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Abstract

Aim: The third ventricle is a funnel-shaped cavity located deep in the brain and difficult to access with surgical approach. The anterior
commissure is an anatomical structure located on the anterior wall of the third ventricle. This study aimed to demonstrate the use of the
anterior interhemispheric transcallosal approaches to access the third ventricle, evaluate the microsurgical anatomy of the anterior
commissure and investigate the morphological features of this region.

Methods: Eleven cadaveric brain specimens were dissected using microsurgical tools. Different anterior interhemispheric routes to the
third ventricle were demonstrated, and stepwise dissections were performed to expose the limbs of the anterior commissure.
Morphological measurements of the anterior commissure and the third ventricle were carried out.

Results: The anterior limb of the anterior commissure extends towards the anterior perforating substance, olfactory bulb, anterior
olfactory nucleus and the orbitofrontal cortex. The posterior limb extends from the basal part of the caudate nucleus, passes below the
substantia innominata and courses through the basal part of the putamen. It constitutes the major component of the anterior commissure
and is composed of temporal and occipital fibers. The mean length of the anterior commissure body was 16.2 + 4.2 (range 9.7-24.2)
mm, while the mean width was 4.3 + 0.7 (range 2.8-5.1) mm.

Conclusion: A better understanding of the microsurgical anatomy and morphometric features of the third ventricle and anterior
commissure increases the success of surgical interventions and prevents possible complications in this region.
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Oz

Amag: Ugiincii ventrikiil, huni seklinde derin yerlesimli bir beyin boslugudur ve cerrahi yaklagimlarla ulasilmasi giigtiir. Anterior
komissiir ti¢iincii ventrikiiliin anterior duvarinda lokalize anatomik bir yapidir. Bu ¢alismada, {i¢iincii ventrikiile ulasmak igin uygulanan
anterior interhemisferik transkallozal yaklagimlarin gosterilmesi, anterior komissiiriin mikrocerrahi anatomisinin incelenmesi ve bu
bolgenin morfolojik dzelliklerini incelenmesi amaglanmgtir.

Yéntemler: 11 kadaverik beyin spesimeni mikrocerrahi aletlar kullanilarak diseke edildi. Ugiincii ventrikiile ulasmak igin farkli anterior
interhemisferik yollar gosterildi ve anterior komissiiriin bacaklarimi ortaya koymak i¢in kademeli diseksiyonlar yapildi. Anterior
komissiir ve tiglincii ventrikiiliin morfolojik hesaplamalari yapildi.

Bulgular: Anterior komissiiriin anterior bacagi, anterior perforan maddeye, olfaktdr bulba, anterior olfaktdr niikleusa ve orbitofrontal
kortekse dogru uzanmaktadir. Posterior bacag ise, kaudat niikkleusun bazal kismindan uzanarak substansiya innominatanin altindan
gegmekte ve putamenin bazal kismina dogru seyretmektedir. Anterior komissiiriin posterior bacagi, anterior komissiiriin major
komponentini olusturmaktadir, ve temporal ve oksipital loblara giden liflerden olugmaktadir. Anterior komissiir gdvdesinin ortalama
uzunlugu 16,2 + 4,2 (Aralik 9,7-24,2) mm, ve ortalama eni ise 4,3 + 0,7 (Aralik 2,8-5,1) mm idi.

Sonug: Ugiincii ventrikiiliin ve anterior komissiiriin mikrocerrahi anatomisi ve morfometrik 6zelliklerinin daha iyi anlasilmasi bu
bolgeye yapilacak cerrahi girisimlerde basarili olmayi saglar ve olasi komplikasyonlari 6nler.

Anahtar kelimeler: Ugiincii ventrikiil, Anterior interhemisferik transkallozal yaklagim, Anterior komissiir, Mikrocerrahi anatomi
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Introduction

Accessing the third ventricle of the brain often proves to
be quite challenging due to its deep location and the functional
importance of the adjacent anatomical structures [1]. The success
of surgical interventions involving this region depends on a clear
understanding of its microsurgical anatomy and principles.

The anterior interhemispheric transcallosal approach
(AITA) is the most common method used to access lesions
involving the third ventricle and can be used in combination with
the  transforaminal, interforniceal,  subchoroidal, and
transchoroidal routes [2,3].

