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OBJECTIVE: Surgery of the insula represents a technical challenge, because of the proximity of the internal capsule
to the lenticulostriate arteries and the lack of certainty concerning its functionality. Using intraoperative direct
cerebral stimulation, combined with neuronavigation, the authors operated on 12 insular gliomas. On the basis
of this experience, the physiopathological and surgical implications are discussed.

METHODS: A low-grade insular glioma, revealed by seizures, was diagnosed in 12 right-handed patients with a
normal neurological status. Preoperative magnetic resonance imaging showed that, according to Yas(argil’s
classification system, three patients harbored Type 3 lesions and nine patients had Type 5 lesions (10 tumors on
the right side and 2 on the left dominant side). All patients underwent surgery using direct cerebral stimulation,
under general anesthesia in nine patients (motor mapping) and under local anesthesia in three patients (senso-
rimotor and language mapping). Ultrasonography and/or neuronavigation was used in all cases. Preoperative
angio-computed tomographic scanning showed the lenticulostriate arteries in two patients.

RESULTS: The internal capsule was systematically detected, and the language areas were identified within the left
insula in the awake patients. The lenticulostriate arteries were seen in two patients. Seven patients presented an
immediate postoperative deficit; six of them recovered completely within 3 months. Four resections were total,
six were subtotal, and two were partial (left insula).

CONCLUSION: The use of intraoperative direct cerebral stimulation and neuronavigation allows surgery of the
insula with minimization of the risk of sequelae, but its use is still limited with regard to the dominant hemisphere,
owing to the essential role of this structure in language. (Neurosurgery 47:801–811, 2000)
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The insular lobe is a complex structure constituting an
anatomic, cytoarchitectonic, and functional interface be-
tween the allocortex and the neocortex. This area is part

of a larger system that includes the orbitofrontal, temporopo-
lar, and insular regions, constituting the paralimbic system or
mesocortex.

For a long time, the difficulty in studying this entity ac-
counted for the poor understanding of its precise functional-
ity, and because of the technical complexity in approaching
and dissecting this region, very few neurosurgeons attempted
surgery of the insula (7, 36, 42, 43, 59, 65, 73, 76, 77). New
developments in functional neuroimaging methods have be-
gun to permit better analysis of the physiopathology of this
structure in healthy volunteers as well as in patients with
brain diseases (2, 11–14, 16, 17, 33, 35, 44, 46–48, 50, 60, 63, 67,
88); in addition, new surgical techniques have recently gen-

erated a more interventionist attitude regarding insular le-
sions (27, 79, 87, 89).

In the present study, we report our preliminary experience
with surgery of insular gliomas in 12 patients, with an anal-
ysis of the clinical, functional, and electrophysiological re-
sults; on the basis of these findings, we discuss the physio-
pathological role of this entity and draw some conclusions
about the present feasibility and limitations of insular
surgery.

PATIENTS AND METHODS

Patient population

We prospectively studied a consecutive series of 12 patients
who underwent operations in our institution, from June 1998
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to August 1999, for a low-grade glioma involving the insular
region. The hemispheric dominance was defined using neu-
ropsychological examination and/or functional magnetic res-
onance imaging (MRI0 (8, 21).

The classification proposed by Yas(argil et al. (87) was used
to categorize the location of the tumors seen on the preoper-
ative MRI scan. Type 3 tumors are restricted to the insula or to
parts of it (Type 3A) or may include the corresponding oper-
cula (Type 3B); in addition to the insula and the opercula,
Type 5 tumors involve one or both other paralimbic-fronto-
orbital, temporopolar areas (Type 5A) and/or parts of the
limbic system (Type 5B).

An angio-computed tomographic (CT) scan was obtained in
two patients (the last two patients of our series) to analyze the
relationships between the vessels (in particular, the lenticu-
lostriate arteries [LSAs]) and the tumor. No angiography was
performed.

Surgical procedure

All surgical procedures were performed by two operators
(HD and/or LC). All patients underwent surgery using direct
cortical-subcortical electrical stimulation (direct cerebral stim-
ulation, DCS), under general anesthesia to allow motor map-
ping or under local anesthesia in awake patients to allow
sensorimotor and language mapping. The method of brain
stimulation used (biphasic current, pulse frequency of 60 Hz,
single pulse phase duration of 1 ms, amplitude from 0.5 to 16
mA, depending on the conditions of anesthesia) (Ojemann
cortical stimulator, Radionics, Inc., Burlington, MA) was pre-
viously described by the authors (24, 25).

In all cases, patients were installed in a lateral position, and
a wide frontotemporopterional boneflap was created. This
exposure allowed the identification of the whole sylvian fis-
sure, and it allowed the surgeon to perform cortical motor
mapping to detect the primary motor areas of the face and
hand and to define the current threshold that would be used
during resection to map the subcortical pyramidal pathways.
In awake patients, somatosensory and language cortical map-
ping (counting and naming tasks) was also performed before
resection. A delimitation of the tumor boundaries was per-
formed systematically, using ultrasonography and/or an
image-guided system (Surgiscope; Elekta AB, Stockholm,
Sweden).

