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A wide range of pathologic conditions can originate in the orbit. While it is common to approach the differential diagnosis based
on disease categories, such as neoplastic and inflammatory, segmenting the orbit into anatomic compartments can direct the
radiologist toward the most common pathologic conditions for each manifestation and space. The orbit can be divided into
intraconal, conal, and extraconal compartments. Additionally, the optic nerve sheath complex and lacrimal apparatus can be
partitioned into separate compartments due to their unique functions and pathologic features. By using this anatomic ap-
proach, the authors review the most common pathologic conditions affecting the orbit and discuss clinical and imaging findings
that can guide the differential diagnosis for lesions with similar appearances.
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Introduction

A broad range of pathologic conditions can arise in the orbit,
rendering clinical diagnosis particularly challenging given
the frequent overlap in clinical features. Cross-sectional im-
aging is an important tool for characterizing orbital lesions,
confirming clinical suspicions, and narrowing the differen-
tial diagnosis. While it is common to approach the differen-
tial diagnosis based on disease categories, such as neoplastic
and inflammatory, dividing the orbit into anatomic compart-
ments can direct the radiologist to consider the most com-
mon pathologic conditions for each presentation and space.

The orbit can be divided into intraconal, conal, and ex-
traconal compartments. For diagnostic purposes, it is also
beneficial to delineate the optic nerve sheath complex (ONSC)
and globe within the intraconal compartment and the lac-
rimal apparatus within the extraconal compartment due to
their distinctive functions and pathologic features (Figs 1, 2).

CT is often the first imaging modality performed due to its
availability and fast acquisition. Nevertheless, MRI provides

better soft-tissue contrast, making it the preferred modality
for assessing the globe, ocular muscles, ONSC, and orbital fat.
Signal intensity on Tl-weighted and T2-weighted images is
described in comparison with that of the normal extraocular
muscles (EOMs). The ONSC is a noteworthy exception. As an
extension of the central nervous system, it is best evaluated
using the contralateral nerve for comparison. When both optic
nerves are affected, the signal intensity is compared with that
of brain white matter.

This article reviews the clinical and imaging features of
the most common pathologic conditions affecting each or-
bital anatomic compartment. A summary is presented at the
conclusion of the article, highlighting imaging features and
clinical insights.

Optic Nerve Sheath Complex
The ONSC is formed by the optic nerve and its dural and lep-
tomeningeal coverings, which extend from the intracrani-
al meninges to the globe. Cerebrospinal fluid fills the space
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TEACHING POINTS

B Restricted diffusion and the bright spot sign are the main imaging fea-
tures that suggest ION.

B A progressive enhancement pattern is a characteristic finding of CVMs,
exhibiting initial poor and heterogeneous central enhancement on CT
and MR images, with subsequent filling and homogeneous intensity on
delayed images.

B The involvement of EOMs in TED typically affects multiple muscles and
follows a characteristic pattern: the inferior rectus is most frequently
affected, followed by medial rectus, superior rectus, lateral rectus, and
oblique muscles (“I’'M SLOW” mnemonic).

B Restricted diffusion is a characteristic finding distinguishing rhabdo-
myosarcoma from lesions with similar features, such as IHs.

B Neurofibromas can manifest with a hyperintense rim surrounding a
central hypointense area on T2-weighted images (“target” sign), where-
as schwannomas commonly manifest with central hyperintensity sur-
rounded by hypointensity on T2-weighted images due to hemorrhagic
or cystic degeneration.

between the optic nerve sheath and the optic nerve. Anatom-
ically, the optic nerve can be divided into intraocular, intraor-
bital, intracanalicular, and intracranial segments.

Optic Neuritis

Optic neuritis is an inflammatory optic neuropathy charac-
terized by acute or subacute vision loss with periocular pain
and painful eye movements. The majority of cases are caused
by demyelinating disease, which may be isolated or occur
in the setting of a primary demyelinating condition such as
multiple sclerosis. Patients with multiple sclerosis have pro-
gressive unilateral symptoms that occur over several days and
improve over the course of 2-3 weeks (1,2).

Optic neuritis associated with multiple sclerosis is charac-
teristically unilateral, involving the anterior intraorbital seg-
ment of the optic nerve (Fig 3). MRI findings include contrast
enhancement, T2 hyperintensity, and occasional diffusion
restriction of the nerve. Alternate diagnoses should be consid-
ered when optic neuritis involvement is bilateral, when more
than 50% of the nerve is affected, or when there is posterior in-
traorbital optic neuritis or chiasm involvement (1,3).

Other demyelinating disorders associated with optic neuri-
tis include neuromyelitis optica and myelin oligodendrocyte
glycoprotein antibody-associated disease, as well as autoim-
mune and infectious diseases such as sarcoidosis and herpes
zoster infection. These entities can be differentiated from
multiple sclerosis based on clinicoradiologic features (1,2).

Neuromyelitis optica is an autoimmune demyelinating
disease characterized by antibodies targeting the astrocyte
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Figure1. Relevantorbital anatomy. (A) Axial view shows normal
orbital structures. The orbit is composed of four walls: medial, lateral,
superior, and inferior. The medial wall is formed by the lamina papyra-
cea, and the inferior wall corresponds to the roof of the maxillary sinus.
ON = optic nerve. (B) Illustration of the conal compartment and orbital
apex shows the annulus of Zinn and its relation to nerves in the muscle
cone. CN = cranial nerve, Inf. = inferior, m. = muscle, Sup. = superior
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Figure 2. Illustration of the ONSC and globe shows the optic nerve

and its dural and leptomeningeal coverings, as well as relevant globe
anatomy.
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Figure 3. Optic neuritis associated with multiple sclerosisin a
40-year-old woman who presented with left vision loss. Axial fat-sat-
urated T2-weighted MR image shows left optic nerve hyperintensity,
relative to the contralateral nerve, involving the anterior intraorbital
segment (arrow) and affecting less than 50% of the nerve.

aquaporin water channel. At MRI, optic neuritis typically
manifests as bilateral longitudinally extensive lesions involv-
ing more than 50% of the nerve length and preferentially af-
fecting the posterior optic pathway (Fig S1) (1,4).

Myelin oligodendrocyte glycoprotein antibody-associated
disease is a more recently recognized form of optic neuritis
characterized by antibodies targeting myelin, a marker of ma-
ture oligodendrocytes. Distinctive imaging features include op-
tic nerve head edema, bilateral longitudinally extensive optic
neuritis, and enhancement of the nerve sheath (Fig S2) (1,2,5).

Ischemic Optic Neuropathy

Ischemic optic neuropathy (ION) is an acute disease caused by
vascular insufficiency, leading to nerve dysfunction and necro-
sis. The optic nerve’s blood supply derives from arterial net-
works of the ophthalmic artery, a branch of the internal carotid
artery. The optic nerve can be divided into anterior and posteri-
or segments based on vascular supply. The anterior segment is
mainly supplied by the posterior ciliary arteries, while the pos-
terior segment is supplied by pial branches of the ophthalmic
artery and intraneural branches of the central retinal artery.

