Acta Neurochirurgica (2019) 161:1919-1929
https://doi.org/10.1007/s00701-019-03993-3

ORIGINAL ARTICLE - NEUROSURGICAL ANATOMY m

Check for
updates

Endoscopic transorbital approach to anterolateral skull base
through inferior orbital fissure: a cadaveric study

Bon-Jour Lin'? - Da-Tong Ju' - Tzu-Hsien Hsu '3 - Tzu-Tsao Chung - Wei-Hsiu Liu" - Dueng-Yuan Hueng" -
Yuan-Hao Chen" - Chung-Ching Hsia" - Hsin-I Ma' - Ming-Ying Liu"' - Hung-Chang Hung*? « Chi-Tun Tang'

Received: 20 April 2019 / Accepted: 25 June 2019 /Published online: 29 June 2019
© Springer-Verlag GmbH Austria, part of Springer Nature 2019

Abstract

Background Endoscopic transorbital approach (€TOA) has been announced as an alternative minimally invasive surgery to skull
base. Owing to the inferior orbital fissure (IOF) connecting the orbit with surrounding pterygopalatine fossa (PPF), infratemporal
fossa (ITF), and temporal fossa, the idea of eTOA to anterolateral skull base through IOF is postulated. The aim of this study is to
access its practical feasibility.

Methods Anatomical dissections were performed in five human cadaveric heads (10 sides) using 0-degree and 30-degree
endoscopes. A stepwise description of eTOA to anterolateral skull base through IOF was documented. The anterosuperior corner
of the maxillary sinus in the horizontal plane of the upper edge of zygomatic arch was defined as reference point (RP). The
distances between the RP to the foramen rotundum (FR), foramen ovale (FO), and Gasserian ganglion (GG) were measured. The
exposed area of anterolateral skull base in the coronal plane of the posterior wall of the maxillary sinus was quantified.

Results The surgical procedure consisted of six steps: (1) lateral canthotomy with cantholysis and preseptal lower eyelid approach with
periorbita dissection; (2) drilling of the ocular surface of greater sphenoid wing and lateral orbital rim osteotomy; (3) entry into the
maxillary sinus and exposure of PPF and ITF; (4) mobilization of infraorbital nerve with drilling of the infratemporal surface of the
greater sphenoid wing and pterygoid process; (5) exposure of middle cranial fossa, Meckel’s cave, and lateral wall of cavernous sinus;
and (6) reconstruction of orbital floor and lateral orbital rim. The distances measured were as follows: RP-FR =45.0 + 1.9 mm, RP-
FO=55.740.5 mm, and RP-GG =61.0+ 1.6 mm. In comparison with the horizontal portion of greater sphenoid wing, the superior
and inferior axes of the exposed area were 22.3 £2.1 mm and 20.5 + 1.8 mm, respectively. With reference to the FR, the medial and
lateral axes of the exposed area were 11.6+ 1.1 mm and 15.8 &+ 1.6 mm, respectively.

Conclusions The eTOA through IOF can be used as a minimally invasive surgery to access whole anterolateral skull base. It
provides a possible resolution to target lesion involving multiple compartments of anterolateral skull base.
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The endoscopic endonasal approaches use the sinonasal tract
as a natural corridor to reach the paramedian skull base, and
the endoscopic endonasal transmaxillary transpterygoid ap-
proach is the most commonly used. Extensive bone drilling
and dissection near the cavernous sinus and internal carotid
artery, sacrifice and transposition of the contents of PPF and
ITF, and limited area of exposure are major disadvantages of
endonasal route to anterolateral skull base.

