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Abstract. Computerized techniques (CT and MRI)
allow precise delineation of orbital anatomy and ab-
normalities. Orbital tumors are nicely depicted by
these methods; various examples are illustrated in
this article, with discussion of the respective impact
of CT and MRI. Orbital inflammation and foreign
bodies usually represent radiologic emergencies,
prompting use of CT (frequently) or MRI (occasion-
ally). Digital subtraction angiography (DSA) is indi-
cated for diagnosis of vascular changes (mainly carot-
id-cavernous fistula, aneurysms, angiomas, Rendu-
Osler disease). Angiography is usually done to ascer-
tain the possibility of an interventional procedure.
Orbital vascular interventions include re-canalization
of occluded vessels, and embolization of pathologic
(tumorous or post-traumatic) vessels.

Key words: Orbit — CT — MRI — Angiography — Orbi-
tal tumors — Orbital inflammation — Orbital foreign
bodies — Endovascular procedures

Normal anatomy

In former times conventional radiography was able to
visualize only the bony structures of the orbit. There-
fore, only bony tumors or destruction, fractures, or
radiodense foreign bodies were visible. The new com-
puterized techniques introduced from the early 70s on-
wards allowed the anatomic delineation of soft tissue
structures. Now not only the bony but also the soft tissue
parts of the orbit such as the globe, muscles, nerves and
vessels are routinely visible by the new modalities of
computed tomography (CT) and magnetic resonance
imaging (MRI). The major goal of these techniques is
the two-dimensional evaluation of the orbit, free of any
superimposing structures. With spiral CT, CT has en-
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tered the multiplanar domain, as excellent two-dimen-
sional reconstructions in any plane are possible; further-
more, spiral CT allows three-dimensional reconstruc-
tions, which provide more information for clinical diag-
noses, as well as for surgical management [1]. MRI
does not use ionizing radiation, and is capable of chang-
ing slice orientation without repositioning the patient.

Angiography has also been improved by computer-
ized technology; digital subtraction angiography (DSA)
allows the delineation of even small branches of the ar-
teries without any loss of information from superimpos-
ing parts of the base of the skull.

This knowledge of the two-dimensional anatomy, and
of the vascular anatomy, is essential for diagnosing
pathological changes of the orbit.

Bony structures

Contrast between bone and surrounding soft tissues is
higher on CT than on MRI. The walls of the orbit consist
of dense cortical bone which significantly attenuates the
X-ray beam, and are therefore clearly delineated on CT
from soft tissues. However, because bone lacks mobile
hydrogen protons and thus, on MRI, there is subsequent
absence of signal, it is less precisely delimitable from ad-
jacent soft tissues.

Routinely the orbit should be examined by contigu-
ous CT sections with a thickness of 2-4 mm. Although
2-mm slice thickness produces high-quality images,
thicker slices provide adequate resolution for small
structures with fewer sections. Furthermore, ideally the
image data should be reconstructed two times — once
with a high resolution bone algorithm and once with a
soft tissue algorithms — as the image quality is not opti-
mal if only the window settings are changed. As regards
slice orientation, axial and coronal sections are recom-
mended. Axial sections (Fig.1) are obtained parallel to
the infraorbito-meatal line, which is close to the course
of the optic canal. Supine positioning of the patient and
an axial slice orientation minimize movement artifacts,
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Fig.1a—c. Axial CT scans (slice thickness 2 mm, soft tissue set-
ting). a Section below the level of the lens. There is good delinea-
tion of the bony and soft tissue structures including the ethmoidal
sinus, superior orbital fissure (white arrow), and optic canal (black
arrow). b Mid-section of the lens (large white arrow). The lamina
papyracea (white arrowheads), optic nerves (small circles), and
ophthalmic artery (small white arrow) are seen. ¢ Lacrimal gland
(small white arrows) next to the globe (v), and the superior oph-
thalmic vein (arrowheads)

Fig. 2. Coronal CT scan (slice thickness 2 mm, bone setting). There is
excellent visualization of the roof and the floor of the orbit together
with the maxillary (m) and ethmoidal sinuses (e). The infraorbital
fissure (white arrowhead), nasal cavity (n), and frontal base of ths
skull (f) with olfactory groove (small white arrows) are also seen

as well as artifacts from dental work. Coronal sections
(Fig.2) are either reformatted from axial data obtained
with spiral CT or, if spiral CT is unavailable, obtained di-
rectly in the prone or supine position.

The thin floor of the orbit, as a part of the maxilla, zy-
gomatic, and palatine bones, borders the maxillary sinus
and contains the infraorbital canal and nerve in its ante-
rior part. The medial wall is represented by the lacrymal
and orbital plate of the ethmoid (or lamina orbitalis). In
the lower aspect, it contains a bony canal, 2 cm long,
draining into the inferior nasal cavity: the nasolacrimal
duct. The lateral wall is formed by the zygomatic bone
and the greater wing of the sphenoid. The roof of the or-
bit is composed of the frontal bone and the lesser wing
of the sphenoid, bordering the frontal sinus. In the su-
perolateral part of the orbit, a bony fossa contains the
lacrimal gland. The superior and inferior orbital fissures
are formed by the greater and lesser wings of the sphe-
noid, and the maxilla, respectively (Fig.1a). Further-
more, the optic canal, traveling in the caudomedial to
craniolateral direction, is a part of the lesser wing of
the sphenoid.

Soft tissue structures

The major advantage of CT is that a single set of data
can be reconstructed both with a high resolution bone
algorithm and with a soft tissue algorithm; this method
of reconstruction is better than a simple postprocessing
modality, in which window and center line settings are
changed. The use of contrast medium is recommended
when inflammatory or tumoral changes have to be ruled
out. Axial sections are useful in soft tissue settings; im-
age quality of coronal sections can be degraded by den-
tal work. Spiral CT may overcome problems of refor-
matted images, with an excellent resolution. Reduced
acquisition times, and focusing on a stationary object,
helps to minimize movement artifacts from the eyes.

