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OBJECTIVE: Medially pointing aneurysms of the
ophthalmic segment of the internal carotid artery (oICA)
represent a neurosurgical challenge. Conventional ipsilat-
eral approaches require internal carotid artery and optic
nerve (ON) mobilization as well as anterior clinoidectomy
(AC), all associated with increased surgical risk. Contra-
lateral approaches could provide a better exposure of the
superomedial aspect of the oICA, ophthalmic artery, and
superior hypophyseal artery, sparing AC and internal ca-
rotid artery or ON mobilization. However, the microsurgical
anatomy of this approach has not been systematically
studied. In the present work, we exhaustibly analyzed the
anatomic and morphometric characteristics of contralat-
eral approaches to the olCA and compared them with those
from ipsilateral approaches.

METHODS: We assessed 36 ipsilateral and contralateral
approaches to the olCAs in cadaveric specimens and live
patients, using for the latter a three-dimensional virtual
reality (VR) system.

RESULTS: Contralateral approaches spared sylvian
fissure dissection and required only minimal frontal lobe
retraction. The ipsilateral and contralateral olCA were
found at a depth of 49.2 + 1.8 mm (VR, 50.1 + 2.92 mm)
and 65.1 + 1.5 mm (VR, 66.05 + 3.364 mm) respectively.
The exposure of the superomedial aspect of olCA was

7.25 4 0.86 mm (VR: 6 &= 1 mm) contralaterally without ON
mobilization and 2.44 + 0.51 mm (VR, 2 + 1 mm) ipsilater-
ally even after AC. Statistical analysis showed that, for
nonprefixed chiasm, contralateral approaches achieved a
significantly higher exposure of the ophthalmic artery,
superior hypophyseal artery, and the superomedial aspect
of the olCA with its perforating branches (all P < 0.01).

CONCLUSIONS: Contralateral approaches may enable
successful exposure of the olCA and related vascular
structures, reducing the need for AC or ON mobilization.
Systematic clinical/surgical studies are needed to further
determine the effectiveness and safety of the approach.

INTRODUCTION

neurysms arising from the clinoid and ophthalmic
segment of the internal carotid artery (0ICA) classically
have been summarized under the term paraclinoid an-
eurysms, because of their close anatomic relationship to the
anterior clinoid process. Mainly because of limited access and
difficulty in gaining proximal control, these aneurysms still pre-

sent a challenge to surgeons and surgical approaches are associ-
ated with high morbidity.”®
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Traditionally, these aneurysms were approached via the ipsi-
lateral side.”"® However, some neurosurgeons have advocated the
use of contralateral approaches to paraclinoid aneurysms and the
oICA. They argued that exposure of the 0oICA, especially its medial
wall, where most ophthalmic and superior hypophyseal artery
(SHA) aneurysms arise, is superior if approached from the
contralateral side, although some technical aspects, especially
related to proximal artery control, remain a concerning issue of
these approaches (for extensive review see Ref.”").37">7¢
Furthermore, the high incidence of multiple (bilateral) aneu-
rysms associated with paraclinoid aneurysms encourages neuro-
surgeons to approach them bilaterally through a unilateral
craniotomy."> 3>

Yet, only a few small case series and case reports have been
published assessing the contralateral approaches to paraclinoid
aneurysms.®7">"5'729 All investigators agree that the use of this
approach can be highly effective and associated with good clinical
and surgical results, if patients are correctly selected. However,
there is a lack of systematic studies assessing the surgical anatomy
and morphometry of contralateral approaches to the oICA and
directly comparing ipsilateral versus contralateral approaches to
the oICA. In the present work, we performed a comprehensive
anatomic and morphometric characterization of pterional (ipsi-
lateral) and contralateral subfrontal approaches to the oICA in a
cadaveric investigation. Because moderate changes in vasculature
morphology can occur during cadaveric conservation, we in
addition assessed the anatomy during simulated approaches in a
three-dimensional (3D) virtual workspace using magnetic reso-
nance imaging and computed tomography (CT) data from real
patients.?”

METHODS

Cadaveric Specimens

All cadaveric dissections were performed in our experimental
microsurgical research laboratory. Eight adult head cadaver
specimens conserved in a formaldehyde solution of 40 g/L were
used bilaterally (16 craniotomies).

All ethic and hygienic procedures strictly adhered to standards
rules of the hygiene and public health department of our institu-
tion. Because it was a cadaveric study, specific review and approval
by the corresponding ethics committee were not required.

Craniotomy and Surgical Preparation

Craniometric measurements on the sagittal, coronal, and axial
planes were made for each head to rule out significant anthro-
pometric differences between specimens and severe asymmetries
between the right and left sides.

Each specimen was subjected to bilateral classic pterional cra-
niotomies and microsurgical dissections directed to the oICA.
Dissection was performed strictly adhering to a systematic step-
wise agenda.’'

Heads were mounted on a 19-cm X 19-cm quadrangular holder
and fixed at 4 points with adjustable pins in a supine position.
Head fixation resembled classic positioning for pterional ap-
proaches, with a downward inclination of the vertex of about 20°
and about 45° rotation to bring the molar eminence to the most
superior point of the operating field. The pterional craniotomy

was extended anteriorly above the orbital roof up to the supraor-
bital foramen, as well as posteriorly up to 4 cm along the temporal
squama. After the bone flap was elevated, the temporal squama
and greater wing of the sphenoid bone were rongeured to the floor
of the middle fossa, allowing greater retraction of the anterior
temporal lobe. The rough bone of the posterolateral orbital roof
was smoothened and the posterior ridge of the lesser wing of the
sphenoid bone was flattened until the orbital-meningeal fold was
reached.

After incision of the dura, dissection was continued intradurally
toward the anterior parasellar region. Both approaches, by open-
ing of the sylvian cistern, entering at the level of the opercular part
of the inferior frontal gyrus (transsylvian route), as well as through
a corridor above the orbital roof allowing frontal lobe retraction up
to a maximum of 15 mm (subfrontal/supraorbital route), were
prepared.

The following neurovascular structures were carefully exposed
by microsurgical dissection (Figure 1):

m Ipsilateral olfactory nerve

m Ipsilateral and contralateral optic nerves

m Ipsilateral and contralateral oICA

m Ipsilateral and contralateral ophthalmic artery (OA)
m Ipsilateral and contralateral SHAs

m Perforating branches of the supraclinoid segment of the inter-
nal carotid arteries (ICAs)

m Ipsilateral and contralateral ophthalmic arteries

Once anterior parasellar region was exposed, the falciform fold
was opened above both optic nerves (Figure 1).

Anatomic and Morphometric Measurements
Anatomic and morphometric parameters assessed in cadaveric
specimen included the following measures:

m Distance from the MacCarty keyhole to the supraorbital fora-
men (i.e., supraorbital nerve)

m Optimal approach angle to the oICA: an imaginary line crossing
the MacCarty keyhole point and the apex of the ipsilateral
anterior clinoid process was established as o° reference. From
this line, we determined separately the angle at which the
ipsilateral and contralateral oICA were maximally visualized and
exposed.> Positive angles were considered anteriorly to the
reference line and negative angles posteriorly to it.

m Depth to the ipsilateral olfactory nerve

m Ipsilateral olfactory nerve mobilization needed to approach the
oICA

m Depth to the ipsilateral and contralateral optic nerve

m Depth to the superomedial aspect of the ipsilateral and
contralateral oICA

m Optic nerve length between the anterior border of the optic
chiasm and the entrance into the optic canal
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Figure 1. Exposure of the superomedial aspect of the
contralateral internal carotid artery, as well as the
superior hypophyseal and ophthalmic arteries. In this
case, the ophthalmic artery can be visualized before
the mobilization of the contralateral optic nerve (A, B).
Only a light optic nerve mobilization is required to
increase ophthalmic artery’s exposure (C—F). ACA,
anterior cerebral artery; OA, contralateral ophthalmic

artery; Och, optic chiasm; olCA;, ophthalmic segment
of the ipsilateral internal carotid artery; olCA,
ophthalmic segment of the contralateral internal carotid
artery; ON,, contralateral optic nerve; ON, ipsilateral
optic nerve; MCA, middle cerebral artery; PS, planum
sphenoidale; SHA, contralateral superior hypophyseal
artery.

m Optic nerve mobilization needed to maximally expose the
ipsilateral and contralateral oICA

m 0ICA mobilization needed to maximally expose the OA, SHA,
and perforating branches arising from the oICA segment

m 0ICA length
m Visualization of the ipsilateral and contralateral OA origin
®m Maximal ipsilateral and contralateral OA length exposed

m Visualization of the ipsilateral and contralateral SHA origin

m Maximal ipsilateral and contralateral SHA length exposed

m Number of perforating branches of the ipsilateral and contra-
lateral oICA visualized.

