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The contiguous intracranial and orbital compartments are often the site of 
mass lesions of different origin and histology, variably extending in both 
locations. Several previous books have discussed the tumors and nontumoral 
pathologies limited to the orbit and the best approaches according to the 
intraorbital location; on the other hand, no previous book is devoted to cranio-
orbital pathologies.

This book arises from the large surgical experience of cranio-orbital mass 
lesions operated on by a multidisciplinary team of neurosurgeons and orbital 
surgeons in our university.

The cranio-orbital region, including the orbit and the contiguous anterior 
and middle cranial fossae, is anatomically complex. Many critical structures 
are involved during surgery of the cranio-orbital pathologies, including optic 
canal, superior and inferior orbital fissures, optic and oculomotor nerves, 
internal carotid and ophthalmic arteries, and cavernous sinus. The knowledge 
of these bone, nerve, and vascular structures and their variations is essential 
for planning the best surgical approach. Thus, the first part of this book is 
devoted to the surgical anatomy of the cranio-orbital region.

The management of intracranial tumors invading the orbit was a surgical 
challenge since the first years of the past century. Many surgeons have 
attempted to extend the frontal or pterional craniotomies to the orbital roof 
and rims. About 60 years ago Al Mefty introduced the supraorbital-pterional 
approach, which includes a pterional craniotomy and the resection of the 
superolateral orbital wall, allowing good exposure of even large cranio-orbital 
mass lesions.

The surgical treatment of cranio-orbital mass lesions can be challenging 
due to the involvement of critical structures and the consequent potential 
morbidity. Many surgical approaches (transcranial, transorbital, or combined) 
are available. Traditionally, neurosurgeons have been regarded as experts in 
exposing the superior and lateral surfaces of the orbit, whereas 
ophthalmologists are considered specialists in exposing the orbit through 
medial and transorbital routes. Thus, surgical procedures involving mass 
lesions in this region often require the collaboration of both neurosurgeons 
and ophthalmologists.

The choice of the most useful approach mainly depends on the location 
and extension of the lesion, its type and histology, the anatomical obstacles 
(mainly the position and relationship with the optic nerve), and the surgeon’s 
expertise. Generally, the best route must avoid manipulation of the optic 
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nerve and its vascular supply with the aim to preserve the vision. Although 
the classical more invasive approaches are still used mainly for large lesions, 
the more recently introduced less invasive endoscopic endonasal and 
transorbital approaches are widely employed. The indications, advantages, 
and limits of the various approaches are discussed in the third part of this 
book.

The last part is devoted to specific cranio-orbital mass lesions, both 
tumoral and nontumoral; their pathological and clinical aspects and their 
management options are discussed with the aid of the more recent contributions 
from the literature.

This book is useful not only for neurosurgeons and ophthalmologists, but 
also for otolaryngologists and maxillofacial surgeons, who often treat mass 
lesions contiguous to the cranial cavity and orbit. All these specialists will 
find important anatomical and surgical information useful in their surgical 
training and daily experience.

The authors invited to contribute to this topic have been carefully selected 
based on their extensive expertise in their respective areas. We thank all for 
their contributions which have significantly improved the quality of the book.

Naples, Italy� Giulio Bonavolontà  
Naples, Italy � Francesco Maiuri  
Naples, Italy � Giuseppe Mariniello   
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1Surgical Anatomy of the Orbit

Juan F. Villalonga, Matías Baldoncini, 
Derek O. Pipolo, José Pailler, 
Sebastian J. M. Giovannini, and Álvaro Campero

1.1	� Introduction

The orbital region is a “crossroads” for various 
specialists: ophthalmologists, otorhinolaryngolo-
gists, maxillofacial, reconstructive surgeons, and 
neurosurgeons.

Surgical approaches to the orbit present signifi-
cant difficulty to the general neurosurgeon due to 
several factors: its relatively small volume, four-
sided irregular pyramidal shape, and location 
between the craniofacial structures and the brain [1].

The neurosurgeon who ventures into orbital 
surgery must possess extensive anatomical 
knowledge of this structure. Much of the litera-
ture on orbital anatomy describes in detail its 
complexity but fails to facilitate its comprehen-
sion [2].

Our team has set out to systematically illus-
trate the surgical anatomy of the orbit in this 
chapter.

1.2	� Surgical Anatomy

The orbital cavities are located symmetrically on 
both sides of the nose. They present a four-sided 
pyramidal shape with a posterior apex, anterior 

base, and an axis set from the sagittal plane at a 
20o angle. This simple architecture is key to 
human stereoscopic vision [3].

The curvilinear vertex, base, and walls present 
perforations and irregularities through which 
neurovascular bundles pass and muscles are 
inserted. In terms of thickness, the apex and base 
are made of thicker bone, while the walls contain 
a thinner width. Of the four walls, the lateral wall 
is the thickest while the medial is the thinnest. 
This osseous thickening at the apex and base 
helps protect the eye and nerves from possible 
injury. A distinctive feature of the orbit is that its 
elements are organized in groups of seven: seven 
bones, seven intraorbital extraocular muscles, 
and seven nerves [1].

1.2.1	� Bones [1, 4–8]

The orbit is composed of seven bones: frontal, 
ethmoid, lacrimal, sphenoid, zygomatic, palatine, 
and maxilla. For its study, it is divided into a lat-
eral wall, medial wall, roof, floor, base, and apex. 
The upper portion of the base is formed by the 
frontal bone and presents a notch through which 
the supraorbital nerve and vessels pass. The lat-
eral wall comprises the zygomatic bone and the 
floor consists of the zygomatic bone laterally and 
maxilla medially. The internal wall is formed 
inferiorly by the frontal process of the maxilla 
and superiorly by the frontal bone. The frontal 
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sinus is found in the supero-medial region. From 
anterior to posterior, the medial wall is formed by 
the frontal process of the maxilla, the lacrimal 
bone, lamina papyracea of the ethmoid, forming 
the center of the medial wall and separating the 
orbit from the nasal cavity, and the sphenoid 
bone. The ethmoid bone articulates superiorly 
with the frontal bone (Fig. 1.1a). In between both 
bones, we find the anterior and posterior eth-
moidal canals, which contain branches of the 
nasociliary nerve arising from the ophthalmic 
branch of the trigeminal nerve, branches of the 
ophthalmic artery, and the anterior and posterior 
ethmoidal arteries, respectively. The cranial 
openings of the ethmoidal canals are related to 
the anterior and posterior limits of the cribriform 
plate of the ethmoid and divide the orbit into bul-

bar and retrobulbar segments (Fig. 1.1b–d). The 
optic foramen is found between the sphenoid and 
ethmoid bones, through which the optic nerve 
and ophthalmic artery pass.

The thicker lateral wall separates the orbit 
from the temporal fossa at its anterior end and the 
middle cranial fossa at its posterior end. It is 
composed of the zygomatic bone, which has no 
contact with the brain, and forms the anterior 
limit of the temporal fossa through which the 
temporal muscle passes. In turn, it is continuous 
in depth with the greater wing of the sphenoid 
bone, which is the anterior limit of the middle 
cranial fossa in the endocranium. This disposi-
tion is the basis for lateral orbital approaches, by 
which a temporal craniotomy with a pure zygo-
matic osteotomy allows access to lesions without 

a b

c d

Fig. 1.1  360° anatomical dissection of the roof and 
medial wall of the orbit. (a) Superior aspect of the floor of 
the anterior cranial fossa that forms the roof of both orbits. 
(b) Superior aspect of both orbits; the periorbita and the 

orbital fat have been removed for anatomical exposure. (c, 
d) Endoscopic endonasal view of the roof of the nasal cav-
ity and the medial wall of the orbit. Both arteries and eth-
moidal canals can be seen. (Original to the authors)

J. F. Villalonga et al.
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the need for combined cranio-orbital approaches. 
At its anterior point, the lateral wall is continuous 
with the frontal bone of the orbital roof; however, 
at the posterior end, it is interrupted by the supe-
rior orbital fissure adjacent to the sphenoid bone. 
The lacrimal foramen, through which the recur-
rent meningeal branch of the ophthalmic artery 
passes, is anterior and superior to the superior 
orbital fissure.

The floor of the orbit is formed by the maxilla 
and zygomatic bone, which is continuous with 
the orbital process of the palatine bone posteri-
orly. The palatine bone contains two segments: a 
horizontal portion that forms the posterior seg-
ment of the hard palate and a vertical portion, 
with one process directed toward the sphenoid 
bone and the other toward the orbit. The floor 
separates the orbit from the maxillary sinus, 
located at the posterior end of the floor is the infe-
rior orbital fissure; on the medial wall, the naso-
lacrimal duct is found. The inferior orbital fissure 
is an important surgical landmark as it communi-
cates the orbit with the pterygopalatine fossa and 
consecutively with the nasal cavity. Through the 
external segment of the inferior orbital fissure, 
the orbit comes in contact with the temporal and 
infratemporal fossae.

The roof of the orbit is formed by the frontal 
bone that articulates in depth with the lesser wing 
of the sphenoid and ethmoid bones (Fig. 1.1a).

1.2.2	� Muscles [1, 8]

There are seven extraocular muscles: four rectus, 
two oblique, and the levator palpebrae (Fig. 1.2). 
Only the inferior oblique muscle is attached to 
the medial wall of the orbit. The four rectus and 
the superior oblique muscle are indirectly 
attached to the apex of the orbit through a com-
mon annular fibrous tendon or annulus of Zinn. 
The superior orbital muscle passes through the 
trochlea, a rounded tendon attached to the frontal 
trochlear fovea located at the superomedial angle 
of the orbit (Fig. 1.2c).

The annulus of Zinn is inserted along the apex 
of the orbit, surrounding the opening of the optic 
canal and the central part of the superior orbital 

fissure. The contents encircled by the annulus 
include the optic nerve, ophthalmic artery, abdu-
cens or external oculomotor nerve, common ocu-
lomotor nerve, divided into its two upper and 
lower branches, and the ophthalmic branch of the 
trigeminal nerve. The trochlear nerve and the 
frontal and lacrimal branches of the trigeminal 
nerve are located outside the annulus.

1.2.3	� Nerves [1, 8–10]

There are seven nerves within the orbit passing 
through the superior orbital fissure with excep-
tion of the optic nerve, which traverses the optic 
canal (Fig. 1.3a). The optic nerve innervates the 
retina, which is protected by dura and arachnoid 
in its intracanalicular and intraorbital course. 
Upon entry into the orbit through the optic fora-
men, the optic nerve crosses the medial sector of 
the annulus of Zinn along with the ophthalmic 
artery, directed toward the ocular globe. The cili-
ary ganglion is located on the lateral aspect of the 
optic nerve at the junction of its anterior 2/3 and 
posterior 1/3 (Fig. 1.3b–d).

The common oculomotor nerve innervates the 
extra orbital muscles except for the lateral rectus 
and superior oblique muscles. It enters through 
the orbital apex and divides into two branches: 
superior and inferior. Both branches cross the 
annulus of Zinn on its lateral aspect. At this point, 
the nasociliary nerve is located between the supe-
rior and inferior rami. Once within the orbit, the 
superior branch supplies innervation to the supe-
rior muscular complex (consisting of the levated 
palpebrae and superior rectus muscle). The infe-
rior branch innervates the inferior rectus, medial 
rectus, and inferior oblique muscles. On its tra-
jectory, an ascending collateral branch reaches 
the ciliary ganglion, responsible for parasympa-
thetic innervation. These fibers synapse in the 
ciliary ganglion and continue as short ciliary 
nerves to the pupillary sphincter.

The external oculomotor nerve is formed by 
the union of several fibers within the cavernous 
sinus and is responsible for motor innervation of 
the lateral rectus muscle. Upon its entry into the 
orbit, it crosses the annulus of Zinn lateral to the 

1  Surgical Anatomy of the Orbit
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a b

c

e

d

Annular Tendon

Annular Tendon

Fig. 1.2  Left orbit dissection. The periorbita and the 
orbital fat have been removed for anatomical exposure. 
(a) Left lateral view. (b) Left lateral view after muscle 
mobilization. (c) Superior view. (d) Superior view after 

muscle mobilization. (e) Enlarged view of the superior 
aspect of the orbit focused on the optic nerve. The lateral 
rectus and superior rectus muscles have been reflected. 
(Original to the authors)

J. F. Villalonga et al.
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a b

c d

Fig. 1.3  Anatomical dissection focused in the apex of the 
orbit and optic canal. (a) Superior view of the sphenoid 
bone, both optic canals can be seen. (b) Superior aspect of 
both orbits. (c) Enlarged view of the optic canal; the falci-

form ligament has been removed. (d) Left lateral view of 
the periorbita. The anterior clinoid, lateral orbital wall, 
and roof have been removed. (Original to the authors)

fibers of the common oculomotor nerve and con-
tinues along the lateral aspect of the orbit until it 
reaches the lateral rectus muscle.

The trochlear nerve enters the orbit through 
the superior orbital fissure outside the annulus of 
Zinn, traversing near the medial wall until it 
reaches and innervates the superior oblique 
muscle.

The ophthalmic nerve (V1) is exclusively sen-
sitive; its innervation territory includes the eye-
lids, forehead, ocular globe, cornea, and nasal 
cavities. The lacrimal secretion is ensured by the 
branch of the sphenopalatine ganglion and com-
municating branch of the maxillary nerve. The 
ophthalmic nerve presents three branches: lacri-
mal, frontal, and nasociliary (Fig.  1.2). After 

entering the orbit outside the tendinous ring of 
Zinn, the lacrimal nerve follows the lateral wall 
and sends a branch communicating with the 
zygomatic nerve (branch of V2) for the lacrimal 
gland, and also a medial branch for the upper 
eyelid.

The frontal nerve enters outside the annulus of 
Zinn and follows the superior wall of the orbit. 
Upon reaching the orbital rim, it divides into two 
branches: medial (supratrochlear) and lateral 
(supraorbital) frontal nerves. The medial frontal 
nerve innervates the forehead, nose, and upper 
eyelid. The lateral frontal nerve passes through 
the supraorbital fissure and ascends beneath the 
forehead. The nasociliary nerve enters the orbit 
through the annulus of Zinn and contains several 

1  Surgical Anatomy of the Orbit
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collateral branches: sensitive (toward the ciliary 
or ophthalmic ganglion), long ciliary nerve (to 
the ocular globe), and sphenoethmoidal branch 
(to the mucosa of the ethmoidal cells and sphe-
noid sinus). In the lateral wall of the orbit, it 
bifurcates giving the internal nasal nerve (i.e., 
anterior ethmoid nerve) and external nasal nerve 
(i.e., infratrochlear nerve). The internal nasal 
nerve passes through the cribriform plate and 
innervates the mucosa of the lateral walls, while 
the external nasal nerve innervates the mucosa of 
the lacrimal ducts.

1.2.4	� Vascular Supply [4, 6, 8, 11]

The orbit, pertaining to both the endocranium 
and exocranium, is irrigated by the internal 
carotid artery, through the ophthalmic artery and 
by the external carotid artery via the infraorbital 
branch of the maxillary artery.

The ophthalmic artery is a branch of the supra-
clinoid segment of the internal carotid artery. The 
origin of the ophthalmic artery is usually medial 
to the anterior clinoid process, below the optic 
nerve (Fig. 1.3b–d). It enters the optic canal along 
with the optic nerve, located on the lateral and 
inferior face. Once it enters the orbital cavity, it 
remains on the lateral wall of the orbit and gives 
off dural branches. Subsequently the ophthalmic 
artery, accompanied by nasociliary nerve, crosses 
the optic nerve over its superior face (85% of 
cases) and ends parallel to the medial face of the 
orbit giving off its terminal branches of the supra-
trochlear and angular arteries. It is important to 
mention that in 15% of individual, the ophthal-
mic artery crosses the optic nerve over its inferior 
face. The knowledge of the anatomical trajectory 
of the ophthalmic artery is relevant during the 
opening of the falciform ligament, to avoid its 
injury. The ophthalmic artery gives rise to the 
central retinal, supraorbital, palpebral, lacrimal, 
short ciliary, long ciliary, infratrochlear, supra-
trochlear, and dorsal nasal arteries. In addition, it 
also emits dural branches and therefore can be 
compromised in skull base injuries.

The principal drainage route of the orbit is 
through the superior ophthalmic vein, formed by 
inflows from the supero-medial sector of the 

orbit. In addition, the inferior ophthalmic vein 
arises via inflows from the inferior-lateral aspect 
of the orbit. These veins are connected to each 
other on the superficial wall of the orbit by anas-
tomoses formed by the facial and angular veins. 
The inferior ophthalmic vein can drain directly 
into the cavernous sinus but commonly joins the 
superior ophthalmic vein forming a common 
trunk, with the latter draining into the cavernous 
sinus.

1.3	� Surgical Approaches 
According to Anatomy 
[12–17]

Among the various approaches to the orbit, we 
can include the following:

	1.	 Transcranial approaches. Within this group, 
we recognize two large sub-groups:

	 (a)	 Intracranial approaches: fronto-orbital 
and orbito-zygomatic.

	 (b)	 Exocranial approaches: lateral 
orbitotomy.

	2.	 Endoscopic approaches.
	3.	 Transconjunctival approaches. These are spe-

cifically the domain of the ophthalmologist.

During multidisciplinary meetings, the neuro-
surgeon will have to determine whether a patient 
is candidate for surgery and the best approach. It 
is often difficult to determine the type of 
approach; our team follows the guidelines pro-
posed by the School of Pittsburgh [18, 19]. 
According to these guidelines, each approach 
offers a certain surgical corridor corresponding to 
a time range of an analog clock:

–– Lateral orbitotomy from 08:00 to 10:00 
o’clock.

–– Orbito-zygomatic craniotomy from 06:00 to 
01:00 o’clock.

–– Endonasal endoscopic approach from 01:00 to 
07:00 o’clock.

Figure 1.4 illustrates the well-known concept 
of “around the clock” with cadaveric 
preparations.

J. F. Villalonga et al.
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a b

c d

e f

g h

Fig. 1.4  The right orbit is used for demonstration of the 
clock model. (a) Right orbit with its anatomical land-
marks. (b) “Around the clock model”. (c, d) Lateral orbi-
totomy enables access to the orbit from 08:00 to 10:00 
o’clock. (e, f) An orbito-zygomatic craniotomy gives 

orbital access from 06:00 to 01:00 o’clock. (g, h) An 
endoscopic endonasal approach gives access to the orbit 
between 01:00 and 07:00 o’clock. (Original to the 
authors)

1  Surgical Anatomy of the Orbit
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2Optic Canal, Optic Strut, and Optic 
Nerve

Paolo Palmisciano, Yara AlFawares, 
Norberto Andaluz, Jeffrey T. Keller, 
and Mario Zuccarello

2.1	� Introduction

Detailed knowledge and understanding of the 
surgical anatomy of the optic canal, optic nerve, 
and optic strut is of particular importance in skull 
base surgery. The proximity of these structures 
with critical neurovascular structures (i.e., the 
internal carotid artery and cavernous sinus) 
requires the surgeon to mentally visualize these 
relationships as one plan which approach will be 
applied [1]. This is particularly true in the current 
surgical era, which is characterized by the con-
tinuous development of open and endoscopic 
approaches to select different regions of the optic 
canal [2].

This chapter describes the detailed surgical 
anatomy of the optic canal, optic strut, and optic 
nerve to further improve understanding and visu-
alization of their relationship with adjacent criti-
cal structures. Ultimately, the purpose is to assist 
skull base surgeons in planning optimal 
approaches tailored to each different lesion 
involving this region. In addition, embryological 

development and common anatomical variants 
are summarized with their important surgical 
implications.

2.2	� Embryological Development

Lang [3] identified 10 ossification sites in the 
sphenoid bone and stated that the complexity of 
the ossification process contributes to normal 
anatomical variants. The embryological develop-
ment of the optic canal starts at the third gestation 
month and can be divided into three stages: (1) 
cartilaginous formation of the optic foramen, (2) 
ossification of the cartilaginous optic foramen, 
and (3) formation of the optic canal. The carti-
laginous optic foramen is formed from the carti-
laginous lesser wing of the sphenoid, with 
progressive chondrification from posterolateral 
to superomedial [4]. The ossification of the carti-
laginous optic foramen occurs around the 12th–
17th gestational week from the sphenoid’s lesser 
wing and presphenoid ossification centers, which 
outline the superolateral and medial margins [5]. 
The bony optic foramen takes a “keyhole” 
appearance with the inferolateral border formed 
by bony bridge joining the center of the lesser 
sphenoid wing to the postsphenoid center, delin-
eating the anteroinferior segment of the optic 
strut. The transformation of the bony optic fora-
men into the bony optic canal begins at the fifth 
gestation month, with the intracranial ophthalmic 
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artery initially located more inferiorly [5]. The 
posterosuperior segment of the optic strut devel-
ops as single bony ridge from the center of the 
lesser sphenoid wing to the presphenoid center or 
as two bony ridges originating separately from 
the two centers and growing toward one another. 
This optic strut segment transforms the optic 
foramen into the bony optic canal with the cranial 
opening of horizontal-oval shape and the orbital 
opening of vertical-oval shape [6]. The intracra-
nial ophthalmic artery relocates occupying a 
more superior position. The two segments of the 
optic strut are initially separated by a non-
functional foramen, which obliterates during the 
last two fetal months leading to the physiological 
fusion of the two segments and the formation of a 
single optic strut. Regarding the optic nerve, it 
appears around the fourth to seventh gestational 
week from the retinal nerve fibers of the optic 
stalk, which is the embryological structure con-
necting the optic cup to the brain [7].

2.3	� Surgical Technique

Several skull base pathologies, including trau-
matic, neoplastic, and vascular, often involve the 
optic canal, optic strut, and optic nerve, requiring 
surgeons to gain a keen understanding of such 
complex spaces to avoid potentially devastating 
complications. The identification of definite ana-
tomical landmarks is essential for guiding the 
surgery. Also, anatomical variants need to be 
considered and investigated during pre-operative 
imaging planning, to familiarize with the indi-
vidual anatomy of each patient during surgery. A 
wide range of intracranial and endoscopic surgi-
cal windows have been investigated to safely 
expose the optic nerve, ophthalmic artery, and 
internal carotid artery [2]. The selection of an 
optimal approach should be modified on a case-
by-case basis, governed by the extension of the 
pathology, the surgical goal, and the surgeon’s 
preference, including the expected risks of 
complications.

The orbital apex defines the region that con-
nects the orbit with the intracranial space, hous-
ing the optic canal, the optic strut, and the 

superior and inferior orbital fissures. Most com-
monly, the optic canal constitutes a single bony 
opening in the sphenoid bone containing the 
optic nerve, ophthalmic artery, and postgangli-
onic sympathetic nerves. In rare cases, the optic 
canal cranial opening may be duplicated, with the 
lower canal containing the ophthalmic artery and 
the upper canal containing the optic nerve [8]. 
Moving from posterior (intracranial) to anterior 
(intraorbital), Slavin et  al. [9] divided the optic 
canal into three functional portions. The first, 
horizontal-oval portion opens into the middle 
cranial fossa, bounded superiorly by the falci-
form ligament and laterally by the anterior cli-
noid process. The cavernous sinus lies inferiorly 
with the cavernous (C4) segment of the internal 
carotid artery and cranial nerves IV, V1, V2, and 
VI, and the clinoid (C5) carotid segment turns 
superolaterally into the ophthalmic (C6) carotid 
segment that gives origin to the ophthalmic 
artery, which enters the optic canal below the 
optic nerve [10]. Similarly, in cases where the 
ophthalmic artery originates from the A1 seg-
ment of anterior cerebral artery, it also enters the 
optic canal below the optic nerve [11]. The oph-
thalmic artery may also originate from the middle 
meningeal artery [12] and then enter the orbit 
through the superior orbital fissure [13] or by 
penetrating the optic strut [14]. The second, 
round portion of the optic canal includes the 
canal itself, walled by two roots of the lesser 
wing of the sphenoid, from supero-medial-
posterior to infero-lateral-anterior, at a 30° angle. 
Absence of the medial wall of the optic canal 
leads to a direct connection between the ethmoid 
sinus and the optic nerve, favoring the extension 
of infective agents [15]. The third, vertical-oval 
portion of the optic canal, known as optic fora-
men, involves the intraorbital opening, which can 
be identified immediately posterior to the optic 
tubercle creating a transorbital view. The optic 
canal is covered internally by two fused dural 
layers that continue from the intracranial dural 
lining and contain the optic nerve and ophthalmic 
artery [16]. While the dural covering of the optic 
canal’s floor continues to the anterior margin of 
the distal dural ring, the dural lining of the optic 
canal’s roof forms the falciform ligament from 
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the base of the anterior clinoid process to the dura 
of the planum sphenoidale, and the dural layer of 
the optic canal’s medial wall fuses with the dia-
phragm sellae.

The optic strut defines the bony bridge of the 
lesser wing of the sphenoid located between the 
anterior clinoid process and the body of the sphe-
noid, forming the inferolateral wall of the optic 
canal, and separating it from the superior orbital 
fissure [17]. The optic strut has a triangular-
shaped or wing-shaped appearance, delineating 
the anterior limit of the clinoid (C5) segment of 
the internal carotid artery [18] and the dorsal 
extent of the distal dural ring [19]. The base of 
the optic strut may be identified via the transs-
phenoidal endonasal endoscopic view as the “lat-
eral optic-carotid recess,” which is a bony 
depression located between the optic nerve and 
internal carotid protuberances on the lateral wall 
of the sphenoid sinus [2]. Kerr et al. [20] identi-
fied four anatomical variants of the optic strut 
position in relation to the prechiasmatic sulcus: 
(1) sulcal or adjacent to the prechiasmatic sulcus; 
(2) postsulcal, when located posteriorly to the 
prechiasmatic sulcus; (3) asymmetric; and (4) 
presulcal, when located anteriorly to the prechi-
asmatic sulcus. The optic strut may be duplicated 
when the posterosuperior segment develops 
above the ophthalmic artery, forming two sepa-
rate optic strut cranial openings with the optic 
nerve coursing through superior opening [5]. The 
optic strut may also assume a “keyhole” radio-
logical appearance when its posterosuperior seg-
ment is absent or present only in a rudimentary 
form. In rare cases, the optic strut may be totally 
absent, with the optic canal and superior orbital 
fissure forming a single cranial opening [21].

The optic nerve is contained within the optic 
canal and borders inferiorly the optic strut, cours-
ing from the optic chiasm to the eye bulb. Engin 
et  al. [8] divided the optic nerve into four seg-
ments from posterior to anterior: (1) intracranial, 
(2) intracanalicular, (3) intraorbital, and (4) intra-
ocular. The intracranial optic nerve segment lies 
inferior to the gyrus rectus and olfactory tract, 
coursing through the subarachnoid space inter-
secting the anterior cerebral artery and anterior 
communicating artery complex in the cistern of 

the lamina terminalis. While the anterior clinoid 
process is located laterally, proximal to the two 
dural rings that mark the transition from the cav-
ernous (C4) carotid segment to the clinoidal (C5) 
segment, the tuberculum sellae and the middle 
clinoid process are located medially. The optic 
nerve enters the optic canal below the falciform 
ligament, forming the intracanalicular optic 
nerve segment that courses in an anterolateral 
direction, superomedially to the optic strut. The 
inferior surface of the intracanalicular ON seg-
ment forms a protuberance on the upper part of 
the sphenoid sinus, located anterolaterally to the 
sellar floor [10]. After endoscopic endonasal 
sphenoidotomy, the ON protuberance can be eas-
ily identified superiorly to ipsilateral carotid pro-
tuberance, which is located laterally to the sellar 
floor and corresponds to the cavernous (C4) 
internal carotid segment [10]. The lateral optic-
carotid recess is sited between these two bony 
protuberances and can be used to detect the intra-
cranial optic canal opening superomedially, the 
clinoid internal carotid segment inferomedially, 
the superior orbital fissure inferolaterally, and the 
orbital apex laterally [2]. From an endoscopic 
view, the intracanalicular optic nerve segment 
may be also identified using a vertical line touch-
ing the medial border of the anterior ascending 
cavernous (C4) internal carotid artery segment 
[22]. After entering the muscle cone within the 
orbital apex, the intraorbital optic nerve segment 
extends in the globe with a S-shape to allow the 
mobility of the globe within the orbit [15]. Both 
the intracanalicular and intraorbital segments are 
surrounded by the optic nerve sheath.

2.4	� Operative Nuances

Surgical exposure of the optic canal is required to 
resect tumors extending into the optic canal from 
the orbital or intracranial compartments and to 
relieve compression of the edematous optic nerve 
in case of craniofacial trauma or pseudotumor 
cerebri [23]. Historically, ophthalmologists 
approached orbital apex lesions from a lateral 
orbitotomy corridor, which was introduced by 
Krönlein in 1889 [24]. In 1922, Dandy was the 
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first to use the transcranial approach to operate on 
a patient with bilateral optic canal meningiomas, 
concluding to have obtained better optic canal 
exposure compared to the traditional lateral 
access [25]. From that point in time, multiple sur-
gical windows, first open and then endoscopic, 
have been investigated to access the optic canal 
region [2]. Open surgical corridors, including the 
pterional, frontotemporal-orbital, supraorbital, 
and subfrontal, offer maximal exposure of the 
superior and lateral surfaces of the intracanalicu-
lar optic nerve segment. Transcranial routes to 
approach the optic canal can be extradural or 
intradural, with the use of either route depending 
on the surgeon’s preference and expertise [26]. 
Based on our experience, we prefer to access the 
optic canal extradurally by removing the anterior 
clinoid process, sectioning the falciform liga-
ment, and unroofing the optic canal with optic 
strut removal to increase the decompression of 
the optic nerve. Such step, coupled with the distal 
dural ring excision particularly in cases of aneu-
rysms, allow for the mobilization of the optic 
nerve and internal carotid artery creating an addi-
tional corridor in the optic-carotid space. This 
favors proximal control of the internal carotid 
artery, avoiding excessive traction of the optic 
nerve responsible for irreversible injury and 
offering safe dissection of the tumor from the 
optic nerve [27]. All these maneuvers reduce the 
risk of injuring the optic nerve. However, in cases 
of meningiomas, the surrounding dura should not 
be resected since its coagulation may compro-
mise the optic nerve’s blood flow and impairing 
visual function by causing optic neuropathy [27]. 
An anterior clinoidectomy may also be per-
formed with an intradural technique, but it may 
increase the risks of injuring the surrounding vas-
culature. We have recently used the ultrasonic 
bone curette (SONOPET®, Stryker, Kalamazoo, 
MI, USA) to reduce the risks of optic nerve and 
vascular injury, which may occur during bone 
drilling [28]. Any potential risk of thermal injury 
to the optic nerve associated with the use of ultra-
sonic bone curettes may be avoided by operating 
the SONOPET® at low power settings. In some 
cases, the anterior clinoid process may be pneu-
matized, or it can be fused with the middle cli-

noid process, forming the “caroticoclinoid 
foramen”, or with the posterior clinoid process, 
forming the “interclinoid bridge” [8, 29, 30]. 
These anatomical variations should be carefully 
evaluated at pre-operative CT scans, and, if pres-
ent, an intradural clinoidectomy is recommended 
to avoid any injury to the internal carotid or oph-
thalmic artery. The main limitation of open tran-
scranial approaches consists in the difficulty to 
safely expose the inferior and medial surfaces of 
the optic nerve without risking injury of the 
internal carotid artery and/or the cavernous 
sinus. Some authors suggest the use of contralat-
eral transcranial approaches to access the optic 
canal and treat medially projecting aneurysms of 
the ophthalmic (C6) internal carotid artery seg-
ment [31].

The endoscopic transsphenoidal route pro-
vides an optimal surgical corridor for accessing 
lesions originating from the sphenoid wing, cav-
ernous sinus, or tuberculum sellae and displacing 
the optic nerve superiorly and laterally [2]. Using 
the lateral optic-carotid recess as a landmark to 
identify the optic nerve, internal carotid artery, 
and ophthalmic artery, the bone overlying the 
tuberculum and planum sellae can be removed to 
access the optic chiasms and the inferomedial 
quadrant of the intracanalicular optic nerve seg-
ment. Navigation and micro-doppler may assist 
in identifying the internal carotid artery, espe-
cially in cases with tortuous “kissing ICA” where 
the ophthalmic internal carotid artery segment 
needs to be mobilized laterally or inferiorly to 
expose the inferior quadrant of the intracranial 
optic nerve segment. Bone removal may also be 
extended laterally to the tuberculum sellae (i.e., 
trans-medial optic-carotid recess) to access the 
distal intracranial optic nerve segment and the 
superomedial surface of the clinoid (C5) and 
ophthalmic (C6) carotid segments [2]. Abhinav 
et al. [32] reported the feasibility to decompress 
up to 270° of the optic canal using the endonasal 
endoscopic approach, but this technique requires 
extensive intracranial extension with delicate 
manipulation of the optic nerve and leads to high 
risks of causing cerebrospinal fluid leakage. 
Although the endonasal endoscopic corridor 
requires no brain retraction, the main limitation is 
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the inability to expose the superior surface of the 
intracanalicular optic nerve segment and 
transection of the falciform ligament to free the 
optic nerve without opening the subarachnoid 
space and causing cerebrospinal fluid leakage. In 
addition, pneumatization of the sphenoid sinus 
plays a big role in determining the surgical access 
through the transsphenoidal route, expecting 
unfavorable outcomes in patients with poorly 
pneumatized sinuses, which require prolonged 
drilling and thermal injury to the optic nerve [33].

Although several studies have demonstrated 
that the transcranial approaches provide greater 
circumferential decompression and exposure of 
the optic nerve with minimal risk of cerebrospi-
nal fluid leakage, the selection of the best surgical 
approach should be tailored on each patient’s 
anatomy, pathology, and clinical scenario [2, 22]. 
The pterional approach may be preferred to 
achieve a wide optic canal decompression or to 
access the superior and lateral surfaces of the 
intracranial optic nerve segment. The 
frontotemporal-orbital approach is indicated in 
treating lesions that extend into the lateral orbit. 
The subfrontal approach offers better inferome-
dial exposure of the distal intracranial optic nerve 
segment. The endoscopic endonasal transsphe-
noidal route provides the best access to the infe-
rior and medial quadrants of the intracanalicular 
optic nerve, allowing expanded exposure of the 
intraorbital and intracranial segments using the 
transplanum trans-tuberculum, trans-medial 
optic-carotid recess, and transcanalicular 
approaches. The transcranial and endoscopic cor-
ridors should be considered as complementary 
options for accessing the optic canal, optic strut, 
and optic nerve regions, and not as mutually 
exclusive.

2.5	� Conclusions

Knowledge of the surgical anatomy of the optic 
canal, optic strut, and optic nerve is necessary for 
skull base surgeons involved in the treatment of 
traumatic, oncological, and vascular pathologies 
to minimize the surgical morbidity and achieve 
optimal outcomes. Although some anatomical 

variants and abnormalities may be detected in 
several cases, the overall persistency of definite 
anatomical landmarks allows effective surgical 
planning. Open transcranial and endoscopic 
endonasal surgical approaches should be tailored 
on a case-by-case basis with relation to the indi-
vidual patient’s anatomy, pathology, and clinical 
scenario.
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3Microsurgical Anatomy 
of the Superior and Inferior Orbital 
Fissures

Antonio Bernardo, Alexander I. Evins, 
and Sergio Corvino

3.1	� Introduction

The orbit is a natural bony cavity communicating 
with extracranial and intracranial spaces through 
three openings: the superior orbital fissure (SOF), 
which connects the orbit with the middle cranial 
fossa; the inferior orbital fissure (IOF), which 
connects the orbit with the pterygopalatine, infra-

temporal, and temporal fossae; and the optic 
canal (OC), which connects the orbit with the 
supratentorial intradural space (Fig.  3.1) [1]. A 
detailed knowledge of the microsurgical anatomy 
of these bony openings, their contents, and the 
anatomical relationships of the encased struc-
tures is necessary for safe surgery, whether to or 
through the orbit.
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Fig. 3.1  Superolateral view of the right side of the skull. 
(a) The right orbit can be seen together with some of the 
intraorbital contents. (b) Superior view of the right orbit. 
The resection of the superior rectus muscle reveals the 
intraorbital intraconal structures. The extra-annular struc-

tures (CN IV, frontal nerve, lacrimal nerve, and superior 
ophthalmic vein) are clearly seen running outside the 
annulus of Zinn. (Copyright 2023 Antonio Bernardo; pub-
lished with permission)

3.2	� Surgical Anatomy

3.2.1	� Superior Orbital Fissure

The SOF is a narrow three-dimensional cleft 
located between the lesser and greater wings and 
the body of the sphenoid bone. It separates the 
lateral wall from the roof of the orbit and pro-
vides a direct and short communication between 
the contents of the orbital apex, anteriorly, and 
the cavernous sinus, posteriorly [2]. It has a trian-
gular shape, oriented from posterior-to-anterior, 
medial-to-lateral, and inferior-to-superior direc-
tion, with a base, an apex, four margins (superior, 
lateral, medial, and inferior), and a roof. The base 
is located medially on the sphenoid body and the 
apex is located laterally between the greater and 
lesser sphenoid wings. The roof is represented by 
the intraorbital surface of the lesser sphenoid 
wing and the anterior clinoid process, while infe-
riorly the SOF blends into the inferior orbital fis-
sure. The lateral border is formed by the greater 

sphenoid wing and has a course that is more hori-
zontal in the superior half and more vertical in the 
inferior half. The medial margin is represented by 
the lateral aspect of the optic strut and the sphe-
noid body. The inferior border divides the SOF 
from the foramen rotundum and is represented by 
a bony bridge known as the maxillary strut.

At the SOF, the dura of the middle fossa and 
of the cavernous sinus joint the periorbita and the 
annular tendon (annulus of Zinn). A dural bridge, 
known as the meningo-orbital band (MOB) that 
tethers the fronto-temporal dura to the periorbita, 
is present at the lateral edge of the fissure [3–7]. 
The annular tendon gives rise to the extraocular 
muscles and is attached to the superior, medial, 
and inferior edges of the optic canal and to the 
lateral margin of the SOF.  The SOF can be 
divided into three compartments: lateral, central, 
and inferior. The lateral sector hosts the neuro-
vascular structures outside and superolaterally to 
the annulus and includes the trochlear, frontal, 
and lacrimal nerves and the superior ophthalmic 
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vein (SOV). The lacrimal nerve is the most lateral 
nerve in the SOF, the frontal nerve is immedi-
ately medial to it, and the fourth cranial nerve is 
inferior and medial to the frontal nerve. The SOV 
lies inferomedially to the lacrimal nerve.

The central sector of the SOF, also referred to 
as the oculomotor foramen, hosts the structures 

crossing the annulus, namely the oculomotor, the 
nasociliary, and abducens nerves, and the sensory 
and sympathetic fibers of the ciliary ganglion and 
the inferior ophthalmic vein (IOV) (Fig.  3.2). 
Cranial nerve III, at the posterior margin of the 
SOF, splits into superior and inferior divisions 
which course into the central sector of the fissure. 

a b

c d

e f

Fig. 3.2  Superior orbital fissure. (a) Unroofing and 
unlocking of the superior orbital fissure expands the 
working corridor to the orbit in transcranial approaches. 
(b–d) Loosening the extra-annular structures and opening 
the annulus of Zinn releases the dense anatomy of the 
orbital apex. (b, c) Lacrimal nerve, frontal nerve, trochlear 
nerve, and superior ophthalmic vein are clearly seen out-
side the annulus of Zinn. (d, e) Opening the annulus of 
Zinn via medial displacement of the extra-annular struc-
tures exposes the nasociliary and oculomotor nerves as 
they enter the orbit, (f) allowing for mobilization of both 

nerves and access to the medial superior orbital fissure 
and proximal contents of the orbit. a., artery; Cav., cavern-
ous; CN, cranial nerve; DDR, distal dural ring; div., divi-
sion; ICA, internal carotid artery; III, oculomotor nerve; 
IIIi, inferior division of the oculomotor nerve; IIIs, supe-
rior division of the oculomotor nerve; inf., inferior; lat., 
lateral; m., muscle; n., nerve; opht., ophthalmic; SOF, 
superior orbital fissure; Sup., superior; v, vein; V1, oph-
thalmic nerve; V2, maxillary nerve; V3, mandibular nerve. 
(Copyright 2023 Antonio Bernardo; published with 
permission)
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The nasociliary nerve and the sympathetic fibers 
within the fissure run between the inferior divi-
sion of the oculomotor nerve medially and the 
abducens nerve laterally. The IOV usually meets 
the SOV laterally to the annular tendon at the 
superior orbital fissure.

Finally, the inferior sector, which is below and 
outside the annulus, hosts orbital fat and orbital 
smooth muscle (Muller’s muscle).

3.2.2	� Inferior Orbital Fissure (IOF)

The IOF, also known as the sphenomaxillary fis-
sure, is located in the orbital floor and separates it 
from the lateral wall (Fig. 3.3). It is oriented in an 
anterolateral direction from the maxillary strut to 
the zygomatic bone and has long anterior and 
posterior borders, represented by the intraorbital 
surface of the maxillary bone and the greater 
sphenoid wing, respectively, and short medial 
and lateral borders, represented by the sphenoid 
body and the zygomatic bone, respectively.

It can be divided into three parts based on its 
communication with three different underlying 
areas [8, 9]: the anterolateral part communicates 
with the temporal fossa, the middle part with the 
infratemporal fossa and the posteromedial part 
with the pterygopalatine fossa. A bony ridge on 
the exocranial surface of the greater sphenoid 
wing, the infratemporal crest, separates the 
anterolateral and the middle parts of the IOF, and 
thus the temporal and the infratemporal fossae. 
The posteromedial portion of the inferior orbital 
fissure meets the medial part of the superior 
orbital fissure.

The Muller’s muscle lies on the floor of the 
entire fissure, forming a bridge and separating the 
orbital content above from the pterygopalatine, 
infratemporal, and temporal fossae below.

The structures crossing the IOF include the 
zygomatic and infraorbital branches of the maxil-
lary nerve, branches of the internal maxillary 
artery, and branches of the ophthalmic vein. The 
maxillary nerve enters the infraorbital groove 
with the infraorbital artery at the middle portion 
of the fissure to become the infraorbital nerve. 
The zygomatic nerve crosses the posterior mar-
gin of Muller’s muscle in the middle portion of 
the fissure to run upward toward the lacrimal 
gland inside the periorbita. Anastomotic veins 
between the inferior ophthalmic vein and the 
pterygoid plexus cross the posteromedial part of 
the IOF.

3.3	� Surgical Considerations

3.3.1	� Superior Orbital Fissure

The SOF is a complex anatomical structure 
located at the junction of two complex surgical 
areas, the anterior cavernous sinus and orbital 
apex. Its intricate anatomy includes multiple neu-
rovascular structures that change in the confined 
space as they pass from one compartment to 
another. The SOF can be directly affected by 
lesions or used as a surgical route to access the 
orbit from intracranial or intraorbital corridors 
and can be used to enhance surgical corridors to 
the parasellar region and cavernous sinus.

Fig. 3.3  Inferior orbital fissure. Anterosuperior view of 
the left orbit with the intraconal contents and the extraocu-
lar muscles removed. The lateral wall of the orbit has been 
drilled. The infraorbital nerve is seen traveling along the 
inferior orbital fissure and the infraorbital vessels are 
observed along the infraorbital groove, entering the infra-
orbital canal, en route to the infraorbital foramen. II, optic 
nerve; IOF, inferior orbital fissure; Lat., lateral. (Copyright 
2023 Antonio Bernardo; published with permission)
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a b

Fig. 3.4  Surgical corridors to the orbit. (a) Frontotemporal 
orbital approach, frontotemporal orbitozygomatic 
approach (superolateral arrow), fronto-orbital approach, 
supraorbital approach (superior arrow), unilateral sub-
frontal transbasal approach (superomedial arrow), trans-
maxillary approach (transmaxillary arrow), endoscopic 
endonasal approach (transnasal arrow), and a lateral orbi-
totomy (lateral arrow). (b) Orbital exposure by approach. 
The frontotemporal orbital and frontotemporal orbitozy-
gomatic approaches expose the superolateral and supero-
medial quadrants. The frontotemporal orbitozygomatic 

approach extends that exposure to most of the inferolat-
eral quadrant. The fronto-orbital and the supraorbital 
approaches expose portions of the superior quadrants. The 
unilateral subfrontal transbasal approach exposes the 
inferomedial and a portion of the superolateral quadrant. 
The lateral orbitotomy provides good access to most of 
both lateral quadrants. The transmaxillary approach 
allows for good exposure of portions of the inferior quad-
rants. The endoscopic endonasal approach provides 
access to most of both medial quadrants. (Copyright 2023 
Antonio Bernardo; published with permission)

Many surgical approaches are available for 
accessing the orbit, sellar, and parasellar regions, 
including the pterional, fronto-orbitozygomatic, 
and subfrontal (Fig.  3.4). The structures of the 
SOF take on different spatial relationships 
depending on the surgical perspective of the vari-
ous approaches. A simple pterional approach in 
combination with anterior clinoidectomy, unroof-
ing of the optic nerve canal, and extensive 
removal of the lesser and greater sphenoid wings 
leads to excellent extradural visualization of the 
SOF’s contents and related topography—anterior 
cavernous sinus and orbital apex. However, if cir-
cumstances dictate a different surgical perspec-
tive, thorough knowledge of the neural 
topography of the region is essential to enable 
safe and efficacious choices, such as the lateral 
orbitotomy, endoscopic endonasal approach, or 
endoscopic transorbital approach. Other 
approaches, such as the medial orbitotomy and 
anterior medial micro-orbitotomy, do not neces-
sarily involve exposure of the SOF.

The pterional approach is one of the most 
widely used neurosurgical approaches, and the 
SOF serves as an important anatomical landmark 
whether the SOF is the target or encountered en 
route to the target.

The spatial relationships of the various com-
ponents of the SOF and of the surrounding 
structures as they are encountered by the surgeon 
performing a pterional approach are of utmost 
importance, and appropriate sequential surgical 
steps need to be taken to expose the region fully 
via this approach. To adequately expose the SOF, 
the bony anterior clinoidal process, located 
between the superior orbital fissure laterally and 
the optic canal medially, needs to be removed. 
The optic strut, which connects the anterior cli-
noidal process with the lateral aspect of the body 
of the sphenoidal bone, needs to be carefully 
removed. In order to adequately expose the 
extrannular components of the SOF, the remain-
der of the lesser sphenoidal wing, the posterior 
orbital roof, is removed as well as the lateral wall 
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of the superior orbital fissure, formed by the 
greater sphenoidal wing. Although freed from 
bony containment, the SOF is still partially 
obscured by the temporal lobe which is gently 
elevated by carefully peeling the dura from the 
neural structures about to cross the SOF.