To avoid retraction of opercular structures, we preferred in
all procedures to begin by frontal and/or temporal tumor
resection, which gives a better exposure of the insular surface
(with respect to the language sites in the dominant hemi-
sphere). Then, if the lesion involved the posterosuperior part
of the right insula, the primary motor area of the face was
removed (with preservation using DCS of the primary motor
cortical sites and subcortical fibers of the superior limb), since
it is known that there is recovery after resection of the non-
dominant motor face area (49), with the goal of better expos-
ing the infiltrated insula under the central operculum. In
patients whose tumor involved the insula only (Type 3A)
(nondominant side), we first resected a part of the superior

temporal gyrus, without any opercular or venous traction
during the insular surgery.

After insular exposure, the middle cerebral artery and its
branches, particularly the opercular arteries, were identified.
On the dominant side, language mapping was repeated on the
insular cortex, with identification and preservation of the
eloquent sites. During insular subpial resection, the image-
guided system was regularly used to evaluate the distance to
the internal capsule (IC). When the IC was approached, re-
section was frequently alternated with repetitive DCS until a
motor response was obtained. The temporal horn was often
opened at the level of the inferior circular sulcus; then iden-
tification in the posterior area proceeded, starting with the
motor descending pathways of the inferior limb, which are
anatomically closer to the insular surface than the fibers of the
anterior limb, and of the face, at the middle and anterior part
of the IC, respectively. These fibers were then identified while
resection and repetitive DCS continued in a caudorostral fash-
ion, with eventual removal of the infiltrated lentiform nu-
cleus. At the superior part of the insula, the resection beyond
the level of the superior circular sulcus led immediately into
the centrum semiovale at the point where the fibers of the face
and the superior limb fan out. In patients with initial resection
of the primary face area, since the fibers were first detected at
the level of the centrum semiovale, the resection was con-
ducted from top to bottom. In all cases, the rolandic artery had
to be cautiously identified and dissected at this level. In
awake patients, during this stage of resection, while the op-
erator was in contact with the motor pathways, DCS was
performed frequently; to monitor the functions of the exposed
areas, DCS was alternated with simple commands to the
patient (raise the arm, open and close the hand, move the
foot). Moreover, for patients with a tumor in the dominant
hemisphere, a continuous conversation and/or naming task
was maintained during the entire lesion removal; when any
mild language hesitation appeared during stimulation and/or
resection, surgery was immediately stopped.

Anteriorly, after removal of the limen insulae at the bifur-
cation of the sylvian artery, one of the most dangerous areas
remains; it leads to the anterior perforating substance, which
carries a major risk of damage to the LSAs and thus represents
an anatomic boundary of the resection. Ultrasonography and
image-guided surgery were repeatedly used throughout the
procedure to determine the amount and exact location of the
remaining tumor; the resection could then continue if the resid-
ual lesion did not invade functional brain tissue, as identified
using electrophysiological methods.

At the end of the resection, and before closure, we system-
atically performed cortical stimulation on the surface of the
primary hand and/or face motor areas to check the anatomo-
functional integrity of the pyramidal pathways; indeed, if the
DCS induced the same motor responses at the same current
intensity at the same sites as before the resection, it became
certain that the patient would recover full motor function,
even if there were deficits in the immediate postoperative
period (25).
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Postoperative course

The quality of the resection was systematically evaluated
by early postoperative MRI (in the first 24 h). With the aim of
achieving a total removal, four patients were reoperated after
a short delay (from 36 h to 1 mo) to remove tumoral residue
from the first surgery. Delayed serial MRI studies were then
performed 3 months after surgery and at 6-month intervals.
Pre- and postoperative T1-, T2-, and proton density-weighted
images were obtained in all cases and were compared by two
neurosurgeons. The patients were assigned to one of three
classes, according to the classification proposed by Berger et
al. (5) for estimation of the extent of low-grade glioma re-
moval: total resection when absolutely no postoperative sig-
nal abnormality was detected, subtotal resection when the
volume of residual tumor was less than 10 cc, and partial
removal when this volume was 10 cc or more.

RESULTS

Patient data and results are summarized in Table 1.

Patient characteristics

The series consisted of six men and six women, ranging in
age from 24 to 56 years (mean, 38 yr). All patients were right-
handed. The presenting symptoms were seizures in all cases,
five generalized and seven partial: transitory dysphasia (two
patients), sensorimotor symptoms (two patients), visceral sensa-
tion (two patients), and auditory phenomena (one patient). The
clinical examination was normal in all 12 patients.