Apart from these parameters, we recorded any obstacles
encountered during ipsilateral and contralateral approaches and
the percentage of cases in which the frontal sinus was opened.

The identification, exposure, and morphometric characteriza-
tion of these parameters was performed at each of the following
steps:
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1) Before removal of any bony structure.

2) After ipsilateral intradural anterior clinoidectomy and opening
of the falciform ligament.

3) After removing the contralateral half of the planum sphenoi-
dale and tuberculum sellae.

4) Before and after mobilization of the contralateral optic nerve.

Virtual Surgical Approach by 3D Simulation

To perform 3D virtual surgical simulations, we randomly selected
preoperative imaging data from 10 patients to perform 20 virtual
3D dissections and surgical simulations with the 3D image-
processing tool Dextroscope (Volume Interactions Pte. Ltd.,
Singapore). The system allows 3D reconstruction and fusion of
image sets. 3D image data sets were recorded by either a Vision
Magnetom (Siemens, Munich, Germany) or an Aquilion CT
scanner (Toshiba, Tokyo, Japan). For best reconstruction of
anatomic features we used gadolinium-enhanced Tr-weighted
volume data sets fused to standard CTs to better visualize bony
structures.

The Dextroscope software then allowed simulation of surgical
approaches in 3D and manual tissue removal to expose underlying
structures (for further details concerning image processing in the
virtual workspace of the dextroscope, please compare Ref. ).

The procedure of anatomic dissection followed an identical
stepwise manner as in a cadaveric specimen. Using the hand-held
pen eraser tool, we first removed the skin and temporal muscle
covering the pterion and performed a virtual craniotomy, adhering
to the same anatomic landmarks as for cadaveric dissection. The
standard pterional craniotomy was completed with the removal of
the sphenoidal ridge up to the lateral border of the superior orbital
fissure, and the roughness along the orbital part of the frontal
bone was smoothed. Because brain retraction and deformation
cannot be simulated in the Dextroscope, gentle frontal lobe

retraction was virtually performed by erasing a 15-mm layer of
brain parenchyma belonging to the orbitofrontal cortex. To
simulate a transsylvian approach, we erased a brain layer of 5 mm
superior and inferior to the sylvian fissure (Figure 2).

In each case, we erased selectively brain parenchyma, leaving
the segmented vessels and optic apparatus intact. Using the
Dextroscope, we exposed both ipsilateral and contralateral
supraclinoid segments of the ICAs, ipsilateral and contralateral
optic nerves, the optic chiasm, and ipsilateral and contralateral
ophthalmic arteries (Figure 2). Because of the limited resolution,
structures such as the olfactory nerves (difficult to segment on
magnetic resonance imaging because of the close attachment to
the brain), the SHAs, and the tiny perforating branches of the
oICA (diameter in the range of the magnetic resonance voxel
size) were not segmented.

Anatomic and morphometric measurements performed during
simulation of surgical approaches corresponded to those per-
formed during cadaveric dissection (Figure 2). Because
mobilization of neural structures, specifically the optic nerve,
was not replicable with the Dextroscope, the contralateral
vascular elements were characterized without additional
mobilization of the optic nerve only.

Statistical Analysis
For each parameter, we performed a Shapiro-Wilk goodness-of-fit
test to determine the parametric or nonparametric distribution.
For parameters following a normal distribution, we expressed the
central tendency measure as the arithmetic mean and its disper-
sion as the standard deviation. For parameters following
nonparametric distributions, the central tendency measure was
expressed as the median of the sample and its dispersion as an
interquartile range.

For comparing the means of 2 parameters following a normal
distribution, we used either a Student t test or 1-way analysis of

Figure 2. Approach to the ipsilateral and contralateral
ophthalmic segment of the internal carotid artery (olCA)
through a left pterional approach. A sylvian fissure
opening was accomplished to better approach the
ipsilateral olCA (A). To approach the contralateral olCA,
the orbital gyri of the frontal lobe were partially removed

and a supraorbital trajectory was adopted through the
interoptic space (B). OA, ophthalmic artery; Och, optic
chiasm; olCA,, ophthalmic segment of the ipsilateral
internal carotid artery; olCA,, ophthalmic segment of the
contralateral internal carotid artery; ON,, ipsilateral optic
nerve; ON, contralateral optic nerve.
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variance. For comparison of the mean values of >2 normal
distributed parameters, we used analysis of variance. The effect
size for significant P values was expressed as partial eta square
(Mp?) values.

For variables following nonparametric distributions, we used
the Mann-Whitney-Wilcoxon U test to assess significance between
2 samples. For >2 samples following nonparametric distributions,
we used the Kruskal-Wallis test.

For frequency distributions we elaborated contingency tables
(i.e., crosstabs), and the significance of the difference between the
proportions was assessed with a Pearson > test. To set our o
levels, post hoc Bonferroni corrections were performed. For sta-
tistical work, we used SPSS version 23 (IBM Corp., Armonk, New
York, USA).

RESULTS

Assessment of Ipsilateral and Contralateral Approaches to the
oICA and Related Neurovascular Structures in Cadaveric
Specimens

Optimal Approach Angle to the Ipsilateral and Contralateral
oICA. Maximum exposure of the ipsilateral oICA was obtained at
an angle of —15.44° £ 4.11° posterior to the keyhole (Figure 3).
After anterior clinoidectomy, this angle decreased to —28.56° +
5.24° (the difference was statistically significant; P < o.001).

However, the optimal approach angle for contralateral
approaches to the oICA was 17.56° £ 4.34°, anterior to the
keyhole and independent of bone removal or optic nerve
mobilization. The difference regarding optimal approach angle
between ipsilateral and contralateral approaches was statistically
significant (P < o.oo1) (Figure 3).

Exposure of the oICA. The superomedial aspect of the ipsilateral
oICA was reached at 49.25 + 1.84 mm through the transsylvian
route, whereas the medial wall of the contralateral oICA was
reached at 65.18 + 1.51 mm through a subfrontal/supraorbital
trajectory.

The ipsilateral pterional approach exposed 2.063 + 0.57 mm
(median, 2 mm =+ interquartile range [IQR], o mm) of the super-
omedial aspect of the ipsilateral oICA, with a trend to be increased
by anterior clinoidectomy to 2.44 =+ 0.51, although the difference did
not reach significance (P = 0.128). Using a contralateral subfrontal/
supraorbital approach, the exposure of the superomedial aspect of
the oICA was 7.25 £+ 0.86 mm (median, 7.5 mm + IQR, 1.8 mm).
This finding was significantly greater than the ipsilateral exposure
before or after anterior clinoidectomy (P < 0.001).