Anterior ION involves the optic nerve head and optic disc.
Anterior ION is classified as nonarteritic, associated with
small-vessel disease, or arteritic, mostly caused by giant cell ar-
teritis (6,7). Posterior ION involves the remaining portion of the
optic nerve and is also classified as either nonarteritic or arte-
ritic (8). Clinically, ION manifests with sudden painless vision
loss. Fundoscopy can help distinguish between anterior ION,
manifesting with disc edema, and posterior ION, manifesting
with a normal disc. The presence of new-onset temporal head-
ache, jaw claudication, and elevated C-reactive protein levels
are findings indicative of arteritic anterior ION (3,8).

MRI features include T2 hyperintensity of the optic nerve,
reduced contrast enhancement, and restricted diffusion. In
cases of anterior ION, ischemic edema of the nerve head may
result in increased enhancement, leading to the “bright spot”
sign. Restricted diffusion and the bright spot sign are the main
imaging features that suggest ION (Figs 4, S3) (6,8). The time
between visual symptom onset and MRI examination affects
the sensitivity, with the optimal threshold for detecting re-
stricted diffusion being 5 days (7). Distinguishing arteritic an-
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Figure4. Posterior ION in a 82-year-old man with a
history of new subacute headache who presented with
sudden left vision loss. (A) Axial diffusion-weighted MR
image shows restricted diffusion affecting the posterior in-
traorbital segment of the left optic nerve (arrow). (B) Axial
apparent diffusion coefficient map confirms the restricted
diffusion (arrow). (C) Additional axial contrast-enhanced
three-dimensional T1-weighted vessel wall MR image
shows marked bilateral superficial temporal artery en-
hancement and wall thickening, consistent with temporal
arteritis (arrows).

terior ION from nonarteritic anterior ION is essential, as early
treatment with corticosteroids in giant cell arteritis minimiz-
es the risk of vision loss.

Optic Nerve Gliomas
Optic nerve gliomas are the most common primary neo-
plasms of the optic nerve. The majority of these tumors are
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Figure 5. Sporadic optic nerve glioma in a 3-year-old
girl. (A) Axial fat-saturated T2-weighted MR image shows
an expansive lesion indistinguishable from the left optic
nerve (white arrow) with predominantly hyperintense and
heterogeneous signal intensity relative to the contralat-
eral nerve,leading to proptosis (black arrow). (B) Coronal
fat-saturated T2-weighted MR image shows an expansive
lesion centered at the optic nerve (arrow).

low-grade astrocytomas and are predominantly found in the
pediatric population. Optic nerve gliomas are associated with
a diagnosis of neurofibromatosis type 1 (NF1), and bilateral op-
tic nerve gliomas are pathognomonic for this condition (9). In
contrast, adults may present with more aggressive forms, such
as high-grade astrocytoma (10,11).

At MRI, optic nerve glioma typically appears as nerve en-
largement, with isointense signal at Tl-weighted imaging
and isointense-hyperintense signal at T2-weighted imaging
relative to the contralateral nerve. Contrast enhancement is
frequently minimal or absent. The tumor is indistinguishable
from the nerve itself, a relevant distinction from meningiomas,
which are associated with neurofibromatosis type 2 (NF2) (12).

NFl-associated gliomas are characterized by optic nerve
enlargement and increased tortuosity (Fig S4). A peripheral
rim of T2 hyperintensity is often evident around the nerve,
associated with an expanded dural sheath and subarachnoid
myxomatous tissue. Lesions in patients without NF1 (sporad-
ic glioma) tend to manifest with masslike nerve enlargement,
possibly with cystic components (Fig 5) (10,13,14).

Optic Nerve Sheath Meningioma
Optic nerve sheath meningioma is an uncommon benign
neoplasm originating from the meningothelial cells of the
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Figure 6. Optic nerve sheath meningioma in a 48-year-
old woman who presented with left progressive vision loss.
(A) Axial gadolinium-enhanced fat-saturated T1-weighted
MR image shows the tram-track sign (arrow) on the left
ONSC characterized by homogeneous enhancement of the
nerve sheath surrounding the nonenhancing optic nerve.
(B) Coronal gadolinium-enhanced fat-saturated T1-weight-
ed MR image shows doughnut sign due to enhancing optic
nerve sheath meningioma (arrow).

meninges surrounding the optic nerve, the sole cranial nerve
possessing meningeal coverings. Primary optic nerve sheath
meningioma most often affects the intraorbital and intracan-
alicular nerve segments (10,14,15).

Patients typically present with unilateral painless progres-
sive visual loss with optic nerve atrophy at fundoscopy. Average
age at presentation is during the 4th or 5th decade of life (10,15).
Imaging findings include segmental or diffuse nerve thicken-
ing, most commonly tubular thickening, but can also display
a globular or fusiform morphology. Intratumoral calcification
is common. The key suggestive finding is homogeneous tu-
moral enhancement (10,15). At axial or sagittal imaging, the
enhancing tumor surrounding the optic nerve results in the
“tram-track” sign (Fig 6).

Optic Perineuritis
Optic perineuritis is an inflammatory disorder that affects the
optic nerve sheath. Optic perineuritis is most frequently caused
by idiopathic orbital inflammatory disease and is described as
primary optic perineuritis. However, it can also occur second-
ary to autoimmune and infectious diseases, including vasculi-
tis and sarcoidosis (16).

Clinical findings may resemble those of optic neuritis, man-
ifesting with subacute unilateral periorbital pain exacerbated
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Figure 7. Idiopathic optic perineuritis in a 48-year-old
man who presented with right vision loss and painful eye
movement. Coronal gadolinium-enhanced fat-saturated
T1-weighted MR image shows right optic nerve sheath
contrast enhancement (arrow), accompanied by adjacent
fat enhancement, while the optic nerve itself remains
preserved.

by eye movement, vision loss, and optic disc edema. In con-
trast, perineuritis is associated with longer progression, over
2 weeks, without spontaneous improvement and affects older
patients (16). Characteristic imaging features include linear
enhancement of the optic nerve sheath, accompanied by in-
filtration of the intraconal fat with relative sparing of the optic
nerve. (Fig 7) (1,16).

Intraconal Space
The intraconal space houses fat, orbital vessels, and cranial
nerves, primarily motor nerves responsible for ocular motil-
ity. Pathologically, vascular lesions are most commonly ob-
served within this space.

Vascular Malformations

Orbital vascular lesions can be classified into vascular tumors
and malformations based on origin (17). Tumors are charac-
terized by a proliferating endothelium, whereas malforma-
tions arise from developmental errors in angiogenesis. Mal-
formations can affect arterial, venous, or lymphatic vessels
and can consist of these elements alone or in combination.

Cavernous venous malformation (CVM), previously called
cavernous hemangioma, is the most common benign orbit-
al mass in adults. CVMs are nondistensible encapsulated
masses containing dilated venous blood vessels. The lateral
retrobulbar intraconal space is the most common location
for CVM, while the orbital apex and extraconal space are less
frequently affected. CVMs occur more often in middle-aged
women and manifest with slowly progressive painless pro-
ptosis. Larger lesions can cause functional symptoms such as
impaired vision and diplopia (18). CVM in the orbital apex can
produce visual loss due to optic nerve compression even at a
small size, with minimal proptosis.