The unlimited slice orientation as well as an in-
creased anatomic (T1-weighted) and pathologic (T2-
weighted) resolution make MRI superior to CT [2]. In
routine studies a head coil provides good image quality
of the orbit together with the intracranial structures;
for high-resolution examinations a specially designed
surface coil is more suitable. MRI examinations should
routinely be achieved by T1- and T2-weighted sequen-
ces with a slice thickness of 2-4 mm (Fig.3-5). As in
CT the axial slice orientation is recommended primarily,
but coronal or sagittal planes along the optic nerve add
information about the location and relation of patholog-
ic changes to other structures [3]. Injection of contrast
medium (gadolinium-DTPA) injection provides infor-
mation about the soft tissue perfusion of normal (retina,
meningeal sheath of the optic nerve) and pathologic
structures. Nowadays the new MRI units offer the ad-
vantage of fat suppression techniques to prevent mis-
registration at the border of fat and water (chemical
shift) that may otherwise cause problems in the neigh-
borhood of the optic nerve sheath, the muscles, or the
globe [4-7]. Movement artifacts are reduced by short
acquisition times; rarely retrobulbar anesthesia may be
necessary. Care has to be taken in female patients; cos-
metics such as eye shadows or liners may contain metal-
lic material, resulting in major field distortions. An ab-
solute contraindication for MRI studies is foreign me-
tallic material within the globe.

Both CT and MRI are able to delineate the six mus-
cles (four rectus and two oblique) of the orbit, from the
cone to the insertion on the sclera. Within the muscle
one, the optic nerve travels within the dural sheath
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Fig.3a,b. Axial MRI scans [slice thickness 3 mm, T1-weighted
(T1W) SE sequence]. a Mid-section of the lens (large white ar-
row). The ciliary body, iris (small white arrows), retina (white ar-
rowheads), sclera, Tenon’s capsule and chemical shift (open arrow-
head), and optic nerves (small circles) are seen. b Globe (v), oph-
thalmic artery (small white arrow), and superior ophthalmic vein
(open arrowhead) are seen. ¢ Lacrimal gland (small white arrows),
and superior ophthalmic vein (open arrowhead)

Fig.4a,b. Axial MRI scans [slice thickness 3 mm, T2-weighted
(T2W) SE sequence]. a Good delineation of the globe and the
lens (black arrow), but major chemical shift (open arrowhead).
b Note the white and black margins of the optic nerves (small cir-
cles) caused by chemical shift artifacts. ¢ Globe (v), lacrimal gland
(parallel white arrows), ophthalmic artery (small white arrows),
and superior ophthalmic vein (white arrowhead)

Fig.5. Coronal MRI scan (slice thickness 3 mm, TIW SE se-
quence). There is good delineation of the roof and floor of the or-
bit. All four rectus muscles (white arrowheads), the nerve (small
circle), and superior ophthalmic vein (open arrowhead) are seen

from the posterior pole of the globe via the optic canal
to the optic chiasm. Depending on the eye position, the
nerve may show a straight or more often serpentine
course, which results in a volume-averaging of the prox-
imal third. With the exception of the IInd cranial nerve,

the nerve roots entering the orbit through the superior
orbital fissure (III, IV, V/1, and VI cranial nerves) are
not visible. However, knowledge of their course may
give a clue to neurologic deficits. The only important
structure of the outer cone is the almond-shaped lacri-
mal gland, located in the upper lateral aspect of the or-
bit (Figs.1c, 3¢, 4c¢).

The globe consists of the retina (innermost layer), the
iris, ciliary body, choroid (middle layer), and sclera (out-
ermost layer). Furthermore the globe can be divided
into an anterior segment (anterior and posterior cham-
ber) and posterior segment (vitreous chamber). The
anterior chamber extends from the cornea to the iris.
The posterior chamber is the space between the iris and
the lens. The ciliary body is located laterally to the lens
and produces aqueous fluid for the anterior segment.
The posterior segment or vitreous represents about
two-thirds of the globe. Technically CT may show some
of the latter structures, but in cooperative patients a
high-resolution MRI scan is capable of delineating al-
most all parts of the globe (Fig.3a,b). However, prob-
lems may occur in the differentiation between retina,
sclera, Tenon’s capsule and chemical shift artifacts [7].

Vascular structures

Most of the peripheral orbital vessels are too small to
show up on CT or MRI, but when crossing the optic
nerve in the posterior third, the ophthalmic artery (90°
angle) and superior ophthalmic vein (approx. 20° angle
to the optic nerve) are always visualized. Furthermore,
the inferior ophthalmic vein is located in a caudal posi-
tion to the optic nerve and often delineated by MRIL.
However, DSA is recommended for complete visualiza-
tion of the arterial and venous system of the orbit [§].
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Usually the ophthalmic artery branches immediately
from the supraclinoid portion of the internal carotid ar-
tery and follows the optic nerve through the canal
(sometimes the ophthalmic artery may originate from
the middle meningeal artery, or give origin to it). The
central retinal artery is the first branch of the ophthal-
mic artery after it enters the orbit, and courses along
the optic nerve to the retina. The next major vessels are
the lacrimal artery, and the posterior, as well as the ante-
rior ethmoidal artery. The latter supplies the nasal cav-
ity, parts of the cribriform plate and the anterior falx.
The posterior ethmoidal artery supplies the dura, pla-
num sphenoidale and the remaining part of the cribri-
form plate. In addition to the last major arteries — the su-
praorbital, supratrochlear and dorsal nasal artery — a
number of small muscular branches arise from the oph-
thalmic artery. Several anastomoses exist between the
orbital and maxillary branches [9].

