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CT and MRI of the Orbit

Andrew S. Griffin, MD
Jenny K. Hoang, MBBS, MHS
Michael D. Malinzak, MD, PhD

’ Computed Tomography (CT) Imaging for Orbital
Pathology

CT imaging is produced by obtaining radiographic images in multiple
projections using a revolving x-ray tube and x-ray detector. Modern CT
technology allows for the rapid acquisition of high-quality data that can be
used to create a variety of image types from a single scan. Multidetector CT
scanners, which have become common place, yield volumetric data thus
allowing for images to be reconstructed in any plane of view (typically
coronal and sagittal planes in addition to the axial plane of data acquisition).

Different reconstruction algorithms are used to produce the viewable
images at the level of the scanner, and both soft tissue and bone algorithms
are applied for CT examinations of the orbits. Images reconstructed using
a soft tissue algorithm have less noise and provide better contrast
resolution for distinguishing subtle differences in radiodensity among soft
tissue structures. Images reconstructed using a bone algorithm exhibit
more noise but provide better spatial resolution for identifying defects and
internal architectural features of bony structures. It is common, but not
necessary, to apply the soft tissue algorithm to thicker cut images (further
reducing image noise), and to apply the bone algorithm to thin cut images
(further increasing spatial resolution). The end result for the imaging user
is 2 sets of images in each plane, optimized for assessment of different
structures, thereby reviewed with these different purposes in mind.

Our imaging protocol here at Duke for CT of the orbits begins with
the acquisition of axial CT data from above the level of the frontal sinuses
to the level of the hard palate. Axial, coronal, and sagittal plane
reconstructions are then made using 0.625mm slice thickness in bone
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algorithm, and 1.25mm slice thickness in soft tissue algorithm for a total
of 6 series of images.

CT studies of the orbits can be performed without or with contrast
enhancement. Contrast-enhanced CT of the orbits is obtained following the
intravenous (IV) administration of an iodinated contrast agent in venous
phase (Fig. 1). If there is concern for an orbital mass, contrast-enhanced CT
is preferred because a variety of common orbital pathologies exhibit
characteristic enhancement patterns. CT without contrast enhancement is
sufficient for orbital trauma or thyroid orbitopathy as these pathologies are
very well outlined by hypoattenuating intraorbital fat. Importantly, CT of

Figure 1. A–C, Axial contrast-enhanced CT images of the orbits progressing from superior to
inferior. A, Image through the superior orbits demonstrates the levator palpebrae and superior rectus
muscles (1) which are often not clearly delineated from each other, the frontal lobe (2), frontal sinus
(3), enhancing superior ophthalmic vein (4), and enhancing lacrimal gland (5). B, Image through the
mid orbits demonstrates the enhancing lateral rectus muscle (6), enhancing medial rectus muscle (7),
olfactory bulb (8), ethmoid air cells (9), optic canal (10), intraorbital optic nerve (11), and temporal
lobe (12). C, Image through a more inferior portion of the mid orbits shows the anterior segment of the
eye (13), vitreous body (14), enhancing cavernous sinus (15), sphenoid sinus (16), pituitary fossa
(17), superior orbital fissure (18), lens (19), and ciliary body (20). D–I, Coronal contrast-enhanced
CT images of the orbits progressing from anterior to posterior. D, Image through the anterior orbits on
soft tissue window demonstrates the enhancing extraocular muscles including the inferior oblique (21)
and superior oblique (22). E, Image through the anterior orbits on bone window demonstrates the
maxillary sinus (23), lamina papyracea (24), crista galli (25), cribriform plate (26), and infraorbital
canal (27). F, Image through the mid orbits shows the enhancing extraocular muscles including the
inferior rectus (28), as well as the enhancing inferior ophthalmic vein (29) and inferior orbital fissure
(30). G, Image through the anterior orbital apex shows the converging extraocular muscles with a
portion of the inferior orbital fissure (30) and the conspicuously enhancing superior ophthalmic vein
(4). H, Image at the level of the posterior orbital apex shows the masticator space (31), superior orbital
fissure (18), pterygopalatine fossa (33), and sphenopalatine foramen (34). I, Image through the optic
canals (10) shows the foramen rotundum (35), optic strut forming the floor of the optic canal (36),
cavernous sinus (15), and Vidian canal (37). CT indicates computed tomography.
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the orbits is not typically performed both without and with contrast
enhancement; this technique doubles radiation dose to the ocular lens
without significantly improving diagnostic yield.

’ Magnetic Resonance Imaging (MRI) for Orbital
Pathology

MRI is produced by placing a patient within a strong magnetic field and
applying a variety of superimposed magnetic gradients and radiofrequency
pulses. These actions cause protons within tissues to emit radiofrequency
signals, which are detected and used to infer the locations and chemical
environments of the protons. The order and timing of magnetic gradient
application, radiofrequency pulse application, and radiofrequency record-
ing characterizes the imaging acquisition sequence (eg, T1 or T2-weighted
imaging). Different sequences produce different signal characteristics for
different tissues, such that water—for example—will reliably exhibit signal
hyperintensity (ie, appear bright) on a T2-weighted imaging sequence.

By examining the signal characteristics of a tissue onmultiple sequences,
the image interpreter can infer chemical and physiological properties of the
tissue to varying degrees of certainty. Although a great number of sequences
are available, the acquisition of each sequence takes time, and therefore only
a tailored set of sequences is obtained in a given MRI orbits protocol.
Commonly used sequences in MRI of the brain and orbits include
T1-weighted, T1-weighted fat-saturated, T1-weighted contrast-enhanced,
T2-weighted, T2-weighted fat-saturated, fluid attenuation inversion recov-
ery (FLAIR), diffusion weighted imaging (DWI), and susceptibility weighted
imaging (SWI).

On T1-weighted images, fat appears bright, myelin appears bright
gray, muscle and glandular tissue appears dark gray, and water appears
dark. Following the IV administration of gadolinium-based contrast
agents, T1-weighted contrast-enhanced images typically appear bright in
regions of higher gadolinium concentration such as highly vascular
mucosa, muscle, or tumor. On T2-weighted images, fat again appears
bright, water appears bright, glandular tissue appears bright gray, and
myelin and muscle appear dark gray. Blood varies in signal on T1 and
T2-weighted images depending on its rate of flow, degree of erythrocyte
integrity, and iron oxidation state. Calcified structures have low proton
density, and so appear dark on both T1 and T2-weighted imaging.

Saturation is a term used to refer to the nulling of signal from a
particular tissue type. This is typically performed to increase the
conspicuity of one source of bright signal when it superimposed on a
background tissue that also exhibits bright signal; for example, allowing
for the identification of bright edema/water within orbital fat on
T2-weighted images. Consequently, fat-saturated T1 and T2-weighted
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images exhibit the same signal characteristics as listed above except that
fat (and lipid-rich myelin) now exhibits low signal on both. FLAIR can be
thought of as T2-weighted imaging in which the signal from macroscopic
water has been nulled or saturated out, particularly useful for identifying
edema within the brain. Unfortunately, all saturation techniques are
prone to failure, and failed or inhomogenous signal saturation produces
a variety of bright-appearing artifacts easily mistaken for contrast
enhancement or edema.

