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Objective The aim of this anatomic study is to describe a fully endoscopic lateral
orbitotomy extradural approach to the cavernous sinus, posterior, and infratemporal
fossae.

Material and Methods Three prefixed latex-injected head specimens (six orbital
exposures) were used in the study. Before and after dissection, a computed tomo-
graphy scan was performed on each cadaver head and a neuronavigation system was
used to guide the approach. The extent of bone removal and the area of exposure of the
targeted corridor were evaluated with the aid of OsiriX software (Pixmeo, Bernex,
Switzerland).

Results The lateral orbital approach offers four main endoscopic extradural routes:
the anteromedial, posteromedial, posterior, and inferior. The anteromedial route
allows a direct route to the optic canal by removal of the anterior clinoid process,
whereas the posteromedial route allows for exposure of the lateral wall of the
cavernous sinus. The posterior route is targeted to Meckel’s cave and provides access
to the posterior cranial fossa by exposure and drilling of the petrous apex, whereas the
inferior route gives access to the pterygopalatine and infratemporal fossae by drilling
the floor of the middle cranial fossa and the bone between the second and third
branches of the trigeminal nerve.

Conclusion The lateral orbitotomy endoscopic approach provides direct access to the
cavernous sinus, posterior, and infratemporal fossae. Advantages of the approach
include a favorable angle of attack, minimal brain retraction, and the possibility of
dissection within the two dural layers of the cavernous sinus without entering its
neurovascular compartment.
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Introduction

Classical anterolateral skull base approaches to lesions
located in the middle and posterior cranial base often require
quite extensive osteotomies in which the surgeon aims to
gain a favorable angle of attack and to decrease brain retrac-
tion when targeting deep-seated lesions.'”'> During the
recent years, with the introduction of minimally invasive
techniques and with the use of the endoscope as the sole
visualization tool, less invasive surgical corridors to the deep
skull base compartments were created without sacrificing
the said favorable angle of attack.®=20 In this context, the
orbit, a four-sided pyramidal ventral structure situated
between the viscerocranium and neurocranium, takes a
central role. Indeed, the orbit is a key anatomical area that
reveals multiple possibilities for corridors to reach deeper
and surgically challenging areas, such as the parasellar area,
the cavernous sinus, Meckel’s cave, and even the posterior
fossa.”-19-22 The increased interest in the orbit—an interest
manifested in recent anatomical and clinical stu-
dies'*17:23-25_js provoked by the fact that, upon removal
of the bony lateral and superior walls of the orbit, a wide
ventrolateral route is disclosed, allowing access to these
areas of the skull base.

Surgical approaches to the orbit date back to the late
19th century, when Kronlein first described the lateral
orbitotomy.26 Nowadays, this approach has become
increasingly popular as a microsurgical corridor to the
parasellar area and the lateral wall of the cavernous
sinus.'”-23"2> Compared with the traditional frontotem-
poral or orbitozygomatic craniotomy, lateral orbitotomy
has the potential advantage of a reduced approach-related
morbidity, caused by danger to the frontal branch of the
facial nerve, extensive disruption of the temporalis muscle,
increased bone loss, exposure of a large portion of the brain,
and brain retraction. Also, the lateral orbitotomy approach
allows for a favorable and the most anterolateral surgical
corridor possible, parallel to the skull base.'®?3 Some of the
disadvantages of using the traditional microscopic techni-
que in a lateral orbitotomy for deep-seated skull base
lesions are the ones related to the conic shape of the
operative field in the depth: a limited visualization area,
insufficient illumination, and blind peripheral spots.'”-?372
Nowadays, with the design of new dedicated instrume-
ntation, remarkable developments have occurred in the
field of endoscopy, all pioneered in transsphenoidal
approaches and, recently, in transorbital surgery, that
allow for improved working angles, shorter working dis-
tances, and optimal visualization of deep anatomical struc-
tures by bringing the target closer to the operative
field.#16:19-20.27-32 [y sych settings, the endoscopic techni-
ques could expand the boundaries encountered with the
traditional microscopic view and widen the possibilities of
the traditional lateral orbitotomy approach. Therefore, the
aim of the study set forth in this article is to analyze and
describe fully endoscopic lateral orbitotomy extradural
anatomical routes to the cavernous sinus, posterior, and
infratemporal fossae.
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Material and Methods