Although anterior clinoidectomy did not influence the exposure
of the oICA during contralateral approaches, removal of the
contralateral half of the planum sphenoidale and tuberculum

25.0—
15.0 o .
Suluuun %
5.0

5.0

Optimal approach angle (°)

-15.0

Contralateral approach

—25.0

-35.0

\Ipsilateral approach before to clinoidectomy
Ipsilateral approach after clinoidectomy

(+) tateral supraorbital/subfrontal
trajectory (anterior)

Clinoid-
keyhole line

(-) transsylvian trajectory
(posterior)

Contralateral approach after ipsilateral clinoidectomy

Contralateral approach after removal of the planum sphenoidale and tubercullum sellae
Contralateral approach after contralateral optic nerve mobilization

Contralateral approach after ipsilateral clinoidectomy and contralateral optic nerve mobilization
Contralateral approach after contralateral optic nerve mobilization and removal of the

planum sphenoidale and tubercullum sellae

Figure 3. The optimal approach angle in relation to the clinoid-keyhole line
measured in cadaveric specimens. Exposure of the ophthalmic segment of
the internal carotid artery from the ipsilateral side was better accomplished
through slightly posterior (negative) trajectories to the reference line,

whereas contralateral approaches to the ophthalmic segment of the internal
carotid artery benefited from anterior (positive) supraorbital trajectories. All
values express mean +2 standard deviation.
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sellae further increased the exposure of the contralateral oICA to
8.31 £ 0.79 mm (P < o.003; Figure 4A).

Mobilization of the contralateral optic nerve significantly
increased the exposure of the contralateral oICA to 9,68 + 1.19
mm (median, 1o mm =+ IQR, 2.8 mm; P < o0.001). This effect was
even greater than removal of the contralateral half of the planum
sphenoidale and tuberculum sellae (P < 0.003). Combination of
optic nerve mobilization and planum sphenoidale removal further
significantly increased the exposure of the contralateral oICA to
10.75 mm =+ 0.28 (P < 0.001).

Exposure of the OA. Pterional ipsilateral approaches exposed 0.31
0.7 mm of the OA before anterior clinoidectomy with a maximal
exposure of 2 mm in 2 specimens. Anterior clinoidectomy
increased the average of exposure of the OA to 0.88 + 1.36 mm
with a maximal exposure of 3 mm in 3 specimens. Although this
finding constitutes a tendency to greater OA exposure, the dif-
ference was not significant (P = 0.402). Contralateral approaches
led to an OA exposure of 1.87 + 1.25 mm. This exposure was
significantly higher than that obtained on ipsilateral approaches
before clinoidectomy (P < 0.001), and comparable to ipsilateral
approaches after anterior clinoidectomy (P = 0.67). Ipsilateral
anterior clinoidectomy did not influence OA exposure on contra-
lateral approaches; removal of the planum sphenoidale and
tuberculum sellae tended to increase the OA length exposed to
2.19 + 1.22 mm (although statistically not significant; P = 0.423).
Mobilization of the contralateral optic nerve did not significantly
increase OA exposure and the combination of bone removal and
optic nerve mobilization did not provide more OA exposure than
did bone removal alone. However, a combination of planum
sphenoidale and tuberculum sellae removal and/or mobilization of
the contralateral optic nerve led to significantly larger OA exposure
compared with ipsilateral approaches before and after anterior
clinoidectomy (P <o.o1; Figure 4B).

Given that aneurysms arise usually at sites of artery bifurcation
or at the origin of collateral branches, we assessed the effective-
ness of ipsilateral and contralateral approaches to expose the OA
origin (Figure 4C). In classic ipsilateral pterional approaches
before anterior clinoidectomy, the origin of the OA could not be
visualized in any cadaveric dissections. Performing an ipsilateral
anterior clinoidectomy significantly increased the likelihood of
visualizing the origin of the OA to 31% (P < o.01). A
contralateral approach visualized the OA origin in 62.5% of
cases. For contralateral approaches, either mobilization of the
contralateral optic nerve or removal of the planum sphenoidale
and tuberculum sellae increased the rate of visualized OA
origins to 87.5%. Both maneuvers together raised the likelihood
to 93.75%. The difference between ipsilateral and contralateral
approaches was significant (P < 0.001).

Exposure of Perforating Arteries Arising from the oICA. The median
number of perforating branches observed through ipsilateral
pterional approaches was 2, which did not vary significantly after
anterior clinoidectomy (P = 0.095). The contralateral supraorbital/
subfrontal corridor enabled a significantly higher exposure of
perforating branches (on average, 3; P < 0.005). Contralateral
optic nerve mobilization on contralateral approaches further
significantly increased the exposure of perforating branches

(P < 0.005). This effect was not observed after bone removal of the
contralateral half of the planum sphenoidale and tuberculum
sellae (P = 0.128; Figure 4D).

Exposure of the SHA. Ipsilateral pterional approaches led to a poor
exposure of the SHA (1 mm in only 3 specimens). Anterior cli-
noidectomy increased the exposure of this vessel only to 4 spec-
imens (1 mm long in 2 cadavers and 2 mm in other 2 specimens,
difference not significant; P = 0.96). When approached con-
tralaterally, the median exposure of the SHA was increased to 2
mm =+ IQR 3 mm (Figure 4E). Removal of the planum sphenoidale
and tuberculum sellae did not increase the contralateral SHA
exposure (median, 2 mm + IQR, 2.5 mm). Contralateral optic
nerve mobilization increased the median length of exposed SHA
to 3 mm £ IQR 2 mm, although the trend did not yield
significance compared with without optic nerve mobilization
(P = 0.239). The combination of optic nerve mobilization and
planum sphenoidale/tuberculum sellae removal for contralateral
approaches did not significantly increase SHA exposure. The
difference from ipsilateral exposure was significant (P < o.001).
We also assessed the likelihood of visualizing the SHA origin
arising from the C4 segment of the ICA (Figure 4F). Ipsilateral
approaches before and after removal of the anterior clinoid
process were unable to expose the SHA origin in any of the
examined specimens. Via the contralateral subfrontal/
supraorbital corridor, the SHA origin could be exposed in 62.5%
(difference to ipsilateral was significant; P < o0.001). Removal of
the planum sphenoidale and tuberculum sellae increased this
value to 75%. Contralateral optic nerve mobilization increased
the exposure of the SHA origin to 81.25%, a proportion that
remained stable when both removal of the planum sphenoidale/
tuberculum sellae and optic nerve mobilization were combined.
Nevertheless, neither contralateral optic nerve mobilization nor
removal of the sphenoidal plane/tuberculum sellae significantly
increased exposure of SHA origin (all P values > o.05; Figure 4F).

Assessment of Ipsilateral and Contralateral Approaches to the
olCA and Parasellar Region Using 3D Simulation

Optimal Approach Angle to the Ipsilateral and Contralateral oICA. The
optimal approach angle to the ipsilateral oICA before anterior
clinoidectomy was —14.8 + 2.42°, posterior to the clinoid-keyhole
line (Figure 5). A slightly, but significantly, more posterior angle
was optimal to expose the oICA after clinoidectomy (—24.5 +
18.82°; P < o.001). From the contralateral side, the optimal
approach angle was 17.9 £ 4.42°, but anterior to the keyhole.
This finding was again a significant difference from ipsilateral
approaches (P < 0.001).