Imaging features include ovoid well-defined masses with
soft-tissue attenuation at CT and potentially phleboliths. Ad-
jacent bone remodeling is a prominent feature of CVMs and
other benign lesions, indicating slow growth, which contrasts
with bony erosion observed in aggressive lesions. At MRI, le-
sions exhibit isointensity on Tl-weighted images and hyper-
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intensity on T2-weighted images to adjacent EOMs. Internal
septations and a fibrous pseudocapsule appear as hypointen-
sity on T2-weighted images (18-20). A progressive enhance-
ment pattern is a characteristic finding of CVMs, exhibiting
initial poor and heterogeneous central enhancement on CT
and MR images, with subsequent filling and homogeneous
intensity on delayed images (Fig 8) (20).

Venous malformations, frequently referred to as orbital
varices, are abnormal venous networks with variable connec-
tions to the systemic venous circulation. Systemic connections
are evidenced by distention of lesions when venous pressure
increases (during the Valsalva maneuver), which can be ob-
served clinically as reversible proptosis. Acute presentations
due to thrombosis or hemorrhage manifest as sudden painful
edema, ecchymosis, or sustained proptosis (21-23).

Venous malformations commonly occur within the in-
traconal space, manifesting as fusiform or teardrop-shaped
lesions that are often contiguous with the superior or inferior
ophthalmic veins. Imaging features include distensible lesion
during the Valsalva maneuver, intralesional phleboliths, and
avid contrast enhancement (Fig 9). At MRI, venous malfor-
mations exhibit homogeneous hypointensity-isointensity on
T1-weighted images and hyperintensity on T2-weighted im-
ages. Areas of hyperintense signal intensity on Tl-weighted
images may indicate hemorrhage or thrombosis, while hy-
pointense foci on both TI- and T2-weighted images are asso-
ciated with thrombi or phleboliths.

Lymphatic malformations (LMs) consist of anomalous
lymphatic spaces formed by a nonfunctional network of cys-
tic structures filled with serous fluid. Typically, patients with
LMs are diagnosed during early childhood. Deep LMs most
commonly manifest with acute enlargement due to inflam-
mation or bleeding, resulting in painful proptosis, restricted
ocular motility, and visual impairment. Some LMs maintain
relative stability, leading to progressive proptosis (21,24).

At MRI, LMs are often transpatial lesions, manifesting pri-
marily as macrocysts (>1 cm), microcysts (<1 cm), or with mixed
composition. Cystic signal intensity is variable depending on
the presence and age of hemorrhagic components. Fluid-fluid
levels are a characteristic finding, indicating recent intralesion-
al hemorrhage (Fig 10). Although LMs typically do not exhibit
contrast enhancement, the venous components in a venolym-
phatic malformation will enhance, allowing differentiation be-
tween the lymphatic and venous parts of the lesion.

Orbital Metastasis

Metastatic tumors account for up to 13% of all orbital tumors.
The orbit is an uncommon site for hematogenous spread
and is associated with advanced disease and poor prognosis
(25,26). The most common tumor that metastasizes to the or-
bit is breast cancer, followed by melanoma, prostate, and lung
cancer (26). The most common symptoms are progressive
proptosis, orbital swelling, pain, and diplopia. Enophthal-
mos is a paradoxical feature observed in sclerotic or scirrhous
tumors, such as breast and gastrointestinal metastases, re-
sulting from orbital fat contraction due to desmoplasia and
fibrosis (26). In patients with a previous history of cancer and
a new orbital mass, metastatic disease should be considered.
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Figure 8. CVMin a43-year-old man who presented with right proptosis. (A) Axial fat-saturated T2-weighted MR image shows a well-circum-
scribed intraconal lateral retrobulbar mass (arrow) with high signal intensity and a peripheral low signal intensity capsule, resulting in anterior
displacement of the globe. (B) Axial early-phase gadolinium-enhanced fat-saturated T1-weighted MR image 120 seconds following contrast ad-
ministration shows mild central enhancement (arrow). (C) Axial delayed phase MR image 390 seconds following contrast administration shows

progressive filling enhancement (arrow).

Figure 9. Orbital varixin a 56-year-old man. (A) Axial nonenhanced CT image shows a well-circumscribed intraco-
nal lesion (arrow) in the right orbit with soft-tissue attenuation, originally measuring 1.4 x 0.6 cm. (B) Axial con-
trast-enhanced CT image obtained during the Valsalva maneuver shows that the lesion (arrow) enlarged to 2.8 x 1.2
cm, with avid enhancement, causing lateral and inferior displacement of the globe. The observed change in size aids
in the differential diagnosis from other vascular malformations.

Figure 10. Orbital venolymphatic malformation in a 7-year-old boy
who presented with right proptosis and diplopia. Axial fat-saturated
T2-weighted MR image shows a multicystic lesion in the right orbit,
crossing anatomic boundaries and affecting both the periorbital and
orbital regions. Within the orbit, the lesion extends into both the in-
tra- and extraconal compartments, exhibiting characteristic fluid-flu-
id levels, indicative of recent intralesional bleeding (arrow).

Orbital metastases are multicompartmental, potential-
ly infiltrating fat and EOMs. Imaging findings range from a
well-defined focal lesion to an ill-defined diffuse infiltrative
pattern with loss of orbital anatomic landmarks and hetero-
geneous contrast enhancement (Figs 11, S5) (25).
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Conal Space

The conal space is delineated by the EOMs, which converge
at the orbital apex. The four recti muscles form a tendinous
ring, the annulus of Zinn, surrounding the optic canal con-
taining the optic nerve and ophthalmic artery (Fig 1). Most
of the EOMs are innervated by the oculomotor nerve, except
for the superior oblique (trochlear nerve) and lateral rec-
tus (abducens nerve) muscles. Diplopia and strabismus are
common symptoms related to conal pathologic conditions,
which may result from restrictive motility due to mechani-
cal compression or EOM enlargement (27).

Thyroid Eye Disease and Graves Orbitopathy
Thyroid eye disease (TED) is an autoimmune disorder of the
orbital tissue that is associated with dysthyroidism, most com-
monly Graves disease and hyperthyroidism, but it can also
manifest in individuals with hypothyroidism or euthyroidism
due to Hashimoto disease. Myopathic TED exhibits a biphasic
course: a self-limited active phase with progressive symptoms
and inflammatory changes, followed by an inactive phase with
residual symptoms (28). Identifying patients in the active phase
allows for targeted treatment improving disease prognosis.
TED is characteristically bilateral and symmetric. EOM in-
volvement results in restricted ocular motility, manifesting as
diplopia and strabismus. Other common symptoms include
eyelid retraction and proptosis. Active disease is suggested
by inflammatory symptoms such as orbital pain, eyelid ede-
ma, and erythema. Elevated levels of thyroid-stimulating
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Figure 11. Metastasis in a 59-year-old
man with a history of prostate cancer
who presented with left-sided proptosis
and vision loss. (A) Axial fat-saturated
T2-weighted MR image shows an intraco-
nal infiltrative mass predominantly with
intermediate signal intensity (arrow).
(B) Coronal gadolinium-enhanced
fat-saturated T1-weighted MR image
highlights optic nerve infiltration (arrow)
and mass enhancement.

