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Abstract
Background The availability of minimal access instrumenta-
tion and endoscopic visualization has revolutionized the field
of minimally invasive skull base surgery. The transorbital en-
doscopic approach using an eyelid incision has been proposed
as a new minimally invasive technique for the treatment of
skull base pathology, mostly extradural tumors. Our study
aims to evaluate the anatomical aspects and potential role of
the transorbital endoscopic approach for exposure of the
sylvian fissure, middle cerebral artery and crural cistern.
Methods An anatomical dissection was performed in four
freshly injected cadaver heads (8 orbits) using 0- and 30-
degree endoscopes. First, an endoscopic endonasal medial
orbital decompression was done to facilitate medial retraction
of the orbit. An endoscopic transorbital approach through an
eyelid incision, with drilling of the posterior wall of the orbit
and lesser sphenoidal wing, was then performed to expose the
sylvian fissure and crural cisterns. A stepwise anatomical de-
scription of the approach and visualized anatomy is detailed.
Results A superior eyelid incision followed by orbital retrac-
tion provided a surgical window of approximately 1.2 cm
(range 1.0–1.5 cm) for endoscopic transorbital dissection.

The superior (SOF) and inferior (IOF) orbital fissures repre-
sent the medial limits of the approach and are identified in the
initial part of the procedure. Drilling of the orbital roof (lateral
and superior to the SOF), greater sphenoidal wing (lateral to
the SOF and IOF) and lesser sphenoidal wing exposed the
anterior and middle fossa dura. A square-shaped dural open-
ing provided visualization of the posterior orbital gyri, sylvian
fissure and temporal pole. Intradural dissection allowed expo-
sure of the sphenoidal portion of the sylvian fissure, M1,
MCA bifurcation and M2 branches and lenticulostriate perfo-
rators. Dissection of the medial aspect of the sylvian and ca-
rotid cisterns with a 30-degree endoscope allowed exposure of
the mesial temporal lobe and crural cistern.
Conclusions The transorbital endoscopic approach allows
successful exposure of the sphenoidal portion of the sylvian
fissure andM1 andM2 segments of the middle cerebral artery.
Angled endoscopes may provide visualization of the mesial
temporal lobe and crural cistern. Although our anatomical
study demonstrates the feasibility of intradural dissection
and closure via an endoscopic transorbital approach, further
studies are necessary to evaluate its role in the clinical
scenario.
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Introduction

BMinimally invasive^ and Bminimal access^ surgical ap-
proaches are having an increasing impact on the current neu-
rosurgical management of skull base and vascular pathology
[5, 10, 12, 16, 23, 25, 29, 30, 39, 41, 47]. The basic principles
of open skull base surgery traditionally involved removal of
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more bone to avoid brain retraction, while the basic principles
of minimally invasive surgery involve well-placed small
openings and endoscopes to avoid brain retraction. The
Sylvian fissure and its contents, namely the middle cerebral
artery, the surface of the insula as well as the uncus and crural
cistern are frequent sites of neurosurgical pathology, namely
aneurysms. Reaching these areas generally involves a
pterional craniotomy, or some variation thereof, with dissec-
tion of the sylvian fissure and some degree of brain retraction,
to achieve a view spanning from proximal to medial so the
ICA and carotid bifurcation can be followed as they lead to
M1 and more distal branches. However, the entrance of the
vascularity into the Sylvian fissure lies just behind the orbit,
and a potentially more sensible approach would be to use the
opening provided by the orbit as a more direct approach to the
proximal Sylvian fissure.

The evolution of endoscopic endonasal approaches (EEAs)
has markedly improved the instrumentation and neurosurgical
facility of endoscope assisted procedures [6, 10, 25, 37, 46,
49, 56, 57, 66]. Median and paramedian lesions, such as pitu-
itary tumors and selected meningiomas and chordomas, are
successfully resected through endoscopic approaches, with
similar or better rates of gross total resection and complica-
tions than transcranial approaches [9, 11, 36]. The supraorbital
eyelid incision has also gained popularity as a minimally in-
vasive alternative to a pterional craniotomy for skull base
pathology as well as for aneurysms with endoscopic assis-
tance [1, 21, 33, 34, 52, 59, 61]. However, the supraorbital
approach is limited inferiorly by the roof of the orbit, which
limits access to the anatomic area directly behind the greater
and lesser wings of the sphenoid, preventing ideal access to
the proximal sylvian fissure and its contents. Using the orbit as
an alternative option for surgical approaches led to the devel-
opment of transorbital endoscopic surgery, also called TONES
(transorbital neuroendoscopic surgery) [16, 44, 50].

Through superior or inferior eyelid approaches, lesions in
the lateral portion of the skull base can be treated via a
transorbital endoscopic approach, representing a minimally
invasive alternative to transcranial surgery in selected cases
[16, 44, 50]. While the supraorbital approach has been widely
applied to a variety of skull base and vascular pathologies, the
transorbital neuroendoscopic approach has had much more
limited applications [3, 4, 24, 52, 61, 62, 65]. Indeed,
transorbital endoscopic surgery has not been used for the man-
agement of intra-axial tumors or cerebral vascular lesions, and
only limited anatomical studies have evaluated the feasibility
of transorbital endoscopic surgery for such objectives [13, 16,
18, 22, 26].