Exposure of the oICA. The ipsilateral oICA superomedial aspect was
reached at 50.1 £ 2.92 mm on transsylvian trajectories, e the
superomedial aspect of the contralateral oICA was reached at
66.05 + 3.364 mm using the optimal approach angle through the
subfrontal/supraorbital route. Visualization and exposure of the
oICA significantly differed according to the approach selected
(P < o.001; Figure 6A). The median exposure of the oICA through
an ipsilateral transsylvian approach was 2 mm =+ IQR 1 mm, with a
maximal exposure reached of 3 mm. Ipsilateral anterior
clinoidectomy significantly increased the exposure to a median
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Figure 4. Exposure of the ophthalmic segment of the exposure of the olCA medial wall (A), the number of
internal carotid artery (olCA), ophthalmic artery (OA), perforating branches visualized (B), the OA and SHA
superior hypophyseal artery (SHA), and perforating length (C, D), as well as the percentage of visualization of
arteries through ipsilateral and contralateral approaches OA and SHA origin (E, F). Values from (A) to (D) express
assessed in cadaveric specimens. The use of median =+ interquartile range, whereas (E) and (F)
contralateral approaches increased significantly the express percentages.
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Figure 5. The optimal approach angle in relation to the
clinoid-keyhole line measured in three-dimensional virtual
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trajectories to the reference line, whereas contralateral
approaches to the ophthalmic segment of the internal
carotid artery benefited from anterior (positive)
supraorbital trajectories. All values express the mean +2
standard deviation.

value of 3 mm =+ IQR 2 mm with a maximum of 4 mm (P < 0.001).
The contralateral approach significantly increased the oICA
visualization to a median of 6 mm + IQR 1 mm compared with
ipsilateral approaches even after anterior clinoidectomy (P <
o0.001). Furthermore, the removal of the contralateral half of the
planum sphenoidale and tuberculum sellae increased oICA
exposure even more to a median of g mm + IQR 1.75 mm,
which was statistically significant compared with the
contralateral approach before bone removal (P < o.001).

Exposure of the OA. Again, we showed a general increase in OA
exposure as a main effect of approach variants (P < o0.001;
Figure 6B). In this case, the absolute lack of OS exposure through
ipsilateral approaches before anterior clinoidectomy was overcome
by removing the anterior clinoid process. This maneuver enabled
visualization of a segment of the OA in 40% of cases, with a
maximal length of 3 mm in 1 case. There was a significant
increase in OA exposure on ipsilateral approaches after
clinoidectomy (P < o.o1). The contralateral approaches to the
oICA enhanced the exposure of a segment belonging to the OA
to 50%, with a maximum of 3 mm in 2 cases. Drilling of the
contralateral half of the planum sphenoidale and tuberculum
sellae increased the proportion of cases in which the OA was
exposed to 65%, with a maximum of 3 mm in 7 virtual cases.
Despite this clear trend, separate Mann-Whitney-Wilcoxon tests
comparing the contralateral approach alone against ipsilateral
approaches after clinoidectomy or with the contralateral approach
after removal of the contralateral half of the planum sphenoidale
and tuberculum sellae failed to show statistical significance (both
P > 0.05).

Because the observation of a segment belonging to the OA does
not necessarily implicate the visualization of the OA origin, we
assessed this variable separately. Contralateral approaches before
bone removal increased significantly the likelihood of visualizing

the OA origin compared with ipsilateral approaches (P < 0.001;
Figure 6C) and removal of the planum sphenoidale and
tuberculum sellae did not significantly contribute to our
observations to a further increase of OA origin visualization (P
> 0.05). Furthermore, in virtual cases in which OA origin was
visualized, oICA exposure was significantly higher than in the
cases in which OA origin was not seen. This pattern was
observed not only for ipsilateral approaches after anterior
clinoidectomy (P < o.o1) but also for contralateral approaches
prior (P < o.o1) and after planum sphenoidale/tuberculum sellae
removal (P < o0.001).

DISCUSSION

Targeting the oICA and its Branches

We determined the optimal route to the ophthalmic segment of
the ICA for approaches directed from the ipsilateral and contra-
lateral side. Findings in cadaveric and virtual surgical studies both
consistently showed that the optimal approach to the oICA from
the ipsilateral side is posterior of a reference line crossing the
MacCarty keyhole and the apex of the ipsilateral anterior clinoid
process via the sylvian cistern (transsylvian corridor), whereas the
optimal approach from the contralateral side follows a lateral
subfrontal/supraorbital route anterior to the reference line. These
findings confirm earlier reports that advocated a contralateral
supraorbital approach to the oICA.*

Ipsilateral approaches primarily expose the lateral wall of the
artery, whereas the OA and SHA arise from the medial oICA
(Figures 1, 2, and 7).9343° All variants of paraclinoid ICA aneu-
rysms (except for extremely rare anterolateral variants of clinoid
aneurysms and dorsal ophthalmic segment aneurysms) require
exposure of the superior and medial aspect of the supraclinoid
ICA.*" To treat these variants, the ICA needs to be approached
between its superior border and the optic nerve, which is best

E268 WWW.SCIENCEDIRECT.cOM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2019.04.134


www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.04.134

LUCAS EZEQUIEL SERRAND ET AL.

ORIGINAL ARTICLE

CONTRALATERAL APPROACH TO CAROTID OPHTHALMIC SEGMENT

A1O.O- —l—
I. 2 .I -~
8.0 -
T J_
E
o
o 6.0
o
o
x
L —l
<
o
o
4.0
2.0
.0
100.019
80.04
B—er 2R
© 60.04
)
(73
o
% X
w X
£
.20 40.0
g
o
<
o
20.04
X
.0
Figure 6. Exposure of the superomedial aspect of the ophthalmic segment
of the internal carotid artery (olCA) and ophthalmic artery (OA) through
ipsilateral and contralateral approaches assessed in three-dimensional
virtual dissections in the Dextroscope. The use of contralateral approaches
increased significantly the exposure of the ophthalmic segment of the

B .o —_

g
o
1

OA exposed (mm)

NN Ipsilateral approach before to clinoidectomy
Ipsilateral approach after clinoidectomy
Contralateral approach

IER

Contralateral approach after ipsilateral clinoidectomy

BREER Contralateral approach after removal of the planum
sphenoidale and tubercullum sellae

internal carotid artery superomedial aspect (A), the OA (B) and the
percentage of visualization of OA origin (C). Values from (A) and (B)
express median =+ interquartile range, whereas those in (C) express
percentages.

achieved by a contralateral approach as shown by our dissections
in both cadaver and virtual cases (Figures 1, 2, and 7). When this
trajectory is adopted, the approach route passes above the
previously smoothed orbit roof and below the orbital gyri of the
frontal lobe and maximizes the visualization of the oICA and its
branches through the space comprehended between both optic
nerves converging into the chiasm.?” Given that this approach
profits from the window created by the interoptic space and
because the anterior clinoid process on the side of the

craniotomy is located laterally to this window, it is clear that
anterior clinoidectomy does not influence contralateral
approaches to the oICA, whereas removal of the contralateral
half of the planum sphenoidale and tuberculum sellae does.
This approach exposes not only the superomedial aspect of
the oICA but also its branches. In our data, the OA origin could
be seen from the contralateral side in 62.5% of cases (93.8% if
the contralateral optic nerve is mobilized and the planum
sphenoidale and tuberculum sellae are removed). This finding
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Figure 7. Schematic representation of ophthalmic
segment of the internal carotid artery exposure through
an ipsilateral (A) and contralateral (B) approach according
to our anatomic and morphometric analysis in cadaveric
specimens and three-dimensional virtual simulations.
Ipsilateral approaches require anterior clinoidectomy for
exposure of the ophthalmic artery (OA) origin (A). A
further mobilization of the optic nerve would be needed
to access the OA. In contralateral approaches, the medial
aspect of the ophthalmic segment of the internal carotid

artery as well as the origin of the OA and superior
hypophyseal artery are exposed through the interoptic
space (B). ACP, anterior clinoid process (dashed line
corresponding to anterior clinoidectomy); Och, optic
chiasm; olCA,, ophthalmic segment of the ipsilateral
internal carotid artery; olCA., ophthalmic segment of the
contralateral internal carotid artery; ON,, ipsilateral optic
nerve; ON, contralateral optic nerve; PS, planum
sphenoidale; SHA, contralateral superior hypophyseal
artery.

corresponds to the report of Oshiro et al.,” who identified the
origin of the OA through contralateral approaches in 62% of
cadaveric specimens.