DWI uses strong magnetic gradients to produce images wherein
decreased Brownian motion of water, such as is commonly caused by
swollen or densely packed cells, produces bright signal. As a result, restricted
diffusion can imply highly cellular tumor such as lymphoma, thick pus, or—
when observed in the brain parenchyma or optic nerves—acute infarct. A
variety of other entities, such as hemorrhage and magnetic field inhomo-
geneities, produce high signal on DWI. SWI is used to visualize chemicals
that produce magnetic field inhomogeneity. Thrombus and calcium
variably appear bright or dark, whereas hemosiderin uniformly appears
dark on SWI.

The default protocol for MRI of the orbits is to obtain both unenhanced
and enhanced imaging. Unenhanced MRI of the orbits is performed alone
only when there is a contraindication to IV gadolinium agent administration
(eg, pregnancy, contrast allergy, or renal failure). At Duke, MRI of the orbits
is almost exclusively acquired in conjunction with MRI of the brain. Images
are obtained on a 3T magnet using a 20 channel dedicated head/neck coil.
Using 5mm slice thickness, axial T1, axial T1 contrast-enhanced, axial T2,
axial FLAIR, axial DWI, and sagittal T2-weighted images are obtained for
the brain. Using 2.5 or 3.0mm slice thickness, axial T1, axial T1 fat-saturated
contrast-enhanced, coronal T1, coronal T1 fat-saturated contrast-enhanced,
and coronal T2 fat-saturated images are obtained with the eyes closed
(Fig. 2). This standardMRI protocol for the brain and orbits takes just under
30 minutes to complete. A variety of additional brain imaging sequences are
added depending on the clinical context: sagittal FLAIR in the setting of
suspected demyelinating disease, SWI in the setting of suspected stroke, thin
cut axial T1-weighted unenhanced and contrast-enhanced images in the
setting of suspected brain mass, and a 3D heavily T2-weighted steady state
free precession image of the posterior fossa for cranial nerve cisternal
segment abnormalities.

’ Vascular Imaging for Orbital Abnormalities

Certain ophthalmologic presentations can raise suspicion for under-
lying vascular lesions including carotid stenosis, intracranial aneurysm,
venous thrombosis, carotid cavernous fistula (CCF), orbital varix, and
orbital vascular malformation. In this setting, dedicated cross-sectional
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vascular imaging using CT or MR angiography is usually the initial step
in the evaluation. Conventional angiography provides better temporal
resolution, evaluation of flow direction, and the best spatial resolution of

Figure 2. A, Coronal T1-weighted noncontrast-enhanced image through the mid orbits demon-
strates normal anatomy; note the homogenous signal displayed by normal intraconal fat (1).
B, Coronal T1-weighted contrast-enhanced fat-saturated image through the mid orbits demonstrates
the enhancing superior ophthalmic vein (2), normal subtle enhancement of the optic nerve (3), and
normal enhancement of the nasal mucosa which is often asymmetric (4). Also at this level, normal avid
enhancement of the extraocular muscles is demonstrated including the levator palpebrae (5), superior
rectus (6), superior oblique (7), medial rectus (8), inferior rectus (9), and lateral rectus (10).
C, Coronal T2-weighted fat-saturated image through the mid orbits demonstrates normal signal
intensity of the extraocular muscles as well as a layer of CSF within the optic nerve sheath, which can
vary in thickness (11). D, Axial T1-weighted contrast-enhanced fat-saturated image through the mid
orbits demonstrates the normal thin enhancing appearance of the ocular choroid (12) and the normal
strong enhancement of the lacrimal gland (13). E, Coronal T1-weighted contrast-enhanced fat-
saturated image through the cavernous sinus demonstrates the normal cavernous ICA flow void (14),
normal enhancement in the cavernous sinus (15), normal hypoenhancement of the pituitary gland
(16) relative to the adjacent cavernous sinus, and normal enhancement of the pituitary infundibulum
(17) which appears bright compared to the surrounding CSF. Also at this level, several cranial nerves
are inconstantly visible with nerves III-IV (18), V1 (19), and V2 (20) along the lateral margin of the
cavernous sinus and nerve VI (21) faintly visible in its more medial location. F, Coronal T2-weighted
fat-saturated image through the cavernous sinus shows the ICA terminus (22), normal cavernous ICA
flow void (14), and pituitary gland (16) which appears hypointense relative to adjacent cavernous
sinus and CSF. The optic chiasm (23) is also well seen at this level and normally exhibits low signal
intensity due to its high myelin content. CSF indicates cerebrospinal fluid.
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any angiographic technique. However, the invasive nature of conven-
tional angiography and attendant increased risk of complications
including arterial bleeding and stroke has led to selective use of this
modality. In particular, conventional angiography is used as a problem-
solving tool when first-line CT or MR angiography results are unclear, or
for intraprocedural guidance of catheter-directed therapies.

CT angiography techniques for CT arteriography (CTA) and CT
venography (CTV) both are dependent on IV administration of the
iodinated contrast. Appropriate contrast bolus timing is critical, partic-
ularly for CTA as the phase of maximum arterial enhancement without
venous contamination is short lived. Power injection of iodinated contrast
is required for CTA, with a goal rate of 4 to 5mL/s, but this is not necessary
for CTV. Typically, automatic bolus timing is used in CTA, wherein low-
radiation images are repeatedly obtained at the aortic arch, and automatic
measurements of attenuation in the aortic blood pool are used to identify
the beginning of arterial phase and to trigger image acquisition.

Both MR arteriography (MRA) and MR venography (MRV) can be
performed using either contrast-enhanced or unenhanced time-of-flight
(TOF) techniques. In the cervical vessels, the high rate and turbulent nature
of blood flow produce artifacts on TOF-simulating stenosis or occlusion. As a
result, contrast-enhanced MRA is our preferred MR technique for imaging
the neck vessels. At the circle of Willis, contrast-enhancedMRA is very prone
to unintended visualization of venous enhancement, and so TOF MRA
(which routinely includes saturation of downward flowing venous blood
signal) is the preferred method for examining the large intracranial arteries.
MRV for assessment of venous sinus thrombosis is prone to artifactual
nonvisualization of certain vessel segments when using TOF technique. The
presence of arachnoid granulations within the dural sinuses, and the high
incidence of developmental intracranial venous asymmetry can further
confound interpretation. As a result, contrast-enhanced MRV is often
performed independently or in conjunction with TOF MRV for patients
who have no contraindication to IV gadolinium contrast agents.

Comparing the 2 modalities, the drawbacks of MRA/MRV are their
propensity for artifacts and lower spatial resolution than CTA/CTV;
whereas, the drawbacks of CTA/CTV are the absolute requirement for IV
contrast medium administration and the use of ionizing radiation. For
these reasons, we prefer to use MRA a screening tool for patients with low
pretest probability of aneurysm or stenosis, to follow treated lesions that
will require frequent repeat imaging such as aneurysms, or to evaluate
lesions best evaluated with multiphase contrast-enhanced imaging
techniques such as vascular malformations. CTA is preferred for the
initial evaluation in patients suspected to have carotid stenosis, CCF, or
an intracranial aneurysm. Venous sinus thrombosis may be associated
with intraparenchymal hemorrhage and venous infarction. The infor-
mation regarding the brain parenchyma gained by performing anatomic
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MRI in conjunction with MRV is offset by the propensity for the MRV to
exhibit artifacts. As a result, we have no strong preference for performing
a MRV versus CTV in a patient with possible venous sinus thrombosis.

’ Practical Tips for Choice of Image Modality

The choice of MR versus CT is an important decision for the
ophthalmologist evaluating a suspected disease of the orbit. This decision is
impacted by patient factors such as contraindications to contrast agents and
claustrophobia, sometimes by logistic issues such as MR availability, as well as
by the suspected acuity and differential diagnosis. Although the information
provided by CT andMR of the orbits overlaps to a degree, themodalities have
different strengths and there can be value to performing both in select cases.