Figure 12. Graves orbitopathy in a 33-year-old man with bilateral proptosis. (A) Coronal unenhanced
CT image illustrates bilateral and symmetric EOM thickening predominantly affecting the inferior and
medial rectus (black arrows), with a relatively spared lateral rectus (white arrows). (B) Axial unenhanced
CT image shows the Coca-Cola bottle sign (arrows), characterized by fusiform enlargement of the affect-
ed medial rectus with sparing of the tendinous insertions.

hormone receptor binding antibodies (TRAbs), free thyroxine
(T4), and triiodothyronine (T3) are the most frequent labora-
tory findings (29,30).

Imaging features include muscle enlargement sparing the
tendinous insertions, appearing as fusiform muscle enlarge-
ment (“Coca-Cola bottle” sign), increased orbital fat volume,
and lacrimal gland enlargement (29,31). Findings suggestive of
active disease include acute muscle enlargement and signs of
edema, the most reliable being hyperintensity on T2-weighted
images (32,33). In inactive disease, the EOMs remain enlarged
due to osmotic edema but display fibrosis and fatty infiltration.

The involvement of EOMs in TED typically affects multiple
muscles and follows a characteristic pattern: the inferior rec-
tus is most frequently affected, followed by medial rectus, su-
perior rectus, lateral rectus, and oblique muscles (“I'M SLOW”
mnemonic) (Fig 12). Severe EOM thickening in the orbital
apex can lead to direct compression of the optic nerve, mani-
festing as deterioration of central vision. Imaging can be used
to confirm clinically suspected cases in the presence of apical
crowding or significant nerve stretching (Fig S6) (30,33,34).
TED is the most common cause of EOM enlargement. How-
ever, other causes should be considered in the presence of
atypical features, including unilateral enlargement, atypical
muscle pattern, involvement of adjacent structures, restricted
diffusion, and absence of pain (31).

Idiopathic Orbital Inflammation

Idiopathic orbital myositis is an inflammatory process of
unknown cause involving the EOMs and is a subtype of idio-
pathic orbital inflammation. Furthermore, idiopathic orbital

Volume 44 Number 10

inflammation can manifest with dacryoadenitis, optic peri-
neuritis, and focal masses. Among these subtypes, myositis
and dacryoadenitis are the most prevalent (35,36).

The disease pathophysiology is unclear but is believed to
be linked to an autoimmune process. Histopathologic stud-
ies revealed chronic inflammatory cellular infiltrates with
varying degrees of fibrosis (36). Clinically, the typical man-
ifestation includes acute or subacute diplopia with orbital
edema, erythema, proptosis, and orbital pain exacerbated
by eye movement. Unilateral involvement and response to
corticosteroids are characteristic, but bilateral, chronic, or
recurrent cases are not rare (35,37).

The most frequently involved muscle is the medial rectus,
followed by the lateral, superior, and inferior rectus (35,37).
Imaging shows homogeneous enlargement of the EOMs, fre-
quently involving the tendinous insertions, resulting in a tu-
bular morphology. Concurrent inflammatory changes may
occur in the fat bordering the muscle, blurring the muscle
margin. At MRI, involved muscles exhibit contrast enhance-
ment. At T2-weighted imaging, components within the mus-
cle that exhibit hyperintensity suggest active inflammation,
while areas with hypointense signal intensity are indicative
of fibrosis (Fig 13) (37,38).

Immunoglobulin G4-related Disease

Immunoglobulin G4 (IgG4)-related disease is a multisystem-
icimmune-mediated condition characterized by lymphoplas-
macytic tissue infiltration with an abundance of IgG4 plasma
cells and fibrosis. It commonly affects the orbit (IgG4-related
opthalmic disease [IgG4-ROD]), involving the lacrimal gland
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Figure 13. Idiopathic orbital myositisin a
33-year-old woman who presented with left
abduction restriction in the left eye. Coronal
fat-saturated T2-weighted MR image shows
enlargement and increased signal intensity
of the lateral rectus muscle (arrow) accom-
panied by adjacent fat stranding. Unilateral
manifestation and initial involvement of the
lateral rectus are atypical for TED, suggest-
ing an alternative diagnosis.

Figure 14. Conallymphoma in a 60-year-old woman who presented with right proptosis and restricted ocular motility. (A) Coronal gadolin-
ium-enhanced fat-saturated T1-weighted MR image shows unilateral muscle enlargement affecting the inferior and medial rectus with homo-
geneous enhancement (black arrows) and relatively preserved surrounding fat (white arrow). (B, C) Axial diffusion-weighted MR image (B) and
apparent diffusion coefficient map (C) show marked restricted diffusion in the medial rectus (arrow), a finding suggestive of a neoplastic cause,
specifically lymphoma. An orbital biopsy confirmed the diagnosis.

and EOM most frequently (39). Clinical features include pain-
less periorbital swelling, proptosis, diplopia, and restricted
eye motility with a subacute or chronic course. Elevated se-
rum IgG4 levels, while a supporting feature, may not always
be present. Orbital involvement is typically bilateral but po-
tentially asymmetric (39,40).

In contrast to TED and idiopathic orbital inflammation,
EOM involvement in IgG4-ROD is often disassociated from
muscular function, as markedly enlarged lesions exhibit dis-
crete clinical signs of ocular restriction (41).

Imaging findings include homogeneous muscle enlarge-
ment, tendinous sparing, and adjacent fat stranding due to
inflammation. At MRI, affected muscles display increased
enhancement and intermediate or low signal intensity on
T2-weighted images, attributed to increased cellularity or
fibrosis. Occasionally, scattered high T2-weighted signal
intensity suggests acute inflammation. A single muscle or
multiple muscles may be involved, with the lateral rectus
being the most commonly affected. This contrasts with TED,
where lateral rectus enlargement is a late manifestation. Ad-
ditional manifestations include lacrimal gland and cranial
nerve enlargement, particularly branches of the trigeminal
nerve; orbital fat infiltration, potentially resulting in a focal
mass; and a greater incidence of paranasal mucosal thicken-
ing (Fig S7) (31,39,40).

Neoplastic Conditions
Metastases and lymphomas centered in the EOMs are un-
common; typically, muscular involvement arises from infil-
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tration by an adjacent mass (31,42). Clinical features include
proptosis, diplopia, and motility disturbances. Pain is charac-
teristically absent in lymphomas but potentially present with
metastases (42-44). Imaging findings aid in distinguishing
these conditions from other causes of muscle enlargement,
with restricted diffusion being a key indicator (31,45). Lym-
phoma mainly manifests unilaterally with fusiform muscle
enlargement, possibly involving the tendons. Lesions exhibit
diffuse homogeneous enhancement and very low apparent
diffusion coefficient (Fig 14). Metastases typically manifest as
either a focal mass or diffuse muscle infiltration, with irregu-
lar margins and increased enhancement (Fig S8) (42-46).

Extraconal Space
The extraconal space contains fat, blood vessels, and nerve
branches, which are primarily sensory branches of cranial
nerves. Pathologically, the extraconal space exhibits a higher
incidence of schwannomas, as well as inflammatory and infil-
trative lesions such as cellulitis and lymphoma.

