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Surgical Anatomy of the Insula

Christophe Destrieux, Igor Lima Maldonado,
Louis-Marie Terrier, and llyess Zemmoura

3.1 Introduction

Deeply located at the bottom of the lateral fossa,
the insula has strong relationships with [1] the
opercula forming the banks of the lateral fissure,
[2] white matter tracts, and [3] the middle cere-
bral artery and related veins.

3.2  Sulco-Gyral Relationships [1-3]
The opercula (Latin, meaning “little lid”) are
made of the inferior border of the frontal and
parietal lobes and the superior border of the tem-
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poral lobe. They cover and hide the insula, deeply
located in the lateral fissure.

The lateral fissure is subdivided into three seg-
ments (Fig. 3.1): the middle one parallels the
main axis of the temporal lobe and separates the
opercular part of the inferior frontal and subcen-
tral gyri (frontoparietal operculum) from the
superior temporal gyrus (temporal operculum);
the anterior segment of the lateral fissure anteri-
orly splits into a vertical and a horizontal ramus;
finally the posterior segment of the lateral fissure
ascends posterodorsally within the anterior part of
the inferior parietal lobule (supramarginal gyrus).

The frontoparietal operculum is bordered ante-
riorly by the horizontal ramus of the lateral fissure
and posteriorly by its posterior ascending segment.
It includes (Fig. 3.1), from anterior to posterior [1,
4-6], the triangular and opercular parts of the infe-
rior frontal gyrus and the subcentral gyrus.

— The inferior frontal gyrus (or F3) is limited
ventrally by the lateral fissure, posteriorly by
the inferior precentral and anterior subcentral
sulci, and dorsally by the inferior frontal sulcus.
The inferior precentral sulcus—sometimes
fused with its superior homologue—runs paral-
lel and anterior to the central sulcus. It more or
less reaches the lateral fissure and is perpen-
dicularly connected to the inferior frontal sul-
cus. This one runs anteriorly, parallel to the
middle segment of the lateral fissure, and finally
curves anteroventrally to become the lateral
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Fig. 3.1 Two steps of dissection of a left human hemi-
sphere, lateral views. (a) Cerebral cortex after removal of
the arachnoid, superficial vessels, and pia mater. The insula
is hidden by the opercula. The lateral compartment of the
lateral fissure is subdivided into three segments: middle
(Lat Fissure Mid seg), slightly ascending posteriorly,
between the temporal and frontal opercula; posterior (Lat
Fissure Post seg), ascending and surrounded by the supra-
marginal gyrus (P2SM G); and anterior (Lat Fissure Ant
seg), which divides into a horizontal and a vertical ramus
limiting the pars triangularis (F3tr) from the pars opercu-
laris (F3op) and orbitalis (F3or) of the inferior frontal
gyrus. The frontoparietal operculum is made of F3tr,
F3op, subcentral gyrus (SubC G), and part of P2SM G
located dorsal and anterior to the Lat Fissure Post seg. The
temporal operculum includes the remaining part of P2SM
G ventral and posterior to the Lat Fissure Post Seg, contin-
ued by the superior temporal gyrus (7). The fronto-orbital
operculum is smaller and reunites F3or and the posterior
part of the lateral orbital gyrus (Lat Orb G). The circular
and central sulci of the insula (see (b) for legends) are pro-
jected in yellow onto the cortical surface, showing that
F3tr points toward the anterior insula. The junction point
of Lat Fissure Mid seg and Lat Fissure Post seg projects at
the level of the posterosuperior corner of the insula.
Finally, the central sulcus of the insula has about the same

orbital sulcus. The inferior frontal gyrus is sub-
divided by both rami of the anterior segments
of the lateral fissure: its triangular part is located
between them, whereas the opercular part is
posterior to the vertical ramus and the orbital
part is anteroventral to the horizontal ramus.

— The subcentral gyrus is the inferior frontopa-
rietal pli de passage connecting the pre- and
postcentral gyri. It curves around the ventral
tip of the central sulcus and usually separates
its inferior tip from the lateral fissure. The
subcentral gyrus is thus located just posterior
to the inferior frontal gyrus, from which it is
limited by the anterior subcentral sulcus, a

