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The evolution of minimally invasive skull base ap-
proaches has accelerated dramatically as a result 
of refinement of microsurgical techniques and im-

provements in instrumentation, imaging, and surgical im-
age guidance systems. Endoscopic endonasal techniques 
have served recently as a foundation and platform for the 

development of new strategies and the refinement of ex-
isting ones.39 For example, some midline ventral lesions 
of the anterior cranial fossa are now managed via the en-
doscopic endonasal route. In contrast, gold-standard open 
transcranial procedures, which generally achieve adequate 
surgical exposure for anterior and middle fossa patholo-
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OBJECTIVE Recent studies have proposed the superior eyelid endoscopic transorbital approach as a new minimally 
invasive route to access orbital lesions, mostly in otolaryngology and maxillofacial surgeries. The authors undertook this 
anatomical study in order to contribute a neurosurgical perspective, exploring the anterior and middle cranial fossa areas 
through this purely endoscopic transorbital trajectory.
METHODS Anatomical dissections were performed in 10 human cadaveric heads (20 sides) using 0° and 30° endo-
scopes. A step-by-step description of the superior eyelid transorbital endoscopic route and surgically oriented classifica-
tion are provided.
RESULTS The authors’ cadaveric prosection of this approach defined 3 modular routes that could be combined. Two 
corridors using bone removal lateral to the superior and inferior orbital fissures exposed the middle and anterior cranial 
fossa (lateral orbital corridors to the anterior and middle cranial base) to unveil the temporal pole region, lateral wall 
of the cavernous sinus, middle cranial fossa floor, and frontobasal area (i.e., orbital and recti gyri of the frontal lobe). 
Combined, these 2 corridors exposed the lateral aspect of the lesser sphenoid wing with the Sylvian region (combined 
lateral orbital corridor to the anterior and middle cranial fossa, with lesser sphenoid wing removal). The medial corridor, 
with extension of bone removal medially to the superior and inferior orbital fissure, afforded exposure of the opticocarotid 
area (medial orbital corridor to the opticocarotid area).
CONCLUSIONS Along with its minimally invasive nature, the superior eyelid transorbital approach allows good visu-
alization and manipulation of anatomical structures mainly located in the anterior and middle cranial fossae (i.e., lateral 
to the superior and inferior orbital fissures). The visualization and management of the opticocarotid region medial to the 
superior orbital fissure are more complex. Further studies are needed to prove clinical applications of this relatively novel 
surgical pathway.
https://thejns.org/doi/abs/10.3171/2017.4.JNS162749
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gies, can be associated with cosmetic and functional com-
plications caused by the brain retraction needed to expose 
the skull base surface.7,11,20,26,36,38,46,47

Compared with open techniques, endoscopic and 
endoscope-assisted approaches can significantly reduce 
morbidity and achieve comparable outcomes in selected 
patients.4,22,25,31 In this context of endoscopic access, a po-
tential alternative gateway to the skull base is the orbit. 
Indeed, a new group of surgical techniques that access the 
orbit and intracranial space has been recently referred to 
as transorbital neuroendoscopic surgery (TONES).35 One 
TONES corridor, the superior eyelid route, has proven to 
be clinically feasible as a route to selected anterior and 
middle skull base pathologies.6,32,35,39,40 However, the ap-
plicability and potential neurosurgical role of each trans-
orbital corridor are not yet defined.

To this end, we provide a step-by-step cadaveric pro-
section using the superior eyelid endoscopic transorbital 
route and qualitatively assess its feasibility for selected 
skull base pathologies. We propose a surgically oriented 
classification based on extradural and intradural struc-
tures that can be exposed through these avenues. Specifi-
cally, our classification applies the most recent clinical ap-
plications of this minimally invasive pathway.

Methods
Ten adult cadaveric specimens (20 sides), without 

known intracerebral abnormality, were embalmed and in-
jected with colored silicon rubber (Dow Corning) via the 
internal carotid arteries, vertebral arteries, and internal 
jugular veins. Before and after dissection, CT scans of the 
heads were performed, using 0.65-mm cuts.

Anatomical Dissections
Anatomical dissections were performed at the Uni-

versity of Cincinnati Goodyear Microsurgery Laboratory 
and Laboratory of Surgical Neuroanatomy of the Univer-
sity of Barcelona (Spain). Dissections started macroscop-
ically and then continued endoscopically. Endoscopic 
dissections were performed using a rigid 4-mm-diameter 
endoscope, 14 cm in length, with 0° and 30° rod lenses 
(Stryker) that were connected to a light source through 
a fiber optic canal and a video camera, which was con-
nected to a video monitor; images were captured using a 
high-definition digital video system (Stryker). Specimens 
were positioned supine, pinned, and fixed in a Mayfield 
head holder, rotated 5° laterally to the contralateral side 
(Fig. 1). A skin incision was placed in the superior eyelid 
crease, above the tarsal plate. A high-speed drill was used 
for bone removal.