The study was conducted on three prefixed latex-injected
head specimens (six orbital exposures) in the Laboratory of
Surgical Neuroanatomy (Barcelona, Spain). Dissections were
performed with a high-definition endoscopic camera (KARL
STORZ, Tuttlingen, Germany), 18 cm in length and 4 mm in
diameter, and with 0° and 30° Hopkins rod-lens endoscopes
(KARL STORZ). A set of dedicated endoscopic endonasal skull
base surgical instruments (KARL STORZ) and an electric drill
system with cutting and diamond burs (Midas Rex Legend
EHS, Medtronic, Fort Worth, Texas, United States) were used.
Each specimen was fixed with an industrially manufactured
embalming mixture composed of different percentages of
phenol, ethanol, formaldehyde, and glycerin. The arterial
system was injected with red latex. Five screws were
implanted in the specimen’s skull as permanent bone refer-
ence markers to allow coregistration with the neuronaviga-
tion system.

Before the dissections, computed tomography (CT) scans
were performed on each cadaver head by using a multislice
helical acquisition protocol (slice thickness, 0.6 mm; gantry
angle, 0°). The heads were precisely positioned in the scanner
(SOMATOM Sensation 64; Siemens AG, Erlangen, Germany)
to obtain a projection perpendicular to the palate. The
images were exported in Digital Imaging and Communica-
tions in Medicine format and later imported in the OsiriX
software (Pixmeo, Bernex, Switzerland) to visually compare
the extent of bone removal (pre- and postdissection) with
the use of the program’s three-dimensional (3D) volumetric
rendering functions.

Imaging data were transferred to the laboratory naviga-
tion-planning workstation, and point registration was per-
formed. A registration correlation tolerance of 2 mm was
considered acceptable. Neuronavigation (Medtronic Stealth-
Station) was used to check superficial landmarks and track
boundaries of the surgical approach. The extent of bone
removal and the area of exposure to the targeted corridor
were visualized by means of the superimposition of pre- and
postdissection CTscans and navigation coordinates data with
the aid of OsiriX software (Pixmeo).

Results

Ergonomics

The head was positioned as in a standard pterional approach,
rotated 30° to the contralateral side and 10° extended, thus
taking advantage of gravity to retract the brain, aiding the
exposure. To simulate the position in a surgical scenario,
surgeons were standing behind the head, allowing for
improved freedom of movement, needed for a three- or
four-hand technique. The endoscope was dynamically moved
freehand and was positioned in the cranial part of the
surgical field while two or even three instruments were
positioned caudally to the endoscope, thus enhancing the
working space and visualization while decreasing tissue
trauma from retraction. The angle of visualization obtained
in such manner is quite familiar to neurosurgeons because it
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is similar to the traditional pterional view, which facilitates
orientation and the mental representation of the 3D
anatomy.

Stepwise Dissection
The procedure began with a transeyelid skin incision follow-
ing the curvature of a superior eyelid crease, with the
direction of the incision running from the midpupillary
line to 1 cm behind the lateral orbital ridge, along the
zygomatic arch, which is easily recognized?3?433 (~Fig. 1).
One of the possible complications during the soft-tissue
dissection is injury to the frontal branch of the facial
nerve.>*-40 However, according to the literature, there is a
safe zone for the facial nerve in the area that is 2.5 cm
posterior to the lateral canthus of the eye.36374! Therefore, if
the dissection does not pass this limit, the danger posed by
possible damage to the frontal branch of the facial nerve is
kept to a minimum.

Laleva et al.