orientation as the central sulcus (Cent S) but may begin a
few millimeters anterior or posterior to its ventral tip. (b)
Dissection showing the insula after the opercula were
removed. The insula has a triangular limit, the circular sul-
cus of the insula, made of anterior (Ant Circul S insula),
superior (Sup Circul S insula), and inferior (Inf Circul S
insula) segments. The limen insulae is located at the junc-
tion of Ant Circul S insula and Inf Circul S insula. The
central sulcus of the insula (Central S Insula) subdivides
the insula in long insular gyri (Long Insul G) posteriorly,
and short insular gyri (Short Insul G) anteriorly. The lateral
fissure, inferior precentral-inferior frontal sulci, the supe-
rior temporal sulcus, and central sulcus are projected in
orange onto the insula to show that the two ventral thirds of
the insula are hidden by the temporal operculum. Ant SubC
S anterior subcentral sulcus, F/ superior frontal gyrus, F2
middle frontal gyrus, Inf Front S inferior frontal sulcus, Inf
Precent S inferior precentral sulcus, Insul apex insular
apex, Intrapariet S intraparietal sulcus, P/ superior pari-
etal lobule, P2 Ang G sngular gyrus (posterior part of the
inferior parietal lobule), Post SubC S posterior subcentral
sulcus, Postcent G postcentral gyrus, Postcent S postcen-
tral sulcus, Precent G precentral gyrus, Sup Front S supe-
rior frontal sulcus, Sup Precent S superior precentral
sulcus, Sup Temp S superior temporal sulcus, 72 middle
temporal gyrus, and 73 inferior temporal gyrus

small notch originating from the lateral fis-
sure. Similarly the subcentral gyrus is posteri-
orly limited from the supramarginal gyrus by
the posterior subcentral sulcus. The supra-
marginal gyrus is the anterior part of the infe-
rior parietal lobule (P2), its posterior part
being the angular gyrus; the supramarginal
gyrus curves around the posterior segment of
the lateral fissure and is thus continuous with
the subcentral gyrus dorsally and the superior
temporal gyrus ventrally.

The fronto-orbital operculum covers the ante-
rior part of the insula and is sometimes included
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in the frontoparietal operculum. It is made of the
orbital part of the inferior frontal gyrus (ventral
to the horizontal ramus of the anterior segment of
the lateral fissure) and the posterior part of the
lateral orbital gyrus.

The superior temporal gyrus (T1) forms the
temporal operculum. It is bordered by the lateral
fissure dorsally and by the superior temporal sul-
cus ventrally. The latter is a deep, continuous sul-
cus, which slightly ascends posteriorly and often
splits into two posterior rami, one continuing its
initial course and the second having a more
ascending trajectory. These posterior rami of the
superior temporal sulcus are surrounded by the
angular gyrus, which is the posterior part of the
inferior parietal lobule (P2).

The superior aspect of the superior temporal
gyrus (T1) is subdivided into three distinct areas
by the transverse temporal sulcus. The latter is
posteromedially oriented and joins the lateral fis-
sure, at the superficial aspect of the brain, to the
circular sulcus of the insula, close to the junction
point of its superior and inferior segments (see
below). The planum temporale, located posterior
to the transverse temporal sulcus, is the most pos-
terior part of the superior aspect of the superior
temporal gyrus. It is a flat area, posteriorly con-
tinuous with the anterior part of the supramarginal
gyrus. The temporal transverse gyrus, containing
the primary auditory area, is a strip of cortex hav-
ing sometimes a double pattern; it follows the
same posteromedial course as the temporal trans-
verse sulcus, which is its posterior limit. Finally,
the superior aspect of the superior temporal gyrus
ends anteriorly as a second flat area, the planum
polare, reaching the temporal pole.

Each of the opercula has three aspects
(Fig. 3.2): lateral, visible from a surface inspec-
tion of the brain, dorsal (for the temporal opercu-
lum) or ventral (for the frontoparietal operculum),
and medial, facing the insula. The junction point
between the insula and the medial aspect of the
opercula is the circular sulcus of the insula
(Fig. 3.1). It is a triangle made of three segments
that border the insula: superior, limiting the
insula from the frontoparietal operculum; infe-
rior, between the insula and the temporal opercu-
lum; and anterior, between the insula and the
fronto-orbital operculum. In other words, the lat-

eral fissure, limiting the frontoparietal operculum
from the temporal one, appears as a straight cleft
on a coronal slice (Fig. 3.2), with a latero-medial
direction (opercular cleft); it medially splits into
two branches, the insular clefts [7], oriented dor-
somedially and ventromedially, limiting the
medial aspect of the opercula from the insula.
Taken together, the opercular and insular clefts
have the shape of a “Y” or a “T” lying on its side
on a coronal section. They limit a space, the lat-
eral fossa, located between the medial aspects of
the opercula laterally and the insula medially.
The lateral fossa opens laterally through the lat-
eral fissure. In the dorso-ventral direction, the
fossa is wider at its anterior part, since the height
of the insula decreases posteriorly.

3.3  White Matter Relationships
Several white matter tracts surround the insula
(Fig. 3.3): one is dorsolateral and two are ventro-
medial (inferior fronto-occipital (IFOF) and
uncinate (UF) fasciculi.