After the orbicularis oculi muscle was opened in line 
with its fibers, dissection was performed in a superolateral 
direction up to the zygoma and frontozygomatic suture 
laterally. The periosteum was cut and dissected sharply 

FIG. 1. Stepwise dissection of the superior eyelid endoscopic transorbital approach (left side). The head is slightly rotated to the 
contralateral side. After positioning, tarsorrhaphy is performed, and a skin incision is made in the crease of the superior eyelid (A, 
dotted line). The orbicularis oculi muscle (OOM) is separated in line with its fibers (B) to reach the frontal process of the zygoma, 
laterally (C). The periosteum covering the zygoma is cut and dissected sharply toward the orbit where it becomes continuous with 
the periorbita (D). The asterisk (*) indicates the frontal process of the zygoma. Ant. = anterior; Inf. = inferior; Lat. = lateral; LPM = 
levator palpebrae muscle aponeurosis; Med. = medial; Post = posterior; Sup. = superior. Printed with permission from Mayfield 
Clinic.
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toward the orbit, where it becomes continuous with the 
periorbita. Using a No. 1 Penfield dissector, the surgeon 
followed the periosteum/periorbita plane within the orbit. 
Dissection proceeded along this plane until the lateral 
aspects of the inferior and superior orbital fissures were 
reached; this represented the limit to medial orbital con-
tent mobilization. Of note, near the superior orbital fissure, 
the cranio-orbital foramen (i.e., Hirtl’s foramen) can be 
found; it usually accommodates the recurrent meningeal 
artery or the meningolacrimal branch (this vessel can pass 
even through the superior orbital fissure).2,21 Placement of 
a malleable retractor separated the orbital contents me-
dially from the posterolateral wall of the orbit, creating 
room for further dissection. The endoscope was then in-
troduced in the upper portion of the surgical field to moni-
tor the subsequent steps (Fig. 2).

In characterizing the exposure of intracranial neuro-
vascular structures afforded by this purely endoscopic 
window, we defined a surgically oriented classification 
of the intracranial corridors that can be reached via this 
path—3 discrete corridors and 1 combined one (Fig. 3). 
This classification was based primarily on the position 
of the superior and inferior orbital fissures because they 
represent the early key anatomical and surgical landmarks 
of this route. Accordingly, the corridors were defined as 
follows: 1) lateral corridor to the middle cranial fossa; 2) 
lateral corridor to the anterior cranial fossa; 3) combined 

lateral corridor to the anterior and middle cranial fossa, 
with lesser sphenoid wing removal; and 4) medial corridor 
to the opticocarotid region.

Medial mobilization of the orbital contents, usually 
obtained during this kind of surgery, consisted of per-
forming the lateral approaches to the anterior and middle 
cranial fossae (2 simple and 1 combined). Moreover, the 
removal of the most medial part of the lesser sphenoid 
wing, obtained after inferomedial mobilization of the or-
bital contents, provided additional surgical exposure with 
further exposition up to the opticocarotid region (Fig. 4).19

Quantitative Statistical Analysis and 3D Reconstruction
Following a complete transorbital approach, the area 

of exposure obtained for each region was calculated using 
the Brainlab cranial navigation system. For each of the 4 
areas, 4 points were defined to represent the limits of bone 
removal.

For the middle fossa region, points included p1, maxi-
mal medial and lower extension toward the middle cra-
nial base; p2, maximal lateral and lower extension toward 
the middle cranial base; p3, the superolateral edge of 
the superior orbital fissure; and p4, maximal lateral ex-
tension along the lesser sphenoid wing. For the anterior 
cranial fossa region, points included p1, maximal medial 
and higher extension toward the anterior cranial base; p2, 
maximal lateral and higher extension toward the anterior 

FIG. 2. Endoscopic transorbital access via the superior eyelid (left side). With the endoscope introduced in the upper portion of the 
orbit (A), subperiorbital dissection is performed following the frontozygomatic and frontosphenoidal sutures (B) until reaching the 
lateral end of the inferior (C) and superior orbital fissures (D). The asterisk (*) indicates the frontozygomatic and frontosphenoidal 
sutures. FB = frontal bone; GSW = greater sphenoid wing; IOF = inferior orbital fissure; PO = periorbita; SOF = superior orbital 
fissure; ZB = zygomatic bone. Printed with permission from Mayfield Clinic.
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cranial base; p3, corresponding to the superolateral edge 
of the superior orbital fissure; and p4, maximal lateral 
extension along the lesser sphenoid wing. The combined 
areas were calculated as the sum of anterior and middle 
fossa area exposures. The opticocarotid area was defined 
by merging these 3 points: p1, the midportion of the optic 
canal; p2, superolateral edge of the superior orbital fissure; 
and p3, maximal medial and higher extension toward the 
anterior cranial base.

