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ABSTRACT

Purpose: The purpose of this study is to compare the pterional approach and the anterior interhemispheric
approach for enabling a better surgical maneuverability. We describe the ideal the anatomic limitations of
this surgery for anterior communicating artery aneurysms.

Methods: Four formalin-fixed and silicone injected human heads were used for each approach. Moéller 20-
1000 microscope (Wedel, Germany) was used for dissection and all the photographs were obtained at a
similar angle to the surgical microscope, with Canon EOS Rebel T5 Digital SLR Digital Camera with an EF
100mm f/2.8L Macro IS USM Lens and a Canon MR-14EX Il Macro Ring Lite Flash (Canon Inc., Ohta-ku,
Tokyo, Japan). Our dissection includes anterior interhemispheric and pterional approach with gyrus rectus
resection and posterolateral orbitotomy.

Results: Pterional approach was performed followed by the gyrus rectus resection and posterolateral
orbitotomy. This area can be exposed by the 1x1 cm resection of the gyrus rectus. Subpial resection from
posterior part of gyrus rectus is required. Posterolateral orbitotomy was performed and the orbital roof was
removed. The anterior interhemispheric approach allows better visualization of the anterior and inferior
surface of anterior communicating artery, A1-A2 junction and the optic nerve.

Conclusions: We believe that the pterional approach combined with gyrus rectus resection and
posterolateral orbitotomy is more suitable for anterior, posterior and inferior type anterior communicating
artery aneurysms. Also, anterior interhemispheric approach can be considered as safer route for superior
and high positioned type.

Key words: Pterional, interhemispheric, orbitotomy, gyrus rectus, anterior communicating artery

INTRODUCTION circulation (1-3). As indicated in many previous
Anterior communicating artery (AComA) is formed by  studies AcomA anatomy shows variability. Mean
joining of the distal right and left first segments of the length of AComA is between 2-3 mm with an average
anterior cerebral artery (A1), one of the crucial diameter of 1.6 mm was reported (1-3). The most
anastomotic structure of the anterior cerebral common location of the intracranial aneurysms is the
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AComA with approximately 30- 37 % intracranial
aneurysms seen in this region (4-6). Many
neurosurgeons focused on these type aneurysms in
the previous studies and also, one of the pioneer
neurosurgeon, Yasargil classified the AComA into the
4 group according to the dome projections, the
anterior projection, posterior projection, superior
projection, inferior projection (7, 8). Classical and
modified approaches for AComA aneurysms are
classified as lateral and anterior groups. The lateral
group: Pterional approach (PA), orbitozygomatic
approach, orbitopterional approach. The anterior
group: Anterior interhemispheric approach (AIHA),
subfrontal approach (9, 10).

In this study, we aim to reveal the anatomical features
of the AIHA and PA for AComA aneurysms surgery
with detailed anatomic images and we explain the
advantages of PA and AIHA according to Yasargil
classification.
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Figure 1. Used electronic protractor (7" Electronic
Protractor Digital Goniometer, Preciva, Japan) to show
the rotated head with 20 degrees extension and 45
degrees rotation in this picture (A). The curvilinear skin
incision of the standard pterional approach (PA) may be
shown (B). Showing the borders and size of the suitable
craniotomy for standard PA (C). Drilling the great wing of
the sphenoidal bone and retraction of the dura mater
before opening the dura (D) Abbreviations: PA, pterional
approach

MATERIAL AND METHOD

Four formalin-fixed and silicone injected human
heads (8 sides) were used for AIHA and PA at the
University of Minnesota Neuroanatomy Laboratory
(Minneapolis, Minnesota, United States). Moller 20-
1000 microscope (Wedel, Germany) was used for
dissection and the vascular structures were examined
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(green painted) for in resection during AComA aneurysm

surgery via PA. GR resection and posterolateral
orbitotomy, lateral exposure (A), medial exposure (B).
Highlights of the anterolateral progression of surgical
exposure. Red area represents the orbitotomy area ‘n
cadaveric dissection (C) and in 3D computed
tomography. Abbreviations:  AComA, anterior
communicating artery; GR, gyrus rectus; PA, pterional
approach