Orbital tumors

Orbital tumors include a large variety of lesions, origi-
nating in the optic nerve, the eyeball, and the other soft
tissues and bony structures of the orbit. Imaging techni-
ques (mainly CT and MRI) are mandatory for locating
and characterizing the lesion, in order to define the opti-
mal treatment. The location in the orbit is important:
eyeball (uveal melanoma, and retinoblastoma), optic
nerve sheath (meningiomas and gliomas), intraconal
(most commonly hemangiomas and neurilemmomas),
and extraconal (frequently lymphomas) [10]. In this sec-
tion, we will focus on optic nerve tumors, vascular le-
sions, and eyeball abnormalities.

Optic nerve tumors

Before the advent of CT, visualization of the optic nerve
was not possible. Secondary signs of optic nerve lesions
could sometimes be observed on plain films, mainly
widening of the optic foramen, or sclerosis of the sphe-
noid wings. The introduction of CT, and later MRI, al-
lowed direct demonstration of optic nerve tumors.

Optic nerve sheath meningioma

Meningiomas are benign neoplastic lesions arising from
meningoendothelial cells of the meninges. Primary or-
bital meningiomas, originating in the optic nerve sheath,
represent 1-2 % of all meningiomas, and constitute the
most common optic nerve tumor after glioma [11]. Or-
bital meningiomas are more common in females than
males (ratio 4 : 1), and they appear most frequently in
the fourth and fifth decades of life [12]. Patients typically
present with visual loss, frequently associated with optic
atrophy; the lesion is usually unilateral, but bilaterality
is reported in about 5 % of cases [11]. Clinically, intraor-
bital optic nerve glioma and meningioma are difficult to
differentiate, which highlights the impact of imaging [13].
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Typical CT features include either a localized eccen-
tric mass at the orbital apex [14], or a well-defined tubu-
lar thickening (64 %), or fusiform swelling (23 %) of the
optic nerve [13, 15, 16]. Calcifications are also frequent
[12] (Fig.6). Sclerotic hyperostosis can be observed at
the orbital apex, with widening of the optic canal [12,
13]. Moderate to marked enhancement is noted after in-
travenous contrast injection, occasionally with a central
lucent tramline, due to uniform enhancement of a cir-
cumferential meningioma (this finding can also be ob-
served in optic neuritis and pseudotumor) [12, 17]. On
MRI the meningioma is hypointense to orbital fat
on T1-weighted (T1W) images and isointense on T2-
weighted (T2W) images, and it shows a mild to marked
contrast enhancement after gadolinium-diethylenetria-
minepentaacetic acid (Gd-DTPA) [12, 18] (Fig.7). Fat
suppression is useful to separate the enhancing tumor
from the orbital fat [12, 19]. MRI is far superior to CT
for documenting intracanalicular and intracranial com-
ponents of the lesion [19]. The intracranial component
in optic nerve meningioma is meningeal enhancement,
which has a differential diagnostic relevance.

Optic nerve glioma

Gliomas of the optic nerve or visual pathway are benign
astrocytic neoplasms that primarily affect children in the
first decade of life [12, 20]. The lesion can involve var-
ious portions of the optic retrobulbar pathways, includ-
ing the optic nerve, chiasm, optic tracts, and radiations.
The tumor shows early growth, followed by stability in
many patients; if the lesion is initially confined to the
optic nerve alone, overall mortality is low (5%),
whereas it rises to about 50 % in cases of involvement
of the hypothalamus [21]. Optic nerve gliomas are
more frequent than meningiomas (ratio 4 : 1) [22, 23].
There is no significant sex prevalence. Approximately
15 % of patients with optic nerve gliomas exhibit find-
ings of neurofibromatosis type-1 (NF) at the time of di-
agnosis [13, 24]; when glioma is bilateral, NF should be
strongly suspected.

Malignant optic glioma is a distinct disease, which oc-
curs in middleaged adults [21, 22]. The clinical presenta-
tion depends on the location of the tumor; in cases of in-
traorbital optic nerve glioma, there is usually painless
proptosis, and optic atrophy is also frequent [12].

CT features include moderate to marked diffuse
swelling of one or both nerves, with frequent kinking or
buckling of the enlarged nerve; moderate to intense en-
hancement is observed after contrast injection, fre-
quently with internal lucencies [13, 25] (Fig.8a). Exten-
sion through the optic foramen causes widening of the
optic canal. Precise anatomic definition of the tumor is
better on MRI than CT, mainly when the glioma passes
through the optic canal [13, 26]. The lesion is hypoin-
tense to orbital fat on T1W images, and mixed to homo-
geneous and hyperintense on T2W images [13, 27]
(Fig.8b, ¢); contrast enhancement is usually evident [13].

Other tumors of the optic nerve are rare. They in-
clude hemangioblastoma, hemangiopericytoma, choris-
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Fig.6. Left optic nerve sheath meningioma in a 58-year-old man;
contrast-enhanced axial CT scan. Note calcifications extending
through the optic canal

Fig.7a,b. Right optic nerve sheath meningioma in a 53-year-old
man; MRI scan after Gd-DTPA. a Axial and b sagittal views. Ob-
serve swelling of the nerve, with contrast enhancement

Fig.8a—c. Left optic glioma in a 15-year-old girl. a Enhanced axial
CT section, b unenhanced T1W, and ¢ T2W MRI sections. Ob-
serve the significant fusiform swelling of the nerve, hypointense
to orbital fat on T1W, and hyperintense on T2W images

toma (which is a rare benign tumor, containing fat and
smooth muscle [28]), metastasis, and extension to the
nerve of an intraocular tumor (melanoma and retino-
blastoma). Nontumoral enlargement of the optic nerve
is also observed in many other conditions. Briefly it can
occur in systemic diseases such as sarcoidosis, toxoplas-
mosis, tuberculosis and syphilis, in optic neuritis, in trau-
ma, in pseudotumor and Graves’ disease, and also in
cases of increased intracranial pressure [12, 13, 29].

