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Foreword

I am privileged to be given the opportunity to read all the chapters of this book Orbital Apex
and Periorbital Skull Base Diseases and honoured to be asked to introduce the book. This truly
multidisciplinary collection of manuscripts is in a concise and appropriately referenced text-
book format. Authors come from specialists of the orbit and its neighbourhoods, i.e. ophthal-
mology, neurosurgery and otorhinolaryngology. The materials do not come from
“copy-and-pasted” paragraphs of the published journal articles or textbooks. Each chapter is
meticulously written, based on materials from their own clinical practice and teaching, through
their subspecialty development, with passion for the region. Authors are congratulated for
providing a readable textbook on the subject for clinicians making early diagnosis and appro-
priate treatment.

Neuro-medical Centre, HKU-Shenzhen Hospital Wai S. Poon
Shenzhen, Guangdong, China

The Chinese University of Hong Kong

Hong Kong SAR, China
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Optic Canal

Tak Lap POON

Abstract

The optic canal is the connecting bridge between the
orbital and intracranial compartments. The connections
include bony structures, vasculatures, and nervous tis-
sues. Pathologies around the orbital apex can also spread
in or out from the orbital side to the intracranial side and
vice versa. This chapter is intended to describe the rele-
vant surgical anatomy and the anatomical and physiologi-
cal variants.

Keywords

Optic canal - Orbital apex - Optic nerve - Hypophyseal
artery - Ophthalmic artery

1.1 Introduction

The orbital apex is the area between the orbit and intracranial
space. The human orbit communicated with the intracranial
cavity via the middle cranial fossa through two major chan-
nels, namely, the optic canal and superior orbital fissure. The
optic canal is a funnel-like tubal structure as part of the sphe-
noidal bone that extends from the optic foramen to the orbital
apex. The optic canal transmits the optic nerve, meningeal
sheaths, ophthalmic artery, and sympathetic nerve fibers [1].

1.2  Embryology

The formation of cartilaginous optic foramen happens in the
third month of gestation. Ossification of foramen subse-
quently starts and completes between 12 and 17 weeks of

T. L. POON (P<)

Department of Neurosurgery, Queen Elizabeth Hospital,
Hong Kong SAR, China

e-mail: pt1220@ha.org.hk

gestation. When the fetus reaches the fifth month of develop-
ment, the bony optic foramen will be transformed into a
bony optic canal, and this transformation is closely attributed
to the developmental process of the optic strut into the
anterior-inferior and posterior-superior components.

The development of orbit in fetal status usually follows a
linear growth. Previous research showed that the optic canal
reaches the maximal growth when the length of the fetus
approaches 400 mm. There is a gender difference with male
fetuses usually having a larger diameter of orbit than that of
female fetuses.

1.3  Bony Boundaries of Optic Canal

The optic canal with its intraorbital end (optic foramen)
is bordered by the body of the sphenoidal bone medially,
the superior root of the lesser wing superiorly, the optic
strut inferolaterally, and the anterior clinoid process later-
ally (Fig. 1.1). There is no gender difference in optic canal
shape and dimensions of the infraorbital foramen (IOF)
and supraorbital foramen (SOF) [2]. On endoscopic view

Superior orbital fisSEl

Orbital canal

Inferior orbital fissure

Fig. 1.1 Bony relationship of the optic canal
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via transsphenoidal route, the optic protuberance, carotid
protuberance, medial opticocarotid recess, and lateral opti-
cocarotids are important bony landmarks related to the optic
canal [3, 4].

1.4  Vasculature
There are two main arterial supplies to the optic nerve along
the course from the intracranial to the intraorbital compart-
ment. The hypophyseal artery mainly supplies the intracra-
nial and intracanalicular parts of the optic nerve, while the
ophthalmic artery supplies the rest of the optic nerve via the
long ciliary artery and central retinal artery. The ophthalmic
artery arises from the internal carotid artery in different posi-
tions. About 40% arise from the upper internal part of the
carotid artery, 30% arise from the frontal internal part, 20%
emerge from the upper central part, and 10% left at the end
of the cavernous segment of the carotid artery [5]. The oph-
thalmic artery runs inferior to the optic nerve within the optic
canal. One study showed that ~13% of the ophthalmic artery
locates infero-medially to the optic nerve and, in about half
of the cases, the artery moves infero-laterally along its course
[6]. It is physically separated from the optic nerve by a dural
barrier. Rarely, the ophthalmic artery enters the orbit through
a separate bony canal.

Branches of the ophthalmic artery and the supplying ana-
tomical structures are stated in Table 1.1.

Table 1.1 Branches of the ophthalmic artery and their supplying
structures

Arterial branches Supplying structures

Central retinal artery
Long posterior
ciliary artery

Short posterior
ciliary artery
Lacrimal artery

Inner layer of retina

Iris through the circulus arteriosus major

Choroid, ciliary process

Lacrimal gland, anterior portion of the
eyeball and part of the eyelid

Anterior ethmoidal
artery

Ethmoidal air cells, periosteum

Posterior ethmoidal
artery

Ethmoidal air sinuses, part of the nasal
mucosa and septum

Supraorbital artery Part of the orbit, face, forehead, scalp

1.5 Nerves

The optic nerve is the only cranial nervous structure that is
housed in the optic canal. It is the second cranial nerve with
continuity of cranial meninges and serves as the transmission
of vision signals from the retina to the visual cortex. The
postganglionic sympathetic nerves arising from the carotid
plexus run along with the optic nerve [7].

1.6  Cranial Aperture of the Optic Canal

and Morphometry

The proximal end of the optic canal is called the cranial aper-
ture of the optic canal (CAOC). It transmits the optic nerve,
ophthalmic artery, and sympathetic fibers between the orbital
cavity and middle cranial base. The morphometry and the
shape had been studied widely to have a better understanding
of this complex structure [8]. Ten et al. have studied the com-
puted tomography images of 200 children to analyze the
shape, location, and diameters of CAOC [9]. The followings
are the measurements:

e Area: 17.53 + 2.8 mm?

e Width: 6.12 = 0.84 mm

e Height: 4.35 + 0.64 mm

e Angle of optic canal: 39.28 + 5.3° (axial plane) and
16.01 £ 6.76° (sagittal plane)
(The area, width, and height are measured in the coronal
plane on the CT scan. The angle of the optic canal is mea-
sured in both axial and sagittal planes on the CT scan.)

It was observed in Ten et al.’s study that the height and the
width of CAOC remain almost static after the prepubescent
period, while the area will continue to evolve during the
growth period of time. The shape of CAOC in the coronal
plane was classified into four types (Fig. 1.2). The proportion
of different types is teardrop 46.5%, triangular 39%, oval
11.8%, and round 2.8%. The shape is associated with sur-
rounding important bony structures including the anterior
clinoid process and optic strut.

Zhang et al. have studied on the computerized tomogra-
phy (CT) the optic canals of 335 adult patients. The mean
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(a) Tear-dropshape

(b) Triangular shape

(c) Oval shape

(d) Round shape

Fig. 1.2 Types of cranial aperture of the optic canal (CAOC). (a)
Teardrop shape, (b) Triangular shape, (¢) Oval shape, (d) Round shape

canal length was 5.61 £+ 2.22 mm. The right optic canal was
larger than the left (the right side was 12.12 mm, while the
left side was 11.55 mm) [10].

1.7  Physiologic Variants

Variants of optic canal include duplicated optical canal and
keyhole anomaly. A duplicated optic canal is rarely found in
~0.6-3% of the population [11]. If duplication is present, the

optic nerve usually courses through the higher canal. Keyhole
anomaly occurs in ~1.6-2.6% of orbits, of which the optic
canal has a grooved floor with a keyhole appearance [12].
Along with some duplicated optic canal cases, the origin of
the ophthalmic artery is at the intracavernous part of the
internal carotid artery. In these cases, the ophthalmic artery
could pass through the superior orbital fissure instead of the
optic canal [13].

Translaminar Pressure Difference
(TLPD)

1.8

Since the optic canal is the narrowest point of the optic nerve
subarachnoid space, it creates a watershed region for cere-
brospinal fluid (CSF). The translaminar pressure difference
(TLPD) is derived by the pressure gradient between the
intraocular pressure (IOP) and the cerebrospinal fluid (CSF)
pressure in the subarachnoid space surrounding the optic
nerve. The concept of TLPD was first introduced in the twen-
tieth century by Kasmir Noishevsky. The microscopic anat-
omy of the optic canal including the size, intracanalicular
dural-pial adhesions, and the resultant patent subarachnoid
space may alter the TLPD. Examples of ocular pathologies
that involve TLPD are glaucoma, papilloedema, or space
flight-associated neuro-ocular syndrome (SANS). Pircher
et al. have retrospectively reviewed the CT images of the cra-
nium and orbits in 56 cases with normal tension glaucoma
(NTG) and 56 age- and gender-matched subjects without
optic-related diseases. It was found that patients with NTG
house a significantly smaller optic canal cross-sectional area
with a mean area of 14.5 + 3.5 mm? [14].

1.9 Additional Canal Connecting

to the Orbit with the Cranial Cavity

Normally orbits are connected to the cranial cavity via the
optic canal and the superior orbital fissure. In addition, there
are other inconstant canals named orbitomeningeal foramen
(Fig. 1.3). A review study of 1000 skulls and 50 CT images
found that orbitomeningeal foramina were present in ~60%
of skulls and ~54% of CT images. Usually two to five foram-
ina were identified. The meningo-lacrimal and meningo-
ophthalmic arteries and meningeal branches of the lacrimal
and supraorbital arteries, together with some other minor
small arteries, are vasculatures that passed through the
foramina [15].
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Fig. 1.3 The orbitomeningeal foramen in the left orbit CT scan (red
arrow)
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Anatomy of the Orbital Apex

Shuk Wan Joyce Chow

Abstract

The orbital apex is a complex region in the orbit which
contains important structures such as the optic nerve and
ophthalmic artery. Although much research has been ded-
icated to the anatomy of this region, there has been a lack
of consistency in the definition of the precise location of
the orbital apex. In the modern era of microscopic and
endoscopic surgery, where new approaches and methods
are advocated for pathologies in the orbital apex, a
detailed understanding is vital to avoid major complica-
tions in these patients.

Keywords

Orbital apex - Optic nerve - Ophthalmic artery - Superior
orbital fissure - Inferior orbital fissure - Orbital surgical
landmark

S. W. J. Chow (X))

Department of Neurosurgery, Queen Elizabeth Hospital,
Hong Kong SAR, China

e-mail: csw814@ha.org.hk

2.1 Introduction

The orbital apex is a complex yet important structure in the
orbit. It houses the optic canal, superior orbital fissure, and
inferior orbital fissure, which act as corridors for crucial
nerves and arteries to travel from the brain to the globe.
There has been voluminous research in the literature describ-
ing the anatomy of the apex. However, there has been a lack
of consistency in defining the precise location of the orbital
apex, which has led to confusion in conveying important sur-
gical landmarks between surgeons. Danko and Haug [1]
described the orbital apex as the distance from the infraor-
bital rim to the annulus of Zinn, measuring approximately
39.1 mm in length. Yilmazlar et al. [2] measured the distance
between the orbital apex to the tubercular recess, which was
between 11.22 and 11.47 mm. Martin et al. described the
orbital apex (optic canal) to be about 7 mm posterior to the
posterior ethmoidal canal in their paper on the “Rule of
Seven” in the microsurgical anatomy of the orbit (Fig. 2.1)
[3]. Other studies measured distances from the infraorbital
rim to the lacrimal crest or lateral orbital rim [2, 4-13]. In
daily practice, a common understanding of the orbital apex
can be defined by the coronal plane of the posterior eth-
moidal foramen and the optic canal [14]. Nevertheless, in-
depth knowledge of surgical anatomy is crucial to avoid
complications that may arise from surgical procedures in this
critical area.

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 7
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Fig. 2.1 (a) The orbital apex shown from a superior view posterior to the retrobulbar region. (b) It is about 7 mm posterior to the posterior eth-
moidal canal according to the bony landmarks in the orbit. (Used with permission from [3])

2.2  Surgical Anatomy

2.2.1 Skeletal Anatomy of the Orbital Apex

The bony orbital apex is the narrowest part of the orbit,
where all the nerves, arteries, and muscles of the orbit pass
through this narrow space into the globe. The roof of the
apex is formed by the lesser wing of the sphenoid bone, the
lateral wall by the greater wing of the sphenoid, the medial
wall by the ethmoidal sinus, and the floor is formed by the
orbital plate of the palatine bones.

The optic canal (OC) is found within the orbital apex,
measuring about 8—10 mm in length. It is bordered by the
lesser wing of the sphenoid bone superiorly, the anterior cli-
noid process laterally, and the optic strut infero-laterally. The
sphenoid sinus forms the medial wall of the optic canal. The
optic strut separates the optic canal and the superior orbital
fissure (Fig. 2.2). In 0.64-2.98% of orbits, there may be
duplication of the OC, in which the lower canal usually con-
tains the ophthalmic artery and the upper canal of the optic
nerve [15-17].

The bony cleft between the orbital roof and the lateral
wall is the superior orbital fissure (SOF). It is bounded by the
greater wing, the lesser wing, and the body of the sphenoid
bone (Fig. 2.2). Cadaveric dissections [13] have concluded
important variations in the shape of the SOF. Reymond et al.
identified two types of SOF in 100 human orbits, one with a
significant narrowing near the midpoint, type a, and the other
without, type b (Fig. 2.3). The size of the SOF did not differ
much statistically, yet the distance of the optic nerve to the
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Fig. 2.2 A coronal view of the skull bone showing the orbital apex as
the narrowest part of the orbit. It is bordered by the lesser wing of the
sphenoid at the orbital roof, the greater wing of the sphenoid laterally,
the ethmoid sinus medially, and the orbital plate of the palatine bone at

the floor. The optic strut separates the optic canal and the superior
orbital fissure. (Used with permission from [25])

SOF is considerably shorter in type b which is of great clini-
cal importance to the operating surgeon.

The inferior orbital fissure (IOF) is located between the
lateral wall and the floor of the orbit. The anterior margin
is formed by the zygoma, and the medial side is the maxil-
lary bone. The IOF is an important surgical landmark for
both transcranial and transorbital approaches. The lateral
part of the fissure contains mainly smooth muscle and fat
tissues and is a point for bone cuts during orbitozygo-
matic approaches. Medially, the fissure communicates
with the pterygopalatine fissure and connects to the nasal
cavity.



2 Anatomy of the Orbital Apex

Fig. 2.3 Anatomical variations as described by Reymond et al. (a) Type a: significant narrowing near the midpoint. (b) Type b: no narrowing at

the midpoint. (Used with permission from [13])

2.2.2 Soft Structures of the Orbital Apex

2.2.2.1 Optic Canal

The optic canal (OC) contains the optic nerve (ON), ophthal-
mic artery (OA), and the postganglionic sympathetic nerves
from the internal carotid artery (ICA). The ophthalmic artery
has an intra-orbital course that runs around the optic nerve.
Arising from the internal carotid artery just medial to the
anterior clinoid process, it enters the optic canal inferior and
lateral to the optic nerve within the dural sheath. It then trav-
els superior to the optic nerve 80—85% of the time from the
lateral to the medial side and continues forward along the
medial orbital wall under the superior oblique muscle [5, 6,
13, 18]. The central artery of the retina is a small but impor-
tant branch that arises near the orbital apex [19-22]. It arises
quite consistently from the ophthalmic artery at 10-15 mm
posterior to the globe to penetrate the optic nerve and occupy
a central distance to supply the retina.

Another variant of the ophthalmic artery is that it may
enter through the SOF in 5-6% of cases [19, 22, 23]; hence,
a thorough understanding of the anatomy is essential to avoid
serious complications such as ischemic optic neuropathy.

2.2.2.2 Superior and Inferior Orbital Fissure

The superior orbital fissure can be divided into three separate
compartments, i.e., lateral, central, and inferior, by the annu-
lus of Zinn [24, 25]. The annulus of Zinn, referred as the
“tendinem verum” in 1780, is a common annular tendon on
which the four recti muscles insert.

The lateral component is the narrow part of the fissure
and contains the trochlear nerve, frontal nerve, lacrimal
nerve, and superior ophthalmic vein. The central part is the
area enclosed by the annulus of Zinn, the oculomotor fora-
men, through which the ON and OA enter from the optic
canal and the superior and inferior divisions of the oculomo-
tor nerve, the abducens nerve, and the nasociliary nerve
enter from the SOF. The inferior part is just below the tendi-
nous ring and comprises mainly adipose tissue, but some-
times the inferior ophthalmic vein can be found. In
Reymond’s anatomical study, the arrangements of these
nerves and vessels can differ into four types, with the great-
est variation observed in the superior ophthalmic vein
(Fig. 2.4). The inferior orbital fissure contains the infraor-
bital artery, infraorbital nerve, maxillary division of the tri-
geminal nerve, and zygomatic nerve.
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Fig. 2.4 Types of arrangement of nerves and vessels within the orbital
apex. (a) Layout A. (b) Layout B. (¢) Layout C. (d) Layout D. (1) Optic
nerve, (2) superior branch of the oculomotor nerve, (3) trochlear nerve,
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Superior Orbital Fissure and Inferior

Orbital Fissure

Atsushi Okano, Stefan Lieber, and Shunya Hanakita

Abstract

The microsurgical anatomy of the superior orbital fissure
(SOF) and the inferior orbital fissure (IOF) is still impor-
tant for tumors invading the orbit, cavernous sinus, optic
canal, or middle fossa. Advances in endoscopic endonasal
approaches have expanded their use for lesions at the
orbital apex, SOF, and IOF. Thus, we illustrated the oste-
ology of the orbit, the anatomy of SOF and IOF in crani-
otomy, and endoscopic endonasal surgery using dissected
specimens. The anatomy of these areas should be well-
understood when performing surgery for these lesions.

Keywords

Endoscopic endonasal surgery - Front-temporal crani-
otomy - Inferior orbital fissure - Orbital muscle of Miiller
- Superior orbital fissure

3.1 Osteology of the Orbit

The superior orbital fissure (SOF) connects the orbit to the
middle cranial fossa. The cavernous sinus is located poste-
rior to the SOF, and the orbital apex is located anteriorly to
the SOF. The SOF is located between the greater and lesser
wings and the body of the sphenoid bone (Fig. 3.1a). The
annular tendon attaches to the superior, inferior, and medial
aspects of the optic canal and the most medial aspect of the
lateral margin of the SOF (Fig. 3.1b). The annular tendon
subdivides the SOF into three separate compartments: a
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superolateral segment (11a), a central segment (11b), and an
inferomedial segment (11c) [1]. The lateral margin of SOF,
formed by the thin edge of the greater wing, is the sharpest
and most defined border. The lower edge of SOF is separated
from the foramen rotundum by the maxillary strut which is a
bridge of bone [2] (Fig. 3.1c). The superior wall of SOF is
formed by the lower surfaces of the lesser wing, the anterior
clinoid process, and the adjacent part of the optic strut
(Fig. 3.14d).

The inferior orbital fissure (IOF) is a narrow cleft with
long anterior and posterior borders and narrow medial and
lateral ends. It is bounded posteriorly by the greater wing of
the sphenoid, laterally by the zygomatic bone, medially by
the sphenoid body, and anteriorly by the maxilla and a short
segment formed by the palatine bone (Fig. 3.1a). The IOF is
divided into three compartments: a posteromedial segment
(13a) that runs from the maxillary strut to the posterior bor-
der of the infraorbital groove, a middle segment (13b) that
spans the width of the infraorbital groove, and an anterolat-
eral segment (13c) that runs from the anterior border of the
infraorbital groove to the most anterolateral aspect of the
IOF (Fig. 3.1b). In the posteromedial portion of the IOF, the
foramen rotundum, SOF, and pterygopalatine fossa commu-
nicate with the orbit and cavernous sinus. The middle seg-
ment of the IOF connects the infratemporal fossa and the
anterolateral part of the IOF communicates with the orbit
and the temporal fossa. The anterolateral part of the IOF is
the part into which the two cuts of the one-piece orbitozygo-
matic (OZ) craniotomy extend (Fig. 3.1e, f).

The structures that pass through the posteromedial part
of the IOF are small branches of the maxillary artery, tribu-
taries of the inferior ophthalmic vein, and the infraorbital
and zygomatic branches of the maxillary nerve (Fig. 3.2a).
After passing shortly through the pterygopalatine fossa
(PPF), the infraorbital nerve enters the orbit through the
middle part of the IOF along the infraorbital groove and
canal. The infraorbital nerve passes through the infraorbital
foramen to reach the cheek (Fig. 3.2a). The zygomatic nerve
arises from the maxillary nerve in the PPF, courses forward
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Fig. 3.1 Osteology of the orbit. (a) Oblique view of the left orbit ori-
ented along the axis of the optic canal. (b) Enlarged view of the left
orbit. The annular tendon (white ring) is attached to the optic canal and
the most medial aspect of the lateral margin of the superior orbital fis-
sure (SOF). The annular tendon subdivides the SOF into three separate
compartments: a superolateral segment (11a), a central segment (11b),
and an inferomedial segment (11c). The infraorbital fissure is divided
into three compartments: a posteromedial segment (13a), from the
maxillary strut to the posterior border of the infraorbital groove; a mid-
dle segment (13b), the width of the infraorbital groove [7]; and an
anterolateral segment (13c), from the anterior border of the infraorbital
groove to the most anterolateral aspect of the infraorbital fissure, (c)
Osteology of the anterior and middle cranial fossae. (d) Osteology of

the sellar region, oblique view oriented along the axis of a left optic
canal. (e) The infraorbital fissure pointed from the intra orbit to the
extra orbit. (f) The infraorbital fissure pointed in orbitozygomatic
approach. 1, middle turbinate (the lacrimal bone is partially missing in
this specimen); 2, ethmoid bone; 3, orbital process of the palatine bone;
4, sphenoid bone: 4a, lesser wing, 4b, greater wing, 4c, body; 5, supra-
orbital notch (or foramen); 6, trochlear fossa; 7, infraorbital groove; 8,
posterior ethmoidal foramen; 9, anterior ethmoidal foramen; 10, optic
canal; 11, SOF: 11a, superolateral segment, 11b, central segment, 11c,
inferomedial segment; 12, optic strut; 13, IOF: 13a, posteromedial seg-
ment, 13b, middle segment, 13c, anterolateral segment; 14, maxillary
strut; 15, anterior clinoid process; 16, foramen rotundum; 17, planum
sphenoidale; 18, tuberculum sellae; 19, limbus sphenoidale
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Fig. 3.2 (a) Compartments of a superior orbital fissure, an inferior
orbital fissure, and an optic canal. The lacrimal nerve, the frontal nerve,
the trochlear nerve, and the superior ophthalmic vein pass through a
superolateral segment of the superior orbital fissure (SOF). The oculo-
motor nerve, the nasociliary nerve, the oculomotor nerve, and the abdu-
cens nerve pass through a central segment of SOF. The inferior
ophthalmic vein passes through an inferomedial segment. The optic
nerve and the ophthalmic artery pass through the optic canal. The infra-
orbital nerve, the infraorbital artery, and the infraorbital vein pass
through a posteromedial segment of the infraorbital fissure. (b)
Cadaveric dissection of the lateral sellar orbital junction. The orbital
muscle of Miiller (OM) extends posteriorly and medially to reach the
superior orbital fissure (SOF) and the anterior confluence of the cavern-

ous sinus. As the OM courses posteriorly, it lies above the maxillary
strut (MS). In the posteromedial aspect of the inferior orbital fissure, the
muscle lies between the orbit and pterygopalatine fossa, where it serves
as the roof of the latter and contacts the maxillary nerve. The zygomatic
nerve enters the OM, dividing it into two: a superior and an inferior
bundle. /I, optic nerve; SOF, superior orbital fissure; /71, oculomotor
nerve; IV, trochlear nerve; VI, ophthalmic branch of trigeminal nerve;
V2, maxillary branch of the trigeminal nerve; V3, mandibular branch of
trigeminal nerve; VI, abducens nerve; /ON, infraorbital nerve; MSt,
maxillary strut; FO, foramen ovale; FR, foramen rotundum; SS, sphe-
noid sinus; MRM, medial rectus muscle; LRM, lateral rectus muscle;
PPF, pterygopalatine fossa; OM, orbital muscle of Miiller; ZN, zygo-
matic nerve
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and runs upward through the fissure and inside the perior-
bita of the lateral orbital wall, and gives rise to the zygo-
maticotemporal and zygomaticofacial nerves and sensory
branches to the skin over the malar eminence and lateral
orbital rim [3] (Fig. 3.2b). The orbital muscle of Miiller
forms a bridge over the IOF and separates the orbit from the
pterygopalatine fossa, infratemporal fossa, and temporal
fossa. The superior surface of Miiller’s muscle is associated
with the orbital contents, especially the inferior rectus mus-
cle, the inferior branch of the oculomotor nerve, and the
inferior ophthalmic vein and its tributaries. The inferior sur-
face of the muscle is associated with the pterygopalatine
fossa and its contents, primarily the maxillary, zygomatic,
and infraorbital nerves, which are all surrounded by adipose
connective tissues [4] (Fig. 3.2b).

3.2  Surgical Anatomy of the SOF
and the Inferior Orbital Fissure (IOF)

in a Frontotemporal Craniotomy

The heads were fixed in a Mayfield head holder (Integra life
science corporation, USA) with 5° of extension and 45° of
rotation toward the opposite side. Frontotemporal craniot-
omy was performed [5, 6]. A slightly curved skin incision
was started in front of the tragus (Fig. 3.3a). The temporal
muscle was detached from the temporal bone using the inter-
fascial dissection technique to protect the frontal branch of
the facial nerve (Fig. 3.3b). The MacCarty keyhole was cre-
ated to identify the periorbita and the dura of the frontal lobe
(Fig. 3.3c), after which frontotemporal craniotomy was per-
formed (Fig. 3.3d).

Fig. 3.3 Stepwise left frontotemporal craniotomy. (a) A slightly
curved skin incision for the frontotemporal craniotomy starting in front
of the tragus. (b) An interfascial dissection. The root of zygoma is well

exposed. (¢) Creating the MacCarty keyhole to identify the periorbita
(PO) and the dura of the frontal lobe. (d) Frontotemporal craniotomy
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The greater sphenoid wing, the lesser sphenoid wing, the
temporal base floor, and the sphenoid ridge were fully drilled
to be able to observe the temporal base more widely
(Fig. 3.4a). Then, after pealing the lateral wall of the cavern-
ous sinus, the ophthalmic nerve, the maxillary nerve, and the

Fig. 3.4 Stepwise exposure of a superior orbital fissure (SOF) and an
inferior orbital fissure. (a) After drilling through the greater sphenoid
wing, the lesser sphenoid wing, and the temporal base floor. (b) After
peeling the lateral wall of the cavernous sinus. The temporal base is
widely exposed. (¢) After opening the foramen rotundum and the fora-
men ovale. (d) After opening the pterygopalatine fossa (PPF) and
removing the fat in the PPF. The inferior orbital nerve (ION), the sphe-
nopalatine artery (SPA), and the infraorbital artery come into view. The
orbital muscle of Miiller (OM) indicates the level of the infraorbital
fissure and separates the PPF from the orbit. (e) After the anterior cli-

mandibular nerve could be seen. The ophthalmic nerve was
going into the orbit passing through the superior orbital, the
maxillary nerve to the pterygopalatine fossa through the
foramen rotundum, and the mandibular nerve to the infra-
temporal fossa through the foramen ovale (Fig. 3.4b). After

noidectomy. The SOF is well exposed. PO, periorbita; GSW, greater
wing of sphenoid bone; TBF, temporal base floor; SR, sphenoid ridge;
TL, temporal robe; FL, frontal lobe; SOF, superior orbital fissure; FR,
foramen rotundum; FO, foramen ovale; VI, ophthalmic branch of tri-
geminal nerve; V2, maxillary branch of the trigeminal nerve; V3, man-
dibular branch of trigeminal nerve; MMA, middle meningeal artery;
ITF, infratemporal fossa; /OF, inferior orbital fissure; PPF, pterygo-
palatine fossa; MSt, maxillary strut; OM, orbital muscle of Miiller; ZN,
zygomatic nerve; ION, infraorbital nerve; IOA, infraorbital artery; SPA,
sphenopalatine artery
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Fig. 3.5 Coronal histological sections of the left cavernous orbital
region. (a) Section is at the level of clinoidal segment C5 of the Internal
carotid artery. (b) The section is at the level of the optic strut. /I, optic
nerve; OA, ophthalmic artery; /CA, internal carotid artery; ACP, ante-

opening the foramen rotundum, the pterygopalatine fossa
and the infraorbital fissure could be seen (Fig. 3.4c). After
opening PPF and removing the fat in the PPF, the inferior
orbital nerve, the sphenopalatine artery, and the infraorbital
artery come into view. The orbital muscle of Miiller indicates
the level of the infraorbital fissure and separates the PPF
from the orbit (Fig. 3.4d). Figure 3.4e shows the optic nerve,
the SOF, the oculomotor nerve, the trochlear nerve, the oph-
thalmic nerve, and the internal carotid artery after drilling the
anterior clinoid process. Extradural anterior clinoidectomy
was performed using the detailed technique published [7].
The clinoid space is limited superiorly and laterally by the
dura that covers the superior and lateral aspects of the ante-
rior clinoid (Fig. 3.5a). Its medial aspect is formed by the
optic nerve sheath. Just below the optic nerve sheath is the
inferior root of the lesser sphenoid wing (optic strut), which
extends from the base of the anterior clinoid process to the
body of the sphenoid bone (Fig. 3.5b). The size and shape of
the optic strut varied in our specimens, with a diameter rang-
ing from 3 to 7 mm and section shapes extending from round
to oval [7]. The clinoid segment of the internal carotid artery
runs along the posterior margin of the optic strut and is cov-
ered by a thin periosteal membrane (Fig. 3.5). The inferior

rior clinoid process; SS, sphenoid sinus; /II, oculomotor nerve; IV,
trochlear nerve; FN, frontal nerve; LN, lacrimal nerve; NcN, nasociliary
nerve; VI, abducens nerve; OS, optic strut

surface of the clinoid space is formed by a thin layer of peri-
osteum that covers the oculomotor nerve such that when the
anterior clinoid process is drilled out, special attention
should be taken not to damage the oculomotor nerve, espe-
cially thermal damage besides mechanical damage. The
trochlear and frontal nerves cross over the oculomotor nerve
anteriorly.

3.3  Surgical Anatomy of the SOF and IOF

in Endoscopic Endonasal Surgery

Endoscopic dissection was performed using the technique
published by our group [8]. Each head was fixed in a Mayfield
head holder and positioned for a standard endoscopic end-
nasal approach. Endoscopic end-nasal approaches were per-
formed using standard endoscopic instruments and rigid
4-mm-diameter endoscopes that were 18 cm in length with
0° and 30° lenses (Karl Storz, Tuttlingen, Germany). Bone
resection was performed with a high-speed drill (Midas Rex
[Medtronic, Jacksonville, Florida, USA]), and intraoperative
images were taken and stored with the Karl Storz Aida sys-
tem (Karl Storz).
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A middle turbinectomy was first performed to approach
the orbital apex. Then, the uncinate process and the bulla
ethmoidalis were subsequently removed, followed by a
maxillary antrostomy. The junction between the lamina pap-
yracea and the posterior wall of the maxillary sinus indi-
cates the level of the IOF (Fig. 3.6a). The antrostomy was
extended anteriorly to expose the proximal part of the infra-
orbital nerve on the roof of the maxillary sinus. Posterior
ethmoidectomy and sphenoidotomy were then performed to
expose the medial wall of the orbital apex. The nasal mucosa
above the inferior turbinate was incised vertically and ele-
vated to expose the orbital process of the vertical plate of the
palatine bone and its ethmoidal crest. The sphenopalatine
foramen and artery were then identified, and the spheno-
palatine foramen was unroofed. Using Kerrison rongeurs or
a diamond drill, the lamina papyracea and the superior part
of the posterior wall of the maxillary sinus were gently
removed to expose the periorbita, the medial margin of the
IOF, and the pterygopalatine fossa (Fig. 3.6b). The palatine
nerves running down into the palatine canal were identified.
The bone that forms the medial margin of the IOF between
the lamina papyracea and the posterior wall of the maxillary
sinus is tightly adherent to the orbital muscle of Miiller,

which is made of smooth muscle fibers that span the IOF
from one margin to the other. Detailed histological images
of this area are shown in this manuscript (Fig. 3.6c, d). The
zygomatic nerve arises from the maxillary nerve after the
foramen rotundum. It crosses the IOF and runs upward
along the lateral wall of the orbit (Fig. 3.6e). The function of
the orbital muscle of Miiller and the zygomatic nerve varied
among the individuals and was not clearly understood.
Hence, they could be sacrificed on necessity, and the
removal of those structures allowed wide exposure of the
greater wing of the sphenoid bone. When the bony struc-
tures surrounding the foramen rotundum (such as the maxil-
lary strut and the superior margin of the pterygoid plate)
were carefully removed, the infraorbital nerve was isolated
and became retractable, which further facilitated the expo-
sure of the greater wing of the sphenoid bone through the
rostral space of the infraorbital nerve. Simultaneously, the
supraorbital nerve was disclosed behind the foramen rotun-
dum on the rostral side of the infraorbital nerve, with the
greater palatine nerve on its caudal side. Then, with careful
removal of the greater wing of the sphenoid bone, we could
finally reach the anterior aspect of the temporal base dura
mater (Fig. 3.6f).

Fig. 3.6 Stepwise procedure of the endoscopic endonasal approach.
(a) Endoscopic view (30° endoscope, left side). After exposing the ver-
tical plate of the palatine bone. The orbital process, the roof of the sphe-
nopalatine foramen, and the posterior wall of the maxillary sinus are
removed. The medial wall of the superior orbital fissure (SOF) and the
foramen rotundum is then progressively removed using a high-speed
drill. (b) Endoscopic view (30° endoscope, left side). After antrostomy,
the pterygopalatine fossa is widely opened. The medial wall of the SOF
and foramen rotundum is removed. (¢, d) Coronal histological sections
of the left orbital apex region (¢) and the left cavernous sinus and para-
sellar region (d). (e, f) Endoscopic view (30° endoscope, right side).
Opening of the pterygopalatine fossa. /CA, internal carotid artery; /1,

optic nerve; PN, palatine nerve; PPF, pterygopalatine fossa; SOF,
superior orbital fissure; /OF, infraorbital fissure; V2, maxillary branch
of the trigeminal nerve; /ON, infraorbital nerve; PO, periorbita; MSt,
maxillary strut; FR, foramen rotundum; PN, palatine nerve; SS, sphe-
noid sinus; MS, maxillary sinus; OA, ophthalmic artery; MRM, medial
rectus muscle; IRM, inferior rectus muscle; LRM, lateral rectus muscle;
111, oculomotor nerve; IV, trochlear nerve; VI, ophthalmic branch of
trigeminal nerve; OM, orbital muscle of Miiller; CS, cavernous sinus;
ZN, zygomatic nerve; GWS, greater wing of sphenoid bone; MPM,
medial pterygoid muscle; /OA, infraorbital artery; SPA, sphenopalatine
artery; 7D, temporal dura; PPG, pterygopalatine ganglion; /Max, inter-
nal maxillary artery
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Fig.3.6 (continued)
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Cavernous Sinus and Internal Carotid

Artery

Ramez W. Kirollos

Abstract

The anatomy of the cavernous sinus (CS) as an enclosed
venous space with trabeculations surrounding the cavern-
ous segment of the internal carotid artery (ICA) is
described. This includes the anatomy of its dural boundar-
ies and formation together with its relationships to sur-
rounding structures. Details of its venous tributaries and
connections and the associated cranial nerves are
described. The anatomy of the ICA at the skull base is
detailed in a useful anatomical orientation relevant to sur-
gical procedures, and a correlation between intracranial
and endonasal skull base anatomy is provided. The rele-
vance of the surgical anatomy of the CS and ICA to the
operative management of orbital lesions is discussed.

Keywords

Cavernous sinus - Internal carotid artery - Oculomotor
nerve - Trochlear - Trigeminal nerve - Abducens nerve -
Orbit - Superior orbital fissure

4.1 Anatomy of the Cavernous Sinus

Definition and Formation
of the Cavernous Sinus

411

Each of the paired cavernous sinus (CS) is an enclosed venous
space surrounding the “cavernous” segment of the internal
carotid artery (ICA) and is limited by four dural walls. These
are a roof superiorly; a medial and a lateral wall meeting infe-
riorly, giving it a triangular shape; and a posterior wall. The
CS is narrow anteriorly and widens posteriorly [1, 2].

R. W. Kirollos (P<)
National Neuroscience Institute (NNI), Singapore, Singapore

Duke-NUS Medical School, Singapore, Singapore

The dura covering the brain on forming the walls of the
CS splits laterally and includes the cranial nerves within its
two layers, whilst medially it forms its medial wall (Fig. 4.1).
The wall of the CS on the middle fossa skull is formed by the
periosteal layer.

The multiple venous tributaries form venous confluences
end in venous spaces within the CS that are in the shape of a
plexus or “caverns” separated by trabeculations allowing

Fig.4.1 The CS is located on either side of the body of the sphenoid bone
and sella, extending from the SOF anteriorly to the level of the dorsum
sellae posteriorly and lying over the petrous apex. The right CS is shown
covered by the dura of the middle cranial fossa, forming the outer layer of
the lateral wall of the CS and extending over the Gasserian ganglion in the
Meckel’s cave. The third nerve is seen entering the roof of the CS at the
centre of the oculomotor triangle, the margins of which are formed by the
interclinoid and the anterior and posterior petroclinoid dural folds

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 21
T. L. POON et al. (eds.), Orbital Apex and Periorbital Skull Base Diseases, https://doi.org/10.1007/978-981-99-2989-4_4

4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-2989-4_4&domain=pdf
https://doi.org/10.1007/978-981-99-2989-4_4

22

R. W. Kirollos

varying degrees of separation or connections between the
different caverns [2]. This is reflected potentially by the
varying degrees of ease in controlling venous bleeding on
surgical breach of the different compartments of the CS.

4.1.2 Location and Relationships of the CS

The CS is located in the parasellar area with the body of the
sphenoid bone in the centre, harbouring the sella turcica and
the sphenoid sinus. The anterior extent is the superior orbital
fissure (SOF), and posteriorly they end at the level of the
dorsum sellae and lie over the petrous apex [1-4].

The dural roof extends between the petrous apex and ante-
rior and posterior clinoid processes forming the oculomotor
triangle as the posterior part of the roof. The margins are
formed by the interclinoid dural fold, between the clinoid
processes, medially; the anterior petroclinoid fold, between
the anterior clinoid process (ACP) and petrous apex, laterally;
and the posterior petroclinoid fold—between the posterior
clinoid process and the petrous apex—posteriorly (Figs. 4.1
and 4.2). The dura of the oculomotor triangle extends as the

Fig. 4.2 The clinoidal triangle is between the optic and oculomotor
nerves. The cavernous ICA is emerging through the carotid-oculomotor
membrane at the anterior part of the roof of the CS and is covered by the
ACP with the optic strut anteriorly separating the optic canal from the
SOF. The outer dural layer of the lateral wall of the CS and Meckel’s
cave has been peeled off. The course of the third and fourth nerves in
the lateral wall of the CS separated from its interior by the deep layer of
the lateral wall is seen towards the SOF. The superior petrosal sinus is
running at the superior edge of the petrous bone over the ostium of the
Meckel’s cave where the root of the fifth nerve is seen entering. The
meningo-orbital arterial branch of the middle meningeal artery is noted
to enter the orbit through the lateral aspect of the SOF

dura at the inferior margin of the ACP. The carotid-oculomo-
tor membrane extends medially from the lower margin of the
ACP to the optic strut at the medial extent of the proximal
dural ring of the ICA. At the anterior extent of the roof, the
clinoidal triangle, between the optic and oculomotor nerves,
is covered by the ACP with the optic strut anteriorly separat-
ing the optic canal from the SOF (Fig. 4.2). The cavernous
ICA emerges through this part of the roof.

The lateral CS wall is between the anterior petroclinoid
fold starting at the roof superiorly to the level of the lower
margin of the carotid sulcus on the sphenoid bone inferiorly.
It is between the lateral end of the SOF anteriorly to the edge
of the Meckel’s cave posteriorly (Figs. 4.3, 4.4, and 4.5). The
dura separating the CS from Meckel’s cave lies just lateral to
the posterior CS.

The medial CS dural wall extends from the medial edge
of the SOF to the dorsum sellae posteriorly. It slopes from
the roof at the interclinoid fold to the level of the carotid
sulcus inferiorly to the join the lateral wall, giving the trian-
gular shape of the CS in the coronal plane. As such the
medial wall separates the CS from the lateral sella and lies
lateral to the body of the sphenoid bone.

The relatively wide extent of the posterior wall of the CS
is from the lateral dorsum sellae medially to the lateral edge
of the Meckel’s cave ostium laterally and from the petro-
sphenoid fold superiorly to the petroclival fissure inferiorly
(Fig. 4.6).

Fig.4.3 The pericavernous venous plexus and extensions to the foram-
ina ovale, rotundum, and spinosum are exposed. A dural wall between
the posterior CS and Meckel’s cave separates the CS from the Gasserian
ganglion and V2 with V1 entering the lateral wall of the CS above its
inferior limit and below the third and fourth nerves
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Fig.4.4 The course of cranial nerves related to the lateral wall of CS (third,
fourth, and V1) is fully exposed. The antero-inferior venous compartment of
CS is joined by the SOV passing from the orbit through the SOF and inferior
to the V1. A venous confluence is joining the superior petrosal and basilar
venous sinuses to the supero-posterior venous compartments of CS

Fig. 4.5 The lateral aspect of the cavernous ICA segments is partially
exposed. The sixth nerve is passing under Gruber’s ligament into
Dorello’s canal in the vicinity of the basilar venous sinus. It is within
the CS, and its course is medial to V1. On approaching the orbit, it joins
the other cranial nerves travelling in the lateral wall of the CS to pass
through the SOF. The clinoidal segment of the ICA is medial to the ACP

Fig.4.6 The basilar venous plexus at the dorsum of the upper clivus and
the inferior petrosal sinus are related to the sixth nerve as it enters Dorello’s
canal. This joins the posterosuperior venous compartment of the CS. The
cavernous ICA separates on either sidle—between it and the CS medial
and lateral walls—two of the venous compartments. The medial compart-
ment is joined by the anterior intercavernous sinus and the narrow lateral
venous compartments of CS. The emergence of ICA through the roof of
the CS is posterior to the optic strut and medial to the ACP

4.1.3 Venous Connections and Extensions

The CS is connected circumferentially to the superior oph-
thalmic vein (SOV) and inferior ophthalmic vein (IOV),
Sylvian and sphenoparietal sinus, superior petrosal, inferior
petrosal, and basilar and intercavernous sinuses (anterior and
posterior) from anterior in a clockwise fashion on the right
and anticlockwise on the left. In addition, it has connections
to the pterygoid plexus inferiorly (Table 4.1) [1, 2].

The venous plexus within the dural walls of the CS does
have extensions connecting with other veins in adjacent
regions. Although the CS venous spaces may extend into the
SOF, the CS is in proximity but not directly straddling other
foramina and fissures such as the foramen rotundum, ovale, or
spinosum and the sphenoid emissary foramen. As such venous
connections through these to other compartments may connect
directly within the CS or via a pericavernous venous plexus
(Fig. 4.3). Such extensions include those surrounding the V2
(maxillary) division of the trigeminal nerve that is not anatomi-
cally part of the CS and through the proximal dural ring around
the clinoidal segment of the ICA and the ICA canal.

The SOV crosses from the medial aspect of the orbit
above the optic nerve, passes between the superior and lat-
eral recti, goes through the SOF outside the annulus of Zinn,
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Table 4.1 The direction from which the CS is connected to the various tributaries, with their regions of drainage and course
Direction Connection Region Course
Anterior Sov Orbit Though SOF
()Y Through IOF
Lateral Middle and inferior cerebral veins, | Lateral cerebral hemisphere, Along the superior margin of
Sphenoparietal sinus anterior and middle cranial fossae | SOF
Posterior Superior petrosal sinus Posterior fossa Along the superior ridge of the
petrous bone
Inferior petrosal sinus Along petroclival fissure
Posteromedial Basilar sinus Contralateral CS Posterior aspect of the upper
clivus
Intercavernous sinuses Anterior and posterior Sella
Inferior Connection to pterygoid plexus Pterygopalatine and subtemporal Foramina rotundum, ovale, or
(via the pericavernous plexus) fossae spinosum and the sphenoid
emissary foramen

and drains into the CS. It travels between the V1 (ophthal-
mic) and V2 divisions of the trigeminal nerve to reach the CS
(Fig. 4.7). Prior to entry to the CS, frequently the SOV is
joined by the IOV and drains via a single trunk. The IOV less
frequently drains to the CS separately after passing through
the inferior orbital fissure (IOF).

The venous drainage from the Sylvian fissure and parts of
the middle and anterior cranial fossae drain through the
sphenoparietal sinus which has a course along the sphenoid
ridge and lateral margin of the SOF to reach the CS.

The large venous confluence at the posterior wall of the
CS connects the convergence of the basilar and the superior
and inferior petrosal sinuses. The basilar sinus at the poste-
rior upper clivus and dorsum sellae communicates both CS
as an intercavernous connection. This drains into the poste-
rior CS, and the posterior CS dural wall extends as the poste-
rior wall of the basilar sinus (Figs. 4.4 and 4.6). The
configuration of the intercavernous sinuses connecting both
CS around the sella is variable [2, 5]. These are related to the
anterior, inferior, and posterior aspects of the pituitary gland
and may form a circular sinus around the gland.

4.1.4 Venous Compartments of the CS

These are venous spaces within the CS between the intracav-
ernous ICA and the CS walls [1, 2], which can be divided
into the following four compartments: medial, anteroinfe-
rior, posterosuperior, and lateral (Figs. 4.4, 4.6, 4.9b, and
4.11). The medial compartment is lateral to the pituitary
gland. The anteroinferior compartment is near the SOF
receiving the superior and inferior ophthalmic veins sepa-
rately or as a common trunk from both ophthalmic veins.
The posterosuperior compartment is between the ICA and
the posterior roof of the CS. This receives the basilar sinus.
The lateral compartment is usually very narrow between the
ICA and the lateral wall of the CS and contains the sixth
nerve. The size of the compartments is determined by the
course and tortuosity of the intracavernous ICA.

4.1.5 Associated Cranial Nerves

The third nerve reaches the CS roof at the oculomotor trian-
gle. It goes through the dura at the centre of the triangle infe-
rior to the ACP at a level just above the origin of the
meningohypophyseal trunk off the intracavernous ICA
(Figs. 4.1,4.2,4.3,4.4,4.5,4.10, and 4.12). Its course in the
inner aspect of the lateral wall of the CS in between the two
dural leaves is above that of the fourth nerve along the infe-
rior aspect of the ACP. It passes through the SOF within the
annulus of Zinn, medial to the nasociliary nerve, and divides
into a superior and an inferior division as it does so (Fig. 4.7)
[1,2,6].

The fourth nerve initially pierces the dura of the roof of
the CS at the posterolateral aspect of the oculomotor trian-
gle. Initially its course is inferior to the third nerve in the
lateral wall of the CS. Anteriorly at the base of the ACP
where it joins the optic strut, the fourth nerve crosses the
lateral aspect of the third nerve and passes medially to
innervate the superior oblique muscle in the medial orbit. In
doing so the fourth nerve passes through the lateral SOF
outside the annulus of Zinn (Figs. 4.2,4.3,4.4,4.5,4.7, and
4.10) [1, 2, 6].

The sixth nerve after passing deep to Gruber’s (petrosphe-
noid) ligament which is attached to the petrous apex and dor-
sum sellae, in the dural-lined Dorello’s canal, then penetrates
the inferior aspect of the posterior CS dural wall. The course
of the sixth nerve is within the CS travelling to the lateral
aspect of the ICA and medial to V1. It can be adherent to the
ICA or V1. The distal part of its course before reaching the
SOF joins the other nerves within the two layers of the dura
of the lateral wall. It passes through the SOF and within the
annulus of Zinn (Figs. 4.5, 4.6, 4.10, and 4.12). The sixth
nerve receives some sympathetic fibres surrounding the ICA
and then passes to V1 and eventually through long ciliary
nerves passing through the ciliary ganglion [1, 2, 6].

The V1 nerve passes obliquely superiorly from the
Gasserian ganglion and travels in the inferior aspect of the
lateral wall of the CS until the SOF. The dura of the poste-
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rior part of the lateral wall of the CS also forms the medial
wall of the upper aspect of Meckel’s cave where V1 arises
and hence courses in the lateral CS wall just above where it
joins its medial wall (Figs. 4.3, 4.4, 4.5, and 4.10).
Otherwise, most of Meckel’s cave is below and lateral to
the posterior aspect of the CS, and V2 does not travel in the
lateral wall of the CS. The V1 divides into three branches,
frontal, lacrimal, and nasociliary, prior to reaching the
SOF. Both the frontal and lacrimal nerves pass through the
SOF outside the annulus of Zinn, with the frontal nerve
more medial whilst the nasociliary nerve passes within the
annulus (Fig. 4.7) [1, 2, 6].

Fig.4.7 The course of the SOV is from medial to lateral orbit, crossing
over the optic nerve, and passing between the superior and lateral rectus
muscles, through the SOF outside the annulus of Zinn and then inferior
to V1 to join the CS. The superior and inferior divisions of the third
nerve, sixth nerve, and the nasociliary branch of V1 are passing into the
orbit within the annulus of Zinn. The other V1 branches, lacrimal and
frontal, and the fourth nerve, shown to cross over the optic nerve just a
few millimetres distally as it enters within the common tendinous origin
from lateral to medial, are all outside the annulus of Zinn. The ophthal-
mic artery penetrates the optic sheath to give off the central retinal
artery before giving off the other branches with the anterior ethmoidal
artery shown

25
4.2  Anatomy of the Internal Carotid

Artery
4.2.1 Course and Segments of ICA

A commonly used anatomical description of the segments of
the proximal intracranial ICA at the skull base identifies a
“petrous”, “lacerum”, “cavernous”, “clinoidal”, and “supra-
clinoidal” segments. The clinical implications are that by
building a 3D concept of the orientation, course, and sur-
rounding relationships, it becomes important in the manage-
ment of the various pathological processes involving this
region of the skull base. This facilitates the correlation with
imaging and in particular the lateral views of carotid angio-
grams and MRI for localisation and preoperative planning
(Fig. 4.8) [1, 2, 7].

The pharyngeal ICA enters the intracranial compartment
through the carotid canal in the middle of the inferior aspect
of the petrous bone, and initially its course follows the orien-
tation of the long axis of the petrous pyramid. This course is
directed horizontally, anteriorly, and medially—"horizontal
petrous segment” (Figs. 4.8 and 4.10). This may have a thin

Fig. 4.8 Internal carotid angiogram—Ilateral view, showing the seg-
ments of ICA: “petrous” [A], “lacerum” [B], “cavernous” [B, C, D],
“clinoidal” [E], and “‘supraclinoidal” [F] segments. The corresponding
nomenclature used in the text is: “horizontal petrous segment” [A],
“vertical petrosphenoid” [B], the “horizontal cavernous” [C] and the
“syphon cavernous” [D], and “clinoidal” [E], to facilitate providing a
3D orientation and surrounding relationships concept. The distal por-
tion of the “vertical petrosphenoid”, the “horizontal cavernous”, and the
“syphon cavernous” segments constitute the cavernous ICA. The oph-
thalmic artery is marked by a star. Correlate with Fig. 4.10
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shell of an overlying skull or even devoid of bone covering in
parts. At the petrous apex, where it passes by the foramen
lacerum, the ICA passes under the petrolingual ligament
which is attached between the petrous apex and the lingua
process of the sphenoid bone. At this point, it turns sharply
superiorly in a vertical orientation and somewhat eventually
anteriorly. This is the “vertical petrosphenoid segment”
related to the sphenoid bone enclosing the sphenoid sinus
and forming the superior part of the clivus (Figs. 4.5, 4.8,
4.9, 4.10, 4.11, and 4.12). The Gasserian ganglion at the
petrous apex straddles the transition between the horizontal
and vertical segments, in a 45° inclination on the coronal
plane. The V2 is related to the initial vertical portion, whilst
V1 enters the inferior aspect of the lateral wall of the CS
more distally, i.e. superiorly. The V1 is parallel to the supe-
rior edge of the petrolingual ligament.

Just inferior to the V1 entrance, at the floor of the CS, this
is where the ICA enters within the CS to become the “cav-
ernous” segment. The course is vertically superiorly and
slightly anterior. The sixth nerve within the CS is related to
the lateral aspect of this portion of the ICA just medial to the
course of V1 in the lateral wall. Distally the ICA sharply
turns anteriorly as a “horizontal cavernous” segment with
the origin of the meningohypophyseal trunk at the angle

between the vertical and horizontal segments of the cavern-
ous ICA (Figs. 4.5, 4.8, and 4.10). This is at the level of the
inferior aspect of the sella, and the pituitary gland is medial
to this horizontal segment. It is related to the carotid sulcus
which is a shallow groove on the sphenoid bone. The third
and fourth nerves are related to this segment. Historically,
Parkinson’s triangle was described to gain access to the cav-
ernous ICA inferior to the fourth nerve and superior to V1
through the lateral wall of the CS. This is where the bend of
the ICA and the origin of the meningohypophyseal trunk are
located.

At the anterior end of the “horizontal cavernous” seg-
ment, the ICA smoothly turns supero-anteriorly in a C-shaped
configuration, with the apex of the C being the most anterior
point which is also slightly inclined away from the midline in
the sagittal plane. At this point the course of the ICA contin-
ues supero-posteriorly until the exit of the cavernous ICA
through the roof of the CS. This is the “syphon cavernous”
ICA segment (Figs. 4.8, 4.9, 4.10, and 4.11). The cavernous
ICA penetrates the roof of the CS surrounded by the proxi-
mal dural ring at the level of the floor of the sella. The proxi-
mal dural ring is attached to the inferior aspect of the ACP
and to the optic strut, whilst the distal ring is attached to the
superior surface of the ACP. The “clinoidal” segment of the

Fig. 4.9 (a) The wide opening of the SS and ethmoidectomy revealing
the left cavernous ICA segments: vertical petrosphenoid or paraclival
ICA, the horizontal cavernous, and the syphon cavernous or parasellar
ICA, with relationship to SS, clivus, and sella harbouring the pituitary
gland and stalk. The intact lamina papyracea is medial to the orbit. The
course of the optic nerve and ophthalmic artery is visible through a bone
window at the superolateral corner of the SS at the medial aspect of the
distal optic canal prior to passing through the annulus of Zinn at a level
adjacent to the anterior wall of the SS. V2 emerges through the foramen

rotundum into the pterygopalatine fossa, associated with the maxillary
artery, and gives the zygomatic, infraorbital branches and contribution
through the sphenopalatine ganglion. (b) Similar view showing, in addi-
tion, the inferior extension and the medial CS venous compartment and
the basilar venous sinus with the relationship with the cavernous ICA
and sella. Endonasal endoscopic approaches allow access to orbital apex
lesions extending to the medial CS. The V2 in the lateral recess of the SS
and the annulus of Zinn with the recti muscles are clearly seen. The vid-
ian canal at the floor of the SS inferomedial to V2
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Fig. 4.10 A transcranial anatomical view from the left middle fossa
and opening into the SS above and below V2. The geniculate ganglion
of the seventh nerve gives the GSPN travelling on the surface of the
horizontal petrous ICA segment being crossed over by V3 (mandibular
division) to the foramen ovale and joined distally by the deep petrosal
to from the vidian nerve shown in the vidian canal at the floor of the
SS. The V2 division of the Gasserian ganglion which is straddling the
junction between the horizontal petrous and the vertical petrosphenoid
ICA segments is passing into the foramen rotundum. The relationship
between the course of V2 and the SS explains the impression of V2 in
lateral recess of well-aerated SS from a transsphenoidal view. The rela-
tionship between the vidian at the floor of the SS and the rotundum
foramina at the pterygopalatine fossa is that the latter is superolateral to
the former. The vertical petrosphenoid segment is seen from an endona-
sal approach as the paraclival ICA is shown with V1 and more medially
VIth nerve passing to the SOF. The third nerve passes over the horizon-
tal cavernous ICA segment in proximity to the meningohypophyseal
trunk. The fourth nerve is cross over the I1Ith nerve on approaching the
SOF. The syphon cavernous segment seen as the parasellar ICA from an
endonasal transsphenoidal route is at a more anterior plane than the
paraclival ICA. The base of the optic strut is anterior to the clinoidal
segment of ICA and separates the optic canal from the SOF. The proxi-
mal and distal dural rings are shown with the ophthalmic artery and
optic nerve distally. Correlate with Fig. 4.8

ICA is between these two rings (Figs. 4.6, 4.8, and 4.12). The
optic strut is anterior to the “clinoidal” segment [2, 7].

Therefore, the cavernous ICA is formed by the distal por-
tion of the “vertical petrosphenoid”, the “horizontal cavern-
ous”, and the “syphon cavernous” segments of the ICA.

The branches of the cavernous ICA can be variable but
include the meningohypophyseal trunk at the bend of the
“horizontal cavernous” ICA giving inferior hypophyseal,
tentorial, and dorsal meningeal branches, the inferolateral
trunk more distally from the same ICA segment in proximity

Fig.4.11 An endonasal transsphenoidal anatomical view showing the
paraclival ICA with the vidian canal at the level of the floor of the SS
towards its junction with the horizontal petrous segment. The parasellar
ICA are at either side of the sella, and the medial venous compartments
of CS are joined by the superior and inferior anterior intercavernous
sinuses. The optic nerve entering the annulus of Zinn and ophthalmic
artery is seen

of the fourth nerve supplying the lateral wall of the CS, and
finally an inconsistent capsular artery of McConnel to the
pituitary gland and sella. In the rare cases of persistent tri-
geminal artery, this arises from the “vertical petrosphenoid”
segment.

The ophthalmic artery in most cases originates off the cli-
noidal segment of the ICA and passes with the optic nerve
into the optic canal to penetrate the optic sheath distally on
its lateral aspect at the orbital apex (Figs. 4.8, 4.9, 4.10, 4.11,
and 4.12).

4.2.2 Correlation Between Transcranial
and Endonasal Anatomy
of the Cavernous ICA

Endoscopic endonasal (EE) approaches to the skull base and
orbit expose the anatomy of the cavernous ICA, some CS
compartments, and the medial orbit and orbital apex from a
basal extracranial point of view. The wide opening of the
anterior wall of the sphenoid sinus (SS) allows visualisation
“face on” and access to the sella and parasellar region and
more inferiorly the upper part of the clivus (Figs. 4.8, 4.9,



28

R. W. Kirollos

%

Fig.4.12 The sixth nerve passes deep to Gruber’s ligament in Dorello’s
canal, crossing the lateral aspect of the vertical petrosphenoid segment
of the cavernous ICA and medial to the V1 division of the Gasserian
ganglion which is straddling the junction of the horizontal petrous and
vertical petrosphenoid ICA segments. Deeper and not shown, the petro-
lingual ligament demarcates the junction between these two segments.
The third nerve is at the level of the origin of the meningohypophyseal
trunk in proximity of the junction of the vertical petrosphenoid and the
horizontal cavernous ICA segments. On the left the clinoidal segment
of ICA emerges at the clinoidal triangle, whilst on the right the proxi-
mal and distal dural rings are diverging laterally with the optic strut
anteriorly. It is giving off the ophthalmic branch and the superior
hypophyseal distally

4.10, and 4.11). The lower limit of the exposure without fur-
ther bone drilling is at the level of the floor of the SS.

In an aerated SS, the junction between the “horizontal
petrous” and “vertical petrosphenoid” segments of the ICA
is at a plane corresponding to the plane of the floor of the
SS. From an EE view, the “vertical petrosphenoid” segment
is named as the “paraclival” ICA in endoscopic terms.
These, on either side, form the lateral limits for the endo-
scopic transclival approaches. Given that the vidian canal is
located laterally at the level of the floor of the SS, the vidian
nerve is valuable as a surgical landmark to the petrous ICA
and apex of the petrous bone. The vidian foramen transmits
the vidian nerve formed by the greater superficial petrosal
nerve (GSPN) and the deep petrosal nerve containing the
sympathetic nerve fibres around the petrous ICA to the pter-
ygopalatine fossa. The foramen is at the base of the ptery-
goid process at the upper aspect of the pterygopalatine fossa
and is inferior and medial to the foramen rotundum. It also

contains a vidian artery. Hence, drilling the vidian canal and
following the nerve will lead to the petrous apex with the
junction of the “horizontal petrous” and “vertical petrosphe-
noid” segments of the ICA medial and inferior—as would
be expected given the course of the GSPN on the superior
aspect of the petrous ICA—and the Gasserian ganglion
laterally.

However, with the prominence of the sella floor, the tran-
sition and junction between the “vertical petrosphenoid” or
“paraclival” segment with the “horizontal cavernous”
becomes at a deeper plane and is not readily visualised from
an endoscopic view within the SS. The inferior medial CS
compartment is between the superior of the “paraclival” ICA
segment just below and lateral to the sella. In an well-aeriated
SS, the V2 impression as it courses the paraclival ICA is seen
in the lateral recess of the SS, just inferior to the inferior limit
of the CS. However, during endoscopic surgery for sellar/
pituitary lesions, the medial CS component adjacent to the
ICA junction between the superior paraclival and horizontal
cavernous segments may be accessed from within the sella,
and the inferior hypophyseal artery may be encountered
there (Figs. 4.9b and 4.11).

Distally the “syphon cavernous” segment becomes
prominently visualised endoscopically on either side of the
sella and hence named “parasellar” ICA. On occasions, the
overlying bone is dehiscent [2, 5]. At the posterior roof of
the SS, the ICA and optic nerve impressions define the lat-
eral and medial optico-carotid recesses (OCR). The lateral
OCR, which is occasionally well aeriated, represents the
optic strut joining the sphenoid bone and separating the
optic canal from the SOF. The medial extension of the SOF
is lateral to the lateral OCR. This configuration reflects the
fact that the anterior ICA syphon lies at the posterior surface
of the optic strut and then emerges medial to the ACP. The
medial OCR is at a plane just above the middle clinoid pro-
cess, with the superior medial CS compartment, and is the
“gateway” to the endoscopic corridor and access to the
supraclinoid ICA.

4.2.3 Relevant Vascular Anatomic Variations

The ophthalmic artery arises from the cavernous ICA within
the CS in 8% [2]. In that case it reaches the orbit through the
SOF rather than the optic canal. Sometimes it is duplicated,
being either of equal calibre or one dominant branch, one
arising from the supraclinoid ICA in the subarachnoid space
and passing through the optic canal whilst the other within
the CS and passing through the SOF.

Rarely, the ophthalmic artery is replaced by a branch of
the middle meningeal artery or a meningo-orbital branch
passing through the lateral part of the SOF (Figs. 4.2, 4.3,
and 4.4) [2, 8].
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4.3 Relevance of CS Anatomy

to the Management of Orbital Lesions

Anatomically the CS is located posterior to the orbital apex
with neurovascular structures coursing through the SOF. This
continuity determines the extension of pathological pro-
cesses in this region and through further connections to other
compartments. Furthermore, understanding the bony con-
figuration, especially the ACP and optic strut with the prox-
imity of the optic canal to the CS together with the dural
attachments to the petrous and sphenoid bone and the ICA, is
most important. This is mainly to determine individually tai-
lored surgical approaches accessing the region around the
orbital apex, optic canal, and SOF by knowing the exact need
for bone drilling necessary to expose the pathological lesion
extending between these compartments with minimal risk to
the intimately related neurovascular structures.

4.3.1 Extension of Pathological Process

Involving the Orbit

Given the anatomical proximity and connections between
the orbit and CS, a number of neoplastic, infective, or vascu-
lar conditions involve both regions.

Schwannomas and nerve sheath tumours may extend
along the course of the nerve of origin from the CS to the
orbit (Fig. 4.13). Those related to both divisions of the third,
nasociliary, and sixth nerves pass through the SOF within the
annulus of Zinn. Further extensions for those involving the
V1 branches namely the frontal, lacrimal, and nasociliary
may even include the Meckel’s cave. The adjacent Mekel’s
cave shares a dural wall with the posterolateral CS. Its supe-
rior aspect is just lateral to the posterior CS as the Mekel’s
cave is predominantly located inferior and lateral to the
CS. Malignant tumours such as adenoid cystic carcinomas
with the propensity for perineural spread may behave
similarly.

Other lesions such as spheno-orbital meningiomas usually
with hyperostotic involvement of the greater wing of sphe-
noid—forming part of the lateral orbital wall as well as part
of the middle fossa—are associated with en plaque intradural
meningioma mass involving the lateral wall of the CS.

Transvenous extension of infections between the orbit
and CS 1is explained by their venous connections. In
pathological situations, the anatomical boundaries of the CS
are arbitrary as there are multiple venous connections, either
through the pericavernous plexus or directly to other com-
partments. These venous connections explain the potential
transvenous spread of infection or septic thrombosis to the
orbit from adjacent regions via the CS such as the soft tissues
of the face via the facial veins tributaries to the ophthalmic
veins, retropharyngeal space via pterygoid plexus and emis-

sary veins, and contralateral infection from one CS to the
other via the intercavernous connections.

The effects of venous hypertension, manifesting by pap-
illoedema or elevated intraocular pressure, can arise through
the transmission of elevated venous pressure to the central
retinal vein via a connection of the ophthalmic vein. This
may occur, for example, from remote venous sinus thrombo-
sis or a dural arterio-venous fistula involving the transverse
sinus via the superior petrosal and the jugular bulb via the
inferior petrosal sinus or the contralateral CS.

4.3.2 Implications for Operative Approaches
4.3.2.1 Transcranial Approaches

Anterolateral transcranial approaches with variations includ-
ing pterional, modified orbitozygomatic, or supraorbital
mini-craniotomies access widely the superolateral orbit and
allow dealing with lesions extending from the orbital apex,
optic canal, and SOF to the CS and other intracranial regions.
This allows dealing with such extensions to the CS with
extradural approaches.

During resection of orbital lesions extending to the para-
sellar region sometimes, it is possible to trace and distinguish
lesions extending within the CS from those towards the
Meckel’s cave (Fig. 4.13). The latter will be surrounded by
the pericavernous venous plexus which extends onto the
rotundum and ovale foramina around V2 and V3 and haem-
orrhage from which would be easier to control as opposed to
that from the CS.

Following the orbitotomy, the frontotemporal dura is
adherent to the periorbita at the SOF, and an incision of the
meningo-orbital band allows extradural separation of the
dural layers of the lateral wall of the CS. Especially, with
lesions expanding the sinus, “peeling” of the dural layers
onto the potential space within the CS or lateral wall occu-
pied by the lesion is facilitated.

The extent of drilling of the ACP, optic strut, and opening
of the optic canal is tailored according to the extent of the
lesion and the need to control the clinoidal segment of the
ICA. Occasionally, a bony bridge between the middle clinoid
and ACP forms a carotidoclinoidal foramen through which
the ICA passes which needs to be drilled to mobilise this
ICA segment, if needed, during transcranial approaches to
the orbital apex.

4.3.2.2 Endoscopic Endonasal Approaches

Endonasal approaches access the medial orbit through the
lamina papyracea and extended bone window. For lesions
around the orbital apex, transsphenoidal extension is needed.
The level of the junction of the anterior wall of the SS and its
lateral wall is the approximate attachment of the annulus of
Zinn. Therefore, drilling of the medial optic canal along the



R. W. Kirollos

Fig. 4.13 Axial MRI, TIl-weighted with gadolinium (a) and
T2-weighted (b) sequences for a patient presenting with right-sided
proptosis and severe compressive optic neuropathy showing an intra-
conal orbital schwannoma with heterogenous signal extending through
the SOF to the CS. (¢) Coronal T2-weighted MRI depicting the mixed

lateral wall of the SS will access the medial orbital apex region
proximal to the attachment of the annulus of Zinn (Fig. 4.9a).
The medial CS venous compartment starts superior to the V2
impression on the SS lateral recess and medial to the para-
clival ICA and more superiorly from within the sella between
the pituitary gland and the ICA (Figs. 4.9b and 4.11).

4.3.3 Considerations for Potential
Complications

In extended lesions with ICA encasement, thorough anatom-
ical knowledge of the course, bony relationship, and dural
attachment of the artery is imperative to avoid iatrogenic
injury.

signal intracavernous extension of the lesion expanding the CS on the
right. An arrow is pointing to the contralateral ICA flow void for com-
parison. (d) Magnified axial T2-weighted MRI showing the course of
the cisternal portion of the fifth nerve to the Meckel’s cave which is
clear and separated from the lesion extending to within the CS

Awareness of anomalous arterial supply will mitigate
potential complications. The ophthalmic artery branches
within the orbit forming anastomosis with branches of the
external carotid artery. Occlusion at its origin off the ICA
does not necessarily result in blindness, but it is its first branch
in the orbit which is the central retinal artery which is an end
artery, and its occlusion will result in blindness. However,
injury of the ophthalmic artery at surgery or through endovas-
cular procedures may cause blindness through thromboem-
bolic sequelae as the central retinal artery is of a small calibre.
Unawareness of the possible variations of the ophthalmic
artery such as those arising from the cavernous ICA may be
coagulated erroneously during resection of orbital lesions
extending through the SOF as in this variation the ophthalmic
artery passes through the SOF rather than the optic canal.
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Unrecognised postoperative infections after orbital sur-
gery may result in septic thrombosis of the cavernous sinus
with serious consequences if treatment is delayed.
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Paranasal Sinuses

Hung Wai Cho

Abstract

The paranasal sinuses arise as evaginations from the nasal
cavities. They are air-filled cavities lined with ciliated
columnar respiratory epithelium with their ostia opening
in the nasal cavities. Their development varies in time
with the maxillary sinus being the first to develop, fol-
lowed by ethmoid sinus, sphenoid sinus, and frontal sinus.
The sinuses grow after birth till the early twenties with
variable degrees of pneumatization [1]. The paranasal
sinuses comprise five paired sinuses, namely, maxillary,
frontal, anterior ethmoid, posterior ethmoid, and sphe-
noid. The maxillary, frontal, and anterior ethmoid sinuses
are grouped as the anterior system with the final drainage
pathway toward the osteomeatal complex. The posterior
ethmoid and sphenoid sinuses are grouped as the poste-
rior system which drains toward the sphenoethmoidal
recess. The anatomy of the paranasal sinuses shows great
individual variation, with different degrees of pneumati-
zation and septation. A general understanding of the anat-
omy of the paranasal sinus creates the transnasal corridor
to the orbit.
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5.1 The Maxillary Sinus

The maxillary sinus opens to the nasal cavity through its
natural ostium on the medial wall. There may be accessory
ostia, namely, anterior and posterior fontanelle. The roof of
the maxillary sinus forms the majority of the orbital floor,
and its posterior bony edge contributes to the inferior orbital
fissure. The infraorbital nerve runs at the roof with bony
dehiscence occasionally.

The Anterior and Posterior Ethmoid
Sinuses

5.2

The ethmoid bone is extremely complex situated in the ante-
rior base of the skull and contributes to the medial wall of the
orbits, the roof and the lateral walls of the nasal cavity. The
ethmoid sinus consists of 3—18 thin-walled cells [2]. The lat-
eral wall, lamina papyracea, is the lateral limit of the nasal
cavity as well as the medial orbital wall. The roof is consti-
tuted by the fovea ethmoidalis of the frontal bone. The unci-
nated process is a thin curved bar of bone from the ethmoid
which is the door to the osteomeatal unit.

Anatomically, the anterior ethmoid and posterior ethmoid
are separated by the ground lamella, which is attached to the
middle turbinate. During surgery, the ground lamella is iden-
tified at the blind end between the bulla and middle turbinate.
Radiologically, the ground lamella is at the junction of the
middle turbinate and superior turbinate.

Supraorbital cells originate from the anterior ethmoid
which extends superiorly over the orbit from the frontal
recess. The anterior ethmoidal artery (AEA) lies posterior to
the supraorbital cell, which can be a landmark for the identi-
fication of AEA [3].

Haller cells refer to the ethmoidal pneumatization at the
superior aspect of the maxillary sinus and floor of the orbit [4].
Access to the maxillary sinus can be restricted by Haller cells.
Recognition of Haller cells on preoperative computed tomog-
raphy (CT) would aid in the dissection for identification of the
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Fig. 5.1 Serial axial CT (from inferior to superior) showing a small right sphenoid sinus (a) and a large Onodi cell (b and ¢). The left sphenoid

sinus is dominant in this patient. S sphenoid sinus, O Onodi cell

Fig. 5.2 Endoscopic picture of the left sphenoid sinus showing the optic nerve, carotid artery, opticocarotid recess, and lateral recess of the sphe-
noid sinus, with corresponding coronal CT images. ON optic nerve, C carotid artery, OCR opticocarotid recess, LR lateral recess

maxillary roof/orbital floor and the lamina papyracea. The
floor of Haller cells can be mistaken as the floor of the orbit.

Onodi cells (sphenoethmoidal cells) are an anatomic vari-
ant of the most posterior ethmoid cells that pneumatized
superiorly and laterally to the sphenoid sinus and are in close
relation to the optic nerve (Fig. 5.1) [5]. Recognition of its
relationship to the sphenoid sinus is important in dissection
around the optic canal to avoid inadvertent injury.

sellar turcia [6]. The optic nerve prominence lies at the superior
end on the lateral wall, with a variable relationship in the pres-
ence of Onodi cells. The intersphenoid septum and accessory
septum can be attached to carotid prominence. The opticoca-
rotid recess is the bony depression between the optic nerve and
carotid artery. In the presence of pneumatization with a large
lateral recess (Fig. 5.2), the transpterygoid approach may be
required to reach the far lateral end.

5.3 The Sphenoid Sinus

The sphenoid sinuses are variable in size and often asymmetric
with variable degrees of pneumatization into the greater wing,
pterygoid processes, and rostrum. Several types of pneumatiza-
tion are described, namely, conchal, presellar, sellar, and post-
seller, depending on the position of the sinus in relation to the

5.4  The Frontal Sinus

The frontal sinus drainage pathway depends on the relative
anatomy of uncinate process attachment and frontoethmoidal
cells. The floor of the frontal sinus is shared with the anterior
orbital roof. The orbital roof can be non-pneumatized, only
the medial part pneumatized, the medial and a portion of the



5 Paranasal Sinuses

35

Fig.5.3 Coronal CT images showing different degrees of pneumatization of frontal sinuses. Small right frontal sinus and absent left frontal sinus
(a and b). Highly pneumatized frontal sinuses (c and d)

central part pneumatized, or roof predominantly pneuma-
tized (Fig. 5.3) [7].
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Abstract

History is the first step in establishing the doctor-patient
relationship. Both patients and doctors acquire the first
impression of each other through this process. Through
systematic inquiry, a list of differential diagnoses is for-
mulated, and the door to a logical guessing game is
opened.

Keywords

History - Chief complaint - Symptoms - Differential
diagnosis - Etiology

6.1 Introduction

History is the first step in approaching a clinical problem. It
is a fundamental skill in clinical medicine. The patient
approaches the doctor with a chief complaint. After clarify-
ing the problem in the history of present illness, we obtain
the background information of the patient by taking the past
medical history, family history, drug history, and social his-
tory. Most of the time, we will have an idea about the differ-
ential diagnosis. This guides the physical examination and
investigations to reach a definitive diagnosis.

6.2  Chief Complaint

A chief complaint is the symptom that brings the patient to
the doctor. This is the problem that the patient wants to solve.
Our job is to clarify the complaint so that it suits the symp-
toms known. For presenting symptoms from periorbital skull
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base diseases, the main categories include neurological and
ophthalmological symptoms, pain (periorbital pain, head-
ache), and cosmetic problems. After clarifying the chief
complaint, we can have a detailed inquiry into that and the
other information associated.

6.3  History of Present Iliness

6.3.1 Onset

Onset time should be the first question after clarifying the
chief complaint. It gives us clues about the underlying etiol-
ogy of the symptoms (Table 6.1). Sometimes, the description
from the patient is not straightforward. Specific questioning
will be needed to match their description to our framework
so that we have a clearer direction for further questioning.

In the sudden onset group, acute trauma history is easy to
elicit and usually volunteered by the patient. The vascular
cause is usually due to acute arterial occlusion (seldom in
periorbital skull base diseases) or rupture, e.g., in direct
carotid cavernous fistula.

In the progressive-onset group, causes are more diverse. It
is not easy to differentiate the causes with such little infor-
mation at this stage. The exception is the vascular cause.
Symptoms from the vascular cause can be prominent, which
gives us a clearer direction in further questioning. Mucocele
from paranasal sinuses enlarges slowly and behaves like a
benign tumor.

Table 6.1 A rough guide between onset time and possible etiologies of
the underlying diseases

Descriptive term

Onset time by patient Etiology

Minutes to Sudden Vascular (arterial), trauma
hours

Days to weeks Progressive Neoplasm, inflammatory,

infection, vascular (venous),
congenital/developmental
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6.3.2 Duration

Duration of symptoms is clearer in sudden onset disease, as
the patient can clearly define the duration lapsed before he/
she presents. On the contrary, it is usually mixed with onset
time in subacute or chronic problems. The progressive onset
nature of these problems makes differentiation from onset
and duration difficult. Practically, such differentiation is not
mandatory in developing the list of differential diagnoses.
Knowing the time frame from the appearance of symptoms
to the presentation will be enough for history taking
purposes.

6.3.3 Site, Radiation, and Character

These three items are mainly for the description of pain.

In periorbital pathology, the sites of pain are along the
trigeminal territories, retrobulbar pain, or non-localizing
headache. In the trigeminal territories, you will expect a
higher incidence along the first and second divisions of the
trigeminal nerve due to their close vicinity to orbit. These
two branches go along the lower portion of the lateral wall of
the cavernous sinus. The ophthalmic nerve (V1) runs into the
orbit via the superior orbital fissure. The maxillary nerve
(V2) runs into the pterygopalatine fossa via the foramen
rotundum, and its terminal branch goes through the inferior
orbital fissure into the floor of the orbit.

Asking about the radiation of pain is usually not useful.
As pathological irritation usually comes from trigeminal ter-
ritories, you will expect patient complaints of symptoms in
the corresponding region. As a result, the site and radiation
of pain are just the same. Another description from the
patient will be radiation over the whole scalp or the vertex.
This is nonspecific.

Wordings like pins and needles, ant crawling, stabbing,
burning, and electric shock will be anticipated in patients in
neuropathic pain, due to stimulation of the branches of the
trigeminal nerves in the periorbital region. Though nonspe-
cific, distending, bulging, or tension type of pain including
headache can sometimes point to a space-occupying lesion.
This is due to irritation of nerve fibers on the dura or perios-
teum and is mainly in the territories of the trigeminal nerve.
However, most of the time, no lesion can be identified in
patients with tension headache.

6.3.4 Severity

Subjective descriptions like mild, moderate, and severe are
usually used in this part. This is the most common gauge for
the disturbance of presenting symptoms to the patient. For
pain, the visual analog scale can be included to allow com-

parison between different time frames (most useful) or
between different individuals (sometimes useful as pain is
subjective). Another aspect to reflect the severity is how it
affects the patient’s daily living. Some examples of daily
activity concerns are sleeping, eating, job, and hobbies.

6.3.5 Precipitating, Aggravating,
and Relieving Factors

This item hopes to find additional clues in formulating the
differential diagnosis and the cause of the disease. Factors
that we can explore include the timing of the day that affects
the symptoms (e.g., morning, evening), Valsalva maneuver,
history of recent infection, and history of old trauma.

Morning headache is a classical symptom of increased
intracranial pressure but is not common. Valsalva maneuver
leads to increased afterload, which increases the right atrial
pressure and peripheral venous pressure. Symptoms due to
venous congestion or increased intracranial pressure can be
more prominent.

6.3.6 Associated Symptoms

A disease can cause multiple symptoms. Besides the present-
ing symptoms, other possibly related local symptoms should
be screened (Table 6.2). Grouping of symptoms facilitates
systematic questioning and documentation. The current sys-
tem is not perfect. It is mainly anatomical, but cosmesis is
more of a functional problem. Not surprisingly, you will
expect some patients complaining of proptosis as a cosmetic
problem. You can create your own system as long as it is
helpful.

In addition to orbital and ophthalmological symptoms,
screening intracranial neurological symptoms is sometimes
helpful, especially in diseases causing disfiguring problems.
As alesion is big enough or affects cerebral circulation, cere-
bral symptoms will occur. With anatomical consideration,
the frontal and temporal lobes will be most affected. The list
of symptoms is numerous and can refer to neurology text-
books. Seizures may happen especially in pathology causing
focal cerebral edema. Some patients complain of cognitive
decline due to chronic increase in intracranial pressure.

Table 6.2 Examples of symptoms in periorbital skull base disease

Group Symptoms

Orbital Proptosis, periorbital pain

Ophthalmological Visual blurring, diplopia

Neurological Headache, facial numbness, dysphasia
(frontal and temporal lobe), memory
(temporal lobe)

Cosmesis
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6.3.7 System Review

This is recommended when your differential diagnosis
includes potential systemic diseases, e.g., malignant tumor,
hematological disease, inflammatory cause including sar-
coidosis, and disseminated infection. Common symptoms in
different body systems should be enquired about to define
the cause and assess the extent of the disease.

6.4 Past Medical History

Medical comorbidities and a history of previous surgery is
the focus of this part. Information from these can narrow
down the list of differential diagnoses. These can also affect
the management options, decision of anesthesia, and choice
of surgical approaches.

History of disease in the periorbital area and history of
paranasal sinus diseases should be enquired about. Other
aspects that need particular attention include benign and
malignant tumors or lesions including syndromes; hemato-
logical diseases, e.g., bleeding tendency and thrombophilia;
inflammatory causes, e.g., IgG-4 disease and rheumatologi-
cal disease; systemic or head and neck infection; and thyroid
problem.