using power zoom 1:6 magnification. All the
photographs were obtained at a similar angle to the
surgical microscope, at suitable head position as
described in the following section, with Canon EOS
Rebel T5 Digital SLR Digital Camera with EF 100mm
f/2.8L Macro IS USM Lens and a Canon MR-14EX I
Macro Ring Lite Flash (Canon Inc., Ohta-ku, Tokyo,
Japan) for all dissection stages. Our method includes
AIHA and PA with GR resection and posterolateral
orbitotomy. Procedural protocol of the PA includes
dissection of Sylvian fissure (SF), A1, A2 (second part
of anterior cerebral artery), internal carotid artery
(ICA), proximal middle cerebral artery (MCA), optic
chiasm, resection of the GR posterior and
posterolateral orbitotomy. Dissection of distal
branches of anterior cerebral artery (ACA) and
bilateral A1 and superior surface of optic chiasm and
around of lamina terminalis are included in AIHA.

RESULTS

Pterional Approach

45 degree head rotation is required, the head
extension should be fixed at around 10-15 degree for
anterior and inferior projections, up to 20 degree for
superior and posterior projections of AComA
aneurysms for PA (4, 11). We adjusted the heads with
an electronic protractor (7" Electronic Protractor
Digital Goniometer, Preciva, Japan) with 20 degrees
extension and 45 degrees rotation (Figure 1A). The
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#igure 3. Representative E)hotographs of a right-sided
PE with orbitotomy (A), and before the procedure.
Abbreviations: PA, pterional approach.
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Figure 4: Superior view for craniotomy of AIHA (A). The
craniotomy flap is extended inferiorly as close to the
anterior cranial fossa floor as possible. Dura is opened
with a semicircular flap based against the superior
sagittal sinus and large and posteriorly located bridging
frontal veins should be preserved (B). Superior (C) and
medial (D) view in AIHA. Midline exposure enables the
dura to be opened and provides directly accesses via the
interhemispheric fissure. Abbreviations: AIHA, Anterior
interhemispheric approach

AComA are exposed optimally following the dissection.
Abbreviations: AComA, anterior communicating artery
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frontotemporal oblique skin incision behind the
hairline was preferred (Figure 1B). The temporal
muscle was split carefully. Next, standard 4 x 7 cm
sized frontotemporoparietal  craniotomy  was
performed as has been described by Yasargil (Figure
1C) (8). The size of the craniotomy depends on
surgical experience. The craniotomy can be extended
as required to create an optimal surgical corridor for
AComA aneurysm. The sphenoid ridge was drilled
and the orbital roof was flattened (Figure 1D).

The next stage is intracranial, we need to use
microsurgical techniques to minimize injury to brain
tissue and vessels. After opening the dura, the
surgery was done under the microscope. We did wide
SF dissection from distal to proximal. This type of
dissection provides better manipulation and wider
surgical corridor with minimal retraction (12). After
dissecting the SF and exposing carotid and optic
cistern, the lamina terminalis was opened. The MCA,
ACA arise from ICA and the A1 runs as the first part
of post-AComA (A2), also the recurrent artery of
Heubner (RAH) arises from junction of A1-A2. The
ICA, proximal MCA, A1, A2, optic chiasm and the
RAH were exposed (13, 14). The frontal lobe was
retracted sufficiently for optimal viewing and to
minimize the risk of aneurysm rupture. The gyrus
rectus (GR) resection and posterolateral orbitotomy
were performed following PA (Figure 2). The GR, a
part of the base of frontal lobe usually covers the
AComA. The ACOM area can be exposed by the
resection of the GR (4). Subpial resection from
posterior part of GR is required for AComA
aneurysms surgery (4, 15). We made a 1x1 cm
resection from posterior part of GR for ideal viewing.
After this, posterolateral orbitotomy was performed
and the orbital roof was removed up to the superior
orbital fissure (Figure 3).