Vascular abnormalities
Capillary hemangioma
Capillary hemangiomas occur in infants during the first
year of life. The size increases for 6-10 months, and

then involution is observed [25]. The lesion is frequently
extraconal, usually in the superior nasal quadrant [12].

Arterial supply is pronounced, from the external and/
or internal carotid artery, with risks of significant bleed-
ing [12, 25]. On CT the lesion is ordinarily well delin-
eated, and sometimes ill defined; it enhances significant-
ly and homogeneously [12]. On MRI, hypo- or slight hy-
perintensity is observed on T1W images, hyperintensity
on T2W images, and there is intense contrast enhance-
ment [12] (Fig.9).

Cavernous hemangioma

Orbital cavernous hemangioma is the most common or-
bital vascular tumor in adults [12, 25]. It occurs any-
where in the orbit, most frequently in the retrobulbar
muscle cone. The tumor is slowly progressive, and does
not spontaneously involute. As there is usually a fibrous
pseudocapsule, surgical excision is easy, without frag-
mentation [25]. On CT, the lesion is well delineated,
smooth and homogeneous, with variable contrast up-
take (Fig. 10); on MRI the lesion is iso- to slightly hyper-
intense on T1W images, significantly hyperintense on
T2W images, and enhancement is variable [12].

Orbital lymphangioma

Orbital lymphangioma occurs in children and young
adults, and is most frequently extraconal. The lesion is
slowly progressive, without spontaneous regression
[25]. Due to absence of a capsule, infiltrative features
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Fig.10a,b. Left cavernous hemangioma in a 63-year-old woman,
presenting with painless swelling of the left internal canthus, con-
trast-enhanced axial (a) and coronal (b) CT sections. The lesion
(curved arrow) is fairly well delineated, and shows significant
homogeneous enhancement; the eyeball is pushed slightly lateral-
ly. Note the discrete bone remodeling of the left anterior-inferior
lamina papyracea, without bone erosion

Fig.11. Left dermoid cyst; contrasted-enhanced CT section. The
cyst is hypodense, with a thin enhancing rim

are typical, with subsequent difficulty in surgical resec-
tion. Intratumoral haemorrhages are frequent, which
cause increased proptosis [25]. On CT the lesion is spon-
taneously hyperdense and heterogeneous, with little, or
sometimes marked enhancement. Usually it is poorly
delineated (which allows differential diagnosis with he-
mangioma). On MRI the lesion is hyperintense on
T1W images, and mainly on T2W images [12, 25].

Dermoid and epidermoid cysts

Dermoid and epidermoid cysts result from inclusion of
ectodermal elements during closure of the neural tube
[12]. Cysts usually develop along the superotemporal or-
bital rim and are often attached to the orbital bones due
to dermal elements pinched off along suture lines [30].
On CT the lesion is smoothly marginated and well delin-
eated, with a large and hypodense center; rim enhance-
ment is observed and calcifications may be seen [12]
(Fig.11). On MRI the lesion is hyperintense on T1W
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Fig.9a,b. Left capillary hemangioma in

a 4-month-old boy; axial MRI sections
before (a), and after (b) intravenous
Gd-DTPA. The fairly well delineated
lesion is typically located in the upper
nasal quadrant, and is isointense on the
T1W image, with marked contrast uptake

-

el

images and heterogeneous on T2W images. Ruptured
dermoid cysts have a different signal, and may be mista-
ken for hemangiomas.

Eyeball tumors
Retinoblastoma

Retinoblastomas are highly malignant tumors, arising
from neuroectodermal cells (nuclear layer of the reti-
na). They are of congenital origin, but not recognized
at birth. Ninety percent of lesions are detected in young
children below 5 years of age, and bilaterality is ob-
served in approximately 30 % of cases [12, 31]. The diag-
nosis should be setted quickly, as, with limited disease,
the 5-year survival rate is excellent (92 %), and useful
vision of the treated eye can be maintained in most pa-
tients, whereas in cases of extension beyond the eye
there is 100 % mortality [12, 32, 33].

The role of CT and MRI is first to reveal whether
there is retrobulbar extension, intracranial metastasis,
or a second tumor, and to differentiate retinoblastoma
from simulating lesions (persistent hyperplastic primary
vitreous, Coats’ disease, retinopathy of prematurity, tox-
ocariasis, retinal detachment, and many other condi-
tions) [12].

CT features include calcifications in more than 90 %
of cases, which can be single or multiple [12, 34]
(Fig.12). It should be stressed that CT demonstration
of intraocular calcification in a child less than 3years
old represents retinoblastoma [12]. The tumor shows
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Fig.12. Bilateral retinoblastoma in a 2-year-old boy; contrast-en-
hanced axial CT views. Note extensive calcifications in both eye-
balls, irregular swelling of the posterior wall of the right eye, and
subretinal fluid on the left

Fig.13. Right uveal melanoma in a 65-year-old man; contrast-en-
hanced CT scan. The enhancing lesion covers the optic disk, with-
out visible infiltration of the nerve

moderate contrast enhancement. MRI is not as specific
as CT for diagnosing retinoblastoma, due to its lack of
sensitivity in detecting calcifications [12], but MRI dif-
ferentiation from simulating lesions is possible. The tu-
mor is slightly hyperintense to the vitreous on T1W ima-
ges, and significantly hypointense on T2W images [12].
MRI is better than CT for visualizing the optic nerve,
and intracranial involvement [12].