Cartesian coordinates of each point, obtained from the 
Brainlab workstation, yielded 3 vectors that were used to 
delineate 2 juxtaposed triangles. Areas of exposure were 
then calculated as the sum of the area of these 2 triangles; 
the opticocarotid area was represented by only 1 triangle.

A virtual 3D model of each area of exposure (Figs. 4 
and 5) was created using Amira Visage Imaging software 
for visualization and manipulation of biomedical data. Af-
ter bony structures were segmented from DICOM images 
using a semiautomatic threshold-based process, a smooth-
ing feature was applied to further improve the rendering 
of the bony surfaces. The 3D reconstruction of the brain 
was obtained from a sample MRI study (Fig. 5).

All data were uploaded into Microsoft Excel, and an 

unpaired Student t-test was used to calculate statistical 
differences among the 4 modular approaches. A p value < 
0.01 was considered significant.

Results
In this step-by-step cadaveric prosection using the su-

perior eyelid endoscopic transorbital route, our surgically 
oriented classifications defined 4 corridors based on the 
exposures of extradural and intradural structures (Table 
1, Fig. 6). Our schematic classification defined the corre-
sponding anatomical structures exposed, thus establish-
ing possible surgical indications for each of these surgical 
modules and their eventual possible combinations. Con-
sequently, 2 straightforward lateral corridors accessed the 
middle and anterior cranial fossae, respectively; a com-
bined lateral corridor accessed both fossae by removal of 
the lesser sphenoid wing; and a medial corridor reached 
the opticocarotid region. Potential surgical indications for 
the superior eyelid endoscopic transorbital approach are 
summarized in Table 2.

Lateral Orbital Corridor to the Middle Cranial Fossa
The craniectomy, which was initially performed 

through the body of the zygoma to access the temporal 
fossa, was necessary to create adequate working room. 
The zygomatic body was drilled endo-orbitally without 
the necessity of removing the zygomatic arch, thus avoid-
ing any cosmetic defect. Subsequently, the ventral and ver-
tical portion of the greater sphenoid wing was drilled until 
the dura mater was exposed. This approach to the middle 
cranial fossa was bounded superomedially by the upper 
and lateral portion of the superior orbital fissure and the 
lateral part of the lesser sphenoid wing; laterally by the 
previously exposed periosteal surface of the temporalis 
muscle; inferomedially by the inferior orbital fissure; and 
inferiorly by the floor of the middle fossa.

FIG. 3. Drawings (coronal view) of the left orbit showing 3 lateral cor-
ridors—2 simple (A and B) and 1 combined (C)—and 1 medial corridor 
(D). Lateral approaches allow visualization of the anterior and middle 
cranial fossae; the medial corridor allows visualization of the opticoca-
rotid region. Printed with permission from Mayfield Clinic.

FIG. 4. A–C: 3D CT reconstructions showing bone removal via the 
endoscopic superior eyelid transorbital approach in coronal (A), sagit-
tal (B), and axial (C) perspectives. D: 3D CT reconstruction showing 
the lateral and medial transorbital corridors. Blue indicates the middle 
fossa approach, red the anterior cranial fossa approach, and green the 
opticocarotid region. Figure prepared by the Laboratory of Surgical Neu-
roanatomy, University of Barcelona.
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Once the dura was exposed, an extradural dissection 
was performed in both lateral and inferior directions 
(Fig. 7). The inferior extradural dissection (i.e., toward 
the middle cranial fossa floor) was helpful in discovering 
the course of the middle meningeal artery as it emerged 
from the foramen spinosum. Moreover, medial extradu-
ral dissection was performed between the periorbita and 
the temporal pole. In this case, a complete extra/interdural 
visualization of the entire lateral wall of the cavernous si-
nus was achieved via the meningo-orbital band (Fig. 8).14 
Subsequently, the dura mater was opened, exposing the 
temporal pole. The arterial and venous structures in this 
region can be closely seen at the center of the surgical field 
(Fig. 9).

