDH mut 76%,
1p/19q codel
72%

*ESTR, extensive subtotal resection (>90% tumor); GTR, gross total resection; STR, subtotal resection (>70% tumor).
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extending posteriorly to the supramarginal gyrus (Figure 1).1 The
anterior stem trifurcates at the sylvian point into the horizontal,
ascending, and posterior rami, which define the pars orbitalis, pars
triangularis, and pars opercularis. The posterior ramus extends
from the sylvian point to the supramarginal gyrus and forms the syl-
vian line.

The insula is surrounded by a perimeter called the limiting sul-
cus (with anterior, superior, and inferior limbs; Figure 2). Tumors
extending above the superior limiting sulcus can involve language
(i.e., impaired perception and conduction aphasia), motor paresis,
and short-term memory deficits.22 Anatomically, these finding are
explained by the corticospinal tract within the corona radiata, and,
laterally, the superior longitudinal fasciculus and the horizontal
portion of the arcuate fasciculus. The inferior limiting sulcus is
an important landmark to anticipate the white matter tracts
involved in speech, language, and visual functions. A directionality
change from anterior to posterior marks the deep posterior portion

of the lateral geniculate body, aiding in identification and preser-
vation of the optic radiations.23

Overlaying the insular surface are superiorly the frontoorbital
and frontoparietal opercula and inferiorly the temporal opercula.
The frontoorbital operculum is composed of the orbital gyrus and
the pars orbitalis. The frontoparietal operculum is composed of the
pars triangularis, pars opercularis (i.e., speech motor), the inferior
portions of the precentral and postcentral gyri (i.e., face motor),
and the superior portion of the supramarginal gyrus. The temporal
operculum is composed of the superior temporal gyrus, temporal
pole, and the inferior portion of the supramarginal gyrus. The
entorhinal sulcus separates the uncus and temporal operculum
from the anterior perforated substance, which exploration is gen-
erally avoided to preserve the lenticulostriate arteries.24

The central insular sulcus is parallel to the rolandic sulcus and
divides anterior insula from posterior. The accessory and trans-
verse gyri form the anterior insular pole. On average, three short

Figure 1. Cartoon rendering of the lateral cort-
ical surface and sylvian fissure components
labeled, within the contents of the insula remain
hidden.

Figure 2. Cartoon rendering of wide sylvian fis-
sure split revealing the insula, which is bounded
from the surrounding cortical surfaces by the
anterior, superior, and inferior limiting sulci.
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insular gyri (anterior, middle, and posterior) compose the remain-
ing anterior insula. The posterior insula is formed consistently by
anterior and posterior long gyri.

The anterior insula is connected to the limbic system, amygdala,
cingulate and posterior orbito-frontal cortex serving autonomic,
olfactory, and emotional function.25 The mid-portion is involved
in memory and language. The dorsal zone is involved in gustatory,
viscerosensory, and somatosensory functions.

White Matter Anatomy

In the 19th century, Broca observed that aphasic patients harbored
a caudal inferior frontal gyrus lesion; however, one patient had an
insular and gyri continuous with the inferior frontal gyrus lesion
suggesting a connective pathway to transmit speech information
yet to be described.26

The insula is surrounded by the superior longitudinal (arcuate)
fasciculus, which connects the temporal region to the parietal and
frontal regions, and results in phonemic paraphasia if stimulated.
The extreme capsule consists of the subcortical white matter of the
insula and unites the frontal and temporal opercula. The external
capsule is between the claustrum and the putamen and is com-
prised of the uncinate fasciculus, inferior frontooccipital fasciculus
(IFOF), and claustrocortical fibers which pass under the limiting
sulci.23 The uncinate fasciculus is anterior to the IFOF in the region
of the limen insula (Figure 3). It supplies the motor interconnec-
tion between limbic and paralimbic structures (temporal pole and
orbital gyri) and interconnects the limbic structures (the amygdala/
uncus to the subcallosal area/gyrus rectus).24 If one makes an insu-
lar incision just posterior to the anterior perforated substance, the
uncinate fasciculus will be violated, but if the incision is limited to
6 mm the IFOF and optic radiations should be spared and language
disturbances avoided.22,23

The IFOF, carrying semantic language information, originates
in the inferior frontal gyrus, passes beneath the anterior limiting
sulcus, travels posterior and superior to the uncinate fasciculus
(noting there is no natural separation between these fiber tracts),
and then continues posteriorly to terminate within the temporal,
parietal, and occipital lobes.

