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Microsurgical Anatomy and Approaches to the Cerebral Central Core

Matias Baldoncini1,2, Alvaro Campero2,3, Julio César Pérez Cruz4, Rodolfo Recalde5, Richard Parraga6,7,
Federico J. Sanchez Gonzalez8,9, Martin Fortte10,11, Pablo González López12
-OBJECTIVE: Through a cadaveric study, we divided the
cerebral central core (CCC) into different areas and have
proposed a corresponding neurosurgical approach for each
sector. As a secondary objective, we analyzed the cortical
and subcortical microsurgical anatomy of the CCC. The CCC
includes the insula, extreme capsule, claustrum, external
capsule, lenticular nucleus, internal capsule, caudate nu-
cleus, and thalamus.

-METHODS: Twelve adult human brain hemispheres and
one cadaveric head specimen were dissected and studied
at the Laboratory of Neuroanatomic Microsurgical of the
University of Buenos Aires. Nine cases of CCC neurosur-
gical pathologies were included in the present study and
analyzed. Digital drawings were created of the approaches
proposed for each sector of the CCC showing the most
relevant surgical details. Photographs of each dissection
and measurements obtained were taken.

-RESULTS: We divided the CCC into a medial, intermedi-
ate, and lateral sector, with specific subdivisions for the
lateral and medial sectors. The lateral projection of the
foramen of Monro was found deep to the third short gyri of
the insula with the following distances: anterior insular
limen margin, 23.95 mm; posterior insular limen margin,
22.92 mm; superior limiting sulcus, 14.99 mm, and inferior
limiting sulcus, 13.76 mm. We have proposed the following
approaches: an ipsilateral transcallosal approach, a
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contralateral transcallosal approach, a choroidal trans-
fissure approach, a trans-splenial approach, transparietal
access entering the intraparietal sulcus, and trans-sylvian
approach. The preoperative imaging studies should be
analyzed using our method to select the most accurate and
safe approach.

-CONCLUSIONS: We have provided a description of the
limits and anatomy of the CCC using brain dissection, an
analysis of operated cases, and useful measurements for
the neurosurgeon.
INTRODUCTION
he cerebral central core (CCC) is a topographical area
located between the sylvian cistern laterally and the third
Tventricle medially. It has been described as a block that

rests over the midbrain. It includes the insular cortex, extreme
capsule, claustrum, external capsule, lenticular nucleus, internal
capsule, caudate nucleus, and thalamus. In addition, it is sur-
rounded by a group of short and long association commissural
and projection fibers. This white substance, located between the
peri-insular and lateral ventricle grooves, is known as the cerebral
isthmus.1 It connects the nucleus of the central core with the rest
of the hemisphere. It also anatomically separates the sylvian
cistern from the ventricular system. As the topographic center of
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the brain, it integrates various types of sensitive, motor, cognitive,
and emotional information. A few investigators2-4 have recognized
the CCC as a different region in the brain and highlight the
importance of surgical planning. From a strictly neurosurgical
point of view, its differentiation will be useful, because it contains
eloquent structures of deep localization, with complex cisternal
and ventricular relationships. Thus, we divided the CCC and
proposed different neurosurgical approaches for each sector for
the pathological entities located within this important anatomical
region.
Figure 1. An axial section is shown at the frontoparietal level that crosses
both cerebral central core centers at the point of the foramen of Monro.
The projection of the foramen on the insular surface (LPFM) was
graphed with yellow arrows. In the green ellipse, the right central core is
delimited and the left, in red. In front of and behind the lenticular
nucleus, the extreme capsule, external and internal, continue without a
demarcation plane. Thus, measurements were made from these
margins to the projection of the foramen of Monro.
METHODS

The cortical and subcortical anatomy of the CCC was studied in 12
adult human cerebral hemispheres in the Laboratory of Micro-
surgery Neuroanatomy of the II Division of Anatomy of the Uni-
versity of Buenos Aires. Axial and coronal sections were taken in 2
cerebral hemispheres. Next, brain staining was performed using
the Mulligan technique.5 The remaining hemispheres were fixed
in 10% formaldehyde for 1 month and then frozen for 30 more
days, following the guidelines of Ludwig and Klingler6 and of
other investigators.7 It is through this technique that the
expansion of the water that exists between the cerebral
fascicules can form ice crystals, thus facilitating their dissection.
We used a human head, previously injected with red and blue

