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Surgical resection of the insula (insulectomy) is a procedure used for brain lesions and
for refractory epilepsy. It has a difficult surgical access and the need of a wide
anatomical knowledge and preoperative planning. There are two types of surgical
approaches aiming the exposure of the insular cortex: transsylvian and transcortical.
The importance of insulectomies is the efficacy in providing a remarkable decrease in
seizures. The objective of the present article is to document the results of a series of 10
patients submitted to insulectomies for refractory epilepsies and compare them with
the results of other studies reported in the literature, as well as to describe the main
nuances of the surgical approaches and their associated risks. In the new case series, all
patients corresponded to preoperative Engel classification IV for; after a mean 2-year
follow-up period, they corresponded to Engel classification Il. A subtotal resection was
performed in six patients, and the remaining four underwent a partial resection, most
of them leading to temporary complications. The literature review endorsed the good
outcomes of the casuistry. A critical analysis of the presented data reiterates the
opinion of several authors that insulectomies are beneficial and safe for the patients. A
broad anatomical knowledge of the insular region, preoperative planning (limits of
resections), and the use of modern microsurgical techniques must be considered as
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basic principles by neurosurgeons for the prevention of perioperative morbidities.
Insulectomies are safe and effective, although they result in temporary postoperative
complications, and provide highly satisfactory results in terms of seizure control.

A resseccdo cirdrgica da insula (insulectomia) é um procedimento utilizado para lesées
cerebrais e epilepsia refrataria. A insula possui um acesso cirtrgico dificil com
necessidade de um amplo conhecimento anatémico com planejamento pré-operaté-
rio. Existem dois tipos de abordagens cirlrgicas que visam a exposicdao do cortex
insular: transsilvianas e transcorticais. A importancia das insulectomias é a eficacia em
proporcionar uma diminuicdo das convulsées. O objetivo do presente artigo é
documentar os resultados de uma série de 10 pacientes submetidos a insulectomias
para epilepsia refrataria e compara-los com os resultados de outros estudos relatados
na literatura, além de descrever as principais nuances das abordagens cirtrgicas e os
seus riscos associados. Na série de casos, todos os pacientes se enquadravam na
classificacdo pré-operatéria de Engel IV e, apds um periodo médio de sequimento de 2
anos, eles se enquadravam na classificacdao de Engel Il. Seis pacientes foram submetidos
a uma resseccao subtotal e os quatro restantes a uma resseccao parcial, implicando,
majoritariamente, em complicacdes temporarias. A revisao da literatura endossou os
bons resultados da casuistica. A anélise critica dos dados apresentados reitera a opinido
de varios autores de que as insulectomias sdao benéficas e sequras para os pacientes. O
amplo conhecimento anatomico da regido insular, o planejamento pré-operatério
(limites das ressec¢oes) e a utilizacdo de técnicas microcirtrgicas modernas devem ser
considerados principios basicos para a prevencdo de morbidades perioperatorias. As
insulectomias sao seqguras e eficazes conquanto resultem em complicacées pas-
operatorias temporarias e proporcionem resultados altamente satisfatérios no que

ressectivos

Introduction

Surgical resection of the insula (insulectomy) is a procedure
used for brain lesions and for refractory epilepsy. However,
performing this procedure requires a detailed anatomical
knowledge of the insula and its surroundings, since its
location corresponds to the only cortical region of the brain
not visible on the dorsolateral surface of the cerebral hemi-
spheres, which justifies its difficult surgical access and the
need of excellent preoperative planning and surgical skills.?

There are two types of surgical techniques to approach the
insular cortex and perform a total or partial insulectomy:
transsylvian and transcortical. Both types of surgical techniques
are also associated and combined with other resections of
different anatomical locations when needed and, therefore,
create different terminologies like operculoinsulectomy (oper-
culum and insula), orbitoinsulectomy (pars orbitalis and insula),
or insulectomy plus lobectomy (resection of a brain lobe, for
example). In addition, these approaches to the insula are usually
associated with good seizure control and acceptable morbidity;
nevertheless, it also depends on the histology and location of the
lesion.>* Besides seizure control, a successful surgical proce-
dure aims to provide a positive impact on quality of life.