In recent years, the endoscopic transorbital approach
(€TOA) has been announced as an alternative minimally inva-
sive surgery to anterior and middle cranial fossae [2, 8, 12, 20,
22, 27]. The main advantage of ¢eTOA is providing a short and
straight pathway to paramedian skull base without brain retrac-
tion and obvious ophthalmologic complications [27]. Due to its
novelty and possibility, several cadaveric studies have paid at-
tention to expanded application of eTOA for different targets of
interest [3, 6, 7, 13, 15]. The inferior orbital fissure (IOF) is a
narrow space lying along the inferolateral quadrant of the orbit
in an anterolateral direction and separating the lateral wall of
orbit from the orbital floor. The length of IOF is divided into
three segments, including posteromedial, middle, and anterolat-
eral segments [9] (Fig. la). Each segment of IOF has a
connecting corridor between the orbit and surrounding fossa
(Fig. 1b). Because of its anatomical relationship, the authors
postulate that eTOA through IOF can reach anterolateral skull
base surrounding the orbit, including PPF, ITF, MCF, and
Meckel’s cave, simultaneously. The aim of this study is to ac-
cess the practical feasibility of eTOA to anterolateral skull base
through IOF. The surgical procedure and related anatomical
landmarks are described in a stepwise manner.

Methods

Anatomical dissections were performed in the Skull Base
Laboratory at the National Defense Medical Center with five

formalin-fixed, silicon-injected adult cadaveric heads (10
sides). The whole procedures were executed by a three-hand
technique and using neurosurgical endoscopic instruments.
The rigid 4-mm-diameter, 18-cm-length, and 0-degree and
30-degree endoscopes (Karl Storz, Tuttlingen, Germany),
coupled with a high-definition camera and a digital video
recorder system (Karl Storz), were used for image acquisition.
A stepwise endoscopic dissection of the eTOA to anterolateral
skull base through IOF was illustrated.

The IOF was a narrow and elongated space located
between the lateral wall of orbit and the orbital floor. It
was bounded anteriorly by the orbital surface of maxilla,
posteriorly by the ocular surface of greater sphenoid
wing (GSW), laterally by the orbital surface of zygomat-
ic bone, and medially by the orbital process of palatine
bone. The whole length of IOF was divided into
posteromedial, middle, and anterolateral segments
(Fig. 1a). In the posteromedial segment of IOF, the orbit
communicated with the PPF. The middle and anterolat-
eral segments of IOF provided pathways from the orbit
to the temporal fossa and ITF, respectively (Figs. 1b and
2). In this study, the bony structure forming the lateral
two thirds of the IOF was scheduled to remove as wide
as possible for enlarging the corridors between the orbit
and surrounding fossae. Three stages of bony drilling
constituted the cornerstone of this approach: (1) drilling
of the ocular surface of GSW and lateral orbital rim
osteotomy, (2) removal of maxilla surrounding IOF in-
cluding orbital surface lateral to the infraorbital groove,
posterior and lateral walls of the maxillary sinus, and (3)
drilling of the infratemporal surface of GSW and ptery-
goid process (Fig. 3). The anterosuperior corner of the
maxillary sinus in the horizontal plane of the upper edge
of zygomatic arch was defined as the reference point
within this study. The distances between the reference
point and anatomic landmarks, including the anterior

Fig. 1 Photograph of the left orbit describing the osseous anatomy of the
inferior orbital fissure (IOF) and surrounding fossae. a Anterior view of the
three segments of IOF. Posteromedial segment (1), from the maxillary strut to
the medial border of the infraorbital groove (I0G). Middle segment (2), the
width of the infraorbital IOG at the IOF. Anterolateral segment (3), from the
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lateral border of the IOG to the anterolateral corner of the IOF. b Posterolateral
view of the three segments of IOF. The IOF was the gateway from the orbit to
the anterolateral skull base, including pterygopalatine fossa (PPF),
infratemporal fossa (ITF), and temporal fossa (TF). The middle cranial fossa,
separated by the greater sphenoid wind, is located behind the orbit
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Fig. 2 Coronal and sagittal
computed topography (CT) im-
ages illustrating the communica-
tions between the orbit and sur-
rounding fossae through the infe-
rior orbital fissure (IOF). A, a CT
images through the anterolateral
segment of IOF. Arrow indicates
the communication between the
orbit and temporal fossa. B, b CT
images through the middle seg-
ment of IOF. Arrowhead indicates
the communication between the
orbit and the infratemporal fossa.
C, ¢ CT images through the
posteromedial segment of IOF.
Arrow with dashed line indicates
the communication between the
orbit and the pterygopalatine
fossa