The anterior commissure represents a key
interhemispheric connecting structure that needs to be protected
when approaching lesions affecting the anterior wall of the third
ventricle. This study aims to demonstrate the use of an AITA to
access the third ventricle, evaluate the microsurgical anatomy of
the anterior commissure and investigates the morphological
features of this region.

Materials and methods

Eleven cadaveric human brain specimens that kept in
10% formalin solution for at least 3 months were used. The
arachnoid, pia mater and vascular structures were removed in the
anatomy laboratory, and all dissections were performed using a
surgical microscope (magnification 4-40x) and appropriate
microsurgical tools. The specimens were stored in 75% alcohol
solution between dissections.

First, the cingulate gyri were exposed using the
interhemispheric space. Then, retractors were advanced towards
the corpus callosum. A callosal incision, 1.5-2 cm in length, was
created at a point approximately 2.5 cm posterior to the genu of
the corpus callosum, depending on the access angle of the
foramen of Monro, which was used as the central point of
incision for all hemispheres. Thereafter, the third ventricle was
accessed via the right lateral ventricle in all specimens.

The relationship between the anterior commissure and
the approaches used were also demonstrated. Morphometric
calculations were made using an electronic caliper between the
anterior commissure and various anatomical landmarks.

This study was approved by the Research Ethics
Committee of Istanbul University—Cerrahpasa, Cerrahpasa
Medical Faculty (Number: 83045809/32140; Date: 9/3/2014).

Results

Although the anterior transcallosal pathway represents a
common surgical corridor for accessing third ventricular lesions,
various modifications can be made based on the location of the
lesion. The modifications demonstrated in this study are listed
below:

Transforaminal approach

This is the most common approach used to access
tumors located in the anterior part of the third ventricle. The
current study demonstrates access to the third ventricle from the
foramen of Monro, followed by exposure of its anterior section
by lifting the roof using dissection (Figure 1).
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Interforniceal approach

This approach is typically suggested for accessing
lesions in the anterior and middle sections of the third ventricle.
Once adequate interforniceal exposure has been achieved, the
velum interpositum can be opened and both internal cerebral
veins may be retracted to expose the third ventricle floor (Figure
2).

Subchoroidal approach

The subchoroidal approach consists of opening the
choroidal fissure by leaving the choroid plexus on the fornix
side. However, this approach has almost been abandoned now as
it typically requires sacrificing the thalamostriate vein which
leads to serious complications due to venous hypertension
(Figure 3).

anterior
commissure

/

columna

columna
fornix

4

optic chiasm

Figure 1: Transforaminal approach. A. Superior view of the foramen of Monro of the right
lateral ventricle. The foramen of Monro was exposed more widely by retracting the upper
border of the foramen of Monro and columna fornix. B. The anterior commissure is clearly
exposed by cutting the right columna fornix.

anterior

/ commissure

intermedia

Figure 2: Interforniceal approach. A. Supeior view of the third ventricle after opening the
septum pellucidum and corpus fornix in the midline. B. After the massa intermedia incision,
the third ventricle floor was seen with bilateral retraction. The right columna fornix was
cutted for a better view of the anterior commissure body.
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Figure 3: Subchoroidal approach. A. After the right choroid plexus was medialized with a
retractor, access to the third ventricle was demonstrated. B. Third ventricle exposure was
achieved with a double retractor. A large massa intermedia and columna fornix are seen.

Transchoroidal approach

The transchoroidal approach includes opening of the
choroidal fissure along the tenia fornicis by starting at the
posterior edge of the foramen of Monro and displacing the fornix
medially and the choroid plexus to the opposite side to expose
the deep third ventricle structures. Once the choroidal fissure has
been opened and the fornix is retracted medially, the anatomical
structures of the third ventricle were exposed (Figure 4).

L 4
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Microanatomy of anterior commissure

The anterior leg of the anterior commissure includes
axonal connections that enter the anterior perforating substance,
coursing to the olfactory bulb, anterior olfactory nucleus and the
orbitofrontal cortex. The posterior leg of the anterior commissure
runs to the basal part of the caudate nucleus in a medio-lateral
direction and then courses right behind the substantia innominata
to a point below the anterior section of the globus pallidus. Most
of the fibers go through the basal section of the putamen to its
lateral border and then enter the white matter of the temporal
lobe to the middle and inferotemporal region, with some fibers
advancing further up to the occipital lobe [4] (Figure 5).