Lateral Orbital Corridor to the Anterior Cranial Fossa
The craniectomy involved drilling the lateral basal 

frontal bone, corresponding to the orbital roof. The greater 
wing of the sphenoid can be left intact, whereas removal 
of the zygoma body must be adequate to gain appropriate 
space for dissection. The boundaries of this approach were 
delineated as follows: inferiorly, the lesser sphenoid wing; 
laterally, the pterion point as seen from the transorbital 
perspective; medially, the superior orbital fissure (i.e., its 
lateral aspect; medially and superiorly, the limit depended 
on the surgical target because it can potentially extend up 
to the posterior ethmoidal artery medially); and the orbital 
rim, superiorly.

After the craniectomy, extradural dissection allowed 
for exposure of the frontolateral convexity. Upon dural 
opening, the lateral and basal frontal lobe came into view. 
This portion of the frontal lobe corresponded to the or-
bital gyri, an irregular group of convolutions of the orbital 
surface. The orbital gyri were divided by the roughly H-
shaped orbital sulcus into the anterior, medial, posterior, 
and lateral orbital groups; from this perspective, the or-
bital sulcus can be well appreciated (Fig. 10). The anterior 
cranial fossa was also unlocked in its most medial por-
tion. Accordingly, the frontal bone over this region, cor-
responding to the cribriform plate, was removed and an 
extradural exploration performed. Subsequently, the dura 
was opened to access the most medial portion of the basal 
frontal lobe, which in this case was represented by the gy-
rus rectus. Visualization of the frontomedial area with the 
aid of a 30° endoscope allowed visualization of the olfac-
tory nerve, just above the optic nerve, and the falx cerebri 
at the midline (Fig. 11).

Combined Lateral Orbital Corridor to the Anterior and 
Middle Cranial Fossae, With Lesser Sphenoid Wing 
Removal

The most lateral aspect of the lesser sphenoid wings lay 
in between the anterior and middle cranial fossae. Accord-
ingly, the bone removal was extended so that this portion 
of the lesser sphenoid wing was totally removed extradu-
rally, with the possibility for the resection to extend later-

FIG. 5. 3D reconstructions obtained by merging the postdissection CT scan with a sample MR-based 3D reconstruction of the 
brain (made at the Laboratory of Surgical Neuroanatomy, University of Barcelona). A: Exposure of the temporal and frontal lobes 
seen via the transorbital route. The white dotted line indicates the Sylvian cistern. B and C: Lateral and medial areas with (B) and 
without (C) 3D reconstruction of bone removal. FL = frontal lobe; TP = temporal pole. Figure prepared by the Laboratory of Surgi-
cal Neuroanatomy, University of Barcelona.

TABLE 1. Extradural and intradural structures that can be exposed through different lateral and medial orbital corridors

Corridor
Structures

Extradural Intradural

Lateral corridor to MCF Temporalis muscle, pterion region, temporal pole 
dura, recurrent meningeal artery, MMA, lateral wall 
of cavernous sinus, middle cranial fossa floor

Temporal pole, MCF floor

Lateral corridor to ACF Frontolateral basal dura, frontomedial basal dura Orbital gyri, gyri recti, olfactory nerve, falx cerebri
Combined lateral corridor to ACF & MCF Lesser sphenoid wing, pterion region Sylvian fissure, MCA & its branches
Medial corridor to OCR Posterior ethmoidal artery, anterior clinoid process, 

optic nerve
Optic nerve, optic chiasm, ICA, oculomotor nerve, 

pituitary stalk

ACF = anterior cranial fossa; ICA = internal carotid artery; MCA = middle cerebral artery; MCF = middle cranial fossa; MMA = middle meningeal artery; OCR = opticoca-
rotid region.
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ally up to the pterion. In fact, this procedure allowed good 
visualization of the pterional area as seen from inside the 
orbit: a visualization totally different and opposite from 
standard transcranial procedures (e.g., pterional route). 

After dural opening, the most anterior portion of the syl-
vian fissure, with its cistern, was visualized. The middle 
cerebral artery and its branches were exposed using sharp 
dissection (Fig. 12).

FIG. 6. Artistic illustration depicting the main neurovascular structures seen via the transorbital window. lwCS = lateral wall of the 
cavernous sinus; MCA = middle cerebral artery; MMA = middle meningeal artery; ON = optic nerve. Printed with permission from 
Mayfield Clinic.