The anatomy of the transpalpebral eyelid approach has
been explained in detail elsewhere.?> In brief, the superior
eyelid has two lamellae that are divided by the orbital
septum, which starts from the superior orbital rim and is
continuous with the frontalis muscle aponeurosis superiorly
and the periorbita. The anterior lamella consists of the skin
and orbicularis oculi muscle, and the posterior lamella
extends from the levator aponeurosis, the Muller’s muscle,
and the palpebral conjunctiva.2?> When the skin incision is
made, care should be taken not to perforate the septum. A
plane between the orbicularis oculi and the orbital septum is
developed superiorly and laterally until the orbital rim is
identified.?> The periosteum is divided sharply, and subper-
iosteal dissection, starting from the frontal and zygomatic
bone, is performed until the zygomaticotemporal foramen
and supraorbital foramen/notch are exposed inferiorly and
superiorly, respectively. The temporalis muscle fascia is
incised along the posterior edge of the orbital rim, and the

Fig. 1 Macroscopic part of the approach. (A) The skin incision is through the eyelid, starting from the midpupillary line and extending 1 cm
behind the lateral orbital ridge, along the zygomatic arch. (B) Exposure of the lateral orbital rim in strict subperiosteal fashion. The lateral orbital
rim is removed by drilling of the sphenoid ridge and exposure of the frontal, temporal dura and periorbita, followed by two osteotomies, using an
oscillating saw, just above the frontozygomatic suture superiorly and at the level of the zygomatic arch. (C) Macroscopic view of the surgical field
after the osteotomies and after the bone removal extending to the pterion is completed. The frontal, temporal lobes, as well as the periorbital,
are visualized. (D) Three-dimensional reconstruction using the OsiriX software (version 5.8.1, Pixmeo, Bernex, Switzerland), presenting the
limits of the craniotomy (the visualized screws are the markers for the neuronavigation).
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anterior part of the temporalis muscle is detached from the
bone, exposing the lateral wall of the orbit, the greater
sphenoid wing, and the pterional region. The periorbita is
then dissected from the bone with a sharp dissector, starting
from the frontozygomatic suture and continuing medially to
the supraorbital notch and inferiorly toward the inferior
orbital fissure. A dissector can be safely passed through the
inferior orbital fissure, as the latter contains only fibrous and
adipose tissue.>*2 Keeping the periorbita intact is a key
maneuver of this step of the dissection.

The lateral orbitotomy is performed from the frontozygo-
matic suture to the zygomatic angle and the inferior orbital
fissure with the aid of a high-speed drill (~Fig. 1). At this
point, the sphenoid ridge represents the key landmark on the
lateral skull surface, located below the usual placement of
the MacCarty keyhole® 44243 with comparative exposure.**
It can be used as a guide to the bone drilling, exposing the
frontal and temporal dura and the periorbita upon its
removal. The sphenoid ridge is drilled until the meningo-
orbital band is completely exposed.*>**® The inferior limit of
the bone drilling is the inferior orbital fissure. Laterally, the
sphenoid ridge approximates the pterion at the sphenosqua-
mosal suture, which, in the depth, corresponds to the ante-
rior sylvian point of the brain—a natural widening of the
arachnoid.*’ After the craniotomy is performed, the pterion
marks the posterior limit of bone removal.

The removal of the lateral orbital wall and sphenoid ridge
allows exposure of the periorbita and the temporal and
frontal dura. At this point, the dissection continues under
endoscopic guidance (0° endoscope) (=Fig. 2). The dura of
the frontal and temporal lobes is dissected from the inner
bone until the superior orbital fissure is reached. Along the
lateral border of the superior orbital fissure, the meningo-
orbital band*®® is identified. It connects the frontotemporal
basal dura to the periorbita and is also described in the

Fig.2 Position of head, endoscope, and instrumentsin the laboratory
settings.
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Meningo-orbital
band

Fig. 3 Right lateral orbital approach. Endoscopic view of the right
meningo-orbital band.