Preoperative MRI revealed that, according to the classifica-
tion of Yas(argil et al. (87), three patients in our series harbored
Type 3 lesions (one patient with Type 3A and two with Type
3B), and nine patients had Type 5 lesions (five patients with
Type 5A and four with Type 5B; five of these patients had
infiltration of the three parts [insular, fronto-orbital, and tem-
poropolar] of the paralimbic system). With regard to the
depth of tumor extension, the lentiform nucleus was invaded
in nine cases. Ten lesions involved the right, nondominant
hemisphere, and two involved the left, dominant side. The
median tumor volume was 95 cc (range, 5–185 cc). The LSAs
were visualized on the preoperative angio-CT scan in two
patients.

Surgical data

Surgical approach
Before insular resection, an isolated temporal lobectomy

was performed in three patients, an isolated frontal removal
in three patients, and an associated wide frontotemporal re-
section in five patients. The nondominant, noninfiltrated middle
part of the superior temporal gyrus was resected in the remain-
ing patient (a patient with tumor Type 3A). Furthermore, the
nondominant, noninfiltrated primary motor face area was re-
moved in two patients to allow a better insular exposure.

Electrophysiological findings
DCS was performed under general anesthesia in nine pa-

tients with motor mapping and under local anesthesia in three

awake patients (in one patient at the beginning of our expe-
rience to refine motor mapping, in the two others to perform
language mapping also, because of the location of the tumor
on the left side). The primary motor area was identified in all
cases before resection, without “negative mapping.” There
was no motor response directly recorded on the insular cor-
tex. During insular removal, it was possible to detect the IC in
all 12 patients, with reconstitution of its somatotopy, which
was modified in two cases compared with the normal anato-
mofunctional distribution of the fibers (i.e., with the descend-
ing pathways of the superior limb behind those of the inferior
limb). Postresection cortical stimulation was positive in all
patients except one (a patient who was awake during the
operation to improve the detection of the motor structures; in
this case, tumor removal was stopped because of the occur-
rence of hemiplegia during surgery).

In the other two awake patients (who had lesions in the
dominant hemisphere), the frontotemporal language map-
ping allowed the identification of essential eloquent areas,
which were preserved during the left temporal lobectomy.
Additional language sites were then detected on the surface of
the left insular cortex in its anterior part, by inducing com-
plete speech arrest by stimulation in the two patients. Resec-
tion of the noneloquent parts of the insula was performed
more posteriorly, but new episodes of speech arrest rapidly
were induced within the depths of the insular lobe, requiring
us to stop the surgery, although this region was invaded by
tumor, as shown by ultrasonography and neuronavigation.

Vascular findings
The trunk and branches of the middle cerebral artery were

dissected and preserved in all patients. The departure of the
LSAs was seen systematically, but their course was followed
only in two patients. The median duration of the surgical
procedure was 8 hours.

Clinical results

There was no operative or postoperative mortality. Seven
patients (58%) experienced an immediate postoperative defi-
cit (six motor and one linguistic), in one case remaining in a
comatose state for 72 hours. There was one case of temporal
venous thrombosis and one case of meningitis. The five pa-
tients with infiltration of the three parts of the paralimbic
system also presented postoperative slowness of ideation.

Nevertheless, a total recovery (of motor, linguistic, and
neuropsychological capacities) was observed in all patients
except one, with a delay of 5 days to 3 months. The overall
definitive neurological morbidity was thus reduced to 8%, i.e.,
one patient had left hemiparesis attributable to LSA injury, as
confirmed on the postoperative MRI scan (the patient with
disappearance of motor response during cortical stimulation
at the end of resection).

Histological results

The histopathological examination diagnosed 12 low-grade
gliomas (World Health Organization Grade II). Four of them
presented with high labeling indices of MIB-1 antibody to Ki-67

Surgery of the Insula 803

Neurosurgery, Vol. 47, No. 4, October 2000



antigen, which seems to represent the wrong prognostic signif-
icance marker (68), motivating complementary irradiation.

Quality of resection

Four resections were considered total (i.e., without any signal
abnormality), as evaluated by postoperative MRI; two patients

had transient motor deficits and two had slowness of ideation.
Six resections were assessed as subtotal (,10 cc of tumor remain-
ing); four of these patients had transient motor deficits, and three
had slowness of ideation. Two resections were considered par-
tial; one patient had transient dysphasia. The mean follow-up
period for the series is 15 months (range, 8–22 mo).

TABLE 1. Clinical, Radiological, and Surgical Characteristics of the 12 Patients with Glioma Involving the Insular Regiona

Patient
No.