In the current study, we aim to evaluate the feasibility,
anatomical aspects and limitations of transorbital endoscopic
surgery for exposure and dissection of the sylvian fissure,
middle cerebral artery and surrounding cisterns, anatomic
structures for which the approach appears ideally suited.

Methods

Anatomical dissection was performed in four freshly injected
cadaver heads at the Weill Cornell Surgical Innovations
Laboratory. The internal carotid arteries (ICAs) and jugular
veins were cannulated and injected with silicone pigment
compound (DowCorning, Midland,MI, USA). The cadaveric
heads were soaked in 70% ethyl alcohol for at least 24 h.
Endoscopic dissections were done using rod lens endoscopes
(4 mm, 18 cm, Hopkins II, 0° and 30°, Karl Storz, Tuttlingen,
Germany) attached to a high-definition camera and a digital
video recorder system (Full HD camera platform IMAGE 1,
Karl Storz, Tuttlingen, Germany). A stepwise anatomical dis-
section of the transorbital endoscopic technique and measure-
ments of the size of transorbital corridor, craniectomy exten-
sion and dural opening were performed.

Results

The cadaveric head was placed in a three-pin Mayfield head-
holder in a neutral position. The initial part of the procedure
consisted of the endoscopic endonasal approach. Via a
uninar ia l approach, an ips i la te ra l uncinectomy,
infundibulotomy and enlargement of the ostium of the right
maxillary sinus were done. Posterior and anterior
ethmoidectomies were performed using a tissue shaver, ex-
posing the lamina papyracea, which was entered using a
Cottle elevator. A Freer elevator was used to develop a plane
in between the periorbital and lamina papyracea. This was
adequately removed all the way up to the region of the orbital
apex into the region of the annulus of Zinn, and a
sphenoidotomy was carried out. The optic nerve was further
decompressed using a Kerrison rongeur (Fig. 1). After com-
pletion of the medial orbital decompression, the transorbital
endoscopic procedure was performed.

For didactic reasons, the transorbital endoscopic approach
was divided into five steps: (1) skin incision and periorbita
dissection; (2) craniectomy; (3) dural opening; (4) intradural
dissection; (5) dural repair.

1. Skin incision and periorbital dissection

Ttransorbital dissection is done via a superior eyelid inci-
sion (Fig. 2). The orbicularis layer is opened along the length
of the incision to expose the periosteum of the lateral orbital
rim, and dissection follows in a preseptal orbital plane. The
orbital septum is a connective tissue structure that attaches
peripherally at the periosteum of the orbital margin and
merges centrally with the lid retractor structures. Careful dis-
section is recommended to avoid transgressing this plane to
avoid injuries to the levator muscle and aponeurosis. The
periorbita is gently elevated, from lateral to medial and
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superior to inferior, using a Freer elevator along the inner
aspect of the lateral orbital rim toward the posterior wall of
the orbit. An important landmark in this part of the approach,
the meningolacrimal branch, usually runs anterior to the supe-
rior orbital fissure (mean distance: 1.57 cm; range: 1.0 cm–
2.3 cm) (Fig. 3). Further dissection exposes the lateral aspect
of the superior (SOF) and inferior orbital fissure (IOF) (Fig.
3), the main anatomical references for the transorbital
craniectomy. Successful transorbital dissection followed by
retraction of the orbit will create a surgical corridor of approx-
imately 1.5 cm (range: 1.0–2.0 cm).

2. Craniectomy

The orbital roof, greater sphenoid wing and part of the
orbital floor are exposed after adequate dissection. The extent
of the transorbital craniectomy may vary according to the
location and size of the lesion to be treated, but wide drilling
of the orbital roof and greater sphenoidal wing is recommend-
ed to enlarge the surgical field and facilitate the use of

instruments during the intradural stage. The superior and in-
ferior orbital fissures are important anatomical references in
the posterior wall of the orbit (Fig. 4). The orbital roof and
basal frontal lobe are located superior to the SOF; the sphe-
noidal segment of the sylvian fissure, posterior orbital gyri and
superior part of the temporal pole are lateral to the SOF and
IOF, posterior to the greater and lesser sphenoidal wings; the
temporal pole is fully exposed after extensive drilling of the
greater sphenoidal wing, lateral to the IOF.

Drilling is initiated with a cutting-bit high-speed drill
(Midas Rex, Medtronic, Fort Worth, TX) to remove the
orbital roof and lateral portion of the greater sphenoidal
wing. As the drilling progresses laterally, the temporal
muscle in the temporal fossa is exposed and represents
the lateral limit of the craniectomy. The initial drilling in
the lateral and superior parts of the posterior wall of the
orbit gives more space for bimanual work and facilitates
further removal of the medial part of greater sphenoidal
wing. A diamond bit is used for drilling of the medial part
of the greater sphenoidal wing because of the proximity to
the SOF and IOF.