margin of foramen rotundum, the anterior margin of fo-
ramen ovale, and the anterior margin of Gasserian gan-
glion, defined as the anterior junction of maxillary nerve
and mandibular nerve, were measured. The working
space for approaching PPF and ITF was a triangle
consisting of three points: reference point, anterior mar-
gin of foramen rotundum, and infraorbital foramen
where the orbitomaxillary segment of the infraorbital
nerve connected with the cutaneous segment (Fig. 4a,
d). The area of triangle was calculated by measuring
the distance between each point and using Heron’s
formula.

The area of exposure was defined as the exposed anterolat-
eral skull base in the coronal plane of the posterior wall of the
maxillary sinus. The vertical line passing through the foramen
rotundum and the horizontal portion of greater sphenoid wing

Fig. 3 Anterior view (a) and posterolateral view (b) of the left orbit
depicting the three stages of bone drilling. Stage 1 (blue-shaded area),
drilling of the ocular surface of greater sphenoid wing and lateral orbital
rim osteotomy (blue-shaded area) for widening the lateral two thirds of
inferior orbital fissure (IOF) superior and laterally. Stage 2 (yellow-

Anterolateral segment of IOF Middle segment of IOF Posteromedial segment of IOF

were used as the longitudinal and horizontal references to
define the exposed area. The extent of exposure in each axis
was recorded (Fig. 4a).

Results

The eTOA to anterolateral skull base through IOF was com-
posed of six steps: (1) lateral canthotomy with cantholysis and
preseptal lower eyelid approach with periorbita dissection; (2)
drilling of the ocular surface of GSW and lateral orbital rim
osteotomy; (3) entry into the maxillary sinus and exposure of
the PPF and ITF; (4) mobilization of the infraorbital nerve
(ION) with drilling of the infratemporal surface of GSW and
pterygoid process; (5) exposure of MCF, Meckel’s cave, and

shaded area), removal of maxilla surrounding the IOF, including the or-
bital surface lateral to the infraorbital groove, posterior and lateral walls of
the maxillary sinus, for widening lateral two thirds of IOF inferiorly and
laterally. Stage 3 (red-shaded area), drilling of the infratemporal surface of
the greater sphenoid wing and pterygoid process
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Fig. 4 Image description of endoscopic transorbital approach to
anterolateral skull base through inferior orbital fissure. a Coronal
computed tomography images were used to illustrate the surgical
planning. The antero-superior corner of the maxillary sinus in the hori-
zontal plane of the upper edge of zygomatic arch was defined as the
reference point. Reference point, foramen rotundum (FR), and the loca-
tion where the infraorbital nerve (ION) entering the infraorbital foramen
established the working area (blue triangle) for dissection of
pterygopalatine fossa (PPF) and infratemporal fossa (ITF). The vertical

lateral wall of cavernous sinus; and (6) reconstruction of or-
bital roof and lateral orbital rim.

Lateral canthotomy with cantholysis and preseptal
lower eyelid approach with periorbita dissection

Lateral canthotomy and cantholysis were performed with
a 2-cm straight incision, starting at the lateral canthus
and extending laterally, and cutting the superior and
inferior cruxes of lateral canthus tendon (Fig. 5a). The
lateral orbital rim was exposed from the fronto-
zygomatic suture superiorly to the level of zygomatic
arch inferiorly (Fig. 5b). The inferior orbital rim and
inferolateral corner was revealed by the conjunctival in-
cision and inferior lower eyelid approach (Fig. 5¢) [25].
The periosteum was incised and left off the orbital rim
to expose the orbital floor and IOF (Fig. 5d).