As the dura is elevated from the anterior por-
tion of the cavernous sinus, the cranial nerves are 
visible through a thin and semi-transparent veil 
of connective tissue covering them. Near the 
SOF, the cranial nerves are wrapped in a common 
meningeal sheath, which, as it is continuous with 
the periosteum of the orbit anteriorly, allows 
mobilization of the dura propria without disrup-
tion of the venous channels of the cavernous 
sinus. Once the SOF is fully exposed, the nerve 
structures that pass through it to enter the orbit 
become clearly visible. In order to widen the sur-
gical corridors to the cavernous sinus and orbit, 
these structures must be identified, isolated, and 
unlocked. The most lateral nerve in the SOF, and 
therefore the first one encountered in the pteri-
onal approach, is the lacrimal nerve; the frontal 
nerve is immediately medial and the trochlear 
nerve is inferior and medial. The superior oph-
thalmic vein lies inferomedially to the lacrimal 
nerve.

When the goals of surgery include access to 
the cavernous sinus or orbit, it is extremely 
important to free the contents of the SOF 
[10]. The most lateral aspect of the SOF contains 
the extra-annular structures—CN IV, the frontal 
nerve, the lacrimal nerve, and the superior oph-
thalmic vein. Of these, CN IV is the most medial 
and the lacrimal nerve the most lateral, with the 
frontal nerve in the middle. The extra-annular 
structures can be displaced laterally, medially, or 
split depending on the target area of exposure. 
Split displacement of the extra-annular structures 
allows for the enlargement of the space between 
CN IV and CN V1 (Parkinson’s/infratrochlear 
triangle)—the main access point to the body of 
the cavernous sinus. Medial and lateral displace-
ment of the extra-annular structures, including 
mobilization of the lacrimal and frontal nerves, 
allows for the unlocking of CN IV and exposure 
of the annulus of Zinn, facilitating subsequent 

access to the orbit. Medial displacement is espe-
cially useful for lesions involving the lateral orbit 
and/or lesions necessitating identification of CN 
VI, whereas lateral displacement is useful for 
lesions involving the medial orbit. Maximal 
exposure of the annulus of Zinn is achieved with 
split displacement.

Lateral, medial, or split displacement of the 
extra-annular structures is based on the location 
of the incision, which can be either medial to CN 
IV, lateral to the lacrimal nerve, or between CN 
IV and the frontal nerve. For lateral displace-
ment, an incision is placed along the medial 
aspect of CN IV, continuing into the periorbita, 
just distal to the SOF. The extra-annular bundle, 
comprising CN IV, the frontal nerve, and the lac-
rimal nerve, is then displaced laterally, exposing 
the annulus of Zinn and its contents. For split dis-
placement, an incision is placed between CN IV 
and the lacrimal nerve, continuing into the peri-
orbita. CN IV is carefully displaced medially, and 
the frontal and lacrimal nerve bundle is displaced 
laterally. For medial displacement, an incision is 
made lateral to the frontal nerve, continuing into 
the periorbita, and the extra-annular bundle is 
displaced medially.

In order to expose the SOF and its contents, 
the temporal dura must be peeled off and ele-
vated. Since CN III, IV, and V1 run in the inner 
dural layer of the lateral wall of the cavernous 
sinus, they can be safely exposed extradurally 
through the peeling of the temporal dura after 
cutting the meningo-orbital band. For this pur-
pose, the MOB represents a valid landmark for 
the interperiosteal-dural dissection of the lateral 
wall of the cavernous sinus and the subsequent 
extradural clinoidectomy [3–6]. Cutting the 
MOB provides a well-defined cleavage plane 
between the endosteal and meningeal layers, 
which allows for the cranial nerves coursing in 
the inner layer of the lateral wall of the cavernous 
sinus and entering the SOF to be seen wrapped 
by a common meningeal sheath. Exposure of CN 
IV is riskier because it runs inside the sinus, cov-
ered by V1 and adjacent to the horizontal seg-
ment of the cavernous internal carotid artery, and 
thus requires violation of the venous space.

A. Bernardo et al.



23

3.3.2	� Inferior Orbital Fissure

The anterolateral third of the IOF has been used 
as a landmark for lateral and antero-lateral 
approaches to the orbit such as lateral orbitotomy 
and fronto-orbito-zygomatic approach [11]. The 
IOF can also be used as landmarks for endo-
scopic approaches to the anterolateral skull base.

The IOF in an important landmark in the lat-
eral orbitotomy and both one- and two-piece 
orbitozygomatic osteotomies. In the one-piece 
orbitozygomatic approach, after detaching the 
posterior root of the zygoma, a cut is placed to 
connect McCarty’s keyhole to the IOF.  In the 
two-piece orbitozygomatic approach, the zygo-
matic bone is divided just above the level of the 
malar eminence after detaching the posterior 
aspect zygomatic arch. A cut is initiated on the 
inferior margin of the zygomatic bone proceed-
ing superiorly until halfway across the bone, the 
globe is retracted medially, and the IOF is identi-
fied within the orbit and used as a landmark for 
placing a cut from the superior margin of the 
zygomatic bone to the IOF, connecting with the 
previous cut. After freeing the superior orbital 
rim and roof medially and posteriorly, the final 
cut proceeds across the lateral wall of the orbit 
until reaching the most lateral aspect of the infe-
rior orbital fissure.

In the endoscopic transorbital approaches, the 
IOF serves as the inferior limit of intraorbital 
bone removal [12]. Following skeletonization of 
the orbital rim, subperiosteal dissection of the 
periorbita from the lateral wall of the orbit is per-
formed until the superior and inferior orbital fis-
sures are visualized and bone is drilled between 
the IOF and SOF depending on the surgical target 
[13, 14].

The IOF is also encountered or traversed in 
endoscopic transnasal approaches to the pterygo-
palatine fossa and transmaxillary approaches to 
the orbit or middle cranial fossa [15, 16]. In 
endoscopic endonasal approaches, the IOF pro-
vides access to the temporal fossa via its anterior 
third, to the infratemporal fossa via its middle 
third, and to the pterygopalatine fossa via its pos-
teromedial third. Total maxillary antrostomy and 
ethmoidectomy expose the posterior aspect of 

the IOF, after removal of the posterior wall of 
maxillary antrum and ascending process of the 
palatine and provides access to the foramen 
rotundum and pterygopalatine fossa. Access to 
the middle third and partial access to the anterior 
third of the IOF can be achieved following a 
modified medial maxillectomy and removal of 
the posterior two-thirds of the inferior turbinate. 
This approach affords additional access to the 
pterygomaxillary fissure and infratemporal fossa. 
Exposure of the anteromedial aspect of the IOF 
can be improved by adding an anterior transmax-
illary corridor through a sublabial incision. 
Proper combination of these transnasal and trans-
maxillary endoscopic approaches can ensure suf-
ficient exposure of the anterior skull base regions 
through the IOF.

3.4	� Conclusion

Comprehensive knowledge of the surgical anat-
omy and thorough familiarity with complex sur-
gical techniques used in various approaches 
allows for a broader surgical armamentarium. 
Each approach must be tailored to provide the 
best access to a particular intraorbital or intracra-
nial region and afford optimal control of the neu-
rovasculature, whether the orbit is the main 
surgical target or is used as a corridor to intracra-
nial lesions.
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4Clinical and Opthalmological 
Evaluation

Lucia Ambrosio, Gaetano Fioretto, 
and Ciro Costagliola

4.1	� Introduction

The clinical evaluation of patients with suspected 
or diagnosed orbital or cranio-orbital mass 
lesions is based on several important steps; these 
include the careful anamnesis and clinical his-
tory, the inspection of the eye and adnexa to evi-
dence proptosis, eyelid and eye surface 
abnormalities, the functional evaluation of the 
visual acuity, visual field, ocular motility, and eye 
fundus. The optical coherence tomography 
(OCT) and ophthalmic ultrasonography are 
important complementary studies to the diagno-
sis. All these diagnostic steps are discussed in 
this chapter.

4.2	� History

4.2.1	� Family and Patient History

The remote anamnesis should investigate possi-
ble congenital diseases potentially associated 

with orbital mass lesions, such as neurofibroma-
tosis [1, 2], Von Hippel-Lindau disease [3], famil-
ial cavernous malformations [4, 5]. Previous 
surgical procedures for oncological diseases, 
such as breast or prostatic cancer, must suggest 
the possibility of an orbital metastasis [6, 7]. 
Previous nasal and maxillary surgery may pres-
age a mucocele [8] or a carcinoma with second-
ary invasion of the orbit. Several patients with 
ophthalmological problems underwent a neuro-
surgical procedure for skull base tumors, mainly 
of the suprasellar and parasellar regions; in such 
cases, a late orbital involvement due to tumor 
progression or recurrence must be suspected [9, 
10]. In patients with previous diagnosis of orbital 
pathology and previous orbital surgery, clinical 
presentation, surgical description and histologi-
cal diagnosis must carefully be reviewed.

4.2.2	� First Complaints 
and Symptoms

Most patients with cranio-orbital mass lesions 
seek ocular consultation for proptosis, eventually 
associated with pressure sensation and orbital 
pain. Decrease of vision and diplopia may occur 
later [9, 10].

The pressure sensation is probably due to 
increasing orbital pressure secondary to slow 
expanding tumors or cysts. It has also been 
observed in patients with decompensation of the 
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orbital apparatus after a long-standing inflamma-
tory tumor [11].

Pain is a frequent symptom of orbital lesions. 
It may be continuous or episodic, sometimes noc-
turnal, and is often severe. The referred site of 
pain may be related to the location of the mass 
lesion. Pain located to the deep orbit may be 
referred to an orbital apex lesion, mainly if 
associated with ocular motility disturbance. If the 
pain is more intense in the infero-medial orbital 
compartment, it should suggest a malignant 
tumor of the ethmoid or maxillary sinus. If pain is 
referred to the lateral orbital compartment, a 
malignant neoplasm or an inflammatory process 
of the lacrimal gland may be present.

Headache is a less frequent symptom which 
may accompany inflammatory and vasculitic dis-
eases, cranio-orbital meningiomas and secondary 
orbital invasion by malignant tumors. The head 
noise may be referred in patients with orbital vas-
cular malformations or less frequently with intra-
cranial vascular lesions contiguous to the orbit. It 
is more frequently of pulsating type and synchro-
nous with the heartbeat.

4.2.3	� Chronology of the Evolution 
Before Diagnosis

The length of the clinical history, the type of 
onset, and the rate of progression of the symp-
toms are very important for the diagnosis, 
although they are often difficult to define.

The period of onset is mostly referred for 
more relevant symptoms, such as visual impair-
ment and diplopia; on the other hand, dating the 
onset of the proptosis is more difficult. In many 
cases, prior photographs may show that slight 
proptosis was already present many years before 
[11]. Lesions with a long interval time from the 
presentation are usually benign.

The onset of symptoms may be slow or acute. 
A slow clinical onset should suggest a benign 
mass lesion; an acute onset of symptoms is more 
typical for malignant and inflammatory mass 
lesions [12, 13]. However, this is not always true. 
A hemorrhage within an asymptomatic benign 
cranio-orbital cyst may cause acute symptoms; 

otherwise, a malignant mass lesion may initially 
present with slow symptoms. Thus, the rate of 
symptom progression is more relevant.

An indolent course with isolated proptosis for 
several years suggests a cyst or a benign tumor 
[14]. In this context, sudden increase of the pro-
ptosis should suggest malignant degeneration. 
The rapid evolution of symptoms after the onset 
may be referred to as malignant tumor, but it is 
also more typical of an inflammatory lesion.

4.3	� Inspection of the Eye 
and Adnexa

Inspection of the eye and adnexal structures 
should include the assessment of the proptosis, 
the state of the eyelids, and the surface of the eye.

4.3.1	� Assessment of Proptosis

Proptosis, or forward protrusion of the eye globe, 
is an almost constant sign of orbital mass lesions 
[11, 15, 16]. It may be evidenced with a front 
view (Fig. 4.1), but the patient observation from 
above the eyebrow allows to better define the dif-
ferent globe position between the affected and 
the normal side.

The degree of globe displacement as com-
pared to the contralateral is quantified in millime-
ters with the Hertel exophthalmometer, eventually 
with Krahn modification. The normal values 
derived with the Krahn device ranges from 14 to 
21 mm in adults. Values <14 mm are considered 

Fig. 4.1  Bilateral proptosis. (Image courtesy of Prof. 
Diego Strianese, Oculoplastic Unit University of Naples 
Federico II)
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diagnostic for enophthalmos. Values >21  mm, 
although sometimes found in individuals as an 
ereditary tendency, may be diagnostic of propto-
sis, mainly when the difference between the two 
eyes is >2 mm.

Proptosis is associated with displacement of 
the eye in about of 80% of orbital mass lesions 
[11]. The type of displacement may be correlated 
with the tumor location. Superolateral and lacri-
mal gland mass lesions cause infero-medial dis-
placement; medial and inferior lesions mainly 
cause eye displacement superiorly and laterally. 
Apical or intracranial lesions present with axial 
proptosis. The presence of eye displacement 
without proptosis is a rare event which may be 
observed for tumors arising from the eyelid and 
invading the orbit.

Although proptosis from orbital mass lesions 
is almost always unilateral, bilateral proptosis 
may be observed for several malignant lympho-
mas, metastatic carcinomas, or dural arteriove-
nous malformations; more often an unilateral 
orbital tumor may extend to the contralateral eye 
during its course.

Palpation of the proptotic eye may elicite ten-
derness, as for intraorbital mucoceles and cystic 
lesions. Pulsation synchrone with the arterial 
pulse is typical of the carotid-cavernous fistula. 
However, the pulsation may rarely be observed 
for some high vascular tumors and cavernous 
malformations.

4.3.2	� Eyelids

Several eyelid abnormalities may be observed in 
patients with cranio-orbital mass lesions, includ-
ing retraction, edema, rubor, ecchymosis.

The most accurate means to detect eyelid 
retraction is measurement of the distance between 
the margin of the upper eyelid and the superior 
orbital fold. When eyelid retraction occurs, the 
superior palpebral fold deepens, and the interval 
between palpebral fold and lid margin is short-
ened. Thus, the fold-lid margin ratio is a more 
reliable marker of eyelid retraction.

Orbit neoplasms with rapid growth may cause 
severe proptosis so that the eye is pushed out of a 

protective cover of the eyelid, thus mimicking an 
eyelid retraction. The true eyelid retraction with 
increased fold-lid margin ratio may occur for 
some slowly growing neoplasms.

Edema of the eyelid without erythema or 
other inflammatory signs may be associated with 
vascular and neurogenic tumors, probably sec-
ondary to long-standing venous stasis. Edema 
with inflammatory signs, such as hyperemia and/
or tenderness is commonly associated with thy-
roid eye disease and orbital inflammatory syn-
dromes, both infectious and non-infectious. Mild 
edema of the superior eyelid may occur for 
tumors located in the superior areas of the orbit. 
Edema of the nasal portion of the upper eyelid 
suggests a mucocele of the frontal sinus. Some 
degree of eyelid edema is also associated with 
orbital carcinomas. Finally, bilateral edema of 
all four eyelids is a frequent finding of orbital 
lymphomas.

Eyelid hyperemia and rubor may accompany 
fast-growing neoplasms and acute inflammatory 
mass lesions located in the anterior orbital areas, 
such as rhabdomyosarcoma and leukemia [12].

Ecchymosis of the eyelid may be associated 
with hematoma, metastatic neuroblastoma, but 
also to amyloidosis, plasmacytoma, and leuke-
mia infiltrates.

4.3.3	� Surface of the Eye

Several changes of the eye surface may be 
observed in patients with orbital mass lesions. 
Dilated, tortuous, reddish-purple vessels are 
diagnostic of vascular malformations or shunts. 
Episodes of subconjunctival hemorrhage may be 
a presenting sign of orbital mass lesions, mainly 
cavernous hemangiomas and lymphangiomas.

The epibulbar discoloration, defined salmon-
hued lesion, is an objective sign typical of orbital 
lymphoma [13]. The painless and slowly growing 
mass of salmon color appears along the surface 
of the eye in a superior location. It results from 
forward extension of the orbital mass.

Epibulbar melanotic spots are signs of an 
intraocular melanoma or primary melanoma of 
the conjunctive.

4  Clinical and Opthalmological Evaluation
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4.3.4	� External Mass

An external mass in the anterior orbit can some-
times be present. The mass must be evaluated for 
mobility, consistency (solid versus cystic), rela-
tionships with the orbital bones and underlying 
soft tissues. Mass lesions which may more 
frequently present with an external palpable mass 
include lacrimal gland tumors, dermoid cyst, and 
mucocele.

4.4	� Functional Evaluation 
of the Eye

Determining the ocular function is a fundamental 
step in the diagnosis of patients with orbital mass 
lesions. In fact, the preservation of the visual 
function is the most important aim of surgery of 
orbital tumors.

The ocular function may be affected by an 
orbital mass in different ways: dislocation of the 
eye and optic nerve, anatomic contact between 
tumor and eye, infiltration of the nerves and mus-
cles, damage to the blood supply to the eye.

4.4.1	� Visual Acuity

The visual acuity should be measured at distance 
in Slenner or LogMAR notations. Near vision 
may also be measured but it does not replace the 
determination of distance acuity.

In many cases of orbital mass lesions, there is 
no correlation between visual acuity and entity of 
proptosis. Even gliomas arising from the optic 
nerve may remain asymptomatic or may present 
with proptosis and normal vision for a long time 
[17, 18].

4.4.2	� Visual Field

The perimetry, or visual field analysis, is realized 
by quantitative static methods, such as 
Humphrey’s 24-2 or 30-2, but may also be per-
formed by other means, such as Goldman perim-
etry and Octopus perimetry.

The role of the perimetry is to record the 
degree of pretreatment visual loss, with the aim 
to decide the surgical resection. Besides, the pre-
operative visual field is important to define the 
functional outcome of the treatment [11].

4.4.3	� Ocular Motility

The impairment of the ocular motility is an 
important clinical finding of patients with cranio-
orbital mass lesions. It occurs with different 
mechanisms and often depends on the intraor-
bital location and size of the lesion itself. A mass 
lesion confined to one sector or quadrant of the 
orbit may cause diplopia only when the ocular 
rotation occurs into the area occupied by the 
mass. However, very large tumors may be associ-
ated with diplopia in all directions.

Apical mass lesions cause diplopia early in the 
eye movement, because of the early impairment 
of the oculomotor nerves at the superior orbital 
fissure.

Apical and medial orbital masses may some-
times cause transient diplopia and obfuscation of 
the vision during the forced eye excursion in the 
direction of the impaired extraocular muscles; 
this is due to transient compression to the vascu-
lar supply of the orbital portion of the optic nerve 
[11].

Besides the compression mechanism, diplopia 
from orbital mass lesions may be secondary to 
edema, inflammation, or infiltrations of the 
affected muscle. The muscle infiltration mainly 
occurs in orbital metastatic carcinomas and often 
evolves in muscular contracture and eye 
deviation.

Diplopia is usually the first symptom of 
schwannomas of the oculomotor nerves, in asso-
ciation with functional impairment of the 
involved nerve [19, 20]. However, nerve-related 
symptoms and signs may be absent [17].

4.4.4	� Ophthalmoscopy

The ophthalmoscopic study is not highly relevant 
in the diagnosis of orbital mass lesions. 
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Indentations of the eye wall and choroidal folds 
are mainly observed in tumors of the anterior 
portion of the orbit.

Pallor of the optic disc and less frequently 
hyperemia, edema, or optic disc elevation are 
associated with optic nerve tumors (meningioma 
or glioma) or to retinoblastoma [11].

4.4.5	� Intraocular Pressure

An increase in the intraocular pressure is associ-
ated with orbital vascular pathologies, including 
carotid-cavernous fistulas, arteriovenous malfor-
mations of the posterior orbit, dural vascular 
shunts. All these conditions cause rise of the 
orbital venous pressure. The increase of the intra-
ocular pressure is resistant to medical therapy, 
but it is associated with scarce or no visual 
impairment.

4.4.6	� Auscultation

In patient with suspected orbital mass lesions, the 
discovery of the bruit is suggestive of a vascular 
malformation of the orbit or contiguous intracra-
nial compartment. This finding is evident in arte-
riovenous fistulas but not in the venous 

malformations, and thus it results from the arte-
rial flow. Although the bruit is usually evidenced 
in the affected orbit, it may also be present at the 
frontal and temporal region.

4.4.7	� Optical Coherence 
Tomography (OCT)

OCT is a helpful ancillary test [21–23]. It is typi-
cally performed for quantitative measurement of 
retinal nerve fiber layer (RNFL) thickness, retinal 
ganglion cell (RGC) layer thickness, and qualita-
tive and quantitative assessment of macular 
health. In the presence of optic nerve damage, the 
RNFL and RGC layers are thinned; the quantita-
tive measurement is a reliable indicator of stabil-
ity or progression of damage over time. In the 
presence of orbital diseases, the RGC layer thick-
ness is a more reliable indicator than RNFL thick-
ness because the RNFL thickness may be 
increased by venous congestion (Fig. 4.2). Thus, 
increasing RNFL thickness over time may be con-
sidered an objective measurement of increasing 
venous congestion and/or a sign of optic nerve 
head inflammation, infiltration, or ischemia. The 
OCT is more sensitive in the assessment of change 
over time than ophthalmoscopy, serial fundus 
photography, or magnetic resonance (MR).

Fig. 4.2  Papilledema. The OCT scan of the optic nerve head shows the triangular subretinal hyporeflective space (in 
yellow) in papilledema. (Image courtesy of Dr. Gilda Cennamo, University of Naples Federico II)
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4.5	� Ophthalmic 
Ultrasonography

The ophthalmic ultrasonography, performed by a 
skilled echographer, is a very useful test [24]. It is 
more sensitive than computed tomography (CT) 
or MR in the assessment of intraocular, retinal, or 
subretinal diseases and is helpful to CT or MR in 
the characterization of orbital mass lesions 
(Figs. 4.3 and 4.4). If CT and MR have been used 
in the initial evaluation of an orbital abscess or 
mid- or anterior orbital inflammatory disease, 

such as posterior scleritis, serial B-mode ultra-
sound is adequate in monitoring the response to 
treatment, thus minimizing the need for several 
neuroradiological studies. If CT and MR have 
evidenced a mid or anterior orbital tumor or an 
infiltrative process, the echography is helpful in 
assessing the internal acoustic characteristics of 
the lesion.

Lymphoma, melanoma, and cysts have no or 
low internal reflectivity; other mass lesions have 
mid- (such as schwannoma) to high internal 
reflectivity (such as many carcinomas or cavern-

Fig. 4.3  The ultrasound b-scan picture is compatible 
with a lymphangioma-type pathology located in the 
superior-medial angle of the orbit. The lesion is bounded 
by green lines; and it shows a decreased volume after 

compression, this is a typical phenomenon of cystic 
tumors. (Image courtesy of Dr. Maria Angelica Breve, 
University of Naples Federico II)

Fig. 4.4  The ultrasound b-scan picture is compatible 
with a solid round lesion located in the superior-medial 
angle of the orbit. The lesion is bounded by green lines; 
and it shows a fixed volume after compression, this is a 

typical phenomenon of solid tumors. (Image courtesy of 
Dr. Maria Angelica Breve, University of Naples Federico 
II)
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ous hemangioma). Ultrasonography also allows 
real-time dynamic assessment of tumor adher-
ence or infiltration to adjacent tissues [25–28].

The B-mode echography is also an useful tool 
for image-guided fine needle aspiration biopsy 
(FNAB) of orbital tumors. This scarcely invasive 
diagnostic technique is mostly performed for the 
identification of metastatic tumors, allowing 
definitive diagnosis without necessity of open 
biopsy. It also aids in the cytopathologic diagno-
sis of lacrimal gland mass inflammations, lym-
phoma, pleomorphic adenoma, or carcinoma.

Ultrasonography can be done quickly in the 
clinic at a low cost. It is the unique imaging tech-
nique able to reveal dynamic changes such as 
compressibility and internal reflectivity, as well 
as the cystic nature of lesions. Doppler imaging 
provides information regarding vascular flow 
characteristics within a lesion. This modality is 
typically applicable to anteriorly located mass 
lesions.

Thus, ultrasonography is an important com-
plementary imaging technique to CT and MR for 
defining the orbital mass lesions.
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5Neuroradiological Imaging

Renata Conforti, Donatella Franco, 
Francesco Briganti, and Ferdinando Caranci

5.1	� Introduction

Cranio-orbital masses in adults include a broad 
spectrum of non-tumoral and tumoral benign and 
malignant pathologies. Imaging allows in some 
cases to define these lesions and to evaluate their 
location and real extension, but only few may 
specifically be characterized by imaging.

In this chapter, we focus on magnetic reso-
nance imaging (MRI) and computed tomography 
(CT) features of the most common cranio-orbital 
tumors. Noninvasive MRI thin fat signal intensity 
suppression (FS) sequences without and with 
intravenous contrast injection allows the best 
orbital tissue characterization.

CT is the gold standard diagnostic method in 
case of osseous lesions (orbital, sinuses); it can 
detect any possible widening or erosions of 
orbital bony structures and the eventual presence 
of calcifications within the lesion.

Moreover, MRI and CT studies are particu-
larly useful for tumors that extend toward the 

orbit and which do not originate from structures 
contained therein.

The diagnostic study of the orbit should imply 
the knowledge of the complex anatomy of this 
narrow region [1, 2], that is packed with multiple 
different structures: eye globe, muscles, nerves, 
arteries and veins, fat, lacrimal gland, meninges.

Bilateral symmetry is essential for the detec-
tion of orbital lesions; any asymmetry of these 
structures must be considered and detailed with 
contrast enhanced studies that are particularly 
advantageous for detecting small lesions by 
merely looking for asymmetric signal or contrast 
enhancement [1].

A trick to facilitate the radiological diagnosis 
of the cranio-orbital lesions is to narrow the dif-
ferential diagnosis by localizing the lesion into 
an orbital compartment and ascertain the struc-
ture of origin (Fig. 5.1).

The orbit can be subdivided into the preseptal 
and postseptal compartments by the septum [3]. 
The postseptal orbit is subdivided by the cone of 
extraocular muscles, which separate the extra-
conal and intraconal compartments [3] (Figs. 5.1, 
5.2, and 5.3).

In general, five anatomical orbital imaging 
patterns can be identified, based on the division 
of the orbit into compartments: intraconal, optic 
nerve sheath complex, extraconal, orbital apex 
and cavernous sinus, extraocular muscle and dif-
fuse (involving any orbital structure). Lesions 
may either be located to a single compartment or 
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Fig. 5.1  Orbital 
compartments. Each 
compartment is 
characterized by 
different colors 
(intraconal brown, 
muscles yellow, 
extraconal red). 
(Original to the 
authors)

Fig. 5.2  MR orbital anatomy (T2 weighted axial sec-
tion). (Original to the authors)

Fig. 5.3  MR orbital anatomy (T2 weighted coronal sec-
tion). (Original to the authors)
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be multicompartmental [3]; cross-sectional imag-
ing allows to delineate specific patterns of com-
partmental involvement [3, 4].

Characterization of the lesion with clinical 
correlation leads to a probable diagnosis [1]. A 
basic depiction of anatomical structures within 
the orbit on T1- and T2-w images is mostly 
important; besides location and extension (extra- 
and intraorbital), assessment of signal intensity 
(on T1- and T2-w images), mass effect [1] and 
enhancement patterns of the lesion are funda-
mental for the diagnosis [1, 5, 6].

We will review the most frequent lesions of 
the cranio-orbital region with emphasis on their 
typical appearances and key imaging features 
that can help in the differential diagnosis.

5.2	� Imaging

The diagnosis of cranio-orbital mass lesion is 
suggested by the clinical symptoms and signs. 
Imaging plays an important role to confirm the 
diagnosis and characterize and assess the extent 
of the lesion and the involvement of the adjacent 
structures [7].

5.2.1	� Magnetic Resonance Imaging

MRI is the preferred imaging method. Standard 
MRI study of the orbit would include thin sec-
tions (usually 2–3  mm thickness and interslice 
gap of 0–1 mm) with sequences acquired in the 
axial, coronal, and sagittal planes [1, 2].

The protocol for MR imaging of the orbit and 
cranio-orbital structures includes: in the axial 
plane T1-, T2- and fat sat T2-w sequences, fur-
thermore volumetric highly T2-w images (CISS, 
DRIVE, FIESTA, SPACE); in the sagittal plane 
(including along the course of the optic nerve) 
T1- and fat sat T2-w sequences; in the coronal 
plane T1-, fat sat T2-w, and short tau inversion 
recovery (STIR) sequences.

While most lesions are easily detectable, small 
lesions may often be missed; a few general rules 
may aid in reducing the false-negative rate [1]. 

High-spatial resolution, contrast-enhanced, and 
fat-saturated sequences are essential for evaluat-
ing the small anatomic spaces of the orbit [2, 5, 
6]. Volumetric 3D isometric sequences allow 
thinner slice and reconstructions along the 
oblique directions of the optic nerve, with pure 
anatomical detail.

MRI can differentiate the structure of patho-
logic tissues basing on the signal intensity char-
acteristics (solid, cystic degeneration/necrosis, 
fat, blood), thus defining internal architecture of 
the lesions (homogenous or heterogeneous) [7]; 
moreover, it may show the eventual presence of 
flow voids within the lesion [5] and its grade of 
enhancement and vascularization when com-
pleted by intravenous paramagnetic contrast 
material [1].

The shape of the lesion and its margins (well-
defined, ill-defined, infiltrative), will orient 
toward an aggressive or benign growth pattern. 
In general, benign orbital lesions are more often 
both round or oval shaped and hyperintense on 
T2-w images, encroaching and deforming the 
adjacent structures, sometimes with hyperosto-
sis; malignant tumors are characterized by irreg-
ular shape, molding around neighboring bone 
and intraorbital structures, with bony erosion 
and perineural involvement [4]. None of the 
imaging features have so high a sensitivity to 
distinguish in every case malignant and benign 
tumors; however, lowest sensitivity and positive 
predictive value for the inflammatory lesions is 
evidenced [4].

MRI evaluates the extent of the lesion and the 
invasion of adjacent critical structures (paranasal 
sinuses, maxillo-facial, and intracranial regions), 
defining the mass effect due to compression or 
invasion [1].

Diffusion-weighted imaging (DWI) is useful 
in case of infiltrative orbital masses [1]. Malignant 
tumors, especially orbital lymphomas, show 
visually and quantitatively lower apparent diffu-
sion coefficient (ADC) values as compared to 
benign lesions, due to their higher cellularity; 
ADC values of 1.0–1.15 × 10−3 mm2/s represent, 
for some authors, an optimal threshold for pre-
dicting malignancy [11]. Moreover, DWI can 
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help to localize a malignant component in a back-
ground of non-specific inflammation and to guide 
biopsy or intervention [8].

The combined use of DWI and dynamic 
contrast-enhanced MRI can aid to distinguishing 
malignant from benign lesions, in particular 
high-grade lymphoma from inflammation and 
reactive lymphoid hyperplasia [4].

Arterial spin labeling MRI can provide impor-
tant perfusion characteristics [5].

Diffusion tensor imaging can be used to map 
optic nerve fibers when involved by cranio-
orbital masses, thus detecting displacement or 
infiltration of the nerve itself. The antero-
posterior orientation and large size of the optic 
nerve and tracts are radiological findings sug-
gesting the tractography in a clinical setting [8]; 
it is useful to plane surgery, although the region 
of the orbital apex is still a weakness for this type 
of study [8].

Imaging at 3  T MRI, scanners as compared 
with 1.5 T, offers a superior signal-to-noise ratio 
as well as higher resolution in evaluating both 
orbital structures and intracranial pathologies; 
moreover, thin-section 3 T study depicts the optic 
nerves and orbital anatomy much better than 
1.5 T scanner [2].

5.2.2	� Computerized Tomography

CT compares negatively with MRI, due to its 
worse soft tissue contrast and spatial resolution 
[9], but it is the modality of choice for character-
izing bone orbital lesions and evaluating calcifi-
cations [5, 8].

Bony orbit should routinely be examined in an 
evaluation of orbital soft tissue masses [10]. An 
osseous remodeling generally suggests the diag-
nosis of a slow-growing lesion, whereas bone 
erosion is more suggestive of an aggressive lesion 
[10]. In addition, CT study provides great details 
about the bony foramina, namely, the optic canal, 
superior orbital fissure, and infraorbital canal, 
along which perineural spread or intracranial 
extension may occur [10].

Thin-slice high resolution multidetector CT 
provides quick volumetric acquisitions and pre-

cise depiction of the globe, optic nerve, intra-
conal, extraconal spaces, and intracranial 
compartments; CT studies are usually performed 
using 0.6–1  mm thin slices after intravenous 
injection of iodinated contrast material. Standard 
coronal and sagittal reconstructions are routinely 
obtained with bone and soft tissue settings, but 
every type of plane reconstruction can be obtained 
in post-processing procedures [8].

5.3	� Epidemiology of Cranio-
Orbital Mass Lesions

The incidence of different orbital mass lesions 
varies among large series, which report about 
60% benign and 40% malignant pathologies in 
adults [11]. The frequency of malignancies is 
about 20% among young patients aged 1–18 years 
and increases with age, especially for the higher 
prevalence of lymphomas and metastatic tumors 
[11]. The most frequent primary orbital tumors in 
adults are lymphoproliferative lesions and cav-
ernous malformations [11]. The radiological 
aspects of the most frequent cranio-orbital mass 
lesions of each compartment (intraconal and 
extraconal) will be described.

5.4	� Intraconal Compartment

From a radiological point of view, the intraconal 
compartment includes three segments: (a) the 
globe; (b) the retrobulbar space-optic nerve 
sheath complex; and (c) the orbital apex and cav-
ernous sinus, these last are in contiguity [3].

The following structures are evidenced: optic 
nerve-sheath complex, ophthalmic artery, com-
mon oculomotor nerve, abducens nerve, naso-
ciliary branch of the ophthalmic nerve (cranial 
nerve V1) [3].

5.4.1	� Optic Nerve Sheath Complex

The optic nerve is an extension of the central 
nervous system, and hence, it is myelinated by 
oligodendrocytes and ensheathed by the menin-
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ges extending from the brain and in continuity 
with it [2].

A perivascular transport system inside the 
optic nerve parenchyma allows cerebrospinal 
fluid and interstitial fluid communications 
between the optic nerve and brain parenchyma 
through subarachnoid space, perivascular space, 
and lymphatic system [12–14].

The optic nerve consists of four segments in 
an antero-posterior direction: the optic nerve 
head, intraorbital, intracanalicular, and 
intracranial; it normally shows progressive taper-
ing of width posteriorly.

MRI is superior to CT in demonstrating the 
optic nerve anatomy, particularly in the optic 
canal and intracranial segments where bone-
related artifacts reduce the image definition on 
CT [6]. The course of the optic nerve is better 
demonstrated on oblique sagittal T2-w sequences 
that show the optic nerve throughout its length; 
intrinsic optic nerve signal abnormalities are best 
delineated on coronal T2-w FS sequences. 
Contrast enhancement requires comparing both 
pre- and postcontrast T1-weighted FS sequences.

The optic nerve sheath complex may be 
affected by a variety of neoplastic lesions of 
vascular, lymphoproliferative, or neurogenic 
origin [9].

5.4.1.1	� Optic Nerve and Pathway 
Gliomas

Optic nerve and pathway gliomas (ONG) are the 
most common primary tumor of the nerve [5, 10]; 
they may occur anywhere along the optic path-
way (25–48% in the intra-orbital segment) [10].

Nearly all ONGs are juvenile pilocytic astro-
cytomas (WHO grade 1) [13]; pilomyxoid astro-
cytoma is a rare variant [5]. ONG may occur 
isolated or as a manifestation of neurofibromato-
sis (NF) 1 [3, 5]; children with NF1 often show 
bilateral nerves involvement [10]. In NF1 
patients, the orbital segment is the most common 
site, whereas most non-NF1 patients have intra-
cranial tumors [2, 5]. Low-grade ONGs com-
monly occur in the pediatric age group [10]; rare 
higher grade, more aggressive ONGs (anaplastic 
astrocytomas or glioblastomas) occur in adults 
with no NF [3, 10].

ONGs may be asymptomatic and discovered 
incidentally in patients with NF1; symptomatic 
cases may present visual field deficit, vision loss, 
strabismus, or relative afferent pupillary defect 
[10].

MRI is the modality of choice to assess the 
intra-orbital and intracranial extension of the 
tumor [3, 10]. It shows fusiform expansion and 
tortuosity of the optic nerve that appears T1 iso-
hypointense and T2 hyperintense, with variable 
contrast enhancement [3, 5, 10]; the nerve itself 
cannot be distinguished from the tumor, an useful 
characteristic for differentiating ONG from 
meningioma [10] (Fig. 5.4).

In the initial stages, the tumor may present on 
the coronal plane as asymmetric prominence of 
the perioptic CSF spaces on the involved side [3]. 
Cystic areas may be seen, while calcifications are 
rare [10].

On coronal plane, a rim of T2 hyperintensity 
is often observed at the periphery of the tumor 
[3], mimicking an expanded subarachnoid space 
while corresponding to leptomeningeal infiltra-
tion and proliferation (so-called arachnoidal glio-
matosis) [10].

The contrast enhancement of ONG may sug-
gest a more aggressive tumor [3], but it may be 
wax and wane; moreover, a decreased enhance-
ment without change in size is often seen during 
chemotherapy (and it is more pronounced with 
some molecular targeted agents, such as MEK 
inhibitors and BRAF inhibitors) [5]. Therefore, 
increased size and extent of the tumor is more 
indicative of tumor progression, than the contrast 
enhancement degree [5].

The perineural arachnoidal gliomatosis may 
enhance after gadolinium per venam administra-
tion [2].

ONGs show increased diffusion on DWI (high 
ADC), and low fractional anisotropy (FA) values, 
attributed to low cellularity and low proliferative 
indices [8].

DTI tractography can be used in the presurgi-
cal evaluation by demonstrating integrity of the 
optic nerve in patients with resectable lesions [8].

CT is complementary to depict the optic canal 
widening and aids in differentiating from menin-
gioma [6].
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a b

c d

Fig. 5.4  Optic pathway glioma. (a, b) Flair sections on 
axial plane; (c, d) STIR sections on coronal plane. 
Fusiform expansion and tortuosity of the optic nerve with 

involvement of the optic chiasm (NF 1 patient). (Original 
to the authors)

If imaging features are typical, the diagno-
sis is presumed and biopsy is not usually 
required [2].

5.4.1.2	� Optic Nerve Sheath 
Meningioma

Optic nerve sheath meningioma is the second 
most common optic nerve tumor, accounting for 
2% of the orbital space-occupying masses some-
times in association with N.F [10]. It may be pri-

mary or secondary to perineural extension of 
intracranial sellar and parasellar meningiomas 
[3]. Primary optic nerve sheath meningiomas 
arise from meningoepithelial cap cells along the 
optic nerve from the globe to the prechiasmatic 
segment [2, 10]. Meningiomas secondarily 
extending into the orbit [5, 10] are more frequent 
and may originate from many intracranial struc-
tures: cavernous sinus, clinoid process, tubercu-
lum sellae, planum sphenoidale.
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The clinical presentation includes painless 
and slowly progressive loss of vision, due to 
insidious tumor growth [2, 5]. Optic nerve atro-
phy, compared to the contralateral nerve, is rare 
due to its compression [3, 5]. The long-term com-
pression of the central retinal vein due to the 
meningioma is also responsible for optociliary 
shunt vessels [10].

As for ONGs, MRI cross-sectional features 
are characteristic of optic nerve meningioma [13] 
mainly for determining the tumor extent [10]. 
The tumor expands the nerve sheath, usually in a 
tubular fashion [5, 10]; unlike ONGs, the optic 
nerve can be separated from the meningioma.

The tumor growth patterns may be tubular, 
globular, fusiform, focal, and eccentric to the 
nerve [3, 10]. MRI well demonstrates all these 
growth patterns of enlargement of the optic nerve 
sheath [5] and the separation of the tumor from 
the underlying optic nerve [3, 10].

Optic nerve sheath meningioma is T1 and T2 
hypointense and shows moderate to intense 
enhancement in T1-w post-contrast MRI images 
with fat suppression in a “tram-track” (axial) or 
“doughnut/target” pattern [3, 10], as the normal 
optic nerve surrounded by the enhancing nerve 
sheath tumor [6]. Other conditions showing tram-
track sign include sarcoidosis, perioptic neuritis, 
orbital pseudotumor, perioptic hemorrhage, 
metastases, leukemia/lymphoma, and Erdheim–
Chester disease [2].

Because of its hypercellularity nature, the 
optic nerve sheath meningioma often shows 
restricted diffusion with low ADC values [8].

It is important to define the portions of the 
optic nerve involved by the tumor (intraorbital, 
intracanalicular, and intracranial) [10]. While 
these meningiomas are generally slow growing, 
they may be aggressive in children [10]; thus, the 
radiological observation of the extent of involve-
ment is mandatory. If the tumor tends to spread 
towards the optic chiasm, surgical intervention 
may be warranted to prevent extension to the 
contralateral side [10].

Noncontrast CT is optimal for depicting bone 
hyperostosis and tram-track calcifications (20–
50% of cases [13]), which may be subtle or unde-
tectable on MRI [3, 5].

Among meningiomas secondarily extending 
to the orbit, those spheno-orbital are the most fre-
quent and insidious because of their infiltrative 
nature. They are characterized by two compo-
nents: intraosseous and orbital/periorbital [15]. 
The bony involvement is characterized by hyper-
ostosis of the sphenoid wing, orbital roof, supe-
rior orbital fissure, and optic canal; the orbital 
component can vary from a small intraorbital 
nodule to extensive periorbital and intraconal 
tumor mass. The dural component causes carpet-
like extensions along the sphenoid wing and orbit 
[15] (Fig. 5.5).

5.4.1.3	� Optic Nerve Secondary Tumors
Some tumors may secondarily involve the optic 
nerve as results of direct extension. These mostly 
include retinoblastoma and infiltrating orbital 
tumors, less frequently lymphoproliferative dis-
orders and metastases.

These tumors are difficult to differentiate 
radiologically and may mimic optic neuritis. 
T2-w hypointense optic nerve thickening with 
diffuse enhancement and sheath thickening dem-
onstrating tram-track appearance on postcontrast 
T1-w imaging may be seen in optic nerve lym-
phomas [3, 10].

5.4.2	� Retrobulbar Lesions

The retrobulbar compartment predominantly 
consists of the orbital fat through which the cra-
nial nerves and vessels pass within the annulus of 
Zinn at the orbital apex [3]. The superior and 
inferior ophthalmic veins span both the extra-
conal and intraconal spaces. The structure of ori-
gin of lesions that arise within this space can be 
deduced from their relationship to the adjacent 
structures [3].

5.4.2.1	� Cavernous Hemangioma
The cavernous hemangioma (or cavernous mal-
formation) is the most common benign vasculo-
proliferative orbital lesion in adults [3, 10].

Progressive painless proptosis is the most 
common clinical sign at presentation [10]; visual 
field deficits, and monocular vision loss most 
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a b

Fig. 5.5  Spheno-orbital meningioma. (a) T2-weighted 
section on axial plane; (b) post-contrast T1-weighted sec-
tion on axial plane. Presence of a right dural enhancing 
mass, involving the lateral extraconal orbital compart-

ment, the intracranial surface of the sphenoid wing, and 
the infratemporal fossa, associated with hyperostosis of 
the sphenoid wing. (Original to the authors)

a b

Fig. 5.6  Cavernous hemangioma. (a, b) T2-weighted sections on axial plane. Presence of an intraconal hyperintense 
lesion contiguous to the optic nerve. (Original to the authors)

often due to mass effect on the optic nerve are 
often present. Pain, eyelid swelling, diplopia, and 
a palpabe lump are less common [10].

Cavernous hemangiomas consist of dilated 
cavernous spaces with interspersed septae and 
fibrous pseudocapsule. They are located laterally 
in the intraconal space and are round, well-
circumscribed and homogeneous [3, 10]; 

extraconal locations are rare. Cavernous malfor-
mations tend to displace and surrounding adja-
cent structures (extraconal muscles and the optic 
nerve) and may cause osseous remodeling (better 
seen on CT). At MRI, cavernous hemangiomas 
are isointense on T1-w relative to muscle and 
uniformly hyperintense on T2-wimages, with no 
flow voids [3, 10] (Fig. 5.6). Internal septations 
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may be identified as linear hypointense bands 
within the lesion [3, 10], that appear bright on 
DW images [8]. At multiphase imaging, the con-
trast enhancement is poor on early arterial phase, 
owing to the scant arterial supply in these lesions; 
peripheral enhancement on arterial phase images 
with progressive centripetal fill in delayed venous 
phases, and progressive filling of the mass from 
periphery to center, with complete filling within 
30  min, are evident [3, 10]. This enhancement 
pattern allows distinguishing cavernous heman-
gioma from other vascular lesions with rich arte-
rial supply such as capillary hemangioma, 
hemangiopericytoma, and arteriovenous malfor-
mations [10]. These lesions rarely show calcifica-
tions, phleboliths, or hemorrhagic areas [6].

5.4.2.2	� Solitary Fibrous Tumor
Orbital solitary fibrous tumor is a neoplastic 
lesion that originates, like the hemangiopericy-
toma, from vascular pericytes; these two tumors 
are considered an unique pathological entity in 
the World Health Organization classification of 
the central nervous system tumors because of 
their identical immunohistochemical profiles.

Primary solitary fibrous tumors of the orbit are 
rare, accounting for 1% of all orbital tumors [10]; 
they occur within the intraconal space [3]. 
Tumors of the paranasal sinuses may extent into 
the extraconal orbital space. Low-grade masses 
are usually lobulated and well circumscribed [3, 
10]. Aggressive lesions have infiltrative borders 
with possible bone erosion [3, 10].