silicone and fixed with aqueous solution of 10% diluted form-
aldehyde for 30 days. After performing the craniotomy, it was
frozen for 1 month, allowing for the combination of the color-
ation of the central core vessels and dissection of the nuclei and
fascicles that constitute it. Using the technique proposed by
Ribas et al.,4 morphometric data were obtained from the 12
hemispheres, which had been transfixed with pins from the
medial side through the foramen of Monro to analyze its
projection on the insular surface. After obtaining the lateral
projection of the foramen of Monro (LPFM), the distance from
this point to the upper and lower limiting groove of the insula
was measured. Finally, 2 coronal planes were drawn to delimit
the anterior and posterior edge of the lenticular nucleus,
termed the anterior and posterior lenticular margin,
respectively. All measurements were obtained manually on each
specimen using a digital caliper.
Two magnification microscopes of 6�, 10� and 40�, blunt

instruments, and diaeresis elements were used to perform the
dissections, including curved and straight microsurgery scissors,
straight micro-tweezers, Penfield model no. 7 straight and curved,
and wooden and cerebral spatulas, straight and curved. The
photographs were taken using a Nikon D7200 camera with a Micro
Nikon 40mm F2.8 lens and annular flash (Nikon, Tokyo, Japan).
This was configured using a variable diaphragm, with a shutter
speed of 100, ISO 250, and ring flash 1/128.
Finally, we have described the different strategies for the

neurosurgical approaches for pathological entities of the CCC
according to the proposed topographic division, after performing
them in cadavers at the University of Buenos Aires Laboratory of
Neuroanatomic Microsurgical and patients treated at the Neuro-
surgery Service of the Petrona Villegas Cordero Hospital of San
Fernando, Buenos Aires. To complete our research, we incorpo-
rated digital drawings created specifically for our report to
e24 www.SCIENCEDIRECT.com WORLD NE
highlight the anatomy of the region and the microsurgical division
through the cranial approaches.
RESULTS

Anatomy of CCC
The lateral side of the CCC corresponds to the insular surface that
is in the depth of the sylvian cistern when retracting the fronto-
parietal and temporal operculum. The insular surface is sur-
rounded by the circular groove composed of an anterior, superior,
and inferior limiting sulcus. The circular sulcus is interrupted at
the inferior anterior border of the insular surface by the insular
limen, which presents as a C-shape and has upper and lower
points.4,8-13

The upper point of the limen joins the anterior limiting sulcus
in the frontal lobe, termed the frontal limen point by Ribas et al.4

The lower point joins the lower limiting groove in the temporal
lobe and has been referred to as the “temporal limen point.”4

The anterior limiting sulcus extends from the frontal limen
point to the point where it intersects with the upper limiting
sulcus, referred to as the anterior insular point, and coinciding on
the surface of the sylvian fissure with the anterior sylvian point.
The upper limiting groove continues toward the posterior edge of
the insula, reaching the so-called posterior insular point,4,9 at
which it joins with the inferior limiting groove. The inferior
limiting sulcus extends from the posterior insular point to the
temporal limen point. The medial aspect is limited inferiorly by
the hypothalamic sulcus, anteriorly by the head of the caudate
nucleus, and superiorly by the body of the caudate nucleus,
crossing on its trajectory the septal area, fornix, third ventricle,
frontal horn, and body of the lateral ventricle.
The CCC anterior surface is an imaginary plane that extends

from the anterior limiting sulcus, passes through the anterior edge
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.04.139
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Figure 2. (A) An axial section can be observed above
the foramen of Monro, where it has been stained with
the Mulligam technique to highlight in blue the gray
structures of the cerebral core central (CCC). In a green
circle, the right CCC can be seen, viewed from above
with its constituent structures. A magenta circle points

to the anterior limiting groove of the insula. It is worth
noting that in this section, one can identify the anterior
and posterior limits of the CCC.4 (B) Coronal section of
the right cerebral hemisphere at the level of the
thalamus, in a red circle, indicating the superior limiting
groove of the insula and in yellow, the inferior.
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of the head of the caudate nucleus, and ends at the anterior horn
of the lateral ventricle superiorly and the anterior border of the
septal region inferiorly (Figures 1e3). The upper edge is repre-
sented by a plane connecting the upper boundary groove at the
level of the body and atrium of the lateral ventricle, just above the
body of the caudate nucleus.
The posterior border of the cerebral central core is a line joining

the posterior insular point to the posterior border of the pulvinar
nucleus, crossing the anterior border of the atrium of the lateral
ventricle.4 The lower edge of the central core is represented by a
medially directed plane connecting the inferior limiting sulcus
of the insula to the atrium and to the temporal horn of the
lateral ventricle.