TABLE 2. Potential indications for the transorbital approach, based on each area

Approach
Indication

Primary Brain Tumors Primary Bone Diseases Vascular Diseases Other

Middle cranial 
base

Selected spheno-orbital menin-
giomas, lesions at lateral wall 
of cavernous sinus, biopsy for 
temporal pole gliomas

Osteoma, Paget, Crou-
zon, fibrous dysplasia

AVMs or other vascular anomalies 
at temporal pole, vascular anom-
alies at lateral wall of cavernous 
sinus (cavernous hemangioma)

Amygdalohippocampec-
tomy, other functional 
neurosurgical proce-
dures

Anterior cranial 
base

Selected spheno-orbital menin-
gioma, biopsy for fronto-basal 
gliomas

Osteoma, Paget, Crou-
zon, fibrous dysplasia

AVMs or other vascular anomalies 
at lateral frontobasal lobe

Functional neurosurgical 
procedures

Combined anterior 
& middle fossa

Selected spheno-orbital menin-
giomas

Osteoma, Paget, Crou-
zon, fibrous dysplasia

MCA aneurysms Complex CSF leaks, menin-
goencephalocele

Opticocarotid 
region

Optic nerve sheath meningio-
mas, optic nerve biopsy

Osteoma, Paget, Crou-
zon, fibrous dysplasia

Foreign body or fracture at 
lateral side of optic canal 

AVM = arteriovenous malformation; DBS = deep brain stimulation.
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Medial Orbital Corridor to the Opticocarotid Area
The dissection described above was continued in a me-

dial direction up to the most medial portion of the lesser 
sphenoid wing. The opticocarotid region can be reached 
by extending the bone removal superiorly and medially to 
the superior orbital fissure—that is, after mobilization of 
the orbital contents inferomedially. This area was limited 
by the superior orbital fissure laterally, the posterior eth-
moidal artery medially, the floor of the optic canal and 
the optic strut inferiorly, and the frontosphenoidal suture 
superiorly. The posterior ethmoidal artery should be cut 
to facilitate mobilization of the orbital contents and thus 
better expose this region. With the optic canal opened in 
its superior and lateral part, the optic nerve was followed 
in its intracranial segment where it joined the contralateral 
optic nerve to form the optic chiasm. Intracranial explora-
tion of this area allowed visualization of the opticocarotid 
region from a ventral perspective, including the internal 
carotid artery bifurcation, opticocarotid cistern, and the 
third cranial nerve.

With the aid of a 30° endoscope and after opening of 
the opticocarotid cistern, the pituitary stalk, surrounded 
by the diaphragma sellae, was appreciated in the subchi-
asmatic space (Fig. 13). Of note, although this area was 

reached in anatomical specimens, its surgical exposure 
may be difficult in the clinical setting, unless there is a 
specific space-occupying lesion.

Quantitative Analysis
In quantifying the extent of bone removal for each 

area, we found the middle and anterior fossa approaches 
achieved a greater amount of bone removal than the opti-
cocarotid region approach (Table 3, Figs. 4 and 5). When 
compared with the middle fossa and opticocarotid region 
approaches, the anterior cranial base approach yielded 
greater bone removal. Obviously, the combined approach 
achieved the greatest bone removal. Statistical significance, 
calculated with an unpaired Student t-test, was defined as 
p < 0.01. However, the t-value was quite low, and the dif-
ference in bone removal between anterior cranial base and 
middle fossa approaches was small (Table 3, Fig. 14).

Discussion
As the new group of transorbital neuroendoscopic sur-

gery procedures (TONES) emerged, the superior eyelid 
route represented a clinically feasible corridor to select-
ed anterior and middle skull base pathologies. With the 

FIG. 7. Lateral orbital corridor to the middle cranial fossa. Body of the zygoma and greater sphenoid wing drilled up to the lateral 
end of the superior orbital fissure. The temporalis fossa, containing the temporalis muscle covered by its fascia, is first unlocked 
to gain room (A). The dura mater of the middle cranial fossa (MCF) is exposed (B). Dissection can proceed laterally and inferiorly 
in an extradural fashion; thus the most lateral part of the MCF can be exposed near the pterion point. With use of this pathway in 
an inferior direction, the entire MCF floor (MCFfl) can be evaluated (C) while the middle meningeal artery (MMA) can be followed, 
entering into the foramen spinosum (Fs) (D). The asterisk (*) indicates the recurrent meningeal artery. LSW = lesser sphenoid 
wing; TD = temporal pole dura; TM = temporal muscle, covered by its fascia. Printed with permission from Mayfield Clinic.