The SLF turns around the posterior part of the
insula to connect the frontoparietal and temporal
opercula [8—10]. It includes two superficial com-
ponents (anterior or horizontal and posterior or
vertical) and a deep one (arcuate fasciculus). The
anterior horizontal segment is dorsal and lateral to
the insula, just medial to the short association
U-fibers of the frontoparietal operculum. It con-
nects the supramarginal gyrus and posterior part of
the superior temporal gyrus to the subcentral
gyrus. The posterior vertical segment has weaker
relationships to the insula: it is located posterior to
the insula and is also superficial, just medial to the
short U-fibers. It connects the supramarginal gyrus
and posterior part of the middle and superior tem-
poral gyri. Finally, the deep or arcuate segment is
medial to the two previous ones and connects the
posterior part of the superior, but also middle and
inferior temporal gyri to the ventral precentral
area, to the pars opercularis of the inferior frontal
gyrus, and to the posterior part of the middle fron-
tal gyrus. It is thus C-shaped and curves around the
posterior angle of the insula, limited by the inter-
section of the superior and inferior segments of the
circular sulcus of the insula.
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Fig. 3.2 Schematic coronal slice at the level of the hip-
pocampal uncus. The lateral fossa (Lat fossa) is the space
bordered by the insula medially and the opercula laterally,
which contains branches of the middle cerebral artery. It is
continued by the lateral segment of the lateral fissure (Lat
fissure), which opens at the superficial aspect of the brain.
The space located between the opercula is also known as
the opercular cleft, whereas the ones located between the
opercula and insula are known as the insular clefts. On this
slice, the frontal and temporal opercula are made of the
opercular part of the inferior frontal gyrus (F3op), and the
superior temporal gyrus (7'7), respectively. They are lim-
ited from the insula by the superior (SupCircul S Insula)
and inferior circular sulci of the insula (Inf Circul S Insula).
Several structures are found deep to the insula, from lateral
to medial: the extreme capsule (Extr caps), the claustrum,

F2

the external capsule (Exter caps), the putamen (Pu), the
lateral (Gpl) and medial (Gpm) parts of the globus pallidus
and the internal capsule (Int caps). The Extr caps and Exter
caps fuse at the inferior limit of the claustrum to become
the temporal stem (7 stem), located between the inferior
circular sulcus of the insula (/nf Circul S Insula) and the
temporal horn of the lateral ventricle (th). The three cap-
sules and callosal fibers fuse at the superior aspect of the
putamen and claustrum to form the corona radiata, mak-
ing the Int caps more vulnerable at the superior aspect of
the insula. Amyg Amygdala, Cn Caudate nucleus (body),
F1 Superior frontal gyrus, F: Middle frontal gyrus, Hip
unc Hippocampal uncus, Inf Front S Inferior frontal sulcus,
Sup Temp S Superior temporal sulcus, 72 Middle temporal
gyrus, T3 Inferior temporal gyrus, 74 Fusiform gyrus, 75
Parahippocampal gyrus, Thal Thalamus
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The white matter located medial to the insula
is organized in three capsules (extreme, external,
and internal) separated by gray matter (claustrum
and lenticular nucleus).

— The extreme capsule is located just medial to
the insular cortex. It may be subdivided into
dorsal and ventral components. The dorsal
extreme capsule contains short insulo-insular
and long insulo-opercular association fibers
that will be described in the chapter dedicated
to insular projections. The ventral extreme
capsule contains the trunk of the UF and IFOF
[5, 11], a densely packed group of fibers hav-
ing a global anteroposterior direction.

— The claustrum is a thin layer of gray matter
lying between the extreme (laterally) and
external (medially) capsules. Its dorsal part is
compact, whereas its ventral part is made of
small islands of gray matter intermingled with
the fibers of the trunk of the IFOF and UF.

— The external capsule, which is medial to the
claustrum, is also subdivided into dorsal and
ventral parts: the dorsal external capsule con-
tains radiate claustro-cortical fibers, whereas
the trunk of the UF and IFOF forms the ven-
tral external capsule.

— The lenticular nucleus is located medial to the
external capsule and is triangular on a coronal
slice: its lateral base is formed by the puta-
men, medially continued by the lateral and
medial parts of the pallidum.

— Finally, the internal capsule lies medial to the
lenticular nucleus and follows a ventromedial
direction to reach the mesencephalon. It is
subdivided into anterior and posterior limbs
joined by a genu [12]. The anterior limb,
located between the caudate and lenticular
nuclei (lenticulo-caudate portion), is antero-
laterally oriented on a horizontal slice. The
fibers of the posterior limb of the internal cap-
sule are fanning between the thalamus and
caudate nucleus. Due to the rotation of the
caudate nucleus around the thalamus, these
fibers have a radiate orientation: some are
mainly running dorsally and appear above the
putamen (lenticulo-thalamic portion), some
are posteriorly oriented (retrolentiform por-

tion), and some are running ventrally, between
the lenticular nucleus and the tail of the cau-
date nucleus (sublentiform portions). Fibers of
the corticospinal tract run in the posterior limb
of the internal capsule and project medial to
the long insular gyri, whereas the corticonu-
clear tract, located in the genu, runs medial to
the posterior short insular gyrus [13].