6.5 Family History
Patients should be asked if other family members have simi-
lar symptoms, periorbital diseases, or hereditary syndrome,
e.g., neurofibromatosis. Other systemic diseases that may
affect the periorbital area should also be asked, e.g., history
of malignancy in the family.

6.6  Drug History
This part is straightforward. For prescribed medicine,
patients usually can either remember them or show you the
packages. On the other hand, we need to ask specifically for
the use of over-the-counter medications, herbs, traditional
Chinese medicine especially in Chinese ethnics, and health
products. This is because for some patients, taking these is
like a life routine. They cannot realize it unless you mention
it specifically.

By knowing the variety of medications used for a particu-
lar disease, we can indirectly assess the severity of the dis-

ease. Compliance with medication may shed light on the
degree of disease control.

Usually, the part of past medical history can explain why
the patient is using the current medications, so using medica-
tion to provide clues to diagnosis is seldom needed. One
exception is contraceptive pills. It can induce hypercoagula-
bility and thrombosis in the cavernous sinus or its tributaries.
However, this diagnosis is rare. Other causes of cavernous
sinus thrombosis, e.g., facial infection, are more common.

6.7  Social History

Most of the information here may give some clues in estab-
lishing the diagnosis and tailoring the management plan
later. Some time is worth spending on these few questions.

Occupation is the must-known information. This may tell
us the etiology of the problem and formulate the plan. The
same rationale is for asking about the patient’s hobbies and
recreational activities. Smoking and alcoholic history pro-
vides information for general health status and allows us to
assess the risk of anesthesia when needed.

Living conditions and living companions are important
pieces of information. We estimate the patient’s social back-
ground and social support through them. These may also
affect the patient’s attitude to the disease. For diseases that
will be debilitating in the future, we can provide some ways
to the supporting groups or facilities later.

This is the last part of history taking. By this time, an
impression of the patient’s character is vaguely formed, e.g.,
anxious, introvert, optimistic. We may also know the reason
why patients have such characteristics. Combining the char-
acter and background information from this part, we can
individualize the plan of management. Then we can deliver
the messages to our patients in a more palatable manner.

6.8  Conclusions

History is the gateway to establishing the doctor-patient
relationship. By listening to the patient’s story and asking
specific questions, we paint a picture of his/her problem in
our mind. This guides the planning of physical examina-
tions and investigations to reach a definitive diagnosis.
Furthermore, the background of the patient helps us to indi-
vidualize the plan of management. By taking care of the
biopsychosocial perspectives of the patient, holistic care can
be achieved.
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Abstract

For patients with symptoms suggestive of orbital apex or
periorbital skull base disease, a thorough examination
should include an assessment of the ocular and periocular
structures, afferent visual pathway (optic nerve function),
and efferent visual pathway (pupils, eyelid position, and
extraocular eye movement) as well as other cranial nerves.
This allows us to localize the disease and shed light on the
nature of the pathology and direct further investigations,
including appropriate neuroimaging and blood tests.
Quantification of any abnormities, e.g., by using auto-
mated visual field, optical coherence tomography, electro-
diagnostics, prism cover tests, or Hess charts, allows us to
assess the severity of the disease at baseline and monitor
disease progress or response to treatment.

Keywords

Optic neuropathy - Extraocular movement - Visual field -
OCT - Electrodiagnostics

7.1 Introduction

When a patient presents with symptoms which may suggest
orbital apex or periorbital skull base disease, physical exami-
nation allows us to confirm the presence of pathology and
assess its severity, so that it would guide the urgency and
type of further investigations and management. This is espe-
cially important in low-resource settings, where investiga-
tions (e.g., neuroimaging or even visual field examination)
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are not readily available, and the clinician has a role to priori-
tize the patients according to their clinical urgency.

The surgical anatomy has been covered in detail in Chap. 1.
To recap, the anatomical structures involved in the superior
orbital fissure, orbital apex, and cavernous sinus syndromes
[1], and the associated required examinations are summarized
in Table 7.1. It is worth noting that while all those anatomical
structures may be potentially involved, the actual involvement
and physical signs depend on the disease severity, e.g., orbital
apex syndrome may present with optic neuropathy alone.

In a busy clinic, it is impossible to perform the complete
set of examinations for every patient, so the examination
should be directed according to the symptoms. The neuro-
ophthalmic examination for suspected orbital apex disease
can be divided into the following parts:

(a) Inspection.

(b) Assessment of afferent visual pathway (including exam-
ination of ocular structures).

(c) Assessment of efferent visual pathway.

(d) Other cranial nerves and directed systemic examination.

Table 7.1 Anatomical structures involved in the superior orbital fis-
sure, orbital apex, and cavernous sinus syndromes

Syndromes
Superior | Orbital
Involved orbital apex Cavernous | Physical
structures fissure syndrome | sinus examination
CNII X v X Afferent visual
pathway
CN III v v N Efferent visual
pathway
CNTV v v v » Extraocular
CN VI v v v eye
Oculo- X X movement
. '4 * Pupils
sympathetic + Lid position
fibers P
CN VI y y v Facial
CN V2 « + y sensation
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7.2 Inspection

Patients with orbital apex disease may have no external signs
on inspection at all. However, they may also present with
erythema or cellulitis of the periorbital skin, ptosis, propto-
sis, or eye redness, which may be unilateral or bilateral. For
those with signs suggestive of cellulitis, it is important to
distinguish whether it is superficial (pre-septal) or there is
orbital involvement. Proptosis, ophthalmoplegia, and with or
without eye redness would suggest orbital involvement. If
proptosis is present, it should be quantified with an exoph-
thalmometer (Fig. 7.1). While there are many causes of eye
redness, and it usually takes an ophthalmologist to make the
correct diagnosis with the aid of a slit-lamp (e.g., to rule out
intraocular inflammation); the finding of eye redness due to
cork-screw vessels (Fig. 7.2) is very suggestive of the pres-
ence of a carotid-cavernous fistula.

Fig.7.2 Left eye of a patient with an indirect carotid-cavernous fistula,
showing conjunctival corkscrew vessels

7.3  Afferent Visual Pathway

Ocular examination usually begins with visual acuity and
intraocular pressure measurement. Visual acuity is one of the
most important parameters in ocular examination. In the
ideal situation, the best-corrected visual acuity (BCVA) of
each eye should be documented individually using either a
Snellen or Early Treatment of Diabetic Retinopathy Study
(ETDRS) visual acuity chart. If BCVA is not possible, then
visual acuity should be checked with the patient wearing
appropriate spectacles and with the aid of a pinhole if the
visual acuity is suboptimal. Uncorrected visual acuity alone
is usually not sufficient.

The afferent visual pathway can be assessed in terms of
its function and structure, as summarized in Table 7.2. Visual
functions are assessed subjectively (dependent on the
patient’s responses) and objectively. In addition to visual
acuity, subjective visual functions are usually also assessed
in terms of color vision (using standardized tools like the
Hardy Rand Rittler or Ishihara Pseudoisochromatic Plates)
and visual field examination. In the absence of specialized
equipment, confrontational visual field examination, if per-
formed well, can give very useful information. The visual
field can be further quantified and recorded with formal test-
ing, e.g., with the Humphrey visual field analyzer (HVF
24-2/30-2 for the central visual field, FF-81 for the periph-
eral visual field) or the kinetic Goldmann perimeter (which is
more operator dependent and fast becoming a lost art).
Subjective brightness sensitivity and red desaturation
(expressed as a subjective percentage of the diseased eye vs.
normal fellow eye) and contrast sensitivity measurement
(e.g. using Pelli-Robson chart), if available, may serve as
adjunctive visual assessment parameters.

Objectively, the relative afferent pupillary defect (RAPD)
is the most important clinical sign to elicit in patients with
visual loss. It is performed on the basis that light stimulation
of one eye causes simultaneous and equal constriction of
both pupils. Therefore, by illuminating each eye alternately,
one can gauge the integrity of the anterior visual pathway of
one eye compared to the other. However, its utility is limited
with patients with bilateral symmetrical visual loss or if the
pupils of both eyes are not functional (e.g., bilateral CN3
palsy, damaged surgically or pharmacologically constricted/
dilated). Even if one pupil is defective, checking for “reverse
RAPD” is still possible using the fellow normal pupil.
Quantification of the RAPD is feasible with neutral density
filters or commercially available binocular pupillometers.

After checking the RAPD, it is conventional to examine
the patient on the slit-lamp for any anterior segment pathol-
ogy, then pharmacologically dilate both pupils to examine
the posterior segment, particularly to rule out other intraocu-
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Table 7.2 Assessment of afferent visual pathway

Function Structure
Subjective 1. Visual acuity ¢ Snellen Chart
e ETDRS Charts
2. Color vision ¢ HRR Plates
* Ishihara Plates
3. Visual field » Confrontational
* Humphrey
¢ Goldmann
4. Brightness sensitivity/red desaturation
5. Contrast sensitivity ¢ Pelli Robson Chart
Objective 1. Relative afferent pupillary defect (RAPD) 1. Optic disc photo
2. Visual electrodiagnostics, e.g., visual evoked potential 2. Ocular imaging: optical coherence tomography
3. Neuroimaging (CT/MRI)

ETDRS Early Treatment of Diabetic Retinopathy Study; HRR Hardy Rand Rittler

Fig. 7.3 Optic disc appearance of papilledema (a), optic neuritis with disc swelling (b), optic nerve sheath meningioma (c). It is usually not pos-
sible to determine the aetiology of the disc swelling by optic disc appearance alone

lar causes of visual loss and document the optic disc appear-
ance. In orbital apex disease, the optic disc may appear
normal but may also be swollen (with or without associated
increased retinal vascular tortuosity) if there is orbital con-
gestion or compression immediately behind the globe. With
long-standing optic neuropathy (of at least 1 month dura-
tion), there may be clinically visible optic atrophy. While the
disc appearance alone is seldom diagnostic of a particular
pathology (Fig. 7.3), it is conventional to document any
abnormal optic disc morphology by optic disc photography
(stereoscopic photos preferred).

In recent years, there is an increasing trend to use optical
coherence tomography (OCT) to assess and monitor optic
neuropathies [2, 3]. OCT is widely used in ophthalmology to
assess macular disease and glaucoma. In non-glaucomatous
optic neuropathy, the peripapillary retinal nerve fiber layer
thickness (pRNFL) can be used as a surrogate marker of

optic disc swelling or optic atrophy. The optic nerve is made
up of the axons of retinal ganglion cells which constitute one
of the innermost layers of the retina. OCT scan of the macula
can measure the thickness of the ganglion cell layer (GCL),
usually together with the inner plexiform layer (IPL) due to
a limitation of the OCT instrument’s algorithm to delineate
the two layers. The GCL-IPL thinning is another surrogate
marker of optic atrophy, particularly useful in conditions
where pRNFL thinning may be masked by disc swelling,
e.g., in long-standing compressive optic neuropathy. Together
with functional assessments, OCT pRNFL and GCL-IPL
thickness can be used to quantitatively monitor optic neu-
ropathy progression or response to treatment (see Fig. 7.4). It
is worth noting that while visual acuity and visual field
defects can recover and disc swelling (and pRNFL
thickening) can resolve, pRNFL and GC-IPL thinning do not
recover.
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Fig. 7.4 The visual field (Humphrey 30-2) (a, d), Cirrus (Carl-Zeiss)
optical coherence tomography (OCT) of optic nerve head (b, e) and
macula (c, f) of a patient with left eye optic nerve sheath meningioma in
2019 (a—c) and 2021 (d—f), demonstrating disease progression in terms
of inferior visual field defect enlargement, increase in retinal nerve fibre

Visual evoked potential (VEP) can be used to assess the
function of the whole afferent visual pathway (from the cor-
nea to the occipital cortex) objectively [4]; however, some
clinicians only use it for patients who are unable to respond
accurately (e.g., due to age or mental condition) or are unre-
liable (e.g., malingerers), because VEP results are affected

thickness (RNFL) (as an indirect measure of disc swelling) and thin-
ning of ganglion cell layer-inner plexiform layer (GCL-IPL) (as an indi-
rect measure of optic atrophy). Note how the pattern of GCL-IPL
thinning corresponds topographically with the inferior visual field
defect

by many factors (e.g., refractive error, maculopathy) and do
not provide much information in addition to the examina-
tions listed above in reliable patients. If VEP is deemed nec-
essary, pattern VEP (performed with the patient wearing
optimal spectacle/contact lens correction) is always prefera-
ble to flash VEP, which is much more variable.
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7.4  Efferent Visual Pathway
The assessment of the efferent system consists of the evalua-
tion of:

(a) Extraocular movement.

(b) Pupil size—Ilook for anisocoria in light and dark condi-
tions; reaction to light and accommodation (sympathetic
and parasympathetic pathways).

(c) Eyelid position—look for ptosis and lid retraction (e.g.,
CN3 palsy or oculo-sympathetic pathway).

These three components should always be examined
together if there is an abnormality with any one of them.
Extraocular movement is controlled by six muscles in each
eye, which are innervated by cranial nerves 3, 4, and 6.
Space-occupying lesions in the orbit (e.g., enlarged extraoc-
ular muscles in thyroid eye disease) or orbital congestion
may cause extraocular movement limitations in a restrictive
pattern, not conforming to specific cranial nerve patterns.
Ocular misalignment (e.g., convergent or divergent strabis-
mus, hyper, or hypotropia), present with binocular diplopia,
can be assessed with cover test and quantified with prism
cover test (see Fig. 7.5) or HESS charts/Lees screen (Fig. 7.6)
[5-T7].

Pupil size and lid position (vertical palpebral fissure, leva-
tor function, marginal reflex distance) can be simply mea-
sured with a ruler.

Fig. 7.5 Prism bars (a) or loose prisms (b) used for prism cover test
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Fig. 7.6 Lees Screen (a). Hess chart (b) of a patient with right eye CN6 palsy (abduction defect)
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Other Cranial Nerves and Directed
Examination

7.5

Depending on the results of the above examinations, the
function of other cranial nerves may need to be assessed.
Corneal and facial sensation (CN V1-3), facial movement
(CN VII), and hearing (CN VIII) are particularly relevant in
patients with suspected orbital apex or skull base disease.
Other directed examinations may include but are not limited
to:

(a) Palpation for orbital masses, including lacrimal mass,
when an orbital space-occupying lesion is suspected.

(b) Orbital auscultation for suspected carotid-cavernous
fistula.

(c) Valsalva maneuver for suspected orbital vascular

malformation.

ENT examination for suspected nasopharyngeal carci-

noma, particularly prevalent in Southern China.

(e) Systemic examination, e.g., body temperature (for fever
associated with orbital infection), systemic signs of neu-
rofibromatosis, thyrotoxicosis, or even acromegaly.

(d)

7.6 Investigations

The most important investigation in orbital apex and skull
base disease is appropriate neuroimaging, which is covered
in the next chapter. There are other systemic investigations
which would help elucidate the nature of the pathology
found in neuroimaging. These may include:

(a) Complete blood count with differential.

(b) Erythrocyte sedimentation rate, C-reactive protein.

(c) Lumbar puncture for cerebrospinal fluid composition,
cytology, and culture.

(d) If infection is suspected: systemic sepsis workup includ-
ing blood cultures, search for underlying risk factors like
diabetes.

(e) If tuberculosis or sarcoidosis is suspected: chest X-ray,
Mantoux testing, PCR for Mycobacterium tuberculosis,
serum angiotensin-converting enzyme, interferon-
gamma release assay.

(f) If noninfective inflammation is suspected: autoantibod-
ies, baseline pre-steroid work-up.

These will be covered in more detail in the following
chapters corresponding to specific pathology.

References

1. Badakere A, Patil-Chhablani P. Orbital apex syndrome: a review.
Eye Brain. 2019;11:63-72.

2. Chan NCY, Chan CKM. The use of optical coherence tomography
in neuro-ophthalmology. Curr Opin Ophthalmol. 2017;28(6):552-7.

3. Chan NCY, Chan CKM. The role of optical coherence tomography
in the acute management of neuro-ophthalmic diseases. Asia Pac J
Ophthalmol (Phila). 2018;7(4):265-70.

4. Marmoy OR, Viswanathan S. Clinical electrophysiology of the optic
nerve and retinal ganglion cells. Eye (Lond). 2021;35(9):2386-405.

5. Thomas R, Braganza A, George T. Practical approach to diagnosis
of strabismus. Indian J Ophthalmol. 1996;44(2):103-12.

6. Roper-Hall G. The hess screen test. Am Orthopt J. 2006;56:166-74.

7. Timms C. The lees screen test. Am Orthopt J. 2006;56:180-3.



®

Check for
updates

Principles of Imaging for Orbital Apex

Pathologies
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Abstract

Radiological assessment of the orbital apex is essential for
diagnosing and depicting the extent of pathologies that can
occur in this compact, strategically important location in
the head and neck. This chapter aims to describe the radio-
logical anatomy of the orbital apex, discuss the principle
of imaging, and illustrate the diverse range of orbital apex
pathologies commonly encountered in clinical practice.

Keywords
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8.1 Introduction

Orbital apex pathologies and their radiological assessment
have received relatively little literature attention in recent
decades despite advances in imaging techniques, medical
understanding of the pathologies, and advances in surgical
techniques and expertise available for tackling these patholo-
gies. A diverse range of pathologies can occur at the orbital
apex, which often presents with overlapping symptomatol-
ogy due to the anatomical compactness of this small but stra-
tegically important location in the head and neck region [1].
These pathologies include neoplasms, vascular lesions,
inflammatory conditions, infections, traumatic injuries, and
skull base lesions causing extrinsic compression to the
orbital apex [2]. Cross-sectional radiological examinations
are often crucial for characterizing the nature of orbital apex
pathologies and delineating their extent. In this chapter, we
aim to describe the radiological anatomy of the orbital apex
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region, discuss the principle of imaging, and illustrate a
range of conditions afflicting the orbital apex region com-
monly encountered in clinical practice.

8.2 Anatomy

The orbital apex is a small, cone-shaped osseous tunnel at
the posterior orbit, bound by the greater and lesser wings of
the sphenoid bone. The superior orbital fissure is found over
its lateral aspect, the optic canal is found at the center sepa-
rated from the superior orbital fissure by the optic strut, and
the posterior ethmoidal foramen is found on its medial
aspect. The anterior clinoid process is found superolaterally,
while the inferior orbital fissure and the opening of the fora-
men rotundum are found inferolaterally [3].

The orbital apex is at the crossroads between the orbit and
the rest of the skull base. It communicates directly with the
cavernous sinus over its posterior aspect. By way of the infe-
rior orbital fissure, it is also connected to the pterygopalatine
fossa, another important hub in the central skull base via the
foramen rotundum and vidian canal, which permits access of
lesions involving this area to the middle cranial fossa and
foramen lacerum, respectively [4].

The orbital apex contains, or is in close proximity to, many
neurovascular structures. Notably this includes multiple cranial
nerves (optic, oculomotor, trochlear, abducens, nerves, and oph-
thalmic branch of the trigeminal nerve), and vascular structures
(ophthalmic artery, superior ophthalmic vein, cavernous and
ophthalmic segments of the internal carotid arteries, cavernous
sinus, and periarterial sympathetic plexus) [5]. The orbital apex
also houses the annulus of Zinn, a fibrous ring which serves as
the insertions of six of the seven extraocular muscles (the four
rectus muscles, the levator palpebrae superioris muscle, and the
superior oblique muscle) [6, 7]. Routine orbital MRI is not able
to clearly and completely depict this fibrous ring. The annulus
of Zinn contains the optic nerve and ophthalmic artery which
pass through the optic canal, as well as the cranial nerves III and
VI and the nasociliary nerve which traverse the medial part of

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 51
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the superior orbital fissure. These structures, which are within
the confinement of the annulus of Zinn, are more susceptible to
compression or shearing injury [8].

8.3  Principles of Imaging

Evaluation of orbital apex pathologies is primarily performed
with magnetic resonance imaging (MRI) and computed
tomography (CT). Secondary imaging modalities, such as
fluoro-2-deoxy-D-glucose positron emission tomography/CT

SR ON

a OPFB

sov

OA
1oV
CRA

LR IR MR SO

Fig. 8.1 (a) Coronal T1W non-contrast (left) and post-contrast fat-
saturated (right) images at the level just anterior to the orbital apex and
(b) coronal CT orbit of the bone window at the level of orbital apex for
anatomical illustration. Abbreviations of anatomical structures are
detailed as follows: SOV superior ophthalmic vein, /OV inferior oph-
thalmic vein, OA ophthalmic artery, CRA central retinal artery, CG cili-

(FDG-PET CT), FDG-PET MRI, and additional MRI
sequences, such as diffusion-weighted imaging (DWI), may
offer additional imaging insights but are admittedly less
commonly used in routine clinical practice [9]. For vascular
lesions, noninvasive CT or MR angiography is often the first-
line imaging of choice, with invasive digital subtraction
angiogram (DSA) reserved as a gold standard modality for
both diagnosis and endovascular treatment planning.

MRI is considered the imaging modality of choice due to
superior soft tissue contrast for depicting the different orbital
compartments (Fig. 8.1a) [10]. MRI examinations can be

CG SOV CRA OA SR ON

SS

ary ganglion, ON optic nerve, ZYG frontal process of the zygomatic
bone, OPFB orbital plate of frontal bone, SR superior rectus, IR inferior
rectus, MR medial rectus, LR lateral rectus, SO superior oblique, ACP
anterior clinoid process, OPC optic canal, OST optic strut, SOF supe-
rior orbital fissure, FR foramen rotundum, VC vidian canal, SS sphe-
noid sinus, GWS greater wing of sphenoid
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Table 8.1 A simple guide to selecting between MRI and CT for imaging of the orbital apex

MRI CT PET-CT
Pros * No ionizing radiation, i.e., lens friendly » High spatial resolution » All advantages of CT plus
» High contrast resolution, better differentiation of * Good delineation of the anatomy of the metabolic activity of the
soft-tissue structures/lesions bones concerned lesion
* Allow multiplanar acquisition * Fast scanning, ideal in an
* Allow imaging of arteries without contrast injection emergency
» Assessment of some attributes of microscopic * Imaging of choice to look for
structures possible, e.g., diffusion-weighted imaging, intraocular metallic foreign body
diffusion tensor imaging
Cons * Contraindicated if the presence of intraocular * Risks related to ionizing radiation | Even higher radiation
metallic foreign body is suspected, some models of | ¢ No multiplanar acquisition exposure to the patient
pacemakers/cochlear implants, some metallic capability. Spatial resolution of compared to CT
implants, or when patient is claustrophobic multiplanar reconstruction not as  Limited availability and
» Longer scanning time, prone to motion artifacts good as that of in plane expensive

performed on a 1.5 T or 3 T scanner using a combination of
head or surface coils. The standard MRI protocol in our cen-
ter comprises 2D axial TIW SE, axial STIR, coronal STIR,
and both axial and coronal TIW SE sequences with fat satu-
ration obtained after intravenous administration of
gadolinium-based contrast agent. A slice thickness of 3 mm
with a 512 x 512 matrix is used for these sequences in adults,
and thinner slices are acquired for pediatric patients. For a
better demonstration of the pathology at the orbital apex in
relation to the optic nerve, dedicated 2D images along and
perpendicular to the nerve at the orbital apex will also be
acquired if necessary. In addition, a 3D T1IW volumetric
interpolated breath-hold examination (VIBE) sequence per-
formed after intravenous contrast administration can be
offered, with volumetric data sets permitting multiplanar
reconstruction in any given plane and slide thickness in order
to optimally delineate subtle findings. For better character-
ization of the orbital pathology, one of the more widely
applied techniques is the addition of diffusion-weighted
imaging (DWI) to the MRI scan of the orbits. DWI produces
contrast on the basis of limited diffusivity of water molecules
in different tissues, with lower apparent diffusion coefficient
(ADC) values on ADC maps corresponding to more restric-
tion of diffusion. In the setting of orbital apex pathologies,
DWI shows promise in differentiating benign and malignant
lesions, particularly infiltrative lesions that are difficult to
diagnose in other modalities. It has been reported that an
ADC value of <1.0-1.15 x 107> mm?s can be used as a
threshold for differentiating lymphoma from orbital inflam-
matory disease with high sensitivity of 95%, specificity of
91%, and accuracy of 93% [11]. Despite potential benefits,
the application of DWI is limited by susceptibility artifacts
caused by bone, air, and soft tissue interfaces at the orbital
apex region [12].

Complementary to MRI, CT is the modality of choice for
evaluating orbital apex pathologies with osseous destruction,
calcifications, or possible metallic foreign bodies (Fig. 8.1b).
Thin slice CT scans with 1 mm thickness are often performed
in this setting with the addition of intravenous iodinated con-
trast material [13]. Standard axial images with coronal and
sagittal reconstructions are routinely obtained in soft tissue

and bone windows for an optimal depiction of orbital apex
pathologies.

Table 8.1 serves as a simple guide for ophthalmologists in
choosing a suitable modality for imaging of suspected orbital
apex pathology.

8.4 Radiological Features of Orbital Apex
Pathologies
8.4.1 Neoplasms

A wide range of benign and malignant neoplasms arise from
soft tissues within the orbital apex. Orbital neoplasms in gen-
eral become more prevalent with age and have a higher prob-
ability of being malignant in the elderly population >60 years
of age [14]. Extrinsic neoplasms compressing upon and
extending into the orbital apex are dealt with at the end of
this chapter.

Optic nerve sheath meningiomas commonly involve the
orbital apex, accounting for up to 2% of all meningiomas
[15], often presenting with proptosis and painless visual
loss but normal-appearing optic disc on the ophthalmo-
logical exam [16]. On CT scan, optic nerve sheath menin-
giomas present as fusiform enlargement of the optic nerve
with linear, granular, or plaque-like calcifications along
the periphery. This signifies attenuation of the underlying
optic nerve as opposed to expansion of the nerve in optic
glioma. On MRI, the lesion is isointense on TIW and
T2W images to grey matter and shows homogeneous con-
trast enhancement, producing the well-known “tram-track
sign” with peripheral enhancing thickened nerve sheath
surrounding the non-enhancing optic nerve at the center
on post-contrast TIW MRI images (Fig. 8.2) [17].

Optic gliomas are the commonest neoplasms of the orbital
apex, showing female predilection. They are most preva-
lent in young patients during the first two decades of life
and are infamously associated with underlying neurofi-
bromatosis type 1 (NF-1) [16]. Gliomas of the optic nerve
often present similarly to meningiomas but with optic
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Fig. 8.2 A 55-year-old woman presents with blurring of vision for
6 months. (a) TIW fat-saturated post-contrast axial, (b) TIW fat-
saturated post-contrast coronal, (¢) T2W STIR axial, and (d) T2W fat-
saturated coronal MRI images show T2W hyperintense optic nerve
sheath thickening with intense homogeneous contrast enhancement

disc pallor or swelling evident. Optic gliomas are usually
histologically nonaggressive low-grade astrocytomas in
NF-1 patients but can be aggressive in non-NF-1 cases
[18]. Cross-sectional imaging shows enlargement, tortu-
osity, and kinking of the optic nerve, sometimes causing
expansion of optic canal owing to chronicity of growth;
MRI signal is variable but typically mildly hypointense
on TIW and hyperintense on T2W images, with variable
contrast enhancement (Fig. 8.3). In NF-1 patients, lesions

involving mainly the intra-orbital and intracanalicular segments of the
right optic nerve (arrows), findings typical of optic nerve sheath menin-
gioma. The patient subsequently received intensity-modulated radio-
therapy (IMRT) with mild improvement of right eye vision

are usually smaller, more homogeneous and involving the
intra-orbital and intra-canalicular segments of the optic
nerve; in non-NF-1 patients, lesions are larger and more
mass-like, can contain more cystic components, and com-
monly involve optic chiasm and tracts [18]. Other primary
tumors of the optic nerve including gangliogliomas and
hemangioblastomas are much less common.

Schwannomas arise from the myelin sheath of peripheral

nerves and are rare in the orbit, only accounting for 1% of
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Fig. 8.3 A 31-year-old woman with a known history of neurofibroma-
tosis type 1 (NF-1) with moderate visual impairment for more than
20 years. (a) TIW fat-saturated post-contrast axial, (b) TIW fat-
saturated post-contrast coronal, (¢) T2W STIR axial, and (d) T2W fat-
saturated coronal MRI images demonstrate bilateral fusiform

neoplasms in the orbit [19]. In the orbit they most com-
monly occur at the superior aspect and involve the orbital
apex in up to 1/5 of cases [20]. Most orbital schwannomas
arise from sensory nerves from branches of the ophthal-
mic division of the trigeminal nerve but may arise from
the other cranial nerves in the orbit [21]. Orbital schwan-
nomas are benign and slow-growing and are likely to con-

enlargement of intracanalicular and intracranial segments of optic
nerves (arrows), which shows T2W intermediate signal and patchy con-
trast enhancement. Imaging appearance is classical of bilateral optic
gliomas associated with NF-1

form to the shape of the orbital apex, appearing
cone-shaped or dumbbell-shaped and extending along the
longitudinal axis of the involved nerve, often causing
smooth enlargement of superior orbital fissure [19]. Other
differentiating imaging characteristics on MRI include
peripheral ring-shaped enhancement with central hypoin-
tensity on T1W post-contrast images and peripheral
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hypointensity with central hyperintensity on correspond-
ing T2W images [20].

Lymphoma is one of the commonest orbital apex lesions

across all age groups (along with cavernous hemangio-
mas) but shows the highest incidence in the sixth to sev-
enth decade of life [22, 23]. Lymphoid lesions in general
constitute a spectrum of diseases ranging from benign
hyperplasia to malignant lymphoma [24], which is of het-
erogeneous origin in the orbits, comprising of approxi-
mately 2% of non-Hodgkin lymphoma and 8% of
extranodal mucosa-associated lymphoid tissue (MALT)
lymphomas [25]. Lymphoma involves various compart-
ments within the orbit, commonly the lacrimal gland;
however, in the orbital apex, isolated extraocular muscle
involvement and ill-defined multi-compartmental retro-
orbital soft tissue infiltration are common patterns of
radiological presentation [26].

On CT, lymphoma is characteristically hyperdense but rarely

shows any intralesional calcification unlike meningiomas,
except in post-treatment lesions. Lymphomas demonstrate
variable patterns of osseous involvement from molding and
insinuating along contours of orbital wall in low-grade
lesions to permeative bone destruction and invasion of
extra-orbital structures in high-grade lesions [27]. While
MRI signal intensity is often nonspecific, orbital lympho-
mas characteristically show extremely low ADC values
usually from 0.44 to 0.92 x 10~* mm?s [28]. Certain stud-
ies even suggest that lymphoma can be differentiated from
orbital pseudotumor with accuracy up to 100% using an
ADC threshold of 1.0 x 107> mm?s [11] and similarly from
IgG4-related disease [29] and orbital metastases [11].

Lymphoma is commonly a systemic disease with 2-5% of

patients with systemic non-Hodgkin lymphoma showing
orbital involvement and conversely 75% of patients with
primary orbital lymphoma eventually developing sys-
temic involvement [9]. Whole-body PET-CT is, therefore,
indicated in the staging of orbital lymphoma despite the
fact that low-grade MALT lymphoma may show rela-
tively low FDG uptake, as studies have shown that sys-
temic metastases of even low-grade orbital lymphomas
can be picked up by PET-CT while missed by conven-
tional CT or MRI [30, 31].

Notably, sarcoidosis can be extremely similar to lymphoma
in all modalities including DWI, and the presence of hilar
lymphadenopathies, lung lesions, elevated serum angio-
tensin-converting enzyme (ACE) levels, and ultimately
histological examination may be necessary for
diagnosis.

Rhabdomyosarcoma needs to be considered in the pediatric
population as it is the commonest orbital malignancy
before the age of 16 [18]. When involving the orbital
apex, it often presents with rapid onset of ocular dys-
motility, decrease in vision, and proptosis. In children the
differential diagnoses are plethoric and include vascular
malformations, neurofibromas, metastases, hematologi-
cal malignancies, and ruptured dermoid cysts [18].
Radiological features are also quite non-specific, with
hemorrhage, calcification, and necrosis uncommon on CT
[32]. MRI may demonstrate a mass with TIW signal
isointense to muscle, variable T2W hyperintensity, with
extraocular muscles displaced or invaded but showing no
muscle belly enlargement that is common in lymphoma
or inflammatory lesions [18, 32].

8.4.2 Vascular Anomalies

Understanding and hence nomenclature of orbital vascular
lesions had been confusing, resulting in occasions of misdi-
agnosis and mismanagement which could be catastrophic.
Currently, many of these lesions are managed successfully
by medications, surgery, radiological intervention, or a com-
bination of these thanks to the gradual adoption of the
International Society for the Study of Vascular Anomalies
(ISSVA) classification [33] by different specialties after
2014. A simplified version of the latest ISSVA (2018) clas-
sification is summarized in Table 8.2.

Infantile hemangioma is the most common pediatric vascu-
lar tumor affecting the orbital apex. They usually progress
during the first year of life and regress when the patient is
about 5-7 years old [34]. They are lobulated heteroge-
neous lesions, with TIW hypointense and mildly T2W
hyperintense signal on MRI, showing prominent

Table 8.2 A simplified version of the classification of vascular anomalies, adapted from ISSVA

Vascular anomalies

Vascular tumors

Vascular malformations

Infantile hemangioma
Congenital hemangioma
Other benign or
malignant vascular
tumors

Simple

Combined

Associated with other
anomalies

Of major named vessels

Capillary malformations
Lymphatic malformations
Venous malformations
Arteriovenous malformations
Arteriovenous fistula

CVM, CLM, LVM,

CLVM, CAVM,
CLAVM, others

“Channel type” or
“truncal” vascular
malformations

For example, Klippel-
Trenaunay syndrome
Parkes Weber syndrome
Sturge-Weber syndrome

Abbreviations: CVM capillary venous malformation, CLM capillary lymphatic malformation, LVM lymphatic venous malformation, CLVM capil-
lary lymphatic venous malformation, CAVM capillary arteriovenous malformation, CLAVM capillary lymphatic arteriovenous malformation
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intralesional flow voids and homogeneous intense con-
trast enhancement.

Venous malformation is the most common low-flow vascular
malformation in the orbital apex. It is named as cavernous
venous malformation by some and as cavernous heman-
gioma in the past. It occurs in isolation from the vascular
system in the orbit [12]. It may be asymptomatic or pres-
ent with slowly progressive proptosis, diplopia, and rarely
decrease in visual acuity due to mass effect on the optic
nerve. Venous malformations occur in the intraconal

space and manifest as a hyperdense well-circumscribed
lesion on CT, separate from the optic nerve and extraocu-
lar muscles. Phleboliths, when present, are highly sugges-
tive of this diagnosis. On MRI the T1W signal is variable
but usually hypointense, and the T2W signal is usually
strongly hyperintense, with patchy T2W hypointensity
that can be due to calcification or thrombosis [13].
Dynamic contrast-enhanced MRI shows patchy enhance-
ment in early phases with homogeneous enhancement in
delayed phase (Fig. 8.4) [35].

Fig. 8.4 A 39-year-old man with left eye visual deterioration for
2 months. (a) T2W STIR axial, (b) TIW fat-saturated post-contrast
axial, (¢) T2W fat-saturated coronal, (d) TIW fat-saturated post-
contrast coronal MRI images show a 0.4 cm T2W strongly hyperintense

nodule at the left orbital apex (arrows) lying just inferior to the intra-
canalicular segment of the left optic nerve causing compression. This
nodule shows peripheral nodular contrast enhancement. The imaging
features are suggestive of orbital cavernous venous malformation
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Lymphatic malformation or lymphangioma in the past is a
slow-growing, non-encapsulated lesion often presenting
in infancy or childhood. On MRI, lymphatic malforma-
tions are diffuse and often insinuate between multiple
compartments and are often strongly T2W hyperintense
(Fig. 8.5). There can be variable hemorrhagic components
which are usually T1W hyperintense, and episodes of pre-

vious hemorrhage classically give rise to blood-fluid lev-
els which are considered pathognomonic [36]. The lymph
within the lymphatic malformation shows no contrast
enhancement. However, contrast enhancement is present
in the walls and septa of the lesions.

Orbital varix can be primary or secondary. It can be con-
sidered as a type of vascular malformation affecting

Fig. 8.5 A 48-year-old man with a known right orbital apex lesion
incidentally discovered many years. (a) T2W STIR axial, (b) T2W
STIR coronal, (¢) TIW axial, (d) TIW post-contrast (with subtraction)
axial MRI images show a lobulated well-defined lesion at the right
orbital apex (arrows) involving superior and inferior orbital fissures and
greater and lesser wings of the sphenoid bone. On T2W images it is

avidly hyperintense with thin septations and some T2W intermediate
signal components. On TIW images the lesion is homogeneously
hyperintense suggestive of proteinaceous fluid content, and there is thin
linear enhancement along the walls and septa only. Findings are that of
an orbital lymphatic malformation
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Fig. 8.6 A 39-year-old woman presents with left eye proptosis and
redness for 2 months. (a) Axial contrast CT angiogram shows that bilat-
eral cavernous sinuses are distended, more on the left side (short solid
arrows); the left superior ophthalmic vein is also mildly dilated with
increased contrast enhancement (dashed arrow); the left sphenoparietal
sinus is tortuous and distended (long solid arrow). (b) Frontal view
DSA of left internal carotid artery injection demonstrates early opacifi-

“major named vessels” and with anomalies of vessel
diameter. Primary orbital varix is thought to result from
congenital weakness of venous walls, while secondary
varices are related to arteriovenous shunting [37].
Primary orbital varix presents usually in young adult-
hood with proptosis that becomes more pronounced
during maneuvers that induce higher venous pressure,
such as Valsalva, coughing, or prone positioning [38].
On MRI, orbital varix is usually TIW and T2W hyper-
intense with intense contrast enhancement, unless com-
plicated by thrombosis.

Carotid-cavernous fistula (CCF) is an arteriovenous fistula
between the carotid arteries and cavernous sinus. It
comprises direct (usually due to trauma or iatrogenic
causes) and indirect types. Indirect CCF is a type of
dural arteriovenous fistula. On CT or MRI angiograms,
enlarged cavernous sinuses, superior ophthalmic veins,
and other intracranial draining veins can be seen. On
digital subtraction angiogram (DSA), early opacifica-
tion of cavernous sinuses and superior ophthalmic veins
can be observed, indicative of arteriovenous shunting
(Fig. 8.6). The exact anatomy of CCF is highly variable,
and DSA is indispensable for endovascular treatment
planning.

cation of cavernous sinuses (short solid arrows), bilateral inferior petro-
sal sinuses (dashed arrows), dilated left superior ophthalmic vein
(arrowhead), left sphenoparietal sinus (long arrows), and associated
cortical venous reflux in the left cerebral hemisphere. Findings are that
of a high-flow left carotico-cavernous fistula (CCF). Subsequent endo-
vascular embolization is performed for the patient

8.4.3 Inflammatory Conditions

A diverse range of inflammatory conditions afflict the orbital
apex region. Most of these conditions diffusely affect multi-
ple orbital compartments. MRI is often essential for diagno-
sis and evaluation of treatment response for these conditions.
Idiopathic orbital inflammation, thyroid eye disease, and
optic neuritis are the commonest causes. Rarer causes in this
locality such as vasculitis-related orbital inflammation (such
as granulomatosis with angiitis) and orbital sarcoidosis are
not dealt with in this chapter.

Idiopathic orbital inflammation (I01), also known as orbital
pseudotumor, is a non-granulomatous inflammatory pro-
cess of unknown etiology causing myofibroblastic and
spindle cell infiltrates affecting multiple compartments in
the orbit [8]. Unilateral or bilateral asymmetrical painful
proptosis is a common presentation.

Imaging features are variable and may involve multiple sites
in the orbit, including myositis (fusiform enlargement of
extraocular muscles without sparing of tendinous inser-
tions), perineuritis affecting the optic nerve sheath,
episcleritis affecting the anterior orbit, orbital apicitis
affecting the posterior orbit, mass-like lesions in the
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extraconal or intraconal space, retro-orbital fat stranding,
and dacryoadenitis [39]. Diffuse involvement of multiple
orbital compartments is common.

On MRI, IOI lesions show intermediate to low signal inten-
sity on TIW and T2W images (Fig. 8.7). Notably, IOI can
be radiologically quite similar to lymphoma. DWI is
invaluable for distinguishing the two entities, with 1OI
showing high ADC values and lymphoma showing low
ADC values commonly way below 1.0 x 1073 mm?/s [11].

Notably, several pathological entities perhaps best treated as
variants of 101: IgG4-related disease (IgG4-RD) is char-
acterized by plasma cell-mediated inflammation and
shows widely overlapping imaging features and pattern of
orbital involvement with IOI but is characterized by ele-
vated serum IgG4 levels and multisystem involvement in
some but not all of the patients [40]. In the head and neck,
IgG4-RD is also characterized by the presence of chronic
rhinosinusitis. Sclerosing orbital inflammation, or scle-

Fig. 8.7 A 39-year-old man presents with progressive right eye red-
ness and diplopia. (a) TIW fat-saturated post-contrast axial, (b) TIW
fat-saturated post-contrast coronal, (¢) T2W STIR axial, and (d) T2W
STIR coronal MRI images show fusiform enlargement of right lateral
rectus muscle (short arrows) extending into the orbital apex and involv-

ing tendinous insertions, with T2W intermediate to high signal change
and intense contrast enhancement. There is associated retrobulbar fat
inflammatory stranding best seen on coronal T2W STIR image (long
arrows). The findings are suggestive of idiopathic orbital inflammatory
disease
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rosing form of IOI, is characterized by chronic fibroscle-
rosis of orbital soft tissues with very low signal intensity
on T2W images in MRI. Tolosa-Hunt syndrome (THS),
otherwise known as the apical form of 10], is character-
ized by unilateral meningeal and perineural inflammatory
changes in the cavernous sinus with anterior extension to
involve the orbital apex and superior orbital fissure [41,
42]. Although the MRI signal intensity of THS lesions is
similar to that of 10, it has been suggested that the pres-
ence of granulomatous inflammation is distinct from that
seen in IOl and some authorities may treat THS as a dis-
tinct entity rather than a variant of 101 [43].

Thyroid orbitopathy is caused by mucopolysaccharide depo-

sition in extraocular muscles from abnormal fibroblast
activation due to autoimmune thyroid diseases, with
Grave’s disease and Hashimoto thyroiditis accounting for
over 90% of cases [44]. On CT, thyroid eye disease often
manifests as bilateral symmetrical extraocular muscle
enlargement, increased volume of retro-orbital fat, and
proptosis. On MRI, contrary to I0I, the T2W signal in
extraocular muscle bellies is increased in acute thyroid
orbitopathy, with sparing of the tendinous insertions.
Retro-orbital fat also shows T2W hyperintensity reflect-
ing edematous changes. A frequent pattern of involve-
ment is a bilateral symmetric thickening of the inferior,
medial, superior, and lateral rectus muscles in descending
order of severity [45].

Optic neuritis is multifactorial but is commonly associated

with demyelinating disease (multiple sclerosis and neuro-
myelitis optica spectrum disorders). Other causes include
autoimmune diseases such as systemic lupus erythemato-
sus, radiation, ischemia, and infection [46]. MRI is neces-
sary for evaluation, showing optic nerve enhancement,
and abnormal hyperintensity on fat-saturated T2W
images. The nerve should only show minimal enlarge-
ment, contrary to findings in optic glioma [47].

T2W hyperintensity with enhancement on MRI. Phlegmon
is isodense to muscle on CT and appears intermediate sig-
nal on TIW and hyperintense on T2W images in MRI
with contrast enhancement. Later stages of infection com-
monly involve subperiosteal abscesses along the medial
extraconal space of the orbit adjacent to the involved
paranasal sinus, appearing as a rim-enhancing lens-
shaped hypodense collection on CT with a corresponding
central T2W hyperintensity and peripheral rim enhance-
ment on MRI [49].

dreaded complication is cavernous sinus thrombosis,
which can show up on CT as an enlarged cavernous
sinus with a filling defect in post-contrast images. On
MRI the cavernous sinuses can show T1W and T2W het-
erogeneous, non-enhancing areas corresponding to
thrombus. The thrombosis may even extend into sur-
rounding venous structures such as the superior ophthal-
mic vein [41].

Invasive fungal infection is predisposed by immunocompro-

mised states, commonly uncontrolled diabetes (up to 80%
of cases) [50]. Aspergillosis and mucormycosis are the
commonest causes [49]. CT shows nodular mucosal
thickening of the affected sinuses with sinus wall ero-
sions. On MRI, thickened sinus mucosa and inflammatory
masses characteristically show variable T2W hypointen-
sity due to the presence of iron in fungal elements, with
corresponding areas showing contrast enhancement [49].
Aggressive fungal invasions are often angioinvasive, and
thrombosis of the internal carotid artery and cavernous
sinus needs to be looked for. Perineural spread manifest-
ing as a thickening and increased linear enhancement
along the course of nerves is also common. MRI is also
useful to assess complications such as mycotic aneu-
rysms, cerebritis, and infarcts [S1].

8.4.5 Extrinsic Compression

8.4.4 Infection Metastases involving the orbit are rare, comprising only 1.5—

7% of lesions in the orbit in general, with common prima-

Bacterial infection involving the orbital apex usually arises ries including the breast, lung, melanoma, prostate,

from direct posterior extension from post-septal orbital
cellulitis, which in itself is multifactorial but most com-
monly due to extension from sinusitis, more commonly
encountered in children than adults [48]. Other causes
include penetrating injury, extension from dental, facial,
or cavernous sinus infections, and hematogenous seeding.
Extension from ethmoid sinus via lamina papyracea is
commoner than sphenoid sinus due to the weaker perior-
bita at the medial orbital wall [48].

The early stage of infection is characterized by cellulitis and

orbital phlegmon. Cellulitis appears as orbital fat strand-
ing and extraocular muscle swelling on CT, with diffuse

kidney, and gastrointestinal tract [52]. Breast primaries
are infamous for diffuse infiltrative involvement of retro-
orbital fat and the muscle cone causing scirrhous and
fibrotic reactions resulting in enophthalmos [53]; prostate
cancer classically causes infiltrative sclerotic bone metas-
tases; melanoma is known for involvement of extraocular
muscle causing abnormal enlargement [54].

Nasopharyngeal carcinoma (NPC) and other aggressive

head and neck tumors such as squamous cell carcinoma,
sinonasal undifferentiated carcinoma, olfactory neuro-
blastoma, some pituitary macroadenomas, and minor sali-
vary gland tumors such as adenocystic carcinoma
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Fig. 8.8 A 63-year-old man with progressive visual loss in the left eye
for 3 months. (a) TIW fat-saturated post-contrast axial, (b) TIW fat-
saturated post-contrast coronal, (¢) T2W STIR axial, and (d) T2W
STIR coronal MRI images show a heterogeneous infiltrative mass
involving the left orbit including the orbital apex (arrows). It shows a
multicystic appearance with fluid levels on T2W images and heteroge-

(Fig. 8.8)
Nasopharyngeal carcinoma is particularly common in
South Asian males, and a common pattern of spread to
orbital apex is via the pterygopalatine fossa into the infe-
rior orbital fissure. On MRI, soft tissue thickening in the
ipsilateral nasopharynx, with obliteration of fat signal and
abnormal T2W intermediate signal soft tissue within the

have a propensity for local invasion.

neous contrast enhancement. The mass complete encases the left optic
nerve, involves all extraocular muscles of the left orbit, and the left
nasal cavity, left nasopharynx, left cavernous sinus, and pituitary fossa.
Biopsy results confirm malignancy with histology shown to be adeno-
cystic carcinoma

parapharyngeal space, pterygopalatine fossa, and inferior
orbital fissure which show contrast enhancement, is sug-
gestive of NPC invasion [55]. Perineural spread is a sec-
ond common pattern of involvement, manifesting as
enlargement and increased enhancement of the involved
nerve on MRI and expansion of the involved canal or neu-
ral foramen on both CT and MRI [56].
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Fibrous dysplasia (FD) is a congenital, indolent, progressive

disorder of abnormal bone remodeling, where abnormal
osteoblastic activity leads to the deposition of fibrous and
immature osteoid tissue replacing normal cancellous
bone [57, 58]. Skull base and facial bone involvement is
observed in up to 50% of patients with polyostotic
FD. The orbital apex is commonly involved with com-
pression of the optic nerve and other cranial nerves neces-
sitating surgical decompression. CT is the modality of
choice for FD as it is a bone disease, with diffuse bony
expansion with ground-glass matrix in 56% of patients,
while homogeneous bony sclerosis occurs in 23% and
cystic changes occur in 21% [59]. MRI appearance may
be confusing, with TIW/T2W hypointense bony expan-
sion more indicative of fibrous components but some FD
cases demonstrate TIW intermediate and T2W hyperin-
tense signal that may lead to confusion with soft tissue
mass [59].

Mucocele is caused by obstruction of the sinus opening lead-

ing to the accumulation of mucoid secretion causing an
expansion of the involved paranasal sinus, commonly
frontal or anterior ethmoid sinus. In rare instances, muco-
celes of the posterior ethmoid cell, sphenoid sinus, or an
Onodi cell (variant posterior ethmoid cell extending into
the optic strut, anterior clinoid process, or sphenoid sinus)
may exert a mass effect upon the orbital apex and optic
canal, leading to headache, diplopia, proptosis, and
decreased vision [60, 61]. On CT, mucocele appears as an
expansile hyperdense mass causing outward bulging and
even pressure erosions of the walls of the involved sinus.
Mucoceles show variable MRI signals due to their hetero-
geneous protein contents, with rim enhancement of the
thickened mucosa and non-enhancement and sometimes
abnormal restriction of diffusion in the contents of the
mucocele [62].

Dermoid and epidermoid cysts are congenital, slow-growing

benign lesions thought to arise from abnormal sequestra-
tion of the ectoderm during development. They can occur
at suprasellar and parasellar regions, exerting mass effect
on structures in the orbital apex and cavernous sinus [63].
On CT, the dermoid cyst shows up as a well-defined fat-
containing cystic lesion, which may contain fluid and soft
tissue densities as well as capsular calcifications; MRI
demonstrates TIW and T2W hyperintense fat content.
Epidermoid cyst on the other hand shows up as a well-
defined homogeneous cystic lesion on both CT and MRI,
with homogeneous fluid signal on TIW and T2W
sequences, but characteristically shows abnormal restric-
tion of diffusion on DWI. Both lesions can cause pressure
erosion and scalloping of adjacent bone [64].

8.5

Conclusion

Orbital apex pathologies are diverse, and many lesions show
variable and overlapping radiological features as detailed in
this chapter. It is essential for physicians to have a thorough
understanding of radiological anatomy and an appreciation
of the powers and limitations of different modalities avail-
able in order to perform appropriate imaging assessments for
patients with symptoms and signs pertaining to orbital apex
pathologies.
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Optic Nerve Neoplasm

Noel C.Y. Chan

Abstract

This chapter will summarize different primary optic nerve
neoplasms with the main focus on the more commonly
encountered optic glioma and optic nerve sheath menin-
gioma. Based on the published literature, this chapter will
cover epidemiology, clinical presentations, histopathol-
ogy, imaging characteristics, different treatment modali-
ties, and management strategies. Up-to-date diagnostic
and therapeutic options will also be discussed.
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9.1 Introduction

Optic nerve dysfunction is one of the common clinical mani-
festations and sequelae in optic nerve neoplasms regardless of
its origin. Depending on its size and extent, some can also man-
ifest with compressive orbitopathy, proptosis, squint, cranial
nerve palsies, and nystagmus. Management has to be individu-
alized depending on various factors including age, nature of the
tumor, disease progression, visual complications, and progno-
sis. In this chapter we will be focusing on primary tumors aris-
ing from the optic nerve (ON) itself or from its surrounding
optic nerve sheath (ONS). ON compression or infiltration sec-
ondary to other tumors in the periorbital region will be dis-
cussed in another chapter on periorbital skull base tumors.
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9.2  Primary Optic Nerve Tumors

9.2.1 OpticGlioma

Optic glioma (OG) refers to glial tumors involving the ante-
rior visual pathway (i.e., optic nerves, optic chiasm, and optic
tracts), and it accounts for 65% of all intrinsic ON tumors [1].
When the tumor is confined to only one ON, it is commonly
known as optic nerve glioma (ONG) while optic chiasmal
glioma (OCG) is used to describe a tumor involving the optic
chiasm or optic tracts and/or the hypothalamus [2].

According to the World Health Organization (WHO),
they are most often juvenile pilocytic astrocytoma (grade 1
or low-grade 2) or diffuse fibrillary astrocytoma (grade 2)
[3]. There have been some controversies in the nomenclature
of some ONGs due to their slow growth and lack of mitotic
figures or anaplastic transformation [4]. They are sometimes
called hamartoma which is a term to designate tumors that
had the potential to grow in a self-limited form during the
period of development and signifies a disorganized over-
growth of differentiated tissue normal to a site [5].
Immunohistochemical staining has however indicated that
ONG:s arise from type 1 astrocytes [6] and they shared iden-
tical molecular genetic makeup with low-grade astrocytomas
elsewhere in the central nervous system (CNS). Thus, they
are more commonly referred to as pilocytic astrocytoma [7,
8]. Measurements of tumor aggressiveness and proliferation
can be performed using MIB-1 antibodies to the Ki-67 anti-
gens [9].

ONGs comprise approximately 1% of all intracranial
tumors [1]. Most of them are unilateral and occur in the first
decade of life with a median age of 6.5 years and more fre-
quently in females [10, 11]. More common than ONGs,
OCGs represent less than 10% of all intracranial tumors in
children and adults with a broader age group with no appar-
ent sex predilection [12, 13]. In Dutton’s review, 25% of
OGs were isolated to ON alone, and 75% involved the chi-
asm. Among those OCGs, less than 10% were isolated to the
chiasm while most extended to the ON, the hypothalamus, or

67

T. L. POON et al. (eds.), Orbital Apex and Periorbital Skull Base Diseases, https://doi.org/10.1007/978-981-99-2989-4_9

9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-2989-4_9&domain=pdf
mailto:noelccy@fellow.hkam.hk
https://doi.org/10.1007/978-981-99-2989-4_9

68

N.C.Y.Chan

the third ventricle. Rarely do these tumors extend within the
optic disc or globe [1].

For a better understanding of this tumor, the molecular
genetic makeup of OGs had been explored in the recent
decade [14]. Normally, there are two copies of the NF1 gene
located on chromosome 17q11.2 which is responsible for the
production of neurofibromin. Neurofibromin is an important
protein for regulating the Ras-dependent intracellular signal
pathway, and it is expressed in the cytoplasm of neurons,
oligodendrocytes, Schwann cells, and astrocytes.
Neurofibromatosis type 1 (NF-1) patients have a germline
mutation giving rise to a nonfunctional copy of this gene in
all cells of the body. OGs will develop when there is a
complete loss of neurofibromin function due to somatic
mutation of the remaining NF1 gene. Loss of neurofibromin
will result in a low level of cyclic adenosine monophosphate
(cAMP) and Ras hyperactivation, leading to loss of tumor
growth inhibition and increased cellular proliferation through
mitogen-activated protein (MAP) kinase, respectively [15,
16]. In sporadic OGs, activation of B-raf (BRAF) is observed
instead while there is a rearrangement in the kinase portion
of the serine/threonine-protein kinase BRAF gene due to a
duplication at chromosome 7q34 [17].

Although there has been a clear genetic relationship
between ONG and NF-1, most of the mutations are sporadic
[18]. It can also occur in children with neurofibromatosis
type 2 (NF-2), but it was a less frequent ocular manifestation
[19]. In the literature, 10-70% of patients with ONG have
NF-1 while 8% and 31% of NF-1 patients have clinical and
radiological ONG, respectively [18, 20, 21]. For OCG,
approximately 30% of patients with OCG have NF-1 while
about 18% of patients with NF-1 have an OCG [1, 22].

Many NF-1-associated gliomas remain indolent with over
50% being asymptomatic while sporadic OG has a greater
propensity to present symptomatically [23-25]. The major-
ity of patients with ONGs have symptom onset in the first
decade of life and up to 90% become symptomatic in the first
two decades [26]. The tumor can give rise to anterior or pos-
terior presentations depending on its extent and location. The
anterior presentation includes ON dysfunction with optic
disc swelling as well as proptosis which is more often axial
but can also be associated with hypoglobus and strabismus.
The posterior presentation comprises unilateral optic neu-
ropathy with an apparent normal or pale optic disc. Orbital or
ocular pain is not a common finding in ONGs. The visual
loss is usually progressive and slow in nature unless there is
an acute tumor hemorrhage [27] or occurrence of acute reti-
nal vein occlusion [28].

Most patients with OCGs present with insidious visual
loss bilaterally [29], which are sometimes discovered during
routine examination. With minimally pale optic discs and
invariably mild proptosis, they may be misdiagnosed as
amblyopia or inorganic visual loss [12, 30]. Depending on

the tissue involved, any type of visual field defect can be
present in patients with OCGs, but bitemporal hemianopia is
common. Acute visual loss can result from chiasmal apo-
plexy or similar pathologies as in ONG [31, 32].

Different types of nystagmus may occur in patients with
OGs. For those with severe visual loss, the nystagmus can be
secondary to the Heimann-Bielschowsky phenomenon which
is always monocular, of low frequency, with variable ampli-
tudes, and in a vertical direction. This type of nystagmus can
also be found in other patients with acquired monocular
visual loss. If the glioma involves the optic chiasm or the
associated structures, apart from seesaw nystagmus, some
patients may develop unilateral nystagmus of high frequency
and low amplitude [33, 34]. This can sometimes be mistaken
as spasmus nutans which is on the contrary a benign condi-
tion that is commonly resolved when the child reaches
3—4 years old. To avoid diagnostic delay, it is, therefore,
important to perform neuroimaging in children who present
with asymmetric spasmus nutans or those with atypical fea-
tures such as lack of torticollis or head bobbing [35-37].

Nevertheless, some ONGs can be asymptomatic with
patients enjoying clinically normal visual function [38]. In
some of these patients, further ophthalmic investigations
may reveal abnormal visual evoked potentials (VEPs) [39] or
thinning of peripapillary retinal nerve fiber layer (pRNFL)
[40] or macular ganglion cell/inner plexiform layer
(mGCIPL) on optic coherence tomography (OCT) [41]. In
the past, VEPs was considered a screening tool for detecting
OGs before subjecting NF-1 patients to neuroimaging while
some proposed its use in monitoring the progression of the
glioma once detected [42, 43].

Apart from ophthalmic manifestations, patients with
OCG may present with other neurological symptoms and
signs such as precocious puberty, hypothalamic dysfunction,
diencephalic syndrome, or raised intracranial pressure (ICP).
In these circumstances, history taking is important in differ-
entiating the types of OCG. Anterior-type OCGs originate
from within the anterior visual system which may infiltrate
the hypothalamus while posterior-type OCGs originate from
the hypothalamic region and secondarily invades the optic
chiasm and ON [13].

With a higher resolution, magnetic resonance imaging
(MRI) is a better neuroimaging option than computer tomog-
raphy (CT) in identifying intracranial extension and future
monitoring of OGs. However, defining the tumor border can
be difficult as ipsilateral enlargement of the optic canal may
not necessarily signify intracranial extension while tumor
cells can present beyond the apparent limits of MRI [44]. The
typical imaging protocol is an MRI of the brain and orbits
with thin cuts through the ONs which commonly shows a
fusiform enlargement of the ON with T1 hypointensity/isoin-
tensity and T2 hyperintensity which is usually enhanced after
injection of gadolinium contrast (see Figs. 9.1 and 9.2).
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Fig. 9.1 MRI Tl-weighted sequence with fat suppression showing
fusiform enlargement of the bilateral optic nerve with T1 isointensity
and intracranial extension on axial scan. (Image Courtesy of Dr. Carmen
Chan)
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While non-NF-1-associated ONGs tend to grow within
the confinement of the neural tissue, some NF-1-associated
ONGs can infiltrate leptomeninges [45]. In the presence of
perineural gliomatosis [46], the tumor may rupture the pia
and proliferate within the subarachnoid space resulting in a
“pseudo-cerebrospinal fluid (CSF)” sign [47]. In some
patients with NF-1, ONG will sometimes show up as a thick-
ened kinked nerve with buckling or cystic areas within the
nerve [22, 48]. More recently, optic nerve tortuosity on base-
line MRI, but not thickening of nerve or sheath, was found to
be associated with OG development in NF-1 patients [49].
Follow-up imaging will thus be warranted in these cases to
distinguish this benign finding from tumor development.

The radiological appearance of OCGs varies with differ-
ent levels of preservation of the original chiasmal macro-
architecture. Depending on the extent of the exophytic
component, some OCGs appear as an enlargement of the
chiasm while some appear as a poorly defined suprasellar
mass replacing the chiasm. With the ability to show the ori-
entation of the white matter tract, diffusion tensor imaging
(DTI), and diffusion tensor tractography (DTT) can illustrate
and trace the optic pathway clearly. However, DTT is techni-
cally difficult in the assessment of ONs due to susceptibility
artifacts from neighboring bone or sinuses, and DTT can be

Fig. 9.2 Axial (a) and coronal (b) MRI scans of a patient with NF-1
showing enlargement of bilateral optic nerves with T2W-hyperintense
signals involving intraorbital, intracanalicular, and cisternal segments,

bilateral lateral geniculate bodies, and anterior parts of bilateral optic
radiations. (Image Courtesy of Dr. Carmen Chan)
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confounded by white matter decussations at the chiasmal
region. It is therefore more suitable for evaluating the poste-
rior visual pathway in selected cases. Although DTI carries
the potential in predicting future visual loss, the correlation
between imaged changes and visual dysfunction remains
undetermined while results have to be replicated in larger
trials [50].

Diagnosis of ONG is established with reasonable confi-
dence using MRI, and biopsy is rarely indicated due to the
potential risk of inadvertent damage resulting in the visual
loss [51]. Secondly, ONGs may develop reactive leptomen-
ingeal hyperplasia beyond the limits of the tumor, and biopsy
may sometimes lead to an erroneous diagnosis of meningi-
oma [52, 53]. Similarly, tissue diagnosis is usually not
required for OCG with clearly defined borders as an intrinsic
lesion with preservation of gross outline of the chiasm.
However, in the settings of atypical clinical presentations
(e.g., adults with diabetes insipidus), globular morphology
on MRI or when there is uncertainty in defining if the supra-
sellar mass is intrinsic or extrinsic, a biopsy is recommended
with either the stereotactic, endoscopic, or transcranial
approach.

Monitoring disease progression in young patients with
OG can be challenging in the presence of unreliable ophthal-
mic examinations and the lack of indicative biomarkers.
Visual acuity (VA) is the most important parameter during
follow-up, yet it is sometimes difficult to distinguish visual
drop secondary to amblyopia from ON dysfunction.
Depending on the age, Teller acuity testing, HOTV, and Lea
optotypes may be used, and Snellen acuity should be
attempted if feasible. Assessment with the same optotype as
previously recorded is important to ensure standardization
and particularly crucial upon detection of visual progression.
Color vision testing with Ishihara pseudo-isochromatic
plates or Hardy-Rand-Rittler color plates can be very helpful
as ONGs tend to have poor color perception while color
vision is preserved in amblyopia. Although there is no uni-
versally accepted guideline in defining visual deterioration
in OGs, most experts would consider the worsening of two
Snellen lines of acuity a significant change to suggest possi-
ble progression [54].

For patients who are not cooperative with subjective test-
ing, OCT and VEP can be acceptable alternatives with a
prior plan in the degree of change for the determination of
progression [40, 55-57]. VEP has a high sensitivity in iden-
tifying OGs, but it is unable to distinguish symptomatic from
asymptomatic OGs. Together with the high intervisit vari-
ability, need of skilled staff, and patient cooperation, VEP
alone is not a good clinical biomarker for treatment deci-
sions, but it serves as a good complementary tool [39]. OCT
has gained considerable attention as a biomarker to assess
structural changes upon visual pathway injury. Literature has
demonstrated a good correlation between pRNFL thickness

and concurrent visual loss in OGs while the availability of
handheld OCT makes taking measurements practical and
repeatable during sedation [57-59]. Although changes in
pRNFL are uncertain in the prediction of impending visual
loss and pRNFL decline may continue after visual loss has
occurred, a normal pRNFL thickness (>80 pm for example)
may reassure the treating physician that visual loss is unlikely
[40].

Current recommendations of surveillance intervals or
methods are largely based on individual clinical experience
and limited available evidence. Among patients with NF-1,
the Optic Pathway Glioma Task Force in 1997 did not rec-
ommend serial screening with routine neuroimaging as early
detection of these tumors does not reduce the rate of visual
dysfunction nor affect therapeutic management [60, 61].
Although some advocate MRI screening in young children
of age less than 15 months, this remains controversial as
sedation is required for neuroimaging in this age group while
it carries certain risks such as airway obstruction, aspiration,
oxygen desaturation, and rarely death [62].

The most widely accepted screening for asymptomatic
children with NF-1 is routine ophthalmic examinations.
Annual comprehensive neuro-ophthalmic evaluation is war-
ranted for children with NF-1 until 8 years old and then every
other year until 18 years old or anytime when there is subjec-
tive visual change. In patients with newly diagnosed OG,
neuro-imaging is recommended every 3 months for the first
year. The frequency can be extended to every 6 months when
there is no evidence of tumor progression or visual deteriora-
tion. Thereafter, annual neuroimaging can be arranged with
interval  neuro-ophthalmological  assessments  every
6 months. If clinically and radiologically stable, surveillance
of known NF-1-associated OG can be discontinued after age
18 [63].

Treatment of OG is most commonly intended to reduce
the risk of permanent, clinically significant visual dysfunc-
tion. However, given the high variability in growth patterns
of individual tumors, there is currently no consensus on
when to treat and when to observe [64]. Management of
patients with OG has to be individualized according to the
age at presentation, the patient’s current vision or ocular
morbidity, nature of the tumor (NF-1 or sporadic), its extent,
and the risk of further progression.

For patients with good and stable vision, observation can
be considered [29] given the slow-growing progress of this
tumor, some enter a prolonged quiescent stage, and some
may even regress spontaneously [65-68]. As visual deficit
due to OGs may go unnoticed and sometimes precede the
diagnosis of OGs, ophthalmological abnormalities found at
tumor presentation which is thought to be chronic may not
require treatment. Similar to ONG, in the absence of hypo-
thalamic or other neurological manifestations, OCGs can be
followed up clinically and with neuroimaging without inter-
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vention as they take similar slow-growing course. Precocious
puberty should be treated with gonadotropin-releasing hor-
mone antagonists while therapy for growth hormone excess
related to OGs is controversial.

Nevertheless, some children may experience rapid
growth of tumors. Local progression has been observed in
7 of 35 patients (20%) followed up without treatment [64].
In a study, 50% of the patients without initial chiasmal
involvement progressed to chiasmal involvement during
follow-up, most within 12 months and more so in those
with NF-1 [69]. Yet, isolated growth of OG does not neces-
sarily be an indication for treatment, and there have been
different opinions in defining “disease progression.”
Radiological progression is often represented by an increase
in tumor size, increased enhancement, or involvement of a
greater proportion of the visual pathway or other CNS
structures. However, one must note that MRI progression
does not necessarily correlate with visual function deterio-
ration and thus may not imply treatment initiation [70]. Yet,
tumor growth definitely warrants increased surveillance of
visual function and nonvisual morbidity given the potential
risk of tumor infiltration to other intracranial structures.
Therefore, apart from substantial radiological progression,
the most frequent indication for treatment includes the
presence of concomitant progressive visual loss (e.g.,
change of visual acuity of >0.2 logMar or new visual field
deficit) or early visual compromise after almost complete
visual loss in the contralateral eye [63]. Precocious puberty
or neurohormonal changes are not indications for treatment
initiation targeting at OGs.

Surgical resection or debulking is generally reserved for
patients with severe visual loss and cosmetically unaccept-
able proptosis [71, 72]. Some have previously proposed
resection of ONGs with close proximity to the optic chiasm
with the intent to prevent chiasmal extension and contralat-
eral involvement. However, it is important to note that tumor
cells are often present beyond the apparent radiological limit
in the MRI [73]. For patients undergoing debulking surgery,
it is important to spare the orbital sensory nerve during the
procedure to reduce the future risk of neurotrophic keratopa-
thy. In selected cases, optic nerve sheath fenestration can be
used to release trapped CSF or loose tumors during decom-
pression [74, 75]. For ONG with a large orbital component
resulting in severe visual loss, significant axial proptosis, and
disfigurement, limited orbital debulking surgery via lateral
orbitotomy has been proposed to improve cosmesis while
minimizing the risk of other cranial nerve damage as com-
pared to the transcranial approach [76]. In patients with
OCGs, complete resection is almost impossible without sac-
rificing all vision or damaging the hypothalamus or sur-
rounding structures. Partial excision or ultrasonic aspiration
of the large exophytic component may occasionally be per-
formed for temporary visual stabilization [77].

Radiotherapy can be considered in patients after puberty
or in those above age of 5 as an alternative or adjunctive
therapy [78]. To reduce adverse effects from conventional
external beam radiotherapy, most radiation therapy per-
formed nowadays acquire stereotactic fractionated tech-
niques using photons as there is no long-term data on the use
of proton beam therapy. Gamma knife radiosurgery has been
reported in treating gliomas of the optic pathway and hypo-
thalamus as well [79]. Although earlier studies had demon-
strated the efficacy of radiotherapy in tumor shrinkage and
stabilization of vision [80], long-term outcomes with newer
techniques are still pending while some have reported a simi-
lar overall course as surgery or observation [29]. It is impor-
tant to recognize potential radiation-related side effects in
children including endocrinologic disturbances, vascular
changes (e.g., moyamoya-like), behavioral problems, neuro-
cognitive deficits, and secondary malignancies [81, 82].
Therefore, in current practice it is usually reserved for older
patients or as a last resort in refractory cases.

Chemotherapy is considered the predominant treatment
modality for OGs particularly in children below 5 years of
age. Common choices of agents include vincristine, carbo-
platin, vinblastine, and temozolomide. The most common
first-line combination of vincristine and carboplatin is gener-
ally well tolerated although 40% of patients may experience
hypersensitivity to carboplatin. In a large cohort, secondary
malignancies or treatment-related mortality had not been
observed [83, 84]. In more recent years, monotherapies with
vinblastine [85, 86], vinorelbine [87], or temozolomide [88]
have been reported for progressive disease with positive
results and low toxicity. Another chemotherapeutic regimen
consisting of thioguanine, procarbazine, lomustine, and vin-
cristine had also been reported [89]. However, this regimen
should be used with caution given its associated risk of sec-
ondary leukemia [90]. As NF-1 patients are predisposed to
leukemia, these agents may be useful for those with sporadic
OGbut should be avoided in NF-1[91-93]. Chemotherapeutic
agents (such as dabrafenib) that target MAP and extracellu-
lar signal-related kinase (ERK) pathways may have an edge
in those with tandem duplication at the BRAF locus. In a
prospective study looking at visual outcomes after chemo-
therapy for pediatric optic glioma in the UK, Falzon et al.
have shown that better initial visual acuity, older age, absence
of post-chiasmal tumor, and presence of NF-1 were associ-
ated with improved or stable vision after chemotherapy [94].

In general, children with NF-1-associated ONG had good
long-term visual, anatomical, and overall outcome. Rarely
do these patients die or develop neurological morbidity as a
result of the tumor [29, 95]. In a study with a follow-up dura-
tion of 10 years or more, moderate to severe visual impair-
ment was noted in approximately one third of the patients
while good initial visual acuity while normal optic disc
appearance at presentation may predict the final outcome.
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Nevertheless, refractory cases still exist, and one tenth of
these patients have severe visual loss bilaterally [96]. And in
patients with untreated OCGs, despite an overall stable dis-
ease course, a substantial proportion did experience neuro-
logical/visual morbidity and mortality from the tumor [97].
It is also important to bear in mind that malignant transfor-
mation with or without metastasis of a previously benign
lesion may develop in rare patients [98, 99]. Young age and
hypothalamic involvement have been proposed to be worse
prognostic indicators irrespective of association with NF1
[100-102]. Molecular-targeted therapy has therefore become
an option for patients with progressive or refractory disease
despite chemotherapy [103].

As OGs are often highly vascular with abnormally
expressed vascular endothelial growth factor (VEGF), anti-
VEGF monoclonal antibodies may be a viable option as an
anti-angiogenic agent to control tumor growth [104].
Bevacizumab has shown some degree of efficacy in visual
preservation in refractory cases as monotherapy or in combi-
nation with other traditional agents [105—108]. In cases of
recurrence, retreatment with bevacizumab has also been
shown to achieve good response [109]. Side effects of beva-
cizumab include fatigue, joint pain, hypertension, bleeding
events, and proteinuria but are typically reversible [110]. A
case series by Falsini et al. has also demonstrated the use of
nerve growth factors to halt tumor growth resulting in VEPs
improvement [111]. As activation of the mammalian target
of the rapamycin (mTOR) pathway is being observed in low-
grade gliomas in NF-1, a variety of mTOR inhibitors have
been studied for their potential use in this group of patients.
Phase 2 trials of mTOR inhibitors such as oral everolimus
have yielded promising results in disease stabilization with
well-tolerated toxicity profiles [112, 113].

Besides, a variety of MEK inhibitors (such as selumetinib,
refametinib, trametinib, and cobimetinib) have demonstrated
its ability in tumor shrinkage for children with NF-1 [114,
115]. Tandem duplication at the BRAF locus has been found
in over 60% of optic glioma patients without NF-1. The
BRAF gene normally produces a protein in the Rass/MAP
kinase pathway, and increased BRAF will result in the acti-
vation of MEK and ERK proteins downstream and lead to
the development of pilocytic astrocytoma [116, 117]. More
recently, selumetinib which is a MEK inhibitor has obtained
FDA approval for use in children with NF1 aged 2—-18 who
have inoperable plexiform neurofibromas [118]. Concerning
treatment side effects, adverse ocular effects have been
observed in adults and children upon the use of MEK inhibi-
tors including retinal vein occlusion, uveitis, neurosensory
retinal detachment, and MEK inhibitor-associated retinopa-
thy [119-121]. However, as compared to adults, the toxicity
is much less common and reversible for children [122].

Being the first drug specifically approved for NF-1
patients, this exciting breakthrough definitely shed light and

opened new opportunities. With the development of bio-
markers for vision, we expect more therapeutic options to
emerge and become potential therapies for the future man-
agement of OG in NF-1 patients [123, 124]. And as we gain
more knowledge on the molecular genetic makeup in OG, it
is hopeful that gene therapy may as well be used in the future
to prevent the development or growth of this tumor.

9.2.2 Malignant Optic Glioma

It is a rare and aggressive tumor which is classified as WHO
grade III (anaplastic astrocytoma) or WHO grade IV (glio-
blastoma, gliosarcoma). In contrast to low-grade gliomas,
they typically affect older adults ranging between 22 and
83 years old [1, 21, 125]. Its presentation depends on the site
of the origin. For proximal tumors originating from the ONs,
patients usually present with a rapidly progressive monocu-
lar visual loss with retrobulbar pain simulating acute optic
neuritis. The red flags include rapid development of ischemic
vascular occlusion, neovascular glaucoma, and bilateral
involvement within 5-6 weeks. Tumors originating closer to
the chiasm usually present with bilateral simultaneous visual
loss and normal appearing or pale optic discs. Of the 77
cases of high-grade optic nerve glioblastoma reported in the
literature, 1 had subretinal involvement while 1 described
intravitreal seeding [126, 127]. MRI appearance is nonspe-
cific and sometimes reveals a diffusely thickened nerve with
heterogeneous enhancement [125, 128-130]. The biopsy
will show characteristic histopathological features including
infiltration to adjacent brain tissues, cellular pleomorphism,
nuclear hyperchromatism, and scattered mitosis [131].
Despite treatment, it carries significant morbidity and death
within 1-2 years of diagnosis [126, 127].

9.2.3 Ganglioglioma

This rare tumor comprises of both ganglion cells and astro-
cytes separated by connective tissue and had been reported to
arise in the optic nerve [1, 21, 132-135]. Unlike OGs, they
typically do not enhance on MRI after gadolinium injection
and often require a biopsy to diagnose. There is minimal evi-
dence on the use of chemotherapy in the treatment of this
tumor in the literature, and most evidence is largely based on
treatment of intracranial gangliogliomas which include sur-
gical resection with or without adjuvant radiation [132].

9.2.4 Maedulloepithelioma

Optic nerve medulloepithelioma has a similar clinical and
radiological presentation to ONG, and the diagnosis is often
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made at the time of surgery with histological findings.
Standard treatment is resection of the affected optic nerve
with adjuvant radiotherapy, chemotherapy, or both to reduce
the risk of recurrence or metastasis [21].

9.2.5 Hemangioblastoma

Optic nerve hemangioblastoma is a rare tumor which is
sometimes considered a misnomer as they rarely infiltrate or
metastasize [21]. Although it can occur sporadically, it is
more commonly seen in patients with von Hippel-Lindau
disease (VHL). In a recent review involving 35 reported
cases, 71% had a diagnosis of VHL, and 5 of these cases had
ON lesions being their first clinical presentation of the dis-
ease. Diagnosed at a mean age of 37 years, most lesions
remain asymptomatic until adulthood, and the majority
(73%) of these tumors were located in the intraorbital por-
tion of the optic nerve. Although they have a similar clinical
presentation as OGs, MRI with contrast can help differenti-
ate it upon revealing flow voids, an absence of dural attach-
ment as well as homogenous contrast enhancement.
Histologically, they are well-circumscribed vascular lesions
composed of stromal cells and vascular endothelial cells.
Depending on the extent of intracranial involvement, surgi-
cal excision with preservation of the globe is well described
via orbital, transsphenoidal, or transcranial approach. Given
the indolent growing nature and the risks associated with sur-
gical excision, a stepwise conservative approach is often
adopted in the absence of severe symptoms. Surgery is usu-
ally indicated when there is rapid visual loss, pain, or unac-
ceptable proptosis [136].

9.2.6 Oligodendroglioma

Constituting 4—12% of all intracranial tumors, this tumor
mostly occurs in the cerebral hemisphere especially the fron-
tal lobes and very rarely in the optic nerves [137]. There
were only a handful of case reports [138, 139], and whether
optic nerve oligodendrogliomas truly exist is unclear.

9.3  Mimickers of Primary Optic Nerve
Tumors
9.3.1 Germ Cell Tumors

Intracranial germ cell tumor (GCT) is a rare type of tumor,
and the majority are found in the suprasellar or pineal region.
Primary, non-exophytic, isolated optic chiasm germ cell
tumor is very rare with only a handful of case reports over
the past decades [140—143]. The mean age of patients with

ON involvement in these reports is 15.8 (range: 9-31), and
all were male. Apart from progressive visual impairment,
these patients usually suffered from coexisting endocrine
abnormalities despite a negative neuroimaging finding on the
hypothalamus. Neuroimaging typically shows a diffusely
enhancing infiltrative lesion with the expansion of the
affected nerve [140, 142, 143]. Given its juvenile onset, it
may pose diagnostic challenges clinically and radiologically
making it sometimes difficult to distinguish from ONGs with
chiasmal involvement. However, histological dissection will
demonstrate that this type of GCT is in fact sellar in origin
with infiltration into the ON. A surgical exploration or biopsy
in a suspicious case is therefore sometimes unavoidable as
GCT has a very distinct treatment protocol from ONG.

9.4  Primary Optic Nerve Sheath Tumors

9.4.1 Optic Nerve Sheath Meningioma
(ONSM)

In contrast to orbital tumors which are adherent to the ONS,
primary ONSM arises from the cap cells of the arachnoid
villi surrounding the intra-orbital or intracranial portion of
the ON in the orbit. Secondary orbital meningiomas are
caused by intraorbital extension of adjacent meningioma and
usually arise from the sphenoidal ridge, anterior clinoid pro-
cess, tuberculum sellar, and olfactory groove which subse-
quently extend through the superior orbital fissure, optic
canal, or bones. Extending along the ONS, both types can
involve the orbital, canalicular, and intracranial portions of
the ON. In a review involving 5000 orbital meningiomas,
90% was found to be secondary with 10% being primary
ONSM. Among those primary ONSM, 92% originates
within the orbit, and the remaining arise from the optic canal
[144]. All ONSM, primary and secondary, account for 2% of
all orbital tumors [144—148].

Schick has proposed a classification of ONSM into three
types. Type I refers to ONSM limited to the orbital portion
with characteristic fusiform, tubular or globular appearance.
Type II ONSM extends through optic canal or supraorbital
fissure with or without extension to the cavernous sinus
while type III involves more than 1 cm intracranial extension
to the optic chiasm or across the planum sphenoidale to the
contralateral ON [147].

Most primary ONSMs (95%) are unilateral with a slight
predilection for the right ON [148]. Theoretically, it is pos-
sible to have contralateral spread but has not been reported.
For bilateral ONSMs, they are either secondary in nature or
are likely associated with NF-2 which is usually present in
the first decade of life. In an epidemiological study of pedi-
atric ONSM, almost one-third are diagnosed with NF-2
[149]. Therefore, for primary ONSM in children, one should
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also look for multifocal ONSM, aneurysms, or other intra-
cranial diseases [150-153].

Primary ONSM can occur at any age, but similar to
meningioma elsewhere in the CNS, they are most commonly
found in middle-aged women with a peak incidence between
45 and 55 years old [144, 150]. An accelerated growth of
meningioma has been reported during pregnancy, and some
have postulated the effect of hormonal and hemodynamic
changes during pregnancy as well as the presence of estro-
gen and progesterone receptors frequently expressed in
meningioma cells [154—156].

Despite the benign and slow-growing nature, ONSM can
cause progressive compression to pial vasculature leading to
optic neuropathy and irreversible visual loss. Clinical pre-
sentation is similar to ONG with ON dysfunction where
patients present with progressive painless visual loss or vari-
ous types of visual field defects [150, 157]. Some experience
transient visual obscuration secondary to ON ischemia upon
compression at eccentric gaze which is normally termed as
gaze-evoked amaurosis [158].