Contralateral approaches likewise provided greater exposure of
the SHA (62.5% and 81.3% after removal of the planum sphe-
noidale and tuberculum sellae and contralateral optic nerve
mobilization, respectively). Supporting these findings, several
small clinical series have been reported that show the effectiveness
of pterional contralateral approaches to treat aneurysms arising
from the SHA, taking advantage of this key anatomic feature.*”

Similar results were found when analyzing the exposure of
perforating branches of the C4. In our cadaveric study, our median
exposure of the oICA perforating branches through contralateral
approaches was close to their total number.®

Anterior Clinoidectomy in Ipsilateral Approaches to the olCA
On ipsilateral approaches in our cadaveric study, anterior clinoi-
dectomy tended to increase oICA superomedial aspect exposure,
although this tendency did not reach statistical significance. In-
crease of oICA superomedial aspect exposure after clinoidectomy
did reach statistical significance in virtual dissections. Likewise,
anterior clinoidectomy improved OA visualization and optic nerve
exposure and significantly reduced the need for optic nerve
mobilization (see also Supplementary Material). These findings
were in accordance with the literature, in which anterior
clinoidectomy is attributed a key role in ipsilateral surgical
exposure of paraclinoid aneurysms. It can be performed
extradurally or intradurally, which allows simultaneous
observation of the optic nerve and aneurysms and improves
bleeding control in case of rupture.3®

However, anterior clinoidectomy is associated with a relatively
high risk of optic apparatus injury.””#*4* Mechanical and thermal
injuries from the rotating drill include direct cranial neuropathies

affecting the olfactory, optic, oculomotor, and trochlear nerves, as
well as vascular injuries.® Drilling can cause temperature
increases in the bone of up to 70°C around the drill tip, and
heating nerve tissue to 45°C—47°C for only 1 or 2 minutes can
produce permanent impairments and complete destruction of
myelinated and unmyelinated fibers.3*4>4° Already temperatures
close to 58°C can lead to immediate axonal degeneration and cell
death.3®4° Furthermore, even in the hands of very experienced
neurosurgeons, drilling or rongeur bites into the aneurysm dome
have been reported during clinoidectomy.®+” The fact that some
aneurysms erode into and through the anterior clinoid process
may further enhance the risk of premature rupture. The ventilated
cells of the sphenoid sinus can in some cases extend into the
anterior clinoid process, increasing the risk of cerebrospinal fluid
(CSF) fistula if anterior clinoidectomy is performed intradurally.®
For the reasons mentioned, sparing anterior clinoidectomy
constitutes a clear advantage of contralateral approaches to the
oICA.

Risks of Removing the Contralateral Half of the Planum
Sphenoidale and Tuberculum Sellae

Removal of the planum sphenoidale and tuberculum sellae sur-
rounding the oICA resulted in a statistically significant improve-
ment of oICA medial wall exposure in both cadaveric and virtual
dissections. Some surgeons propose that the lateral part of the
tuberculum sellae can be safely drilled and removed as much as
needed to mobilize the optic nerve from suprasellar lesions.*®4°
However, the same risks mentioned earlier for anterior clinoi-
dectomy, such as nerve or vascular mechanical or thermal injury,
can be expected when power drills are used on the tuberculum
sellae and planum sphenoidale next to the ICA or optic nerve.
Further, it can penetrate the sphenoidal sinus and increase the risk
of CSF fistula. For this reason, surgeons who advocate removal of
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the tuberculum sellae recommend careful analysis of the pneu-
matization of the sphenoid sinus preoperatively in bone window
CT and, if it is opened intraoperatively, to reconstruct the dura
with fat tissue and fibrin glue.*** According to the extent of
pneumatization, the sphenoid sinus can be classified in 3 types:
conchal, presellar, and sellar.>® In the conchal type, the area below
the sella is a solid block of bone without any air cavities. In the
presellar type, the air cavity does not penetrate beyond a vertical
plane parallel to the anterior sellar wall. The sellar type of
sphenoid sinus is the most common, and here, the air cavity
extends into the body of the sphenoid below the sella and as far
posteriorly as the clivus.”>” In adults, 76% of the sphenoid si-
nus are sellar types and 24% presellar types.>® The conchal type is
common only in children younger than 12 years, at which time
pneumatization of the sphenoid begins. Accordingly, in our
experience in cadaveric and virtual dissections, drilling of the
tuberculum sellae frequently resulted in widely opened sphenoid
sinus.

Most surgical series reporting clipping of oICA aneurysms using
a contralateral approach have been successful without the need to
remove bone from the tuberculum sellae or planum sphenoidale.
However, in the series reported by Kakizawa et al.,** 3 of 11
patients with paraclinoid aneurysms approached contralaterally
needed some extent of bone removal around the aneurysm neck
corresponding to the tuberculum sellae. In these 3 patients,
aneurysms were pointing relatively inferiorly. Similar experiences
have been reported by other investigators, who have seen the
need only for partial tuberculum sellae removal in contralateral
approaches in cases of aneurysms arising very proximally from
the carotid cave or pointing deep inferomedially.”"” In these
cases of sphenoid sinus opening, interposition of abdominal fat
and fibrin glue has been effective in sealing the defect and no
cases of CSF fistula have been reported.”"”

Optic Nerve Mobilization on Contralateral Approaches to the olCA
For ipsilateral approaches to the OA and SHA origin, optic nerve
mobilization was indispensable.’4®49:554 Accordingly, the sur-
gical treatment of paraclinoid aneurysms is associated with a
relatively higher risk of optic apparatus injuries.”””**%* As shown in
our study, anterior clinoidectomy increased the mobility of the
optic nerve and simultaneously reduced the need to mobilize it.
Unexplained visual loss after technically successful clipping of
intracranial aneurysms approached ipsilaterally constitutes a real
concern because the prognosis for any recovery of vision in these
cases is poor.”>>> According to our morphometric measures in
cadaveric specimens, a clear advantage of contralateral approaches
was the fact that optic nerve mobilization was no prerequisite for
sufficient exposure of the ICA superomedial aspect and its

REFERENCES

3. de Oliveira E, Tedeschi H, Siqueira MG, et al.

main branches. These findings support surgical experiences of
contralateral oICA aneurysm clipping reported in the litera-
ture."”">>%?>3 Consistent with these findings, small surgical se-
ries comparing clinical outcomes in patients operated on for oICA
aneurysms from the ipsilateral or contralateral side have reported
that all patients with permanent postoperative visual deficits were
operated on via an ipsilateral approach.®™ In the series reported
by Kakizawa et al.,** in contrast, no visual deficits occurred among
the 11 patients operated on through a contralateral approach.

Although there is a lack of detailed knowledge about the exact
duration and amount of mobilization that the optic nerve can
tolerate, the literature suggests that light and gentle mobilization
may be performed without any visual impairment.*®495* Alter-
ations on visual evoked potentials have been described during
optic nerve mobilization, although these changes do not indicate
permanent visual impairment in all cases.”” Independently of the
approach selected, optic nerve mobilization should be minimal
and if absolutely required, the falciform dural fold should be
opened to release the nerve before manipulation, a procedure
that can be performed during ipsilateral and contralateral
approaches.'>25:37:48:51:52,58

CONCLUSIONS

Our results provide anatomic and morphologic evidence sup-
porting the thesis that contralateral approaches provide an effec-
tive route to the superomedial aspect of the 0ICA and its branches.
If the trajectory is correctly planned and some anatomic conditions
are given, a subfrontal/supraorbital contralateral approach pro-
vides better anatomic exposure of the oICA superomedial aspect
and its perforating branches, the OA, and the SHA than do ipsi-
lateral approaches, even after removal of the ipsilateral anterior
clinoid process. In addition, the use of virtual 3D planning tools
greatly facilitates anatomic evaluation when planning approaches
to the oICA and related structures.

Despite these anatomic findings, technical aspects such as
proximal artery control remain a concern in contralateral ap-
proaches and there is a lack of studies comparing clinical out-
comes and complications between ipsilateral and contralateral
approaches. For these reasons, systematic clinical/surgical studies
are still needed to further determine the applicability, effective-
ness, and safety of this approach in patients presenting medially
pointing paraclinoid aneurysms.