Anterior Interhemispheric Approach

The heads were fixed with a geometric protractor
around 10-15 degrees extension and 0 degrees
rotation in the supine position. We preferred frontal
incision behind the hairline. Four burr holes were
made and nearly 4x7 cm bifrontal craniotomy was
performed. Another approach that can be used is, a
frontal craniotomy between just behind the coronal
suture and the frontal sinus. The bone flap should be
removed carefully avoiding any damage to the
vascular structures. The craniotomy on the coronal
suture was performed and the dura was opened on
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Figure 6. Medial view. Supra chiasmatic dissection for
exposing the area below the AComA. A1 and A2 junction
and the pericallosal arteries were identified and dissected
to reveal the AComA aneurysm. Abbreviations: AComA,
anterior communicating artery.
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Figure 7. Anterior (A), inferior (B), posterior (C), superior

(D) projecting aneurysms in 3D computerized
tomography according Yasargil classification and their
directions in medial view (E).

one side and overthrown to the midline (Figure 4A,
B). The interhemispheric fissure was dissected
parallel to the frontal surface (Figure 4C, D). After this
the arachnoid mater was open and the tightness of
the falx was reduced with sharp dissection (Figure 5)
Large and posteriorly located bridging frontal veins
should be preserved. Creating a suitable surgical
corridor for optimal viewing of AComA is crucial. After
this stage, A1 and A2 junction and the pericallosal
arteries were identified and dissected to reveal the
AComA aneurysm. The AIHA allows better
visualization of the anterior and inferior surface of
AComA, A1-A2 junction and the optic nerves related
with this area (Figure 6). Both AIHA and PA have
some advantages and disadvantages and potential
surgical difficulties which vary according to the
location and direction of the AComA aneurysms.

Aneurysm Characteristics

The AComA aneurysms was classified by Yasargil (8)
according to the dome projections but we can further
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separate the aneurysms into the 2 groups according
to the preferable approach in literature . Group 1
includes superiorly projected and high positioned
aneurysms and group 2 includes inferior, anterior and
posterior projecting aneurysms (Figure 7).

DISCUSSION

Microsurgery to the AComA and surrounding
structures is very complicated and is a challenging for
the neurosurgeons (4, 16). The most important
structures are AComA, both side A1 and A2, RAH,
hypothalamic and chiasmal perforates (4). The
working area in the interhemispheric fissure and
callosal cistern is so limited. Also, cingulate gyrus,
pial layer adhesions and venous vessels provide
harder sharp dissection during the surgery. (17).

Our aim is to compare the advantages,
disadvantages and effectivity for PA and AIHA to
reveal significant anatomic differences at surgical
head positions for preoperative planning of AComA
aneurysms surgery based on 4 projections (Table 1,
2). The most suitable approach should provide the
needed surgical corridor and optimal manipulation
without brain damage, with minimal retraction for final
clipping of AComA aneurysms (18). When the
approach is decided, direction, sizes and locations of
the AComA aneurysms should be considered for
surgical strategy (9, 10). The non-dominant (right)
side can be chosen to decrease the neurologic deficit
because the surgeons are usually more experienced
on this side and majority are right handed (6).

We explain the most suitable aneurysms for AIHA
and the combination of the PA with GR resection and
posterolateral orbitotomy based on the aneurysm
dome projection. Based on Yasargil classification (8),
the AlHA is preferred for group 1 which closely related
with the interhemispheric fissure. PA is preferred for
group 2, but this determination can change according
to the surgeon's experience and orientation (7-9, 19).
The PA is the easier and conventional approach,
therefore PA is preferred more than AIHA (20). In
addition, some studies have stated that the AIHA is
more suitable for posterior projecting aneurysms (1).
Wider retraction is required for PA and can cause
brain damage. Many studies reported the techniques
of the GR resection and orbitotomy for creating a
suitable surgical angle and facilitating the surgery
especially in younger patients with brain swelling
caused by hemorrhage (4, 18, 21, 22). The AlHA is
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Table 1. Data about the pterional approach with gyrus rectus resection and orbytotomy