These tumors present with proptosis and pal-
pable mass, while pain, diplopia, and decreased 
visual acuity are less common signs [10].

Unlike cavernous hemangioma, the orbital 
solitary fibrous tumor tends to be isointense rela-
tive to gray matter on T1-w and T2-w images and 
shows marked arterial phase enhancement with 
progressive washout on delayed phases [3, 10]. 
Calcifications are rare.

5.4.2.3	� Extraocular Muscles Lesions
The extraocular muscles form the muscular cone 
extending from the superior orbital fissure to the 
posterior aspect of the globe and enclose the ret-
robulbar intraconal space [3]. They show an 

isointense signal intensity on both T1- and T2-w 
imaging compared to the temporal muscle [3] 
and moderate homogeneous contrast enhance-
ment of their bellies. Pathological involvement of 
the extraocular muscles may result in focal or dif-
fuse enlargement or atrophy, with or without 
associated signal abnormality [6]. Neoplastic 
lesions that involve the extraocular muscles 
include lymphomas and metastases, generally 
invading both the intraconal and extraconal com-
partments (see after).

5.4.3	� Orbital Apex and Cavernous 
Sinus Lesions

The orbital apex disorders present in three clini-
cal variants: orbital apex syndrome (OAS), supe-
rior orbital fissure syndrome (SOFS), and 
cavernous sinus syndrome (CSS) [3]. OAS con-
sists of visual impairment and dyplopia due to 
involvement of the optic nerve and III, IV, VI, and 
V1 cranial nerves; SOFS presents with deficit of 
the III.  IV, VI, and V1 nerve involvement; CSS 
shows additional involvement of the V2 nerve 
and sympathetic system (Horner’s syndrome) 
[3]. Due to close relationship of these anatomical 
areas, they share many common pathologies, and 
one syndrome can evolve into other as the disease 
progresses.

OAS can develop due to compression by dif-
ferent tumors in the orbital apex, such as menin-
giomas, schwannomas, and neurofibromas; other 
involved neoplasms include head and neck 
tumors, hematologic cancers, and metastatic 
lesions [16]. Moreover, several inflammatory dis-
orders such as idiopathic orbital inflammatory 
disease, sarcoidosis, and granulomatosis with 
angiitis (Wegener’s granulomatosis) can involve 
the orbital apex [3].

Idiopathic orbital inflammatory disease, also 
known as orbit pseudotumor, is a nonspecific, 
noninfectious, non-neoplastic, inflammatory pro-
cess of the orbit that manifests with many vari-
ants [5]. Any area of the orbit may be involved, 
mostly the extraocular muscles and lacrimal 
gland in both adults and children [5]; according 
to the location, it may be classified as myositic, 
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perineural, lacrimal, orbital apex, and diffuse 
forms [3].

The myositic form involves the muscle bellies 
and tendons of extraocular muscles; optic peri-
neuritis involves the optic nerve sheath with 
inflammatory soft tissue infiltrating the adjacent 
fat; idiopathic orbital inflammatory disease 
appears as ill-defined, diffuse mass like, and infil-
trative soft tissue within the orbit [5].

The Tolosa Hunt syndrome is characterized by 
an inflammatory soft tissue involving the orbital 
apex, superior orbital fissure, optic canal, and 
cavernous sinus [2, 3], sometimes extending to 
the tentorial margins; it may evolve in sclerosis 
with chronic progressive fibrosis.

A high index of clinical suspicion is necessary 
to detect asymmetric appearance of the cavern-
ous sinus or orbital apex in subtle cases of idio-
pathic orbital inflammatory disease [3]. Infiltrates 
are typically hypointense on T1-w images with 
variable signal intensity on T2-w images, com-
monly appearing as hypointense orbital mass-
like [2, 3, 5], with homogeneous postcontrast 
enhancement (Fig. 5.7).

Imaging features of idiopathic orbital inflam-
matory disease may overlap with those of other 
entities (lymphoproliferative disorders and 
orbital cellulitis), thus making this condition a 
diagnosis of exclusion and requiring a biopsy [5]. 
The dramatic improvement with corticosteroids 
is the hallmark of orbital inflammatory syndrome 
[2].

Various tumors may originate by cavernous 
sinus wall, with the most common being the 
meningioma. It appears as a well-defined lesion 
usually hypo- to isointense on all sequences (due 
to its dense fibrous-cellular content) with intense 
postcontrast enhancement and a characteristic 
dural tail (Fig. 5.8).

Other neoplasms which may secondarily 
involve the cavernous sinus are bony lesions such 
as chordomas (related to the spheno-occipital 
synchondrosis) and chondrosarcomas (related to 
petroclival synchondrosis). They appear as areas 
of bony destruction with variable calcification, 
hyperintense on T2-w images and with heteroge-
neous postcontrast enhancement [3].

a b

Fig. 5.7  Idiopathic orbital inflammatory disease. (a) 
STIR section on coronal plane; (b) T1-weighted section 
on axial plane after contrast medium injection. Presence 

of an infiltrating lesion involving the retrobulbar space 
and the muscular cone, enhancing after contrast medium 
injection. (Original to the authors)
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a b

Fig. 5.8  Cavernous sinus meningioma. Presence of a left hypointense cavernous sinus wall lesion, enhancing after 
contrast medium injection. (Original to the authors)

5.5	� Extraconal Compartment

The extraconal lesions may be located at the 
osteodural complex, the extraconal space, and the 
lacrimal gland.

5.5.1	� Mass Lesions 
of the Osteodural Complex

The osteodural group includes subperiosteal, 
bony, and paraorbital lesions.

5.5.1.1	� Orbital Dermoid 
and Epidermoid

Orbital dermoids and epidermoids are choristo-
matous cystic lesions resulting from congenital 
epithelial inclusions during development; they 
contain epidermal and dermal structures (hair 
follicles, sweat, and sebaceous glands) [5].

They are commonly located in the anterior 
extraconal compartment often adjacent to suture 
lines, usually in the superolateral or superonasal 
quadrants [3]; dermoid cysts are more often 
located at lateral frontozygomatic suture [8]. 
These cysts are usually encapsulated, may cause 

bony remodeling, and may extend through a bony 
canal in the intracranial compartment (dumbbell 
lesions) [6].

Dermoid cysts may contain areas of fat signal 
intensity; they are iso- or hypointense on T1-w 
images or bright with fat-like signal intensity and 
are usually hyperintense on T2-w images 
(Fig. 5.9); diffusion may be variable, depending 
upon their contents, and sometimes restricted [8]. 
These cysts may be subperiosteal (20%) with 
extensive bone remodelling.

Epidermoid cysts do not contain mesodermal 
derivatives [5]; thus, they show fluid signal inten-
sity similar to cerebrospinal fluid and characteris-
tically demonstrate hyperintense signal on DW 
images due to the accretion of keratin debris [3] 
(Fig. 5.10).

Both lesions show faint postcontrast rim 
enhancement; wall calcification is more com-
monly seen in dermoids [3, 5]. Irregular margins 
with perilesional edema and enhancement sug-
gest rupture with inflammation.

Differently from epidermoid and dermoid 
cysts, post-traumatic hemorrhagic cysts are T1 
hyperintense due to the presence of subacute 
blood products [3].
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a b

Fig. 5.9  Dermoid cyst. (a) T1-weighted section on axial 
plane; (b) T2-weighted section on axial plane. Presence of 
a fat signal intensity lesion extending through the right 

fronto-zygomatic suture into the temporal fossa. (Original 
to the authors)

a b c

Fig. 5.10  Epidermoid cyst. (a) T1-weighted section on 
axial plane; (b) T2-weighted section on axial plane; (c) 
DWI on axial plane. Presence of a fluid signal intensity 

lesion, with restricted diffusion, extending through the 
right fronto-zygomatic suture into the temporalis fossa. 
(Original to the authors)

5.5.2	� Fibrous Dysplasia

Cranio-facial fibrous dysplasia may involve the 
frontal, ethmoid, or sphenoid bones; it is frequent 
in children and adolescents with slight female 
predilection, mostly monostotic (70–80%) [8]. 
Orbital bony involvement may lead to 
hypertelorism, exophthalmos, visual impairment, 
and blindness [8] due to replacement of normal 

bone with abnormal metaplastic immature woven 
bone, forming irregular curvilinear trabeculae, 
where hemorrhage and cystic changes may be 
seen [8].

MRI is superior in assessing marrow involve-
ment and neurovascular impingement [6]. 
Fibrous dysplasia appears as diploic space wid-
ening with a variable signal intensity depending 
on the degree of sclerosis [3]. The involved bone 
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a b

Fig. 5.11  Fibrous dysplasia. (a) CT axial section; (b) CT coronal reconstruction. Dysplastic marrow involvement of 
the left maxillary bone with “ground-glass” appearance. (Original to the authors)

appears heterogeneous, usually T1 hypo-
isointense and T2 hypointense (sometimes with 
foci of T2 hyperintensity and fluid-fluid levels) 
and with heterogeneous contrast enhancement [3, 
8]. Similar to benign lesions elsewhere in the 
head and neck, the fibrous dysplasia shows 
significantly higher ADC values compared to 
malignant bone tumors.

CT is essential in demonstrating the ground-
glass appearance of the expanded diploic space 
(Fig. 5.11) with sparing of the inner table (differ-
ently from the Paget’s disease) [6, 11]; it is useful 
in evidencing narrowing of the optic canal and 
impingement of the optic nerve.

5.5.3	� Fronto-Orbital Osteoma

Fronto-orbital osteomas account for 0.4–5% of 
orbital tumors. They can variably extend to the 
orbit causing signs and symptoms including pro-
ptosis, diplopia, and limitation of ocular move-
ments [17].

CT and MRI allow the correct diagnosis. 
According to its degree of mineralization, oste-
oma appears at CT as a well-defined dense, poly-
cyclic mass, in contrast to the hypodensity of 

aerated sinuses and resembling the cortical bones 
in its ivory form or taking on a ground-glass 
appearance in its spongy form; these two features 
can coexist in the same lesion (mixed form) [17]. 
MRI is less effective because small compact oste-
omas might not be detected and can be confused 
with intrasinus air; it is more accurate for the 
study of the adjacent structures such as optic 
nerve, eyeball, orbit’s vascular structures, and 
muscles [17].

The differential diagnosis includes meningi-
oma of the frontal plate with orbital extension, 
orbital focal spot of fibrous dysplasia, ossifying 
fibroma, or Paget disease [17].

5.5.4	� Subperiosteal Abscess 
and Hemorrhage

Subperiosteal abscess is lentiform shaped, usu-
ally along the superior or medial orbital wall and 
is secondary to paranasal sinus inflammation. 
The phlegmonous stage appears with T1- and 
T2-w hyperintense signal and homogeneous con-
trast enhancement; the mature organized 
abscesses show fluid signal intensity with periph-
eral rim enhancement. Pus characteristically 
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shows diffusion restriction. Perilesional fat 
stranding and extraocular muscles edema usually 
show a hazy hyperintense signal on STIR 
sequences [3].

Subperiosteal hemorrhage can mimic the 
appearance of an abscess, particularly when a 
history of trauma is not evident. Acute hemor-

rhage appears as hyperdensity on CT, while 
chronic hematoma shows T1- and T2-w hypoin-
tense signal with a fibrous rim [3] (Fig. 5.12).

5.5.4.1	� Paranasal Sinus Mucocele
Paranasal sinus mucoceles result in the expansion 
of the involved sinus and are completely fluid-filled, 

Fig. 5.12  Subperiosteal hemorrhage. (a) CT axial sec-
tion; (b) CT coronal reconstruction; (c, d) T2-weighted 
section on sagittal and coronal plane. (e, f) T1-weighted 
section on axial plane before and after contrast medium 

injection. Presence of a lentiform hemorrhagic collection 
along the superior orbital wall, not enhancing after con-
trast medium injection. (Original to the authors)

a b

c d
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e f

Fig. 5.12  (continued)

a b c

Fig. 5.13  Paranasal sinus mucocele. (a) T1-weighted 
section on coronal plane; (b) STIR sequence on coronal 
plane; (c) T1-weighted section on axial plane after con-
trast medium injection. Left ethmoid fluid, expansile col-

lection remodeling the lamina papyracea and extending 
toward the medial extraconal space; note the opacified 
maxillary and right ethmoid sinuses with inspissated 
secretions. (Original to the authors)

showing fluid signal intensity on MRI 
(T1-hypointense and T2-w hyperintense). With 
decreased of the water content and the relative 
increased protein content of the fluid, the lesion 
appears T1-hyperintense with variable T2-w 

hypointensity. The presence of air within the cyst 
rules out the mucocele and should suggest a super-
imposed infection. Bony involvement is best delin-
eated on CT, while MRI better delineates 
impingement on the orbital structures [3] (Fig. 5.13).
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5.5.5	� Mass Lesions of the Extraconal 
Space

5.5.5.1	� Orbital Lymphoproliferative 
Diseases

Orbital lymphoproliferative lesions, particularly 
those involving the ocular adnexa [11], are the 
most common primary orbital malignancy in 
older adults (≥60 years of age) [6, 10].

These diseases comprise a wide spectrum of 
lesions from benign to malignant. Benign orbital 
lymphoproliferative diseases include noninfec-
tious chronic inflammatory diseases (such as 
atypical and benign reactive lymphoid hyperpla-
sia); malignant lymphomas are usually primary 
low-grade B cell non-Hodgkin’s lymphomas [3]; 
they can be primary or secondary, the latter 
occurring in 2–5% of patients with advanced sys-
temic lymphoma [10].

Orbital lymphoma can be unilateral (more fre-
quent) or bilateral [11]; they can occur anywhere 
in the orbit, mostly in the lacrimal gland (nearly 
40% of cases), conjunctiva, and eyelid [9].

Differentiating these lesions has obvious ther-
apeutic implications since the latter requires 
radiotherapy and the former responds to steroid 
therapy [3]. Both the benign and malignant 
orbital lymphoproliferative diseases have similar 

CT and MRI findings with T1- and T2-w isoin-
tensity, restricted diffusion, and homogeneous 
contrast enhancement [3, 10]. However, orbital 
lymphomas tend to be more ill-defined (Fig. 5.14) 
than benign orbital lymphoproliferative diseases, 
which have more well-defined lobulated margins 
[3, 10]. Lymphoma can also cause focal or fusi-
form enlargement of the extraocular muscles 
(mimicking myositis or thyroid disease-related).

A characteristic feature of these tumors is 
their tendency to mold and encase surrounding 
orbital structures, such as the globe, optic nerve, 
and orbital wall; bone remodeling and osseous 
erosion are quite rare, although it may occasion-
ally occur with diffuse large B-cell lymphoma [8, 
10]. Bony destruction or perineural spread sug-
gests an aggressive histology [8].

Malignant orbital lymphoproliferative dis-
eases tend to be hypoenhancing (assessed by con-
trast enhancement ratio of signal intensity to the 
temporal muscle) compared to benign orbital 
lymphoproliferative diseases, which show 
increased vascularity and abundant fibrotic com-
ponent; hypervascularity of benign orbital lym-
phoproliferative diseases also leads to the 
“flow-void sign” on T2-w images.

Quantitative MR techniques may aid in the 
differentiation of benign and malignant orbital 

a b

c

Fig. 5.14  Orbital lymphoma. (a) CT axial section; (b) CT coronal reconstruction; (c) CT sagittal reconstruction. Ill-
defined, relatively hyperdense retrobulbar mass. (Original to the authors)
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lymphoproliferative diseases [3]. Malignant 
orbital lymphoproliferative diseases show higher 
diffusion restriction (lower ADC values) reflect-
ing increased cellular density, than benign orbital 
lymphoproliferative diseases showing increased 
interstitial fluid content. Advanced imaging tech-
niques such as T1 dynamic contrast enhancement 
can also allow differentiation between the two 
types of orbital lymphoproliferative diseases [3].

Whole body staging, most often with FDG 
PET-CT [11] is necessary when orbital lym-
phoma is diagnosed.

Differentiation of orbital lymphoma from 
pseudotumor is often challenging at imaging; 
the findings of infiltration or thickening of ocu-
lar muscles favor a diagnosis of pseudotumor 
[10]. Patient’s clinical history is often useful 
for the diagnosis, as acute onset of pain sug-
gests an inflammation, while patients with 
orbital lymphoma typically have no pain [10]. 
Ultimately, however, biopsy may be required 
for diagnosis [10].

5.5.5.2	� Rhabdomyosarcoma
Rhabdomyosarcoma, a mesenchymal tumor, is 
the most common extraocular malignancy in 
childhood. It represents up to 25% of head and 
neck rhabdomyosarcomas and has a better prog-
nosis due to the early clinical presentation. It 
occurs most commonly in the extraconal com-
partment, either in the superonasal or superior 
quadrants.

The rhabdomyosarcoma may appear well cir-
cumscribed if small, but larger lesions are infil-
trative and encase (not invade) the adjacent soft 
tissue structures and the globe (which is distorted 
but intact). Bone destruction is seen in up to 40% 
of cases and best demonstrated on CT; the para-
nasal sinuses may also be invaded.

The tumor usually appears homogeneous, 
although areas of necrosis or hemorrhage may 
lead to heterogeneity; calcifications are rare and 
are usually secondary to adjacent bone destruc-
tion. On MRI, the mass appears T1-isointense 
(hyperintense areas may represent hemorrhage), 
heterogeneously T2 hyperintense with moderate 
to intense contrast enhancement; necrotic areas 
are nonenhancing with the surrounding enhanc-

ing viable tissue giving a ring enhancement pat-
tern. MRI is superior to CT in delineating dural 
involvement and intracranial extension. Paranasal 
sinus invasion is best differentiated from trapped 
secretions by comparing pre- and postcontrast T1 
images. These findings may be mimicked by a 
ruptured dermoid cyst with inflammatory changes 
(look for T1 hyperintense fat components), neu-
roblastoma metastases, or Langerhans cell histio-
cytosis (more prominent bony involvement) [3].

5.5.5.3	� Langerhans Cell Histiocytosis, 
Erdheim Chester Disease, Rosai 
Dorfman Disease

Langerhans cell histiocytosis is a multisystem 
disorder that most commonly involves the skele-
ton, particularly the skull and ribs. Single lesion 
is referred to eosinophilic granuloma and appears 
as a punched-out lytic lesion with cortical and 
medullary bone destruction; the soft tissue com-
ponent demonstrates T1 hypointense, T2 and 
STIR hyperintense signal with diffuse postcon-
trast enhancement [6].

Erdheim Chester disease is a non-
Langerhans cell histiocytosis entity occurring in 
a similar age group as orbital lymphoproliferative 
diseases, but with a male predominance. It is 
indistinguishable from orbital lymphoprolifera-
tive diseases on imaging and often presents as 
bilateral or unilateral intraconal masses. The 
presence of bony involvement (sclerosis), intra-
cranial dural mass, or pachymeningitis are clues 
to the diagnosis [3].

Rosai Dorfman disease is another non-
Langerhans cell histiocytosis, more commonly 
presenting as an extraconal mass associated with 
massive lymphadenopathy in children and young 
adults [3].

5.5.5.4	� Schwannoma
Orbital schwannomas are rare and more often 
sporadic, although they may occur in the context 
of neurofibromatosis type 2 and schwannomato-
sis [5].

They mostly arise from branches of the oph-
thalmic division of the trigeminal nerve (com-
monly the frontal); branches of the oculomotor, 
trochlear, abducens nerves, parasympathetic and 
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sympathetic fibers, and the ciliary ganglia are 
more rare sites of origin [3, 10].

Clinical symptoms are nonspecific and include 
proptosis, pain, and blurred vision [5].

Orbital schwannomas are typically extraconal 
and located at the superior quadrant [2, 3], owing 
to their frequent origin from the frontal branch of 
the ophthalmic nerve [10]. The tumor may extend 
in the cranial cavity in a dumbbell shape form 
through the orbital apex and superior orbital fis-
sure [3].

MR imaging reveals the tumor location and 
extent [10]; defining the nerve of origin is best 
done on coronal images by following it up to the 
orbital apex [3].

Orbital schwannomas are well circumscribed, 
isointense on T1-weighted images, and heteroge-
neously hyperintense on T2-weighted images 
relative to the brain cortex; they show avid and 
heterogeneous enhancement after intravenous 
gadolinium contrast medium [5, 10].

The MRI signal heterogeneity reflects the 
solid and cystic components of the tumor. No 
consistent MR appearance can be attributed to 
histopathologically delineated areas (Antoni A 
and B); regardless of cell type, central fibrocol-
lagenous components appear T2 hypointense 
while the peripheral myxoid components appear 
T2 hyperintense, often giving these lesions a tar-
get appearance [3]. Degenerative changes such as 
cysts, calcifications, and hemorrhage are 
described in long-standing tumors [5].

MRI features can help in differentiating 
schwannoma from cavernous malformation. 
Schwannomas are usually T2 hyperintense, 
although heterogeneous, a pattern that differs 
from the relatively homogeneous pattern of cav-
ernous malformations which show progressive 
enhancement on delayed venous phase images 
[10].

5.5.5.5	� Neurofibroma
Neurofibromas are benign, slow growing, periph-
eral nerve tumors composed of fibroblasts, 
schwann cells, and axons [10]. They are associ-
ated with neurofibromatosis in approximately 
12% of cases. Orbital neurofibromas may dem-
onstrate localized, diffuse (solitary), or plexiform 

growth pattern [10], the latter being most com-
mon and pathognomonic for NF 1 [3].

Like schwannomas, orbital neurofibromas are 
more commonly superior extraconal lesions, 
arising from the sensory trigeminal nerve 
branches [3, 10] and causing downward displace-
ment of the globe.

The distinction between these two entities is 
often not possible on imaging. The lack of a 
capsule makes solitary subtypes relatively less 
well defined; they appear heterogeneous on 
both T1- and T2-w images with heterogeneous 
contrast enhancement [6]. The cystic/mucinous 
components favor the diagnosis of schwan-
noma [3].

Patient history may be help to diagnosis, since 
neurofibroma is specific for NF 1 instead schwan-
noma is more characteristic of NF 2.

5.5.5.6	� Orbital Plexiform Neurofibroma
Plexiform neurofibroma is the most common 
type of peripheral nerve sheath tumor occurring 
almost exclusively in children with NF 1 [5, 8, 
10]. It accounts for 1–2% of all orbital tumors, 
mainly in the first decade of life [8].

Plexiform neurofibromas usually presents 
with nodular periorbital masses, causing loss of 
vision and proptosis. Progressive glaucoma, optic 
nerve atrophy, and blindness are reported compli-
cations [8].

These trans-spatial complex tumors that 
involve cranial or peripheral nerve branches can 
be seen within the orbit, periorbital region, scalp, 
temporal fossa, and skull base [5]. The infiltrative 
serpentine masses extend in both the intraconal 
and extraconal compartments [8].

Unlike schwannoma, it is not possible to dis-
tinguish the nerve fibers separately from the 
tumor that shows nerve fascicles irregularly 
expanded by myxoid accumulation, tumoral 
schwann cells, fibroblasts, and collagen fibers 
[8]. The tumor may cross the tissue planes and 
may involve large portions of the face.

Imaging studies show a typical orbital and 
periorbital infiltrative soft tissue, often appearing 
as a conglomerate of wormlike masses (“bag of 
worms”) with more extensive interspatial spread, 
such as lymphangioma [3, 5, 10]. Plexiform neu-
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rofibroma shows heterogeneous signal, typically 
hypointense on T1-w, hyperintense on T2-w 
images, with variable contrast enhancement [8]; 
the nodular masses appear hyperintense with 
central low signal on T2-w images (“target 
sign”), considered a distinctive finding [3, 5, 8]; 
mixed or increased diffusion is also evident. 
Alternatively, the tumor may also appear amor-
phous with ill-defined margins [8].

Orbital plexiform neurofibromas are associ-
ated with ipsilateral sphenoid wing dysplasia, 
osseous thinning, and expansion of the middle 
cranial fossa [5]; this bone defect is called 
“Harlequin eye” appearance [8]. The bony dys-
plasia may cause optic nerve compression with 
proptosis and buphthalmos.

DTI with tractography reconstruction is 
increasingly used for the pre-operative mapping 
of neurogenic tumors originating in the head and 
neck, such as schwannomas and neurofibromas; 
it can accurately detect alterations of involved 
nerve fascicles, such as displacement, stretching, 
bowing, or rupture [8].

Other orbital tumors may mimic plexiform 
neurofibroma including infantile/capillary hem-
angioma and rhabdomyosarcoma; however, they 
are not associated features of NF 1 [8].

The risk of malignant transformation for 
orbital plexiform neurofibroma in NF 1 is about 
10% [8]; suspected features of malignancy are 
occurrence of pain, rapid tumor growth com-
pared to prior imaging, and presence of soft tis-
sue or bony destruction [3]. FDG-PET CT and 
MRI PET are sensitive and specific tools to detect 
the sarcomatous transformation [8].

5.5.5.7	� Capillary Hemangioma
Capillary hemangioma is the most common orbit 
lesion in infancy [3]. It presents a proliferative 
phase with enlargement in the first year, followed 
by an involutional phase that may last 7–10 years.

Capillary hemangioma is commonly seen in 
the orbital preseptal region, although it may 
occasionally extend into the extraconal com-
partment. When large, the lesion may cause 
bony remodeling with orbital expansion [3]. It 
usually demonstrates T1-hypointense and 
T2-hyperintense signal with intervening fibrous 

septa, appearing as interspersed T2 hypointense 
bands and multiple serpiginous flow voids 
reflecting increased vascularity, with intense 
postcontrast enhancement. In the involutional 
phase, fatty replacement occurs with increase of 
T1 hyperintense signal and nonenhancing com-
ponents of the lesion.

Screening of the brain is also useful since the 
orbital capillary hemangioma may be a part of 
the posterior fossa brain malformations, heman-
gioma, arterial lesions, cardiac and eye abnor-
malities [3].

5.5.5.8	� Venolymphatic Malformations
Venolymphatic malformation may be superficial 
or deep. Deep and small orbital lesions are com-
monly extraconal, but can become multispatial 
when larger. They are characterized by cystic 
(lymphangiomatous) spaces and variable, more 
solid appearing (venous) components. The cystic 
spaces may contain hemorrhages of varying ages 
causing fluid-fluid levels. They appear T2 hyper-
intense with acute blood showing T2 hypointense 
and subacute blood products demonstrating char-
acteristic T1 hyperintense signal. Solid compo-
nents rarely show the presence of phleboliths. 
The cystic components may present rim enhance-
ment, while the venous components show more 
homogeneous enhancement. Perilesional fat 
stranding may be present in case of acute presen-
tation [3].

5.5.5.9	� Orbital Metastases
Orbital metastases are relatively uncommon, but 
their detection has increased in recent decades, 
due to the improved treatments with increasing of 
the median survival of the neoplastic patients [13, 
14]. Breast cancer is the most common type of 
neoplasm metastasizing to the orbit [3], followed 
by prostate carcinoma, melanoma, and lung can-
cer [6, 13].

Metastatic disease may infiltrate orbital mus-
cles, fat, and bone. Some malignancies show dis-
tinct tissue selectivity in metastatic disease, with 
specific localizations to orbital and periorbital 
tissues; for instance, prostate cancer tends toward 
bone, breast to orbital fat, melanoma and carci-
noid tumor to muscle [10, 14].
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Lateral (40%), superior (30%), medial (20%), 
and inferior (10%) quadrants are affected by met-
astatic tumors with decreasing frequency; the 
anterior orbit, adjacent to the lymphatic rich con-
junctiva and eyelids, is mostly involved [14]. 
Besides, secondary involvement may also occur 
by direct invasion of the orbit by cancers of the 
nasopharynx, paranasal sinuses, or cranium [3].

Clinical manifestation consists in rapid onset 
of proptosis and motility disturbances, also with 
frequent pain and decreased vision [10]. A para-
doxical enophthalmos is observed in 10% of met-
astatic orbital lesions, most often from scirrhous 
breast and gastrointestinal tract tumors, with 
infiltrative and fibrotic contraction of orbital fat, 
leading to posterior globe retraction [10].

The morphology and appearance of orbital 
metastases depend on the primary tumor and may 
range from solid homogeneous lesions to mixed 
solid-cystic lesions or almost completely cystic, 
with variable enhancement patterns [3] 
(Fig.  5.15). They may result in a well-defined 
round or fusiform mass involving the extraocular 
muscles with variable signal intensity and con-
trast enhancement [3]. The retrobulbar fat dem-
onstrates diffuse enhancement with abnormally 
heterogeneous T1 and T2 hypointensity, due to 
fibrotic infiltration; this pattern may also be 

observed with metastatic scirrhous carcinomas 
[10].

Differentiating orbital metastasis from non-
neoplastic infiltrative processes may pose a diag-
nostic challenge. A solitary lesion may be difficult 
to differentiate from other masses, while multi-
plicity is an indicator of metastasis [3].

Differential diagnostic considerations include 
thyroid disease-related, which is often bilateral 
and spares tendinous insertions, as well as orbital 
pseudotumor, which is typically painful and 
involves the tendinous insertion [10]; granuloma-
tous disease, such as sarcoidosis, can involve the 
extraocular muscles, optic nerve, optic chiasm, or 
lacrimal gland, and may also mimic metastatic 
disease.

5.5.6	� Mass Lesions of the Lacrimal 
Gland

Lacrimal gland lesions represent 5–14% of biop-
sied orbital masses; approximately half are 
benign and half are malignant [3, 10]. Most 
tumors occur in the deeper orbital lobe rather 
than the anterior palpebral lobe [6]. Mass lesions 
of the lacrimal gland may be classified as epithe-
lial and nonepithelial [8, 10].

a b

Fig. 5.15  Orbital metastasis. (a) CT axial section after 
contrast medium injection; (b) CT coronal reconstruction 
after contrast medium injection. Enhancing right orbital 

soft tissue mass leading to bone erosion with intracranial 
and infratemporal invasion. (Original to the authors)
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5.5.6.1	� Pleomorphic Adenoma
Pleomorphic adenoma, also called benign mixed 
tumor, originates mainly from the orbital lobe of 
the ductal system [8] and is the most common 
benign neoplasm of the lacrimal gland, account-
ing for up to 57% of epithelial lesions [13].

This tumor occurs in the fourth or fifth decade 
of life, without gender predilection. Clinical 
signs include a painless, slow-growing mass in 
the lateral orbit, causing downward displacement 
of the globe and proptosis usually persisting for 
more than 12 months [8].

Pleomorphic adenoma is an encapsulated 
round tumor, consisting of interspersed epithelial 
and stromal components; necrosis, hyalinization, 
myxoid, and mucinous degeneration may be 
seen. Larger lesions may be heterogeneous due to 
cystic degeneration, hemorrhage, serous or 
mucous collections, or necrosis. This results in 
moderate and heterogeneous or homogenous 
contrast enhancement [8].

Bone remodeling, typically with a smooth 
concavity at the lacrimal fossa and calcifications 
may be seen on bone window CT. Bone erosion, 
infiltration of the adjacent orbital tissue, and 
poorly defined margins and nodularity are rare 
and suggestive of malignancy [8, 10]. ADC val-
ues are sensitive in differentiating pleomorphic 
adenoma from malignant tumors of the lacrimal 
gland (Fig. 5.16).

5.5.6.2	� Adenoid Cystic Carcinoma
Approximately, 50% of epithelial lacrimal gland 
tumors are malignant, including adenoid cystic 
carcinoma, mucoepidermoid carcinoma, adeno-
carcinoma, squamous cell carcinoma, and undif-
ferentiated carcinoma types, such as the similar 
secretory carcinoma of salivary origin [5].

Adenoid cystic carcinoma is the most com-
mon malignancy of the lacrimal gland. Most 
patients present with a hard mass in the upper lat-
eral orbit, often with pain, due to perineural 
spread or bony invasion [8].

Adenoid cystic carcinoma appears hypoin-
tense on T1-weighted images, hypo- or hyperin-

tense on T2-weighted images with prominent 
contrast enhancement [8]. T1-weighted FS con-
trast enhancement MRI is ideal for tumor staging 
and for evaluating perineural spread. In general, 
most adenoid cystic carcinomas show perineural 
spread at microscopic examination; however, 
radiologically, perineural spread may remain 
undetected on the radiological studies unless 
involvement of major nerve trunks occurs, such 
as the supraorbital nerve [11].

Early lesions may be indistinguishable from 
pleomorphic adenoma (well-circumscribed mar-
gin without bony destruction) but intratumoral 
calcifications are more common in undifferenti-
ated epithelial tumors [11].

Irregular tumor borders with distortion of the 
globe and orbital contents may be seen in 
patients with more advanced disease [10]. Some 
authors report mean ADC value of significantly 
lower than other lesions like pleomorphic ade-
noma, but significantly higher than lymphomas; 
thus, ADC values can help in differential diag-
nosis [8].

Adenoid cystic carcinoma is hypermetabolic 
on PET CT, which is useful in detecting both the 
primary lesion and distant metastases [8].

5.5.6.3	� Lymphoproliferative Disorders
Lymphoproliferative disorders account for up to 
50% of nonepithelial lacrimal lesions; they are 
more frequently malignant lymphoma of non-
Hodgkin B-cell type, although they are only 1% 
of biopsied orbital masses [10].

Lacrimal gland lymphoma occurs mainly in 
the seventh decade of life as a painless mass in 
the superotemporal orbit.

The imaging features are a nonspecific, homo-
geneously enhancing mass at the lacrimal fossa 
usually without bone erosion, and displacing the 
eye globe. The older patient age, the presence of 
lymphadenopathy elsewhere, and lack of osseous 
remodeling are all suggestive of lymphoma. 
Lower ADC values may also be indicative of 
lymphoma, respect to other lacrimal gland dis-
eases [10].
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a b

c

Fig. 5.16  Pleomorphic adenoma. (a) T1-weighted sec-
tion on coronal plane; (b) T2-weighted section on coronal 
plane; (c) STIR section on axial plane. Well-circumscribed, 

oval lesion in the left superotemporal orbit that did not 
extend beyond the equator. (Original to the authors)

5.6	� Conclusion

A wide variety of tumoral and non-tumoral mass 
lesions may be encountered in the cranio-orbital 
region; thus, imaging is essential to their correct 
definition.

MRI is especially valuable for assessing extent, 
characterization, and precise location of the lesions, 
the involved orbital compartments (intraconal, 
extraconal, orbital apex, perineural spread), and the 
intraconal extension. CT better shows calcifications 
and bony erosion especially in malignant tumors.
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Knowledge of the most common orbit-cranial 
lesions, their clinical presentation, imaging 
appearance, and key features may help to the cor-
rect diagnosis and to the correct management.
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6The Supraorbital Pterional 
Approach

Francesco Maiuri , Giuseppe Mariniello , 
and Sergio Corvino

6.1	� Introduction

The approach to the cranio-orbital lesions is 
evolved over the years with the aims to obtain 
better control of the intraorbital structures and 
lesser brain retraction.

In the first years of the past century, some neu-
rosurgeons [1, 2] proposed resecting the supraor-
bital arch in the frontal approach. In 1982, Jane 
et al. [3] reviewed this approach and considered it 
the best supraorbital route for orbital tumors. 
Al-Mefty and Fox [4] suggested a supero-lateral 
approach and reconstruction to improve the 
orbital exposure. The pterional approach, first 
described by Heuer [5], was refined by Yasargil 
[6], who suggested drilling of the sphenoid ridge 
and occasional removal of part of the orbital 
ridge and roof.

All the above cited approaches are not ade-
quate for large tumors extending in both intracra-
nial and intraorbital compartments. To this aim, 
Al-Mefty [7] proposed the supraorbital pterional 
approach, which conjugates the pterional 

approach with removal of the lateral orbital wall 
and roof.

6.2	� Surgical Technique

6.2.1	� Patient Positioning 
and Skin Flap

The patient is positioned in the operating table 
with the head fixed at the Mayfield head holder 
and rotated 30° toward the contralateral side. The 
neck is slightly extended, allowing spontaneous 
retraction of the frontal lobe.

The scalp incision (Fig. 6.1) begins at level of 
the zygomatic arch, 1 cm anterior to the tragus, 
then it proceeds up to the superior temporal line 
and curves anterior and medially, up to the mid-
line, about 2  cm posterior to the hairline. The 
temporal muscle flap is detached from the tempo-
ral fossa and the lateral orbital wall is exposed; a 
small muscle margin is left attached to the bone 
to be used for the muscle closure. During the 
scalp dissection, the periosteum and galea must 
be preserved with the aim of being used over an 
eventual defect of the frontal sinus. The frontal 
and supraorbital nerves must be preserved to 
avoid paralysis of the frontal muscle and anesthe-
sia in the forehead.
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Fig. 6.1  Schematic draw of the scalp incision and crani-
otomy of the right supraorbital pterional approach. 
(Courtesy of Simona Buonamassa, MD)

Fig. 6.2  Intraoperative image after the craniotomy: the 
superior and lateral orbital walls and the frontotemporal 
region are well exposed

6.2.2	� Craniotomy

The craniotomy (Figs. 6.1 and 6.2) is performed 
by using 2 or 3 burr holes. A craniotome is used 
to create a fronto-temporal bone flap centered on 
the sphenoid wing that exposes the anterior and 
middle cranial fossa floors and temporal tip. 
Through a burr hole over the frontal sinus an 
osteotomy is made posterior to the orbital rime 
to detach the orbital roof. In this way, when the 
bone flap is elevated, the orbital roof remains 
attached to the flap itself. During the flap eleva-
tion, careful dissection of the dura mater and 
periorbita is necessary to avoid interruption. The 
superior orbital rime remains intact. When tumor 
invasion of the orbital roof and rime is evi-
denced, these structures may be resected using a 
rongeur. If the frontal sinus has been opened, the 
mucosa must be exenterated and the sinus must 
be filled with antibiotics and occluded by 
cottonoids.

6.2.3	� Management of the Skull Base 
Structures

The skull base structures, including orbital apex, 
optic canal, optic strut, anterior clinoid and supe-
rior orbital fissure, must be managed by micro-
surgical technique and the use of a high-speed 
diamond drill, and by extradural route. The 
orbital apex may be exposed by extending poste-
riorly the resection of the orbital roof. The optic 
canal must be opened by drilling its wall with a 
diamond drill during continuous washing, to 
avoid excessive heating. No attempt must be 
made to use rongeurs in the optic canal, because 
this maneuver may result in optic nerve damage.

The supraorbital pterional approach allows 
good exposure and opening of the superior and 
lateral walls of the optic canal and the optic strut; 
on the other hand, the inferomedial wall is less 
controlled [8, 9]. Thus, the circumferential 
decompression of the optic canal may be accom-
plished with an anterior clinoidectomy and 
removal of the optic strut.

The resection of the skull base structures 
depends on the direction of tumor growth and 
orbital location. If the tumor is in the apex or in 
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the optic canal, the entire orbital roof must be 
removed, and the optic canal must adequately be 
opened. If the tumor enters to the orbit through its 
lateral wall without involvement of the optic 
canal, it may not be opened [8–11].

6.2.4	� Incision of the Dura Mater 
and Periorbita

The incision of the dura mater and periorbita 
must follow rigorous criteria to obtain good 
exposure and to allow watertight closure. The 
dura mater is opened in a semicircular fashion, 
then the dural flap is bisected by a second dural 
incision that points toward the optic canal. The 
dural incision along the optic canal must be made 
by leaving a cuff of the dura around the optic 
nerve for an adequate closure [12]. The incision 
of the anulus of Zinn and the periorbita must be 
made medial to the levator and superior rectus 
muscles to avoid injury to the oculomotor nerve.

6.2.5	� Reconstruction

The closure of the dura mater must be watertight 
also over the optic canal, when preserved. The 
frontal sinus must be obliterated by muscle tissue 
and covered by a galeal flap mobilized and sutured 
to the dura mater and reinforced by fibrin glue.

We do not reconstruct the orbital roof in our 
cases. This usually does not result in cosmetic 
problems. The bone flap is replaced and fixed by 
wires and the temporal muscle is sutured to the 
small muscle margin left attached to the bone. 
Then, the skin is closed in layers.

Postoperatively, moderate periorbital ecchy-
mosis and slight-to-moderate swelling occur for 
several days.

6.3	� Complications

Complications of the supraorbital pterional 
approach may be observed during both intraop-
erative and post-operative periods.

Intraoperative complications may occur in 
all phases of the approach. During the turning of 

the skin flap, the frontal and supraorbital nerves 
may be injured, resulting in frontal nerve palsy or 
decreased sensation of the forehead, respectively; 
it may be avoided by carefully dissecting the 
nerves from the subcutaneous tissues and supra-
orbital notch.

At the elevation of the bone flap, the frontal 
sinus may accidentally be opened; this often 
results in post-operative cerebrospinal fluid 
(CSF) rhinorrhea. In such event, the careful clo-
sure of the defect by periosteum and galea flaps 
must be achieved.

Injuries to the cranial nerves may occur during 
the bone resection at the skull base and/or at the 
entry into the orbit. The injury to the optic nerve 
may be due to excessive retraction, particularly in 
presence of adherent tumors, to the occlusion of 
the central retinal artery, and particularly to heat 
transmission during drilling of the optic nerve 
canal. This complication is serious and not an 
exception (5% in the series of Maroon et al. [13]). 
It may be avoided by careful microsurgical drill-
ing using a high-speed drill and a diamond bur 
with continuous irrigation. The injury to the ocu-
lomotor nerves may occur at the superior orbital 
fissure, when opened, or within the orbit. This 
complication may be prevented by avoiding 
undue retraction of levator and superior rectus 
muscles and by approaching the intraorbital 
tumor component medially, between the superior 
rectus and levator and medial rectus muscles.

Intraoperative bleeding from the internal 
carotid and ophthalmic arteries, although very 
rare, may occur mainly at the reoperations for 
tumor recurrence.

Postoperative complications include pulsat-
ing proptosis, enophthalmos, hematoma, CSF 
rhinorrhea, and meningitis.

Pulsating proptosis is rare and may be due to 
cerebral edema and CSF; remission usually 
occurs within 1–2  months. Enophthalmos may 
occur after resection of large tumors with signifi-
cant residual cavity, but it is not significant. In 
exceptional cases, where the cosmetic problem is 
severe, the reoperation for orbital repair may be 
evaluated.

Postoperative intraorbital hematoma is rare 
and results from insufficient hemostasis of the 
surgical field. As already discussed, moderate 
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periorbital ecchymosis lacks pathological signifi-
cance, while severe chemosis should suggest a 
hematoma. The evacuation of the blood collec-
tion is often required to prevent eye damage.

The CSF rhinorrhea may occur because of 
accidental opening of the frontal and/or eth-
moidal sinus or not correct repair of the sinus 
wall after resection of an invading tumor. Its inci-
dence is about 3%. Most CSF fistulas undergo 
remission by lumbar puncture and antibiotic ther-
apy, as done for other surgical approaches and 
sites. Cases where the CSF leak persists with the 

risk of meningitis must undergo reoperation with 
careful closure of the communication.

6.4	� Supraorbital Pterional 
Versus Other Approaches: 
Advantages and Limits

The choice of the best surgical approach to the 
cranio-orbital mass lesions depends on several fac-
tors, including route of the orbital spread, intraor-
bital location, and mass size [14–16] (Table 6.1).

Table 6.1  The supraorbital pterional approach versus other approaches: advantages and limits

Approach Exposure Advantages Limits
Supraorbital 
pterional

 �� – � Supero-lateral orbital 
compartment

 �� – � Medial orbital 
compartment above the 
optic nerve

 �� – � Orbital apex
 �� – � Anterior and middle 

fossae

 �� – � No damage to the 
orbital structures

 �� – � Less risk of 
enophthalmos

 �� – � Need of craniotomy
 �� – � Bad exposure of the 

infratemporal fossa and 
infero-medial orbital 
region

Mini-pterional  �� – � Lateral compartment
 �� – � Optic canal
 �� – � Orbital apex
 �� – � Middle fossa

 �� – � Smaller incision
 �� – � Smaller craniotomy

 �� – � Smaller working corridor
 �� – � Poor orbital medial 

exposure

Supraorbital  �� – � Anterior cranial fossa
 �� – � Superior orbital 

compartment

 �� – � Minimal disruption of 
the temporalis muscle

 �� – � Large frontotemporal 
skin incision

 �� – � Risk of injury to the 
frontal branch of the 
facial nerve

Supraorbital 
“Keyhole”

 �� – � Anterior cranial fossa
 �� – � Superior orbital 

compartment

 �� – � Minimally invasive 
approach through 
eyebrow incision

 �� – � Limited maneuverability 
of instruments

 �� – � Cosmetic damage of the 
eyebrow

Lateral 
orbito-cranial

 �� – � Superolateral orbital 
compartment

 �� – � Lateral wall of the optic 
canal

 �� – � Orbital apex
 �� – � Temporal fossa

 �� – � Limited orbitotomy
 �� – � Wide exposure of the 

superolateral orbital 
compartment

 �� – � Poor control of the 
inferomedial orbital 
compartment

Fronto-temporal-
orbito-zygomatic 
(FTOZ)

 �� – � Orbital cavity
 �� – � Orbital apex
 �� – � Middle fossa
 �� – � Infratemporal fossa

 �� – � Enhanced exposure
 �� – � Less brain retraction

 �� – � More invasive
 �� – � Periorbital hematoma

Endoscopic 
endonasal

 �� – � Medial orbital 
compartment

 �� – � Medial aspect of the 
orbital apex

 �� – � Minimally invasive
 �� – � No orbitotomy
 �� – � No craniotomy
 �� – � No scar

 �� – � Limited exposure of the 
orbital apex

 �� – � Risk of CSF leak and 
infection

Endoscopic 
transorbital

 �� – � Inferomedial and lateral 
orbital compartments

 �� – � Good exposure of the 
optic canal and superior 
orbital fissure

 �� – � Less invasive
 �� – � No orbitotomy
 �� – � No craniotomy
 �� – � No scar
 �� – � Less distance to the 

orbital target

 �� – � Poor sphenoid wing, 
middle fossa and orbital 
apex exposure
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The supraorbital pterional approach pro-
vides good exposure of the lateral, superior, and 
partly medial orbital compartments, anterior and 
middle cranial fossa, orbital apex, optic canal, 
and superior orbital fissure [4, 8–10, 17, 18]. Its 
limits include the need for a large craniotomy, the 
bad exposure of the infratemporal fossa, and the 
infero-medial orbital region below the medial 
side of the optic foramen. Thus, mass lesions 
with significant infratemporal extension require a 
frontotemporal-orbitozygomatic approach; on 
the other hand, mass lesions of the medial intra-
orbital compartment with significant extension in 
the ethmoidal sinus may require a medial transor-
bital approach [15, 19].