ACKNOWLEDGMENTS

We thank very much Mr. Thomas Bauer for assistance with
drawings for Figure 7, which greatly improved the message of our
article.

Stimulation  for ~ Neurological ~ Disorders. ~ Cham:

I.

Gelber BR, Sundt TM Jr. Treatment of intra-
cavernous and giant carotid aneurysms by com-
bined internal carotid ligation and extra- to
intracranial bypass. ] Neurosurg. 1980;52:1-10.

. Day AL. Aneurysms of the ophthalmic segment. A

clinical and anatomical analysis. ] Neurosurg. 1990;
72:677-691.

Anatomical and technical aspects of the contra-
lateral approach for multiple aneurysms. Acta
Neurochir (Wien). 1996;138:1-11 [discussion 11].

. Gibo H, Lenkey C, Rhoton AL Jr. Microsurgical

anatomy of the supraclinoid portion of the inter-
nal carotid artery. ] Neurosurg. 1981;55:560-574.

. Kobayashi K, Katayama Y. Intraoperative micro-

electrode recording. In: Itakura T, ed. Deep Brain

Springer; 2015:42.

. Nacar OA, Rodriguez-Hernandez A, Ulu MO,

Rodriguez-Mena R, Lawton MT. Bilateral
ophthalmic segment aneurysm clipping with one
craniotomy: operative technique and results. Turk
Neurosurg. 2014;24:937-945.

. Nishio S, Matsushima T, Fukui M, Sawada K,

Kitamura K. Microsurgical anatomy around the

WORLD NEUROSURGERY 128: E261-E275, AususT 2019

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY

E271


http://refhub.elsevier.com/S1878-8750(19)31128-3/sref1
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref1
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref1
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref1
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref2
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref2
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref2
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref3
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref3
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref3
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref3
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref4
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref4
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref4
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref5
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref5
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref5
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref5
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref6
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref6
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref6
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref6
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref6
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref7
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref7
www.journals.elsevier.com/world-neurosurgery

LUCAS EZEQUIEL SERRAND ET AL.

ORIGINAL ARTICLE

CONTRALATERAL APPROACH TO CAROTID OPHTHALMIC SEGMENT

10.

II.

I2.

13.

14.

15.

16.

17.

18.

19.

20.

2I.

origin of the ophthalmic artery with reference to
contralateral pterional surgical approach to the
carotid-ophthalmic  aneurysm. Acta  Neurochir
(Wien). 1985;76:82-89.

. Oikawa S, Kyoshima K, Kobayashi S. Surgical

anatomy of the juxta-dural ring area. ] Neurosurg.
1998;89:250-254.

. Rhoton AI Jr. Cranial anatomy and surgical ap-

proaches. Neurosurgery. 2002;53:1-746.

Yasargil MG, Fox JL. The microsurgical approach
to intracranial aneurysms. Surg Neurol. 1975;3:7-14.

Serrano LE, Ayyad A, Archavlis E, et al. A literature
review concerning contralateral approaches to
paraclinoid internal carotid artery aneurysms
[e-pub ahead of print]. Neurosurg Rev. 2018. https://
doi.org/10.1007/510143-018-01063-3.

Fries G, Perneczky A, van Lindert E, Bahadori-
Mortasawi F. Contralateral and ipsilateral micro-
surgical approaches to carotid-ophthalmic aneu-
rysms. Neurosurgery. 1997;41:333-342 [discussion
342-333].

Nakao S, Kikuchi H, Takahashi N. Successful
clipping of carotid-ophthalmic aneurysms through
a contralateral pterional approach: report of two
cases. ] Neurosurg. 1981;54:532-536.

Shiokawa Y, Aoki N, Saito I, Mizutani H. Com-
bined contralateral pterional and interhemispheric
approach to a subchiasmal carotid-ophthalmic
aneurysm. Acta Neurochir (Wien). 1988;93:154-158.

Vajda J, Juhasz J, Pasztor E, Nyary I. Contralateral
approach to bilateral and ophthalmic aneurysms.
Neurosurgery. 1988;22:662-668.

van Lindert E, Perneczky A, Fries G, Pierangeli E.
The supraorbital keyhole approach to supra-
tentorial aneurysms: concept and technique. Surg
Neurol. 1998;49:481-489 [discussion 489-490].

Sheikh B, Ohata K, El-Naggar A, Hong B,
Tsuyuguchi N, Hakuba A. Contralateral approach
to carotid cave aneurysms. Acta Neurochir (Wien).

2000;142:33-37.

Andrade-Barazarte H, Kivelev J, Goehre F, et al.
Contralateral approach to internal carotid artery
ophthalmic segment aneurysms: angiographic
analysis and surgical results for 30 patients.
Neurosurgery. 2015;77:104-112 [discussion 112].

Chandela S, Chakraborty S, Ghobrial GM,
Jeddis A, Sen C, Langer DJ. Contralateral mini
craniotomy for clipping of bilateral ophthalmic
artery aneurysms using unilateral proximal carotid
control and sugita head frame. World Neurosurg.
2011;75:78-82.

Chen S, Kato Y, Kumar A, et al. Contralateral
approach to unruptured superior hypophyseal ar-
tery aneurysms. ] Neurol Surg A Cent Eur Neurosurg.
2013;74:18-24.

Hongo XK, Watanabe N, Matsushima N,
Kobayashi S. Contralateral pterional approach to a
giant internal carotid-ophthalmic artery aneurysm:

22.

23.

24.

25.

26.

27.

28.

29.

30.

3I.

32.

33

34.

35

technical
955-959-

case report. Neurosurgery. 2001;48:

Kakizawa Y, Tanaka Y, Orz Y, Iwashita T,
Hongo K, Kobayashi S. Parameters for contralat-
eral approach to ophthalmic segment aneurysms
of the internal carotid artery. Neurosurgery. 2000;
47:1130-1137.

McMahon JH, Morgan MK, Dexter MA. The sur-
gical management of contralateral anterior circu-
lation intracranial aneurysms. ] Clin Neurosci. 2001;
8:319-324.

Milenkovi¢ Z, Gopi¢ H, Antovi¢ P, JoviCi¢ V,
Petrovi¢ B. Contralateral pterional approach to a
carotid-ophthalmic aneurysm ruptured at surgery:
case report. ] Neurosurg. 1982;57:823-825.

Oshiro EM, Rini DA, Tamargo RJ. Contralateral
approaches to bilateral cerebral aneurysms: a
microsurgical anatomical study. ] Neurosurg. 1997;
87:163-169.

Park J, Lee SH, Kang DH, Kim JS. Olfactory
dysfunction after ipsilateral and contralateral
pterional approaches for cerebral aneurysms.
Neurosurgery. 2009;65:727-732 [discussion 732].

Pereira RS, Casulari L. Surgical treatment of
bilateral multiple intracranial aneurysms: review
of a personal experience in 69 cases. ] Neurosurg
Sci. 2006;50:1.

Yamada K, Hayakawa T, Oku Y, Ushio Y,
Yoshimine T, Kawai R. Contralateral pterional
approach for carotid-ophthalmic aneurysm: use-
fulness of high resolution metrizamide or blood
computed tomographic cisternography. Neurosur-

gery. 1984;15:5-8.

Yu LH, Shang-Guan HC, Chen GR, et al. Mono-
lateral pterional keyhole approaches to bilateral
cerebral aneurysms: anatomy and clinical appli-
cation. World Neurosurg. 2017;108:572-580.

Rozen WM, Chubb D, Stella DL, Taylor GI,
Ashton MW. Evaluating anatomical research in
surgery: a prospective comparison of cadaveric
and living anatomical studies of the abdominal
wall. ANZ ] Surg. 2009;79:913-917.