MRI brain and orbits without and with contrast is preferred for the
majority of orbital pathologies, particularly for patients with subacute or
chronic disease on presentation MRI is preferred to CT in the evaluation
of suspected orbit neoplasms, orbit inflammatory disorders, orbit
vascular malformations (consider adding MRA head), demyelinating
processes, ischemia (consider adding MRA head and neck), CCF (add
MRA head), cranial nerve abnormalities, evidence of increased intra-
cranial pressure (add MRV head), and brain mass lesions.1,2

CT can be used to complement MRI for certain orbital pathologies.
In particular, CT demonstrates calcium and air far better than MRI. As a
result, unenhanced CT can be helpful to confirm characteristic tumor
calcification patterns such as those encountered with retinoblastoma,
optic nerve sheath meningioma, and osseous processes such as fibrous
dysplasia. Its ability to characterize the air-filled paranasal sinuses
renders CT the test of choice for suspected spread of bacterial sinus
infection to the orbits.1 CT’s wide availability, short time required for
image acquisition, and excellent visualization of fractured bone and
extravasated blood also make it the first-line study for evaluating critically
ill and trauma patients.

’ Orbital Trauma

Orbital trauma is a commonly encountered scenario in the emer-
gency department. Prompt diagnosis and treatment can be essential to
avoid cosmetic deformity and visual impairment. Clinical evaluation of
eye injuries is often challenging in the acute setting due to soft tissue
swelling and altered consciousness, and therefore imaging plays a central
role in the evaluation of orbital trauma. CT has emerged as the best initial
imaging test because it is a readily available modality, fast to perform,
sensitive for the detection of fractures and foreign bodies, and allows for
assessment of adjacent injuries.
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Orbital Blowout Fractures

Orbital fractures can be described as blow-in, blowout, or blown up
fractures with the name reflecting the direction of fracture and displacement
of orbital contents. Blowout fractures imply herniation of soft tissues outside
the orbit and are typically divided into pure and impure forms; they are
considered pure if the orbital rim is spared and impure if the orbital rim is
involved.3 Orbital fractures may be isolated or combined with other
maxillofacial fractures such as Le Fort II and III fractures as well as
zygomaticomaxillary and nasoethmoid fractures. Fracture of the inferior
orbital wall is themost common type of blowout fracture, followed by fracture
of the medial wall (Fig. 1). These fractures can affect globe position and
extraocular muscle movement resulting in visual problems such as diplopia
and enophthalmos.4 One of the most significant consequences of orbital wall
fracture is muscle herniation (Fig. 3). Large volume fat herniation can also
cause traction of the muscle and lead to symptoms which may be an
indication for urgent surgery.5,6 Orbital edema and hemorrhage as well as
cranial nerve injury can also adversely affect movement of the globe.

Orbital Hemorrhage

Orbital hemorrhage is a potential complication of trauma, particularly
when there is an orbital or facial fracture present.7 Retrobulbar hemorrhage is

Figure 3. 31-year-old woman sustained a motor vehicle accident. A coronal computed tomographic
image through the orbits demonstrates a blowout fracture of the left orbit with a displaced fracture of
the inferior orbital floor. There is herniation of intraorbital fat and the inferior rectus muscle into the
maxillary sinus (white arrow).
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an accumulation of blood in the retrobulbar space and often results from
injury to the infraorbital artery or one of its branches.8 Although the incidence
is relatively low, ranging from 1% to 4% after trauma, they are important to
recognize because they can rapidly lead to permanent vision loss.9 The orbit is
a fixed space with no significant ability to expand, making it vulnerable to
compartment syndrome. An acute rise in orbital volume from even a small
amount of hemorrhage can increase the orbital pressure and result in
decreased perfusion of the optic nerve and retina, resulting in ischemia and
permanent vision loss.10 Retrobulbar hemorrhage is identified on CT as
ill-defined high attenuation within the soft tissues posterior to the globe
(Fig. 4A). On MRI, acute hemorrhage will appear T1 hyperintense (Fig. 4B).

’ Orbital Vascular Lesions

According to the International Society for the Study of Vascular
Anomalies (ISSVA) vascular lesion are classified into 2 broad categories:
vascular tumors and vascular malformations.11 Vascular tumors are true
neoplasms and grow by endothelial hyperplasia. Vascular malformations
have quiescent endothelium and are considered localized defects of vascular
morphogenesis. Vascular malformations can be classified as simple capillary,
venous, lymphatic or arteriovenous, or a combination of these components.

Orbital Venous Varix

Orbital varices are venous malformations that are distensible and most
commonly present as unilateral intermittent proptosis in the second or third

Figure 4. 76-year-old man presented to the emergency department after being stabbed in both eyes with
screw drivers. An axial computed tomographic image through the level of the orbits demonstrates
ill-defined high attenuation within the intraconal spaces consistent with hemorrhage (A, white asterisks).
An axial T1-weighted magnetic resonance imaging through the level of the orbits in the same patients
demonstrates ill-defined T1 hyperintensity in the intraconal spaces (B, black asterisks).
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decade of life.12 Patients classically report worsening of proptosis with
maneuvers that increase venous pressure such as Valsalva or lowering of the
head. Orbital varices typically arise from the superior ophthalmic vein and
are thought to be due to a congenital weakness in the venous wall.13 Varices
may be evaluated with ultrasonography (US), CT, or MRI. On US, varices
appear as an anechoic retrobulbar tubular structure.14 If imaged during a
Valsalva maneuver, the lesion will enlarge and demonstrate increased flow
on color Doppler.14 On CT orbital varices appear as avidly enhancing,
dilated, and tortuous vessels, similar to varices in other parts of the body
(Fig. 5). MRI typically demonstrates an enhancing retrobulbar mass with
flow voids, although if they are thrombosed or have slow flow they may
appear as soft tissue masses.13 CT is preferred over MRI because CT can be
performed with and without Valsalva maneuver to appreciate changes in
the lesion configuration.14

Infantile Hemangiomas

Infantile hemangiomas (previously known as capillary hemangiomas)
are the most common orbital tumors of infancy.14 They usually involve the
cutaneous portion of the eyelids andmay have additional superficial or deep
components.15 They are almost always extraconal in location and can extend
intracranially via the optic canal or superior orbital fissure.15 On physical
examination, superficial lesions appear red, whereas subcutaneous lesions
appear blue.16 They grow rapidly within the first 6 months of life then
involute.15 Imaging serves to delineate the extent of the mass and can reveal
portions that are not visible clinically. Similar to hemangiomas in other parts
of the body like the liver, capillary hemangiomas are hyperechoic on US.16
On CT, capillary hemangiomas appear as lobulated, irregular lesions which
demonstrate homogenous enhancement. On MRI, they are typically T1
hypointense and T2 isointense to mildly hyperintense and demonstrate avid

Figure 5. 34-year-old woman presented with positional right periorbital pain. Patient was imaged
during a Valsalva maneuver. Axial (A) and coronal (B) images of a contrast-enhanced computed
tomography through the level of the orbits demonstrates an enhancing tubular structure in the right
orbital apex consistent with a varix (black arrows).
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contrast enhancement. In contrast, venous malformations are very T2
hyperintense.