Lateral Structures of the CCC
The insula is triangular in shape, with the apex directed anteriorly
and inferiorly toward the insular limen, which is a slight relief of
the cortex that covers the uncinate fascicle. It is surrounded by the
circular sulcus, which can be divided into 3 edges: anterior, su-
perior, and inferior.14-17 The anterior border is located in the depth
of the pars triangularis of the lower frontal gyrus. The upper
border separates the insula from the frontal and parietal lobes.
Finally, the lower edge separates the insula from the temporal
lobe.
The insular sulci and gyri are directed superiorly in a radiated

fashion from the apex to the insular limen.15 The central sulcus of
the insula is a relatively constant groove that extends from
inferiorly to superiorly and from anteriorly to posteriorly,
practically parallel to the central groove in the convexity. It
divides the insula into an anterior lobe formed by short island
turns and a posterior lobe formed by long, anterior and
posterior turns.17

Below the insular cortex, a thin group of short association fi-
bers, termed the extreme capsule, will be uncovered. This system
WORLD NEUROSURGERY 129: e23-e34, SEPTEMBER 2019
connects the insular turns adjacent to each other and projecting
into the depth of the upper and lower limiting sulcus to the
opercular areas.17-19 Removing these thin fibers, one will find the
claustrum and external capsule, both divided into a ventral and
dorsal portion. The dorsal external capsule is formed by claus-
trocortical projection fibers that connect the claustrum and cortex
between the supplementary motor cortex anteriorly and the pos-
terior portion of the parietal lobe posteriorly. The external ventral
capsule is formed by the inferior occipital frontal fasciculus above
and the uncinate fasciculus below. The dorsal claustrum is located
between the extreme and external capsule. The ventral claustrum
is formed by islets of gray substance interposed in the ventral
external capsule that extends laterally to the amygdaloid nucleus.
The uncinate fascicle is composed of long association fibers

that connect the frontal and temporal lobes. It is located deep at
the edge of the insula, assuming its “hook-shape” morphology. It
is found in the inferior portion of the anterior limiting sulcus and
the anterior portion of the inferior limiting sulcus.
The inferior fronto-occipital fasciculus connects the superior

and middle frontal gyri to the temporal, parietal, and occipital
lobes. It is immediately superior to the uncinate fascicle and has a
concave portion that encompasses the lower surface of the puta-
men nucleus.
The lenticular nucleus is located between the internal and

external capsule. It is divided into 3 segments by 2 layers of white
matter, the medial and lateral medullary laminae.19,20 The lateral
segment, the putamen, is the most prominent of the 3. The 2
remaining segments form the pallidum globe. The putamen has a
darker color and is larger than the pallidum. The pallidum pre-
sents with a greater consistency and a lighter appearance owing to
the greater amount of fibers running through it.
In a coronal section through the cerebral hemispheres

(Figure 2B), the lenticular nucleus has a triangular shape and 3
faces (lateral, superomedial, and inferior). The lateral surface is
www.journals.elsevier.com/world-neurosurgery e25
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Table 1. Measurements of Distances From Lateral Projection of
Foramen of Monro to Upper and Lower Insular Limiting Sulcus
and Anterior and Posterior Lenticular Insular Margins

Hemisphere
LPFM-SLS

(mm)
LPFM-ILS
(mm)

LPFM-AILM
(mm)

LPFM-PILM
(mm)

1 20.61 14 20.59 21.49

2 17.78 12.53 23.68 20.79

3 11.62 14 22.19 19.81

4 16.35 13.53 21.98 24.60

5 11.82 14 24.20 26.64

6 16.35 13.53 28.65 24.20

7 11.82 9.88 27.77 23.15

8 10.60 10.90 27.74 22.53

9 10.50 14.39 22.85 18.37

10 18.79 20.81 21.79 23

11 17.67 12.63 24.68 27.33

12 16 15 21.35 23.22

Average 14.99 13.76 23.95 22.92

LPFM, lateral projection foramen of Monro; SLS, superior limiting sulcus; ILS, inferior
limiting sulcus; AILM, anterior insular limen margin; PILM, posterior insular limen
margin.

Figure 3. Artistic illustration and graphic representation of the left
cerebral central core (CCC), highlighting the ventricular surface of the
caudate nucleus, ventricular surface of the left thalamus, and the fornix
covering the dorsal surface of the thalamus, forming the choroidal cleft.
This fissure divides the medial segment of the CCC into a ventricular and
cisternal sector. The ventricular sector is related to the frontal horn,
body, and atrium of the lateral ventricle and to the thalamic surface of
the third ventricle. It is this division of the medial CCC that we have
proposed because it allows for its classification in relation to the
different approaches for accesses to the neurosurgical pathological
features of this area.
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separated from the insular cortex by a layer of white matter,
which, in turn, is subdivided into 2 by a thin layer of gray
substance, the claustrum, in the extreme and external capsule.
The superomedial surface corresponds to the internal capsule,
and, in its anterior portion, it has a bridge of gray substance
that connects with the head of the caudate nucleus, termed the
striated body segment. The inferior surface is related to the
anterior commissure (AC) and is separated from the temporal
horn of the lateral ventricle through a layer of neural tissue
where the tail of the caudate nucleus can be recognized.4,20