Unauthenticated | Downloaded 05/23/23 11:17 PM UTC



A. Di Somma et al.

J Neurosurg Volume 129 • November 20181210

applicability and potential neurosurgical role of various 
transorbital corridors yet to be established, our cadaveric 
prosection defined, in a stepwise fashion, 3 modular routes 
and qualitatively assessed their feasibility for selected 
skull base pathologies. As a result, our proposed classi-

fications are surgically oriented based on the extradural 
and intradural structures exposed through this avenue and 
based on the most recent clinical applications of this mini-
mally invasive pathway. The superior eyelid endoscopic 
transorbital approach can yield good visualization of the 

FIG. 9. Intradural exploration of the middle cranial fossa. After dura opening, temporal pole came into view. The asterisk (*) 
indicates the temporal cortical branches of the middle cerebral artery. SC = Sylvian cistern; Sv = Sylvian vein; TP = temporal pole, 
covering by the arachnoid. Printed with permission from Mayfield Clinic.

FIG. 8. Extradural medial exposure of the periorbita–temporal pole interface (A). Dissection between the periorbita and temporal 
pole, inferior to the superior orbital fissure (i.e., at the level of the meningo-orbital band) (B). Lateral wall of the cavernous sinus 
(C) and intracavernous carotid artery (*) (D) exposed. FO = foramen ovale; FR = foramen rotundum; GG = gasserian ganglion; 
MCFfl = middle cranial fossa floor; MOB = meningo-orbital band; III = CN III (oculomotor nerve); IV = CN IV (trochlear nerve); V1 
= ophthalmic branch of CN V (trigeminal nerve); V2 = maxillary branch of CN V; V3 = mandibular branch of CN V. Printed with 
permission from Mayfield Clinic.
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FIG. 11. Views obtained with a 30° endoscope, showing further exposure of the anterior cranial fossa via the lateral orbital cor-
ridor. Even with the 30° endoscope, the area can be explored extradurally (A) and intradurally (B–D). Falx = falx cerebri; OB = 
olfactory bulb; OT = olfactory tract. Printed with permission from Mayfield Clinic.

FIG. 10. Lateral orbital corridor to the anterior cranial fossa. With removal of the basal frontal bone medial to the superior orbital 
fissure and superior to the lesser sphenoid wing, the dura covering the frontal lobe (FL) came into view (A). Dissection can 
proceed laterally in extradural fashion (B). Opening of the dura mater (dm) then allows intradural exploration of the basal frontal 
lobe (C); the H-shaped orbital sulcus can be appreciated (D). The asterisks (*) indicate cortical arterial branches of the frontal lobe. 
Printed with permission from Mayfield Clinic.
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basal anterior fossa and anteromedial middle fossa. Using 
the endoscopic microsurgical technique, surgical manipu-
lation of structures in the anterior and middle cranial fos-
sae is feasible. Lateral orbital corridors to the superior and 
inferior orbital fissures exposed the entire rostral middle 
fossa and the anterior cranial fossa laterally to the convex-
ity. Additional bone removal medial to the superior and 
inferior orbital fissures defined a medial transorbital cor-
ridor to the opticocarotid region.

Evolution of the Transorbital Path
The transorbital pathway has been used intermit-

tently in neurosurgery for at least 60 years. In 1948, the 
American physician Walter J. Freeman II popularized 
the transorbital leucotomy24 based on a technique devel-
oped by the Italian psychiatrist Amarro Fiamberti.23 This 
“minimal invasive” transorbital procedure soon became 
ubiquitous across the landscape of psychiatric care in the 
United States and many parts of Europe. Subsequently, the 
social and ethical implications of widespread overuse of 
transorbital lobotomies drove this procedure to near ex-
tinction.40 Several other approaches were reported based 
on the ventral transorbital route, including intraventricular 
procedures,34,47–49 decompression for orbital and Graves’ 
disease,1,3,33 and experimental and diagnostic vascular ap-
plications.12,17,27,28,37 Thereafter, targets such as the cavern-
ous sinus,6,16,41 pituitary stalk,42 and optic nerve29,45 were 

considered reachable via this minimally invasive avenue 
for various diagnostic, experimental, and/or therapeutic 
purposes.