The knowledge of the insular anatomy, its functions and
the clinical presentation of the seizures arising from this
location is important for the surgical treatment.
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diz respeito ao controle das convulsoes.

Anatomy of the Insula
The insula, also known as the fifth cerebral lobe, can be
described as an external shield of a true brain bloc of
anatomically well-defined structures, which is arranged,
from lateral to medial, as follows: insular cortex, extreme
capsule, claustrum, external capsule, lentiform nucleus,
internal capsule, and thalamus.>®

This lobe, unlike the others, is located in the depth of the
lateral sulcus, totally covered by the temporal and frontopar-
ietal opercula, which potentially makes the surgical access
more difficult, since, to visualize it, it is necessary to dissect
the sylvian fissure and retract the opercula or go trans-
cortical. Only then, the characteristic triangular shape of
the insula and the periinsular sulci, which are the anatomical
landmarks that separate and distinguish it from the sur-
rounding cortical areas, can be recognized (~Fig. 1)."'~°

On the insular surface, there are three short gyri (anterior,
middle, and posterior - divided by the anterior and precentral
insular sulci), two long gyri (anterior and posterior - divided by
the postcentral insular sulcus) and, very often, two additional
gyri situated cranially, called transverse and accessory insular
gyrus. The short and long gyri are separated from each other by
the central insular sulcus (=Fig. 1), which divides the insula
into two portions, anterior and posterior, which are connected,
to the frontal and temporoparietal lobes, respectively. Finally,
the insula is delimited by the anterior, superior, and inferior
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Fig. 1 Representative illustration of the insular cortex and its main
anatomical landmarks; the short and long gyri (separated by the central
insular sulcus); the anterior, superior, and inferior limiting sulci and, at the
anterobasal portion of the insula, the region of the limen (where the
sphenoidal segment of the middle cerebral artery bifurcates into M2).
Abbreviations: AIP, anterior Insular point; ALS, anterior limiting sulcus; CIS,
central Insular sulcus; FLP, frontal limen point; ILS, inferior limen sulcus; LI,
limen insulae; MCA, middle cerebral artery; PIP, posterior Insular point; SLS,
superior limiting sulcus; TLP, temporal limen point.

limiting sulci, which is also called periinsular sulcus or circular
sulcus of the insula.®101

Also considered an important anatomical landmark, located
in the most anterobasal portion of the insula, is the limen,
corresponding to the level at which the middle cerebral artery
(MCA) bifurcates into the M2 branches, laterally to the anterior
perforated substance (~Fig. 2).81011

Vascularization of the Insula

The vascular supply to the insula comes from the MCA. The
first segment of the MCA is referred to as sphenoidal, or M1,
and arises from the ramification of the internal carotid artery
(ICA) at the level of the anterior perforated substance,
situated superiorly. The lenticulostriate arteries that arise

Corona Radiata

Insular Cortex

Fig. 2 lllustrative representation of the insular lobe and its adjacent
structures, depicting the M1 and M2 branches of the middle cerebral
artery (MCA). M1 =M, segment of MCA; M2 = M, segment of MCA.
Source: Ribas et al.!!
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Corona Radiata

LLAs

Putamen

Ant. Perf.
Subst.

Fig. 3 lllustration representing a lateral view of lateral lenticulostriate
arteries (arising from the sphenoidal segment of the middle cerebral artery)
crossing the anterior perforated substance and later the lentiform nucleus,
after resection, from medial to lateral, of the following structures: Insular
cortex, extreme capsule, claustrum, and external capsule. Abbreviations:
Ant.Perf.Subs., anterior perforated substance. Source: Ribas et al."!

at the M1 level are extremely important perforators that
supply the basal ganglia and the internal capsule. These small
arteries should be preserved during surgery at this location
to avoid neurological deficits.®'°

At the level of the limen, the M1 (insular segment) branches
into M2 segments, one superior and the other inferior, supply-
ing the short and long gyri, respectively. The M2 segment is
also important because the long perforating branches projec-
ting superiorly and posteriorly irrigate the corona radiata and,
therefore, should be preserved during surgery to prevent
ischemic injury resulting in hemiparesis.®10:12-14

The vascularization of the insula can be seen in more
detail in ~Figs. 2, 3 and 4.