Malignant uveal melanoma

The uveal tract is highly vascular. Malignant melanomas
exhibit various cell types, with a varied prognosis. Asso-
ciated subretinal fluid is frequent. There is an excellent
5-year survival rate when the diagnosis is made on a le-
sion less than 10 mm in diameter and 3 mm thick [35].
Sometimes the lesion can be stable. Usually the diagno-
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sis is made by ophthalmoscopy, fluorescein angiography
and ultrasonography. CT and MRI evaluate the extent
of the lesion, and are also useful in cases of opaque me-
dia. Melanomas are usually elevated and sharply de-
fined, with spontaneous hyperdensity on CT (Fig.13)
and, on MRI, if melanotic, hyperintensity to the vitreous
on T1W images and hypointensity on T2W images [12].
MRI is now the gold standard, particularly as it allows
differentiation of the lesion from associated subretinal
exudate, which is usually not possible by CT.

Other orbital masses

Other orbital masses include metastasis, lymphoma
(Ilymphoid tumors represent 10-15 % or orbital masses,
and are frequently localized in the anterior orbit [12]),
and lacrimal gland tumors.

Angiography
Diagnostic angiography

Selective catheterization of the internal carotid artery
(ICA) is normally done via puncture of the femoral ar-
tery. An approach via the axillary artery or brachial ar-
tery is chosen only if the femoral artery is occluded. A
5 Fr diagnostic catheter is recommended because it sig-
nificantly reduces the risk of vasospasm and throm-
boembolism in comparison with larger catheters. In se-
lective and superselective angiography the contrast
medium is applied manually to minimize trauma to the
vessel wall, and to be able to stop injection in case of
clinical or angiographic conspicuity.

In cases of orbital pathology the diagnostic angiogra-
phy must demonstrate the arterial system of the ICA
and external carotid artery (ECA), particularly the ar-
terial supply to the orbit, and the possibility of danger-
ous branches or anastomoses, especially of the ECA.
Every angiographic study should include at least two
different views of a vessel, usually the posteroanterior
and lateral projections. Selective and often even super-
selective injections should be performed and a protocol
of angiographic exploration designed for each case. In
addition, the angiographic investigation should include
determination of the intracranial collateral circulation
at the level of the circle of Willis in every lesion with a
relationship to the ICA.

Topographic information concerning a tumor of the
orbit is more precisely given by MRI and CT. The main
indications for angiographic examination of the orbit
are vascular changes such as carotid-cavernous fistula
(spontaneous or post-traumatic), aneurysms, angiomas,
Rendu-Osler disease, and congenital syndromes (e.g.,
Wyburn-Mason syndrome). In most cases angiography
is done not because of diagnostic problems, but for as-
certaining the possibility of an interventional procedure.
Exploring the possibility of intervention is equally or
more important in cases of tumoral lesions originating
within the orbit such as gliomas, lymphomas, hemangi-
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omas, and optic nerve meningiomas, and for tumors in-
vading from the periphery such as meningiomas, and
metastases from the skull base, esthesioneuroblastoma,
adenocarcinoma or squamous cell carcinoma from the
nasosinus cavities, and angiofibroma arising from the
nasopharynx. For differential diagnosis of orbital tu-
mors angiography is only very rarely necessary.

Therapeutic angiography: general considerations

Digital subtraction angiography (DSA) is mandatory
when performing neuroradiologic embolization proce-
dures. It provides excellent image quality and shortens
the procedure time by producing instantaneously sub-
tracted images. DSA has a higher contrast resolution
than conventional film angiography, without significant
loss of spatial resolution, and it additionally allows the
use of reduced amounts of diluted iodinated contrast
agent.

The procedure can be performed with the patient un-
der general or local anesthesia. General anesthesia
guarantees optimal working conditions for the interven-
tional neuroradiologist. The introduction of highly flex-
ible microcatheters has significantly reduced the inci-
dence of spasm in the ECA territory. Therefore increas-
ing numbers of embolizations are now performed under
local anesthesia. Permanent balloon occlusion of the
ICA requires local anesthesia because active coopera-
tion of the patient is mandatory.

Neuroradiologists performing endovascular therapy
must be familiar with the vascular anatomy of the orbit,
and the dependence of clinical symptoms on vascular
territories [36-42]. Only this knowledge allows ade-
quate patient selection with precise definition of thera-
peutic goals, thereby avoiding dangerous complica-
tions, and improving the reliability and safety of endo-
vascular therapeutic procedures. The radiologist must
also be familiar with catheter techniques and the differ-
ent embolic materials, because, from the technical
point of view, catheterization selectivity and the embol-
ic material determine the success of embolization [36,
43-46].

The continuing development of microcatheters and
microguidewires has enabled the superselective cathe-
terization and embolization of the petrous and cavern-
ous branches supplying the ICA, and of the ophthalmic
artery. The relationship of the inner diameter of the ves-
sel to the outer diameter of the catheter and its geome-
try limit the distance within a small artery that can be
reached in catheterization. For example, there is cur-
rently no possibility of reaching the central retinal ar-
tery selectively.

The choice of embolic material depends on the goal
of the procedure, the selectivity to be accomplished,
and the vascular anatomy of the pathologic territory
[45-48]. As a general rule, microparticles are preferable
to fluid materials in preoperative tumor embolization
because they are easier and safer to use, and, if properly
sized, can reach the intratumoral microvasculature. De-
tachable balloons are the agent of choice for most cases
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of direct single-hole arteriovenous fistula, or for carotid
artery occlusion.

Since embolization of orbital tumors is nearly always
a preoperative measure followed by surgical removal,
every effort should be made to minimize morbidity.
The most serious complications associated with inter-
ventional procedures include cerebral stroke, blindness,
and cranial nerve palsies. The main reasons for such
complications are lack of knowledge concerning the
vascular anatomy of the ECA, and the reflux of embolic
material into physiologic vessels supplying normal tis-
sue [36, 38, 39, 41, 48].