The internal, external, and extreme capsules
and callosal fibers fuse dorsal to the superior limit
of the claustrum and putamen to form the corona
radiata. Similarly, the stratum sagittale, which
may be regarded as the equivalent of the corona
radiata for the temporal and occipital area, con-
tains fibers of the sublentiform portion of the
internal capsule (including optic and auditory
radiations), fibers of the anterior commissure, and
fibers of the IFOF. The distinction of these differ-
ent contingents of fibers during dissection is a
matter of debate in the anatomical literature; some
authors are describing each of these fasciculi sep-
arately [9, 14, 15], while others are claiming that
their fibers are so intermingled that any individual
dissection is impossible, the stratum sagittale
being only described as a whole [12].

The anteroventral part of the insula is in close
relationships with the trunks of the UF and IFOF
[5, 11], which occupy the ventral part of the
extreme and external capsules. IFOF and UF are
both made of two fans connected by a trunk.

— The IFOF joins the frontal to the parieto-
occipital lobes and was described as made of
two layers [15, 16]; its superficial dorsal one
joins the inferior frontal gyrus (pars opercular,
triangular, and orbicular) to the superior parietal
lobule and superior and middle occipital gyri. Its
deep ventral layer runs from the orbital gyri, the
middle frontal gyrus, and the frontal pole to the
inferior occipital gyrus and ventral aspect of the
middle occipital gyrus and temporobasal cortex.

— The UF trunk is located ventrolateral to the
IFOF trunk. The temporal portion of the UF
fans in the anterior portion of the three tempo-
ral gyri, anterior to the amygdala; its frontal
part reaches the gyrus rectus, orbital cortex,
and subcallosal area [17].
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Trunks of both the UF and IFOF extend from
the external and extreme capsules to the femporal
stem (Fig. 3.4). The latter is the white matter con-
necting the temporal lobe to the rest of the brain,
between the inferior circular sulcus of the insula
and the temporal horn of the lateral ventricle [17,
18]. It extends anteroposteriorly from the coronal
plane of the amygdala to that one of the lateral
geniculate body [18] and is continuous on a coro-
nal section with the ventral part of the external and
extreme capsule. It contains the UF and IFOF trunk
anteriorly and the anterior commissure and optic
radiations posteriorly [17-19]. The anterior com-
missure has a ventrolateral course from the midline
and crosses the inferior limit of the insula to enter
the temporal lobe via the temporal stem [19].

3.4 Vascular Relationships

The lateral fossa is the space located between
the insula medially and the medial aspect of
the opercula laterally. It is continued by the lat-
eral part (or operculo-insular, [5]) and basal
part (or stem [5]) of the lateral fissure: the lat-
eral part of the lateral fissure was previously
described and corresponds to the opening of
the lateral fossa at the surface of the brain; the
basal aspect of the lateral fissure is the cleft
located between the ventral aspects of the fron-
tal and temporal lobes; it runs from the limen
insulae, where it laterally communicates with
the lateral fossa, to the anterior perforated
space, located medially.

Fig. 3.3 Step-by-step Klingler’s dissection of the peri-
insular white matter tracts. The red arrows point the
approximate level of dissection on a coronal schematic
slice. (a) Lateral segments of the arcuate fasciculus. After
removing the cortex and short association “U” fibers, the
two most superficial segments of the arcuate fasciculus
appear: the vertical posterior segment (SLF vert) is poste-
rior to the insula and joins the supramarginal gyrus to the
posterior part of the superior and middle temporal gyri;
the horizontal anterior segment (SLF hor), dorsal to the
insula, joins the supramarginal gyrus and posterior part of
the superior temporal gyrus, to the subcentral gyrus. Due
to the partial removal of the frontoparietal (Fr-Par operc),
temporal (Temp operc) and fronto-orbital (Fr-Orb operc)
opercula, the insula appears. (b) Deep long segment of the
SLF, or arcuate fasciculus (SLF arc). After the superficial
segments of the SLF were removed, its deep or arcuate
segment appears. It curves around the posterior tip of the
insula and joins the superior, middle and inferior temporal
gyri to the ventral precentral area, pars opercularis of the
inferior frontal gyrus and posterior part of the middle
frontal gyrus. The insula clearly appears, limited from the
opercula by its circular sulcus (Circul S insula), and sub-
divided by the central sulcus of the insula (Central S
insula) into long (Long insul G) and short insular (Short
insul G) gyri. (¢) Extreme capsule. The extreme capsule
appears after the insular cortex is removed and contains
the superficial insulo-insular “U” fibers. Its dorsal part
(Extr caps dorsal) also includes insulo-opercular projec-
tion fibers, having a radiating pattern, whereas its ventral