Depending on the location of the tumor and chronicity,
optic disc morphology can be normal, swollen, or pale [144—
146]. Unlike other inflammatory or demyelinating causes,
the disc swelling may persist beyond 3 months. Of note,
chronic disc edema may be associated with posteriorly
located ONSMs causing dilatation of the perioptic subarach-
noid space anteriorly where clinicians should think about
possible ONSM upon persistent unilateral disc swelling
[159]. About one-third of ONSM will develop an optociliary
shunt at the optic nerve head which is a retinal-choroidal ves-
sel that shunts venous blood from the retina due to compres-
sion of the central retinal vein. Though not pathognomonic,
ONSM should be suspected in patients presenting with con-
comitant progressive visual loss [160-162].

The degree of proptosis depends on the volume of the
lesion and its morphology. Fusiform and the rare globular
type tend to have moderate proptosis while the tubular type
may have no or minimal proptosis. Limitation of ocular
motility has been reported, and it is more commonly associ-
ated with mechanical restriction from stiffened ONS rather
than cranial nerve palsy [162]. Sporadically, patients with
ONSM complain of orbital pain or headache resulting from
apical meningiomas and associated sensory nerve compres-
sion [163]. ONSM can occasionally present atypically with
acute visual loss upon tumor bleeding, thus masquerading as
other diagnoses [164, 165].

These atypical features can impose diagnostic challenges,
and misdiagnosis of ONSMs is not uncommon in real-life
practice [165-169]. In a recent retrospective review by
Kahraman-Koytak et al., 71.4% of ONSMs were misdiag-
nosed or had delayed diagnosis with the most frequent mis-
diagnosis being optic neuritis. They reported that the causes
for misdiagnosis were clinician assessment failures in the

presence of other ocular diseases and misinterpretation by
radiologists due to the lack of training or errors in imaging
orders [168].

CT scanning typically showed fusiform or tubular
enlargement of the affected ON with thickened sheath which
enhances. On axial sections and after intravenous contrast,
26% will yield a “tram-track” sign which is characterized by
hyperdense enhanced meninges encasing the hypodense
optic nerve [170]. Some cases will have partially calcified
meninges creating this tram track appearance on pre-contrast
soft tissue and bone-windowed CT as well [171].
Interestingly, noncalcified tumors have been shown to grow
in volume and length up to six times more than calcified ones
in volumetric studies [150].

MRI is currently the preferred imaging modality for the
diagnosis of ONSM. In T1-weighted sequence with fat sup-
pression and the use of gadolinium contrast, it is capable of
revealing the hypointense ON which is in fact normal in
diameter where the ONS is thickened and markedly enhanced
which contributes to the overall enlarged ON (Fig. 9.3). On
T2-weighted scans, ONSMs are hyperintense when com-
pared to the brain or ON. And as opposed to the smooth dural
outline in ONG, ONSM commonly shows small, thin exten-
sions from the affected sheath into the orbit. The coronal cut
will show concentric thickening of ON and “doughnut sign”
(Fig. 9.4).

The diagnosis of ONSM can often be reached with the
combination of clinical setting, history, examination find-
ings, and imaging characteristics, rendering the need for
a biopsy. As meningioma cells can express somatostatin
receptor subtype 2, ONSM demonstrates high gallium-
68-labeled dodecanetetraacetic acid-tyrosine-3-octreotate
(8Ga-DATATATE) uptake which is somatostatin receptor
ligand, on positron emission tomography (PET)/CT scan
[172, 173]. This characteristic and imaging modality is use-
ful in assisting diagnosis in case of doubt. With the advent of
modern neuroimaging while biopsy carries a risk of visual
impairment, histological diagnosis is only indicated if there
is atypical feature or upon aggressive disease course.

Histopathologically, ONSMs have similar histologic fea-
tures to intracranial ones. The most frequently encountered
subtype is the transitional type (50%) which is characterized
by concentric whorls of spindle cells with interspersed hya-
linized calcium deposits known as psammoma bodies. Sheets
of polygonal cells separated by vascular trabeculae can be
observed in meningothelial-type (19%) while the rest (31%)
is mixed type [171, 174, 175]. According to WHO and based
on their histologic and immunohistochemical characteristics,
they can be further classified into benign (Grade I), anaplas-
tic (Grade II), and malignant (Grade III).

The major morbidity of an ONSM is loss of vision in the
affected eye. Therefore, similar to ONG, the management of
ONSM must be tailored to individual patients, and treatment
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Fig. 9.3 MRI T1-weighted sequence with fat suppression and use of
gadolinium contrast showing different morphologies of ONSMs: tubu-
lar form (a), fusiform form (b), focal (c¢). The hypointense ONs can be

Fig. 9.4 The coronal cut of MRI showing “doughnut sign” in ONSM
of the left orbit

seen with normal diameter while the ONSMs show marked enhance-
ment. In b, there is marked proptosis secondary to the fusiform tumor.
(Image Courtesy of Dr. Carmen Chan)

options include conservative observation, radiation therapy,
or rarely surgery along with radiation. Although ONSMs
commonly show high estrogen or progesterone receptor
expression, medical treatment like estrogen or progesterone
antagonist (such as tamoxifen or mifepristone) had not been
proven effective in the control of ONSMs [156].

As primary ONSM is not life-threatening and rarely
extends intracranially to compromise the contralateral optic
nerve, treatment is not required if there is no significant
visual dysfunction, no clinical progression, or no intracranial
extension. Given a high functional vision and variable pro-
gression, robust surveillance with clinical examination every
3—6 months and neuroimaging every 6—12 months should be
arranged for this group.

With close proximity between most primary ONSM and
the ON as well as its blood supply, surgical excision usually
results in loss of vision in the affected eye. As a historical
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treatment of choice, 94% experienced visual drop postopera-
tively with 78% ending up with no light perception [144].
Therefore, surgical resection is only reserved for aggressive
tumors with intracranial extension to prevent spread to con-
tralateral ON or for cosmesis in a severely proptotic blind
eye. Partial debulking can be considered in ONSMs which
are primarily extradural where some of the tumor is left
behind in the subdural or subarachnoid space surrounding
the nerve. In cases presenting with acute visual loss, some
recommend optic nerve decompression via opening up the
ONS [150, 171]. This procedure should be followed by
definitive radiation therapy to prevent the subsequent spread
of the tumor throughout the orbit.

The current standard of care for ONSM is radiation ther-
apy which is indicated if there is progressive ON damage
where some have proposed a cutoff of VA of <20/40 or upon
marked visual field constriction.

Conventional external beam radiotherapy (EBRT)
involves high-energy radiation with linear accelerator to
directly irradiate the tumor enclosing all extensions with lib-
eral margins in a square radiation field including normal tis-
sues in the treated area. It has been widely performed in the
past, and it usually consists of 5000 cGy given in doses of
180-200 cGy daily fractions. The threshold for radiation
damage to ON has been estimated to be 80-100 cGy for a
single dose [176]. The advantage is the high availability by
almost any radiation center, and it has been shown to result
in a good long-term visual outcome as compared to observa-
tion, surgery or surgery, and radiotherapy [177]. However, it
is no longer widely performed nowadays as the radiation
damage to adjacent normal tissue can result in potentially
serious complications including radiation-induced retinopa-
thy, vascular occlusion, persistent uveitis, pituitary insuffi-
ciency, temporal lobe atrophy, and radiation-induced tumor.

3D conformal radiotherapy (3D-CRT) is the next advance-
ment to EBRT which uses multiple radiation beams and
beam-forming technology software to map the target tissue.
This enables more precise delivery of radiation conforming
to the target tissue volume. However, late radiation toxicities
and ocular complications were still significantly observed
and are therefore not recommended.

Intensity-modulated radiotherapy (IMRT) is the next evo-
lution of 3D-CRT that further modifies the dose distribution
within the target volume with an increased number of beam
directions. Radiation beams are divided into grid-like pat-
terns separating each big beam into numerous smaller beam-
lets. This allows radiation delivery of varying intensities, and
special software is used to determine the optimal amount of
radiation to the tumor itself while conforming more precisely
to the shape of the tumor, sparing normal tissues. This tech-
nique is more time and labor-intensive during treatment

planning. To ensure precise alignment of the target tissue,
reacquisition of images at the time of therapy is also required
for image-guided therapy. With promising results in treating
ONSM, it has been shown to preserve or improve visual
function. In particular, significant visual improvements have
been demonstrated with early IMRT before the appearance
of optic disc abnormalities and especially in patients with
fusiform and globular growth [178, 179].

Stereotactic fractionated radiotherapy (SFRT) is one of
the most widely reported radiation techniques for the treat-
ment of ONSM. Also requiring complex planning, SFRT
involves a large dose of radiation delivered to a single point
where all the beams converge with high precision targeting
at the tumor in multiple fractions under the facilitation of
head immobilization, sophisticated software, and three-
dimensional imaging. The usual treatment dosage for
ONSM is 50-54 Gy in 180 cGy daily fractions, and litera-
ture has shown excellent short-term and long-term progno-
sis [180—188]. In general, visual improvement begins within
3 months after treatment. As we summarize the results from
the published series to date, 86—100% of patients reported
improvement or stability of their visual function. Although
some tumors, particularly fusiform or globular ones, dem-
onstrate a reduction in tumor volume after SFRT, the major-
ity show no change in tumor size on posttreatment imaging.
Current evidence has proved SFRT to be an effective treat-
ment for primary ONSM with 90-100% radiological con-
trol [189].

Acute treatment side effects of SFRT include headache,
nausea, local erythema, focal alopecia, endocrinological
disturbance, and trigeminal nerve hypoaesthesia, but they
tend to be mild or transient. In rare occasions, there can be
transient optic neuritis which responds dramatically to sys-
temic steroid. Despite the high degree of radiation confor-
mity to the tumor, radiation toxicity has been reported in
SFRT. A study has demonstrated that ONSM closest to the
posterior pole of the eye needed a higher median total dose
or radiation and was associated with higher complication
rates [190].

Radiation-induced retinopathy (RR) can occur following
a treatment dose of at least 50 Gy with a latency period of
6 months to 4 years. Visual comorbidity from RR can range
from asymptomatic to loss of vision and ONSM involving
the proximal part of the optic nerve adjacent to the globe are
at greater risk of developing RR [191]. Therefore, this
potential complication should be thoroughly discussed upon
treating such patients. Although radiation optic neuropathy
may occur especially in a radiation dose up to 54 Gy, it has
rarely been reported, and it might be difficult to distinguish
from visual deterioration secondary to tumor progression.
Some other long-term ocular complications include dry
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eyes, cataract formation, and uveitis. Systemically, long-
term side effects of SFRT include pituitary dysfunction and
punctate white matter lesions in the cerebral hemisphere
presumably from radiation effect on cerebral blood flow.
Interval monitoring of pituitary hormonal function is man-
dated especially for those with posteriorly located ONSM
after SFRT.

In a recent meta-analysis by Pintea et al. evaluating func-
tional outcomes in patients with ONSM treated with SFRT,
over 50% of cases had improvement of ophthalmic status
with low morbidity and excellent control. They identified
favorable prognostic factors being better pre-treatment visual
acuity, shorter follow-up duration, and lower retinal dose.
The authors advocated using SFRT as early as possible
before vision deterioration occurs [192]. With improved
imaging techniques and the latest long-term results from
SFRT, the choice between observation and radiation therapy
has become more difficult in patients with presumed ONSM
and mild visual loss.

The value of robotic radiosurgery (RRS) for treating
ONSM is still under evaluation [193]. Gamma knife radio-
surgery is now rarely used in ONSM as the fixed frame
required the dose to be applied in a single fraction which
can easily exceed the dose tolerance of the visual pathway
and result in visual morbidity [194, 195]. CyberKnife offers
frameless irradiation and allows the dose to be divided into
multiple fractions, thus referred to as hypofractionated
radiosurgery. It consists of a 4- or 5-consecutive day regi-
men delivering a total dose of 200-250 cGy (50 cGy per
session) to the tumor. As compared to SFRT, RRS can
achieve tighter dose distribution and improved dose confor-
mality with submillimeter accuracy. So theoretically it can
reduce dose leaking over the retina or nearby structures,
hence minimizing long-term radiation-induced toxicity
[196]. Studies have also shown the effectiveness of this
modality in tumor control in selected cases [197-200]. In
the series of Marchetti et al., visual function was stabilized
in 65% and improved in 35% of patients while no radiation-
induced toxicity was observed in the mean follow-up dura-
tion of 30 months [200]. However, RRS for ONSM has only
been performed in a few specialized institutions given its
substantial technical requirements. Further studies, prefera-
bly multicenter are required to evaluate its long-term effi-
cacy and safety [197-200].

Proton beam therapy (PBT) is a more confined way of
radiation delivery with proton release within the tumor
region resulting in a minimal dose beyond the tumor bound-
ary. Theoretically it is less likely to produce damage to sur-
rounding normal tissue because of the Bragg peak for protons
as compared with photons. Moyal et al. reported the use of
PBT as primary or adjunctive therapy in treating ONSM with

14 (out of 15 patients) attaining visual stability or improve-
ment [201]. Despite encouraging preliminary data, there are
only limited literature and small case series evaluating the
efficacy of PBT in treating ONSM. As of today, the standard
of care for patients with ONSM requiring treatment remained
to be SFRT.

9.4.2 Optic Nerve Meningeal
Hemangiopericytoma

Meningeal hemangiopericytoma is a rare tumor of mesen-
chymal origin which is believed to arise from the pericytes of
the capillaries [202]. It accounts for less than 1% of all CNS
tumors [203] but constitutes 2.7% of all primary orbital
tumors [203-205]. Very rarely, it can arise from the optic
nerve meninges and may clinically simulate ONSM [206—
208]. This tumor is however notorious for its aggressive
clinical course, infiltration, local recurrence, and distant
metastasis [202, 203, 209]. Its terminology and classification
had attracted discussion in the past decades, but advances in
tissue diagnosis and immunohistochemical studies have sep-
arated its entity from meningioma [210]. Classical heman-
giopericytomas are highly cellular with scanty intervening
collagen and thin-walled branching vessels arranged in a
stag-horn pattern. In contrast to the strong and diffused
CD34-expression (80-100%) in solitary fibrous tumors,
hemangiopericytoma has focal or absent CD34 reactivity
(33%). Fibrous meningioma has positive expression of EMA
(80%) and S-100 protein (80%) while these are negative for
hemangiopericytoma [211, 212] The recommended treat-
ment for hemangiopericytoma is complete excision with
adjuvant radiotherapy and/or chemotherapy [213].

9.5 Conclusion

Among the diverse primary optic nerve neoplasms, OG and
ONSM are the most commonly encountered of which diag-
nosis can often be made clinically and radiologically.
However, a biopsy is warranted in the presence of atypical
features or a rapidly progressive course. OG can usually be
monitored while the mainstay of treatment for progressive
OG is chemotherapy. Symptomatic ONSM on the other hand
can be treated with SFRT. For refractory diseases or other
optic nerve neoplasms, modalities of treatment will include
radiation, surgical resection, or immunomodulatory thera-
pies. The time window for treatment initiation will be
affected by the evolving new treatment modalities and
advances in radiation therapies.Conflict of InterestThe author
has nothing to disclose.
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Abstract

The orbital apex is a complex anatomical region and the
narrowest part of the orbit. Critical structures inside are
only millimeters apart. Several etiologies can cause clini-
cal manifestation, and one of them is vascular disease.
Anatomical knowledge is very important to project the
location of the lesion and the structure involved. Even
some diseases behind the orbital apex also can cause
orbital apex syndrome, constituted by the involvement of
the optic nerve, oculomotor nerve, trochlear nerve, abdu-
cens nerve, and first division of the trigeminal nerve.
Several vascular diseases can happen in the orbital apex
including arteriovenous malformations, arteriovenous fis-
tula, ophthalmic artery aneurysm, hemangiopericytoma
of the orbit, carotid cavernous fistula, cavernous sinus
thrombosis, and carotid cavernous aneurysm.
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10.1 Introduction

The orbital cavity in humans is pyramid-shaped with the
orbital apex directed posteriorly. This is a complex region
anatomically with the interactions of bone, vascular, and
neural structures [1]. The orbital apex is the narrowest part of
the orbit, and critical structures inside are only millimeters
apart [2]. Any involvement of various structures in this area
will progress to several signs and symptoms called orbital
apex syndrome. Several etiologies such as inflammation,
infection, trauma, iatrogenic, vascular, endocrine, tumor, and
others can lead to these clinical manifestations of orbital
apex syndrome [1].

10.2 Orbital Apex Anatomy

The orbital apex bone area is the narrowest part of the orbit
(Fig. 10.1). Bones forming this structure are the lesser wing
of the sphenoid bone at the roof, the ethmoid sinus at the
medial, the greater wing of the sphenoid wings at the lateral,
and the orbital palate at the floor. The optic canal (OC) is
bordered by sphenoid bone, superior by the lesser wing,
inferolateral by the optic strut, and medial by the body. The
superior orbital fissure is located inferolateral to the OC,
separated by the optic strut and bordered by the lesser wing
of the sphenoid superior-medially, by the greater wing of the
sphenoid bone laterally, and by the orbital process of the
palatine bone inferiorly [2].
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Cranial nerve Il
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Cranial nerve Il

Fig. 10.1 Important anatomy structure of the orbital apex (1) Lacrimal nerve, (2) frontal nerve, (3) trochlear nerve, (4) superior division of ocu-
lomotor nerve, (5) abducens nerve, (6) inferior division of oculomotor, (7) nasociliary nerve, (8) optic nerve, (9) ophthalmic artery

Fig. 10.2 Anatomical
structure inside the orbital
apex [1]
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10.3 Orbital Apex Syndrome

The involvement of disease in the orbital apex region (Fig. 10.2),
which results in a set of symptoms and signs, is called orbital
apex syndrome. These structures include the rectus muscles
(superior, inferior, medial, and lateral), and they originate from
the tendinous annulus of Zinn. Ophthalmic artery, and optic

Superior Orbital Fissure

Superior ophthalmic vein

Optic canal

Optic nerve

Ophthalmic artery

Inferior ophthalmic veins

NI
B

Infra-orbital artery

Infra-orbital vein

nerve pass through the optic canal inside the annulus of Zinn
together with the oculomotor nerve, the abducens nerve, and the
nasociliary nerve in the middle portion of the superior orbital
fissure. This syndrome is constituted by the involvement of the
optic nerve (I C.N), oculomotor nerve (Il C.N), trochlear nerve
(IV C.N), abducens nerve (VI C.N), and the first division of the
trigeminal nerve (ophthalmic division of V C.N) [1].



10 Orbital Apex Vascular Disease

87

10.3.1 Clinical Features

Several etiologies can affect the orbital apex, and the promi-
nence and severity of clinical symptoms can be variable. The
most common clinical feature in the orbital apex is painful
vision disturbance and eye movement (ophthalmoplegia).
The clinical sign and symptoms can lead to a certain location
of the lesion as shown in Table 10.1 [1].

10.3.2 Etiopathogenesis
Several etiologies can cause orbital apex syndrome such as

inflammatory, infections, traumatic, iatrogenic, vascular,
endocrine, tumors, or other diseases (Table 10.2).

Table 10.1 Signs and symptoms of the cranial nerve involved in the
disease at the orbital apex area [1]

Cranial nerves

involved Sign and symptoms

IIC.N Vision disturbance/loss
Pupillary abnormalities (relative afferent
pupillary defect—RAPD)
Optic disc edema or optic atrophy
Choroidal folds

III C.N Pupillary abnormalities (anisocoria)

IIL IV, VIC.N Ophthalmoplegia (eye movement)

V,C.N Pain around the orbit or the skin
Presence/absence of corneal sensations and
corneal reflex

Table 10.2 Etiopathogenesis and disease causing orbital apex syn-
drome [1]

Etiology Disease

10.4 Orbital Apex Vascular Disease

10.4.1 Ophthalmic Arteriovenous
Malformations (AVMs)

Intraorbital AVMs are rare lesions (Fig. 10.3), usually con-
genital in origin. These lesions are high-flow communica-
tions between arteries and veins that enlarge progressively
and bypass normal capillary beds. They usually have multi-
ple feeder arteries, a central nidus, and several dilated drain-
ing veins. On initial examinations, the appearance can be
variable and may rarely show symptoms in childhood. Their
growth was stimulated by menarche, pregnancy, and trauma.
Common signs and symptoms found were periocular pain,
dilated corkscrew vessels on the globe extending to the lim-
bus, proptosis, pulsating lesion, bruit, and raised intraocular
pressure [3]. They can also cause visual disturbance, diplo-
pia, discoloration, and episcleral congestion [4]. Orbital
AVMs are diagnosed through angiographic findings that
showed an engorged, rapidly filling proximal arterial system,
a malformation, and a distal venous outflow. Histopathology
examination can find irregularity of the muscularis layer
thickness in the affected feeder arteries and draining veins
and also the presence of a partial elasticity in other vessels
[3].

The diagnosis can be also supported by clinical history
and noninvasive imaging studies, such as flow Doppler ultra-
sound, CT angiography, or MR angiography, to highlight the
expansion of the lesions. This lesion should be considered as
a differential diagnosis of other orbital vascular lesions with
similar features such as carotid cavernous fistulas (CCF),
dural cavernous sinus fistulas, orbital arteriovenous fistulas
(AVFs), and cerebral AVMs with drainage into orbital veins.
Orbital AVF is the only possible condition that had the most
similar appearance on radiology and angiography examina-
tion. However, either traumatic or spontaneous AVF are lim-

Sarcoidosis
Tolosa-Hunt syndrome
Systemic lupus erythematosus

Inflammatory

Microscopic polyangiitis
Granulomatosis with polyangitis
Churg-Strauss syndrome
IgG4-related variant form

Nonspecific orbital inflammation

Bacterial

Fungal

Viral

Parasitic

Cranial-maxillo-facial injuries
Postorbital and sino-nasal surgeries
Cavernous sinus thrombosis

Infections

Traumatic
ITatrogenic
Vascular (most frequently
present as cavernous sinus
syndrome)

Carotid cavernous fistula
Carotid artery aneurysm
Thyroid orbitopathy
Head and neck tumors

Endocrine

Tumors

Nasopharyngeal carcinoma
Adenoid cystic carcinoma

Head and neck tumors with
perineural spread

Metastases (breast, lung, renal
carcinoma)

Hematologic (Burkitt’s lymphoma,
non-Hodgkin’s lymphoma,
leukemia)

Others Neurofibromatosis
Fibrous dysplasia

Mucocele

ited to the orbit, and have no connection to the cavernous
sinus. AVFs demonstrate a direct arteriovenous connection
without nidus. Management of orbital AVMs should be done
with a multidisciplinary approach. The primary treatment is
surgical excision with or without prior embolization. Other
modalities such as radiotherapy with new techniques that
focus on radiation to the lesion (linear accelerator, proton
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Fig. 10.3 AVM in the orbital apex with a feeding artery from the oph-
thalmic artery

beam, or Gamma Knife) can also be a choice for AVMs.
Radiation will induce thrombosis inside the lumen; however,
this method has not been used for orbital lesions. Several
studies show that incomplete excision or partial emboliza-
tion alone will cause recurrences. Intervention should be
done immediately when there is visual compromise and per-
sistent or progressive patient discomfort [3]. Other adjunc-
tive therapies that can be given before intervention are
sclerotherapy, direct intralesional injections, and laser treat-
ments. Multidisciplinary care involves oculoplastic surgeons
and craniofacial plastic surgeons, and neuroradiologist post-
resection surgery is also needed [4, 5].

From the case series of Warrier et al. including ten intra-
orbital AVM cases, 70% were fed by ophthalmic artery, 80%
were embolized, and 60% were followed by surgical resec-
tion. One patient was treated using Gamma Knife treatment.
The outcomes of using a multidisciplinary approach are usu-
ally good, with few recurrences reported during follow-up.
The main cause of poor management outcomes is periopera-
tive hemorrhage [3].

10.5 Arteriovenous Fistulas (AVFs)

Dural arteriovenous fistulas (dAVFs) are abnormal direct
connections between arteries and veins in the dura mater.
The most common location of the fistule is with the cavern-
ous sinus, the symptoms were chemosis, diplopia, and pro-

Fig. 10.4 Intraorbital arteriovenous fistula formed from the branches
of meningeal arteries

ptosis. The prevalence of intraorbital AVF who received
DSA suspected of cavernous sinus dAVF is only 1 out of 350
patients [6]. Intraorbital AVFs usually have a direct connec-
tion between the superior or inferior ophthalmic vein and
intraorbital arteries such as the ophthalmic artery and its
branches (Fig. 10.4), such as the central retinal artery.
Intraorbital AVFs can cause a severe decrease in visual acu-
ity and visual field defect [7]. Clinical presentation is usually
indistinguishable from CCF with predominantly ocular find-
ings. The manifestations are chemosis, a decreased visual
acuity, exophthalmos, and extraocular symptoms [8].

Conservative treatment for intraorbital AVF consists of
clinical observation and measurement of ocular pressure.
Treatment should be given to patients with progressive
symptoms or intractable ocular pressure with medication [8].
Endovascular intervention for dAVFs is usually categorized
based on the approach, either transarterial or transvenous
embolization. Transarterial embolization could be dangerous
since the ophthalmic artery has a potential anastomosis with
the anteromedial branch of the inferolateral trunk (ILT) that
runs through the superior orbital fissure, especially for embo-
lization using liquid materials. The transarterial emboliza-
tion from the branches of the meningeal media artery (MMA)
also has a high risk of retinal ischemia because of the anasto-
mosis between the MMA branches, recurrent meningeal
artery, meningo-lacrimal artery, and lacrimal artery [6].
Direct surgical ligation through the extradural transcranial
approach is where the roof of the orbit is opened, the supe-
rior rectus muscle is retracted to visualize the superior oph-
thalmic vein, and then the vein is ligated. Intraoperative
angiography is needed to confirm complete obliteration of
the fistula after the SOV was ligated [8]. Williamson et al.
reported the treatment of intraorbital AVF through retrograde
transvenous catheterization and embolization with coils to
the fistula through an IPS route [8].
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10.6 Intraorbital Ophthalmic Artery

Aneurysm

Intraorbital ophthalmic artery (OA) aneurysms are rare;
however, this is a serious threatening condition. Internal
carotid artery (ICA) branches become OA as they pass from
the cavernous sinus and then enter the orbit via the optic
canal, forming the intraorbital segment of the OA (Fig. 10.5).
It is divided into three sections, in the direction from the
orbit, the first run inferolateral to the optic nerve, the second
superomedial to the optic nerve, and the third lies medial to
the optic nerve [9].

The symptoms caused by an intraorbital OA aneurysm are
caused by the mass effect and chronic pulsation. The aneu-
rysm location determines the symptoms. Distal intraorbital
OA aneurysms may be asymptomatic, while the proximal
aneurysm can cause paresis of the extraocular muscles inner-
vated by the oculomotor and abducens nerve. Ruptured
aneurysms will rapid onset proptosis and visual loss due to
hemorrhage. The most common presentations include visual
loss, exophthalmos, and severe headache [9]. Compared with
other sites, large and giant aneurysms are more commonly
found in OA aneurysms. Large-sized aneurysms have been
reported to cause compression injury [10].

Unruptured OA aneurysms can be treated with three
methods: conservative medication, endovascular interven-
tion, or microsurgical clipping. Conservative treatment is
only suggested for unruptured ophthalmic artery aneurysms
with a low risk of rupture [11]. However, Kumon et al. pro-

Fig. 10.5 Intraorbital aneurysm of the ophthalmic artery [9]

posed to treat all unruptured asymptomatic ophthalmic seg-
ment aneurysms to prevent the risk of rupture. In contrast,
De Jesus et al. suggested only patients with a life expectancy
of more than 10 years should be treated and if the aneurysm
size was more than 4 mm [12]. Reported treatments for OA
aneurysms include occlusion of the OA, clipping of the
aneurysm, Or aneurysm resection or trapping [9].
Endovascular coiling and surgical clipping are two common
forms of treatment for intracranial aneurysms [13].
Microsurgical clipping of OA aneurysms can be done with
several risks such as visual loss, intraoperative ruptures, and
stroke. A study in the Hospital of Qingdao University, China,
showed there were two independent risk factors for poor out-
come of surgical clipping of OA aneurysms: age more than
60 (OR 5.877; 95% CI 1.039-33.254, p = 0.045) and aneu-
rysm size more than 10 mm (OR 9.417; 95% CI 1.476—
60.072, p = 0.018). Retracting the optic nerve close to the
aneurysm during surgery risks the problem of visual acuity
and visual field defect, and retraction can be reduced by cut-
ting the falciform ligament to displace the nerve. Opening
the ICA dural ring and drawing the dura mater towards the
orbital roof can expose the ICA, OA, and aneurysm neck
broadly. Removing the anterior clinoid process can be neces-
sary to expand the exposure of the anterior edge of the aneu-
rysm neck if it cannot be fully separated from the optic nerve
[10].

Endovascular treatment should be chosen for moderate-
sized aneurysms. The current choice modalities that have
been recently used were coiling and flow diverter [11]. Other
options available include sole coils embolization, balloon-
assisted coils, stent-assisted coil, or flow diversion. Several
factors such as dual antiplatelet therapy during the periopera-
tive period can cause a high risk of bleeding, and other risks
such as in-stent thrombosis and stent malposition during
stent-assisted coils embolization or flow diversion implant
can lead to poor prognosis after the procedure. Balloon-
assisted coiling can create significant technical stress for the
aneurysm wall and parent vessel. Stents were used for wide-
necked or complex aneurysms. The complication of in-stent
thrombosis can be caused by antiplatelet drug resistance or a
defect on the wall attachment of the stent [12]. Recent evi-
dence shows that flow diverters could achieve better occlu-
sion compared to coiling, fewer neurological complications,
and a lower risk of death. The occlusion rate of the flow
diverter is up to 64% within 6 months and 94% within 3 years
postimplantation compared with coiling. Dual antiplatelet
must be administered for a minimum of 6 months after
implantation to prevent in-stent thromboembolic events. The
flow diverter is recommended for moderate- to large-sized
aneurysms in large arteries and can be the best choice for
aneurysms in locations presenting serious complications
such as blindness [11].
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10.7 Hemangiopericytoma of the Orbit

Hemangiopericytoma is a tumor composed of cells that
resemble the vascular pericyte, first delineated by Stout and
Murray as a distinctive vascular tumor of soft tissue [14, 15].
Hemangiopericytomas are a rare entity that accounts for only
1% of all intracranial tumors. Commonly, HP is acknowl-
edged as a dura-based, subdural tumor originating from
Zimmermann’s pericytes [16]. Hemangiopericytoma counts
for 1-3% of all orbital lesions [17]. Hemangiopericytoma
can occur anywhere capillaries are found and is rarely found
in orbits [18]. It can resemble other common tumors of the
orbit such as lymphangiomas and hemangiomas from clini-
cal or radiological examination, and therapy for these
patients is challenging. The distinction must be made
between other differential diagnoses such as vascular mal-
formations and hemangiomas [17]. Hemangiopericytomas
are usually found in the fourth to fifth decade of life, with
80% diagnosed in the range of 2070 years old. The etiology
is still unknown. However, trauma has been suggested as one
possible risk factor, since several reports of orbital heman-
giopericytomas have a history of trauma prior to clinical
complaints. Clinical signs and symptoms found were propto-
sis, pain, diplopia, decreased visual acuity, eye swelling, and
ecchymosis of the eyelids due to the mass effect. The tumor
can be located anywhere around the orbit including intra-
conal, extraconal, lacrimal gland, lacrimal sac, meninges of
the optic nerve, conjunctiva, eyelid, and intraocular, but the
most common location is in the superior orbit. The tumor is
typically slow-growing and encapsulated, but sometimes we
can find pseudocapsules [18]. The orbital margins are usu-
ally indistinct, and they appear to invade the surrounding tis-
sue that can be found in CT and MRI. There can be also
erosions of adjacent bony structures and contrast enhance-
ment. Angiography will show significant blush in all three
phases, without prominent arteriovenous shunting [18].
Hemangiopericytoma considerably compressed the optic
nerve. For the tumor, total resection should be achieved to
reduce the chance of recurrence, malignant transformation,
and the possibility of reoperation [16, 17]. The effectiveness
of radiotherapy for hemangiopericytoma is not well deter-
mined, and it is usually not administered immediately after
resection. Radiotherapy as adjuvant treatment should be
carefully determined the time and dose case-by-case accord-
ing to the tumor location and extent of resection. Stereotactic
radiosurgery can be an alternative option for local recur-
rence; however, it also can cause distant metastases regard-
less of the histological grades [16]. With incomplete removal,
these tumors tend to recur and have a malignant transforma-
tion that is more infiltrative and difficult to be removed.
Metastasis most commonly occurs to the lung [18].

Hemangiopericytomas are often brittle and tend to cause
bleeding [18]. Intraoperative hemorrhage can be massive in
these cases; therefore, preoperative embolization was sug-
gested in several reports. The methods of embolization
included the use of polyvinyl alcohol, Onyx, and particulate
embospheres [17]. After endovascular embolization, the sur-
gery should be more secure compared to other cases that did
not have prior embolization, and wide surgical excision can
be performed with minimal bleeding [18, 19].

10.8 Carotid Cavernous Fistula (CCF)

Carotid cavernous fistulas (CCFs) are abnormal connections
between the carotid arteries and the cavernous sinus. CCFs
are classified into two main subtypes, direct high-flow CCF
and indirect low-flow CCF. Direct CCFs result from defects
in the intracavernous carotid artery wall, causing direct com-
munication around the cavernous sinus. This type is usually
caused by trauma and most common in young men. The sec-
ond subtype, indirect CCF, or also called as dural arteriove-
nous fistulas, are pathological connections between the
branches of the carotid artery within the dura mater and the
cavernous sinus. This type is seen more commonly in post-
menopausal women. Both types of CCF result in a rise of
flow and pressure within the cavernous sinus, resulting in
late flow draining into the orbital veins. CCFs can also be
divided into four types: (1) type A where there is a direct
high-flow shunt between ICA and cavernous sinus (trau-
matic and spontaneous due to aneurysm rupture); (2) type B,
indirect fistula from the meningeal branches of the ICA; (3)
type C, indirect fistula from the meningeal branches of the
ECA; and (4) type D, indirect fistula from meningeal
branches of both ICA and ECA.

The clinical presentations include decreased visual acuity,
proptosis, chemosis, diplopia, and increase intraocular pres-
sure [20] (Fig. 10.6). Other signs and symptoms are orbital
and/or retroorbital pain, pulsatile proptosis, ocular and/or
cranial bruit, pupillary dilation, ophthalmoplegia, neovascu-
larization of the iris or retina, and rarely SAH. Indirect CCF
has a more gradual onset and milder presentation than direct
CCF [21]. MRI and CT usually demonstrate proptosis and
showed serpiginous and engorged intraocular vessels includ-
ing the superior ophthalmic vein and convexity of the lateral
wall of the cavernous sinus. Angiography will show a shunt
of blood flow from ICA into the cavernous sinus. Rapid
opacification of the petrosal sinus and/or ophthalmic vein
may be seen (Fig. 10.7) [21].

Indirect CCF can close spontaneously (20-50%) through
thrombosis. Therefore, conservative management is given as
long as visual acuity is stable and intraocular pressure is
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Fig. 10.6 Clinical presentation of
patient with direct CCF of left ICA:
exophtalmus and ophtalmoparesis of
left eye (Courtesy of Department of
Neurosurgery, Dr. Cipto
Mangunkusumo National General
Hospital)

Fig. 10.7 Digital Subtraction Angiography of left CCF showed direct
communication between cavernous segment of ICA to the cavernous
sinus (AP view), and dilatation of superior ophtalmic vein (lateral view)

under 25. The indication for treatment is for symptomatic
high-flow CCFs, either embolization by an endovascular
interventional or trapping using surgical clips. Endovascular
interventions are the most preferable choice and can be done
through arterial or venous approaches. Embolization can be
done using platinum coils, detachable coils, detachable bal-
loons, and liquid or particle embolic agents. For direct CCFs,
the transcranial route is preferred; however, for indirect
CCFs, tortuous arterial branches are very difficult to reach.
Embolization of the CCFs via the superior ophthalmic vein
(SOV), inferior ophthalmic vein (IOV), and medial ophthal-
mic vein (MOV) has been successfully reported in a variety
of studies. Traditionally the cavernous sinus is approached
via the inferior petrosal sinus (IPS). Orbital approaches are
considered to have more risk due to increase the chance of

(Courtesy of: Department of Neurosurgery, dr. Cipto Mangunkusumo
National General Hospital)

hemorrhages because of the fragility of the ophthalmic veins
and damage to nearby orbital structures such as the trochlear
and optic nerves. An orbital approach to the SOV is the most
commonly used to access the orbital vessel. The incision in
the upper eyelid continued with blunt dissection of the orbital
fat. Then, the orbicularis oculi muscle must be divided with
the orbital septum opened into an area where there is a
branch of the SOV as the supratrochlear vein. This branch
can be followed to the main arterialized trunk of the SOV,
which can be cannulated. This approach direct via the orbital
vein can reduce the net distance and catheter manipulations
but can cause complications such as infection, glaucoma,
and orbital hematoma. If an attempt at a percutaneous SOV
puncture fails and the SOV is ruptured, the risk of raised
venous pressure within the orbit increases, which causes
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visual disturbances and the development of conditions such
as glaucoma. The transvenous IOV and MOV approaches
were not as commonly used because the size is smaller, and
they generally do not act as primary drainage pathways from
the orbital region and are not as dilated as the SOV in patients
with symptomatic CCF [20, 21].

10.9 Cavernous Sinus Thrombosis

Cavernous sinus thrombosis (CST) is a rare disease but a
life-threatening disorder because it can complicate to cause
infection of the face, sinusitis, orbital cellulitis, pharyngitis,
or otitis. It usually happened following traumatic injury or
surgery, especially after thrombophilic disorder. CST is usu-
ally septic but can also be aseptic due to trauma, surgery, or
pregnancy. The cavernous sinus is known as the “anatomic
jewel box” because it shares a close relationship with several
important structures. Septic cavernous sinus thrombosis can
be occurred because of local spread, adjacent infections,
facial cellulitis or abscess, periorbital and orbital cellulitis,
pharyngitis, tonsilitis, otitis media, mastoiditis, and dental
infections [22].

The assembly of bacteria and other infectious organisms
will trigger thrombosis which then leads to entrapment of
infection within the cavernous sinus. This thrombosis will
reduce drainage from the facial vein and superior and infe-
rior ophthalmic vein. It will manifest to facial and perior-
bital edema, ptosis, proptosis, chemosis, discomfort, and
pain with eye muscle movement, papilledema, retinal
venous distention, and visual loss. The thrombus and infec-
tion can spread to the contralateral side because there is a
communication between the right and left cavernous sinuses

via the intercavernous sinuses, anterior and posterior to the
sella. Local compression due to thrombosis and inflamma-
tion of cranial nerves cause symptoms of partial or complete
cranial neuropathies such as diplopia due to partial or com-
plete ophthalmoplegia of abducens, oculomotor and troch-
lear nerves, nonreactive pupil caused by damage to
autonomic fibers, numbness or parethesia and loss of cor-
neal blink reflex due to ophthalmic nerve neuropathy, and
facial pain, paresthesias, or numbness from compression of
the maxillary branch of the trigeminal nerves. In physical
examination, Horner syndrome that consist of ptosis, mio-
sis, and anhidrosis can be present [22]. The most common
imaging modality used was MRI (42%) followed by con-
trast-enhanced CT brain (23%) [23]. Evaluation using CTV
and enhanced MRV can show dilation of the cavernous
sinus, enhancement, and convexity of the cavernous sinus
lateral wall especially seen in coronal views, heterogeneous
and asymmetric filling defects after contrast, increased
orbital fat density, and thrombosis of the SOV or other veins
that lead to the cavernous sinus [22].

Because the common etiologies include infection, anti-
microbial and antithrombotic therapies are the primary
management. Most experts recommend anticoagulation,
with either unfractionated heparin (UFH) or low molecular
weight heparin (LMWH) for several weeks to months. The
European Federation of Neurological Societies (EFNS)
recommended the use of anticoagulation in secondary cere-
bral venous and sinus thrombosis with a transient risk fac-
tor for 3 months and idiopathic cerebral venous and sinus
thrombosis for 6-12 months. However, in a subset of
patients not responding despite adequate treatment, direct
thrombolysis or thrombectomy may be performed
(Fig. 10.8) [22, 24].

cvsT |

GCS 9-12
GCS<9

* Systemic anticoagulation: heparin | « Systemic anticoagulation: heparin

* Strongly consider immediate « Consider direct tPA infusion/thrombectomy
direct tPA infusion/thrombectomy

- Treat increased ICP medically (hyperosmolar
therapy, sedation, CSF diversion)
- If ICP refractory, consider craniectomy

- Treat increased ICP medically (hyperosmolar
therapy, sedation, CSF diversion)
- If ICP refractory, consider craniectomy

Fig. 10.8 Algorithm for CVST treatment [24]
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10.10 Carotid Cavernous Aneurysm

Carotid cavernous aneurysms (CCAs) account for 2-9% of
all intracranial aneurysms and 15% were originated from the
ICA. The etiology of CCA can be due to trauma, infection,
or idiopathic. The risk of rupture can cause carotid cavernous
fistula, compressive cranial neuropathy, progressive wors-
ened headache, and erosions of the sphenoid sinus. The rup-
ture risk of asymptomatic lesions that are less than 13 mm is
0% over 5 years. Conservative management can be consid-
ered in cases of pain, asymptomatic patients, and simple cra-
nial neuropathy. The decision to treat CCAs is always a
challenge since to treat the patient, we need to weigh the
risks and benefits of the intervention. CCAs can be origi-
nated from any segment of the cavernous carotid artery
(Fig. 10.9) but most commonly are from the horizontal seg-
ment and then projected anterolaterally with the superior
orbital fissure, under the anterior clinoid process. A combi-
nation of high wall shear stress and a high gradient predis-
poses to cerebral aneurysm formation. CCAs frequently
created symptoms as a consequence of nerve compression,
more specific for abducens (n. VI) lesion due to its position
within the cavernous sinus. In a multicenter series, complica-
tions occurred in 5% of untreated CCAs [25].
Thromboembolic events and cerebral infarcts were identi-
fied in up to 2-13% of asymptomatic and untreated
CCA. Surgical complications can happened up to 37% of all
cases. Therefore, indication of treatment for such aneurysms
should be evaluated (Table 10.3). One of the most common
complications caused by the endovascular technique is
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thromboembolism since both the catheters and coil mass
became a thromboembolic source. Other complications that
can occur are perforation and rupture of the aneurysm, par-
ent artery occlusion, cerebral embolisms, coil rupture and
migration, and vasospasm. The mortality and morbidity of
treatment have decreased significantly in recent years, partly
as the result of improved pre-treatment screening with other
techniques such as temporary balloon occlusion of the ICA
to treat a CCA [25].

Coiling aneurysms are preferred for small aneurysms
with a small or intermediate neck size. Carotid artery occlu-
sion test should be considered first for large and giant aneu-
rysms. If test occlusion indicated nontolerance, the choice is
either conservative therapy or bypass surgery, depending on
clinical presentation, patient age, comorbidity, and patient or
family expectation. Balloon occlusion test of the ICA should
be performed when the patient is awake, and angiography of

Table 10.3 Indication for treatment of cavernous carotid aneurysms
[26]

Asymptomatic aneurysms
Extension of an aneurysm into
the subarachnoid space
Extension of an aneurysm into
the sphenoid sinus

Origin from the anterior genu of
the cavernous carotid
Radiographic enlargement of an
aneurysm

Symptomatic aneurysms
Subarachnoid hemorrhage

Epistaxis

Unbearable ipsilateral face or
retro-orbital pain

Progressive ophthalmoplegia or
visual loss

Sudden, severe
ophthalmoplegia

Fig. 10.9 CTA of the giant cavernous part of a carotid aneurysm. (Courtesy of Department of Neurosurgery, Dr. Cipto Mangunkusumo National
General Hospital)
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Fig. 10.10 Digital subtractional angiography of a giant cavernous carotid aneurysm before (left) and after placement of flow diverter (right).
(Courtesy of Neurosurgery Department, Dr. Cipto Mangunkusumo National General Hospital)

the contralateral carotid artery and/or vertebral artery is per-
formed to view the collateral flow via the anterior and poste-
rior communicating arteries. Endovascular intervention such
as coiling or flow diverter placement (Fig. 10.10) should be
performed under general anesthesia. Wide-neck aneurysms
can also be coiled with balloon or stent assistance. In symp-
tomatic patients with wide-neck large or giant aneurysms
who could not tolerate carotid artery occlusion, bypass
surgery must be considered [27]. High-flow bypass with
proximal occlusion of ICA (without trapping) seems to be
the first choice treatment for large and giant CCA to reduce
the mass effect, because aneurysm thrombosis is of high rate
and its symptoms can significantly improve [26].
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Abstract

Orbital apex infections are uncommon conditions which
can be caused by a wide range of organisms. In particular,
bacterial and fungal involvement of the orbital apex can
have life-threatening and sight-threatening consequences
if not diagnosed in time and properly managed.

Keywords
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cellulitis - Mucormycosis - Herpes zoster ophthalmicus -
Orbital cysticercosis

11.1  Introduction

Orbital apex syndrome is characterised by optic neuropathy
(CN II) and the involvement of multiple other cranial nerves,
including the oculomotor (CN III), trochlear (CN IV), abdu-
cens (CN VI), and the ophthalmic branch of the trigeminal
(CN V) nerves. This should be distinguished from cavern-
ous sinus syndrome and superior orbital fissure syndrome,
which share similar features.

In cavernous sinus syndrome, the optic nerve is usually
unaffected; in addition to CN III, CN IV, CN V, and CN VI,
the sympathetic fibres and the maxillary branch of the tri-
geminal nerve (CN V,) could also be involved. In superior
orbital fissure syndrome, palsy of CN III, CN IV, CN V, and
CN VI may occur, but the optic nerve is generally spared.

The orbital apex is an uncommon site of infection.
Infective causes should be suspected when patients with
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orbital apex syndrome have a fever and rapidly progressive
signs/symptoms or are immunocompromised (e.g. diabetes,
haematological malignancy, iatrogenic immunosuppression)
[1]. Infections can be caused by bacteria, fungi, viruses, or
parasites.

Generally, the diagnosis of orbital apex infections can be
aided by neuroimaging, in particular magnetic resonance
imaging (MRI) with gadolinium contrast and fat suppression
sequences of the brain and orbit. After ruling out other
inflammatory or neoplastic causes, further specific investiga-
tions can be directed towards the potential infective agents. It
is crucial to distinguish between inflammatory and infective
causes of orbital apex syndrome as steroids and/or immuno-
suppressants directed towards inflammatory causes can have
severe, if not fatal, consequences in bacterial or fungal
infections.

11.2 Bacterial Infections

Bacterial infection of the orbital apex can occur as part of
generalised orbital cellulitis; however, cases which present
with isolated orbital apex syndrome have been reported [1]
(Fig. 11.1). As with orbital cellulitis, infection commonly
spreads from adjacent sinusitis; occasionally, infection can
follow functional endoscopic sinus surgery. Common infec-
tive agents include Staphylococcus spp., Streptococcus
pneumoniae and Gram-negative bacilli (e.g. Pseudomonas
aeruginosa, Klebsiella spp. and Proteus spp.). Pseudomonas
causes tissue destruction via enzymes and toxins and destroys
bones via osteoclastogenic lipopolysaccharides [2]. In
endemic areas, the possibility of mycobacterial infections
(e.g. M. tuberculosis, M. leprae) should be borne in mind [3].

Patients are usually immunocompromised and generally
present with poor visual acuity, facial hypoesthesia and oph-
thalmoplegia. The progression of signs and symptoms can be
rapid. Imaging may demonstrate bony destruction and non-
specific soft tissue inflammatory changes [2]. Nasal endos-
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Fig. 11.1 (Upper panel) Computed tomography (CT) brain images
(axial and coronal) showing opacified sphenoid sinus in a 17-year-old
girl of good past health, who presented with isolated left optic neuropa-
thy. She was initially misdiagnosed as having ‘optic neuritis’. Functional

copy may be necessary to biopsy infected tissues for
microscopy and culture to differentiate bacterial from inva-
sive fungal infections. A blood culture may also be positive
for the culprit bacterial agent. Chest X-ray, Mantoux test
and/or interferon-gamma release assay may be considered if
tuberculosis is suspected.

Early initiation of broad-spectrum antibiotics and antifun-
gals can prevent further extension of the infection to intracra-
nial structures and can be potentially lifesaving [1, 2].
Antimicrobial therapy should subsequently be tailored
according to culture and sensitivity results. Urgent endo-
scopic surgical decompression of the orbital apex with or
without debridement of infected tissues has a role in obtain-
ing tissue samples and may relieve pressure on the optic
nerve. Unfortunately, despite treatment, visual prognosis is
poor with few patients retaining useful vision [1, 2].

endoscopic sinus surgery (FESS) was performed to drain the sphenoid
sinus, yielding mucous which was positive for diphtheroids. The patient
had a good visual recovery after the surgery. (Lower panel) Coronal CT
images after FESS. (Photo courtesy of Dr. Andrew C.Y. Mak)

11.3 Fungal Infections

Rhino-orbito-cerebral mucormycosis is an aggressive and
often fatal fungal infection. Hyperglycaemia and ketoacido-
sis nourish fungal colonies; fungi are angioinvasive, and
their hyphae tend to grow into vessel lumens, resulting in
endothelial dysfunction and thrombosis. Mucormycosis
should be suspected in any immunocompromised or diabetic
patient who presents with orbital apex syndrome, orbital cel-
lulitis or sinusitis (Fig. 11.2) [4].

Mucormycosis present very similarly to bacterial orbital
apex infection, and progression is typically rapid. Imaging
may demonstrate tissue necrosis with lack of enhancement
of the sinonasal mucosa (Fig. 11.3); infarction of the brain
and optic nerve manifests as restricted diffusion on MRI
[2]. Nasal endoscopy sometimes reveals hyphae in sinuses
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Fig. 11.2 Clinical photo showing orbital mucormycosis in an infant
with underlying leukaemia, showing a dusky colour of left periorbital
skin. (Photo courtesy of Prof. H.K. Yuen)

and biopsy can be taken to confirm the diagnosis (Figs. 11.4
and 11.5).

Patients with aggressive orbital apex infection should be
empirically started on antifungal and broad-spectrum antibi-
otics. Intravenous amphotericin B is effective against mucor-
mycosis but carries a risk of nephrotoxicity. The underlying
hyperglycaemia or immunocompromised state should be
addressed as soon as possible. Surgical debridement is often
necessary apart from adequate antimicrobial coverage; some
patients require orbital exenteration. Prior use of steroids sig-
nificantly worsens the disease, which can become uncon-
trolled with intracranial extension. Even with appropriate
and timely treatment, the disease has a poor visual prognosis
and extremely high mortality [4, 5].

Fig. 11.3 (Upper panel) CT images with contrast of orbit showing
right rhino-orbital mucormycosis, demonstrating right eye proptosis,
increased stranding in the right orbit and opacification of the right nasal

cavity and ethmoidal sinuses. (Lower panel) CT images of the same
patient after right orbital exenteration, bilateral anterior ethmoidectomy
and debridement of the nasal cavity
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Fig. 11.4 Intraoperative endoscopic photo showing fungal hyphae in
the nasal cavity of a patient with rhino-orbital mucormycosis. (Photo
courtesy of Prof. H.K. Yuen)
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Fig. 11.5 H&E 400x. Broad, ribbon-like fungal hyphae with irregular
branching are seen amongst necrotic tissue, consistent with mucormy-
cosis. (Photo courtesy of Dr. M.N. Hau)

Aspergillosis is another cause of fungal infection at the
orbital apex and most frequently develops after sphenoid
sinus involvement. Symptoms are usually of subacute onset
in terms of weeks and commonly consist of unilateral vague
headache or periorbital pain, with visual disturbances.
Similarly, immunocompromised status (e.g. diabetes melli-
tus, chronic steroid use, systemic chemotherapy) is an impor-
tant association; however, more than half of the reported

cases did not have immunocompromising risk factors [5].
Aspergillus infection in immunocompetent patients may
present with a fungal ball that simulates a mass, i.e. an
aspergilloma.

In suspected cases, empirical antifungal therapy should
be started, and tissue biopsy obtained as soon as possible.
Diagnosis may be confirmed with polymerase chain reac-
tion (PCR) testing if histopathology turned out to be nega-
tive. Serum testing of f-D glucan may be useful in
diagnosing invasive fungal infections in biopsy-negative
cases [5, 6].

Aspergillosis should be treated with a prolonged course
of systemic voriconazole or amphotericin B, and serial clini-
cal and radiographic monitoring for treatment response is
necessary. If left untreated, potentially serious complications
can occur, such as intracranial extension, cerebral arterial
occlusion and subarachnoid haemorrhage secondary to rup-
tured mycotic aneurysms [5].

11.4 Viral Infections

Orbital apex syndrome is an uncommon complication of
herpes zoster ophthalmicus (HZO) and usually occurs in
the elderly; patients are not necessarily immunocompro-
mised [7]. Postulated mechanisms of orbital apex infection
in HZO include extensive inflammation with soft tissue
oedema, direct spread of the varicella zoster virus from CN
V to other cranial nerves with resultant cytopathic effect,
and occlusive vasculitis induced by viral infection [7, 8].

While HZO-related orbital apex syndrome is rare, ocular
motor palsies in HZO are not that uncommon and may occur
in up to one-third of those with newly diagnosed
HZO. Oculomotor palsy (CN III) is more common than troch-
lear (CN IV) or abducens (CN VI) nerve involvement; bilat-
eral ophthalmoplegia has also been reported. Apart from
orbital apex involvement, extension of infection to the cavern-
ous sinus or brainstem, and basal meningoencephalitis may
explain the occurrence of extraocular motility defects [8].

It is recommended to treat HZO with 1 to 2 weeks of sys-
temic antiviral, which is preferably started within 72 h of the
onset of cutaneous vesicular rash. Early treatment has been
shown to correlate with better outcomes. The addition of sys-
temic steroids after adequate antiviral coverage has been
shown to result in good improvement, provided that clinical
and radiological features have ruled out bacterial or fungal
causes [7].
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Visual prognosis of HZO-related orbital apex infections is
generally better than their bacterial and fungal counterparts.
Nevertheless, there are a few reported cases with resultant
optic atrophy and no residual useful vision. Ophthalmoplegia
has been shown to resolve in a few months in the majority,
but this may take up to 1.5 years [7, 8].

Cytomegalovirus (CMV)-related sinusitis with resultant
orbital apex infection is exceedingly rare and has only been
reported in immunocompromised hosts. The clinical course
is subacute to chronic. Bacterial and fungal infections are
important differentials to consider. Biopsy of infected tis-
sues may reveal intranuclear and cytoplasmic inclusion
bodies in CMV infection; immunostaining can be confir-
matory [9].

11.5 Parasitic Infections

Cysticercosis refers to an infestation of the cyst form of
Taenia solium. When the cyst is present in the posterior orbit,
optic neuropathy and extraocular dysmotility can occur.
Imaging with CT or MRI is vital, showing a cystic lesion
with a central spot/nodule that represents the scolex.
Treatment is with antihelminthic medication and steroids to
control the inflammatory reaction secondary to the death of
the parasite [10].
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Abstract

Infectious disease is one of the numerous causes of orbital
apex disorders. In this chapter, the author will discuss the
clinical features, diagnosis, and treatment of several
infectious conditions which are associated with signifi-
cant visual morbidity and even mortality. The impact of
the COVID-19 pandemic will also be highlighted.
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Orbital apex disorders can be divided into superior orbital
fissure syndrome, cavernous sinus syndrome, and orbital
apex syndrome (OAS). All three syndromes share common
characteristics of damage to the oculomotor nerve, trochlear
nerve, and abducens nerve, along with the ophthalmic divi-
sion of the trigeminal nerve. Patients with cavernous sinus
syndrome also exhibit hypoesthesia in the distribution of
maxillary division of the trigeminal nerve and Horner’s syn-
drome due to involvement of sympathetic chain next to the
cavernous segment of the internal carotid artery. On the other
hand, patients with OAS experience visual disturbance addi-
tionally as a consequence of optic nerve dysfunction. With
disease progression, superior orbital fissure syndrome can
evolve into either OAS or cavernous sinus syndrome [3, 21].
Orbital apex disorders can be caused by a wide range of dis-
ease entities, infection affecting the orbital structures is one
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of them. The pathogens include bacteria, fungi, viruses, spi-
rochetes, mycobacterium, and parasites. Making a prompt
and accurate diagnosis with administration of appropriate
treatment is crucial to save the vision and lives of patients. In
this chapter we will discuss some of these conditions.

12.1 Bacterial Infections

Orbital apex syndrome commonly occurs as a complication
of bacterial sinusitis. It is usually associated with orbital cel-
lulitis. Orbital infection can be classified, with respect to the
orbital septum, into preseptal (periorbital) and post-septal
(orbital) infection [7]. The orbital septum works as a barrier
against the spread of periorbital infection into the orbit;
therefore, orbital apex disorder is unlikely to happen as a
complication of preseptal cellulitis. Pansinusitis or ethmoid
sinusitis occurs frequently in 86-98% of cases of orbital
cellulitis. Other causes of orbital cellulitis are surgery, anes-
thesia, trauma, dental infection, and middle ear infection.
Apart from causing orbital cellulitis, sinusitis can lead to
other serious complications like orbital abscess and subperi-
osteal abscess [50]. Further extension of the infection into
intracranial structures may lead to meningitis, subdural
empyema, epidural abscess, or septic cavernous sinus
thrombophlebitis [66].

OAS originating from isolated bacterial sinusitis without
concurrent orbital cellulitis is less common. It is presumably
because the pathogens can penetrate more readily through
the thin sinus walls adjacent to the anterior orbit instead of
the thick ethmoidal and sphenoidal walls [14]. Several case
examples are listed below.

A 63-year-old woman with a history of metastatic breast
cancer and diabetes mellitus (DM) presented with initial
involvement of the trigeminal and abducens nerves, which
had rapidly progressed to involve the optic and oculomotor
nerves. Her visual acuity further declined to no perception of
light despite appropriate antibiotics and surgical interven-
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tion. Magnetic resonance imaging (MRI) of the orbit showed
pansinusitis and enhancement of the optic nerve. Cultures of
blood and surgical specimens yielded methicillin-sensitive
Staphylococcus aureus [64].

Kusunoki et al. reported a 60-year-old woman with dia-
betic nephropathy and heart disease who was diagnosed as
OAS due to pansinusitis with Pseudomonas aeruginosa
infection [36].

Colson and Daily described a 49-year-old man, with a
history of DM and chronic sinusitis, who developed OAS
and cavernous sinus thrombosis concomitantly due to mixed
infection with Staphylococcus aureus and Pseudomonas
aeruginosa. His affected optic nerve demonstrated microin-
farctions due to arterial thrombosis [14]. Another case with
mixed growth of bacteria occurred in a 58-year-old diabetic
man who was hospitalized for right herpes zoster ophthal-
micus and methicillin-sensitive Staphylococcus aureus
osteomyelitis of his toe. During the course of treatment, he
developed left OAS secondary to left sphenoid sinusitis.
Subsequent MRI of the orbit demonstrated extension of
inflammatory soft tissues towards the orbital apex and cav-
ernous sinus, with enhancement of retro-orbital fat, rectus
muscles, and optic nerve. Computed tomography (CT)
showed bony erosion of the lateral wall of the sphenoid
sinus. Sphenoidotomy with drainage yielded methicillin-
resistant Staphylococcus aureus (MRSA) and Pseudomonas
aeruginosa. This man unfortunately died because of multi-
organ failure [87].

The last example is a 68-year-old woman with acute
myelogenous leukemia and migraine who complained of
severe headache around 2 weeks after chemotherapy. With a
CT angiogram and MRI showing mucosal thickening of eth-
moid and sphenoid sinuses, which was initially thought to be
insignificant, she was treated as a migraine attack. Two
weeks later, she presented with typical features of OAS. She
was found to have an interval progression of the mucosal
thickening and bony erosion into the orbital apex. Erosion
into the cavernous segment of the internal carotid artery
resulted in thrombosis. She was treated with broad-spectrum
antibiotics and antifungals. Sinus drainage finally revealed
Streptococcus viridans [6].

These case examples illustrate a few crucial points. First,
susceptible patients are often immunocompromised like hav-
ing DM or malignancy. Second, prognosis can be very
guarded despite appropriate interventions. Pfeiffer et al. have
reviewed six analogous case reports [64]. Five patients pre-
sented with no light perception and only one patient made
minimal visual recovery, from no light perception to hand
motion. Third, presentation can be insidious and clinical
signs and radiographic findings can be subtle, so that a high
index of suspicion is necessary. Actually previous case
reports have suggested that among patients with OAS sec-
ondary to sinusitis, the absence of overt orbital pathology on

imaging or at surgery portends a better visual prognosis than
patients who have apparent masses at the orbital apex [14].
Once bacterial infection is suspected, parenteral broad-
spectrum antibiotics which cover Staphylococcus aureus
(including MRSA), streptococci, and gram-negative bacilli
such as Pseudomonas aeruginosa should be initiated
promptly. Management should also include endoscopic nasal
surgery and biopsy for histopathology and culture. Finally, it
is essential to rule out invasive fungal infection because it
shares similar clinical features and carries significant mor-
bidity and mortality. Empirical antifungal therapy might be
considered while waiting for the laboratory results.

12.2 Fungal Infections

Similar to bacterial infections, orbital apex disorders caused
by fungi usually come after paranasal sinus infection. Fungal
rhinosinusitis can be divided into two broad categories,
namely, invasive and noninvasive, depending on the potential
of the fungal hyphae to invade the adjacent tissues through
the epithelium. Besides, further subdivision can be made
based on the chronicity of the illness—acute (less than
4 weeks) and chronic (more than 4 weeks). Hence, fungal
rhinosinusitis can be classified into six subgroups [18].

1. Noninvasive fungal rhinosinusitis
(a) Saprophytic fungal infestation
(b) Fungal ball
(c) Allergic fungal rhinosinusitis
2. Invasive fungal rhinosinusitis
(a) Acute invasive fungal rhinosinusitis
(b) Chronic invasive fungal rhinosinusitis
(c) Chronic granulomatous invasive fungal rhinosinusitis

Lee et al. reported a case series of 30 patients with orbital
mycoses encountered in an Australian subtropical population
over three decades. Most patients (87%) had invasive dis-
eases, often with poor visual and survival outcomes. OAS
was initially observed in 27% of patients. Common causative
pathogens included Mucorales (N = 16) and Aspergillus
(N = 8). Common risk factors included hematological disor-
ders (myelodysplastic syndrome and aplastic anemia), hema-
tological malignancies, neutropenia, corticosteroids use, and
DM [39].

Fungal spores are abundant in the atmosphere. In normal
subjects, inhaled fungal spores form part of the normal sino-
nasal flora without causing overt diseases, because these
fungi are killed by neutrophils, monocytes, and macro-
phages. In immunocompromised individuals, a more fulmi-
nant and invasive disease may emerge. In immunocompetent
individuals, Aspergillus tends to cause noninvasive fungal
rhinosinusitis. However, there are a number of exceptions
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reported in the literature. From 2000 to 2011, 11 cases of
rhino-orbital-cerebral mucormycosis (ROCM) affecting
immunocompetent hosts have been published. Among them,
nine cases were due to Apophysomyces elegans [71].

12.2.1 Aspergillosis

Sino-orbital aspergillosis is a relatively uncommon cause of
orbital apex disorders, but it remains an important differen-
tial diagnosis due to its aggressive clinical course. Inhalation
of fungal spores released into the atmosphere is the typical
route of infection. Paranasal sinuses are the usual portal of
entry. Aspergillus fumigatus is the most frequent species iso-
lated in human infections, followed by A. flavus [17]. As
mentioned before, aspergillosis can be divided into invasive
and noninvasive forms.

Invasive aspergillosis can either follow a fulminant or an
indolent course. The fungal hyphae invade the sinus mucosa,
orbital tissue, and spread along the skull base. It may pro-
duce bony destruction, hematogenous spread to other organs
by vascular invasion, and intracranial extension via the
orbital fissures or the optic canal. Cases of permanent blind-
ness have been reported even with immediate antifungal
therapy. Fatal outcomes can occur when the condition is
complicated by central nervous system infection or sub-
arachnoid hemorrhage (SAH) secondary to ruptured mycotic
aneurysms. For example, Yip et al. reported a 73-year-old
woman, who was maintained on long-term corticosteroids
for her rheumatoid arthritis and presented with OAS. Massive
fatal SAH suddenly occurred 5 days after endoscopic
removal of the orbital apex lesion, due to a ruptured mycotic
aneurysm [88]. Huang and Gui described a DM patient with
simultaneous orbital apex and cavernous sinus invasions
who was treated with voriconazole, surgery, and anticoagu-
lant [26]. Perineural spread along the optic nerve to involve
the optic chiasm has also been reported [42].

Immunocompromised individuals are typically more sus-
ceptible to invasive aspergillosis. Prolonged neutropenia, use
of corticosteroids or other immunosuppressive agents,
malignancies, allogeneic hematopoietic stem cell transplan-
tation, and solid organ transplantation are the major risk fac-
tors for aspergillosis. DM, acquired immunodeficiency
syndrome, severe burns, prosthetic devices, trauma, exces-
sive environmental exposure, residence in endemic areas,
drug abusers, alcoholics, liver cirrhosis, and elderly are other
risk factors [41, 42]. Though less common, invasive aspergil-
losis can also be found in immunocompetent hosts [42, 49,
60].

Fungal ball, also known as aspergilloma, is one manifes-
tation in patients with noninvasive aspergillosis. Typically,
this happens in patients with intact immunity. Nevertheless,
when host defenses are weakened, noninvasive aspergillosis

can turn itself into an invasive form [13, 56]. Because of its
nonspecific clinical and radiographic appearance as well as
its potentially invasive and aggressive nature, misdiagnosis
of aspergilloma as primary malignancy [60, 90] or metastasis
[12] can occur. It can also mimic orbital pseudotumor [8]
when the commencement of corticosteroid therapy may
cause worsening rather than beneficial effects. Chang et al.
reported a 61-year-old woman with uncontrolled DM whose
MRI initially suggested paranasal sinus tumor. Tissue biopsy
subsequently revealed Aspergillus and chronic granuloma-
tous inflammation. Her vision was permanently damaged
despite treatment with voriconazole and surgery. The authors
have also conducted a systematic literature review from 1970
to 2017 and identified five case reports of OAS caused by
aspergilloma [10].

Imaging is of great importance for establishing an ana-
tomical diagnosis. CT may reveal intraluminal calcifications
which are almost pathognomonic for aspergillosis, but it is
present in only 50% of patients [40, 41]. In MRI, aspergil-
losis appears as iso- to hypointense signals on T1-weighted
images, iso- to extremely hypointense signals on T2-weighted
images, and intense homogenous (and rarely ring) enhance-
ment on post-contrast T1-weighted images [74].

Tissue biopsy remains the gold standard for definitive
diagnosis. Direct microscopy, preferably using optical
brighteners, histopathology, and culture, are all recom-
mended [79]. Septate fungal hyphae branching at 45° angle
are typical of aspergillosis. These are best visible using peri-
odic acid-Schiff (PAS) or Grocott-Gomori methenamine sil-
ver (GMS) stains. Unfortunately, the sensitivity of
microscopy is rather low, between 33% and 50%, and
repeated biopsy may be necessary. Serological markers such
as serum galactomannan and (1—3)-p-bD-glucan can be help-
ful, but their reliability can be limited by false-positive
results. Polymerase chain reaction (PCR) provides a high
sensitivity and specificity, hence reducing the need for
repeated biopsies. Furthermore, PCR can hasten the initia-
tion of the appropriate therapy. It can also be utilized to iden-
tify genetic mutations that confer resistance to triazole
therapy [40].

Treatment of sino-orbital aspergillosis has evolved sub-
stantially over decades. In the past, radical surgical resection
of the affected tissues or even orbital exenteration was con-
sidered the standard of therapy. However, radical surgery
guarantees neither disease control nor patient survival.
Recently, reports of satisfactory outcomes using combina-
tions of less radical surgery and systemic antifungal therapy
have been published [58]. Functional endoscopic sinus sur-
gery with debridement is currently advised. It is also recom-
mended to reverse the immunosuppression if possible.

Systemic antifungal agents consist of polyenes, triazoles,
and echinocandins. The overall response rate to antifungal
therapy is 40-60%. Amphotericin B is widely used, but due
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to its nephrotoxicity, it is getting out of favor. Other antifun-
gals such as voriconazole and itraconazole can also be con-
sidered alone or combined with amphotericin B. Voriconazole
showed a high efficacy, low-toxicity profile, and its availabil-
ity in both intravenous and oral formulations which allows
for more management flexibility [24]. Reports of successful
treatment with voriconazole monotherapy have been pub-
lished [53]. The Infectious Disease Society of America
(IDSA) recommends triazoles as preferred agents for the
treatment of invasive aspergillosis. Echinocandins are rec-
ommended as salvage therapy, either alone or in combina-
tion, but not as primary treatment [62].

12.2.2 Mucormycosis

Mucormycosis is another acute fulminating, visual- and life-
threatening opportunistic fungal infection. It is classified into
different forms based on the organ systems involved, the most
common clinical presentation of which is rhino-orbital-
cerebral infection (ROCM). In a review of 175 patients of
sino-orbital mucormycosis, males were more commonly
affected (68.5%), and the overall mean age was 43 years. The
overall survival rate was 59.5% [80]. The initial symptoms
are rather nonspecific. Patients usually present with acute
sinusitis—fever, nasal congestion, rhinorrhea, ocular pain,
facial pain, and headache. OAS represents an emergency as it
signifies neuromuscular infarction and a threat to cavernous
sinus extension. The following red flags have been proposed
in DM patients to facilitate early recognition, testing, and
intervention: cranial nerve palsy, diplopia, sinus pain, propto-
sis, periorbital swelling, OAS, and palatal ulcer [16].

Mucormycosis is caused by fungi belonging to the class
Zygomycetes and the order Mucorales, which comprise
Rhizopus, Mucor, Rhizomucor, Lichtheimia (Absidia),
Apophysomyces, Cunninghamella, Saksenaea, Cokeromyces,
Actinomucor, Mortierella, and Syncephalastrum [65, 76].
These organisms are ubiquitous in the environment, particu-
larly in soil and decaying organic matter. The first four gen-
era are the most commonly reported pathogens in humans
[43], and Rhizopus arrhizus (formerly Rhizopus oryzae)
accounts for 90% of ROCM.

Poorly controlled DM, with or without diabetic ketoaci-
dosis (DKA), is the leading predisposing factor for mucor-
mycosis globally, especially in Asian and African countries.
In a meta-analysis of 851 cases, DM is reported as the com-
monest underlying condition and an independent risk for
ROCM (odds ratio 2.49), with an overall mortality of 46%
[28]. Other risk factors include prolonged neutropenia,
hematological malignancies, other malignancies, allogeneic
bone marrow transplantation, solid organ transplantation,
corticosteroids and other immunosuppressive agents, open
wounds, burns, illicit intravenous drug use, chronic malnutri-

tion, AIDS, liver disease, chronic kidney disease, and post-
pulmonary tuberculosis [5, 70, 71, 76]. Iron overload and
deferoxamine treatment for iron chelation are other specific
risk factors, because some fungi like Rhizopus can bind to
deferoxamine which supplies the organism with extra iron
for its growth [18, 27]. Hematological malignancies and
transplantation are more prevalent risk factors among
patients in Western countries [76].

Like aspergillosis, mucormycosis usually begins in the
paranasal sinuses through inhalation of spores into the oral
and nasal cavities. These fungal hyphae are angioinvasive
and cause necrotizing vasculitis and thrombosis, resulting in
extensive infarction and necrosis of host tissues (hence the
name “black fungus” because it turns tissues black). The dis-
ease can spread to the orbit by direct extension, via hematog-
enous route or via nasolacrimal duct. Intracranial extension
may give rise to grave conditions like cavernous sinus throm-
bosis, sagittal sinus thrombosis, carotid artery occlusion,
cerebral infarction, cerebral aneurysm, and brain abscesses.

Because clinical diagnosis has a low sensitivity and speci-
ficity, laboratory testing remains an invaluable tool. Direct
microscopy of specimens obtained from the nasal cavity and
paranasal sinuses show broad ribbon-like nonseptate or
pauci-septate hyphae forming right-angle branching. Culture
in Sabouraud’s dextrose agar shows typical findings of cot-
tony white or grayish black colonies. Histopathology by
hematoxylin and eosin (H&E), PAS, or GMS stains can
demonstrate the characteristic fungal hyphae. It is indispens-
able by showing necrotizing vasculitis with invasion of ves-
sel walls by fungal hyphae. Alternative techniques for tissue
diagnosis include immunohistochemistry, PCR, and in situ
hybridization [22, 76].

The management of ROCM requires early diagnosis and
high index of suspicion. Due to its rapid progression and
destructive nature, empirical antifungal therapy should be
started once the diagnosis is considered. A delay of even
6 days in initiating treatment is associated with a doubling of
30-day mortality from 35% to 66%. Antifungal therapy con-
sists of systemic conventional or liposomal amphotericin B
or combination therapy with amphotericin B and posacon-
azole or caspofungin. Isavuconazole can be used as salvage
therapy. Reversal of predisposing risk factors if possible and
control of systemic conditions like hyperglycemia and DKA
are essential.

The global guidelines for diagnosis and management of
mucormycosis in 2019 by the European Confederation of
Medical Mycology (ECMM) and Mycoses Study Group
Education and Research Consortium (MSGERC) recom-
mends an early surgical intervention in addition to systemic
antifungal treatment [15]. Surgical debridement of infected
and necrotic tissue, with drainage of infected parental sinuses
should be performed. It reduces the fungal load in the tissue
and allows for better penetration of intravenous drugs.
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Medical management alone with antifungal is ineffective
because extensive vascular thrombosis and ischemic necro-
sis prevent entry of antifungal in adequate concentrations.

Some centers advocate aggressive surgical debridement
of sinuses with orbital exenteration. However, there are
reports of success with a more conservative approach with
limited or no surgical intervention in the orbit [22]. There
remains a lack of consensus regarding the indications for
exenteration. A retrospective study concluded that there was
no added survival benefit. Some series have even found
exenteration to be detrimental because it allows for further
dissemination of the infection [52].

Various treatment modalities have been employed to
avoid orbital exenteration [63]. Frozen section monitoring of
the surgical margin has been utilized with success. Drug-
soaked packing of the affected orbit and sinuses and direct
irrigation with amphotericin B via percutaneous catheters
might enhance direct drug delivery to the infected tissues.
Hirabayashi et al. have reported a successful case managed
with retrobulbar injections of amphotericin B [25].
Hyperbaric oxygen therapy has been tried to improve sur-
vival rate through several mechanisms such as promoting the
fungicidal effect of neutrophils and macrophages.

In a review of 145 patients by Yohai et al., the following

factors were associated with a lower survival rate: delayed
diagnosis and treatment, hemiparesis or hemiplegia, bilateral
sinus involvement, leukemia, renal disease, and treatment
with deferoxamine [89].
12.2.2.1 COVID-19-Associated Mucormycosis
(CAM)
The coronavirus disease 2019 (COVID-19) first documented
in Wuhan, China, has rapidly become a global public health
crisis. COVID-19 is caused by a novel coronavirus SARS-
CoV-2. As of this writing, 181 million confirmed COVID-19
cases were reported worldwide, with more than 3.9 million
deaths [84]. Patients with COVID-19 are at increased risk of
a wide range of secondary bacterial and fungal infections
which complicate their clinical course. Fungal infections are
more likely to develop during the middle and later stages of
COVID-19 infection. The mortality rate is higher among
COVID-19 patients with secondary fungal infections (53%
vs. 31%).

Ismaiel et al. in Egypt have reported a threefold rise in the
incidence of acute invasive fungal rhinosinusitis in 2020
compared to those of the previous 3 years. Sixty-two percent
of these patients suffered from COVID-19. The most com-
mon organisms were Rhizopus arrhizus, Aspergillus fumiga-
tus, and Absidia mucor [27]. In India, there was an explosion
of cases [20], with an estimated number of cases of over
4000 in May 2021 [57]. Patel et al. conducted a nationwide,
retrospective multicenter study across India between
September and December 2020. They found a 2.1-fold

increase in mucormycosis cases when compared with the
corresponding study period in 2019. Among the total 287
patients with mucormycosis, 65.2% had CAM [61].
Multiple factors may contribute to the vulnerability of
COVID-19 patients to secondary fungal infections:

* Hypoxia due to acute respiratory distress syndrome
(ARDS), hyperglycemia (corticosteroid-induced or pre-
existing DM), and acidosis facilitate the germination of
fungal spores.

* SARS-CoV-2 can infect the beta cells of the pancreas
with the possibility of causing hyperglycemia.

e Iron overload. The binding of iron to ferritin and transfer-
rin is reduced in acidosis.

e Shared pre-existing comorbid risk factors for COVID-19
and invasive fungal rhinosinusitis. DM is an independent
risk factor for both COVID-19 and mucormycosis.

* Hypoxia may exacerbate the tissue infarction caused by
angioinvasion of fungal hyphae.

* SARS-CoV-2 also induces endothelialitis and microvas-
cular thrombosis in the pulmonary and extrapulmonary
vascular beds [32].

* Damage to the lung tissues by SARS-CoV-2 puts the
patients vulnerable to develop invasive fungal infections
[5].

e Immune dysregulation with decreased number of CD4+
and CD8+ T lymphocytes, overexpression of inflamma-
tory cytokines, and reduced phagocytic activity of white
blood cells.

*  Widespread and inappropriate use of corticosteroids.

* Liberal and empirical use of broad-spectrum antibiotics
may suppress normal bacterial flora allowing fungi to
colonize.

e ICU admission, long duration of hospital stay, mechanical
ventilation.

Ashour et al. published a radiological case series of acute
invasive fungal rhino-orbital-cerebral sinusitis (AIFS)
patients. At least six out of the eight cases were mucormyco-
sis. Symptoms of fungal sinusitis started 12-35 days after
the COVID-19 diagnosis. There was moderate to severe
mucosal thickening of variable sinuses. Their cases illus-
trated that the imaging findings associated with COVID-19
infection were not different from those reported in non-
COVID-19 cases. However, these patients had numerous
features commonly identified at an aggressive late stage.
These included panophthalmitis, orbital compartment syn-
drome, optic nerve infiltration, osteonecrosis of the hard pal-
ate, and nasal septum. Intracranial complications included
perineural spread along the trigeminal nerve, meningeal
infiltration, cavernous sinus thrombosis, vasculitis/thrombo-
sis of the cavernous segment of the internal carotid artery,
mycotic aneurysm, cerebral abscess, and cerebral infarction.
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Their mortality and long-term morbidity were 37.5% and
100%, respectively [2].

Mucormycosis can develop during the course of
COVID-19 or during the recovery phase.

Werthman-Ehrenreich first reported a 33-year-old woman
with concurrent new onset DKA, COVID-19, ROCM, and
orbital compartment syndrome. She presented with cough,
shortness of breath, and vomiting followed by altered mental
status. An emergent lateral canthotomy was performed due
to raised intraocular pressure. MRI of the brain revealed evi-
dence of cerebral infarction which later evolved to bifrontal
brain abscesses. The patient succumbed on day 26 [83].

Another 24-year-old obese woman who presented with
facial pain, facial numbness, and lid swelling was similarly
diagnosed with new onset DKA, rhino-orbital mucormyco-
sis, and COVID-19. Fungal culture revealed Lichtheimia
(Absidia). There was a rapid progression of eschar on her
face over a few days. She died of septic shock and multi-
organ failure eventually [82].

Karimi-Galougahi et al. reported a 61-year-old female
with good past health who was hospitalized with COVID-19
for 2 weeks. She was treated with remdesivir, interferon-
alpha, and corticosteroid during hospitalization. She did not
require mechanical ventilation. One week later she devel-
oped symptoms of invasive mucormycosis including facial
pain, facial numbness, and visual loss. On examination, there
was an eschar over the nasal, malar, and periorbital regions
on top of the typical signs of OAS. Blood glucose levels
were elevated. CT and MRI showed acute maxillary and eth-
moid sinusitis and intraorbital fat involvement. Unfortunately
she required orbital exenteration despite treatment with insu-
lin, systemic antifungals, and endoscopic debridement. This
is a case of new-onset DM and immunosuppression induced
by systemic corticosteroids [32].

Another 60-year-old male, long-standing DM patient
received meropenem, oseltamivir, methylprednisolone,
dexamethasone, and tocilizumab for the treatment of
COVID-19. Rhino-orbital mucormycosis started on the right
side on day 10. On the next day, the left eye appeared fixed,
and the left pupil was dilated and nonreactive to light, with
the authors suggesting that it was either due to the spread of
infection or COVID-19 coagulopathy. He was treated with
amphotericin B and enoxaparine. This man unfortunately
died on day 6 [47].

Sen et al. presented a case series of six consecutive
patients managed at their centers in India over 4.5 months.
Their mean age was 60.5 (range: 46.2-73.9) years. All
patients were male with DM, and two of them were newly
diagnosed. Three had DKA during hospitalization for
COVID-19. All but one received systemic corticosteroid
treatment for COVID-19 and developed symptoms of rhino-
orbital mucormycosis after recovering from COVID-19,
with a time lag of 15.6 + 9.6 days (range: 3—42 days) from

the diagnosis of COVID-19. Intracranial extension was com-
mon and visual recovery was poor. Two underwent orbital
exenteration, and all six patients were alive at their last fol-
low-up [70].

Bayram et al. evaluated 11 patients from Turkey over
9 months [4]. Their mean age was 73.1 (range: 61-88) years.
Nine were male, eight had uncontrolled DM, and 63.6%
developed OAS. Three had cerebral involvement. All patients
had received corticosteroids for the treatment of ARDS. The
mean time interval between diagnosis of COVID-19 and
mucormycosis was 14.4 + 4.3 days. Despite treatment with
intravenous and retrobulbar/intravitreal liposomal ampho-
tericin B and radical surgical debridement, the mortality was
63.6% with a mean duration of follow-up of 51.2 (range:
15-153) days.