literature as the frontotemporal dural fold*® or dural bridge>®

(=Fig. 3). This is the key dural structure, from which the two
dural layers (the periosteal dura and dura propria of the most
cranial aspect of the lateral wall of the cavernous sinus) can
be easily and safely separated. At this point, the meningo-
orbital band is sharply dissected and divided, allowing sub-
sequent extradural exposure of the cavernous sinus.!’:4®
Surgically speaking, this space is very important, because
it offers access to the inner layer of the lateral wall of the
cavernous sinus, without the need to enter the venous
compartment of the sinus itself. Even more importantly, it
provides a “natural” access without manipulation of the
cavernous sinus’ cranial nerves.'”2>4%:51-56 Thjs technique
creates a virtually bloodless surgical plane, as reported in the
clinical setting by Fukuda et al.*®

Endoscopic Routes

From this point on, depending on the working angle, four
endoscopic routes can be described—anteromedial, poster-
omedial, posterior (~Fig. 4A), and inferior (~Fig. 4B)—each
targeted to a different skull base region: the optic nerve, the
lateral wall of the cavernous sinus and Meckel’s cave poster-
iorly, the petrous apex, and the pterygopalatine and infra-
temporal fossae. Dissection is then continued with the use of
a 30° endoscope, which allows a superb and angled visuali-
zation during the targeted dissection in the deep aspect of
the surgical field.

> Anteromedial route, targeted to the anterior clinoid
process (ACP), optic foramen, optic nerve, and clinoid
segment of the internal carotid artery (ICA) (~Fig. 5A-C)

After dividing the meningo-orbital band, the surgeon
peels off the dura propria until the cortical bone of the lesser
sphenoid wing and the ACP are exposed. Anterior clinoidect-
omy is then performed with a diamond drill, starting with
the unroofing of the optic canal, thus allowing optic nerve
decompression superiorly. Next, the ACP is hollowed out
with a small diamond burr under continuous irrigation
(=Fig. 5A). After sufficient spongious bone is removed
from the ACP, leaving only cortical bone, the ACP is dissected
circumferentially and is detached from the optic strut
(=Fig. 5B). This maneuver allows for the removal of the
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Fig. 4 The surgical routes described in the study. (A) Anteromedial
corridor (dark red), targeted to the optic canal; posteromedial (dark
blue), targeted to the lateral cavernous sinus; posterior (purple),

targeted to Meckel’s cave and the petrous apex. (B) Inferior corridor
(light blue), targeted to the pterygopalatine and infratemporal fossae.

ACP. At that point, the optic nerve and the clinoid segment of
the ICA, as well as the proximal and distal dural rings, are
exposed, and the optic canal is opened widely (~Fig. 5C).

» Posteromedial route, targeted to the lateral wall of the
cavernous sinus (~Fig. 4A)

From the lateral part of the superior orbital fissure in a
posteromedial direction, an extradural, straightforward route
to the lateral wall of the cavernous sinus is completely
revealed. The key landmark for surgical dissection is the
meningo-orbital band (=Figs. 3 and 5A). Upon its division
and with the dissection kept posteriorly, a clear surgical plane
between the dura of the temporal lobe and dura propria of the
lateral wall of the cavernous sinus is created.**>1-°25%57
Keeping the sharp dissection in a posteromedial direction,
this route enables both extradural exposure of the entire
lateral wall of the cavernous sinus and visualization of the
third and fourth cranial nerves as well as the first and second
division of the fifth cranial nerve. The abducens nerve runs
within the cavernous sinus. Therefore, if the dura propria of the
cavernous sinus is opened and the V1 nerve is gently displaced,
medial to it, within the cavernous sinus, the abducens nerve is
exposed in strict relationship with the intracavernous seg-
ment of the ICA (~Fig. 6A-C).