»
»

part (Extr caps ventral) is made of the trunks of the unci-
nate (UF) and Inferior Fronto-occipital fasciculi (/FOF).
(d) Claustrum and external capsule. The claustrum is sub-
divided into a denser dorsal part (Claustrum dorsal),
medial to the dorsal Extr caps, and a ventral part
(Claustrum ventral) made of small islands of gray matter
intermingled with the trunks of the /FOF and UF. The
ventral part of the external capsule (Exter caps ventral) is
continuous with Extr caps ventral and is made of the
trunks of the /FOF and UF. Its dorsal part (Exter caps
dorsal) is made of radiate claustro-cortical fibers. The
putamen (Pu) appears just medial to Exter caps dorsal
after a few fibers are removed. (d) Putamen (Pu). The Pu
appears after removing the Exter caps. (e) The uncinate
fasciculus (UF). The UF runs ventral within the extreme
and external capsules and connects the anterior portion of
the three temporal gyri, anterior to the amygdala, to the
gyrus rectus, orbital cortex and subcallosal area. The trunk
of the IFOF is dorsal to the UF; it connects the frontal to
the parieto-occipital lobes. Dorsal to the putamen, the
extreme, external and internal capsule fuse to form the
corona radiata. (f) Internal capsule (Int caps). The Pu and
globus pallidus are removed and the Int caps appears
medial to them. It is continued dorsally by the corona
radiata and posteriorly by the stratum sagittale (SS). The
SS may be regarded as the equivalent of the corona radiata
for the temporal and occipital area and contains fibers of
the sublentiform portion of the internal capsule (including
optic and auditory radiations), fibers of the anterior com-
missure, and fibers of the IFOF.
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Ventral to the anterior perforated space and
lateral to the optic chiasm (Fig. 3.5), the internal
carotid artery bifurcates into the anterior (ACA)
and middle cerebral arteries (MCA), the latter
being about 4 mm in diameter, roughly twice that
of the ACA [20].

— The M1 or sphenoidal segment of the MCA
runs laterally, parallel, and posterior to the
sphenoidal ridge. It is located in the basal part
of the lateral fissure and reaches the limen
insulae. It divides into two (78% of hemi-
spheres), three (12%), or multiple (10%)
trunks. It is therefore described as made of
pre- and post-bifurcation segments [20],
which continue their course parallel to each

29

other. The respective size of these trunks is
variable, and, in case of bifurcation, equiva-
lent trunks are observed in about 2 out of 8
hemispheres, whereas superior dominant (3
out of 8) or inferior dominant (3 out of 8)
patterns are more common [20]. The M1 seg-
ment perforators, the anterolateral central (or
anterolateral lenticulostriate) arteries, mainly
originate from the pre-bifurcation segment of
M1 and ascend to reach the anterior perforated
space. Depending on their origin, they are
subdivided into lateral, medial, and sometimes
intermediate groups. The lateral and interme-
diate groups run through the putamen to vas-
cularize the head and body of the caudate and
superior part of the internal capsule. The
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Fig. 3.4 Peri-insular white matter tracts. White matter
tracts obtained from the dissection using Klingler’s
method were scanned at each step of dissection using a 3D
scanner laser, 3D-reconstructed and ported into the refer-
ence space of the dissected specimen postmortem MRI
(see [33] for details). The figure represents ex vivo MRI
coronal slices of a left hemisphere, from the anterior
insula (A) to a slice just retroinsular (D). Main peri-insular
tracts are superimposed in color onto these MRI images:
the horizontal segment of the superior longitudinal fas-

medial group vascularizes part of the globus
pallidus, anterior limb of the internal capsule,
and head of the caudate [20].

— At the level of the limen insulae, the MCA
turns posterodorsally, with an angle of approx-
imately 90°, to enter the lateral fossa (Fig. 3.6).
This sharp angle, or genu, clearly visible on a
frontal angiogram, is the limit between the
MI-sphenoidal and M2-insular segments of
the MCA. The trunks of the MCA divide here
in a mean of eight stem arteries [5—11] fan-
ning at the surface of the insula [7]. These
stem arteries divide into two or more cortical
arteries that reach the circular sulcus of the
insula, considered as the distal limit of the M2
insular segment of the MCA. This division of
the stem arteries in cortical arteries usually
occurs before or at the level of the circular sul-
cus of the insula [7, 20]. Due to the shape of
the insula, the M2 segment has a global trian-
gular distribution, visible on lateral angio-
grams. Most of the arteries vascularizing the
insula originate from the M2 segment [13];
the antero-dorsal part of the insula (short insu-
lar, accessory and transverse gyri, anterior cir-

ciculus (SLF-Hor, green) is located dorsal and lateral to
the insula; the vertical segment of the same fasciculus
(SLF-Vert, yellow) is posterior to the insula; the deep seg-
ment of the SFL, or arcuate fasciculus (SLF-AF, red) turns
around the posterior insula to extend into the posterior
temporal and ventral frontal lobes; the uncinate (UF, pur-
ple) and inferior fronto-occipital fasciculi (/FOF, light
blue) trunks are located in the ventral external and extreme
capsules. /LF Inferior longitudinal fasciculus (dark blue)