References | N= Associated Positional N= Resection | Orbitotomy Comment
cases with characteristic of of GR
target target lesion
aneurysm related with
AComA
Kashimura | 24 cases -Posterior (+)=4 No ! The dissection technique beyond the midline
et al. (20) projection (-)=17 of the optic chiasm is helpful for dissecting the
-Superior interhemispheric fissure and the aneurysms
projection sufficiently.
Il When the aneurysms projects toward the left
or right side, the resection gyrus rectus is
required.
Yun et al. 231 cases -High positioned (+) =96 (with | No ! The resection of the gyrus rectus without
9) (number of -Large sized and | sylvian sylvian fissure provides suitable surgical
cases with PA complex fissure corridor for AComA aneurysms and view of
are -Inferior dissection) ipsilateral A1 and A2.
unspecified) projection (-)=135 Il The main aim is improving the view of
-Anterior (without AComA aneurysms and decreasing the risk of
projection sylvian frontal and temporal lobe damage.
-Posterior fissure
projection dissection)
Hyun et al. 19 cases -Superior (+)=9 No I GR should be resected in cases where the
(31) projection (-)=10 aneurysm is close to A2 segment to enlarge the
corridor.
Il AIHA can be considered as another option,
as superior or high positioned aneurysms have
a high risk of complications.
Horikoshi 194 cases -Superior (+) =52 No ! GR resection does not change the recovery
etal. (15) projection (-) =142 results of the patients after discharging.
-High positioned I GR should be resected in cases where the
aneurysm projects superiorly.
Il GR resection should be done more
frequently in cases where the brain is swollen.
Il Resection with minimal frontal retraction can
decrease the risk of premature rupture.
Kim et al. 113 cases -Superior (+)= 113 No ! Suitable interhemispheric surgical corridor
(18) projection (-)=0 provides better view of hypothalamic branch
-Inferior (It was done and allows to preserve these branches and
projection routinely) cognitive function, but it should only be used for
-Posterior unruptured aneurysm smaller than 10 mm in
projection size.
-Anterior Il The resection of GR may help visualization of
projection the A2 segments and the A1 dominancy.
Sekhar et 39* cases -Posterosuperior | Yes, (number | Yes, ! Partial resection of posterior GR is necessary
al. (4) (underwent projection of resection, (posterolate | for reaching the contralateral A1.
surgery / 194 -Anterosuperior unspecified) ral Il Anatomical details are crucial for surgical
cases) projection orbitotomy strategy.
-Anterior up to Il The brain condition affects the surgical
projection superior technique. When the brain is swollen, the
-Inferior orbital orbitotomy can be performed, but if the brain is
projection fissure) slack, the orbitotomy might not be necessary.
Banerjee et | 5 cadaveric -The midpoint of Yes, (number | Yes, ! The crucial factor is to reach the AComA
al. © (32) heads the AComA of resection, (posterolate | complex without GR resection.
10 sides unspecified) ral Il The extended pterional approach with

orbitotomy
up to
superior
orbital
fissure)

orbitotomy is an important technique when the
aneurysm projects superiorly.

Il The orbitopterional approach without GR
resection is more effective than the pterional
approach with GR resection.

(+) = Gyrus rectus has been resected, () = Gyrus rectus has not been resected.
* Number of patients who operated AIHA or PA. © Cadaveric study
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Table 2. Data about characteristics of the AComA aneurysms
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References | N= Positional Comment
Associated | characteristic of target
cases lesion
Yun et al. 231 patients | -High positioned ! Detailed anatomy, size, projection of the AComA aneurysm
9) (number of -Large sized and complex | determine the suitable clipping technique and approach [8].
cases with -Inferior projection Il The AIHA is better when the aneurysm projects superiorly or
AIHA are high positioned. AIHA can be used for superior and high
unspecified) positioned aneurysms because PA has a high risk of
complications.
Hernesniemi | 898 patients | -Downward projecting I AIHA, which needs minimal retraction and no resection of GR is
et al. (28) -Forward projecting suggested when the base of AComA aneurysm is more than 13
-Upward projecting mm and above the skull base, is either forward projecting or
-Backward projecting backward projecting and high positioned.
Il The right side is more appropriate than left side. It is needed to
create optimal angle of microscope and surgical orientation.
Sekhar et al. | 39* patients | -Posterosuperior ! The AIHA is preferred when experienced surgeons need better
(4) (underwent projection view of A2 and for clipping of large or giant AComA aneurysms.
surgery / -Anterosuperior Il If the standard AIHA is used, on reaching the aneurysm, sharp
194 projection dissection around the target aneurysm should be avoided.
patients) -Anterior projection
-Inferior projection
Suzuki et al. | 603 patients | -Superior projection ! The interhemispheric fissure allows for dissection around the
(24) - Lateral projection AComA complex without damage to the medial surface [23].
Il Once we reach the aneurysm dome, aggressive dissection
should be avoided.
Il Opening the frontal sinus increases the infection rate and
olfactory nerve damage which are crucial post operative
outcomes.
Srour et al. 10 cadavers | Unspecified ! AIHA provides optimal orientation, manipulation and a better
© (33) view with minimal retraction. It does not require GR resection and
has a low risk of post-operative spasm [31].
Il The AIHA decreases the risk of accidentally clipping the
recurrent artery of Heubner and perforating branches [31].
Il AIHA has a potential infection risk because of the opening of
frontal sinus.