Singh et al. conducted a systematic review of case reports
and case series published up to May 13, 2021. They found a
total of 101 cases of mucormycosis in COVID-19 patients
have been reported. Most cases (81.2%) were from India. DM
was present in 80% of cases (DKA 14.9%). Corticosteroids
were given for COVID-19 in 76.3% of cases. Mucormycosis
was predominantly seen in males (78.9%), both in people
who were active (59.4%) or recovered (40.6%) from COVID-
19. Mucormycosis involving the nose and sinuses (88.9%)
was most common followed by rhino-orbital (56.7%) and
ROCM (22.2%). Mortality was noted in 30.7% of cases [75].

These case examples and systematic review highlight the
importance of considering mycotic co-infection in
COVID-19 patients. Given the rapid upsurge in the incidence
of CAM, the Pan American Health Organization/World
Health Organization has issued an alert and guidance to its
member states to prepare for this devastating crisis [57]. In
fact, diagnostic and management challenges of CAM are
even greater than those of mucormycosis without COVID-19,
given the critical conditions that many patients are suffering
with ARDS, hemodynamic instability, and multi-organ dys-
function. These preclude timely diagnostic imaging, testing,
and surgical debridement.

12.2.3 Herpes Zoster Ophthalmicus

Herpes zoster ophthalmicus (HZO) refers to herpes zoster
affecting the ophthalmic branch of the trigeminal nerve,
which accounts for 10-20% of overall herpes zoster occur-
rence [44]. HZO develops after the reactivation of latent vari-
cella zoster virus (VZV) infection in the trigeminal ganglion.
Most patients belong to the older age group, over the age of
50, when VZV-specific cell-mediated immunity declines.
During the pre-antiviral era, 50% of HZO patients developed
ocular complications [23], for example, blepharitis, kerato-
conjunctivitis, anterior uveitis, and scleritis. Furthermore, it
may give rise to acute phthisis bulbi, central retinal artery
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occlusion, acute retinal necrosis, cataract, or secondary glau-
coma. Ophthalmoplegia with involvement of the oculomotor
nerve, trochlear nerve, or abducens nerve has been docu-
mented in 3.5% and 9.8% of HZO cases in the Mayo Clinic
series and the Moorfields Eye Hospital series, respectively
[46, 85]. OAS is arare but serious vision-threatening compli-
cation of HZO.

Multiple mechanisms have been proposed in the patho-
genesis of OAS secondary to HZO. Different pathogenic
mechanisms may be associated with different prognoses:

1. In many reported cases, HZO-induced optic neuritis in
immunocompetent patients. It points towards an immune-
mediated mechanism of damage. The immune response
is both humoral and cell-mediated.

2. Naumann et al. described chronic inflammatory cell infil-
tration along the long posterior ciliary nerves and vessels
in 21 enucleated eyes affected by HZO. Ocular ischemia
due to extensive inflammation around the posterior ciliary
nerves and vessels has been postulated to contribute to
optic nerve dysfunction [51].

3. Orbital soft tissue edema or myositis produces a com-
pressive effect on the surrounding cranial nerves.

4. Direct viral cytopathic effect caused by dissemination of
VZV from trigeminal nerve to the neighboring cranial
nerves, due to their close proximity at the orbital apex,
superior orbital fissure, or cavernous sinus.

5. Demyelination of the cranial nerves with perivascular
monocytic infiltrates of the vessels supplying these nerves
[37].

A literature search for articles published in English from
1997 to 2020, and review of these cases showed that the
mean age of patients was 67.4 years (range: 29-84 years). In
addition, 48% were male (Table 12.1). Nine of these previ-
ously reported cases had backgrounds of immunocompro-
mised state. One had chronic lymphocytic leukemia for
19 years treated with pulse chemotherapy [11]. Saxena et al.
reported a 29-year-old patient newly diagnosed with human
immunodeficiency virus (HIV) infection. HIV was suspected
due to her atypical age, severity of presentation, and the pres-
ence of soft exudates in the retina. Her ocular motility and
visual acuity improved by the end of the fourth week after
treatment. The authors attributed her favorable outcome to
the prompt initiation of highly active antiretroviral therapy
(HAART) and judicious use of systemic corticosteroids with
rapid tapering over 10 days [69]. Another patient had a his-
tory of multiple myeloma and had recently received a course
of chemotherapy. Despite treatment with intravenous acyclo-
vir and oral steroids, he made a minimal recovery at § months.
The authors suspected ischemic vasculitis to be the cause of
irreversible damage [19]. Another six patients had diabetes
mellitus (Table 12.1).

The diagnosis of OAS secondary to HZO is primarily
based on clinical assessment. Patients typically present with
rash, swelling of eyelids, visual loss, periorbital pain, and
headache. Systemic symptoms like fever, anorexia, nausea,
vomiting, malaise, and dizziness may occur [38, 45, 48]. On
examination, periocular edema, conjunctival injection, che-
mosis, ptosis, proptosis, reduced visual acuity, complete
ophthalmoplegia, reduced sensation in the territory of the
ophthalmic division of the trigeminal nerve, diminished cor-
neal sensation, anisocoria, and relative afferent pupillary
defect may be observed. Swollen optic disc may be found
[19, 81]. Intraocular pressure can be elevated [19, 29, 77].
Ophthalmoplegia and optic nerve involvement usually mani-
fest within the first 2 weeks following the appearance of her-
petic skin eruptions [30, 38]. By definition, visual acuity was
always impaired, from 0.4 to no perception of light
(Table 12.1).

Crusted and vesiculopustular skin eruptions in the derma-
tome of the ophthalmic nerve (upper eyelid, forehead, and
tip and side of the nose) are almost always present.
Dermatomal involvement can be minimal as compared to the
ocular manifestations. It highlights the fact that the severity
of cutaneous involvement may not correlate well with that of
ophthalmic involvement [30]. Even a single lesion in the ter-
ritory of the nasociliary nerve (Hutchinson’s sign—Iesions at
the tip, side, or root of the nose) should alert the clinicians
owing to its strong prediction of ocular inflammation and
corneal denervation.

CT scan of the orbit shows exophthalmos, soft tissue
swelling, and myositis with enlargement of the extraocular
muscles [19, 48]. Unlike bacterial and fungal causes of OAS,
there is no paranasal sinus involvement.

The characteristic MRI findings were first described by
Krasnianski et al. and Shirato et al. [34, 73]. Contrast-
enhanced MRI with gadolinium and fat suppression
sequences demonstrate exophthalmos, enhancing soft tissue
swelling of periorbital tissues [1, 38], orbital myositis with
swollen extraocular muscles [1, 9, 29, 30, 34, 38, 59, 69, 77,
78, 81], and retrobulbar fat stranding causing crowding at the
orbital apex [29, 33, 69]. Itis very common to detect enhance-
ment of the retrobulbar optic nerve sheath [9, 29, 30, 33, 35,
38, 54, 59, 67, 78, 81] as well as the optic nerve [9, 34, 69,
77, 81]. Prominent superior ophthalmic veins can occasion-
ally be present [1, 29].

Paraskevas et al. reported an interesting case with
increased T2 signal intensity along the spinal trigeminal tract
and nucleus within the medulla oblongata and pons, suggest-
ing an anterograde transsynaptic spread of the virus with
high neurotropism [59]. Xiao et al. mentioned another patient
with concurrent T2 lesions in the ipsilateral temporo-
occipital lobe and cerebellar hemisphere with dural enhance-
ment, suggestive of meningoencephalitis [86]. Other
associated intracranial involvements can sometimes be



110

Y.F.Cheung

Table 12.1 Reported cases of OAS secondary to HZO

Ptosis/ocular motility

Gender/age | Comorbidities Treatment recovery Visual recovery
Chang-Godinich | F/72 Chronic lymphocytic | Oral acyclovir for several days 2 mm residual ptosis, | VA 0.1-0.8 after
etal. [11] leukemia followed by IV acyclovir for 6 days | mild adduction, and | 8 weeks of
(for rash). Oral acyclovir for elevation deficits treatment
3 months, oral prednisolone with after 8 weeks of
tapering for 8 weeks treatment
Krasnianski et al. | F/67 - IV acyclovir for 10 days, IV - VA 0.3-0.6 within
[34] prednisolone then oral taper 2 weeks
Shin et al. [72] M/70 - IV acyclovir for 3 days. IM Ptosis and -
dexamethasone for 10 days ophthalmoplegia
followed by oral prednisolone recovered except
tapered over 4 weeks adduction 6 months
after the onset of
herpes zoster
Dhingra et al. M/63 Multiple myeloma IV acyclovir followed by oral, Complete ptosis, VA 0.1 to HM
[19] recently completed a | stopped within 2 weeks. Oral minimal ocular 8 months after
course of prednisolone tapered over 2 months | movement 8 months | presentation; disc
chemotherapy after presentation pale
Shirato et al. [73] | M/71 Colonic carcinoma Oral prednisolone at the 22nd day Ptosis and abduction | 0.06 after the 22nd
after the onset of periocular pain palsy after 291 day day, did not
improve during the
10 month follow-up
period; optic
atrophy
Saxena et al. [69] | F/29 HIV infection HAART, oral acyclovir. Oral Ocular motility and VA 0.03-0.8 at the
prednisolone 5 days later. By the ptosis improved at end of 4 weeks
tenth day, steroids were tapered the end of 4 weeks
over the next 10 days HAART and
acyclovir were continued
Ugarte et al. [77] | F/80 Migraine, HT, Oral acyclovir for 1 week (for Ocular motility: near | VA HM to 0.67
hypercholesterolemia | rash). Ten days later, oral acyclovir | complete recovery 6 months later
and prednisolone (with tapering) 6 months later
for 2 months
Kurimoto et al. F/81 - IV vidarabine and betamethasone. Ptosis had recovered | VA 0.4-1.0 at
[35] Vidarabine and IV prednisolone by 11 weeks after the | 12 weeks after onset
about 17 days later, followed by start of treatment,
tapering limited abduction at
20 weeks
Ardaet al. [1] M/75 HT Oral fluocortolone switched to oral | Partial improvement | HM to CF from
valacyclovir and then switched to in ptosis and ocular 1.5 months (did not
IV acyclovir. Tapering dose of oral | motility at the end of | significantly
prednisolone after acute symptoms | 5 month follow-up improve because of
improved period cataract and
choroidal
detachment)
Paraskevas etal. | F/67 - Oral acyclovir for 1 week (for Slow saccades VA 0.2 to marked
[59] HZO). About 4 weeks later, IV 5 months later improvement
acyclovir for 10 days, IVMP for
5 days
Merino-Iglesias M/61 - IV acyclovir for 7 days followed by | Ocular motility was | VA CF from
et al. [48] oral antiviral. Oral completely restored 1 month to 1.0 after
methylprednisolone for 7 days then 1 year
tapered over 10 weeks
Ugurlu et al. [78] | F/49 No chronic illness Oral brivudine (for HZO). IV Complete recovery VA 0.1-0.67 at
acyclovir and oral prednisolone and | of extraocular 5 months after
then oral acyclovir and motility presentation
prednisolone both tapered over
3 months
Lee et al. [38] M/78 DM, chronic IV acyclovir for 15 days, oral Limitation of VA 0.05-0.2
obstructive prednisolone for 4 days followed abduction and

pulmonary disease

by monthly taper over 12 weeks

paralysis of the upper
eyelid at 180 days
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Table 12.1 (continued)

Ptosis/ocular motility

Gender/age | Comorbidities Treatment recovery Visual recovery
Xiao et al. [86] F/65 (Immunocompetent) | IV ganciclovir. IV dexamethasone. | Persistent Persistent blindness
Oral prednisolone tapered over ophthalmoplegia 3 months later
6 weeks 3 months later
Kalamkar et al. M/65 - IVMP for 3 days followed by oral Limited abduction at | Light perception
[30] steroid tapered over 2 months. Oral | 6 month follow-up (no improvement)
acyclovir at 6 month
follow-up; optic
atrophy
Verhaeghe et al. M/80 Bilateral cataract Oral acyclovir for 1 week (for Ptosis had resolved VA CF to 0.4 at
[81] surgery, myocardial | keratitis), followed by IV acyclovir | and ocular motility 5 months; optic disc
infarction, atrial for 14 days. IVMP for 15 days after | had improved at pale
fibrillation, corneal 7 days of IV acyclovir. Then oral 5 months
foreign body valacyclovir and prednisolone,
(removed) tapered over 2 months
Chandrasekharan | F/60 HT, DM IVMP for 3 days followed by oral Mild ptosis. -1 HM to 0.5 at
etal. [9] prednisolone tapered over 4 weeks. | limitation of 3 months; optic disc
Oral acyclovir adduction, elevation, | pallor
and depression
Lim et al. [45] FIr77 HT Oral acyclovir for 2 months. Oral Full extraocular Light perception at
prednisolone tapered over 2 months | movements at 2 months (remained
2 months poor due to
Partial ptosis extensive
vascularization and
scarring of the
cornea)
Lim et al. [45] M/65 DM Oral acyclovir for 10 days Mild ptosis and full VA 0.033-0.25 at
eye movements at 6 weeks (worsening
6 weeks of nuclear sclerosis)
Othman et al. F/59 HT, DM, asthma Oral acyclovir followed by IV Full ocular motility Light perception to
[55] acyclovir and oral prednisolone for | at 6 weeks later 0.16 (hyphema)
2 weeks, then oral acyclovir for 6 weeks later
12 weeks and oral prednisolone
tapered over 6 weeks
Jun et al. [29] M/67 HT, DM, Oral acyclovir (for HZO) followed | Complete No perception of
hyperlipidemia, by IV acyclovir for 22 days, ophthalmoplegia light 9 months later;
ischemic heart followed by oral valacyclovir for 9 months later optic atrophy
disease 4 weeks
Kocaoglu et al. M/67 HT, DM Oral valacyclovir. Pulse Ptosis and VA 0.2-0.4 at
[33] prednisolone for 5 days followed ophthalmoplegia 2 months after
by oral prednisolone tapered over regressed at diagnosis of OAS
4 months 2 months after (permanent);
diagnosis of OAS temporal disc pallor
Ruiz-Arranz F/84 Hypothyroidism, Oral acyclovir (for rash) Slight abduction VA 0.05-0.2; slight
etal. [67] multinodular goiter, Oral valacyclovir limitation papillary pallor

asthma, pulmonary
hypertension,
nocturnal apnea
syndrome, congenital
dyserythropoietic
hemolytic anemia
type II, bilateral
pseudophakia,
age-related macular
degeneration

IV acyclovir and IVMP for 10 days,
followed by prednisolone tapered
over 10 weeks and oral valacyclovir

CF counting fingers, DM diabetes mellitus, HAART highly active antiretroviral therapy, M hand movements, HT hypertension, /V intravenous,
IVMP intravenous methylprednisolone, VA visual acuity
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detected including cavernous sinus involvement [29, 35, 67],
extension to Meckel’s cave [67], diffusion abnormalities in
the frontal and frontoparietal regions [1], and transverse
sinus thrombosis [33].

Laboratory tests including complete blood count with dif-
ferential, erythrocyte sedimentation rate, and C-reactive pro-
tein are usually normal [9, 30, 69, 77]. Cerebrospinal fluid
analysis may reveal lymphocytic pleocytosis and elevated
protein level [9, 29, 35, 59, 86]. VZV DNA by polymerase
chain reaction can be positive [29]. Positive IgG antibodies
against VZV in the blood or CSF were reported in three cases
[35, 55, 59].

Visual evoked potentials have been performed in several
patients. They were either not recordable [31, 69, 73] or with
reduced amplitude and delayed latency [34].

Optimal therapy for OAS secondary to HZO has not
been studied with a randomized controlled trial, and there
is no standard regimen. In most reported cases, a core com-
bination of systemic corticosteroids and systemic antivi-
rals, either oral or intravenous, was employed (Table 12.1).
For the best results, antiviral treatment should be started
within 72 h of the onset of rash. Options for antivirals
include acyclovir, valacyclovir, and famciclovir. Systemic
corticosteroids are used to mitigate the inflammatory
response to VZV and are usually given in the form of intra-
venous methylprednisolone or oral prednisolone. Duration
of corticosteroid treatment varies in literature from 2 weeks
to 6 months.

As stated in the case reports, there were variable improve-
ments in ptosis, ocular motility, and visual function. As dis-
cussed, different pathogenic mechanisms involved may
affect the prognosis. Orbital myositis may cause temporary
compression on the structures at the orbital apex and carry a
better outcome as the congestion resolves. On the other hand,
occlusive vasculitis may cause permanent damage and irre-
versible visual loss [19]. From Table 12.1, we can appreciate
that 15 patients (68%, one missing data) showed some recov-
ery of visual acuity, but a complete resolution was rather
uncommon (8.7%) [35, 48]. Overall, complete or near reso-
lution of ophthalmoplegia secondary to HZO has been
reported to occur in 65% of cases and may take between
2 weeks and 1.5 years to achieve (mean: 4.4 months) [68].
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Abstract

The anatomical relationship of the orbit and specifically
the orbital apex to the skull base makes it vulnerable to
neoplastic invasion or extension by skull base and pri-
mary periorbital tumors. These lesions, although rare,
provide a challenge in terms of diagnosis and treatment
given their location. Patients may present with proptosis,
ophthalmoplegia, and/or vision loss. Workup involves
imaging and biopsy in many cases. They can range from
benign histology such as meningiomas to neoplastic
pathologies such as aggressive sarcomas. Surgery remains
the primary treatment modality in most cases.
Characteristics of several tumors and neoplasms that may
involve the orbit or orbital apex are discussed in this chap-
ter including sphenoid wing meningiomas, trigeminal
schwannomas, sellar region tumors, sinonasal tumors,
cavernous angiomas, lymphangiomas, lymphomas, soft
tissue neoplasms, and metastases.
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13.1 Introduction

Many types of neoplasms can involve the periorbital region,
and whereas some originate in the orbit, the majority of these
arise elsewhere in the skull base and involve the orbit sec-
ondarily by extension. The orbital apex consists of the
pyramidal-shaped posterior orbit. It contains the Annulus of
Zinn, a fibrous ring encompassing the ophthalmic artery and
nasociliary nerve, and an attachment point for cranial nerves
II, III, and VI. Invasion into the orbit or orbital apex can be
further subdivided into transosseus extension, which is com-
paratively rare and invasion through bony apertures such as
the superior orbital fissure and optic foramen. Although typi-
cally benign in nature, these tumors can be locally aggressive
and most of them require surgical management. Tumors of
the nasal cavity and paranasal sinuses can grow to involve
the periorbital region and most of these are malignant. In this
chapter, we will review various types of periorbital neo-
plasms, their characteristics, diagnosis and assessment path-
ways, and management strategies.

13.2 Clinical Presentation and Evaluation

Because of the slow-growing nature of most periorbital
tumors, they may escape diagnosis until they are quite large.
Similarly, tumors of the paranasal sinuses, although malig-
nant, can grow silently and expand in the sinuses without
being symptomatic. By the time these tumors are large
enough to cause nasal obstruction and epistaxis, they fre-
quently involve the orbit.

Lesions of this region can present with orbital apex syn-
drome, defined by compression and/or damage to neurovas-
cular structures traversing the superior orbital fissure and
optic foramen. It manifests as painful proptosis, ophthalmo-
plegia, and ocular vision loss. Since the orbit is a confined
structure with limited space, large tumors cause proptosis,
the most common presenting symptom seen in 60% of cases.
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Diplopia, the second most common finding, is mostly related
to compression of the nerves involved in oculomotility.
Direct tumor invasion of these nerves is relatively rare.
Decreased visual acuity is typically a late finding and indi-
cates proximity to the orbital apex or optic nerve [1].
Commonly accompanying these symptoms, periorbital pain
is what frequently motivates the patients to seek medical
attention.

Magnetic resonance imaging (MRI) with and without
gadolinium contrast provides the most detailed information
about the anatomical relationship among the extraocular
muscles, the cranial nerves, the globe, and the skull base, as
well as an idea of the state of tumor borders and potential
encapsulation. Fat-saturation sequences are often useful for
tumors that may be hidden by periorbital fat. MRI can also
inform the pattern of growth and whether there is bone mar-
row or intra-axial involvement. Computed tomography (CT)
is used to assess the relationship of the lesion to the sur-
rounding bones and sinuses and may provide critical infor-
mation regarding transosseous spread or bony remodeling/
erosion perpetrated by the neoplasms. Tumor histology can
significantly influence management, especially for malig-
nant disease. Since most of the malignant neoplasms in this
region also involve the paranasal sinuses, endoscopic biopsy
can yield valuable information. Finally, angiography,
whether noninvasive (e.g., CTA, MRA) or through a cathe-
ter, can help design the best treatment for vascular tumors or
those that distort the circle of Willis.

13.3 Meningiomas

Meningiomas are the most common neoplasm that invade
the periorbital region, and any meningioma of the medial
anterior and middle fossa, whether they arise from the tuber-
culum sellae, medial sphenoid wing, clinoid process, even
olfactory groove, can extend to the orbital apex. Many of
these will cause hyperostosis of the bony orbit, which leads
to proptosis and pain. These tumors typically affect people in
their sixth decade of life and women four times more fre-
quently than men [2]. They invade the orbit in different ways,
entering through the optic canal, the superior fissure, or
directly through bone (Fig. 13.1). Visual loss is present in
37% of patients [3].

Cavernous sinus meningiomas neighbor the carotid artery
and multiple cranial nerves. Progression of these lesions can
involve the orbital apex, transosseous expansion, and invasion
into the orbit via the superior orbital fissure (Fig. 13.2). Most

of these present with ophthalmoplegia, mainly by compres-
sion, but sometimes by direct invasion, of cranial nerves III,
IV, and VI. Finally, optic nerve sheath meningiomas contact
the optic nerve and partially or completely surround it. These
patients present with a gradual decrease in visual acuity by
atrophy. The major risk from progression is extension through
the orbital canal to the intracranial compartment and involve-
ment of the contralateral optic nerve [4].

Meningiomas are homogeneously enhancing on MRI,
and their appearances are quite typical even without calcifi-
cation or dural tail. The treatment for most symptomatic or
progressive periorbital meningiomas is surgical removal.
Meningiomas of the orbital apex and cavernous sinus present
a number of surgical challenges given their deep location,
proximity to eloquent structures, and hyperostosis that is
typically seen. For those that extend through bony foramina,
additional drilling steps such as clinoidectomy or opening
the superior orbital fissure or optic canal may be necessary.
Gonen et al. propose a surgical algorithm that involves an
extradural stage followed by an intradural then intraorbital
stage for best results. They had a 51.8% rate of complete
tumor resection. The extent of resection was limited by inva-
sion of the cavernous sinus (61.5%) and the superior orbital
fissure (84%) [3]. Most common neurologic complications
included oculomotor nerve palsy and trigeminal neuropathy
in 6.4% and 28%, respectively [5].

Cavernous sinus meningiomas may also be approached
through the anterolateral corridor, and extradural or intradu-
ral approaches to the cavernous sinus can be done [6]. The
goal of surgery is typically decompression of the neural ele-
ments and orbital compartment. For residual tumor, radiation
therapy has been recommended but others reserve radiation
therapy for patients with tumor progression on follow-up or
after a second re-operation [7, 8]. More recently, endoscopic
approaches to the orbit have been developed. These will be
discussed in detail in ensuing chapters.

The prognosis for periorbital meningioma is good, with
mortality rates from O to 14%, with most studies citing no
mortality [9]. There is, however, a high recurrence rate fol-
lowing surgical resection, ranging from 4% to 60%, which is
a major factor in prognosis [10]. Survival rates depend on
histopathology and intracranial extent of involvement. There
have been small case series showing efficacy of radiosurgery
in the treatment of orbital apex meningiomas [11]. No effec-
tive chemotherapeutic treatment has been established.
Kiyofuji et al. determined that visual field defect other than a
central scotoma was the only variable on multivariate analy-
sis to independently predict improvement [5].
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Fig. 13.1 Sphenoid wing meningiomas. A 69-year-old male present-
ing with right eye diplopia found to have a medial sphenoid wing
meningioma on the right with extension into the orbital apex on (a)
axial and (b) sagittal T1-weighted MRI with gadolinium. Patient under-
went surgical resection followed by radiation. A 73-year-old male with
a history of thyroid carcinoma presenting with painless vision loss in
the left eye and left ptosis. (¢) Axial and (d) sagittal views of a brain

MRI demonstrated a left sphenoid wing meningioma with lateral orbital
involvement. (e) Notable hyperostosis along the lateral orbital wall and
sphenoid wing noted on CT. He underwent a frontotemporal craniot-
omy for tumor resection, and he underwent Cyberknife treatment for
the residual tumor. (f) Post treatment MRI at 6-month follow-up dem-
onstrated surgical and radiation induced changes



Fig. 13.2 Cavernous sinus meningioma. A 58-year-old male with his-
tory of left cavernous meningioma with orbital extension presenting
with ophthalmoplegia and L orbital proptosis. (a) Preoperative
T1-weighted MRI with gadolinium demonstrating tumor with extensive
orbital involvement and proptosis. He had undergone surgical resection
and radiation therapy and subsequently left globe enucleation. (b) Two
years later, he presents with recurrent meningioma with further orbital

13.4 Schwannomas

Schwannomas are benign, slow-growing, encapsulated
peripheral nerve sheath tumors that arise from myelin.
Trigeminal schwannomas are second to vestibular schwan-
nomas as the most common intracranial schwannomas, but
they only account for 0.07-0.36% of all intracranial tumors
[12]. These tumors typically occur sporadically, however,
there is an association with neurofibromatosis type 2.
Typical origin sites include the trigeminal nerve at the cer-
ebellopontine angle and the Gasserian ganglion at the cav-
ernous sinus or Meckel’s cave [13]. The most frequent
tumor location is the middle cranial fossa (50%), followed
by posterior fossa (30%) and dumbbell (20%) tumors [14].
Extension into the cavernous sinus and orbit is common. As
they grow larger, they spread into extracranial compart-
ments through the foramina in the skull, extending into the
orbit, cavernous sinus, and paranasal sinuses (Fig. 13.3)
[15, 16]. Although much less common, facial and vidian
nerve schwannomas have been reported with orbital
involvement [17].

Trigeminal sensory dysfunction (hypesthesia, dysesthe-
sia, anesthesia) is the most common presenting symptom of
trigeminal schwannomas. In addition to loss of facial sensa-
tion, keratitis can be seen due to diminished corneal reflex.
Motor symptoms involving muscles of mastication may be
present, although rare. Patients may present with facial pain
at any of the three divisions. Finally, symptoms may present
from mass effect on the surrounding neural structures,
including cranial nerves including the oculomotor or abdu-
cens nerve leading to diplopia, or from compression on the

E. Dowlati et al.

involvement as demonstrated on the axial T1-weighted MRI with gado-
linium. (¢) Three-dimensional reconstruction of the MRI demonstrating
tumor and adjacent structures involved. Patient underwent frontotem-
poral craniotomy for resection of recurrent tumor and vascular flap
reconstruction over the orbit with plastics and oculoplastic surgery. (d)
T1-weighted MRI with gadolinium demonstrating postoperative
changes

globe resulting in exophthalmos-related diplopia. Diplopia is
the initial symptom in about 15% of patients.

Schwannomas sharply enhance on post-gadolinium MRI,
and they may have cystic components [18]. Close relation-
ship with cranial nerves may be apparent, and the involve-
ment of Meckel’s and cavernous sinus can be further clues
on MRI. A CT is useful for defining the bony anatomy of the
skull base and any resultant bony erosion. Overall, trigemi-
nal schwannomas vary significantly in their size, shape, and
location. The operative approach and difficulty of resection
are highly dependent on the location of the tumor along the
trigeminal nerve. Various skull base approaches for trigemi-
nal schwannomas have been described in the literature but
still remain a challenge [13, 19]. Classically, these tumors
are resected via a retrosigmoid craniectomy if they are local-
ized to the trigeminal root and middle fossa craniotomy for
subtemporal, or combined petrosal approaches for dumbbell
shaped tumors [20]. Similar to vestibular schwannomas,
recurrence is common with partial resection, and a gross
total resection is the goal.

Orbitocavernous schwannomas require anterior clinoid-
ectomy, and orbital and cavernous components can be
removed separately. Monitoring of oculomotor, trochlear,
and abducens nerves can be done to identify normal anatomy
around the tumor. Recent advancements in endoscopic sur-
gery provide a more minimally invasive and direct route for
tumors in and around Meckel’s cave, including the endo-
scopic endonasal approach (EEA) [21, 22] and endoscopic
transpalpebral, transorbital approach [23]. EEA is ideal in
cases where the tumor is medial to the optic nerve. A case
series of 25 patients who underwent endoscopic approaches
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Fig. 13.3 Trigeminal Schwannoma. A 58-year-old female with right
eye proptosis and vision changes. T1-weighted MRI with gadolinium
shows a homogeneously enhancing extra-axial lesion with invasion into
the orbit and cavernous sinus involvement on (a) axial and (b) coronal
views. A 66-year-old female with a known history of a left trigeminal
schwannoma who underwent surgical resection and radiation presents
with worsening left sided facial pain and left facial numbness. (¢) T2

for trigeminal schwannomas presented by Park et al. demon-
strates a feasible alternative to microscopic skull base
approaches. Another case series of 43 patients shows that
90.7% gross total resection was achieved; however, facial
numbness did not improve in most cases [24]. One of the
greatest concerns is a postoperative cerebrospinal fluid

T1-weighted sagittal MRI with gadolinium show a large left sided skull
base lesion with involvement of the cavernous sinus, orbital apex, and
paranasal sinuses. Patient underwent surgical resection via an expanded
endonasal endoscopic approach with neurosurgery, otolaryngology, and
ophthalmology

(CSF) leak, and these approaches require a multilayer recon-
struction closure technique. Adjuvant radiation can be con-
sidered in patients after surgery or without surgery. In a
series of 26 patients, primary or adjuvant gamma-knife radi-
ation therapy has shown favorable risk-to-benefit profile in
72% of patients and tumor shrinkage in 48% of patients [25].
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13.5 Sellar/Suprasellar Tumors

Pituitary adenomas make up 10-15% of all intracranial
tumors. Pituitary adenomas can have extension into the
hypothalamus, laterally into the cavernous sinus, and also
toward the orbit. However, orbital invasion is exceedingly
rare, with only less than 30 cases reported in the literature
[26, 27]. Most of these are functioning adenomas [28, 29]. In
the case of orbital invasion, involvement of the orbital apex
is ubiquitous, with or without invasion into the superior
orbital fissure or optic canal. Presenting ocular symptoms are
generally secondary to compression of nerves and ocular
structures by the growing tumor, although tissue invasion
may also occur. Common symptoms include unilateral retro-
orbital pain, proptosis, diplopia, and visual field loss [30].
Other more invasive tumors of the sellar and suprasellar
region can include chondrosarcomas, pituitary carcinoma
craniopharyngiomas, germ cell tumors, lymphomas, menin-
giomas, and metastases. Characteristics on MRI can vary
depending on the presence of hemorrhage, cystic transfor-
mation. Most adenomas show avid homogeneous enhance-
ment with well-defined margins.

Treatment of pituitary adenomas includes a combination
of pharmacologic, surgical, and radiation treatments, but
transsphenoidal resection is usually the approach of choice.
In the case of orbital invasion, surgery should be considered

for decompression of ocular structures and adjuvant radiation
therapy for any residual. Deterioration of vision or worsening
ocular signs and symptoms should prompt surgical evalua-
tion. Endoscopic endonasal approaches provide access for a
medial and anterior trajectory, making it ideal for most sellar
and suprasellar lesions, but if the tumor extends to the lateral
orbit, a combined approach with a lateral craniotomy and
orbitotomy may be necessary. In a series of 22 operative cases
for patients with adenomas with orbital extension, 7 of these
resections were incomplete. Worsening ocular symptoms
were also commonly seen postoperatively [27]. After initial
mass resection, residual tumor is treated with radiation
therapy.

Other lesions of the sellar and suprasellar region include
dermoid and epidermoid tumors, which may extend to the
orbital apex causing optic nerve compression or invasion via
the superior orbital fissure. Dermoid cysts are benign hetero-
topic inclusion cysts that typically develop along the mid-
line. They can also develop in the cavernous sinus wall or
extend into the orbit, and patients may develop ophthalmo-
plegia (Fig. 13.4). Intracranial epidermoid cysts are typically
found in the cerebellopontine angle, but they can also develop
in the suprasellar region in 10-15% of cases [31].
Additionally, they can also develop within the orbit, which
are less common than dermoid cysts but can have similar
features (Fig. 13.5).

Fig. 13.4 Cavernous sinus dermoid Cyst. A 19-year-old male present-
ing with right orbital pain, right ptosis and double vision. He was noted
to have limited R eye adduction. (a) Axial and (b) coronal T1-weighted

MRI with gadolinium demonstrate a cystic lesion in the right cavernous
sinus near the orbital apex. Patient underwent successful resection of
this dermoid cyst via an extradural approach to the cavernous sinus
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Fig. 13.5 Epidermoid Cyst. A 46-year-old male presenting with com-
plaints of blurry vision and right eye pain for 4 months. Patient also
complains of proptosis and diplopia when looking up or to the right.
MRI with gadolinium was obtained and demonstrated a 2.5 x 2.2 x 2.4

Imaging helps differentiate the two pathologies. A CT scan
of dermoid cysts can show fat content in the cyst and dem-
onstrate adjacent osseous changes causing bone remodeling
or erosion [32]. On MRI, epidermoid cysts can show some
enhancement along the periphery and restriction on diffuse
weighted imaging (Fig. 13.5c). The slow growth and location
of these tumors allows them to remain asymptomatic until
large enough to compress the optic apparatus. Pathologically,
both these tumors are lined by keratinizing stratified squa-
mous epithelium. Dermoid cysts contain epidermal content
such as hair follicles and sebaceous glands, while epider-
moid cysts can contain flaky keratin debris inside the cysts.
Treatment involves surgical resection, and complete surgical
excision of these cysts is recommended to prevent recurrence.
Gross total resection of the cyst and cyst wall can be achieved
safely depending on orbital involvement.

13.6 Sinonasal Tumors

Sinonasal neoplasms include a number of different patholo-
gies including squamous cell carcinoma, adenocarcinoma,
esthesioneuroblastoma, and sarcomas (discussed later in the
chapter) [33]. Epithelial tumors are more common in adults,
while sarcomas are more commonly seen in pediatric popu-
lation. Epithelial tumors arise from the paranasal sinuses and
nasal cavity. Specifically, the maxillary, followed by the eth-
moid sinuses, is the most common sites. Keratinizing squa-
mous cell carcinomas are the most common, although there
is an increase in non-keratinizing squamous cell carcinoma
related to human papilloma virus. The incidence of orbital
invasion by sinonasal cancers varies with the site of origin

well-circumscribed ring enhancing, cystic mass in the superior orbit
and anterior fossa floor seen on (a) axial and (b) coronal view. (¢) The
mass also exhibited restricted diffusion on diffusion-weighted imaging

and histology. Orbital invasion increases morbidity and mor-
tality and aggressive invasion into the orbital apex gives a
T4b grade (Fig. 13.6).

Patients can present with nasal obstruction, or epistaxis,
or alternatively, remain asymptomatic until the tumor
enlarges. Visual symptoms, including unilateral proptosis
and diplopia, occur in 50% of patients as ethmoid or maxil-
lary sinus tumors invade the orbit [34]. There is a grading
system for the extent of orbital involvement. Grade I involves
erosion or destruction of the medial orbital wall (Fig. 13.6a,
b). Grade II is characterized by extraconal invasion of the
periorbita (Fig. 13.6d, e), and grade III involves invasion of
the medial rectus muscle, optic nerve, ocular bulb, or the
skin [35]. On imaging, there is typically a large mass cen-
tered in the sinonasal cavity. Though tumor margins can be
poorly defined, destruction of the orbital walls is often
evident.

Primary treatment for these tumors includes tumor resec-
tion through a combination of open and endoscopic endona-
sal approaches, followed by adjuvant radiation therapy [36].
In the case of extensive invasion and a T4b grade tumor diag-
nosis with aggressive local extension into the orbital apex,
the tumor may be deemed unresectable [37]. Therefore,
orbital invasion is a therapeutic challenge and carries a poor
prognosis. In all grades of orbital involvement, neither orbital
exenteration or preservation has shown to significantly
change five-year survival rates [38]. Neoadjuvant induction
chemotherapy in T3 and T4 grade disease can help improve
outcomes after surgical resection in nonresponders, while
induction chemotherapy with radiation alone had better sur-
vival rates in responders. Another consideration for treat-
ment of these tumors is reconstruction, especially in the
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Fig. 13.6 Sinonasal tumors. A 40-year-old male with epistaxis and
congestion found to have a sinonasal mass with orbital involvement of
the medial orbital wall and periorbita seen on fat suppressed
T1-weighted MRI with contrast (a) coronal and (b) axial views. He
underwent a biopsy confirming squamous cell carcinoma and under-
went chemotherapy and radiation. Given progression of the tumor, he
underwent surgical resection. Later, he developed radiation necrosis
and recurrence extending into the medial orbit, skull base and sphenoid
(¢) and required further operations in the form of endoscopic and open

setting of orbital exenteration. There is also concern for CSF
leak in cases where there is intracranial involvement, and
prolonged lumbar drainage may be necessary for these cases.

13.7 Cavernous Angiomas

These are typically benign mass lesions made of blood ves-
sels clustered closely together in an abnormal arrangement
[39]. They represent the most common intraorbital vascular
lesion in adults [40, 41]. According to various sources, they
are not classified as tumors but rather vascular malforma-
tions and therefore referred to as cavernous hemangioma
malformations to make this distinction [42]. Regardless, they

skull base debridement. A 43-year-old male with epistaxis presented to
medical attention and MRI of the brain with gadolinium demonstrated
a large enhancing sinonasal mass that involved the ethmoid, sphenoid,
and frontal sinuses with medial orbital involvement on the left (d) as
well as intracranial extension with vasogenic edema (e). This was noted
to be esthesioneuroblastoma on biopsy. Patient underwent and expanded
endonasal endoscopic approach for surgical resection with good post-
operative result (f). He then underwent further adjuvant radiation
therapy

represent a large portion of benign orbital lesions and com-
monly cause ocular symptoms or orbital apex syndrome. In
retrospective studies of patients with orbital lesions over a
30-year period, 6-9% were cavernous hemangiomas [42].

The presentation of cavernous angiomas in the orbit, as
for all orbital lesions, is directly related to its size and loca-
tion. There is variation in presentation and timing of progres-
sion, but typically, these orbital lesions present with
progressive proptosis, often with ptosis, pain, and decreased
visual acuity in the affected eye. Most often, lesions are uni-
lateral and solitary; however, there are documented cases of
multiple orbital cavernous angiomas, as many as 15 lesions
in one orbit [40]. The literature also reveals bilateral cases,
although these are exceedingly rare [41].
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On imaging, cavernous angiomas are well delineated
masses, often but not exclusively intraconal. In one study of
orbital cavernous angiomas, 19 out of 23 were intraconal
[39]. When bony structures such as the calvarium or skull
base are involved, CT shows an osteolytic honeycomb
appearance of the affected bone [43]. MRI provides a better
depiction of the soft tissues, revealing the lesion’s relation-
ship to the extraocular muscles, optic nerve, and extension
toward or away from the orbital apex. MRI is instrumental in
treatment planning and predicting whether the optic nerve
can be preserved. Histopathological analysis reveals dis-
tended “caverns” filled with blood [43]. These caverns are
large, dilated venous channels contained within a fibrous,
well-delineated capsule. Grossly, these lesions are
endothelium-lined and blood-filled lesions that are purple,
smooth, and encapsulated [40, 41].

Conservative management for cavernous angiomas is a
reasonable approach up to the point when they become
symptomatic. Treatment for cavernous angiomas of the orbit
should take on a multidisciplinary approach. Gross total
resection with preservation of the optic apparatus is feasible
in some cases if the lesion is well-defined and encapsulated.
Recurrence with this treatment modality is uncommon, but
patients often experience transient postoperative diplopia
[22]. One reported case of orbital cavernous angioma with
bony invasion required craniotomy for middle fossa access
and an abdominal fat graft [43]. Regardless of the surgical
approach, the outcome of resection was largely dependent on
size and relationship of the lesion to the optic nerve and the
proximity to the apex [42]. For those lesions that are not
amenable to resection, multi-session radiosurgery may be a
viable option [44]. Kim et al. presented a series of eight
patients with greater than 20% tumor shrinkage and improved
visual outcomes after radiosurgery [11].

13.8 Lymphangiomas

One of the first cases of orbital lymphangioma was reported
by Smith et al. in 1925 regarding a 10-year-old girl who pre-
sented with progressive unilateral proptosis. She underwent
surgical exploration, and a dark brownish fluid was aspirated
from a cystic lesion, with subsequent resolution of her symp-
toms. Her symptoms recurred 5 years later with ptosis and
diplopia. She once again underwent surgical exploration of
the orbit and enucleation. On gross pathologic evaluation,
cystic cavities with clear gelatinous fluid were reported.
Under microscopic evaluation, there was edematous connec-
tive tissue, as well as spindle-shaped fibroblasts, and numer-
ous round cells assembled into lymph follicles. Those
containing blood were thought to represent lymph spaces in
which hemorrhage had occurred. There was also involve-
ment of the optic nerve sheath and extension to episcleral

tissues and extraocular muscles. After enucleation, adjunct
radiation was performed with small radium implants applied
over the socket, brow, and lateral aspect of the orbit [45].

Lymphangioma is a rare, unencapsulated vascular malfor-
mation of the lymphatic system. It is common in childhood,
especially the first decade of life. They are typically low-flow
and have no vascular connection, but they have a clear pro-
pensity for recurrent hemorrhage [46]. They account for less
than 5% of all orbital tumors but are exceedingly rare in the
adult population, with most diagnosed before the age of 10
[47]. The lesion can infiltrate the optic nerve, rendering sur-
gical resection very difficult and making alternative thera-
pies such as systemic steroids and sclerosing agents necessary
[48].

MRI shows a solitary cystic lesion with or occasionally
without enhancement [49]. The appearance of feeder vessels
on MRI would exclude a diagnosis of orbital lymphangioma
[48]. Orbital apex lymphangiomas can be confined to a sin-
gle extraocular muscle or lacrimal gland but often extend far
throughout the orbit from globe to apex, making them diffi-
cult to resect [50, 51]. On gross examination, orbital lymph-
angioma appears grayish-red, firm, and lobulated. Dark
liquid often escapes from the mass during surgical excision
[52]. Goals of treatment typically include preserving visual
acuity and extraocular movements. As such, if there is no
immediate threat to vision, and low intraocular pressure,
conservative measures are taken [48]. Since orbital lymphan-
giomas are so rare, it is difficult to determine a standard of
care. Thus, there remains clinical equipoise regarding the
best combination of initial and adjuvant therapies, including
mTOR inhibitors [51], sclerotherapy or radiotherapy [48].
Some combination of surgical intervention and sclerother-
apy or chemotherapy may be best and should be discussed by
a multidisciplinary team to determine what is best for the
patient, taking into account size, symptoms, and relationship
to the optic nerve and orbital apex.

13.9 Lymphomas

Lymphoma is the most frequently encountered malignant
tumor of the orbit, and it typically presents as a primary
lesion [2]. Orbital lymphoma represents the most common of
the ocular adnexal lymphomas, which include lesions of the
orbit, conjunctiva, lacrimal gland, and eyelid in descending
order of prevalence. This constellation of non-Hodgkin lym-
phomas is most commonly seen in females in the fifth to
seventh decades of life [53, 54]. According to one report,
70-90% of all orbital lymphomas are primary, and these rep-
resent 1% of all non-Hodgkin lymphoma cases. Lymphoma
can also invade the orbit from the sinonasal or skull base
region [55]. The majority of orbital lymphomas are mucosa-
associated lymphoid tissue (MALT), followed by diffuse
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Fig. 13.7 Lymphoma. A 52-year-old female presenting with right
sided headache and worsening vision loss over a period of 1 month. She
underwent an MRI for evaluation which showed a
3.7 cm x 2.8 cm x 2.8 cm enhancing mass in the right middle cranial
fossa with extension into the right cavernous sinus, lateral orbit, and

large B-cell lymphoma (DLBCL) [54, 56]. Like many other
orbital tumors, they present with a palpebral or orbital mass,
proptosis, ptosis, decreased visual acuity, or orbital apex
syndrome. Frequently located in the superolateral quadrant
of the cone, they invade or displace the superior rectus mus-
cle [54]. They can also arise from the skull base and extend
to nearby structures including the orbit (Fig. 13.7). However,
the location and extent of an orbital lesion on imaging cannot
rule out a diagnosis of lymphoma.

Lymphoma is one of the great imitators, and orbital lym-
phoma is no exception. CT alone can help determine the size
and location of the lesion, but MRI is instrumental in depict-
ing the relationship of the lesion to the optic nerve, extraocu-
lar muscles, and the presence or absence of intradural
extension. It can enhance homogeneously or demonstrate
ring enhancement [54]. There are a multitude of histological
markers for lymphoma to aid in making the diagnosis,
including CD20, CD19, CD45, and Bcl2 [54]. The relative
nonspecificity of imaging and the wide array of histological
markers available make early surgical biopsy an attractive
option in order to diagnose and treat orbital lesions
efficiently.

Orbital lymphomas are treated differently from other ocu-
lar adnexa, and treatment differs based on presence or
absence of systemic disease. Optic nerve involvement in all
cases makes gross total resection markedly more difficult

temporalis muscle on (a) axial and (b) sagittal views shown here. She
underwent a biopsy of the mass via right craniotomy and right lateral
orbitotomy with neurosurgery and oculoplastics. Pathology identified
large B-cell lymphoma. She subsequently underwent radiation therapy
and a PET CT which demonstrated no other sites of active disease

and increases the demand for adjuvant therapies. Options for
treatment of orbital lymphoma include oral steroids, topical
erythromycin, surgical excision, adjuvant radiation, and sys-
temic chemotherapy [54]. Surgery is reserved for tissue diag-
nosis, debulking, and total resection when safe. Resection is
indicated for encapsulated tumors, especially when there is a
high risk of recurrence. Endoscopic endonasal approaches
are used as well for orbital apex decompression and biopsy,
typically for lesions in the inferomedial orbit so as not to
interfere with the optic nerve. There remains a lack of con-
sensus on what combination of surgery, radiation, and che-
motherapy are best suited for orbital apex lymphoma, but
symptoms, prognostic factors, and optic nerve involvement
and intradural extension should be taken into account [53].

13.10 SoftTissue Neoplasms

Orbital rhabdomyosarcoma is the most common primary
malignant tumor of the orbit in children and is found in the
superior orbit two-thirds of the time, commonly during the
first decade of life [57]. The four types of rhabdomyosar-
coma are embryonal, alveolar, pleomorphic, and botryoid
[58]. Eighty-five percent of these pediatric orbital lesions
are of the embryonal variety, and most of the others are alve-
olar [57]. Other documented orbital soft tissue lesions
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Fig. 13.8 Chondrosarcoma. A 31-year-old female patient with a his-
tory of right sided retinoblastoma treated with right eye enucleation and
systemic therapy presents with congestion and left sided visual acuity
symptoms. MRI revealed a left sinonasal mass with invasion of the left
orbit and extension into the anterior skull base seen on (a) axial, (b)

include leiomyosarcoma, chondrosarcoma, and histiocytic
sarcoma, a rare lymphohematopoietic system tumor [20].
Primary orbital leiomyosarcoma represents a malignant
smooth muscle tumor, mainly in older women, typically
originating in the uterus, GI tract, and vascular tissues [59].
Mesenchymal chondrosarcoma of the orbit is an extremely
rare and aggressive cartilage-forming tumor, typically form-
ing in the second to third decade of life, with a female pre-
dominance (Fig. 13.8) [60]. Treatment methods for these
soft tissue lesions span multiple disciplines, and these
lesions often portend a poor prognosis regardless of therapy
modality.

CT and MRI help determine what structures are shifted
or invaded and the extension of the tumor into bone or dura.
On CT, an orbital rhabdomyosarcoma might appear as a
well-demarcated inferomedial orbital mass extending to the
apex, with no bony erosion, that is homogeneous and
isodense to muscle. It can surround orbital structures with-
out displacing them. A heterogeneously enhancing, lobu-
lated orbital mass with multiple cystic areas with calcification
on CT would be more consistent with a mesenchymal chon-
drosarcoma [15]. Orbital rhabdomyosarcomas have been
reported to demonstrate restriction on DWI imaging, mak-
ing this a helpful diagnostic tool [58]. Despite these reported
radiology tendencies, tissue biopsy is paramount in the
quest for diagnosis. Once a biopsy has been obtained, histo-
logical markers aid tremendously in obtaining a definitive
diagnosis.

Because these tumors are so rare, a consensus on the best
treatment does not exist. Regardless of the type, a combina-
tion of surgery, radiation, chemotherapy should be consid-
ered for these sarcomas, based on proximity to the optic
nerve and staging of the lesion. Surgical approaches range

coronal, and (c) sagittal views. She underwent surgical resection via
expanded endonasal endoscopic approach achieving gross total resec-
tion but with some positive margins. She subsequently was treated with
adjuvant chemotherapy and proton beam radiation

from a simple open biopsy to endoscopic endonasal
approaches, to complete resection of the eye and orbital con-
tents for a margin-free resection. A multidisciplinary
approach is often the best, with considerations made for
tumor size, location, intradural involvement, optic nerve
involvement, and comorbidities.

13.11 Solitary Fibrous Tumor

Solitary fibrous tumors (SFTs), previously known as heman-
giopericytomas, comprise yet another category of rare orbital
apex lesions. These are rare spindle cell tumors, originating
from mesenchyme. They typically progress slowly, with a
generous blood supply from many feeding arteries. As they
mimic meningiomas and neurofibromas, careful workup
with history and physical exam, imaging, and histopatho-
logical analysis are required to reach an accurate diagnosis
[21, 25]. Only 6% of them are found in the head and neck
regions, most commonly the sinonasal tract, followed by the
orbit, mouth, and salivary glands [61]. There are just under
100 reported cases to date of orbital SFTs [62]. They can
present with unilateral painless proptosis, visual disturbance,
tearing, ptosis, and restriction of extraocular movements.
They can be intraconal or extraconal or involve the lacrimal
gland or sinonasal tract. Most are extraconal in the superolat-
eral quadrant of the orbit, but they can exhibit intracranial
extension as well as disruption of the optic nerve [7, 63].
CT can help narrow down the diagnosis based on the den-
sity of the lesion relative to neighboring structures and can
quickly determine the size and extent of the lesion. A CT
with contrast of the orbit will show a heterogeneously
enhancing extraconal lesion with globe compression, with-
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out calcification or bony invasion. SFTs are usually well-
defined, isodense to extraocular muscle, enhancing, and
normally avoid osseous extension [63, 64]. MRI will show a
solid, well-circumscribed mass that does not restrict on DWI
[61, 64]. Biopsy may be necessary for accurate diagnosis.
Typical SFTs have “patternless architecture” with alternating
hypocellular and hypercellular areas separated from each
other by thick bands of hyalinized collagen and branching
vessels [65]. Once diagnosis is made, all patients require
close follow-up since histological evidence of benign or
malignant features is an unreliable predictor of clinical out-
comes [61, 65].

A study of 17 cases showed vascular proliferation in all
cases, with mixed hypo- and hypercellular regions, and about
half of the lesions featured a patternless architecture [64].
Histological analysis will usually reveal a mix of coarse and
dense spindle cells. However, there are reports of orbital
SFTs with very few blood vessels, no perivascular hyaliniza-
tion, and no regions of alternating density. SFTs of the orbit
may stain positively for vimentin, CD34, bcl-2, CD99,
STAT6, beta-catenin, progesterone receptor and negatively
for CD31, smooth muscle actin, epithelial membrane anti-
gen, WT1, and S100 [61-63, 65]. An absence of S100 helps
differentiate from schwannoma. The intra-arterial compo-
nents will typically have a different staining pattern than the
extravascular regions, and the vessels themselves often
maintain a staghorn configuration [62, 64].

Treatment of orbital SFTs requires confirmation of diag-
nosis, but a biopsy without complete resection is dangerous,
as it poses a high risk of bleeding. As such, the literature
stresses an all-or-nothing strategy, with either complete
resection or no surgery. In one study of eight cases of CNS
and orbital SFTs, gross total resection was attempted in all
orbital cases. In one orbital case, adjuvant radiotherapy was
utilized in the treatment plan. Recurrence occurred in two
cases [7]. In another study involving 17 cases of orbital SFT,
surgical excision was performed in all cases. Seven patients
underwent lateral orbitotomy, six had an anterior orbitotomy,
three had a transconjunctival approach, and one needed a
superomedial orbitotomy. Those treated with chemotherapy
had worse outcomes, but there is likely a selection bias inher-
ent in this observation [64]. Distant metastatic disease is
extremely rare in SFTs, and the need for systemic chemo-
therapy would indicate a higher stage of disease burden than
those patients only requiring surgical excision [63].
Therefore, it is not surprising that those on chemotherapy
would have poorer outcomes than those who are not.
Ultimately, complete resection of symptomatic lesions
remains the gold standard for these orbital tumors, which
rarely metastasize.

13.12 Metastases

Extraocular orbital metastases are rare, accounting for 3—7%
of all orbital tumors [66, 67]. Lung cancer makes up 17% of
these cases (Fig. 13.9a, b), followed by breast cancer at 14%
(Fig. 13.9¢, d). More uncommon sources include renal cell
(Fig. 13.9e, 1), hepatocellular carcinoma, adenoid cystic car-
cinoma, uterine carcinoma, prostate, and gastric signet ring
cell carcinoma [66—73]. One theory explaining the paucity of
orbital metastatic disease is the low blood flow to the region.
Orbital metastases portend a poor prognosis, as median sur-
vival with metastatic disease to the orbit is 15-16 months
despite advances in treatments for various primaries at
advanced stages [70].

Imaging findings for metastatic disease vary based on the
primary tissue and the location of the orbital lesion.
Metastatic lesions to the orbit will often show up on MRI as
a well-circumscribed, enhancing intraconal mass, with
involvement of one or more extraocular muscles, the orbital
apex, superior orbital fissure, or occasionally encasing the
cavernous sinus [70, 73]. Early biopsy and metastatic workup
are imperative in starting an appropriate treatment plan.

Cases of skull base metastases with extension into the
orbit include a 62-year-old male with a history of adenocar-
cinoma of the lung presenting with diplopia. T1-weighted
MRI with gadolinium demonstrated a homogenously
enhancing mass along the right lateral orbit extending intra-
cranially (Fig. 13.9a, b). Surgical resection was undertaken
as a multidisciplinary approach with neurosurgery and oph-
thalmology, and pathology confirmed metastasis.

Treatment varies widely based on the spread of disease,
the patient’s goals for their care, the location of the lesion,
and involvement of the optic nerve. Typically, surgery and
adjuvant radiation represent the mainstay of metastatic treat-
ment, but surgical excision may be too risky close to the
optic nerve. Surgical approaches to the orbit for metastatic
disease include transorbital, transpalpebral, and endoscopic
endonasal approaches in addition to craniotomies.
Endoscopic endonasal approaches are best for medial and
inferior orbital lesions due to their position relative to the
optic nerve and extraocular muscles [71]. Surgical decom-
pression of orbital metastases can serve another purpose in
addition to palliation, tissue diagnosis, and relief of mass
effect; it can determine the cause of the patient’s ocular
symptoms and therefore determine whether certain struc-
tures have been invaded or simply displaced. In many cases,
patients shown to have widespread disease beyond the orbit
will opt for palliative measures. However, for those choosing
to undergo treatment, there is no consensus on the best
method for dealing with orbital metastases.
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Fig. 13.9 Metastases. A 62-year-old male with a history of adenocar-
cinoma of the lung presenting with diplopia. (a) Axial and (b) coronal
T1-weighted MRI with gadolinium demonstrated a homogenously
enhancing mass along the right lateral orbit extending intracranially.
Surgical resection was undertaken as a multidisciplinary approach with
neurosurgery and ophthalmology. A 52-year-old female presenting
with R orbital pain and blurred vision with a history of invasive ductal
carcinoma of the breast. (¢) Sagittal and (d) axial T1-weighted MRI

with gadolinium demonstrated a temporal, extra-axial dural based
lesion with invasion of the right lateral orbit and involvement of the
optic nerve. Patient underwent surgical resection and pathology con-
firmed metastasis. A 66-year-old male with a history of renal cell carci-
noma presenting with proptosis and blurred vision. (e) Axial and (f)
coronal T1-weighted MRI with gadolinium demonstrated a homoge-
nously enhancing mass in the orbit and orbital apex with exophthalmos
and compression of neurovascular structures
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13.13 Conclusion

Although quite rare, secondary neoplasms of the orbit and
orbital apex from the skull base can have devastating conse-
quences if not treated promptly and appropriately.
Presentation is fairly constant regardless of the type of tumor
and commonly includes proptosis, decreased visual acuity,
and restriction of oculomotor movements. Lesions can
invade the orbit directly via transosseous route or via foram-
ina. They are typically unilateral but can be bilateral in rare
instances. Radiographic appearances can be misleading, but
they are important in discerning what structures are involved
and whether they are invaded or displaced. Histological
markers are instrumental in confirming or ruling out items on
the differential diagnosis. These lesions also pose a unique
challenge and frequently require multimodal management
involving a team approach. Surgical resection is the main-
stay of definitive management for most symptomatic lesions,
but radiation and chemotherapy play an integral role in more
aggressive tumors with a heavier metastatic burden, or those
in a precarious location.
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Periorbital Bony Diseases

Shuk Wan Joyce Chow

Abstract

Periorbital bony diseases are rare and mostly benign.
Most patients present as incidental findings, while others
may complain of proptosis or visual impairment. The
most common causes are benign osseous tumours such as
fibrous dysplasia, meningiomas or osteomas. Malignant
neoplasms such as osteosarcomas are very rare. However,
tumour-like conditions like Langerhans cell histiocytosis
(LCH) may occur in the orbit as a single lesion or part of
a multifocal multisystem disease. Orbital LCH usually
occurs in children and can be regarded as high-risk lesions
for CNS involvement. Other causes in the paediatric age
group can be dermoid cysts, craniosynostosis or other
congenital conditions, for example, osteopetrosis and cra-
niotubular dysplasias.

Keywords

Periorbital bone disease - Fibrous dysplasia -
Intraosseous meningioma - Osteoma - Orbital
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14.1 Periorbital Bony Diseases

Diseases of the periorbital bone can be quite rare and are
mostly incidental findings unrelated to the initial clinical
indications. Benign osseous aetiologies are most frequently
found in this region. Among the benign osseous tumours,
fibrous dysplasia, meningiomas and osteomas represent the
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majority of diseases in the orbital bone. Osteosarcomas or
other malignant neoplasms are rare. However, these benign
lesions may cause debilitating symptoms and compression
on optic structures if left untreated.

Tumour-like conditions such as Langerhans cell histiocy-
tosis can also arise in the orbit in patients under 15 years of
age. Congenital causes of craniosynostosis with craniofacial
abnormalities may affect this region leading to proptosis and
hypertelorism, increased risks of astigmatism, strabismus,
lateral canthal dystopia, nasolacrimal obstruction and other
ocular problems.

14.1.1 Fibrous Dysplasia

Fibrous dysplasia (FD) is a benign, slow growing, non-
hereditary condition in which normal bone and marrow is
replaced by fibrous tissue and woven bone. Overall incidence of
FD is approximately 2.5% of all bone tumours and nearly 7.5%
of benign bone neoplasms. The condition is caused by activa-
tion of the GNAS gene that results in inhibition of the differen-
tiation and proliferation of bone-formal stromal cells [1].

FD can be either monostotic (80%) or polystostic (20%),
or in the rarer form of McCune-Albright syndrome. McCune-
Albright syndrome is classically defined by a triad of polyos-
totic FD (Fig. 14.1), café-au-lait skin patches with irregular
borders, and endocrinopathies such as precocious puberty.
The vast majority of patients are <30 years old and can pres-
ent in younger children (<10 years old) in the polyostotic
subtype. Ninety percent of patients with polyostotic or
McCune-Albright syndrome have craniofacial involvement,
whereas the zygomatic-maxillary complex is more affected
in the monostotic subtype. Malignant transformation to
osteosarcoma or other forms of sarcoma varies from 1% to
4% depending on the subtypes [2].

FD usually behaves as a slow growing mass lesion, but
rapid enlargement may occur in some cases, especially
young children and pre-pubertal adolescents. The rapid
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Fig. 14.1 (a-d) An 11-year-old girl with McCune-Albright syndrome.
(a) Fibrous dysplasia involving the left fronto-orbital region, the greater
and lesser sphenoid wing, anterior clinoid process with optic canal ste-

growth may compress on vital structures such as the optic
nerve, globe, auditory canal or nasal airway causing func-
tional deficits. In non-syndromal cases, the progression may
taper off as the patient approaches skeletal maturity. Hence,
most patients adopt a conservative approach as there has
been no medical therapy that has clearly proven to prevent
the progression of FD. Surgical treatments are only reserved
for those who have acute or progressive visual impairments
or unacceptable cosmetic deformities (Fig. 14.2).

nosis. Polyostotic involvement of FD. Radiograph showing ground
glass appearance in (b) left hip and femur, (¢) left humerus and (d) left
forearm and metacarpals

The underlying pathological culprit of visual loss can be
due to optic canal stenosis or sometimes cystic degeneration
of the tumour, most commonly in the anterior clinoidal pro-
cess [3]. The diagnosis and extent of FD can be made by CT
imaging, which shows an appearance of ground-glass opac-
ity due to the small thin calcified woven trabeculae in fibrous
stroma. MRI may not be the best tool to evaluate bony dis-
eases, but it is pertinent in the visualisation of surrounding
soft tissue structures, for example the optic nerve for any
signals that may suggest compression.
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Fig. 14.2 TI1-Gd contrast MRI appearance of fibrous dysplasia of
frontal and sphenoid bones causing optic canal stenosis and compres-
sion onto optic nerve

Resection of the frontal bone complex, along with drilling
of the anterior clinoid process and decompression of the optic
canal is usually performed for FD involving the orbit.
Immediate reconstruction with cranioplasty in the same oper-
ation provides excellent cosmetic results. Radical excision
resulted in significantly less recurrence (15% vs. 71%) com-
pared to limited reduction burring in previous studies [4].

Visual function can be stabilised or even restored with
“timely decompression” in some patients. In a study by Chen
et al., they have found that decompression has universally
failed in patients who have established blindness of over
1 month. However, the best time for surgery is still contro-
versial as their study only included 13 patients and there has
not been large study series that can clearly establish the
effect of early decompression from time of visual
deterioration. It can only be concluded that patients with pro-
gressive or acute visual loss requires early decompression as
soon as possible for better outcomes.

Naturally, concerns of the visual function are the most
feared complication in fronto-orbital FD surgeries. There has
been not one, but a few reported cases of unilateral blindness
after surgery in asymptomatic patients [5—7]. As such, many
authors proposed that prophylactic transcranial optic canal
decompression, with significant associated risks, is still con-
troversial in the current literature.

14.1.2 Meningiomas

Meningiomas are common in adulthood, with a female pre-
ponderance and a mean age of onset of 40-50 years old [8].
The en plaque meningiomas (MEP) or intraosseous menin-
giomas (IOM) comprises 2-9% of all meningiomas and up
to 18% of sphenoid wing meningiomas [8]. It was first intro-
duced by Cushing and Eisenhardt in 1938, which described a
carpet-like tumour growth associated with significant hyper-
ostosis, most commonly seen in sphenoid ridge with orbital
involvement. The most common presenting symptom is pro-
ptosis, decrease in vision or even opthalmoplegia. These
tumours are often extensive, and complete removal is uncom-
mon; hence, the recurrence rate is higher.

‘En plaque’ meningiomas differ from the most common
‘en masse’ meningiomas as it is mainly a bone disease. Most
en masse meningiomas may result in hyperostotic reaction of
the adjacent skull bone, but MEPs may infiltrate the dura and
into bony harversian canals where they continue the neoplas-
tic process intraosseously. Hence, the symptoms of proptosis
and visual impairment are more extensive (Fig. 14.3).

There are two important aspects to consider during resec-
tion, (1) decompression of the optic nerve and (2) resection
of tumour. Most surgeons advocate a frontotemporal crani-
otomy and removal of tumour in the squamous temporal
bone and superolateral orbital wall extradurally. Resection of
the anterior clinoid process was also done extradurally if
there is tumour involvement. Routine optic canal decompres-
sion is recommended by some authors [9, 10] to improve or
preserve visual functions of the patients. The dura and intra-
dural component is then excised as far as possible to prevent
early recurrence. And the calvarial bony defect is then recon-
structed if necessary (Fig. 14.4).

Complete resection is frequently impossible, in a long
follow-up period of up to 17 years (mean 4.5 years), 61% of
these tumours remain stable, and only 39% were progressive
[11]. It is recommended that the surgical aim should be
symptomatic relief rather than radical resection. Proptosis
generally has a very good outcome after complete resection
in reported studies [8]. Visual outcomes may be affected by
the duration, extent of compression and severity of visual
deficit on presentation. The reported improvement ranges
from 27% to 79% due to the heterogeneous data [9, 12, 13].

Recurrence rate may vary depending on the involvement
of important vital surrounding structures. Cavernous sinus
extension is a main cause of recurrence in many circum-
stances [14], and some believe that immediate adjuvant
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Fig. 14.3 (a) Axial and (b) coronal CT images of 56-year-old lady
with right sphenoid wing intraosseous meningioma causing proptosis
and decreased vision. (¢) T1-Gd contrast MRI images showing large

Fig. 14.4 Immediate post-operative CT image after fronto-orbital
removal of bone tumour and optic canal decompression with improved
proptosis and vision

area of dural thickening and enhancement at sphenoid and periorbital
region; optic nerve is compressed at orbital apex region

radiotherapy is necessary for better local control of the dis-
ease [14, 15]. Others prefer to defer radiotherapy to those
with recurrence or atypical meningiomas. The decision for
adjuvant radiotherapy is still a matter of debate.

14.1.3 Osteomas

Osteomas are slow-growing benign bony tumours that are
mostly asymptomatic. The overall incidence of skull osteo-
mas is about 0.4% by retrospective analysis of skull radio-
graphs [16], and those arising in the paranasal sinus are even
less. The frontal sinus is the most frequently affected region,
followed by the ethmoid sinus, maxillary antrum and the
sphenoid sinus [16, 17].

Although ongoing debates on a history of childhood
trauma causing tumour induction have been repeatedly dis-
cussed in the literature, the true pathogenesis of osteomas
remains unknown [16, 18]. Notably, multiple osteomas can
be associated with Gardner’s syndrome, which is character-
ised by multiple intestinal polyps, desmoid tumours and
supranumerary teeth. Given that about half of patients with
Gardner’s syndrome lack positive family history, some
authors even recommend colonoscopy for all patients with
osteoma irrespective of age [19].

Osteomas are commonly found as a hard protruding mass
at the frontal forehead region with patients complaining of a
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painless ‘bony bump’ in the clinic. Rarely, they can grow in
the paranasal sinuses causing symptoms of headache, sino-
nasal obstruction, recurrent sinusitis [20] or sinus abscesses
[21]. In the exceptional case, the periorbital region may be
affected causing proptosis, impairment of eye mobility and
even trigeminal dysaesthesia [16].

These lesions are commonly managed with a ‘wait and
see’ approach, while surgical excision is offered to those
with large lesions, for cosmetic reasons, or when symptoms
occur. Traditionally, sinonasal osteomas are removed by
extranasal approaches with acceptable aesthetic results and
shorter operation time. In the recent decade, major improve-
ments have been achieved in endoscopic transanal tech-
niques and are now a valid alternative in many cases [22-25].
Frontal osteomas not extending to a lateral limit passing
through the lamina papyracea [22] are typical indications for
pure endoscopic approaches. Those that are lateral to this
limit may require a combined external-endoscopic technique
for complete removal. The recurrence rate after complete
resection of this tumour is very rare, and malignant transfor-
mation has not been described [20, 26].

14.1.4 Dermoid Cysts

Dermoid cyst is one of the most common orbital lesions
encountered in children. They account for 3-9% of orbital
tumours [27], usually found at the superolateral orbital mar-
gin, near the frontozygomatic suture. It can be superficial or
deep, and the deep orbital dermoid cysts usually present later
as they lie behind the lacrimal gland. They usually present
with a painless solid mass or proptosis, cyst leakage or rupture
with or without inflammation that may occur in some cases.

Dermoid cysts are developmental abnormalities or choris-
toma due to sequestration of ectoderm into underlying mes-
enchyme along embryonic lines of closure. They are lined by
kertanised stratified squamous epithelium with a fibrous wall
containing dermal appendages, for example hair follicles,
sebaceous and sweat glands. The cyst contents are white
sebaceous-like material with cholestrin crystals and hair or
oily materials [27, 28].

Superficial dermoid cysts present early at around
1-3 years of age, and they present at birth and may grow
slowly. Deep dermoid cysts present later in teenage or adult
life with proptosis, and further CT or MRI is required to
localise the lesion. Bony erosion may take place due to pres-
sure effect and may occasional involve the underlying dura
or even extend intracranially. Treatment is invariably by
complete surgical removal without rupture. It is pertinent to
evaluate the extent of deep dermoid cysts and approach these
lesions with a combined transcranial approach by neurosur-
geons and opthalmologists in order to ensure complete
removal [29]. In the case of inadvertent rupture, copious irri-

gation by warm saline is recommended in order to minimise
any inflammation in the surrounding area. The bony defect
should be curretted clear [30], as remnants of the embryonic
epithelium in the surgical cavity can cause recurrence with
abscess and fistula formation [31, 32].

14.2 Other Rare Tumours
14.2.1 Langerhans Cell Histiocytosis

Langerhans cell histiocytosis (LCH) is a rare disorder with
yearly incidence of four to nine cases per million children
younger than 15 years of age [33, 34]. It occurs frequently in
the first or second decade of life, with a male predominance.
It is characterised by idiopathic inflammatory myeloid neo-
plasia due to accumulation of clonal histiocytes and granu-
loma formation with positive immunostaining for CD1a and
CD207 (Langerin). There are three main subtypes of LCH:
unifocal eosinophilic granuloma, multifocal unisystem dis-
ease (Hand-Schuller-Christian syndrome) and multifocal
multisystem disease (Letterer-Siwe syndrome).

Isolated eosinophilic granuloma of the orbit accounts for
<1% of all orbital tumours [33] but usually occurs in chil-
dren of 1-5 years old, with the earliest reported case to be
16 months old [33, 35]. These lesions manifest as unilateral
eyelid swelling or a palpable mass, with or without proptosis
or pain. The superior orbital rim is commonly affected as it
still contains bone marrow where the Langerhans cells may
proliferate into a tumour mass. These Langerhans cells also
produce IL-1 and PGE2 causing disproportionate lytic bone
destruction [34-36] and can be reflected as extensive bony
destruction in CT images. MRI shows an extraconal isoin-
tense T1 and hyperintense T2 mass, which enhances with
gadolinium injection. Differential diagnosis of this lytic
bone tumour can be dermoid cyst, Ewing’s sarcoma or lacri-
mal gland neoplasms (Fig. 14.5).

The management of LCH is still an ongoing debate as the
pathogenesis is still poorly understood [37].There are two
polar approaches described in the literature as cases of spon-
taneous healing with minimal intervention have been
reported [36, 38]. Hence, a more ‘conservative’ approach is
advocated by ophthalmologists and orbital surgeons includ-
ing subtotal curettage with intralesional steroids or low dose
focal radiotherapy. However, paediatric oncologists recom-
mend systemic therapy as concerns are raised for the possi-
bility of systemic progression and potential debilitating
permanent consequences.

Although involvement of the orbit in LCH can occur in
12-37% of all LCH cases [39-41], 52% of LCH with orbital
involvement can have disseminated disease according to the
International Histiocyte Society [33]. It is important to refer
these patients to paediatric oncologists for extensive evalua-
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Fig. 14.5 An 8-year-old girl presenting with lateral orbital mass. CT (a) plain and (b) iodinated-contrast imaging showing lateral orbital mass
with heterogeneous contrast enhancement and gross proptosis in left eye with (c¢) lytic bone destruction

tion of systemic involvements. If the disease is solely unifo-
cal and limited to the orbit, the majority of cases can be cured
by subtotal curettage and intralesional steroids with low
recurrence rates [36, 42]. In case of recurrence or incomplete
response, these patients may respond to systemic chemother-
apy or additional low dose focal radiotherapy (Fig. 14.6).

In the circumstances where orbital involvement is in the
setting of multifocal or multisystemic LCH, it is recom-
mended for these patients to have systemic treatment. These

patients have an increased risk of diabetes insidipus and neu-
rodegeneration (CNS-LCH of nongranulomatous type),
which may cause inflammation and neuronal loss [43].
Neurodegeneration can occur in the absence of extracranial
disease and can lead to refractory or disabling consequences.
The presence of unifocal orbital LCH as a risk factor for
CNS-related permanent consequences has been implicated,
but not substantiated in the current literature [36]. The pre-
ventive role of systemic treatment for CNS-LCH lesions or
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Fig. 14.6 Complete resolution of lesion after a course of systemic
chemotherapy

neurodegenerative disease stems from retrospective cohort
studies and has been questioned by other authors. The ongo-
ing work by the Histiocyte Society, for example LCH-IV
study, may provide the answers in the near future. Meanwhile,
the optimal approach is tailored to each individual case by
risk stratification through a multidisciplinary approach.

14.3 Congenital Abnormalities
14.3.1 Craniosynostosis

Craniosynostosis is a congenital disorder caused by prema-
ture closure of the calvarial sutures, restricting normal
growth of bone in both the neuro- and viscero-cranium. This
limits the development of the brain and causes deformed
skull, midface hypoplasia, and shallow orbits, which leads to
clinical symptoms of raised intracranial pressure, obstructive
sleep apnoea and proptosis [44].

Majority of the cases are non-syndromal and isolated
causing single suture craniosynostosis. However, children
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with diseases such as Apert, Crouzon or Pfeiffer syn-
dromes typically have multiple suture involvements and
require multidisciplinary care at the timing of diagnosis.
In many syndromal cases, bilateral premature fusion of
coronal sutures leads to restricted growth in the ventral-
dorsal direction, compensatory growth occurs in the
medial-lateral and the vertical direction according to
Virchow’s law. This leads to brachycephaly and turriceph-
aly in infants, causing raised intracranial pressure and
supraorbital recession [45], which may jeopardise visual
functions.

In regard to infants with orbital involvements of ante-
rior skull vault craniosynostosis, most are treated with
fronto-orbital advancements at 9-12 months. Early sur-
gery at 3 months of age may be required if symptoms of
severely increased intracranial pressure or papilloedema
occurs (Fig. 14.7a-d). Surgical methods of anterior
advancements have been abounding in the literature, but
the mainstay treatment for most brachycephalies and tur-
ricephalies is bifrontal remodelling with or without the
fronto-orbital bandeau and expansive morcellations
depending on their severity. The shallow orbits can be
alleviated by the orbital bandeau as demonstrated in a
geometrical study, which showed a mean increase of
50.2% in orbital volume after monobloc advancement of
the fronto-orbital region [45].

Newer methods such as endoscopic-assisted suturecto-
mies may be utilised in infants of 3—4 months, especially
with scaphocephaly, in order to reduce blood loss and shorten
operative time. Distraction devices for anterior vault or pos-
terior vault advancements are now also an alternative surgi-
cal procedure added to the armamentarium [46, 47]. Despite
the need for a second operation for removal of the distraction
device, it is a potential procedure when greater degree of
advancement is required and is generally recommended to be
done at 4-12 years of age [48]. Some also advocate for dis-
traction devices in those patients who had failed multiple
corrective surgeries. However, the local infection and CSF
leak rates are higher when compared with conventional fron-
toorbital advancements [47]. Other common complications
are operative blood loss, subgaleal haematomas or dural
tears, and the mortality rate in craniofacial surgery is very
low [49]. Reoperations are common, especially in severe
cases that required initial operation at the age of 6 months or
below [50].
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Fig. 14.7 (a) Baby girl, with FGFR-related disease, was born with
abnormally small head shape at birth. Skull x-ray showed beaten-cop-
per appearance. (b) CT reconstruction found severe bilateral coronal,
and (c) bilateral lambdoid sutures craniosynotosis. (d) Early orbitofron-

14.3.2 Sclerosing Bone Dysplasias [17, 51]

Rare causes of periorbital bony diseases are genetic syn-
dromes of craniofacial hyperostosis. These syndromes have
a tendency to present itself during childhood or even infancy,
causing severe disfigurement or functional impairment.

14.3.2.1 Osteopetrosis[17,52, 53]

Osteopetrosis, also termed ‘marble bone disease,” is charac-
terised by increased bone density and bone mass resulting in
macrocephaly and altered craniofacial features. It is a rare
genetic disease that can be inherited in benign autosomal
dominant (ADO), intermediate autosomal recessive (ARO)
and malignant autosomal recessive forms. The ADO form is

tal advancement was done, with prior ventriculo-peritoneal shunt, at 3
months of age to relieve the raised intracranial pressure. The post-oper-
ative CT image was shown on the left

more common with an estimated incidence of 1 in 20,000
births, and it presents later in adulthood, and symptoms are
milder or even absent. However, the ARO form can occur
early in childhood with fractures, short stature, compressive
neuropathies (steward), tetanic seizures (steward) and life-
threatening pancytopenia.

More than ten genetic mutations have been identified in
this heterogeneous condition leading to abnormal osteoclast
differentiation and function. Malignant ARO is associated
with RANKL gene mutation [52], in which no mature osteo-
clasts are present. This life-threatening condition occurs in
the first few months of life, and the bone is weakened and is
predisposed to recurrent fractures and osteomyelitis. The
skull base is commonly affected, resulting in an overgrowth
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of the skull foramina and compressive neuropathies. The
optic nerve is most commonly affected [54], subsequently
the auditory, trigeminal and lastly the facial nerves.

Diagnosis is mainly clinical and depends on classical
radiological features of diffuse sclerosis or tell-tale signs of
‘bone-in-bone’  appearance, ‘rugger-jersey’ spine or
‘Erlenmeyer flask’ deformity. MRI can be used to detect
osteomyelitis. Other associated systemic features may help
identify the subtype of osteopetrosis.

Unfortunately, no effective medical treatment exists for
osteopetrosis. As a neurosurgeon, surgical decompression of
the optic nerve can be performed to halt or prevent visual
loss. Al-mefty series of six patients underwent supraorbital
craniotomies for bilateral optic nerve decompression with no
complications. In their paper and thereafter, the key of
decompression is to include both sides of the optic nerve, not
just unroofing the optic canal [55-57].

14.3.2.2 Craniotubular Dysplasias
and Hyperostosis

A group of genetic diseases causes increased bone formation.
In craniotubular dysplasias, the cranial and tubular bones are
deformed by a defect in bone modelling [51], for example Van
Buchem disease. Van Buchem disease, formerly known as
hyperostosis corticalis generalisata familiaris, is most preva-
lent in the Netherlands with less than 50 patients described.
Sclerosteosis is similar, usually more severe, and is seen in
South Africa with less than 100 cases. Both are autosomal
recessive, presents within the first decade of life and is caused
by a mutation in the SOST gene, leading to impaired inhibitor
feedback mechanism by sclerostin. These patients can have
headaches, gigantism, skull base and calvarial hyperostosis
causing increased intracranial pressure and cranial nerve
entrapments. Decompressive craniectomy is often necessary
in the second decade, and the facial and vestibulocochlear
nerves are the most commonly affected. Surgical decompres-
sion of accessible impaired cranial nerves is advised even in
the asymptomatic period in severe cases [58, 59].

In craniotubular hyperostosis, these bones are formed by
an active overgrowth of bone tissue. Camurati-Engelmann
disease is an autosominal dominant condition in which
hyperostosis starts at the diaphysis due to a mutation in the
TGFBI1 gene. There are only about 200 cases in the litera-
ture, and most commonly affects long bones in childhood.
Skull base and calvarial involvement occurs in over 50% if
cases are severe. Hearing loss is reported to be 19%; optic
nerve and facial nerve entrapment can also occur but is less
frequent.

Hyperostosis cranialis interna (HCI) is first described by
Manni in 1999 [51, 58], with just about 15 cases in the
Netherlands so far. It affects the skull base and the calvaria
exclusively causing symptoms in childhood. Symptoms are

similar to craniotubular diseases leading to raised intracranial
pressures or entrapments of cranial nerves. However, the facial
appearance is normal as the facial bones and tubular bones are
not affected. Hyperostosis frontalis interna (HFI) occurs in
5-12% of the general population that mimics HCL It is a
benign condition, not a disease, of new bone formation in the
inner table of the frontal bone that is most commonly found in
post-menopausal women. The aetiology is uncertain, yet obe-
sity, diabetes, post-menopausal state and female gender are
risk factors for HFI, sparkling debates on hormonal influences
on bone growth. It is a common phenomenon in modern popu-
lations [60], and the vast majority of cases is asymptomatic.

14.3.2.3 Caffey-Silverman Syndrome [61-63]
Infantile cortical hyperostosis (ICH), also known as Caffey
disease, was first reported by Roske in 1930 and then
described by Caffey and Silverman in 1945 [62]. It affects
the mandible in 70-90% of the cases but can also affect the
periorbital bones [64], the clavicle, scapula and rarely pari-
etal bone and ilia.

ICH is autosomal dominant with variable penetrance,
associated with a COLIA1 gene mutation. It classically
appears as an asymmetrical sudden soft tissue swelling of the
face, fever and irritability in the infantile stage and rarely
presents beyond the age of 1. The swellings can become hard
and fixed to the bone and can also be red and painful [62].
Clinical pictures of periorbital cellulitis [64] associated with
anaemia [65] have been reported. Although features can be
quite discerning and can mimic that of child abuse, the con-
dition is self-limiting and usually resolves within 2 years of
age with no major clinical sequelae.
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Abstract

Traumatic optic neuropathy is an important diagnosis in
patients with significant face and/or head injuries. It is
often associated with unfavorable visual prognosis.
Currently, available treatment options, namely, observa-
tion, corticosteroids, and surgical measures, are
controversial.