Fig. 2 Superior eyelid approach. A: A skin incision is made over the
superior eyelid. The supraorbital nerve represents the medial extent of the
incision, which extends infero-laterally to the lateral canthus. B: After
opening the orbital muscle layer, dissection is done following the

preseptal plane to prevent injury to the levator muscle and aponeurosis.
Retraction of the periorbital tissue will expose the orbital roof and lateral
orbital wall

Fig. 1 Endoscopic endonasal medial orbital decompression. A: Left-side
uninarial approach depicting the uncinate process (UP), ethmoidal bulla
(EB) and middle turbinate (MT); B: visualization of the ethmoidal bulla
after resection of the uncinate process. The maxillary ostium (MO) is

observed inferiorly to the EB; C: the sella (S), medial orbit (O) and optic
nerve (ON) are observed after ipsilateral opening of the sphenoid sinus,
ethmoidectomy and removal of the lamina papyracea
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Once the orbital roof and greater sphenoid wing have been
removed, the lesser sphenoid wing is exposed and removed
(Figs. 5, 6 and 7). Penfield N.1 and angle endoscopic

dissectors are used to detach the dura overlying the lesser
sphenoidal wing prior to its removal using Kerrison rongeurs
and drilling. The medial and lateral extension of its resection
can be tailored according to the surgical goal. Lesions located
in the lateral aspect of the sphenoid segment of the sylvian
fissure will require more extensive lateral drilling, which can
be extended until the inner aspect of the pterion cranial point
(Fig. 5). The mesial temporal lobe, carotid cistern and proxi-
mal sylvian fissure lesions benefit from an extradural removal
of the anterior clinoid process (Fig. 6). After a successful
craniectomy (size: lateral, 1.8 cm; range, 1.2–2.5 cm;
craniocaudal, 3.3 cm; range, 2.7–3.8 cm), exposure of the dura
over the basal frontal lobe, temporal pole and sylvian fissure is
achieved (Fig. 7)

The anterior clinoid process (ACP) is a posterior projection
of the medial portion of the lesser sphenoidal wing that com-
poses the anterior part of the roof of the cavernous sinus (Fig.
6). It is attached to the anterior fossa in three points: planum
sphenoidale medially; lesser sphenoid wing laterally; optic
strut inferiorly. Safe complete anatomical detachment of the

Fig. 4 Landmarks for the endoscopic transorbital approach to the skull
base and sylvian fissure. The superior and inferior orbital fissures are the
main anatomical references to the approach through the posterior wall of
the orbit. Lesions in the orbital roof and basal frontal lobe require removal
of the orbital roof superior to the SOF; removal of the greater sphenoidal
wing lateral to the SOF and IOF exposes the sphenoidal segment of the
sylvian fissure, posterior orbital gyri and superior part of the temporal
pole; extensive drilling lateral to the greater sphenoidal wing lateral to the
IOF exposes the temporal lobe and bone removal inferior to the IOF leads
to the infratemporal fossa. A: Left orbit showing the area of the
craniectomy (marked area) used for the endoscopic transorbital
approach to the sylvian region. Although the sylvian fissure might be

exposed with smaller bone removal, extensive drilling is recommended
to improve the surgical corridor during the intradural phase of the
procedure. B: Craniectomy is only performed after identification of the
SOF and IOF and exposure of the orbital roof and greater sphenoidal
wing. C: Exposure of the optic canal and anterior clinoid process (ACP)
is achieved after inferior retraction of the orbit. Removal of the ACP
improves the exposure of the carotid cistern and allows exposure of the
carotid bifurcation and middle cerebral artery origin. D: Opening of the
SOF. The endoscopic transorbital approach allows direct access to the
SOF and its contents. ACP: anterior clinoid process; *inferior orbital
fissure (IOF); **superior orbital fissure (SOF)

Fig. 3 Orbital retraction and identification of the orbital roof and
posterior-lateral walls of the orbit. Initial retraction exposes the
meningolacrimal branch (1) anterior to the superior orbital fissure
(SOF) (2), orbital roof (3) and lateral wall of the orbital (4). The
meningolacrimal branch is located to guide the surgeon toward the SOF
and is located approximately 1.57 cm anteriorly
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ACP is difficult to achieve through an endoscopic transorbital
approach since the optic strut is inferior to the optic canal and
medial to the SOF. However, removal of the infero-lateral
aspects of the ACP superior to the SOF is easily performed
using a high-speed drill.

3. Dural opening

Like the craniectomy, durotomy can be tailored according
to the location of the lesion. However, a large dural opening is
recommended to achieve an optimal surgical window for
intradural dissection. Although a single linear incision over
the sylvian fissure can be attempted, this might be insufficient
for adequate exposure and mobilization of the frontal and
temporal lobes. Therefore, we recommend performing three
incisions over the dura, carried out in an BH^ format, which
will lead to a final square-shaped dural opening, exposing the
basal frontal lobe, sylvian fissure and temporal lobe. The ini-
tial incision is performed over the sylvian fissure, running
from medial to lateral. Two perpendicular incisions are then

performed at the medial and lateral limits of the sylvian inci-
sion, running from inferior to superior over the frontal lobe
and from superior to inferior over the temporal lobe. Kerrison
rongeurs are then used to remove the dura and make the final
square-shaped opening (Fig. 8), measuring approximately
2.0 × 2.0 cm (Fig. 9).