During the past 2 decades, improvements in endoscope 
optics quality, materials, instrumentation, and surgical 
navigation systems have advanced the development of 
modern skull base surgery. The collaboration of otolaryn-
gologists and neurosurgeons for the treatment of patholo-
gies that were beyond the reach of each other’s specialties 
invited a new subspecialty called endoneurosurgery, with 
its route based mainly on the endonasal corridor.8

Despite these impressive developments, nasal anatomy 
and geometrical relations to the skull base often limit 
working angles and visualization of certain structures, 
particularly for lesions that cross neurovascular struc-
tures or are situated in far-lateral areas.44 In such cases, 
decreased visualization can lead either to complications 
or to incomplete surgery. In contrast, traditional external 
skull base approaches offer wide exposure and control of 
lesions, but sometimes at the expense of increased brain 
exposure and retraction, thus leading to postoperative 
functional and cosmetic sequelae.7,11,20,26,36,38,46,47

In this context, craniofacial anatomy studies suggest-
ed that the orbits, if crossed safely, can provide access to 
those areas of the anterior and middle skull base that are 
not safely accessed endonasally. That is, the obstacle rep-
resented by the carotid arteries and cranial nerves in the 

FIG. 12. Combined lateral approach to the anterior and middle cranial fossa. Close-up view showing lesser sphenoid wing (LSW) 
dividing the anterior and middle cranial fossae (A). The dura is cut between the anterior and middle cranial fossae at the level of 
the LSW to reach the intracranial space (B). The main course of the middle cerebral artery (MCA) can be appreciated (C and D). 
The asterisk (*) indicates the pterion seen through the transorbital perspective; the double asterisks (**) indicate insular branches 
of the MCA. TD = temporal dura; TL = temporal lobe. Printed with permission from Mayfield Clinic.
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lateral extension of endonasal approaches can be overcome 
by accessing the areas lateral to those anatomical hurdles. 
Consequently, the addition of transorbital approaches pre-
sented a complementary resource to endonasal approaches 
for the treatment of lesions that involve the neurovascular 
structures, a concept recently introduced as “multiportal 
endoneurosurgery.”5,8,10,18,43

Transorbital Neuroendoscopic Surgery
Access to the anterior skull base through the orbit with 

endoscopic assistance is not a new concept. The con-
cept presented as “transorbital neuroendoscopic surgery 
(TONES)”6,32,35,39 described a group of endoscopic surgical 
pathways, a system of orbitotomies that could be indicated 
for various pathologies that affect the anterior and middle 
fossae. Truly transorbital, these procedures do not require 
removal of the orbital rim or frontal bone convexity. Their 
novel, attractive routes offer minimal morbidity, no vis-
ible scars, small craniotomy size, minimal brain retrac-
tion, and in some cases, coplanar path-to-target dissection. 
As a result, collateral damage to adjacent neurological and 
vascular structures is held to a minimum, patient recovery 
is rapid, and intensive care unit stays can be reduced or 
avoided.6,32,35,39,49

One TONES corridor is the superior eyelid route, prov-
en in clinical settings as a possible way to select mainly 
laterally placed anterior and middle skull base targets.30 Its 

superior eyelid skin incision offers the advantage of being 
hidden when the patient’s eyes are open, provides dissec-
tion in natural anatomical planes, and affords preservation 
of the temporalis muscle, thus facilitating an acceptable 
cosmetic outcome, as described in initial surgical expe-
riences and anatomical reports.2,9,13,15 With no dedicated 

FIG. 13. Medial orbital corridor to the opticocarotid area (left orbit) (A). The optic nerve can be followed from its intracanalicular 
portion (B) up to the intracranial segment, where it lies close to the internal carotid artery (ICA) (C). With aid of a 30° lens, the 
subchiasmatic region can be explored through this window. The asterisk (*) indicates the ICA bifurcation. AC = anterior clinoid 
process; Ch = chiasm; ds = diaphragma sellae; PEA = posterior ethmoidal artery; Ps = pituitary stalk. Printed with permission from 
Mayfield Clinic.

TABLE 3. Quantitative analysis of bone removal obtained with 
the endoscopic superior eyelid approach

Analysis for Bone Removal Area (mm2)* t Value† DF p Value

MCF 490.24 ± 76.94 — — —
ACF 620.47 ± 73.46 — — —
Combined lateral approach 1110.71 ± 131.89 — — —
OCR 115.41 ± 52.43 — — —
MCF vs ACF — 3.87 18 <0.01
MCF vs combined lateral — 12.85 18 <0.01
MCF vs OCR — 12.73 18 <0.01
ACF vs combined lateral — 6.61 18 <0.01
ACF vs OCR — 17.70 18 <0.01
Combined lateral vs OCR — 16.87 18 <0.01

DF = degrees of freedom. 
* Mean ± SD.
† Student t-test.
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study that addressed a schematic classification of the in-
tracranial structures approached via this novel route, we 
undertook the anatomical analysis presented in this paper 
in order to determine the applicability of the various trans-
orbital routes to the neurosurgical pathologies of the ante-
rior and middle cranial fossae.