Several other approaches may be used for 
cranio-orbital mass lesions. These include the 
mini-pterional craniotomy, the frontotemporal-
orbitozygomatic approach, the lateral supraor-
bital, supraorbital key-hole and lateral 
orbital-cranial approaches, the endoscopic endo-
nasal and transorbital approaches.

The mini-pterional craniotomy [20] is a less 
invasive modification of the standard pterional 
craniotomy [18, 21, 22]. However, the smaller 
craniotomy size may limit the space for frontal 
and temporal lobe mobilization in larger lesions. 
Moreover, the exposure at the medial orbital roof 
and inferolateral orbital wall is significantly more 
limited. Thus, the mini-pterional approach may 
be used only for small cranio-orbital lesions with 
no or limited extension in the medial orbital 
compartment.

The frontotemporal-orbitozygomatic 
approach is a frontotemporal approach with 
orbital roof opening associated to the resection of 
the zygomatic process [23, 24]. It allows good 
exposure of the orbital cavity, orbital apex, and 
middle fossa; the downward extension of the 
bone resection allows to expose the infratemporal 
fossa [25].

This approach enhances the surgical exposure 
and allows less brain retraction. However, it is 
more invasive and carries the risk of periorbital 
hematoma and enophthalmos. Thus, in the 
cranio-orbital surgery, this approach should be 
limited to more extensive tumors, mainly to those 
with significant extension into the infratemporal 
fossa [10].

The supraorbital approach is a variant of the 
pterional approach with no removal of the tempo-
ral bone [3]. It includes a standard pterional skin 
incision to provide supraorbital frontal bone 
exposure with minimal disruption of the tempo-
ralis muscle [15, 26]. Removal of the orbital roof 
and superior orbital rime allows to expose the 
orbital cavity.

The supraorbital approach provides good 
access to the anterior cranial fossa and superior 
orbital compartment; on the other hand, the 
access to the lateral intraorbital compartment is 
less easy. This approach may be used for cranio-
orbital lesions extending in the superior compart-
ment of the orbital region. It also carries the risk 
of injury to the frontal branch of the facial nerve.

The supraorbital keyhole approach, first 
introduced in 1998 by Perneczsky [27], is real-
ized through an incision within the eyebrow and 
a supraorbital enlarged keyhole. The minimal 
soft-tissue dissection and the small craniotomy 
size reduce postoperative orbital and frontotem-
poral swelling [28]. The limited exposure and the 
risk of frontal sinus contamination are the main 
disadvantages.

This approach, more limited than the previ-
ously cited, may be used for treating orbital intra-
conal and extraconal lesions superior to the optic 
nerve.

The lateral orbito-cranial approach [29] 
includes a lateral orbitotomy and a small crani-
otomy at the level of the temporal fossa. It allows 
good exposure of the superolateral intraorbital 
compartments, the lateral wall of the optic canal, 
and the anterior temporal region [30, 31].

This approach is useful for cranio-orbital mass 
lesions located at the lateral compartment of the 
orbital cavity also when involving the wall of the 
optic canal [29]. On the other hand, the mass 
lesions extending medially to the axis of the optic 
nerve are not sufficiently controlled.

The endoscopic approaches to the orbit 
include the transorbital, the transsphenoidal 
endonasal, and the combined endonasal-
transorbital approaches. The transorbital 
approaches [32–34] are realized by palpebral 
incision through medial and/or lateral surgical 
corridors; they allow to expose the sphenoid 
wing, the roof of the optic canal, and the superior 
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orbital fissure. The endoscopic endonasal 
approach provides exposure to the inferomedial 
orbital region and the inferomedial wall of the 
optic canal [35–37].

Although these approaches are less invasive 
than the cranio-orbital microsurgical ones, they 
are often too limited for large cranio-orbital mass 
lesions.

6.5	� Conclusion

The supraorbital pterional approach is, in our 
experience, the most useful approach to the 
cranio-orbital mass lesions of middle and large 
size. Those located in the lateral orbital compart-
ment may be approached through a less invasive 
lateral orbito-cranial approach. On the other hand, 
the indication to the fronto-temporal-orbito-
zygomatic approach may be limited to more 
extensive mass lesions with significant infratem-
poral extension. The significant tumor extension 
in the ethmoidal sinus and below the medial wall 
of the optic canal, although often exposed by the 
supraorbital pterional approach, may require a 
medial transorbital approach. The less invasive 
endoscopic endonasal and transorbital approaches 
may be used for treating not large mass lesions.
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7The Medial Transorbital Approach

Ramón Medel, Juan Carlos Sánchez España, 
and Francisco Zamorano Martín

7.1	� Superomedial Approach

The superomedial orbit can be accessed via 
Lynch incision, sub-brow incision, or an eyelid 
crease incision [1]. These incisions allow access 
to the superior-nasal compartment, to the medial 
intraconal space and the medial apex between the 
optic nerve and the medial and superior recti 
[1–4].

Transcutaneous frontoethmoidal anterior orbi-
totomy or Lynch incision is used for access to the 
superomedial extraconal and subperiosteal 
spaces to reach lesions and tumors of the frontal 
and ethmoid sinuses [1, 2]. This has been replaced 
by transcaruncular and superior-nasal lid 
approaches. For this procedure, an arched inci-
sion is placed midway from the medial canthal 
angle to the bridge of the nose, extending from 
the inferior to the superior orbital rim in the con-
cavity of the medial canthus. Once the rim is 
exposed, dissection is carried either subperioste-
ally or through the orbital septum into the medial 
orbit, depending on the purpose of the surgery 

[3–5]. If additional exposure is needed inferiorly, 
the anterior crus of the medial canthal tendon can 
be disinserted from the anterior lacrimal crest 
and the lacrimal sac dissected from the lacrimal 
sac fossa to the level of the nasolacrimal duct 
[1–3]. The main anatomic structures limiting 
exposure through this incision are the nasolacri-
mal duct inferiorly and the trochlea superiorly [1, 
2]. Although this approach provides excellent 
exposure, the main disadvantage is the resultant 
scar, which is not well-camouflaged and can 
sometimes lead to medial canthal webbing. Thus, 
this approach is used only when other routes do 
not give adequate exposure such as for resection 
of large ethmoid and frontal sinus carcinomas 
that extend toward the orbit [2, 5, 6].

The cutaneous route in the brow has also been 
abandoned because of the unaesthetic scar and 
for not providing a better access than through the 
upper lid crease, which hides the scar in a few 
weeks [4, 6]. The latter approach begins through 
the skin, followed by dissection in the suborbicu-
laris plane, identification of the preaponeurotic 
fat pad, and incision of the orbital septum [1, 4, 
6]. To access the subperiosteal space a dissection 
superiorly to the periosteum of the orbital rim 
should be performed, followed by incision into 
periosteum anterior to the arcus marginalis [4]. 
On entering the superomedial quadrant, it is 
important not to injure the tendon of the superior 
oblique muscle and the supraorbital bundle.
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The main advantage of this approach is to 
obtain an adequate exposure of the superomedial 
quadrant with a better aesthetic result [1, 2, 6, 7].

7.2	� Transcaruncular Approach

The transcaruncular anterior orbitotomy provides 
access to the extraconal and subperiosteal space 
of the medial orbit [2, 8, 9]. The main uses of this 
orbitotomy approach are to repair a medial wall 
fracture and perform and ethmoidectomy as part 
of orbital decompression [2, 4, 10, 11] (Fig. 7.1).

In this technique, an incision is made in the 
caruncle and extended superiorly and inferiorly 
with adequate length to not struggle with expo-
sure later on in the case [4]. The incision can be 
extended into the superior and inferior fornix to 
the level of the lacrimal puncta, so that the total 
length is at least 2 cm [4, 8]. Careful attention 

is paid to avoid injury to the canalicular system 
[2, 12]. Curved tenotomy scissors are then 
inserted and gentle blunt dissection is per-
formed over the posterior lacrimal crest, thereby 
exposing the periosteum of the medial orbital 
wall, which can be incised using sharp dissec-
tion or fine tip cutting cautery to reach the sub-
periosteal space (Fig.  7.2a, b) [2, 8, 9]. The 
anterior and posterior ethmoidal vessels serve 
as useful landmarks. The assistant can pull the 
skin of the upper and lower eyelid adjacent to 
the lacrimal puncta to provide exposure [11]. 
This can be combined with a lateral orbitotomy 
for greater exposure. An absorbable suture can 
be used to close the incision in the caruncle [8]. 
Through this relatively small incision, access 
can be obtained to the anterior medial orbital 
wall, the inferomedial strut, the medial orbital 
floor, and even the superomedial orbital wall [2, 
4, 8, 13, 14].

Main indications

Medial orbital
decompression

Medial orbital
wall fracture

repair

Drainage of
subperiosteal

abcess

Tumor
biopsy/excision

Retrieval of a
“lost” medial

rectus

Fig. 7.1  Main indications of medial orbitotomy

a b

Fig. 7.2  Transcaruncular approach to the medial orbital wall. (a) Conjunctival incision between the plica and caruncle. 
(b) Extraconal space exposition with malleable retractors
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7.3	� Transconjunctival Approach

The transconjunctival medial orbitotomy is used 
for access to Tenon’s capsule, the medial intra-
conal space, and the anterior one-third of the 
optic nerve on the medial side [2, 4]. A 180o con-
junctival peritomy is performed at the medial 
limbus, and radial relaxing incisions of the bulbar 
conjunctiva can be made to improve exposure [4, 
8]. Tenon’s capsule is then bluntly separated from 
the sclera with Stevens scissors. If a deep intra-

conal dissection is anticipated, the medial rectus 
should be disinserted from the eye to improve 
exposure and if the exposure is limited, a lateral 
orbitotomy can be combined to provide more 
room medially as in the transcaruncular approach 
(Fig. 7.3a, b) [2, 4]. Once the procedure is com-
plete, the medial rectus is sewn back on the globe 
and the conjunctiva is closed with absorbable 
sutures. This approach provides good exposure 
of medial orbital tumors in the anterior half of the 
intraconal space [2, 4, 8].

a b

Fig. 7.3  Transconjunctival medial orbitotomy. (a) Conjunctival peritomy is performed at the medial limbus. (b) Medial 
rectus isolation

7  The Medial Transorbital Approach
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7.4	� Inferomedial Approach

The transcaruncular incision allows visualization 
of the medial half of the orbital floor [8]. For wider 
exposure of the floor or to create an incision that 
allows placement of large implant for an inferome-
dial fracture, it could be necessary to extend the 
incision toward the inferior conjunctiva [2, 8, 9]. 
This is considered a complex area for surgery 
because of the difficulty that manipulation of the 
inferior oblique muscle presents where it inserts in 
the inferior-nasal bone wall [2, 4].

References

1.	Bosniak SL.  Principles and practice of ophthalmic 
plastic and reconstructive surgery. Philadelphia: 
Saunders; 1996.

2.	Nerad JA. Techniques in ophthalmic plastic surgery: a 
personal tutorial. Philadelphia: Saunders. p. 696.

3.	Lynch RC.  The technique of a radical frontal sinus 
operation which has given me the best results. 
(Original communications are received with the 
understanding) that they are contributed exclusively 
to the laryngoscope. Laryngoscope. 1921;31(1):1–5. 
https://doi.org/10.1288/00005537-192101000-00001.

4.	Karcioglu ZA. Surgical treatment. In: Orbital tumors. 
New  York: Springer; 2005. p.  359–90. https://doi.
org/10.1007/0-387-27086-8_31.

5.	Pelton RW.  The anterior eyelid crease approach to 
the orbit. Curr Opin Ophthalmol. 2009;20(5):401–5. 
https://doi.org/10.1097/ICU.0B013E32832EC3F7.

6.	Nerad JA.  Diagnostic approach to the patient with 
proptosis. In: Techniques in ophthalmic plastic sur-
gery; 2021. p.  545–610. https://doi.org/10.1016/
B978-0-323-39316-4.00014-4.

7.	Pelton RW, Patel BCK.  Superomedial lid crease 
approach to the medial intraconal space: a new tech-
nique for access to the optic nerve and central space. 
Ophthal Plast Reconstr Surg. 2001;17(4):241–53. 
https://doi.org/10.1097/00002341-200107000-00003.

8.	Shorr N, Baylis H. Transcaruncular–transconjunctival 
approach to the medial orbit and orbital apex. In: Oral 
presentation at the American Society of Ophthalmic 
Plastic and Reconstructive Surgeons, 24th annual sci-
entific symposium, Chicago, November 13; 1993.

9.	Shorr N, Baylis HI, Goldberg RA, Perry 
JD. Transcaruncular approach to the medial orbit and 
orbital apex. Ophthalmology. 2000;107(8):1459–63. 
https://doi.org/10.1016/S0161-6420(00)00241-4.

10.	Graham SM, Thomas RD, Carter KD, Nerad JA. The 
transcaruncular approach to the medial orbital wall. 
Laryngoscope. 2002;112(6):986–9. https://doi.
org/10.1097/00005537-200206000-00009.

11.	Lai PC, Liao SL, Jou JR, Hou PK. Transcaruncular 
approach for the management of frontoethmoid 
mucoceles. Br J Ophthalmol. 2003;87(6):699–703. 
https://doi.org/10.1136/BJO.87.6.699.

12.	Fante RG, Elner VM.  Transcaruncular approach to 
medial canthal tendon plication for lower eyelid lax-
ity. Ophthal Plast Reconstr Surg. 2001;17(1):16–27. 
https://doi.org/10.1097/00002341-200101000-00004.

13.	Leone CR, Lloyd WC, Rylander G.  Surgical 
repair of medial wall fractures. Am J 
Ophthalmol. 1984;97(3):349–56. https://doi.
org/10.1016/0002-9394(84)90635-4.

14.	Goldberg RA. Is there a “lost” rectus muscle in stra-
bismus surgery? Am J Ophthalmol. 2001;132(1):101–
3. https://doi.org/10.1016/S0002-9394(01)01019-4.

R. Medel et al.

https://doi.org/10.1288/00005537-192101000-00001
https://doi.org/10.1007/0-387-27086-8_31
https://doi.org/10.1007/0-387-27086-8_31
https://doi.org/10.1097/ICU.0B013E32832EC3F7
https://doi.org/10.1016/B978-0-323-39316-4.00014-4
https://doi.org/10.1016/B978-0-323-39316-4.00014-4
https://doi.org/10.1097/00002341-200107000-00003
https://doi.org/10.1016/S0161-6420(00)00241-4
https://doi.org/10.1097/00005537-200206000-00009
https://doi.org/10.1097/00005537-200206000-00009
https://doi.org/10.1136/BJO.87.6.699
https://doi.org/10.1097/00002341-200101000-00004
https://doi.org/10.1016/0002-9394(84)90635-4
https://doi.org/10.1016/0002-9394(84)90635-4
https://doi.org/10.1016/S0002-9394(01)01019-4


73

8The Fronto-Temporo-Orbito-
Zygomatic Approach

Roberto Delfini, Andrea Gennaro Ruggeri, 
and Sara Iavarone

8.1	� Introduction

Evolution toward the current concept of the fron-
tal-temporo-orbit-zygomatic approach has been 
progressive. In 1982, Jane et  al. described the 
“supraorbital approach” which allowed access to 
the floor of the anterior cranial fossa and the 
superior portion of the orbit with minimal retrac-
tion through a craniotomic operculum incorpo-
rating the superior orbital rim and part of the roof 
of the orbit [1]. Al-Mefty [2, 3] modified this 
approach by incorporating the superior and lat-
eral margins of the orbit with a pterional craniot-
omy and then removing them in one piece. In 
1984, Pellerin et al. [4] described an orbitofrontal 
craniotomy with removal of the lateral wall of the 
orbit, malar eminence, and zygomatic arch in sur-
gical treatment of meningiomas of the sphenoid 
wing. Hakuba et al. [5] described the infratempo-
ral orbitozygomatic approach as a useful tech-
nique for lesions located in the parasellar region 
and interpeduncular fossa, including meningio-
mas of the medial third of the sphenoid wing, pet-
roclival meningiomas, trigeminal neuromas, and 
aneurysms of the basilar top. Their method 
involved preserving a large part of the skull base 
with three separate bone fragments. Alaywan and 
Sindou [6], and McDermott et al. [7] described a 

two-piece orbitozygomatic approach with fronto-
temporal and orbitozygomatic bone opercula 
removal. In 1998, J. Zabramski et al. reported a 
variant of the orbitozygomatic approach in two 
pieces according to a technique that is currently 
the most widely used [8].

8.2	� Surgical Technique

8.2.1	� Patient Position and Skin 
Incision

The patient is positioned supine on the operating 
table with the head locked in the Mayfield head 
holder and rotated 30° (to a maximum of 60°) 
toward the side contralateral to the surgical inci-
sion. Rotation is greater for tumors and vascular 
lesions of the anterior and middle cranial fossae 
and less for those involving the clivus and poste-
rior cranial fossa. The neck is slightly extended 
so that the malar eminence is positioned at the 
highest point of the operating field, thus allowing 
a spontaneous retraction of the frontal lobe with 
respect to the roof of the orbit [8].

The skin incision begins 1 cm anterior to the 
tragus, at the level of the lower edge of the zygo-
matic arch. It then proceeds upward and forward 
in a slightly curved arc to reach just behind the 
point where the hairline intersects the contralat-
eral midpupillary line (Fig. 8.1). The inferior por-
tion of the incision must be limited to avoid 
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Fig. 8.1  The skin incision extends from the lower edge of 
the zygomatic arch to the contralateral midpupillary line. 
(Illustration by Sara Iavarone)

injury to the frontotemporal branch of the facial 
nerve. The division of the frontotemporal branch 
into the zygomatic and temporal branches occurs 
within the parotid gland and the point where the 
anterior and middle branches diverge from the 
frontotemporal branch of the facial nerve is 
approximately 1.1 cm below the tragus [9].

8.2.2	� Elevation and Preservation 
of the Skin Flap and Frontal 
Branch of the Facial Nerve

The skin flap is mobilized anteriorly to expose 
the underlying superficial temporal fascia. The 
frontal periosteum is preserved. The frontotem-
poral branch of the facial nerve is located in the 
subgaleal fat pad. To avoid injuring this branch, 
the subgaleal dissection must be interrupted 
2.5–3 cm posterior to the superior margin of the 
orbit in its lateral portion. Subfascial dissection is 
then performed via an incision of the superficial 
temporal fascia. The subfascial dissection begins 
posteriorly and extends forward along the margin 
of the superior temporal line. This technique 
offers the possibility of protecting the branches 
of the facial nerve located in the superficial por-
tion of this fascial plane (Fig. 8.2). The fronto-
temporal branch of the facial nerve emerges from 
the parotid gland in multiple branches located in 
the subgaleal space, in the same plane as the 

superficial fat pad. In the study described by 
Ammirati et al. [10], it was found that in 30% of 
the cases examined, some branches of the middle 
division of the frontotemporal branch of the 
facial nerve run within the interfascial space and 
enter the temporal muscle. This finding may 
explain why interfascial dissection, convention-
ally used for pterional craniotomy, carries a 30% 
risk of injury to these branches.

In order to obtain a better approximation of 
the temporal muscle in the reconstructive phase, 
it is useful to leave a myofascial cuff along the 
superior temporal line.

Dissection proceeds by raising the temporal 
fascia in the plane between the deep layer and the 
muscle to anteriorly expose the cheekbone and 
superior orbital margin. The deep layer of the 
temporal fascia (fused with the periosteum of the 
zygomatic process of the frontal bone and the 
cheekbone) is separated subperiosteally to obtain 
full exposure of the upper margin of the orbit, the 
zygomatic process, and the malar eminence as far 
as the zygomatic-facial foramen and zygomatic 
arch.

The temporal muscle is incised near the poste-
rior portion of the skin incision and elevated sub-
periosteally using the retrograde technique 
described by Oikawa et al. [11], i.e., proceeding 
from the bottom upward with a dissector, main-
taining the integrity of the periosteum and thus 
protecting the deep vessels as well as nerve and 
muscle fibers (Fig. 8.3). The prevention of tem-
poral muscle atrophy is an important aspect in the 
orbitozygomatic approach.

Kadri and Al-Mefty [12] recommended six 
steps useful for temporal muscle preservation: 
(1) preservation of the superficial temporal artery; 
(2) preservation of facial nerve branches by sub-
fascial dissection; (3) zygomatic osteotomy to 
increase exposure and avoid compression or 
retraction injuries of the temporal muscle; (4) 
dissection of the muscle via the retrograde sub-
periosteal route to preserve the deep vessels and 
nerves; (5) disengagement of the muscle along 
the superior temporal line without cutting the fas-
cia; (6) reattachment of the muscle directly to the 
bone. Alternatively, the muscular cuff can be 
used to bring the fascia and the temporal muscle 
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a b

Fig. 8.2  (a) The frontal branch of the facial nerve runs 
posterior to the Pitanguy line: a line passing 0.5 cm below 
the tragus and 1.5 cm above the lateral end of the eyebrow. 
(b) Illustration of the subfascial dissection of the temporal 

muscle and the distribution of the fibers of the facial nerve 
with respect to the anatomical planes. (Illustration by Sara 
Iavarone)

Fig. 8.3  Dissection of the temporal muscle according to 
the retrograde technique described by Oikawa while pre-
serving the integrity of the periosteum

together according to the technique originally 
described by Spetzler and Lee [13].

At this point, we proceed medially by blunt 
dissection to separate the periorbit from the upper 
and lateral margins of the orbit up to the supraor-
bital notch (Fig. 8.4). If further medial exposure 
is required, the supraorbital nerve can be freed 

from the notch or supraorbital foramen using a 
small chisel or a burr [9].

8.2.3	� Single Piece Orbito-Zygomatic 
(OZ) Craniotomy

In the single-piece OZ approach, the frontotem-
poral craniotomy is combined with a series of 
osteotomies through the orbit and the cheekbone 
to remove a single craniotomic operculum that 
includes the roof and lateral wall of the orbit, the 
lateral surface of the cheekbone, and the zygo-
matic process of the temporal bone.

Positioning of the keyhole at the MacCarty 
point (Fig. 8.5) is a fundamental step in order to 
proceed with the one-piece OZ craniotomy. The 
keyhole, as described by MacCarty [14, 15], 
should expose in its upper half the dura mater 
that lines the frontal lobe and in its lower half the 
periorbit: the roof of the orbit constitutes the 
bony bridge that divides the two halves. The drill 
hole in the MacCarty point is made over the fron-
tosphenoid suture, approximately 1  cm behind 
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Fig. 8.4  Intraoperative photo showing the supraorbital notch that represents the medial margin of the craniotomy. With 
the aid of a burr, the supraorbital nerve is freed from the supraorbital notch

Fig. 8.5  MacCarty point: a bony bridge consisting of the 
roof of the orbit divides the periorbit from the dura mater 
that covers the frontal lobe

the frontozygomatic junction. Its diameter is 
about twice the size of a normal drill hole in order 
to allow access to the anterior cranial fossa and 
the orbital cavity.

The six osteotomies are then performed using 
the craniotome. The first osteotomy extends from 
the orbital portion of the MacCarty keyhole to the 
inferior orbital fissure. The second osteotomy 
crosses the zygomatic body and extends to the 
inferior orbital fissure: this section is made 1 cm 
below the angle of junction of the frontal and 
temporal processes of the zygomatic bone 
(Fig. 8.6). The osteotomy through the cheekbone 
meets the cut along the lateral wall of the orbit at 
the anterolateral edge of the inferior orbital 
fissure.

The third osteotomy is performed through the 
anterior root of the zygomatic process of the tem-
poral bone, just in front of the articular tubercle 
of the zygomatic bone. The zygomatic process is 

dissected in an oblique direction, providing a 
stable base for reconstruction.

The fourth and most critical osteotomy of the 
one-piece OZ craniotomy involves a cut through 
the upper edge of the orbit and an intraorbital cut 
along the roof of the orbit (Fig. 8.7).

The fifth osteotomy extends along the frontal 
and parietal bones and connects the craniotomy 
holes. The final osteotomy of the single-piece OZ 
craniotomy connects a temporal craniotomy hole 
and the frontal compartment of the MacCarty 
keyhole (Fig. 8.8) [16].

8.2.4	� Two-Piece OZ Craniotomy

The two-piece OZ craniotomy combines the 
pterional craniotomy with a supraorbital osteot-
omy and removal of a portion of the zygomatic 
bone (Fig. 8.9).

First, a classic frontotemporal craniotomy is 
performed. Subsequently, before proceeding with 
bone cuts, the dura mater must be separated from 
the frontal bone, from the small wing of the sphe-
noid and from the middle cranial fossa.

The small wing of the sphenoid is drilled until 
it reaches the lateral margin of the superior orbital 
fissure.

During the initial part of the two-piece OZ 
craniotomy, the osteotomies of the skull base 
through the anterior root of the zygomatic pro-
cess of the temporal bone and the zygomatic 
body are similar to those described in the one-
piece OZ craniotomy. The remaining osteotomies 
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a b

Fig. 8.6  The first cut extends from the orbital portion of 
the MacCarty keyhole to the inferior orbital fissure (a). 
The second cut crosses the body of the zygomatic bone 
and reconnects to the first cut at the level of the inferior 

orbital fissure. The third cut crosses the zygomatic pro-
cess of the temporal bone just in front of the articular 
tubercle (b)

Fig. 8.7  The cut along the roof of the orbit is made using the Gigli saw, connecting the medial margin of the craniot-
omy at the level of the supraorbital notch to the orbital portion of the MacCarty keyhole

Fig. 8.8  Final craniotomy connecting the individual craniotomy holes and final appearance of the single piece bone 
operculum

are specific for the two-piece OZ craniotomy. As 
described by Zabramski et al. [8], a small crani-
otomy is made using a burr hole along the antero-

lateral wall of the temporal fossa, thus creating a 
space for the craniotome used to perform the 
osteotomy along the lateral wall of the orbit. The 
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a b c

Fig. 8.9  The two-piece orbitozygomatic approach essen-
tially consists of the combination of a pterional craniot-
omy with an orbitozygomatic osteotomy (a). Figure (b) 

shows the intraoperative view after completing the crani-
otomy with the two removed pieces next to it (c)

first osteotomy begins along the roof of the orbit 
lateral to the supraorbital notch and is directed 
toward the superolateral margin of the superior 
orbital fissure. The subsequent osteotomy frees 
the lateral wall of the orbit by connecting the pos-
terolateral end of the first osteotomy and the 
anterolateral part of the inferior orbital fissure 
(Fig. 8.9). The inferior orbital fissure can be visu-
alized in most craniotomies, and this portion of 
the osteotomy passes through the craniotomy 
hole previously made on the anterolateral part of 
the temporal bone [16].

8.2.5	� Modified Supraorbital 
Orbitozygomatic Craniotomy

The periorbit is separated by blunt dissection 
from the upper and lateral margins of the orbit 
and medially up to the level of the supraorbital 
notch. The depth of the dissection rarely exceeds 
2–3  cm. If further medial exposure is required, 
the supraorbital nerve is freed from the supraor-
bital notch or foramen with a small chisel or dia-
mond burr. Typically, the limits of exposure 
include the supraorbital notch medially and the 
frontozygomatic suture laterally (Fig.  8.7). The 
first osteotomy is performed at the upper edge of 
the orbit, lateral to the supraorbital nerve 
(Fig. 8.7a). This cut can be extended medially if 

more medial frontal exposure is desired. The sec-
ond osteotomy is made in the lateral wall of the 
orbit toward the inferior orbital fissure. The third 
osteotomy is made to connect these two osteoto-
mies in the roof of the orbit. Modified supraor-
bital orbitozygomatic craniotomy can be 
performed using a 1- or 2-piece method [9].

8.2.6	� Reconstruction

The galea can be used as an autologous patch 
graft in the event of duroplasty or for a possible 
cranialization of the frontal sinus. To obtain a bet-
ter osteosynthesis, it is also possible to perform a 
pre-plating before proceeding with the zygomatic 
osteotomy in order to reduce the risk of postop-
erative facial asymmetry. Care must also be taken 
in the reconstruction of the roof of the orbit to 
limit the risk of enophthalmos. Titanium plates 
and 4 or 5 mm self-tapping screws are used for 
osteosynthesis of the craniotomic operculum. The 
temporal muscle is brought back to the myofas-
cial cuff at the level of the superior temporal line. 
An interrupted suture with 3/0 vicryl stitches can 
be used for the superficial temporal fascia and 
galea. Subcutaneous drainage is left in place for 
2 days to prevent blood collection. The skin suture 
can be performed using either resorbable sutures 
or metallic staples [16].
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8.3	� Clinical Use

The OZ approach makes it possible to follow 
four different surgical corridors: (1) subfrontal, 
(2) trans-Sylvian, (3) pretemporal, and (4) sub-
temporal. The trans-Sylvian and pretemporal 
corridors allow access to deep regions, including 
(1) optic-carotid; (2) carotid-oculomotor; (3) 
supracarotid; (4) oculomotor-tentorial [16] .

The orbitozygomatic craniotomies in either 
one and two pieces both have the advantage of 
providing a wider exposure of the anterior skull 
base than the frontotemporal approach (Figs. 8.9 
and 8.10), thus minimizing the need for retrac-
tion of the brain parenchyma. By removing the 
upper and lateral walls of the orbit and cheek-
bone, a wide angle of exposure is obtained for 
lesions involving the apex of the orbit, the para-
clinoid and parasellar regions, the apex of the 
basilar artery, the cavernous sinus, and the floor 
of the anterior and middle fossa [8].

In the one-piece OZ approach, the zygomatic 
osteotomy is generally less extensive and mainly 
involves the frontal process. Therefore, the one-
piece OZ approach is theoretically more suitable 
for tumors of the parasellar and orbital regions 
(Figs. 8.11 and 8.12), in which greater mobiliza-

tion of the zygomatic arch does not really improve 
lesion exposure.

In contrast, the one-piece OZ approach is less 
indicated for ruptured aneurysms [17], hyperos-
totic spheno-orbital and sphenoid meningiomas, 
and for large intraorbital tumors with increased 
intraocular pressure. In ruptured aneurysms, coex-
isting cerebral edema increases the risk of damage 
to the parenchyma during extracranial osteotomy 
of the roof of the orbit. In tumors characterized by 
severe hyperostosis of the roof and lateral wall of 
the orbit, accidental fracture of the single block 
bone flap may give rise to force vectors involving 
the optic canal and the sphenoid sinus with conse-
quent risk of damaging the optic nerve and the 
CSF fistula. In the case of intraocular hyperten-
sion, the greater manipulation of the eyeball nec-
essary to dissect the roof of the orbit from the 
extracranial intraorbital side increases the risk of 
blindness as well as the risk of dangerous bradyar-
rhythmias resulting from the elicitation of the 
Aschner-Dagnini oculocardiac reflex [18].

Supraorbital craniotomy is usually used for 
injuries of the anterior, middle, and sella turcica 
cranial fossae. The major fields of application are 
aneurysms of the anterior communicating artery 
and supraclinoid ICA aneurysms. Lemole et  al. 

Fig. 8.10  Intraoperative photo of the supraorbital orbitozygomatic craniotomy and the removed craniotomic 
operculum
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Fig. 8.11  Clinical case of voluminous spheno-orbital wing meningioma removed using a fronto-temporo-orbito-zygo-
matic approach, obtaining a complete removal

[19] also proposed the use of this approach for 
the treatment of sellar lesions.

The increased exposure offered by OZ crani-
otomy comes at the expense of an increased risk 
of cosmetic deformity, CSF leakage, enophthal-
mos, pulsating exophthalmos, and blindness [18].

As emerges in the study described by Tanriover 
et al., the two-piece OZ allows for significantly 
greater orbital roof removal than the one-piece 
variety. However, permanent removal of the roof 
of the orbit carries an inherent risk of inadequate 

reconstruction and consequent cosmetic defect, 
meaning that at least 2.5–3  cm of the anterior-
posterior length of the roof of the orbit must be 
preserved with the osteotomy to prevent enoph-
thalmos [17]. In the two-piece OZ, the frontotem-
poral bone operculum is lifted as the initial step 
and the orbitozygomatic osteotomy is performed 
as a second separate step. The roof of the orbit 
and the side wall are then removed under direct 
vision, achieving a more precise orbitotomy than 
in the single-piece OZ.
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Fig. 8.12  Clinical case of spheno-petro-clival meningioma removed using a fronto-temporo-orbito-zygomatic 
approach
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9The Lateral Orbito-Cranial 
Approach

Diego Strianese, Giuseppe Mariniello , 
Marco Lorenzetti, and Francesco Maiuri 

9.1	� Introduction

The lateral approach to the orbit was first pro-
posed in 1889 by Kronlein [1] who suggested a 
curved skin incision and removing the lateral 
orbital wall to improve the access to the retrobul-
bar lesions. Berke [2] modified the Kronlein skin 
incision into a transverse incision extending 
30–35 mm from the lateral canthus. Later Maroon 
and Kennerdel [3] suggested to add to the lateral 
microsurgical orbitotomy the removal of a portion 
of the greater sphenoid wing with the aim to 
expose the temporal dura and the deep orbit.

Since the early 1990s, several technical modi-
fications of the classical lateral orbitotomy have 
been proposed to improve the surgical exposure 
of the orbital apex and superior orbital compart-

ment [4–7]. In the surgical practice, both classi-
cal lateral orbitotomy and modified lateral orbital 
approaches are mainly used for removing bone 
lesions of the lateral orbital wall and intraorbital 
lesions of the lateral and superolateral compart-
ments of the orbit and orbital apex.

This chapter discusses the indications, advan-
tages, and limits of the lateral orbitotomy cou-
pled with resection of the sphenoid wing for 
removing mass lesions with both intraorbital and 
intracranial extension. This approach may better 
be defined “orbito-cranial” because it includes 
an orbitotomy and a small craniotomy [8].

9.2	� Surgical Technique

A curvilinear skin incision is made along the 
upper eyelid crease extending to 2 cm lateral to 
the canthal angle along a natural skin crease 
(Fig.  9.1). The orbital and temporal portions of 
the greater sphenoid wing are exposed by dissect-
ing the temporal muscle from the superior tempo-
ral line, the anterior third of the zygomatic arch, 
and the lateral orbital rim (Fig. 9.2). The frontal 
process of the zygomatic bone is isolated from the 
surrounding tissue (Fig.  9.3) and removed by 
using the oscillating saw. The bone is drilled from 
the sphenozygomatic junction through the tempo-
ral portion of the greater sphenoid wing to the lat-
eral edge of the superior orbital fissure. This bone 
resection allows to expose the anterior pars of the 
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Fig. 9.1  Curvilinear skin incision along the right upper 
eyelid crease extending 2 cm lateral to the canthal angle

Fig. 9.2  Dissection of the temporal muscle from the 
superior temporal line and the lateral orbital rim

Fig. 9.3  The frontal process of the zygomatic bone is iso-
lated and well exposed

Fig. 9.4  The lateral periorbita is widely exposed after 
removal of the frontal process of the zygomatic bone

Fig. 9.5  The frontal process of the zygomatic bone is 
replaced and fixed by wires

temporal fossa and the lateral periorbita (Fig. 9.4). 
Thus, the dura is opened and the intracranial 
tumor component is exposed and removed by 
microsurgical technique.

Then, a horizontal incision of the periorbita 
allows to expose and remove the intraorbital com-
ponent of the mass lesion. The lateral wall of the 
optic canal may also be resected, if necessary.

The reconstruction must involve both the peri-
orbita and dura. If they are infiltrated, as for 
spheno-orbital meningiomas, they must be 
resected and the residual defect must be repaired 
using a flap of dural substitute. Then, the frontal 
process of the zygomatic bone is replaced and 
fixed by wires or miniplats (Fig.  9.5). 
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Fig. 9.6  The skin is closed with aesthetic suture

Reconstruction of the orbital roof and wall is not 
performed. The skin is closed with 3-0 uninter-
rupted suture (Fig. 9.6).

This approach allows good exposure of the 
lateral and superolateral orbital compartment and 
temporal fossa.

The subfascial dissection of the temporal mus-
cle permits to expose a large bone field with no 
risk of injuring the frontal branch of the facial 
nerve. The resection of the frontal branch of the 
zygomatic process and whole lateral orbital wall 
allows a wide exposure of the orbital cavity; the 
resection may be extended, if necessary, to the 
external two-third of the orbital roof. The resec-
tion of the greater sphenoid wing may be extended 
to the anterior temporal bone (up to 3  cm), 
according to the size and extension of the mass 
lesion. The medial limits of the bone removal are 
the superior orbital fissure and the anterior cli-

noid process, which are not sufficiently 
controlled. The lateral wall of the optic canal may 
be opened to decompress the optic nerve; how-
ever, the circumferential invasion of the optic 
canal is a contraindication to this approach.

The lateral orbital rim must be resected and 
reimplanted to increase the size of the surgical 
field, mainly in cases with large intraorbital 
tumor component.

Although the reconstruction of the orbital wall 
and orbital roof is advised in several studies [9–
11], we do not believe it is necessary.

9.3	� Indication and Patient 
Selection

The selection criteria for patient/candidate to sur-
gery by lateral orbito-cranial approach include:

–– Tumor location at the lateral or superolateral 
orbital compartment and eventually to the 
anterior portion of the temporal fossa;

–– No evidence of involvement of the anterior 
clinoid process and superior orbital fissure; 
and

–– No evidence of tumor extension around or 
beyond the optic canal.

Patients with cranio-orbital mass lesions who 
do not agree with these criteria must be operated 
on through sovraorbital-pterional or fronto-
temporo-orbito-zygomatic approach.

The lateral orbito-cranial approach may be 
used for lateral extradural mass lesions, such as 
bone tumors of the sphenoid wing and lateral 
orbital wall, as well as for lateral intradural mass 
lesions, such as spheno-orbital meningiomas [8].

9.4	� Advantages and Limits

The main advantage of the lateral orbitocranial 
approach is its lesser invasiveness of both skin 
and bone steps. The skin incision along the upper 
eyelid crease and up to 2 cm lateral to the canth 
angle results in good cosmetic outcome, when 
the skin closure is made in a cosmetic manner. 

9  The Lateral Orbito-Cranial Approach
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Thus, large skin flaps, such as bicoronal and 
fronto-temporal, are avoided.

The resection of the greater wing of the sphe-
noid bone allows to expose the anterior temporal 
fossa through a small craniotomy. In this way, 
this approach is significantly, less invasive than 
the supraorbital-pterional and fronto-temporal-
orbito-zygomatic approaches, which require 
large craniotomies.

Because of the limited skin incision and small 
craniotomy, this approach is significantly more 
rapid. However, this lateral orbito-cranial 
approach is only reserved to a selected group of 
patients with mass lesions located in the supero-
lateral orbital compartment and anterior part of 
the temporal fossa. The skin scar, although usu-
ally cosmetic, is visible. Finally, the postopera-
tive enophthalmos, although not observed in our 
surgical material of cranio-orbital tumors and our 
series of spheno-orbital meningiomas [8], is 
sometimes reported.

9.5	� Modified Lateral 
Orbitocranial Approaches

Several modifications of the above described lat-
eral orbitocranial approach have been proposed 
[12–14].

The total lateral orbitotomy [15, 16] is similar 
to the lateral orbitocranial approach, but the bone 
flap is extended to encompass the superior orbital 
rim up to the superior orbital notch and inferiorly 
the body of the zygoma extending medially to the 
midpoint of the inferior orbital rim. This more 
extensive approach, by removing the superior 
and inferior orbital rims, improves the surgical 
exposure and allows access to anterior cranial 
fossa and infraorbital region. It may be used for 
more extensive tumors involving the orbital apex 
and superior and inferior orbital fissures. The sur-
gical risks mainly include injury to the lateral 
rectus muscle and optic nerve.

The modified lateral orbitotomy, proposed by 
Couldwell [13, 17, 18], includes a lateral canthot-
omy incision forked along the superior eyelid and 
opening of the lateral orbital rim to allow direct 
access to the sphenoid wing with partial sparing 

of the lateral orbital wall. The drilling of the 
sphenoid wing exposes the periorbita and the 
temporal dura, the superior orbital fissure, which 
can be unroofed, the cavernous sinus, the anterior 
clinoid, and the middle fossa structures. The lat-
eral orbital rim is replaced and fixed at the end of 
the procedure.

This less invasive lateral approach provides 
exposure of the primary working corridor of the 
pterional craniotomy: it may be used for cranio-
orbital mass lesions mainly located at the supe-
rior orbital fissure and cavernous sinus with no 
large intraorbital component.

9.6	� Conclusion

The lateral orbito-cranial approach is a less inva-
sive procedure which allows good exposure of 
the supero-lateral orbital compartment and ante-
rior temporal fossa through a lateral orbitotomy 
and resection of the external sphenoid wing with-
out a classic craniotomy. It may be used in a 
selected group of patients with cranio-orbital 
mass lesions located in the lateral orbital com-
partment, lateral to the axis of the optic nerve.
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10The Trans-Sphenoidal 
Trans-Ethmoidal Endoscopic 
Approach to the Orbit

Domenico Solari, Ciro Mastantuoni, 
Teresa Somma, Paolo Cappabianca, 
and Luigi M. Cavallo

10.1	� Introduction

The orbit can be considered as a gateway 
pooled by neurocranium and facial skeleton as 
per its inner features, location, and connec-
tions; over years many specialties, i.e., skull 
base neurosurgeons, ENT surgeons, and oph-
thalmologists have claimed access to it and the 
sovereign over its disease management. These 
controversies are mirrored in a historical back-
ground dotted with manifold surgical corridors 
and approaches proposed toward and through 
the orbit that over the years hogged the debate 
of the stakeholders.

The orbit can be engaged by several traumatic, 
medical, and oncologic diseases leading to four 
basics anatomical modifications, namely, inflam-
matory signs, mass effect, infiltration, and vascu-
lar changes, as firstly described by Rootman and 
Durity [1]. The most common pathologies affect-
ing the orbit and requiring surgical management, 
either via direct approach or indirect decompres-
sion, are traumas causing fractures [2, 3], foreign 
bodies, vascular lesions, as hemangiomas and 
cavernomas [4], idiopathic inflammations, thy-

roid orbitopathy [5–8], and tumors, such as 
meningiomas, and metastasis, hematomas, and 
abscess [9–12].

10.2	� Surgical Approach 
to the Orbit

The available surgical techniques are defined 
upon the location of the pathology and can be 
divided into anterior or soft-tissue approaches, 
orbital marginotomies or osseous approaches, 
and craniofacial approaches. Among the margi-
notomies, the topographical division of the orbit 
allows to medial, lateral, inferior and superior 
orbitotomies, which can be further combined to 
fulfill the surgical goal [13–20]. In the neurosur-
gical scenario, approaches to the orbit are the 
unilateral subfrontal, frontotemporal, orbitozy-
gomatic—along with its variants—and the trans-
basal approach: they were meant as skull base 
approaches for tumor extending into the orbital 
compartment, and then further borrowed for the 
management of purely orbital pathologies [13, 
18, 21]. A fortiori, esthetic issues must be 
addressed when considering a proper corridor to 
and through the orbit, thus opening the door to 
the minimally invasive surgery; therefore, the 
introduction of the endoscopic endonasal 
approach represented a breakthrough in the man-
agement of orbital pathology.
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The first description of the ventro-basal route 
to the orbit dates back to the 1950s when Walsh 
and Ogura described an anterior transantal 
approach for orbital decompression [22]; later 
on, with the ongoing expertise gained in endo-
scopic sino-nasal surgery, the first portrayals of 
the endoscopic orbital decompression by 
Kennedy et  al. [23] and Michel et  al. [24] 
appeared.

The endonasal corridor allows a direct access 
to both medial and inferior orbital walls and the 
orbital apex enabling either osseous decompres-
sion of the orbit and optic nerve or direct access 
to lesions located in the medial intra and extra-
conal space. Moreover, as compared with classic 
anterior, anterolateral, transorbital, or cranio-
facial routes, EEA grants an excellent magnifica-
tion and visualization of the surgical field, entails 
no skin incisions, obviates the need of brain and 
globe retraction, thus reducing the risk for brain 
and orbital trauma, and, through a proper tech-
nique, limits fat herniation into the field of visu-
alization [18].

The possibilities unveiled by the deployment 
of this route allowed skull base surgeons to push 
further beyond their paraphernalia by proposing 
four endoscopic endonasal orbital approaches for 
addressing an ongoing growing number of 
pathologies, namely, orbital decompression, 
optic canal decompression, endonasal orbitot-
omy for endo-orbital lesion removal, and the 
combined anterior/endoscopic approaches [14, 
18, 25]. However, the EEA approach toward the 
orbit should rely on a rigorous knowledge of the 
sino-nasal anatomy whose most surgeons are 
unaware.

The aim of this chapter is to disclose the tech-
nique and possibility of EEA for orbit and optic 
nerve decompression, focusing on the orbital 
anatomy and its challenge via the endonasal per-
spective, the most common pathologies suitable 
for the endonasal corridor, the surgical technique, 
and pros and cons as compared with the classic 
transcranial approaches.

10.3	� Relevant Endoscopic 
Endonasal Anatomy

The medial orbital wall is perceived as the lat-
eral nasal wall in an endoscopic endonasal per-
spective. The middle and posterior portions of 
the medial orbit wall and the orbital apex are 
separated from the nose by the lamina papyra-
cea of the ethmoid whilst the intracanalicular 
portion of the optic nerve is accessible through 
the superolateral wall of the sphenoid sinus. The 
lateral nasal wall is made up of six bones, 
namely, maxillary, lacrimal, ethmoid, sphenoid, 
vertical portion of palatine, and inferior nasal 
turbinate. Its surface is extremely irregular due 
to the presence of the three conchae, also known 
as turbinates, and respective meatus whose 
deepest part presents orifices and canals placing 
the nasal cavity in communication with the 
other paranasal sinuses.

The superior and middle turbinate are parts of 
the ethmoid bone, contrariwise the inferior turbi-
nate is an independent bone.