The AC is a fascicle of interhemispheric commissural fibers that
crosses the ventral surface of the CCC and, in this sector, is a part of
it. It mainly connects different regions of the temporal lobes. When
it crosses the midline, it appears in close relation to the anterior
perforated substance. Next, the AC bifurcates into a ventral exten-
sion in relation to the olfactory sulcus and a lateral extension
directed toward the temporal lobe. The lateral extension is covered
by a layer of tissue, which represents the so-called Gatriolet canal,
and is formed by the anterior surface of the pallidum.
e26 www.SCIENCEDIRECT.com WORLD NE
The external capsule and claustrum can be divided into ventral
and dorsal portions. The dorsal external capsule is formed by
claustrocortical projection fibers that connect the claustrum and
cortex between the supplementary motor cortex anteriorly and the
posterior portion of the posterior parietal lobe. The external
ventral capsule is formed by the lower fronto-occipital fasciculus
above and the uncinate fasciculus below. Toward the medial
aspect, we also found a small group of fibers dependent on the
AC, which were directed anteroposteriorly toward the parietal
region. The dorsal claustrum is located between the extreme and
external capsule. The ventral claustrum is formed by islets of gray
matter interposed in the ventral outer capsule that extends laterally
to the amygdaloid nucleus.20
Intermediate Structures of the CCC
The internal capsule represents the projection fibers located be-
tween the lenticular nucleus laterally and the caudate and thal-
amus medially. It continues superiorly with the radiated crown,
and inferiorly with the cerebral peduncles of the midbrain. In an
axial plane through the cerebral hemispheres (Figures 1 and 2),
the internal capsule has a “V” shape, with the medial vertex
directly related to the foramen of Monro and, therefore, the
division between the frontal horn and central portion of the
lateral ventricle. The internal capsule can be divided into 5
portions: the anterior limb, between the head of the caudate
and the lenticular nuclei; the genu in direct relation with the
foramen of Monro; the posterior limb, between the thalamus
and lenticular nucleus; the retrolenticular portion behind the
lenticular nucleus; and, finally, a sublenticular portion below it.
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.04.139
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Figure 4. Graphic representation of dissection of injuries in the cerebral
central core (CCC) according to the proposed classification. (A) Opening of
Sylvian fissure where the insular surface can be observed. (B) Axial section
over the lateral ventricles where the dorsal surface of the medial CCC can
be observed. Related to the anterior horn of the lateral ventricle is the head
of the caudate nucleus, which we divided into a medial sector and a lateral
sector. In the central portion, or body of the lateral ventricle, is the medial
thalamus and body of the caudate nucleus laterally. We have proposed a
division in the anterior medial thalamus (AMT), corresponding to the dorsal
surface of the thalamus in the vicinity of the choroidal fissure. (C) Sagittal
section of the brain, observing the CCC from the medial side. ACL, anterior
lateral caudate; ACM, anterior medial caudate; ALT, anterior lateral
thalamus (surface related to the body of the NC); LACC, lateral anterior
central core; LMCC, lateral medial central core; LPCC, lateral posterior
central core; MC, middle caudate (corresponding to body of NC); MPT,
medial posterior thalamus (corresponding to surface of medial pulvinar to
choroidal fissure in relation to quadrigeminal cistern); NC, caudate nucleus;
PC, posterior caudate (tail of NC at atrial level); PLT, posterior lateral
thalamus (corresponding to ventricular pulvinar surface [atrium]); T3V,
thalamus of third ventricle (extending from choroidal fissure to
hypothalamic sulcus of ventricular surface).
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Medial Structures of the CCC
The thalamus is an ovoid structure located above the mesenceph-
alon, it hasmedial, lateral, superior, inferior, anterior, and posterior
surfaces. The lateral surface is convex and adherent to the caudate
nucleus superiorly and to the posterior segment of the internal
capsule inferiorly. The medial surface has an ependymal surface
called the ventricular surface and an extraventricular or cisternal
surface, related to the quadrigeminal cistern. It forms the lateral wall
of the lateral ventricle in its anterior two thirds and is related to the
superior colliculus in its posterior third. The upper surface is divided
WORLD NEUROSURGERY 129: e23-e34, SEPTEMBER 2019
by themedullary thalamic stria into 2 halves: medial and lateral. The
lateral half is related to the caudate nucleus and constitutes the
lateral body floor of the lateral ventricle. Themedial half is related to
the choroidal tissue and the fornix; the lower surface lies on the
mesencephalon. The posterior border, represented by the pulvinar
nucleus, is subdivided by the choroidal fissure in a medial or
quadrilateral and lateral or ventricular segment.8,11,12 This is very
important because it allows for the division of this sector according
to the surgical approach to be used. The anterior border can be
divided by medial and lateral halves. The lateral half is related to the
head of the caudate nucleus, and themedial half forms the posterior
limit of the foramen of Monro.
The caudate nucleus is divided into the head, body, and