Therapeutic angiography: interventional procedures

Vascular intervention in the region of the orbit can be
divided into two opposing procedures: the re-canaliza-
tion (opening) of occluded vessels, and the embolization
(closing) of pathologic vessels, mostly caused by tumor
or traumatic changes.

Re-canalization procedures

Only one re-canalization procedure is of importance for
the orbit. This is local intra-arterial fibrinolysis (LIF),
which is done mainly in cases of acute thromboembolic
occlusion of the ophthalmic artery [9, 49]. To perform
LIF, a microcatheter is placed in the proximal part of
the ophthalmic artery, and approximately 1 million
units of urokinase or 20 mg recombinant tissue-type
plasminogen activator (r-TPA) administered within
2 h. This procedure is still under discussion, and further
investigations are necessary. Concerning the treatment
of thrombosis of the central retinal vein, there is even
less proven therapy. Some groups have tried systemic
thrombolysis, while others do not treat actively at all.
LIF in the case of occlusion of the vein is only men-
tioned anecdotally within the ophthalmologic litera-
ture.

Occluding procedures

The only curative occluding procedures within the re-
gion of the orbit are those for the treatment of aneu-
rysms and arteriovenous fistulas, by permanent balloon
occlusion [41, 43]. A carotid-cavernous sinus fistula re-
presents an acquired intracranial arteriovenous shunt
between the carotid artery and the cavernous sinus.
Clinical findings are pulsating exophthalmos, pulsosyn-
chronous intracranial bruit, palsy of cranial nerves I1I,
IV and VI, and chemosis of the eye. Accompanying
acute subarachnoid or intracranial hemorrhage has also
been reported. These fistulas are usually caused through
major facial or craniocerebral trauma. The trauma may
be blunt, with or without skull base fractures, or it may
be penetrating from the orbit to the intracranial space.
Angiographic evidence consists of early and dense opa-
cification of the cavernous sinus, early filling of its drain-
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ing veins, especially the superior ophthalmic vein, and
poor opacification of cerebral vessels. It is important to
perform angiography of the ICA and ECA, both left
and right, and of the vertebrobasilar system. The pulsat-
ing exophthalmos may develop unilaterally (ispsilateral
or contralateral) or bilaterally, depending on the venous
outflow of the cavernous sinus. Bilateral carotid-caver-
nous fistulas may also occur. Often there is a delay be-
tween the traumatic event and the clinical manifesta-
tion.

Although the fistula is usually supplied through a
tear in the ICA, it may, occasionally receive blood from
branches of the ICA or ECA, or from the vertebrobasi-
lar system, via the posterior communicating artery. Ve-
nous drainage is primarily into the superior ophthalmic
vein, but may also extend into various venous outflows,
including the contralateral cavernous sinus, the inferior
ophthalmic vein, the pterygoid plexus, the sylvian veins,
and the petrosal sinuses.

Nonsurgical, endovascular treatment is the method
of choice for closure of the fistula, which can be per-
formed utilizing detachable balloons, or coils delivered
into the cavernous sinus. Reconstructive embolization
with preservation of the patent ICA can be achieved in
most cases. If this is not feasible, the carotid artery may
be occluded nonsurgically above and below the fistula,
using detachable balloons.

If reconstructive embolization appears to be possi-
ble, an endoarterial route is taken for the catheter, with
occlusion of the fistula by inflating a detachable balloon
on the venous side. In these lesions, endovascular embo-
lization is the treatment of choice, because it has a cure
rate of 95 %, entails very little risk, and produces signif-
icantly less morbidity and hospitalization than any other
form of treatment. Detachable balloons can usually be
placed directly at the site of the abnormal arteriovenous
communication, with little or no traumatic disturbance
to other tissues or organs (Fig. 14). Another route is the
venous approach, either via the petrosal sinuses, or by
cannulating the widened superior ophthalmic vein [50],
in cooperation with an ophthalmologist.

Besides the traumatic one-hole fistula, there is a sec-
ond type of dural carotid-cavernous fistula which mainly
develops in elderly women. However, these often nu-
merous small fistulas between extradural branches and
the sinus often elude complete cure via interventional
procedures.

Permanent balloon occlusion of the ICA is a fre-
quently performed procedure for aneurysms of the dis-
tal ICA, and for skull base vascular injuries [43] that
are secondary to trauma, or (less frequently) iatrogenic.
In these cases the vessel is often so badly damaged that a
reconstructive embolization is impossible, and the ar-
tery has to be sacrificed by trapping the fistula. Rarely
the ophthalmic artery has to be occluded in cases of tu-
morous or vascular lesions. Fortunately in 90 % of cases
collateral blood supply is adequate after occlusion of
the ICA or the ophthalmic artery. As long as the occlu-
sion of the ICA is inferior to the ophthalmic artery, col-
lateral supply is possible via the circle of Willis. When
the ophthalmic artery itself must be occluded, collater-
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als from branches of the ECA can often secure the
blood supply.

Embolization of lesions of the orbit is mainly per-
formed for vascular tumors supplied by branches of the
ECA and/or the ICA. It represents a purely preopera-
tive measure; it is not able to cure neoplasms, because
the embolization only treats the vascular component of
the tumor. Such tumors may be meningiomas, squamous
cell carcinomas or adenocarcinomas, metastases, or an-
giofibromas. Any preoperative embolization of vessels
with particles or fibrin glue is temporary, and because
of new collaterals and/or recanalization tumor surgery
should be done within a maximum of 5 days. The goal
of preoperative devascularization of vascular neoplasms
is selective obliteration of the pathologic intratumoral
vasculature, while preserving the normal supply to sur-
rounding tissues. Obliteration with appropriate embolic
materials facilitates the subsequent surgery. For patients
in a poor general clinical condition, in whom prolonged
anesthesia is not possible, and for patients who refuse
surgery, embolization can be performed as a palliative
measure. Incurable malignant tumors and/or osseous
metastases from strongly vascularized tumors, such as
thyroid carcinoma, or hypernephroma, may be extreme-
ly painful, and refractory to analgesic drugs. In most
cases embolization reduces the pain significantly, with
immediate symptomatic relief. Furthermore, it may re-
duce the space-occupying changes, such as proptosis
caused by tumor growth.