cular sulcus, apex) is mainly vascularized by
the superior trunk of the MCA and its
branches; the posteroventral insula (posterior
long insular gyrus, limen) is supplied by the
inferior trunk and branches of the MCA; the
central part of the insula (central sulcus of the
insula and anterior long insular gyrus) gets a
double vascularization from both trunks.
Finally early branches, originating from M1
before its bifurcation, can supply every part of
the insula except its central sulcus. A detailed
description of the arterial supply of each insu-
lar gyrus is given in [7], other descriptions
with a more extensive territory for the superior
trunk being proposed by other authors [6, 13].
Most insular arteries are short [6, 21] and only
supply the insular cortex and underlying
extreme capsule; 10% are medium sized and
vascularize also the claustrum and external
capsule; finally 3-5% of insular arteries are
long and reach deeper structures, as the corona
radiata [13]. Three to eleven such long insular
perforators are found per hemisphere; in about
80%, they originate from branches of the
superior trunk at the level of M2 segment
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Fig. 3.6 Insular (M2) segment of the middle cerebral
artery. Lateral view of a left hemisphere, after the oper-
cula were removed to expose the short (Short G) and long
(Long G) gyri of the insula. The sphenoidal (M) segment
of the MCA divides in a superior (M/s) and an inferior
(M1i) trunks, which pass the limen insulae to enter the
lateral segment of the lateral fossa. An early branch origi-
nates proximal to this bifurcation to reach the anterior part
of the insula and the fronto-orbital operculum. The insular

(51.6%), M2-M3 junction (37.4%), or proxi-
mal M3 (11%) [13]. These long perforators
enter the dorsal part of the insula, close to the
superior circular sulcus: at the level of the cen-
tral insula in 36%, of the long insular gyri in
29%, and the anterior part of the insula in 35%
[13, 21]. These perforators have an ascending
direction, orthogonal to the insula, toward the
body of the lateral ventricle. They then reach
deep targets: arcuate fasciculus for all of them,
corticonuclear tract for those penetrating the
dorsal part of the short insular gyri, corticospi-
nal tract for those penetrating the dorsal part
of the long insular gyri [21].

— At the level of the circular sulcus of the insula,
the MCA branches follow a hairpin curve to
reach the medial aspect of the opercula. This
180° curve, which is more obvious for the M2
branches having an ascending course, is visi-
ble on angiograms and marks the limit between

M3

segment of the MCA (M2) is the one running at the sur-
face of the insula, from the limen to the circular sulcus of
the insula (Circul S, dash line). It is made of the main
trunks (M2 Trunk), which divides in stem arteries (Stem
a). The latter then divide again, close to the Circul S in
cortical arteries. Distal to the Circul S, the MCA branches
are known as the opercular segment (M3) which follow
the medial and then horizontal aspects of the opercula to
reach the lateral aspect of the brain

the M2-insular and M3-opercular segments.
Once arrived at the junction of the medial and
horizontal part of the opercula (superior for the
temporal one, and inferior for the frontoparie-
tal one), M3 changes again its direction to run
laterally with a new turn of about 90° before
reaching the lateral limit of the lateral fissure,
which marks the limit between the
M3-opercular and M4-cortical segments.

— From this point, the branches of the M4 seg-
ment exit the lateral fissure and spread over
the surface of the cortex to reach their terminal
destination. The territory of the MCA is subdi-
vided into 12 different areas served by cortical
arteries with a variable branching pattern from
the stem arteries: orbitofrontal, prefrontal,
precentral, central, anterior parietal, posterior
parietal, angular, temporo-occipital, posterior
temporal, middle temporal, anterior temporal,
and temporopolar arteries [7, 20].
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3.5 Venous Relationships
The venous pattern of the insula is variable, but
four insular veins are commonly described:

— The anterior insular vein runs close to the
anterior circular sulcus with a ventro-posterior
direction, toward the limen insulae. It drains
the anterior circular sulcus and the anterior
short insular gyrus.

— The precentral insular vein drains the middle
short insular gyrus and apex and follows the
insular precentral sulcus with a ventro-
posterior direction.

— The central insular vein courses along the
central sulcus of the insula to drain the poste-
rior short and anterior long gyri, central insu-
lar sulcus, and limen insulae.

— The postcentral vein follows the postcentral
insular sulcus and gets blood from the poste-
rior long gyrus, posterior circular sulcus, and
limen insulae [7].