Functions of the Insula

The function of the insula is not completely understood,
probably because there are no isolated insular lesions to

Caudate Nucleus

Internal Capsule

LLAs Corona Radiata

Fig. 4 lllustration representing a superior view of lateral lenticulostriate
arteries crossing the internal capsule, with the caudate nucleus medially
and, laterally, the internal capsule, after its resection through the sagittal
plane. LLAs = lateral lenticulostriate arteries. Source: Ribas et al.!’
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better understand its neurological deficits.'” However, there
is consistent evidence that this lobe is involved in cognitive
functions as well as in sensorimotor and socioemotional
processing.

The insular functions related to sensorimotor processing are
associated to visceral sensations, autonomic control, intero-
ception, somatic, pain and auditory processing, and vestibular
and chemosensory functions. The socioemotional processing
functions are related to emotional experience, empathy, and
risky decision-making. Finally, the cognitive functions are
associated mainly to attention and speech.®'>16 In summary,
the insula contributes to multiple cognitive and critical func-
tions for human beings and is considered a part of the limbic
cortex.

Connectivity

The insula has reciprocal connections with various regions of
the brain. The most important insular networks are with
the orbitofrontal, anterior cingulate, supplementary motor
areas, the parietal and temporal cortex, as well as with
subcortical structures, which explains its involvement in
many cognitive functions.’ These connections can be seen
in ~Fig. 5, a reproduction of an image by Shelley et al."”

Semiology of Insular Epilepsies

Since the insula establishes several reciprocal connections
with various cortical and subcortical areas of the brain, the
semiology of seizures is characteristically heterogeneous,
presenting many differences regarding the manifestation of
symptoms and clinical signs. The most important types of
seizure manifestation involve viscerosensory, somatosensory,
olfactory, gustatory, auditory, and tonic clonic presentation,

Frontal lobe:

- Frontal operculum

« Lateral orbital cortex
« Orbitofrontal cortex
« Prefrontal cortex

Temporal lobe:

« Auditory cortex

« Auditory association cortex
« Superior temporal cortex

« Temporal pole

« Temporal operculum

Parietal lobe: Afferences

as well as changes in heartbeat pattern, vomiting, abnormal
self-motor or hypermotor behaviors, and language
disorders.'418.19

By analyzing the presence and evolution of clinical symp-
toms that occur during the development of an ictal discharge
inside the insular lobe, it is noted that seizures can arise from
any part of the insula, therefore spreading to adjacent
opercula 1'egions.18

Historically, insular epilepsy has been and still is considered
difficult to investigate; therefore, diagnosis, workup, and
assessment can take a long time for these patients. Further-
more, insular epilepsy mimics symptoms of frontal and
temporal seizures, as well as other types.'*1820.21 Because
of this cluster of symptoms and signs, a thorough analysis and
assessment is usually performed, especially regarding the
history of the seizures and the auras, since insular and
operculoinsular seizures with preserved consciousness are
characteristically associated with asphyxia, painful sensations,
and taste auras.'+%?

Finally, when insular epilepsy is drug resistant, the resec-
tion of the epileptogenic area usually correlates with good to
excellent seizure control over time. Also important is the use
of invasive electroencephalography (EEG) monitoring when
needed to better understand the size and right topography of
the epileptogenic area and the seizure dissipation pattern.
Therefore, the surgical resection is tailored for each patient
and surgical approach performed.’41823

Methods

Study design and patients: Retrospective review of 10
patients submitted to either transsylvian or transcortical

Frontal lobe:

+ Somatosensory area

« Area 6 and 12

« Frontal operculum

« Orbital cértex

+ Posterior and lateral orbital areas
« Prefrontal cortex

Temporal lobe:

+ Superior temporal gyrus
« Temporal pole

» Temporopolar cortex

Parietal lobe:

+ Anterior inferior parietal cortex
- Parietal operculum

« Somatossensory area

Efferences

+ Anterior inferior parietal cortex —|
+ Parietal operculum

Insular Cortex

Amygdaloid body:
— + Basolateral part

- Somatossensory cortex

Amygdaloid body:
- Basolateral medial anterior parts

Other limbic areas:

+ Entorhinal cortex

+ Oifactory bulb

«+ Periamygdaloid cortex

Cingulate gyrus
Dorsal thalamus

+ Corticomedial part

Other limbic areas:

« Anterior entorhinal cortex
+ Anterior hippocampus

« Periamygdaloid cortex

Anterior cingulate gyrus |

Dorsal thalamus

Insular lobe:
« Intrainsular connections
« Limen of the insula

Striatum-basal forebrain |

Prepiriform olfactory cortex |

Fig. 5 Insular cortex connections with afferent and efferent projections. This image was reproduced from Shelley et al.’”?
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insular resection procedures for refractory epilepsy for insu-
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neurological deficits. Seizure control was better for all
patients except for the ones with glioblastomas, possibly
due to the more aggressive behavior of the condition
(~Table 1).

Discussion

From 2009 to 2017, 5 searched articles about insular epilepsy
reported the results of 82 patients submitted to lesionecto-
mies plus an insular approach aiming for seizure control
(=Table 2). The results showed a significant improvement in
seizure control after surgery in all studies. Von Lehe et al.%
presented his results according to the ILAE (International
League against Epilepsy) classification. They were able to
show that 15 out of 24 patients were seizure free (ILAE 1), 4
patients were classified as ILAE 2 and 3; and the remaining 5
patients were class 5 postoperatively. The reported rate of
complications was similar to that of our study, including
hemiparesis, hemi hypoesthesia, and hemianopia as perma-
nent complications, and hemiparesis and dysphasia as tem-
porary complications. Intraoperative neurophysiological
monitoring was used in 50% of the cases and there were
no glioblastomas in this study.>* Boucher et al.?®> did not
classify their patients according to the seizure frequency
after insulectomies; however, they described that the 18
patients analyzed presented a general improvement regard-
ing epilepsy control. In this study, arm, tongue, and cheek
hypoesthesia, and foot dysesthesia were presented as per-
manent complications, and transient hemiparesis, transient
aphasia, and transient brachyfacial paresis were presented as
temporary complications. They have also reported that 11
cases (61.2%) presented postoperative subcortical ischemic
infarcts related to injuries to perforating branches (mainly of
M2).2> The remaining three other studies classify results
according to the Engel classification. In a small study, Park
et al.?® reported excellent results showing that 5 cases
(83.4%) became Engel I and 1 patient (16.6%) became Engel
Il after surgery. They did not describe any complications.?® In
their study, Malak et al.?7 also showed excellent outcomes,
with 9 patients (100%) becoming Engel I after insulectomy.
They reported hemiparesis and dysphasia as complica-
tions.?” Bouthilier et al.> also reported excellent outcomes
in their work, showing that 20 (80%) patients achieved Engel
class I, 3 (12%) Engel class II, and 1 (4%) Engel class III. As
complications, the study reported permanent decrease in
oromotor speed and transient hemiparesis, transient dys-
phasia, hyperosmia, facial asymmetry, alteration of taste,
altered pain and thermal sensation, hyperacusis, and pos-
tural tremor as temporary complications.>

Lesions located in the nondominant hemisphere are usually
resected under general anesthesia with IONM, whereas lesions
located in the dominant side may require an awake procedure
to map language areas and minimize deficits. The inferior
frontal and superior temporal gyri and the inferior occipito-
frontal (IFOF) and arcuate fascicles (AFs), which project along
the subcortical region of the insula, are important white
matter tracts on the left hemisphere and should be preserved
if possible to avoid language deficits. In addition, stimulation of

Arquivos Brasileiros de Neurocirurgia ~ Vol. 41

the dorsal stream, typically performed by the AF, leads to
speech apraxias, phonological paraphasias, and repetition
disorders, while stimulation of the ventral stream, performed
by the IFOF, leads to semantic paraphasia.n'zg'29

Prybylowski et al.* compared the surgical morbidity of 52
patients submitted to the transsylvian approach with 48
patients operated on by the transcortical approach for glioma
resection. The results suggest that both techniques are associ-
ated with equivalent and reasonable morbidity profiles, even
though gliomas located within the superior-posterior quad-
rant of the insula are usually considered for a transcortical
approach. To date, however, there are no objective and clear
criteria that guide the conduct of neurosurgeons to adopt one
technique over the other. In fact, most studies reflect a prefer-
ence for one technique rather than the other based on subjec-
tive criteria, such as the historical preference of the institutions
themselves and/or personal tendencies of professionals.*