Drilling of the ocular surface of GSW and lateral
orbital rim osteotomy

The periorbita over the anterolateral segment of IOF was

incised to expose the ocular surface of GSW (Fig. 6b).
The periorbita was then elevated circumferentially along
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line passing through the FR and horizontal portion of greater sphenoid
wing formed the longitudinal and horizontal reference to define the ex-
posed area of anterolateral skull base. The extent of exposure in each axis
was recorded. b Middle cranial fossa was superolateral to the ION
(asterisk) passing through the FR. ¢ PPF was inferomedial to the ION
(asterisk) passing through FR, and ITF was inferolateral. d Photography
of working area (blue triangle) for dissection of PPF and ITF. [ inferior
axis; L lateral axis; M medial axis; Ref. reference point; S superior axis

the inner aspect of orbital wall toward the orbital apex.
The anatomical landmarks of dissection were the
meningo-orbital band, located over the lateral aspect of
superior orbital fissure, and the infraorbital nerve, locat-
ed over the middle segment of IOF (Fig. 6¢). Drilling of
the ocular surface of GSW started from lateral to medial
and underwent from anterior to posterior. Superior orbit-
al fissure was the upper limit of drilling, and the hori-
zontal portion of GSW was the lower limit (Fig. 6e, f).
Temporalis muscle was the lateral boundary. The imagi-
nary line, connecting the lateral aspect of superior orbital
fissure and the middle segment of IOF, formed the me-
dial boundary of the ocular surface of GSW drilling.
After completing bone drilling, the lateral orbital rim
osteotomy was performed by cutting the orbital rim at
the level of fronto-zygomatic suture, and an inferior
bone cut was made at the level of the upper edge of
zygomatic arch.

Entry into the maxillary sinus and exposure of PPF
and ITF

This stage started from identification of the
orbitomaxillary segment of ION coursing within the
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Fig. 5 Demonstration of the
endoscopic transorbital approach
to anterolateral skull base (right
side). a A linear skin incision
(blue line) was cut along the
natural skin crease of lateral
canthus. b After performing
lateral cantholysis, the periosteum
was dissected to expose the lateral
orbital rim. ¢ Preseptal lower
eyelid approach was performed to
reveal the inferior orbital rim,
where periosteum was incised to
identify the dissection plane
between the periorbita and the
orbital floor d Orbit was retracted
superiorly to see the anterolateral
segment of inferior orbital fissure
and infraorbital nerve along with
infraorbital artery (ION/A)
coursing beneath the orbital floor

infraorbital groove and infraorbital canal (Fig. 7a). The
orbital floor located between the orbitomaxillary

Fig. 6 Dirilling of the ocular surface of greater sphenoid wing (GSW) and
lateral orbital rim osteotomy. a Planned range of craniectomy was colored
with light green, and the extent of orbital rim osteotomy was colored with
yellow. b Anterolateral segment of inferior orbital fissure (IOF) was
transected to expose the ocular surface of GSW and orbital floor. ¢ The
meningo-orbital band (MOB), the anatomic landmark of lateral aspect of
superior orbital fissure (SOF), was the medial boundary of bony drilling.

segment of ION and the lateral wall of the maxillary
sinus was removed in a medial-to-lateral direction to

s
:Periorbita

#

d, e With progressive drilling posteriorly, the anterior fossa dura (AFD)
above the orbital plate of frontal bone and the middle fossa dura (MFD)
behind the ocular surface of GSW were identified. Full exposure of MOB
was needed for subsequent middle cranial fossa dissection. f The lower
boundary of bone drilling was the horizontal portion (infratemporal sur-
face) of GSW. J/OG infraorbital groove; ZyA zygomatic artery
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Fig.7 Entry to the maxillary sinus (MS) and exposure of pterygopalatine
fossa (PPF) and infratemporal fossa (ITF). a The orbit was retracted
superiorly to identify the infraorbital nerve along with infraorbital artery
(ION/A) passing beneath the orbital floor. b Starting from medial to
lateral, the orbital floor lateral to the ION/A was removed gently until
reaching the lateral wall of MS. ¢ Wide entrance into the MS was
established. d Removing the posterior and lateral walls of MS exposed
underlying periosteum and fat pad of ITF and PPF. Removal of the