Cavernous Hemangioma

Cavernous hemangiomas by ISSVA classification are actually venous
malformations therefore the appropriate term cavernous venous mal-
formations. They are the most common orbital vascular lesions in adults
and typically occur in middle-aged women.17 They slowly enlarge over
time and patients classically present with painless proptosis.17 Unlike the
capillary hemangiomas of infancy, cavernous hemangiomas do not
involute. They are usually found in the intraconal space and rarely
involve the orbital apex or extend intracranially. On histology, these
lesions are composed of dilated vascular channels lined by a fibrous
pseudocapsule. For this reason, these lesions appear as avidly enhancing
well-circumscribed lesions on imaging. MRI is superior to CT in
distinguishing cavernous hemangiomas from other vascular orbital
lesions.17 On MRI, they appear as T1 isointense and very T2 hyper-
intense (Figs. 6A, C). On T2-weighted imaging, there are often internal
septations and a T2 hypointense rim corresponding to the fibrous
pseudocapsule. On contrast-enhanced imaging, these lesions demon-
strate heterogenous enhancement (Fig. 6B). If multiphase imaging is
performed, it often demonstrates patchy heterogenous enhancement in
the arterial phase with progressive central enhancement in the venous
phase. CT findings resemble that of the MRI, with lesions appearing as
well-defined high-attenuation masses that demonstrate heterogenous
enhancement on single-phase imaging and progressive enhancement on
multiphase imaging (Fig. 6D).

Venous Lymphatic Malformations

Venous lymphatic malformations are vascular malformations with slow
flow and no flow components, and are the most common vascular orbital
mass in children.14 Patients usually present in infancy or childhood with
painless proptosis, similar to cavernous hemangiomas. However unlike many
of the other vascular orbital lesions, venous lymphatic malformations often
undergo internal hemorrhage, either spontaneously or after minor trauma,
resulting in acute proptosis.14 These lesions are diffuse andmultispatial, often
involving the intraconal and extraconal compartments.16 MRI is the imaging
modality of choice with the signal characteristics varying depending on the
protein concentration of the fluid in the cystic component as well as the age
of the internal hemorrhage products. Typically, these lesions demonstrate
T2 hyperintensity and variable T1 signal intensity (Fig. 7). If there has been
recent hemorrhage, fluid-fluid levels are visible and are virtually pathogno-
monic for lymphatic malformations.16 On US, they cystic lesions are poorly
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defined and appear infiltrative. On CT, there are high-attenuation multi-
compartmental lesions withminimal enhancement. Phleboliths in the venous
component of the lesion may be seen as focal calcifications.

Carotid Cavernous Fistula

CCFs represent an abnormal communication between the cavernous
sinus and a branch of the internal carotid artery, external carotid artery
or both. CCFs can be classified according to flow (high flow vs. low flow),

Figure 6. 42-year-old woman with longstanding proptosis was found to have a retrobulbar mass
with imaging features consistent with a cavernous hemangioma. The patient was asymptomatic and
elected to forego any surgical intervention. Axial T1-weighted fat-saturated noncontrast MRI
demonstrates a well-circumscribed T1 isointense mass in the left intraconal space (A, white asterisk).
Axial T1-weight fat-saturated postcontrast MRI demonstrates heterogenous enhancement of the mass
(B, black asterisk). Axial T2-weighted MRI demonstrates a T1 hyperintense mass in the left intraconal
space (C, black asterisk). Axial noncontrast computed tomography demonstrates a high-attenuation
mass in the intraconal space (D, white asterisk). MRI indicates magnetic resonance imaging.
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etiology (trauma or spontaneous), or anatomy (direct or indirect).18 CCFs
are most commonly categorized based on their anatomy, as either direct
(arterial supply arising directly from the ICA) or indirect (arterial supply
from branch of internal carotid or external carotid artery). Another
widely used anatomic classification of CCFs is the Barrow classification,
originally described in 1985.19 It divides CCFs into 4 subtypes according
to their arterial supply: (A) main internal carotid artery; (B) dural branch
of the internal carotid artery; (C) dural branch of the external carotid
artery; or (D) dural branches of both the internal and external carotid
arteries.20 Type A is high flow, direct CCF that most commonly occurs
secondary to trauma. Types B to D are slow flow, indirect lesions that
occur in older women, often due to cavernous aneurysms, connective
tissue disease, or venous sinus thrombosis.18 The classic clinical trial is
pulsatile exophthalmos, orbital bruit, and conjunctival congestion.21 CT
and MRI are the initial diagnostic imaging tests of choice but digital
subtraction angiography is ultimately required to precisely classify the
lesion. CT findings of CCFs include enlargement and tortuosity of the
superior ophthalmic vein and enlargement of the ipsilateral cavernous
sinus (Fig. 8). There is often enlargement of the extraocular muscles and
ipsilateral proptosis. On MRI, findings are similar to CT with the
addition of abnormal flow voids in the affected cavernous sinus. Catheter
angiography can distinguish between the various subtypes, and is
combined with catheter-based endovascular techniques when trying to
close the fistula.

Figure 7. 2-year-old boy presented to ophthalmologist with 6 months of progressive proptosis and
was found to have a venous lymphatic malformation. Axial T1-weighted noncontrast MRI (A)
demonstrates a predominantly T1 isointense mass with fluid-fluid levels (white arrow) centered in the
left intraconal space extending into the medial and superior extraconal spaces. This results in mild
proptosis (white asterisk). Coronal T2-weighted MRI demonstrates a heterogenous T2 hyperintense
multispatial retrobulbar mass (B, black asterisk). MRI indicates magnetic resonance imaging.
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’ Orbital Tumors

A wide variety of inflammatory and neoplastic lesions can affect the
orbital tissue and bony orbit. Although, histopathologic analysis is often
required to confirm the diagnosis, in some cases the radiologic findings
can often provide strong diagnostic considerations.

Dermoid and Epidermoid Cysts

Orbital dermoid and epidermoid cysts are common congenital masses
thought to arise from entrapped ectoderm within the bony sutures of the

Figure 8. 84-year-old woman presented with progressive left chemosis, proptosis, and elevated
intraocular pressure for 2 months. Axial CT angiogram through the orbits demonstrates hyper-
enhancement and dilation of the left superior ophthalmic vein (A, white arrow). CT angiogram in the
same patient at the level of the cavernous sinus demonstrates hyperenhancement and enlargement of
the left cavernous sinus (B, white arrow). Anteroposterior and lateral views of left internal carotid
artery digital subtraction angiogram demonstrates abnormal filling of the ipsilateral venous sinus
(C and D, white arrows). There was evidence of filling from the internal and external carotid arteries
consistent with type D carotid cavernous fistula. CT indicates computed tomography.
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orbit.14 They are not neoplasms but rather cysts lined by an ectodermal
endothelium.22 The primary difference between dermoids and epidermoids
is that dermoids contain adnexal structures such as hair follicles and
sebaceous glands.23 These lesions typically present in the first decade of life
as painless periorbital masses. They slowly enlarge over time and often
produce indolent bony erosion and remodeling. OnCT they appear as ovoid,
well-defined cystic structures. TheHounsfield units of the cyst will depend on
its contents. Dermoids will typically have negative attenuation values due to
high lipid contents, whereas epidermoids typically have a density resembling
cerebrospinal fluid (CSF) (Fig. 9). On MRI, dermoids demonstrate signal
characteristics similar to fat due to the high lipid content from sebaceous
secretions. They are T1 hyperintense and lose signal on fat-suppressed
images. If recently ruptured, there will be adjacent inflammatory changes.
Epidermoid cysts demonstrate signal characteristics resembling CSF, which
is T1 hypointense and T2 hyperintense. They can be distinguished from
arachnoid cysts and CSF spaces with DWI (epidermoid cysts will demonstrate
increased signal on DWI due to a combination of restricted diffusion and T2
shine through).22