Infection

Infectious disease of the orbit is the most frequent primary
orbital pathologic condition. While bacterial pathogens are
the most common cause of orbital infections, invasive fun-
gal causes should be considered in patients who are immu-
nocompromised or have diabetes mellitus. Distinguishing
between preseptal and postseptal infection is important for
patient management since postseptal infection can result in
vision loss and intracranial infection. The orbital septum, a
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Figure 15. Orbital and periorbital cellulitis in a 5-year-
old girl who presented with left orbital pain and restricted
ocular motility. Axial contrast-enhanced CT image shows
left orbital fat straining (white arrow) in the extraconal
compartment, adjacent to ethmoidal sinusitis, indicating
orbital cellulitis, along with a linear subperiosteal collec-
tion. Additionally, there is a fat straining of the periorbital
soft tissues (black arrow).

fibrous sheet extending from the orbital rim to the eyelids,
serves as a barrier to prevent infection spread.

Preseptal or periorbital cellulitis is an infection limited to
the skin and soft tissues anterior to the orbital septum, often
associated with local trauma, such as a bug bite, or contigu-
ous spread from dental or sinus infections. Postseptal or or-
bital cellulitis affects soft tissues posterior to the orbital sep-
tum, most frequently due to contiguous spread from a sinus
infection. Other causes include trauma and spread from den-
tal and preseptal infections.

Common clinical features include swelling and erythema
of the eyelid. Proptosis, vision impairment, and ophthalmo-
plegia suggest postseptal infection. CT of the orbits is the
preferred method for evaluating orbital infection. Preseptal
cellulitis appears as periorbital soft-tissue swelling anterior
to the orbital septum. In contrast, postseptal infection mani-
fests as soft-tissue stranding posterior to the orbital septum,
potentially associated with EOM thickening and lacrimal
gland enlargement (Fig 15) (47-49).

Orbital and subperiosteal abscesses are the most common
complications of postseptal cellulitis. These abscesses typical-
ly manifest with fluid collection and peripheral enhancement.
Subperiosteal abscesses are mostly derived from ethmoidal
sinus infections, forming a lentiform-shaped collection within
the subperiosteal space along the medial orbital wall (47,50).

Infantile Hemangioma

Infantile hemangiomas (IHs) are common benign neoplasms
that occur during infancy. These lesions are characterized by
lobules of vasoformative endothelial proliferation, resulting
in nonencapsulated masses (17,51,52). IHs undergo a rapid
growth phase during the first 5 months, followed by a slow
growth phase and a characteristic involution phase, most of-
ten starting at approximately 1 year of age and lasting for sev-
eral years (53).

Preseptal IHs can be identified by skin lesions such as red
strawberry marks or eyelid edema. Deep orbital lesions are
associated with proptosis and occasionally causing ocular re-
striction (51,52). Imaging is reserved for atypical or deep IHs.
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Lesions are typically extraconal and well defined with lobu-
lated contours. Phleboliths are not present in IHs, aiding in
the differential diagnosis of vascular lesions. At MRI, early
proliferative IHs appear isointense on Tl-weighted images
and hyperintense on T2-weighted images compared with
adjacent EOMs and exhibit marked homogeneous enhance-
ment. High-flow feeding vessels inside or along the lesion
are characteristic, exhibiting low signal intensity due to flow
voids (Fig 16). In the involutional phase, progressive fat depo-
sition occurs, resulting in increased signal intensity on both
T1- and T2- weighted images associated with signs of fibrosis,
indicated by decreased T2 signal intensity (21,51).

Rhabdomyosarcoma

Rhabdomyosarcoma is the most common mesenchymal tu-
mor in children. Contrary to early belief, these tumors do
not arise from EOMs but from primitive mesenchymal cells
that differentiate into striated muscle cells, making them
more common in the extraconal space and not always cen-
tered within the EOMs. The most prevalent subtypes in the
orbit are embryonal, manifesting in childhood, and alveolar,
typically occurring in older children and young adults (54).
Patients present with rapidly developing unilateral proptosis
and swelling of the conjunctiva and eyelid (54,55).

Orbital rhabdomyosarcoma behaves aggressively, fre-
quently displaying adjacent bone erosion. If the tumor in-
vades orbital bones or the optic nerve, it is classified as para-
meningeal, which is associated with a worse prognosis. At
cross-sectional imaging, most lesions are homogeneous with
diffuse enhancement. Early lesions may have circumscribed
margins, while larger tumors are ill-defined. Necrosis and
hemorrhage are uncommon findings. At MRI, rhabdomyosar-
coma manifests with isointense signal on T1-weighted images
and hyperintense signal on T2-weighted images to adjacent
EOMs (54,55). Restricted diffusion is a characteristic finding
distinguishing rhabdomyosarcoma from lesions with similar
features, such as IH (Fig 17) (56,57).

Nerve Sheath Tumor

Schwannomas are benign peripheral nerve sheath tumors
originating from Schwann cells. Orbital schwannomas most
commonly arise from sensory nerves, particularly the supra-
orbital and supratrochlear nerves extraconal branches of the
ophthalmic trigeminal nerve (V1). Orbital schwannoma can
also manifest as an intraconal tumor, frequently derived from
the nasociliary nerve (V1) (57). Clinical features include pain-
less progressive proptosis, eyelid swelling, and/or a palpable
mass. Due to their frequent location in the superior orbit, pa-
tients may present with hypophthalmos (58,59).

At imaging, orbital schwannomas are well-defined mass-
es generally aligned with the long axis of the involved nerve.
Lesions can mold to the surrounding structures, appear-
ing cone-shaped when involving the orbital apex or dumb-
bell-shaped when involving orbital fissures. At MRI, tumors
can be homogeneous or heterogeneous according to their
variable histologic composition. Antoni A, compact cellu-
lar areas, are associated with isointensity-hypointensity at
T2-weighted imaging and increased contrast enhancement,
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Figure 16.

IH in a 6-month-old girl. (A) Axial fat-satura

ted T2-weighted MR image shows lobulated expansive
lesion (white arrow) involving the left periorbital and orbital regions, affecting the extraconal and intraconal spaces,
exhibiting hyperintense signal with small hypointense flow voids (black arrow). (B) Axial gadolinium-enhanced
fat-saturated T1-weighted MR image shows intense enhancement (arrow).

Figure 17.
(A) Axial fat-saturated T2-weighted MR image shows an invasive expansive lesion with hyperintense signal (arrow)
affecting both the extraconal and intraconal compartments of the right orbit, resulting in anterior displacement
of the globe. (B) Axial gadolinium-enhanced fat-saturated T1-weighted MR image shows avid enhancement of the
lesion (arrow). (C, D) Axial diffusion-weighted MR image (C) and apparent diffusion coefficient map (D) shows
restricted diffusion (arrow), suggestive of malignancy.

while regions of lower cellular density, Antoni B, are associat-
ed with hyperintensity at T2-weighted imaging (60). Typical-
ly, schwannomas exhibit isointensity compared with EOMs
on Tl-weighted images and heterogeneous hyperintensity on
T2-weighted images with heterogeneous contrast enhance-
ment (Fig 18). Other possible manifestations include homoge-
neous isointense-hypointense signal at T2-weighted imaging
with marked enhancement and multicystic lesions with en-
hancement restricted to solid portions (57,60,61).

In the intraconal space, schwannomas can exhibit fea-
tures reminiscent of cavernous malformations. The contrast
spread pattern at dynamic imaging is the most reliable fea-
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Rhabdomyosarcoma in a 5-year-old girl who presented with right palpebral swelling and proptosis.

ture for differentiating between these lesions. CVMs demon-
strate progressive enhancement, whereas schwannomas ex-
hibit immediate enhancement (Fig S9) (20).