Meningiomas represent one of the most important
indications for preoperative embolization of skull base
lesions, because of their frequency and their hypervas-
cularity [9, 48, 50]. The obligatory meningeal arterial
supply of meningiomas typically arises from the dural
base of the tumor. Meningiomas exhibit a characteristic
angiographic appearance consisting of dilated menin-
geal feeding arteries, converging towards the dural site
of the tumor, radiating intratumoral dural arteries, and
a more or less homogeneous blush of variable intensity,
usually persisting into the late venous phase.

Frontobasal meningiomas include meningiomas of
the orbital roof, the olfactory groove, and the planum
sphenoidale. Because of the rather small size of the sup-
plying dural branches, the unfavorable vessel geometry,
and the dangers associated with the ophthalmic artery
territory, the role of embolization in frontobasal menin-
giomas is rather limited. Meningiomas of the sphenoid
wing and middle cranial fossa receive their dural supply
from the sphenoidal branch and the middle cranial fossa
branches of the middle meningeal artery respectively.
Meningiomas of the cavernous sinus and perisellar area
receive their supply from multiple dural arterial sources,
the most frequently observed being the inferolateral
trunk arising from the lateral wall of the C4 portion of
the ICA, and anastomosing with the accessory menin-
geal artery, the lateral clival artery arising from the C5
portion of the ICA, the cavernous branch of the middle
meningeal artery, and the recurrent meningeal branch
of the ophthalmic artery. Meningiomas in this area re-
veal a close relationship with the ICA. Permanent pre-
operative balloon occlusion of the ICA should be con-
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Fig.14a—e. Skull trauma and left-sided exoph-
thalmos in a 50-year-old man. Selective angiogra-
phy (left: bone window, right: soft tissue window)
showed in both planes (a, b) a typical carotid-cav-
ernous fistula (CCF) with a dilated ophthalmic
vein (arrows) and venous drainage of contrast
material within the early arterial phase. ¢ Place-
ment of the balloon (open arrow) via the endoar-
terial route and partial reduction of flow within
the fistula. d, e After detachment of the balloon,
there was closure of the CCF with a preserved and
patent internal carotid artery in both planes
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sidered if selective angiography demonstrates irregular
narrowing of the vessel lumen.

The great majority of juvenile nasopharyngeal angio-
fibromas (JNA) develop in young males around puber-
ty. This histologically benign, fibrovascular tumor with
the potential for locally aggressive behavior becomes
symptomatic by nasal obstruction, and variable degrees
of epistaxis. Radical surgical tumor removal after pre-
operative embolization is the treatment of choice [9,
37, 40, 42, 44, 51, 52]. Angiographically, this tumor has
a nearly pathognomonic appearance, because, in con-
trast to most other tumors of this region, the supplying
arteries arising from the ECA and ICA are only mini-
mally dilated. The intense tumor blush appears during
the arterial phase, and persists until the late venous
phase. The contralateral ECA often participates in
such JNAs, which reach or extend over the midline,
and has to be examined in these cases. The first and con-
stant arterial system supplying this kind of tumor is seen
in the nasopharyngeal and nasal cavity branches of the
internal maxillary artery. The accessory meningeal, the
ascending pharyngeal, and the descending palatine ar-
teries may participate in case of larger tumor extension.

In Rendu-Osler disease, selective embolization of
the involved vessels may reduce the risk of bleeding.
The most frequently involved vessels are arteries of the
face and nose, but sometimes there is also involvement
of branches of the ophthalmic artery (often following
surgical occlusion of the maxillary artery). However,
neuroradiologic intervention is here again of only tem-
porary use, this time not due to recanalization but be-
cause of the natural course of this progressive disease.
A rare case and even more rare treatment of an intra-
cranial arteriovenous malformation with extracranial
and retinal malformation (Wyburn-Mason syndrome)
has been reported with interventional occlusion of the
feeding vessel [46].

Orbital inflammation

Orbital inflammation includes infection (usually a com-
plication of sinusitis), foreign bodies and trauma, pseu-
dotumor, thyroid orbitopathy and optic neuritis.

Bacterial orbital infection

Most cases of orbital cellulitis are due to sinusitis. The
patient presents with ocular pain, lid edema, chemosis,
proptosis, limited eye mobility, fever, and elevated white
blood cell count. If prompt treatment is not instituted,
serious complications occur, with blindness, cavernous
sinus thrombosis, and epidural, subdural, and brain ab-
scesses [12, 53]. Classification of orbital cellulitis in-
cludes five stages: (a) preseptal inflammation (eyelid
edema or abscess), (b) subperiosteal inflammation
(phlegmon and abscess), (c) orbital cellulitis, (d) or-
bital abscess, and (e) venous thrombosis (ophthalmic
vein and cavernous sinus) [12, 30]. Imaging (mainly
CT) is very useful in acute settings to differentiate sub-
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periosteal phlegmon (heterogeneous swelling, with
muscle displacement), which is usually treated conser-
vatively, from subperiosteal abscess (pus collection in
the subperiosteal space) (Fig.15), which necessitates
surgery.

Orbital complications of endoscopic sinus surgery
are of diagnostic importance, and fairly frequent. Minor
complications occur in 5 % of cases, following surgical
violation of the lamina papyracea; they include hemato-
ma and edema of the internal canthus and inferior eye-
lid, or orbital emphysema. Major complications are
rare, with diplopia following surgical lesions of the ex-
trinsic muscles, blindness (either directly iatrogenic, or
due to ischemia of the nerve by compressive hemato-
ma), and orbital abscess [54].