Teratoma

Orbital teratomas are rare congenital cystic masses with ∼70 cases
reported in the literature.24 Histologically they contain all 3 (ectoderm,
mesoderm, and endoderm) embryonic germ cell layers.25 Patients
classically present at birth with severe unilateral proptosis.26 These
lesions grow rapidly over time if untreated, due to mucus secretion from
the embryonic intestinal tissue.24 CT shows a multiloculated cystic mass
with areas of fat attenuation, calcification, and ossification. OnMRI, there
is variable signal intensity on T1 and T2-weighted imaging, related to the
different contents of the cyst. For instance, areas with high lipid content
will demonstrate T1 hyperintensity. Teratomas can be distinguished
from other T1 hyperintense lesions such as hemorrhagic cysts with the

Figure 9. 43-year-old woman presented to ophthalmology clinic with 1 year of recurrent
dacryoadenitis. Axial (A) and coronal (B) computed tomographic images through the orbit demonstrate
a mass in the left lacrimal gland containing soft tissue, fat, and calcification (arrows).
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use of fat suppression techniques or the presence of chemical shift
artifact.

Rhabdomyosarcoma

Rhabdomyosarcoma is the most common pediatric extraocular orbital
malignancy.22 It classically presents with rapidly progressive proptosis in
children with a peak age of 8 to 9 years.14 They commonly arise in the
superior aspect of the orbit and may erode adjacent bone and extend
intracranially. These masses have an imaging appearance resembling other
sarcomas. US demonstrates a heterogenous mass that is isoechoic to
hypoechoic in echogenicity with variable flow on color Doppler.27 CT shows
an enhancing soft tissue mass that is isoattenuating relative to the extraocular
muscles. In later stages of the disease, the mass may appear more
heterogenous due to hemorrhage or necrosis and there may be invasion
of the bony orbit.27 On MRI, these lesions are T1 isointense and T2 mildly
hyperintense to hypointense with homogenous enhancement (Fig. 10).28

Lymphoma

Orbital lymphoma is the most common primary orbital tumor in older
adults.29 Most orbital lymphomas are low-grade non-Hodgkin lymphomas,
with marginal zone B-cell lymphoma of the mucosa-associated lymphoid
tissue being the most common subtype.30 While only 1% of patients with
systemic non-Hodgkin lymphomas have orbital involvement, ∼75% of
patients with orbital lymphoma will have systemic involvement.31 Patients
typically present with some combination of painless proptosis, diplopia,

Figure 10. 46-year-old woman was initially treated with antibiotics for presumed sinusitis. She
underwent an MRI after acute right monocular vision loss and was found to have a right alveolar
rhabdomyosarcoma. Axial T1-weighted noncontrast MRI demonstrates a T1 isointense mass involving
the right ethmoid sinus and extraconal orbit extending into the orbital apex (A, white asterisk). Axial
T2-weighted MRI demonstrates this mass to be T2 hyperintense (B, white asterisk). MRI indicates
magnetic resonance imaging.
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and restricted eye movements.32 Although, they can occur anywhere in the
orbit the most frequent sites of involvement include the lacrimal gland,
conjunctiva, and eyelid.31 CT shows an irregular, poorly defined mass that
demonstrates contrast enhancement with no bony erosion (Fig. 11A).33
MRI demonstrates a lesion that is T1 isointense and T2 hypointense.34 On
DWI, a distinguishing feature of orbital lymphomas is restricted diffusion
because of their high histopathologic cellularity (Figs. 11C, D).35

Metastasis Both Soft Tissue and Bone Orbital metastases are rare
and typically only encountered in older patients with widespread
metastatic disease. The prevalence of orbital metastases in cancer patients

Figure 11. 68-year-old woman with a history of marginal zone lymphoma presented with
progressive right eye proptosis. Axial contrast-enhanced computed tomography demonstrates enhancing
soft tissue extending from the orbital apex in the intraconal space along the optic nerve (A, white
arrow). Axial T1-weighted postcontrast fat-saturated magnetic resonance imaging demonstrates the
same infiltative intraconal hyperenhancing mass (B, white arrow). The mass demonstrates high signal
on diffusion weighted imaging (C, white arrow) and low signal on apparent diffusion coefficient
(D, white arrow), consistent with restricted diffusion and characteristic of lymphoma.

CT and MRI of the Orbit ’ 41

www.internat-ophthalmology.com

Copyright r 2018 Wolters Kluwer Health, Inc. All rights reserved.



is estimated to range from 2% to 5%.36 The most common associated
malignancies are carcinomas from breast, lung, or prostate.36 Symptoms are
related to mass effect from the tumor and may include proptosis, diplopia,
and pain. Scirrhous adenocarcinoma orbital metastases most often arise from
the breast and characteristically produce enophthalmos.36 Imaging findings
can range from a discrete mass to diffusely infiltrating lesion that may be
intraconal or extraconal in location. Prostate cancer classically metastasizes to
bone, whereas breast cancer and melanoma metastasize to the orbital fat and
extraocular muscles.37 MRI findings depend on the type of underlying
cancer but typically show heterogenous T1 hypointense and T2 isointense to
hyperintense signal with diffuse enhancement of the involved structures
(Fig. 12).34

Neurofibroma

Neurofibromas are benign nerve sheath tumors of the peripheral
nervous system, classified as either localized, diffuse, or plexiform. The
plexiform type is most commonly associated with neurofibromatosis (NF)
type I while the localized type commonly occurs spontaneously.38 Patients
present with progressive proptosis and eventually diplopia depending on
the size of the mass. If there is compression of the optic nerve, which most
commonly occurs with orbital apex lesions, visual changes can occur.38 On

Figure 12. 64-year-old woman with metastatic breast cancer developed headaches and diploplia.
MRI demonstrates breast cancer metastases to the orbits. Coronal T1-weighted fat saturation
postcontrast MRI demonstrates irregular enhancing intraconal soft tissue as well as abnormal
enhancement of the bilateral optic nerves (A, white arrow). Coronal T2-weighted MRI demonstrates
T2 hyperintensity surrounding the left greater than right optic nerves (B, white arrow). MRI indicates
magnetic resonance imaging.
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CT, these tumors are low in attenuation with minimal to no contrast
enhancement. On MRI, they are T1 hypointense and T2 hyperintense
with heterogenous enhancement (Fig. 13). Plexiform neurofibromas
classically demonstrate the “target sign,” which is the T2 hypointense
fibrocollagenous core surrounded by T2 hyperintense myxomatous rim.39

Fibrous Dysplasia

Fibrous dysplasia is a benign congenital disease in which normal
bone is replaced by fibro-osseous tissue.40 Fibrous dysplasia is frequently
discovered incidentally during childhood or adolescence. In ∼75% of cases
the disease affects 1 bone (monostotic) but it can affect multiple bones
(polyostotic).41 Craniofacial bony involvement occurs in 25% of monostotic
and 50% of polyostotic cases.41 The most common skull lesions involve
the frontal, sphenoid, maxillary, and ethmoid bones.42 On CT, fibrous
dysplasia is easily diagnosed appearing as an expansile ground glass lesion
(Fig. 14).43 In contrast, fibrous dysplasia is more difficult to recognize on
MRI and can be mistaken for malignant tumor. Lesions are typically T1
isointense and T2 hypointense with heterogenous enhancement.42,43