Neurofibromas are benign peripheral nerve tumors com-
posed of Schwann cells and nonneoplastic components. Like
schwannomas, neurofibromas are frequently extraconal and
are derived from sensory nerves. Differentiating neurofi-
bromas from schwannomas might not always be possible. A
patient’s clinical history can suggest a diagnosis. Plexiform
neurofibroma is characteristic of NF1 while multiple schwan-
nomas are associated with NF2. At MRI, neurofibromas can
manifest with a hyperintense rim surrounding a central
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Figure 18. Orbital schwannoma in a 40-year-old man with left eyelid swelling and a palpable mass. (A) Sag-
ittal T1-weighted MR image shows an expansive lesion with an elongated anteroposterior morphology in the
superior extraconal compartment, affecting the left orbit (arrow). (B) Axial fat-saturated T2-weighted MR image
shows a well-defined heterogeneous lesion with predominantly hyperintense signal intensity (arrow). The sig-
nal intensity characteristics at this typical location were considered suggestive of schwannoma, a diagnosis that
was subsequently confirmed with orbital biopsy.

hypointense area on T2-weighted images (“target” sign),
whereas schwannomas commonly manifest with central hy-
perintensity surrounded by hypointensity on T2-weighted
images due to hemorrhagic or cystic degeneration (12,57-60).

Lymphoproliferative Disorders
Lymphoproliferative lesions include a spectrum of disorders,
including lymphoid hyperplasia, atypical lymphocytic infil-
trate, and malignant lymphoma (62). These lesions are com-
mon causes for primary orbital tumors in adults, with ma-
lignant lymphoma being the most represented. The majority
of patients have B-cell non-Hodgkin lymphoma, particularly
extranodal marginal zone lymphoma. Malignant lesions orig-
inate from reactive lymphoid tissue acquired by persistent
antigenic stimulation, associated with other factors related to
genetic instability (46,63). Clinical features include proptosis,
limited eye motility, and changes in visual acuity. Pain is an
infrequent symptom. Most cases manifest with unilateral or-
bital involvement in the 5th to 7th decades of life (46,63).
Lymphoproliferative lesions can affect any anatomic space,
with the extraconal space being the most involved (46). At im-
aging, tumors can appear as either diffuse ill-defined or round
circumscribed masses. Lesions tend to mold to surrounding
orbital structures, and continuous growth may result in bone
remodeling. Bone erosion is not typical but can occur in high-
er-grade lymphomas. At MRI, most lesions are isointense com-

Figure 19. Orbital lymphoma in a 57-year-old woman pared with EOMs at both T1-weighted imaging and T2-weight-
who presented with bilateral proptosis and ocular ed imaging with homogeneous enhancement (46,62). Low
restricted motility. (A) Axial gadolinium-enhanced T2 signal intensity is generally observed in lymphoma and is
fat-saturated T1-weighted MR image shows infiltrative related to a high cell density. Lymphomas frequently exhibit

expansive multicompartmental lesions with homo-
geneous enhancement, involving the extraconal and
intraconal compartments in both orbits (arrows).
(B) Axial apparent diffusion coefficient map with a

very low apparent diffusion coefficient values, with a proposed
threshold of less than 612 x 10° mm?/sec (56,64) (Fig19).

region of interest placed within the mass shows a mean Lacrimal Apparatus

value of 611 x 10 mm2/sec, suggestive of a malignant The lacrimal apparatus comprises the lacrimal glands, lacri-
lesion (particularly lymphoma) indicated by the very low mal sacs, and ducts. The lacrimal gland is located in the su-
apparent diffusion coefficient value. An orbital biopsy perolateral extraconal space. It can be anatomically divided
confirmed the diagnosis. into an orbital lobe and a palpebral lobe, separated by the

aponeurosis of the levator palpebrae muscle (Fig 1A). The or-
bital lobe, which is larger and posterior to the aponeurosis,
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Figure 21.

Figure 20. Pleomorphic adenoma in a 64-year-
old woman who presented with left proptosis
and diplopia. Coronal fat-saturated T2-weighted
MR image shows a capsulated expansive lesion

in the lacrimal fossa within the extraconal space,
exhibiting predominantly hyperintense heteroge-
neous signal intensity (arrow), without evidence
of restricted diffusion (not shown). The diagnosis
was confirmed through an orbital biopsy.

L AR ) | A

Adenoid cystic carcinoma in a 56-year-old woman who presented with right proptosis and pain. (A) Ax-

ial gadolinium-enhanced fat-saturated T1-weighted MR image shows an invasive expansive lesion involving the right
lacrimal fossa (arrow) exhibiting heterogeneous enhancement and causing anteromedial displacement of the globe.
(B) Axial nonenhanced CT image acquired 14 months after the initial MRI shows bone erosion in the lateral wall of
the right orbit (arrow), indicative of malignancy. The diagnosis was confirmed through an orbital biopsy.

is the site of most epithelial neoplasms. Inflammatory and
lymphoproliferative diseases generally exhibit a diffuse pat-
tern, affecting both lobes.

Pleomorphic Adenomas

Pleomorphic adenomas, which are benign lesions with vari-
able histologic compositions that contain both epithelial and
mesenchymal tissue, are the most common tumors of the
lacrimal gland (11,65,66). Patients present with a unilater-
al painless mass with or without proptosis. The presence of
pain, sensory loss, and rapid growth are not typical and may
suggest a more aggressive process.

Imaging shows a well-circumscribed round or oval lesion
frequently found within the orbital lobe. Slow tumor growth
may result in adjacent smooth bone scalloping. Small lesions
are often homogeneous, while larger tumors can exhibit het-
erogeneity due to cystic degeneration. At MRI, pleomorphic
adenomas typically exhibit T1 isointensity, T2 hyperintensi-
ty, and enhance following contrast media administration (Fig
20) (10,11,65,66).

Malignant Epithelial Tumors

The most prevalent subtypes are adenoid cystic carcinoma
(most common); carcinoma ex pleomorphic adenoma, which
arises from malignant transformation of a pleomorphic ade-
noma; and adenocarcinoma of the lacrimal glands. Malignant
lacrimal tumors manifest with a firm unilateral painful mass
with proptosis. They exhibit rapid infiltrative growth and a
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propensity for perineural spread, resulting in periorbital pain
and paresthesia (10,56,66).

At imaging, malignant tumors can exhibit round and
well-defined margins in early stages, progressing to an irreg-
ular mass with invasive margins in advanced disease. Peri-
neural invasion is frequent, characterized by abnormal nerve
enhancement and thickening. Signs indicative of malignancy
in alacrimal tumor include bone erosion, poorly defined mar-
gins, and infiltrative disease (11,65,66). At MRI, tumors often
appear hypointense on Tl-weighted images and intermedi-
ate-hyperintense on T2-weighted images, showing heteroge-
neous enhancement and frequently demonstrating restricted
diffusion (Fig 21) (11,65).