Yasargil MG. Clinical Considerations, Surgery of the
Intracranial Aneurysms and Results. vol. 2. Stuttgart:
Thieme; 1984.

MacCarty CS. Meningiomas of the sphenoidal
ridge. ] Neurosurg. 1972;36:114-120.

Kockro RA, Killeen T, Ayyad A, et al. Aneurysm
surgery with preoperative three-dimensional
planning in a virtual reality environment: tech-
nique and outcome analysis. World Neurosurg. 2016;

96:489-499.

Hayreh S. The ophthalmic artery. Section I.
Normal gross anatomy. In: Potts TH, Newton DG,
eds. Radiology of the Skull and Brain. Vol II, Book 2:
Arteries. St. Louis, MO: Mosby; 1974:1333-1350.

Hayreh S, Dass R. The ophthalmic artery. I. Origin
and intracranial and intra-canalicular course. Br |
Ophthalmol. 1962;46:65-98.

36.

37-

38.

39-

40.

41.

42.

e

45

46.

47.

48.

49-

50.

Stephens R, Stilwell D. Arteries and Veins of the
Human Brain. Springfield, IL: Thomas; 1969.

Clatterbuck RE, Tamargo RJ. Contralateral ap-
proaches to multiple cerebral aneurysms. Neuro-
surgery. 2005;57(1 suppl):160-163 [discussion 160-
163].

Chang DJ. The “no-drill” technique of anterior cli-
noidectomy: a cranial base approach to the para-
clinoid and parasellar region. Neurosurgery. 2009;64(3
suppl):onsg6-onsros [discussion ons1os-onsio6].

De Jesus O, Sekhar LN, Riedel CJ. Clinoid and
paraclinoid aneurysms: surgical anatomy, opera-
tive techniques, and outcome. Surg Neurol. 1999;51:
477-488.

Dolenc VV. A combined epi- and subdural direct
approach to carotid-ophthalmic artery aneurysms.
J Neurosurg. 1985;62:667-672.

Huynh-Le P, Natori Y, Sasaki T. Surgical anatomy
of the anterior clinoid process. ] Clin Neurosci.
2004;11:283-287.

Ota N, Tanikawa R, Miyazaki T, et al. Surgical
microanatomy of the anterior clinoid process for
paraclinoid aneurysm surgery and efficient
modification of extradural anterior clinoidectomy.
World Neurosurg. 2015;83:635-643.

Kassam  AB, Gardner PA, Mintz A,
Snyderman CH, Carrau RL, Horowitz M. Endo-
scopic endonasal clipping of an unsecured supe-
rior hypophyseal artery aneurysm. Technical note.
J Neurosurg. 2007;107:1047-1052.

. Sheikh B, Ohata K, El-Naggar A, Baba M, Hong B,

Hakuba A. Contralateral approach to junctional C2-
C3 and proximal C4 aneurysms of the internal ca-
rotid artery: microsurgical anatomic study. Neuro-
surgery. 2000;406:1156-1160 [discussion 1160-1151].

Matthews LS, Hirsch C. Temperatures measured
in human cortical bone when drilling. J Bone Joint
Surg Am. 1972;54:297-308.

Xu D, Pollock M. Experimental nerve thermal
injury. Brain. 1994;117:375-384.

Korosue K, Heros RC. “Subclinoid” carotid
aneurysm with erosion of the anterior clinoid
process and fatal intraoperative rupture. Neuro-
surgery. 1992;31:3560-359 [discussion 359-360].

Germanwala AV, Hofler R, Lagman C, et al.
Neurosurgery concepts: key perspectives on
endoscopic versus microscopic resection for pi-
tuitary adenomas, surgical decision-making in
tuberculum sellae meningiomas, optic nerve
mobilization during resection of craniophar-
yngiomas, and evaluation of headache and quality
of life after endoscopic transphenoidal surgery for
pituitary adenomas. Surg Neurol Int. 2017;8:52.

Metwali H, Gerganov V, Fahlbusch R. Optic nerve
mobilization to enhance the exposure of the pi-
tuitary stalk during craniopharyngioma resection:
early experience. ] Neurosurg. 2016;125:683-688.

Renn WH, Rhoton AL Jr. Microsurgical anatomy
of the sellar region. J Neurosurg. 1975;43:288-298.

E272

WWW.SCIENCEDIRECT.coM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2019.04.134


http://refhub.elsevier.com/S1878-8750(19)31128-3/sref7
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref7
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref7
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref7
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref8
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref8
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref8
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref9
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref9
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref10
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref10
https://doi.org/10.1007/s10143-018-01063-3
https://doi.org/10.1007/s10143-018-01063-3
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref12
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref12
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref12
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref12
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref12
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref13
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref13
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref13
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref13
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref14
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref14
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref14
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref14
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref15
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref15
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref15
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref16
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref16
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref16
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref16
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref17
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref17
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref17
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref17
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref18
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref18
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref18
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref18
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref18
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref19
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref19
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref19
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref19
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref19
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref19
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref20
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref20
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref20
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref20
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref21
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref21
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref21
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref21
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref21
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref22
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref22
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref22
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref22
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref22
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref23
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref23
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref23
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref23
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref24
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref25
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref25
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref25
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref25
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref26
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref26
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref26
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref26
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref27
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref27
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref27
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref27
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref28
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref28
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref28
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref28
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref28
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref28
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref29
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref29
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref29
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref29
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref30
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref30
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref30
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref30
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref30
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref31
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref31
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref31
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref31
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref32
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref32
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref33
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref33
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref33
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref33
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref33
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref34
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref34
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref34
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref34
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref35
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref35
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref35
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref36
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref36
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref37
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref37
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref37
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref37
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref38
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref38
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref38
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref38
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref39
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref39
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref39
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref39
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref40
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref40
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref40
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref41
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref41
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref41
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref42
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref42
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref42
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref42
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref42
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref43
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref43
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref43
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref43
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref43
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref44
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref44
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref44
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref44
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref44
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref45
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref45
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref45
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref46
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref46
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref47
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref47
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref47
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref47
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref48
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref49
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref49
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref49
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref49
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref50
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref50
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.04.134

LUCAS EZEQUIEL SERRAND ET AL.

ORIGINAL ARTICLE

CONTRALATERAL APPROACH TO CAROTID OPHTHALMIC SEGMENT

SI.

52.

53-

54

Akabane A, Saito K, Suzuki Y, Shibuya M,
Sugita K. Monitoring visual evoked potentials
during retraction of the canine optic nerve: pro-
tective effect of unroofing the optic canal.
J Neurosurg. 1995;82:284-287.

Chang HS, Joko M, Song JS, Ito K, Inoue T,
Nakagawa H. Ultrasonic bone curettage for optic
canal unroofing and anterior clinoidectomy.
Technical note. ] Neurosurg. 2000;104:621-624.

Kobayashi S, Kyoshima K, Gibo H, Hegde SA,
Takemae T, Sugita K. Carotid cave aneurysms of
the internal carotid artery. ] Neurosurg. 1989;70:
216-221.

Salunke P, Singh A, Deepak AN. Shattering the
rock: technique of bilateral optic nerve mobiliza-
tion and drilling heavily calcified

55

56.

57-

58.

craniopharyngiomas for its excision. World Neuro-
surg. 2016;95:292-298.

Kang S, Yang Y, Kim T, Kim J. Sudden unilateral
blindness after intracranial aneurysm surgery. Acta
Neurochir (Wien). 1997;139:221-226.