Figure 4: Transchoroidal approach. A. Superior view of the choroid plexus after the right
corpus fornix is medialized. Choroidal fissure is shown in dashed lines. B. After the
choroidal fissure was opened, the third ventricle was exposed.

!r['w,

Figure 5: A. Anterior commissure body and bilateral posterior limb of the anterior
commissure are seen from superior. The relationship between posterior limb and basal
ganglia is also demonstrated. B. Anterior limb of the anterior commissure is exposed in
superior view. R=Rostrum, T=Thalamus.

Morphological assessment

Important landmarks of the anterior commissure and
third ventricle, including the cortical interhemispheric entry point
where the anterior transcallosal approach was applied and the
entry point to the third ventricle through which the corpus
callosum was passed, were measured in the sagittal and axial
planes (Figure 6). The mean, range and standard deviation values
were calculated and are presented in Table 1.

The mean lengths from the entry point to the corpus
callosum (EP-CC) and from the corpus callosum to the foramen
of Monro (CC-FM) were 34.9 + 3.1 (range 29.5-39.7) mm and
15.3 £+ 4.8 (range 9.1-24.5) mm, respectively. The mean length
of the anterior commissure body (ACL) was 16.2 + 4.2 (range
9.7-24.2) mm, while the mean width (ACW) was 4.3 + 0.7
(range 2.8-5.1) mm.

Approximately 90.9% (10/11) of the specimens in this
study had a Massa intermedia, with only one specimen lacking it.

Microsurgical anatomy of the anterior commissure
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Table 1: Morphometric values of the third ventricle with anterior interhemispheric
transcallosal approach focusing on the anterior commissure

Parameters | Mean and SD values (mm)  Range values (mm)
ACL 16.2+4.2 9.7-24.2
ACW 43+0.7 2.8-5.1
AC-FM 7.1+0.8 5.5-8.4
AC-PC 249+14 22.6-27.2
AC-R 17.5+2.7 14.3-21.3
MIW 8.1+2.38 3.7-12.2
MI-AC 93+2.8 6.1-14.9
MI-PC 11.7+1.9 8.1-14.1
Ag-AC 27.6+3.6 22.1-32.1
Ag-FM 251+34 20.1-29.8
FM-PC 23.1+1.4 21.4-25.1
OC-AC 9.3+0.9 7.4-10.1
OC-FM 14.5+0.8 13.2-16.1
OC-PC 249+13 22.7-26.9
EP-CC 349+3.1 29.5-39.7
CC-FM 153+4.8 9.1-24.5

SD: standard deviation, mm: millimeter, AC: anterior commissure, ACL: anterior commissure length, ACW:
anterior commissure width, FM: foramen of Monro, PC: posterior commissure, R: rostrum, MI: Massa
intermedia, MIW: Massa intermedia width, Ag: aquaduct, OC: optic chiasm, EP: entry point, CC: corpus
callosum

Central sulcus

Figure 6: A. In order to determine the interhemispheric entry point in the sagittal plane, two
points are determined 5 cm and 7 cm in front of the central sulcus. These are P5 and P7. The
anterior transcallosal approach is made through this opening. This place is designated as
Entry Point (EP). 1. The distance between the entry point and the corpus callosum (EP-CC),
2. The distance between corpus callosum and foramen of Monro (CC-FM), 3. The distance
between the optic chiasm and the anterior commissure (OC-AC), 4. The distance between the
optic chiasm and the foramen of Monro (OC-FM), 5. The distance between the Foramen of
Monro and the posterior commissure (FM-PC), 6. The distance between the optic chiasm and
the posterior commissure (OC-PC). B. Morphometric parameters of the third ventricle in the
axial plane. 1. Anterior commissure length (ACL), 2. The distance between anterior
commissure and rostrum (AC-R), 3. Anterior commissure width (ACW), 4. The distance
between anterior commissure and foramen of Monro (AC-FM), 5. The distance between
anterior commissure and massa intermedia (AC-MI), 6.Massa intermedia width (MIW),
7.The distance between massa intermedia and posterior commissure (MI-PC), 8.The distance
between anterior commissure and posterior commissure (AC-PC).

Discussion

The third ventricle is a narrow funnel-shaped cavity and
is located deep in the central nervous system, which is difficult to
access. The transforaminal route is the most commonly used
AITA to reach the third ventricle, mainly because colloid cysts,
which typically originate from the anterior wall of the third
ventricle, tend to constitute the majority of pathologies affecting
this region [5,6]. Therefore, the current study focused on the
anterior commissure, which is one of the most important
structures located in the anterior wall of the third ventricle.