Work by Hickok and Poeppel describes ventral and dorsal main
streams of white matter relating to language function, and Daffau
has translated these tenants as a neurosurgeon in insular glioma
surgery.22,27,28 The ventral stream is composed of the uncinate fas-
ciculus and the IFOF with intraoperative stimulation producing

semantic paraphasias (Figure 3). The IFOF participates in reading,
attention, visual processing, and language bilaterally.27,29 The dor-
sal stream is composed of the superior longitudinal fasciculus and
the arcuate fasciculus. Intraoperatively, stimulation induces pho-
nemic paraphasias, apraxia, and deficits in repetition.22

Lenticulostriate Artery Position

The lenticulostriate arteries (vary from 1 to 15) course through the
anterior perforated substance and are difficult to identify and avoid
during insular glioma surgery.30 The mean distance from the insu-
lar apex to the most lateral lenticulostriate artery is less than 1.5 cm
in the normal brain (may vary with tumor size/morphology) and if
injured can cause postoperative hemiparesis.31,32 Tumor infiltra-
tion in the anterior perforated substance can be identified on sag-
ittal magnetic resonance imaging (MRI) as T2 hyperintense signal
in the anterior/ventral portion of the insula.33

Preoperative angiograms demonstrate the lenticulostriate
arteries are displaced medially by tumor bulk in 80% but are sur-
rounded by more diffuse tumor in 20%.34 Similar information can
typically be obtained from T2-weighted MRI scans. Strategies to
identify the lenticulostriate arteries are to follow the M1 until
the first perforating arteries are encountered to establish a boun-
dary for resection; however, this dismisses the distal artery course.
Another method is to use the claustrum as a limit for resection;
however, this may be infiltrated with tumor making intraoperative
identification difficult. A third method is the use of 3-T time-of-
flight MRI.35,36 Several influential surgeons advocate for an
adopted approach to intentionally leave a small residual in the
anterior perforated substance with an emphasis on minimizing
morbidity.1,9,37 Perhaps heeding this advice, permanent complica-
tion rates have decreased over the past two decades in operative
series.3

The M2 branch over the central insular sulcus often terminates
as the rolandic artery, which is useful knowledge to avoid injury to
this vessel.38 Lang and Duffau advise to exercise caution with large
posterior M2 perforating branches as they may supply the corona
radiata with injury an alternative explanation for postoperative
hemiparesis aside from a lenticulostriate stroke involving the inter-
nal capsule.25,39

Surgical Approaches and Considerations for Insular Gliomas
Evidence concludes extent of resection in gliomas impacts progno-
sis (i.e., overall survival) andmorbidity (i.e., seizure control), which

Figure 3. Enhanced axial and coronal T1 magnetic resonance imaging (MRI) of the brain demonstrating with the region of the limen insula highlighted in red (theoretical tumor)
queried for white matter tracts passing through this region. The ventral language stream consisting of the IFOF and uncinate fasciculus are appreciated in green (anterior−pos-
terior fiber orientation) and blue (ventral−dorsal fiber orientation) and comprise the external capsule as seen on the coronal image. The image demonstrates there is no natural
separation of these fibers with the uncinate fasciculus situated ventral and anterior to the IFOF as the blue region highlights the uncinate fibers path ventral−dorsal to connect the
interior frontal to the anterior temporal lobe. The IFOF originates in the inferior frontal gyrus and terminates widely in the posterior temporal/parietal/occipital lobes.
Intraoperative stimulation of the ventral language pathways results in semantic paraphasias (e.g., substitution of words in a similar category like orange when shown an apple).