Sex/Age
(yr)

Presenting
Symptoms

Clinical
Examination

MRI Classification of
Yas(argil Surgical Data

Immediate
Postoperative

Neurological Results

Neurological
Outcome 3
Months after

Surgery

Quality of
Resection

1 F/35 Auditory
partial
seizures

Normal Right temporoinsular
glioma, Type 5A

GA, temporal lobectomy,
then insular resection,
identification of IC, LSAs
not followed

Normal Normal Total

2 F/26 Generalized
seizures

Normal Right operculoinsular
glioma, Type 3B

GA, frontoopercular
resection, then insular
resection, identification
of IC, LSAs not followed

Normal Reoperation 1 mo
later, normal
status

Subtotal

3 F/44 Phasic partial
seizures

Normal Left temporoinsular
glioma, Type 5A

LA, temporal lobectomy,
partial insular resection
due to infiltration of
language areas,
identification of IC, LSAs
not followed

Transitory dysphasia Normal Partial

4 F/56 Visceral
partial
seizures

Normal Right frontotemporoinsular
glioma, Type 5A

GA, frontotemporal
lobectomy, then insular
resection, identification
of IC, LSAs not followed

Transitory motor
and neuro-
psychological
deficit

Normal Subtotal

5 M/31 Sensorimotor
partial
seizures

Normal Right temporoinsular
glioma, Type 5A

GA, temporal lobectomy,
then insular resection,
identification of IC, LSAs
not followed

Normal Normal Subtotal

6 F/38 Generalized
seizures

Normal Right frontotemporoinsular
glioma, Type 5B

GA, frontotemporal
lobectomy, then insular
resection, identification
of IC, LSAs not followed

Transitory motor
and neuro-
psychological
deficit, temporal
venous
thrombosis

Normal Subtotal

7 F/37 Phasic partial
seizures

Normal Left frontoinsular glioma,
Type 5A

LA, partial frontal
resection, partial insular
resection due to
infiltration of language
areas, identification of
IC, LSAs not followed

Normal Normal Partial

8 M/32 Visceral
partial
seizures

Normal Right frontotemporoinsular
glioma, Type 5B

LA, frontotemporal
lobectomy, then insular
resection, identification
of IC, LSAs not followed

Transitory motor
and neuro-
psychological
deficit

Reoperation 3 wk
later, left
hemiparesis

Subtotal

9 M/38 Sensorimotor
partial
seizures

Normal Right insular glioma, Type
3A

GA, partial resection of
STG, then insular
resection, identification
of IC, LSAs not followed

Normal Reoperation 36 h
later, normal

Total

10 M/50 Generalized
seizures

Normal Right operculoinsular
glioma, Type 3B

GA, fronto-opercular
resection, then insular
resection, identification
of IC, LSAs not followed

Transitory motor
deficit

Normal Subtotal

11 M/24 Generalized
seizures

Normal Right frontotemporoinsular
glioma, Type 5B

GA, frontotemporal
lobectomy, then insular
resection, identification
of IC, LSAs followed

Transitory motor
and neuro-
psychological
deficit

Reoperation 15 d
later, normal

Total

12 M/37 Generalized
seizures

Normal Right frontotemporoinsular
glioma, Type 5B

GA, frontotemporal
lobectomy, then insular
resection, identification
of IC, LSAs followed

Transitory motor
and neuro-
psychological
deficit

Normal Total

a MRI, magnetic resonance imaging; GA, general anesthesia; LA, local anesthesia; IC, internal capsule; LSAs, lenticulostriate arteries; STG,
superior temporal gyrus.
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ILLUSTRATIVE CASE

A 37-year-old right-handed man (Table 1, Patient 12) presented
generalized seizures without neurological deficit at clinical examina-
tion. The axial MRI view showed a right frontotemporoinsular
glioma, also involving the limbic system (Type 5B) (Fig. 1).

Surgery was performed under general anesthesia, with delimita-
tion of the tumor boundaries using neuronavigation and ultrasonog-
raphy (Fig. 2; sterile tag letters are placed on the cortical surface), and
cortical mapping of the face and hand primary motor area using DCS
(marked by tag numbers) before resection (Fig. 3). The temporal and
frontal parts of the tumor were removed first, allowing good expo-
sure of the insular cortex. The insula was then resected, with detection
and preservation of the IC in its depth (marked by tag numbers) and
arrest of the surgery at the level of the anterior perforating substance
(Fig. 4). DCS performed at the end of tumor removal still induced the
same motor response of the face and hand as before resection.

The patient presented an immediate postoperative transitory left
hemiparesis and slowness of ideation, both of which were completely
resolved within 2 months. Postoperative MRI showed total removal
of the lesion (Fig. 5), confirmed by absence of neoplastic cells on the
histological examination of the walls of the surgical cavity.