get entry into the maxillary sinus (Fig. 7c). The pos-
terior and lateral walls of the maxillary sinus were
taken away to expose the underlying periosteum and
fat pad of PPF and ITF (Fig. 7d). The orbitomaxillary
segment of ION and pterygomaxillary fissure were the
landmarks defining the boundary between the PPF and
ITE. The PPF was located medially to them, and the
ITF was located laterally. The posterosuperior corner
of the maxillary sinus, anterior and lateral to the
pterygopalatine segment of ION, was necessary to re-
move (Fig. 7d). This maneuver allowed subsequent
medial mobilization of ION with establishing corridor
for subsequent middle fossa drilling. Cutting the peri-
osteum and removing the fat tissue exposed the con-
tents of PPF and ITF (Fig. 7e, f). At first, the internal
maxillary artery and its terminal branches were ob-
served, including infraorbital, deep temporal, descend-
ing palatine, sphenopalatine, and posterior superior al-
veolar arteries. Next, the neural structures of the PPF,
such as the sphenopalatine ganglion and the greater
and lesser palatine nerves, were identified to be poste-
rior to the sphenopalatine and descending palatine ar-
teries. The lateral pterygoid muscle and temporalis
muscle lied behind the vascular structures of ITF.
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postero-superior corner (asterisk) of MS was necessary for subsequent
mobilization of ION. e After dissecting underlying periosteum and fat
pad, the contents of ITF and PPF were exposed. f Magnified endoscopic
view of PPF. DPA descending palatine artery; DTA descending temporal
artery; GPN greater palatine nerve; Lat. lateral; LPM lateral pterygoid
muscle; Post. posterior; PSAN/A posterior superior alveolar nerve/
artery; SPA sphenopalatine artery; 7M temporalis muscle

Mobilization of ION with drilling of the infratemporal
surface of GSW and pterygoid process

Tracing the orbitomaxillary segment and pterygopalatine
segment of ION posteriorly led to identification of the
foramen rotundum and MCF (Fig. 8a). Detachment of
the upper head of lateral pterygoid muscle from bony
origin, following a subperiosteal plane, and medial mo-
bilization of ION exposed the infratemporal surface of
GSW and pterygoid process widely (Fig. 8b). Drilling
of the infratemporal surface of GSW along the base of
lateral pterygoid plate would identify the foramen ovale
and mandibular nerve (Fig. 8c).

Exposure of the MCF, Meckel’s cave, and lateral wall
of cavernous sinus

The sphenoid bone situated between the foramen rotundum
and the foramen ovale was drilled and flattened until exposure
of the anterolateral triangle of the MCF exocranially (Fig. 8d).
After that, the outer dura layer (dura propria) was peeled away
from the inner meningeal layer from anterior to posterior.
Tracing along the maxillary nerve and mandibular nerve pos-
teriorly would lead to Gasserian ganglion and Meckel’s cave
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Fig. 8 Exposure of middle cranial fossa (MCF) and Meckel’s cave. a
Tracing the infraorbital nerve (ION) posteriorly contributed to identify
the foramen rotundum (FR) and MCEF. b The base of pterygoid process
(PP) was exposed widely by detaching the upper head of lateral pterygoid
muscle (ULPM) from lateral pterygoid plate and medial mobilization of
ION. ¢ Dirilling the upper end of lateral pterygoid plate led to recognize