Keyword

Traumatic optic neuropathy

15.1 Introduction

Traumatic optic neuropathy (TON) refers to injury to any
portions of the optic nerve as a result of trauma. It should be
an important entity in every clinician’s mind when assessing
patients with face and/or head trauma, as the signs could be
subtle to pick up.

In order to mitigate the profound visual loss often associ-
ated with TON, various treatment options have been studied
in the past decades. There is still no clear consensus on the
optimal management strategy due to the lack of high-level
evidence and the wide spectrum of severity and pattern of
optic nerve injury. Therefore, the management should be
individualized.
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15.2 Classification

Traumatic optic neuropathy was classically termed direct or
indirect based on the primary mechanism of injury [1].
Direct TON is caused by direct disruption of the optic nerve
structure by a penetrating object, whereas indirect TON is
caused by the force transmitted through the skull from a dis-
tant site of impact. The distinction of direct and indirect inju-
ries, however, is not always clear. For example, in the case of
blunt trauma with orbital fracture, the optic nerve could be
directly lacerated by the bone fragment in a manner similar
to what a direct penetrating injury would cause.

TON can also be classified according to the anatomical
portion of optic nerve injured. The optic nerve is divided into
four parts, namely, the intraocular, intraorbital, canalicular,
and intracranial portions. The canalicular portion of the optic
nerve is the commonest site affected by TON, as it is within
the bony confines of the optic canal, rendering it vulnerable
to the force transmitted from a distant site of impact. Optic
canal fracture may have a direct effect on this portion of
optic nerve.

With relevance to clinical signs, TON can also be classi-
fied as either anterior or posterior. The distinction between
and anterior and posterior TON lies anatomically at the site
of penetration of the central retinal artery/vein into the nerve
(i.e., 810 mm beyond optic nerve insertion into the globe).
Anterior TON could have fundal changes (see below), which
are absent in posterior TON.

15.3 Epidemiology

Although the epidemiology of TON varies from region to
region, a prospective population-based active surveillance in
the United Kingdom estimated the minimum incidence from
2004 to 2006 to be 1.005 per million [2]. Around 80% of the
patients were men, with a mean age of around 30, yet a sig-
nificant proportion (around 20%) were pediatric patients [2,
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3]. Severe trauma such as road traffic accidents, assault, and
fall were the leading causes of TON [2, 3], yet apparently,
trivial injuries, such as optic nerve massage [4], had been
reported to result in TON.

15.4 Clinical Features

The diagnosis of TON is largely clinical, particularly because
radiological features were neither specific nor sensitive
enough to reflect impairment of optic nerve function [2].

A high index of suspicion should be maintained in order
to solicit appropriate input from ophthalmologists. It is
expected that patients sustaining significant face and/or head
trauma would require immediate attention to stabilize the
cardiorespiratory and neurological status. In certain cases,
this would lead to a delay in ophthalmological assessment
(and thus the diagnosis of TON). In the United Kingdom,
only a small proportion of TON patients (7%) presented
directly to ophthalmologists, whereas about a quarter of
patients had a delay in ophthalmological assessment for
7 days or more [2]. This is more likely to happen to patients
with impaired cognitive ability to report visual loss from
TON, which could be a relatively common scenario given
the significant proportion of TON patients having a history
of loss of consciousness (25-45%) [2, 3]. Indeed, since TON
has been reported in 0.7-2.5% of head trauma [5, 6], oph-
thalmological assessment should be considered in every
patient with face and/or head trauma.

15.4.1 History

Detailed history should be taken from the patients who can
cooperate and from witnesses especially if patients are con-
fused or even comatose. Details about the trauma should be
elicited, such as the mechanisms of trauma and the time
when it happened. It would be useful to know the past ocular
history, history of unconsciousness after the trauma, whether
the visual loss is immediate and/or progressive, etc.

15.4.2 Physical Examination

Relative afferent pupillary defect (RAPD) is of utmost
importance in the diagnosis of TON, as it is always present
except for the rare scenario of bilaterally symmetrical
involvement. If one pupil failed to be assessed due to an
efferent pathway defect (e.g., sluggish pupillary response
due to oculomotor nerve palsy or traumatic iritis), reverse
RAPD should be looked for. The rationale of reverse RAPD
is based on the assumption that the consensual pupillary
response is intact and symmetrical, and thus by observing

the response of the normal pupil, one can detect if there is an
afferent defect in the contralateral side with the swinging-
torch test.

Visual acuity should be assessed whenever the patients
can cooperate. Commonly, the visual loss is immediate and
profound, with 35-40% of patients having no light percep-
tion [2, 3]. Only about 10% of patients had a presenting
visual acuity of 20/40 or better [2, 3]. A small proportion of
patients had delayed visual loss after presentation, and this
may signify secondary injury to optic nerve, which might
require prompt treatments. Therefore, it is important to seri-
ally monitor the visual acuity in patients with TON.

The periorbital region should be examined for the nature
and extent of any penetrating injuries. The presence of pro-
ptosis, hemorrhagic chemosis, and a tense globe with high
intraocular pressure should be assumed to be due to retrobul-
bar hemorrhage. Ocular examination is important to rule out
intraocular causes of visual loss, such as hyphema, lens dis-
location, vitreous hemorrhage, efc. The presence of a normal
red reflex is a useful screening sign for intraocular media
pathologies for non-ophthalmologists. The commonest form
of TON is posterior indirect TON, in which case the dilated
fundal exam would be normal, including a well-perfused
optic disc with normal appearance. In the contrary, there
would be signs on fundal exam in anterior TON. Optic nerve
avulsion would be seen as a ring of hemorrhage (partial or
complete depending on the extent of avulsion) or as a deep
pit [7, 8]. Injuries to the anterior portion of optic nerve (ante-
rior to the entrance/exit site of the central retinal artery/vein,
respectively) would give rise to a picture of central retinal
artery and/or vein occlusion. Papilledema (bilateral disc
swelling from raised intracranial pressure) could be differen-
tiated from bilateral TON by the absence of RAPD, relative
preservation of visual acuity (at least at the initial phase) and
(possibly) positive imaging findings, although the distinction
is not always clear.

15.4.3 Investigation

Although the diagnosis of TON is clinical, imaging studies
are valuable in the assessment of the extent and the exact
nature of the injury. Computed tomography (CT) is the pre-
ferred imaging of choice for trauma patients since it is fast,
gives better details of the bony structure, and is not contrain-
dicated if ferromagnetic foreign body cannot be rule out. It is
often not performed for the sole purpose of TON diagnosis,
but rather as an overall evaluation of the face and/or head
injury. In the context of posterior indirect TON, the presence
of optic canal fracture is intuitively the most relevant finding,
but it has been suggested that the presence or absence of
which does not dictate the visual outcomes [9, 10]. However,
CT is still valuable in surgical planning, in detection of



15 Traumatic Optic Neuropathy

145

orbital/intra-sheath/subperiosteal ~ hematoma/emphysema
and compressive bone fragment, which may require treat-
ment, and for prognostication. Blood in the posterior eth-
moidal sinuses was presumed to be due to stronger force
transmitted to that area (and to the contiguous optic nerve)
and thus a higher chance of TON with lower chance of recov-
ery [11, 12].

Optical coherence tomography of the optic nerve head
and automated visual field testing are common tools for
quantifying the optic nerve function. However, in the acute
setting of a retrobulbar insult (as commonly the case for
TON), the retinal nerve fiber layer thickness and ganglion
cell-inner plexiform complex thickness are expected to
remain normal until secondary atrophic changes take place
weeks to months later. Both tests would require the patient to
be clinically stable, ambulatory, and cooperative, so they
may not be practical for some TON patients. Otherwise, a
baseline result can be obtained for monitoring as the patients
recover.

Visual-evoked potential (VEP) has been investigated as a
diagnostic tool in TON [13, 14]. It measures the cortical activ-
ity from a visual stimulus, reflecting the integrity of the visual
pathway in a waveform. Certainly, there are practical limita-
tions to VEP measurement in the acute setting especially in
severely injured patients. The interpretation of waveform
requires expertise and caution as there is significant interper-
sonal variability. Concomitant damage to elsewhere in the
visual pathway in the brain would confound the findings [13].
Nevertheless, in certain scenarios, VEP could provide useful
information, such as for the diagnosis of bilateral TON in
comatose patients (with a handheld device) and for predica-
tion of visual potential, which could help in patient triage for
intervention. For unilateral TON, the amplitude can be com-
pared with that of the fellow normal eye for prediction of final
visual acuity [14]. One series found if the VEP amplitude of
50% or more of that of the normal eye, the visual potential has
been reported to be favorable (20/30 or more) [13].

15.5 Management
15.5.1 Observation

Observation is a reasonable management option for
TON. Spontaneous recovery of visual acuity could occur in
a significant proportion of patients [2, 3, 15, 16]. Even
patients without light perception had been reported to have
improvement [2, 3, 16-19]. Visual improvement of three
lines or more had been reported in 20-57% of indirect TON
without any treatment [2, 3].

Nevertheless, the overall visual prognosis of TON had
often been poor in a significant proportion of patients (49—
65% with final visual acuity of 20/200 or worse, regardless

of whether any treatment were given [2, 3]). Some factors
had been suggested to adversely affect recovery of vision,
including [2, 12]:

* Age of patient (patients less than the age of 40 were more
likely to have visual improvement)

e History of loss of consciousness

* History of significant head injury

» History of immediate loss of vision

e Poor initial visual acuity

e Presence of blood in the posterior ethmoidal cells on
imaging studies

e Presence of orbital fracture or optic canal fracture

e Failure to respond to steroid after 48 hours of treatment

In the fortunate events of visual recovery, the recovery is
often incomplete. The favorable outcomes of observation
should be viewed with caution, as it had been suggested that
patients with better presenting visual acuity (hence possibly
better prognosis for recovery) tended to be observed com-
pared to those with poor visual acuity [2, 9, 20]. In view of
these shortcomings, active interventions, namely, systemic
corticosteroids and surgical interventions, had been studied.

15.5.2 Systemic Corticosteroids

Corticosteroid treatment is controversial in the management
of TON. Proposed benefits of corticosteroids in reducing
local edema and secondary inflammatory damages to the
optic nerve had led to its use in TON since the early 1980s
[21-24]. Various forms and dosage of corticosteroid have
been proposed, ranging from: “low-dose” of oral predniso-
lone (1-2 mg/kg/day) or intravenous dexamethasone; “high-
dose” (1,000 mg/day) methylprednisolone; and “megadose”
(a bolus of 30 mg/kg methylprednisolone followed by
5.4 mg/kg/hour for 24-48 hours) [2, 3, 9, 20, 22, 24, 25].
Most of the evidence regarding steroid treatment for TON
was initially extrapolated from that of another closely related
central nervous system structure—the spinal cord. The first
National Acute Spinal Cord Injury Studies (NASCIS I) was a
multicenter, double-blind, randomized study to evaluate the
efficacy of “high-dose” methylprednisolone (1,000 mg bolus
and daily thereafter for 10 days) compared with “standard-
dose” (100 mg bolus and daily thereafter for 10 days) in 330
patients with acute spinal cord injury [26]. There was no dif-
ference in neurological outcomes between the two arms. The
lack of effects was attributed to insufficient dosage of methyl-
prednisolone, so a “megadose” approach was investigated in
the second NASCIS (NASCIS II), which was a multicenter,
double-blind, randomized, placebo-controlled study [27].
Megadose methylprednisolone (a bolus of 30 mg/kg followed
by infusion at 5.4 mg/kg/hour for 23 hours) given within
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8 hours of injury was found to improve neurologic recovery at
6 months compared to placebo. In the third multicenter, ran-
domized controlled study (NASCIS III), the use of methyl-
prednisolone was further elaborated that if the megadose
infusion was given for 48 hours instead of 24 hours, some
patients (for whom infusion was initiated 3-8 hours after
injury) may benefit with better motor recovery [28]. In some
ways, this further consolidated the positive effects of steroid.

The efficacy of megadose steroid, however, was ques-
tioned by a prospective, randomized, placebo-controlled
study conducted in France. In contrast with the findings from
NASCIS II, no benefits were demonstrated for megadose ste-
roid in terms of neurologic recovery compared to placebo,
yet the steroid group had a higher rate of infectious compli-
cations [29].

The debate on whether patients with TON should be
treated with megadose steroid (or steroid at all) became more
heated after the International Optic Nerve Trauma Study
(IONTS) was published. It was an international, multicenter,
comparative nonrandomized study to investigate the effects
of observation, corticosteroid, and surgical decompression
on the visual outcomes in patients with TON. The dosage of
corticosteroids used in the trial varied from low dose to
megadose, based on the decision of the treating clinicians.
Visual improvement was not statistically different among the
three groups. In a subgroup analysis, there was no significant
difference in the proportion of patients having visual acuity
improvement (three lines of more) between the megadose
group (41%) and the lower dose group (59%) [3].

In fact, megadose steroid was proven in a subsequent trial
to increase mortality in patients with head injury, which is
quite invariably associated with TON. The Corticosteroid
Randomization After Significant Head Injury (CRASH) trial
was a large-scale (including 10,008 adults), multicenter,
placebo-controlled study to evaluate the effects of methyl-
prednisolone (2,000 mg methylprednisolone followed by
400 mg/hour for 48 hours) in patients with head injury with
Glasgow Coma Scale of 14 or less. The relative risk of death
was significantly higher in the steroid group (21% vs 18%;
p = 0.0001) [30, 31]. The study was halted in view of the
results, and it became clear that megadose steroid should be
avoided in patients with TON.

How about “high-dose” instead of “megadose” steroid?
The clinical benefits of lower dose of corticosteroids were
mostly described in case reports or small case series. Therefore,
they were not designed to scientifically prove the benefits of
corticosteroids compared with observation alone. A double-
blind, randomized, placebo-controlled study was conducted in
Iran comparing the effects of high-dose steroid (250 mg meth-
ylprednisolone every 6 hours for 3 days, followed by oral
prednisolone at 1 mg/kg/day for 14 days) on TON [32]. Thirty-
one patients were included. There was no statistically signifi-
cant difference between the two groups although the proportion

of patients with visual acuity improvement of 0.4 logMAR or
more was higher in the steroid group (69%) compared to the
placebo group (53%) (p = 0.38).

Despite biological plausibility, benefits of corticosteroid
are at best uncertain in the treatment of TON. The decision of
treatment should be made after weighing benefits against
risks. As such, megadose steroid should be avoided. High-
dose steroid could be considered on an individualized basis.

15.5.3 Surgical Treatment

There is no standard surgical approach for TON, in part due
to the lack of high-level evidence and the heterogeneity in
TON nature, severity, timing of diagnosis, etc. There are cer-
tain scenarios where surgical intervention is deemed appro-
priate. Optic nerve sheath fenestration can be considered if
optic nerve sheath hematoma is detected on neuroimaging
[33]. When there is optic nerve dysfunction due to orbital
compartment syndrome, such as in the case of retrobulbar
hemorrhage, orbital emphysema [34], subperiosteal hema-
toma [21], orbital decompression should be performed
promptly via lateral canthotomy/cantholysis and/or orbitot-
omy. However, these are relatively uncommon mechanisms
of optic nerve damage in most cases of TON.

The commonest form of TON is the posterior indirect
type involving the canalicular portion of the optic nerve, with
or without optic canal fracture. Therefore, optic canal decom-
pression has been the focus of research and controversy and
shall be discussed separately in the following chapter.
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Abstract

Orbit is a small area, but there are many surgical
approaches to lesions within different parts of the orbit. In
this chapter, we will discuss the choice of surgical
approaches. We will also discuss visual loss after orbital
surgeries, which is the most significant potential compli-
cation in orbital surgeries.

Keywords

Orbital surgeries - Surgical approaches - Visual loss

16.1 Choice of Approaches

16.1.1 Background

Orbital apical surgery is particularly challenging due to the
narrow anatomic confines of bony walls, limited surgical
exposure, and crowding of complex neurovascular struc-
tures. Type of approach to the apex depends on the aim of
surgery, anatomical location and extent, disease nature, and
experience of surgeons.

1. Indication for Surgery
— Tissue diagnosis (excisional or incisional). Incisional
biopsy would need less space, while excisional biopsy
would require wider exposure, more dissection, and
manipulation.
— Drainage of abscess.
— Orbital and optic canal decompression.
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2.

— Orbital and optic canal fractures.

— Foreign body removal.

Anatomical Location. Location of pathology and its rela-
tionship to the globe and optic nerve. Besides from the pri-
mary indication of surgery, the ultimate goal in orbital
surgery is to preserve vision or restore vision, and this is
achieved by avoiding manipulation of the optic nerve and
its vascular supply. The surgical corridor chosen should
therefore not cross the plane of the optic nerve. A useful
guideline with various techniques described includes the

following:

— Pathology inferior to the globe is managed inferiorly
(transconjunctival,  subciliary, infraorbital, or
transmaxillary).

— Pathology medial to globe or optic nerve are managed
medially (transconjunctival, endoscopic endonasal,
transethmoidal).

— Pathology lateral to globe or optic nerve are managed
laterally (ultradeep lateral wall, frontotemporal
craniotomy.

— Pathology superior to globe are managed superiorly
(transfrontal extradural or intradural with removal of
orbital root, with combination of sub-brow incision,
lid crease incision).

Disease Nature

— Benign versus malignant lesions or metastatic.

— Circumscribed (e.g., cavernous hemangioma) versus
infiltrative lesion (lymphaticovenous malformations).
Well encapsulated lesions would be possible to attempt
complete removal, while the latter cannot aim com-
plete removal, but can be removed in piecemeal fash-
ion for diagnostic or debulking purpose.

— More vascular versus less vascular.
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16.1.2 Clock Model Paradigm

In the past, the traditional approach to the orbital apex used the
quadrants to divide the compartment—superotemporal, super-
omedial, inferomedial, and inferotemporal (Fig. 16.1) [1].

A new method to conceptualize the orbital approach is
using the clock model paradigm, which places the right optic
nerve at the center of a clock face (Fig. 16.2) [2].
Comprehensive list of approaches and their advantages and
disadvantages are listed in Table 16.1 [3-9]. Combination of
approaches that involve more than one surgical corridor can
be considered in extensive lesions.

16.1.3 Paradigm Shift

The approach to the orbital apex does not differ from that of
other regions of the body—to select the approach that allows
maximal exposure to attain the aim of the surgery while
minimize unwanted structural changes and scarring. This
will determine the amount of space the surgeon will need. In
recent years, there has been a paradigm shift to less invasive
techniques. Reasons for this paradigm shift include advance
in technologies in investigation and treatment, increased
knowledge in disease and pathology, and increased collabo-
ration amongst surgeons with multidisciplinary approach.

— Imaging: Latest imaging techniques have led to more
accurate diagnosis that may not necessitate biopsy in
some cases.

Fig. 16.1 Traditional
approach to the orbital apex
using quadrant method [1]

Craniotomy

Lid crease + Lateral

Conjunctival +
Lateral canthal

Swinging eyelid +

Inferolateral marginotomy

Swinging eyelid +

Lid crease + Extended lateral

— Pathology: Further knowledge on disease pathology has
expanded, leading to more options of treatment alterna-
tives. This includes the following:

Orbital decompression: In selected cases where lesions
are benign with compressive optic neuropathy, sole
orbital decompression without biopsy can be done.
Suggested case selection criteria are: benign radio-
logic features, stable size and characteristics on serial
preoperative imaging, no history of malignancy, no
rapid clinical decline, biopsy or tumor resection not
feasible given tumor size and location [10]. By remov-
ing medial bony wall of orbital apex and incising peri-
orbita, it is possible to reverse the compressive optic
neuropathy without iatrogenic morbidity associated
with lesion removal. However, this method may only
provide temporary relief if the lesion regrows and can-
not provide histological diagnosis of the lesion [11].

Sclerotherapy: Instead of surgical extensive resection,
lymphaticovenous malformations can be managed
with percutaneous or endoscopic sclerotherapy, or oral
medication such as sirolimus [12, 13].

Gamma knife radiosurgery (GKS): This is a type of ste-
reotactic radiosurgery that administers an accurately
focused high dose of radiation. Compared to tradi-
tional fractionated radiotherapy that delivers equiva-
lent radiation dose to both lesion and optic nerve, GKS
has better spatial accuracy, delivering equivalent dose
as fractionated radiotherapy without additional com-
plications to surrounding tissue. Multisession GKS has
been found to be able to shrink orbital apex lesions

Craniotomy

Superior fornix + Lateral
Extended caruncular + Lateral
Sub-brow

Medial skin
Caruncular + Endoscopic
Endoscopic

Extended caruncular and inferior fornix
Extended caruncular + Endoscopic
Endoscopic

Extended inferolateral marginotomy
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Fig. 16.2 Clock model of the
orbit summarizing approaches

(2]
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such as cavernous hemangiomas, meningiomas, and
schwannomas, with improved visual acuity and resolu-
tion of visual defect without tumor recurrence [14].
Image-guided radiation therapy: Using advanced com-
puter programs, more accurate delivery of radiation
via intensity modulated radiation therapy as nonsurgi-
cal options or adjuvant treatment for orbital lesions.
Advances in preoperative radiotherapy, chemotherapy
and intra-arterial chemotherapy can reduce tumor size
to minimize surgical risk.
Computer-assisted surgical planning: Technology in
computer-aided design (CAD) and computer-aided man-
ufacturing (CAM) computer software to create 3D recon-
struction from CT scans. This can aid planning resection
and reconstruction, including techniques such as
mirroring, segmenting, and repositioning. Mirroring cre-
ates a mirror image of the unaffected side, which can be
repositioned to abnormal side for reconstruction. These
images can be used as models or implants for precise sur-
gical planning.
Intraoperative navigation: The use of intraoperative image
guided orbital surgery has been reported to be precise and
safe for complex orbital interventions such as biopsies,
apical foreign body removal, tumor removal, fracture

reconstruction in crucial areas, abscess drainage, and

orbital decompression. For tumor removal, navigation

helps in anatomic orientation, target localization, and tra-
jectory information, establishing tumor margins for resec-
tion and overall enhanced surgeon’s confidence.

Additional software can color code the lesion, optic nerve

and vessels.

Innovation in operating microscopes and endoscopy.

Advance in technologies such as three-dimensional (3D)
endoscope systems for enhanced depth perception and
augmented spatial orientation.

Modern microscopes provide large range of magnifica-
tion options, stable and bright illumination, and well-
designed optics for high resolution. Augmented reality
technology has been actively evaluated on the surgical
microscope, with additional high-definition (HD) dis-
play, image injection techniques, and 3D display.

Innovation in surgical tools.

Traditional tools for orbital osteotomies include mechani-
cal saw and drills, which include sagittal, oscillating
and reciprocating. Complications include ocular lac-
eration, orbital hemorrhage and nerve injury.
Piezoelectric ultrasound bone surgery uses 20-30 kHz
to cut mineralized tissue selectively, thereby minimiz-
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Table 16.1 Clock model of the orbit comparing the different approaches

Approach (using the right
orbit as clock model)

Indication

Advantages

Disadvantages

Superior 9-1 o’clock

Frontotemporal Tumors of optic canal Excellent panoramic Intracranial surgery complications (leakage of
craniotomy Pathologies extending into | exposure to superior, cerebrospinal fluid, intracranial injury, meningitis)
cranial cavity superomedial and lateral Bicoronal flap leaves large scar especially in those
Optic nerve glioma orbit with receding hairline, risk frontalis palsy
Pathologies lateral to optic | Ideal for intraconal Requires brain retraction
nerve pathologies Temporalis muscle atrophy
Addition of zygomatic
osteotomy will extend
exposure 6—8 o’clock
Supraorbital Intraconal and extraconal Minimally invasive Hypoesthesia if supraorbital nerve is damaged

lesions superior to optic
nerve

Good cosmetic results
Minimal brain and orbital
manipulation

Not limited by lesion size

Limited exposure

Frontal sinus contamination

Not ideal for posterior lesions

Iatrogenic Brown’s syndrome and risk of diplopia if
damage superior oblique complex

Superior eyelid crease

Intraconal and extraconal
lesions superior to optic
nerve

Scar is hidden in lid crease
Addition of transorbital
endoscopy can gain access
to lateral compartment

Enophthalmos

Narrow window for instrumentation
Suboptimal view as orbital fat obscures surgical
field

Lateral 8-10 o’clock

Pterional

Orbital decompression
Lesions near superior
fissure

Lesions near inferior
fissure

Excellent exposure of
orbital apex

If extradural, minimal brain
retraction

No damage to intraorbital
structures, less risk
enophthalmos

Intracranial surgery complications

Temporalis atrophy

Scar (hairline incision and smaller incision behind
temporal hairline)

Detailed anatomic knowledge essential, smaller
surgical field

Lateral orbitotomy

Laterally placed extraconal
lesions

Orbital apex lesions
Intraconal lesions lateral or
inferior to optic nerve

Good exposure to orbit
Well tolerated

Addition of zygomatic
osteotomy can increase 6—8
o’clock exposure

Visible but minimal scar
Enophthalmos

Medial/inferior 1-6 o’clock

Transcutaneous (Lynch
incision)

Medial and inferior orbit

Excellent exposure

Courses midway between medial canthus and bridge
of nose, with risk of medial canthal web formation
and visible scarring

Transcutaneous Medial and inferior orbit Good exposure to medial Lower lid retraction, malposition, scarring
(subciliary) and inferior orbit

Transconjunctival/ Medial and inferior orbit No visible scarring Poor exposure for orbital apex
transcaruncle Decreased risk of May need to disinsert medial rectus

entropion, given that
orbital septum not violated

Endoscopic endonasal
approach (EEA)

Medial aspect of orbital
apex

Opticocarotid recess
Orbital fractures and
orbital apical lesions

Optic nerve decompression
of bony canal in traumatic
optic neuropathy

Medial wall decompression
in thyroid eye disease

Safe and unparalleled
visualization of orbit,
magnification and
illumination

Addition of medial
maxillectomy can access
inferior orbit (4—7 o’clock)
No visible scar

Low risk of enophthalmos

Endoscopic instrumentation and range of motion are
limited compared with ordinary microsurgical
instrumentation utilized when working
transcranially and with the microscope

Limited exposure of orbital apex
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ing damage to surrounding soft tissue, improved visu-
alization, optimal bone healing, and reduced surgeon
fatigue [15].

New powered instrument such as the microdebrider is an
electrically powered device has combined cutting and
suction action to excise soft tissue and thin bone. The
continuous suction of blood and tissue fragments
improves surgeon’s visibility, less frequent removal,
and reintroduction, minimizing potential for tissue
injury and thereby decreasing operative time.

— Hybrid approach. Complex pathologies can be managed
with a combination of the above approaches, with more
than one surgical corridor by a team of surgeons. transor-
bital neuroendoscopic surgery (TONES) comprises of a
group of endoscopy via access in preseptal plane, preca-
runcular plane, superior lid crease, lateral retrocanthal
approaches [16].

In the following chapters, we will further elaborate the
indications, surgical techniques, and possible complications.
Even for the same orbital apex lesion, the choice of surgery
in the end will depend on surgeon expertise, equipment
available, and patient preference.

16.1.4 Vision Loss and Intraoperative Optic
Nerve Monitoring

Besides from the specific complications listed in Table 16.1,
vision loss is the most dreaded complication after orbital sur-
gery and one that is thoroughly discussed in the informed
consent process. Incidence of blindness from orbital surgery
varies from O to 24% [17, 18]. Risk factors associated with
higher risk of vision loss include the following:

Disease Factor

— Location: lesions with optic nerve displacement, optic
nerve sheath lesions, closer to orbital apex, in the supero-
medial vascular quadrant and optic canal invasion [17,
19]. In a series of spheno-orbital meningiomas involving
the optic canal, reported major visual loss after surgery
was 33% (4 in 12 patients, 1 patient with 20/400 and 3
patients with no light perception) [20]. Higher risk of
visual loss in optic canal invasion could be due to damage
to small perforating pial vessels that enter the optic nerve
while opening optic canal and optic sheath, with optic
nerve ischemia [21].

— Nature: vascular lesions such as venous or lymphatic mal-
formations, poorly encapsulated lesions, infiltrative
lesions. There is also higher incidence of blindness after
orbital tumor excision 4.7% compared to post-traumatic
orbital reconstruction and orbital decompression for thy-
roid orbitopathy 0.15% [22].

— Size: smaller apical lesions with proximity to anterior end
of optic canal have higher risk [22].

— Recurrent lesions: scarring from previous surgery result-
ing in loss of normal anatomic planes renders a more dif-
ficult surgery [23].

Patient Factor

— Age: Higher risk in those older than 60 years old. Younger
patients are more able to compensate for microvascular
deprivation, with greater tissue resilience, associated
orbital expansion with chronic expansion, better coagula-
tion profile, less vasculopathic risk factors and vasospasm
with better bleeding control than older paitients [24].

— Vision before surgery: longer duration of visual loss
before surgery carries worse prognosis due to small vessel
compromise, demyelination, and ischemic damage to
optic nerve. Visual loss of less than 2 years has a higher
rate of visual improvement after surgery [24].

Surgery Factor

— Hypotensive anesthesia, blood loss, and hemodilution
could predispose the retina and optic nerve to ischemia
[25].

— Surgery: Higher risk in those with orbital floor fracture
repair in multiple facial fractures (6.45%), bony decom-
pression of optic canal (15.6%), and intracranial approach
to orbital roof (18.2%) [25]. Reason for multiple facial
fractures is postulated to be related to underlying trau-
matic optic neuropathy, optic nerve compression, and
more soft tissue edema and less likely to be able to with-
stand further surgical insult intraoperatively [26].

— Surgical Approach: So far, there is no direct correlation
between approach and visual loss. Studies have shown
there have been more non-blinding complications such as
diplopia and scarring in lateral orbitotomy (35%) com-
pared with anterior orbitotomy (3%) [18]. Incidence in
postoperative blindness was similar in lateral, anterior,
and coronal approach at 0.5%, 0.4%, and 0.38%, respec-
tively [27].

Mechanism of visual loss includes the following:

— Structural cause: Direct optic nerve injury from mechani-
cal injury, thermal injury secondary to cautery to maintain
hemostasis, and vibratory insults from drills during bone
removal.

— Vascular cause: Due to anterior ischemic optic neuropa-
thy, posterior ischemic optic neuropathy, central retinal
arterial occlusion, or ophthalmic artery occlusion. Arterial
vasospasm can be exacerbated by vessel traction, orbital
fat traction, vessel compression, surgical sacrifice of vas-
cular structures, direct injury, globe manipulation with
transient elevated intraocular pressure, or platelet aggre-
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gation following trauma releasing serotonin, which is a
potent vasoconstrictor. Delayed ischemia can be related
to accumulation of inflammatory mediators and blood
that can induce vasospasm [28]. Arterial hypoperfusion
can be secondary to blood volume status and multisystem
injuries.

— Orbital compartment syndrome: Elevated orbital pressure
from bleeding (retrobulbar hemorrhage) or edema, or
combination [20].

With the goal being to preserve the visual system, a reli-
able method to monitor the visual pathway would be ideal.
Real-time feedback to the surgeon about the visual pathways
can potentially minimize post-operative visual deficits.

For both orbital and cranial surgery, the most straightfor-
ward and objective reflection of visual pathway is monitor-
ing the pupil size or shape. A dilated or asymmetric pupil
indicates raised intraocular pressure such as in retrobulbar
hemorrhage or excessive orbital traction, and, in the unfortu-
nate case, ischemic optic neuropathy. Intermittent pupil dila-
tion can occur when there is manipulation of the ciliary
ganglion. Moreover, erroneous pupil measurement can occur
when there is significant miosis with opioid anesthesia,
dilation due to accidental contact with intranasal vasocon-
strictors such as cocaine or adrenaline in endoscopic surgery,
and asymmetrical recovery of pupil light reflex after general
anesthesia [29]. Hence, intraoperative pupil size and reactiv-
ity may not directly correlate with post-operative visual
outcome.

In orbital apical surgery, intraoperative neurophysiologi-
cal monitoring (IONM) with visual evoked potentials (VEP)
and electroretinography (ERG) are potential methods to
identify injuries to optic nerve. VEP measures the electrical
potential resulting from a visual stimulus. The stimulus is
applied by light emitting device (LED) placed on the eyes
bilaterally, and responses recorded include the cornea, optic
chiasm, and occipital lobe. However, literature reports on the
use of VEP in intraorbital surgery remain controversial.
Studies that support VEP suggested transient abolition of
VEP was seen in many circumstances and did not correlate
with outcome of surgery, but the absence of previously nor-
mal VEP for more than 4 min during surgical manipulation
did show a correlation with post-operative visual impairment
[30, 31]. Other studies have found VEP to be unstable and
unreliable and only feasible in 73% of their patient cohort
[32]. Mechanism of optic nerve damage includes optic nerve
ischemia, mechanical damage, or a combination of both. It is
not known which of these mechanisms are related to VEP
changes [33].

ERG is a test to detect an abnormality of the retina. During
this test, needle electrode for ERG is inserted in lateral can-
thus and a reference electrode in the contralateral canthus. To
avoid false-negative results in VEP, ERG was introduced to

record the response of retina to stimulus. If both VEP and
ERG were lost, this indicated displacement of the LED. When
VEP is coupled with ERG, predictive power increases from
60 to 100%, but the sensitivity for detecting deterioration is
low (47.2%) [34].

The utilization of VEP and ERG can theoretically provide
real-time data on any pressure or stretch on the optic nerve
during surgical manipulation. However, it is influenced by
multiple hemodynamic and physiological parameters such as
heart rate, blood pressure, type of anesthesia, the presence of
a visual pathway lesion, preoperative severe visual deficit,
and cranial surgical manipulation. Its impact therefore
remains controversial and is not recommended as routine use
of intraoperative monitoring until further evidence is estab-
lished. Other modalities under investigation includes fiber
tracking and diffusion tensor imaging (DTI) in intraoperative
magnetic resonance imaging (MRI) with indexes such as
fractional anisotropy to test the integrity of visual pathway
during surgery [33].

For transcranial approach, global neurophysiologic moni-
toring including standard somatosensory-evoked potentials
(SSEP), electroencephalography (EEG), and transcranial
motor-evoked potentials (MEPs) can be used. For orbital
approach, no method of neurophysiologic monitoring has
been shown to be particularly useful. Therefore, it is impor-
tant to have careful patient selection, preoperative counsel-
ing on risk of visual loss, intraoperative monitoring of pupil
size and reactivity, close post-operative monitoring, and
urgent management to reverse compressive causes of visual
loss.
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Transcranial Approach to Optic Canal

and Orbital Apex

Tak Lap POON

Abstract

Neurosurgeons are always often required to approach the
optic canal and orbital apex for treatment of various
pathologies including neoplastic, vascular, and traumatic
in origin. Traditionally and most popularly, this very lim-
ited space is approached by transcranial route, of which a
wide area of exposure can be achieved. This transcranial
route can further be subclassified into extradural approach,
intradural approach, and hybrid approach. Development
of endoscope-assisted craniotomy with advanced in tech-
nology improves the surgical outcome. This chapter is
intended to have a comprehensive review of transcranial
approach with pros and cons of different subtypes of this
surgical approach.

Keywords

Transcranial approach - Optic canal decompression -
Anterior clinoidectomy - Meningo-orbital band

17.1 Transcranial Approach to Optic Canal

and Orbital Apex
17.1.1 Introduction

Optic canal and orbital apex are very limited anatomical
regions connecting the orbit and cranial compartments [1].
Diseases in this region can have presentation including dete-
riorating visual acuity, visual field deficits, impairment of
extraocular movement resulting in diplopia, proptosis, che-
mosis, cranial nerve palsies related to cavernous sinus, and
others.
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17.1.2 Indications

Decompression of optic canal and orbital apex is indicated in
pathologies causing visual impairment. These causes include
neoplasms within optic canal and around periorbital skull
base, vascular malformation and other pathologies such as
aneurysm, local trauma with or without skull base fracture,
bony dysplasia, infection, inflammation, autoimmune, and
connective tissue disease [2—4]. Surgical decompression
choices include transcranial or endoscopic transnasal trans-
ethmoidal approaches [5, 6].

17.1.3 Choices of Transcranial Approaches

Decompression via transcranial route aims to achieve
decompression over superior-lateral compartment with
respect to optic nerve. Surgical strategy includes unroofing
of the optic canal, anterior clinoidectomy, and removal of
optic strut (OS) [7]. Removal of anterior clinoid process
(ACP) and optic-sheath opening significantly increased the
exposure and mobilization of the optic nerve and internal
carotid artery (ICA) as well as three- to fourfold expansion
of the opticocarotid triangle width [8]. Sofferman in 1981
suggested the following principles of adequate optic nerve
decompression [9]:

1. Removal of half the circumference of the osseous
canal

2. Removal of bone in a longitudinal dimension to the full
extent of the optic canal from 5.5 to 11.5 mm

3. Complete longitudinal incision of the nerve sheath to
include the thickened annulus tendinous at the orbital
end, that is, annulus of Zinn

Transcranial routes, either via pterional, supraorbital, or

orbitozygomatic, are traditionally preferable to most of the
neurosurgeons. This approach provides a wide surgical cor-
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ridor but is more invasive and associated with more cosmetic
issues compared with other approaches, for example, endo-
scopic transnasal transethmoidal route [10]. The bony optic
canal can be drilled up to 270°, but the inferior and inferome-
dial floors of the optic canal usually cannot be reached
[11-15].

17.1.4 Extradural Approach

Extradural optic canal decompression and anterior clinoidec-
tomy were initially introduced by Vinco Dolenc in 1985 for
treatment of aneurysms at cavernous segment of internal
carotid artery and traumatic carotid-cavernous fistulas [16,
17]. This approach is often considered as difficult and tech-
nique demanding due to the constricted working space and
the vulnerability of critical neurovascular anatomical struc-
tures [18] (Figs. 17.1 and 17.2).

17.1.4.1 Procedures

The sphenoid ridge is drilled or rougeured flat to the lateral
base of the ACP. Dura is stripped off from the floor of the
anterior cranial fossa, ACP, and/or the superior orbital fis-
sure (SOF). The orbit can be unroofed and the optic canal
can be opened. Another recently favorable way is to open
the lateral SOF first, that is, the superior-lateral ACP base
and then the inferior greater sphenoid wing portion. The
orbitomeningeal artery and vein are then coagulated and
divided. Lateral meningo-orbital band (MOB) (or named
orbitotemporal periosteal fold or fronto-temporal dural
fold) is dissected and cut (Fig. 17.3). Afterward, the optic
canal can be unroofed, and the superior-medial connection
of the base of ACP can be divided (Fig. 17.4). The final step
is the drilling of the OS, either by drilling with a small dia-
mond burr or by using ultrasound bone dissector, and the
remaining ACP shell and tip can be disconnected and
removed [19-22] (Fig. 17.5).

17.1.4.2 Advantages

1. Extradural space allows a more extensive osteotomy of
medial sphenoidal wing and clinoid with protection of
intradural neurovascular structures during drilling proce-
dure including optic nerve, ophthalmic artery, and ICA by
dura mater as a natural barrier.

2. The approach is less selective and more inclusive.

3. Itallows early devascularization in neoplasm case and less
traction risk to optic nerve during tumor manipulation.

17.1.4.3 Pearls and Pitfalls

1. Operating surgeon should be aware of clinoid pneuma-
tization and ligament ossification before deciding to
complete a clinoidectomy to avoid postoperative cerebro-
spinal fluid (CSF) leakage [23].

2. Sectioning of lateral MOB for elevation of temporal fossa
dura away from lateral wall of the cavernous sinus along
the superior orbital fissure (SOF) near the sphenoidal
ridge provides an excellent view of the clinoid process.

3. Peeling the temporal dura propria from lateral wall of
the cavernous sinus along the length of the ACP may
unavoidably cause venous bleeding and/or potential dam-
age to the nerves traveling in the sinus.

4. Drilling should be done with continuous irrigation to
avoid thermal injury.

5. Egg-shelling the ACP is a safe method of clinoidectomy.

6. It should be aware that the oculomotor nerve during
removal of lower and posterior tip of the clinoid that
courses below the ACP.

7. Extradural approach should better be avoided in cases
with significant hyperostotic features.

8. En bloc resection of ACP should be avoided.

Dolenc’s technique has been refined by minimizing the
extent peeling in the lateral wall of the SOF including the
limited anterior part of the cavernous sinus. This modified
approach is named as trans-Superior Orbital Fissure Approach

Fig.17.1 (a and b) Lymphoma at left orbital apex, and (¢) post transcranial extradural anterior clinoidectomy and optic canal decompression for

partial tumor excision
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Fig.17.2 (a and b) Right clinoidal meningioma, and (c and d) post transcranial extradural anterior clinoidectomy for tumor excision

[24]. Tt can provide less invasive but adequate exposure of the
ACP and the orifice of the optic canal, resulting in a wider
epidural space for safe drilling of the ACP and a wide open-
ing of the optic canal. This approach also allows easy iden-
tification of the optic canal after partial removal of the ACP,
resulting in fewer surgical complications. Otani et al. applied
this approach for emergency optic canal release for traumatic
optic neuropathy in eight patients in their series [25].

17.1.5 Intradural Approach

Yasargil et al. in 1977 first described the intradural anterior
clinoidectomy by pterional approach for clipping of carotid-
ophthalmic aneurysms [26]. Complete splitting of the syl-
vian fissure additionally improves the working space for
identification of the proper anatomy and the pathological
lesion.
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Fig. 17.3 Meningo-orbital band (MOB) is being coagulated and
divided

Fig. 17.4 Unroofing of orbital canal

Fig. 17.5 Removal of anterior clinoid process tip

17.1.5.1 Procedures

The intradural clinoidectomy generally begins with a stan-
dard pterional craniotomy. The dura over the lesser wing of
the sphenoid is stripped and the lesser wing of sphenoid bone
is drilled extradurally. Dura is opened and retracted to expose
frontal and temporal lobes. Sylvian fissure is dissected
widely, and basal cisterns are opened for CSF release and
brain relaxation. Dura overlying the optic canal and anterior
clinoid is incised. Optic canal and anterior clinoidectomy are
performed. The direction is from medial to lateral down to
the OS (Fig. 17.6).

T.L.POON

17.1.5.2 Advantages

1. Relatively limited osteotomy is required for target lesion.

2. The approach is more selective and more tailor-made.

3. Monitoring of any intraoperative aneurysm rupture dur-
ing drilling can be achieved.

17.1.5.3 Pearls and Pitfalls

1. This approach is a relatively better choice in cases with
highly hyperostotic bone or with ossification of clinoid
ligaments.

2. It may be preferable in clipping of aneurysm at clinoidal
segment of ICA as bony removal can be tailored based on
the pathology with direct visualization on aneurysm sac
during manipulations.

3. Egg-shelling the medial clinoid is safe.

4. Copious irrigation is mandatory to avoid thermal injury to
optic nerve.

5. Up to one third of patients will have postoperative head-
ache, which are due to subarachnoid accumulation of
bone dust.

17.1.6 Hybrid Approach

Ali Tayebi Meybodi et al. in 2019 proposed a two-step hybrid
technique called “anterior clinoidectomy using a 2-step
hybrid” (ACTH) technique [27]. It combines advantages
while avoid shortcomings of individual extradural and intra-
dural approaches. Based on localization of the OS, resection
of ACP will be in two steps: the segment anterior to the OS
is resected extradurally, while the segment posterior to the
OS is resected intradurally.

17.1.6.1 Advantages of the Extradural Phase

Most of the drilling is performed extradurally, and the total
amount of intradural drilling is reduced. This greatly mini-
mizes the risk of damage to adjacent neurovascular struc-
tures and the amount of bone dust in intradural space, which
may prove beneficial in reducing postoperative headache.
Furthermore, peeling off the dura propria of the temporal
lobe at lateral wall of the cavernous sinus is minimal, poten-
tially reducing venous bleeding and minimizing cranial
nerve injury.

17.1.6.2 Advantages of the Intradural Phase
Correct localization and intradural drilling of the OS can be
critical, especially in case with unusual origin and course of
ophthalmic artery.

The ACTH technique also offers additional advantage
over purely extradural approach in ACP with anatomical
variations. These include longer whole length of ACP, an
interosseous bridge between ACP and posterior clinoid pro-
cess in about 5% cases, and a carotico-clinoid foramen, that
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Fig.17.6 (a and b) Ruptured left internal carotid artery ophthalmic segment aneurysm, and (c) clipping of aneurysm after transcranial intradural
anterior clinoidectomy

is, a bony bridge connecting the ACP tip to a middle clinoid
process in about 14% cases [28].

17.1.7 Transcranial Extradural Endoscopic
Approach

Fuminari Komatsu et al. in 2017 first reported a clinical case
of anterior clinoidectomy performed by endoscopy, which
was a pathological ACP corroded by a pituitary adenoma
[29, 30]. Cai et al. in 2019 reported the first case of extradu-
ral anterior clinoidectomy and aneurysm clipping performed
using transcranial neuroendoscopic approach [31].

Steps follow the same principles of microscopic extradu-
ral anterior clinoidectomy:

1. Osteotomy along medial sphenoid wing to disconnect the
lateral connection

2. Osteotomy along the orbital roof to disconnect the ante-
rior and medial connections

3. Drilling within the clinoid to “egg-shell” the bone and
disconnect the anteroinferior connection to the OS

Use of endoscope can improve visibility as it provides
clear panoramic views of the ACP and its surrounding struc-
tures with adequate magnification, and the ACP can be reli-
ably removed without incising the duplication of the dura
stretching between the periorbita and temporal fossa dura.

17.1.8 Procedure-Related Complications
Previously described major complications related to optic

canal decompression and anterior clinoidectomy include
postoperative CSF leak from opening of the sphenoid sinus

or ethmoid air cells or pneumatized ACP, damage to optic
nerve in terms of visual field deficits (either direct neural
damage or ischemia due to ophthalmic artery manipula-
tion), oculomotor palsy and injury to other cranial nerves in
SOF, intraoperative aneurysm rupture, profuse bleeding
from cavernous sinus during division and retraction of dura
fold, and clinoid and cavernous segment of ICA [32, 33].
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Abstract

Despite the advances in skull base techniques, lesions
involving cavernous sinus and deeper part of the middle
cranial fossa still pose a challenge to neurosurgeons. Even
with the advancement of endoscopic instruments, these
lesions cannot be completely resected via endoscopic
approach and require open surgery. Transcranial approach
to this region can be combined with others depending on
necessity, for example, anterior clinoidectomy, splitting
the lateral wall of cavernous sinus, cutting of tentorium,
and anterior petrosectomy. To choose the best approach,
we have to ascertain thorough understanding of the
involved anatomical structures, clinical symptoms and
signs, tumors’ nature, and patients’ expectation. Here, we
would like to focus on a standard transcranial approach to
the cavernous sinus via the middle cranial fossa approach,
its variation to expand the operative corridor to suit differ-
ent pathology, the technical nuances, and how to avoid
major complications.

Keywords
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18.1 Introduction

Despite the advances in skull base techniques, lesions involv-
ing the cavernous sinus or petroclival region still pose a chal-
lenge to neurosurgeons. The route from the lateral skull base
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is still the most widely adopted approach to this region, and
when combined with anterior clinoidectomy, opening of ten-
torium, anterior petrosectomy, it can lead us to different win-
dows of attack visualizing from anterior to posterior the
superior orbital fissure (SOF), optic canal (OC), cavernous
sinus (CS), Meckel’s cave, and internal auditory canal (IAC)
in treating majority of skull base pathologies, which includes
the medial sphenoidal ridge meningioma with or without
orbital or optic canal extension, anterior clinoidal meningi-
oma, cavernous sinus lesion be it a meningioma or heman-
gioma etc., or cranial nerves Schwannoma, for example, a
dumbbell-shaped trigeminal schwannoma, or the notorious
petroclival meningioma. Other than tumor, some vascular
pathology is also amenable by this approach including ante-
rior inferior cerebellar artery aneurysm, dural arterio-venous
fistula involving the medial cerebellopontine angle, or even
for cerebral bypass surgery the famous Fukushima bypass.

More recently, within the last decade, endonasal endo-
scopic approaches to the cavernous sinus region have been
developed as an alternative to an open craniotomy. The cur-
rent trend in anterior and middle cranial base surgery is to
incorporate these strategies as a minimally invasive alterna-
tive. Here, we will focus on the transcranial techniques in
detail.

18.2 Goals of Surgery

The ideal goal of surgery is complete resection of the tumor
without causing additional deficits to the patient.
Neurosurgeons must weigh the increased morbidity pro-
duced by aggressive surgery against the natural history of
residual tumor particularly in older patients. The best treat-
ment strategy for each patient involves various consider-
ations. These include prognostic factors, applicability of
other options such as radiosurgery, and consequences of the
outcome on the patient’s quality of life. For example, it is
extremely difficult to achieve total excision of a petroclival

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023 165
T. L. POON et al. (eds.), Orbital Apex and Periorbital Skull Base Diseases, https://doi.org/10.1007/978-981-99-2989-4_18


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-2989-4_18&domain=pdf
mailto:ckf414@ha.org.hk
https://doi.org/10.1007/978-981-99-2989-4_18

166

K.F.K.Cheng and W. M. Lui

meningioma, including excision of its dural attachment, its
dural tail, and the involved bone. Therefore, our primary
goal is brain stem decompression to restore clinical function
with either total or subtotal excision. For tumors with neuro-
vascular invasion, we prefer performing an excision of the
tumor that leaves the parts infiltrating the neurovascular
structures undisturbed, rather than attempting total excision
of the tumor, which may leave the patient with a major neu-
rologic deficit. Devascularization of the residual capsule of
a skull base lesion may result in limited growth for a long
period.

The surgeon must constantly weigh the benefits of com-
plete resection, the risk of morbidity by injury to vital struc-
tures, and the natural history of potentially residual tumor. To
keep morbidity to a minimum, other alternative to surgery
includes safe debulking and stereotactic radiosurgery.

18.3 Preoperative Neuroradiologic
Evaluation

Thorough evaluation of preoperative neuroimaging studies is
of utmost importance in the management of skull base lesion.
The tumor size, consistency, vascularity, location, and exten-
sion of dural attachment; tumor-brain stem interface; degree
of brain stem displacement displacement of the vertebrobasi-
lar arterial system; and tumor extension into the cavernous
sinus or internal auditory canal are all important details to
look into before operation.

Computed tomography (CT) of brain is valuable in evalu-
ating the anatomy of the temporal bone, the degree of pneu-
matization of the mastoid bone, anatomy of the anterior
clinoid, the relationship of the petrous apex and ICA, the
cochlear, and its relation to the jugular bulb. Magnetic reso-
nance imaging (MRI) T1-weighted images (Fig. 18.1) delin-
eates the tumor and its relationships to the surrounding
structures. MRI T2-weighted images are useful for assess-
ment of the arachnoid cleavage plane, brain stem edema, and
infiltration. Flow voids on MRI T2-weighted images can
reveal the location of major vertebrobasilar vessels and its
vascularity. The absence of a definite arachnoid cleavage
plane between the tumor and the brain stem may represent
pial infiltration and can make resection extremely challeng-
ing. This is one of the main obstacles preventing safe total
resection of skull base tumor.

Understanding the venous anatomy can reduce related
complications during middle fossa dissection [1]. CT
Venogram or MR Venogram can illustrate the temporal
venous drainage pattern [2], size of the vein of Labbe, which
is very important before consideration of peeling of lateral of
cavernous sinus and tentorial cutting. Cerebral angiography
is sometimes helpful in showing the tumors’ blood supply
for example the meningohypophyseal trunk of the internal
carotid artery, the posterior branch of the middle meningeal
artery, the clival artery from the carotid siphon, and the
petrosal branches of the meningeal arteries. Angiography
can be used for preoperative tumor embolization to reduce
surgical blood loss.

Fig. 18.1 (a) Tumor involving IAC and Meckel’s cave. (b) Tumor
involving suprasellar part encasing PCA. (¢) Tumor crossing midline,
compressing brainstem and displaced the vertebrobasilar artery. (d)

Postoperative MRI at 3 months showing the anterior petrosectomy win-
dow with good decompression of brainstem achieved, thin sheet of
dural tail left in the clival dura
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Fig. 18.1 (continued)

18.4 Surgical Procedures
18.4.1 Patient Position and Skin Flap Design

Under general anesthesia, the patient is positioned supine
with the head fixed by headpins and the head holder, elevated
above the level of the heart to improve venous drainage,
extended, and rotated 60° to the opposite side to bring the
malar eminence to the highest point of the operative field.
Depending on the location of pathology, rotation of more
than 60° is advised if anterior petrosectomy and tentorial
opening is planned. A curvilinear frontotemporal incision
begins at the superior border of the zygomatic arch
(Fig. 18.2a), close to the tragal cartilage and anterior to the
superficial temporal artery (STA). STA can be preserved if
sizable as an arterial donor in case of anticipated cerebral
revascularization procedure; otherwise, it can be ligated and
cut to gain more access to zygomatic arch. The incision then
proceeds posteriorly above the ear pinna, and this aims to
gain more exposure to the subtemporal space for later tento-
rial exposure [3], before curving anterior-superiorly to the
frontal region behind the hairline. Interfascial dissection [4]
is applied to preserve the frontotemporal branch of the facial
nerve. At the same time, a long vascularized pericranium
(Fig. 18.2¢) together with superficial temporalis fascia can
be harvested and based inferior-posteriorly for dural repair
and wound closure. Leaving a muscle cuff on the superior
temporal line for later suturing aids better cosmetic result.

18.4.2 Anesthetic Considerations

The goals of modern neuroanesthesia are to provide a stable
hemodynamic condition, maintain cerebral perfusion pres-
sure, allow optimum intraoperative monitoring, and leave no
residual anesthetic effects to facilitate the postoperative
assessment of patient’s neurologic condition. For complex
skull base surgery, brain relaxation can be provided by the
use of Mannitol and Furosemide or Hypertonic Saline.
Muscle relaxation is not utilized because of cranial nerve and
motor tract monitoring.

18.4.3 Intraoperative Neurophysiologic
Monitoring

Intraoperative neurophysiologic monitoring (IOM) has been
utilized to minimize neurologic morbidity from operative
manipulations. Intraoperative monitoring facilitates safe
tumor resection with cranial nerve preservation especially
when dealing with large tumor involving cranial nerves.
Somatosensory-evoked potentials (SSEPs) and motor-
evoked potentials (MEPs) are particularly important to detect
hemispheric ischemia or major vascular territory injury. And
facial MEP and brain stem auditory-evoked potentials
(BAEPs) are very sensitive and accurate when detecting CN
VII and VIII function when the lesion involves internal audi-
tory canal. Electroencephalography (EEG) is generally used
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Fig. 18.2 (a) Scalp incision with posterior extension at temporal base (b) excision of zygoma, (c) inferior reflection of temporalis flap with the

preparation of pericranial flap

to monitor burst suppression in case of bypass surgery.
Specific cranial nerves III to VII and IX to XII are performed
by recording electromyogram activity from the appropriately
innervated muscles via an intraoperative stimulation probe.
Having said that, IOM signal is very sensitive to the depth of
anesthesia and the use of muscle relaxants, and experienced
neurophysiologist for accurate signal interpretation is as
important as having IOM machine in place.

18.4.4 Craniotomy

The craniotomy is a standard pterional craniotomy with tem-
poral extension. Transzygomatic approach [5] is suited where
expanded access to the middle fossa is necessary, two beveled
cuts are made by electric saw at the anterior and posterior
ends of the zygomatic arch, and the anterior cut is made paral-
lel to the lateral orbital rim, beginning at the frontozygomatic
suture, leaving as little bone overhanging the frontozygo-
matic recess as possible (Fig. 18.2b); the posterior cut is made
roughly parallel to the surface of the temporal squama through
the root of the temporal zygomatic process and avoid invasion
of the temporomandibular joint. This step helps to achieve
inferior reflection of the temporalis muscle. In order to further
minimize temporal retraction in dominant hemisphere, we
prefer to remove the zygoma when the pathology is over the
left side. We strongly recommend to place the temporal burr
hole flush with the floor of the middle fossa, and this can
minimize excessive bone loss. Exposed mastoid air cells must
be bone waxed. The sphenoid wing is then drilled from its
lateral to medial extension until the anterior clinoid process
(ACP) is reached. This exposes the meningo-orbital artery,
which is coagulated and cut. During this step, the posterior
third of the lateral and superior orbital wall is removed, pre-
serving the peri-orbita. This mini-lateral orbidotomy helps
the clear identification of plane separating the dura propria
and lateral wall of cavernous sinus.

18.4.5 Cerebrospinal Fluid Drainage (CSF) Via
External Ventricular Drainage (EVD)

External ventricular drainage is placed occasionally for sev-
eral purposes: one is for sure to relax the brain and minimize
the chance of brain retraction injury especially on the domi-
nant side. Second it serves as an intracranial pressure (ICP)
sensor when intubation overnight is anticipated after a long
surgery. Thirdly to keep the CSF drainage for few days can
help minimize the formation of pseudomeningocele and bet-
ter wound healing. Lumbar drain may serve similar purpose,
but in case of large intracranial lesion, lumbar drainage may
post the harm of brain coning. And the caring of lumbar
drain is relatively difficult and prone to dislodgement or
blockage.

18.4.6 Epidural Dissection of the Lateral Wall
of the Cavernous Sinus

The meningo-orbital artery is a point where the dissection
plane between the dura propria of the temporal lobe and the
lateral wall of the cavernous sinus starts, and cranial nerves
(CNs) [T and IV and V1 and V2 nerves are identified. Peeling
starts at the lateral edge of superior orbital fissure, usually
the bony prominence of anterior clinoid process is a safe
point to guide the cutting. Once the dural propria is elevated,
the thin layer covering the cranial nerves can be observed
under high power magnification. The peeling should be
smooth and feel like “peeling the skin of an orange” and con-
tinue laterally toward the V1 and V2 branches [6], between
which is a common area for bleeding that can be controlled
by fibrin glue injection. The middle sphenoid ridge is a good
landmark between V2 and V3, extra care must be taken not
to damage the temporal dura, or it has to be repaired before
starting the temporal epidural dissection; otherwise, during
the process of temporal elevation, the temporal brain tissue
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may herniate through the dural defect leading to temporal
lobe injury.

Middle fossa dural elevation begins posteriorly and later-
ally, over the petrous ridge, and continues antero-medially
to the foramen ovale. The middle meningeal artery and sur-
rounding venous plexus are coagulated and divided near the
artery’s exit from the foramen spinosum, a piece of bone
wax is used to cover the foramen spinosum. The greater
superficial petrosal nerve (GSPN) lies in the major petrosal
groove of the middle fossa floor and is covered by a thin
layer of periosteum, dura is elevated in posterior to anterior
manner to avoid traction on the GSPN, which may result in
facial nerve compromise. The next key landmark is to
expose the arcuate eminence. The entire length of the IAC is
exposed.

18.4.7 Removal of Anterior Clinoid Process

After peeling the lateral wall of the CS, the ACP removal
can be performed. It is helpful to first locate the exit point
of the nerve from the optic canal, and it is easier especially
when lateral orbidotomy has been performed. Drilling
should be directed over the superior and lateral aspects of
the optic canal first with copious irrigation, which does not
extend medially over the optic nerve to prevent risks of
entering the spheno-ethmoidal air cells with subsequent
CSF rhinorrhea. If the sinus is opened, it must be carefully
packed with either muscle or fat. The anterior clinoid pro-
cess is next removed on the lateral side of the optic canal.
Optimal technique is critical because the anterior clinoid
process is surrounded by the optic nerve, ICA, and contents
of the superior orbital fissure. The ACP is gradually hol-
lowed out with the diamond drill, thinned to the point at
which the sides can be lightly fractured and dissected free
from the dura. The very tip of the anterior clinoid is usually
removed with the aid of small clinoid ronguer, with the
small curved tip we can gently twisted free after careful
dural dissection. Some venous bleeding may counter as it is
the opening to the anterior cavernous sinus compartment
[7], which could easily be controlled by some Surgicel or
fibrin glue material.

18.4.8 Removal of Petrous Apex

It is also called anterior transpetrosal or Kawase approach
[8], and it is a narrow corridor providing limited access to
the postero-inferior triangle and region surrounding the
porus trigeminus. The major obstacle hindering drilling of
petrous apex [9] is the trigeminal nerve; hence, adequate
subtemporal extradural peeling together with anterior
migration of V3 segment is the key for adequate anterior

Fig. 18.3 Anterior mobilization of V3 enlarges the windows for drill-
ing of petrous apex (RED arrow)

petrosectomy. To identify the rhomboid shaped Kawase tri-
angle [8], it is crucial to identify firstly the GSPN on the
lateral side, the arcuate eminence on the posterior side, then
the petrous ridge on the medial side, and finally the V3 seg-
ment after anterior migration (Fig. 18.3) as described above
[10]. One point to add is that the petrous ridge harbors the
superior petrosal sinus, and excessive tentorial split may
venture into sinus causing venous bleeding, coring out of
the petrous apex followed by early identification of petrous
ICA to avoid inadvertent injury. After that, the pre- and
post-meatal triangle bone should be drilled to achieve
270-degree exposure of IAC [11]. Care must be taken not to
injure the cochlear and superior semicircular canal, which
may result in permanent hearing loss. The concept of
petrous apex drilling is similar to anterior clinoidectomy,
with the principle of coring out followed by circumferential
dissection, and the lower limit for anterior petrosectomy is
reaching the posterior fossa dura and the inferior petroal
sinus, while the anterior limit is reaching the clival bone
and Dorello’s canal. Adequate petrosectomy is the key to
extend the operative window when the tumor or dural tail
extends across the midline at clival dura.

18.4.9 Skull Base Triangle

Among the many triangles in the cavernous sinus region
[6], there are several that are more clinically important.
First is the anterior triangle, which is exposed after anterior
clinoidectomy; it helps us to identify the C3 carotid seg-
ment that enters this space by piercing the carotico-oculo-
motor membrane. It is useful for identifying the clinoid
ICA segment.

Lateral triangle is also called Parkinson triangle, and it is
a very narrow space in normal individual, but for true cavern-
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ous sinus tumor, this window is enlarged as the trochlear
nerve is pushed upward.

Glasscock described the posterolateral triangle, and it
helps to define the horizontal intrapetrous carotid artery,
which is important in case of bypass surgery.

Kawase first described this posteromedial triangle [12],
and this volume of bone that can be removed to make a win-
dow in the petrous apex to the posterior fossa. If this triangle
is drilled, the anterior brain stem [13] and root of the trigemi-
nal nerve can be reached without encountering neural or vas-
cular structures in the bone.

Pre- and post-meatal triangle is used to help defining the
location of the cochlea from the middle fossa angle of view.
In order to achieve 270° of IAC exposure, the bone over
these two triangles has to be drilled out.

18.4.10 Dura Opening and Tentorial Cut

With the bone dissection complete, we use multiple tack-up
sutures on the dura over the temporal lobe to maintain the
surgical field. The dura is opened at the porus trigeminus
above the superior petrosal sinus. This incision is carried lat-
erally as far as the arcuate eminence and exposes the superior
surface of the tentorium. A parallel incision is then made
inferior to the superior petrosal sinus [14]. The superior
petrosal sinus is either coagulated or ligated and divided at
its medial aspect [15]. The temporal lobe is retracted more
superiorly under protection (Fig. 18.4a). The tentorium can
be cut after identifying the CN 4 and go posterior to its dural
entrance [16]. The trigeminal root is also liberated from its
dural attachment at the porus trigeminus; with this maneuver,
a corridor to the posterior cavernous sinus and the entrance
of CN VI into Dorello’s canal can be traced.

In situation where the tumor involves anterior cavernous
sinus or extend to the parasellar region [17], another dural
cut from the ACP tip, the durotomy extends toward the fron-
tal side, joining the temporal dural cut. In the intradural part,
the Sylvian fissures can be split at the proximal end, hence
mobilizing the ICA and CN II by cutting the distal dural ring
and the falciform ligament, achieving a half-and-half Hakuba
approach.

18.4.11 Tumor Resection

Once the exposure is completed and well prepared, the time
needed for tumor resection is usually shorter. For tumor
involving the Meckel’s cave [18], during the splitting of cav-
ernous sinus wall, tumor might already be seen inside, and
usually, there is a nice plane separating majority of the V3
nerve rootlets with CSF released from the Gasserian
ganglion.

For tumor where the attachment is mostly over the tento-
rium, early cutting of the involved tentorium makes the
whole procedure easier, find the posterior limit of tumor by
elevating the temporal lobe gently above the tentorium, early
detachment, and devascularization from the tentorial blood
supply, and the remaining part usually has a good arachnoid
layer separating from the cerebellar superior surface, brain
stem surface, and the cranial nerves. Early opening of poste-
rior fossa dura from the tentorium downward toward IPS to
find the lower edge and tumor can be sucked easily by suc-
tion and ultrasonic aspirator, at the end the CN 6 at the cister-
nal segment can be identified.

Biggest challenge is still the petroclival meningioma
where the dural attachment might cross to the midline to the
contralateral side with extensive brainstem compression.

Fig.18.4 (a) Dural opening includes temporal base, posterior fossa dura and medial tentorial cut with ligation of superior petroasal sinus. (b) Free

mobilization of CN 5 with working window between CN 4 and CN 6
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Fig. 18.5 (a) Intrapetrous exposure with proximal control by inflated balloon and distal control by a curved aneurysm clip. (b) Petrous ICA and
supraclinoid ICA Bypass for Cavernous ICA mycotic aneurysm. (¢) Pericranium with superficial temporalis fascia for dural closure

The CN 5 needs to be mobilized and retracted inferiorly,
while the remaining tentorial sleeve together with the CN 4
is also gently retracted superiorly. The window between the
CN 4 and CN 5 provides an angle of attack for clival lesion
(Fig. 18.4b), the only cranial nerves in between is the CN 6
entering the Dorello’s canal, as long as the drilling of petrous
apex is adequate, line of vision could be in parallel to the
clival angle. Dural attachment of meningioma can be
removed safely in that case. As mentioned before, in case of
pial invasion, dissection of tumor from brain stem surface
may create damage to tiny pontine perforator, and it is not
recommended. Adequate brain stem decompression is not a
bad choice compared to brain stem injury.

In case the tumor has involved parasellar region [19], it is
wise to open the fronto-temporal dura and early identifica-
tion of ICA and CN 3 via Sylvian fissure opening. The CN 3
is easily identified before entering the oculomotor triangle
[14] at the fronto-temporal side rather than from below the
tentorium. Again, the tumor extending to the parasellar
region is usually removable by gentle suction with preserva-
tion of arachnoid plane.

After gross total tumor excision, hemostasis in general
can be achieved by gentle packing and seldom required
aggressive bipolar coagulation.

18.4.12 Wound Closure

The dura is closed by running suture over the temporal side,
and the dural defect at the skull base is repaired with the
harvested pericranial flap, anchoring over the dural remnant
at the peri-orbita, lateral wall of cavernous sinus, and poste-
rior fossa dura. It is further reinforced with artificial dura, fat
graft, and fibrin glues in a sandwich fashion (Fig. 18.5¢c). The
bone flap is placed back and augmented by bone cement. The
temporalis muscle is sutured back to the muscle cuff left on
the bone flap, and the fractured zygoma is secured in place
with screws and plates. Exudrain is placed for free drainage
1-2 days. The skin flap is then closed in standard fashion.

18.4.13 Skull Base Carotid Bypass Procedures

The GSPN in most of the case has to be sectioned and
reflected lateral for exposure needs. The carotid is exposed in
the posterolateral triangle from V3 to the tensor tympani
muscle (Fig. 18.5a). To expose the intracavernous carotid
artery [20], it is necessary to open the outer cavernous mem-
brane between the trigeminal ganglion and the posterolateral
fibrous ring surrounding the carotid’s entrance to the cavern-
ous sinus at the foramen lacerum.

For bypass surgery in this area, one of the biggest chal-
lenge after adequate exposure is to achieve proximal and dis-
tal control. First of all, we have to anticipate the extra length
of the aneurysm clip, and to achieve maximal clipping force,
the tips of the aneurysm clip after closing will be hitting on
the bone, which means extra bone drilling deeper than the
carotid artery has to be done in order to accommodate the
tips of aneurysm clips. The petrous ICA has a quite robust
connective tissue wall protection and is not as fragile as
intradural ICA; this will give us some confidence in doing
bone drilling near petrous ICA. We would suggest to use two
curved clip to slide into the vertical petrous carotid segment
and the intracavernous segment (Fig. 18.5b). Another option
for achieving proximal control is by endovascular means
using balloon inflation, of course that would involve an extra
endovascular procedure.

18.5 Outcomes and Complications

After all skull base tumor is a challenging entity even for
experienced neurosurgeons, the chance of having complica-
tion is high in general, be it reversible or permanent [21].
That is why always set the goal of surgery and remember not
to create additional neurological problem to the patients.

It is difficult to compare the recurrence and regrowth rates
in the published series due to variation in the follow-up dura-
tion and the definition of the degree of resection. Recurrence
rate depends on location, cavernous sinus involvement,
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brainstem infiltration, grade of resection, and histopatho-
logic result. In general, for meningioma over petroclival
region, the recurrence rate ranges from 0 to 42%.

Brain retraction injury over temporal lobe was not uncom-
mon, but after adopting the use of transzygomatic route and
release of CSF by inserting EVD, the degree of temporal
edema is much less. Anticonvulsant for covering periopera-
tive period is recommended.

CSF leakage is another challenge, and the first thing we
could avoid is wax all the pneumatized skull bone after bone
drilling, second is to prepare a long pericranium and fascia
pedicle during wound opening, and thirdly together with the
use of fat graft and dural substitute in a sandwich fashion,
CSF leakage can be prevented. In the early postoperative
period, we do see pseudomeningocele formation, but as long
as it is not under tension, not leaking and clinically the patient
is aseptic, it might improve spontaneously within few weeks.
If infection is suspected, we can perform lumbar drainage or
even direct tapping of pseudomeningocele for fluid culture.

Cranial nerves palsies are one of the biggest determining
factor if the surgery is successful or not [22]. Third nerve
palsy is uncommon for petroclival region, but if it could hap-
pen during peeling of cavernous sinus, coagulation of bleed-
ing on the lateral wall of CS, or at the cisternal segment when
some tumor extended to the oculomotor cistern [14]. Third
nerve palsy would cause complete ptosis and significant dip-
lopia, and the end result is very disabling and should always
be cautious when near the course of third nerve. Trochlear
nerve is the thinnest cranial nerves, and its long course
including the portion entering the tentorium makes it vulner-
able for petroclival lesion. Most of the time, the CN 4 can be
preserved during tentorial cutting; however, at the point
where it enters the tentorium and adherent to the main tumor
bulk, it is very easy to have it damaged. Fortunately, the defi-
cit and impact on daily life for a patient with CN 4 palsy is
relatively less than other cranial nerves.

Facial numbness is another common complaint, it could
be due to the tumor direct invasion to the Gasserian ganglion,
but I could also be due to the opening of porus trigeminus
and mobilization of the trigeminal complex during dissec-
tion. At the most medial part of the CN 5, you can identify
the Dorello’s canal. The abducens nerve travels from the
lower brain stem up and makes a sharp turn into the Dorello’s
canal; in case of petroclival tumor crossing the midline, the
dissection or coagulation of the dural tail attachment makes
CN 6 vulnerable.

From this approach, mostly, the petroclival lesion pushes
the CN 7/8 complex postero-inferiorly, majority of cases we
might not actually see the CN 7/8 complex even after tumor
excision, but careful dissection is also recommended when
removing the portion of tumor at the posterior fossa, because
it might be adherent to the CN 7/8 nerve or its blood supply
from anterior inferior cerebellar artery. Another reason in

case of hearing impairment postoperatively is the direct
injury to the geniculate ganglion or cochlear during temporal
dural dissection and bone drilling.

The most dreadful complication includes major vascular
injury especially when the tumor invades the pial layer, and
during tumor dissection, some tiny branches from the
verterobasilar system [13] may get avulsed accidentally, and
this could cause significant arterial bleeding and difficult
hemostasis in a narrow space in the middle of tumor dissec-
tion. We have seen patient with posterior cerebral artery
injury at the level of ambient cistern causing PCA infarct,
another patient with bleeding from an avulsed parapontine
artery, both patients ended up in major neurological
disability.

Another concern in long term is cosmetic, and the tempo-
ral hollow secondary to bone drilling and temporalis atrophy
is quite disfiguring especially for young ladies. We would
suggest the use of bone cement to fill the pterion part to alle-
viate the cosmetic concern and psychological burden.

18.6 Discussion

There are many skull base approaches, but how to choose the
best one depends on many factors. Patient’s chief complaint
is the first thing into consideration, for example, for facial
numbness or neuropathic pain secondary to trigeminal nerve
compression, the aim of surgery is to adequately decompress
the Meckel’s cave. On the other hand, if the clinical picture
is due to long tract sign secondary to brain stem compres-
sion, then the goal of surgery is to achieve brainstem com-
pression. As stated above, detailed neuroradiological
evaluation of the tumor characteristics could avoid many
potential complication, in particular pay attention to the
tumor epicenter, and any involvement of optic canal, cavern-
ous sinus, Meckel’s cave, posterior fossa, and IAC will all
make your strategy a bit different.

In our series, for skull base lesion over dominant hemi-
sphere, we prefer the removal of zygoma to enhance tempo-
ral base exposure and insertion, of external ventricular
drainage can further minimize the chance of temporal retrac-
tion injury. One thing important is the temporal venous
drainage pattern [1] rarely, but it does happen the whole tem-
poral venous [2] drainage is heavily dependent on the
spheno-parietal sinus, and this group of patients has high
chance of venous infarction if the venous plexus is jeopar-
dized during peeling of cavernous sinus wall.

The knowledge of skull base triangles become useful
when we start the elevation of dural propria, careful gentle
splitting of the two layers, anticipation of venous channel,
and control with gentle packing or fibrin glue keep the opera-
tive clean. Identify the key skull base triangles and protect
the important cranial nerves, and after judicious temporal
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elevation, the bone drilling of anterior clinoid process and
petrous apex is straightforward, avoiding cracking the ACP
or PA in big piece; rather, we should hollow out the core and
dissect it from the attaching dura to avoid injury to the under-
lying neurovascular structures.

Dural opening and tentorial cut are the final key steps for
the whole middle cranial fossa exposure; from our experi-
ence, the dural opening can be classified into the temporal
side above the superior petrosal sinus; the posterior fossa
side below the superior petrosal sinus and in between the two
is the tentorial splitting. The aim is to elevate the temporal
lobe, make a wide cut of tentorium behind the CN 4 tentorial
entrance, and mobilize the CN 5 to create a wide window
between CN 4/5 in tackling the petroclival region.

Tumor removal is mostly done by gentle suction and pres-
ervation of existing intact arachnoid layer as much as possi-
ble; those adherent tumor over brain stem should be left
behind for fear of permanent neurological damage.

18.7 Conclusions

There is nothing more gratifying than the successful removal
of a complex skull base lesion with a subsequent perfect
functional recovery for a neurosurgeon. The goal of surgical
resection should be avoidance of permanent neurological
dysfunction with maximum tumor removal. The art is simul-
taneously aggressive and judicious. Detailed studying of the
pre-operative images to know your enemy, good rapport with
the patient and family with full understanding of the treat-
ment goal, and endless hours of practice to excel your opera-
tive skills are all necessary to make a good skull base
neurosurgeon. Incomplete excision is not necessarily a fail-
ure, and for some tumors, brain stem decompression after
subtotal resection is the most appropriate course of action.
Residual tumors can be successfully followed or treated with
other means. As the old saying goes, your patients give you
experience, and they are your best teacher. Train hard, being
caring, and empathic to your patients will drive you a better
skull base neurosurgeon.
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Infratemporal Fossa and Orbital Apex

Kentaro Watanabe

Abstract

This chapter discusses the surgical treatment of diseases
in the orbit, middle temporal fossa, cavernous sinus, and
infratemporal fossa from an anatomical perspective,
focusing on the superior orbital fissure and the orbital
apex. The orbital apex is the area where the nerves enter
the orbit converge and is adjacent to and connected to the
cavernous sinus.

Based on anatomical evidence, this chapter shows how
to safely approach this complex area, which includes the
oculomotor nerve, trochlear nerve, trigeminal nerve, optic
nerve, superior and inferior ophthalmic vein, and ophthal-
mic artery running from the cavernous sinus to the orbit.
Variations in surgical reach were considered based on
microanatomy, and their application to clinical cases was
demonstrated. In addition, the safe removal of the middle
cranial bone allows for an expanded approach to diseases
that span both the cavernous sinus and the orbit.
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In the treatment of orbital apex, visual function is a spe-
cial area that requires great attention because the visual func-
tion, eye movement, and cosmetic aspects are directly related
to life. It requires an understanding of nerves, arteries, veins,
muscles, and bone structures. It is very important to under-
stand the microanatomy and choose a rational surgical
method to remove the lesion and plan the treatment based on
the tumor origin and microanatomy. The surgical timing is
also delicate, and patients are often very discouraged by the
loss of visual function, even if the loss of vision is after they
already have a visual deficit before the treatment.

In addition, the utmost meticulousness is required during
surgery because the optic nerve is a very weak part of the
body, and even the slightest stimulation can cause loss of
visual function. The release of the optic canal requires spe-
cial training as it requires the removal of bone with a drill.

19.1 Surgical Anatomy of Orbit

The orbital function and microanatomy are complicated and
sensitive because of the optic nerve fragility and the possibil-
ity of affection of binocular vision. These anatomical struc-
tures are related to the optic nerve and eye movements and
visual functions. Visual function directly impacts our quality
of life. The anatomy and structure of the orbit must be fully
understood through cadaveric dissection training before
surgery.

The most complex and concentrated structure is the
orbital apex. The optic canal and the superior orbital fissure
(SOF) cross and join into the orbital cavity. The optic nerve
and ophthalmic artery run in the optic tract, and the cranial
nerve (CN) III, IV, V, VI, and superior ophthalmic veins
(SOV) run in the SOF. Within the orbital apex, there is a
unique structure, the Annulus of Zinn, which is an integra-
tion in the fibrous ligaments of all straight (“recti”’) extraocu-
lar muscles.
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Annulus of Zinn

Anterior to the optic canal and the medial aspect of the
SOF, the periorbita thickens, creating the tendinous attach-
ments of the four rectus muscles, the levator palpebrae supe-
rioris, and the superior oblique muscle, forming a tendinous
ring known as the annulus of Zinn.

Periorbita

The periorbita, also playing the role of orbital periosteum,
covers the orbital bone. This thin membrane of dense con-
nective tissue membrane serves as an attachment site for
muscles, tendons, and ligaments, a support structure for the
blood supply to the orbital bones, and its preservation is
important for the protection of orbital structures during sur-
gery. Below it, the orbital cavity is filled with fat, which
protects as a cushion the complex nerve and vascular struc-
tures. Once the periorbita is damaged even a little, orbital fat
will tend to protrude. Thus, by protecting the periorbita
integrity, it will be possible to prevent the protrusion of
orbital contents.

19.1.1 Intraconal and Extraconal Structure

Within the common orbital compartment made by the orbital
wall and the periorbita, there is another smaller compartment
produced by the extraocular muscles attached posteriorly to
the Zinn’s ring and their fascias, having the shape of a conus
(Fig. 19.1a). This partition of two compartments, one inside
the other, allows the division of the pyramidal internal orbital
space into two compartments, both reaching the orbital (pyr-
amid’s) apex as follows:

Fig. 19.1 An illustration of the orbit. (a) Anterior view of the right
orbital apex showing the distribution of nerves as they enter through the
superior orbital fissure and optic canal. This view also shows the annu-
lus of Zinn, the fibrous ring formed by the common origin of the four
rectus muscles. (b) Superior view of the orbit without the orbital roof.

1. Intraconal compartment
2. Extraconal compartment

In each of these compartments can be found the following
important structures:

Intraconal Area

Supero-medial foramen: optic nerve and ophthalmic artery

Superolateral foramen: superior and inferior branches of the
oculomotor nerve, nasochiliary nerve, and abducens
nerve

Extraconal Area

Superior part (entry from superior orbital fissure): lacrimal
nerve, frontal nerve, trochlear nerve, superior orbital vein

Inferior part (entry from the inferior orbital fissure): inferior
ophthalmic vein, infraorbital nerve, zygomatic nerve,
infraorbital artery and vein, ganglionic branch from pter-
ygopalatine ganglion

The osseous orbital apex is formed by the superior orbital
fissure (SOF) and the optic canal. The optic canal is in the
superomedial corner of the orbital apex, and its contents
include the optic nerve and the ophthalmic artery. The optic
nerve is separated from the SOF by an osseous structure
called the optic strut.

The trochlear and frontal nerves locate outside the annu-
lus of Zinn. The SOF is lateral to the optic canal.

The lateral portion of the SOF contains the trochlear,
lacrimal, and frontal nerves, together with the superior
orbital vein (SOV). Superior and medial to the SOF, the
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The optic nerve, the ciliary nerve, oculomotor nerve (superior and infe-
rior branch), and abducens nerve run through the annulus of Zinn. (c)
The frontal nerve, lacrimal nerve, and trochlear nerve run the outside of
the annulus of Zinn
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Fig. 19.2 Orbital arteries and nerves. (a) An illustration of arteries of
the orbit. The central retina artery is the most important artery in the
orbit. (b) An illustration of the orbital nerve connection. The inferior

annulus of Zinn contains the optic nerve and ophthalmic
artery exiting from the optic foramen. The medial portion
of the SOF contains the oculomotor, abducens, and the
nasociliary nerves, the superior ophthalmic vein, and they
are enclosed in the annulus of Zinn, the tendinous ring
attaching four of the six extraocular muscles. The oculomo-
tor nerve further anterior divides into two, the superior and
inferior branches before entering the annulus of Zinn. After
passing the annulus, two branches go to each muscle that
they innervate (Fig. 19.1b, c).