The anterior portion of the lateral nasal wall 
contains the lacrimal system, namely, the inferior 
part of the lacrimal gland and the naso-lacrimnal 
duct (Fig. 10.1a), hosted into the lacrimal fossa, 
that is featured by the frontal process of the max-
illa (anterior crest), and lacrimal bone (posterior 
crest). The naso-lacrimal duct origins from the 
homonymous sac in the eye socket, between the 
maxilla and lacrimal bone, running downward 
and backward to open into the inferior meatus of 
the nasal cavity (Fig.  10.1b). Its orifice is par-
tially covered by a mucosal fold called Hasner 
valve or plica lacrimalis. Within the inferior 
meatus is present also the opening and Woodruff’s 
vascular plexus.

Posteriorly, the middle turbinate may be 
affected by different types of abnormal pneumati-
zation. The “concha bullosa” is defined by a pneu-
matization of the inferior portion of the middle 
turbinate, whereas if the pneumatization regards 
the vertical lamella above the osteomeatal com-
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Fig. 10.1  Close-up view of the nasolacrimal duct (NDL) (a) and the inferior turbinate (IT) (b). NLD nasolacrimal duct, 
IT inferior turbinate, Ofl orbital floor)

Fig. 10.2  The middle meatus after removal of the middle 
turbinate. The uncinate process (UP) is the first lamella 
that is identified. Its posterior edge is free within the mid-
dle meatus defining along with the ethmoid bulla (EB) a 
crescent-shaped virtual cleft, called the hiatus semilunaris 
(*) extending antero-superiorly into the ethmoidal infun-
dibulum. UP uncinate process, EB ethmoid bulla, MO 
maxillary ostium, Co choana, NS nasal septum, SER sphe-
noethmoidal recess

partment is described as “Grunwald’s cells,” 
“lamellar bulla,” or “conchal air neck” [26].

The middle meatus contains the uncinate pro-
cess, the ethmoid bulla, the frontal recess, and the 
ostium of the maxillary sinus. The uncinate pro-
cess is the first lamella that is identified, and it is a 
projection of the ethmoid bone and is attached to 
the lacrimal bone anteriorly and to the inferior tur-
binate inferiorly, whilst superiorly, it may be 
attached to the lamina papyracea, to the middle 
turbinate, or to the ethmoid sinus roof [27]. It is 
lined by mucosa on both its medial and lateral 
aspects, and its posterior edge is free within the 
middle meatus defining along with the ethmoid 
bulla a two-dimensional cleft, called hiatus semi-
lunaris [28]. Thus, the hiatus semilunaris may be 
described as a crescent-shaped virtual space 
between the ethmoid bulla postero-superiorly and 
the uncinate process antero-inferiorly, where the 
maxillary and ethmoid sinuses drain into the nasal 
cavity. Antero-superiorly it extends into the eth-
moidal infundibulum, a three-dimensional curved 
channel, bounded by the uncinate process medi-
ally, the lamina papyracea laterally, and the eth-
moidal bulla posteriorly whose extreme medial 
opening is hiatus semilunaris [29] (Fig. 10.2). The 
hiatus semilunaris has been characterized by 
Dahlstrom et al. in five types, namely: type I, gen-

tle curve; type II, “J” shaped; type III, “L” shaped; 
type IV, “U” shaped; type Va, straight vertical; 
type Vb, straight oblique [30].
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In this context, the maxillary line is a curvilin-
ear eminence which projects from the anterior 
attachment of the middle turbinate superiorly to 
the root of the inferior turbinate inferiorly [31], 
corresponding, extranasally, to the suture between 
the lacrimal bone and the maxilla within the lac-
rimal fossa and intranasally to the attachment of 
the uncinate process. In an axial plane, the mid-
point of the maxillary line approximates the 
superior aspect of the maxillary sinus ostium, 
laying approximately 11 mm posteriorly, and the 
inferior aspect of the junction of the lacrimal sac 
and the nasolacrimal duct anteriorly [32].

According to a modern vision of the func-
tional anatomy of the nose, the structures lying 
laterally to the middle turbinate feature the osteo-
meatal complex draining the anterior ethmoid 
cells, the maxillary and frontal sinuses, being not 
a discrete structure but a series of components 
working synergistically, including anterior eth-
moid air cells, maxillary sinus ostium, ethmoid 
infundibulum, frontal recess, the middle meatus, 
the hiatus semilunaris, the bulla ethmoidalis, and 
the uncinate process [33]. The posterior eth-
moidal cells are larger and less numerous than 
the anterior cells. They drain either into the supe-
rior or the supreme meatus [34].

Lateral to the sphenoetmoidal recess, there is 
the sphenoethmoidal air cell, also known as 
Onodi cell, the posteriormost ethmoidal air cell. 
It lies superolaterally to the sphenoid sinus being 
close to the optic nerve and internal carotid artery. 
It may extend into the anterior clinoid process. 
The optic nerve can often course through the lat-
eral aspect of the Onodi cell instead of through 
the sphenoid sinus. When a four-quadrant sphe-
noid sinus is observed on coronal computed 
tomographic (CT), the presence of an Onodi cell 
should be suspected [23].

The sphenoethmoidal recess extends between 
the choana and the natural ostium of the sphenoid 
sinus: this latter can be found following the tail of 
the superior and supreme turbinate, which can 
also hide it (Fig. 10.3).

The sphenoid sinus itself can vary in size, 
pneumatization, and for the presence of septa 
whose behavior and anatomical location is often 
inconstant. In most cases, a large septum divides 

the sphenoid sinus into two sides, which is fur-
ther crossed by other septa dividing it into multi-
ple smaller cavities.

After removing the septa, some crucial bony 
landmarks on the posterior wall of the sphenoid 
sinus should be identified. The sellar floor is the 
center of the posterior sinus wall and the planum 
sphenoidale lies above it, with the suprasellar 
notch, corresponding to the tuberculum sellae 
seen from a ventral perspective [35] and the clival 
indentation below. The bony prominences of the 
internal carotid arteries can be divided into a 
paraclival segment and the “C-shaped parasellar 
segment” [36]. The optic nerves can be identified 
supero-laterally to the sellar floor and carotid 
prominences on both sides: in between, there are 
the lateral optocarotid recesses, molded by the 
pneumatization of the optic strut of the anterior 
clinoid process, and the medial optocarotid 
recesses representing the joint between the optic 
canal and the medial aspect of paraclinoid carotid 
canal [37].

The optic canal’s endocranial opening is situ-
ated superiorly to the medial border of the lateral 
optocarotid recess. The optic nerve travels into 
the optic canal for 10  mm surrounded by an 
arachnoid space in communication with the 

Fig. 10.3  Close-up view of the naso-septal artery (NSA) 
crossing the spheno-ethmoidal recess (SER) toward the 
nasal septum (NS). NSA naso-septal artery, SER spheno-
ethmoidal recess, NS nasal septum, Co Choana
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Fig. 10.4  (a) The medial periorbita is exposed after 
medial wall removal and optic canal opening. (b) Close-up 
view of the lateral recess of the sphenoid sinus. The para-
sellar area presents four bony protrusions: the optic nerves 
(ON); the superior orbital fissure (red circle); and V1 and 
V2. Among those, three bony depressions can be found: 
the lateral optocarotid recess (lOCR), the ventral projec-
tion of the maxillary strut (MS), and the depression 

between the maxillary and mandibular nerves. SF sellar 
floor, PS planum sphenoidale, C clivus, SSN suprasellar 
notch, ICAc cavernous segment of the internal carotid 
artery, ON optic nerves, lOCR lateral optocarotid recesses, 
mOCR medial optocarotid recesses, Po periorbita, MS 
maxillary strut, V2 maxillary division of the trigeminal 
nerve

chiasmatic cistern while its dural sleeve is con-
tinuous with the periorbita at the level of orbital 
apex [38, 39].

Lateral to the internal carotid artery, the para-
sellar area presents four bony protrusions and 
three bony depressions. From rostrally to cau-
dally, the optic canal, the superior orbital fissure, 
the maxillary nerve protuberance, and mandibu-
lar nerve bulge can be identified. The three bony 
depressions are the lateral optocarotid recess, the 
depression between the cavernous sinus apex, 
and the trigeminal maxillary division, that is, the 
ventral projection of the maxillary strut and the 
depression between the maxillary and mandibu-
lar nerves [36, 40, 41]. The maxillary strut is the 
inferior border of the SOF, and it is useful for 
inferring SOF location and thus the “front door” 
of the cavernous sinus [42] (Fig. 10.4).

The periorbital layers are continuous with the 
parasellar dura, the periosteum covering both the 
inferior orbital fissure, and the pterygopalatine 
fossa. Muller’s muscle occupies the inferior 
orbital fissure: it crosses the ventral surface of the 
maxillary strut and enters the superior orbital fis-

sure, presenting a close relationship with the cav-
ernous sinus. The medial orbital vein is a constant 
landmark located between SOF, optic nerve, and 
Muller muscle, immediately beneath the perios-
teum that runs toward the medial aspect of the 
cavernous sinus.

10.4	� Surgical Indications

The endonasal route toward the orbit recognizes 
four main surgical indications: orbital decom-
pression, optic canal decompression, endoscopic 
orbitotomy, and the combined transcranial endo-
nasal approaches. We will focus on the endo-
scopic endonasal medial orbital wall and optic 
canal decompression.

The endoscopic endonasal medial orbital wall 
decompression is mostly used for the treatment 
of moderate to severe symptoms of Graves orbi-
topathy, also known as thyroid-eye disease; it is 
also indicated for any other congestive orbital 
process causing proptosis and/or vision compro-
mise, namely tumors arising from the medial 
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orbital wall, as meningiomas, hemangiomas, or 
metastasis [43] fibrous dysplasia, inverted papil-
loma, pseudotumor, or for sinonasal pathologies 
extending into the orbit. Likewise, it can be 
deployed for the decompression of orbital 
abscesses and hematomas, biopsy of indetermi-
nate lesions, palliative therapy for malignant 
tumors causing visual symptoms [16], and liga-
tion of the anterior ethmoid artery [44, 45].

The endoscopic endonasal optic nerve decom-
pression can be performed in cases of primary or 
secondary tumors developing from the lesser 
sphenoid wing or the sinonasal cavity, such as 
nasopharyngeal carcinoma, triggering optic 
nerve compression. It is also useful for tumors of 
the intracanalicular segment of the optic nerve, in 
selected cases of traumatic optic neuropathy [46–
48], although several controversies still stand, for 
intracerebral idiopathic hypertension [49] and in 
the thyroid-related compressive optic neuropathy 
[18, 50]. In this scenario, it stands clear that it 
represent a valid minimally invasive surgical 
option for meningiomas of the optic sheaths [51], 
type III clinoidal meningiomas according to the 
Al-Mefty classification [52] and cavernous sinus 
meningiomas [14, 53–55]. In these cases, the 
optic decompression is part of a multimodal 
strategy encompassing adjuvant radiotherapy 
[53, 56, 57].

10.5	� Surgical Procedure

The operating room set up may vary widely 
according to the technique and surgeon prefer-
ences. Depending on the stage of the surgery, we 
use 0°, 30° and 45°, rigid endoscopes, 18 cm in 
length and 4 mm of diameter. The endoscope is 
held freehand during the whole procedure, by the 
first surgeon during the nasal step and by the sec-
ond surgeon over the sellar step. This shrewdness 
allows a dynamic visualization of the surgical 
field, and the endoscope dynamic movements aid 
to achieve 3D orientation and depth perception of 
the surgical field, representing de facto the key 
for the tridimensionality, even without 3D scopes. 
Moreover, the two-surgeons four-hands tech-
nique afford the first surgeon to work bimanually 

with two instruments, according to the “micro-
surgical technique” and thus, depending on the 
circumstances, two or three instruments can be 
inserted into the surgical field.

The patient is placed supine, with the head in 
neutral position and the trunk raised 10°. The 
head is properly accommodated in a horse-shoe 
headrest. Rigid three-pin fixation is reserved to 
the cases requiring the neuronavigation, namely, 
in presence of a conchal-type sphenoid configu-
ration or in cases of recurrent lesions.

Two cottonoids soaked in 50% povidone-
iodine are placed in the nasal cavity, along the 
nasal floor and between the nasal septum and 
middle turbinate. They are left in place for 5 min. 
Afterward, disinfection of nasal skin is per-
formed. Using a small KILLIAN-type nasal 
speculum, eight cottonoids (four per nostril) 
soaked in decongestant solution (2  mg adrena-
line, 5  mg of 20% diluted lidocaine, 4  mL of 
saline solution) are placed between the nasal sep-
tum and the middle turbinate. Such procedure is 
enacted for achieving an effective vasoconstric-
tion on the high vascularized structures involved 
in the subsequent procedures.

The sterile draping is made in a pyramid-
fashion around the nose, completely covering 
both the eyes and the forehead [58].

10.5.1	� Endoscopic Endonasal Medial 
Orbital Wall Decompression

For the medial orbital wall decompression, a 
mono-nostril approach may be adequate. The 0° 
endoscope is inserted along the floor of the nasal 
cavity in the nostril ipsilateral to the decompres-
sion side; the ipsilateral middle turbinate is 
removed for gaining an adequate access to the 
medial orbital wall, so the uncinate process is 
removed with the aid of Kerrison rongeurs. A 
wide maxillary antrostomy in the posterior direc-
tion is then performed to get access to the orbital 
floor. Care must be taken to prevent the clogging 
of the osteomeatal complex by the orbital fat and 
to preserve the nasolacrimal duct. The infraor-
bital nerve can be identified running along the 
floor of the orbit (Fig. 10.5).
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A comprehensive ethmoidectomy and wide 
sphenoidotomy should be carried out (Fig. 10.6a). 
The lamina papyracea is then unveiled from the 
frontal sinus anteriorly to the orbital apex poste-
riorly (Fig. 10.6b).

Once the lamina papyracea is exposed, the 
medial orbital wall should be penetrated and the 

periorbita elevated with a spoon curette or a dis-
sector. A dissector or a periosteal elevator is 
deployed for fracturing and removing it without 
disrupting the periorbita. Otherwise, a 4- or 5- 
mm diamond drill can be used to eggshell the 
bone before breaking it. The dissection should be 
carried from the lacrimal sac, whose nasal land-
mark is the maxillary line, anteriorly, to the 
orbital apex, posteriorly, and from the ethmoid 
roof, superiorly, to the orbital floor, inferiorly. 
The bone of the lamina papyracea will get pro-
gressively thicker moving from anterior to poste-
rior, thus the drill should be used for the posterior 
portion removal. The classical medial orbital 
decompression encompasses the removal of the 
medial orbital wall alone (Fig. 10.7). Nevertheless, 
some lesions require orbital floor removal. In 
those cases, floor removal should be started from 
the ethmoid-maxillary suture, also known as 
inferonasal strut, orbital strut or orbitoethmoid 
strut, with the aid of a diamond drill or Kerrison 
rongeurs up to the infraorbital canal. A 30° endo-
scope may facilitate the maneuvers into the max-
illary sinus. The anterior third of the floor should 
be spared, in order to avoid diplopia and 
enophthalmos.

If the periorbita is disrupted during the maneu-
vers on the bone, the orbital fat can herniate into 

Fig. 10.5  The infraorbital nerve (ION) coursing through 
the orbital floor (OF). ION infraorbital nerve, MSpw 
poster wall of maxillary sinus, OF orbital floor

a b

Fig. 10.6  (a) Anterior and middle ethmoidectomy. (b) 
Close-up view of the medial orbital wall and lamina papy-
racea. LC lamina cribrosa, PEA posterior ethmoidal 

artery, SO sphenoid ostium, SER spheno-ethmoidal 
recess, Co choana, MO maxillary ostium, NS nasal sep-
tum, LP lamina papyracea
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Fig. 10.7  Exposure of the lamina papyracea and medial 
orbital decompression. The posterior ethmoidal artery 
(PEA) is placed approximately 7 mm in front of the orbital 
end of the optic foramen. SF sellar floor, PS planum sphe-
noidale, C clivus, SSN suprasellar notch, C clivus, CPs 
carotid protuberances, OP optic protuberance, LP lamina 
papyracea, PEA posterior ethmoidal artery

the surgical field obstructing the view. Thus, it 
should be gently cauterized with the bipolar, tak-
ing care to not damage the medial rectus muscle 
[18].

Finally, the periorbita can be opened in a 
dorso-ventral direction with a sickle knife, and 
care should be taken in avoiding the medial rec-
tus muscle that lies just deep to the periorbita. 
Upon the completion of the procedure, the fat 
prolapses into the ethmoid and maxillary cavi-
ties. Nevertheless, the osteomeatal complex 
should be left unsealed.

10.5.2	� Endoscopic Endonasal Optic 
Nerve Decompression

For the endoscopic endonasal optic nerve decom-
pression, our set up at the department of neuro-
surgery of University of Naples, Federico II, is 
based upon the bi-nostril corridor with “two sur-
geons four-hands technique.”

To perform an optic nerve decompression, an 
extensive ethmoidectomy is performed and the 
lamina papyracea is exposed up to the anterior 

wall of the sphenoid sinus and then removed, as 
described above. The mucosa of spheno-
ethmoidal recess is then coagulated and detached 
subperiosteally from the anterior wall of the 
sphenoid sinus. The incision should be superior 
to the naso-palatine artery running in the inferior 
aspect of the spheno-ethmoidal foramen. The 
anterior wall of the sphenoid sinus is removed 
using a microdrill and Kerrison rongeurs. A mini-
mal posterior septostomy is performed. The 
sphenoid rostrum and the paramedian septa are 
drilled flush and removed with a Kerrison ron-
geurs. When multiple septa are present, care must 
be taken since they may lead to the optic or 
carotid prominences.

A wide view over the entire posterior wall of 
the sphenoid sinus is achieved and the key land-
marks can be identified, namely sellar floor, 
optocarotid recesses, planum sphenoidale and 
tuberculum sellae, clivus and carotid, and optic 
protuberances. The medial wall of the orbit is 
decompressed exposing the periorbita until the 
optic canal is reached (Fig. 10.4). With the aid of 
a high-speed 3- or 4-mm diamond drill, the 
medial wall and the floor of the optic canal are 
thinned down to eggshell thickness, from the 
orbital apex to the optic canal’s endocranial 
opening. The optic canal should be opened from 
distal to proximal, consuming the bony surface in 
a parallel direction to the optic nerve. Attention 
should be paid particularly at optic prominence’s 
inferior aspect; finally, the bone can be elevated 
from the medial canal enabling a 180° decom-
pression. At the end, the nerve should be checked 
for ruling out the presence of an intraneural 
hematoma. The incision of the optic sheath is 
rarely required, and it should be placed in the 
superomedial quadrant in order to prevent even-
tual injuries to the ophthalmic artery and it should 
include the annulus of Zinn.

10.6	� Complications

Epiphora is a typical complication of medial 
orbital wall decompression, and it arises when 
the maxillary antrostomy is extended too far 
anteriorly with transection of the naso-lacrimal 
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duct. It can be managed with an endoscopic 
dacryocystorhinostomy.

Post-operative diplopia may occur in up to 
one-third of the patients undergoing medial 
orbital decompression as a rearrangement of the 
vector in the pull of the extraocular muscles. It is 
mostly temporary resolving spontaneously over 
the weeks. As reported by Finn et al. [16] and Yao 
et al. [49] preservation of the inferomedial orbital 
strut can reduce rates of diplopia.

The most frequent complications of endo-
scopic endonasal optic nerve decompression 
include bleeding from the sphenopalatine artery, 
vision loss or lack of improvement in vision, CSF 
leak, and meningitis with an overall complication 
rate of 9.1% [25]. If sphenopalatine artery is 
injured and when bleeding occurs, it should be 
properly coagulated with the bipolar for prevent-
ing post-operative bleeding from the nose.

Carotid and optic nerve injuries are rare but 
catastrophic occurrences whose risk is increased 
by the presence of paramedian septa leading 
directly to these structures or by the Onodi air 
cell. Therefore, a comprehensive surgical plan-
ning should be carried out for identifying skull 
base and neurovascular potential para-
physiological or pathological variations. In this 
context, neuronavigation should be used in cases 
of recurrent tumors or not-well pneumatized 
sphenoid sinus when the anatomic landmarks on 
the posterior wall of the sphenoid sinus are not 
discernible. Finally, a proper reconstruction [59] 
should be tailored upon the size of the osteo-
dural defect and the grade of CSF leak [60].

10.7	� Post-Operative 
Considerations

A nasal packing with Merocel is required due to 
the middle turbinectomy at the side of the decom-
pression. High doses of steroids are usually 
administrated for reducing the edema caused by 
the pathology itself and the surgical maneuvers.

Serial ophthalmologic examinations, includ-
ing visual acuity assessment, optical coherence 
tomography (OCT), and Hess test or Rumpel-

Leede test should be performed to guide steroid 
tapering.

Patient instructions should include to limit 
their activity and avoid nose blowing and strain-
ing and twice-daily nasal saline irrigations from 
post-operative day 7. The patient should also be 
instructed to recognize and report symptoms and 
signs of complications as hemorrhages and late 
occurring CSF leak.

In our institution, we use to discharge the 
patient from post-operative day 2.

For medial orbital decompression, the 
expected ocular recession is on average 3.5 mm 
while an additional lateral decompression can 
provide further 2 mm of global recession [61].

10.8	� Endoscopic Endonasal 
Approach Vs Transcranial

The natural conformation of the nasal and sino-
nasal cavity and their intimate relationships with 
the medial wall and the floor of the orbit makes 
the endoscopic endonasal route perfectly suited 
for medial orbital decompression. Moreover, the 
ventral route toward the optic canal and the optic 
nerve ensures a direct access to those critical 
structures without brain retraction or the risk of 
vascular damages. These advantages further bol-
ster the general perks of EEA for the ventral skull 
base, namely, the close-up view of the ventral 
skull base, the illumination and magnification of 
the surgical field, the absence of surgical scar, 
and the increased versatility. Nowadays, it is con-
sidered the gold standard for the medial orbital 
pathologies encompassing the possibility of the 
medial orbital decompression, optic canal 
decompression, medial orbit or orbital apex 
tumor removal, direct access to primary sinona-
sal pathologies with intraorbital extension, such 
as invasive fungal sinusitis, and subperiosteal 
abscesses [18].

Indeed, the endoscopic endonasal approach 
allows a customized 160° to 180° inferomedial 
optic canal decompression that may be further 
increased in cases of high degree of pneumatiza-
tion [62]. Kim et  al. reported a mean length of 
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optic canal decompression and a mean 
circumference of decompression of 13 mm and 
252.8° for transcranial approaches and 12.4 mm 
and 252.8° for endoscopic approach. When find-
ing similar outcomes in their study, Gogela et al. 
proposed to tailor the approach upon the individ-
ual anatomy, the pathology, and the clinical sce-
nario [63].

In this context, EEA is suitable either for 
lesions extending into the medial or inferomedial 
canal, whose resection will adequately decom-
press the nerve or in cases of recurrent tumors 
encroaching the superolateral canal when the 
endoscopic route represents a naïve corridor [64, 
65]. Contrarily, a wider transcranial decompres-
sion of the optic nerve is appropriate for supero-
lateral canal compression, for the presence of 
significant edema or for the need of intraopera-
tive optic nerve manipulation [66].

The transcranial route, namely anterior and 
anterolateral approaches, with their minimally 
invasive variants, allows quite extensive optic 
decompression with a low risk of CSF leak. 
Besides, the extradural anterior clinoidectomy, 
along with the removal of the optic strut, obvi-
ates the need for transecting the annulus of 
Zinn for adequate nerve decompression, thus 
maintaining its anatomical and functional 
integrity [67].

In those cases, in which a circumferential 
decompression of the nerve is required, as for 
tumor invading the whole optic canal, a combina-
tion of the endonasal and transcranial approaches 
should be considered, yielding a 360° bone 
removal and decompression: higher risk of CSF 
leak due to the wide communication between the 
intracranial space and sphenoid sinus is expected 
[68].

Therefore, the transcranial and endoscopic 
endonasal approaches should be considered as 
complementary route into the skull base surgeon 
paraphernalia, being possible to choose one or 
both accordingly to tumor location and expected 
surgical goals.

The new emerging concept of transorbital 
route in the scenario of the transorbital neuro-
endoscopic approaches (TONES) deserve a par-
ticular mention, among the paradigm shift of the 

multiportal surgical strategies [69–71]. Our 
school recently described the use of transorbital 
approach for optic nerve decompression, under-
lying its potential in removing the superolateral 
portion of the optic canal (an average of 192° 
decompression) [62]. Moreover, as combining it 
with the endoscopic endonasal route, complete 
decompression of the optic canal can be achieved 
per tailored multiportal minimally invasive 
accesses [62, 72].

10.9	� Conclusions

The endoscopic endonasal approaches toward the 
orbits harness a straightforward route exploiting 
the anatomy of the ventral skull base. They allow 
a direct access to the medial orbital wall and 
orbital apex avoiding brain retraction and vascu-
lar injury. Nevertheless, its use should be care-
fully considered and tailored upon the location of 
the pathology and the expected surgical results. 
Indeed, they warrant a circumscribed decompres-
sion of the medial orbital wall and optic nerve, 
limiting their employment to selected cases. 
Therefore, they can be integrated into the neuro-
surgical paraphernalia aimed at bolstering sur-
geon’s mastery for a thorough management of 
skull base pathologies.
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SEA	 Superior eyelid approach
SOF	 Superior orbital fissure
SOM	 Spheno-orbital meningiomas
TONES	 Transorbital neuro-endoscopic surgery

11.1	� Introduction

The orbit is a challenging anatomical area which 
often requires invasive surgical approaches due 
to its restricted surgical accessibility. Nonetheless, 
considering its crucial location within the skull, it 
is a subject of shared interest among several sur-
gical specialties, including neurosurgery, otorhi-
nolaryngology, ophthalmology, and maxillofacial 
surgery.

A wide range of pathological conditions can 
involve the orbit as a surgical target, such as con-
genital or traumatic bony defects, Basedowian 
ophthalmopathy, vascular malformations, and 
neoplastic lesions (both intraconal or extraconal, 
benign or malignant in nature). Moreover, the 
orbit can act as a corridor to reach adjacent intra-
cranial anatomical areas.

In the wake of a renewed interdisciplinary 
collaboration, technological advances, and 
greater experience by the operators, new pio-
neering techniques have been developed for the 
management of orbit pathologies [1, 2] . Orbital 
surgery has recently been revolutionized by the 
implementation of endoscopic assistance to both 
transnasal and transpalpebral approaches. 
According to anatomical studies and clinical 
experiences, the authors believe that endoscopic 
techniques can be integrated magnificently in 
orbital procedures, offering improved outcomes. 
Moreover, the value of the endoscope as a teach-
ing tool should be overemphasized, considering 
that all the members of the operating room staff 
(e.g., nurses, physicians, residents, and students) 
share the same view of the first surgeon, thus 
improving the anatomical knowledge and speed-
ing up the learning curve. These procedures, 
according to contemporary experiences, allow 
the achievement of optimal results in terms of 
radicality and aesthetic-functional outcomes [3–
7] . The transnasal endoscopic route allows easy 
access to all the medial orbital compartment, 
from the lacrimal area to the orbital apex, with-

out the need for any skin incision or retraction of 
the cerebral parenchyma. In the current state of 
the art, transphenoidal or transethmoidal endo-
scopic surgeries to the orbit have become well-
codified procedures and have become widespread 
worldwide. They are often carried out in close 
cooperation between neurosurgeons and otolar-
yngologists [7].

As regards the endoscope-assisted transpalpe-
bral approaches, the application in the literature 
is limited to case series and expert opinions [8]. 
However, the published experiences seem to 
demonstrate that these approaches represent a 
solid option not only to manage intraorbital 
lesions but also to use the orbit as a surgical cor-
ridor for selected skull base and intracranial 
pathologies [8–10] . Moe et al. have proposed the 
term “Transorbital Neuro-Endoscopic Surgery” 
(TONES) to indicate a group of procedures that 
use this operative corridor to access the skull 
base. Indeed, considering orbit as a corridor, it is 
possible to treat several disorders located into 
both the anterior and middle cranial fossa [10].

Based on these premises, in this chapter, we 
will present a review of endoscopic-assisted 
transorbital procedures, with particular emphasis 
on transpalpebral approaches, considering that 
transnasal transorbital approaches have been 
already described in a previous chapter. 
Indications, preoperative work-up, operating 
room setting, and surgical technique will be ana-
lyzed and valuable surgical tips will be provided 
in order to avoid complications. The importance 
of a multidisciplinary collaboration will be 
stressed out, as the key to guarantee optimal 
results while minimizing the risks associated 
with the single surgical procedure. Finally, post-
operative work-up and follow-up will be dis-
cussed, along with some speculations regarding 
possible future improvements and evolution of 
these surgical approaches.

11.2	� Preoperative Work-Up

An accurate preoperative work-up is required in 
the patient candidate for endoscopic transorbital 
surgical procedures, with particular reference to a 
precise radiological evaluation for evaluation of 
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several factors (patients’ individual anatomy, the 
relationship of the lesion with the herein located 
neuro-vascular structures, the invasion of differ-
ent cranio-orbital compartments) and an accurate 
ophthalmological assessment.

11.2.1	� Radiological Assessment

A head Computed Tomography (CT) scan is usu-
ally the first diagnostic exam performed. It allows 
for an accurate location of the orbital mass and a 
study of the endo-orbital structures, although 
with a lower contrast resolution as compared to 
Magnetic Resonance Imaging (MRI). A CT scan 
is generally well-tolerated by the patient, as it is 
fast and provides important clues useful for a pre-
sumptive diagnosis [11]. It represents the gold 
standard exam for traumas, helping to detect for-
eign bodies or fractures of the orbital frame. CT 
must be considered an indispensable first-level 
examination for the diagnosis of orbital malfor-
mations since it allows the study of both the bone 
component and other secondary alterations. 
Moreover, if an endoscopic intervention via the 
transnasal route is planned, CT imaging is para-
mount to highlight the presence of anatomical 
variants of the paranasal sinuses to properly plan 
the surgical procedure.

MRI of the orbit and the maxillo-facial region 
is also warranted before surgery. It provides bet-
ter details for the orbital compartment due to its 
superior definition for soft tissues compared to 
CT scan and may detect finer pathognomonic 
characteristics of the lesion [12] . T1, T2, and 
T2*-weighted MRI sequences, along with time-
dependent characteristic of the contrast-
enhancement of the lesion, the use of 
diffusion-weighted imaging (DWI) and fat sup-
pression sequences, provide presumptive indica-
tions about the nature of the mass, as well as a 
more precise localization along the intraconical 
or extraconical spaces, the involvement of the 
orbital apex, the extension to the intracranial 
compartments, and the relationship with the optic 
nerve [11]. MRI can be completed with a 
Magnetic Resonance Angiography to offer more 
precise diagnostic information about the vascular 
anatomy, to some extent comparable to angiogra-

phy, without the need of invasive arterial cathe-
terization. To conclude, both CT and MRI are 
complementary diagnostic exams warranted for 
patients undergoing endoscopic surgery. To note, 
the two exams can be merged to be used for intra-
operative navigation, clinical and ophthalmologi-
cal evaluation. The current body of literature 
shows a homogeneous consensus about the fact 
that an accurate ophthalmological evaluation 
should precede orbital surgery, as it detects signs 
of disease that may go unnoticed by non-special-
ist colleagues [13]. By checking measurable and 
repeatable parameters, it is possible to classify 
the severity of the presenting symptoms and 
compare it to the post-surgical outcomes. The 
execution of assessments such as visual field test, 
exophthalmometry, Hess Lancaster test is the 
cornerstone of ophthalmological consultation. 
Hertel’s exophthalmometer offers an accurate 
and reproducible measurement of the degree of 
the proptosis, with the advantage of comparing 
both eyes in a single measurement. A difference 
of at least 2 mm in the two eyes or a value greater 
than 21 mm is considered pathological. A mea-
surement of less than 14 mm is classified as an 
enophthalmos. The Hess Lancaster test is used to 
evaluate the binocular vision, and it is indicated 
for establishing the presence of diplopia or sup-
pression. The advantage consists in the speed of 
execution. It is carried out with the aid of glasses 
with red and green filters.

11.2.2	� Photographic Documentation

A photographic imaging of the candidate for 
transorbital surgery can be useful not only for the 
diagnosis and the treatment plan but also for the 
control of the results, to improve communication 
between colleagues, for didactic use and even for 
medico-legal issues. A standardized approach 
considering the main variables for the picture 
(e.g., patient positioning, lighting, exposure, 
background, depth of field) is suggested in order 
to have comparable preoperative and postopera-
tive documentation.

Once all the appropriate investigations have 
been carried out, a multidisciplinary discussion 
between all members of the skull base team is 
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performed. Finally, the surgical procedure is dis-
cussed with the patient, focusing on the risks and 
benefits of the specific surgery, and consent is 
obtained.

11.3	� Intraoperative Setting

11.3.1	� Patient Positioning

A correct positioning of the patient in the operat-
ing room is imperative for a safe and effective 
surgical procedure. The setting is dependent on 
several factors, mainly represented by the type 
and duration of surgery, anesthesiologic plan, 
specific devices required (e.g., intraoperative 
navigation). A proper placement should provide 
safety for the procedure to be performed as well 
as quick and adequate access to airway and circu-
lation for the anesthesiologist, while providing 
comfort for the surgeons [14]. Transorbital sur-
gery is performed in general anesthesia, with the 
patient placed in supine position with the occipi-
tal-nuchal region lying on a silicon headrest. 
Anesthesiologists are free to access the airways, 
venous lines, and other medical devices. The 
patient’s arms are positioned laterally to the body 
and secured on armboards. The elbows are pad-
ded with foam to avoid ulnar neuropathy from 
pressure contact at the ulnar groove. Padding 
should also be retained under the heel area, and a 
pillow is placed behind the knees to reduce ten-
sion on the back. Usually, a slight anti-Tren-
delenburg’s position is adopted, in order to reduce 
bleeding during the procedure. Rigid fixation 
with the Mayfield head-holder is unnecessary 
since it can limit manual adjustments to head 
position during surgery. Furthermore, it removes 
the discomfort produced by pin fixation. This fra-
meless positioning allows the free usage of neu-

ronavigation with electromagnetic tracking, with 
the non-invasive patient reference taped nearly 
3  cm over the glabella and the flat emitter 
(StealthStation S8; Medtronic, Minneapolis, 
USA) positioned under patient’s head [15].

11.3.2	� Operating Room-Setting 
and Instrumentation

In the transorbital approach, the operating room 
is organized with one monitor in front of each 
surgeon (usually two monitors during standard 
procedures, sometimes three in case an adjunc-
tive surgeon is needed). The first and second 
surgeons also have visual access to the intraop-
erative neuronavigation device for CT and MRI 
image-guidance, which can be used during var-
ious phases of the procedure (Fig.  11.1). The 
setting also need to take into account the even-
tual need for special surgical instrumentation 
such as Ultrasonic Aspirator devices or 
Cryoprobes [4] . The endoscope is never fixed 
with a holder, but held by one of the operators 
and, as a rule, surgical procedures are per-
formed using a three- or four-handed technique 
[2]. Depending on the preferences of the surgi-
cal team, the first surgeon can hold the endo-
scope and one other instrument, while the other 
takes care of the second instrument and aspira-
tion/irrigation; alternatively, the first surgeon 
can work with both hands while the second 
holds the endoscope. In the superior eyelid pro-
cedures, a third surgeon may be useful to main-
tain an adequate operating space by use of 
flexible retractors to displace the orbital con-
tent. This action has to be dynamic, that is pro-
viding alternatively moments of compression 
and retraction of the orbital content, so as to 
avoid mechanical or ischemic damages.
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Fig. 11.1  Operating room-setting and instrumentation. 
Schematic representation of the location of surgeons, 
nurse, monitors, intraoperative navigation system, and 
other instrumentation during a standard transorbital 
procedure. Abbreviations: A anesthesiologist, INS 
intraoperative navigation system, M monitor, AE 

additional equipment (e.g. Ultrasonic Aspirator devices or 
Cryoprobes), OT operating table, S surgeon, SN scrub 
nurse, ST serving table; arrows: schematic representation 
of line of sight of surgeon and scrub nurse toward the 
monitors in the operating room

11.4	� Superior Eyelid Approach

11.4.1	� Indications

The Superior Eyelid Approach (SEA) is the real 
workhorse procedure among the Endoscopic 
Transpalpebral Approaches (ETA). It allows not 
only to manage orbital lesions but also to employ 
the orbit as a surgical corridor for selected skull 
base regions.

Considering the orbit as a target, the SEA 
can be adopted for lesions located laterally to the 
optic nerve, both in the extraconal and the intra-
conal space. This approach can be useful for 
biopsies, tumoral mass removal, drainage of 
intraorbital abscesses, and for treating superolat-
eral orbital frame fractures [5] . In this setting, 
the SEA should be considered as a safe mini-

mally invasive approach, alternative to more 
invasive traditional external procedures, often 
requiring osteotomies [16].

Considering the orbit as a corridor, the SEA 
represents a highway to reach the far lateral por-
tion of the Frontal Sinus (FS), the Anterior 
Cranial Fossa (ACF), and the Middle Cranial 
Fossa (MCF). According to the pneumatization 
of the Frontal Sinus above the orbital cavity and 
the location of the disease within it (e.g., inflam-
matory pathologies, mucoceles, pedicle of benign 
lesions), traditional endoscopic endonasal 
approaches are sometimes unable to reach the far 
lateral portion of the FS itself [17, 18]. Novel 
techniques have been described, combined with 
Draf type II and III approaches in order to lateral-
ize the fulcrum of the optics and instrumentation, 
thus overcoming the limit represented by the 
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supero-medial orbital angle [19, 20] . Nonetheless, 
in a highly pneumatized FS, the orbit represents a 
valuable corridor to reach the lateral portion of 
the sinus, and in these cases the superior eyelid is 
the most employed approach. If a transdural 
approach is planned, the SEA may be indicated 
to manage lesions localized laterally to the most 
lateral limit of the Endoscopic Endonasal 
Approach (EEA) to skull base, namely, the lateral 
portion of the Superior Orbital Fissure (SOF), the 
retro-orbital region of the great wing of sphenoid 
bone, and the lateral wall of cavernous sinus [21] 
. In our clinical practice, we have gathered a sig-
nificant experience with endoscope-assisted 
SEA, dealing with Spheno-Orbital Meningiomas 
[22]. Those tumors arise around the sphenoid 
ridge and present with a “carpet-like” growth pat-
tern, usually invading the orbital region with their 
hyperostotic component. Presenting symptoms 
include unilateral exophthalmos, vision or visual 
field deficits, extraocular movement palsy, as 
well as cosmetic deformities. Transorbital 
approaches can be used in a very effective way to 
treat the symptoms caused by these neoplasms, 
instead of the traditional craniotomies (i.e., 
fronto-temporal, fronto-temporo-orbital, and 
supraorbital) [23, 24] . Other indications of SEA 
include the repair of skull base defects, the treat-
ment of anterior and middle cranial fossa frac-
tures, the drainage of epidural abscess or 
hematoma. Many cadaveric studies have demon-
strated indeed the feasibility of an endoscopic 

amygdalohippocampectomy via a transorbital 
SEA [25]. If combined with an EEA or with other 
cranial techniques, the SEA gives rise to a multi-
portal procedure that overcomes the boundaries 
of a single approach [26].

11.4.2	� Operative Technique

The skin incision for SEA (Fig.  11.2) is made 
within a hidden fold of the upper eyelid, which 
accounts for a nearly invisible postoperative scar. 
Dissection proceeds with sectioning the orbicu-
laris oculi muscle, which is recognized due to the 
horizontal orientation of its fibers. Utmost care 
must be paid not to incise the levator palpebrae 
muscle, which is seen traversing the surgical field 
with vertically oriented fibers. In order not to 
damage this muscle, thus causing postoperative 
ptosis, dissection should be performed delicately 
in a superficial suborbicularis plane with a 
supero-lateral direction, until the orbital frame is 
reached. The decision to spare or to open the 
orbital septum depends on the purpose of the sur-
gery. In any case, its opening will cause orbital 
fat herniation into the operating field, which must 
be managed through the use of retractors [2, 10]. 
After reaching the orbital rim, the periosteum is 
incised, and the surgical field enlarged in the 
same plane to grant a comfortable access for the 
optics and all the instrumentation needed. 
Subcutaneous stitches with silicone tubes might 

Fig. 11.2  Overview of the superior eyelid approach. The skin incision is made within a hidden fold of the upper eyelid 
(a). Sectioning the orbicularis oculi muscle (b). Exposition of the levator palpebrae muscle, recognizable by the vertical 
orientation of its fibers (c). The dissection proceeds in the suborbicular plane, taking care to not damage the levator 
palpebrae muscle, until the orbital rim is exposed (d). 0o endoscopic view of the orbital cavity during subperiosteal dis-
section, with exposure of the recurrent meningeal branch and the superior orbital fissure (e). The critical landmarks in 
this phase are the optic nerve, the posterior, middle, and the anterior ethmoidal arteries (f). Drilling of the orbital roof 
to enter the frontal sinus (g), which is identified with the use of intraoperative image-guidance system (light blue area). 
Exposure of the anterior cranial fossa and middle cranial fossa dura (h). Abbreviations: OM orbicularis muscle, LPM 
levator palpebrae muscle, OR orbital rim, PO periorbit, RMB recurrent meningeal branch, SOF superior orbital fissure, 
ON optic nerve, PEA posterior ethmoidal artery, MEA middle ethmoidal artery, AEA anterior ethmoidal artery
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be helpful to enlarge the skin incision providing 
more space while reducing the risk of damaging 
the eyelid [4]. Once sufficient space is available, 
a 0o endoscope (Karl Storz, Tuttlingen, Germany) 
is introduced in the surgical cavity and the whole 
surgery is performed entirely under endoscopic 
vision. A subperiosteal dissection is advanced in 
order to visualize the intraorbital anatomical 
landmarks. The first one to come into view is the 
Recurrent Meningeal Artery (RMA), which rep-
resents an anastomosis between the middle men-
ingeal and the lacrimal artery.

It is seen in most of the cases (about 60–80% 
of the population) traversing a separate bony 
canal in the supero-lateral orbital wall, the Hyrtl 
or meningo-orbital foramen, while in a minority 
of patients, it is the most supero-laterally located 
vessel in the SOF. Advancing from above down-
ward and in a latero-medial direction, the SOF is 
visualized, while the Inferior Orbital Fissure 
(IOF) is reached extending the dissection infero-
laterally. Proceeding from lateral to medial along 
the roof of the orbital cavity, the Optic Nerve 
(ON), the Posterior (PEA), and the Anterior 
Ethmoidal Arteries (AEA) are visualized. Until 
the identification of the intraorbital landmarks is 
completed, the surgeon must pay attention to pre-
serve the periorbit, thus avoiding the herniation 
of the periorbital fat in the surgical fields, which 
significantly complicates intraorbital dissection.

Orbit as Target. The orbital content is entered 
with an incision of the periorbit at the approxi-
mate depth of the lesion, according to an accurate 
preoperative evaluation and often with the aid of 
the image-guidance technologies. The periorbital 
incision reveals the extraconal fat, which is more 
represented in the anterior portion of the retrobul-
bar region, while it is more scarce proceeding 
toward the orbital apex. After a dissection phase 
in the periorbital fat, the Lateral Rectus Muscle 
(LRM) represents the first anatomical landmark 
during transorbital procedures for lesions located 
laterally to the ON. Above the LRM, the lacrimal 
neurovascular “bundle,” formed by the nerve, 
artery and vein, is found, overlying the superior 
surface of the LRM before its insertion. The 
RMA can enter the orbit at this level, usually 
joining the lacrimal artery. It can be spared or 

coagulated, according to the need. Near to the 
superior orbital fissure, posteriorly, the superior 
branch of the oculomotor cranial nerve is visible. 
Moreover, the superior ophthalmic vein can be 
identified more posteriorly, right above the optic 
nerve and below the superior rectus muscle. 
Posteriorly, toward the apex and the SOF, the 
inferior division of the third cranial nerve can be 
seen. To notice, all these anatomical structures 
are not always encountered intraoperatively. In 
fact, once the lesion is identified, surgery pro-
ceeds with a gentle pericapsular dissection, with 
the use of blunt instruments and cottonoid 
pledges, which are used to isolate the lesion from 
the surrounding anatomical structures. Once a 
portion of the lesion is exposed, in case of well 
circumscribed and encapsulated lesions, such as 
for example orbital venous malformation type I 
(OVM, ex cavernous hemangioma), the use of 
cryoprobes has proven useful to grasp the lesion 
without the need to further proceed in the dissec-
tion in the intraconal space, as dissection can be 
completed outside the orbital content once the 
lesion is properly retracted, similarly to medially 
located intraconal lesions removed via a transna-
sal route. After removal of the lesion, accurate 
hemostasis is performed, with the cautious use of 
bipolar, irrigation with warm saline, and eventu-
ally hemostatic agents. In most of the cases, no 
reconstruction is needed after intraorbital sur-
gery. In case of removal of bulky lesion, the con-
siderable empty space might be filled with 
autologous fat to reduce the risk of post-operative 
enophthalmos, but this is rarely needed [23]. 
Figure 11.3 illustrates a clinical case example of 
SEA to the orbit for removal of an OVM type I.

Orbit as Corridor. The surgical steps when the 
orbit is not intended as the target, but the corridor 
of the approach, are the same as the ones listed in 
the previous paragraph, up to the visualization of 
the intraorbital landmarks. Again, it is important 
to underline that to further proceed with intracra-
nial surgery, dissection is to be performed with-
out accidentally opening the periorbit. During 
this phase, moments of retraction of the orbital 
content are realized with malleable retractors and 
a soft Silastic sheet (Dow Corning, Midland, 
Michigan, USA) protecting the periorbit.
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Fig. 11.3  SEA for removal of OVM type I (e.g., cavern-
ous hemangioma). Illustration of a 37-year-old female 
patient who presented to our department complaining of 
left periorbital swelling, proptosis, and ocular pain. MRI 
with contrast was performed, showing a left anterior 
extraconal supero-medial orbital cavernous neoformation, 
suspected for OVM type 1, complicated with an ipsilateral 

frontal mucocele. Preoperative MRI in axial Flair 
sequence (a), coronal T2-weighed (b). Periorbital swell-
ing and proptosis (c). The patient underwent removal of 
the neoformation via a SEA (d). Postoperative axial (e), 
and coronal T2-weighed MRI (f), which demonstrated the 
complete resection of the orbital hemangioma

For a transorbital access to the frontal sinus, a 
proper anatomical landmark to safely enter the 
sinus has not been yet identified. The FS might be 
variable in pneumatization and is localized very 
anteriorly along the orbital roof. In most of the 
cases, the floor has already been interested by the 
pathology (e.g., orbital complication of frontal 
sinusitis with orbital wall erosion), so that the 
sinus can be entered through the pre-existing 
defect. On the contrary, in case of an intact orbital 
roof, the intraoperative image-guidance systems 
are helpful to properly plan the osteotomy [27]. 