Rizzo JF 3rd. Visual loss after neurosurgical repair
of paraclinoid aneurysms. Ophthalmology. 1995;102:
905-910.

Zimmerman CF, Van Patten PD, Golnik KC,
Kopitnik TA Jr, Anand R. Orbital infarction syn-
drome after surgery for intracranial aneurysms.
Ophthalmology. 1995;102:594-598.

Hong T, Wang Y. Unilateral approach to clip
bilateral multiple intracranial aneurysms. Surg

Neurol.
S28].

2009;72(suppl  1):S23-S28  [discussion

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 7 January 2019; accepted 15 April 2019

Citation: World Neurosurg. (2019) 128:¢261-e275.
https://doi.org/10.1016/j.wneu.2019.04.134

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2019 Elsevier Inc. All
rights reserved.

WORLD NEUROSURGERY 128: E261-E275, AucusT 2019

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY

E273


http://refhub.elsevier.com/S1878-8750(19)31128-3/sref51
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref51
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref51
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref51
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref51
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref52
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref52
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref52
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref52
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref53
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref53
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref53
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref53
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref54
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref54
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref54
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref54
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref54
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref55
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref55
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref55
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref56
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref56
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref56
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref57
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref57
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref57
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref57
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref58
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref58
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref58
http://refhub.elsevier.com/S1878-8750(19)31128-3/sref58
https://doi.org/10.1016/j.wneu.2019.04.134
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.journals.elsevier.com/world-neurosurgery

LUCAS EZEQUIEL SERRAND ET AL.

ORIGINAL ARTICLE

CONTRALATERAL APPROACH TO CAROTID OPHTHALMIC SEGMENT

SUPPLEMENTARY MATERIAL

Additional morphometric data from cadaver specimens
Anthropometric Measurements. In order to rule out bias given by
asymmetry between both right and left skull halves as well as other
significant anthropomorphic differences between subjects, several
measurements were performed in each cadaveric specimen. A
survey of the measured values is depicted in Supplementary
Table 1.

Craniotomy Extension and Rate of Frontal Sinus Opening. Pterional
craniotomies were extended anteriorly up to the supraorbital fo-
ramen, which was 34.75 £ 1.39 mm anteriorly to the anterior
margin of the MacCarty’s keyhole. With this anterior extension of
the craniotomy, the frontal sinus was opened in 25% of cases.

Position and Mobilization Required for the Olfactory Nerve. Measured
via an ipsilateral trans-sylvian approach, the olfactory nerve was
found at a depth of 44.38 + 1.75 mm. Using a subfrontal/supra-
orbital corridor to the contralateral oICA, the ipsilateral olfactory
nerve was found at a depth of 43.13 & 2.13 mm (the difference was
not significant, P = 0.79).

Approaches to the contralateral oICA required significantly more
olfactory nerve mobilization than approaches to the ipsilateral
oICA (P < o0.001). Whereas passive mobilization of the olfactory
nerve of 5.50 + 2.02 mm before anterior clinoidectomy and 3.17
2.17 after anterior clinoidectomy was induced by dissecting the
Sylvian cistern and elevating minimally the frontal operculum, the
subfrontal/supraorbital corridor to the contralateral oICA required
active mobilization and elevation of the olfactory nerve of 11.08 +
0.9 mm. Bone removal along the planum sphenoidale and
tuberculum sellae did not significantly reduce the need for olfac-
tory nerve mobilization (10.58 £ 1.38 mm, P > o.05).

Optic Netve Exposure. The distance to the ipsilateral optic nerve was
found to be 46.56 + 1.67 mm using the optimal approach angle
and trans-Sylvian corridor to the ipsilateral oICA and 46.56 £ 2.19
mm using the optimal subfrontal/supraorbital approach angle to
the contralateral oICA. The mean distance to the contralateral optic
nerve using the optimal contralateral supraorbital/subfrontal
corridor was 62.75 & 1.39 mm. Anterior clinoidectomy significantly
increased ipsilateral optic nerve exposure from 11.25 + 1 mm to

13.69 £ 1.25 mm (P < o.001). The optic nerve length exposed
through the contralateral approach was 12.94 + 1.06 mm. The
removal of the planum sphenoidale/tuberculum sellae significantly
increased the length of the contralateral optic nerve exposed to
15.43 &+ 0.96 mm (P < o.001).

In order to expose the oICA, and specially its superomedial
aspect, ipsilateral approaches required 2.375 £+ 0.5 mm mobiliza-
tion of the optic nerve before anterior clinoidectomy. After anterior
clinoidectomy, optic nerve mobilization of 2.06 £+ 0.57 mm was
required. Even though the contralateral oICA could be successfully
exposed without optic nerve mobilization, a maximal contralateral
oICA exposure was achieved after optic nerve mobilization of
2.44 £ 0,51 mm.

Additional morphometrical data from 3D virtual simulations

Anthropometric Measurements of Selected Patients. Corresponding to
the cadaver study, anthropometric skull measurements were
assessed to rule significant interindividual differences or asym-
metry between right and left skull halves (Supplementary Table 2).

Craniotomy Extension and Rate of Frontal Sinus Opening

In simulated cases, the mean distance from MacCarty’s keyhole to
the supraorbital foramen was 36.1 + 2.4 mm. Extending the
craniotomy anteriorly up to the lateral limit of the supraorbital
foramen resulted in frontal sinus opening in 30% of cases.

Optic Nerve Exposure

On ipsilateral approaches to the oICA, the mean depth to the
ipsilateral optic nerve through the optimal trans-Sylvian corridor
was 45.9 + 2.91 mm, with minimal variation when a subfrontal/
supraorbital corridor was used (46.6 + 3.27 mm). The measured
depth to reach the contralateral optic nerve through the optimal
subfrontal/supraorbital approach was 63.35 &+ 3.360 mm.

The mean exposed length of the ipsilateral optic nerve was 11.05
+ 0.76 mm. Removal of the ipsilateral anterior clinoid process
significantly increased this length to 13.05 £ 1.05 mm (P < 0.001).
For contralateral approaches, the exposure of the contralateral
optic nerve averaged 12.25 + 1.16 mm. Bone removal from the
contralateral half of the planum sphenoidale and tuberculum sellae
significantly increased exposure of the optic nerve to 14.6 £ 1.19
mm (P < 0.001).
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Supplementary Table 1. Anthropometric measurements ruled

out the possibility of significant asymmetries between both
halves of the skull in cadaver specimens

Anthropometric measure Mean + Standard Deviation
Cephalic perimeter 53.63 + 1.22
Biauricular breadth 2413 + 1.36
External biorbital breadth 11.25 £ 1.09

Rigth Left t Tests
Vertex-zygomatic length 1575 £ 0.66  15.88 + 0.6 ns

External obito-auricular length 6.88 £ 0.78 6.75 £ 0.66 ns
Internal orbito-auricular length ~ 11.38 + 0.78  11.25 + 0.66 ns
External orbito-midline length 6.25 + 0.43 6.38 + 0.48 ns

ns, non-significant.

. \
Supplementary Table 2. Anthropometric measurements ruled

out the possibility of significant asymmetries between both
halves of the skull in 3D virtual dissections

Anthropometric Measure Mean + Standard Deviation
Cephalic perimeter 54.3 + 0.78
Biauricular breadth 246 +£12
External biorbital breadth 1154 +1.18

Rigth Left t Tests
Vertex-zygomatic length 15.88 + 0.66  15.84 + 0.56 ns

External obito-auricular length 6.95 + 0.51 6.82 +£0.72 ns
Internal orbito-auricular length 1145 +£0.73  11.32 + 0.68 ns
External orbito-midline length 6.33 + 0.44 6.47 + 0.39 ns

ns, non-significant.
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