The anterior commissure is a paleopallial connection
pathway developed in the embryological period from the
telencephalon, and connects the two amygdaloid nuclei at the
mesial temporal region. It is also an important anatomical
landmark of the rhinencephalon and serves as a functional
pathway between the two hemispheres [7].

There are limited studies on the detailed morphometry
of the anterior commissure. Ozer et al. [8] measured the antero-
posterior width and height of the anterior commissure and its
distance from the pineal gland. Erturk et al. [9] investigated the
morphometry of the anterior third ventricle using the subfrontal
translaminaterminalis approach and reported FM-OC, AC-OC,
OC-PC and ACW values similar to those seen in the current
study. However, their ACL values were lower than those seen in
the current study (3.89 + 0.79 mm), and this could be attributed

P
) 4

Page/Sayfa|855



Surg Med. 2020;4(10):853-856.

J

to the different approaches used. This suggests that the part of
the anterior commissure encountered during the anterior
transcallosal approach may be wider than that accessed using the
subfrontal trans-lamina terminalis approach.

The Massa intermedia is a grey matter structure
connecting the both thalamus from the midline, and little is
known about its functions [10]. Previous studies have reported
that approximately 24%-30% of people do not have a Massa
intermedia [11,12], and only one out of 11 brain hemisphere
samples examined in the current study did not have one.

The interhemispheric approach to the third ventricle
requires crossing the commissural fibers which, if damaged, may
lead to disconnection syndromes associated with major
neurosurgical problems such as aphasia, left ideomotor apraxia,
amnesia, and neglect [13-15]. Although the exact mechanism of
disconnection syndromes is still unclear [16], the pathologies
observed typically focus on two structurally important
interhemispheric connection pathways, the corpus callosum and
the anterior commissure.

Alternative pathways, particularly those involving the
anterior commissure, play an important role in patients whose
motor, language, cognitive and behavioral functions remain
unaffected following incision of the corpus callosum [17,18].
The anterior commissure is also potentially associated with
diffuse axonal injury, schizophrenia and cerebral tumor spread
[19-21]. Fisher et al. [22] reported that anterior commissure
hypertrophy develops due to re-routing in patients with corpus
callosum agenesis. Also, DTI studies have shown that the
anterior commissure may play a role more important than
previously thought [18,23].

Patients with anterior commissure damage during
surgery suffer from a delay in recognition, loss in ability to
perform arithmetic calculations, problems with interpretation of
abstract thoughts, and short-term memory loss [7,24,25].
Anterior commissurotomy decreases emotional awareness, social
connectedness and interpersonal relationships, and can also lead
to neurological disorders such as alexithymia [26,27]. However,
direct stimulation of the anterior commissure during awake
surgeries does not appear to produce any neurological findings,
and partial excision along with the pathological lesion being
treated has been shown to have no complications [28]. It is still
unknown whether complete sacrifice of the anterior commissure
with incision of the corpus callosum will lead to any neurological
disorders. However, in their study involving monkeys, O'Reilly
et al. [29] found that incision of the anterior commissure with the
corpus callosum led to complete loss of the interhemispheric
connection, as seen in the functional MRI, suggesting that
special attention should be paid to preservation of the anterior
commissure during surgeries requiring incision of the corpus
callosum. In our opinion, this can only be achieved by
developing a clear understanding of the anatomy of this region.

Limitations

This study had several limitations. Firstly, formalin
fixation may have resulted in some shrinkage of the neural tissue
and alteration of the ventricular system morphometry. However,
a previous morphometric study comparing formalin-fixed brain
samples to fresh ones reported no significant differences [30].
Secondly, this study only measured the anterior commissure
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body and not the anterior and posterior limbs as the aim was to
focus on the part of the anterior commissure encountered during
AITA and located in the anterior wall of the third ventricle.

Conclusion

The findings of this study emphasize the need to
preserve neuronal pathways and critical neuro-anatomical
structures during surgical interventions involving the third
ventricle. Morphometric measurements of this region play a
major role in the planning and success of surgical interventions,
and the surgeon should have a clear understanding of the
anatomy of the anterior commissure when using the anterior
transcallosal approaches so as to avoid damaging it.
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