DISCUSSION

Physiopathological considerations

The progress made in the understanding of the insula using
anatomic studies (78, 80), cytoarchitectonic considerations (1),
animal experiments (38, 70, 75), intraoperative electrical stim-
ulation in humans (54, 57, 59), and, more recently, noninva-
sive functional neuroimaging methods (2, 13, 14, 16, 17, 33, 44,
46, 47, 60, 67) has allowed us to envisage this entity as an
active relay connecting the limbic system to the neocortex
(52), with participation in many functions: a sensory role (10,
36, 53, 59, 65, 69, 70, 85, 89), a motor role (9, 17, 20, 31, 32, 59,
82, 84), a limbic integration role (12, 34, 35, 63, 75), an
auditory-vestibular role (11, 37, 38, 61, 64), and a cognitive
role (18, 48, 50, 58), particularly in language (22, 40, 54, 62, 67,

72, 88). Our present experience further argues for the partic-
ipation of the insula in such functions.

The presenting symptoms
Our seven patients with partial seizures experienced tran-

sitory dysphasia, auditory phenomena, sensorimotor symp-
toms, and visceral sensation, which represent the insular char-
acteristics usually attributed to seizures induced by tumors of
the paralimbic system (15, 32, 89).

FIGURE 1. Preoperative
axial (A), sagittal (B ), and
coronal (C ) views obtained
by T1-weighted MRI,
showing a right
frontotemporoinsular
nonenhanced low-grade
glioma (Type 5B).

FIGURE 2. Intraoperative pre-resection ultrasonographic
image (coronal view, 5 cm depth), showing the sylvian fis-
sure (arrow), the frontal cortex (F ), the temporal cortex (T ),
and the insula infiltrated by the glioma (G ).

FIGURE 3. Intraoperative pre-resection photograph. The
wide frontotemporal exposure allows the detection of the
tumor boundaries using an image-guided surgery system
coupled with ultrasonography (limits marked by sterile tag
letters), and the identification of the primary motor face
(Number 1) and hand (Number 2) areas using DCS under
general anesthesia.
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The intraoperative electrophysiological findings
If somatic, visceral sensorimotor, and vestibular-auditory

response were not induced during the perioperative func-
tional insular mapping, notably on awake patients, a system-
atic speech arrest was generated by electrical stimulation of
the dominant insula. This result favors the recent hypothesis
that envisages that the insular cortex is an essential area for
the motor planning of speech (22). However, the insula has
traditionally not been specified as important in studies of
speech and language localization. One exception is a report in
which electrocortical stimulation of the insula during epilepsy
surgery produced word-findings errors (54). More recently,
Ebeling and Kothbauer (27) also described intraoperative se-
vere dysphasia (and weakness of the superior limb) during an

operation for glioma involving the dominant insula, which
prevented resection. Moreover, some authors have mentioned
language disorders in insular vascular lesions (22, 40, 50) and
an involvement of the insular structure in conduction aphasia
(19). Finally, a number of recent neurofunctional imaging
studies have shown activation of the dominant insula in tasks
involving speech (58, 62, 67, 88).

These findings of a high probability that the left insular lobe
is an essential area for coordinating speech articulation imply
a risk that would limit insular surgery in the dominant hemi-
sphere. This risk is increased in glioma surgery, owing to the
infiltrative nature of these lesions, with possible preservation
of function in spite of brain invasion (55, 74). Indeed, in two
patients in our series, preoperative MRI and intraoperative
ultrasonography demonstrated that the whole left insula was
clearly involved by the tumor, but, nevertheless, speech arrest
was elicited by each stimulation. Since it is now well known
that electrical stimulation detects eloquent areas that are es-
sential (i.e., noncompensable) for language (41, 56), this find-
ing indicates that the insular lobe was really still functional in
our two patients.

The postoperative clinical course
Six patients experienced a motor deficit 5 days to 3 months

after surgery (a delay too great to explain this paresis as due
to postoperative edema), with total recovery in all cases ex-
cept for one patient with vascular injury (as demonstrated on
postoperative MRI, which showed ischemia in the posterior
limb of the IC). This transient paresis was not correlated to the
extent of removal: indeed, motor deficits occurred in two
(50%) of four patients with total resections and four (66%) of
six patients with subtotal resections. Since primary motor
cortical-subcortical structures were identified and preserved
using intraoperative DCS in all patients, these results suggest
that the insula probably has a role as a secondary or addi-
tional motor area, as previously reported (1, 9, 31), i.e., it is
participates but is not essential to voluntary movement, with
the possibility of being compensated by functional reorgani-
zation mechanisms. This hypothesis is strengthened by the
anatomic connections between the insula and the premotor
cortex; this circuitry already suggests that the insula may have
a role in poststroke recovery of motor function (16, 17, 82).