Classically, these insular veins join together
near the limen insulae to form the deep middle
cerebral veins (DMCV), which courses in the
basal segment of the lateral fissure. At the level
of the anterior perforated space, it anastomoses
with the anterior cerebral vein to form the ante-
rior part of the basal vein. The drainage of the
insular veins was shown [7] to be more com-
plex, some of them having a partial or total
drainage toward the superficial middle cerebral
vein (SMCV or superficial Sylvian vein). The
SMCYV parallels the lateral segment of the lat-
eral fissure, usually coursing a few millimeter
ventral to it. At the anterior tip of the lateral part
of the lateral fissure, it turns medially to reach
its basal part before ending in the sphenoparietal
or more rarely in the cavernous or sphenopetro-
sal sinuses. On the way it drains superficial cor-
tical veins, divided into frontosylvian,
parietosylvian, and temporosylvian groups but
also some of the insular veins, especially the
anterior and precentral ones.

3.6 Surgical Consequences

Due to its deep location, surgical approaches of
the insula have to deal with the opercula and the
vessels contained in the lateral fossa. The trans-
sylvian and subpial approaches will be detailed
chapter XXX, but a few surgically relevant details
are pointed here.

3.6.1 Transsylvian Approach
Identifying the lateral fissure is usually trivial,
but in case of large expansive processes or mal-
formation (for instance, megalencephaly), the
usual anatomical landmarks can be left. The lat-
eral fissure can then be identified as the sulcus
where numerous arteries (M4 segment) exit with
ascending and descending courses over its ven-
tral and dorsal lips, to reach their terminal corti-
cal territories.

The opening of the lateral fossa can be tai-
lored depending of the area of the insula to be
reached; the area of the limen insulae and basal
compartment of the lateral fissure can be reached
to access the ICA, MCA bifurcation, arterial cir-
cle, and sphenoidal ridge. A reliable landmark to
open the lateral fissure in this area is the inferior
tip of the triangular part of the inferior frontal
gyrus, the approach being conducted ventrally
from this point. More posterior approaches can
benefit from the projection of the superficial sulci
onto the insula (Fig. 3.1). Briefly:

— The dorsal end of the vertical ramus of the
anterior segment of the lateral fissure projects
onto the anterior insula, close to the superior
circular sulcus [7].

— The central sulcus of the insula has about the
same orientation as the central sulcus. Its dor-
sal tip can face the ventral tip of the central
sulcus in 60% [13] or be located a few milli-
meters anterior or posterior to it.

— The middle horizontal segment of the lateral
fissure corresponds to the juxtaposition of the
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Fig. 3.7 Surgical consequences of amygdalohippocam-
pectomy. The transsylvian approach (a) preserves most of
the neocortex as compared to trans-superior temporal sul-
cus (b) or trans T2 (c) approaches. It nevertheless implies

frontoparietal and temporal opercula, whereas
its posterior segment is surrounded by the
supramarginal gyrus. In other words, the mid-
dle segment is the only one facing the lateral
fossa and insula, and the junction of the mid-
dle horizontal and posterior ascending seg-
ments of the lateral fissure is a good landmark
for the posterodorsal limit of the insula (junc-
tion of the superior and inferior circular sulci.

Whatever the considered part of the lateral fis-
sure, retraction of the opercula has to be as lim-
ited as possible, especially in the subcentral area
to avoid postoperative contralateral facial palsy
but also in the superior temporal and inferior
frontal and inferior precentral gyri in the domi-
nant hemisphere to preserve language areas.

Once the lateral fossa is opened, if the trunks,
stem, and cortical arteries of the MCA need to be
dissected, two main areas have to be especially
considered because of perforators:

— The area located medial to the limen insulae
(basal compartment of the lateral fissure) con-
tains perforators (anterolateral central arter-
ies) issued from the M1 segment of the
MCA. The resection of a tumor in this area
has to remain lateral to the most lateral of
these arteries to avoid postoperative ischemia
of the internal capsule and basal ganglia. The
level of this most lateral M1 perforator can be
considered as the lateral limit of the anterior
perforated space. The area located between
the anterior perforated space and the limen
insulae, or limen recess, is free of perforators
and is usually about 15 mm width [7].

to cut the anterior part of the temporal stem (7 stem). H
Hippocampus, 7/ Superior temporal gyrus, 72 Middle
temporal gyrus, 73 Inferior temporal gyrus, 74 Fusiform
gyrus, TS5 Parahippocampal gyrus

— The second area with important relationships
to perforators is the superior part of the insula,
close to the superior circular sulcus. As shown
by [13, 21] long perforators of the M2/M3
segments of the MCA penetrate the insula in
this area and may reach deep structures: arcu-
ate fasciculus for all of them, corticonuclear
tract for those penetrating the dorsal part of
the short insular gyri, and corticospinal tract
for those penetrating the dorsal part of the
long insular gyri. These perforators have of
course to be respected during the dissection of
the MCA branches in the lateral fossa.