Dacryoadenitis

Dacryoadenitis refers to inflammation of the lacrimal gland
resulting from infection, autoimmune disease, or idiopathic
inflammation. Acute cases are often infectious in children and
young adults, typically with a viral cause, and resolve within
4-6 weeks. Clinically, these cases manifest with unilateral or
bilateral painful gland enlargement, erythema, and eyelid ede-
ma (65,66). Autoimmune and idiopathic dacryoadenitis can be
acute or chronic and can be associated with multiple conditions,
including sarcoidosis, Sjégren syndrome, IgG4-related disease,
and idiopathic orbital inflammation (66). Clinical manifesta-
tion involves pain, redness, and swelling. However, a noninfec-
tious cause should be considered in acute events lacking clear
inflammatory symptoms and a relapsing-remitting course (67).
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Figure 22. Endophthalmitis in a 53-year-old man who
presented with right chemosis, orbital pain, and blurry
vision and was previously treated for anterior uveitis.
(A) Axial gadolinium-enhanced fat-saturated T1-weight-
ed MR image shows thickening and enhancement of the
uveal layer (white arrow) along abnormal signal intensi-
ty in the aqueous humor of the right globe. Dacryoade-
nitis and periorbital enhancement are noted, attributed
to the extension of the inflammatory process (black
arrow). (B, C) Axial diffusion-weighted MR image (B) and
apparent diffusion coefficient map (C) show restricted
diffusion in the aqueous humor, suggestive of purulent
exudate (arrow).

At cross-sectional imaging, acute dacryoadenitis exhibits
diffuse gland enlargement and periglandular soft-tissue strain-
ing. Marked enhancement can be observed at postcontrast im-
aging. Chronic dacryoadenitis manifests as unilateral or bilater-
al gland enlargement and moderate contrast enhancement. At
MRI, the lacrimal gland exhibits isointensity-hypointensity on
T1-weighted images and hyperintensity on T2-weighted imag-
es. Chronic inflammation in advanced stages is associated with
fatty tissue replacement, gland atrophy, and fibrosis (65,66).

Lymphoproliferative Lesions

Lymphoproliferative disease in the lacrimal gland exhibits a
clinical and histologic pattern consistent with that observed
in the general extraconal space. Notably, involvement of the
lacrimal gland is a marker for lymphoma, as well as develop-
ment of systemic disease (62).
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Imaging shows a well-circumscribed homogeneous mass
or diffuse gland enlargement with substantial enhancement.
At MRI, suggestive findings include diffusion restriction with
low apparent diffusion coefficient values (Fig S10) (65,66). Pa-
tients with Sjogren syndrome are frequently followed due to
their increased risk for lymphoma. In this setting, any sub-
stantial increase in gland size (68), lymphadenopathy, or re-
stricted diffusion are important imaging markers.

Globe Compartment

The globe is continuous with the optic nerve and comprises
three layers: the outer layer (sclera and cornea), the uveal
tract (iris, ciliary body, and choroid), and the internal neural
layer (retina). At MRI, the outer layer appears hypointense on
T1-weighted images and T2-weighted images, while the uveal
tract and retina appear hyperintense on Tl-weighted images
and hypointense on T2-weighted images relative to the vitre-
ous humor. The lens divides the globe into anterior and pos-
terior segments.

Anterior Segment
Uveitis is defined as inflammation of the uveal tract. Anterior
uveitis involves the anterior chamber and is often idiopathic
or caused by noninfectious inflammatory diseases, such as
ankylosing spondylitis and ulcerative colitis. Posterior uve-
itis involves the choroid and is typically associated with in-
fectious diseases, such as toxoplasmosis (69). MRI features
include thickening and enhancement of the uveal tract, sub-
retinal effusions, and abnormal humor signal intensity (70).
Endophthalmitis is a globe infection affecting the vitreous
or aqueous humor. Most cases arise either from direct organ-
ism inoculation due to trauma or ocular surgery or from he-
matogenous spread, often associated with immunodeficiency
or intravenous drug use. Acute bacterial endophthalmitis is
a vision-threatening emergency often requiring intravitreal
antibiotic injection and possibly vitrectomy. Imaging findings
include periocular inflammation, uveoscleral layer thicken-
ing and enhancement, and increased aqueous humor signal
intensity on fluid-attenuated inversion-recovery MR images.
Diffusion-weighted imaging facilitates diagnosis and treat-
ment evaluation by revealing restricted diffusion in purulent
exudates (Fig 22) (47, 70-72).

Lens

The lens is located in the hyaloid fossa and anchored to the
ciliary bodies by zonular fibers. Ectopia lentis may occur
following trauma or spontaneously, associated with Marfan
syndrome and homocystinuria (47,73). A complete tear of the
zonular fibers manifests as abnormal lens positioning, often
settling in the posterior dependent portion of the globe. An-
terior displacement is less common, as the iris restricts an-
terior lens movement. Partial tears lead to lens subluxation,
resulting in angular displacement relative to its zonular at-
tachments.

Posterior Segment
Retinoblastoma is the most common intraocular malignan-
cy in children. Nearly all tumors develop following biallelic
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Figure 24. Uveal melanoma in a 57-year-old man who
presented with left blurred vision. (A) Axial T1-weighted
MR image shows a hyperintense well-defined nodule

on the posterior wall of the left globe (arrow). (B) Axial
T2-weighted MR image shows that the tumor displays a
hypointense signal in relation to the vitreous humor (ar-

Figure 23. Retinoblastoma in a 3-year-old girl who
presented with left proptosis and vision loss. (A) Axial
three-dimensional constructive interface in steady state
MR image shows an irregular posterior wall lesion in the
left globe exhibiting hypointense signal (white arrow)
contiguous with optic nerve enlargement, suggestive
of postlaminar invasion (arrowhead). Vitreous seeds
are visible as discontinuous T2 hypointense foci (black
arrow). (B) Axial diffusion-weighted MR image shows
restricted diffusion in the tumor (white arrow) and the
optic nerve (black arrow), supporting the diagnosis of
malignancy. (C) Axial susceptibility-weighted image
shows marked hypointense foci (arrow) corresponding
to areas of calcification.

inactivation of the RBI tumor suppressor gene in precursor
cells of the retinal neuroepithelium. Heritable retinoblasto-
ma is characterized by RBI mutations in germline cells and is
associated with earlier diagnosis, bilateral involvement, and
multifocal disease. The median age at diagnosis for heritable
retinoblastoma is 15 months, while for nonheritable disease it
is 24 months (14,74).

Typical manifesting features are leukocoria, strabismus,
and vision loss. Cross-sectional imaging is used to confirm
the diagnosis and assess tumor extent. At MRI, retinoblas-
toma manifests as an irregular lesion, typically hypointense
at T2-weighted imaging and slightly hyperintense at
Tl-weighted imaging compared with normal vitreous. In-
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row). The signal characteristics of the tumor are indicative
of pigmented uveal melanoma.

tralesional calcification is a key diagnostic feature and ap-
pears as a signal void on susceptibility-weighted sequences
(Fig 23) (14,74,75).

Uveal melanoma is the most common primary intraocu-
lar malignancy in adults. Choroidal uveal melanoma is the
most frequent subtype (90% of cases) and is associated with
an aggressive course, often leading to hematogenous metas-
tases (76). At MRI, uveal melanoma typically manifests as a
well-defined tumor that is hyperintense at Tl-weighted imag-
ing and hypointense at T2-weighted imaging compared with
normal vitreous. This characteristic imaging appearance is
attributed to the paramagnetic effect of melanin, resulting
in T1 and T2 shortening (Fig 24). Poorly pigmented tumors
(20% of cases) may exhibit intermediate signal intensity on
both Tl-weighted and T2-weighted images (76). Strong pig-
mentation is associated with a less favorable prognosis. Ex-
panding choroidal tumors may breach the Bruch membrane
of the retina and extend into the subretinal space, assuming
a mushroom shape. Further growth may also result in retinal
detachment (10,76).