Characteristically, the transopercular approach (=Fig. 6)
involves the creation of “cortical windows” above or below
the sylvian fissure, through nonfunctional cortical areas of
the operculum (by subpial dissection) to avoid blood vessel
coagulation and ensure better exposure of the insular cortex.
The transsylvian technique (=Fig. 7), developed by Yasargil,
on the other hand, guarantees an alternative strategy, using a
natural corridor provided by the sylvian fissure. One of the
major advantages of this technique is the ability to identify
and control vascular structures during surgical resection,
such as the MCA (and its branches) and the lenticulostriate
arteries. However, this approach is frequently associated
with surgical manipulation of superficial plus perisylvian
vessels and, along with opercular retraction, potentially
increases the risks of postoperative deficits and of vascular
injury or spasm.3#28:30-32

The main postoperative complications were hemiparesis and
worsening of previous neurological motor and visual deficits
(hemianopsias) (=Table 1). Different hypotheses may explain
the occurrence of these complications; however, it is important
to remember that the insula plays an associative/nonessential
role in gustation, olfaction, memory, drive, sympathetic control
of cardiovascular tone, somatosensory input and pain process-
ing, motor planning, and language.'?'31>2730.33 Hence, tran-
sient postoperative deficits may reside in the interruption of
motor and/or linguistic functions of the insula during surgery or
in the shrinkage of the operculum, being subsequently com-
pensated and even fully recovered due to a secondary nature of
the insular cortex in performing these functions, while perma-
nent postoperative deficits would be much more associated
with the manipulation of the lenticulostriate arteries or
with injury causing deep strokes, for example. (~Figs. 3
and 4).19,27,34

The lateral lenticulostriate arteries (LLAs) have particular
importance because the vertical plane formed by their course
corresponds to the medial limit of resection in insulectomies.
The LLAs supply blood flow to the lentiform nucleus and the
internal capsule. Furthermore, early dissection of the proxi-
mal M1 segment allows the neurosurgeon to follow and
identify the LLAs, which originate precisely from the M1
segment as it runs inferiorly through the anterior perforated
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Abbreviations: ant, anterior; app, approach; ILAE, International League against Epilepsy; mo, months; Obs, observation; post, posterior; postop, postoperative; preop, preoperative; pt, patient; sx, symptom;

trans, transient; WHO, World Health Organization; yrs., years.

Fig. 6 lllustration of the transcortical approach for resection of the insular
cortex — by subpial dissection of the operculum between the M4 branches
of the middle cerebral artery. M4 = M, segment of the MCA.

Fig. 7 Illustration of the transsylvian approach for resection of the
insular cortex, allowing to observe the divisions of the M2 trunks.
M2 =M, segment of MCA.

substance and up to the region of the limen insulae. From this
point, the M1 bifurcates into M2 segments (~Fig. 1B), whose
branches originate the short and long perforating arteries
that supply the insular cortex and the corona radiata, respec-
tively. For this reason, is important to preserve the long
perforating branches to avoid ischemic lesions and motor
deficits.12:13.35.36

Conclusions

Surgical resection of insular lesions can be a challenge
regarding the extent of resection and maintaining quality
of life with minimal neurological deficits. The present case
series presented results comparable with the most recent
ones in the literature in terms of seizure control, life expec-
tancy, and quality of life. Despite complications associated
with these procedures, in general, the benefits outweigh the
risks since, for many patients, the natural history of the
baseline condition could be more devastating, thus reinforc-
ing surgical indication. Finally, it is paramount to better
understand the insular surgical anatomy when performing

No. 3/2022 © 2022. Sociedade Brasileira de Neurocirurgia. All rights reserved.



aprocedure in this complex region. The utilization of modern
microsurgical techniques, ultrasound, neuronavigation, and
specially IONM, are important to prevent neurological def-
icits. Insulectomies can be performed in the context of
achieving not only oncological resection but also to accom-
plish seizure reduction by adding to the lesion resection an
extension to include the epileptogenic surrounding cortex.
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