» Posterior route, targeted to Meckel's cave and the
petrous apex (=Fig. 4A)

From the superior orbital fissure, in a posterolateral
direction, the greater sphenoid wing forms the floor of the
middle cranial fossa. When the endoscopic extradural dis-

Laleva et al.

section between the temporal lobe dura and dura propria of
the cavernous sinus is targeted in the posterolateral direc-
tion, the second and third divisions of the fifth cranial nerve,
Meckel's cave, foramen ovale, and foramen spinosum are
gradually exposed. According to Kawase et al, >80 the pos-
terior cranial fossa could be entered once the bone between
the V3, arcuate eminence, and greater superficial petrosal
nerve is drilled. Dedicated endoscopic instrumentation, as
well as 30° endoscopic angled visualization, allows for dril-
ling the petrous apex (~Fig. 6A, B). The dissection is guided at
every step by the neuronavigation system, which helps the
orientation and the extent of bone drilling.

> Inferior route, targeted to the infratemporal and pter-
ygopalatine fossae (~Fig. 4B)

Drilling the middle fossa floor under neuronavigation con-
trol allows surgical access to the pterygopalatine and infra-
temporal fossae. Dissection is performed with a 30°
endoscope, repositioned to the superolateral border of the
lateral orbital craniotomy and targeted inferiorly (~Fig. 2). The
repositioning creates an oblique angle of view, allowing the
exact visual trajectory needed to drill the middle fossa floor.
Drilling of the bone between V2 and V3 provides the access
needed to enter the pterygopalatine fossa, with visualization of
the sphenopalatine artery. Unroofing of the foramen rotun-
dum allows for mobilization of the V2 nerve and its decom-
pression in clinical settings. The vidian canal is situated
inferolateral to V2. When drilling of the bone is extended
between V2 and V3, the vidian nerve and canal are also
identified (=Fig. 6C). Following the vidian nerve posteriorly
leads to the petrous segment of the ICA, as already described in
the literature.%” Unroofing the V3 nerve and further drilling of
the middle fossa floor allows access to the infratemporal fossa.
The mandibular division of the trigeminal nerve can be
followed into its endo- and exocranial course.

A CTscan is performed after each dissection, revealing the
extent of bone removal and the endoscopic corridors to the
posterior and infratemporal fossae (~Fig. 6D).

Discussion

In recent years, endoscopic (in particular, endonasal) tech-
niques have revolutionized skull base surgery by allowing
access to difficult skull base areas, such as the clival and
petroclival regions, odontoid process, and pterygopalatine and
infratemporal fossae, that have been traditionally approached
by extensive transcranial surgeries requiring significant soft-
tissue dissections and bone removal.2’-2%31:3261-75 Newer
methods of reconstruction of the skull base after the surgery
have significantly decreased postoperative complications
related to cerebrospinal fluid leaks and have even allowed
the further expansion of indications of endoscopic endonasal
surgery.29’76‘84 Nonetheless, despite these advances, the
transsphenoidal perspective still has important limitations,
in particular in relation to the lateral wall of the cavernous
sinus and to the middle cranial fossa, which represent difficult-
to-reach areas via a ventral pathway, mainly because of the
unsafe crossing of important neurovascular structures.
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Frontal
dura

Fig. 5 Anatomical structures exposed through the different corridors (right side) (A) Drilling of the anterior clinoid process (ACP) using the
anteromedial route; (B) removal of the anterior clinoid process with pituitary rongeur. (C) Endoscopic view via anteromedial route after removal
of the anterior clinoid process and decompression of the optic nerve. The third nerve and the clinoid segment of the ICA, together with the
proximal and distal dural rings as well as the optic nerve, are visualized. (D) Posteromedial route, exposing the lateral wall of the cavernous sinus.
Thelll, IV, V1, and V2 nerves are seen. (E) The V1 nerve is elevated, and the abducens nerve, which is located medial to it, overlying the cavernous
carotid artery, is exposed. Abbreviations: ACP, anterior clinoid process; DDR, distal dural ring; ICA, internal carotid artery; Ill, cranial nerve Ill;

PDR, proximal dural ring; SOF, superior orbital fissure.

The lateral orbital approach offers a different angle of
attack toreach the middle cranial fossa and the lateral wall of
the cavernous sinus, with possible extensions to the poster-
ior, infratemporal, and pterygopalatine fossae. The space
provided by using classical microsurgical techniques is rela-
tively limited and requires advanced microsurgical skills. The
limitations could be avoided with the use of endoscopic
techniques, as demonstrated in this article.