Once entered the sinus, the target of the surgery 
is usually easily visualized and managed, with 
the use of either straight or curved instrumenta-
tion [28]. The combination of the SEA with an 
expanded approach to the frontal sinus is usually 
able to manage the sinus in its entirety [29] 
(Fig. 11.4).

For an anterior cranial fossa approach, a crani-
ectomy with a diamond-burr is performed by 
drilling the orbital roof (in the laterobasal frontal 
bone) and part of the lesser wing of the sphenoid 
bone. The greater wing is left intact in case of a 
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Fig. 11.4  Combined endonasal-transorbital approach for 
a fronto-orbital abscess. Case illustration of a 76-year-old 
male who underwent a previous Draf IIA procedure for a 
left fronto-ethmoidal empyema from Staphylococcus 
Aureus. After 3  months, he complained of periorbital 
swelling and tenderness. Coronal CT scan (a) and 
T1-weighed MRI with contrast (b), demonstrated a left 
fronto-ethomoido-maxillary sinusitis with erosion of the 
orbital roof. He underwent revision surgery by means of a 
combined endoscopic endonasal and transorbital 

approach, due to the far lateral location of the inflamma-
tory process within the frontal sinus. Stenosis of left fron-
tal sinusotomy can be seen (c). The re-opening is 
demonstrated under endoscopic view (d). Moreover, the 
frontal ostium was enlarged through drilling via the trans-
orbital approach (e, f). At the end, a frontal stent was posi-
tioned, as seen from the endonasal perspective (g). 
1-month postoperative endonasal control that demon-
strated the patency of left frontal sinus (h). The regular 
eye motility was assessed 1 year after surgery (i-n)

pure transorbital exposure of the anterior skull 
base. The boundary of this surgical approach can 
be summarized as follows: orbital rim superiorly, 
lesser sphenoid wing inferiorly, pterional region 
laterally, lateral aspect of the SOF medially. After 
the craniectomy, the dural layer of the frontal 
supraorbital region is unveiled. Dura is divided 
according to the specific target, and the basal 
frontal lobe along with the orbital gyri are 
exposed.

For a transorbital middle cranial fossa 
approach, the SOF and the IOF have to be fully 
exposed, as well as the greater wing of the sphe-
noid until the superolateral orbital wall. The cra-
niectomy is carried on within the greater sphenoid 
wing, limited supero-medially by the superior 
orbital fissure and laterally by the temporal mus-
cle (Fig.  11.2). The boundary of this surgical 

approach can be summarized as follows: SOF 
superiorly, IOF infero-medially, periosteal layer 
of the temporalis muscle laterally, and the floor 
of the middle cranial fossa inferiorly [2, 5]. If 
more space is needed for the resection, the crani-
ectomy can be enlarged inferiorly to include the 
floor of the middle cranial fossa and superiorly 
by removing part of the lesser wing of the sphe-
noid bone [26]. If an intradural approach is antic-
ipated, the temporal dura is opened, and the polar 
region of the temporal lobe is reached.

In case of intradural pathology, our experience 
proves that dural reconstructions is often not 
needed, because the orbital structures behave like 
a natural sealant, even if the theoretical risk of 
Cerebrospinal Fluid Leakage (CSF-L) exists [2, 
5]. Nevertheless, several skull base closure tech-
niques have been described in the literature, even 
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for transorbital approaches. Some authors have 
considered the possibility to perform a multilayer 
reconstruction, in line with those performed in 
transnasal endoscopic craniectomy. Alqahtani 
et al. described a multilayer technique in which 
they put an intradural layer with synthetic graft, 
followed by muco-periosteal septal graft overlay 
covering the superior orbital wall defect [30]. 
Other possibilities include the use of autologous 
materials, such as iliotibial tract and fat tissue 
harvested from patient’s thigh [26]. The orbital 
content dislocated during the intervention is 
repositioned in its original location. At the end, 
the wound is closed in layers, and the skin of the 
upper eyelid is sutured with a running locked 
intradermal suture (6–0 Fast-Absorbing Surgical 
Gut Suture). This kind of closure provides excel-
lent functional and cosmetic outcomes since the 
scar is nearly invisible in the long postoperative 
period.

11.4.3	� Complications

In terms of skin incisions and bone work, the 
SEA represents a minimally invasive approach. 
However, surgical site infections, postoperative 
edema, and diastasis of the cutaneous suture still 
represent minor concerns that need to be men-
tioned, even if they are no longer frequently 
found in clinical practice, as long as strict asepsis 
is observed.

From a functional standpoint, the SEA 
involves the risk of damaging the LPM during the 
phase of subcutaneous dissection in the subor-
bicularis plane. This complication is extremely 
uncommon to occur provided that proper training 
in performing the access is provided. It should 
nonetheless be openly discussed with every 
patient before surgery as postoperative ptosis is a 
significant complication regarding both function 
and aesthetics.

The risk of ischemic damage to the optic nerve 
and other intraorbital structure due to compres-
sion of the orbital content has already been men-
tioned. To avoid this, the surgeon should provide 
moments of relaxation of the orbital content dur-
ing the surgical procedure [2, 5]. As long as this 

technical tip is respected, the safety of this type 
of surgery has been demonstrated by numerous 
cases, and in the personal experience of the senior 
authors (P.C. and D.L.), neither intraorbital nor 
transorbital procedures have been associated 
with any occurrences of postoperative visual def-
icit due to ischemic or traumatic damage.

To perform this type of surgery, one must have 
a thorough understanding of anatomy and excep-
tional endoscopic abilities, as the majority of 
potential hazards result from inappropriate 
maneuvers conducted during the dissection in the 
intraorbital compartment, which is performed 
after opening the periorbit. The same can be said 
about the surgery’s intracranial and skull base 
phases. To prevent damage to critical neurovas-
cular structures, one must have a thorough under-
standing of the surgical anatomy of the skull 
base, intracranial, and intraorbital spaces as seen 
from this novel perspective provided from the 
SEA.

The danger of postoperative CSF-L can be a 
concern only during extensive surgeries with 
resulting large skull base defects, which are not 
frequently performed via such minimally inva-
sive techniques. These large gaps can be repaired 
using a variety of procedures (see above), but in 
the senior authors’ personal experience, in the 
majority of times postoperative CSF-L can be 
prevented by simply repositioning the orbital 
content, which acts like an effective sealant for 
the skull base defect.

In the immediate postoperative period, bleed-
ing represents the most daunting complication to 
be aware of. The disruption of smaller blood ves-
sels contained in the orbital space might cause a 
retrobulbar hemorrhage, with collection of blood 
that can result in the compression of the optic 
nerve, with consequent optic neuropathy possi-
bly leading to amaurosis or even irreversible 
vision loss. Indirect signs of increased intraor-
bital pressures are proptosis (bulging of the 
globe), increased orbital tension, orbital pain, 
reduced ocular motility and a change in shape 
and size of the pupil, with fixed and dilated pupil 
not responding to light reflex as sign of irrevers-
ible damage to the optic nerve and or ciliary gan-
glion [31], configuring the so-called orbital 
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compartment syndrome. This is more likely to 
occur during transorbital approaches, because 
during endoscopic transnasal surgery, the blood 
drains into the nose. Thorough preoperative 
assessment, an accurate intraoperative hemosta-
sis, and a regular monitoring of blood pressure 
are essential measures that should be considered 
by the surgeon to avoid this complication. This 
complication can be observed immediately after 
surgery, it is advisable to return to the operating 
room to perform orbital decompression. If the 
complication is observed in the department in a 
woke patient in the first or second postoperative 
day, without the possibility for immediate return 
to the operating room, prompt orbital decompres-
sion via lateral canthotomy and inferior cantholy-
sis is an effective maneuver that can be carried 
out in a local anesthesia setting [32, 33].

11.5	� Inferior Eyelid Approach

Inferior Eyelid Approach (IEA) is a surgical 
route adopted less frequently, compared to the 
SEA, because orbital lesions rarely occur in the 
lower quadrants [16], and most of them can be 
managed with an exclusive endoscopic transnasal 
approach since the epicenter of the lesion lies 
inferior to the so-called plane of resectability 
(POR), which is a plane extending from the con-
tralateral nares through the long axis of the optic 
nerve [34]. Nonetheless, the IEA can be adopted 
to manage extraconal and/or intraconal inferiorly 
located lesions, to achieve an inferior orbital 
decompression and, most frequently, to repair 
orbital floor fractures. With transorbital intent, 
this approach allows the exposure of the floor of 
the middle cranial fossa as well as to reach the 
infratemporal fossa, where the main targets are 
represented by the extracranial segments of the 
maxillary and mandibular nerves [2].

As far as the technique is concerned, a subtar-
sal incision located about 3–5 mm below the free 
edge of the lower eyelid is carried out [5]. The 
dissection is performed in the plane below the 
orbicularis muscle and a skin-muscle flap is ele-
vated. Thereafter, the following exposure is 
accomplished in the pre-septal plane until the 

orbital frame is reached and the periosteum is 
clearly visualized. The latter can be incised, so 
that the dissection continues along a subperios-
teal plane, up to the IOF, in order to obtain ade-
quate surgical space for the subsequent operative 
phases. During the detachment, any venous 
bridging veins running between the orbital cone 
and the bone can be coagulated and cut. If the 
aim of the procedure is to access the orbital struc-
tures, the orbital septum is opened and the intra-
orbital phase of the surgery is carried out with the 
same principles already exposed in the previous 
paragraphs. The IEA also allows for a transor-
bital route to the floor middle cranial fossa. This 
is possible with the transection of the content of 
the inferior orbital fissure with an anterolateral to 
posteromedial direction, to expose the orbital 
floor and the anterior maxilla as far as the orbital 
apex [2]. Most encountered complications are 
related to the suboptimal aesthetic results related 
to the skin incision and paresthesia of the region 
of the infraorbital nerve in case of section of the 
IOF content.

11.6	� Medial Conjunctival 
Approaches

Medial conjunctival approaches comprise a set of 
surgical techniques employed to address patholo-
gies located in the medial and anterior region of 
the orbit, via an incision of the conjunctiva of the 
medial canthal region [35, 36]. They include the 
precaruncular, transcaruncular, and retrocaruncu-
lar approaches, which differ for the site of the 
incision and the initial phases of dissection. They 
all address the same anatomical area and, com-
pared to earlier procedures that target the medial 
orbital region, such as the cutaneous (i.e., Lynch 
incision), trans-eyelid, trans-fornix, or medial 
rectus plane approaches, they expose the anat-
omy in a novel way [37].

When considering transorbital endoscopic 
procedures to the skull base and the orbit, in the 
authors’ experience, these approaches are used 
less frequently than the SEA. They find the main 
indications in the management of medial intraor-
bital lesions with the epicenter located anteriorly 
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to a coronal plane passing through the mid-orbit. 
This anatomical region is the least accessible for 
the SEA, due to its location medial to the sagittal 
plane passing through the optic nerve, and for the 
endoscopic transnasal approach, as dealing with 
anterior lesions can be challenging using the 
nasal corridor. The technique is also described 
for orbital fracture repair, and anatomical reports 
confirm the adequacy of the approach to expose 
the anterior ethmoidal artery [38, 39]. In case of 
failure with transnasal endoscopic ligation of the 
artery, the medial conjunctival approaches poten-
tially allow to manage severe nasal bleeding 
through the transorbital route, avoiding cosmetic 
deformities or visible scarring that can occur as a 
result of a cutaneous approach (i.e., Lynch inci-
sion) [40]. To note, the contralateral precaruncu-
lar approach was also used to address lesions and 
defects located in the lateral aspect of well-pneu-
matized sphenoid sinuses, in a multiportal fash-
ion combined with a transnasal endoscopic 
approach [41].

As far as technique is concerned, a vertical 
incision is made at the level of the caruncle and is 
extended 10 mm superiorly and inferiorly in the 
conjunctiva to create the surgical corridor. To 
perform the transcaruncular approach, the inci-
sion is made directly through the caruncular tis-
sue and dissection is then carried out in a preseptal 
plane toward the posterior lacrimal crest; the pre-
caruncular approach uses the same preseptal 
plane, but the incision is performed anteriorly 
and medially to the caruncular tissue, whilst for 
the retrocaruncular approach, the incision is 
made between the caruncle and the plica semilu-
naris and dissection is extended to the posterior 
lacrimal crest in a retro-septal plane [42]. The 
medial orbital wall is reached 1–2  mm posteri-
orly to the posterior lacrimal crest, where the 
periosteum is incised. During this phase of the 
surgery, the Horner muscle represents the main 
surgical landmark and is kept anteriorly. Attention 
must be paid to avoid herniation of the orbital fat 
in the surgical field to avoid getting disorientated 
and, inevitably, prolonging the duration of the 
procedure. After the periosteum is incised, the 
dissection proceeds in a subperiosteal plane, 
avoiding fracturing the lamina papyracea medi-

ally while proceeding more posteriorly into the 
orbit. Surgical access is improved by combining 
the medial incision with an inferior fornix inci-
sion. The medial and anterior portions of the 
orbital walls are easily exposed with this 
approach, so that fractures herein located can be 
managed with these techniques. In case of intra-
orbital lesions, after exposure of the surgical 
landmarks, the periorbit can be incised and intra-
orbital dissection proceeds with the same princi-
ples in the previous paragraphs. With these 
approaches, considering the anterior location of 
both the surgical corridor and the target, the dis-
section can be performed either under direct 
vision or with the aid of magnification devices 
(e.g., microscopes, exoscope, surgical loupes, or 
endoscope in case of more posteriorly located 
lesions). At the end of the procedure, the con-
junctiva and caruncle are closed with interrupted 
6–0 fast-absorbing gut sutures [37]. The most 
reported complications include damage to the 
lacrimal pathway, to the lamina papyracea and, 
potentially, to the skull base, with resulting 
CSFL.  Minor ones include surgical site infec-
tions and, rarely, unpleasant aesthetic results. The 
precaruncular route puts the lacrimal system in a 
relatively higher jeopardy; the retrocaruncular 
one implies a slightly higher risk of injuring the 
periorbit before reaching the target, while the 
transcaruncular incision might cause increased 
risk of postoperative edema and erythema due to 
the complex histology of the caruncula itself 
[42]. However, a careful dissection is able to pro-
vide adequate access without major risk of com-
plications in most of the cases [40].

11.7	� Limits of Endoscopic 
Transorbital Approaches

11.7.1	� Anatomical Limitations

Lesions that are located infero-medially to the 
optic nerve are the main contraindications to 
using the transpalpebral corridor. The transnasal 
route is the gold standard method in these clinical 
scenarios (see above). Almost all other locations 
can successfully be managed using transpalpe-
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bral corridors, SEA for superiorly positioned 
lesions and IEA for inferiorly located lesions. 
Although large dimensions and the apical loca-
tion of the lesions represent actual concerns for 
endoscopic transorbital approaches, no specific 
study has been carried out that explicitly states 
the characteristics of the lesion that demand for 
an open orbitotomic approach. On the one hand, 
radical resection is often not required at all cost 
and, on the other, it is always possible to revert 
the approach to an open orbitotomic or cranio-
tomic one, for example, in case of intraoperative 
finding of intractable adhesions. Lesions that are 
posteriorly expanded toward the squamous sec-
tion of the temporal bone or laterally toward the 
temporal fossa are absolute contraindications to 
endoscopic transpalpebral approaches to the 
anterior and middle cranial fossa. A fronto-tem-
poral or pterional craniotomy may be the most 
effective surgical procedure in these 
circumstances.

11.7.2	� Endoscopic Technical 
Limitations

Endoscopic surgery has several drawbacks that 
cannot be neglected, even considering the possi-
bility of magnification and the potential to oper-
ate successfully in small anatomical spaces. First 
of all, it offers bidimensional vision in an unfa-
miliar anatomical region, which can occasionally 
lead to disorientation. Second, maintaining clear 
eyesight is essential for the surgical intervention 
to be successful, despite the working space’s lim-
ited width, the possibility of fat herniation, and 
any bleeding that may occur. Finally, in order to 
avoid instrumentation conflicts or poor-quality 
vision, it is imperative to develop a synergistic 
working habit between the two or three surgeons 
who are operating simultaneously in the orbital 
cavity. Some of these limitations might be over-
come with the use of technological advancements 
such as intraoperative lens irrigation devices, 
cryoprobes, and intraoperative image guidance 
systems. However, a steep learning curve is nec-

essary, particularly adequate, and in-depth pre-
clinical anatomical training. This is necessary to 
develop both manual skills and anatomical 
knowledge, which is the crucial factor preventing 
the surgeon from getting lost during this particu-
lar subset of endoscopic procedures.

11.8	� Postoperative Workup 
and Follow-Up

The postoperative evaluation aims to recognize 
and treat any surgical complications and to evalu-
ate any clinical issues that might develop imme-
diately or long after the procedure. As for 
preoperative workup, postoperative care should 
be performed in a multidisciplinary setting with 
examinations performed by the whole orbital 
team (otolaryngologist, neurosurgeon, ophthal-
mologist, and dedicated radiologist).

During the immediate postoperative period, 
vision represents the main concern and is to be 
checked regularly. A universally accepted proto-
col for elective orbital surgery doesn’t exist, but 
in personal experience, a periodic red saturation 
test performed every 2 h for 48 h, borrowed from 
the protocols of orbital trauma management. This 
appears like an acceptable compromise between 
what patients can do and the knowledge that irre-
versible vision loss may be occurring with vascu-
lar impairment lasting longer than 90 min. In this 
phase, controlling pain and nausea is crucial to 
reduce the likelihood of increased orbital venous 
pressure and the risk of intraorbital bleeding. 
However, attention is to be paid not to exces-
sively mask pain, as the patients should be able to 
report the appearance of orbital pain and/or dis-
comfort, which might represent the red flag for 
orbital edema or hemorrhage [43].

An early imaging control is usually scheduled 
during hospitalization. This is not applied in 
every single case but has become part of the clini-
cal practice. In case of intracranial work after 
SEA for ACF or MCF lesions, a CT scan is per-
formed in the first or second postoperative day 
and before discharge in order to monitor the post-
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operative pneumocephalus and the occurrence of 
possible intracranial complications (e.g., bleed-
ing). For intraorbital procedures, if feasible, MRI 
performed in the first 72 h is the preferred imag-
ing method, as it is a highly effective way to 
detect residual lesions with reduced risk of false-
positive, as postoperative edema and scarring are 
still to develop in this early postoperative phase. 
Moreover, it provides a useful reference image 
for subsequent follow-up.

Finally, patients are submitted to adjuvant 
treatments or to a regular follow-up program. As 
a general rule, the first clinical examination is 
performed 10–15 days after the procedure, after 
the pathologic examination is completed. In this 
occasion, a multidisciplinary consultation is pos-
sible, and the patient is then addressed to a spe-
cific follow-up protocol according to the biology 
of the pathologic condition treated. A detailed 
examination is out of the aim of this chapter. As a 
rule, for traumatic or benign conditions, clinical 
and radiologic examinations are performed twice 
in the first year and then once every 1 or 2 years 
or according to the occurrence of symptoms. For 
malignancies, the follow-up is more strict and 
follows the principle of sinonasal malignancies 
surveillance [44, 45].

Two months after surgery, an ophthalmologic 
and orthoptic examination is performed to assess 
the patient’s visual acuity and field once healing 
is completed. If any pathological finding is con-
firmed as outcome of the procedure, the patient is 
examined for possible correction and following 
examinations are performed according to oph-
thalmologic opinion. In case a visual deficit or 
motility impairment appears as new onset symp-
toms, imaging is promptly executed in order to 
rule out possible recurrence of the disease.

Clinical, ophthalmology, and radiologic 
examination during the surveillance should be 
recorded and stored in a dedicated database. This 
should be part of the practice for every kind of 
surgical intervention but is of utmost importance 
for orbital surgery considering the rarity of the 
diseases and the need to collect data in order to 
progressively improve outcomes.

11.9	� Future Perspectives

A profound evolution of skull base surgery was 
observed in the last decades, with a progressive 
shift from the more classical extensive transcra-
nial procedures toward minimally invasive 
approaches. In this setting, the advent of endo-
scopic techniques has represented a revolution 
for the management of orbital pathologies, 
thanks to the magnified view and the possibility 
to expose the lesion and perform dissection in 
such a narrow anatomical area, which is the 
orbital cavity. Neuroanatomical research, 
mainly intended as cadaver dissections preclini-
cal studies, have played a pivotal role in the 
refinements of novel approaches “to and 
through” the orbit. Indications are constantly 
expanding, and currently include selected intra-
orbital, skull base, and even intra-axial lesions, 
both benign and malignant in nature [46]. In 
recent years, the development of dedicated med-
ical software, 3D volumetrics evaluation, com-
puter analysis, and machine learning are 
providing a further effort to the refinement of 
contemporary orbital surgical approaches. 
Many contributions demonstrate the importance 
of medical engineering to perform operations 
tailored according to the individual’s anatomy 
[47–49].

Guizzardi et  al., in a remarkable conceptual 
paper, reported four main steps for planning 
patient-tailored transorbital approaches. Starting 
from the study of bone normal anatomy on a dry 
skull (step 1), all the relevant orbital structures 
were exposed during the following cadaveric dis-
section (step 2). Soon after, authors performed a 
3D quantitative and qualitative assessment of the 
post-dissection data, demonstrating the anatomic 
targets that can be reached via the endoscopic 
transorbital SEA. The evaluation of the exposure 
and the working angles with a volume of safe 
bone removal was crucial to calculate the work-
ing areas and the surgical freedom of the approach 
(step 3). Finally, the last step consisted in trans-
ferring the presurgical planning to the clinical 
practice (step 4) [50].
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Among the possible innovations that could 
lead to an improvement of transorbital proce-
dures, we can expect the introduction of new 
kinds of autostatic orbital retractors that could 
facilitate the divarication of the orbital contents, 
which sometimes still represents a hindrance dur-
ing the dissection [51]. Moreover, new image-
guidance systems could provide a real-time 
navigation of intraorbital structures avoiding the 
brain shift, and dedicated instruments might be 
capable of increasing the safety and the effective-
ness of this type of procedure [46].

Finally, among the most fascinating innova-
tions in orbital operations, we can’t forget the 
robotic systems. In a recent publication, 
Jeannon et al. have introduced the term Robotic-
assisted Orbital Surgery (RAOS). Authors 
claim that RAOS offers multiple advantages 
over the conventional techniques, such as high 
definition 3-dimensional optics, dexterous 
wristed instruments, motion scaling, and tremor 
filtration [52]. Wang et  al. have reported their 
experience with robot-assisted orbital decom-
pression in 18 patients affected by Graves’ oph-
thalmopathy. The robot utilized was the da 
Vinci Xi surgical system (Intuitive Surgical, 
Inc., Sunnyvale, CA). According to their expe-
rience, it provided the stability, dexterity, and 
good visualization necessary for orbital fat 
decompression surgery [53].

11.10	� Conclusions

For decades, transcranial or craniofacial 
approaches have represented the mainstay of sur-
gical approaches to address the orbital region, 
even if burdened by a considerable invasiveness 
[3, 54].

More recently, a profound evolution in endo-
scopic approaches have reshaped the panorama 
of orbital surgery, proved their efficacy while 
granting a reduced morbidity of the procedure, 
along with more pleasant aesthetic results [10, 
55, 56]. One should be aware that the concept of 
minimal invasiveness does not depend on the 
entry wound size, but on the limited impact of the 
procedure on the patient’s quality of life. In this 

respect, transorbital endoscopic surgery should 
not be considered as an alternative technique for 
replacing the classical expanded endoscopic 
endonasal approaches or traditional external cra-
niotomies, but should be considered as a valid 
alternative proposed as an additional corridor 
able to improve visualization while minimizing 
surgical demolition and maximizing the instru-
ments’ maneuverability. As already emphasized, 
the orbital team should be able to convert to 
external approaches whenever needed (e.g., inad-
equate surgical exposure, excessive bleeding, 
intraoperative complication, or unexpected intra-
operative findings).

This chapter was intended to be an introduc-
tory lecture to familiarize with a niche of surgical 
approaches to the orbital region and confining 
anatomical areas. These approaches require a 
sound anatomical knowledge, a steep learning 
curve and, more importantly, a multidisciplinary 
experienced team, not only during the surgical 
act but from the time of the diagnosis to the post-
operative surveillance.
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12Tumors of the Optic Nerve and Its 
Sheath
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and Giuseppe Minniti

12.1	� Surgical Anatomy 
of the Optic Nerve

The optic nerve begins within the eyeball at the 
optic disc and ends in the suprasellar region, 
where it continues with the chiasm.

Four different parts of the optic nerve may be 
distinguished: intraocular, intraorbital, intracana-
licular, and intracranial [1, 2].

The intraocular part is the most anterior 
component and is located within the eyeball. The 
optic nerve head, also defined optic disc, is 
approximatively 1.5 mm wide. The amyelinated 
fibers are supplied by the central retinal artery.

The intraorbital part courses from the pos-
terior part of the eyeball to the intraorbital 

opening of the optic canal. Its length is about 
25  mm. This segment is myelinated and sur-
rounded by three meningeal layers (dura, 
arachnoid, and pia mater). The subarachnoid 
space is rather large and narrows posteriorly at 
the optic canal. Just before it enters the optic 
canal, the optic nerve is adjacent to the third 
and the sixth nerves and superomedial to the 
ophthalmic artery, thus it is closely related to 
the anulus of Zinn.

The intracanalicular part has a variable 
length from 4 to 10 mm; the optic nerve travels 
the canal posteromedially at 35° angle relative to 
the midsagittal plane. This part of the nerve is 
also covered by the three meningeal layers.

The intracranial part extends from the inter-
nal orifice of the optic canal to the optic chiasm. 
It courses in the parasellar region and lies medial 
to the internal carotid artery, superomedial to the 
ophthalmic artery, and below the anterior cere-
bral artery. This segment of the optic nerve is 
covered only by the pia mater.

12.2	� Classification of Tumors 
of the Optic Nerve and Its 
Sheath

Many tumors of different histology may involve the 
optic nerve and its sheath. Some of them primarily 
arise from the nerve and its sheath; these tumors are 
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discussed in this chapter. In other cases, tumors of 
the surrounding structures may secondarily involve 
the nerve. These include meningiomas of the tuber-
culum sellae, anterior clinoid, planum sphenoidale, 
gliomas of the optic chiasm and frontal lobe. These 
cases are excluded from this chapter.

Several cell types may be present in the optic 
nerve and its sheath. These include astrocytes, oligo-
dendrocytes, fibroblasts, arachnoid cap cells, gan-
glion cells, Schwann cells of the sympathetic nerves. 
Thus, several tumors of different histological origin 
may be observed. They may be classified as in 
Table 12.1 according to the WHO Classification [3].

12.3	� Primary Tumors of the Optic 
Nerve

12.3.1	� Gliomas

Gliomas of the optic nerve occur in two different 
forms: the more frequent benign gliomas of the 
pediatric population and the rare malignant glio-
mas of adults [4–6].

12.3.1.1	� Pediatric Benign Gliomas
Optic nerve gliomas account for 2–5% of the 
central nervous system neoplasms and 7% of all 
gliomas in pediatric population [7, 8]. They may 
occur as sporadic lesions or in association to type 
I neurofibromatosis (NF1). NF1-related tumors 
occur at younger age (mean 4, 5 years) and are 
often bilateral [8]. Sporadic tumors are unilateral 
and occur later, mostly in the first or less in the 
second decade [7] (Fig. 12.1).

Histologically, pediatric optic nerve gliomas 
are WHO I pilocytic astrocytomas, rarely diffuse 
WHO II astrocytomas. Sporadic tumors show 

higher values of proliferation markers and more 
aggressive histopathological features.

The biomolecular studies have shown different 
features between NF1-related and sporadic tumors. 
The NF1 gene encodes the neurofibromin protein, 
which functions as tumor suppressor; NF1 dys-
function causes unregulate Ras and m-TOR activ-
ity [9]. On the other hand, BRAF mutations are not 
evidenced in NF1-associated pilocytic astrocyto-
mas but are identified in many sporadic cases [10].

Most optic nerve gliomas are asymptomatic at 
diagnosis and detected incidentally. However, the 
clinical course is rather variable; most cases 
remain stable for years and never grow, while 
others show visual worsening and slow or more 
rapid growth pattern over many years [5, 11].

Sporadic optic nerve gliomas are at higher risk 
of visual loss than those related to the NF1.

Among the non-visual symptoms and signs, 
proptosis is the most common presenting sign in 
symptomatic cases. Limitation of the ocular 
motility and diplopia occur in about 30% of glio-
mas confined to the orbit whereas they are rare in 
gliomas of the intracranial optic nerve.

The high incidence of optic nerve glioma in 
children with NF1 suggests several recommenda-
tions for the screening. Children with NF1 and no 
evident optic nerve glioma should be examined 
every year up to the age of 18 years. Those with 
NF1 and history of optic nerve glioma should be 
studied every 3 months in the first year and every 
6 months in the following years.

The vision loss is the most important factor 
for deciding to treat the glioma, The optic coher-
ence tomography (OCT) is the best study to 
assess the optic nerve function [12].

Children with sporadic or NF1 optic nerve 
gliomas and no visual loss must not be treated.

In pediatric patients with substantial tumor 
progression on MR and/or worsening of visual 
acuity, chemotherapy is the first-line treatment, 
particularly in children below 5 years of age [13]. 
The combination of vincristine and carboplatin 
has been the most common first-line treatment 
for optic nerve gliomas. For patients with NF1 
who undergo treatment with vincristine/carbopl-
atin, the 3-year progression-free survival (PFS) 
rate is 77% [14] and the 5-year PFS is 69%, 
although these cohorts include gliomas beyond 

Table 12.1  Classification of primary tumors of the optic 
nerve and its sheath

Tumors of the optic nerve
 �� • � Benign gliomas
 �� • � Malignant gliomas
 �� • � Ganglioglioma
 �� • � Medulloepithelioma
 �� • � Hemangioblastoma
Tumors of the optic nerve sheath
 �� • � Meningioma
 �� • � Schwannoma
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Fig. 12.1  Benign right optic nerve glioma. (a) Exam of 
the eye fundus: optic disc with blurred margins. (b–d) 
Preoperative magnetic resonance T1 sequences, before 
(b) and after (c, d) gadolinium: large right intraorbital 

tumor of the optic nerve with regular margins and homo-
geneous enhancement; right proptosis is evident. (e) 
Postoperative MR: good tumor resection
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the optic nerve. Thioguanine, procarbazine, 
lomustine, and vincristine may represent a treat-
ment alternative to carboplatin/vincristine in NF1 
patients with a reported similar survival [15, 16]. 
More recently, monotherapies with temozol-
amide [17], vinblastine [18, 19] and vinorelbine 
[20] have been used for progressive or refractory 
disease with positive results and low toxicity.

Surgical debulking is reserved to cases with 
significant mass effect, aesthetic problems, and 
no or very limited residual vision. On the other 
hand, radical surgical resection and radiotherapy 
represent the last management option in a limited 
number of patients [11].

The prognosis of optic nerve glioma is rather 
variable. The features associated to worse out-
come include younger age at diagnosis, sporadic 
tumors, greater contrast enhancement, and exten-
sion to the chiasm [8, 21, 22].

12.3.1.2	� Malignant Gliomas
Malignant optic nerve gliomas are very aggres-
sive neoplasms occurring in middle-aged males 
and presenting with rapidly progressive visual 
loss [4, 15, 23].

The radiological aspect is a mass involving the 
optic nerve and showing intense contrast 
enhancement. Histologically, these tumors are 
anaplastic WHO III astocytomas or glioblasto-
mas (WHO IV). The biopsy is advisable to define 
the diagnosis.

The tumor progression is very rapid. In the orbit, 
the tumor infiltrates the meninges of the nerve and 
the surrounding soft tissues. Gliomas arising from 
the intracranial optic nerve infiltrate the optic chi-
asm, hypothalamus, and the surrounding brain.

The management includes combined radiation 
therapy and chemotherapy [23]. Radiation therapy 
is a treatment option for patients with malignant 
optic nerve gliomas and can be used as adjunctive 
therapy or as an alternative to surgery [24]. 
Historical series of patients treated with radiation 
therapy with a total dose of 50–54  Gy given in 
1.8–2  Gy per fraction [25–29] reported a local 
control around 62–89% and overall survival 
83–100% at 10 years. The treatment is associated 
with clinical improvement, including shrinkage of 
tumor mass and subsequent reduction of proptosis, 

reduction in optic disc swelling, arrest of progres-
sive visual loss, and improvement of vision. Long-
term toxicity reported with the use of conventional 
radiotherapy includes endocrine abnormalities 
(13–22%) [1, 27, 28, 30], cerebrovascular disease 
[31–33], poor visual outcomes (15%) [25–29], 
secondary malignancies [34, 35], and neurocogni-
tive decline [35], particularly in young patients 
[26, 36]. Modern techniques have been recently 
employed to minimize long-term complications of 
radiation, including fractionated stereotactic radia-
tion therapy [37–39], proton beam radiation ther-
apy [40, 41], and stereotactic radiosurgery 
(Gamma Knife) [42, 43]. Proton beam therapy has 
been used for patients with malignant optic nerve 
gliomas [44]. In a series of 101 patients with 
malignant optic nerve gliomas receiving photon 
radiotherapy or proton beam radiotherapy with a 
total dose of 50.4–54.0 Gy (RBE), Indelicato et al. 
[44] showed similar progression-free survival and 
overall survival of 88% and 93%, respectively. The 
total dose has impact on the local control of the 
tumors; 54 GyRBE showed a better local control 
and progression-free survival as compared with a 
dose less than 54 GyRBE.  As for other newly 
diagnosed high-grade astrocytomas, radiotherapy 
can be given in combination with temozolomide. 
Recurrence or progression may be treated with re-
resection, a second course of radiotherapy, or most 
commonly, using systemic alkylating agent che-
motherapy [45].

12.3.2	� Ganglioglioma

The ganglioglioma, a well-differentiated slow-
growing tumor composed of a combination of 
neoplastic ganglion and glial cells, rarely occurs 
in the optic nerve [4, 46, 47]. The intracranial 
optic nerve segment is less rarely affected than 
the intraorbital one [47]. The association with the 
NF1 is evidenced in half of the reported cases.

The clinical presentation and the imaging 
characteristics of ganglioglioma are rather like 
optic nerve glioma; however, ganglioglioma of 
the optic nerve causes more rapid, progressive 
visual failure. Thus, the correct diagnosis is pos-
sible only by histological studies.
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Most reported gangliogliomas of the optic 
nerve underwent surgical removal because of the 
progressive visual loss and potential tumor exten-
sion. This management option differs from that 
of the pilocytic astrocytomas of the optic nerve, 
where the clinical course is more favorable and 
the surgical resection is rarely necessary.

Given the rarity of optic nerve ganglioglio-
mas, treatment recommendations are based on 
evidence or results of the treatment of intracra-
nial gangliogliomas. After a gross total resection 
is achieved, there is no evidence that adjuvant 
radiation improves tumor control or patient out-
come, and therefore radiation is not recom-
mended in this scenario. After subtotal resection, 
adjuvant radiation appears to improve local 
tumor control [48].

12.3.3	� Medulloepithelioma

The medulloepithelioma is an embryonal neo-
plasm, considered in the 2021 WHO classifica-
tion [3] as subtype of the “embryonal tumors 
with multilayered rosettes.” It rarely occurs in the 
optic nerve, where it arises from the neuroepithe-
lium that lines the optic vescicles and cavities of 
the optic nerve [49].

Medulloepithelioma of the optic nerve mainly 
affects young males and is always malignant. 
Tumors located in the orbital portion present with 
proptosis and optic disc swelling, as for optic 
gliomas; those occurring in more posterior seg-
ments of the nerve cause progressive retrobulbar 
optic neuropathy [4]. The radiological aspect is a 
fusiform enlargement of the nerve, suggesting an 
optic glioma.

Most reported cases of optic nerve medullo-
epithelioma have been treated with tumor exci-
sion followed by chemotherapy and radiotherapy. 
However, the mortality rate is high because of 
recurrence, CSF spread, and brain invasion [49].

12.3.4	� Hemangioblastoma

Hemangioblastomas very rarely occur in the 
optic nerve, with only 37 reported cases included 

in two recent reviews [50, 51]. They may occur 
sporadically or more frequently in association 
with the Von Hippel Lindau (VHL) disease. The 
tumor is mostly located in the intraorbital portion 
of the nerve than in the intracranial one. The 
reduced vision is the most common presenting 
symptom, followed by slowly progressive axial 
proptosis; asymptomatic cases are found inciden-
tally on VHL screening. About one-third of the 
patients show optic atrophy at initial 
examination.

The diagnosis is rather easy in VHL patients, 
but it is difficult in sporadic cases. On MR, the 
presence of a solid or mixed solid-cystic well-
defined lesion within the optic nerve, showing 
vascular flow voids, intense contrast enhance-
ment and peritumoral edema may suggest the 
hemangioblastoma.

The best management option of optic nerve 
hemangioblastomas is controversial. 
Asymptomatic patients with stable vision should 
be managed conservatively. However, without 
treatment most patients will probably lose vision 
of the affected eye. Surgery is indicated in cases 
with progressive vision loss, significant propto-
sis, and bilateral visual symptoms due to edema.

The microsurgical tumor resection is possible, 
because the optic nerve fibers are dislocated 
rather than infiltrated. However, it is at risk of 
visual worsening, particularly for tumors with 
intracanalicular component. No cases were 
treated by stereotactic radiosurgery; however, it 
may be used as alternative option to surgery in 
advanced cases.

12.4	� Tumors of the Optic Nerve 
Sheath

12.4.1	� Meningioma

Optic nerve sheath meningiomas are rare tumors 
accounting for 1% of all meningiomas and about 
2% of all orbital tumors [52, 53]; they are the 
most frequent tumors of the optic nerve after gli-
omas. Optic nerve meningiomas are predominant 
in middle age and in female patients, although 
they may rarely be found in children in associa-
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tion with type II neurofibromatosis (NF2) in one-
third of cases. These tumors are usually 
monolateral (95%) and rarely bilateral (5%) in 
NF2 patients. The intraorbital portion of the 
nerve is the most common site of origin (> 90%).

These meningiomas arise from the arachnoid 
cap cells lining the meningeal optic nerve sheath. 
They mainly grow circumferentially around the 
optic nerve and can extent along the entire path of 
the nerve; other growth patterns include globular, 
fusiform, and focal enlargement [54]. 
Histologically, they are benign WHO I, mainly of 
transitional (50%) or mixed meningothelial-
transitional type (30%) [55].

The clinical presentation is characterized by 
painless and progressive visual loss in the affected 
eye, which leads to complete blindness, if 
untreated. Optic disc edema or atrophy are evi-
dent. Chronic edema may be associated to poste-
rior tumors causing enlargement of the anterior 
perioptic subarachnoid space [56]. Visual field 
defect mainly includes peripheral constriction 
and enlarged blind spot. Proptosis is inconstant 
and always follows the visual loss. In pediatric 
patients, these tumors are more aggressive and 
result in more rapid visual loss [57].

The diagnosis of optic nerve sheath meningi-
oma is often confirmed by MR with gadolinium-

enhanced fat-suppression sequences. The most 
typical aspect is widening and intense enhance-
ment of the meningeal sheath with central non-
enhancing nerve (tram-trak sign) (Fig. 12.2).

The less frequent fusiform enhancement may 
mimic an optic nerve glioma [54, 58]. Because of 
the expression of somatostatin receptor subtype 2 
by the meningioma cells, the gallium-68 labeled 
dodecotetracetic acid-tyrosine-3-octreotate posi-
tron emission tomography-CT scan may show 
significant uptake in meningiomas, differently 
from other tumors [59].

The best management of optic nerve sheath 
meningiomas depends on the state of visual func-
tion and the tumor extension. Cases where the 
visual function is intact or remains stable should 
only be observed and closely followed-up by 
serial ophthalmological examinations and 
repeated MR every year [58, 60].

The surgical tumor resection results in severe 
visual loss due to the close tumor relationship to 
the optic nerve and damage of the pial vascular 
plexus. Thus, it should be reserved to cases with 
blind affected eye and disfiguring proptosis or 
particularly intracranial extension. Patients with 
blind eye and stable intraorbital tumor may be 
observed or treated by radiotherapy and opera-
tion if the tumor grows. The surgical resection 

a b

Fig. 12.2  Meningioma of the right intraorbital optic 
nerve. Magnetic resonance, fat suppression axial (a) and 
post contrast (b) sequences: intense contrast enhancement 

of the meningeal sheath with central non-enhancing nerve 
(tram-track sign)
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may be realized through transcranial approach or 
lateral orbitotomy [61]. The transnasal endo-
scopic optic nerve decompression allows to 
decompress the optic canal and orbital apex, also 
with the aim to avoid contralateral optic nerve 
diffusion of the tumor [62, 63]. This less invasive 
technique shows stabilization of the disease and 
sometimes improvement of the visual deficit [60, 
62, 63].

Radiotherapy is the treatment of choice for 
most primary optic nerve stealth meningiomas 
[64]. Current radiation techniques include inten-
sity-modulated radiotherapy [65], stereotactic 
radiosurgery (SRS) [66], proton beam therapy 
(PBT) [67], stereotactic fractionated radiother-
apy [68]. Such techniques allow better conformal 
dose to the shape of the tumor significantly 
reducing the dose to the surrounding healthy 
organs compared to 3D-conformal RT [69].

A recent meta-analysis comparing different 
radiotherapy techniques results showed an excel-
lent tumor control rate from 80 to 100% follow-
ing fractionated radiotherapy using doses of 
50–54 Gy in 28–30 fractions of 1.8–2.0 Gy each 
[70].

Regarding long-term toxicity, three-confor-
mal radiation technique showed a rate of compli-
cations higher than more advanced techniques. 
Reported complication rates using three-confor-
mal radiotherapy, stereotactic fractionated radio-
therapy, intensity-modulated radiotherapy, 
stereotactic radiosurgery, and proton beam radio-
therapy were 19% (0–36%), 6% (0–33%), 7% 
(0–20%), 4.7% (0–4.7%), and 12.5% (0–12.5%), 
respectively [70]. The most common adverse 
effect related to RT was retinopathy (44,0.4%), 
followed by cataract (18%), dry eye (11%), pitu-
itary dysfunction (9%), optic neuritis (6.6%), 
orbital pain (4.4%), and iritis (4.4%).

12.4.2	� Schwannoma

Optic nerve sheath schwannomas are very rare 
tumors, with only 14 reported cases in recent lit-
erature reviews [71–73]. Because the optic nerve 
is not surrounded by Schwann cells, the origin of 
these tumors is controversial. The most reliable 

theory is that they arise from perivascular 
Schwann cells accompanying the sympathetic 
nerves innervating the blood vessels of the optic 
nerve or the central retinal artery. Alternatively, 
the origin from ectopic Schwann cells may be 
suggested.

In the reported cases, the clinical presentation 
is aspecific. At MR, a round homogeneously 
enhancing tumor in relationship with the optic 
nerve is evidenced.

Surgery (craniotomy or orbitotomy) has been 
the primary treatment, allowing large tumor 
removal; however, the visual prognosis is poor. 
Fractionated radiotherapy using doses of 
45–54 Gy in 28–33 fractions of 1.8 Gy per frac-
tion has been used as complementary treatment 
in several cases.

12.5	� Conclusion

Tumors of the optic nerve and its sheath are 
mainly gliomas and meningiomas, whereas other 
oncotypes are exceptional. Most of them are 
benign and cause slowly progressive visual loss 
and variable proptosis. The diagnosis of gliomas 
and meningiomas is usually easy on post-contrast 
MRI; on the other hand, more rare tumors are 
diagnosed intraoperatively or at histological 
examination. Observation is justified in benign 
tumors with preserved or stable visual function; 
surgery is often delayed because of the risk of 
visual worsening, whereas radiation therapy is 
used in meningiomas and malignant gliomas. 
However, the visual prognosis is more often poor 
although with difference according to the tumor 
type.
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13Spheno-orbital Meningiomas

Giuseppe Mariniello , Sergio Corvino, 
Adriana Iuliano, and Francesco Maiuri 

13.1	� Introduction

Since the first definition of spheno-orbital 
meningiomas (SOM) as en-plaque meningio-
mas provided by Cushing and Eisenhardt in 
1938 [1], several terminologies have been 
adopted over the years to define these tumors, 
such as “sphenoid wing meningioma,” “en-
plaque meningioma,” “hyperostosing meningi-
oma of the sphenoid ridge,” and “pterional 
meningioma.” They are tumors arising at the 
sphenoid wing with secondary involvement of 
the periorbit [2], usually through the lateral wall 
and roof of the orbit, the superior orbital fissure 
(SOF), and/or the optic canal (OC) and charac-
terized by an hyperostotic component of various 
degree and thin, carpet-like soft tissue growth at 
the dura. This pattern of growth accounts for the 
classic triad of presenting symptoms and signs 

of SOMs, consisting of proptosis, visual impair-
ment, and ocular paresis.

There is no unanimous consensus in literature 
concerning the best treatment strategy, which 
should be tailored according to the tumor size 
and extension and the patient’s clinical features.

This chapter reports the current knowledge 
concerning the spheno-orbital meningiomas, 
mainly focusing on their surgical management.

13.2	� Natural History

Spheno-orbital meningiomas account for 2–9% 
of all intracranial meningiomas [3]. They mainly 
affect females (82%), who usually are younger 
than males at diagnosis, with a mean age of 
51 ± 6 years old and who more often express the 
progesterone receptor at histological examination 
[4, 5]. Furthermore, the spheno-orbital region 
represents the most frequent location for intracra-
nial meningiomas in sex female [5].