4. Intradural dissection

(a) The sylvian fissure

The sylvian fissure is composed of a superficial and a deep
part. The superficial part presents a stem and three rami, the
anterior horizontal, anterior ascending and posterior rami. The
deep (cisternal) part is divided into an anterior part, the sphe-
noidal compartment, and a posterior part, the operculoinsular
compartment (Figs. 10, 11, 12, 13 and 14). The sphenoidal
compartment arises in the region of the limen insulae, at the
lateral margin of the anterior perforated substance. The

Fig. 6 Anterior clinoid process and approaches to the sylvian fissure and
carotid cistern. A: Exposure of the medial portion of the sylvian and
carotid cisterns is improved after extradural removal of the anterior
clinoid process. This bone projection is attached to the anterior fossa in
three points: planum sphenoidale medially; lesser sphenoid wing
laterally; optic strut (OS) inferiorly. It composes the anterior part of the
roof of the cavernous sinus and is superior to the SOF. B: The meningo-

orbital band (MOB) contains the meningo-orbital artery and is located
medial to the SOF (**). It should be dissected and cut prior to drilling of
the ACP. Complete anatomical detachment of the ACP may not be per-
formed because of the projection of the optic strut inferiorly to the optic
canal (*). ACP, anterior clinoid process; MOB, meningo-orbital band;
OS, optic strut; *optic canal; **superior orbital fissure (SOF)

Fig. 5 Removal of the lateral
portion of the lesser sphenoidal
wing. Exposure of the sylvian
fissure benefits from wide
resection of the sphenoid ridge.
Kerrison rongeurs (a) and high-
speed drills (b) are used to remove
the most lateral aspect of the
lesser sphenoidal wing.
*Intracranial projection of the
pterion point
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sphenoidal compartment is a narrow space posterior to the
sphenoid ridge, between the frontal and the temporal lobes,
that communicates medially with the carotid cistern. The
operculoinsular compartment is formed by two narrow clefts,
the opercular cleft, between the opposing lips of the
frontoparietal and the temporal opercula and the insular cleft,
between the insula cortex and the opercula.

Although the lateral superficial part of the sylvian fissure
cannot be adequately exposed via an endoscopic transorbital
approach, the sphenoidal and operculoinsular segments are suit-
able regions for this technique. A successful dural opening
exposes the posterior orbital gyri, the temporal pole and the
superficial part of the sphenoidal segment of the sylvian fissure
(Fig. 10). Dissection proceeds with opening of the arachnoid
membranes over the anterior aspect of the sylvian fissure with
endoscopic knifes and microscissors. A ball dissector is care-
fully used to separate the arachnoid from the temporal branches
of the MCA and deep sylvian fissure veins. This venous com-
plex is connected medially to the sphenoparietal sinus and lat-
erally to the superficial sylvian veins, and its extension may
limit the approach. A large deep sylvian vein complex may
limit the mobilization of the temporal lobe and the opening of
the sylvian fissure, while a small venous complex (Fig. 11)
allows direct exposure of the sphenoid segment. Small veins

crossing the sylvian fissure between the frontal and temporal
lobe may be ligated and cut, as performed in transcranial
approaches.

(b) Middle cerebral artery

The MCA originates in the carotid cistern, at the medial end
of the deep portion of the sylvian fissure, lateral to the optic
chiasm and posterior to the olfactory tract division into medial
and lateral olfactory striae. It can be divided into four segments:
sphenoidal (M1), insular (M2), opercular (M3) and cortical (M4).
The M1 segment runs laterally from its origin, parallel to the
lesser sphenoid wing and approximately 1 cm posterior to the
sphenoidal ridge. Anterior to the limen insula, the MCA turns
posteriorly (genu of the MCA), originating the M2 segment. It
runs over the lateral insular surface, usually as two main trunks
(superior and inferior), which will originate other branches and
cross the circular sulcus of the insula (M3 segment) and reach the
cortical surface of the frontal, temporal and parietal lobes (M4
branches). The proximity of the M1 segment to the sphenoidal
ridge makes it a good candidate for transorbital endoscopic ap-
proaches. Careful wide opening of the sphenoidal segment of the
sylvian fissure allows exposure of the limen insula and identifi-
cation of the M2 branches at the lateral insular surface.

Fig. 8 Dural opening. a Three
dural cuts are made in an BH^
orientation, followed by dural
removal using scissors and
Kerrison rongeurs. b A square-
shaped dural opening is achieved,
exposing the posterior orbital gy-
ri, sylvian fissure and temporal
pole

Fig. 7 Dural exposure. A: dural exposure prior to resection of the medial
(ACP) and lateral limits of the lesser sphenoidal wing. B:Wide drilling of
the orbital roof and sphenoidal wings allows exposure of the dura over the

basal frontal lobe, temporal pole and sylvian fissure. ACP: anterior
clinoid process; MOB: meningo-orbital band; TM: temporal muscle;
**superior orbital fissure (SOF)
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Endoscopic transorbital identification of the MCA is pos-
sible after opening of the sylvian fissure and identification of
the temporopolar and anterior temporal branches of the MCA,
which run over the anterior part of the temporal lobe (Figs. 9
and 10). These branches will lead the surgeon to the main
trunk of the MCA in the sylvian cistern. This cistern extends
medially along the sylvian fissure and over the insula to the
carotid cistern. It contains the middle cerebral artery, its bifur-
cation and major branches, anterior perforating arteries,
temporopolar and anterior temporal arteries (Figs. 12 and
13). Once the main trunk of the M1 segment has been found,
dissection can be carried medially toward the carotid cistern,
with exposure of the carotid bifurcation as well as the site of
origin of M1 and A1. The medial lenticulostriate branches
originate from the superior-posterior wall of the M1 and are

observed during its course toward the anterior perforated sub-
stance (Fig. 12). Lateral dissection exposes the MCA bifurca-
tion, limen insula and genu of the MCA, M2 segment and its
superior and inferior trunks and lateral lenticulostriate
branches (Figs. 12 and 14).