Lateral orbitotomy, done by removing the lateral orbital
wall, was first described in 1889 by Krénlein?® and was used
for intraorbital tumor pathology.17 An important structure
that is part of the lateral orbital wall is the sphenoid ridge,
which represents a lateral extension of the posterior aspect

Journal of Neurological Surgery—Part B Vol. 80 No. B3/2019

of the lesser sphenoid wing. Yasargil referred to the sphenoid
ridge as “the key landmark” in the approach to the circle of
Willis.®> On the external skull surface (in the temporal fossa),
the sphenoid ridge projects over the greater sphenoid
wing.** Laterally, the sphenoid ridge approximates the pter-
ion at the sphenosquamosal suture, with this region referred
to as the anterior sylvian point.*’ Intuitively, the sphenoid
ridge is a straightforward keyhole to multiple skull base
areas.** In the lateral orbital approach, when the sphenoid
ridge is completely removed, it exposes the anatomic struc-
tures that are usually revealed via frontotemporal craniot-
omy and its modifications (~Figs. 5 and 6). More recently,
other authors have used the lateral orbital approach in
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Fig.6 The posterolateral route and exposure to the posterior fossa, right side. (A) The whole cavernous sinusis seen, including the Meckel’s cave
(MC), V1, V2, V3, and IV cranial nerves, as well as the petrous apex (PA). (B) The mandibular division of the trigeminal nerve is elevated, and the
anterior petrosectomy (AP) is done, exposing the corridor of the posterior fossa. The duraisincised, and the pons, as well as the trigeminal nerve,
is seen. (C) The inferior route (light blue, =Fig. 4B), exposing the pterygopalatine fossa (PPF) and the infratemporal fossa (ITF). The bone
between V2 and V3, as well as the floor of the middle cranial fossa, is removed, completely unroofing V2 and V3 and thus opening access to the
PPF and the ITF. The vidian nerve (VN), as well as the vidian canal, are revealed. The sphenopalatine artery (SphPA) is seen in the PPF. (D)
Postoperative computed tomography (CT) scan-based three-dimensional (3D) reconstruction presenting the area of bone removal (red dashed
line), corresponding to the exposure to the posterior fossa (anterior petrosectomy) and to the infratemporal fossa (temporal fossa floor
removal). 3D reconstruction using the OsiriX software (version 5.8.1, Pixmeo, Bernex, Switzerland). Abbreviations: AP, anterior petrosectomy;
ITF, infratemporal fossa; MC Meckel’s cave; PA, petrous apex; PPF, pterygopalatine fossa; SphPA, sphenopalatine artery; VN, vidian nerve.

anatomical studies and small clinical series to reach intra-
cranial structures such as the cavernous sinus lesions in the
middle fossa, to excise cranio-orbital meningiomas to
achieve optic nerve decompression,'”-?4?> and even to treat
middle cerebral artery aneurysms.3® The potential advantage
of such a minimally invasive approach is that it requires only
a cosmetic skin incision and results in less soft-tissue trauma
and less manipulation of the temporalis muscle.'”23-%

In these published surgical series, however, microscopic
techniques are used, with the aforementioned limitation
when working in a narrow corridor. In a very well-con-
ducted anatomical study and illustrative case report, Altay
et al'’ demonstrated that the entire cavernous sinus can be
exposed by means of lateral orbitotomy, drilling the greater
sphenoid wing, and performing optic nerve decompression
through anterior clinoidectomy. More recently, Ulutas
et al®®> demonstrated that using the same approach
described by Altay et al, but changing the orientation of
the microscope, could achieve control over critical neuro-
vascular structures not only to the cavernous sinus but also
to the superior orbital fissure and orbital apex. Neverthe-
less, the authors stress the limitations of this approach