Moreover, five patients exhibited transitory postoperative
neuropsychological worsening; these results further argue in
favor of the probable participation of the insula (including the
nondominant lobe) in cognitive functioning. However, it
seems that, contrary to language functioning, the dysfunction
of a single insular lobe does not generate impairment of these
cognitive processes. Indeed, the only patients with these
symptoms in our series were those who underwent resection
of the whole paralimbic system (i.e., frontotemporoinsular
resection). Interestingly, tumoral involvement of the limbic
system does not seem to directly influence this postoperative
neuropsychological deficit, as there were two patients with
Type 5A tumors and three patients with Type 5B tumors.
Precise preoperative analysis of fronto-orbital and tem-
poropolar infiltration should represent a good predictive pa-

FIGURE 4. Intraoperative postresection photograph, showing
frontotemporoinsular removal, with preservation of the mid-
dle cerebral artery and its branches, the cortical motor sites
(Numbers 1 and 2), and the IC, since the stimulations deep
in the cavity induce motor responses of the face and superior
and inferior limbs.

FIGURE 5. Postoperative axial
(A), sagittal (B ), and coronal
(C ) views obtained by
T1-weighted MRI performed
3 months after surgery, con-
firming complete tumor
removal and showing that the
sylvian artery is preserved in
the cavity (A).
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rameter for evaluation of the risk of postoperative transient
cognitive worsening.

In all cases, motor and neuropsychological recovery indi-
cates that insular functional participation was probably com-
pensated by brain plasticity mechanisms, as has been sug-
gested previously with regard to the central areas (26, 29, 71).
A better understanding of the regions that might assume this
functional reorganization could be acquired by studying the
correlations between pre- and postoperative neurofunctional
imaging, a study in progress in our institution.

Surgical considerations

Only a few surgical series centered on the insular lobe have
been published. Two early reports describing insular resec-
tion for seizure control deplored a high rate of complications
(59, 73). During the following decades, some authors pub-
lished reports of successful transinsular approaches and/or
insular lesion removals, but these series included only a lim-
ited number of patients harboring small, well-delimited tu-
mors (7, 36, 42, 43, 65, 76, 77). More recently, several teams
have attempted to perform resection of insular infiltrative
gliomas using new surgical methods (27, 79, 87, 89), because
studies with long-term follow-up during the past decade have
shown that surgical resection of low-grade gliomas in brain
locations other than the insular lobe improves both quality of
life and median survival (5, 23, 28, 51, 83). Although removal
of insular gliomas seems achievable in some cases, two major
problems remain, in addition to the functionality of the insu-
lar lobe, which has already been discussed: the detection of
the IC and the preservation of the LSAs.

The detection of the IC
According to Yas(argil (87), the IC is protected by the gray

nuclei and more laterally by the claustrum, which represents
the limit of resection, since it can be identified well under the
operative microscope as an area that is spared by the tumor
(perhaps because gliomas have an affinity for phylogeneti-
cally primitive zones [30, 86]). However, we found the claus-
trum and the lentiform nucleus to be invaded by the tumor in
nine patients in our series (75%), and it was not possible to use
anatomic criteria alone to preserve the IC in a attempt to
perform the most complete resection. Because of the same
observation of diffuse medial tumor infiltration in several
patients, Zentner et al. (89) proposed two intraoperative aids:
the use of stereotactic marking and the monitoring of somato-
sensory and/or motor evoked potentials, although both of
these aids represent only indirect methods of detection of the
IC.

Vanaclocha et al. (79) reported awakening patients with the
aim of asking them to perform motor tasks during the resec-
tion; the limitations of this method are the risk of noting
motor weakness when the IC is already damaged and the risk
of incurring great fatigue during a protracted operation when
the awakening seems inessential (i.e., when the lesion is in the
nondominant hemisphere). Indeed, in our study, we tried to
perform the surgical procedure under local anesthesia in one
case of glioma involving the right insular region. The patient

became hemiplegic during the resection, despite the fact that
the surgical cavity was separated from the IC by a distance of
more than 1 cm (as shown particularly by neuronavigation),
and the operation was stopped for functional reasons in spite
of evident tumor residue. The patient totally recovered in 1
week, confirming the preservation of the pyramidal path-
ways, but a reoperation was necessary (under general anes-
thesia). Furthermore, we also used a stereotactic image-
guided system to detect the IC; even if it proved to be a
substantial aid, particularly at the beginning of the operation,
we found that, after a wide resection (at a time when identi-
fication of the IC is mandatory), there was a median shift of at
least 4 mm, including the depth, as previously reported in the
literature (3, 39, 45).