4 The Canadian Journal of Neurological Sciences

https://doi.org/10.1017/cjn.2021.248 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2021.248


motivates surgeons to aggressively resect insular lesions.2,3,9,21 Two
dominant insular surgical approaches are transcortical and trans-
sylvian. In a cadaveric evaluation comparing the two approaches,
the transcortical approach provided larger exposures suggesting an
opportunity for greater extent of resection.38 Another retrospective
study had equivalent outcomes with the exception of a transcort-
ical approach offering greater safety to the superior−posterior
insular quadrant.40 Ultimately, the approach is a multifaceted deci-
sion and involves the experience/comfort of the individual surgeon
as well as patient anatomy and neurological function (including
results of cortical mapping).

Specific intraoperative tools to consider in insular glioma sur-
gery include somatosensory evoked potential neuromonitoring
and bipolar or unipolar cortical and subcortical stimulation
speech/motor mapping, which are detailed below. Also, surgeons
routinely use intraoperative neuroimaging (navigation systems,
ultrasound, or MRI) to assess local anatomy and progress of resec-
tion. At the time of writing, ultrasound and intraoperative MRI
have the ability to provide updated anatomic information consid-
ering brain shift after surgical exposure and tumor debulking.
Intraoperative MRI images also allow the opportunity to be sent
to the neuronavigation system to reregister for updated navigation.
Papaverine can be used topically on the insular vasculature to help
prevent/treat vasospasm. Microdoppler can help to identify major
blood vessels and confirm flow. Microclips may be needed in the

case of vascular injury. Lastly, tools to remove tumor tissue can
vary from general microsurgical technique with dissector instru-
ments and suction, which may allow development for natural
planes and is gentle on the tissue, to the use of ultrasonic aspirators,
which may allow for efficient and precise tissue removal even in
firm lesions with limited traction on adjacent structures.

Transcortical

The transcortical approach emphasizes a subpial resection of
the frontal and temporal noneloquent opercula (Figure 4).
Identification and preservation of motor and speech cortical
and subcortical structures is critical to this approach. Accordingly,
awake craniotomies facilitate speech mapping in the dominant
hemisphere.

Berger et al.2 reported a series of insular tumors approached
transcortically and divided the insula into four zones to organize
surgically relevant insular function and to correlate with achievable
extent of resection. Zone I, anterior to the foramen of Monroe
and superior to the sylvian fissure, was amendable to the most
extensive resections, correlated with patient survival, was the most
frequently involved region of the insula harboring tumors, and was
also the most frequent location for complications.2,7 Zone I can
be entered through an inferior frontal gyrus window as the main
motor speech output center can be posterior to this region.22

Figure 4. (A–D) Axial fluid-attenuated inversion recovery
(FLAIR) MRI preoperative images representative of the typical
appearance of an insular glioma with extension into the fron-
tal and temporal regions. (E–H) Coronal T1 with contrast MRI
preoperative images demonstrating the lesion is hypointense
and non-enhancing consistent with a low-grade glioma. (I–L)
Axial FLAIR MRI postoperative images demonstrating a near
total resection of the lesion (M–P) Coronal T1 with contrast
MRI postoperative images confirming the extent of resection.
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Zone II is superior to the sylvian fissure, posterior to foramen of
Monroe. In zone II, the opercular segment of the precentral/
postcentral gyrus is encountered, accounting for contralateral
motor/sensation control of the face. Face function may recover
after resection of this region.2,9,41 Entering zone II is more dif-
ficult as the overlying operculum is often eloquent. Zone III is
inferior-posterior including the posterior temporal operculum,
and zone IV is inferior−anterior including the anterior temporal
operculum.2 In zone III, Heschl’s gyrus is encountered; however,
complete resection of Heschl’s gyrus limited to one hemisphere
is not thought to contribute to loss of hearing.25 Posterior to this
the precise location of language (i.e., Wernicke’s area) is highly
variable and often cortical, and subcortical intraoperative map-
ping is utilized for identification and protection of this eloquent
cortex.

Transsylvian

The transsylvian approach was developed in an effort to minimize
resection of unaffected brain.30,39,42 The anatomical boundaries for
the insular lesion are the peri-insular sulcus and basal ganglia. The
sylvian fissure is first split widely. As the M2/M3 segments and
veins cover the insular cortex, tumor removal is piecemeal through
windows created between vascular structures. Central debulking of
tumor (depth 1–2 cm) is followed by a deliberate sequential step-
wise process to work around the circumference of the lesion.