using microscopic techniques through a small area created
by lateral orbitotomy and recommend practice in cadaveric
dissection before attempting an actual surgical case, to
become familiarized with the complex anatomy that is
required through this surgical corridor.?> A larger series,
using lateral orbitotomy for middle fossa meningiomas, is
that of Mariniello et al,** describing the treatment of
sphenoid wing meningiomas without significant optic
nerve compression or cavernous sinus invasion. Recently,
Mandel et al®® published a series of 25 cases with unrup-
tured middle cerebral artery aneurysms managed success-
fully through lateral orbitotomy and eyelid skin incision.
The author describes the approach as a safe alternative to
pterional craniotomy in selected cases and one that has
yielded excellent cosmetic results.

Both of the aforementioned studies by Altay et al'” and
Ulutas et al?® used a small transverse linear skin incision
extending from the lateral epicanthus laterally down to the
lateral orbital ridge. In contrast, we prefer the superior eyelid
incision described in detail by Aziz et al?> and used in
Mariniello et al?* and Mandel et al.®® We believe that
this incision, combined with lateral orbitotomy, provides
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significantly more space in which to maneuver the surgical
instruments and reduces their collision with the endoscope.
Moreover, such an incision, according to real clinical series,
produces very good cosmetic results and is barely visible
when the patient opens his or her eye.23

In our cadaveric study, we were able to expose the entire
cavernous sinus and Meckel’s cave, perform optic nerve
decompression by anterior clinoidectomy and opening of
the optic foramen, reach the petrous apex and perform an
anterior petrosectomy to the posterior cranial fossa, and drill
the floor of the middle cranial fossa and expose the infra-
temporal and pterygopalatine fossa. We believe that all this
was made possible because of the superior visualization that
the endoscope (0° and, especially, 30°) can provide, along
with dedicated endoscopic instruments.

A minimally invasive approach has been defined by
Kassam et al®® as “access and visualization through the
narrowest practical corridor providing maximum effective
action at the target with minimal disruption of normal
tissues.” In working along the narrowed surgical routes
from the orbit to the middle and posterior skull base through
lateral orbitotomy, the endoscope provides improved illu-
mination and magnification and, at the same time, requires
only narrow working channels, unlike the wide-angle space
that is need for open or microscopic visualization. Thus, a
freehand endoscopic technique with dedicated instrumenta-
tion allows the targeted dissection to take place through
smaller and less disruptive surgical corridors and, at the
same time, reveals a wider and closer operative field.

In recent years, another endoscopic technique—namely,
ventral endoscopic transorbital surgery—has gained more
and more popularity. According to some authors, the various
approaches taken by this technique allows access not only to
the contents of the orbit but also to the intracranial compart-
ment, including the anterior cranial fossa, middle fossa, and
lateral cavernous sinus.?% A growing number of publications
describe how the technique allows a multiportal, multi-
angled approach to lesions of the skull base that are extre-
mely difficult to reach, even with expanded transnasal
endoscopic procedures.'6:18:19:28:48.87-90 The transorbital
approaches have the cosmetic advantage of having limited
or no skin incision and eliminate the danger to the frontal
branch of the facial nerve, as may occur in a standard
frontotemporal approach. One of the major disadvantages
of ventral transorbital approaches is the unfamiliar perspec-
tive of the anatomy of this region as seen from a ventral
viewpoint.*® For this reason, extensive practice in dissection,
as well as further anatomical studies, is needed to gain more
experience with the ventral transorbital approaches.
Another disadvantage of purely ventral transorbital
approaches is globe retraction, which might be one of the
major factors limiting adequate transorbital access to the
lateral cavernous sinus and Meckel’s cave. According to some
authors, 10 mm of globe retraction at the lateral orbital rim
is safe and not associated with negative ophthalmologic
outcomes.'®

Nevertheless, removal of the lateral orbital wall gains
space for instrument maneuverability, avoids collision of
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the instruments with the endoscope, and might offer advan-
tages to prevent mechanical or ischemic damage of intraor-
bital structures in clinical settings. Removal of the lateral
orbital rim and wall, with subsequent proper reconstruction,
as shown in clinical series, is associated with excellent
cosmetic outcomes.?>?* Moreover, the approach provides
wider working space, limited orbital retraction, and the
possibility of having more working corridors (~Fig. 4A, B),
and even switching to the ventral transorbital route, during
surgery if necessary. Furthermore, the lateral orbital
approach is versatile, allowing not only optic nerve decom-
pression and cavernous sinus and Meckel’s cave exposure,
but also routes to the posterior infratemporal and pterygo-
palatine fossae.