(c) Lateral dissection—anterolateral surface of the insula

Opening of the sphenoidal and operculoinsular segments of
the sylvian fissure allows exposure of the limen insula and
anterior and lateral insular surface (Figs. 12 and 14).
Mobilization of the frontal and temporal operculum allows
visualization of the inferior circular sulcus and M2 branches
in the anterior-inferior aspect of the insula. Perforating
branches, originating fromM2, enter the lateral insula surface
perpendicularly and may be visualized after lateral mobiliza-
tion of the M2 trunks. The superior-posterior part of the lateral
insular surface may not be adequately exposed through this

Fig. 10 Initial exposure of the frontal and temporal lobes and sylvian
fissure. Exposure of the posterior orbital gyri and superior part of the
temporal pole is required for successful exposure and dissection of the
sylvian fissure. Initial intradural dissection is performed with a 0-degree
endoscope supported by an endoscope holder. This allows application of

bimanual microsurgical techniques using aspirators and microscissors.
Dissection starts with identification of the superficial MCA branches,
such as the anterior temporal arteries (**), which guide the surgeon to-
ward the main trunk of the M1 segment. M1: sphenoidal segment of the
middle cerebral artery (MCA); **anterior temporal branch

Fig. 9 Illustration depicting the endoscopic transorbital approach to the
sylvian fissure. a Position of the endoscope in the superior-lateral part of
the orbit. b Dural exposure. c View of the sylvian fissure and middle
cerebral artery branches and frontal and temporal lobes

Fig. 11 Sylvian fissure and sylvian veins. Large sylvian veins draining
into the sphenoparietal sinus may obstruct the surgical corridor and block
visualization of the sylvian fissure. Small veins may be ligated; however,
large draining vessels should be preserved if possible through careful
dissection and mobilization toward the temporal lobe
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approach since it is hidden deeply below the posterior part of
the frontotempoparietal operculum.

(d) Medial dissection—carotid, crural and ambiens cistern

Dissection toward the medial aspect of the sylvian
cistern will lead to the carotid cistern (Fig. 15). It is
located between the sylvian and chiasmatic cisterns
and contains the supraclinoid portion of the internal ca-
rotid artery, the origins of the ophthalmic, posterior
communicating (PcomA) and anterior choroidal arteries
(AChA), the carotid bifurcation, initial portions of the
A1 and M1 segments, and the perforating branches from
the carotid artery. Posteriorly, this cistern communicates
with the crural and ambiens cistern, which can also be
visualized using 30-degree endoscopes and lateral re-
traction of the temporal lobe or after an anterior tempo-
ral lobectomy.

The crural cistern is located between the cerebral peduncle
and the posterior part of the uncus (Fig. 16) and contains the
P2a segment of the posterior cerebral artery, perforating
branches to the cerebral peduncles, AChA and medial poste-
rior choroidal artery. The ambient cistern is situated posterior-
superior to the crural cistern, between the midbrain and the
temporal lobe, and extends from the posterior edge of the
uncus anteriorly to the lateral edge of the collicular plate pos-
teriorly. It contains the posterior cerebral artery and lateral
posterior choroidal arteries, thalamogeniculate branches, infe-
rior temporal and parieto-occipital arteries, and the trochlear
nerve.

Adequate exposure of this region requires dissection of the
uncus with careful mobilization of its feeding branches origi-
nating from the PComA and AChA as well as identification of
the oculomotor nerve at its medial surface (Fig. 16). Complete
exposure of the cerebral peduncles may require significant
medial retraction of the temporal lobe. In such cases,

Fig. 12 Middle cerebral artery. a Dissection of the sylvian fissure leads
to exposure of the distal portion of theM1 segment, MCA bifurcation and
superior and inferior trunks of the MCA. The limen insula is shown at the
site of the genu of the MCA (**), and the uncus is observed inferior to
M1. b Further dissection with a 30-degree endoscope demonstrates the

proximal segment of M1 exiting the carotid cistern and early temporal
branches (*). The lateral wall of the cavernous sinus is exposed after
retraction of the temporal lobe. *Early temporal branch; **genu of the
middle cerebral artery

Fig. 13 Sphenoid segment of the MCA (M1 segment). A Exposure of
the medial portion of the sylvian cistern and its contents, with a 30-degree
endoscope. The medial (*) and lateral (**) lenticulostriate branches exit
the superior and posterior walls of the MCA and run toward the anterior
perforated substance to supply the internal capsule and deep nuclei.B The

uncus is observed at the medial aspect of the temporal lobe, inferior to the
M1 segment and closely related to the lateral wall of the cavernous sinus.
Through an endoscopic transorbital transuncus approach, the amygdala
and hippocampus may be resected. *Medial lenticulostriate branches;
**lateral lenticulostriate branches
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preservation of feeding branches to the uncus may not be possi-
ble, and ligation of those vessels associated or not with uncus
resection improves the surgical exposure (Fig. 16b). It is para-
mount to avoid damage to the AChA branches that supply the
optic tract and internal capsule. Use of a 30 degree endoscope
pointed upward allows visualization of the roof of the crural
cistern, with exposure of the optic tract and geniculate bodies
(Fig. 16c), while an inferiorly pointed 30 degree endoscope dem-
onstrate the oculomotor nerve and oculomotor triangle in the roof
of the cavernous sinus, tentorial edge, supraclinoid internal ca-
rotid artery and origin of the PcomA and AChA (Fig. 17).