There is a small ganglion in the orbit, which is the ciliary
ganglion (Fig. 19.2b). A fine ramification from the inferior
branch of the oculomotor nerve, a small branch from the
ciliary nerve of the CN V, and a sympathetic branch supply
the ciliary ganglion.

All V1 and V2 divisions of the trigeminal nerve, oculo-
motor, and trochlear nerves pass through the lateral wall of
the cavernous sinus. CN VI passes through the sinus between
the ICA and the lateral wall. The ICA and neighboring sym-
pathetic fibers pass through the medial portion of the sinus.
The greater petrosal nerve, which is the specialized sensory
branch of the facial nerve, and the deep petrosal nerve, which
is the sympathetic branch from the ICA, join to give the ori-
gin of the vidian nerve (Fig. 19.2b).

19.1.2 Arteries

The most important artery—the central retinal artery—is a
small branch of the ophthalmic artery. This artery emerges
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branch of the oculomotor nerve, the ciliary nerve from the trigeminal
nerve and the sympathetic nerve are connected in the ciliary ganglion

on the eye fundus at the papilla after traveling with the optic
nerve in the dural sheath. It provides arterial supply to the
inner surface of the eye bulb wall. This artery supplies blood
to the nerve fibers of the optic nerve, and when occluded,
there will be a complete loss of vision, even though the fovea
is not affected (Fig. 19.2a). Since this blood vessel originates
from the ophthalmic artery near the orbital apex, great care
must be taken when performing orbital apex surgery.

The other vessel to be considered in orbital apex surgery
is the lacrimal artery. This vessel has an anastomosis with the
anterior branch of the MMA and the inferior lateral trunk
(ILT), so its relationship as a tumor-feeding vessel needs to
be considered in meningioma surgery. The ethmoidal arter-
ies also need to be cared for during transnasal endoscopic
surgery.

19.1.3 Anterior Infratemporal Fossa
and Lateral Orbital Wall

The infratemporal fossa can be exposed by an extradural
approach. After temporal dura is exposed and retracted, it is
penetrated between its periosteal and meningeal layers to
reach the lateral wall of cavernous sinus. Next is removed the
lateral wall of the orbit and periorbita exposed. The first
branch of the trigeminal nerve that enters the SOF and the
second entering the foramen rotundum (FR) are identified.
SOF and FR walls and surrounding osseous structure have to
be removed to have exposed the periorbital surface to the
pterygopalatine fossa [1].
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Fig. 19.3 Infratemporal fossa exposure and access route to the orbital
apex. [V Trochlear nerve, /Il oculomotor nerve, FO foramen ovale, FR
foramen rotundum, FS foramen spinosum, GG gasserian ganglion, PPF
pterygopalatine fossa, PF pterygopalatine foramen, SPA sphenopala-
tine artery, /ON inferior orbital nerve, MS maxillary strut, SOF superior
orbital fissure, V2 second branch of the trigeminal nerve, V3 third
branch of the trigeminal nerve, VN vidian nerve, ZyN zygomatic nerve.
(a) The infratemporal fossa exposure in cadaveric dissection. The lat-
eral wall of cavernous sinus is exposed. The orbital roof and lateral wall
is removed and the foramen rotundum is unroofed toward the pterygo-
palatine fossa. (b) The pterygopalatine fossa is exposed. An incision is

After the trigeminal nerve peripheral V2 root was exposed,
beyond it to the periorbita, there is a fat tissue pad containing
the pterygopalatine ganglion in the so-called ptergopalatine
fossa (PPF). There is a fine fiber structure between the PPF
and periorbita called the Muller’s muscle, and it can be
incised. After cutting the zygomatic nerve (ZyN), the inferior
border of the orbit can be exposed. Then, it is possible to
access to the inferior parts of the orbital cavity and maxillary
sinus and sphenoid sinus by moving the second branch of the
trigeminal nerve posteriorly (Fig. 19.3a—d).

The anatomical view of the anterior infratemporal fossa.
(a) The view of the lateral cavernous sinus wall. The trigemi-
nal nerve is exposed, and the superior orbital fissure, foramen
rotundum, and foramen ovale are shown. (b) Between the
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made between the orbit and pterygopalatine fossa. (¢) Part of the ptery-
gopalatine fossa is sectioned to allow the mobilization of the maxillary
nerve together with the pterygopalatine fossa. (d) There are two corri-
dors to access in the orbit. Inferior lateral approach and superior lateral
approach are the safe entry zone to the orbital apex. F'O foramen ovale,
FR foramen rotundum, SOF superior orbital fissure, IV trcholar nerve,
I oculomotor nerve, /CA internal carotid artery, GG Gasserian gan-
glion, MS maxillary strut, PPF pterygopalatine fossa, SS sphenoid
sinus, VI ophthalmic nerve, V2 maxillary nerve, V3 mandibular nerve,
ZyN zygomatico temporal nerve

periorbita and the pterygopalatine fossa (PPF) is placed the
incision line to expose the inferior aspect of the orbit. (c) The
V2 is retracted posteriorly. The zygomatic nerve (ZyN) can
be seen between the PPF and periorbita. (d) The two dotted
lines are the incision lines to enter the orbital apex.

19.1.4 Symptoms and Syndromes

Syndromes associated with orbital apex include the Rochon-
Duvigneaud syndrome (orbital apex syndrome) [2], Jacod
syndrome (superior orbital fissure syndrome) [3], and cav-
ernous sinus syndrome (cavernous sinus syndrome) [4].
However, with proper anatomical knowledge, it will be easy
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to understand the structural and functional effects of the dif-
ferent locations of lesions.

(a) Orbital apex syndrome
(b) Superior orbital fissure syndrome
(c) Cavernous sinus syndrome

These syndromes are reported as syndromes because of
the concentration of nerves and blood vessels in the orbital
apex, which the symptoms complex and specific. Because of
the concentration of nerves and blood vessels in the orbital
apex region, it is sometimes difficult to determine the origin
of tumor development using MRI alone. Clinical diagnosis is
also important to determine whether the tumor is intraconal
or extraconal in origin. By considering the relationship
between bones, ligaments, and nerves and the mechanism of
tumor development, we can understand the symptoms.

19.2 Disease

Although there are some rare diseases, there are not so many
tumors that we encounter as neurosurgeons [5].

In this chapter, some of the most common diseases are
presented. In cases of benign tumors, if function is still pres-
ent, the goal is to perform surgery that preserves function as
much as possible. Opposite, for tumors that are benign but
cannot be removed without functional deterioration, surgery
will have a role when the patient has completely lost visual
function. This needs to be discussed in depth, as it depends
on the patient’s perspective on function.

In the case of malignant tumors, the procedure of removal
is completely different. If we aim for radical surgery, we
need to consider the removal of the orbital area with an
extent of removal to the cavernous sinus and the anterior part
of the middle skull base with adequate tumor margin, even
with the loss of function and anatomical structure.

Neoplasm, Inflammatory Disease, and Trauma
* Meningioma

e Spheno-orbital meningioma

e Optic sheath meningioma

e Schwannoma

* Orbital cavernous hemangioma
e Malignancy

e Metastasis

e Dermoid, epidermoid

» Fibrous dysplasia

e Lymphoma

e Lacrimal gland tumor

19.3 Approaches

1. Transcranial: for an intra-orbital lesion
Frontotemporal approach
Superior lateral approach
Inferior lateral approach
Medial approach
2. Transcranial: for an intra- and extra-orbital lesion
Orbital and infratemporal fossa exposure
3. Endoscopic: orbital lesion
Endoscopic:  transnasal-trans-sphenoidal-trans-maxil-
lary-trans-ethmoid approach

1. Transcranial Approach to the Orbit
(a) Superolateral approach
In case of a tumor located in area A (Fig. 19.4a),
the approach is between the levator palpebrea muscle
and the lateral rectus muscle. Trochlear and frontal
nerves (V1) run medially, and lacrimal nerve runs lat-
erally from V1 as showed in figure. After dissection
of these structures, the orbital cavity can be entered.
In case the tumor is in the SOF, care should be taken
not to damage these nerves. Most fragile is the oculo-
motor nerve.
(b) Inferior lateral approach
In case of the tumor is located in the area C
(Fig. 19.4a), it is possible to use the corridor between
the lateral rectus and inferior rectus muscles. When
the anterior infratemporal fossa is sufficiently
exposed, the inferior border of the lateral rectus mus-
cle can be identified. This approach is useful if the
tumor is on the lateral inferior border; however, in
practice, this approach is rarely used. In case of oto-
laryngological diseases such as maxillary sinus
malignant pathology, the surgeon should be aware of
the specific anatomical landmarks.
(c) Medial approach
The medial approach is inevitably difficult as an
approach due to the limited access (Fig. 19.4b). At
the orbital apex, the medial approach is the least
structured route for access to the optic nerve. In case
of sacrificing the optic nerve, such as in optic glioma
cases, proximal optic nerve ligation can be performed
in this approach. The annulus of Zinn can be opened
between the superior rectus muscle and superior
oblique muscle. Only the trochlear nerve should be
divided before access to the orbital apex.
2. Transcranial Intra and Extraorbital Lesion
Diseases of the lateral orbital wall and periorbital region
often progress to the anterior infratemporal fossa. In case
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Fig. 19.4 Three approaches to the orbital lesion. (a) Three areas of the
orbital lesion. Area A is able to approached via superior lateral approach.
Area B is able to approach via medial approach. Area C is able to

- .
P

approach via infra lateral approach. (b) The schema of the three
approach corridors

Fig. 19.5 Orbital and infratemporal fossa exposure. JON inferior
orbital nerve, LPM inferior head of lateral pterygoid muscle, MM
Muller muscle, MPM medial pterygoid muscle, MaxS maxillary sinus,
PPF pterygopalatine fossa, SphS sphenoid sinus, VI ophthalmic nerve,
V2 maxillary nerve, V3 mandibular branch, ZyN zygomatic nerve. (a)

the tumor extends to the orbit and cavernous sinus and/or
pterygopalatine fossa, the extradural transcranial infra-
temporal fossa approach is appropriate (Fig. 19.5a and b).
Furthermore, sphenoid sinus, maxillary sinus, and eth-
moid sinus are also accessible by extradural approach.
This is a very useful approach in otolaryngology and is
the region providing access to the middle cranial fossa
through the sinuses.

The schema of the anterior infra temporal fossa exposure.
Pterygopalatine fossa is translocated laterally and the sphenoid sinus is
opened between the V1 and V2. (b) TheV2 branch is translocated later-
ally and exposing the maxillary sinus, ethmoid sinus and sphenoid sinus
through the V1 and V2 corridor

(d) Endoscopic Transnasal Approach

The nasal endoscopic technique also allows a less
invasive approach to the orbit. The inferior wall of
the orbit and the orbital apex is accessible through
the ethmoid, sphenoid, and maxillary sinuses. By
opening the paranasal sinuses, the medial or inferior
orbital walls can be reached, and optic canal decom-
pression can be performed [6].
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19.4 Clinical Cases

19.4.1 Sphenoorbital Meningioma

Sphenoid or spheno-orbital meningiomas are supplied by the
MMA, lacrimal artery, recurrent meningeal artery, and
ILT. If the meningioma is fed by anastomotic vessels of the
MMA and the lacrimal artery through a recurrent meningeal
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artery or a lacrimal meningeal artery, there is a possibility for
the orbital wall and roof to be thickened.

If the recurrent meningeal artery is the feeding vessel, the
anterior clinoid process may also be thickened in continuity
with the thickening of the orbital wall. In cases of severe
bony hyperplasia of the orbital wall, it should be noted that
the periorbita within the orbit may also be tumorigenic
(Fig. 19.6a-d).

Fig. 19.6 MRI image of sphenoorbital meningioma clinical case. (a,
b) Gadolinium enhanced MRI axial image show the enhanced mass
lesion in the right sphenoid wing. The tumor invaded in the lateral and

superior wall of the orbit, temporal and frontal dura mater, and medial
aspect of temporal muscle. (¢, d) Gadolinium enhanced MRI coronal
image shows the mass lesion invades in the sphenoid wing
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Fig. 19.7 Intraoperative image of sphenoorbital meningioma clinical
case. (a) Removal of the thickened orbital roof. (b) Exposing the
invaded meningioma on the periorbita. (¢) After removing the perior-

Periorbital meningiomas should be removed well with the
periorbita until exposing fat; otherwise, recurrence rate
would be high. The ligamentous tissue of the Annuls of Zinn
has not been observed to be the origin of meningiomas; thus,
it is not necessary to cut the ligament to release it. However,
if the tumor invades into the optic canal with optic nerve
compression, the optic canal needs a bony decompression
followed by dural incision over the nerve (Fig. 19.7a—d).

19.5 Schwannoma

Orbital schwannoma is often located in the superior or
medial superior aspect of the orbit. Orbital schwannomas
most commonly arise from the supraorbital or supratrochlear
branch of the trigeminal nerve [7]. In schwannomas present-
ing with orbital pain, exophthalmos, and visual deficit, surgi-
cal treatment is indicated.

There are two surgical options: transnasal endoscopic or
transcranial open tumor removals. Orbital apex tumors that
affect the optic nerve need removal, even if they are small.

bital meningioma. (d) Removal of the anterior infratemporal fossa
bone. The peripheral branches of the trigeminal nerve are exposed

The choice of surgical approach depends on tumor location.
For tumors located in the medial parts of the orbit, the trans-
nasal endoscopic approach can be recommended. When the
tumor locates in the superior parts of the orbit, the extradural
fronto-temporal transcranial approach is appropriate. Since
schwannomas rarely arise from motor nerves responsible for
eye movements, the safe way to remove a tumor is to per-
form internal decompression of the tumor. Because the sur-
rounding fine nerves, such as the ciliary nerve may be
involved, great care must be taken during surgery at its entry
to the orbit.

19.6 Orbital Cavernous Hemangioma

Cavernous hemangiomas are the most common vascular
lesions of the orbit in adults and account for 5-7% of all
orbital tumors. Nowadays, stereotactic radiosurgery (SRS)
might be effective and safe.

In cases where they are symptomatic, or growth of the
lesion is demonstrated on follow-up imaging, surgical
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Fig. 19.8 Clinical case of cavernous hemangioma in the superior
orbital fissure. (a, ¢) Preoperative MRI image. MRI shows that the
enhanced small mass lesion on the orbital apex. The optic nerve is

removal is required (Fig. 19.8a—d). Intraorbital cavernous
hemangiomas have relatively clear margins, with a fine
fibrous tissue layer adhering to the surface of the hemangi-
oma where small blood vessels penetrate and adhere to the
surrounding structures (Fig. 19.9a—d). If this vascular sup-
ply is coagulated and detached, the tumor can be removed as
a single mass. Unlike the case of schwannoma, the tumor
can be removed at the plane external to the capsule. Since
the orbital cavity is filled with fat, it is important to avoid
unnecessary fat manipulation and remove just the cavernous
hemangioma itself. Once the fat protrudes, it will continue
further and further out, so adequate precaution is needed. As
an extracapsular removal, constant attention to the sur-
rounding neural and vascular structures should be given.
However, in the rare case when the hemangioma is intra-
conal in the orbital apex and the lesion is surrounded by

pushed medially by the tumor. (b, d) Postoperative MRI image. MRI
shows the tumor is removed and small residual tumor is seen in the
superior orbital fissure

nerves, extracapsular removal may not be possible.
Therefore, the purpose of surgical procedure will be to
obtain a pathological diagnosis and decompression of the
optic nerve by debulking, also considering the SRS an effec-
tive and safe additional option.

SRT remains one of the alternative treatments for orbital
cavernous hemangioma [8, 9].

If the tumor is in the inferior part of the orbit, the transna-
sal endoscopic resection can be useful. The intraconal space
can be accessed between the inferior and medial rectus mus-
cles. In the past, when the tumor was located infero-medially,
it was difficult to reach the lesion from the lateral side by
open surgery, and a contralateral approach was also advo-
cated. Since the development of nasal endoscopic surgery
and the improvement of surgical techniques, the approach to
the medial inferior orbit has become much easier.
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Fig. 19.9 Intraoperative image of the superior orbital fissure cavern-
ous malformation. (a) Frontotemporal craniotomy is performed. (b)
Orbit and superior orbital fissure are exposed and the small corridor

19.7 Optic Nerve Sheath Meningioma
(ONSM)

ONSMs consist of proliferations of meningothelial cells,
which are thought to originate from the arachnoid villi of the
arachnoid layer. Optic sheath meningioma is more difficult
to remove because the tumor grows in the orbit along and in
direct contact with the optic nerve.

If the tumor is small but localized to the orbital apex and
compresses the optic nerve, causing visual field disturbance
or vision loss, surgery is required to open the optic canal and
biopsy by taking only a portion of the tumor. There are three
management options for ONSM: follow-up, surgical
removal, and radiation therapy. However, due to the nature of
the tumor and the characteristics of the optic nerve function,
a cure by surgical treatment means a loss of optic nerve func-
tion. ONSM is a benign tumor, but due to its relationship to
optic nerve function, it can only be completely removed
under certain conditions, and complete removal is difficult
and unpredictable. Because the tumor is benign, it is unac-

between the oculomotor and trochlear nerve. (¢) Small piece of a tumor
is seen between the oculomotor and trochlear nerve. (d) The tumor is
removed without damaging the nerves

ceptable for patients to sacrifice their vision. Surgical treat-
ment is only recommended when a definitive tissue diagnosis
is made and for complete removal of the tumor when the
patient eye is completely blind.

The results of stereotactic radiotherapy are acceptable [10]
and in some cases can be expected to reduce or control tumor
size and even improve visual function. In the situation where
the tumor is in the orbital apex and the optic nerve function is
decreasing, it is desirable to release the pressure on the optic
nerve by performing optic nerve canal decompression to pre-
vent the optic nerve function from decreasing due to tempo-
rary tumor growth after radiosurgery [11, 12].

19.8 Conclusion

Orbital lesions are directly related to the visual and ocular
functions and have a great impact on patient’s life, requiring
very well planned, indicated, and understood by the patient
treatment. The anatomical complexity of the lesion requires
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a rational and often combined treatment strategy. Surgical
treatment is based on the detailed anatomy of the intraorbital
and apical portions of the orbit.

The relationship of the orbital apex to the orbit, anterior
infratemporal fossa, and paranasal sinuses is very important.
This is an area where there is a wide range of surgical options,
and a thorough knowledge of both transcranial and nasal
endoscopic approaches is required.
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Abstract

In this chapter, we highlight the essential perioperative
preparations, anatomical landmarks, and step-by-step sur-
gical techniques for endoscopic endonasal approach to
lesions in the optic canal and orbital apex.
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20.1 Introduction

Optic canal and orbital apex lesions are difficult to approach
surgically due to the conglomeration of critical structures
confined in the anterior skull base. While lesions are usually
benign, they may cause significant morbidities including
visual loss, ptosis, diplopia, exposure keratopathy, proptosis,
and facial deformities. Surgeries may also induce iatrogenic
injuries to neural (cranial nerves I, IIL, IV, V, VI, parasympa-
thetic and sympathetic innervation), vascular (ophthalmic
artery and veins), muscular (extraocular muscles), and other
adnexal and periocular (lacrimal gland, lacrimal drainage,
and eyelid) structures.
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The three borders of the orbital apex can be reached by lat-
eral (transcutaneous, transforniceal, or transtemporal), medial
(transcutaneous, transcaruncular, or transethmoidal), and supe-
rior (transcutaneous, transconjunctival, or transcranial) orbitot-
omy. Endoscopic transethmoidal approach utilizes fiberoptic
scopes through natural orifices avoiding periocular incisions.
Importantly, this is among the more popular “extraorbital” (the
others are transtemporal and transcranial) approaches to mini-
mize intraoperative orbital retraction and iatrogenic compres-
sive damage to the globe and the apical structures. Operative
view is enhanced by fiberoptic illumination and magnification,
and allows real-time capturing as high-definition or even three-
dimensional videos. Orbital fat herniation into the surgical
field should be minimized before periosteal incision. On the
other hand, pre-existing nasal pathologies including deviated
nasal septum may need to be managed, possibly in the same
operation. In appropriately selected lesions (medial, inferior, or
inferomedial based), patients and surgical teams, endoscopic
approach to the orbital apex offers a less traumatic alternative
to the classic transorbital approach.

The intricate anatomies limit surgical trajectories and
direct visualization of critical structures (e.g., skull base,
optic nerve, carotid, and ophthalmic artery). Dedicated
instruments including endoscopic video setup is required,
while navigation system and sinus surgery instruments
(either powered or cold steel) are optional. A steep learning
curve is expected for surgeons without prior endoscopic
experience (e.g., endoscopic lacrimal surgeries), while post-
operative endoscopy follow-up is essential.

Endoscopic orbital surgeries are primarily performed
through paranasal sinuses to access to the medial orbit (trans-
ethmoidal), inferior orbit (transmaxillary), and optic nerve
(transethmoidal or trans-sphenoidal), or through the subperi-
osteal space to reach all quadrants of the orbit during endo-
scope-assisted orbitotomies/ endoscopic transorbital (ETO)
approach or transorbital neuroendoscopic surgery (TONES).
Applications are wide and have been covered elsewhere in
the book.
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Surgery to the orbital apex may be indicated for decom-
pression, incisional or excisional biopsy, or removal of
foreign bodies. These may be combined with lateral (trans-
cutaneous) or inferolateral (transantral, transconjunctival,
transcutaneous) bone and/ or fat removal to augment the
amount of proptosis reduction in thyroid-associated orbitop-
athy or other conditions. Traumatic optic neuropathy (TON)
and idiopathic intracranial hypertension (ITH) are indications
for optic canal decompression with or without optic nerve
sheath fenestration.

20.2 Pertinent Surgical Anatomy

The optic canal is formed by the two struts of the lesser
wing of the sphenoid bone. It contains the optic nerve and
the ophthalmic artery. This canal is approximately 10 mm
long and 4-5 mm wide. It is thinner and wider proximally
and thicker and narrower distally. At this point, the dura
mater and the periosteal layer of the optic canal fuse to
form the periorbita. Typically, the ophthalmic artery lies
inferolateral to the optic nerve, but a more medial trajectory
is possible and hence should be considered during decom-
pression. The central retinal artery leaves the ophthalmic
artery 10 mm behind the globe. As seen from below, the
optic canal is in direct contact with the lateral sphenoid
recess and the most posterior ethmoidal cells. Among these
cells are sphenoethmoidal Onodi cells, which may directly
cover the optic canal and must be opened to expose the
optic nerve [1].

The orbital apex is the area between the orbit and intracra-
nial space. The lesser wing of the sphenoid bone forms the
roof of the apex, the ethmoidal sinus forms the medial wall,
the greater wing of the sphenoid forms the lateral wall, and
the orbital process of the palatine bone forms the floor. The
optic canal is bordered by the sphenoid bone, superiorly by
the lesser wing, inferolaterally by the optic strut, and medially
by the sphenoid body. The superior orbital fissure is inferolat-
eral to the optic canal separated by the optic strut and bor-
dered by the lesser wing of the sphenoid superiorly and
medially, by the greater wing of the sphenoid bone laterally
and the orbital process of the palatine bone inferiorly [2].

The anterior skull base receives significant blood supply
from the anterior (AEA) and posterior ethmoidal arteries
(PEA). They arise from the ophthalmic artery in the medial
third of the orbit and range in between 0.5 and 1 mm in diam-
eter [3]. The anatomy of the ethmoidal arteries is of concern
to surgeons performing endoscopic sinus surgery, as injury
to these arteries may cause uncontrolled intraorbital hemor-
rhage and vision loss. These arteries enter the anterior and
posterior ethmoidal canals and leave the canals to enter the
anterior cranial fossa at the anterior and posterior ends of the

lateral edge of the cribriform plate. They mark important
landmarks of the skull base by forming the superior surgical
limit at the frontoethmoidal junction. The “24-12-6" rule of
thumb is proposed for the distance from the anterior lacrimal
crest to the anterior ethmoidal foramen (24 mm), from the
anterior to posterior foramina (12 mm), and from the poste-
rior foramina to the optic canal (6 mm) to estimate the loca-
tions of the AEA and PEA [4].

20.3 Surgical Technique
20.3.1 Perioperative Preparation

A detailed ophthalmological assessment should include thor-
ough documentation of visual acuity, visual fields, relative
afferent pupillary defect, optic nerve head appearance, color
vision, exophthalmometry, eyelid position, presence of dip-
lopia, and limitations and pain on extraocular muscle move-
ments. A thorough preoperative endoscopic nasal
examination looking for nasal septal deviation, nasal polyps,
and signs of chronic rhinosinusitis is required to identify
conditions, which may require co-management with rhinolo-
gists. If needed, 2-3 days’ course of Rhinocort Aqua 64 mcg/
actuation nasal spray (McNeil Products, United Kingdom)
and Otrivin nasal drops (GlaxoSmithKline, United Kingdom)
are prescribed to decongest the nasal mucosa.

Preoperative orbital imaging including computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) of the
orbits is complementary in apical surgeries. CT orbits are a
valuable tool for evaluation of detailed bony anatomy.
Preoperative knowledge of the height of the skull base, loca-
tion of cribriform plate, depth of olfactory fossa (based on
Keros classification), and anatomical variations permit safe
surgical access and guide setting up of the navigation sys-
tem. MRI is superior at delineating soft tissue layers and pro-
vides useful information including degree of inflammation,
vascularity, and cellularity (from perfusion and diffusion-
weighted imaging). It also details the relationship of sur-
rounding neurovascular structures including the globe, optic
nerve, cranial nerves, extraocular muscles, cavernous sinus,
and intracranial structures. Decision for the need of preop-
erative embolisation or sclerotherapy should be determined
to achieve optimal intraoperative hemostasis and completion
of excision.

Finally, surgical precision is assisted by the use of image-
guided navigation system based on preoperative CT and/ or MRI
images to track and visualize the surgical procedure in real-time
in relation to the preoperative imaging in two- or three-dimen-
sional modes. Appropriate instrumentations, including long-han-
dled endo-diathermy, cryoprobe, microscissors, and functional
endoscopic sinus surgery set, should be available.
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20.4 Step-by-Step Surgical Technique
20.4.1 Preparation and Anesthesia

Surgery is typically performed under general anesthesia.
With the patient in supine position, patient’s head should be
elevated to decrease venous congestion, and neck slightly
extended. Nasal packing with ribbon gauzes or neurosurgical
cottonoid soaked in 5% cocaine, 1:10,000 adrenaline, 0.05%
oxymetazoline, and/ or topical tranexamic acid is placed
under the middle meatus to decongest and vasoconstrict the
nasal mucosa. The middle turbinate is medialized, fractured,
or a limited middle turbinectomy can be performed to
improve middle meatal access. Optional limited conjunctival
periotomy is performed to isolate and sling any rectus extra-
ocular muscle with 4-0 silk sutures.

20.4.2 Uncinectomy and Ethmoidectomy

Ethmoidectomy widens the surgical corridor to the ventrolat-
eral skull base [3]. The extent of ethmoidectomy (partial or
complete) can be guided by intraoperative navigation system
to ensure targeted removal of lesion. Ethmoidectomy begins
with an uncinectomy, performed using Stammberger or
swinging door techniques. The anterior, middle, and poste-
rior ethmoidal air cells are then sequentially removed with
cold steel (e.g., Blaksley forceps) or powered (e.g., micro-
debrider) instruments. The nasofrontal opening must be pre-
served while removing the Agger Nasi air cells. As
mentioned, the anterior and posterior ethmoidal vessels are
useful landmarks of the superior surgical limit at the fronto-
ethmoidal suture.

After ethmoidectomy, the sphenoid sinus entry and lam-
ina papyracea will be evident. The lamina can be punctured
with a seeker probe or periosteal elevator, while the bone
fragments can be removed with Blaksley or Takahashi for-
ceps. Depending on the extent of decompression required
and the size and location of the lesion, the lamina can be
removed in part or in whole up to the sphenoethmoidal junc-
tion including the posterior part of the ethmoidomaxillary
strut and the orbital process of the palatine bone especially
for apical decompression (Fig. 20.1a). At this stage, the peri-
orbita should preferably be kept intact to prevent fat prolapse
into the surgical field. The skull base is recognized by the
characteristic granular surface of the fovea ethmoidalis and
increased bone thickness (Fig. 20.1b). Maxillary antrostomy
should be done to prevent occlusion of sinus drainage by
prolapsing orbital tissues, which may lead to postoperative
sinusitis (Fig. 20.1c).

20.4.3 Endoscopic Transethmoidal Approach
to Orbital Apex Lesions

Following adequate removal of lamina papyracea, the peri-
orbita is incised as guided by location and size of lesion
using a sickle knife, a bent 18-gauge needle on a tuberculin
syringe, or a crescent knife. Lesions are gently dissected
from surrounding intra- or extraconal fat with a blunt-tipped
instrument, for example, a seeker probe or transphenoidal
dissector. Extraconal lesions are readily visible after perior-
bita incision. Intraconal lesions are accessed following
retraction of medial, superior, and/or inferior rectus muscles
either endonasally or conjunctivally with/ without muscle
detachment. Orbital fat will come into view and retracted
using wet neurosurgical cottonoids. Fat removal should be
limited using a manual suction punch under direct visualiza-
tion in a controlled manner. Image-guidance can be useful
for small lesions. Once the lesion is identified, blunt and
limited sharp dissection begins from distal to proximal.
Incisional biopsy can be performed should the representa-
tive part of the lesion is exposed, confirmed with the naviga-
tion images. Gentle, intermittent, and controlled traction by
sutures, forceps, or cryoprobe is performed while monitor-
ing pupillary changes. Any feeding vessel may be cauter-
ized before delivering the entire lesion into the nasal cavity.
If complete excision is deemed impossible, for example, an
infiltrative lesion or sustained mydriasis, debulking fol-
lowed by an orbital apex and/or optic canal decompression
can be an alternative.

A four-hands, binarial transeptal approach may be adopted
after a posterior nasal septectomy to allow access from con-
tralateral nare to accommodate multiple instrumentations.

20.4.4 Optic Canal Decompression:
Transethmoidal or Trans-Sphenoidal
Approach

The medial aspect of the optic canal can be decompressed
endoscopically through the ethmoid or sphenoid sinus.
During transethmoidal approach, complete ethmoidectomy
is performed as described above until sphenoid sinus entry is
reached. Alternatively, during transsphenoidal approach, the
superior turbinate is removed to expose the sphenoid sinus
ostium, with or without a posterior bony septoplasty. Once
the sphenoid sinus is reached, anterior sphenoidotomy is per-
formed to expose the optic canal, internal carotid artery, and
medial and lateral opticocarotid recesses (Fig. 20.2a and b).
These landmarks should be confirmed with navigation sys-
tem before the following steps (Fig. 20.2¢ and d).
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Fig. 20.1 (a) Endoscopic view (right side). Following complete eth-
moidectomy and removal of lamina papyracea demonstrating removal
of the posterior ethmoidomaxillary strut (white arrow) and later pos-
terior orbital floor and the orbital process of the palatine bone with
rongeur (R) to achieve maximum apical decompression. (b)
Endoscopic view (right side). Identification of surgical landmarks

A long-handled diamond burr is used to drill over a seg-
ment of the bony optic canal, typically the middle section,
with constant irrigation to prevent heat damage to the underly-
ing optic nerve. Once the canal bone becomes eggshell thin, a
periosteal elevator is used to peel off the remaining bone away
from the optic nerve and sheath. Pulsations of the optic nerve
signal good decompression are achieved. The rest of the bony
canal from the apex toward the chiasm can be removed by

including fovea ethmoidalis (white dotted lines), medial periorbita
(black asterisk), and a preserved anterior ethmoidomaxillary strut
(white star). (¢) Endoscopic view (right side). Incision of the retrobul-
bar part of the periorbita exposing orbital fat (yellow asterisk). Note
the enlarged maxillary antrum to avoid postoperative sinus occlusion
(blue dotted line)

drilling or with a 1-mm sphenoid rongeur mechanically. The
optic nerve sheath should be examined for any hematoma, par-
ticularly when there is associated canal fracture. If indicated,
the optic nerve sheath and annulus of Zinn are incised with a
sickle knife, crescent knife, or bent 18-gauge needle, to expose
the underlying pia matter. Incisions should be shallow, as the
superomedial quadrant of the cone is where damage to the
inferiorly positioned ophthalmic artery may occur.
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Fig. 20.2 (a) Endoscopic view (left side). After left ethmoidectomy
and anterior sphenoidotomy. (b) Endoscopic view (left side). The
medial aspect of the optic canal (green dotted line). Pointer is identified

20.5 Surgical Pearls

Pupil size should be monitored throughout the surgery either
manually or by a pupillometer. Traction, irritation, or vascu-
lar compromise to the optic nerve may lead to pupil dilata-
tion, while vasoconstricting or anesthetic agents applied
locally after periorbita is opened may cause sectoral mydria-
sis. Traction should be released immediately and surgery
resumed after pupil achieves a small and round state.
Hemostasis is achieved intraoperatively with the 6Ps:
pressure (nasal packing), physical (cold saline irrigation),
pharmacological (topical vasoconstrictants), position (head-
up), procedural (cautery), and patience (of the operating sur-
geons). To limit the use of cauterization in the orbital apex,
the use of topical agent (e.g., tranexamic acid)-soaked cot-
tonoids (neuropatty) may displace a broad area of fat while
achieving hemostasis to facilitate dissection. Monopolar
cautery and vasoconstrictor (e.g., adrenaline) should be

(P) (¢ and d) Navigation panel showing location of navigation pointer
from (b) (green cross) over at the optic canal opening on coronal (¢) and
axial (d) computerized tomography images

avoided around the orbital apex. Small pieces of Surgicel
(absorbable hemostat, oxidized cellulose polymer) is useful
over sinus mucosa, and bone wax over bleeding bone edges
may be left at the end of the surgery if necessary. Nasal pack-
ing with absorbable (e.g., nasopore, gelfoam) or nonabsorb-
able (ribbon-gauze, merocel) materials can be placed at
conclusion of operation to avoid adhesions between the sep-
tum and the middle turbinate.

20.6 Postoperative Management

Preliminary visual and pupillary assessment should be per-
formed in the recovery room after anesthesia is reversed. A
short course of intravenous steroid may enhance deconges-
tion and relieve any pre-existing and postoperative optic neu-
ropathy. Patients should be nursed 30 degrees inclined with
frequent cold compress to the forehead. Hot food, drinks,
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and nose-blowing should be avoided during the first week
postoperatively. Nasal steroidal sprays, steroid-antibiotic
eyedrops, and systemic antibiotics are prescribed based on
the surgeon’s discretion.

Upon postoperative endoscopic examination, if nasal
tamponades were placed, they should preferably be moist-
ened before removal. Electrocautery, silver nitrate, or repack-
ing can be used under endoscopic monitoring when active
mucosal bleeding is present. Following removal of nasal
packs, patients are instructed to perform nasal douching to
remove crusts and hasten mucosal healing. Endoscopic toi-
leting around the maxillary antrum is performed to prevent
postoperative sinusitis. Adjunctive postoperative endoscopic
manipulation including periosteal release or intraorbital ste-
roidal injection can be performed before mucosa is healed.

20.7 Complications

General complications include the

following:

following surgery

— Bleeding ranging from epistaxis and periorbital hema-
toma, to retrobulbar hemorrhage

— Infection of sinus, orbit, or meninges

— Nasolacrimal duct injury

— Cerebrospinal fluid leakage and rhinorrhea

— Direct and indirect (ischemia) injury to optic nerve with
reduced vision or blindness

Specific complications depend on the surgical indication.
New-onset or worsening of existing diplopia following
orbital apex decompression may be due to displacement,
entrapment, and/ or injuries to extraocular muscles, cranial
nerve palsies, and fat adhesion syndrome. Removal of intra-
conal fat to improve visualization may inadvertently trauma-
tize branches of the ophthalmic artery and branches of the
third cranial nerve. Compared to extraconal lesions, intra-
conal lesions are associated with greater incidence of incom-
plete removal and postoperative morbidities including
new-onset diplopia and enophthalmos [5]. Carotid artery

injury may lead to stroke and shock while ethmoidal vessels
retrobulbar hemorrhage.

It is prudent to have access to suitable endonasal equip-
ment to reduce complications. High speed bone drilling with
a coarse diamond burr is useful as heat created may facilitate
hemostasis. The Sonopet Ultrasonic Aspirator (Stryker,
USA) provides fine bone emulsification while protecting soft
tissues and avoiding collateral damage. Three-dimensional
video endoscopic system enhances depth perception and
skull-base appreciation especially in distorted anatomies or
for less experienced surgeons. Bipolar cautery and cryo-
probes of appropriate length and angulation (Bayonet) facili-
tate endonasal hemostasis and lesion removal.

20.8 Surgical Outcomes: Scientific
Evidence

The first descriptions of endonasal approaches to orbital sur-
gery began in 1990s and have since been evolving [6]. Over
the years, only limited case series from high-volume institu-
tions were published in the literature, and as such, evidence
of efficacy of the surgical approach is limited by small sam-
ple sizes and lack of randomized controlled trials.

Orbital cavernous hemangioma (OCH) is the most com-
mon benign orbital space-occupying lesions in adults. Due
to its well-circumscribed and compressible nature, it is a
classic indication for endoscopic endonasal removal.
Table 20.1 shows case series reporting outcomes following
surgery. Although visual loss is a potentially devastating
complication of the surgery, it was only reported in one
series, including 77.8% (14/18) who had improved or stable
vision, while 22.2% (4/18) had dropped vision postopera-
tively [12]. Transient, new diplopia was common, though
the majority does not result in permanent morbidity.
Incomplete resection was reported and may be due to prox-
imity to optic nerve to avoid risk of optic neuropathy from
vasospasm or undue traction during dissection [10].
Enophthalmos was infrequently recorded and may warrant
subsequent orbital reconstruction. A global multicenter clin-
ical study in 2015 revealed that 21.7% patients had enoph-

Table 20.1 Outcomes of orbital cavernous hemangioma resection following endoscopic endonasal surgery

No. of Location | Incomplete Transient | Permanent
Author Year* | patients | M:F IC:EC excision Visual loss | diplopia | diplopia Enophthalmos
Muscatello et al. [7] 2012 |3 1:2 3:0 0 0 1(33.3) 0 0
Castelnuovo et al. [8] 2012 |16 10:6 9:7 0 0 3(18.9) 2(12.5) 1(6.25)
Netuka et al. [9] 2013 |3 0:3 2:1 0 0 0 0 0
Chhabra et al. [10] 2014 |5 3:2 5:0 1 (20) 0 5 (100) 1(20) 2 (40)
Bleier et al. [5] 2015 |23 10:13 | 16:7 6 (26.1) 0 9 (39.1) 1(4.35) 21.7
Maetal. [11] 2019 |23 10:13 | 16:7 7(30.4) 0 8 (34.7) 0 0
Lietal. [12] 2021 |18 7:11 18:0 6.7 4(22.2) 0 0 0

F female; /C:EC intraconal: extraconal, M male, No. number; numbers are expressed in percentages within brackets

2 Year published
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Table 20.2 Outcomes of idiopathic intracranial hypertension following optic canal decompression with or without optic nerve sheath

fenestration

No. of Visual Visual Papilloedema | Headache VF
Author Year* | patients | M:F improvement | Deterioration |improvement |improvement |improvement | CSF leak
Sencer et al. [13] 2014 |10 1:9 7 (70) 1(10) 7 (78) 4/7 (57.1) 8 (80) 0(0)
Yildirim et al. [14] 2015 |2 0:2 2 (100) 0 (0) NS 1 (50) 2 (100) 0 (0)
Tarrats et al. [15] 2017 |34 5:29  129(85.3) 0(0) 27 (81.4) 27 (81.8) 32 (93.8) 0(0)
Goksu et al. [16] 2021 |9 2:7 7 (78) 0(0) 6 (66.7) 6 (66.7) 5/8 (62.5) 0(0)
Wadikhaye et al. [17] |2021 |21 2:19 1 19(90.5) 0(0) 19 (90.5) 14 (66.7) 17 (81.0) 0(0)
Numbers are expressed in percentages within brackets
CSF cerebrospinal fluid, F female, M male, No. number, NS not specified, VF visual field
2 Year published
Table 20.3 Outcomes of traumatic optic neuropathy following optic canal decompression
Author Year* | No. of patients | M:F Visual improvement | Visual loss | CSF rhinorrhea | Need for further surgery
Berhoumaetal. [1] 2014 |11 3:8 6 (54) 0(0) 0(0) 4(36.4)
He et al. [18] 2016 |11 8:3 5(45.5) 0 2(18.2) 0
Yuetal. [19] 2016 |96 86:10 |45 (46.9) 0(0) 4 (4.17) 0
Yu et al. [20] 2018 |62 53:9 34 (54.8) 2 (3.23) 3(4.84) 0

Numbers are expressed in percentages within brackets
CSF cerebrospinal fluid, F female, M male, No. number
2 Year published

thalmos and 26.1% patients with worsened diplopia after
endoscopic endonasal resection of OCH [5]. Current data
suggests that endoscopic removal of intraconal cavernous
hemangiomas is feasible and safe.

Outcomes of idiopathic intracranial hypertension (IIH)
following optic canal decompression with or without optic
nerve sheath fenestration is included in Table 20.2, while
Table 20.3 shows outcomes of TON following optic canal
decompression. Without conclusive evidence from random-
ized controlled trials evaluating the natural course and opti-
mum management of IIH or TON, the current management
is tailored according to the stage of presentation.
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Abstract

Cavernous sinus surgery has evolved in the last decades
moving toward less invasive approaches to reduce postop-
erative morbidities. Endoscopic endonasal techniques
have been a revolution in skull base surgery providing a
natural and direct line of sight to deep-seated skull base
lesions such as the cavernous sinus, complementing the
standard transcranial approaches. In this chapter, endo-
scopic anatomy, patient selection and contraindications,
and surgical technique among clinical cases are
provided.
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21.1 Introduction

Treatment for skull base tumors involving the cavernous
sinus (CS) and middle fossa has significantly evolved during
the last decades. After pioneer surgery performed by
Parkinson [1] to treat vascular lesions within the parasellar
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compartment, several transcranial approaches such as the
frontotemporal, orbitozygomatic epidural [2], and the mid-
dle fossa approaches have been described to access the CS
using the so-called “Kawase,” “Hakuba,” or “Dolenc” tech-
niques [3-5]. Transcranial approaches, through a lateral-to-
medial trajectory, have provided optimal surgical results for
tumors along the sphenoid ridges, for lesions of the lateral
wall of CS or the resection of the extracavernous temporal,
petroclival, supra-cavernous, and suprasellar portions of CS
tumors. Contrariwise, in case of intra-cavernous tumors, the
transcranial routes are less favorable because of higher risk
of cranial nerve deficits and the high rate of morbidity [6, 7].
Moreover, as reported by Larson et al., in the case of CS
meningiomas, the evidence of cranial nerve infiltration sug-
gests that total removal inside the CS may be futile and pro-
vide no oncological advantage with a high morbidity [6].

For Meckel’s, petrous apex and petroclival tumors, the
subtemporal approach through Kawase triangle has been
shown to provide favorable results for meckel’s cave and
petrous bone tumors as well as for the resection of the petro-
clival part of cavernous tumors or petroclival lesions, such as
for meningiomas, trigeminal schwannoma, or chondrosarco-
mas. However, drawbacks of such approach are the soft tis-
sue trauma, the retraction of the temporal lobe, the venous
issues, and the risk to damage the inner ear during bone
drilling.

In the last decades, the development of endoscopic endo-
nasal techniques has changed the surgical strategies offering
new options in term of surgical approach. The natural open-
ing through the nose and the medial-to-lateral trajectory
allow access to tumors originating medial to the internal
carotid artery (ICA) with invasion of the CS without crossing
the cranial nerves decreasing the surgical morbidity. In the
same manner, petrous apex tumors can be reach from an
endoscopic endonasal approach (EEA) medial or inferome-
dial to the posterior ascending segment of the cavernous ICA
avoiding soft tissue trauma, bone drilling, or extended tran-
scranial approaches [8—12]. In particular, angled endoscopes
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and dedicated instruments, together with the improvement of
endonasal techniques, have helped to push the limits of this
corridor.

21.2 Indications and Advantages

Nowadays, endoscopic endonasal techniques have an essen-
tial role in the armamentarium of a skull base surgeon who
has to decide for a specific patient and pathology, which is
the best approach strategy between endoscopic endonasal or
transcranial or the combination of both. In general, the EEA
represents a suitable choice for:

(a) Pituitary tumors invading CS, such as pituitary adeno-
mas. As a contrary to cavernous meningiomas, the cra-
nial nerves into the CS are most often surrounded by a
preserved arachnoid sheath, which offer a protection for
the CNs and lower the risk of oculomotor dysfunction
(Fig. 21.1c¢).

Extradural tumors, such as chordomas and chondrosar-
comas, extending from the midline or from the petro-
clival junction to the CS and middle fossa. Chordoma
are most often medial and soft and intra-cavernous
extension usually pushes the cranial nerves laterally.
However, preserving the sixth CN, which is the most fre-
quently impaired cranial nerve and often surrounded by
the tumor, remains one of the main challenges.
Chondrosarcomas are usually often more lateral, more
fibrous, and sometimes highly calcified, being thus more
challenging to remove than chordomas.

Cholesterol granulomas of the petrous apex. Most of the
cholesterol granuloma cysts bulge in the clival depres-
sion of the sphenoid sinus, thus accessible medial or
infero-medial to the paraclival ICA.

(b)

©

(d) Trigeminal schwannomas. Tumors located into Meckel’s
cave are accessible through the quadrangular space or
through extensions into infratemporal fossa or spheno-
palatine fossa. Even if EEA is a valuable and straightfor-
ward option to access trigeminal schwannomas, it
remains difficult to predict their consistency as well as
the location of the cranial nerves, trigeminal divisions,
and ganglion around the tumor.

CS hemangiomas. The vast majority are located between
the ICA, medial to the lesion, and the cranial nerves
pushed laterally, which make them quite suitable for an
EEA. There is most often a single and direct feeder from
the intra-cavernous ICA. Once the feeder is controlled
along the medial aspect of the tumor lateral to the ICA,
the tumor is usually significantly devascularized.

(f) Rare nonadenomatous sellar and parasellar diseases

(metastasis, esthesioneuroblastomas).

(e

A fundamental criterion for the choice of the approach is
the consistency of the tumor. Soft and suckable lesions are
more suitable for an EEA. According to the suspected diag-
nosis, tumor behavior, its consistency, and its relationship
with the ICA and cranial nerves, the goal of EEA varies from
maximal resection for oncological purpose, decompression
for intra-cavernous tumors causing cranial nerves’ deficits,
and biopsy in the case of a holocavernous tumor spreading
(Fig. 21.1).

Obviously, for each case, patient’s characteristics, surgi-
cal objectives, anatomical relationships, and variations must
be taken into consideration, as described below.

Potential advantages in favor of an EEA to CS and middle
fossa include avoidance of soft tissue trauma and craniot-
omy, a direct trajectory with minimal manipulation of the
cranial nerves if the lesion is medial to them and avoidance
of brain retraction, which may offer better cosmetic result,

Fig.21.1 Schematic representation of the various relationship between
the tumor and the cavernous sinus. (a) Meningioma of the lateral wall
of CS: open transcranial approaches are recommended because of the
direct access to the tumor without handling with neurovascular struc-
tures within the CS. (b) Tumor within the CS displacing the ICA later-

ally and compressing the cranial nerves (chordomas and
chondrosarcomas): EEA is a valuable option for maximal safe resec-

tion. (¢) Intra-cavernous tumors surrounding the ICA and cranial nerves
but without infiltration of the nerves: in case of soft tumor, EEA may
offer a significant tumor reduction, while the nerves remain protected
by their arachnoid sheath (pituitary adenomas). (d) Holocavernous
tumors with cranial nerves infiltration (meningiomas): EEA could be an
option for decompression and/or biopsy only
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less morbidity, and depending on the lesion and its exten-
sion, faster recovery, and shorter hospital stay.

21.3 Contraindications

The perfect approach does not exist, and each surgical cor-
ridor carries advantages and drawbacks.

21.3.1 Patient’s Characteristics

Previous endonasal surgeries or radiation therapies are
important factors to consider before choosing the EEA, par-
ticularly in case of intradural pathologies. Previous surgical
procedures could modify the usual anatomical landmarks
and make the tumor dissection more difficult because of
adherences and the skull base reconstruction more challeng-
ing. Surgeons must be particularly careful in case of previous
radiation therapy, in which the ICA can be more fragile
increasing the risk of injuries. Moreover, higher BMI
increases the intracranial pressure with a higher risk of post-
operative CSF leak.

21.3.2 Anatomy

Considering CS tumors, the exact origin and the pattern of
growth are essential factors to consider for the choice of the
approach. Tumors originating from the lateral wall of CS or
tumors infiltrating the CS from lateral to medial should not
be treated using an EEA because of the necessity to work
between cranial nerves and the ICA with an associated
increased risk of injury. Moreover, ICA encasement remains
one of the limitations for EEA.

Tumors of the anterior aspect of the middle fossa extending
into the CS, pterygopalatine fossa (PPF), or infratemporal
fossa, such as meningiomas and chondrosarcomas, may be
considered [13]. However, pro and cons should be carefully
considered and balanced with other options such as endo-
scopic-assisted transcranial techniques or combined strategies.

21.4 Diagnosis and Preoperative Workup

According to the nature and the pattern of growth of the
tumor, different clinical presentations can occur. In case of
chordomas and chondrosarcomas, with clival and sphenope-
troclival epicenters, the posterior aspect of the CS is usually
infiltrated first, and diplopia caused by abducens nerve pare-
sis is the most common presenting sign, followed by head-
ache [11, 14—-17]. When tumors invade the CS, infiltrating or
stretching the nerves, ophtalmoplegia and proptosis can
occur. Considering the proximity to the optic nerve, pituitary
gland and stalk, visual field impairment, and pituitary dys-
function can also occur [7, 10, 11, 15, 18-22]. Moreover,
trigeminal nerve dysfunction can be present with facial
numbness or facial pain, particularly in case of middle fossa
and Meckel’s cave tumors.

CT scan is the first exam to perform to obtain important
information about skull base and nasal anatomy, the degree
of pneumatization, bone erosion or hyperostosis, and tumor
calcifications. MRI study helps to establish a diagnosis and
generates high spatial resolution images that allow the
visualization of cranial nerves, dura mater, and vessels and
to clarify their involvement by adjacent pathology, becom-
ing paramount to define the surgical strategy [23].
T2-weighted images may identify a dural defect through
which the tumor extent intradurally, reveal intradural por-
tions, and provide information about the consistency of the
tumor (not always completely reliable) [24]. Sequences
such as constructive interference in steady-state (CISS) or
fast imaging employing steady-state acquisition with phase
cycling (FIESTA) are useful to study the cranial nerves tra-
jectory (Fig. 21.2).

CT angiography is recommended to study important ves-
sels, especially the ICA.

In case of total ICA encasement, an angiography with a
balloon test occlusion (BTO) may be performed [20], and
ICA occlusion may be considered preoperatively in case of
high risk of vascular injury (infiltrative lesion, malignancy,
previous surgery, previous radiation, highly calcified lesion).
In case of vascular tumors, preoperative embolization should
also be considered.
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Fig. 21.2 MRI findings to define the best surgical strategy. (a)
T1-weighted images with gadolinium showing a right trigeminal
schwannoma compressing the ICA medially. (b) T2-weighted MRI
images that highlight the lateral wall of cavernous sinus, which creates
a clear demarcation between the extra- and intra-cavernous parts of a

cavernous meningiomas. (¢) T2-weighted MRI image showing a hyper-
intense intra- and extra-dural chordoma (red arrow: dura mater), sug-
gesting a soft and suckable consistency. (d) FIESTA sequence showing
the cisternal segment of trigeminal nerve
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21.5 Surgery
21.5.1 Instrumentation and Preparation

The patient is placed in the supine position, and the head is
fixed in a Mayfield head holder with the head slightly flexed
and turned toward the surgeon with slight rotation and lateral
inclination. To reduce the venous congestion, the thorax is
elevated. The nasal mucosa is decongested with cottonoids
soaked with epinephrine. The nasal cavity is cleaned with
povidone-iodine solution and the abdomen prepared for the
fat harvesting. Reverse Trendenlenbourg position should be
anticipated and tested before the surgery in case of profuse
venous bleeding from the cavernous sinus or basilar
plexuses.

Intraoperative micro-Doppler is used to check the ICA,
particularly in case of tumor encasement and second surger-
ies. Neuronavigation and cranial nerves monitoring are
prepared.

In our experience, using the chopstick technique [25],
angled endoscopes and instruments and malleable rotating
suction are key to perform an EEA taking advantage from a
wider visualization field and a higher degree of freedom. 0°
endoscope is rarely used. With this technique, the surgeon
holds in the same nondominant hand, the endoscope and a
rotative malleable suction and in the other hand, a working
instrument: rongeur, dissector, scissor, etc. It allows a single
surgeon to control all the instruments and to work in an
extremely small corridor preserving the normal anatomy and
avoiding sword conflict. In fact, a one-nostril approach is most
often used to reduce soft tissue trauma and morbidities, and
the soft endonasal structures (nostril, inferior turbinate, middle
turbinate, etc.) serve as a buttress for the endoscope (Fig. 21.3).
Thus, the endoscope rests on the thumb being only supported
and not hold with strength, allowing other fingers to control
the rotative and malleable suction. One of the main advantages
is the ability to have the tip of the endoscope very close to the
tip of the working instruments, with limited sword conflict.

Fig. 21.3 Chopstick’s technique. (a) The endoscope and the suction
can be held in the nondominant hand of the surgeon like chopsticks. A
simple rolling motion of the fingers on the rotative shaft with the unused

thumb and index allows access to a wide surface of the surgical field
with the bended extremity of the malleable suction. (b) Surgical exam-
ple of the technique
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21.6 EEA to Cavernous Sinus

The cavernous sinus can be access through a midline or a
lateral approach, according to the location of the tumor into
the CS and its relationship with the cavernous ICA.

The midline endoscopic transsphenoidal approach is suit-
able for tumors involving the medial and the posterosuperior
compartments of the CS, such as in case of invasive pituitary
adenomas or chordomas extending into the CS. Figure 21.4
shows a clinical case of an invasive pituitary adenoma. After
the standard transsphenoidal approach to the sella, the floor
of the sella and the anterior bony wall of CS (lateral wall of
the sphenoid sinus) is removed either with a small kerrison
rongeur or a pure diamond drill and the anterior ascending
segment of the ICA is exposed. Care is taken to preserve the
periosteum intact to avoid venous bleeding and carotid
injury. Because of the 2D view and loss of depth perception,
it is therefore mandatory, for this step, to have a close look to
the tip of the kerrison rongeur, which is one of the advan-
tages provided by the chopstick technique, as there is very
limited sword conflict. The periosteum of the sella turcica is
then open and the tumor into the sella is removed. The tumor
infiltrating the CS through a most often weak or absent
medial wall of the CS [26] is followed and resected with
malleable suction and angled curette. The angled endoscopes
and instruments provide an optimal visualization and work-
ing angle during the medial-to-lateral dissection.

When tumors involve the anteroinferior and the lateral
compartments of the CS, a more lateral approach should be
preferred. After a wide sphenoidotomy, as described above,
the transpterygoid approach can be performed starting with
the ipsilateral uncinectomy and maxillary antrostomy. To
create the corridor, the sphenopalatine artery must be sacri-
ficed. Thus, the nasoseptal flap (NSF) for skull base recon-
struction is prepared on the contralateral side. The posterior
wall of maxillary sinus is removed preserving the perios-
teum, which covers the contents of the pterygopalatine fossa
(PPF). The PPF is mobilized laterally, and the vidian nerve is
identified exiting from the vidian (pterygoid) canal before
reaching the sphenopalatine ganglion into the PPF. This
nerve represents a reliable landmark for identifying the posi-
tion of the anterior genu and lacerum segment of the
ICA. The vidian canal, situated into the superomedial part of
the pterygoid process, is skeletonized, and the vidian nerve is
followed posteriorly toward the lacerum segment of the
ICA. The vidian nerve is sacrificed or preserved and trans-
posed laterally when possible (Fig. 21.5). If a mononostril
approach is preferred, another more challenging option is to
harvest the NSF on the same side, which require the section
of the vidian nerve in order to mobilize the sphenopalatine
artery together with the entire PPF and to store the NSF in
the ipsilateral maxillary sinus.

The vidian nerve is often fragile, and the risk of injury is
high with the consequence of an ipsilateral dry eye. For this

reason, in case of preoperative trigeminal V1 branch impair-
ment or high risk of impairment with tumor resection, (i.e.,
by tumor) and associated reduction or loss of corneal sensa-
tion, it is recommended to avoid the sacrifice of the vidian
nerve, which would increase the risk of corneal ulcers. V2
and its branch, the infraorbital nerve, are identified. The
bone over the cavernous ICA is now surgically accessible
via the lateral sphenoid recess. Depending on the pathology,
the ICA can be skeletonized using pure diamond drill to
avoid injuries. The micro-doppler is used to identify the
ICA behind the periostal layer. The doppler is particularly
useful when bony landmarks are missing in case of redo sur-
gery or in case of limited pneumatization of the sphenoid
sinus. Finally, the transpterygoid approach allows access to
the quadrangular area bordered by the orbital apex antero-
superiorly, the opticocarotid recess postero-superiorly, the
prominence of V2 antero-inferiorly, and paraclival carotid
prominence postero-inferiorly (Fig. 21.6).

If additional inferior exposure is needed during the
transpterygoid approach, PPF can be skeletonized and
completely transposed laterally en bloc with the preserva-
tion of the neurovascular structures within it. The medial
wall of PPF, formed by the orbital process and the perpen-
dicular plate of the palatine bone, is removed. Inferiorly,
the bone of the greater palatine canal is drilled to freed
completely the greater palatine nerve and the descending
palatine artery, guaranteeing an adequate lateral mobiliza-
tion of the PPF without injuries. Superiorly, the vidian
nerve is identified and skeletonized, as described above.
Finally, the PPF with vidian nerve, descending palatine
artery, and greater palatine nerve are transposed laterally en
bloc. Vidian nerve and palatine nerve sometimes can be
sacrificed to allow further mobilization of the PPF and opti-
mal exposure of the anterior aspect of the pterygoid pro-
cess. After mobilization, the lateral pterygoid plate is
exposed to access the medial aspect of the infratemporal
fossa (Figs. 21.5 and 21.6).

However, the transpterygopalatine approach and the
endonasal maneuvers required to expose the PPF also carry a
risk of morbidity related to the extended approach and resec-
tion of normal structures in the nasal cavity. Thus, an oblique
line of sight using a contralateral mononostril approach is a
more conservative option that, together with the use of
angled endoscope, can also provide an adequate exposure of
the lateral sphenoid recess of the sphenoid through the ros-
trum of the sphenoid without a need for a transpterygoid
approach. The vidian canal, which is an important landmark
to identify the lacerum segment of the ICA, can be unroofed
without a need to expose the PPF. The NSF if needed is har-
vested on the same side of the approach and stored during the
surgery in the nasopharynx.

A careful analysis of the penumatisation prior surgery is
mandatory to take advantage of it and to avoid useless
maneuver.
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Fig. 21.4 (a, b) Enhanced T1-weighted MRI images showing a pitu-  position of the left ICA. (e) Midline opening of the sellar periosteum
itary adenoma invading the left cavernous sinus. (¢) Standard one-  with exposure of the tumor. (f) Tumor removal from the left CS, around
nostril (right side) transsphenoidal approach after drilling the sphenoid  the cavernous ICA with angled-endoscope and curved suction. MT
rostrum. (d) Exposure of the sella and cavernous ICA after drilling the  middle turbinate, c/CA cavernous segment of ICA

posterior wall of sphenoid sinus. Micro-doppler is used to confirm the
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Posterior

wall of MS

Fig.21.5 Step-by-step cadaveric dissection of EEA for the anteroinfe-
rior and lateral compartments of cavernous sinus. (a) Rostral mucosa
incision and rostrum exposure. (b) Posterior wall of the sphenoid sinus
after SS opening. (c¢) Lateralization of middle turbinate with exposure
of the medial wall of MS. (d) MS with identification of PPF behind the
posterior wall of MS. (e) Identification of SPG and SPA medially and
GPN inferiorly. (f, g) Skeletonization of the PPF with its lateralization

Choanal
T Arch

identifying the medial PP and the VC. (h) Drilling of the medial PP
with skeletonization of the VN identifying lacerum segment of the ICA.
(i) Exposure of the anteroinferior and lateral compartments ofCS. MS
maxillary sinus, PPF pterygopalatine fossa, SPG sphenopalatine gan-
glion, SPA sphenopalatine artery, GPN greater palatine nerve, mPP
medial pterygoid plate, VC vidian canal, VN vidian nerve
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Fig.21.6 Representation of the PPF in a sagittal CT scan (a) and in a
cadaveric specimen (b). (¢) Cadaveric dissection showing the quadran-
gular area to access the inferior and lateral portion of the CS and petrous
apex. (d—f) Transpterygoid approach with lateralization of the PPF after

21.7 EEA to Middle Fossa
21.7.1 Medial Petrous Apex

The infrapetrous approach is ideal for extradural lesions cen-
tered on petrous apex such as cholesterol granulomas and
cholesteatomas. The key points of the approach are the expo-
sure of the lacerum segment of the ICA and the lateral mobi-
lization of the posterior ascending of the ICA to access the
underlying petrous bone. Firstly, a wide sphenoidectomy is
performed, and then the sphenoid floor is drilled. A posterior
maxillary antrostomy is performed, and the PPF is exposed.
The vidian canal is identified and unroofed leading to the
lacerum segment of the ICA as its petrous portion turns verti-
cal. Depending on the medial extension of the lesion, it may
be needed, in order to access it, to drill the bone lateral to the
ICA in order to be able to mobilize it laterally. Once the ICA
is slightly displaced laterally, the underlying lesion into the
petrous apex can be exposed (Figs. 21.7 and 21.8).

As described above, 45°- or 75°-angled endoscopes, mal-
leable rotating aspirators and angled instruments can be used
in order to access and remove the lesion reducing the exten-

vidian and palatine nerve section exposing the anterior aspect of the
pterygoid process. MS Maxillary sinus, MPP medial pterygoid plate,
PG pituitary gland, VC vidian canal

sion of the approach, the need for paraclival ICA mobiliza-
tion and the related risks of vascular injury (Fig. 21.9).

Moreover, the contralateral nostril approach as described
above also provides a more adequate line of sight for the
petrous apex.

Similarly, a recent study [27] has described the contralat-
eral transmaxillary (CTM) corridor to extend the lateral tra-
jectory and improve access for petrous apex tumors while
reducing the morbidity associated with manipulation of the
paraclival ICA.

21.7.2 Middle Fossa

To access the middle fossa, the transpterygoid approach is
performed, as described previously in case of lesions of lat-
eral compartment of CS. Once the PPF contents are lateral-
ized, V2 and FR are identified. FR is then drilled and opened.
Then, moving posteriorly and inferiorly through the ptery-
goid wedge, the foramen ovale (FO) is identified and V3
exposed. The anterolateral triangle between V2 and V3 is
drilled to expose the temporal fossa dura.
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Fig. 21.7 Cadaveric dissection showing (a) the corridor to access the  petrous apex drilling and dura opening. c/CA cavernous ICA, pICA
petrous apex after a transpterygoid approach and (b) the relationship  paraclival ICA, PG pituitary gland, PA petrous apex, BA basilar artery,
between intra- and extra-dural compartment after ICA lateralization, VA vertebral artery

Lacerum ICA

Fig. 21.8 (a—¢) Axial CT scan, T2-weighted, and enhanced transpterygoid approach was performed with the mobilization of the
T1-weighted MRI images showing a left-side petrous apex chondrosar-  ICA working on both side of the artery as illustrated in the axial MRI
coma extending from the petrous apex to the jugular foramen behind () (white arrows, red point: ICA)

the petrous (red cross) and lacerum (red dot) segment of ICA. (d—f) A
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Fig. 21.9 (a, b) Axial MRI image and CT scan showing a right-side
cholesterol granuloma of petrous apex. A contralateral one-nostril
approach was performed (red arrow) from the left to the right side in
order to have a better angle of attack for the petrous apex without a need
for paraclival ICA lateralization. (c) Drilling of the sphenoidal rostrum
after preparation of the NSF. (d) left-to-right view with an angled endo-

“Paraclival
ICA

scope exposing the bone covering the right paraclival ICA and the sella.
(e) Drilling of the bone corresponding to the petrous apex, medial and
posterior to the paraclival ICA and lateral to the clival depression. (f)
Tumor debulking and removal of the cyst wall using the chopstick tech-
niques and angled instruments
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Fig. 21.10 Cadaveric dissection showing middle fossa and Meckel’s
cave exposure. (a) Identification of the PPF and orbit (after the removal
of the lamina papyracea) separated by the IOF. (b) Identification of V2
into FR following the infraorbital nerve into the PPF and exposure of

Recently, our group [13] has described an endoscopic
endonasal technique to expose the antero-medial temporal
fossa and the lateral wall of CS, by approaching these
regions more laterally through a corridor between the
orbital apex, and the superior orbital fissure (SOF) superi-
orly and V2 inferiorly. This technique is a lateral extension
of the EEA to the CS, wherein the greater wing of sphenoid
and temporal fossa dura are exposed through the inferior
orbital fissure. The surgical steps are as follow: partial ante-
rior ethmoidectomy and posterior ethmoidectomy to expose
the lamina papyracea, antrostomy to expose the posterior
wall of the maxillary sinus, removal of the lamina papyra-
cea and the posterior wall of the maxillary sinus to expose

the GSW. (c—f) Exposure of the temporal dura and Meckel’s cave after
GSW removal. OCR opticocarotid recess, /OF inferior orbital fissure,
FR foramen rotondum, 7D temporal dura, T pole temporal pole

the orbit and PPF, opening of the SOF and FR unroofing,
drilling of the maxillary strut (between V1 and V2), resec-
tion of the orbital muscle of Muller, exposure and resection
of the greater wing of sphenoid, peeling of the outer layer
of the lateral wall of the CS, and opening of the dura
matter.

Frequently, middle fossa tumors displace the trigeminal
nerve superiorly and laterally allowing for a direct corridor.
Dural opening is performed below the abducens nerve and
laterally to the ICA. Tumor removal can continue with a pos-
terior and lateral trajectory through the Meckel’s cave, the
petrous bone, and into the posterior fossa as required
(Figs. 21.10 and 21.11).
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Fig. 21.11 (a) MRI image showing a right-side trigeminal schwan-
noma bulging into the sphenoid sinus and displacing the paraclival ICA.
(b, ¢) Preparation of the NSF. Removal of the posterior wall of maxil-

21.8 Closure

In case of tumors showing a large dural invasion and intradu-
ral component, the risk of CSF leak increases significantly
and even more in case of recurrent tumor. Several recon-
struction techniques have been described [9] such as the
nasoseptal flap (NSF) [28], multilayer vascularized tech-
nique [29], Gasket Seal technique [30], and temporo-parietal
fascia flap [31]. Recently, the 3F (Fat, Flap, Flash) technique
[32] have demonstrated that not only an accurate closure is
essential to reduce CSF leak but also an early control of the
intracranial pressure with fast patient mobilization.
Nevertheless, effective dural reconstruction remains the

b

/ Orbit apex

i ;
SR Paraclival

:
2 ' ICA
APJ; - ] _'-...
v2

Palatine
Nerve

lary sinus and identification of PPF, V2 and orbital apex. The paraclival
ICA is identified with the micro-doppler, and the periosteum is incised
to enter and remove the tumor. (d) Closure with fat graft and fibrin glue

main issue for EEA, and postoperative CSF leak represents a
serious risk for the patient.

Recently, our group [33] have described a new recon-
struction strategy, applying to EEAs, the initial and final
steps of transcranial approaches: skin opening and closure.
The key concept is to consider the mucosa of the rostrum
as a main barrier to close, similar to the skin in transcranial
approaches, which is closed at the end of surgery. The
mucosa of the rostrum can be incised in different fashion
to expose the bone and open the sphenoid sinus, and it can
be then sutured at the end of the procedure, after cranial-
ization of the SS, as the physiological barrier to prevent
CSF leak.
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21.9 Conclusions

In the last decade, the refinement and the advances in endo-
scopic endonasal instrumentation and techniques have
pushed the limits of endoscopic skull base surgery moving
from medial transphenoidal approaches to more lateral, infe-
rior, and posterior corridors. The decision for the best surgi-
cal approach should take into consideration multiple factors:
patient characteristics, goal of the surgery, localization and
consistency of the lesion, and relationship with critical neu-
rovascular structures. The medial-to-lateral corridor created
with endoscopic endonasal approaches has changed the sur-
gical indications, making sometimes feasible tumor resec-
tion within “holy” compartments like cavernous sinus with a
reduced morbidity. Confidence with angled scopes (30°, 45°,
and 70°) and flexible and rotating instruments is fundamental
to tailor the approach to laterally located lesions and reduce
the surgical footprint.
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Abstract

The infratemporal and pterygopalatine fossae are anatom-
ically and functionally linked and highly significant for
skull base surgery and other specialties including otolar-
yngology, ophthalmology, maxillofacial surgery, and
radiation oncology due to their central location and their
extensive connections with neighboring skull base
regions. Endoscopic surgery is rendered possible by
advanced endoscopic instrumentation, dependable strate-
gies for closure and reconstruction, and an intimate
knowledge of the surgical anatomy; this holds particu-
larly true for the complex anatomical contents of the pter-
ygopalatine and infratemporal fossae. Four figures have
been included in this chapter with the aim to provide a
review of the relevant anatomy, to identify reliable surgi-
cal landmarks, and to illustrate the surgical steps of the
expanded endoscopic  endonasal transpterygoid-
transmaxillary approach to the pterygopalatine and infra-
temporal fossae (Figs. 22.1, 22.2, 22.3, and 22.4).
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22.1 Introduction

The infratemporal fossa (ITF) is a deep-seated, retromaxil-
lary space that contains the pterygoid muscles, the maxillary
artery with its branches, the mandibular division of the tri-
geminal nerve with its branches, the otic ganglion, and the
pterygoid venous plexus [1-8]. It is bounded by the lateral
pterygoid plate medially, the posterolateral surface of the
maxillary sinus anteriorly, the infratemporal crest laterally,
and the mandibular fossa posterolaterally. The roof of the
infratemporal fossa is formed by the greater wing of the
sphenoid bone, posteromedially it is separated from the post-
styloid compartment of the parapharyngeal space by the sty-
lopharyngeal and sphenopharyngeal fasciae; the plane of
these fasciae largely corresponds to the petrosphenoidal
fissure.

Functionally and anatomically, the infratemporal fossa is
closely linked to the pterygopalatine fossa (PPF), a small
space in the shape of an inverted quadrangular pyramid,
which is located at the angle of the inferior orbital and ptery-
gomaxillary fissures. The pterygopalatine fossa accommo-
dates terminal branches of the maxillary artery, the Vidian
nerve, the maxillary division of the trigeminal nerve, and the
pterygopalatine ganglion. The pterygopalatine fossa repre-
sents a critical crossroad of the skull base as it communicates
with the orbit (via the orbital apex and the posteromedial
segment of the inferior orbital fissure), the nasal cavity (via
the sphenopalatine foramen), the middle cranial fossa (via
the foramen rotundum, and the Vidian canal), the nasophar-
ynx (via the palatosphenoidal canal), and the oropharynx
(via the greater and lesser pterygopalatine canals). It is in
continuum with the infratemporal fossa through the pterygo-
maxillary fissure which in turn communicates with the orbit
(via the anteromedial segment of the inferior orbital fissure),
the middle cranial fossa (via the foramen ovale, spinosum,
and venosum Vesalii), and the parapharyngeal space [9-17].
Pathological processes and neoplasms can arise primarily or
extend into the infratemporal fossa from these adjacent
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regions and include vascular tumors such as juvenile naso-
pharyngeal angiofibroma and hemangiopericytoma, menin-
gioma with extracranial extension, schwannoma originating
primarily from the extracranial portion of the mandibular
nerve, lymphoproliferative disorders, and sinonasal carci-
noma [18-20].

Numerous surgical corridors to the infratemporal fossa
have been described, among them the anterior transmaxillary
approach (Le Fort I and II osteotomies with a sublabial or
facial incision), the transmandibular approach (requiring a
facial degloving), the transcranial extension of the fronto-
temporo-orbito-zygomatic approach (through the anterolat-
eral triangle and the middle cranial fossa floor), and the
lateral transtemporal approaches (Fisch type A-C) [21-28].
While a comprehensive review of all these approaches is
beyond the scope of this chapter, some are discussed
elsewhere in this volume (Chap. 22: transcranial approaches,
and Chap. 25: endoscopic transorbital approaches).

This chapter addresses the endoscopic endonasal approach
to the pterygopalatine and infratemporal fossae. Expanded
endoscopic approaches (EEA) have become an important
part in the armamentarium of skull base surgeons and can be
classified into approach modules in the sagittal plane (cranio-
caudal) and coronal plane (medio-lateral).

Extended endoscopic approaches to the paramedian skull
base, including the transpterygoid-transmaxillary approach
to the PPF and ITF, are approaches of minimal access but
rarely of minimally invasiveness [6, 19]. However, they
avoid the cosmetic and (at least partially) the functional mor-
bidity associated with more traditional open approaches,
shorten postoperative recovery time, and thereby accelerate
transition to adjuvant radiotherapy. EEAs provide a well-
illuminated, magnified, and multiangled view for safe and
effective manipulation of tissues in a deep-seated region, and
thereby maximize the probability of complete resection.

The expanded transpterygoid-transmaxillary approach
entails the following steps:

— Exposure of the maxillary sinus

— Identification of the sphenopalatine artery

— Removal of the posterior wall of the maxillary sinus

— Removal of the perpendicular plate and the pyramidal
process of the palatine bone

— Exposure of the periosteum wrapping the content of the
pterygopalatine fossa

— Identification of the Vidian and maxillary nerve

— Identification of vascular structures (branches of the max-
illary artery)

— Transposition or removal of the contents of the pterygo-
palatine fossa

— Removal of the pterygoid base with transposition or tran-
section of the Vidian nerve

— Closure and reconstruction

22.2 Principles of Approach Selection,
Modifications, and Limitations

Although the initial steps are similar, each surgical target
requires slight modification to the endoscopic endonasal
transpterygoid-transmaxillary approach for access to the
PPT and ITF. These modifications largely depend on the
topography, morphology, and anticipated pathology of the
targeted lesion, the patient’s individual anatomy and preex-
isting loss of function, and the skull base surgeon’s prefer-
ence and experience.

For resection of malignant tumors, adequate surgical
exposure should not be compromised by efforts to limit the
invasiveness of the approach or by concerns for subsequent
loss of sinonasal function since insufficient maneuverability,
and loss of visualization and control over tumor margins
invariably hampers oncologic integrity of the resection
[18-20].

The addition of a posterior septectomy has various advan-
tages: first, it is the prerequisite for a binostril, 2-surgeon,
4-hand technique. Second, it permits the elevation of a naso-
septal flap on the contralateral side for later reconstruction
since the vascular pedicle on the ipsilateral side is usually
sacrificed during the approach. Third, it greatly improves
angulation and therefore lateral reach. Access lateral to the
infraorbital nerve is possible with a maxillary antrostomy,
modified medial maxillectomy, or total maxillectomy in
63.3% of cases; this is improved to 97.6% when a posterior
transseptal approach is used [18].

While the PPF can be reached by limited endoscopic
approaches such as the medial transpalatine approach (for
the medial aspect of the PPF) or a middle meatal transantral
approach (for a more lateral exposure where the infraorbital
nerve is the first landmark to be identified), lateral access to
the ITF usually requires at least an inferior turbinectomy and
a modified medial maxillectomy. The lateral pterygoid plate
is considered the lateral boundary accessible via a purely
endonasal approach, further lateral and posterior reach is
limited by the nasal osseous pyramid and the nasolacrimal
canal.

In addition to the use of angled endoscopes and instru-
ments, the exposure of the posterior and posterolateral wall
of the maxillary sinus and laterally toward the ITF can be
maximized by the following approach modules:

— The addition of a posterior septectomy (as detailed above)

— Using a total rather than a modified medial maxillectomy,
where the maxillary sinus is entered anterior to the naso-
lacrimal duct

— The addition of an endoscopic anterior maxillotomy
(Denker’s procedure), where the entire medial buttress is
removed without the need for a separate sublabial
incision
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— The addition of a prelacrimal approach, which usually
permits to preserve function of the nasolacrimal duct
without the need for further reconstruction

— The addition of a Caldwell-Luc approach, an anterior
transmaxillary approach through the canine fossa with a
sublabial incision (providing direct lateral access and per-
mitting removal of anteriorly based lesions in the maxil-
lary sinus)

— The combination of some of these approach adjuncts,
e.g., access via a contralateral transmaxillary corridor

Major challenges of the endoscopic endonasal
transpterygoid-transmaxillary approach remain the technical
difficulty in controlling hemorrhage from the abundant and
highly variable vasculature and the limitation in reaching the
lateral aspect of the infratemporal fossa.

22.3 Surgical Comorbidity

Nasal crusting, impaired sense of olfaction, empty nose syn-
drome, and bad smell are well-established sequelae of endo-
scopic endonasal surgery. The transpterygoid-transmaxillary
approach and removal of lesions in the PPF and ITF invari-
ably result in sacrifice of functional tissues, and the follow-
ing postoperative comorbidities are to be expected for this
type of surgery; patients need to be counseled accordingly.
Sacrifice of the Vidian nerve results in xerophthalmia, which
carries the risk of corneal dysfunction, especially in conjunc-
tion with functional loss of the ophthalmic branch of the tri-
geminal nerve. Transection of the descending palatine nerves
results in a variety of sensory dysfunctions of the palate
(hypoesthesia, anesthesia, or deafferentation pain). Surgical
manipulation within the masticator space with partial resec-
tion of the lateral and medial pterygoid muscles leads to
immediate postoperative muscle swelling or permanent tris-
mus. Facial numbness, oroantral fistulas, recurrent sinusitis,
and devitalized teeth can result from the medial access to the
maxillary sinus; dacryocystitis can develop due to the dis-
ruption of the nasolacrimal duct. Complications related to
the Caldwell-Luc approach and Denker’s endoscopic maxil-
lotomy include injury to the anterior superior alveolar nerve,
the canine roots, and facial deformity. The latter is due to the
loss of lateral support of the alar cartilage to the pyriform
aperture when the medial buttress is removed during an
endoscopic anterior maxillotomy (Denker’s procedure).

224 Surgical Setup

Following the administration of preoperative antibiotics, and
disinfection and decongestion of the nasal cavity, the
patient’s head is secured in a Mayfield head holder. For EEA,
we usually position the patient in a slight reverse

Trendelenburg with the head elevated to 15° to decrease cen-
tral venous pressure and to aid hemostasis. An MRI- and
CT-based neuronavigation system is referenced, for lesions
originating in the orbit, PPF and ITF fat suppressed T1 post-
contrast MRI sequences are useful due to the high content of
fat in these regions. Neuromonitoring for the relevant cranial
nerves is installed.

If the harvest of autologous tissue for reconstruction or
obliteration of a resection cavity is anticipated (e.g., abdomi-
nal fat, fascia lata, temporoparietal flap), the respective sur-
gical sites are prepared accordingly. We use angled
endoscopes (30° and 45°) for all skull base procedures
including the nasal stage because of the dynamic multidirec-
tional visualization and the minimization of interference
between instruments and the endoscope.

22.5 Nasal Stage, Access to the Maxillary
Sinus, Considerations
for Reconstruction (Figs. 22.1 and 22.2)

Expansive lesions often invade, distort, or obliterate normal
anatomy that usually guides endoscopic surgery. Following
stable anatomic landmarks and establishing the boundaries
of the lesion are key principles to ensure safe surgery. In the
nasal cavity, nasal floor, posterior choana, Eustachian tube
orifice, and nasal crest can aid in orientation [29].