Med.wallofMS\

Fig. 9 Exposed area of anterolateral skull base with a 30-degree endo-
scope in another cadaveric head (left side). a The neurovascular contents
of infratemporal fossa (ITF) and pterygopalatine fossa (PPF). b Medial
wall of the maxillary sinus (MS) formed the medial boundary of expo-
sure. ¢ Medial aspect of temporalis muscle limited lateral exposure of ITF.
d Removing the postero-superior corner of MS allowed mobilization of
orbitomaxillary and pterygopalatine segments of infraorbital nerve (ION).
Following the ION posteriorly could identify the foramen rotundum (FR)

the foramen ovale (FO) and mandibular nerve (V3).The area of bone
drilling was outlined by the black-dashed line. d FR was unroofed with
exposure of the anterolateral triangle of MCF. e The dura propria was
peeled away to expose the Gasserian ganglion (GG) and Meckel’s cave. f
The MCF, PPF, and ITF were exposed after completing the dissection. V/
ophthalmic nerve; V2 maxillary nerve

and middle cranial fossa (MCF). e Pterygopalatine segment of ION
passed through FR to become the maxillary nerve (V2). f The V2 passed
in the lateral wall of cavernous sinus toward Gasserian ganglion. CN [I1
oculomotor nerve; CN [V trochlear nerve; DPA descending palatine ar-
tery; DTA deep temporal artery; GPN greater palatine nerve; /OA
infraorbital artery; SPA sphenopalatine artery; 7M temporalis muscle;
V1 ophthalmic nerve

@ Springer



1926

Acta Neurochir (2019) 161:1919-1929

(Fig. 8e). Access to the lateral wall of the cavernous sinus was
gained by continuing the dissection superiorly and medially.
This dissection allowed direct visualization of three divisions
of'the trigeminal nerve as well as the oculomotor nerve and the
trochlear nerve. The trochlear nerve was identified above the
ophthalmic nerve, and the oculomotor nerve seated at the roof
of cavernous sinus (Fig. 9e).

At the final stage of dissection, the PPF, ITF, MCF, and
Meckel’s cave were exposed simultaneously (Fig. 8f). In the
end, the bony defect of orbital roof was reconstructed with
custom-shaped titanium mesh, and the lateral orbital rim was
repositioned with miniplates.

Measured distances and exposed area
of anterolateral skull base

The whole procedure was performed using a zero-degree en-
doscope. The 30-degree endoscope was mainly used to visu-
alize the medial and lateral boundaries of the exposed area,
especially the lateral wall of cavernous sinus. The exposed
anterolateral skull base was a rectangular area (Fig. 10). The
meningo-orbital band and frontal base constituted the upper
limit of dissection. The inferior potion of the pterygoid pro-
cess fusing with the posterior maxilla was the lower limit. The
medial boundary of exposure was composed of the lateral wall
of cavernous sinus superiorly and the medial wall of the max-
illary sinus inferiorly, and the lateral boundary was temporalis
muscle.

The mean distance from the reference point to the foramen
rotundum was 45.0 = 1.9 mm (range, 42—47 mm). The mean
distance from the reference point to the foramen ovale was
55.7£0.5 mm (range, 55-56 mm). The mean distance from
the reference point to the Gasserian ganglion was 61.0 +
1.6 mm (range, 59—63 mm). The working area for exposure
of PPF and ITF was 426.1 +60.7 mm? (range, 383.3—
406.5 mm?). In comparison with the horizontal portion of
GSW, the superior and inferior axes of area exposure were
22.3+2.1 mm (range, 20-25 mm) and 20.5 £+ 1.8 mm (range,

Fig. 10 Endoscopic photography
of exposed anterolateral skull
base and corresponding computed
tomographic image. a The middle
cranial fossa (MCF),
pterygopalatine fossa (PPF), and
infratemporal fossa (F) were ex-
posed widely. b Dashed lines il-
lustrate the limits and boundaries
of dissection in the coronal plane
of posterior wall of the maxillary
sinus
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Table 1  Results of measurements
Mean £+ SD (mm) Range (mm)