tail.9,11,16 The head is located in the lateral aspect of the anterior
border of the thalamus, and the body is located on the upper
surface of the thalamus. The fornix is formed by hippocampal
mammillary fibers that originate in the hippocampus, subiculum,
and dentate gyrus of the temporal lobe. It then runs poster-
osuperiorly to become the fornix crura.11 Both crura join at the
confluence of the atrium with the body of lateral ventricle to
form the body of the fornix, which runs anteriorly through the
superomedial edge of the thalamus, to the anterior edge, where
it divides into 2 columns that curve to form the anterior limit of
the foramen of Monro. This structure is related to the lateral
ventricle. The body of the fornix is located in the medial portion
of the body of the lateral ventricle, the crura of the fornix are
located on the medial border of the atrium; and the fimbria of
the fornix are found in the medial aspect of the temporal horn.
The choroidal fissure is a cleft between the thalamus and the

fornix, where the lateral ventricles of the choroidal plexus adhere
and through which the anterior choroidal and medial posterolat-
eral artery can be exposed.11 It presents a “C” shape that extends
from the foramen of Monro, through the body and atrium and,
finally, to the temporal horn of the lateral ventricle. Therefore,
this fissure extends around the inferior, superior, and posterior
surfaces of the thalamus. It can be divided into a body, between
the body of the fornix and the thalamus, an atrial portion
between the crura of the fornix and the pulvinar nucleus of the
www.journals.elsevier.com/world-neurosurgery e27
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Figure 5. (A) In the first step of the dissection, the cranial
bone is removed.Next, the cortex of the lateral surface of
the left cerebral hemisphere is retracted to expose the
superior longitudinal fasciculus (SLF)with its pars arcuata,
in intimate relationship with the superior and inferior
limiting sulcus (SLS and ILS, respectively) of the insula.
The middle cerebral artery (MCA) can be observed. (B)
Photograph showing greater localized increase over the
lobe of the left insula. IL, insular limen anterior (ALS;
green), superior (SLS; yellow), and inferior limiting sulcus
(ILS; blue) of the insula. Indicated bywhite points: FLP,
frontal limen point; AIP, anterior insular point; PIP,
posterior insular point; TLP, temporal limen point. The
lateral projection foramen of Monro (LPFM) has been
demarcated with amagenta dot:white lines in front and
behind it indicate coronal direction projecting the anterior
andposterior lenticular insularmargins. (C)After removing
the cortex from the short and long gyrus of the insula, a
thin layer of fibers termed the extreme capsule can be
observed, which will be thicker at the points at which the
insular turnswere previously found but thinner at the site
of the sulcus. (D) Below the extreme capsule, we found a
thin layer of gray substance called claustrum. Under it will
be a group of fibers called the external capsule; both can
be divided into a dorsal and a ventral sector. In the most
anterior sector of the insular external surface, and below
the cortex of the limbus, a groupof long associationfibers
will be found. In this step of the dissection, the limiting
sulcusof the insula canbeconserved, because thecentral

core is developed within them. Injectedwith red silicone,
themiddle cerebral artery can be observed with its upper
and lower branches. The latter is related to the lower
limiting groove and the upper branch flanges to its M2
branches on the insular surface, directly related to the
superficial core sector. (E) The external capsule was
removed to reveal the lateral surface of the lenticular
nucleus (LN), considered an external shield of a gray
substance that protects the internal capsule. After
removing part of the putamen and pallidum, the lateral
lenticulostriate arteries can be identified, and medial to
them, thefibersof cephalocaudal orientation canbeseen.
The internal capsule (IC) can be seen, which extends
beyond the anterior andposteriormargins of the lenticular
nucleus. (F) The last step of dissection of the central core
from laterally, where the presence of the internal capsule
with its anterior arm, posterior arm, and knee is
highlighted, demarcated in an ovoid manner by the
morphology printed on the medial side of the lenticular
nucleus. Important anatomical and microsurgical data
showed the absence of a demarcation between the
extreme, external, and internal capsules in the periphery
of the lenticular nucleus. Therefore, we performed the
measurements in the coronal plane of the anterior and
posterior limits of the same, represented in broken lines,
denominating them: anterior and posterior lenticular
insular margins. UF, unciform fasciculus; IFOF, inferior
fronto-occipital fasciculus.
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Figure 6. (A, B) Artistic illustrations of the approaches
to the left cerebral central core. ATC, anterior
transcallosal contralateral (provides access to lateral
thalamus and lateral caudate lesions); ATH, anterior
transcallosal homolateral (for access to dorsal and
medial intraventricular surface of thalamus and
caudate nucleus); IS, transparietal access (entering
intraparietal sulcus into ventricular atrium with direct