5. Dura repair

Closure of the dural defect was done using fascia temporalis
grafts (Fig. 18) inserted in two layers as inlay and outlay grafts.
These can be sutured together in the middle as a Bbutton^ graft
[43]. As in endoscopic endonasal surgery, the grafts must be
larger than the dural defect and cover its borders entirely. The
pressure of the orbit over the dura reconstruction keeps the grafts
in place.

Discussion

Transorbital endoscopic surgery

Surgical approaches through and around the orbit have been
implemented since the early twentieth century. In 1913,
Frazier described the orbital roof craniotomy technique [28],
which was later modified and performed via an eyebrow inci-
sion [1, 20, 34, 53, 61]. More recently, eyelid approaches to
the anterior cranial base have also been proposed but generally
in an Bupward^ trajectory toward the roof of the orbit and
basal frontal lobe [3, 51].

However, the concept of pure transorbital endoscopic ap-
proaches to a variety of locations around the skull base was
only proposed in 2010 byMoe et al. [44]. Without the need to
remove the orbital rim, this might be considered the first de-
scription of a Btrue^ transorbital approach [58]. As proposed
by the authors, the orbit can be divided into four different
quadrants, each with its specific approach: medial
(precaruncular approach), superior (superior eyelid approach),
lateral (lateral retrocanthal approach) and inferior (preseptal
lower eyelid). Superior and lateral approaches, as the one

Fig. 15 Carotid cistern. Exposure of the carotid cistern with a 30-degree
endoscope. a The carotid bifurcation and origin of A1 andM1 are shown.
It is possible to visualize the trajectory of A1 above the left optic nerve. b
The uncus is observed in its typical location medial to the supraclinoidal

ICA and inferior to the M1 segment. After exiting the interpeduncular
fossa, the oculomotor nerve runs medial to the uncus on its way to the
roof of the cavernous sinus

Fig. 14 Insular segment of the MCA (M2 segment). a Lateral dissection
of sylvian fissure leads to exposure of its operculoinsular segment. The
MCA bifurcates at the distal part of the M1 and turns around the limen
insula, originating the genu of the MCA. b The superior and inferior

trunks of the MCA run close to the inferior circular sulcus toward the
posterior part of the operculoinsular segment of the sylvian fissure. In
their trajectory, they develop perforating branches that cross
perpendicularly to irrigate the insula
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performed in our study, allow exposure of the anterior and
middle cranial fossae and superior orbital fissure [8, 44].

The transorbital endoscopic approach was initially devel-
oped as an alternative route for endoscopic treatment of skull
base lesions [19, 42, 44]. As a natural corridor, the orbits have

been used as an additional route to different skull base regions.
Previous anatomical studies have demonstrated the utility of
these approaches to reach multiple skull base structures, in-
cluding the lateral wall of the cavernous sinus [2, 8, 18],
Meckel’s cave [26], the petrous carotid [26] and optic nerve

Fig. 16 ACrural cistern and uncus. After retraction of the temporal lobe,
it is possible to observe the relation of the uncus and crural cistern. The
AChA originates from the distal part of the supraclinoidal and runs
posterolaterally to supply the mesial temporal lobe, internal capsule and
optic tract. Branches from the Pcom and AchA cross the crural cistern to
supply the uncus, as demonstrated in the figure (*). Medial to the tentorial
edge, the origin of the oculomotor nerve, between the P2a and SCA, and
its course toward the roof of the cavernous sinus are observed. The basal
vein of Rosenthal, distal part of the AChA and optic tract are observed in
the upper part of the crural cistern. B Exposure of the crural cistern after

resection of the uncus. After resection of the uncus, the inferior choroidal
point (**) and cerebral peduncles are fully exposed. C Inferior choroidal
point, crural and ambiens cistern. Close-up view of Fig. 15b. The ACha
and inferior ventricular vein run through the inferior choroidal point (*).
From cranial to caudal, the optic tract, basal vein and ACha are observed
at the roof of the crural cistern. The lateral mesencephalic sulcus (**) is
exposed in the lateral aspect of the midbrain at the level of the inferior
choroidal point. AChA anterior choroidal artery; ICA internal carotid ar-
tery; P2a anterior part of the perimesencephalic segment of the posterior
cerebral artery; SCA superior cerebellar artery

Fig. 17 Oculomotor nerve and interpeduncular cistern. Exposure of the
carotid and interpeduncular cisterns with a 30-degree endoscope pointing
downwards. a The oculomotor exits the interpeduncular fossa between
the posterior cerebral artery and SCA, and it runs into the oculomotor
triangle in the posterior part of the roof of the cavernous sinus. bClose-up

view of Fig. 16a. AChA anterior choroidal artery; ICA internal carotid
artery; PcomA posterior communicating artery; P2a anterior part of the
perimesencephalic segment of the posterior cerebral artery; SCA superior
cerebellar artery
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[22]. In this study, we expand the previously described targets
to include the Sylvian fissure, middle cerebral artery and the
crural cistern and its contents.

Intradural dissection via the transorbital endoscopic
approach

The potential role of transorbital endoscopic surgery to the
approach to intradural pathologies has been scarcely evaluat-
ed, with a single anatomical study published about it so far
[14]. Chen et al. reported the feasibility of selective
amygdalohippocampectomy via a transorbital endoscopic ap-
proach using a superior eyelid approach [14]. The authors
exposed the temporal pole and performed a limited
cort icetomy directed to the temporal horn. With
neuronavigation guidance, the amygdala and hippocampus
were identified and resected, without major restrictions.