Distance

RP to FR 45.00 + 1.87 42-47

RP to FO 55.66 £ 0.471 55-56

RP to GG 61.00 + 1.63 59-63

RP to IOF 21.75 £1.92 20-25

IOF to FR 42.00 £ 3.32 39-47

Working space* (mm?) 426.14 + 60.66 383.29-529.99

Area of exposure

Medial axis 11.75 £ 1.09 10-13
Lateral axis 15.75 £ 1.64 13-17
Superior axis 22.33 £ 2.05 20-25
Inferior axis 20.50 + 1.80 18-23

FR foramen rotundum, FO foramen ovale, GG Gasserian ganglion, IOF
infraorbital foramen, RP reference point

*The triangular area consisted of three points: reference point, foramen
rotundum, and infraorbital foramen. The amount of space was calculated
by measuring the distance between each point and using Heron’s formula

18-23 mm). With reference to the foramen rotundum, the
medial and lateral axes of area exposure were 11.6+ 1.1 mm
(range, 10-13 mm) and 15.8+ 1.6 mm (range, 13-17 mm).
The results of measurements are shown in Table 1.

Discussion

Thanks to the flourishing development of endoscopic instru-
ments and the knowledge of endoscopic anatomy, the endo-
scopic endonasal approach has become an alternative treat-
ment for ventral skull base lesions. Beyond the natural bound-
ary of sinonasal tract, lateral extension of the endoscopic
endonasal approach allows minimally invasive access to the
anterolateral skull base [10, 18, 21]. Several techniques re-
garding the endoscopic endonasal route to the anterolateral
skull base have been addressed, and the most commonly used

/ Syhian fissure

lateral wall of
cavernous sinus

medial margin of \
temporalis muscle \

medial wall of
maxillary sinus

Pterygoid process fusing
with posterior maxilla
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one being the endoscopic endonasal transmaxillary
transpterygoid approach [17, 18, 21]. Establishing the surgical
corridor of the endoscopic endonasal approach to the antero-
lateral skull base needs an inferior-to-superior and medial-to-
lateral trajectory. In order to achieve adequate exposure of
anterolateral skull base, it requires extensive bone drilling near
the cavernous sinus, sacrificing the Vidian nerve and the
pterygopalatine ganglion, and cauterization of the internal
maxillary artery. Therefore, these maneuvers may result in
eye redness and nose dryness and carry the potential risk of
internal carotid artery injury and ION damage [5, 23, 26]. To
overcome these limitations, the endoscopic sublabial
transmaxillary transpterygoid approach is considered as an-
other choice of minimally invasive surgery to anterolateral
skull base [34, 35]. Although sparing dissection in close prox-
imity to cavernous sinus and internal carotid artery, sacrificing
the contents of PPF is still required.

The transorbital neuroendoscopic surgery, first described
by Moe et al., has been announced as an alternative treatment
for paramedian skull base lesions of anterior and middle fos-
sae [20, 22, 25, 27]. Because eTOA provides one novel path-
way to skull base, recent studies have focused on expanded
applications of eTOA to different areas of interest [3, 6, 12,
15]. Owing to the IOF forming relay station between the orbit
and surrounding fossae, removing the bony structures sur-
rounding the IOF in order to gain entry into anterolateral skull
base is the main speculation of this study. The IOF is a narrow
space located between the posterior two thirds of lateral orbital
wall and the orbital floor. The whole length of IOF, from the
anterior aspect of maxillary strut to the most anterolateral as-
pect of IOF, is divided into posteromedial, middle, and antero-
lateral segments [4, 9, 32]. The posteromedial segment, from
the maxillary strut to the posterior border of infraorbital
groove, communicates with pterygopalatine fossa. The middle
segment, the width of the infraorbital groove at the IOF, con-
nects the orbits to the infratemporal fossa [36]. The anterolat-
eral segment, from the anterior border of infraorbital groove to
the most anterolateral aspect of IOF, provides direct access to
temporal fossa [4, 32].