vision of pulvinar of intraventricular thalamus and tail
of caudate nucleus); TCF, transchoroidal fissure (for
thalamic lesions in the third ventricle); TS,
trans-splenium (approach allows access to cisternal
surface of pulvinar of thalamus); TSF. trans-Sylvian
fissure (approach to access lateral cerebral central
core).

Table 2. Summary of Proposed Subdivisions of Cerebral Central
Core and Proposed Neurosurgical Approaches According to
Our Experience for Each Sector

Region of CCC Neurosurgical Approach to CCC

Lateral CCC

Lateral anterior central core Trans-Sylvian fissure

Lateral medium central core Trans-Sylvian fissure

Lateral posterior central core Trans-Sylvian fissure

Medial CCC

Anterior caudate medial Homolateral transcallosal

Anterior caudate lateral Contralateral transcallosal

Anterior medial thalamus Homolateral transcallosal

Anterior lateral thalamus Contralateral transcallosal

Middle caudate Contralateral transcallosal

Posterior medial thalamus Trans-splenium

Posterior lateral thalamus Intraparietal sulcus

Posterior caudate Intraparietal sulcus

Thalamus third ventricle Transchoroidal fissure

CCC, cerebral center core.
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thalamus, and a temporal portion between the fimbria of the
fornix and the stria terminalis (or thalamostriate sulcus) on the
ventral side of the thalamus. Opening the body portion will
expose the third ventricle, the atrial portion allows for access to
the quadrigeminal cistern, and the temporal portion will expose
the ambient cistern.11,21

Measurements of the CCC
On the 12 cerebral hemispheres, the LPFM was demarcated and the
distances between this point and the anterior insular limen margin
and posterior insular limen margin were measured. The distances
between the LPFM and the superior and inferior limiting sulci of the
insula were also measured. The results are presented in Table 1.

Subdivisions of the CCC
For neurosurgical purposes, divisions of the CCC have been made
for insular gliomas22-25 and cavernomas located at the level of the
thalamus.26-29 However, to the best of our knowledge, no studies
have presented the different neurosurgical approaches to the CCC
by dividing the CCC into different regions. Thus, we divided the
CCC into medial, intermediate, and lateral sectors (Figure 4 and 5).
The medial structures include the thalamus and caudate nu-

cleus. The lateral components include the putamen, pallidum,
external capsule, claustrum, extreme capsule, insular cortex,
anterior commissure, uncinate fascicle, and the inferior fronto-
occipital fascicle. The internal capsule with its anterior and pos-
terior arms and genu, which, topographically, coincides with the
foramen of Monro, remains an intermediate and divisive element.
Two subdivisions of the lateral central core have been proposed.

One is from a coronal plane that passes through the lateral
WORLD NEUROSURGERY 129: e23-e34, SEPTEMBER 2019
projection of the foramen of Monro, and the second is an axial
plane through it. Thus, it can be divided into 4 sectors: ante-
rosuperior, posterosuperior, posteroinferior, and anteroinferior.
These were divided into zones I, II, III, and IV by Sanai et al.,22
www.journals.elsevier.com/world-neurosurgery e29
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Figure 7. (A) Artistic representation of pretemporal
approach with opening of the Sylvian fissure for access
to the insular surface in its anterior, middle, and lateral
sectors. Using this type of approach allows for access
to surgically resect pathological features located in the
cortex of the insula, claustrum, external and extreme
capsules, unciform and fronto-occipital fasciculus. (B)

Drawing of the transcallosal interhemispheric approach
to reach the central core related to the lateral ventricle,
third ventricle, or quadrigeminal cistern through
trans-splenial access. Its variants are the homolateral,
contralateral, trans-splenial, and transchoroidal fissure
approaches.
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respectively. The second subdivision that we have proposed is
through 2 coronal lines that demarcate the projection on the
insular cortex of the anterior and posterior edges of the
lenticular nucleus. We have designated these planes as the
anterior and posterior lenticular insular margin (Figure 5A, B).
Therefore, we delimited the lateral CCC in the anterior, middle,
and posterior segments. The middle segment appears to be the
safest when addressing deep pathological features to the insular
cortex, because in the anterior and posterior segments, the
extreme, external and internal capsules do not present with a
clear separation border between them.
We divided the medial aspect of the CCC in relation to the