Perils of the transsylvian approach published by Lang et al.30

include a wide split of the sylvian fissure, conscious identification
of the periinsular limiting sulci to delineate superior and inferior
resection planes, a conscious effort to identify the most lateral len-
ticulostriate artery to define the medial resection plane, and to
work in a subpial plane to protect large perforating arteries (arising
from posterior M2 branches).

Laser Interstitial Thermal Therapy

Laser interstitial thermal therapy is a minimally invasive alter-
native for cytoreductive treatment of insular gliomas with use in
small lesions, residual lesions as an adjunct, and larger lesions
(may require multiple catheters). Safety and efficacy have yet
to be reported in large series. As its advocates note, avoiding
key vascular structures is critical and may ultimately limit the
efficacy of this technique for this indication. Additionally, insu-
lar sulci may limit thermal spread and can be compensated with
multiple laser fibers.

Trajectories proposed for ablation of an insular lesion include
an entry point off midline passing through the superior or middle
frontal gyrus and adjacent to the lateral ventricles to the inferior
aspect of the lesion (Figure 5). An alternative described trajectory
is a supraorbital entry point, 2 cm superior and 1 cm lateral to the
medial orbital rim.43 A single trajectory and laser ablation session
is ideal; however, if the lesion is larger than 3 cm in diameter
multiple trajectories may be necessary. Even staged procedures
to treat larger lesions (avoiding excessive edema) have been
described.44

Intraoperative Mapping

A retrospective review of over 8000 patients who underwent
glioma resection concluded that intraoperative mapping was asso-
ciated with fewer late severe neurologic deficits and more extensive
resection.45

The techniques for intraoperative monitoring are varied and
can include continuous motor evoked potentials, electromyogra-
phy, electrocorticography, direct electrical stimulation of the cor-
tex, and subcortical stimulation. Several reviews on intraoperative
technique can be references for further details.46–49

Motor evoked potential monitoring is performed under general
anesthesia and can detect the corticospinal tract, monitoring its
integrity. Motor evoked potentials are also sensitive to ischemic
changes and can be an early warning sign to halt resection.
A change in amplitude of 50% is used as a marker for severe
ischemic changes.47

Electrocorticography can be used to detect seizures/after-dis-
charges to prompt rapid treatment of seizures with iced saline/anti-
convulsants and also to determine the stimulation thresholds for
motor and speech responses elsewhere. In addition to cortical
mapping of motor and speech function, if direct cortical stimula-
tion at the end of resection produces the same responses at the
same intensity before resection this can reassure the surgeon the
patient will go on to make a complete recovery from an immediate
postoperative deficit.50,51

Subcortical mapping can aid in the detection of functional white
matter tracts involved in speech/language and motor function.52

Identification and preservation of the IFOF will indirectly aid in
preserving the anterior perforated substances, which lies deep to
it. Additionally, for a lesion occupying the anterior insular lobule
intraoperatively, the frontal horn of the lateral ventricle can be a
navigation point to halt resection; however, in this region injury
to the subcallosal fasciculus (connecting the supplementary motor
area to the head of the caudate) can result in impairment of spon-
taneous speech similar to a transcortical motor aphasia.31 Some
surgeons advocate the routine use of continuous intraoperative
neuropsychological tasks complementary to subcortical stimula-
tion to monitor language function.3

Figure 5. (A) Axial and coronal contrast enhancedmagnetic resonance imaging of the
brain demonstrating a right insular enhancing lesion, biopsy proven glioblastoma. (B)
Axial and coronal contrast enhanced magnetic resonance imaging of the brain of the
same patient post-treatment with laser interstitial therapy with probe trajectory
demonstrated.
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Patient Outcomes

Median extent of resection averages 80% in most major
series.3,9,21,30,53–55 Morbidity rates vary across series with a notable
trend of transient speech and motor deficits, which improve with
rehabilitation. Causes of morbidity include encounters with the
lenticulostriate arteries, excessive opercular retraction, manipula-
tion of themiddle cerebral artery, injury to the longM2 perforating
vessels, or interruption of the corona radiata.30 The rate of perma-
nent morbidity is less than 15% in major series.1,9,39,45,54–57 Major
series are presented in Table 1.