Retinal detachment occurs due to fluid accumulation in
a potential space between the retinal pigmented epithelium
and the inner sensory layer. Imaging shows a characteristic V
shape due to firm attachments at the ora serrata and the op-
tic disc (Fig 25). Conversely, choroidal detachment is attribut-
ed to fluid accumulation between the choroid and sclera.
Imaging reveals a biconvex or lentiform fluid collection
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Figure 25. Retinal detachmentin an 82-year-old man
who presented with left vision loss. Axial fluid-attenuated
inversion recovery-weighted MR image shows subretinal
hemorrhage in the left globe (arrow). This is characterized
by a hyperintense fluid collection relative to the normal
vitreous humor, with a characteristic V-shaped appear-
ance, anteriorly confined by the ora serrata and posteriorly
limited by the optic disc.

extending anteriorly beyond the ora serrata and posteriorly
confined by the insertion of the vortex veins (Fig 26) (47,77).

Conclusion

Interpreting studies using an anatomic approach can guide
clinicians toward the most common pathologic conditions af-
fecting each compartment of the orbit and provide a concise
differential diagnosis. The Table summarizes the key imaging
features and clinical insights. Since some pathologic condi-
tions can involve multiple compartments and characteristic
lesions may appear in atypical locations, the anatomic site
should be considered along with other clinical and epidemi-
ologic features and imaging findings to determine the most
relevant diagnosis.
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Imaging and Clinical Features of Orbital Pathologic Conditions

Pathologic Conditions

Characteristic Features

Differential Diagnosis

Optic nerve gliomas
(sporadic)

Optic nerve gliomas
(NFL)

Optic nerve sheath
meningioma

CVM

Venous malformation
(orbital varix)

LM

Metastasis

TED
Idiopathic orbital

inflammation
IgG4-related disease

Conal lymphoma

IH

Rhabdomyosarcoma

Schwannoma

Lymphoma

Pleomorphic ade-
noma

Malignant lacrimal
tumor

Dacryoadenitis

Retinoblastoma

Uveal melanoma
Retinal detachment

Choroidal detach-
ment

ONSC

Masslike optic nerve enlargement with cystic components

Optic nerve enlargement with increased tortuosity and frequently mini-
mal enhancement; dural ectasia

Optic nerve sheath thickening exhibiting homogeneous enhancement;
intralesional calcifications; related to an NF2 diagnosis

Intraconal compartment

Well-defined lesion with hyperintense signal on T2-weighted images and
progressive enhancement with dynamic contrast sequences; more
frequent in middle-aged women

Fusiform or teardrop-shaped lesion with hyperintense signal on
T2-weighted images and avid immediate enhancement; distensible
during Valsalva maneuver

Transpatial lesions with hyperintense signal on T2-weighted images,
cysts, and fluid-fluid levels with hemorrhagic components; poor con-
trast enhancement; more frequent in early childhood

Variable from well-defined and focal to ill-defined and invasive lesions;
bone erosion; prior history of cancer

Conal compartment

Bilateral and symmetric EOM enlargement sparing tendinous insertions
I'M SLOw involvement: IRM > MRM > SRM > LRM

Unilateral EOM enlargement with tubular morphology; local inflamma-
tory changes; dacryoadenitis; optic perineuritis

Bilateral EOM enlargement sparing tendinous insertions; local in-
flammatory changes; predominant LRM involvement; cranial nerve
enlargement; dacryoadenitis

Unilateral fusiform EOM enlargement exhibiting increased homoge-
neous enhancement; restricted diffusion with very low ADC

Extraconal compartment

Well-defined lesion, exhibiting hyperintense signal on T2-weighted
images and avid immediate enhancement; flow voids; characteristic in
early childhood

Aggressive lesion exhibiting hyperintense signal on T2-weighted images;
contrast enhancement; bone erosion; restricted diffusion (ADC <1159 x
10° mm?/sec); predominantly in young children

Well-defined mixed solid-cystic lesion with heterogeneous enhance-
ment; cone-shaped when involving orbital apex and dumbbell-shaped
involving orbital fissures; related to an NF2 diagnosis

Well-defined to invasive lesions with homogeneous enhancement; molds
to surrounding structures; restricted diffusion with very low ADC
(lower than 612 x 10°° mm?/sec)

Lacrimal apparatus

Well-defined lesion with hyperintense signal on T2-weighted images and
heterogeneous enhancement; cystic degeneration; bone remodeling

Early lesions exhibit well-defined margins progressing to poorly defined
and invasive lesions; bone erosion; restricted diffusion

Diffuse gland enlargement and adjacent fat stranding; marked contrast
enhancement

Globe compartment

Posterior wall lesion exhibiting hypointense signal on T2-weighted
images; intralesional calcification; restricted diffusion; affects young
children; leukocoria

Most commonly a posterior wall lesion; pigmented tumors exhibit hyper-
intense signal on T1-weighted images; restricted diffusion

V-shaped liquid fluid collections, limited anteriorly by the ora serrata and
posteriorly by the optic disc

Biconvex fluid collections; “tennis ball” morphology extending to the an-
terior portion of the globe and posteriorly confined by the vortex veins

Optic nerve sheath meningioma: enlargement of the
ONSC due to peripheral tumor and “tram-track”
sign

Optic nerve pathway glioma: tumor indistinguishable
from the nerve; related to an NF1 diagnosis

Schwannoma: heterogeneous T2 signal intensity and
immediate enhancement, frequently heteroge-
neous

CVM: nondistensible during Valsalva maneuver

Other vascular malformations: substantial contrast
enhancement

Variable depending on affected structure

IOL unilateral; myotendinous junction involvement

IgG4-ROD: bilateral involvement; myotendinous
junction sparing

TED: late involvement of LRM; lacks other inflamma-
tory findings

TED: follows typical involvement (I'M SLOw); lack of
restricted diffusion

Venous malformations: presence of phleboliths and
lacks flow voids

IH flow-voids; hyperintensity on ADC map

Neurofibromas: central hypointense area with
surrounding hyperintense rim on T2-weighted
images (“target sign”); related to an NF1 diagnosis

IgG4-ROD and IOI: lack of restricted diffusion

Signs of malignant tumor: bone erosion; poorly de-
fined margins; invasive lesion; perineural invasion

Lacrimal lymphoma: restricted diffusion, frequently
with very low ADC; acute gland enlargement in the
context of chronic enlargement

Coats disease: lack of calcification; atrophied optic
nerve

Uveal metastasis: bilateral lesions; lacks hyperin-
tense signal intensity on T1-weighted images

Choroidal detachment; anterior extension beyond the
ora serrata

Retinal detachment: limited anteriorly by the ora
serrata

Note.—ADC = apparent diffusion coefficient, IOI = idiopathic orbital inflammation, IRM = inferior rectus muscle, LRM = lateral rectus muscle, MRM =
medial rectus muscle, SRM = superior rectus muscle.
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