sectors of the lateral and third ventricles, with which it is related
(Figure 6B and C). The head of the caudate lies in the anterior
horn of the lateral ventricle, and we divided it into the medial
and lateral sectors: the caudate anterior medial and lateral. The
central portion,9,17 or body of the lateral ventricle, is repre-
sented medially by the thalamus and laterally by the body of the
caudate nucleus. For this portion, we have proposed the division
into the anterior medial thalamus, corresponding to the dorsal
surface of the thalamus near the choroidal fissure; and the
anterior lateral thalamus in relation to the caudate nucleus, and
lateral to the medullary thalamic stria. Finally, we described the
middle caudate sector, which corresponds to the tail of the
caudate nucleus.
e30 www.SCIENCEDIRECT.com WORLD NE
The posterior surface of the thalamus is divided by the choroidal
fissure in an intraventricular segment in the atrium, which we
termed the posterior lateral thalamus, and a medial or cisternal
extraventricular segment, in relation to the quadrigeminal cistern,
termed the posterior medial thalamus. The last sector of the medial
CCC is the thalamic surface in relation to the third ventricle (thal-
amus in the third ventricle), which extends from the choroidal
fissure to the hypothalamic sulcus of the ventricular surface.

Neurosurgical Approaches to the CCC
As previously stated, isolated studies have reported on the CCC
divisions. However, none of these studies were oriented to
microsurgical corridors. After analyzing the anatomy of the central
cerebral core, we have proposed the following approaches: ipsi-
lateral transcallosal, contralateral transcallosal, transchoroidal
fissure, trans-splenial, transparietal access entering through the
intraparietal sulcus, and trans-sylvian approaches. The divisions of
the CCC with each proposed approach are presented in Table 2.
As summarized in Table 2, the anatomic division of the CCC

provide for surgical orientation, with a corresponding strategy
determined by the approach for each case. The frontotemporal
approaches (pterional, pretemporal, etc.) allow for access to the
sylvian fissure and, after its dissection in its sphenoidal and
lateral segments, the lateral surface of the central core will be
exposed. As seen in the dissection shown in Figure 5 and
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.04.139
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Figure 8. Magnetic resonance images of patients with cerebral central
core pathological features. (A) Cavernoma at the level of the right insula
and extreme capsule, with a halo of hemosiderin extending to the
claustrum, is projected in the lateral point of the foramen of Monro. (B)
Glioblastomawith extensive right insular component. (C) Right posterior
insular anaplastic astrocytoma, located behind the posterior insular
lenticular plane, and reaching deep to the external capsule. (D) Left

lenticular cavernoma,with a hemosiderin halo extending to the posterior
arm of the internal capsule. (E) Glioma of low grade at the left lentiform
nucleus. (F) Subependymoma of the head of the right caudate nucleus,
located medially. (G) Glioblastoma located at the level of the body of the
right caudate nucleus. (H) Right thalamic cavernomawith pial expression
at the atrial pulvinar level. (I) Left thalamic cavernoma with halo of
hemosiderin in relation to internal capsule.
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Figure 9. Artistic illustration of a transparietal sulcus approach through
the right intraparietal sulcus for access to the ventricular atrium and,
through it, to the ependymal surface of the pulvinar of the thalamus.
Although it is a transcortical choice, this corridor avoids damaging the
geniculocalcarine fibers and, in addition, the fibers of the cingulate
fascicle will be respected medially. The intraparietal sulcus separates the
interior parietal lobe from the superior and will generally run parallel to
the median line at 2 or 3 cm from the medial border of the cerebral
hemisphere. Once access has been created, it should be gently
retracted. In some cases, endoscopic assistance can be used for
intraventricular microsurgery on the thalamus or tail of the caudate
nucleus.
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plotted in the drawing shown in Figure 6A, the trajectory of the M2
branches of the middle cerebral artery should be preserved, using
the space between them for dissection and access to the
subcortical structures of the lateral CCC. The latter is especially
important behind the posterior insular lenticular plane
(distances presented in Table 1), because these arterial branches
provide perforators that traverse the insular cortex, reaching the
posterior arm of the internal capsule.
In Figure 7B and an original digital artistic representation, a left

interhemispheric approach is shown. It crossed the corpus
callosum on the ipsilateral or contralateral side,30-35 allowing for
access to the medial central core in relation to the lateral ventricle,
third ventricle, or quadrigeminal cistern in the case of posterior
transcallosal access through the splenium.
The access to the pulvinar of the thalamus in its intraventricular

sector and the tail of the caudate nucleus include those used for
pathological entities of the ventricular atrium. The intraparietal
e32 www.SCIENCEDIRECT.com WORLD NE
sulcus is located anteroposteriorly, separating the superior parietal
lobe from the inferior lobe (supramarginal and angular gyrus), and
generally runs parallel to the median line at 2 or 3 cm from the
interhemispheric fissure. Once access has been achieved, it should
be gently retracted and, in some cases, endoscopic assistance can
be used for intraventricular microsurgical work on the thalamus or
tail of the caudate nucleus.
We have used this approach for pulvinar cavernomas and sub-

ependymomas of the tail of the caudate nucleus, because access is
direct to these components of the CCC, as shown in Figures 8H
and 9.
DISCUSSION