In this study, we demonstrate that the sylvian fissure is also
readily accessible via a transorbital endoscopic approach.
Guided by anatomical landmarks, such as the SOF and IOF,
tailored bone resection and dural opening can be performed.
Using an endoscope holder, bimanual dissection and careful
dissection of the arachnoid membranes allow opening of the
sylvian cistern. Unlike transcortical approaches, transcisternal
dissection requires manipulation of veins and arterial branches
that may cross from one side to the other as well as eventual
coagulation and ligation of those vessels. Dissection should be
performed following standard microsurgical principles using
knives, microscissors and aspirators; classic endoscopic
endonasal maneuvers, such as the two-aspirator technique
and retraction using curettes may be implemented for

resection of intra-axial lesions, but should be avoided during
transcisternal dissection to reduce trauma to the normal sur-
rounding parenchyma.

Potential benefits and clinical applications

As demonstrated in our study, the sylvian fissure and its sur-
roundings, including the basal frontal lobe and temporal lobe,
are adequately exposed via a transorbital endoscopic ap-
proach. Benefits of this approach include improved cosmetic
results, lack of temporalis muscle dissection and the resulting
atrophy, reduced brain retraction and excellent visualization.
Using an oculoplastic surgeon for the opening and closing
may further improve the cosmetic results.

Unlike classic lateral craniotomies, the transorbital endo-
scopic approach does not require scalp incisions or manipula-
tions of the temporalis muscle. Those approaches to the
sylvian region require temporalis muscle dissection, which
may lead to muscle atrophy and cosmetic deformities [63].
Additionally, frontalis muscle palsy due to injury of the
frontotemporal branches of the facial nerve may follow after
lateral craniotomies [64]. Minimally invasive microsurgical
approaches, such as eyelid [3] and supraorbital eyebrow [35]
craniotomies, share the cosmetic benefits of the transorbital
endoscopic approach and also result in superior cosmetic out-
comes when compared to classic approaches [3, 16, 17].

The anterior view of the sphenoid segment of the sylvian
fissure and frontal and temporal lobes achieved via the
transorbital approach allows adequate exposure of this region
with reduced brain retraction. If the surgical target is located in
the frontal lobe or temporal pole, surgery may proceed with

Fig. 18 Dural repair. a The fascia
temporalis graft should be larger
than the dural defect and
completely cover its borders. b
Dural defect; c insertion of the
inlay graft; d final aspect after
insertion of the outlay graft
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almost no brain manipulation; however, successful dissection
of the sylvian fissure will require careful retraction of the
surrounding parenchyma. The frontoorbitozygomatic ap-
proach allows similar visualization of the anterior and lateral
aspects of the frontal and temporal lobes, but requires a large
craniotomy followed by extensive drilling of the skull base,
which may lead to postoperative deformities if not adequately
performed.

Potential candidates for transorbital endoscopic surgery in-
clude not only extradural tumors with intradural extension and
intradural lesions, but also vascular lesions in the sylvian re-
gion such as MCA aneurysms. Aneurysms of the P2 segment
in the crural cistern are also visible. Brainstem cavernous
malformations that come to the pial surface in the crural cis-
tern may also be approached in this manner. Resection of
spheno-orbital meningiomas via this approach has already
been reported with successful results and no major complica-
tions [16, 44, 50]. Intradural lesions, such as frontobasal, tem-
poral and insular gliomas and mesial temporal sclerosis, may
be approached through this technique. To this point, a single
study reported the use of endoscopic-guided transorbital sur-
gery for amydalahyppocampectomy in two patients [13].
Although the authors report the use of microscopes in the
initial part of the procedure, this report demonstrates the clin-
ical feasibility of resection of intra-axial lesions through
transorbital endoscopic-guided approaches.

Vascular lesions are special challenges for endoscopic ap-
proaches. Despite this, previous reports demonstrated the ef-
fectiveness of different endoscopic approaches in selected
cases. Transcranial endoscopic-assisted microneurosurgery,
through supraorbital craniotomies [27, 33, 52], has been re-
ported as an effective option for surgical clipping of anterior
circulation aneurysms. Additionally, an endoscopic endonasal
approach for clipping of aneurysms [30, 32, 48, 60] and re-
section of cavernomas [15, 31, 38, 45] has been advocated by
groups with large experience in endoscopic skull base surgery,
with successful results in selected cases. The experience of
those groups reinforces the potential of transorbital endoscop-
ic surgery. As shown in our anatomical study, the transorbital
endoscopic approach is a feasible option for exposure of the
sylvian fissure, supraclinoidal ICA, ICA bifurcation and mid-
dle cerebral artery and its branches. Therefore, through careful
dissection, exposure and clipping of MCA bifurcation aneu-
rysms may be feasible via this technique, and the proximal to
distal exposure provides excellent proximal control.
Aneurysms originating in other locations such as the ICA
bifurcation and the origin of the AChA and PcomA may be
reached, but may demand larger craniectomies and more com-
plex intradural dissection. Moreover, distal MCA aneurysms
may be more easily exposed through a lateral craniotomy.
Cavernomas located in the basal frontal lobe, anterior part of
the insula, superior anterolateral brainstem or temporal pole
are potential candidates for transorbital resection due to their

superficial location and adequate exposure after a successful
approach.