On the basis of this cadaveric study, the study results sup-
port the hypothesis that the eTOA through IOF is a feasible,
novel, and minimally invasive access to make a wide explo-
ration of anterolateral skull base. The combination of preseptal
approach and retrocanthal approach with additional lateral
cantholysis is used as the choice of eyelid incision. This is
because the preseptal approach provides direct access to the
orbital floor and the retrocanthal approach is recommended
for selected lesion over the lateral orbital apex and MCF
[25]. Initially, the entry plane of eTOA is coplanar with the
orbital floor. Then, widening the lateral two thirds of IOF
superiorly and laterally by drilling the ocular surface of
GSW and orbital rim osteotomy not only allows exposure of
MCF and Meckel’s cave, behind the orbit, but also establishes

space for surgical maneuverability. After that, widening the
IOF inferiorly and laterally by removal of maxilla surrounding
IOF, including orbital surface lateral to the infraorbital groove,
posterior and lateral walls of the maxillary sinus, allows ex-
posure of PPF and ITF, below the orbit. Finally, the goal of
drilling the infratemporal surface of GSW and pterygoid pro-
cess is to remove the anatomical barrier located between the
MCF and ITF.

A variety of benign and malignant neoplasms may involve
the anterolateral skull base, and sometime, the lesions occupy
not only one confined region. Thus, how to choose the most
suitable surgical approach to target lesion involving multiple
compartments of anterolateral skull base is challenging to cli-
nicians. By the result of this study, the eTOA through IOF
provides a possible resolution and selection to manage this
clinical difficulty. Comparing with the endoscopic endonasal
transpterygoid approach providing medial-to-lateral and
inferior-to-superior trajectory, the eTOA through IOF estab-
lishes corridor with lateral-to-medial direction and a wide
range of surgical maneuverability in the sagittal plane. Thus,
the direction of attack can be adjusted according to different
areas of interest. In brief, the major benefit of this design is
avoidance of sinonasal trauma and confined exposure of target
area limited by internal carotid artery and cranial nerves.

During the whole procedure, the ION is a reliable landmark
to guide the direction of dissection. The importance of ION in
the endonasal transmaxillary approach has been addressed by
Elhadi et al. [14]. With elevation of orbital content, the
orbitomaxillary segment of ION is immediately identified be-
low the orbital floor. Following the course of orbitomaxillary
segment of ION posteriorly leads to infraorbital groove and
retromaxillary space. The infraorbital groove at the IOF con-
tains the transition of orbitomaxillary segment and
pterygopalatine segment of [ON. Removing the posterior wall
and postero-superior corner of the maxillary sinus is needed to
identify and free the pterygopalatine segment of ION. The
maxillary nerve passing through the foramen rotundum to
Gasserian ganglion can guide bone drilling of the
infratemporal surface of GSW until exposure of the anterolat-
eral triangle of MCF.

This study demonstrates that it is feasible to get a wide
exposure of anterolateral skull base using the eTOA through
IOF without sacrificing any critical neurovascular structure.
However, the orbitomaxillary and pterygopalatine segments
of ION are at possible risk of damage secondary to manipula-
tion. It may cause numbness of face. The posterior and middle
superior alveolar nerves and the posterior superior alveolar
artery are also at risk of damage while removing the posterior
and lateral walls of the maxillary sinus with resulting anesthe-
sia of upper teeth. Apart from this, primary reconstruction of
orbital floor is recommended to prevent postoperative
enophthalmos and hypoglobus [1, 11]. This cadaveric study
is a laboratory investigation with normal anatomy. Our results
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do not exactly represent the pathological changes in real sur-
gery, and further clinical studies are needed to confirm its
clinical practicality.

Conclusions

This cadaveric study describes a novel approach to anterolat-
eral skull base using eTOA through IOF. For mass lesions
occupying more than one specific region of anterolateral skull
base, it provides an alternative minimally invasive access.
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