Utilizing the transsylvian approach, Yasargil et al.16 reported his
series of 429 patients with limbic and paralimbic gliomas. Gross
total resection was achieved in 80% of patients with pure insular
tumors. All 191 patients experienced intractable seizure improve-
ment with 30% of patients off medications, 50% at reduced doses,
and 20% with reduced seizure frequency. Similar seizure reduction
rates of 89%54 and 78%9 in other series confirm these results.
Hemiparesis was observed in 2/191 patients with imaging sug-
gesting lenticulostriate injury. In 50% of patients, a transient
hemi-motor syndrome sometimes with aphasia was evident. The
majority of patients returned to their former lifestyles. Lang
et al.30 also reported a series of 22 patients utilizing a transsylvian
approach in which 36% developed a language ormotor deficit post-
operatively, however, at 3-month follow-up all but 9% (2 patients)
enjoyed a recovery.

Morbidity in a series of 129 procedures7 utilizing the transcort-
ical approach had a short-term complication rate of 26.4%. The
most common deficits were motor (7.8%), facial weakness
(9.3%), and aphasia (16.3%). At 3-month follow-up, 99.2% of
the face motor deficits resolved, 1.6% had a persistent motor defi-
cit, and 0.8% had a persistent speech deficit. In his series of 51 cases
of WHO II insular gliomas, Duffau reported a transient deficit rate
of 59% (hemiplegia in 2/3), which 96% ultimately enjoyed a return
to baseline or improved.9 A notable deficit, predictable from pre-
operative imaging is Foix−Chavany−Marie syndrome (i.e., paraly-
sis of chewing/swallowing) with removal of the insula and rolandic
operculum and an athymhormic syndrome in nondominant insu-
lar lesions.9 In Berger’s series of 115 procedures using transcortical
windows reported a postop morbidity profile of 4.8% dysarthria,
7.7% facial droop, 1.9% hemiparesis, of which all but two patients
enjoyed full or partial recovery.2 AlfredoQuinones−Hinojosa pub-
lished on 74 patients and similarly reported 10.8% motor deficit,
4.1% sensory deficit, 6.8% aphasia, all of which but 2.7% recovered
by 6 months.21 In an Italian cohort by Skrap et al. describing 66
nonenhancing insular gliomas, postop neurological worsening
was seen in 33.4% of patients: 16.7% hemiplegia, 16.7% aphasia,
all of which but two patients made full recoveries.3

There are less data on patient survival outcomes in these insular
series as reporting widely varied. Reporting was also nonuniform
and captured overall survival, progression-free survival, and sur-
vival rates at the average follow-up interval. Further, the hetero-
geneity of tumor grade/genetics within this anatomic location
adds to the complexity of the interpretation of survival outcomes.
The largest cohort reporting survival outcomes details for insular
gliomas confirmed well-established evidence that extent of resec-
tion has a positive impact on glioma patient survival.21 At 5 years,
low-grade glioma patients (n= 23) with an extent of resection
greater than 90% had a 100% survival compared to a less than
90% extent of resection had a 80% survival. In patients with
high-grade gliomas at 2 years, survival was 84% with a greater than
90% extent of resection and 44% with less than 90% resection.

Extent of resection was predictive of both overall survival and pro-
gression-free survival in both high- and low-grade gliomas.

Conclusions

Surgical resection of insular gliomas offers important benefits of
extended survival and improved quality of life and is gaining pop-
ularity, though represents a formidable surgical task. Immediate
postoperative deficits occur in greater than 20% of cases though
often transient, highlighting an opportunity for preoperative
informed discussions with patients.9,39,58 Detailed knowledge of
the surgical anatomy, approaches, tumor pathology, advanced
operative skill sets, and intraoperative tools/adjuncts remains
within the purvue of neurosurgical oncology as a unique subspeci-
alty to provide the ability to offer a meaningful intervention for a
malignant disease.
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