The nasal stage of the endoscopic transpterygoid-
transmaxillary approach begins with an uncinectomy, a wide
maxillary antrostomy and a sphenoethmoidectomy until the
medial wall of the maxillary sinus and its transition into the
medial orbital wall (lamina papyracea) is reached. A modi-
fied medial maxillectomy is performed and the inferior turbi-
nate resected; its mucosa can be used for a free flap
reconstruction. Similarly, a flap from the nasal floor can be
harvested and reflected medially. A posterior septectomy is
added and the ethmoid’s perpendicular plate saved for recon-
struction. If a nasoseptal flap is to be harvested, this can be
done on the contralateral side and the flap stored in the oro-
pharynx [30-32]. The medial maxillary wall is resected pos-
teriorly to the level of the greater palatine canal and anteriorly
to the level of the nasolacrimal duct; the maxillectomy
should be flush with the nasal floor to ensure free movement
of instruments. The mucosa is elevated from the orbital pro-
cess of the palatine bone to identify the crista ethmoidalis
and to expose the sphenopalatine foramen with the posterior
septal and posterior lateral nasal arteries emerging from it;
these branches of the maxillary artery are usually coagulated
for hemostatic control. The sphenopalatine artery provides
90% of the blood supply to the nasal cavity and commonly
branches before exiting the sphenopalatine foramen. Its
branches can serve as landmarks to identify the sphenopala-
tine foramen (toward the PPF), as well as the palatosphenoi-
dal and Vidian canals [33-36].
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Fig. 22.1 Osteology, endoscopic endonasal approach to the pterygo-
palatine and infratemporal fossae. Dry skull specimen. Bilateral maxil-
lary antrostomies and a nasal septectomy have been conducted, on the
left side supplemented by a sphenoidotomy and removal of the maxil-
lary sinus’ posterior wall. (a) The osseous nasal septum consists of the
perpendicular plate of the ethmoid bone and the vomer, it inserts at the
sphenoidal rostrum (1) and the nasal crest (2). The horizontal plates of
each palatine bone (3) merge in the midline to form the posterior part of
the hard palate and the nasal crest. (b) (view toward the right) The pyra-
midal process of the palatine bone (4) accommodates the pterygopala-
tine canal and the greater palatine foramen. The palatine processes of
the maxillary bone (5) represent the anterior part of the hard palate. The
perpendicular plate of the palatine bone connects anteriorly with the
rough surface of the maxillary bone to form the maxillary sinus’ medial
wall (6); its conchal crest (7) serves as the attachment for the inferior
turbinate. (¢) (zoomed detail of b) The middle turbinate belongs to the
ethmoid bone, yet the most posterior aspect of its basal lamella blends
into the ethmoidal crest of the palatine bone (8) which terminates just
anteroinferior to the sphenopalatine foramen (9). (d) (zoomed detail of
¢) The anatomy of the palatine bone is central to the understanding of
endoscopic endonasal approaches in the coronal plane. Superolaterally,
the orbital process (10) attaches to the orbital surface of the maxillary
bone, superomedially, the sphenoidal process (11) attaches to the base
of the medial pterygoid plate. The orbital and sphenoidal processes are
separated by the sphenopalatine notch, which becomes the sphenopala-
tine foramen when covered by the sphenoid bone superiorly. A shallow
recess in the anterior surface of the base of the pterygoid process repre-
sents the posterior wall of the pterygopalatine fossa (12) and contains
the orifices of the foramen rotundum (13, view obstructed by the orbital
process) superolaterally, the Vidian/pterygoid canal (14) posteriorly,
and the palatosphenoidal canal (15, view obstructed by the sphenoidal

process) medially. The anterior wall of the pterygopalatine fossa is
formed by the maxillary bone. (e) (view toward the left) The maxillary
sinus’ posterior wall (16) has been removed to expose the pterygopala-
tine fossa medially and the infratemporal fossa (17) laterally. (f) (more
medial view when compared with e) The foramen rotundum (13) con-
nects the middle cranial fossa with the pterygopalatine fossa; it opens
into its superolateral aspect. The infraorbital canal in the roof of the
maxillary sinus is often dehiscent and joins the posteromedial aspect of
the inferior orbital fissure. It accommodates the infraorbital nerve
(orbitomaxillary segment of the maxillary nerve), which courses pos-
teromedially to enter the pterygopalatine fossa (see also Figs. 22.3 and
22.4. (g) (lateral extracranial view onto the left side, posterior wall of
the maxillary sinus removed) at the junction of the perpendicular and
horizontal plates, the pyramidal process of the palatine bone attaches to
the maxillary bone (19) anteriorly and to the oblique inferior margins of
the lateral pterygoid plate (20) posterolaterally; the pterygomaxillary
fissure (18) lies superior. The pterygoid process of the sphenoid bone
connects superiorly to the body and greater wing; it consists of the base
and the medial and lateral pterygoid plates. The infratemporal fossa is
bounded by the lateral pterygoid plate medially, the posterolateral sur-
face of the maxillary sinus anteromedially, the infratemporal crest (21)
laterally, and the mandibular fossa (22) posterolaterally. (h) (extracra-
nial view from below, left side) The greater wing of the sphenoid bone
(23) forms the roof of the infratemporal fossa, whereas the squamous
part of the temporal bone (24) overlies the poststyloid compartment of
the parapharyngeal space. In the pterygoid fossa, the depression
between the medial and lateral (20) pterygoid plates, an inconstant fora-
men venosum Vesalii (25) can be found, more posterolaterally and ante-
rior to the petrosphenoidal fissure (26), foramen ovale (27) and foramen
spinosum (28) are located
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Fig.22.1 (continued)
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Fig.22.2 Nasal stage, terminal branches of the maxillary and spheno-
palatine arteries. Color-injected, fixed specimen. (a—f) right side, (g, h)
left side. (a) The maxillary ostium (1) is located inferior to the bulla
ethmoidalis (2) and is partially covered by the inferior aspect of the
uncinate process (3). (b) The middle turbinate (4) is medialized to
expose the medial wall of the maxillary sinus and the afore mentioned
structures. (¢) View after middle turbinectomy (5 showing the residual
of its basal lamella), uncinectomy (6), and partial ethmoidectomy (7).
(d) The sphenoidal ostium (8) opens into the sphenoethmoidal recess
(9). The sphenopalatine artery represents a terminal branch of the ptery-
gopalatine segment of maxillary artery, it divides into the posterior lat-
eral nasal artery and the posterior septal artery within the pterygopalatine
fossa, both branches exit into the nasal cavity via the sphenopalatine
foramen. The posterior septal artery (10) courses on the anterior wall of
the sphenoid sinus (11) between the sphenoidal ostium and the choana
to reach the posterior aspect of the nasal septum; it usually divides into
a superior and inferior branch. The inferior turbinate is supplied by a

branch of the posterior lateral nasal artery (12). (e) The mucosa overly-
ing the ethmoidal crest (13) has been elevated to expose the spheno-
palatine foramen and the posterior lateral nasal and the posterior septal
arteries emerging from the pterygopalatine fossa (14). (f) The terminal
segment of the pterygopalatine segment of maxillary artery (16) bifur-
cates into the sphenopalatine artery (17) and the descending palatine
arteries (18). The sphenopalatine artery then branches into the posterior
lateral nasal artery (12) and the posterior septal artery (10). Direct
branches can often be identified such as the artery of the foramen rotun-
dum (19), the Vidian artery, or the palatosphenoidal arteries; they
emerge variably from the pterygopalatine segment of maxillary artery.
(g, h) If a nasoseptal flap (20) is to be harvested, this is usually done on
the contralateral side since its vascular pedicle consisting of the inferior
and superior posterior septal arteries (10), would be sacrificed during
the surgical approach to the pterygopalatine fossa. The harvested flap
can be stored in the nasopharynx (21) or the contralateral maxillary
antrum
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22,6 Pterygopalatine Fossa
(Figs. 22.1, 22.2, and 22.3)

Drilling continues through the perpendicular plate of the pal-
atine bone, the descending greater and lesser palatine nerves
and their artery usually need to be transected for transposition
of the PPF contents. The medial pterygoid plate and muscle
lie just posterior. The sphenopalatine foramen is largely
formed by the orbital and sphenoidal processes of the palatine
bone, these can be reduced to expose the pterygopalatine
fossa in a medial to lateral direction. The fibrous tissues

encountered superolaterally correspond to the Mueller mus-
cle, which is a vestigial muscle surrounded by a thin perios-
teal sheath that covers the posteromedial segment of the
inferior orbital fissure and separates the pterygopalatine fossa
from the orbit; manipulation should be minimized to not dis-
rupt postganglionic fibers coursing into the orbit [37, 38].
Once the mucosa is elevated off the maxillary sinus, the infra-
orbital artery and nerve are readily visualized coursing anter-
osuperior toward the floor of the orbit. Further resection of
the posterior wall of the maxilla exposes the periosteum of
the pterygopalatine and infratemporal fossae [39].

Fig. 22.3 Pterygopalatine and infratemporal fossae I. Color-injected,
fixed specimen. Stepwise exposure, right side. (a) View following
removal of the maxillary sinus’ medial wall (medial maxillectomy),
from the level of the hard palate (1) inferiorly to the lamina papyracea
(2) superiorly. The torus tubarius (3), the nasopharyngeal ostium of the
Eustachian tube, is located posterior to the perpendicular plate of the
palatine bone (4). (b) Removal of the mucosa reveals the infraorbital
nerve and artery (5). The orbitomaxillary segment of the infraorbital
nerve gives off the middle superior (6) and the anterior superior alveolar
nerves (7) which descend on the maxillary tuberosity. (¢) Removal of
the thin maxillary sinus’ posterior wall exposes the subjacent perios-
teum (8). (d) Incision of the periosteum reveals a fat pad (9) that over-
lies the pterygopalatine and infratemporal fossae. Within this fat pad,
the pterygopalatine fossa is organized in two distinct compartments: a
superficial vascular compartment and a deep neural compartment. (e, f)
Lateral dissection exposes contents of the pterygopalatine and infra-
temporal fossae. The junction of the infraorbital canal (10) and the
maxillary sinus’ posterior wall is just medial to the vertical fibers of the
temporalis muscle (11); this point can be used as a landmark to divide

the infratemporal fossa and the pterygopalatine fossa from the endo-
scopic perspective. The pterygopalatine ganglion consists of an assort-
ment of parasympathetic, sympathetic, and somatosensory nerve fibers
that regulate secretomotor functions to and provide sensation from vari-
ous structures including lacrimal glands, and mucous membranes of the
oropharynx, nasopharynx, nasal cavity, and the oral cavity.
Pterygopalatine segment of the maxillary nerve (12), infraorbital nerve
and artery (5), greater and lesser palatine nerves and artery (13), and
middle superior alveolar nerve (6). (g) Detail of the posterior aspect of
the pterygopalatine fossa. The maxillary nerve enters superolaterally
via the foramen rotundum (14), while the Vidian nerve enters posteri-
orly via the Vidian/pterygoid canal (15). The pneumatized lateral recess
of the sphenoid sinus (16) belongs to the pterygoid bone. Mueller’s
muscle (17) covers the inferior orbital fissure and serves as a landmark
between orbit and pterygopalatine fossa. The zygomatic nerve (18)
courses into Muller’s muscle, essentially dividing it into a superior and
an inferior part. (h) Detail of the perpendicular plate (4) and the
descending greater and lesser palatine nerves (13). For details on the
pterygopalatine segment of the maxillary artery see Fig. 22.2
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Fig. 22.3 (continued)

The contents of the pterygopalatine fossa are organized in
two distinct compartments: gentle dissection of the fat at first
exposes the superficial vascular compartment. The vascular
compartment contains the pterygopalatine segment of the
maxillary artery which traverses the PPF in a characteristic
corkscrew loop (coursing anteriorly, medially, then superi-
orly); its branches are usually encountered prior to the main
artery [40]. The neural compartment lies deeper, its most
important structures are the pterygopalatine ganglion, the
maxillary and infraorbital branches of the trigeminal nerve,
the Vidian nerve, and the greater and lesser descending pala-
tine nerves. Three obliquely oriented foramina are consis-
tently found on the posterior aspect of the pterygopalatine
fossa: superolaterally the foramen rotundum, medially the
Vidian canal, and inferomedially the palatosphenoidal canal
[41]. The Vidian nerve is formed by the union of the greater
superficial petrosal and the deep petrosal nerves. It is readily
identified at the inferolateral aspect of the sphenoid sinus
floor at the junction of the sphenoid body and the pterygoid
process. The Vidian canal and the fibrous tissues of the ptery-
gosphenoidal fissure serve as excellent surgical guides to
identify the lacerum segment of the internal carotid artery if
the approach is taken more posteriorly [42, 43]. The transpo-
sition of the pterygopalatine fossa contents with preservation
of a mobilized Vidian nerve is generally feasible after tran-

section of the greater and lesser descending palatine nerves,
in malignant tumors or for extended exposure its sacrifice is
necessary.

22.7 Infratemporal Fossa

(Figs. 22.1, 22.3, and 22.4)

The pterygoid plates can be followed to their base and attach-
ment to the middle cranial fossa. During the endonasal endo-
scopic transpterygoid-transmaxillary approach, the medial
pterygoid muscle can be recognized by fibers coursing in the
vertical plane, complete drilling of the perpendicular plate of
the palatine bone and the lateral pterygoid plate is required
for its exposure. Its two heads descend in a posterior and
lateral direction to insert at the medial surface of the ramus
and angle of the mandible. The lateral pterygoid muscle,
which occupies most of the superior aspect of the ITF,
equally consists of two heads: the superior head originates
on the infratemporal surface and crest of the greater wing of
the sphenoid bone, just posterolaterally of the inferior orbital
fissure, its lower head originates from the lateral surface of
the lateral pterygoid plate [44]. Both course posterolaterally,
their fibers directed in the horizontal plane. The lateral ptery-
goid plate is the most useful landmark for the location of the
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Fig. 22.4 Pterygopalatine and infratemporal fossae II. Color-injected,
fixed specimen. Stepwise exposure, right side. (a) The infratemporal
fossa is largely occupied by the medial and lateral (1) pterygoid muscles;
its lateral boundary is formed by the inner fascia of the temporal muscle
(2) which inserts at the infratemporal crest. (b) The maxillary artery (3)
arises from the external carotid artery and courses anteromedially to
enter the infratemporal fossa via an orifice formed by the condylar pro-
cess of the mandible (4) and the sphenomandibular ligament. There are
three named segments to the maxillary artery: mandibular, pterygoid,
and pterygopalatine. The mandibular segment spans from the external
carotid artery to the lateral aspect of the lateral pterygoid muscle; five
branches originate: the deep auricular, anterior tympanic, middle (5) and
accessory meningeal, and inferior alveolar arteries. The pterygoid seg-
ment continues to the pterygomaxillary fissure; it gives rise to a variable
number of muscular branches: the anterior and posterior deep temporal,
masseteric, buccal, and pterygoid arteries (see Figs. 22.2 and 22.3 for a
description of the pterygopalatine segment). (¢) The lateral pterygoid
muscle consists of two heads: the superior head (1 sup) originates on the
infratemporal surface and crest of the greater wing of the sphenoid bone,
just posterolateral of the inferior orbital fissure, whereas the lower head
(1 inf) originates from the lateral surface of the lateral pterygoid plate.
Both course in a posterolateral direction, their fibers directed in the hori-
zontal plane, to inserts at the temporomandibular joint (superior head)
and at the condylar process (inferior head). The medial pterygoid muscle
passes inferior to the lateral pterygoid muscle on is posterolateral course
toward the mandible. Depending on the course of the maxillary artery in
relation to the inferior head of the lateral pterygoid muscle, there is a
lateral/superficial variant and a medial/deep variant; the latter being less
common. (6) perpendicular plate of the palatine bone. (d) (extreme lat-
eral view) The masseter muscle (7) is located lateral to the temporalis
muscle (2); its fibers oriented in a more oblique direction. (e, f) The
medial pterygoid muscle (not shown) is recognized by fibers coursing in
the vertical plane, complete drilling of the perpendicular plate of the
palatine bone and the lateral pterygoid plate is required for its exposure
from the endonasal perspective. Its smaller superficial head originates
from the lateral aspect of the palatine pyramidal process and the maxil-

lary tuberosity, whereas its bigger deep head originates from the medial
surface of the lateral pterygoid plate and the pterygoid fossa. The medial
pterygoid muscle (8) inserts at the medial surface of the ramus and angle
of the mandible (9). The mandibular nerve (10) represents the largest of
the three trigeminal divisions; it consists of a sensory root and a smaller
motor root. Inferior to the foramen ovale (11), the mandibular nerve
courses between the tensor veli palatini muscle and the Eustachian tube
(12) posteromedially and the lateral pterygoid muscle anterolaterally; it
provides meningeal and muscular branches and then divides into a
smaller anterior trunk (13) and a larger posterior trunk (14). The anterior
trunk courses laterally just below the roof of the infratemporal fossa; its
provides various motor branches (deep temporal, masseteric, pterygoid)
and the sensory buccal nerve. The otic ganglion is a peripheral ganglion
formed by preganglionic parasympathetic fibers of the lesser petrosal
nerve and sympathetic fibers from the plexus on the middle meningeal
artery (5); the ganglion is located extracranially just inferior to the fora-
men ovale (11). The stylopharyngeal fascia originates on the styloid pro-
cess and the base of the spina sphenoidalis, anterolateral to the external
opening of the carotid canal. It blends into the sphenopharyngeal fascia
(15) anteromedially to insert at the lateral pterygoid plate. It extends
along the anterior aspect of the Eustachian tube and the tensor veli pala-
tini muscle to separate the infratemporal fossa anteriorly from the post-
styloid compartment of the parapharyngeal space posteriorly. From the
endonasal endoscopic perspective, the Eustachian tube traverses the
parapharyngeal space always anterior to the petrous segment of the
internal carotid artery. (g, h) Detail of the region around the foramen
ovale. The posterior trunk (14) provides the auriculotemporal nerve (16),
as well as the lingual, mylohyoid, and inferior alveolar nerves (not iden-
tified in ambiguity). The middle meningeal artery (5) ascends medial to
the lateral pterygoid muscle to enter the middle cranial fossa via the
foramen spinosum (17). Due to the anteromedial to posterolateral line of
sight of the endoscopic approach, the middle meningeal artery is usually
found posterior to the mandibular nerve and the foramen ovale. The
accessory meningeal artery reaches the middle cranial fossa either via
the foramen ovale or the foramen venosum Vesalii
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Fig. 22.4 (continued)

foramen ovale and the mandibular branch of the trigeminal
nerve, when drilled flush to the cranial base the foramen
ovale is found just posterolateral to it. The foramen spino-
sum is situated immediately posterolaterally to the foramen
ovale, however, due to the anteromedial to posterolateral line
of sight of the endoscopic approach, the foramen spinosum
is encountered just behind the mandibular nerve as the mid-
dle meningeal artery traversing it enters the middle cranial
fossa. Alternatively the inferior alveolar nerve can be fol-
lowed as its courses under the lateral pterygoid muscle
toward the foramen ovale [45]. The medial pterygoid plate
also serves as the attachment of the superior constrictor mus-
cle of the pharynx and the fibrous raphe to form the lateral
layers of the wall of the nasopharynx; its medial plate there-
fore represents the lateral wall of the nasopharynx [46].
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Abstract

Endoscopic transorbital approach (ETOA) to the skull
base has gained popularity among skull base surgeons
over the last decade to access orbital and intracranial
lesions. Given its minimal morbidity, better cosmetic
results, and minimal brain retraction, it provided an alter-
native minimally invasive approach to resecting orbital
and intracranial lesions. Kris Moe et al. first described
and published in 2010 (Moe KS et al. Oper Neurosurg
67:0ns16—ons28, 2010). It serves to provide a distinct cor-
ridor for more laterally placed anterior skull base lesions
or those which cross neurovascular structures that cannot
be effectively addressed with endonasal approaches. The
surgery can be performed with or without orbitotomy to
increase surgical freedom for the deeply seated intracra-
nial lesions.
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23.1 Introduction

With the development of microscopic and endoscopic instru-
ments for use in neurosurgery, neurosurgeons are attempting
to reduce morbidity and invasiveness during skull base pro-
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cedures. Endoscopic transorbital approach (ETOA) provides
a direct anterior surgical option through, which a corridor
can be utilized laterally to the cavernous segment of the
internal carotid artery (ICA) and cavernous sinus. This tech-
nique represents a minimally invasive and versatile means of
addressing deep-seated skull base lesions. Kris Moe et al.
initially introduced this method in June 2007 at the Pacific
Coast Otolaryngology-Ophthalmology Society Annual
Meeting, with his first case series being published 3 years
later [1]. The aim is to give an additional path for tackling
anterior skull base lesions or those that extend across neuro-
vascular structures, which cannot be reached by endonasal
surgeries alone. It is estimated that the central portion of the
ventral anterior cranial fossa bounded laterally by orbits
occupies around 20% of the anterior skull base, which is
accessible via the endonasal route without crossing critical
neurovascular structures [1]. With its minimal bone removal
techniques and cosmetic advantages ETOA with the applica-
tion of modern-day illumination and magnification capabili-
ties via microscopic and endoscopic tools prove
advantageous.

23.2 Surgical Methods
23.2.1 Step 1:Skin Incision

The skin incision is designed and created jointly with oculo-
plastic surgeons for optimal planning and minimizing wound
complications. The orbit can be using superior, inferior, lat-
eral, and medial approaches; an example of a superior lid
crease incision is illustrated in Fig. 23.1a. Upon completion
of this step, division of the orbicularis oculi muscle and strip-
ping of the periosteum (Fig. 23.1b) ensue. Lateral orbital rim
can be removed to increase the working angles and surgical
freedom up to sixfold from our investigational studies
(Fig. 23.1¢).
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Periorbita

Fig. 23.1 (a-{) (reprinted with permission, original from the last
author): (a) Left lid crease incision. (b) Periosteum stripped and expo-
sure of superolateral orbital rim. (¢) Periorbita stripped to reach supe-
rior orbital fissure (SOF). (d) View after stripping of periobita from

23.2.2 Step 2: Drilling of Greater
Sphenoid Wing

The high-speed drill with a self-irrigation system was uti-
lized to remove the greater sphenoid wing following the
introduction of the endoscope. Maintaining copious irriga-
tion throughout this process is vital in order to avoid thermal
injuries to the orbital contents. It was shown that orbital
compression of more than 1.5 cm was associated with a dra-
matic increase in intraocular pressure [2]. After the sphenoid
wing has been removed, the meningo-orbital band is exposed
and divided, thus establishing access to both the anterior and
middle cranial fossa to unlock the anterior and middle cra-
nial fossa (Fig. 23.1d—f).

greater sphenoid wing (GSW) with exposure of superior orbital fissure
(SOF). (e) Drilling of GSW to expose temporal dura (TD). (f) Temporal
dura was elevated from middle cranial fossa floor. (reprinted with
permission)

23.2.3 Step 3: Extradural Dissection-Peeling
of the Cavernous Sinus

The dura mater of the anterior and middle cranial fossa were
separated, and the lateral wall of the cavernous sinus is then
exposed via an extradural approach (Fig. 23.1f). This tech-
nique is analogous to extradural peeling of the cavernous
sinus wall during craniotomy. The anteromedial triangle,
created between the ophthalmic division (V1) and maxillary
division (V2) of the trigeminal nerve, and anterolateral tri-
angle formed between V2 and mandibular division (V3), can
be identified (Fig. 23.2b). These two triangles are vital in
guiding entrance into adjacent anatomical spaces such as
petrous apex, infratemporal fossa, and cavernous sinus
(Fig. 23.2a—d). Figure 23.2 shows the dissection via the left
endoscopic transorbital approach.
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Fig. 23.2 (a-d) (reprinted with permission, original from the last
author): Left endoscopic transorbital view, with 30-degree endoscope.
(a) Periorbita (PO) and temporal dura (TD) were split with dissector to
expose the anterior cavernous sinus wall. (b) Anteromedial (Ant Med)
and anterolateral (Ant Lat) triangles, which were bounded by ophthal-
mic (V1), maxillary (V2) and mandibular (V3) divisions of the trigemi-
nal nerves were exposed. V2 exited via the foramen rotundum (FR) and
V3 exited via the foramen ovale (FO). (¢) Exposure of cavernous sinus
content between V1 and V2, with temporal dura (TD) elevated.
Abducens nerve (V1) travelled lateral to the cavernous segment of

internal carotid artery (ICA(Ca)). (d) Exposure of infratemporal fossa
between V2 and V3, the anterolateral triangle. Temporal dura was fur-
ther elevated till Meckel’s cave (MC) was seen. A pneumatized lateral
recess of sphenoid sinus (Sph sinus) can be identified. Vidian nerve
(Vidian n.) travelled superolaterally and served as a landmark to iden-
tify the petrous ICA and laceral segment of ICA (ICA Lac). Pterygoid
muscles were removed to expose the Eustachian tube (Eus tube), sphe-
nopalatine artery (sphenopalatine a), and lateral pterygoid plate (lat
pterygoid plate)



226

B.Ng etal.

23.3 Indications

The two most commonly described indications include
repairing of cerebrospinal fluid (CSF) leaks and excision of
skull base tumors.

The occurrence of iatrogenic and traumatic cerebrospinal
fluid (CSF) leaks is a common cause for repair via a transor-
bital route. In most cases, the leak site was determined to be
in the anterior cranial fossa, successfully addressed endo-
scopically from a transorbital approach [3].

For tumor excision, the most common indications are
excision of spheno-orbital meningiomas and middle fossa
schwannomas. The majority of the surgeries utilized only a
transorbital approach while combined transorbital and endo-
nasal approaches were used in some of the cases. The typical
amount of time spent in the hospital afterward was approxi-
mately 3 days. Other indications described include cavern-
ous hemangioma, intracranial abscesses, fibrous dysplasia,
frontal mucocele, and fibroxanthoma [3, 4].

In our experience of over 30 cases, ETOA was used, either
alone or in adjunct to other routes, to excise orbital tumor or
vascular malformation, spheno-orbital meningiomata, tri-
geminal schwannomas, and infratemporal fossa tumors.
Dura defects were repaired using artificial dura substitute
and tissue glue. Abdominal fat graft was also used to repair
large dura defects. We so far have not encountered any cases
of CSF leakage nor pseudomeningocele.

Kong et al. recently conducted a case series to compare
the efficacy of endoscopic transorbital approach (ETOA) and
endoscopic transorbital approach combined with lateral orbi-
totomy in spheno-orbital meningioma resections. The results
showed that ETOA with lateral orbitotomy had a higher
gross total excision rate than ETOA alone. Our experience
also suggests that this improved rate could be attributed to
the improved surgical freedom from lateral orbitotomy,
which can increase the surgical freedom from threefold to
sixfold depending on the level of removal.

23.4 Complications

A systematic review of (ETOA) conducted by the Barrow
Neurological Institute reported a complication rate of 13%,
with permanent proptosis in one case [3]. CSF leaks were the
most frequent complication, with most being transient. Other
reported complications included diplopia, facial numbness,
ptosis, levator muscle dysfunction, meningitis, periorbital
hematoma, epiphora, superficial surgical site infection, and
orbital pseudomeningocele [5].

23.5 Surgical Outcomes

Endoscopic transorbital approach (ETOA) has been demon-
strated to be quite successful in treating cerebrospinal fluid
leaks, ranging in success rate from 83 to 100%, with a recur-
rence rate of 7%. On the other hand, the rate of gross total
excision of tumors surgically managed by this method is
approximately 70%. Generally, patients presented with neu-
rological deficits such as impaired visual acuity, ptosis, and
reduced extraocular eye movement (EOM); most of these
deficits were ameliorated postoperatively [3].

23.6 Discussion

Since its first description, the transorbital approach for endo-
scopic transorbital cranial surgery (ETOA) has been limit-
edly evaluated in contrast to traditional approaches such as
craniotomies. Most existing studies are composed primarily
of anatomical studies and case series. In 2020, our center
initiated the utilization of this method; close collaborations
between neurosurgeons and oculoplastic surgeons enabled a
better aesthetic outcome through a minimal incision along
natural creases of the skin. Satisfactory proptosis correction
also provides good cosmetic outcome. Compared to craniot-
omies, there is no risk of temporalis muscle atrophy or injury
to the facial nerve’s frontal branch, and lower rates of cere-
brospinal fluid leak than reported via the endonasal route.
Moreover, less blood loss and quicker postoperative recov-
ery is possible due to the minimal amount of brain retraction
during surgery.

ETOA has the capability to be combined with other oper-
ative pathways, including endonasal and transoral routes.
Through operating along multiple passages, ETOA provides
an excellent view of important neurovascular structures
using multi-angled endoscopes. Important cranial nerves and
great vessels can be protected to facilitate the removal of
lesions via ETOA alone, or in combination with other endo-
scopic corridors [6, 7].

Cadaveric dissection and the formation of a multidisci-
plinary surgical team are important components for the suc-
cessful development of endoscopic transorbital approaches.
While this surgical method may be unfamiliar to neurosur-
geons and skull base, cadaveric dissection and anatomical
studies facilitate a solid understanding of operative anatomy.
Furthermore, oculoplastic surgeons and otolaryngologists
contribute to mitigating morbidities and enhancing safety
when treating complex head and neck tumors, to provide the
best care and outcome to the patients.
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Case 1

A 64-year-old Chinese woman exhibited decreased vision in
her right eye (visual acuity of 0.6) with a relative afferent
pupillary defect (RAPD) [8]. Fundoscopic examination indi-
cated no swelling of the right optic disc, and automated
visual field testing showed a deficit affecting the superior and
infratemporal regions. Imaging with optical coherence
tomography revealed subtle thinning of the retinal nerve
fiber layer on the right side. Magnetic resonance imaging
uncovered an oval mass that was hypointense on T1-weighted
images and hyperintense on T2-weighted images with grad-
ual enhancement, which was compatible with cavernous
hemangioma.

Endoscopic transorbital excision of the tumor was per-
formed with an indocyanine green (ICG) -assisted endo-
scope, through alateral skin crease incision. A crescent-shaped
superolateral orbital rim was removed to gain more surgical
freedom. Periorbita was stripped to locate the superior orbital
fissure. The meningo-orbital band was divided, and the
greater wing of sphenoid bone was removed using a 3 mm
high-speed diamond burr under irrigation. Lateral rectus
muscle showed a rapid enhancement at 30 s after venous
injection of ICG, while the lesion demonstrated delayed
enhancement at 90 s. The tumor was then dissected away

Fig. 23.3 (a): Contrast enhanced T1-weighted axial scan of right orbit
showed a right orbital apex lesion with heterogenous enhancement, (b):
Endoscopic view of meningio-orbital band at superior orbital fissure
after stripping the periorbita from the sphenoid wing. (¢): Indocyanine
green (ICG) was injected showing early enhancement of the lateral rec-

from the lateral rectus and the superior division of the oculo-
motor nerve, after which it was removed in an en bloc fash-
ion. The supraorbital rim was replaced using two mini plates.
Postoperatively, the patient enjoyed a good recovery, with
right eye visual acuity of 0.8 and resolution of relative affer-
ent pupillary defect (Fig. 23.3a—f).

Case 2

A 55-year-old man presented with progressive right eye
proptosis. There is no diplopia with full extraocular mus-
cle movement. Preoperative visual acuity of the right eye
was 20/30. Serial MRI of the orbit showed an enlarging
right intraconal lesion. Endoscopic transorbital surgery
was performed to remove the lesion. Lateral canthotomy
was performed, followed by a superomedial forniceal
incision. Orbital fat was dissected away to expose the
lesion. ICG was used, showing delayed enhancement at
around I min 30 s of the lesion. The lesion was removed
en bloc with a cryoprobe assisting the dissection. The
advantages of using a cryoprobe are shrinking the lesion
and attaching to the lesion firmly to facilitate dissection.
The wound was closed by oculoplastic surgeons.
Postoperative visual acuity was 1.0, with a resolution of
proptosis (Fig. 23.4a-h).

Latev sl rectn

tus muscle at around 30 s. (d) Delayed ICG enhancement of cavernous
hemangioma at around 1 min 30 s help to differentiate the cavernous
hemangioma from the lateral rectus muscle. (e) The cavernous heman-
gioma was dissected from superior division of third nerve. (f) Lateral
orbitotomy was reconstructed with miniplates
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Fig. 23.4 (a) Coronal T1-weighted MRI showed a right intraconal
lesion superior to optic nerve. (b) Axial T2-weighted MRI of the lesion.
(c) Lateral canthotomy. (d) Superomedial forniceal incision(dotted
line). (e) Exposure of the cavernous hemangioma after division of fat.

23.7 Conclusion

ETOA offered a direct anterior approach to the orbital apex
and skull base pathologies lateral to the cavernous sinus and
at the infratemporal fossa. Clinical outcomes with tumor
excision and CSF leak repair are satisfactory, with accept-
able transient morbidities. This minimally invasive approach
also opens up potential for biportal or multiportal endoscopic
skull base surgeries.
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Abstract

In the era of neuroendoscopic surgery, an endoscopic
transorbital approach via the superior eyelid crease has
been proposed as a viable way to access the orbital apex
and anterior and middle cranial fossa. In addition to the
visualization of cranio-orbital tumors, a surgical corridor
through this approach allows excellent visualization of
the lateral cavernous sinus while avoiding the need for
brain retraction. In addition, this approach allows a more
direct and shorter anteromedial surgical access to
Meckel’s cave without violation of the temporalis muscle.
This surgical technique could facilitate minimally inva-
sive surgery for skull base tumors involving the orbital
apex. In this chapter, we describe the step by step endo-
scopic transorbital approach to the orbital apex.
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24.1 Introduction

The classic approaches to the orbital apex have involved a
requirement for lateral or medial orbitotomy according to
the circumferential extension of the lesion around the optic
nerve or craniotomy, eventually combined with zygomatic
osteotomy for larger lesions [1, 2]. However, transcranial
approaches to the orbital apex are laborious and time-
consuming with a high risk of temporalis muscle atrophy
and operative morbidity associated with brain retraction
and damage of critical neurovascular structures en route to
the target lesion [3]. In the past few years, alternative
approaches, including endoscopic approaches, have been
suggested for the treatment of orbital apex lesions with the
goal of decreasing the overall invasiveness of the proce-
dure, tailoring the corridor, and, ultimately, achieving bet-
ter visual and cosmetic outcomes [2]. In the era of
neuroendoscopic surgery, an endoscopic transorbital
approach (ETOA) has emerged as a recent technique of
skull base surgery, enabling a superolateral corridor to the
orbit as well as anterior and middle cranial fossae, although
the idea itself is no longer novel.

Orbital apex lesions, including orbital tumors, remain a
surgical challenge, because they often require an extensive
fronto-temporo-orbital zygomatic approach and a multidis-
ciplinary team approach to provide the best outcomes [3].
They mainly include cavernous hemangioma, meningioma,
schwannoma, neurofibroma, and fibrous tumors, which have
different characteristics and different imaging findings on
CT or MRI [4]. The main goal of surgery for orbital apex
lesions is to preserve or restore the vision by maximum safe
resection of the lesions, with minimal morbidity. In this
regard, selection of the optimal approach tailored to each
orbital apex lesion is of utmost importance in order to obtain
the best possible functional and cosmetic outcomes. For
orbital apex lesions, various techniques have been described,
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including transcranial approaches (such as pterional and
supraorbital), lateral orbitotomies, transconjuctival, transan-
tral, and transnasal transethmoidal approaches [2].

We have recently proposed a neuro-topographic four-
zone model with the epicenter around the optic nerve on the
coronal plane using endoscopic transorbital and endoscopic
endonasal approaches, which successfully provided mini-
mally invasive 360° circumferential access to the entire orbit
with acceptable morbidity (Fig. 24.1) [5]. Although open
transcranial approaches have classically been performed for
access to the lesions located in zones I and II, our study dem-
onstrated that ETOA resulted in clinical outcomes compara-
ble to those achieved with conventional transcranial
approaches with less morbidity. It provides a more direct and
shorter operative corridor to the lesions located superiorly
and laterally to the optic nerve via the superior eyelid crease
incision. This access-related advantage is clinically associ-
ated with a shorter operation time, excellent cosmesis,
reduced postoperative pain, a shorter hospital stay, a faster
return to normal activities, and lower risks of CSF leak and
wound infection [5-7].

We have previously demonstrated the feasibility of ETOA
for paramedian skull base tumors, such as trigeminal
schwannomas, spheno-orbital meningiomas, and other
cranio-orbital tumors [5-9]. In this chapter, we will review

Fig. 24.1 Illustration showing the four-zone model with its epicenter
around the optic nerve (gray circle) on the coronal plane, consisting of
zones | and II (temporal side) and zones III and IV (nasal side).
(Adapted with permission from Jeon et al. [5])

Fig. 24.2 3D reconstruction showing the surgical corridor to the
orbital apex using ETOA. (Adapted with permission from Jeon et al.
(5D

the ETOA via the superior eyelid approach for the orbital
apex lesions (Fig. 24.2).

24.2 Procedure
24.2.1 Patient Position

All patients have preoperative imaging for intraoperative
image guidance with computed tomography and magnetic
resonance imaging. ETOA is performed by a multidisci-
plinary team, consisting of a neurosurgeon and oculoplastic
surgeon. After induction of general anesthesia with endotra-
cheal intubation, the patient is placed in a supine position
with the head in a neutral or slightly flexed position in a
Mayfield three-point fixation, and intraoperative multiplanar
MRI-CT fusion neuronavigation is registered. Standard sur-
gical preparation is then performed with 5% povidone-iodine
solution on the periocular skin and eyelid margins. One
should keep in mind that chlorhexidine is contraindicated on
the face due to the potential risk of corneal damage. When
draping the patient, both eyes should be left exposed so that
the symmetry of the globe positions can be assessed intraop-
eratively. A lubricated corneal protector is placed over the
ipsilateral eye to avoid corneal damage.
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24.2.2 Surgical Technique

After infiltration of a local anesthetic with a mixture of 2%
lidocaine with 1:100,000 epinephrine and 0.5% bupivacaine,
a skin marking is made with a No. 15 Bard-Parker scalpel
blade at the lateral half of the eyelid crease line for patients
with an eyelid crease and at the same length of supraciliary
line for patients without an eyelid crease (Fig. 24.3a). The
line is extended approximately 1 cm laterally over the lateral
orbital rim. The skin and orbicularis muscle flap are raised
and extended superolaterally until the lateral orbital rim is
reached, with the utmost care taken to avoid encroaching on
the levator muscle and aponeurosis. Lateral orbital rim is not
usually removed for orbital tumors. The periosteum is cut. A
hand-held malleable retractor is gently set in place in an
infero-medial fashion, and a rigid 0° endoscope is then intro-
duced into the operative field. A subperiosteal dissection is
undertaken in a lateral-to-inferomedial direction until the
margins of the superior and inferior orbital fissures are iden-
tified (Fig. 24.3b). The cranio-orbital foramen (also known
as Hirtl’s foramen), through which the recurrent meningeal
artery or meningolacrimal branch of the middle meningeal
artery traverses, is a good anatomical landmark during the
subperiosteal dissection. Being located 1-2 cm anterior to

the superior orbital fissure, it is present in 50-60% of patients
[10, 11]. After interrupting the recurrent meningeal branch
with monopolar cauterization, further dissection to the edges
of superior and inferior orbital fissures is made (Fig. 24.3c).
The superior orbital fissure is the next important land-
mark to identify prior to drilling the greater sphenoid wing
and orbital roof (Fig. 24.3d). When dealing with exposing
the margin of the IOF, it is essential to keep the subperiosteal
dissection toward the inferomedial side. High-speed drilling
of the sphenoid bone using a coarse diamond burr is care-
fully performed from lateral to medial, protecting the perior-
bita with a Silastic sheet (Fig. 24.3e). Minimal retraction
force is applied with slight displacement of the orbital con-
tents in an inferomedial direction while performing drilling
as well as dissection. Given that the greater sphenoid wing
has a wide triangular shape, drilling of the lateral orbital wall
in the same direction also provides sufficient working space.
Once the greater wing of the sphenoid bone is drilled until
the dura mater covering the temporal pole comes into view,
the hand-held malleable retractor is removed. Subsequently,
natural retraction with the surgical instruments is intermit-
tently carried out, resulting in minimal retraction force.
Above all, extreme care should be taken to minimize the
retraction-induced pressure on the globe, which may induce

Fig. 24.3 Key steps approaching the orbital apex during endoscopic
transorbital approach. (a) Superior eyelid crease incision after place-
ment of a lubricated corneal protector over the ipsilateral eye. (b)
Subperiosteal dissection on the superolateral orbital rim. (¢) Coagulation
of the recurrent meningeal artery at the cranio-orbital foramen. (d)

Exposure of the superior orbital fissure. (e) Drilling of the greater sphe-
noid wing after placement of a silastic sheet along the periorbita. (f)
Exposure of the orbital apex, meningo-orbital band, frontal dura, and
temporal dura
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the oculo-cardiac reflex, while dissecting the periorbita or
drilling the greater sphenoid wing. In addition, an elevated
intraocular pressure due to globe retraction during ETOA
might lower the eye perfusion pressure, potentially leading
to perioperative visual loss. We recommend the instruments
be withdrawn from the operative corridor every 15 min while
checking the pupils. If necessary, additional osteotomy of the
lateral orbital rim using chiseling, so-called an extended
ETOA, may be helpful in selected cases to avoid excessive
retraction of the globe and to gain adequate working space.

Under guidance of neuronavigation, the periorbital over-
lying the lesion or the tumor capsule is appropriately opened,
and the tumor is carefully removed. Microsurgical technique
is used throughout tumor removal.

For the orbital apex lesions extending into Meckel’s cave
or cavernous sinus, an interdural dissection plane should be
obtained. At this phase, the key anatomical landmark is the
meningo-orbital band (MOB) (also known as the fronto-
orbital-temporal polar dura), tethering the frontotemporal
basal dura to the periorbita, which leads directly to the inter-
dural space of the cavernous sinus without interrupting the
intradural space (Fig. 24.3f). A slight incision at the MOB
and a peel-off technique is used to gently dissect the interdu-
ral layers between the outer membrane of the cavernous
sinus and the dura propria. This avascular dissection plane
introduces the route to Meckel’s cave and, most importantly,
avoids profuse bleeding from the cavernous sinus. The inter-
section of the dura allows for entry into the cavernous sinus
with direct visualization of the V1 and V2 space. Such an
approach, through the anteromedial triangle, enables a
Hakuba approach along the lateral border of the outer mem-
brane of the cavernous sinus in an anteroposterior direction.
The tumor is then removed by applying the same microsurgi-
cal techniques as for the conventional transcranial approach.

After complete resection of the lesion, hemostasis is
achieved with bipolar forceps and Floseal®. In cases in which
the dura mater is opened and/or CSF leakage is evident, skull
base reconstruction using a multilayer technique with colla-
gen matrix, autologous fascia, or acellular allogenic dermis
is performed. A wedge-shaped piece of polymerized absorb-
able Medpor can be introduced as a rigid buttress to prevent
postoperative enophthalmos when a large bony defect is
expected. Finally, the periosteum is sutured with 5-0 absorb-
able suture, and the skin is closed with 6-0 fast-absorbing
plain gut. No lumbar drainage is usually required postopera-
tively, unless the frontal sinus is breached during surgery.

24.3 Tips for ETOA to the Orbital Apex

— A multidisciplinary team with expertise in endoscopic
techniques, consisting of a neurosurgeon, orbital surgeon,
and otolaryngologist is essential in ETOA.

— When approaching the orbital apex via the ETOA, one
should keep in mind key anatomical landmarks, such as
recurrent meningeal artery, superior orbital fissure, and
meningo-orbital band.

— Because long-standing globe retraction may often cause
elevation of orbital pressure, resulting in cardiac arrhyth-
mias, frequent monitoring of pupil size, heart rate, and
blood pressure, along with electrocardiography, are
required, and intermittent release from retraction of the
eyeball is recommended. One should be cognizant and
cautious of the potential risk of postoperative visual loss
due to retraction of the ipsilateral globe during ETOA.

— As with any novel surgical technique, a concerning draw-
back is the long learning curve that is required for the
maneuverability of the zero-degree and angled endo-
scopes in a narrow operative field via the transorbital cor-
ridor. It is thus important that practice in the cadaver
laboratory be made mandatory to gain familiarity with
this minimally invasive approach.
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Endoscopic Transorbital Approach
to Infratemporal Fossa

Calvin MAK and Ben Ng

Abstract

The infratemporal fossa is a space that communicates
with the orbit and pterygopalatine fossa. This chapter
describes the endoscopic transorbital approach in a step-
by-step fashion to the infratemporal fossa and displays
key endoscopic images to delineate the anatomical details.
Different approaches to the infratemporal fossa are com-
pared and discussed. An illustrated case of parapharyn-
geal space carcinoma was described by using a triportal
endoscopic technique.

Keywords
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25.1 Introduction

The infratemporal fossa (ITF) is an important space for skull
base surgeons to be familiar with. It houses multiple neural
and vascular structures and provides a corridor to different
compartments of the inferolateral skull base. Superiorly, it is
bounded by the inferior surface of the greater wing of the
sphenoid. Inferiorly, it is bounded by the attachment of the
medial pterygoid muscles to the mandible. The anterior bor-
der is defined by the posterior aspect of the maxilla, and the
posterior border is defined by the mastoid and styloid pro-
cesses of the temporal bone. The lateral pterygoid plate
forms the medial border, and the ramus of the mandible
forms the lateral border of the ITF.
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There are a few important structures and surgical com-
partments adjacent to the ITF. The foramen ovale and fora-
men spinosum opens to the roof of the ITE. The medial
border communicates with the pterygopalatine fossa through
the pterygomaxillary fissure at the anteroposterior aspect of
the medial border. The cartilaginous eustachian tube is at the
posteromedial aspect of the ITF, covering the horizontal por-
tion of the petrous internal carotid artery (ICA). The orbit
communicates with the superolateral corner of the ITF via
the inferior orbital fissure (IOF) [1].

The content of ITF includes the following:

— The inferior part of the temporalis muscle, the lateral and
medial pterygoid muscles

— Mandibular nerve (V3) and the branches

— Chorda tympami branch of facial nerve

— Otic ganglion

— Maxillary artery [2]

— Accessory meningeal artery

— Venous plexuses

Both benign and malignant tumors can occur at the infra-
temporal fossa (Table 25.1) [3]. Due to the deeply seated
location and wide range of possible pathologies, the histo-
logical proof is often required, followed by surgical excision.
Conventional surgical approaches include different craniofa-
cial approaches, which can involve extensive soft tissue dis-
section, craniotomy, and facial bone incisions. Endoscopic

Table 25.1 Examples of tumors of the infratemporal fossa

Benign tumors Malignant tumors

Schwannoma Adenoid cystic carcinoma
Meningioma Nasopharyngeal carcinoma
Nasopharyngeal fibroma Squamous cell carcinoma
Hemangioma Adenocarcinoma
Lipoma Sarcoma (including post-irradiation)
Osteosarcoma
Lymphoma
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transorbital approach provides a new surgical approach to
the ITF that is minimally invasive. It also allows superior
visualization and dissection for deep structures, owing to
direct visualization with high-resolution endoscope.

25.2 Approach to ITF by ETOA

The approach to the ITF is via a standard endoscopic
transorbital approach (ETOA) in the previous chapter. If
the lesion at the ITF has a low inferior extent, the supraor-
bital rim can be removed by high-speed drill and plated
upon wound closure, in order to gain a wider surgical
corridor.

After exposing the middle fossa dura, maxillary nerve
(V2) and mandibular nerve (V3), the foramen ovale was
unroofed with a high-speed diamond drill. The lateral aspect
of the anterolateral triangle was also drilled along V3. The
lateral pterygoid muscle was slightly retracted inferiorly to
allow access to the lateral pterygoid plate. After opening the
periosteum along V3, the anterior trunk of V3 can be identi-
fied, namely, the buccal nerve, deep temporal nerve, and
masseteric nerve (Fig. 25.1).

The posterior trunk of V3 and the rest of the content of the
infratemporal fossa can be identified after the removal of the
lateral pterygoid muscle. These would also be visualized in
presence of lesions occupying the fossa, with the lateral pter-
ygoid muscle displaced or invaded. The posterior trunk of V3
consisted of three branches, including the auriculotemporal
nerve, inferior alveolar nerve, and lingual nerve, which was
joined by the chorda tympani (Fig. 25.2).

The middle meningeal artery arises from the internal
maxillary artery, travels superiorly, and enters the foramen
spinosum. The auriculotemporal nerve crossed anteriorly to
the middle meningeal artery among all the studied speci-
mens. The accessory meningeal artery lies posterior to the
inferior alveolar nerve in the majority. It may cross the infe-
rior alveolar nerve through fenestration within the nerve as
an anatomical variation, according to our dissected cadaveric
specimens. The artery continued to supply the lateral ptery-
goid muscle and ascended to form the artery to foramen
ovale (Fig. 25.3). The Eustachian tube descended from the
middle ear to the nasopharynx, lying just posterior to the
foramen ovale. The Eustachian tube marks the location of
the petrous segment of the internal carotid artery, which can
be identified just posterior to the Eustachian tube.

Fig. 25.1 ETOA view of anterior trunk of mandibular nerve. Dotted
lines showed the course of Eustachian tube (ET) running posteriorly. V2
maxillary nerve, V3 mandibular nerve, LSPN lesser superficial petrosal
nerve, VN vidian nerve, MMA middle meningeal artery, LPP lateral
pterygoid plate, Lat pterygoid lateral pterygoid, MN masseteric nerve,
DTN deep temporal nerve, OG otic ganglion, BN buccal nerve

Fig. 25.2 ETOA view of posterior trunk of mandibular nerve (with
lateral pterygoid muscle removed) and its branches. ATN auriculotem-
poral nerve, IAN inferior alveolar nerve, LN lingual nerve, CT chorda
tympani, BN buccal nerve, OG otic ganglion, MMA middle meningeal
artery, AsMA accessory meningeal artery, MPM middle pterygoid mus-
cle, LPP lateral pterygoid plate
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Fig. 25.3 Magnified ETOA view of posterior trunk of mandibular
nerve. Anatomical variation showing fenestration of inferior alveolar
nerve (IAN), which the accessory meningeal artery passed through.
ATN auriculotemporal nerve, LN lingual nerve, CT chorda tympani,
IMA internal maxillary artery, MMA middle meningeal artery, FO fora-
men ovale

25.3 Comparison of Different Approaches

Table 25.2 highlights the difference among different
approaches to the ITF, including preauricular subtemporal,
endoscopic endonasal transpterygoid, and endoscopic trans-
orbital approaches. ETOA requires minimal skin incision in
the superior lid crease or subbrow region and is cosmetically
more pleasant than the open approach with minimal risk of
temporalis atrophy and frontalis weakness. ETOA offers
access to the maxillary nerve and mandibular nerve through
the anterolateral triangle between these two nerves. In par-
ticular, the petrous portion of the carotid artery can be con-
trolled after gaining access to the cartilaginous portion of the
Eustachian tube. This is useful for biportal endoscopic sur-
gery (transorbital and endonasal) to achieve en bloc resec-
tion of malignant tumors, where the carotid artery can be
safeguarded directly under endoscopic vision. There is also a
low chance of leakage of cerebrospinal fluid for this pure
extradural approach.
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Table 25.2 Comparison of approaches to ITF
Endoscopic Endoscopic
Craniotomy endonasal transorbital
Preauricular Transpterygoid | Anterolateral
subtemporal triangle
Exposure of Superficial & | Medial Superior &
ITF lateral compartment deep
compartment compartment
Skin incision Large No Minimal
Access to
structures
Maxillary nerve | ++ ++ ++
Petrous ICA +++ + ++
Maxillary +++ ++ +
Artery
Complications
Temporalis +++ - -
atrophy
Pterygoid + +++ -
muscle
weakness
Frontalis ++ - -
weakness
CSF leak — + -

25.4 Case lllustration

The patient is a 57-year-old gentleman with good past health
who presented with recurrent right otorrhea for a few years.
On physical examination, the right tympanic membrane was
moist and perforated. The facial nerve function was intact.
There was no head and neck swelling or mass. Magnetic reso-
nance imaging (MRI) of the head and neck showed a 4 cm
lipomatous lesion at the right parapharyngeal space
(Fig. 25.4a—c). Nasoendoscopy showed a whitish firm mass
obliterating the right Eustachian tube (Fig. 25.5a, b). Biopsy
yielded a well-differentiated liposarcoma. The tumor was
resected via a triportal approach. The first portal was robotic
transoral approach in which a palatal flap was created to pro-
vide access to the tumor . The infero-medial aspect of the
tumor was dissected up to the level of the nasopharynx using
robotic system (Da Vinci Xi) (Fig. 25.5d, e). The second por-
tal was the transorbital approach in which the superior orbital
fissure was opened by drilling the greater wing of the sphe-
noid. V2 and V3 were identified. The tumor was situated
postero-medial to V2 and V3. The superior pole of the tumor
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Fig. 25.4 Anatomy and characteristics of the tumor on contrast MRI.
(a) Axial T1-weighted post-contrast MRI showed a 4 cm lipomatous
lesion (#) with internal enhancing septations, at the right parapharyn-
geal space (PPS). The lesion abutted the right ICA posteriorly (arrow),

and bulged into the lateral wall of the nasopharyngeal mucosa medially.
(b) Coronal T1-weighted post-contrast MRI showed the lesion extended
down to the inferior aspect of the right petrous bone

Fig.25.5 (a—g) Surgical steps of the right parapharyngeal space tumor
using triportal endoscopic approach, including ETOA. (a—¢) Endoscopic
endonasal view. (a) The tumor bulged out and obliterated the right
Eustachian tube. (b) Smooth swelling over the right side of the soft pal-
ate. (¢) The posterior aspect of the medial pterygoid plate was drilled to
expose the anteromedial aspect of the tumor. The dissection continued
with the identification of ICA, which was protected at the postero-
lateral aspect of the tumor via the transorbital port. (d, e) Transoral

view. (d) A palatal flap was raised to provide access to the tumor. (e)
The inferomedial aspect of the tumor was dissected to the level of the
nasopharynx using the Da Vinci Xi robotic system. (f, g) Endoscopic
transorbital view. (f) The inferior orbital fissure was opened by drilling
the greater wing of the sphenoid. V2 and V3 were identified. The tumor
was located posteromedial to V2 and V3. (g) The superior pole of the
tumor was dissected away from the Eustachian tube
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was dissected away from the Eustachian tube (Fig. 25.51, g).
The third portal was endo-nasal approach in which the poste-
rior end of the medial pterygoid plate was drilled to expose
the antero-medial aspect of the tumor (Fig. 25.5c). The dis-
section continued with the ICA identified and protected at the
posterolateral aspect of the tumor by the trans-orbital port.
Surgical management of parapharyngeal space tumor is
often challenging owing to the anatomical complexity of this
area and adjacent critical neurovascular structure. The tripor-
tal minimally invasive surgery described above is a novel
technique. Transcervical, cervical-parotid and mandibulot-
omy are the commonly reported approaches to resect para-
pharyngeal space tumors. However, they are bounded by
either exposure limitations or high surgical morbidities. The
use of endonasal and/or transoral routes with endoscope has
been attempted to improve visualization and reduce surgical
morbidities, yet their application is limited in tackling lesions

situated in upper and lateral infratemporal fossa/parapharyn-
geal space. ETOA to the infratemporal fossa illustrates its
advantage to overcome such shortcomings and provide an
additional operative corridor.
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Surgical Treatment for Traumatic Optic

Neuropathy
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Abstract

Traumatic optic neuropathy (TON) is a severe and poten-
tially blinding condition. Even though the role of surgical
decompression is still debatable, many surgeons think
that surgical decompression will be beneficial to selected
cases. In this chapter, we will discuss how to perform
endoscopic trans-ethmoid optic canal decompression
(ETOCD) in TON.
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26.1 Epidemiology

Traumatic optic neuropathy (TON) is an uncommon cause of
visual loss after head injury, the incidence is around 2% in all
head and/or facial injuries [1-3], and the degree of damage
may range from simple contusion to complete avulsion of
the optic nerve. Direct TON (DTON) refers to direct optic
nerve injury with significant anatomical disruption to the
optic nerve, for example, from a projectile penetrating the
orbit at high velocity or optic nerve avulsion, or those with
optic canal fracture with bony impingement onto the optic
nerve. Indirect TON (ITON) is caused by the transmission of
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forces to the optic nerve from a distant site, without any overt
damage to the surrounding tissue structures. Sometimes,
occult optic canal fracture may be missed, both direct and
indirect mechanisms can contribute to optic nerve damage,
and a clear distinction between DTON and ITON is not
always possible.

For those cases with complete optic nerve transection or
avulsion, there is no proven treatment. In this chapter, we are
focusing on those TON with radiologically intact optic nerve
after closed head trauma, and we will simply refer these as
ITON. In ITON, the damage mostly occurs at the intracana-
licular segment of the optic nerve. Some of the ITON may
turn up to have DTON component due to occult optic canal
fracture with or without bony impingement onto the optic
nerve that were noted during surgical intervention [4]. The
vast majority of ITON patients are young males [5, 6], and
nearly 80% ITON patients presented with visual acuity
worse than 20/200 soon after trauma [6]. Spontaneous visual
recovery occurs in around 50% of ITON patients at 3-month
follow-up [6, 7].

26.2 Pathophysiology of TON

In DTON, the damage is caused by the direct injury itself,
such as optic nerve transection. For ITON, the exact under-
lying mechanism of optic nerve damage is unknown. It is
hypothesized that the force causing frontal head injury trans-
mits along the bony orbital wall to the optic canal causing
damage to the intracanalicular portion of optic nerve and
its vasculature. In some cases, optic canal fracture could
be revealed by high-resolution skull CT scan or as an intra-
operative finding during trans-nasal endoscopic surgical
decompression surgery [8]. In addition, both holographic
finding and virtual biomechanical analysis discovered that
forces from the frontal head can cause skeletal distortion of
the optic canal via stress propagation [9-12]. Furthermore,
some special anatomical features of the optic canal render
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the intracanalicular optic nerve more vulnerable to mechani-
cal stress, these include the following: (1) firm adhesion
between the dura around the intracanalicular optic nerve and
the optic canal periosteum [4, 9, 10] and (2) the small sub-
arachnoid space surrounding the intracanalicular optic nerve
with minimal cerebrospinal fluid [13]. Following the afore-
mentioned primary mechanical injury, secondary damage
will occur because of ischemia and neuroinflammation [1,
7, 10]. Consequential compartment syndrome (optic nerve
swelling within the confined optic nerve canal) may also
contribute to visual loss and progressive optic nerve damage.

26.3 Management of TON and Proposed
Indication for Surgical
Decompression

Currently, no consensus exists from studies published to date
on a preferred treatment for TON including ITON. Possible
treatment options include high dose or “mega” dose cortico-
steroid treatment and/or optic canal decompression. The role
of these treatments is debatable, and these treatments didn’t
yield better visual outcome compared with observation alone
according to the nonrandomized International Optic Nerve
Trauma Study and others [6, 7, 14]. As such, surgical inter-
vention should be cautious and decided on a case-by-case
basis with informed consent from patients.

Although there is no consensus on indication of optic
canal decompression, we will consider the possibility of sur-
gical intervention when TON patients meet the follow crite-
ria: (1) the patient suffer from substantial visual loss (usually
worse than 20/200) with poor response to corticosteroid
treatment, (2) absence of intraocular injury or apparent skull
base fracture (except for the canal fracture), and (3) the
patient is completely conscious who can consent to the surgi-
cal treatment, after being informed of the unproven benefit
and the potential complications of the surgery.

Y.K.Zhang et al.

26.4 Surgical Approaches

The rational of surgical optic canal decompression is to
relieve the presumably elevated intracanalicular pressures
resulted from the secondary inflammatory response after the
primary injury. It also aims to remove any bony impingement
onto the optic nerve, sometimes such bony impingement
may not be identified by CT scan. According to our previous
study of 1275 cases, TON patients with optic canal fracture
had better visual improvement after endoscopic trans-
ethmoid optic canal decompression (ETOCD) surgery than
those without optic canal fracture [8].

There are many surgical approaches to decompress the
optic canal, including trans-cranial, trans-orbital, and trans-
ethmoid pathways, via neurosurgical operative microscope
or transnasal endoscopic appraoch [15]. Trans-nasal endo-
scopic approach can provide excellent assess to the optic
canal and its neighboring structures with minimal surgical
trauma. This also provides magnified view under bright illu-
mination, which enables delicate surgical manipulation of
the optic canal under direct visual guidance. As such, in
properly performed cases, the surgical morbidity is minimal.
Furthermore, there is no cutaneous incision or facial scar. In
this chapter, we will discuss this minimally invasive ETOCD
surgery.

26.5 Basic Setup of ETOCD

The basic components of a ETOCD setup are as follows
(Fig. 26.1):

1. Trans-nasal endoscopy system, including illumination
system (light source, optic fiber) and camera system
(Fig. 26.1).

2. Endoscopic powers system (Fig. 26.1), including micro-
debrider, tricut blade, and microdrill.

Fig.26.1 CT scan images of nasal turbinates. S superior turbinate, M middle turbinate, / inferior turbinate. Thin medial orbital wall (green arrow)

and skull base (red arrow) are shown as well on the right panel
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3. Essential surgical instruments:
(a) Periosteal elevator
(b) Vacuum aspirators with different sizes
(c) Bone cutter (remove bony tissue in the nasal cavity)
(d) Endoscopic grasping forceps (grasp tissue debris or
cottonoid)
(e) MVR knife (dural incision)

26.6 Surgical Procedures of ETOCD

Precise identification of the anatomical landmarks during the
surgery is essential for a safe and effective ETOCD surgery.
The surgeon should be familiar with the patient’s CT scan
before surgery. Intraoperatively, the following anatomical
landmarks should be identified and tackled in a stepwise
fashion via trans-nasal endoscopic approach: inferior turbi-
nate, middle turbinate, uncinate process, ethmoid bulla,
superior turbinate, sphenoid ostium, sphenoid sinus, and
optic canal. A key principle during a ETOCD surgery is that
the surgeon should not remove or excise tissue superiorly or
temporally without certainty, as this may enter into the cra-
nium or orbital cavity accidentally through the thin skull
base or medial orbital wall, which may be fractured and dis-
placed after head trauma. The detailed procedures of ETOCD
are listed as follows (Fig. 26.1).

1. Surgical positioning
The patient is in supine position with their head
slightly elevated (about 10°) to prevent fluid accumula-
tion in the nasal cavity or sphenoid sinus. The surgeon
can stand or sit to the right side of the patients according
to their preference. Sitting posture with elbow supported

241

allows the surgeon to hold the endoscope with good sta-
bility with minimal lower limb muscular fatigue. The
patient’s face should be turned slightly toward the sur-
geon to facilitate endoscopic manipulation.

. Skin and nasal cavity preparation

The patient’s entire facial skin is prepared by 5% povi-
done iodine and then draped with sterile drapes to expose
the peri-nostril area. One percent povidone iodine (1:5
diluted with saline water) is applied to irrigate the
patient’s nasal cavity and then aspirated. To achieve local
vasoconstriction and reduce tissue swelling, cottonoids
containing 1:1000 adrenaline are inserted into the nasal
cavity and maintained for around 20 s. Care should be
taken not to injure the nasal mucosa or the middle turbi-
nate during insertion and removal of these packing mate-
rial. latrogenic damage to middle turbinate will cause
swelling and hemorrhage, which will impede the access
to the deeper structures especially the sphenoid sinus.

. Uncinate process exposure and removal

Exposure and removal of the uncinate process provides
an entrance to the ethmoid bulla and ethmoid sinus
(Fig. 26.2). The middle turbinate should be medialized gen-
tly toward the nasal septum to enhance the visualization of
the uncinate process and part of the ethmoid bulla (Fig. 26.3).

. Ethmoid bulla exposure

Place cottonoids onto the exposed uncinate process to
gain more surgical space and then remove the uncinate
process by an endonasal scissor and periosteal elevator to
expose the ethmoid bulla (Fig. 26.4). Alternatively, unci-
nectomy can be performed by backbiter forceps. It is bet-
ter to cut the inferior end of the uncinate process first and
then cut its superior end following a vertical incision into
the uncinate process (Fig. 26.4).

Fig.26.2 CT scan images of uncinate process (green arrow) and ethmoid bulla (red arrow) on the coronal (left panel) and horizontal (right panel)
planes
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Fig. 26.3 Endoscopic images of inferior turbinate (IT), middle turbinate (MT), nasal septum (NS) on the left panel, and uncinate process (UP)
with ethmoid bulla (EB) on the right panel

Fig. 26.4 Endoscopic images showing uncinate process removal. Left panel: the cottonoid are inserted onto the exposed uncinate process for
vasoconstriction; mid and right panels: vertical incision is made into the uncinate process

5. Superior turbinate and sphenoid ostium exposure 7. Optic canal exposure

The sphenoid ostium, which usually sit posteriorly and
inferiorly to the superior turbinate, provides a natural por-
tal to access the sphenoid sinus (Fig. 26.5). There are two
ways to expose the superior turbinate, either by partial
ethmoidectomy performed temporally to the mid-
turbinate or lifting the mid-turbinate to locate the superior
turbinate between the mid-turbinate and nasal septum.
After the removal of the superior turbinate, the surgeon
can use a periosteal elevator with vacuum aspirator on the
tip to identify the sphenoid ostium.

. Sphenoid sinus exposure

Enlarge the natural sphenoid ostium with a bone punch
or a microdebrider to fully expose the sphenoid sinus. Be
careful not to injure the sphenopalatine artery, which usu-
ally sits beneath the sphenoid ostium.

The optic canal protrusion is usually located tempo-
rally and superiorly on the posterior wall of the sphenoid
sinus, and the carotid artery protrusion lies beneath the
optic canal. Between these two protusion is the opticoca-
rotid recess. Surgical navigation system is helpful to pro-
vide intraoperative guidance. In case of optic canal
fracture with associated hematoma, make sure that the
hematoma is not pulsating as it could be a traumatic
pseudo-aneurysm from the carotid or ophthalmic arteries,
or cavernous sinus (Fig. 26.6).

. Optic canal decompression

Drill the bony wall of the optic canal very carefully
with diamond bur after peeling off the overlying sinus
mucosa. When the optic canal bony wall became thin and
semi-transparent after diamond bur drilling, remove it
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Fig. 26.5 CT scan images of superior turbinate (ST), sphenoid ostium
(yellow circle) and sphenoid sinus (SS)

with a periosteal elevator. In case of bony impingement
onto the optic nerve, we recommend to drill its neighbor-
ing bony wall first and then carefully remove the bony
piece away. There is no consensus on the required extent
of the optic canal decompression. To reduce the chance of
iatrogenic injuries to skull base or cavernous sinus, we
usually remove the bony wall along the full length of the
optic canal, including its orbital and cranial ends, with
50% of its circumstance. Then we perform small and
multiple dural incisions on the entire intra-canalicular
optic nerve and the common tendinous ring for further
decompression (Fig. 26.7). Subsequently, we gently
placed several pieces of merogel filled with corticosteroid
over the exposed optic nerve, to reduce post operative
inflammation and to provide partial insulation of the
exposed optic nerve from the nasal cavity.

. Postoperative management

Intravenous methyl-prednisolone and broad-spectrum
antibiotics are administrated for 3 days after the ETOCD

Fig. 26.6 Hematoma on the optic canal with optic canal fracture. Left
panel: CT scan images of hematoma (red arrow), optic canal fracture
(green arrow), sphenoid sinus (SS) and anterior clinoid process (ACP).

The majority of the optic canal is located between the SS and the
ACP. Right panel: endoscopic view of the hematoma with dark purple
color without pulsation
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Fig. 26.7 Endoscopic images showing optic canal decompression. Left and mid panels: a periosteal elevator is used to chisel the remaining thin
canal wall after drilling; right panel: dural incision is made by an MVR knife

surgery. Nasal corticosteroid and decongestants are used
for 1-3 months. Patients are instructed to avoid nose-
blowing or intensive physical activity for 2 weeks postop-
eratively. Routine trans-nasal endoscopic examination of
the ethmoid sinus is taken at 1 week after the surgery.
Follow-ups are carried out at 2 weeks, 1, 3, 6, and
12 months postoperatively.

26.7 Potential Complications of ETOCD

In properly performed cases, the risk of ETOCD is small
with minimal morbidity. Due to the proximity of the optic
canal to the ipsilateral carotid artery, cavernous sinus, skull
base, and medial orbital wall, caution must be taken to not
injure these neighboring structures, especially for the patients
with possible skull base instability after trauma. CT angiog-
raphy (CTA) should be considered in case of suspected
carotid artery pseudoaneurysm.

Common but mild complications ETOCD include transient
postoperative nasal pain and mild epistaxis. Patients are
instructed not to swallow nasal discharge because swallowed
blood may irritate their stomach and cause vomiting. In case of
a postoperative cerebrospinal fluid leak (transparent watery
nasal discharge with or without headache), the patients should
be on strict bed rest for a few days and receive systemic antibi-
otics to prevent potential infectious meningitis and intra-cranial
infection. Most of the postoperative CSF rhinorrhea will cease
spontaneously following strict bed rest for days. Surgical inter-
vention may be considered for a persistent cerebrospinal fluid
leak (up to 2 weeks of conservative treatment).

26.8 The Future of ETOCD Surgery

Both the optic nerve and the spinal cord belong to the central
nervous system. In 2021, a study published in the Lancet
Neurology found that surgical decompression within 24 h of
acute spinal cord injury (SCI) was associated with better sen-
sorimotor recovery. The earlier the decompression was per-
formed, the better the recovery would be 1 year after the
injury. If the surgery was done later than 36 h after the injury,
the beneficial effect plateaued with time [16]. It might also
be true for the optic canal decompression surgery for
TON. Future studies can explore the effect of time of ETOCD
on the visual outcome of the TON patients. However, chal-
lenges exist for such clinical studies due to the following rea-
sons: (1) the incidence of TON (around 1 in 1 million [17])
is much lower than that of SCI (10-50 per million [18]); (2)
considerable variation exists in TON patients, such as age,
severity of TON, time to surgery, medication received; (3)
few patients with TON following head trauma can receive
optic canal decompression surgery within 24 h. Therefore,
preclinical studies with large animal model of TON, which
allows ETOCD surgery as in TON patients, is of great
importance.

Furthermore, ETOCD surgery provides a minimally inva-
sive approach to access the injured intracanalicular optic
nerve. The exposed sphenoid sinus could be employed as a
reservoir for local delivery of neuroprotective drugs/stem
cells/biomaterials to repair the intracanalicular optic nerve.
With large animal model of TON, therapeutic strategies suc-
ceeded in the SCI model or TON rodent model can be tested
and selected preclinically.



26 Surgical Treatment for Traumatic Optic Neuropathy

245

References

. Guy WM, et al. Traumatic optic neuropathy and second optic nerve
injuries. JAMA Ophthalmol. 2014;132:567-71.

. Pirouzmand F. Epidemiological trends of traumatic optic nerve
injuries in the largest Canadian adult trauma center. J Craniofac
Surg. 2012;23:516-20.

. al-Qurainy IA, Stassen LF, Dutton GN, Moos KF, el-Attar A. The
characteristics of midfacial fractures and the association with
ocular injury: a prospective study. Br J Oral Maxillofac Surg.
1991;29:291-301.

. Thale A, Jungmann K, Paulsen F. Morphological studies of the
optic canal. Orbit. 2002;21:131-7.

. Lee KF, Muhd Nor NI, Yaakub A, Wan Hitam WH. Traumatic
optic neuropathy: a review of 24 patients. Int J Ophthalmol.
2010;3:175-8.

. Levin LA, Beck RW, Joseph MP, Seiff S, Kraker R. The treatment
of traumatic optic neuropathy: the international optic nerve trauma
study. Ophthalmology. 1999;106:1268-77.

. Yu-Wai-Man P, Griffiths PG. Steroids for traumatic optic neuropa-
thy. Cochrane Database Syst Rev. 2013;2013(6):CD006032.

. Yan W, et al. Incidence of optic canal fracture in the traumatic optic
neuropathy and its effect on the visual outcome. Br J Ophthalmol.
2017;101:261-7.

. Gross CE, DeKock JR, Panje WR, Hershkowitz N, Newman
J. Evidence for orbital deformation that may contribute to mon-

10

11.

12.

13

14.

15.

16.

17.

18.

ocular blindness following minor frontal head trauma. J Neurosurg.
1981;55:963-6.

. Anderson RL, Panje WR, Gross CE. Optic nerve blindness follow-

ing blunt forehead trauma. Ophthalmology. 1982;89:445-55.
Nagasao T, et al. Biomechanical analysis of likelihood of optic canal
damage in peri-orbital fracture. Comput Assist Surg (Abingdon).
2018;23:1-7.

Huempfner-Hierl H, Bohne A, Wollny G, Sterker I, Hierl T. Blunt
forehead trauma and optic canal involvement: finite element analy-
sis of anterior skull base and orbit on causes of vision impairment.
Br J Ophthalmol. 2015;99:1430-4.

. Liugan M, Xu Z, Zhang M. Reduced free communication of the

subarachnoid space within the optic canal in the human. Am J
Ophthalmol. 2017;179:25-31.

Yu-Wai-Man P. Traumatic optic neuropathy-clinical features and
management issues. Taiwan J Ophthalmol. 2015;5:3-8.

Oh H-J, Yeo D-G, Hwang S-C. Surgical treatment for traumatic
optic neuropathy. Korean J Neurotrauma. 2018;14:55-60.

Maas AIR, Peul W, Thomé C. Surgical decompression in acute spi-
nal cord injury: earlier is better. Lancet Neurol. 2021;20:84-6.
Singman EL, et al. Indirect traumatic optic neuropathy. Mil Med
Res. 2016;3:2-2.

Singh A, Tetreault L, Kalsi-Ryan S, Nouri A, Fehlings MG. Global
prevalence and incidence of traumatic spinal cord injury. Clin
Epidemiol. 2014;6:309-31.



PartV

Radiotherapy for Neoplasm



Check for
updates

External Radiotherapy for Orbital Apex
Lesions: Principles and Practice

27

Jeannie Chik, K. M. Cheung, Chi Ching Law, James Chow,
Gavin Cheung, K. H. Au, C. W.Y. Kong, and K. H. Wong

Abstract

Tumors arising from the orbital apex represents a thera-
peutic challenge due to the proximity to vast amount of
neurovascular bundles. Neoplasms located in this ana-
tomically confined region usually cause significant symp-
toms even for small sizes. A small change in size of the
lesions will make significant improvement in function
and quick symptom relief. Therefore, timely treatment for
symptomatic cases is pivotal to avoid debilitating neuro-
logical symptoms and maintain quality of life.
Management is dictated by the causative pathology, and
tissue biopsy is often difficult. Comprehensive clinical
evaluation with neuro-imaging studies with or without
histological diagnosis is needed to determine the nature of
the lesion and formulate treatment plan. This chapter will
introduce common tumors found in the orbital apex, dif-
ferent aspects of radiotherapy including radiotherapy
techniques, target volume delineation, and toxicities of
radiotherapy.
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27.1 Introduction
Orbital apex has crowded anatomic structures with neurovas-
cular bundles passing through it. Lesions located in this ana-
tomically confined region wusually cause significant
symptoms, and neoplasms are the common pathologies.
They include those originating from the orbital apex tissues,
direct extension, or perineural spread of the neoplastic
lesions arising from adjacent structures or metastases from
other primary sites (Table 27.1).

Symptoms mainly arise from the mass effects of the lesions,
infiltration of the neovascular bundles by the lesions, and the
impaired function of the intraocular muscles. A slight tumor

Table 27.1 Orbital apex neoplasms

Primary lesions originating from tissues at orbital apex

Malignant

Benign

¢ Non-Hodgkin lymphoma
— MALToma (mucosa-
associated lymphoid tissue
lymphoma)
— Diffuse large B cell
lymphoma
— Peripheral T cell lymphoma
— Follicular lymphoma
* Adenoid cystic carcinoma
e Others:
— Squamous cell carcinoma
— Soft tissue sarcoma such as
rhabdomyosarcoma

* Cavernous venous
malformations
(hemangioma)

* Neural tumors
— Optic nerve glioma
— Schwannoma

e Meningioma
— Optic nerve sheath

meningioma

e Others:

— Hemangiopericytoma

Direct extension or perineural spread of neoplastic lesions from
* Anteriorly: anterior orbital structures, eye, lacrimal appendage,

eyelids, and conjunctiva
 Laterally: paranasal sinuses

 Posteriorly: cavernous sinus, pituitary gland, and middle

cranial fossa

¢ Inferiorly: head and neck squamous cell carcinoma and
adenoid cystic carcinoma, and nasopharyngeal carcinoma

Maetastatic lesions [1]

¢ Frequent primary sites: breast cancer (42%), lung cancer
(11%), prostate cancer (8.3%), melanoma (5.2%),
gastrointestinal tract cancer (4.4%) and kidney cancer (3.2%)
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growth at that area will threaten vision and warrants early inter-
vention. A small regression of the lesions will make significant
improvement in function and quick symptom relief [2].
Therefore, timely treatment for symptomatic cases is pivotal to
avoid debilitating neurological symptoms and maintain quality
of life. Even management of orbital apex lesions is dictated by
the causative pathology and needs thorough assessment.
Comprehensive clinical evaluation should be conducted to con-
firm diagnosis, assess the impacts of the lesion on the patient,
and estimate the prognosis of the disease. Neuro-imaging stud-
ies including MRI and contrast CT scan of the brain and orbits
can delineate the nature and extent of the lesion, guide histo-
logical diagnosis, formulate the treatment plan, and define the
target volumes of radiotherapy. Staging work-up is indicated
when malignancy is diagnosed or suspected.

Although histological diagnosis of the lesions at the
orbital apex is challenging and risky, it needs to be consid-
ered in certain clinical scenarios. Clinical presentations of
most cases regardless of histology are quite similar, while
imaging studies have limitations in differentiating chronic
invasive fungal sinusitis from inflammatory pseudotumor
[3]. When a malignant disease is suspected or infectious
causes should be excluded, biopsy is necessary for prompt
diagnosis and early treatment. Multidisciplinary team
approach is advocated to define the most appropriate way for
histological diagnosis.

Surgical resection is commonly the treatment of choice
for lesions confined to the orbit to achieve rapid symptom
relief by acute decompression. However, it is technically dif-
ficult and risky due to the dense network of critical neurovas-
cular structures within the orbit [4]. For orbital apex lesions,
surgical treatment will lead to significant complications and
may be infeasible. Radiotherapy can be an alternative treat-
ment not only for neoplastic but also some inflammatory
orbital apex lesions.

27.2 Radiotherapy

Radiotherapy is the use of ionizing radiation to treat patients
with malignant neoplasm and occasionally benign diseases
by delivering a precisely measured dose of irradiation to a
defined tumor volume with as minimal damage as possible to
the surrounding healthy tissues. The main aims include the
following: to eradicate the tumor, arrest tumor progression,
relieve symptoms, achieve better quality of life, and prolong
survival [5]. Radiotherapy can be of curative intent when
adopted as a primary treatment, in postoperative cases when
there is residual disease or high risk of relapse, or of pallia-
tive intent when the disease is beyond cure. The practice of
radiotherapy is guided by the treatment purposes, the nature
and extent of the lesion, proximity of the lesion to critical
organs at risk, and patient factors such as general condition,
comorbidities, and symptoms.

Radiotherapy for orbital apex lesions is very challeng-
ing. It should be effective to lead to shrinkage of the lesions
for symptom relief even though total eradication of the
tumors may not always be possible. With advanced radio-
therapy technology, a high tumor control rate of nearly
90% with preservation of the eye can be achieved in orbital
tumors [6].

27.2.1 Planning

Considering the intimate relationship of the lesions with the
optic nerve and limitation of the radiation doses to the optic
apparatus, radiotherapy planning for orbital apex lesions is
sophisticated and individualized. High conformality of radi-
ation to cover the lesions with appropriate treatment margin
and accurate delivery of radiation doses are the core compo-
nents of radiotherapy to achieve the treatment aims.

Radiotherapy planning for lesions in this complicated
area requires accurate delineation of the lesions and their
relationship with adjacent critical tissues. MRI adds details
about proximity and involvement of the vital soft tissue
structures around the lesions and evaluates the status of sur-
gical margins if any. Joint assessment of the patients and
review of the imaging studies by neurosurgeons, ophthal-
mologists, radiologists, and radiation oncologists will ensure
accurate delineation of the lesions.

Regardless of radiotherapy techniques, stringent immobi-
lization of the patient during treatment is crucial. The patient
should be treated in a comfortable and reproducible position,
which is suitable for acquisition of diagnostic staging imag-
ing. It is commonly achieved by customized thermoplastic
cast with the patient supine and the neck in a comfortable
position as showed in Fig. 27.1.

27.2.2 Target Volumes|[7, 8]

Radiotherapy target volumes are determined by the nature of
the irradiated lesions. For benign orbital apex lesions with
well-defined borders, such as cavernous venous malforma-
tion (hemangioma) and optic nerve sheath meningioma
(ONSM), their gross tumor volumes (GTV) can be accu-
rately defined by imaging studies. The planning target vol-
ume (PTV) can then be directly generated by adding a
quantitative margin to the GTV, taking into consideration the
repositioning uncertainties and alignment of treatment beams
between fractions. Such lesions are amenable to highly con-
formal radiotherapy with a tight margin, allowing higher
radiation dose delivered to the lesions while minimizing the
radiation dose to adjacent normal tissues (Fig. 27.2).
Malignant lesions involving the orbital apex will have
infiltrating borders, and MRI should be taken as reference
when contouring the GTV. The clinical target volume (CTV)
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Figure 1a

Fig. 27.1 (a) A customized thermoplastic cast used for stringent patient immobilization during radiation. (b) A patient who is immobilized by a
customized thermoplastic cast mounted with a removable frame to the treatment coach is receiving stereotactic radiotherapy

Fig. 27.2 A patient with cavernous venous malformation (hemangi-
oma) treated by fractionated stereotactic radiotherapy. Yellow line is the
gross tumor volume (GTV), which is contoured according to the well-
defined lesion on the MRI. Blue line is the planning target volume
which is generated directly by adding 1 mm margin to the GTV

is then defined by a margin to the GTV to encompass any
subclinical diseases, which depends on the anatomy of the
affected areas and the nature history of the lesion. In adju-
vant radiotherapy setting, where the lesion has been totally
or partially removed by surgery, the GTV is defined by the
gross residual disease if any, while the surgical bed as one of
the potential areas of subclinical disease should be covered
in the CTV. The planning target volume (PTV) is then
generated by adding a margin to the CTV, to account for
uncertainties of beam alignment, intra- and inter-fraction
motions (Fig. 27.3).

Fig.27.3 Radical IMRT for primary adenoid cystic carcinoma involv-
ing the left orbital apex (70 Gy at 100% I.L. in 35 fractions over
6.5 weeks). Red line is the gross tumor volume (GTV), which is con-
toured on the planning CT scan with reference to the MRI scan; organ
line is the clinical target volume (CTV), which is generated by adding
1 cm margin to the GTV to cover the subclinical disease around the
primary with normal brain tissue trimmed out; blue line is the planning
target volume (PTV), which is generated by adding 5 mm margin to the
CTV

Since there is no lymphatic drainage inside the orbit, pro-
phylactic irradiation of regional lymph nodes is generally not
indicated for those neoplasms confined in the orbit. However,
some malignant and benign tumors can extend from the pos-
terior orbit or the orbital apex to the middle cranial fossa
through the superior orbital fissure and the optic canal, or
into the pterygopalatine fossa and the masticator space via
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the inferior orbital fissure. Coverage of these areas may be
necessary when planning of radiotherapy for malignant dis-
eases located at the orbital apex.

27.2.3 Radiotherapy Techniques

With technology advancement, radiotherapy techniques have
been extensively evolving, developing from two-dimensional
technique, through three-dimensional conformal radiother-
apy (3D -CRT), intensity-modulated radiation therapy
(IMRT) and volumetric modulated arc radiation therapy
(VMAT), to single-dose stereotactic radiosurgery (SRS) and
fractionated stereotactic radiotherapy (FSRT), and even pro-
ton therapy. These advanced radiotherapy techniques allow
high radiation doses delivered to smaller volumes with mini-
mal visual and neurological complications when treating
lesions at the orbital apex.