Limitations of the technique

Common concerns related with the transorbital endoscopic
approach are postoperative CSF leaks and orbital damage.
Clinical results are limited, and it is difficult to draw definitive
conclusions regarding these complications. So far, however,
CSF leaks have not been reported as a major complication [7,
16, 40, 55]. To this point, the fascia lata has been effectively
used to repair transorbital dural defects in most reports. The
presence of the orbit and its contents keeps the skull base
reconstruction in place and may justify the lower CSF rates
of transorbital compared to extended endoscopic approaches.
Data regarding the results of transorbital surgery for intra-axial
pathology is even scarcer. A recent study by Chen et al. [13]
reports the resul ts of two pat ients submit ted to
amygdalohippocampectomy via an endoscopic transorbital
approach. In those cases, external ventricular drains were
inserted before the procedure, the dura was loosely
reapproximated, and a free local tissue graft was inserted.
Although no major CSF leak was reported, one of the patients
developed an orbital pseudomeningocele, which was treated
with insertion of a ventriculoperitoneal shunt.

To our knowledge, significant orbital damage and visual
loss have not been reported to date [7, 16, 55]. However, it is a
real risk and needs to be addressed. The technique used in our
article included an endoscopic endonasal medial orbit decom-
pression prior to the transorbital dissection. It is important to
state that the decision to perform the current anatomical study
in such way was based on our initial clinical experience with
two spheno-orbital meningiomas operated on via the
transorbital endoscopic approach (not published but accepted
for publication). At this stage of our surgical experience with
the transorbital endoscopic approach, the addition of endo-
scopic endonasal decompression of the optic canal and lamina
papyracea seems useful to facilitate medial retraction of the
orbit andmobilization of the optic nerve to enlarge the surgical
corridor and to avoid significant increases in intraorbital pres-
sure. However, we believe that as expertise grows, a pure
transorbital endoscopic approach probably will be sufficient.
Additionally to the dissections described in the study, we per-
formed two transorbital approaches without the medial de-
compression. In those cases, there was no significant differ-
ence in the size of the surgical corridors (approximately
1.5 cm). Although it has been effectively done in the labora-
tory, this may be more complex in the clinical scenario, since
less bone removal may imply more orbital mobilization.
Certainly, more gentle and careful manipulation of the orbit
will be required to avoid visual injuries, especially in long
cases.
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Intradural transorbital endoscopic dissection adds a signif-
icant challenge to the surgeon, who must be aware of the
limitations of this technique. More common Bminimally
invasive^ transcranial approaches, such as the lateral supraor-
bital (LSO), may be used to reach similar anatomical targets,
and a critical comparison needs to be done. First, the
transorbital endoscopic approach requires comprehensive
knowledge of skull base anatomy through a new surgical per-
spective. Second, the cisternal dissection and mobilization of
arteries and veins are performed in a limited corridor, which
demands previous experience with endoscopic skull base
techniques and training in an anatomical laboratory. Lastly,
intradural vascular complications may be troublesome.
Although easily performed in an anatomical study, manipula-
tion of intracranial vessels during surgery may lead to intra-
operative hemorrhages secondary to arterial or venous dam-
age that may be hard to control. As in endoscopic endonasal
surgery, coordination with an assistant surgeon to keep the
endoscope lens clean during hemostasis is paramount. The
surgical corridor obtained with the approach should be ade-
quate for application of temporary clipping, compression with
cotton balls and coagulation with bipolar electrocautery when-
ever necessary. When an LSO approach is selected, wider
exposure and 3D vision provided by the surgical microscope
are available; besides, the anatomy is observed through a more
common anterior-lateral perspective. However, this approach
may not adequately expose the inferomedial temporal lobe
region and retrosellar area [54] and may lead to paralysis of
the frontotemporal branch of the facial nerve and cosmetic
deformities secondary to the frontal craniotomy.

Study limitations

Results from our study represent the findings obtained during
surgical dissections performed in a fully equipped skull base
anatomical laboratory. Therefore, our surgical anatomy results
do not necessarily represent the exact characteristics observed
in real-life surgery. Continuous drainage of the CSF, eventual
intradural hemorrhages and brain herniation into the surgical
corridor may limit the benefits of this approach. Additionally,
we tried our best to analyze the anatomical characteristics of
the sylvian fissure and its surroundings as well as the potential
pros and cons of the technique for treatment of pathologies in
this region. Since clinical experience with this route is still in
its early phase, only future clinical studies may prove whether
our results have an application in the clinical scenario.

Conclusions

The transorbital endoscopic approach allows successful expo-
sure of the sphenoidal portion of the sylvian fissure and M1
and M2 segments of the middle cerebral artery. After careful

dissection, the carotid cistern and its components including
the ICA bifurcation, A1 and M1 origin and perforating
branches, can be exposed. Angled endoscopes may provide
visualization of mesial temporal lobe structures and
interpeduncular and crural cisterns. Besides the usual con-
cerns related with the transorbital endoscopic approach, a lim-
ited surgical window for intradural bimanual dissection, po-
tentially hard to control hemorrhages and lack of adequate
surgical tools are some of the limitations of the technique.
Although our anatomical study demonstrates the feasibility
of intradural dissection via a transorbital endoscopic ap-
proach, further studies are necessary to evaluate its role in
clinical situations.
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