Foreign bodies of the eyes and orbit

Foreign bodies (FB) represent ophthalmic emergencies,
and require thorough evaluation to define appropriate
treatment. In most ocular trauma, it is mandatory to
look for, and eventually localize, a foreign body. Oph-
thalmoscopic examination is usually difficult, due to
opacified cornea and opaque media. Complications of
FB include hemorrhage, traumatic cataract, infection,
and also chemical damages. The majority of FB lie on
the surface of the cornea, conjunctiva, or anterior sclera,
and are thus easily removed. When metallic, the FB are
intraocular, or retrobulbar. Orbital FB are not removed,
unless interference with mobility or injections occur.

Conventional films are effective for most intraocular
metallic FB (larger than 1 mm). CT is useful for smaller
metallic FB and nonmetallic FB (Fig.16a). In cases of
wooden FB, fresh wood is usually hyperdense, on CT,
whereas dry wood is hypodense sometimes indistin-
guishable from orbital fat, or intraorbital air [55, 56].
MRI can be useful to differentiate FB (hypointense)
and orbital fat [56]. Glass FB are hyperdense, but with-
out the typical streak artifacts that are observed in me-
tallic FB (Fig.16b). Finally, MRI is usually contraindi-
cated in cases of proven or suspected intraocular metal-
lic FB.

Orbital pseudotumor

Inflammatory orbital pseudotumor is a term used to de-
scribe any idiopathic inflammatory lesion of orbital tis-
sue that simulates a neoplasm of the orbit; it is a definite
clinical entity with various forms, covering a wide spec-
trum of periocular lesions [57, 58]. This syndrome has
been confused for many decades with thyroid orbitopa-
thy, and lymphoid tumors. It can occur at any age; in
children it is frequently bilateral, whereas bilaterality is
less common in adults. Exophthalmos, pain and inflam-
mation are usually observed in acute stages. Usually
the prognosis is good with steroid therapy. The spectrum
of orbital pseudotumors includes anterior inflamma-
tion, diffuse orbital inflammation, myositic abnormality,
apical lesions, lacrimal adenitis, and perineuritis [12].
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Fig.15. Orbital subperiosteal abcess; contrast-enhanced CT sec-
tion. Note the slight proptosis of the right eye, inflammatory dis-
ease of the right anterior ethmoid cells, with subperiosteal abcess
(white square), and lateral displacement of the medial rectus mus-
cle

Fig.16a,b. Orbital foreign bodies (FB); axial CT sections. a Right
metallic FB in a retrobulbar position; observe the significant streak
artifacts, and a small post-traumatic bubble of air in the vitreous.
b Glass FB in the left orbit; despite marked hyperdensity, the ab-
sence of streak artifacts allows differentiation from a metallic FB
Fig.17a,b. Orbital pseudotumor in two different patients. a Con-
trast-enhanced coronal CT scan in a 61-year-old woman; observe
the muscle swelling involving mainly the upper group, and to a les-
ser extent the medial rectus, and the trochlear muscles. b Contrast-
enhanced axial CT scan in a 41-year-old man; note the marked in-
filtration of the left orbital apex, without bone destruction

Fig.18. Graves’ orbitopathy in a 44-year-old man; contrast-en-
hanced axial CT section. Note the symmetric bilateral abnormal-
ities, with significant proptosis, and moderate swelling of the ex-
traocular muscles. The orbital fat is also slightly infiltrated

Of the various CT features associated with the differ-
ent forms of pseudotumor, the most frequent include
enhancement after intravenous contrast injection
(95 %), infiltration of the retrobulbar fat (76 %), prop-
tosis (71 %), extraocular muscle enlargement (57 %),
apical fat infiltration and edema (48 %), muscle tendon
or sheath enlargement (43 %), and optic nerve thicken-
ing (38 %) [59] (Fig.17). In cases of muscle enlargement,
the superior complex and medial rectus are most fre-
quently affected. The muscle borders are a little ragged,
and fluffy [12]. These features allow differentiation from
Graves’ orbitopathy. A key finding is the absence of

bone erosion or remodeling, which are common in be-
nign and malignant tumors [12, 59].

Thyroid orbitopathy

Thyroid (or Graves’) orbitopathy usually affects mid-
dle-aged women, and is due to an autoimmune process.
Painless proptosis is commonly noted, with gradual di-
plopia, and is frequently bilateral [12]. Radiologic ex-
amination of patients with Graves’ disease is routinely
done with CT [60-62]. Typically CT discloses enlarge-
ment of the extraocular muscles (Fig. 18); the most fre-
quent pattern of muscle involvement affects all muscles
[60]. When an isolated muscle is involved, the inferior
rectus is most commonly affected [12]; however, some
authors report the superior muscle to be involved most
frequently [60]. The muscle belly is enlarged, sometimes
significantly, with well-defined borders, and its tendon is
preserved; these features allow differentiation from
pseudotumor. The intraorbital fat is increased, and
usually homogeneous, and proptosis can be significant.
Enlargement of the retrobulbar optic nerve sheath and
of the superior ophthalmic vein are also common. MRI
can be useful in Graves’ disease to evaluate the muscle
changes (edema, fibrosis, and fatty degeneration), in or-
der to allow standardized planning of therapy, and fol-
low-up [63]. Furthermore, MRI is more suitable than
CT in cases of significant muscle enlargement, with op-
tic nerve crowding at the orbital apex and subsequent
optic neuropathy, in order to evaluate the degree of fat
effacement, which is a measure of optic nerve compres-
sion [64].
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Optic neuritis

Optic neuritis is an acute inflammation of the optic
nerve, which is frequently enlarged. In many cases it is
the early manifestation of multiple sclerosis. On CT,
the enlarged nerve shows moderate contrast uptake,
and on MRI it is hyperintense on T2W images [12].
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