The transsylvian approach was proposed to
reach the temporal horn of the lateral ventricle
(Fig. 3.7) to perform selective amygdalohippo-
campectomy [22]. In this approach, an incision
of about 2 cm is performed along the anterior part
of the inferior circular sulcus of the insula to
reach the temporal horn of the ventricle at a depth
of about 0.5 mm [7]. Such an approach has the
advantage to avoid neocortical resection but
implies the manipulation of MCA branches and,
above all, the disconnection of the anterior part of
the temporal stem, with possible lesions to the
uncinate fasciculus, anterior commissure, and
anterior part of the temporal loop of the optic
radiations [19, 23].

3.6.2 Transopercular Approach
This approach begins by the partial resection of

the temporal or/and frontoparietal opercula after
the superficial pia mater was cut parallel to the
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inferior or superior lip of the lateral fissure,
respectively. The extension of this resection
depends on the part of the insula to be reached, a
temporal approach being for instance privileged
in the case of a temporo-insular glioma. The pro-
jection of the sulci of the lateral aspect of the
hemisphere onto the insula shows that about 2/3
of the insula is located medial to the temporal
operculum, the remaining dorsal third being
hidden by the frontal operculum. This explains
why a temporal resection is usually preferred
when a subpial approach is proposed for a glioma
limited to the insula [24].

The resection is performed subpially, the pia
mater being followed from the lateral, to the infe-
rior or superior, and then medial aspects of the
operculum to reach the inferior or superior circu-
lar sulcus, giving access to the insula. In this
approach the vascular dissection is minimal,
branches of the MCA remaining embedded by
the pia mater covering the walls of the lateral
fossa. It nevertheless implies the resection of pos-
sibly highly functional areas involved in lan-
guage (inferior frontal and inferior precentral
gyrus, superior temporal gyrus in the dominant
hemisphere) or motor function (subcentral area).
For this reason, a cortical and subcortical map-
ping using direct electrical stimulation (DES)
and awake surgery has to be performed prior and
during the opercular resection [24]. For instance
[25], dysarthria is induced by stimulation of the
ventral sensorimotor cortex (vVSMC) on both
hemispheres (ventral part of the pre- and postcen-
tral gyri and subcentral gyrus [26]) or by stimula-
tion of the anterior horizontal segment of the
SLF; it connects to the supramarginal gyrus
(articulatory loop). A fotal motor arrest can be
induced by DES of the vSMC or pars opercularis
of the inferior frontal gyrus. Phonological disor-
ders can be elicited by DES of the dorsal phono-
logical stream: arcuate fasciculus around the
posterodorsal part of the insula and areas it con-
nects in the frontal (opercular part of the inferior
frontal gyrus, posterior third of the middle frontal
gyrus) and temporal lobes (posterior third of the
middle and inferior temporal gyri). Semantic dis-
turbances (or at maximum, anomia) are induced
by stimulation of cortical components of the ven-
tral semantic stream in the dominant hemisphere:

pars opercularis of the inferior frontal gyrus, pos-
terior part of the superior and middle frontal gyri,
and superior temporal sulcus [27].

3.6.3 Resection of the Insula

During tumor resection, several areas of the
insula need to be approached with caution.

First, as previously mentioned, the entry area of
the long perforators is located at the superior aspect
of the insula. These vessels have to be respected in
that they vascularize deep white matter.

The ventral aspect of the extreme and external
capsules, located just medial to the ventral insula,
also has to be respected because it contains the
trunks of the IFOF and UF. The role of the UF
remains unclear in the literature, but its preserva-
tion seems not to be crucial for language [27, 28].
In the dominant hemisphere, the situation is com-
pletely different for the IFOF, which completes the
semantic network mentioned above, at the cortical
level. DES of the IFOF consistently induces tran-
sient verbal (semantic paraphasia, anomia) [29, 30]
and nonverbal semantic disturbances (impossibil-
ity to associate images belonging to the same
semantic field during for instance the pyramid and
palm tree test) [31]. It also produces a certain
degree of unawareness of the induced deficits [31]
and perseveration [32]. Its lesion induces non-com-
pensable permanent deficit, pleading for a system-
atic use of DES during resection of insular lesions.

The internal capsule, including fibers of the
corticonuclear and corticospinal tracts, is sepa-
rated from the insula by the extreme capsule,
claustrum, external capsule, and lenticular
nucleus. The internal capsule is thus relatively
preserved from a direct injury during insular
resection, except at the superior border of the
putamen, where the extreme, external, and inter-
nal capsules fuse to become the corona radiata.
As a consequence the white matter located medial
to the superior part of the insula needs to be fre-
quently tested using DES to control extension of
the resection in this direction.

Conclusion
Surgical approach of the insula remains quite
challenging due to its deep location, medial to
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the opercula, and also a rich environment
made of vessels and white matter tracts. It is
nevertheless possible, bearing in mind a few
anatomical information, important to avoid
postoperative deficits.
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