In most cases, these tumors are slow-growing 
(0.3 cm3 per year) [6] and benign (WHO grade I).

The site of origin and the pattern of growth 
account for the main presenting signs and symp-
toms due to the mass effect: proptosis (84%), 
visual acuity (46%), and visual field (31%) defi-
cits for the involvement of the optic nerve, and 
ophthalmoplegia (22%) with consequent diplo-
pia due to the involvement of the oculomotor cra-
nial nerves (III 11%, IV 6%, VI 4%). Other less 
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frequent clinical manifestations include neuro-
logical impairment, such as mental change, 
memory deficit, and seizures [4].

13.3	� Clinical 
and Neuroradiological 
Evaluation

A careful clinical and radiological evaluation for 
the tumor definition and planning of the 
therapeutic strategy is required and includes.

The clinical evaluation includes: the neuro-
logic examination by a neurologist to evaluate 
symptoms of intracranial tumor extension; the 
assessment of proptosis with an ophthalmometer, 
the ocular motility, the visual acuity, and visual 

field by an ophthalmologist; the optic coherence 
tomography (OCT) may be sometimes useful.

The diagnostic imaging by a radiologist must 
include high-resolution 3D CT scans and 
MRI. CT scan of the skull must assess the hyper-
ostosis degree of the sphenoid wing and the sur-
rounding structures, mainly the optic canal, 
superior orbital fissure, and anterior clinoidal 
process. The contrast-enhanced MRI must define 
the intracranial and intraorbital components of 
the tumor, the extent of dura mater involvement, 
the relationship of the tumor with the surround-
ing soft tissues and neurovascular structures 
(Fig. 13.1). Finally, the neurosurgeon and radio-
therapist complete the multidisciplinary team for 
the decision-making process about the treatment 
strategy.

a b c

d e f

Fig. 13.1  Preoperative axial images of left spheno-
orbital meningioma: (a–c) MRI T2-weighted sequences 
showing the lesion arising from the dura of greater 
sphenoid wing, with caudal involvement of the inferior 
orbital fissure and the insertion of the temporalis muscle; 

MRI T1-weigthed pre- (d) and post- (e) contrast 
sequences; (f) bone-window CT scan showing the bone 
remodeling of the greater sphenoid wing resulting from 
the lesion

G. Mariniello et al.
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13.4	� Treatment Strategies

At the state of the art, there are no defined 
guidelines in literature concerning the best 
treatment strategy, which presents several con-
troversies, such as the “wait and see” option, 
the role of surgery and its timing, the surgical 
approach, the extension of the tumor resection 
or decompression of the hyperostosis, the man-
agement of the periorbita, the dural and bone 
reconstruction, the role of radiation therapy 
and the management of the residual tumor and 
recurrences, the validity of the Simpson grad-
ing system.

13.4.1	� The Role of Surgery

The role of surgery was matter of debate in the 
past for several reasons [7]. The spheno-orbital 
meningiomas are slow-growing tumors with 
often long and stable clinical phase; there is 
involvement of vulnerable and highly functional 
nervous structures, such as optic and/or 
oculomotor cranial nerves; the possibility of a 
total resection is limited and increases the risk of 
postoperative morbidity.

Some authors are in favor of a “wait and scans” 
strategy [6], others are oriented toward a gross-
total resection with proptosis correction [8, 9], 
others aim at a symptom-oriented surgery [10].

Nowadays, the surgery represents the first 
choice when functional impairment occurs, with 
the aim of an onco-functional balance between 
the need to achieve a maximal safe resection and 
the need to preserve/restore a good neurological 
and ophthalmological function [4, 11, 12]. In this 
scenario, the subtotal resection followed by radi-
ation therapy for selected locations of residual 
meningioma, that is, -the cavernous sinus [2], or 
without adjuvant treatment but with second sur-
gery at regrowth [13] are some of the manage-
ment strategies.

Surgery of spheno-orbital meningiomas is 
extremely challenging, due to their anatomical 
relationship with vulnerable and highly functional 
neurovascular structures, such as optic and oculo-
motor nerves, cavernous sinus, trigeminal nerve 
branches. Therefore, the choice of an aggressive 
surgical approach might lead to unnecessary peri- 
and postoperative morbidity; on the other hand, a 
less invasive and more conservative approach 
might not provide an adequate exposure of the 
surgical target area, not guarantee the control of 
the neurovascular structures, a satisfying bony 
decompression and tumor removal. It results in no 
clinical improvement and high rate of recurrence.

Although the extent of resection affects the 
progression-free survival, the gross-total resec-
tion of spheno-orbital meningiomas is achieved 
in 25%–69% [3] and is burdened by high risk of 
severe morbidity.

Several surgical approaches have been 
described for the treatment of spheno-orbital 
meningiomas, either microsurgical, such as the 
pterional and its “extended” variant, the lateral 
orbitotomy [14], the supraorbital-pterional, the 
frontotemporo-orbitozygomatic (FTOZ), and 
more recently, endoscopic, via endonasal, 
transorbital, supraorbital and trans-maxillary, the 
latter being performed in isolated or combined 
multiportal manner, based on the tumor size and 
extension, each of them with related advantages 
and limits [4, 14–20].

Concerning the transcranial microsurgical 
routes, our group in the past has proposed an 
algorithm in the choice of the approach according 
to the intraorbital tumor extent in relationship 
with the axis of the optic nerve [19]: in the detail, 
we suggested the lateral orbitotomy [14] in cases 
of lateral and superolateral involvement of the 
orbit, the supraorbital-pterional approach for 
medial, inferomedial and orbital apex meningio-
mas, and the fronto-temporo-orbito-zygomatic 
approach for diffuse meningiomas with invasion 
of the cavernous sinus and infratemporal fossa.
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The endoscopic approaches aim to minimize 
perioperative and postoperative morbidity and 
reducing aesthetic disfigurement. The surgical 
indications of superior eyelid transorbital 
endoscopic approach for neurosurgical 
intracranial pathologies are constantly and 
rapidly increasing, mainly for spheno-orbital 
meningiomas. This endoscopic technique has 
concrete advantages, such as the minimally 
invasive nature, short distance and direct access 
to the target, reduced bone destruction, minimal 
brain retraction and manipulation, early tumor 
deafferentation, satisfactory aesthetic result, 
short hospital-stay and rapid patient recovery.

From a recent meta-analysis and systematic 
review on surgical techniques and outcome for 
SOM [4], which included 38 articles out of 621 
identified, the extended pterional resulted the 
workhorse approach, being the most performed 
in 37 among 38 surgical series, whereas the 
endoscopic technique, vie endonasal route, was 
reported in only three articles. Furthermore, the 
optic canal was the most frequently decom-
pressed structure (31/38, 82%), followed by the 
superior orbital fissure (25/38, 66%), while no 
trend in the extent of decompression or resec-
tion of the hyperostotic bone was registered. 
The data concerning the reconstruction tech-
nique was almost heterogeneous: some authors 
(7/38, 18%) repaired the dural defect with free 
draft of fascia, others (6/38, 16%) with pericra-
nium, whereas for the bony defect, some authors 
used the titanium mesh (14/38, 37%), others 
(11/38, 29%) the inner calvaria graft or poly-
methylmethacrylate (10/38, 26%). Among the 
clinical symptoms and signs, proptosis, diplo-
pia, and ophthalmoplegia improved in 96% of 
cases, visual acuity deficit in 91% and visual 
field deficit in 87%. Finally, the most common 
reported complication was trigeminal hypoes-
thesia (19%), followed by ptosis (17%), cranial 
nerve deficit (17%), diplopia (17%), ophthal-
moplegia (16%), visual acuity deficit (9%), and 
visual field deficit (4%).

Some authors recommend reconstruction of 
the orbital walls in order to prevent enophthalmos 

and/or diplopia; in our experience, we found that 
partial or complete resection of the orbital roof 
did not require reconstruction.

The transcranial approach allows wider expo-
sure of the lateral wall and roof of the orbit and 
the middle cranial fossa but at risk of temporal 
muscle atrophy and complications related to the 
brain manipulation [2, 10, 21, 22].

The continue research of the minimal inva-
siveness to reduce the perioperative and postop-
erative morbidity and the peculiar advantages 
demonstrated over the years since its introduc-
tion at the beginning of the last century by endo-
scopic approaches, via endonasal and, more 
recently transorbital routes, in the management 
of skull base pathologies, led to progressive 
expansion of their surgical indication. Nowadays, 
transorbital endoscopic approaches are used for 
the management of wide variety of skull base 
lesions with or without orbit involvement, 
mainly meningiomas [18].

There is strong evidence of postoperative 
improvement of the clinical symptoms, mainly 
proptosis and ocular motility deficits, but also 
visual acuity and visual field deficits [4]; 
therefore, the visual outcomes endorse surgery of 
patients with spheno-orbital meningiomas even 
with minimal visual impairment or hyperostosis 
[23], although there are no defined knowledge on 
the effect of the timing of surgery on visual and 
neurological outcomes.

At the light of these findings and in agreement 
with the concept of symptoms-oriented surgery 
for spheno-orbital meningiomas, we consider 
that the surgery is primarily directed to the optic 
nerve decompression in cases of decreased visual 
acuity; on the other hand, when the proptosis is 
the main clinical sign without tumor involvement 
of the optic canal, a lateral orbitotomy may result 
effective to obtain adequate reduction of the 
proptosis.

In this scenario, the decompression of the 
optic canal and nerve, and/or the superior orbital 
fissure, associated to the maximal safe tumor 
resection, represent the most appropriated 
surgical maneuvers.
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13.4.2	� Adjuvant Treatments

Currently, there is no clear evidence about the 
indications and the efficacy of the radiation 
therapy on the treatment of spheno-orbital 
meningiomas as few studies are focused on this 
aspect. Some authors suggest performing 
radiotherapy in WHO grade II tumors and with 
rapid pattern of growth [10, 21, 24]; or in cases 
of involvement of the superior orbital fissure 
and cavernous sinus [2, 9]; or after subtotal 
resection or WHO grade II and III meningio-
mas [3, 25].

We recommend the radiation therapy in 
patients undergone subtotal resection, with ocular 
muscles infiltration and only a close clinical and 
radiological follow-up when a gross total 
resection (Simpson’s grades I and II) is achieved, 
regardless the WHO grade of the tumor.

Concerning the role of the radiosurgery, its 
application is different among the institutions; its 
main limit remains the proximity of the optic 
pathway to the tumor [9].

13.5	� Recurrences

13.5.1	� Prognostic Risk Factors

Several factors affect the recurrence rate of 
spheno-orbital meningiomas, including the 
extent of resection, the tumor location, the WHO 
grade, and the length of follow-up.

Because of their deep-seated location on the 
skull base, their pattern of growth, extension, and 
invasiveness, anatomical relationships with 
functional neurovascular structures, the gross 
total resection of spheno-orbital meningiomas is 
hard to achieve, and this aspect affects the 
recurrence rate, which ranges from 0 to 56% 
[13]. In terms of Simpson’s grading system [26], 
the recurrence rate is greater after Simpson’s 
grade III and IV than after grade I [27].

The invasion of the cavernous sinus and intra-
conal compartment [3], as well as of the orbital 
apex [13], optic canal [13, 24] and superior 
orbital fissure [13] are considered unfavorable 

prognostic factors of progression free survival; in 
these conditions, the risk of postoperative 
morbidity resulting from an aggressive treatment 
limits the extent of resection in favor of a more 
conservative approach.

The recurrence rate is also related to the WHO 
grade, with atypical grade II meningiomas 
recurring more frequently than the benign grade I 
(63% vs 18%, respectively) [13].

Finally, the risk of recurrence is affected by 
the length of follow-up, with a higher recurrence 
rate after a long follow-up [2, 13].

13.5.2	� Management

The management of recurrent spheno-orbital 
meningiomas is still matter of debated.

We consider the reoperation as the first treat-
ment option in cases of symptomatic tumors at 
the regrowth and/or recurrence and the “wait and 
see” strategy for asymptomatic patients with lim-
ited regrowth. The aim of the re-surgery, as for 
the surgery at the first diagnosis, is the relief, res-
toration/improvement of clinical signs, and 
symptoms or the arrest of their deterioration. For 
these purposes, even several reoperations are 
justified. The role of the radiation treatments on 
the recurrences is the same for patients at the first 
diagnosis.

13.6	� Conclusion

Spheno-orbital meningioma is a unique skull 
base tumor representing a challenge of treatment. 
Although in most cases it is a benign and slow-
growth tumor, if underestimated it may lead to 
highly functional and irreversible neurological 
deficits. A multidisciplinary team is required for 
the decision-making concerning the diagnostic 
and therapeutic processes. The surgery represents 
the first choice when functional impairment 
occurs; although the gross total resection is diffi-
cult to achieve without severe morbidity, the 
improvement of the main clinical symptoms is 
achieved in almost all cases.

13  Spheno-orbital Meningiomas
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14Schwannomas of the Oculomotor 
Nerves

Giuseppe Mariniello , Oreste de Divitiis, 
Adriana Iuliano, and Francesco Maiuri 

14.1	� Introduction

Cranial nerves schwannomas are benign slowly 
growing tumors, most commonly arising from 
the sensory nerves, mainly from the vestibular, 
followed by the trigeminal nerve [1]. On the 
other hand, those arising from the motor nerves, 
including the oculomotor nerves, are very rare 
and mostly occur in patients with neurofibroma-
tosis (NF) [2]. Because of their very rare occur-
rence, the diagnosis of schwannoma of the 
oculomotor nerves is often difficult, mainly in 
absence of diplopia and in sporadic cases not 
associated to NF. Besides, the best management 
option (conservative versus surgery versus 
radiosurgery) is controversial, and there are not 
guidelines of management, as for vestibular 
schwannomas.

14.2	� Surgical Anatomy 
of the Oculomotor Nerves

The three oculomotor nerves (common oculo-
motor, trochlear and abducens) arise from the 
brain stem and end in the orbit to innervate the 
ocular muscles. For all nerves, three main seg-
ments may be recognized: cisternal, cavernous, 
and orbital.

The common oculomotor nerve arises from 
the anterior surface of mesencephalon, medial to 
the cerebral peduncle. It courses anteriorly, 
between the posterior cerebral artery and the 
superior cerebellar artery, into the interpeduncu-
lar cistern. Then, it enters the cavernous sinus, 
coursing in its wall and crosses the superior 
orbital fissure to enter the orbit [3]. After cours-
ing in the orbital apex, the nerve divides in two 
branches (superior and inferior), which cross the 
anulus of Zinn on its lateral aspect. The superior 
branch supplies the elevator palpebrae and supe-
rior rectus muscles; the inferior branch innervates 
the inferior rectus, the medial rectus, and the 
inferior oblique muscles [4, 5].

The trochlear nerve originates from the pos-
terior aspect of the mesencephalon, then it 
courses into the quadrigeminal cistern in lateral 
and anterior direction around the cerebral pedun-
cle. In the ambient cistern, the nerve courses 
below the free edge of the tentorium to reach the 
cavernous sinus, then it enters the orbit through 
the superior orbital fissure near its medial wall, 
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outside the anulus of Zinn. In the orbit, it reaches 
and innervates the superior oblique muscle.

The abducens nerve originates from the 
bulbo-pontine sulcus, courses anteriorly in the 
ambient cistern up to the petrous apex to reach 
the cavernous sinus. The nerve passes through 
the superior orbital fissure, it crosses the anulus 
of Zinn lateral to the fibers of the oculomotor 
nerve, and runs in the lateral orbital region to 
reach the lateral rectus muscle.

14.3	� Schwannomas 
of the Oculomotor Nerves

14.3.1	� Demographic and Clinical 
Aspects

14.3.1.1	� Schwannomas 
of the Common Oculomotor 
Nerve

Schwannomas of the common oculomotor 
nerve are very rare, with only 84 well-docu-
mented cases collected in several literature 
reviews [6–8]. They are mainly located in the 
cisternal segment (40%), followed by the cav-
ernous segment, whereas pure intraorbital 
tumors are exceptional (10%). The median 
duration of symptoms before the diagnosis is 
10  months. The clinical presentation depends 
on the affected segment. Diplopia and ptosis 
are the most frequent complaints; headache and 
periorbital pain are also referred. Exceptional 
asymptomatic incidental cases are misdiag-
nosed [9]. Intraorbital schwannomas may cause 
proptosis and visual loss [10, 11].

14.3.1.2	� Schwannomas 
of the Trochlear Nerve

Schwannomas of the trochlear nerve (45 reported 
cases in the literature reviews) [12–14] are almost 
exclusively located in the cisternal (84%) and 
cisternal-cavernous (14%) segments, with no 
intraorbital cases. This is probably due to the lon-
ger course of this nerve in the quadrigeminal, 
ambient, and crural cisterns. Most cases present 
with diplopia and headache; at examination, 

paralyses of the superior oblique muscle was evi-
denced in half of the patients. The median dura-
tion of the symptoms before the diagnosis is 
10 months.

14.3.1.3	� Schwannomas 
of the Abducens Nerve

Schwannomas of the abducens nerve are even 
more rare than those of the third and fourth nerves 
(30 reported cases) [15–17]. The tumor location 
was cisternal (34%), cavernous (34%), or both 
(20%); four pure intraorbital tumors are also 
reported. Diplopia and paresis of the sixth cranial 
nerve are the most frequent complaint (80%); 
headache (60%) and symptoms of involvement 
of the third, fourth, and fifth cranial nerves (40%) 
are also referred.

14.3.2	� Imaging Studies

On preoperative magnetic resonance (MR), 
almost all schwannomas are isointense or isohy-
pointense on T1-weighted sequences and all are 
hyperintense on T2-weighted sequences; a 
homogenous contrast enhancement is evident, 
although cystic components may be present [8, 
18]. Thin section (1–2  mm) post-contrast MR 
may define the exact tumor extension in the skull 
base cisterns or along the course of the nerve in 
the parasellar spaces or in the cavernous sinus 
(Fig.  14.1). The 3D gradient echo steady-state 
sequences are more useful; with this imaging 
technique, the neural structures, vessels, and dura 
are visualized as low-signal intensity in the CSF 
hyperintensity [19]. Thus, small and middle-
sized schwannomas are well evidenced as hypo- 
or isointense masses in the high signal CSF 
hyperintensity; besides the correct relationship of 
the tumor with the dura mater (preserved versus 
transgressed, or extradural versus extra-
intradural) may be defined in parasellar schwan-
nomas [18]. Unfortunately, these tumor 
relationships may not be visible in larger tumors. 
MR with diffusor tensor tractography is a very 
useful technique for identifying the schwanno-
ma’s origin nerve [20, 21].
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a b

c d

Fig. 14.1  (a–c) Post-contrast cranial magnetic resonance: schwannoma of the left oculomotor nerve located in the 
interpenducular cistern and parasellar region. (d) Post-operative CT scan: removal of the tumor

14.3.3	� Management and Outcome

The management options for schwannomas of 
the oculomotor nerves include wait and see, sur-
gery, and radiosurgery. The choice mainly 
depends upon entity of the deficit of the eye 
movements, patient age, size, and growth ten-
dency of the tumor. Patients with large tumors 
and symptoms and signs of mass effect must be 
operated on. On the other hand, the management 
of small schwannomas is controversial. The sur-
gical intervention is at high risk of complete 
nerve palsy, because of the small nerve size and 
need for intraoperative manipulation. Thus, some 
suggest a less aggressive management by stereo-
tactic radiosurgery [22, 23].

The surgical approach depends on tumor loca-
tion. Schwannomas located in the ambiens, cru-
ral, and interpeduncular cisterns are approached 
through subtemporal, transtentorial, suboccipital, 
and pterional approaches. Parasellar schwanno-

mas may be located in the cavernous sinus or 
may extend from the cavernous sinus to the cis-
ternal space (cisternal-cavernous). Tumors of the 
cavernous sinus may be approached by pterional 
extradural route coupled by anterior clinoidec-
tomy; on the other hand, tumors located in the 
cisterns or extending from the cavernous sinus to 
the cisternal space also require an intradural 
exploration to obtain sufficient exposure of the 
cisternal portion of the tumor, as in our previ-
ously reported cases [18] (Fig. 14.2).

The maximum safe resection of the tumor 
should be the surgical goal; however, this is at 
risk of nerve damage. In cases of intraoperative 
nerve transection, the surgical repair may be real-
ized by direct end-to-end anastomosis [24, 25] or 
by nerve graft [26].

The stereotactic radiosurgery (SRS) is a good 
management option for small schwannomas, 
mainly with preserved nerve function and as 
adjuvant treatment after partial resection [22, 
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Fig. 14.2  Intraoperative view of a schwannoma of the 
right oculomotor nerve approached by pterional 
approach

23, 27, 28]. It results in most cases in good 
tumor control, with stable or decreased size, and 
no worsening and sometimes improvement of 
diplopia [23].

14.4	� Conclusion

Schwannomas of the oculomotor, trochlear, and 
abducens nerves are very rare tumors, occurring 
in the cisterns or cavernous sinus, exceptionally 
in the orbit, and mainly presenting with variable 
deficit of the involved nerve. The surgical resec-
tion is indicated for larger tumors; however, post-
operative worsening of the nerve function occurs 
in almost half of the patients. Small asymptom-
atic tumors must only be observed. In cases 
where symptoms occur or progression is evi-
denced on MR, stereotactic radiosurgery is the 
best option; it results in good tumor control and 
good outcome of the nerve function.
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15Primary Cranio-Orbital Bone 
Tumors

Giulio Bonavolontà , Paola Bonavolontà, 
and Francesco Maiuri 

15.1	� Introduction

Primary bone tumors of the orbit are a group of 
bone lesions, both neoplastic and reactive, arising 
from the bone walls of the orbit. They are rare, 
accounting for 0.6–2% of all orbital tumors [1, 2].

This chapter discusses the clinical and diag-
nostic aspects and the management of the differ-
ent tumor types.

15.2	� Topographic 
and Pathological 
Classifications

Bone tumors may arise from all orbital walls. 
Those occurring in the superior wall arise from 
the frontal bone and frontal sinus wall; those 
occurring in the medial wall originate from the 
ethmoidal sinus and nasal cavities. Tumors of the 

lateral orbital wall are extension of sphenoid wing 
tumors; those of the inferior wall arise from the 
maxillary bone and sinus. Besides, bone tumors 
may exceptionally be located within the orbital 
cavity, with no relationship with the orbital walls 
(extraskeletal tumors) [3]. Thus, most bone 
lesions involving the orbit are really cranio-orbital 
tumors that arise from cranial structures.

According to their histological origin and 
pathology, the primary orbital bone tumors may 
be classified into dance groups (Table 15.1). The 
group of benign fibro-osseous and cartilaginous 
lesions includes the benign tumors and the fibrous 
dysplasia [4]. The group of reactive lesions 
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Table 15.1  Classifications of primary orbital bone 
pathologies

1. Benign Fibro-osseous and Cartilaginous Lesions
Osteoma
Osteoblastoma
Ossifying fibroma
Chondroma
Fibrous dysplasia
2. Reactive Bone Lesions
Aneurysmal bone cyst
Giant cell granuloma
3. Neoplasms
Osteosarcoma
Ewing sarcoma
Chondrosarcoma
Hemopoietic and histiocytic lesions
Giant cell tumor
4. Vascular Lesions
Osseous hemangioma
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includes the aneurysmal bone cyst and the giant 
cell granuloma. In the group of neoplasms are 
listed malignant tumors of bone, cartilaginous 
and hemopoietic origin, and benign lesions such 
as histiocytosis and giant cell tumor. Osseous 
hemangioma is the unique vascular lesion.

15.3	� General Clinical 
and Diagnostic Aspects

The clinical presentation and evolution of primary 
orbital tumors mainly depend on their type and 
growth rate. Benign bone cartilaginous and reac-
tive lesions may often be asymptomatic. 
Symptomatic cases present with slow progressive 
mass effect over years [4], causing gradual pro-
ptosis and eye displacement. Sudden increase of 
the mass effect due to hemorrhage causing wors-
ening of the proptosis may be observed for several 
reactive bone lesions. Malignant tumors present 
with signs of mass effect and infiltration within 
weeks or months, including pain, decrease of the 
vision, and impairment of the eye movements.

Diagnostic imaging studies include computer-
ized tomography (CT) and magnetic resonance 
(MR). CT with bone window and particularly 3D 
CT define the tumor components (compact bone 
versus cartilaginous, fibrous and soft compo-
nents), the intraorbital tumor extension, the 
involvement of the optic canal and superior 
orbital fissure, the osteolysis of the surrounding 
involved bone, the tumor extension into the para-
nasal sinus cavities. MR better defines the com-
pression and displacement of the intraorbital 
structures, mainly the optic nerve.

15.4	� General Surgical 
Management

The surgical approach to orbital bone tumors 
mainly depends on their location and size. 
Endoscopic endonasal and orbital, external 
orbital and combined cranio-orbital approaches 
may be used. The endoscopic endonasal approach 
is mainly used for tumors arising in the frontal, 
ethmoid, and sphenoid sinuses and located in the 

medial orbital compartment [5, 6]. The tradi-
tional external orbital approach is represented by 
the orbitotomy that can be performed through a 
mininvasive eyelid anterior incision or through 
antero-lateral incision if an osteoplasty is needed. 
The orbital endoscopic approach, as unique pro-
cedure or combined with the endonasal endo-
scopic one, allows to resect even large bone 
tumors [7]; in these instances, the endoscopic 
endonasal and orbital approaches may be com-
bined with a microsurgical external orbitotomy 
[8, 9]. On the other hand, the cranio-orbital 
approaches may be limited to cases with signifi-
cant cranial extension.

15.5	� Specified Pathological 
Entities

15.5.1	� Benign Fibro-Osseous 
and Cartilaginous Lesions

15.5.1.1	� Osteoma
Osteomas are benign bone tumors which fre-
quently occur in the cranial sinuses. The frontal 
sinus is most frequently involved (58–68%) fol-
lowed by the ethmoidal sinus [10]. The orbital 
involvement results from extension from the 
frontal bone and frontal and ethmoid sinuses. 
Obstruction of the sinus ostia by the tumor may 
result in a mucocele.

Most sinus osteomas are asymptomatic; those 
arising from the frontal bone may present with a 
palpable mass. In symptomatic cases, gradual 
proptosis is the main complaint, with globe dis-
placement. Posterior osteomas arising from the 
sphenoid sinus may cause compression of the 
apical structures.

Osteomas are classically associated with 
Gardner syndrome, an autosomal-dominant dis-
ease that presents with intestinal polyposis, oste-
omas and other cutaneous soft tissue tumors [11]. 
Thus, patients with multiple skull osteomas must 
be investigated with gastrointestinal studies due 
to risk of colon cancer [12].

On CT scan osteomas appear as hyperdense 
bone masses with regular margins within the 
involved sinus and orbit (Figs.  15.1 and 15.2). 
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Fig. 15.1  CT of the skull: large lobulated osteoma of the 
ethmoid sinus largely extending in the left orbit and 
causing lateral globe displacement and proptosis

Fig. 15.2  CT of the skull, coronal section with bone win-
dow: osteoma of the right ethmoid and maxillary sinus 
extending into the inferomedial compartment of the right 
orbit

This imaging technique well defines the tumor 
size and degree of extension.

Some osteomas may be observed only because 
of their slow growth rate.

The surgical removal is warranted for enlarg-
ing and/or symptomatic tumors, for those with 
intracranial extension [5, 13, 14] or sinus outflow 
obstruction resulting in mucocele [4]. Many oste-
omas may be treated by endoscopic endonasal or/
and orbital approach [6, 9]. Larger tumors require 
an external orbital or combined approach [14]. 
The cranio-orbital approach may be reserved to 

large posterior osteomas involving the orbital 
apex and optic canal [15]. The complete resection 
by drill cavitation up to the tumor attachment is 
the goal of surgery. The tumor attachment is more 
often with a large base, although a narrow pedicle 
may sometimes be found.

15.5.1.2	� Osteoblastoma
Osteoblastoma is a rare benign bone tumor (1% 
of all bone neoplasms). Cranio-maxillo-facial 
locations account for about 15% and mainly 
involve the mandible and temporal bone. The 
endo-orbital location is exceptional, with a few 
reported cases [2, 16–20].

The orbital involvement arises from the orbital 
roof or ethmoid sinus and causes gradual globe 
displacement and proptosis.

CT scan shows a lesion with well-demarcated 
sclerotic borders, bone destruction, mottled calci-
fications, and variable contrast enhancement.

The complete surgical resection is suggested, 
because of the high recurrence rate after incom-
plete resection and the risk of malignant transfor-
mation (16–20%) [20].

15.5.1.3	� Ossifying Fibroma
Ossifying fibroma is a rare distinct fibro-osseous 
neoplasm, characterized by fibrous tissue inter-
mixed with a mineralized component. It is most 
frequently found in the mandible in young indi-
viduals. The orbital location is very rare [1, 2, 4, 
21, 22] and occurs from tumors of the frontal, 
ethmoidal, and maxillary bones. It manifests 
with slow, painless proptosis, and globe 
displacement.

The radiological aspect is a well-circum-
scribed round mass with central osteoblastic and 
osteolytic areas. The tumor mass is often large.

Complete surgical excision is indicated.

15.5.1.4	� Chondroma
Chondromas can arise in the intracranial and 
extracranial portions of the skull base (10% of all 
chordomas). They mostly occur in the parasellar 
region, middle fossa and ethmoid sinus [23–26]. 
Those involving the orbit are exceptional (0.07–
0.15% of all mesenchymal orbital tumors) [1, 
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21]. These tumors occur in adolescents and 
young adults and present with a slowly growing 
mass near the orbital rim and trochlea [23, 27].

The CT aspect is a well-circumscribed hyper-
dense inhomogeneous sessile or pedunculated 
mass.

MR allows to differentiate the pure cartilagi-
nous components from those variably mineral-
ized; the high-water content in non-mineralized 
portions provides low T1 signal and high T2 sig-
nal [24].

Because of the risk of malignant degeneration, 
wide surgical resection is the treatment of choice.

15.5.1.5	� Fibrous Dysplasia
Fibrous dysplasia is a benign congenital skeletal 
condition characterized by bone thin cortex and 
fibrous replacement with bone marrow [28]. It 
exists in two forms: monostotic and polyostotic.

The craniofacial involvement occurs in 10% 
of the monostotic forms and in 50–100% of the 
polyostotic forms. It presents with swelling and 
deformities of the affected bone areas. The orbital 
involvement occurs in fibrous dysplasia affecting 
the frontal, sphenoid, and ethmoid bones. The 
clinical presentation includes facial asymmetry, 
proptosis, and globe displacement, often lasting 
for years at the diagnosis and slowly worsening 
during the life [29–33]. Other symptoms, accord-
ing to the location, are diplopia, cranial nerve 
palsies, intracranial hypertension. Decrease of 
the visual function due to optic nerve compres-
sion may also be present. Malignant sarcomatous 
degeneration is rare and associated to pain and 
rapid symptoms progression [34].

The radiological aspect of the fibrous dyspla-
sia is often rather typical. The involved bone 
appears to be expanded with distorted anatomical 
form. CT scan shows an inhomogeneous density 
due to the ratio of fibrous and bone areas 
(Fig. 15.3); cystic and more sclerotic areas may 
be present [35]. This bone structure may also be 
evident on the skull radiograms. On MR, fibrous 
dysplasia shows low T1 intensity and heteroge-
neous T2 signal [30, 36].

Most patients with fibrous dysplasia may be 
treated conservatively, due to the very slow pro-
gression of the disease and long stable periods 

[37]. Bisphosphonates are the initial medical 
treatment and may result in pain relief, cosmetic 
improvement, and normalization of the bone 
turnover [38]. Indications to surgery include sig-
nificant deformity, ophthalmological and neuro-
logical deficits, and the rare malignant 
degeneration.

Complete resection of the involved bone is 
often difficult and sometimes impossible; thus 
partial resection may be advisable. The surgery 
may require combined cranio-facial approaches 
with the cooperation of neurosurgeon, ophthal-
mic, and maxillofacial surgeons. The reconstruc-
tion is realized in one-step operation.

The optic nerve decompression is advised in 
patients with initial visual deficit; on the other 
hand, the prophylactic decompression of the 
optic canal is at risk of postoperative blindness 
and should be avoided [39].

15.5.2	� Reactive Bone Lesions

15.5.2.1	� Aneurysmal Bone Cyst
The aneurysmal bone cyst is a benign reactive 
lesion consisting in a red-brown friable mass 
containing blood-filled cysts separated by septa 
of trabecular bone and surrounded by fibrous tis-

Fig. 15.3  CT scan: extensive fibrodysplasia of the skull 
base involving the sphenoid sinus, the left ethmoid sinus, 
and the left sphenoid wing; the left orbit is invaded and 
narrowing with conseguent proptosis
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sue and reactive bone. The mass of variable size 
often causes extensive osteolysis.

Aneurysmal bone cysts of the orbit are excep-
tional with only 33 reported cases [40–45]. Most 
are located in the orbital roof or lesser in the 
sphenoid-ethmoid bone. They may cause symp-
toms of chronic mass effect, such as proptosis 
and diplopia; sudden symptoms may result from 
intralesional hemorrhage. Some aneurysmal 
bone cysts are associated to the other bone 
pathologies, such as several tumours and fibro-
dysplasia [1, 4].

The radiological aspect on CT and MR is a 
round destructive bone lesion with irregular con-
trast enhancement and cyst with hemorrhagic 
component (Fig. 15.4) [44–46]. The biomolecu-
lar studies of detection of ubiquitin-specific pep-
tidase 6/tre-2 gene may allow to confirm the 
diagnosis [45].

The surgical resection and curettage result in 
clinical remission. The preoperative emboliza-
tion is useful for large cysts with high vascular 
flow. Recurrences may be observed, usually 
within 2  years. The medical treatment with 
receptor activator of nuclear factor kappa-b 
ligand (RANKL) inhibitors may improve the 
outcome [45].

15.5.2.2	� Giant Cell Granuloma
Giant cell granuloma is a non-neoplastic reactive 
bone lesion which may result from trauma, 

inflammation, or infectious processes [47]. It 
consists in uniform cell stroma with fibroblasts, 
spindle-shaped and mononuclear infiltrative, and 
giant cells [48]. This reactive bone lesion mostly 
occurs in maxilla, mandible, and cranial bones; 
on the other hand, the orbital location is very rare 
[2, 4, 48–50]. The lesion occurs in the supero-
lateral orbital compartment and causes variable 
bone erosion. It tends to be silent and relatively 
stable and may present with painless deformation 
of the involved bone and intraorbital mass lesion 
with proptosis [51].

The radiological aspect on CT is a high den-
sity mass with mildly enhancement and bone 
destruction. Surgical excision and additional 
curettage is indicated for large and symptomatic 
lesions.

The giant cell granuloma must be differenti-
ated from other granular lesions, including giant 
cell tumor, cholesterol granuloma, Langherans 
cell histiocytosis, aneurysmal bone cyst, Brown’s 
tumor of hyperparathyroidism [48].

15.5.3	� Neoplasms

15.5.3.1	� Osteosarcoma
Although osteosarcoma is the most common pri-
mary bone malignant tumor, the orbital involve-
ment is rare and mainly occurs from a maxillary 
location. Orbital osteosarcomas may arise “de 
novo” or may be secondary to Paget disease, 
fibrous dysplasia, or radiotherapy [1, 2, 21, 
52–55].

Orbital osteosarcomas present with a several 
month history of progressive mass lesion and 
infiltrative effects consisting in orbital pain, dip-
lopia and decreased vision.

The radiological appearance is an irregular 
lytic and sclerotic bone mass with infiltrating soft 
tissue component [53, 54]. Exceptional cases of 
primary orbital osteosarcomas without connec-
tion to the bone have been reported [3, 56]; they 
are malignant mesenchymal neoplasms with 
osteoid matrix.

The treatment protocol includes preoperative 
chemotherapy, surgical resection, and postopera-
tive chemotherapy. These tumors are resistant to 

Fig. 15.4  CT in coronal scan: large hyperdense inhomo-
geneous mass lesion of the left frontal bone and left orbital 
roof causing diffuse osteolysis and invading the cranial 
cavity and the orbit (aneurysmal bone cyst)
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radiotherapy, which is reserved to residual and 
recurrent cases. The prognosis is poorer than 
osteosarcomas of other skeletal regions, because 
of the often incomplete resection.

15.5.3.2	� Ewing’s Sarcoma
Ewing’s sarcoma is a highly malignant, small 
round cell neoplasms derived from primitive neu-
roectodermal cells with variable grades of differ-
entiation. The two primary forms are skeletal and 
extraskeletal. Ewing’s sarcoma accounts for 10% 
of all primary bone neoplasms and 4% of head 
and neck tumors. Skull neoplasms are mainly 
located in the maxillary bone and sinus, followed 
by ethmoid and frontal bones [57, 58]. Primary 
Ewing’s sarcomas of the orbit are rare and mainly 
arise from the ethmoid sinus wall [58–62].

The clinical presentation occurs in the first 
two decades of life with non-axial proptosis of 
short duration and orbital pain. The infiltrative 
tumor mass causes bone destruction and is asso-
ciated with a soft tissue component (Fig. 15.5).

Patients with orbital Ewing sarcoma must 
carefully be investigated for the possible pres-
ence of a primary tumor because the orbital loca-
tions are more often metastatic.

The treatment protocol first includes chemo-
therapy followed by surgery and adjuvant che-
motherapy and eventually radiotherapy and 
proton beam therapy [62]; it may result in more 
favorable outcomes. Complete resolution fol-

lowed by chemotherapy and radiotherapy alone 
has been reported.

15.5.3.3	� Chondrosarcoma
Chondrosarcomas occurring in the orbit originate 
in the sinuses and nasal cavities [63–68]. The 
orbital extension causes medial or inferior mass 
effect with pain, proptosis, and globe displace-
ment associated to symptoms of nasal sinus 
obstruction. CT and MR show a well-defined 
mottled lesion with calcified areas and moderate 
contrast enhancement associated to variable and 
often extensive osteolysis. The presence of areas 
of bone metaplasia may cause more hyperdense 
aspect on CT (Fig. 15.6).

Surgery through endoscopic endonasal 
approach [68, 69] or external route is the treat-
ment of choice. The entity of surgical resection is 
the most important factor affecting overall sur-
vival. However, complete resection is often not 
possible, because of the extensive bone involve-
ment. Adjuvant radiotherapy and chemotherapy 
are usually indicated. The 5-year survival is very 
variable (44–87%) and recurrence is estimated at 
40–60% [68].

15.5.3.4	� Hematopoietic 
and Histiocytic Lesions

Multiple myeloma and more rarely solitary plas-
mocytoma may involve the orbital bone [2, 52, 
70]. The clinical presentation includes pain and 

a b

Fig. 15.5  (a) Post-contrast axial CT of the skull: mass 
lesion of the left ethmoid sinus invading the left orbit and 
causing moderate proptosis (Ewing’s sarcoma); (b) 

Postoperative CT shows resection of the tumor and 
resolution of the proptosis
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subacute proptosis. Symptoms and signs of sys-
temic involvement may be present.

The Langerhan’s cell histiocytosis, also 
defined eosinophilic granuloma, is a benign 
lesion which may rarely occur in the orbit [2, 71, 
72], mainly in the supero-lateral orbital wall and 
in children. It causes osteolysis and intraorbital 
extension resulting in proptosis. The CT finding 
of central hypodensity with enhancing rim is 
rather typical (Fig. 15.7). The surgical curettage 
is curative.

15.5.3.5	� Giant Cell Tumor
Giant cell tumor is a benign neoplasm of mesen-
chymal origin accounting for 15–20% of all 
benign bone tumors. It presents as a soft mass 
that erodes the bone and is surrounded by shell of 
reactive bone. The craniofacial location is excep-
tional (1%); the orbital involvement may occur 
from the temporal bone and sphenoid and eth-
moid sinuses [2, 4, 73–77].

The orbital locations present as lytic or soft 
tissue masses causing headache, decrease of 
vision, or cranial nerve palsies. CT shows a lytic 
lesion with thin cortex; however, this radiological 
finding is aspecific [76].

The surgical treatment with wide resection is 
the recommended treatment, whereas radiother-
apy should be reserved to inoperable cases. 
However, the recurrence rate ranges from 7% to 
60% according to the extent of resection.

15.5.4	� Vascular Lesions

15.5.4.1	� Hemangioma
Intraosseous hemangiomas of the skull are rare 
(5% of all locations) [78, 79] and most fre-
quently occur in the frontal bone; the orbital 

Fig. 15.6  CT of the skull base: large round hyperdense 
mass lesion of the sphenoid sinus, extending in both 
orbits, mainly on the left (chondrosarcoma with bone 
metaplasia)

Fig. 15.7  CT of the 
orbits: large lesion of the 
right orbit associated to 
osteolysis of the lateral 
orbital wall; the lesion 
shows central 
hypodensity and 
enhancing rim 
(eosinophilic 
granuloma)
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involvement is exceptional and mostly at the 
orbital rim [79–82].

Orbital cavernous haemangioma causes a 
painful or painless mass resulting in proptosis 
and visual impairment.

The radiographic aspect is a typical circum-
scribed area with pattern of trabeculation radiat-
ing from a common center [82]. CT clearly 
defines the typical trabecular pattern and stippled 
matrix [79]. On MR, the intensity signal varies 
according to the venous blood flow and the bone 
marrow.

The complete surgical resection is the treat-
ment of choice in symptomatic cases; however, it 
may be difficult due to the profuse bleeding.
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16Soft Tissue Orbital Tumors

Giulio Bonavolontà  and Paola Bonavolontà

16.1	� Introduction

The orbital cavity may harbor many types of 
mass lesions of neoplastic, vascular, congenital, 
and inflammatory origin. They may arise from 
different complex of vascular, neurogenic, mes-
enchymal, and secretory structures and are in 
close anatomical relationship with the eyelids, 
nasal sinuses, and brain [1–4].

Some lesions are benign and well differenti-
ated and show slow clinical course; others are 
malignant and undifferentiated, with infiltrative 
aspect and rapid growth and can lead to death.

16.2	� Classification

According to their initial location and growth, the 
lesions involving the orbit may be divided into 
three main groups: (1) Primary lesions arising in 
the orbital cavity; (2) Secondary lesions arising 
from adjacent structures; (3) Metastatic tumors to 
the orbit. The proposed classification is listed in 
Table 16.1.

This chapter discusses the tumors primary 
arising in the orbital cavity. Bone tumors are 
treated in Chap. 15 in this book. Tumors of the 
surrounding structures secondarily invading the 
orbit are excluded. On the other hand, we also 
discuss the metastatic tumors to the orbit because 
they are frequent and often indistinguishable at 
the initial diagnosis from primary tumors and 
cystic lesions.
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Table 16.1  Classification of orbital mass lesions

1. �Primary orbital 
lesions

Vascular
Cystic
Neurogenic
Mesenchymal
Lacrimal gland
Lymphoproliferative and 
histiocytic

2. �Secondary tumors 
arising from 
adjacent structures

Spheno-orbital meningioma
Basal cell carcinoma
Squamous cell carcinoma
Melanoma
Carcinoma of paranasal 
sinuses and nasopharynx
Retinoblastoma
Eccrine histiocytoid 
carcinoma
Esthesioneuroblastoma
Sebaceous carcinoma
Lacrimal sac origin
Unspecified origin

3. �Metastatic tumors 
to the orbit
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16.3	� Clinical Overview

Patients with an intraorbital mass must undergo a 
detailed diagnostic process, including clinical 
history, ophthalmological examination, correct 
selection of diagnostic tests, and finally a biopsy. 
Intraorbital lesions can present with different 
clinical symptoms and signs due to different 
mechanisms: mass effect, inflammation, infiltra-
tion, vascular, and functional mechanisms. The 
mass effect is characterized by compression and 
displacement of structures leading to functional 
deficits and proptosis. The inflammatory effect is 
characterized by orbital pain, redness, warmth, 
functional deficit and can be acute, subacute, or 
chronic. In case of tissue infiltration, a tumor can 
cause functional deficit such as limitation of the 
eye movements causing diplopia and sensory 
changes such as dysesthesias and hypo- and 
hyperesthesia. Finally, a neoplasia can cause loss 
of visual acuity and deficits of the visual field and 
color vision.

The type of eye displacement may aid to 
define the tumor location and the functional 
changes. Medial and inferior lesions mainly 
cause ocular displacement superiorly or laterally. 
Tumors that involve the lacrimal gland can cause 
an infero-medial displacement. Apical or intra-
conal lesions present with axial exophthalmos. 
The type of intra-orbital mass lesion may vary 
according to its anterior to posterior location. 
Anterior lesions are most commonly lymphopro-
liferative. The mid-orbit mainly harbors vascular 
malformations and different tumor types. 
Posterior lesions are most commonly neurogenic 
tumors.

The clinical onset may also be variable. The 
most common symptoms and signs of orbital 
lesions are due to the mass and infiltrative effect. 
Particularly, the neurogenic neoplasms are mostly 
associated with visual loss and mass effect. 
Lymphoproliferative lesions present with propto-
sis, orbital oedema, palpable mass, and ptosis. In 
cystic lesions, a palpable swelling is evident and 
the mass causes proptosis, followed by pain.

When the orbit is involved secondarily from 
adjacent structures, the neoplasia can cause pain, 
dysesthesia, proptosis, and globe displacement. 

Metastatic tumors to the orbit can present with 
diplopia, local swelling, ptosis, and pain.

16.4	� Ophthalmological 
and Imaging Studies

Patients with orbital mass lesions must undergo a 
complete ophthalmological evaluation including 
eyelid malposition, orbital edema, swelling and 
palpable mass, visual acuity, fundus, globe dis-
placement, exophthalmos, enophthalmos, color 
test; visual field examination and OCT are useful 
in selected cases. The extraocular muscle evalua-
tion with Hess scheme is necessary in cases of 
muscular restriction.

The imaging studies must include orbital 
echography, computer tomography (CT), and 
magnetic resonance (MR).

The orbital echography is a rapid and easy 
noninvasive diagnostic technique [5]; it evi-
dences the intra-orbital lesion and particularly 
defines the diameter of the optic nerve, which 
may increase as a result of increase of peri-optic 
CSF space, as occurs in several intra-orbital 
masses.