Using anatomical landmarks in relation to the orbital 
contents, we built a modular approach that was defined by 
discrete corridors and further separated these into lateral 
(i.e., lateral to the superior and inferior orbital fissures) and 
medial (i.e., extension medial to the superior and inferior 
orbital fissures) corridors. Based on our observations, we 
defined 3 lateral corridors (2 simple and 1 combined) and 
1 medial corridor. The lateral corridors permitted expo-
sure of the most lateral portion of the middle or anterior 
cranial fossa whereas the medial corridor, which included 
further bone removal medially to the superior and inferior 
orbital fissures, extended to reach the opticocarotid area. 
We concluded that the first 3 approaches (i.e., the 2 dis-
crete lateral approaches and their combination) achieved 
better surgical exposures than the medial one, related to 
the opticocarotid region. Nonetheless, maneuverability 
was closely related to globe compliance and variability of 
the specimens for anatomical dissections.

Future applications of this minimally invasive, purely 
endoscopic route may include resection of tumors that ex-

tend in the parasellar region or other tumors (e.g., sphe-
no-orbital meningiomas and selected anterior and middle 
skull base meningiomas). With increased experience and 
improved instrumentation and repair techniques, the treat-
ment of selected skull base pathologies could be possible 
though these approaches.7,17,37

The purely endoscopic, superior eyelid, transorbital ap-
proach to the anterior and middle cranial base represents 
an additional avenue in the evolving discipline of mini-
mally invasive skull base surgery or a possible alternative 
and/or adjunct to transcranial approaches for pathologies 
of the rostral anterior and middle fossae.48,49 Combining 
transnasal and transorbital ports, surgeons can optimize 
visualization, choose the trajectory and working distance, 
and maximize the working space between their hands and 
instruments.13

In selected clinical situations, this technique has been 
reported as safe, offers better access and visualization than 
open or transnasal approaches, and retains the benefits of 
minimally disruptive surgery. Further comparative ana-
tomical analyses, mandatory to understand pros and cons 
of a new technique, are ongoing to help understand the 
specifics of each route.

Limitations
In this study, one limitation was our use of cadaveric 

FIG. 14. Areas of exposure obtained with the endoscopic superior eyelid transorbital approach. Corridors represented included the 
lateral orbital corridor to the middle cranial base (blue); the lateral orbital corridor to the anterior cranial base (red); the combined 
lateral orbital corridor to the anterior and middle cranial fossae (gray); and the medial orbital corridor to the opticocarotid area 
(green). Compared with opticocarotid region approach, the middle and anterior fossa approaches achieved greater bone removal. 
Compared with middle fossa and opticocarotid region approaches, the anterior cranial base approach had greater bone removal, 
and the combined approach had the greatest bone removal of all. *p < 0.01 (unpaired t-Student test).
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specimens, which, though useful models to investigate 
surgical approaches, cannot fully replicate the clinical 
environment. Tissue characteristics, bleeding, and the 
tolerable amount of globe retraction must be taken into 
consideration. Continuous intraoperative globe tonometry 
might be useful to determine the maximal safe degree and 
duration of globe retraction. The current literature reports 
no orbital complications despite operative times of up to 4 
hours35 and concerns about the risk of cerebrospinal fluid 
leak. However, Dallan et al. suggested that the orbit con-
tents may act as a natural seal, minimizing the risk of a 
postoperative CSF leak.13 Finally, other concerns include 
the cosmetic effect associated with the loss of orbital bone, 
and the risk of postoperative enophthalmos and diplopia. 
Although initial clinical experience appears encourag-
ing,35 surgical series are necessary to assess the burden of 
those potential complications.

This anatomical study on the feasibility of the superior 
eyelid endoscopic transorbital route is promising, with its 
contribution to understanding the anatomy and the capa-
bilities of this relatively novel approach, but limited in 
clinical utility. Limits of its clinical utility should be con-
sidered as a separate issue; these deserve additional studies 
that are currently underway.

Conclusions
The purely endoscopic superior eyelid transorbital 

approach affords good visualization and allows surgi-
cal manipulation of structures in the anterior and middle 
cranial fossae. In particular, we demonstrated that lateral 
orbital corridors to the superior and inferior orbital fis-
sures permitted exposure of the most lateral portion of 
the middle or the anterior cranial fossa. Further bone 
removal medially to the superior and inferior orbital fis-
sures provides access to the opticocarotid region. Better 
surgical exposure appeared more consistent with lateral 
approaches as compared with the middle corridor to the 
opticocarotid region. Surgical series are needed to estab-
lish the clinical value of these approaches to better deter-
mine their place in the armamentarium of modern skull 
base surgery.
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