The subdivision of the cerebral hemispheres into lobes was
determined from the skull bones with which they are related.36

However, in 1809, in its original description by Reil, the insula
was recognized as a distinct lobe.4,36 If the insula behaves as an
external shield to the CCC2 and the latter is located above the
brainstem, one can easily understand that the approaches to this
topographic sector will represent a great challenge. In addition,
the CCC includes numerous eloquent cortical and subcortical
structures. Therefore, the preoperative studies of each case must
be carefully analyzed to understand the lesion’s relationship to
the location and, thus, enable selection of the most accurate
and safe approach.
For those lesions with a lateral ependymal component in the

lateral ventricle, the contralateral transcallosal access will pro-
vides a greater angle of vision34,37 without the need for retraction
of the cingulate gyrus and fascicle. Although some investigators
have recommended transcortical access to the frontal horn or
body of the lateral ventricle, we have preferred to use the natural
corridor offered by the interhemispheric fissure and the peri-
callosal cistern. By avoiding the transcortical access, the likeli-
hood of postoperative seizures will be reduced, as will the risk of
injuring the fibers of the corpus callosum, which invariably
extend below the corticotomy. The small sector of the CCC in
relation to the dorsal surface of the third ventricle, represented
by the medial surface of the thalamus, can be exposed to the
surgeon’s vision by a transcallosal or transcortical endoscopic
corridor using access through the transchoroidal fissure. With
the homolateral transcallosal approach, after entering the body
of the lateral ventricle, the choroid plexus must be identified and
moved medially to proceed with the opening of the choroidal
fissure and below it to reach the thalamic surface of the third
ventricle, which is limited by the hypothalamic groove. In the
case of patients with hydrocephalus, another valid option is to
perform endoscopic access via the trans-foramen of Monro to
the third ventricle.
The trans-sulcal access through the intraparietal sulcus of the

lateral surface of the hemisphere will direct one toward the ven-
tricular atrium, without damaging important fascicles, such as the
optic radiations, superior longitudinal fascicle, and occipital for-
ceps of the corpus callosum. If difficulty is encountered in locating
the intraparietal sulcus, ultrasound guidance can be used to
determine the trajectory to the ventricular atrium.
We began with the stratification proposed by Ribas et al,4 with

the division of the central core laterally into 4 quadrants, with the
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.04.139
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addition of delimitating the anterior and posterior borders of the
lenticular nucleus, because it acts as a shield of gray substance
that protects the internal capsule. This division into 4 quadrants
from the insular projection of the foramen of Monro will allow
one to orient oneself for the trans-sylvian approaches for patho-
logical entities located in the CCC lateral to the internal capsule.
We have proposed a division of the medial central core for the

neurosurgical approach to be used for access to this anatomical
region. These include the ipsilateral and contralateral transcallosal
interhemispheric approachs34,38 to the transchoroidal fissure,
trans-splenium, and transintraparietal sulcus.
The access to pathological entities in this area involves trans-

cortical routes, cisternal dissection, or primary access to some
sector of the lateral ventricles or third ventricle, until the CCC can
be visualized. Therefore, correct positioning of the patient, the use
of microsurgical and endoscopic techniques, and the use of
neuronavigation or stereotaxic guidance with needle or laser will
be important, in addition to the use of intraoperative cortical and
subcortical stimulation.
WORLD NEUROSURGERY 129: e23-e34, SEPTEMBER 2019
CONCLUSIONS

We have provided a detailed description of the limits and cortical
and subcortical anatomy of the CCC using brain sectioning, fiber
dissections, and step-by-step analysis of cadaveric material injected
with silicone and prepared with Klingler’s technique. The useful
measurements for the neurosurgeon were analyzed, including the
projection of the foramen of Monro on the insular surface and from
that, the anterior and posterior insular lenticular plane. With the
advances in transcortical ultrasound techniques, localization of the
foramen of Monro using transcortical insular ultrasonography
might be feasible, which would allow us to use the measurements
obtained from our study in patients with central lateral core tumors
and decreasing the postoperative morbidity.
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