Orbital Pseudotumor and Tolosa Hunt Syndrome

Orbital pseudotumor, also known as idiopathic orbital inflammatory
syndrome, is the second most common cause of exophthalmos.44 Patients
present with acute, painful, unilateral proptosis often associated with diplopia.
The most common site of disease is in the extraocular muscles (ie, orbital

Figure 13. 8-year-old boy presented with left eyelid swelling and ptosis, and was found to have a left
orbital plexiform neurofibroma. Genetic testing for neurofibromatosis I was negative. Axial
T1-weighted postcontrast fat-saturated MRI demonstrates a heterogenously enhancing transpatial
mass in the preseptal soft tissues (A, black asterisk). Axial T2-weighted MRI demonstrates the mass to
be heterogenously T2 hyperintense; the classic “target” is not well visualized (B, white asterisk). MRI
indicates magnetic resonance imaging.
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myositis). The typical imaging findings include enlargement of ≥1 extra-
ocular muscles with involvement of the muscle belly. Tendinous involvement
differentiates orbital myositis from its counterpart thyroid-associated orbitop-
athy. There may be additional inflammation involving the adjacent intra-
orbital fat and lacrimal gland. OnMRI, the affected region is typically T1 and
T2 isointense to hypointense with diffuse enhancement (Fig. 15).

Tolosa Hunt syndrome is a subtype of orbital pseudotumor that involves
the orbital apex and cavernous sinus. It can affect patients of any age with no
sex predilection. It classically presents with acute onset of unilateral painful
ophthalmoplegia due to oculomotor nerve involvement in the cavernous
sinus, although occasionally other cranial nerves may be affected.45 MRI is
the primary diagnostic imaging modality and demonstrates enhancing T1
isointense, T2 isointense soft tissue in the cavernous sinus possibly extending
to the orbital apex (Fig. 16).46 CT has a limited role in the diagnostic
evaluation because of its poor sensitivity to detect the inflammation.46

Thyroid-associated Orbitopathy

Thyroid-associated orbitopathy, also known as Graves ophthalmopathy, is
the most common cause of exophthalmos.44 Patients typically present with
proptosis as well as edema and erythema of the periorbital soft tissues and

Figure 14. 3-year-old boy failed his vision screening test and was noted to have a bony protuberance
around the left orbit. Axial (A) and coronal (B) noncontrast computed tomographic images demonstrates an
expansile ground glass osseous mass involving the left superior orbital rim, left frontal calvarium, left sphenoid
and anterior skull base consistent with fibrous dysplasia (black asterisks). This resulted in narrowing of the optic
canal and superior orbital fissure accounting for his visual deficits (not shown).
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conjunctivae.47 It is usually painless, although a small proportion of patients with
severe disease experience pain.47 On CT, there is bilateral extraocular muscle
enlargement with sparing of the tendinous insertions. The inferior rectus is
most frequently involved, followed by the medial rectus, superior rectus, lateral
rectus, and the superior and inferior oblique muscles. MRI findings include T2
hyperintensity and enhancement of the affected tissues (Fig. 17).

Intraorbital Optic Nerve Sheath Complex Lesions

Optic Pathway Gliomas Most optic pathway gliomas occur in
children and are classified as World Health Organization grade I pilocytic

Figure 15. 45-year-old woman presented with left eye pain and diplopia for 3 weeks and subsequently
underwent biopsy of the medial rectus demonstrating pseudotumor. Axial (A) and coronal (B, C) T1-weighted
postcontrast fat-saturated magnetic resonance imaging demonstrates abnormal thickening and enhancement
of the left medial rectus (black asterisks) with involvement of the myotendinous junction (white arrow) and
stranding within the intraconal fat. Involvement of the myotendinous junction can be subtle as in this case
and comparison with the normal right side is helpful for identification.

Figure 16. 45-year-old woman presented with left eye pain and diploplia and subsequently
improved after a 6-week course of steroids. Magnetic resonance imaging findings are consistent with
Tolosa Hunt syndrome. Axial T1-weighted precontrast (A), postcontrast (B), and T2-weighted
imaging (C) demonstrates enhancing T1 isointense, T2 hypointense enlargement of the left cavernous
sinus (white arrows) extending to the orbital apex (white asterisks).
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astrocytomas. They usually involve the optic nerve but can arise anywhere
along the optic pathway. It has been estimated that 10% to 70% of children
with an optic pathway glioma have NF I. Approximately 6% to 20% of NF I
patients have an optic pathway glioma.48,49 Symptoms vary depending on the
location of the tumor. For those lesions occurring along the optic nerve,
symptoms include proptosis, visual field deficits, optic nerve atrophy, and
strabismus.49 If the tumor affects the hypothalamus, endocrine disorders
such as growth hormone deficiency or precocious puberty can occur.50
Imaging findings at CT include enlargement and kinking of the optic
nerve.51 MRI demonstrates a T1 isointense, heterogenously T2 hyperintense
lesion with variable enhancement (Fig. 18).51 Higher grade gliomas, such as
World Health Organization grade IV glioblastoma, can occur along the optic
pathways but are very rare and typically present in older adults.

Optic Nerve Sheath Meningioma Meningiomas are extremely com-
mon tumors of the dura, but only 1% of meningiomas involve the optic
nerve sheath.52 Optic nerve sheath meningiomas account for an estimated
5% to 10% of orbital tumors.53 They most commonly occur in middle-aged
women who present with the classic triad of visual loss, optic atrophy, and
optociliary shunt vessels.54 On CT and MRI, these tumors usually appear as
diffuse thickening of the optic nerve sheath (Fig. 19).54 The tumor will
enhance around the nonenhancing optic nerve, producing the classic
“tram-track” sign.55 Internal calcification, while variably present and often
only visible on CT, favors a meningioma over other neoplasms that occur in
this location such as optic pathway gliomas.

Figure 17. 59-year-old woman with a history of Graves disease presented to the emergency
department with acute onset of bilateral eye swelling and diplopia. Axial (A) T1-weighted postcontrast
fat-saturated MRI demonstrates abnormal thickening and enhancement of the right greater than left
medial (white asterisks) and lateral rectus muscles (black asterisks) with sparing of the tendinous
insertion (white arrow). Coronal (B) T2-weighted shows enlargements of the bilateral superior rectus
(black arrow heads), medial rectus (white asterisks), and inferior rectus muscles (white arrow heads).
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Optic Neuritis

Optic neuritis is inflammation of the optic nerve due to any cause but
most commonly encountered in demyelinating diseases such as multiple
sclerosis (MS) and neuromyelitis optica (NMO).56 In the setting of MS, it

Figure 18. 9-year-old girl was diagnosed with an optic glioma (pilocytic astrocytoma) after she was
noted to have a left gaze preference. Genetic testing for neurofibromatosis I was negative. Axial
T1-weighted postcontrast fat-saturated MRI demonstrates an isointense peripherally enhancing mass
extending from the posterior optic chiasm into the left optic nerve and medial left orbit (A, white
asterisk). Axial T2-weighted MRI demonstrates the mass to be heterogenously T2 hyperintense (B,
black asterisk). MRI indicates magnetic resonance imaging.