* Number of patients who underwent AIHA or PA. © Cadaveric study

preferred more than the PA as it needs minimal
retraction, does not need GR resection and has a
lower chance of causing vascular injuries (1, 18). If
AComaA is superiorly projecting, our main aim should
be to reveal the aneurysms completely with wider
retraction, but with PA this dissection is very difficult
and can cause brain damage (20). In AIHA,
depending on where the retractor blade is placed, the
commonest complication is olfactory nerve damage,
followed by an infection related to opening the frontal
sinus (1, 23, 24). In literature, some studies have
recommended to perform the craniotomy a little
behind the coronal suture without opening the frontal
sinus and to resect some part of the anterior corpus
callosum for adequate exposure (25, 26). The
surgical corridor for AIHA is usually between A2 and
the AComA. The aneurysms usually originate from
the dominant A1, consequently A1 and both A2
should be exposed sufficiently for temporary clipping
(5, 27). The main problem for AComA aneurysms
directed superiorly is to reach distal control before
proximal during this dissection process (25). In
addition, the arachnoid mater can keep the A2
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segment in the interhemispheric fissure and the
frontal lobe can be damaged during the opening
dissection (21).

The PA is controversial for group 1 but many studies
recommend combining PA with GR resection and/or
a posterolateral orbitotomy for group 2. In our study,

we determined that this process provides better
manipulation and a wider surgical corridor. If the PA
is performed, GR resection is absolutely necessary
and when the brain is swollen, the posterolateral
orbitotomy if needed (9, 18, 28, 29). Resection of the
GR has the crucial benefit of providing better proximal
sharp exposure for A1, A2 and olfactory nerve with
the main aim being minimal retraction (24, 30)
According to some studies, when the direction of the
aneurysm is posterior, anterior or inferior and the
brain is slack, GR resection is enough for optimal
clipping without SF dissection (6, 9). In addition,
approximately 1x1 cm posterior part of GR resection
is required (15). If the PA is performed, the head
should be fixed at 20 degrees extension for group 1,
around 10-15 degree for group 2. More than 20



J Basic Clin Health Sci 2021; 1: 70-77

degrees head extension can close the surgical
corridor and the area around AComA. Consequently,
many studies have reported that orbitotomy is
required for suitably exposing this region (6, 11).

When the direction of AComA aneurysms is anterior
or inferior, they can be related with upper part of the
optic chiasm. The aneurysm may rupture depending
on arachnoid adhesions which is in close relationship
with these structures during the dissection (30).
Consequently, surgical approach should be
performed from the same side as the dominant A1
for inferior and posterior type aneurysms to provide
maximal control for temporary clipping, if needed
(20). For superior aneurysms, with PA, GR resection
is necessary for exposing the posterior area of A2 as
the hypothalamic and subcallosal arteries can be
damaged during this dissection. The aneurysmal
fundus may be dissected first to decrease the risk of
injury. If the surgeon is experienced, AIHA may be
performed (4). Also, one of the most common related
arteries to AComA is RAH which approximately 90 %
of the times arises from the A1-A2 junction. RAH may
be accidentally clipped during the final clipping, for
this reason the origin of RAH should be dissected and
revealed carefully (1, 31-33).

CONCLUSIONS

We believe the PA combined with GR resection and
posterolateral orbitotomy is more suitable for anterior,
posterior and inferior projections aneurysms. In
addition, AIHA is accepted a safer approach for
superior and high positioned AComA aneurysms.
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