CT and MR with contrast administration are 
essential to diagnosis of orbital mass lesions [6, 
7]. They allow to define the intra-orbital location, 
the size and margins of the lesion, its type of con-
trast enhancement, its relationship with the optic 
nerve, and other intra-orbital structures. Patients 
harboring orbital metastases or malignant lym-
phoproliferative and bone tumors must also be 
investigated by Positron Emission Tomography 
(PET, PET-CT) to staging the neoplastic disease.

16.5	� Management Options

The management options for patients with intra-
orbital mass lesions include biopsy, surgical exci-
sion, radiotherapy, chemotherapy and, in rare 
cases, orbital exenteration.

The biopsy is often necessary to obtain the 
histopathological diagnosis, with the aim to 
decide the further management [8]. Different 
type of biopsy may be used, including fine needle 
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agobiopsy, incisional, or excisional biopsy. The 
excisional biopsy should be preferred, when 
possible.

The surgical excision of intra-orbital mass 
lesions may be realized by different approaches, 
orbital or cranio-orbital [9–11]. The less invasive 
orbital approaches include the anterior orbitot-
omy, the lateral orbitotomy (with or without lat-
eral osteoplasty), the medial orbitotomy, and the 
trans-conjunctival approach [11, 12].

The cranio-orbital microsurgical approaches 
include the supraorbital-pterional [13], minipteri-
onal, orbito-zygomatic, lateral-supra-orbital, and 
supraorbital key-hole approaches [11].

More recently, the minimally invasive endo-
scopic approaches (trans-orbital, trans-eyelid, 
trans-sphenoidal endonasal, and combined endo-
nasal-transorbital) have gained consensus [14–
16]. The choice of the surgical approach depends 
on several factors, including intra-orbital loca-
tion, size, and eventual intracranial or endonasal 
extension. The orbital exenteratio is the last sur-
gical option in blind patients with very invasive 
orbital malignant tumors, mainly after multiple 
recurrences followed by radiotherapy; the severe 
proptosis with significant disfiguring change is 
an important indication. However, this radical 
and very invasive surgical procedure is associated 
with significant functional and psychological dis-
ability and is refused by several patients. Thus, 
the eye sparing surgery followed by radiotherapy 
is more widely considered [17].

The radiotherapy and chemotherapy are 
mainly indicated for malignant primary or meta-
static orbital tumors as adjuvant or alternative 
treatments to surgery. Among benign intra-orbital 
tumors, the radiotherapy is indicated for optic 
nerve sheath meningiomas and the chemotherapy 
for benign optic nerve gliomas.

16.6	� Specific Pathological Entities

16.6.1	� Vascular Lesions

The group of vascular lesions includes prolifera-
tive lesions and arterial flow, venous flow, and no 
flow malformations (Table 16.2).

The orbital venous malformation, also known 
as “cavernous malformation,” is the most com-
mon vascular orbital lesion and the third more 
frequent after lymphoid tumors and orbit inflam-
matory syndrome [18, 19]. It accounts for 
approximately 5–15% of all vascular abnormali-
ties of the central nervous system and 9% of 
orbital lesions, and usually occurs in middle age, 
with females more affected than males. 
Histologically, it is composed of endothelial-
lined spaces surrounded by a well-delineated 
fibrous capsule.

The clinical presentation is variable. Many 
cases are asymptomatic and are incidentally dis-
covered during radiological exams performed for 
other causes. In symptomatic patients, the onset 
is more often gradual, over years. The axial pro-
ptosis is the most common sign (about 70%) 
(Fig.  16.1). Other symptoms and signs include 
diplopia, visual field alterations, and rarely visual 
loss due to optic nerve compression. The diagno-
sis is performed by CT and MR.

Table 16.2  Classification of intraorbital vascular lesions

1. �Proliferative lesions
Cavernous malformation capillary hemangioma
Hemangioendothelioma
Intravascular papillary endothelial hyperplasia
2. �Arterial flow lesions
Shunt/fistula carotid cavernous fistula
Arterial malformation
3. �Venous flow lesions
Varix
Combined lymphangioma-varix
4. �No flow malformations
Venous lymphatic malformation (lymphangioma)

Fig. 16.1  CT scan of the orbits showing a large left 
orbital venous malformation causing axial displacement 
of the globe
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The surgical resection is the gold standard 
treatment [19, 20]. Different surgical approaches 
can be used, from minimally invasive approaches 
to lateral orbitotomy (Fig. 16.2).

16.6.2	� Cystic lesions

The cystic intraorbital lesions may be congenital 
or acquired (Table 16.3).

a b

c d

Fig. 16.2  Surgical resection of an orbital venous malformation through left orbitotomy: (a) Lateral canthotomy. (b) 
Orbital exploration and exposure of the lesion. (c) Resection of the malformation. (d) Suture and drainage
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Table 16.3  Classification of orbital cystic lesions

1. Congenital lesions
Dermoid and epidermoid cyst
Dermolipoma
Sweat gland cyst
Hematic pseudocyst
Arachnoid cyst
Microphthalmos with muscle cyst
2. Acquired lesions
Mucocele
Encephalocele
Lacrimal sac mucocele
Implantation

Orbital epidermoid and dermoid cysts have 
been classified into juxtasutural, sutural, and soft 
tissue types and further subdivided according to 
their relationship to bone [21, 22]. Dermoid cysts 
arising from congenital rests of epithelial and 
subepithelial tissue are commonly located in the 
supero-temporal quadrant of the orbit, near the 
zygomatic-frontal suture, although they can also 
occur at other bony sutures. They are present at 
birth and can rarely remain asymptomatic. They 
tend to become symptomatic during the first 
decade [22] or more rarely at a later age. The first 
clinical manifestation is a slow-growing painless 
mass, which develops progressively over time 
and occupies the supero-external quadrant of the 
orbit. It is most commonly located deep to the 
epidermis and is fixed to the underlying bone. 
Only large cysts can cause downward and medial 
displacement of the globe. In case of perforation 
of the cyst wall, a strong inflammation can be 
triggered due to the extravasation of the cystic 
material in the neighboring tissues. In these 
cases, the diagnosis can be more complex, mim-
icking a primary inflammation of the orbit.

Histologically, the cyst wall is composed by 
epithelial-lined structure with dermal tissue; the 
cyst contains keratin and hairs in its lumen.

The diagnosis should include ultrasound and 
CT to better define the cyst relationship. At CT, 
the cyst usually appears as a well-defined round 
lesion with enhancing wall and non-enhancing 
lumen.

Small cysts may be treated conservatively 
with serial follow up, since they can remain sta-

ble for a long time and may even become smaller. 
Most commonly, however, the cyst enlarges and 
tends to break, thus requiring a prompt surgical 
treatment.

The goal of the treatment should be the com-
plete surgical excision of the cyst, while preserv-
ing the integrity of its wall. The anterior orbital 
epidermal-dermoid cysts are best removed by an 
anterior approach (Fig. 16.3).

16.6.3	� Neurogenic Tumors

Neurogenic orbital tumors include more common 
types, such as the benign optic nerve glioma 
(described in Chap. 12 of this book), neurofi-
broma, and schwannoma (approximately 1% of 
all orbital tumors) and more rare types such as 
ganglioma, neuroblastoma, and malignant 
peripheral nerve sheath tumors [23] (Table 16.4).

Schwannomas are benign peripheral nerve 
sheath tumors that may occur as sporadic forms 
or associated with neurofibromatosis. They usu-
ally arise from superior ciliary nerves or more 
rarely from smaller peripheral nerves [24]. The 
tumor typically appears as a globular and encap-
sulated enlargement of the involved nerve caus-
ing nerve displacement (Figs. 16.4 and 16.5).

The schwannoma clinically manifests with 
slow-growing exophthalmos in young or middle-
aged patients; when the lesion occurs in the 
orbital apex (Fig.  16.6), the symptoms appear 
early.

The treatment consists in the radical surgical 
resection (Fig. 16.5) [25].

16.6.4	� Mesenchymal Tumors

Primary mesenchymal tumors of the orbit are 
relatively rare despite the high prevalence of 
mesenchyme in this region. These include the 
meningioma of the optic nerve sheath (described 
in Chap. 12 of this book), several fibrocytic and 
fibro-osseous lesions, malignant bone tumors and 
myogenic tumors, mainly the rhabdomyosar-
coma (Table 16.5).
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Table 16.4  Classification of orbital neurogenic lesions

Optic nerve glioma
Schwannoma
Neurofibroma
Glioneural tumor
Neuroblastoma

Fig. 16.4  MR of the right orbit: retrobulbar schwan-
noma located between the medial rectus and the optic 
nerve, causing nerve displacement

a b

Fig. 16.3  Patient with a large dermoid cyst of the left 
orbit located supero-laterally near the zygomatic-frontal 
suture (a) Coronal approach used to completely remove 

the large cyst with bony involvement of the temporal 
fossa. (b) At the end of resection, the bony erosion due to 
the lesion is evident

The rhabdomyosarcoma is a highly malignant 
tumor, most commonly found in children; the 
orbit is involved in 10% of cases.

Three variants of rhabdomyosarcoma are rec-
ognized: embryonal, alveolar, and pleomorphic. 
The embryonal variant is the most common in 
childhood, ranging between 50 and 70% of the 
orbital rhabdomyosarcomas [26]. The alveolar 
subtype accounts for approximately 20–30% of 
cases. The pleomorphic subtype almost exclu-
sively occurs in adults [27].

Histologically, the embryonal subtype shows 
bipolar cells with tapered cytoplasmic processes 
and less commonly cells “tadpole-like” with long 
cytoplasmic extensions.

The alveolar subtype is a highly cellular tumor 
composed of a monotonous population of small 
round primitive cells; they form solid sheets or 
nests separated by thin fibrous septa. The nests 
classically show loss of cohesion centrally.

The rhabdomyosarcoma of the orbit clinically 
presents with rapidly progressive exophthalmos 
within a few weeks, impairment of extraocular 
movements, visual deficit, pain, and globe dis-
placement. Parameningeal tumors can cause 
headache as well as focal neurologic symptoms 
related to mass effect. If cranial nerve palsies 
occur, they can indicate skull base erosion and 
intracranial extension.
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a

c

b

Fig. 16.5  Operative images of the patient of fig. 16.4. (a) 
Anterior orbitotomy by skin crease incision. (b) The 
tumor is easily removed with the aid of Cryo probe 

without damage of optic nerve and extraocular muscles. 
(c) Surgical specimen

Fig. 16.6  MRI of a patient with severe left exophthalmos 
showing large apical lesion of the left orbit between optic 
nerve and lateral rectus muscle (orbital schwannoma)

CT and MR are important for the diagnosis 
and tumor staging. MR with multiplanar recon-
structions, using routine spin-echo pre- and post-

contrast T1 and T2 sequences, can provide 
excellent tumor definition (Fig. 16.7).

The treatment of rhabdomyosarcoma includes 
surgery, chemotherapy, and irradiation depend-
ing on its stage.

Complete excision of the primary tumor 
should be performed when it can be done safely. 
On the other hand, in patients with aggressive 
tumor, the radical surgery is not recommended.

Vincristine, actinomycin D, cyclophosphamide, 
doxorubicin, isofosfamide, and etoposide are the 
most used chemotherapy drugs; topotecan and iri-
notecan are also active against this type of cancer.

Radiation is used with doses of 3600–
5400 cGy over 4–5 weeks. In cases with parame-
ningeal extension, the irradiation must be 
extended to the perilesional tissues for at least 
2 cm.
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Table 16.5  Classification of orbital mesenchymal 
lesions

1. Fibrocytic lesions
Benign fibrous histiocytoma/solitary fibrous tumor
Fibroma
Fibrosarcoma
Angiofibroma
2. Benign fibro-osseous lesions
Osteoma
Fibrous dysplasia
Ossifying fibroma
3. Malignant bone lesions
Ewing sarcoma
Osteosarcoma
Chondrosarcoma
4. Reactive bone tumors
Giant cell granuloma
Aneurysmal bone cyst
5. Myogenic lesions
Rhabdomyosarcoma
Rhabdoid tumor
6. Lipocytic or myxoid lesions
Lipoma
Liposarcoma
Dermolipoma
Epithelioid sarcoma

Fig. 16.7  Post-contrast coronal MR of a patient with 
orbital rhabdomyosarcoma: large enhancing lesion 
occupying the superior part of the right orbit and causing 
inferior displacement of the globe

Table 16.6  Classification of lacrimal gland lesions

1. Benign neoplastic lesions
Adenoma (monomorphic and pleomorphic)
Warthin tumor
Oncocytoma
2. Non-neoplastic lesions
Nonspecific inflammation
Atypical lymphoid hyperplasia
Lacrimal cyst
3. Malignant tumors
Adenoid cystic carcinoma
Non-Hodgkin lymphoma
Carcinoma ex-pleomorphic adenoma
Adenocarcinoma
Mucoepidermoid carcinoma
Squamous cells carcinoma
Ductal cell carcinoma
Acinic cell carcinoma
Unclassified carcinomas

16.6.5	� Lacrimal Gland Lesions

Lacrimal gland lesions can originate from differ-
ent cell types [28] (Table 16.6).

The neoplasms are classified into two types: 
epithelial and non-epithelial. Non-epithelial 
tumors are the most common, accounting for 
70–80% of solid lacrimal gland masses; lym-

phomas are the most common tumors of this 
group. Epithelial lacrimal gland tumors mainly 
include the adenoid cystic carcinoma (60% of 
cases), followed by pleomorphic adenocarci-
noma (20%), and adenocarcinoma -ex-pleo-
morphic adenoma (10%). Other types of 
lacrimal gland carcinomas (mucoepidermoid, 
primary squamous cell, sebaceous gland carci-
noma, basal cell adenocarcinoma) are extremely 
rare.

Histologically, the adenoid cystic carcinoma 
is characterized by solid areas or cords of bland-
appearing malignant epithelial cells. The infiltra-
tive borders of the epithelial areas can be 
distinguished from the surrounding connective 
tissue and typically show perineural invasion.

The pleomorphic adenocarcinoma is charac-
terized by myoepithelial cells in the surrounding 
connective tissue.

The adenocarcinoma (ex-pleomorphic ade-
noma) is characterized by areas of malignant 
degeneration in a pleomorphic adenoma, with 
variable amount of myxoid and chondroid struc-
tures; the epithelial cells also show carcinoma-
tous changes.

Clinically, the tumor causes enlargement of 
the lacrimal gland; it results in “S-shaped” defor-
mity of the eyelid margin, globe displacement, 
and limited ocular motility causing diplopia 
(Fig. 16.8).
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a b c

Fig. 16.8  (a) Patient with adenocarcinoma ex pleomor-
phic adenoma of the left lacrimal gland showing left 
orbital proptosis with inferior globe displacement. (b) 
Post-contrast coronal CT: large enhancing lacrimal gland 

tumor. (c) Aspect of the patient after the treatment 
(surgical excision and radiation therapy): remission of 
orbital proptosis and displacement

Table 16.7  Classification of orbital lymphoproliferative 
and histiocytic lesions

Lymphoma
Diffuse lymphoma
MALT-type lymphoma
Marginal zone 
lymphoma
Small lymphocytic 
lymphoma
Follicular lymphoma
Mantle cell lymphoma

Plasmacytoma
Histiocytic lymphoma
Burkitt lymphoma
Unknown histology 
lymphoma
Atypical lymphoid 
hyperplasia
Xanthogranuloma
Eosinophilic granuloma

MR is important for the tumor definition and 
for evaluation of soft tissue involvement. CT is 
necessary for the evaluation of the bony changes.

Malignant epithelial tumors of the lacrimal 
gland are characterized by aggressive biological 
behavior. Thus, also aggressive local surgical 
treatments, such as the orbital exenteration, do 
not result in better long-term survival [17]. 
Perineural and bone invasion are frequently 
observed; the recurrence and metastases rates are 
high. The best treatments for malignant tumors of 
the lacrimal gland seems to be eye-sparing proce-
dures and radiotherapy.

16.6.6	� Lymphoproliferative 
and Histiocytic Lesions

Lymphoproliferative orbital lesions frequently 
present as orbital masses (24%–49%) in the adult 
and include a wide spectrum of benign and 
malignant lesions [29, 30] (Table 16.7).

Lymphoma is the most common orbital neo-
plasm (55% of the cases in adults). Most orbital 
lymphomas are primary, low-grade, B-cell, non-
Hodgkin lymphomas; the extranodal marginal 
zone lymphoma of mucosa-associated lymphoid 
tissue (MALT) is the most common subtype.

In recent years, the classification of lymphop-
roliferative lesions is considerably changed; sev-
eral benign, noninfectious, chronic inflammatory 
diseases have been added, such as IgG4-related 
ophthalmic disease, reactive lymphoid hyperpla-

sia, and idiopathic orbital inflammation [31, 32]. 
In particular, the IgG4-related ophthalmic dis-
ease is increasingly recognized and accounts for 
50% of benign lymphoproliferative orbital 
lesions. Therefore, obtaining a correct diagnosis 
and differentiating orbital lymphomas from the 
different lymphoproliferative lesions are funda-
mental steps to decide the correct therapy, since 
the clinical behavior of the various pathologies is 
very different.

The therapy of orbital lymphomas consists of 
low-dose radiation therapy, whereas others lym-
phoproliferative lesions are expected to show 
good response to corticosteroid therapy.

The primary orbital lymphoma originates 
from the eyelids, extraocular muscles, soft tissue 
orbital adnexa, conjunctiva, or lacrimal glands. It 
is typically located in the anterior orbital com-
partment or beneath the conjunctiva in the extra-
conal space. It presents with proptosis, slowly 
growing palpable mass, or painless swelling of 
the eyelids, with a “salmon-patch appearance” 
beneath the conjunctiva (Fig. 16.9).
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a b

Fig. 16.9  Patient with right orbital lymphoma. (a) Typical “salmon-patch appearance”. (b) CT: large right orbital 
involvement

Table 16.8  Metastatic tumors to the orbit

Breast carcinoma
Renal cell carcinoma
Lung carcinoma
Nasopharyngeal 
carcinoma
Melanoma
Parotid gland carcinoma
Squamous cell carcinoma
Neuroendocrine 
carcinoma

Prostate carcinoma
Bladder carcinoma
Gastric carcinoma
Hepatocarcinoma
Adrenal neuroblastoma
Carcinoma of the penis
Undetermined primary 
site

The occurrence of orbital lymphoproliferative 
lesions in immuno-compromised patients, such 
as those affected by AIDS or those who have 
undergone immunosuppressive therapies, is an 
important problem. Some studies of the recent 
literature have confirmed the involvement of 
some pathogens, such as Chlamydia psittaci, H. 
pylori, and some viruses in association with 
orbital lymphoma.

The correct diagnosis by open biopsy is neces-
sary. The staging of the disease must also include 
the FDG-PET/CT of chest, abdomen and pelvis, 
the cranial MRI, and the bone marrow biopsy 
[33].

16.6.7	� Metastatic Tumors 
to the Orbit

Orbital metastases are rare, accounting for 
1–13% in the reported series of orbital tumors 
and for 2–5% among patients with systemic can-
cers [34] (Table 16.8).

The breast and the lung are the most frequent 
sites of primary tumors causing orbital metasta-
ses, followed by the prostate. Although the preva-
lence of colorectal cancer is rather similar to 
breast and lung cancers, its tendency to develop 
orbital metastases is significantly lower, maybe 
due to a different metastatic pathway. On the 
other hand, metastases arising from tumors of the 
gastrointestinal tract, kidney, and from skin mela-
noma occur rarely [34].

Patients who develop orbital metastases may 
have extremely, rapidly growing exophthalmos 
followed by double vision due to extraocular 
muscle involvement, decreased vision, and pain. 
The diplopia can be caused by direct muscle infil-
tration or by mass effect. When the metastasis 
involves the orbital apex, ophthalmoplegia and 
blindness can occur.

The diagnostics imaging protocol must 
include ultrasound, CT, and MRI of the orbit. 
Orbital metastases from breast cancer present dif-
fuse and irregular infiltration along the rectus 
muscles and fascial planes. Standardized B- and 
A-scan echography can be used to obtain a fast 
and accurate differential diagnosis in cases of 
muscle involvement or more superficial lesions. 
CT commonly shows a solid enhancing mass 
often located within the orbital fat and/or the 
muscles associated with bone erosion. MRI may 
provide a more accurate definition of the mass 
(Fig. 16.10).
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Fig. 16.10  MR of the orbits, T2 -weighted axial 
sequence: hyperintense right orbital mass involving the 
inferior rectus muscle (metastasis from undifferentiated 
breast cancer)

The definitive diagnosis of orbital metastases 
is made by biopsy and histopathological exami-
nation. The fine needle aspiration biopsy is a 
valid procedure in patients with systemic malig-
nancy or in poor condition and when the mass is 
located deeply within the orbit. When the lesion 
is in the anterior orbital compartment, an inci-
sional biopsy through transconjunctival or trans-
cutaneous approach should be preferred. In cases 
with well circumscribed tumor, an excisional 
biopsy can be performed.

The therapy of orbital metastases is closely 
linked to the patient’s general condition, the clin-
ical staging of the neoplastic disease, the type of 
primary tumor, as well as the use of radiotherapy 
and chemotherapy protocols [35].

The mass effect can lead to worsening of 
vision; thus, the surgical removal or debulking of 
lesion could be a valid strategy. The exenteration 
orbitae, which was once considered the first-
choice treatment, is currently no longer used, as it 
does not significantly affect the survival.

Unfortunately, despite all the efforts in the 
management of orbital metastases, the therapies 
are effective for local palliation and disease con-
trol, but the systemic prognosis remain poor.
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17Mucoceles of the Sinuses and Orbit

Antonio Romano, Giovanni Audino, 
and Luigi Califano

17.1	� Definition

The first description of the mucocele was reported 
by Langenbeck, back in 1820, who first defined it 
as “hydatid” [1]. The term “mucocele” was used 
for the first time in 1896 by Rollet [2]. It defines 
a benign cystic lesion characterized by a slow 
growth and expansive nature to the detriment of 
the surrounding structures. The cystic lesion usu-
ally contains sterile mucus that can get infected 
resulting in a mucopyocele. When the etiopatho-
genetic factor is not recognized, it is defined “pri-
mary mucocele.” Contrarily, when there is a 
possible cause, the mucocele is defined as “sec-
ondary”. Mucoceles are often secondary to para-
nasal sinus surgery and develop usually in the 
fourth year after surgery [3]. In a recent meta-
analysis, the recurrence rates of frontal muco-
celes are between 3 and 10%, whereas 
complication rates are between 2 and 5%. In 
2001, Har-El [4] proposed to classify frontal 
sinus mucoceles as follows:

	1.	 Type 1. Limited to the frontal sinus (with or 
without orbital extension).

	2.	 Type 2. Frontoethmoid mucocele (with or 
without orbital extension).

	3.	 Type 3. Erosion of the posterior wall.
	 (a)	 Minimal or no intracranial extension.
	 (b)	 Major intracranial extension.
	4.	 Type 4. Erosion of the anterior wall.
	5.	 Type 5. Erosion of both posterior and anterior 

walls.
	 (a)	 Minimal or no intracranial extension.
	 (b)	 Major intracranial extension.

17.2	� Epidemiology

Mucoceles are more frequent in patients between 
40 and 60 years, with no gender prevalence. In 
children, mucoceles are rare and are commonly 
found in association with cystic fibrosis [5]. 
Frontal sinus is the most frequently affected 
(65%), followed by the ethmoid (25%), maxil-
lary (10%), and sphenoid (2–5%) sinuses. The 
anterior ethmoid is more frequently involved 
than the posterior for several reasons (including a 
smaller ostium and a higher number of cells); the 
mucocele can be confined to the ethmoid laby-
rinth unilaterally or may extend into adjacent eth-
moid sinuses, a supraorbital ethmoid cell or 
bilaterally. Frontal and ethmoid sinuses are often 
involved together (fronto-ethmoidal mucocele). 
According to the literature, the mucocele devel-
ops 4–5  years after fronto-ethmoidal sinus sur-
gery, about 17 years after a maxillofacial trauma 
and about 18 years after open paranasal sinus sur-
gery [6]. The bone erosion mechanism of the 
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mucocele leads to ophthalmic involvement in 
30–50% of the cases. The common oculomotor 
nerve is affected in 70% of the cases.

17.3	� Etiopathogenesis

Mucoceles are the result of a persistent or inter-
mittent obstruction of the drainage ostium of the 
involved sinus together with inflammatory pro-
cesses. This event causes the accumulation of 
mucus leading to increase of the internal pressure 
and size of the cystic lesion that erodes the sur-
rounding bones; it results in bone remodeling 
with osteolysis, due to a reduced blood supply, 
and new bone formation. The equilibrium in this 
bone remodeling promotes the bone resorption 
with a consequent expansion of the mucocele 
beyond the involved sinus toward other sinuses, 
the orbits, the anterior cranial fossa, or the skin, 
presenting a forehead mass.

Several etiopathogenetic factors may cause 
ostia obstruction. Even if in almost a third of the 
cases, the mucocele lacks of a clear trigger factor 
(idiopathic mucocele), the most common risk 
factors are a history of sinus surgery (post-
surgical scarring) or of maxillofacial trauma 
(NOE fractures, Le Fort II fractures, frontal bone 
fractures that can lead to the interruption of the 
frontal recess and stagnation of the sinus secre-
tions) [3]. Less frequent risk factors include sinus 
anatomical variations, acute infections, chronic 
rhinosinusitis, nasosinusal polyposis, and neo-
plasms such as osteoma, ossifying fibromas, and 
fibrous dysplasia. Malignant tumors may cause 
the obstruction of one or more ostia in rare cases.

Nowadays, it is clear that the inflammatory 
reaction plays an important role in the etiopatho-
genesis of mucoceles. Histological examination 
of mucocele lining mainly reveals fibroblasts 
with cell infiltrate of lymphocytes and mono-
cytes. These cells produce cytokines such as IL-1 
and TNFα that can stimulate osteoclastic activity. 
It has also been demonstrated increased synthesis 
of PGE2 (over twice as much as the normal 
mucosa) that directly reflects the levels of inflam-

matory cytokines produced as a result of the 
inflammation.

Many cases of iatrogenic mucoceles are 
reported in literature, most of them related to 
sinus surgery (both endoscopic and external); the 
obstruction of an ostium can also follow an oph-
thalmologic surgical procedure such as a dacryo-
cystorhinostomy; lateralization of the middle 
turbinate can get in the way of the fronto-
ethmoidal outflow. Even cranioplasty surgery in 
early months of life can arrange for future muco-
celes. The advancement or displacement of the 
fronto-orbital bandeau is achieved after saw cuts 
that can interfere with the path of the ethmoid air 
cell pneumatization in to the frontal bone. 
Moreover, the normal pneumatization of the 
frontal sinus is inhibited by the gap of the dis-
placement as well as the scar formation.

Many variations in the sinuses anatomy may 
be observed. One of the most important variation 
to consider when an endoscopic sinus surgery is 
planned involves the uncinate process, a thin part 
of the ethmoid bone extending from the frontal 
recess to the ethmoid process of the inferior turbi-
nate. Anatomical variation of the superior attach-
ment of the uncinate process changes the size of 
the frontal sinus ostium, the frontal beak, the skull 
base. Following the Landsberg-Friedman classifi-
cation [7] (Fig. 17.1), some authors studied how 
the different anatomical variants of the uncinate 
process may increase the risk of developing a 
fronto-ethmoidal mucocele. However, they did 
not find statistically significant relationship 
between the type of anatomical variation and the 
development of frontal mucoceles [8].

A case of mucocele following intranasal abuse 
of cocaine has recently been reported [9]. The 
cocaine abuse leads to symptoms such as epi-
staxis, nasal septal perforation, saddle nose 
deformity, hard palate necrosis in advanced dis-
eases. This substance not only impairs the local 
vascularization but it negatively influences the 
mucociliary transport. In the reported case, an 
extensive scar tissue formation blocked the sinus 
drainage pathways determining the development 
of a giant frontoethmoidal mucocele [9].
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Fig. 17.1  Landsberg-Friedman classification [7]: ana-
tomical variations of the uncinate process. Green: orbit; 
blue: inferior and middle turbinate; red-purple-yellow-
light blue-brown-orange: anatomic variations of the unci-
nate process. The uncinate process can insert into: (a) the 

lamina papyrace; (b) the posterior wall of agger nasi cell; 
(c) the lamina papyracea and junction of the middle turbi-
nate with the cribriform plate; (d) the junction of the mid-
dle turbinate with the cribriform plate; (e) the skull base or 
(f) the middle turbinate

17.4	� Signs and Symptoms

Due to its slow growth, the mucocele may remain 
asymptomatic for a long time up to the sudden 
appearance of severe ocular or intracranial com-
plications. Erosion of the orbit and skull can 
occur in up to 83.3% and 55.5% of cases, respec-
tively [6]. The most common symptoms include 
facial pain, facial edema, headache, maxillofacial 
pressure, nasal obstruction, diplopia, periorbital 
pain, displacement of the eyeball, proptosis, 
decreased visual acuity, epiphora, meningitis, 
and signs of central nervous system inflamma-
tion. Acute infection of mucoceles (mucopyo-
cele) increases the risk of intracranial or orbital 
complications such as brain abscess, epidural 
abscess, and subdural empyema.

The mucoceles extending to the orbit can 
cause proptosis. Those arising from the fronto-
ethmoid complex push the eyeball forward, later-
ally, and downward, while those located near the 
orbital apex push the globe forward [10]. Fronto-
ethmoidal mucoceles typically present with infe-
rior globe displacement, palpable mass in the 
upper inner quadrant, diplopia. Visual loss is 
uncommon but may occur if management is 
delayed or if a secondary infection occurs. 
Posterior ethmoid and sphenoid mucoceles more 
often cause decrease of visual acuity and impaired 
ocular motility due to the close proximity to the 
cranial nerves II to VI and pituitary gland. These 
anatomical relations explain other possible symp-
toms, such as retro-orbital headache, anosmia, 

visual loss (sudden or gradual, binocular or mon-
ocular), oculomotor, trochlear or abducent nerve 
palsy, and rarely hypopituitarism. An Onodi cell 
is the most posterior ethmoid air cell that pneu-
matizes lateral and superior to the sphenoid sinus, 
occurring in 8–14% of the population. Due to its 
close proximity to the optic nerve, which often 
runs within its cavity, an Onodi cell mucopyelo-
cele may lead to a dramatic loss of vision.

17.5	� Pathologic Features

Many studies demonstrated that the mucocele 
keeps the characteristics of the respiratory epi-
thelium with a preserved mucociliary clearance, 
once marsupialized. The macroscopic aspect is 
characterized by a cyst filled with a mucoid/
gelatinous secretion. Recent mucoceles contain 
mucus material rich in water. During surgery, 
these lesions are of a fluid consistency and can 
easily be drained or suctioned out. In later phases, 
the mucus content dehydrates and the concentra-
tion of proteins and blood products increases. 
These mucoceles contain a solid, greenish-brown 
component, corresponding to hard dehydrated 
mucoid material. Microscopically, the cysts are 
lined with pseudostratified ciliated columnar epi-
thelium, associated to fibrosis, granulation tissue, 
recent and remote hemorrhage, and cholesterol 
granulomas. In some instances, the epithelium 
may present foci of squamous metaplasia and 
may be associated with inflammatory cell infil-
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tration, bone resorption, and new bone formation. 
Sinus mucoceles have been divided into internal 
and external types. The first type is characterized 
by the cystic herniation into the submucosal tis-
sues of the bony wall, whereas the external type 
shows the cranial cavity or subcutaneous tissue 
extension [11].

17.6	� Diagnostics

Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are the methods of choice 
for the diagnosis of paranasal sinus diseases. 
Mucoceles are generally isodense to the brain 
parenchyma (10–40 HU depending on the hydra-
tion and the protein concentration) (Fig.  17.2). 
The older the lesion, the higher is its attenuation 
value; multiple fine calcifications reflect thick-
ened, dehydrated mucocele content. Contrast 
enhanced CT scan is unnecessary and reserved to 

patients who have contraindications to MRI. The 
3D reconstruction of the CT scan is very useful 
for assessing the entity of the bony erosion 
(Fig. 17.3).

MRI is the gold standard in differentiating a 
mucocele from a tumor and for excluding an 
underlying tumor causing ostium obstruction, 
and dura involvement by the mucocele mem-
brane. T1-weighted signal is determined by pro-
tein concentration and mucus viscosity, while 
T2-weighted intensity is determined by the water 
content. Usually, mucoceles have high T2 signal 
and low to high T1 signal [2] (Fig. 17.4). As the 
mucocele progresses, the hydration decreases 
and proteins concentration increases leading to 
signal intensity changes. Enhancement within the 
center of the lesion or nodular peripheral 
enhancement should raise the suspect of a coex-
isting tumor. MRI signal intensity drops out in 
the following cases: allergic Aspergillus sinusitis, 
Charcot-Leyden crystals, and fungal hypha.

a b c

Fig. 17.2  CT scan of frontal sinus mucocele. (a) Axial 
view showing bilateral erosion of anterior and posterior 
frontal sinus walls; (b) Coronal view: the cystic lesion 
erodes the left frontal sinus recess and the medial portion 
of the roof of both orbits leading to bilateral intra-orbital 

invasion; (c) Sagittal view confirms the erosion of 
posterior and anterior wall of the frontal sinus and shows 
an intimate relation between the mucocele and forehead 
subcutaneous tissues
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Fig. 17.3  3D reconstruction of CT scan of Fig.  17.2 
assessing the entity of the mucocele extension. (a) The 
frontal view shows erosion of both the anterior and 
posterior walls of the frontal sinus; (b) Left and (c) Right 

three quarter views show bilateral erosion of the 
superomedial corner of the orbit as well as erosion of the 
anterior wall of the frontal sinus with the complete loss of 
the bony glabella
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Fig. 17.4  T2-weighterd MRI sequences. (a) Axial view: 
anterior projection of the mucocele toward the forehead 
subcutaneous tissue with cleavable plane. It is also 
possible to appreciate, on the interface between the 
mucocele and the left frontal lobe, a small area with 
higher intensity suggesting a possible infiltration of the 
dura. (b) Coronal view confirms the bilateral invasion of 

the orbit through the medial portion of the orbital roofs; 
(c) Sagittal view shows the craniocaudal extension of the 
cystic lesion that appears not to extend over the frontal 
recess; expansion of the mucocele anteriorly, to the 
subcutaneous tissue, and posteriorly, to the anterior 
cranial fossa, is evident

17.7	� Differential Diagnosis

The differential diagnosis of mucocele must 
include cholesterol granuloma, fungal and tuber-
cular granulomas, encephalocele, epidermoid 
cyst, odontogenic cyst, chondroma, meningioma, 
salivary adenoma, paraganglioma, neurofibroma, 
and malignant neoplasms such as squamous cell 
carcinoma, adenocarcinoma, minor salivary 
gland tumors, osteosarcoma, chondrosarcoma, 
rhabdomyosarcoma esthesioneuroblastoma, and 
metastases (from melanoma, lymphoma, plas-
matocytoma). Mucocele causing unilateral pro-
ptosis must be distinguished from inflammatory 
pseudotumour, dysthyroid eye disease, sinus 
tumor, retrobulbar orbital tumor, and metastatic 
lesions.

17.8	� Treatment

The surgery is the gold standard treatment for 
paranasal sinuses mucoceles. The goal of the 
treatment is to eradicate the mucocele, ventilate 
the sinuses, solving any predisposing pathology, 
with the aim of decreasing morbidity and recur-
rence rate [12]. In case of infection, adjuvant 
antibiotic treatment is indicated. Several param-

eters must be considered: location, extension and 
size of the mucocele, anatomy of the frontal 
recess. The concomitant pathologies may imply 
distortion of the critical anatomical landmarks 
and neo-osteogenesis of the frontal recess which 
may hinder the endoscopic treatment. The frontal 
recess can become scarred with hard new bone in 
response to drilling; it may require to open the 
outflow tract leaving circumferential areas of 
denuded bone.

The paranasal sinuses are in close relationship 
with critical structures, such as orbit, optic nerve, 
carotid artery, and skull base. The proximity to 
these structures must be taken in account when 
approaching the paranasal sinus pathologies, 
especially mucoceles in which the bone erosion 
can lead to accidental injury to these structures.

The surgical navigation systems have signifi-
cantly improved the approach to the sinus lesions. 
The navigated endoscopic endonasal surgery 
allows to achieve more complete resection in 
81% of cases and to work more confidently with 
less stress in 95.2% [13]. Intra-operative naviga-
tion gives the opportunity to know exactly during 
the whole surgical procedure the instrument posi-
tion in relationship with the anatomical structures 
and the lesion. It is mainly useful in cases of 
small and asymmetric frontal sinuses and to iden-
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a b

Fig. 17.5  Intraoperative navigation system. During the 
planning phase, it is possible to calibrate the CT or MRI 
scan setting some reference points and also to automati-
cally detect the bony contours to ease the visualization of 
the anatomical limits and landmarks in the operating field. 
Intraoperative screenshots: touching a spot on the patient 

with the probe that area will be indicated on the CT and 
the 3D reconstruction: (a) the probe is touching the ante-
rior wall of the frontal sinus in correspondence of an ero-
sion; (b) the probe, inserted in the nose, is indicating the 
right frontonasal recess that is interested by inflammatory 
tissue

tify the inter-sinus septum in order to detach it 
from the frontal bony flap to avoid accidental 
fractures (Fig. 17.5).

When planning a surgical intervention, the 
preoperative visual acuity has prognostic value 
and may indicate the urgency of the treatment, 
especially in mucoceles arising from the poste-
rior ethmoid or sphenoid sinuses and Onodi cells 
due to their close proximity with the optic nerve. 
It has recently been shown that even extreme 
vision loss may improve after surgical treatment 
of paranasal sinus mucoceles. The greatest 
improvement of the vision outcome occurs 
among patients with preoperative visual acuity 
≥1.52 logMAR who underwent surgery within 
6 days from the manifestation of the visual loss 
[10].

Surgical intervention can be achieved via 
endonasal endoscopic approach, external 
approach, or a combination of both. The first sur-
gical open approaches were the anterior wall per-
foration (Ogston and Luck, 1884), the anterior 
wall ablation (Kuhnt, 1891), and the frontal 
osteoplastic flap procedure by Schonborn and 
Brieger in 1895 [14]. In 1920s, Lynch [15] 
described the external fronto-ethmoidectomy to 
treat frontal sinusitis, and Howarth [16] described 
an endonasal approach for drainage of mucoceles 
and pyoceles. However, these two approaches 
had the great disadvantage to promoting abun-

dant scar reaction predisposing for a secondary 
mucocele. The osteoplastic flap is not free of 
adverse events; for this reason, in the years its use 
was limited to selected cases. With the introduc-
tion of the endoscopic technology in the 1980s, 
the treatment of paranasal sinuses pathology rad-
ically changed. In 1989, Kennedy et  al. [17] 
introduced the endoscopic marsupialization, a 
conservative and minimally invasive procedure 
with decreased morbidity that preserves the sinus 
architecture avoiding external incisions and scar-
ring [18]. Endoscopy offers several advantages, 
including better visualization of anatomic struc-
tures with no skin incisions and scarring, no oste-
otomies, preservation of the physiological 
mucociliary drainage, reduced blood loss, lesser 
postoperative morbidity, and shorter hospitaliza-
tion time. It allows to continue endoscopic and 
radiographic control of the operated sinus cavity 
(Fig. 17.6).

According to the literature, poor anatomical 
visualization and large intracranial expansion of 
the mucocele are relative contraindications to 
endoscopic surgery. Absolute contraindications 
for the endonasal approach in the management of 
mucoceles include: far lateral localization of 
frontal sinus mucoceles; revision surgery after a 
Lynch-Howarth or Caldwell-Luc procedure that 
caused severe scars; maxillary sinus mucoceles 
located within the zygomatic bone; presence of a 
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Fig. 17.6  Endoscopic marsupialization of a frontal sinus 
mucocele. (a) Right nasal fossa after maxillary sinus 
antrostomy and etmoidectomy; (b) Drilling of the frontal 
sinus recess; (c) Transillumination of the frontal recess; 

(d) Endonasal view of the transilluminated recess; (e) 
Leakage of mucus from the frontal sinus; (f) Insight of the 
empty frontal sinus following the marsupialization. e 
ethmoid sinus, o orbit, t turbinate, m maxillary sinus
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Fig. 17.7  Osteoplastic flap procedure and frontal sinus 
obliteration for a frontal sinus mucocele. (a) Lifting the 
frontal bone flap: the mucocele shows up as filled of thick 
green mucus; (b) The mucocele is eradicated, the mucosa 

of the frontal recess and of the sinus is removed as much 
as possible to avoid recurrences; (c) Harvesting of a galea 
flap to exclude the frontal sinus from the outflow tract; (d) 
Obliteration of the sinus with abdominal fat graft

cutaneous fistula that needs to be excised; muco-
celes caused by malignancies that needs to be 
treated in one stage operation.

Nowadays, thanks to technical advancements 
of endoscopic surgery, the osteoplastic flap repre-
sents the final treatment strategy for refractory 
pathologies or inaccessible to the endoscopic 
approach; frontal sinus obliteration is usually the 
last resort once all other attempts have failed 
(Fig.  17.7). The open surgery offers several 
advantages including a wide surgical field that 
allows more radical excision and better control of 
bleeding or cerebrospinal fluid leak. On the other 
hand, open surgery is burdened by greater opera-
tory stress, longer hospitalization time, greater 
blood loss, possibility of unaesthetic scarring 
[19]. In the latter years, many authors investi-
gated the role of osteoplastic flap technique in the 
endoscopic era. These studies have shown that 

the open surgery is mandatory in several cases: 
inflammatory disease with osteitis that requires 
wide bone resection; difficult anatomy (narrowed 
frontal recesses, infrafrontal cells, or small fron-
tal sinuses); mucoceles of the lateral wall of the 
maxillary sinus or too small to make endonasal 
marsupialization effective with high risk of syn-
echia and recurrence; lateral frontal involvement 
which often requires an external (brow or coro-
nal) or combined approach.

For mucoceles involving the lateral frontal 
sinus and invading the orbit, it is important to 
ensure marsupialization and a good frontal out-
flow to avoid accumulation of the mucocele con-
tents. Every outflow obstruction must be treated 
via a standard endoscopic frontal sinusotomy 
together with the external approach. In 2010, 
Moe [20] described the endoscopic transorbital 
technique which, through different accesses (pre-
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caruncular, upper blepharoplasty, transconjuncti-
val, or lateral retrocanthal), and depending on the 
target localization, creates a direct pathway to the 
frontal sinus and anterior cranial fossa [20, 21]. 
This approach provides a favorable path-to-target 
trajectory, otherwise inaccessible via endoscopic 
approach [22]. The mucocele is then decom-
pressed and marsupialized under endoscopic 
visualization. Main adverse events of this 
approach are postoperative diplopia that may last 
for several weeks and temporary forehead pares-
thesia, typically lasting 3–6 months.

The treatment of giant mucoceles developing 
from the frontal and/or ethmoid sinuses and 
invading the cranial cavity is debated. According 
to a recent review, an endoscopic approach with 
wide marsupialization is safe and effective. 
However, 66% of giant lesions with significant 
brain and orbital compression are managed 
through external approaches. The open approach 
seems to be preferred because it allows rapid 
decompression of the brain thus avoiding poten-
tial neurologic complications, CSF leak, pneu-
mocephalus, and residual mucocele lining. 
However, the morbidity associated with complete 
resection of the mucosal lining seems to out-
weigh the benefits; therefore, the marsupializa-
tion is favored. The mucosal lining of mucoceles 
may firmly adhere to the dura or the periorbita; 
thus the attempts for a complete removal may 
cause dural or periorbital breach. Since it has 
been shown that the mucocele does not lose nor-
mal respiratory epithelium, many authors agree 
that the stripping is not necessary and marsupial-
ization is better than frontal sinus obliteration.

Beside endoscopic and external approaches, 
an in-office marsupialization procedure has been 
recently described for the frontal sinus mucocele 
with the Baloon technology under endoscopic 

visualization under local anesthesia. It seems to 
be a feasible alternative to the conventional sur-
gery in selected patients (young, compliant, not 
anxious, and with no comorbidities). However, 
this technique is not indicated in mucoceles with 
multiple compartments within a mucocele and 
difficult bony architecture near the frontal sinus 
recess.

In 2014, Sama et  al. [23] described a new 
algorithm for surgical management of frontal 
sinus mucoceles based on radiographic evi-
dences of the mucocele position. The algorithm 
considers: position of the mucocele (medial/
intermediate/lateral); maximum AP/LM dimen-
sions (<1 cm) of the frontal ostium; presence of 
Type III/IV fronto-ethmoidal cells; degree of 
neo-osteogenesis (>50% of the frontal recess); 
presence of contralateral frontal sinus disease 
and other concurrent pathologies. Using this 
positional classification, they were able to plan 
the appropriate surgical intervention using the 
surgical algorithm. (Table 17.1) In most cases, 
the treatment is accomplished with the Draf’s 
techniques: Type I (ethmoidectomy including 
cell septa removal in the region of the frontal 
recess); Type IIa (resection of the frontal sinus 
floor between the lamina papyracea and middle 
turbinate); Type IIb (resection of the frontal 
sinus floor to the nasal septum, anterior to the 
olfactory fossa); Type III (opening of the fron-
tal sinus floor from the ipsilateral to contralat-
eral lamina papyracea and removal of the upper 
nasal septum and frontal inter-sinus septum) 
[24]. According to this algorithm, the osteo-
plastic flap must be reserved to cases where: 
there is poor access to the supra-orbital cell or 
there are multiple (>3) co-existent complicat-
ing factors and malignant or notable second 
pathologies.

Table 17.1  Sama treatment algorithm [23]. Crossing the anatomical variations (lines) with the mucocele position 
(columns) it is possible to choose the better surgical management of the frontal sinus mucoceles

Complicating variable Medial Intermediate Lateral
No complicating factors I/IIa IIa/IIb III
AP/LM dimension, <1cmType III/IV 
FE cell

IIb III III/OPF

>50% neo-osteogenesis III III/OPF OPF
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17.9	� Follow-Up

The follow-up consists of endoscopy control and 
MRI monitoring every 6  months for the first 
2 years. Later, an annual MRI is sufficient, apart for 
complications [25]. According to the literature, the 
follow-up time must be of at least 6–7 years [1].
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