Figure 19. 75-year-old woman presented to her ophthalmologist with a left visual field cut and was
found to have an optic nerve sheath meningioma. Axial (A) and coronal (B) T1-weighted postcontrast
fat-saturated magnetic resonance imaging demonstrates diffuse thickening and enhancement of the left
optic nerve sheath with relative sparing of the optic nerve (white arrow heads).
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typically occurs in young adult females presenting as painful unilateral
vision loss. Patients with NMO are typically older than MS patients and
present with bilateral optic neuritis and longitudinally extensive trans-
verse myelitis.57 CT has a limited role in the diagnosis of optic neuritis
and is usually unremarkable. MRI is the imaging modality of choice and
findings typically include an enlarged, hyperenhancing, T2 hyperintense
optic nerve (Figs. 20, 21).44

Lacrimal Gland Abnormalities

Pleomorphic Adenoma Pleomorphic adenoma, also known as
benign mixed tumor, is the most common tumor of the lacrimal gland
that classically presents as a slow painless swelling of the upper lid in
the fourth or fifth decade of life.58,59 CT demonstrates a well-defined,
enhancing lacrimal fossa soft tissue mass, which may result in adjacent
bony remodeling without bony destruction (Fig. 22).58 MRI findings
include a homogenously enhancing T1 hypointense, T2 hyperintense
lacrimal gland mass.34

Adenoid Cystic Carcinoma Adenoid cystic carcinoma is the most
common lacrimal gland malignancy accounting for ∼5% of all primary
orbital neoplasms.59 It classically presents during the fourth decade of life
with symptoms of globe dystopia, proptosis, and “S”-shaped ptosis.60
Perineural spread is common and typically painful.34 Adenoid cystic
carcinoma can resemble pleomorphic adenoma. However, findings

Figure 20. 37-year-old woman developed painful right eye movement and was found to have
an afferent pupillary defect and optic nerve edema on examination. Axial T1-weighted postcontrast
fat-saturated MRI demonstrates asymmetric enhancement and enlargement of the right optic nerve
(A, white arrow heads). Coronal T2-weighted MRI demonstrates abnormally increased T2
hyperintensity within the right optic nerve (B, white arrow). Axial FLAIR MRI demonstrates
periventricular T2 hyperintense lesions oriented perpendicular to the lateral ventricles consistent with
multiple sclerosis (C, black arrows). FLAIR indicates fluid attenuation inversion recovery; MRI,
magnetic resonance imaging.
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suggestive of carcinoma include infiltrative and irregular borders with
bony erosion and areas of calcification (Fig. 23).34 Recently, DWI was
shown to be helpful in distinguishing benign from malignant lacrimal
gland lesions, with malignant lesions demonstrating lower apparent
diffusion coefficient values (Fig. 23).61

Mucoepidermoid Carcinoma Mucoepidermoid carcinoma is the
most common malignant tumor of the salivary gland but rarely occurs in
the lacrimal gland, accounting for only 2% of all malignant lacrimal gland
tumors.62 Patients typically present in the fifth decade of life with
a painless mass in the superotemporal orbit with proptosis, diplopia,

Figure 21. 49-year-old woman presented with acute onset of bilateral ocular pain and visual
disturbances. Laboratory tests were positive for aquaporin-4 autoantibody, consistent with neuro-
myelitis optica. Axial (A) T1-weighted precontrast MRI shows enlargement of the bilateral optic nerves
(white asterisks). Coronal (B) T1-weighted postcontrast fat-saturated MRI demonstrates abnormal
enhancement within the bilateral optic nerves (black asterisks). Coronal (C) T2-weighted MRI shows
abnormal T2 hyperintense signal in the bilateral optic nerves (white arrow heads). MRI indicates
magnetic resonance imaging.
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and impaired extraocular muscle movement.63 CT and MRI findings
resemble other malignant lacrimal gland lesions like adenoid cystic
carcinoma including an irregular, infiltrative mass with bony invasion
and calcification.63,64

Lymphoma Lymphoma of the lacrimal gland is relatively uncom-
mon, accounting for ∼7% to 25% of orbital lymphomas.65 However, they

Figure 22. 61-year-old man presented with painless left eye fullness and was found to have 4 mm of
proptosis on examination. Axial (A) and coronal (B) contrast-enhanced computed tomographic images
demonstrate an enhancing soft tissue mass in the left lacrimal gland (white asterisk). Coronal
computed tomographic image (C) viewed in bone window settings demonstrates bony thickening and
sclerosis of the left lateral orbital wall adjacent to the mass (white arrow).

Figure 23. 43-year-old man presented with subacute right eye proptosis and underwent resection of a
right lacrimal gland mass, which was demonstrated to be adenoid cystic carcinoma at pathology. Axial
T1-weighted postcontrast fat-saturated MRI demonstrates an enhancing right retrobulbar orbital mass
involving the extraconal and intraconal spaces and extending to the orbital apex (A, white asterisk).
Axial T2-weighted MRI demonstrates the mass to be heterogenously T2 hyperintense (B, white asterisk).
Axial apparent diffusion coefficient MRI shows the mass is hypointense consistent with restricted
diffusion (C, white asterisk). MRI indicates magnetic resonance imaging.
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account for up to 37% of all malignant lacrimal gland lesions.65 They arise
in older women and may be limited to the orbit alone or be part of a
systemic lymphoma.59 Symptoms include a painless mass in the upper
outer orbit that may result in local mass effect depending on the size. The
most common subtype of lymphoma in the lacrimal gland is marginal
zone lymphoma.65 CT and MRI findings of lacrimal gland lymphoma are
identical to that of ocular adnexal lymphoma involving other parts of
the orbit.66 CT and MRI demonstrates a soft tissue mass in the lacrimal
gland that homogenously enhances and restricts diffusion.66 It is typically
T1 isointense to hyperintense and T2 isointense.66

Sarcoidosis Sarcoidosis is a systemic granulomatous inflammatory
process that affects the orbit in up to 80% of patients.67 Sarcoid can affect
any part of the orbit including the conjunctiva, retrobulbar space, muscles,
lacrimal glands, globe, or optic nerves.68 Lacrimal gland involvement is
rare, occurring in <2% of sarcoidosis cases.69 The most common imaging
findings include hyperenhancement and smooth enlargement of the
lacrimal glands (Fig. 24).70 Although lacrimal gland involvement by
sarcoidosis may by unilateral, diffuse enlargement of the bilateral lacrimal
glands is highly suggestive of sarcoidosis.70 DWI can be used to distinguish
lacrimal gland sarcoidosis that demonstrate restricted diffusion from
lymphoproliferative lesions such as lymphoma.35

Granulomatous Polyangitis (GPA) GPA is a granulomatous auto-
immune vasculitis that classically involves the renal and respiratory

Figure 24. 29-year-old African American female was referred to ophthalmology for right eye
redness and ultimately underwent right lacrimal gland biopsy demonstrating sarcoid. Coronal
T1-weighted postcontrast fat-saturated magnetic resonance imaging demonstrates hyperenhancing,
enlarged bilateral lacrimal glands (A, black asterisks). Coronal contrast-enhanced computed
tomography demonstrates hilar (white arrows) and mediastinal (white asterisk) lymphadenopathy
suggestive of sarcoid (B).
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systems. Orbital involvement occurs in up to 60% of patients and may be
the presenting feature in up to 16% of cases.71 Lacrimal gland involve-
ment by GPA is rare and typically occurs in younger patients with a
median age of 30 years.71 Unlike sarcoid, lacrimal gland GPA is usually
unilateral. Presenting symptoms are often related to sinonasal disease
(eg, sinusitis and epistaxis).72 CT andMRI findings typically include nasal
septum destruction and findings of chronic sinusitis such as mucosal
thickening, polypopsis, and osseous sclerosis.73 There is typically unilat-
eral enlargement of the lacrimal gland due to a homogenously enhancing
soft tissue mass.73