For all of these reasons, we propose the systematic use of
intraoperative subcortical electrical stimulation, which repre-
sents, in our experience, an easy, safe, accurate, and reliable
method of direct detection of the IC, as previously mentioned
(6). Indeed, we identified and preserved the descending py-
ramidal pathways in all cases (e.g., the IC and the corona
radiata in the case of associated frontal resection). Moreover,
we resected the primary motor face area of the nondominant
hemisphere in two cases, with postoperative recovery (49): in
these two patients, the cortical-subcortical stimulation al-
lowed us to differentiate the motor face structures from the
motor hand regions, which it is imperative to respect. Using
these brain mapping methods, it becomes possible to perform
glioma surgery using functional and not anatomic boundaries
in the insular location, as has been reported for other cerebral
sites (4, 24, 25), allowing the risk of definitive postoperative
sequelae to be minimized and the quality of resection to be
optimized. In 83% of our patients, a total (33%) or subtotal
(50%) resection was confirmed by postoperative (early and
late) T1- and T2-weighted MRI (in comparison, only 17% of 30
patients exhibited an absence of any sign of tumor on MRI in
the recent series of Zentner et al. [89]), and only 8% of our
patients had sequelae. To improve these results, we agree
with Ebeling and Kothbauer (27) and recommend the more
systematic use of early reoperation if residual tumor is proven
on MRI in a noneloquent area (i.e., an area without any
functional—motor or linguistic—response to stimulation dur-
ing the first surgery), as was done in four patients in our
series.

The preservation of the LSAs
Detection of the LSAs remains one of the challenges of

insular surgery. Indeed, even with the dissection of the trunk
of the middle cerebral artery and identification of the depar-
ture of the LSAs (taking into account interindividual anatomic
variability [66, 81]), it becomes very difficult to follow these
arteries when they penetrate the parenchyma, because of their
number (2–13) and small diameter (around 1 mm). These
considerations explain why Yas(argil et al. (87) and Ebeling
and Kothbauer (27) suggested leaving a layer of tumor tissue
along the uncinate bundle so as to avoid injury to these
vessels, and why Vanaclocha et al. (79) ascribed one case of
severe neurological worsening to damage to the LSAs. In our
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series, one patient had definite hemiparesis, probably second-
ary to vascular injury, although there was no direct visualiza-
tion of LSA damage by the surgeon during resection.

To reduce this morbidity, Yas(argil et al. (87) advised per-
forming systematic preoperative angiography, which would
permit the surgeon to analyze the course of the two main
trunks of LSAs (internal and external). To avoid performing
an invasive angiogram, we tried to detect these LSAs using a
noninvasive angio-CT scan in the last two patients in our
series: the course of the perforating arteries was visible in the
two patients, and it was possible to analyze the anatomic
distortion induced by the mass effect due to the tumor. Now
in progress in our institution is a project to integrate this
three-dimensional angio-CT scan into the stereotactic image-
guided system, with the goal of beginning the surgery with
opening of the sylvian fissure, dissection of the middle cere-
bral artery, and detection of the LSAs before performing a
wide resection to avoid any shift. As neuronavigation
progresses, particularly in combination with ultrasonogra-
phy, which will allow real-time patient-image coregistration,
will likely improve the accuracy of computer-assisted micro-
neurosurgery, which may become very useful for the intra-
operative detection of the LSAs.

CONCLUSION

A better knowledge of the physiopathology of the insula, in
addition to the use of intraoperative functional brain mapping
and stereotactic neuronavigation methods for detection of the
IC and LSAs, now allows surgery of the insula to be per-
formed with minimization of the risk of neurological se-
quelae, although there is still a limitation on the dominant
hemisphere because of the essential role of this structure in
language. The indications for surgical resection of nondomi-
nant insular lesions, notably gliomas, should be considered
more systematically. Furthermore, a study correlating neuro-
functional imaging before and after surgery to understand the
mechanisms of functional reorganization, should allow us to
predict each patient’s individual ability to recover.
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COMMENTS

The authors present a model study, showing the impor-
tance of functional neurosurgery and a knowledge of physio-
pathological and clinical neurophysiological findings in ap-
proaching eloquent areas of the brain. Because of the many
complications resulting from resection of the insular area,
either in epilepsy or tumor surgery, this structure was prac-
tically interdicted to younger neurosurgeons 1 or 2 decades
ago. The introduction of intraoperative direct cortical stimu-
lation, subcortical stimulation, and electrocorticography to
tumor surgery, associated with neuronavigation, periopera-
tive ultrasound, preoperative three-dimensional angio-
computed tomographic scanning, and the use of the stereo-
tactic image-guided systems, has made it possible to remove
these difficult lesions more extensively.

The authors display profound and up-to-date knowledge of
the physiopathological, cytoarchitectonic, and functional in-
terface of the insular cortex region. This region has long been
considered enigmatic by nonexperimental scientists who have
analyzed the consequences, feasibility, and limitations of in-
sular surgery in an attempt to identify and preserve eloquent
sites through language mapping and evaluating the distance
of the internal capsule from tumor neuronal boundaries
throughout the surgical procedure. Many complex and im-
portant functions of the insula have been demonstrated and
emphasized by other authors mentioned in the article’s refer-
ences: sensory and visceral functions, such as taste, olfaction,
esophageal sensation, and partial visceral seizures; tactile dis-
crimination; recognition and recall; pain perception; motor
function as a secondary motor area; limbic integration and
behavior; and vestibular, auditory, cognitive, and language
roles. These are very important functions of the insula that
should be preserved by the skilled neurosurgeon.