The main differences between the ventral transorbital
approaches and the lateral orbital approach described here
are the head positioning, the amount of bone removal, and
the surgical perspective. In the lateral orbital approach, the
head positioning and surgical perspective are already famil-
iar to neurosurgeons because they are the same as in tradi-
tional anterolateral neurosurgical approaches (pterional,
anterior petrosectomy). Therefore, the learning curve is
likely to be less steep. In the ventral transorbital approach,
the head positioning and surgical perspective are the ones
used in transsphenoidal surgery (=-Table 1). Hence, the
anatomical view of intracranial structures is unfamiliar to
most neurosurgeons and requires additional practice in
dissection.

The transorbital and lateral orbital approaches are two
newly described endoscopic routes that can be studied and
compared one with each other for clinical advantages, dis-
advantages, indications, and complications. In examining the
lateral orbital approach, this study has borne useful informa-
tion, but there are, however, several limitations to consider.
First, the cadaver specimens used in the study allow detailed
anatomic description during the step-by-step dissection, as
well as offering an evaluation of the surgical exposure and
maneuverability involved, but they cannot replicate the
clinical environment and the challenges faced in clinical
settings. As a result, there is a need for further investigation
into these two approaches and their outcomes in selected
patients.

Conclusion

The lateral orbital endoscopic approach offers four minimally
invasive corridors: anteromedial, posteromedial, posterior,
and inferior. The anteromedial corridor is targeted to the ACP
and the optic nerve. The posteromedial corridor is targeted
to lateral wall of the cavernous sinus. The posterior corridor
is targeted to Meckel’s cave and the posterior cranial fossa.
The inferior corridor is targeted to the infratemporal and
pterygopalatine fossae. The anatomical descriptive study
presented in this article reveals the possibilities for mini-
mally invasive corridors that allow endoscopic techniques
along with dedicated instrumentation. Further studies are
needed to explore the advantages and disadvantages of this
approach and its clinical implications.
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Table 1 Comparison between the lateral orbital and the transorbital endoscopic approaches

Lateral orbital approach

Transorbital approach

Positioning Behind the head and the anatomical exposure is very close to the | Lateral or in front of the head, which
one that neurosurgeons are trained from the classical pterional | is a positioning very close to the one
approach from the transsphenoidal surgery

(potentially steeper learning curve)

Skin incision Eyelid incision in the upper eye crease Eyelid incision in the upper eye

crease/No skin incision

Working space

the temporalis muscle is required

Removal of the lateral orbital rim provides a very wide working
field with minimal orbital manipulation; minimal disruption of

Narrow due to the bony border of the
lateral orbital rim; increased eye bulb
compression and higher chance for
approach related morbidity, espe-
cially for lengthy procedures

Surgical
trajectories

The approach provides possibilities for multiple surgical trajec-
tories including just by switching surgical position (from behind
the head to anterior to the head), to have the same working
corridor as the transorbital approach (surgical perspective
anterior to the frontal and temporal poles)

Anterior working corridor

Route to infratem-
poral and ptery-

gopalatine fossae | pterygopalatine fossae

By drilling of the floor of the middle fossa the lateral orbital
approach offers a straightforward route to the infratemporal and

Possible surgical corridors, but
limited maneuverability

Corridor to the
posterior cranial

Possible trough anterior petrosectomy drilling. The surgical
perspective is the same as the one used in classical skull base

Possible, but the surgical perspective
and the visualization of the anatomy

fossa interventions requires a steeper learning curve to
get a proper orientation
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