Sjogren Syndrome Sjogren syndrome is a systemic autoimmune
inflammatory disorder affecting the salivary and lacrimal glands resulting
in xerostomia and keratoconjunctivitis sicca. It typically affects women in
their 40s or 50s.74 The imaging features resemble other inflammatory and
lymphoproliferative conditions of the lacrimal gland.58 CT demonstrates
bilateral lacrimal gland enlargement.75 MRI shows bilateral lacrimal gland
enlargement that is T1 and T2 isointense.58 It has also been shown to restrict
diffusion.76 It is important to note that patients with Sjogren syndrome are
at an increased of lymphoma and there are no imaging features to reliably
distinguish between the lymphoproliferative disease of Sjogren from that of
malignant lymphoma.75

Orbital Pseudotumor The lacrimal gland is one of the most common
sites of orbital pseudotumor.77 Orbital inflammatory pseudotumor involving
the lacrimal gland, also known as idiopathic dacryoadenitis, typically presents
in the fifth decade of life,has a slight female predominance and typically
unilateral.78 Clinical symptoms include pain, upper eyelid swelling, proptosis,
and impaired extraocular muscle function.77 CT and MRI will demonstrate
an enlarged, hyperenhancing lacrimal gland (Fig. 25). The inflammatory
changes may extend outside the lacrimal gland and affect the orbital fat or
adjacent extraocular muscles.78

’ Orbital Infections

Orbital infections are classified according to their location relative to
the orbital septum. The orbital septum is the anatomic boundary between
the eyelid and orbit and consists of a band of connective tissue extending
from the periosteum of the orbital rim to the tarsal plate of the eyelid.79

Preseptal Cellulitis

Preseptal cellulitis, also known as periorbital cellulitis, is an infection
of the soft tissues anterior to the orbital septum. Patients present with
pain, erythema, and swelling of a unilateral eyelid but usually without
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proptosis or impaired eye movement.80 CT is the imaging test of choice
and helps to distinguish preseptal from postseptal cellulitis. CT demon-
strates inflammation within the skin and subcutaneous tissues of the
eyelid anterior to the orbital septum (Fig. 26). MRI will show T1
isointense and T2 hyperintense soft tissue thickening.81

Figure 26. 54-year-old woman presented to the emergency department with acute onset of left facial
redness and swelling and was found to have preseptal cellulitis. Axial noncontrast computed
tomography shows soft tissue thickening of the left preseptal soft tissues with no involvement of the
postseptal tissues (white arrow).

Figure 25. 8-year-old girl underwent an MRI for right eye ptosis and was found to have lacrimal
gland pseudotumor on biopsy. Coronal T1-weighted noncontrast MRI demonstrates a T1 hypointense
mass within the right lacrimal gland (A, white aterisk). Coronal T1-weighted postcontrast
fat-saturated MRI demonstrates an enlarged, hyperenhancing right lacrimal gland (B, black
asterisk). MRI indicates magnetic resonance imaging.

CT and MRI of the Orbit ’ 53

www.internat-ophthalmology.com

Copyright r 2018 Wolters Kluwer Health, Inc. All rights reserved.



Postseptal Cellulitis

Postseptal cellulitis, also known as orbital cellulitis, is an infection that
occurs within the orbit posterior to the orbital septum. It can be categorized
according to involvement of the intraconal, extraconal, or subperiosteal
compartments.82 It is usually a complication of paranasal sinusitis but may be
posttraumatic or postsurgical in etiology. Postseptal cellulisits initially
manifests as inflammation and edema within the soft tissues that may then
progress to phlegmonous changes and ultimately abscess formation.81 CT
will initially demonstrate enhancing, inflammatory changes in the postseptal
soft tissues that may subsequently evolve into a rim-enhancing fluid
collection if an abscess forms. MRI will demonstrate T1 hypointense, T2
hyperintense changes in the soft tissues reflecting edema and inflammation
(Fig. 27). Important complications to recognize include cavernous sinus
thrombosis and intracranial abscess formation.82

Subperiosteal Abscess

Subperiosteal abscess is a postseptal infection that consists of a
collection of pus between the periorbita and involved sinus, most
commonly occurring along the lamina papyracea.81 It typically occurs
in young adults as a complication of acute ethmoid sinusitis.82 If large, the
abscess can have local mass effect and result in displacement of the orbit
causing proptosis. Vision is usually spared.83 On CT, subperiosteal
abscess presents as a rim-enhancing low density extraconal collection

Figure 27. 52-year-old woman presented to the emergency department with 2 weeks of left eye redness and
swelling that was unresponsive to antibiotics. Axial T1-weighted postcontrast fat-saturated MRI (A)
demonstrates thick, enhancing preseptal soft tissue (white arrow) extending posteriorly into the postseptal soft
tissues (black arrow). There are areas of T1 hypointensity centrally, consistent with a multiloculated abscess
(white asterisk). Axial T2-weighted MRI (B) demonstrates T2 hyperintense soft tissue thickening of the
preseptal (white arrow) and postseptal (black arrow) soft tissues. MRI indicates magnetic resonance imaging.
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along the bone adjacent to a sinus, typically with underlying signs of
sinusitis (Fig. 28). MRI will show a rim-enhancing fluid collection that
demonstrates restricted diffusion (Fig. 28).

Figure 28. 10-year-old boy presented to the emergency department with 1 week of left eye erythema
and edema. Axial contrast-enhanced computed tomography (A) shows a rim-enhancing low
attenuation collection along the left lamina papyracea (white arrow). There is opacifcation of the
underlying ethmoid air cells suggestive of sinusitis (black arrow). Axial T1-weighted postcontrast fat-
saturated magnetic resonance imaging (B) demonstrates the subperiosteal abscess along the left lamina
papyracea (white asterisk) with underlying ethmoid sinusitis (white arrow head).

Figure 29. 60-year-old woman with CLL was admitted for febrile neutropenia developed right eye chemosis,
periorbital edema, and proptosis. She was taken urgently for orbital extenteration, which revealed invasive
fungal disease. Axial T1-weighted contrast-enhanced fat-saturated MRI (A) demonstrates absent enhancement
of a right posterior ethmoid air cell (white asterisk) as well as heterogenous enhancement of the right optic nerve
sheath (black arrow head) and intraconal fat (white arrow heads). Coronal T2-weightedMRI (B) demonstrates
T2 hyperintensity of the right optic nerve (black arrow) and intraorbital fat (white arrow) consistent with orbital
spread. CLL indicates chronic lymphocytic leukemia; MRI, magnetic resonance imaging.
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Angioinvasive Fungal Disease

Invasive fungal disease of the orbit typically occurs in immunocom-
promised or poorly controlled diabetic patients.84 The primary site of
infection is usually the sinuses with subsequent spread into the obit.85 In
addition to the signs and symptoms of sinusitis, patients with invasive
fungal disease of the orbit present with optic neuropathy, trigeminal
hypesthesia, and impaired ocular motility.86 CT will demonstrate
mucosal thickening of the involved sinuses with bony destruction and
intraorbital extension of the inflammation.84 The pathognomonic finding
on MRI is absent sinus mucosal enhancement indicative of necrosis
(Fig. 29). MRI is superior to CT in detecting intraorbital involvement and
demonstrates enhancing inflammatory changes within the orbital fat and
extraocular muscles (Fig. 29).84 Even with early diagnosis, mortality rates
are high and have been reported as high as 80%.86
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