We were glad to verify that these present acquisitions of
applied neurophysiology coincide with some of our earlier
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experimental studies of insular function at Dr. Paul
MacLean’s laboratory at the National Institutes of Health. We
used awake squirrel monkeys and performed neuronal unit
studies with stereotactic implanted insular glass and platinum
microelectrodes. We have studied exteroceptive gustatory,
somatic, auditory, and visual inputs in 1800 cell units of
Brockaus’ claustrocortex, claustrum, and frontal and temporal
operculi and found important responses in all of these inputs.
One interesting type of cell, responding to threatening and
menacing objects, also was found in the claustrocortex and
frontal operculum but has not yet been described (1). The
authors have shown the importance of brain mapping meth-
ods, using functional and anatomic boundaries to perform
glioma surgery in deep insular locations, thus minimizing the
risk of postoperative sequelae and optimizing the quality of
the resection.

Raul Marino, Jr.
São Paulo, Brazil

1. Sudakov K, MacLean PD, Reeves A, Marino R: Unit study of
exteroceptive inputs to claustrocortex in awake, sitting, squirrel
monkey. Brain Res 28:19–34, 1971.

In this study of 12 insular low-grade glioma resections, the
authors have tried to improve the physiological understand-
ing of the function of the insula and the feasibility of surgical
therapy using neuronavigation and electrophysiological
methods. The authors describe in a consistent way the advan-
tages of insular glioma surgery. In addition, they extensively
discuss physiological aspects of the insular lobe and include
major contributions from the literature concerning insular
function. The inclusion of techniques such as neuronaviga-
tion, ultrasonography, and motor mapping makes the article
informative. The use of these techniques is particularly help-
ful in the resection of large insular tumors. The standard of
controlling resection with early postoperative magnetic reso-
nance imaging is also to be commended. In my experience, I
only can confirm the value of motor mapping in insular
tumors.

This study would have profited from an increase in the
number of patients. The small body of literature on surgery
for insular glioma is nicely supplemented by this article, with
a valuable context on the physiological aspects and on func-
tionally guided neurosurgery.

Johannes Schramm
Bonn, Germany

In this concise and well-written report, Duffau et al. present
their experience in managing 12 low-grade gliomas involving
the insula. The authors sought to critically review the influ-
ence of intraoperative direct cerebral stimulation and neu-
ronavigation on the operability of insular tumors and corre-
lated their findings with the patients’ functional outcome.

The true merit of this study lies in the use of cortical
stimulation to delineate functional areas (e.g., internal cap-
sule) as an adjunct in the surgical resection of these often

formidable tumors. Neuronavigation, however, seems to have
limited benefit as a result of the inherent structural movement
factor.

The insula is formed of an invaginated set of five gyri
constituting the floor of the sylvian fissure, and it receives its
blood supply from the M2 and M3 branches (up to 80 tiny
arteries) of the middle cerebral artery. In the experience of the
senior commentator (MGY), tumors of the insula may involve
the insula entirely with possible extension into the frontobasal
and temporal mediobasal areas but, surprisingly, not into the
basal ganglia.

We differ with the authors on the surgical strategy for the
resection of insular tumors. With the use of microtechniques,
the sylvian fissure ought to be opened along its entire length,
while preserving sylvian and insular veins and thus achieving
wide exposure of the insula, which would allow multiangle
dissection of the tumor. This strategy also allows early devas-
cularization of the tumor by coagulating the small arterial
branches of M2 and M3. Also, these tumors often extend
superiorly and inferiorly (2–4 cm) as far as the borderline of
the circular insular sulcus and, therefore, are covered by the
frontal, parietal, and temporal opercula. In the latter scenario,
rather than direct retraction of these opercular zones, central
enucleation of the tumor ought to be considered; this would
provide the space needed to enter these subopercular areas
(2). Intraoperative ultrasound can be helpful in identifying the
residual portion of tumor.

The surgeon’s appreciation of the anatomy of the lateral
lenticulostriate group of arteries is among the most crucial
factors in insular tumor resection. These lenticulostriate ves-
sels originate on the inferomedial surface of M1, most com-
monly arising as one single-stem artery that subsequently
divides into multiple small branches. Less commonly, they
arise as two main-stem arteries or as multiple small vessels
directly off the M1 or the proximal M2. An important varia-
tion of the origin of the lenticulostriates occurs in less than 3%
of cases, namely the striate vessels arise from the lateral
fronto-orbital artery (1). Intraoperative micro-Doppler can be
an adjunct in identifying the vicinity of the hemodynamic
flow within these critical lenticulostriate vessels proximal to
and within the lentiform nucleus.

The authors have presented a thoughtful and critical review
of their own data, as well as that of the literature, aiming to
assess anatomic and physiological variables in the surgical
management of insular tumors.
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