27.2.4 Three-Dimensional Conformal
Radiotherapy (3D-CRT)

3D-CRT will be employed when a relatively large area is to
be irradiated, while the total dose of radiotherapy can be kept
well below the thresholds of critical organs at risk (OARs) or
when the OARSs can be shielded from radiation. Employing a
few fixed treatment fields to achieve target coverage, the
planning process is relatively simple. Because of its rela-
tively spatial inaccuracies in patient setup and difficulty of
achieving sharp dose fall off in neighboring organs, the
drawback of 3D-CRT is inclusion of large area of normal
tissues within radiation fields, and this may cause significant
long-term complications even though acute side effects may
be minimal. Therefore, standard dose fractionation at daily
fraction of 1.8-2 Gy is commonly applied for radical radio-
therapy using 3D-CRT, allowing sufficient time for sensitive
normal structures to repair and regenerate during the interval
between fractions. One example is primary radiotherapy for
orbital MALToma, in which the whole orbit is irradiated and
the therapeutic dose is lower than OARs.

27.2.5 Intensity-Modulated Radiation Therapy
(IMRT) and Volumetric Modulated Arc
Radiation Therapy (VMAT)

IMRT and VMAT are both advanced radiotherapy technolo-
gies, which generate treatment plans with high conformality
to target. IMRT modulates the intensity of the radiation
beam as well as its geometric shape to deliver complex dose
distributions, using forward or inverse treatment planning.
VMAT is similar IMRT, except that it generates highly con-
formal dose distribution with a single rotation of the LINAC
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gantry. During each rotation, the radiation beam is continu-
ously shaped by the multi-leaf collimator with the dose rate
and gantry speed optimized to generate highly conformal
dose distributions. Comparing with IMRT, VMAT has the
advantage of shorter treatment time, but the conformality is
lower for highly irregular-shaped lesions. Compared with
3D-CRT, IMRT and VMAT allow radiation to be delivered
at higher doses with greater conformality and sparing of
OARs [9]. They are commonly employed in radical radio-
therapy for localized neoplastic lesions at the orbital apex.

27.2.6 Stereotactic Radiosurgery (SRS)
and Fractionated Stereotactic
Radiotherapy (FSRT)

Through minimizing spatial inaccuracies in patient setup and
maximizing conformity, harnessing the rapid dose fall-off at
radiation beam edges, stereotactic radiosurgery (SRS) and
fractionated stereotactic radiotherapy (FSRT) allow higher
dose per fraction, which results in a higher biologically
equivalent dose to the target without increasing the risk of
complications in surrounding tissues. The margin for PTV
from GTV/CTV can be as tight as 0.5-1 mm. They can be
delivered by Gamma Khnife, Cyberknife, or Linear
Accelerator. Traditionally, it was reluctant to use SRS in the
posterior orbit as the visual pathway is sensitive to a large
single dose of radiation [10], and it is also technically diffi-
cult to avoid irradiation to the optic nerve. A single dose of
8—12 Gy is considered threshold for development of optic
neuropathy [10, 11]. Nevertheless, a few series have reported
the use of SRS in various types of intra-orbital lesions with
good outcomes, including metastatic tumors [12], cavernous
venous malformations [13-15], and optic nerve sheath
meningiomas [16] (Table 27.2).

With the inherent radiobiology of fractionating the radia-
tion dose, there is less risk of toxicity to normal structures
with FSRT than SRS. Therefore, FRST is safer for lesions in
proximity to the optic nerve by keeping the nerve dose below
the dose constraint [19]. A Korean series reported favorable
treatment outcomes of FSRT for benign orbital apex lesions
[17, 20] and suggested it might be considered as the initial
treatment of choice for cavernous venous malformations
[17]. Klink also reported the results of a case with optic
sheath meningioma treated by FSRT with 36 Gy given in six
fractions, in which the patient’s visual acuity and field
remained stable while the appearance of the tumor did not
change [18] (Table 27.2).

Other series have reported the results of using stereotactic
radiotherapy system with standard daily fraction size of
1.8-2 Gy to treat benign lesions at the orbit and orbital apex.
This approach enables a higher total dose delivered to the
lesion while keeping the dose to the optic tract within the
safety threshold [2, 21-24] (Table 27.3).
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Table 27.2 Outcomes of stereotactic radiosurgery (SRS) and fractionated stereotactic radiotherapy (FSRT) for orbit/orbital apex lesions

Series

‘ Subjects ‘

Dose and machine type

‘ Outcomes

Stereotactic radiosurgery (SRS) for orbit/orbital apex lesions

Klingenstein 2012
[12]

16 patients with orbital
metastases

16.5-21 Gy (median: 18 Gy) by
CyberKnife

13 (87%) had stable disease

Liu 2012 [13]

23 patients with orbital
cavernous venous haemangioma

12-20 Gy (median dose: 15 Gy)
by Gamma Knife

20 (87%) out of 23 patients had a decrease in
tumor size

11 (79%) out of 14 patients had visual
improvement

Thompson 2000 [14]

1 patient with intra-orbital
hemangioma after partial
resection two times

16 Gy by Gamma Knife

46% reduction in size with no change in
vision

Kim 2008 [15]

8 patients with orbital tumors: 5
whose optic apparatus at least
2 mm from the lesion and 3
being blind

13-20 Gy (median dose: 14 Gy)
by Gamma Knife

6 (75%) out of 8 achieved tumor control at a
median follow-up of 20.9 months

Kwon 2005 [16]

2 patients with optic nerve
glioma and 1 patient with optic
sheath meningioma

15 Gy to patient with optic
sheath meningioma

8 Gy and 12 Gy to two patients
with optic nerve glioma,
respectively, by Gamma Knife

Patient with optic sheath meningioma had
tumor shrinkage with resolving exophthalmos
Both patients with optic nerve glioma had
tumor size reduction and visual improvement

Fractionated stereotactic radiotherapy (FSRT) for orbital apex lesions

Kim 2015 [17]

23 patients with orbital apex
tumors: 8 cavernous
hemangioma, 8 meningioma and
7 schwannoma

18-22 Gy in 4 fractions at 50%
isodose line (range: 50-55%) by
Gamma Knife

17 (74%) had tumor shrinkage (mean volume
reduction of 53.9%), and 16 (70%) achieved
visual improvement

All cavernous hemangiomas had tumor
control (mean volume reduction of 68.3%)

Klink 1998 [18]

1 patient with optic sheath
meningioma

36 Gy in 6 fractions

Patient’s visual acuity and field remained
stable while the appearance of the tumor was
not changed

Table 27.3 Outcomes of radiotherapy using stereotactic radiotherapy system with standard dose-fractionation for orbit/orbital apex lesions

Series

Subjects

Dose and machine type

Outcomes

Ratnayake 2019 [21]

6 patients with orbital cavernous
venous malformation

LINAC

45-50.5 Gy at 85-95% isodose line
at 1.8-2 Gy per fraction, by 6 MV

All had tumor shrinkage (average
volume reduction by 63%) and
symptom improvement without
complications

Rootman 2012 [2]

5 patients with orbital cavernous
venous malformation with 2
extending to cavernous sinus and 1
extending through superior orbital
fissure

LINAC

40-49.59 Gy at 90% isodose line at
1.62-2 Gy per fraction, by 6MV

All achieved visual improvement and
shrinkage of the lesions (average
volume reduction by 60%) without
complications

Maaijwee 2012 [22]

3 patients with radiologically
cavernous venous malformation at
orbital apex

50.4 Gy in 28 daily fractions

All achieved tumor shrinkage and two
had improvement of visual acuity,
without any adverse effects

Pacelli 2011 [23]

5 patients with orbital ONSM with 4
contained intra-orbitally and 1
having intracranial extension
through the optic nerve canal

50.4 Gy in 28 daily fractions

All experienced subjective improvement
in vision and had no radiological
progression. No late side effects
reported

Paulsen 2012 [24]

109 patients (113 eyes) with
primary* (n = 37) or secondary*
(n=76) ONSM

50.4 Gy in 28 daily fractions with a
safety margin of 5 mm and then
boost with 3.6 Gy in two fractions
with a safety margin of 2 mm, by
6MV LINAC (median dose: 54 Gy)

Regression of the tumor (5 eyes): 4%
Progression of the tumor (4 eyes): 3.6%
Stable (104): 92%

Visual acuity was preserved in 94.8%
after 3 years and 90.9% after 5 years

ONSM orbital optic nerve sheath meningioma, primary ONSM ONSM arising from the sheath of the intraorbital or the intracanalicular portions of
the optic nerve, secondary ONSM ONSM originating from intracranial meningeal structures with subsequent invasion of the optic canal and orbit
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Table 27.4 Radiation dose tolerance of organs at risk (OARs) in radiotherapy for orbit

Single institute (Queen Elizabeth Quantec [29] UK consensus [30] EPTN

Hospital, HK) consensus [31]

Stereotactic RT SRS Stereotactic RT

EQD2 EQD2 | 1 Fr (Gy) 5 Fr (Gy)

1 Fr (Gy) 5 Fr (Gy) (Gy) 1 Fr(Gy) (Gy) |Optimal |Mandatory |Optimal | Mandatory| EQD2 (Gy)
Brainstem Do < 12.5 | Dy e < 30 54 <12.5 54 <10 <15 <23 <31 Do zee < 54
(Dinax)
Chiasm Vigy <0.2cc | Vygy<02cc |- - -
Chiasm (D) | Dogssee < 10 | Dy gssee < 25 54 <12 55 <8 <22.5 Do zec < 55
Optic nerve Vigy<0.2cc | Vygy<0.2cc |- - -
Optic nerve Doossee <10 | Dy g35ec < 25 54 <12 55 <8 <22.5 Dy.ozee <55
(Dinax)
Eye (D) - - 50 - - <8 - Dy.o3ec <50
Lens (D) - - 6-10 | — - <l.5 - Dy.ozee < 10
Lacrimal Diean < 25
gland
Pituitary gland Diean < 45

Diean < 20

Whole brain Digee < 12 - Vizay Digee < 12 — Veocy <3 cc
minus GTV Dy, <5 <5-10cc D5, <5

EQD?2 equivalent dose in 2 Gy per fraction, D, is defined as the maximum dose to 0.1 cc, 0.03 cc or 0.035 cc of the OAR volume (Dg ; cc. D03 cc
or Dy 35, Tespectively), D,.., mean dose, Dsjq, mean dose to 50% of the OAR volume, Vg, volume of OAR with dose >8 Gy

27.2.7 Side Effects of Radiotherapy

The normal ocular tissues have a spectrum of radiation toler-
ance. Orbital bones, muscle, and fat can tolerate high radiation
doses, whereas the lens, eyelashes, retina, and lacrimal system
are more radiosensitive [25]. In the posterior orbit, where any
lesions will lie in proximity to the optic nerve, there will bear
a significant risk of optic neuropathy if a large dose of radia-
tion given to this area. Under the standard dose fraction size of
1.8-2 Gy, the risk of damage with 50 Gy in 25 daily fractions
is around 1% [26]. Based on studies on optic nerve tolerance
to SRS, radiation optic neuropathy rates are low when a dose
of 10-12 Gy applied to a functioning optic nerve [10, 27, 28].
In contrast, a higher overall dose of radiation to the same
region can be delivered in multiple fractionated doses. In daily
fractionated RT, the optic nerve is more sensitive to the dose
per fraction rather than the total dose [29].

Other long-term risks include non-optic cranial neuropa-
thy, retinopathy, pituitary dysfunction, and secondary malig-
nancy. Although tumor control is the primary goal, treatment
plans should be shaped to avoid the radiosensitive normal
tissue at the anterior part of the orbit, including retina, lacri-
mal system, and lens. A total dose of higher than 45 Gy and
a daily fraction greater than 1.9 Gy significantly increases
the risk of retinopathy [29]. Radiation necrosis is another
significant potential complication of radiotherapy and has a
higher chance to occur in patients who are hereditarily sensi-
tive to radiation, receive re-irradiation, or treated with high
dose SRT/FSRT. Table 27.4 summarizes recommended radi-
ation dose tolerance of the key organs at risk for radiotherapy
to the orbital apex lesions.

References

1. Goldberg RA, Rootman J, Clin RA. Tumors metastatic to the orbit:
a changing picture. Surv Ophthalmol. 1990;35(1):1-24.

2. Rootman BD, Rootman J, Gregory S, et al. Stereotactic fractionated
radiotherapy for cavernous venous malformations (haemangioma)
of the orbit. Ophthal Plast Reconstr Surg. 2012;28(2):96-102.

3. Cho SW, Lee WW, Ma DJ, et al. Orbital apex lesions: a diag-
nostic and therapeutic challenge. J Neurol Surg B Skull Base.
2018;79:386-93.

4. Mendoza-Santiesteban E, Mendoza-Santiesteban EC, Berazain
AR, et al. Diagnosis and surgical treatment of orbital tumours.
Semin Ophthalmol. 2010;25:123-9.

5. Halperin EC. The discipline of radiation oncology. In: Halperin EC,
Wazer DE, Perez AC, Brady LW, editors. Perez and Brachy’s prin-
ciples and practice of radiotherapy. 7th ed. Philadelphia: Lippincott
Williams & Wilkins; 2019. p. 2-70.

6. Kuhnt T, Miiller AC, Werschnik C, et al. Radiotherapy of eye and
orbit tumors. Klin Monbl Augenheikld. 2004;221(12):1033-45.

7. International Commission on Radiation Units and Measurements.
ICRU report no. 50: prescribing, recording, and reporting photon
beam therapy. Bethesda: ICRU, 1993.

8. International Commission on Radiation Units and Measurements.
ICRU report no. 50: prescribing, recording, and reporting photon
beam therapy (Supplement to ICRU report 50). Bethesda: ICRU,
1999.

9. Finger PT. Radiation therapy for orbital tumors: concepts, cur-

rent use, and ophthamic radiation side effects. Surv Opthhalmol.

2009;54(5):545-68.

Leber KA, Bergloff J, Pendl G. Dose-response tolerance of the

visual pathways and cranial nerves of the cavernous sinus to stereo-

tactic radiosurgery. J Neurosurg. 1998;88(1):43-50.

11. Tishler RB, Loeffler JS, Lunsford LD, et al. Tolerance of cranial

nerves of the cavernous sinus to radiosurgery. Int J Radiat Oncol

Biol Phys. 1993;27(2):215-21.

Klingenstesin A, Kufeld M, Wowra B, et al. CyberKnife radiosur-

gery for the treatment of orbital metastases. Technol Cancer Res

Treat. 2012;11(5):433-9.

10.

12.



27

External Radiotherapy for Orbital Apex Lesions: Principles and Practice

255

16.

17.

18.

19.

20.

21.

22.

. Liu X, Xu D, Zhang Y, et al. Gama knife surgery in patients harbor-

ing orbital cavernous haemangiomas that were diagnosed on the
basis of imaging findings. J Neurosurg. 2010;113 Suppl:39-43.

. Khan AA, Niranjan A, Kano H, et al. Stereotactic radiosurgery

for cavernous sinus or orbital haemangiomas. Neurosurgery.
2009;65(5):914-8; discussion 918.

. Kim MS, Park K, Kim JH, et al. Gamma knife radiosurgery for

orbital tumors. Clin Neurol Neurosurg. 2008;110(10):1003-7.
Kwon Y, et al. Visual changes after gamma knife surgery for
optic nerve tumors. Report of three cases. J Neurosurg. 2005;102
suppl:143-6.

Kim BS, Im YS, Woo KI, et al. Multisession gamma knife
radiosurgery for orbital apex tumours. World Neurosurg.
2015;84(4):1005-13.

Klink DF, Miller NR, Williams J. Preservation of residual vision
2 years after stereotactic radiosurgery for a presumed optic nerve
sheath meningioma. J Neuroophthalmol. 1998;18:117-20.

Giaccia AJ, Hall EJ. Radiobiology for the radiologist. 7th ed.
Alphen aan den Rijn: Wolters Kluwer; 2011.

Goh AS, Kim YD, Woo KI, et al. Benign orbital apex tumors
treated by multisession gamma knife radiosurgery. Ophthalmology.
2013;120(3):635-41.

Ratnayake GS, McNab AA, Dally MJ, et al. Fractionated stereotac-
tic radiotherapy for cavernous venous malformations of the orbital
apex. Ophthalmic Plast Reconstr Surg. 2019;35(4):322-5.
Maaijwee K, Nowak PJ, van den Bosch WA, et al. Fractionated
stereotactic radiotherapy for cavernous haemangioma of the orbital
apex. Acta Ophthalmol. 2012;90:e655-7.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Pacelli R, Cella L, Conson M, et al. Fractionated stereotactic radia-
tion therapy for orbital optic nerve sheath meningioma—a single
institution experience and a short review of the literature. J Radiat
Res. 2011;52:82-7.

Paulsen F, Doerr S, Wilhelm H, et al. Fractionated stereotactic
radiotherapy in patients with optic nerve sheath meningioma. Int J
Radiat Oncol Biol Phys. 2012;82(2):773-338.

Mayo C, Martel MK, Marks LB, et al. Radiation dose-volume
effects of optic nerves and chiasm. Int J Radiat Oncol Biol Phys.
2010;76(3 Suppl):S28-35.

Morita A, Coffey RJ, Foote RL, et al. Risk of injury to cranial
nerves after gamma knife radiosurgery for skull base meningiomas:
experience in 88 patients. J Neurosurg. 1999;90(1):42-9.

Stafford SL, Pollock BE, Leavitt JA, et al. A study on the radiation
tolerance of the optic nerves and chiasm after stereotactic radiosur-
gery. Int J Radiat Oncol Biol Phys. 2003;55(5):1177-81.

Parsons JT, Bova FJ, Fitzgerald CR, et al. Radiation optic neuropa-
thy after megavoltage external-beam irradiation: analysis of time-
dose factors. Int J Radiat Oncol Biol Phys. 1994;30(4):755-63.
Marks LB, Yorke ED, Jackson A, et al. The use of normal tissue
complication probability (NTCP) models in the clinic. Int J Radiat
Oncol Biol Phys. 2010;76(3 supp):S10-9.

Hanna GG, Murray L, Patel R, et al. UK consensus on Normal
tissue dose constraints for stereotactic radiotherapy. Clin Oncol.
2018;30(1):5-14.

Lambrecht M, Eekers DB, Alapetite C, et al. Radiation dose con-
straints for organs at risk in neuro-oncology; the European Particle
Therapy Network consensus. Radiat Oncol. 2018;128:26-36.



®

Check for
updates

External Photon Radiotherapy
for Benign Orbital Apex Lesions

28

K. M. Cheung, Jeannie Chik, Christine Kong,

and K. H. Wong

Abstract

Management of benign orbital apex lesion is challenging
as biopsy and surgical resection are often difficult due to
proximity of critical neurovascular structures. Experienced
multidisciplinary team is important to identify the diagno-
sis and decide on optimal treatment plan. Radiotherapy is
indicated for symptomatic cases or those with increasing
size threatening vision. Treatment aim is to preserve
vision, to relieve symptoms, and to arrest growth of tumor.
This chapter focuses on treatment approach and radio-
therapy techniques for benign orbital apex lesions includ-
ing cavernous venous malformation, hemangiopericytoma,
Schwannoma, meningioma, and Graves ophthalmopathy.

Keywords

Vision preservation - Optic nerve - Cavernous venous
malformation - Hemangiopericytoma - Schwannoma -
Meningioma - Graves ophthalmopathy - Intensity-
modulated radiation therapy - Stereotactic radiotherapy

The management of benign lesions at the orbital apex is
complicated due to the tight space packed with critical ner-
vous and vascular structures. Diagnosis of a lesion in this
area is always a challenge and mainly relies on imaging stud-
ies as biopsy and surgery are inherently risky in this tight
space. Attempts at complete resection of tumors in this criti-
cal location may result in direct injury to or vascular impair-
ment of the optic apparatus followed by vision loss [1] and
damage of other cranial nerves. Surgery should be reserved
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for selected cases in whom there is a sufficient space to han-
dle the optic apparatus [2] or immediate decompression is
indicated for rapidly progressing lesions. Close surveillance
with serial imaging and visual field testing can be one of the
treatment options for asymptomatic cases.

Radiotherapy is indicated for symptomatic cases and
those benign yet potentially vision-threatening lesions at the
orbital apex. The primary aims are to arrest the disease pro-
gression and achieve tumor shrinkage to relieve the symp-
toms while maintaining visual acuity. The therapeutic ratio
(cost/benefit) of the radiation treatment should be carefully
weighted, and the treatment margins should be as tight as
possible for discrete lesions. Standard fractionation at 1.8 Gy
per day up to a total dose of 50.4-54 Gy will be the choice of
treatment for preservation of visual function. In selected
cases, FSRT can be considered.

When being used for treatment of benign conditions, one
of the most serious side effects of radiotherapy would be the
risk of radiation carcinogenesis. Current observation is reas-
suring. In a US series including 276 patients who received
SRS for benign conditions with 3216 patient-years follow-
up, no radiation-associated cancer was observed [3].

28.1 Cavernous Venous Malformation

(Hemangioma)

Background. Cavernous venous malformation (hemangi-
oma) is the most common orbital benign lesion in adults. It
mainly affects middle aged individuals with female predomi-
nance. It is a congenital vascular malformation in which
growth is triggered by localized low grade vascular changes
followed by subsequent development of vascular network
and expansion in size. Patients usually present with insidious
onset of diplopia or decreased vision over months to years.
Management. Diagnosis is by orbital imaging studies,
usually MRI. Management is mainly surgical and is reserved
to those having symptoms secondary to mass effects [4]. For
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lesions located close to the orbital apex and the optic nerve,
surgery is deemed technically difficult and of high risk.
Radiotherapy is therefore a feasible option with great poten-
tial in achieving tumor shrinkage and symptom control.
External beam radiotherapy using standard dose fraction-
ation is safe and widely accessible. It can be performed on
standard LINAC. Rootman et al. have reported his experi-
ence on five patients, delivering radiation dose ranging from
40 Gy in 20 fractions to 49.59 Gy in 29 fractions. Resolution
of visual field defects and tumor shrinkage was observed in
all cases, and the magnitude of tumor shrinkage was on aver-
age 60% (32—-79%). In the cohort, no complication was noted
[5]. The risk of radiation-induced optic nerve injury is low,
as the dose used was lower than dose constraints for optic
pathway (maximum point dose, Dmax = 54 Gy).
Stereotactic radiotherapy is another feasible approach but
requires specialized LINAC or radiotherapy equipment, for
example, Gamma Khnife. The main advantage will be fewer
treatment fractions due to the capability of delivering a
higher dose-per-fraction with stringent immobilization tech-
niques. The higher precision of immobilization and the spe-
cial radiotherapy planning technique employed in stereotactic
radiotherapy allow dose escalation within treatment target
and rapid dose falloff in neighboring tissues, which would
potentially improve clinical outcomes without increasing
toxicity. Young and colleagues have described their experi-
ence in treating 12 patients with Gamma Knife technique,
delivering a dose of 16-24 Gy in four fractions at tumor mar-
gins (prescription isodose 50%) with the maximal dose of
33.3-48 Gy within the treatment target. The maximal dose to
the optic apparatus was limited to the same dose level at the

tumor margin by extra caution of placing small collimator
shots to achieve a stiff and fast dose falloff. Results were
encouraging, with over 80% of patients experiencing
improvement of visual field and all cases showing tumor
shrinkage from a mean of 3104mm? (range 221-8500 mm?)
to 658 mm? (range 120-3350 mm?®). Moreover, no
radiotherapy-related morbidity was noted during the follow-
up period of 2 years [6].

Case 1 Cavernous Hemangioma at Right Orbital Apex
(Fig. 28.1a-d)

A 32-year-old lady presented with visual blurring of right
eye. MRI shows T1 isointense, T2 FS hyperintense, contrast
enhancing lesion with gradual filling pattern, suggestive of
cavernous hemangioma. She refused surgery and opted for
stereotactic radiotherapy. Stereotactic radiosurgery at 20 Gy
in five fractions over 1 week was prescribed.

Case 2 Right Cavernous Sinus Hemangioma

(Fig. 28.2a-d)

A 57-year-old lady presented with left facial and tongue
burning sensation persistent, mild headache. She experi-
enced no visual disturbance all along. MRI baseline showed
a T2 hyperintense homogeneously contrast enhancing mass
is seen in right sellar/parasellar region with encasement of
the right internal carotid artery and displaces the pituitary
gland and stalk to the left. Features compatible with cavern-
ous sinus hemangioma. Stereotactic radiotherapy 27.5 Gy in
5 Fr was given. Facial dysasethesia decreased after radio-
therapy. Post treatment MRI 18 months after radiotherapy
showed decrease in size of lesion.

Fig. 28.1 (a and b) Pre-treatment MRI T1 images shows a contrast-
enhancing hemangioma at orbital apex (left). The close anatomical rela-
tionship between the lesion and neighboring organs is evident. The
tumor is compressing the right optic nerve and is close to optic chiasm,
frontal lobe, and retina (right). (¢ and d) Radiotherapy treatment of
orbital apex hemangioma. (above) GTV is delineated in yellow. A tight

PTV of 1 mm is applied. 20 Gy in five fractions (4 Gy per fraction) was
prescribed and 100% isodose line was prescribed in red, which shows
good conformality to PTV. (below) The diagram shows radiation dose
to each target per fraction. The sharp dose falloff is shown by the negli-
gible dose in right lens and optic chiasm (<0.5 Gy)
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Fig. 28.2 (a, b) Baseline MRI showed a T2 hyperintense contrast
enhancing mass is seen in right sellar/parasellar region, there was right
ICA encasement, the pituitary gland and stalk were displaced to the left.
Features are suggestive of cavernous sinus hemangioma. (¢) Repeat
MRI 18 months after SRT showed that there was significant interval

shrinkage of the right cavernous sinus hemangioma. (d) Radiotherapy
treatment using stereotactic radiotherapy technique, contrast enhancing
tumor was contoured as the GTV. PTV margin was 0.5 mm. Plan was
delivered using 9 IMRT noncoplanar beams. Dose received by targets
and OAR as shown in the Table 28.1
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Table 28.1 Dose received by targets and organs-at-risk for SRT plan of Case 2
% IL | Target Min. Max. oC Lt ON Rt ON
Dose of volume Treatment dose dose % Brainstem Brainstem Dmax Dmax Dmax
fractionation | max | (cc) volume (cc) | (Gy) (Gy) coverage | Dmax (Gy) |Dlcc (Gy) |(Gy) (Gy) (Gy)
27.5in5Fr |80 8.378 10.64 20.78 34.67 99.2 26.01 12.69 24.29 15.88 24.64

28.2 Hemangiopericytoma

Background. Hemangiopericytoma belongs to a combined
entity of soft tissue tumors called solitary fibrous tumor/
hemangiopericytoma (SFT/HPC) according to the WHO
2016 classification. It is an uncommon ocular neoplasm and
accounts for only 1-3% of ocular tumors [7, 8]. It mainly
affects middle-aged individuals with no sex predilection [9].
It is generally a slow growing tumor arising from pericytes,
of which 30% are malignant with a very long interval of up
to 2-3 decades between initial diagnosis and metastases
[10]. This condition is reported to affect conjunctiva, lacri-
mal gland, and optic nerve. Symptoms are mainly proptosis,
pressure, pain, and visual loss, which are usually difficult to
distinguish from other benign intra-orbital pathologies [11].

Management. Considering its locally aggressive nature,
surgical excision is required but frequently challenging
because they are commonly vascular, friable, and ill-defined
due to the lack of true capsule in some cases [12]. With a
recurrence risk up to 30%, adjuvant radiotherapy is generally
advised, mainly based on the favorable experience extrapo-
lated from other intracranial SFT as data are scarce for orbital

haemangiopericytoma [13]. There were reports showing the
successful use of radiotherapy either before or after surgery.
Radiotherapy fractionation ranged from 40 Gy in 20 daily
fractions to 59.8 Gy in 33 daily fractions [12-14]. Intensity-
modulated radiotherapy (IMRT) is the current standard owing
to its capability of high dose conformality to target and spar-
ing of nearby organs-at-risk (OARs) with its swift dose fall-
off, especially when the presence of optic apparatus nearby,
which are radiation sensitive. There is no consensus on target
delineation in radiotherapy contouring. Both pre-op and post-
op images would be taken into consideration. Gross tumor
volume (GTV) will encompass gross residual tumor and will
be expanded into high-dose planning target volume (PTV)
with 60 Gy prescribed (PTV60). Clinical target volume
(CTV) will cover areas with subclinical disease and is gener-
ated by expanding the GTV by 2 cm circumferentially, trim-
ming along anatomical borders. CTV will be expanded into
the prophylactic dose PTV (PTV54) with 54 Gy prescribed.
Treatment will be given in 30 daily fractions over 6 weeks
using simultaneous integrated boost (SIB) technique.
Stereotactic radiotherapy (SRS) is also reported to be fea-
sible in a number of cases using gamma knife [14, 15]. Tata
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et al. reported a successful salvage of recurrent lesion adher-
ing to the optic nerve by a single session SRS of 16 Gy at
50% IL. Significant shrinkage of the tumor was noted with
no neurological complication at 18 months [15]. Brzozowska
et al. reported a case of posterior orbit tumor receiving par-
tial excision and adjuvant SRS. Single fraction radiosurgery
was delivered by linear accelerator with Brainlab, using a
single dose of 20 Gy at 100% IL. The treated lesion and neu-
rological function remained stable at 3 years, yet a metastatic
focus was subsequently developed at the frontal lobe [14].

Fig. 28.3 (a and b) MRI reveals an avidly enhancing superior orbital
mass with close relationship with right optic nerve causing inferior and
medial displacement. It is also close to eyeball and frontal lobe. (¢ and
d) On upper left, GTV was defined by the residual tumor, CTV was
created by expansion of GTV by 2 cm and trimming along anatomical
confines. PTV was 3 mm. Upper right shows the organs-at-risk (OAR),
which included bilateral optic nerves (Dmax <54 Gy), eyeball (Dmax
<54 Gy), lens (Dmax <6 Gy), and brain (V60 < 30%). The rest shows

Case Illustration Hemangiopericytoma of Right Eye
(Fig. 28.3a—-d)

Case of a 43-year-old lady who suffered from hemangioperi-
cytoma causing proptosis and visual blurring. MRI shows
2.5 cm right orbital mass with nonspecific pattern of T1 and
T2 isointensity and avid enhancement. She received maxi-
mal tumor debulking followed by adjuvant IMRT with con-
ventional fractionation of 60 Gy in 30 fractions over 6 weeks.
The tumor volume and her vision both remained stable after
radiotherapy over a follow-up period of 5 years.

Optic chiasm with

3mm margin

dose distribution represented by color wash, with green area denoting
54 Gy and red area 60 Gy. While the optic nerve fell into target volume,
planners tried to avoid hotspot and keep the dose as cold as possible
over the optic nerve area (lower left). XR beam from various angles and
planes are used to produce a radiotherapy plan with high conformality.
(lower right) The tumor volume and her vision both remained stable
after radiotherapy over a follow-up period of 5 years
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28.3 Schwannoma

Background. Schwannoma is a benign neoplasm of myelin-
producing Schwann cells. These tumors can affect all periph-
eral nerves and most of the intracranial nerves. Uncommonly,
Schwannomas can arise from any intracranial nerves travers-
ing the orbit. Theoretically, Schwannoma cannot develop in
optic nerve due to its embryonic origin of oligodendrocytes,
but optic nerve Schwannoma still rarely occurs and is thought
to originate from autonomic fibers innervating optic nerve
vessels [16]. It mainly occurs in middle-aged individuals
[17]. It is associated with neurofibromatosis both types 1 and
2, with respective dysregulation of RAS and Merlin proteins,
leading to Schwann cells hyperplasia and tumorigenesis.
Common presentations include proptosis and visual change
which develop over many years [17]. While malignant trans-
formation to malignant peripheral nerve sheath tumor is rare,
symptoms tend to evolve quicker than expected (over a few
months or 1-2 years) [17].

Investigations. Imaging study using magnetic resonance
imaging (MRI) allows assessment of the nature of the lesion
and involvement of surrounding soft tissues. The specific
MRI features of Antoni B regions of schwannoma, which
appears non-enhancing, T1 hypointense and T2 hyperintense,
will help differentiate it from other tumors. Computed tomog-
raphy (CT) enables reliable assessment of bony structures.

Schwannoma commonly molds surrounding bony structures
and fissures without erosion. Common differentials include
neurofibroma, hemangioma, and lymphoma [18].

Management. Basically, surgery is the mainstay of treat-
ment. Tumor is ideally excised with capsule preserved intact.
When the tumor is unreachable or unresectable, or recurs
after surgery, radiotherapy is commonly used to secure local
control. Fractionated stereotactic radiosurgery (FSRT) has
been used for treatment of orbital benign tumors, especially
those located close to the optic apparatus. Jo et al. have
reported their experience of fractionated gamma knife radio-
surgery to mainly orbital apex lesions, which included
schwannoma. Using rigid immobilization and a fractionation
scheme of 20 Gy in four fractions prescribed at 50% isodose,
12 h apart, the treatment was well tolerated and devoid of
long-term side effects. All subjects experienced durable dis-
ease control and volume reduction ranged from 14 to 92%
[19]. Goh et al. also described favorable experience using
same technique, with all patients experienced improvement
of visual acuity and an average tumor volume reduction of
76% (range = 70-87%) [20].

Case Illustration (Fig. 28.4a—-d)

A 62 year-old gentleman had right orbital schwannoma pre-
sented with painless proptosis. He received surgical debulk-
ing but had recurrence after 3 years. FSRT was offered.
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Fig. 28.4 (a, b) MRI shows a superior orbital lesion inseparable from
superior rectus muscle, having intermediate T1 and T2 signal and
patchy enhancement pattern. (¢, d) GTV was contoured in red color.
The radiation dose was 20 Gy in five fractions, prescribed at 78%
IL. The isodose curves of 10 Gy, 15 Gy, and20 Gy were as shown, illus-

trating rapid dose falloff and high dose conformity. The maximum dose
of right optic nerve was 21.2 Gy (mainly the upper part close to GTV as
shown in the lower image), optic chiasm 2.38 Gy, right lens 1.3 Gy.
Mean dose of right lacrimal gland 13.1 Gy
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28.4 Optic Nerve Sheath Meningioma

Background. Meningioma that occurs in the orbital apex
can be classified into two types. Primary optic nerve sheath
meningioma (ONSM) arises from the intra-orbital portion
of the optic nerve. Secondary ONSM is invasion from intra-
cranial meningioma into the optic canal and orbit [21].
Primary ONSM is rare, more prevalent in young women
and patients with neurofibromatosis 2 [22]. Patients com-
monly present with symptoms caused by optic nerve dam-
age leading to decreased visual acuity and visual field
deficits. Tumor mass effect may also cause headache, pro-
ptosis, and diplopia [22-24]. Diagnosis is made based on
ophthalmological examination and MRI [22, 24]. Treatment
aims to preserve vision while avoid local progression.
Asymptomatic patients can be observed. Surgery carries a
significant risk of blindness and is usually reserved as deb-
ulking surgery for patients with proptosis or when diagno-
sis is uncertain that warrants histology confirmation [22].
Radiotherapy is the treatment of choice for patients with
visual impairment, which is effective for tumor control
while giving high chance of preservation of vision.
Stereotactic radiotherapy greatly improves precision and
gives promising treatment result [22-24].

Radiotherapy. Indication of radiotherapy includes visual
impairment and asymptomatic patients with radiological pro-
gression. Studies treating ONSM with radiotherapy reported
favorable radiologically local control rate of 90-100% [24].
The rate of preservation of vision was reported to be 77-100%
[23, 25-28]. Concerning treatment toxicities, with radiother-
apy dose of up to 54 Gy, the risk of optic nerve injury is less
than 5% [22], patients with surgery and diabetes mellitus
have higher risk of optic nerve injury [24]. Radiation reti-
nopathy can occur when the dose is over 50 Gy with a latency
period of 6 months to 3 years [22]. Pituitary function deterio-
ration has been reported in up to 19% when the dose to pitu-
itary gland was above 45 Gy [22, 24].

Radiotherapy can be delivered using IMRT technique.
Stereotactic radiotherapy using standard dose fractionation
gives high precision and can minimize radiation doses to sur-
rounding normal tissues. During delivery of radiotherapy,
patient is immobilized with thermoplastic cast with eyes
closed and should be instructed to keep eyes still to avoid
movement of the target. GTV includes the gross tumor and
care should be taken to include the portion of optic nerve in
the optic canal. No CTV margin is required for WHO Gl1
meningioma. PTV margin is 3—-5 mm for thermoplastic cast
without image guidance, and 1-2 mm for stereotactic radio-
therapy. Radiation beams should be avoided from entry or
exit through the contralateral eye. Organs at risks include

eyeballs, optic nerve, optic chiasm, pituitary gland, lens, and
brain stem. Dose of 50.4-54 Gy in 1.8 Gy per fraction is
recommended.

28.4.1 Case lllustration

Case 1 (Fig. 28.5a-d) Optic Nerve Sheath Meningioma
in a 10-Year-Old Boy with Known Neurofibromatosis
Type 2

Surveillance MRI brain showed an enhancing mass encasing
most of the right optic nerve, involving the orbital apex and
extending across the optic canal, with perineural enhance-
ment along right intracranial optic nerve and a 6 mm enhanc-
ing nodule lateral to the prechiasmatic optic nerve. Optic
chiasm and ipsilateral optic tract were not involved. Right
eye vision was normal. Features were compatible with optic
nerve sheath meningioma (ONSM). Interval MRI in one year
showed progressive enlargement of optic nerve mass.
External beam radiotherapy with 50.4 Gy in 1.8 Gy per frac-
tion size was given. Post treatment MRI at 10 months showed
the right ONSM was static. Right eye vision was normal all
along.

Case 2 (Fig. 28.6a—e) Grade 1 Petroclival Meningioma

A 37-year-old lady was diagnosed large Grade 1 right petro-
clival meningioma with invasion to right orbital apex, right
temporal lobe, abutting on right cavernous sinus and brain
stem. Partial excision was performed three times on July 8,
2014; June 30, 2015; and July 24, 2015. The second opera-
tion was complicated with right sixth cranial nerve palsy.
Ventriculoperitoneal shunt was performed for hydrocephalus
on July 31, 2015. MRI in September 2016 showed slightly
progression of the retroclival part of the tumor, indenting
onto the pons. External radiotherapy with 54 Gy given in 30
daily fractions completed on December 14, 2016. MRI brain
in January 2018 showed mild reduction in size of the retro-
clival part of the tumor. Clinically, the patient had static right
sixth cranial nerve palsy and partial right seventh cranial
nerve palsy since radiotherapy.

Case 3 (Fig. 28.7a—c) Left Cavernous Sinus Meningioma
A 64-year-old lady presented with facial dysesthesia and left
sided headache. MRI brain showed left lateral cavernous
sinus meningioma with suspected thickening of left trigemi-
nal nerve. It was decided to treat with stereotactic radiother-
apy in view of worsening symptoms. SRT using a dose
27.5 Gy in 5 Fr over 2 weeks was given. Left headache and
facial dysesthesia decreased after radiotherapy and post-
radiotherapy reassessment MRI is pending.
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Fig. 28.5 (a—c) A 10-year-old boy with known Neurofibromatosis
type 2 was detected to have an ONSM involving right optic nerve by
surveillance MRI. Interval MRI in one year showed progressive
enlargement of optic nerve mass. External beam radiotherapy with
50.4 Gy in 1.8 Gy per fraction size was given. Post treatment MRI at
10 months showed the right ONSM was static. Right eye vision was
normal all along. (d) Radiotherapy treatment using IMRT technique

After 1 year of Surveillance: mild enlargement

10 months post radiotherapy: static

PRV for optic chiasm

with 50.4 Gy given in 28 daily fractions. Immobilization by means of
thermoplastic cast was used and simulation was done with 1 mm fine
cut CT. Gross tumor was contoured as GTV (red line) and no CTV
margin was required for Grade 1 meningioma. Margin for PTV (blue
line) was 5 mm to account for setup error and optic nerve movement.
No Gazing target was adopted. Treatment was delivered with eyes
closed
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Fig.28.6 (a) Baseline. (b) Recurrence after three partial excisions. (¢) 30 daily fractions. Immobilisation by means of thermoplastic cast was
One year after external radiation. (d) Target volumes and organs atrisk.  used. Gross tumor was contoured as GTV. No CTV margin is required
(e) Radiotherapy treatment using IMRT technique with 54 Gy given in  for Grade 1 meningioma and PTV margin was 3 mm
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PRV for
optic chiasm
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Fig. 28.6 (continued)

Suspectedithickening
of left trigéminal
nerve

Fig. 28.7 (a, b) Baseline MRI showed a left lateral cavernous sinus  trast enhancing tumor was contoured as the GTV. PTV margin was
meningioma with suspected thickening of left trigeminal nerve. (¢) 0.5 mm. SRT was delivered using 10 IMRT noncoplanar beams. Dose
Radiotherapy treatment using stereotactic radiotherapy technique, con-  received by targets and OAR as shown in the Table 28.2 below
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Table 28.2 Dose received by targets and organs-at-risk for SRT plan of Case 3
% IL | Target Min. oC Lt ON Rt ON
Dose of volume Treatment dose Max. % Brainstem Brainstem Dmax Dmax Dmax
fractionation | max | (cc) volume (cc) | (Gy) dose (Gy)| coverage | Dmax (Gy) | Dlcc (Gy) (Gy) (Gy) (Gy)
27.5 Gy in 80 4.685 7.825 24.28 34.11 99.4 11.48 6.51 18.46 24.84 3.66
5Fr
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28.5 Graves Ophthalmopathy

Background. Graves’ ophthalmopathy (GO) is a clinically
significant disease entity, which affects retro-orbital tissues.
It affects around 25% of patients with thyrotoxicosis [29].
While the disease course of mild GO is benign, with over
50% experiencing clinical remission of symptoms after treat-
ment of thyrotoxicosis, those with clinically significant or
visual-threatening GO seldom resolve on its own. The condi-
tion may last for years, and a few of them (~3%) will worsen
and require more aggressive intervention [29].

Management. Removal of exacerbating factors is essen-
tial in management of GO. Smoking cessation is the key.
Treatment with selenium is also shown to decrease severity
of GO. While for active and clinically significant GO defined
as clinical activity score (CAS) >3, corticosteroid treatment
is shown to effectively improve the severity of GO. In case of
sight threatening condition, timely decompression surgery
will help salvage vision.

K. M. Cheung et al.

External orbital radiation is mainly used for moderate to
severe GO in combination with steroids or only when intrave-
nous glucocorticoids are contraindicated or ineffective.
Radiotherapy aims to reduce retro-orbital infiltration of lym-
phoid cells and active inflammation. Trials have revealed that
combination of radiotherapy with systemic steroid is superior to
steroid alone in improving disease activity of GO [30]. Outcomes
of radiotherapy alone is conflicting; some studies comparing
steroid and radiotherapy observed comparable results, but
radiotherapy was more tolerable [31], yet some reported no
major benefit but only improvement in diplopia [32].

Despite the advances in intensity-modulated radiotherapy
techniques, the most common radiotherapy is still lateral
opposing radiation fields delivered by 4-10 MV LINAC and
3D planning (Fig. 28.8). Clinical target volume (CTV) will
include retro-orbital tissues and muscles. Planning target
volume (PTV), which accounts for daily setup error of radio-
therapy treatment, is usually 3—5 mm with the patient immo-
bilized by thermoplastic cast. A half-beam block technique

Fig.28.8 Case of active Graves’ orbitopathy presenting with diplopia.
CT images shows bilateral thickened rectus muscle. Treatment included
systemic steroids and concurrent radiotherapy to both orbits. CTV
encompassed the whole retro-orbital area and was shown in orange. It
was then expanded by 3 mm to form the PTV. Total radiation dose of

20 Gy was given in 10 daily fractions over 2 weeks. Area irradiated by
over 6 Gy of radiation was represented in color wash. Both lenses, with
maximum dose tolerance of 6 Gy, was safely excluded from the radia-
tion field. Patient reported improvement in diplopia in 3 months’ time
with no ocular side-effects after a follow-up period of 2 years
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at the anterior field border ensures minimal divergence of
beam edge and minimize scattering to lens, which is an organ
atrisk (OAR) sensitive to radiation. Lens dose is documented
during radiotherapy limited to as low as possible, as while
conventional dose constraint of lens is 6 Gy, radiation dose
as low as 0.5 Gy can predispose to increased risk of cataract
[33]. Acute and chronic side effects are generally mild.
Elevated risk of cataract was only observed in group of
patients using older cobalt units but not in contemporary
LINAC.
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Abstract

Orbital apex malignancies are rare. This diagnosis must
be considered whenever there is a rapidly enlarging
orbital mass. Histological diagnosis is mandatory to guide
treatment. Multimodality treatment is often required.
Radical radiotherapy should be delivered with acceptance
of higher radiation toxicities to achieve cure. For advanced
or metastatic disease, treatment aim is to control symptom
and maintain quality of life and to minimize toxicities.
This chapter focuses on treatment approach and radio-
therapy techniques for malignant orbital apex tumors
including lymphoma, adenoid cystic carcinoma, direct
invasion, or metastases from other primary malignancies.

Keywords

Orbital apex malignancies - Lymphoma - Adenoid cystic
carcinoma - Nasopharyngeal carcinoma - Orbital apex
metastases - Intensity-modulated radiation therapy -
Stereotactic radiotherapy

Primary and secondary orbital malignancies are rare, and
they must be considered whenever there is a rapidly or relent-
lessly progressive disease [1]. All significantly enlarging
mass in the orbit should be biopsied to establish histological
diagnosis for guiding definitive treatment. For localized
malignant lesion without distant metastasis or extensive
involvement of adjacent structure, the intent of treatment is
mainly curative. The key purpose of radiotherapy is for erad-
ication of all the malignant cells if technically feasible. The
treatment margins should be adequate to cover subclinical
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diseases, while the total radiation dose should be high enough
to achieve the curative purpose according to the radiosensi-
tivity of the lesions. A higher risk of radiation side effects is
acceptable.

However, for those with locally extensive malignant
lesions beyond cure or when distant metastases existing, the
intent of radiotherapy is mainly palliative. The treatment
becomes focus on symptom control and quality of life.
Significant acute radiotherapy complications should be
avoided.

29.1 Lymphoma

Background. Lymphoma accounts for over 50% of orbital
malignancies [2]. It can be either localized or part of an
advanced stage disease. Systemic therapy (with chemother-
apy and/or targeted therapy) is the main treatment modality
of the latter with use of radiotherapy as palliation or consoli-
dation treatment. This section focuses on primary orbital
lymphoma.

Primary orbital lymphoma accounts for around 1% of all
non-Hodgkin’s lymphoma [3]. Majority of orbital lymphoma
is due to Mucosa-Associated Lymphoid Tissue lymphoma
(MALT lymphoma or MALToma) [4]; less frequent histol-
ogy includes diffuse large B cell lymphoma or NK/T cell
lymphoma. Risk factors for orbital MALToma include
advanced age (median age at around 60 years old), immuno-
suppression and chlamydia psittaci infection [5]. Common
presentations include salmon-red patch for conjunctival
involvement, mass, exophthalmos, ophthalmoplegia, and
visual disturbances. If there is presence of systemic involve-
ment, patients may have palpable lymph nodes, B symptoms
(e.g., fever, night sweats, weight loss), and
hepatosplenomegaly.

Approach. Before formulating the treatment, complete
workup should be conducted for diagnosis, staging, and fit-
ness for various treatments. These include blood tests
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(complete blood count, biochemistry, hepatitis, and HIV
status), bone marrow examination, and imaging of the
orbital region (CT or MRI orbit) and the trunk (CT neck,
thorax, abdomen, and pelvis). Figure 29.1 shows an exam-
ple of MRI appearance of a patient diagnosed with right
orbital MALToma involving the orbital apex. Although
gaining popularity, PET/CT does not have a high sensitivity
to MALToma [6] and other low-grade lymphomas due to
slow-growing nature of these lesions; it should be done
when high grade or advanced stage lymphoma is
suspected.

Biopsy is crucial to identify the histology of the disease,
which may have an impact on treatment. Fine needle aspira-
tion is not preferred, as it lacks information of cellular archi-
tecture and adequate tissue for flow cytometry or additional
immunohistochemistry [7]. On the other hand, complete
excision is not required, as it is difficult to achieve adequate
margins  without  causing  significant = morbidity.
Ophthalmologist should be engaged in monitoring disease-
related vision impairment and treatment-induced
morbidity.

Management. Radiotherapy using three-dimensional
technique with conventional fractionation is the primary
treatment of choice for primary localized low-grade orbital
lymphoma. Patient will be treated in supine position with
the head immobilized with a thermoplastic cast. CT simula-
tion will be done in treatment position, and registration of
the planning CT images with previous diagnostic imaging
studies should be done to ensure accurate delineation of the
gross tumor. A wax may be placed in front of the eye as a
bolus to allow building up of adequate radiation dose to the
target. The gross tumor volume (GTV) includes the disease

\

Fig.29.1 MRI axial cuts of a patient having right orbital MALToma involving the orbital apex

identified radiologically and clinically; yet invariably, the
clinical target volume (CTV) would cover the whole orbit
constrained to the bone [8], as multifocal microscopic dis-
ease is not uncommon for MALToma. An exception would
be conjunctival MALToma, in which good disease control
can be achieved even with radiotherapy to the disease site
alone with adequate margin [9]. A further expansion of
3-5 mm is adopted to generate the planning target volume
(PTV), accounting for setup errors. A total dose of 24 Gy in
12 daily fractions would be given for MALToma and other
low-grade lymphomas [10]. High-grade lymphomas involv-
ing the orbitare usually treated with combined modality
treatment using chemotherapy and radiotherapy. Radiation
dose for high-grade lymphomas ranges from 30 to 40 Gy in
2 Gy per fraction, and dosage also takes into account the
aggressiveness of disease and their response to chemother-
apy [11].

The main principle of radiotherapy beam arrangement is
to deliver radiotherapy dose conformally while minimizing
doses to neighboring structures. Conformal 3-D radiother-
apy or intensity-modulated radiotherapy (IMRT) should be
the state-of-the-art treatment [11]. Common beam arrange-
ments for conformal radiation technique would include ante-
rior oblique and lateral oblique wedged pairs as illustrated in
Fig. 29.2, or non-coplanar superior-inferior oblique beam
pairs.

Outcomes of radiotherapy for primary orbital MALToma
is excellent, with the local control rate over 90% [12]. Side
effects of radiotherapy include conjunctivitis, dry eyes, and
cataract; otherwise, the radiotherapy dose is within tolerance
of many neighboring critical structures such as retina, optic
nerve and chiasm, brain stem, and temporal lobe.
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Fig.29.2 Target volumes (left) and beam arrangement (right) of radiotherapy for the same patient in Fig. 29.1 with right orbital MALToma

29.2 Primary Orbital Apex Malignant
Tumors
29.2.1 Adenoid Cystic Carcinoma

Orbital adenoid cystic carcinoma (ACC) accounts for
approximately 1-4% of orbital tumors and usually arises
from the lacrimal gland [13, 14]. Orbital ACC without lacri-
mal gland involvement is rare and assumed to arise from the
ectopic lacrimal gland tissue within the medial orbit [15, 16].
Only six cases have been reported in the literature
(Table 29.1). Patients usually presents with decreased visual
acuity and proptosis (Table 29.1). MRI often shows an orbital
apex mass mimicking optic nerve sheath meningioma [13,
19]. Diagnosis should be confirmed with a biopsy. The dis-
ease course tends to be aggressive with propensity of bony

erosion and perineural spread to skull base and intracranial
region [20, 21]. Although this entity is rare, one should have
a high index of suspicion when approaching an orbital apex
mass, given the aggressive nature of disease needing multi-
modality treatment.

Multimodality treatment approach is required in most
cases, with surgical removal followed by adjuvant radiother-
apy or chemotherapy [13-15]. In inoperable cases such as
those with intracranial extension, radical radiotherapy up to
70 Gy with or without concurrent chemotherapy is recom-
mended. Postoperative radiotherapy has been shown to
reduce local recurrence [22]. Given the scant number of
reported cases in the literature, we have the opportunity of
encountering an ACC of the orbital apex, which was treated
using primary radical radiotherapy, as illustrated in Figs. 29.3
and 29.4.
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Table 29.1 Six reported cases of orbital ACC without lacrimal gland involvement

Case report

Age, sex | Presenting symptoms| Location of tumor

Shields 1997 26, M Orbital mass Nasal aspect of

[17] the left orbit

Lin 2008 [15] |60, F Headache, orbital Inferior orbit
fullness

Venkitaraman |51, M Vision impairment, | Left orbital apex

2008 [14] proptosis, headache

Walsh 2013 53,F Vision impairment | Left orbital apex

[13]

Li2016[16] 70, F Vision impairment, | Left orbital apex
left facial numbness

Muttagi 2017 38, F Headache, Right retro-orbit

(18]

proptosis, diplopia

Treatment given

Orbital exenteration followed by
postoperative radiotherapy (64.8 Gy,
number of fractions not reported)

Orbital exenteration followed by adjuvant
radiotherapy (dose not reported) and
chemotherapy using paclitaxel plus
cisplatin for 2 cycles

Orbital exenteration followed by
postoperative radiotherapy (50 Gy in 25
daily fractions)

Radiotherapy using proton and photon to a
total dose of 70 Gy in 35 daily fractions
Orbital exenteration, followed by
radiotherapy (60 Gy in 30 daily fractions)
Surgical decompression

J. Chik et al.

Outcome

Remained well at
6 months post treatment,
no recurrence

Not reported

Alive and stable after
treatment (duration not
reported)

Stable disease at

13 months, vision static
Stable at 18 months

Not reported

Fig. 29.3 A 55-year-old gentleman presented with progressive left
visual loss. CT brain and orbit showed an abnormal mass at the left
orbital apex with compression onto the left optic nerve and left extra-
ocular muscles. Left optic canal decompression was performed and
biopsy of the mass showed adenoid cystic carcinoma. MRI showed an

infiltrative mass at the left orbital apex. Superiorly, it was distorting the
left optic canal and compressing the left optic nerve. Posteriorly, it
showed intracranial extension to the left cavernous sinus. Inferiorly, it
extended to the left pterygomaxillary fissure. Medially, it invaded the
left nasal cavity
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Fig. 29.4 The patient with primary ACC of the orbital apex, men-
tioned in Fig. 29.3 received a course of radical radiotherapy using
IMRT with a total dose of 70 Gy given in 35 daily fractions to PTV and
intended for a sacrifice left eye treatment

29.3 Malignant Lesions Extended
from Adjacent Tissue:
Nasopharyngeal Carcinoma

Background. Nasopharyngeal carcinoma (NPC) is an
endemic cancer in East and Southeast Asia. Chemo-
radiotherapy is the standard of care for loco-regionally
advanced disease [23]. Given the central location of the pri-
mary nasopharyngeal tumor and its proximity to the base of
skull, direct extension to the orbital apex is possible in
advanced diseases. Anatomically, the route of local infiltra-
tion for NPC often takes a step-wise path of low tissue resis-
tance: starting from the nasopharyngeal mucosa at the fossa
of Rossenmuller, extends to the pterygopalatine fossa
through sphenopalatine foramen, and then spreads superi-
orly via inferior orbital fissure and further reaches orbital
apex [24]. Spread pattern analyses from large NPC cohorts
have reported a 3.9% incidence of orbital involvement,
whereas 1.1% of tumors were found to invade the orbital
apex at diagnosis [25, 26]. Consequent to the infiltration of
optic nerve, approximately 1% of all NPC patients present
with optic neuropathy, which often co-manifest with other
cranial neuropathies—typically the III, V, VI, and XII nerves
[27]. Despite the generally radio- and chemo-sensitive nature
of NPC, prognosis of NPC patients who have orbital involve-
ment is worse than other less advanced counterparts. In a
territory-wide cohort from Hong Kong, which included
patients exclusively treated with intensity-modulated radio-
therapy, the estimated 5-year local failure-free survival and
5-year progression-free survival for patients with T4 tumors
were 76% and 52%, respectively, in stark contrast to 90%
and 70% in patients with T3 tumors [28].

Management. Management of non-metastatic NPC with
orbital apex involvement is challenging. Current interna-

Fig. 29.5 Case of locally advanced NPC with direct extension to right
orbital apex. This patient presented with right visual loss and ophthal-
mologic assessment confirmed right optic neuropathy. The right optic
nerve (purple) transverses within the gross tumor volume (GTV) of the
nasopharyngeal tumor (yellow)

tional guidelines recommend treating gross nasopharyngeal
tumor to a dose of 70 Gy equivalent [29], and radiation dose
lower than 66.5 Gy have been shown to compromise local
control [30]. This tumoricidal radiation dose is significantly
higher than the typical safety constraints for optic nerve, and
optic chiasm (e.g., maximum dose of 54 Gy) hence repre-
sents a treatment dilemma for radiation oncologists and
dosimetrists (Fig. 29.5). In order to maximize the chance of
tumor control, optic constraints on the involved side may be
loosened at treatment planning (Fig. 29.6). Such an approach
represents a trade-off between the risk of mono-ocular visual
impairment versus disease control and should be adopted
after detailed discussion with patients weighing in their indi-
vidual views and preferences. Importantly, it should be
emphasized that the dose-toxicity relationship for radiation
optic neuropathy holds a sigmoidal function; therefore, extra
effort should be made at radiotherapy planning to minimize
hotspots within the traversing optic nerve, especially in cases
where it is embedded within high-dose target volume.
Another widely adopted treatment strategy for advanced
NPC is induction chemotherapy. In recent years, multiple
randomized trials have confirmed the dosimetric and sur-
vival advantage of giving additional chemotherapy before
definitive chemoradiotherapy [31-33]. Given the highly
promising response rates of 80-90%, induction chemother-
apy can induce early tumor shrinkage within the crowded



278

Fig.29.6 Case of locally
advanced NPC with direct
extension to left orbital apex.
Red line indicates high-dose
planning target volume (PTV)
70 Gy. Black line highlighted
the left optic nerve. This
patient consented for
loosening the left optic nerve
radiation dose constraint in
exchange for optimal target
coverage. The left optic nerve,
which situated within
high-dose PTV, received a
maximal point-dose of

73.2 Gy. He remained
disease-free with normal
vision for 6 years after
induction chemotherapy
followed by concurrent
chemo-radiotherapy

L §/00070)

orbital apex, thereby hastening the recovery of optic neurop-
athy [34]. Following tumor shrinkage after induction chemo-
therapy, recent randomized evidence also supported
de-escalation of radiotherapy volumes based on post-chemo-
therapy disease extents [35]. When carefully executed, this
approach may help reduce the risk of radiation optic neu-
ropathy without affecting treatment effect. Long-term effi-
cacy and safety data are eagerly awaited.

29.4 Orbital Apex Metastases

Background. Among intraocular tumors, metastases account
for 1-13% of all orbital tumors [36]. Choroidal metastases
are more common due to the rich vascular supply [37, 38].
Extraocular orbit metastases are rare and occur less fre-
quently [39]. The prevalence of extraocular orbital metasta-
ses in cancer patients is 2—4.7% [36]. Breast and lung cancers
are the common malignancies which causes orbital metasta-
ses [37, 38].

J.Chik et al.

Management. Common presenting symptoms include
periorbital mass, proptosis, diplopia, decreased vision, and
pain [36]. Studies have shown that early treatment could give
higher chance of preservation of vision [40]. Hence, when
there is a high index of suspicion, timely recognition and
delivery of treatment is warranted. In cases where a solitary
metastasis to the orbit with no other primary sites identified,
biopsy may be necessary [41]. CT or MRI of orbit should be
performed and often shows a retro-orbital mass. Treatment is
aimed both at preserving vision and improving symptom
control for the remainder of the patient’s life. External beam
radiotherapy (EBRT) has been shown to be effective with
minimal toxicity [42—47]. With the advancement of new and
effective systemic therapies, radiotherapy should be deliv-
ered in conjunction with appropriate systemic treatment to
achieve maximal response.

Radiotherapy Technique. Typically, radiotherapy is given
by conformal technique with CT simulation with registration
of the contrast planning CT with diagnostic MRI images.
The gross tumor would be contoured as GTV. CTV is gener-
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ated by adding 1-1.5 cm margin to GTV, cropping away
from anatomical barriers. PTV margin ranges from 3 to
5 mm. Dose fractionation of 3040 Gy in daily fractions of
2 Gy gives effective symptom palliation of 57-90% [43, 46].
In patient with poor general condition or with limited life
expectancy, shorter fractionations including 20 Gy in five
fractions, 30 Gy in ten fractions should be considered with
comparable response achieved [40].

It has been controversial whether to irradiate bilateral
orbits for unilateral orbital metastases. Rosset et al. showed
that three out of 26 patients (11%) with unilateral disease
developed contralateral metastases when only the involved
eye was irradiated [42]. In a prospective study by the German
Cancer Society (ARO 95-08), unilateral disease was treated
by unilateral irradiation using a lateral field to deliver a dose
of 40 Gy in 20 fractions, with the posterior contralateral cho-

Lens

mghtEyebaH{

Right optic nerve

Fig. 29.7 (a, b) Case of radiotherapy to the orbital apex metastasis
from breast cancer. Patient was diagnosed to have metastatic breast can-
cer. She presented with gradual left vision loss over 2 months. PETCT
showed soft tissue density at left orbital apex with increased FDG
uptake (SUVmax 5.0). The tumor adhered to the left optic nerve.
Palliative radiotherapy with a total dose of 30 Gy in ten fractions over
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roid receiving 50-70% of the total dose (20-28 Gy) for sus-
pected micrometastases. None of these patients developed
contralateral choroidal metastasis during the median follow
up time of 11.5 months [48]. The risk of retinopathy was
reported in up to 5% when doses between 30 Gy in 10 frac-
tions and 40 Gy in 20 fractions were given [46, 49]. We
advocate the approach of giving radiotherapy to the affected
eye only using conformal technique, which allows radiother-
apy to the contralateral eye to be feasible if metastases arise
in the future. Organs at risk should include the lens, optic
nerve, chiasm, eyeball, and brain stem. Potential side effects
include skin irritation and conjunctivitis, and patient should
be treated with eyes opened to avoid permanent corneal and
conjunctival damage. Figure 29.7a, b shows a conformal RT
plan for a patient with breast cancer with orbital apex
metastases.

Left eyeball

Left optic
nerve

2 weeks was prescribed. A noncoplanar beam configuration with verti-
cal and lateral opposing field was adopted to spare radiotherapy dose to
the contralateral eyeball and retina. Patients left eye visual acuity was
light perception only. After radiotherapy, her vision remained static but
succumbed to breast cancer 12 months later.
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Fig29.7 (continued)
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Proton Therapy for Malignant Orbital

Apex Lesions

Chi Ching Law

Abstract

Radiotherapy for malignant orbital apex lesions is chal-
lenging because of the close proximity of organs at risk that
are vulnerable to radiation damage at low- and medium-
dose range. By virtue of its unique characteristic of Bragg
peak, proton beam has the advantage of delivering confor-
mal radiation dose to the tumor target and minimizing dose
to the surrounding normal tissues. This chapter will review
the dosimetric difference between proton and conventional
photon therapies, as well as clinical studies of proton ther-
apy for malignant tumors of the orbital apex.

Keywords
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30.1 Introduction to Proton Beam

Proton beam has distinct physical characteristic from mega-
voltage photon beam in conventional radiotherapy (Fig. 30.1)
[1]. After a short build-up region, megavoltage photon beam
exhibits an exponential attenuation of energy deposition with
increasing depth in tissue. In contrast, proton beam has the
unique dose deposition profile known as Bragg peak, charac-
terized by a sharp fall-off of dose deposition at a specific
depth with virtually no exit dose beyond the tumor target.

A single Bragg peak is too narrow to treat most tumors in
clinical practice. By stacking multiple Bragg peaks of vari-
able energies, a uniform dose region can be created at the
depth of target volume (spread-out Bragg peak) (Fig. 30.1)
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[1]. Although this modulation increases the entrance dose,
the spread-out Bragg peak still delivers lower doses to the
normal tissue proximal to the target and no exit dose distal to
the target compared with photon beam [2].

Protons are accelerated to therapeutic energies (70—
250 MeV) using cyclotrons or synchrotrons [2]. An acceler-
ated proton beam is too thin for the treatment of
three-dimensional tumor targets. The thin proton beam is
broadened laterally and sculpted to conform to the target vol-
umes by two main strategies: (1) passively scattered proton
technique and (2) pencil beam scanning technique.

In passively scattered proton technique, the thin proton beam
is broadened laterally and longitudinally using rotating modula-
tion wheel and one or two scatterers [2, 3]. Custom-made beam

Dose

|
|
| 4
i

Singe Proton Bedm -

Depth

Fig. 30.1 Comparison of depth dose distribution of proton beam ver-
sus photon beam: megavoltage photon beam (dashed yellow line), sin-
gle proton beam (dashed green line), and spread-out Bragg peak (solid
blue line). (Adapted from Hu, M., Jiang, L., Cui, X. et al. Proton beam
therapy for cancer in the era of precision medicine. J Hematol Oncol
11, 136 (2018). https://doi.org/10.1186/s13045-018-0683-4)
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shaping devices (Lucite compensator and brass aperture) are
required to model the beam to the shape of the target volumes.

In pencil beam scanning technique, individual proton
beams are magnetically scanned across the tumor in the
required location and depth [2, 3]. This technology can deliver
highly conformal radiation dose to complex target without
the use of patient-specific beam shaping devices. Importantly,
it allows the delivery of intensity-modulated proton therapy
which is a sophisticated technique of proton therapy analo-
gous to intensity-modulated photon radiotherapy [2, 4].

30.2 Dosimetric Comparison Between
Proton and Photon Radiotherapy
for Malignant Orbital Apex Lesions

Dosimetric comparison examines the relative target volume
coverage and radiation doses to organs at risk in different
radiotherapy treatment plans. Owing to the rarity of malig-
nant orbital apex lesions, only a handful of dosimetric studies
are available in the literature comparing head-to-head between
proton therapy with various photon therapy techniques (inten-
sity-modulated, 3-dimensional conformal and lateral photon
therapies) (Table 30.1). Compared with photon therapies,
proton therapies achieve comparable tumor target coverage
and lower radiation doses to organs at risk in the ipsilateral
orbit, the contralateral orbit, and the adjacent brain.

Miralbell et al. provided an illustrative example compar-
ing intensity-modulated proton therapy with intensity-
modulated photon therapy in an optic nerve meningioma
(Fig. 30.2) [8]. While achieving similar tumor target cover-
age, proton therapy produced relatively lower doses to organs
at risk in the low- and medium-dose region.

This is of particular relevance in orbital apex because
most of its organs at risk are susceptible to radiation damage
even in the low- and medium-dose range. Importantly, the
degree of reduction in the radiation dose to the organs at risk
is clinically significant with respect to their dose constraints,
potentially mitigating the risk of growth hormone deficiency,
cognitive impairment, dry eye syndrome, and cataract
(Table 30.2) [7]. Take lens as an example, the dose constraint
for the end point of cataract is maximum radiation dose of
less than 6 Gy [9]. Ladra et al. demonstrated that passively
scattered proton therapy was associated with a lower per-
centage of patients having lens dose >6 Gy when compared
with intensity-modulated photon therapy for orbital rhabdo-
myosarcoma (21% versus 45%) [7].

Another important finding in the dosimetric comparison
study is the lower integral dose achieved by proton therapy as
compared with photon therapy [7]. This advantage of proton
therapy could potentially mitigate the relative risk of second
malignant neoplasm (SMN) [1, 10]. Miralbell et al. estimated
that the expected incidence of radiation-induced SMN could
be reduced by a factor of >2 with proton therapy compared

Table 30.1 Dosimetric studies comparing proton and photon radiotherapy for malignant neoplasms of orbital apex

Neoplasm (number of | Comparators

Results of dosimetric comparison

Study patients)

TTC

Sparing of organs at risk

Yock et al. [5] Pediatric orbital
rhabdomyosarcoma

(n="7)

Passively scattered
prT vs. 3D
conformal phT

Comparable

Lower doses achieved with prT to:
— Ipsilateral orbital structures (retina, optic nerve,
orbital bone & lens)
— Contralateral orbital structures (retina, optic
nerve, orbital bone & lens)
— Brain structures (hypothalamus, pituitary,
temporal lobes & chiasm)

Better tumor

Fuss et al. [6]

Pediatric optic

Passively scattered

Lower doses achieved with prT to:

pathway glioma prT vs. 3D conformity — Contralateral optic nerve
(n=17) conformal phT vs. | with pr'T — Brain structures (chiasm, pituitary gland, both
lateral phT temporal lobes and frontal lobes)
Ladra et al. [7] Pediatric Passively scattered | Comparable Lower doses achieved with prT to:
rhabdomyosarcoma prT vs. intensity- — Ipsilateral & contralateral orbital structures (lens,
including 12 orbital modulated phT retina, optic nerve & lacrimal gland)
rhabdomyosarcoma — Brain structures (hypothalamus, pituitary &
temporal lobes)
— Integral non-target dose
Miralbell et al. [8] | Orbital and Intensity-modulated | Comparable Lower doses achieved with prT to:

paraorbital tumors
(n=4) including 1
optic nerve
meningioma

prT vs. intensity-
modulated phT

Ipsilateral orbital structures (lens, lacrimal gland,
retina)

Contralateral orbital structures (lens, lacrimal
gland, retina & optic nerve)

Brain structures (optic chiasm, pituitary gland &
brain stem)

Integral non-target dose

phT photon therapy, prT proton therapy, 77C tumor target coverage
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|

Fig. 30.2 Comparison of dose distribution in an optic nerve meningi-
oma between (a) intensity-modulated photon therapy and (b) intensity-
modulated proton therapy. (Adapted from Miralbell R, Cella L, Weber

D, et al. Optimizing radiotherapy of orbital and paraorbital tumors:

intensity-modulated X-ray beams vs. intensity-modulated proton
beams. Int J Radiat Oncol Biol Phys. 2000;47(4):1111-9)

Table 30.2 Comparison of organs at risk sparing between passively scattered proton therapy and intensity-modulated photon therapy in orbital

rhabdomyosarcoma
Organs at risk | Radiation dose constraints | Comparison of radiation dose to organs at risk [7]
Late effects of (91 Passively scattered | Intensity-modulated
radiotherapy Dose parameters prT phT
Growth hormone Pituitary Diean <25 or 30 Gy Mean pituitary dose 4 Gy 15 Gy
deficiency gland
Cognitive impairment Temporal Dinean < 30 Gy Mean temporal lobe 1.7 times higher with IMRT
lobe V30
Dry eye syndrome Lacrimal Diax < 40 Gy Dose >35 Gy 4% patients 15% patients
gland
Cataract Lens Dy < 6 Gy Dose >6 Gy 21% patients 45% patients

D,,.., mean radiation dose, D,,,, maximum radiation dose, prT proton therapy, phT photon therapy, V30 volume of the organ at risk receiving at

least 30 Gy

with photon therapy in the scenario of para-meningeal rhabdo-
myosarcoma infiltrating left orbit [11]. In the study by Chung
et al. including over 1000 pediatric and adult patients, a lower
incidence of second cancers was found among patients treated
with proton therapy compared with photon therapy [12]. This
finding is echoed by another analysis, including 450,373
patients identified in the National Cancer Database, showing
an overall lower risk of second cancer with proton therapy
compared with intensity-modulated photon therapy [13].

30.3 Clinical Studies of Proton Therapy
for Neoplasms in Orbital Apex

Based on its dosimetric superiority over conventional photon
techniques, proton therapy has great potential to improve the
therapeutic ratio of radiotherapy for tumors of the orbital
apex. However, clinical data on the treatment outcomes and

complications of proton therapy for such tumors is scarce in
the literature, owing to the rarity of such tumors and the lim-
ited access to proton therapy.

30.4 Orbital Rhabdomyosarcoma
30.4.1 Background

Orbital rhabdomyosarcoma (ORM) constitutes around 10%
of all pediatric rhabdomyosarcoma [14]. It mostly presents
with localized disease without regional or distant spread. The
commonest histology is embryonal rhabdomyosarcoma,
which carries more favorable prognosis than alveolar sub-
type. The standard of care consists of systemic chemother-
apy and local radiotherapy, with the remarkable event-free
and overall survival rates at 10 years of 77% and 85%,
respectively [15, 16].
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30.4.2 Radiotherapy Target Volumes and Dose
Fractionation

Gross target volume (GTV) 1 is defined as the visible tumor
volume at diagnosis prior to any chemotherapy or surgical
resection [17]. GTV1 plus a 0.5-1 cm margin gives the clini-
cal target volume (CTV) 1 to account for potential micro-
scopic disease. Gross target volume (GTV) 2 is the visible
tumor volume after chemotherapy and/or surgery. CTV2 is
defined as the GTV2 plus a 0.5-1 cm margin and all areas at
risk of harboring occult spread.

The current Children’s Oncology Group recommendation
is to give a total dose of 45 Gy or 50.4 Gy in 1.8 Gy per frac-
tion, depending on the tumor response to the neoadjuvant
chemotherapy [18]. A total dose of 45 Gy is used for com-
plete remission, whereas a total dose of 50.4 Gy for partial
response. In case of total dose of 50.4 Gy, a volume reduc-
tion can be considered after 36 Gy for tumors having good
response to chemotherapy, with the CTV2 receiving the
remainder of the prescription dose.

30.4.3 Clinical Study of Proton Therapy
in Orbital Rhabdomyosarcoma

In the prospective phase II study by Ladra et al. on 57 chil-
dren with rhabdomyosarcoma (including 13 patients with
primary ORM), all patients received chemotherapy and pro-
ton therapy [7]. The local control rate at 5-year was 92%.
The 5-year event-free survival and overall survival rates were
92% and 100%, respectively. Regarding radiotherapy-
induced adverse events, facial hypoplasia was noted in 8%,
dry eye in 17%, cataracts in 8% patients, while no patient
had endocrine abnormalities.

30.5 Optic Pathway Gliomas
30.5.1 Background

Representing 5% of pediatric central nervous system tumors,
optic pathway gliomas (OPGs) occur predominately in chil-
dren in their first decade of life [19, 20]. Most OPGs are
low-grade, with juvenile pilocytic astrocytoma being the
commonest pathology [21]. OPGs have a strong association
with the tumor predisposition syndrome neurofibromatosis
type 1 (NF1), with at least 30% of OPG patients having NF-1
[19]. NF-1 associated OPGs have earlier onset, more indo-
lent clinical course and may even regress spontaneously. In
contrast, sporadic OPGs are more aggressive in behavior.
The management approach for OPGs should take into
consideration patient’ age, symptom, NF-1 status, and the

tumor extent [22]. The treatment options include observa-
tion, surgery, chemotherapy, and radiotherapy. Observation
is appropriate in children who are asymptomatic or with
NF-1 associated OPGs. Treatment should be initiated when
there is visual deterioration. OPGs are generally not amena-
ble to complete resection. Chemotherapy is the mainstay ini-
tial treatment, achieving 10-year progression-free survival of
44% [23].

Radiotherapy represents an effective local treatment for
OPGs. Improvement or stabilization in vision was reported
in 81% of patients treated by radiotherapy [24]. Good long-
term overall survival rates of over 90% have been reported
[25, 26]. However, radiotherapy carries significant risks of
late toxicities especially in younger children, including vas-
culopathy (Moyamoya disease), endocrine dysfunction, neu-
rocognitive effects, and second malignancy. Hence,
radiotherapy is generally recommended in older children
(>10 year old) or upon progression after multiple chemo-
therapy regimens [27].

30.5.2 Radiotherapy Target Volumes and Dose
Fractionation

GTV is defined as the macroscopic disease [28, 29]. CTV
encompasses the GTV plus 0.5-1 cm margin to cover regions
at risk of microscopic tumor infiltration. The recommended
prescription dose is 50.4-54 Gy.

30.5.3 Clinical Studies of Proton Therapy
in Optic Pathway Gliomas

Prospective study on proton therapy by Indelicato et al.
included 174 children with low-grade glioma, (diencepha-
lon/optic pathway in 52% of cases) [30]. Chemotherapy was
given before radiotherapy in 42% of patients. The therapeu-
tic outcomes were remarkable, with 5-year local control rate
of 85%. The 5-year progression-free and overall survival
rates were 84% and 92%, respectively. Regarding
radiotherapy-induced adverse events, grade 2 endocrine defi-
ciency occurred in 39 patients (22%). Only 4% patients
developed serious toxicities, such as brainstem necrosis,
symptomatic  vasculopathy, retinopathy, and second
malignancy.

Hug et al. reviewed 27 pediatric patients with low-grade
gliomas treated with proton therapy at Loma Linda University
Medical Centre [31]. Of 7 patients with OPGs, the visual
function improved in 2 patients and remained stable in 4
patients (one patient was blind prior to radiotherapy).
Moyamoya disease occurred in one NF-1 associated OPG
patient.
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30.6 Adenoid Cystic Carcinoma
of the Lacrimal Gland

30.6.1 Background

Adenoid cystic carcinoma (ACC) is the commonest malignant
epithelial neoplasm of the lacrimal gland, accounting for 66%
of cases [32]. The recommended treatment strategy is com-
bined surgery and postoperative radiotherapy [33].
Advancement in imaging and radiotherapy technologies
allows globe sparing approach in selected cases [34].

30.6.2 Radiotherapy Target Volumes and Dose
Fractionation

In the study by Lesueur et al., the target volumes included
the postoperative residual tumor, tumor bed, and the poten-
tial sites of microscopic spread [35]. Three risk level CTVs
were defined as:

1. CTV1: In case of biopsy only or presence of gross resid-
ual tumor, CTV1 was defined as GTV plus 3 mm ana-
tomical margin. In case of clear or microscopically
positive resection margin, it was defined as the operative
bed plus 3 mm anatomical margin. The globe and the
optic nerve were trimmed from CTV1.

2. CTV2 covered the optic canal, the external wall of orbit,
and the ipsilateral half of the orbit.
3. CTV3 encompassed the ipsilateral cavernous sinus.

The corresponding PTV1, PTV2, and PTV3 were formed
by adding isotropic margins of 1, 2, and 3 mm to these CTVs,
respectively. The prescription doses were 73.8 Gy RBE to
PTV1, 63 Gy RBE to PTV2, and 54 Gy RBE to PTV3 in
1.8 Gy RBE daily fraction.

30.6.3 Clinical Studies on Proton Therapy
for Lacrimal Gland Adenoid Cystic
Carcinoma

Three single-institution retrospective studies reported the out-
comes of lacrimal gland ACC treated with surgery and high-
dose adjuvant proton therapy (Table 30.3). Majority of cases
received globe-preserving surgery. Using either passively
scattered or pencil beam scanning technique, proton therapy
was given at a median dose of 60-73.8 Gy RBE. The local
control and survival rates were promising. With the median
follow-up duration of 67.4 months, Lesueur et al. reported the
therapeutic outcomes of 3-year overall survival of 78% and
3-year progression-free survival of 58%. Apart from low-
grade ocular and endocrinal complications, high grade skull
bone osteitis and brain radiation necrosis were reported.

Table 30.3 Clinical studies on the combined surgery and proton therapy for lacrimal gland adenoid cystic carcinoma

Lacrimal gland tumors
Study (number of patients) Treatments Therapeutic outcomes Toxicities
Wolkow ACC (n=18) OT: Globe-preserving surgery Median FU duration of | Brain damage (n = 3), retinopathy
et al. [36] RT: Passively scattered 13 years (n = 10), optic neuropathy (n = 5),
prT + combined phT LR: 4/18 cataract (n = 10), dry eye requiring
Median RT dose: 72 CGE (range DR: 3/18 artificial tears (n = 18), severe
66-76 CGE) keratopathy (n = 10)
Lesueur ACC (n=15) OT: Globe-preserving surgery (60%) | Median FU duration of | Grade I-1I dry eye (n = 4), grade |
et al. [35] or exenteration (40%). 67.4 months cataract (n = 1), grade 1
RT: Passively scattered prT in 12 LR: 6/15 hyperprolactinemia (n = 6), grade |
patients, pencil beam scanning prT 3-year OS: 78% pan-hypopituitarism (n = 1), grade
in 3 patients 3-year local PFS: 70% 1V osteitis of the skull bone (n = 1),
Median RT dose: 73.8 Gy RBE 3-year PFS: 58% brain radio-necrosis (n = 4)
(range 64-75.6 Gy RBE)
Holliday | Malignant epithelial OT: Orbit-sparing surgery Median FU duration of | Grade III epiphora (n = 3), grade I1I
etal. [37] | tumors of orbit & RT: Passively scattered prT in 4 27.1 months exposure keratopathy (n = 3)
ocular adnexa (n =20) | patients, intensity-modulated prT in | LR: 0/12
[ACC in 7 patients] 6 patients RNR: 1/12
Median RT dose: 60GyRBE (range | DR: 1/12
50-70 Gy RBE)

ACC adenoid cystic carcinoma, CGE cobalt gray equivalent, DR distant relapse, DFS disease-free survival, FU follow-up, LR local relapse, OT
operation, OS overall survival, prT proton therapy, phT photon therapy, PFS progression-free survival, RBE relative biological effectiveness, RT
radiotherapy, RNR regional nodal relapse
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30.7 Summary

Owing to the unique Bragg peak characteristic with zero exit
dose beyond tumor target and lower entrance dose proximal
to target, proton beam can achieve superior sparing of organs
at risk compared with conventional photon therapy. Orbital
apex is the optimal anatomical site to explore the benefit of
proton therapy, in view of the close proximity of organs at
risk to tumor target. Dosimetric studies have consistently
demonstrated that proton therapy can produce comparable
target coverage and better sparing of critical normal struc-
tures, especially in low- and medium-dose regions. Due to
the rarity of neoplasms in orbital apex and the limited access
to proton therapy, published clinical data on proton therapy
in treating such tumors are limited but promising.
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