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Orbital lesions in both children and adults comprise a wide 
range of both benign and malignant tumors. The benign tumors 
include schwannomas and neurofibromas in patients with neu-
rofibromatosis. Malignant tumors include lymphoma, rhabdo-
myosarcoma, and metastases. Other lesions such as idiopathic 
orbit inflammation, sarcoidosis, Graves’ eye disease, and vas-
cular lesions such as venous malformations may mimic orbital 
tumors both clinically and radiographically. Knowledge of the 
imaging features of these and other orbital tumors and diseases 
is important for patient care and to avoid permanent symptoms 
such as vision loss and other consequences.

The role of the radiologist is to assess the imaging appear-
ance of an orbital lesion which may aid in narrowing the dif-
ferential diagnosis, comment on benign versus malignant 
radiographic features, and describe the pattern and extent of 
disease spread including outside of the orbit and any involve-
ment of the head and neck region. Specific imaging features 
to be mentioned in the radiology report include the size of 
the lesion, whether the lesion is well-circumscribed or infil-
trative, whether there is mass effect upon the globe, the loca-
tion in the intraconal or extraconal space, and the presence of 
bone remodeling or destruction of the orbital walls. In addi-
tion, the radiologist should assess specific ocular or periocu-
lar structures that are involved including the extraocular 
muscles, optic nerve, lacrimal gland, and orbital foramen.

The imaging modalities used for the evaluation of orbit 
include CT, MRI, PET/CT, and ultrasound. These modalities 
provide important information about staging, pre-surgical 
planning, and treatment response. CT aids in the delineation 

of tumor extent and bone remodeling or destruction. MRI 
can also be used to evaluate the features of the tumors includ-
ing soft tissue characteristics, sinonasal and intracranial 
involvement, and perineural spread. PET/CT provides infor-
mation for assessing a tumor’s metabolic activity, detecting 
local and distant metastases, staging, determining a site for 
biopsy based on metabolic activity, and evaluating treatment 
response. Ultrasound is used to evaluate the parotid gland 
and neck for adenopathy and to guide fine-needle aspiration 
and core needle biopsy.

The purpose of this chapter is to describe the demograph-
ics and imaging appearance of common and uncommon 
malignancies and diseases of the orbit. This is accomplished 
with a review of the disease background, clinical presenta-
tion, and imaging features on various modalities and should 
provide the radiologist with a means to narrow their differen-
tial diagnosis. Tumors arising from the globe and cranial 
nerves, including the optic nerve, and those occurring sec-
ondarily from the bone and sinonasal cavities are discussed 
in other chapters.

 Anatomy

Figure 4.1 shows schematic and imaging anatomy of the 
orbit.

• Retrobulbar orbit is located posterior to the globe.
• Divided into three compartments:
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Fig. 4.1 Orbital anatomy. (a) Schematic drawing of the orbit demon-
strating the intraconal and extraconal spaces. (b) Axial T1 non-contrast 
MRI without fat saturation shows the extraocular muscles (white 
arrows), optic nerve (black arrow), intraconal space (thin black arrows), 
extraconal space (thin white arrows), and the expected location or the 

orbital septum (dotted white arrow). (c) Coronal T1 post-contrast MRI 
with fat saturation shows the extraocular muscles (white arrow), optic 
nerve (black arrow), intraconal space (thin black arrow), and extraconal 
space (thin white arrow)
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 – The muscle cone consists of the extraocular muscles 
excluding the inferior oblique muscle.

 – Intraconal space lies within the muscle cone.
 – Extraconal space lies outside the muscle cone.

• Extraocular muscles originate from the tendinous annulus 
of Zinn at the orbital apex and insert on the globe.

• Orbital septum: fibrous tissue originating from the perios-
teum of the orbital rim that blends superiorly with the ten-
don of the levator palpebrae superioris muscle and inserts 
inferiorly into the dense connective tissue of the eyelids 
(tarsal plates).

Barrier between the preseptal and postseptal spaces.

 Lymphoma

Figures 4.2, 4.3, and 4.4 show cases of orbital lymphoma.

 Background

• Most common malignancy of the orbit [1, 2].
• Type of non-Hodgkin lymphoma, mostly of the B-cell 

phenotype.
• Four subtypes: extranodal marginal zone B-cell lym-

phoma (EMZL), diffuse large B cell lymphoma (DLBCL), 
follicular lymphoma (FL), and mantle cell lymphoma 
(MCL).

• Most common subtype is EMZL.
• EMZL and FL have a better prognosis than DLBCL 

and MCL [3].

 Presentation

• Usually present in adults without a gender bias.
• Most common presenting symptoms: periorbital soft 

tissue swelling, mass, and proptosis.
• Other symptoms: epiphora (excessive tearing), pain, and 

diplopia [3].

 Imaging

• Lymphoma usually molds around or encases adjacent 
orbital structures rather than causing mass effect.

• Bone destruction is rare; when present, these findings 
suggest an aggressive histology.

• Occasionally, isolated extraocular muscle involvement 
or diffuse orbital infiltration may be seen [4].

 CT

• Hyperdense mass [4] with homogeneous enhancement 
[5].

 MRI

• T1 and T2 signal iso- to hypointensity reflective of high 
cellularity.

• Avid enhancement following contrast administration [4].
• Restricted diffusion is often present on diffusion- 

weighed imaging (DWI) [6].

 PET

• High18F-FDG uptake is noted on PET studies except for 
low-grade MALT lymphoma, which can show low 18F- 
FDG uptake [7].

• Whole-body PET/CT is used for staging orbital lympho-
mas and detection of systemic metastases [8].

 Key Points

• Comment on other sites of involvement.
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Fig. 4.2 A 68-year-old female with follicular lymphoma, left propto-
sis, and pain. (a) Axial T2 MRI with fat saturation shows a homoge-
neously isointense appearance of follicular lymphoma in the 
superior left orbit (arrow). (b, c) Axial and coronal T1 post-contrast 
MRI with fat saturation shows homogeneous enhancement of the 

well-circumscribed, lobulated mass (arrows). Note the molding 
around the globe (*) that is displaced inferiorly. (d) Axial 18F-FDG 
PET/CT shows FDG avidity of the left superior orbital lymphoma 
(arrow)
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Fig. 4.3 A 51-year-old male with low-grade B cell lymphoma and left 
orbital proptosis. (a) Axial T1 post-contrast MRI with fat saturation 
shows a homogeneously enhancing intraconal mass in the left orbit 
(arrows). Note the enhancement of the left sphenoid bone (small 
arrow) (b) Axial 18F-FDG PET/CT shows FDG avidity of the left 

intraconal mass (arrow). (c) DWI shows a hyperintense signal in the 
left intraconal mass and sphenoid bone (arrows). (d) Apparent diffu-
sion coefficient map shows corresponding hypointense signal in keep-
ing with restricted diffusion of the lymphoma involving the left 
intraconal space and sphenoid bone (arrows)
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Fig. 4.4 A 56-year-old female with visual field defects and proptosis 
from orbital lymphoma. (a) Axial T1 non-contrast MRI without fat 
saturation shows infiltrative soft tissue in the intraconal and extra-
conal spaces in the left and right orbits (arrows). (b) Axial T2 MRI with 
fat saturation shows an isointense infiltrative appearance of lym-

phoma in the orbits (arrows). (c, d) Axial and coronal T1 post-contrast 
MRI with fat saturation show enhancing infiltrative lymphoma in the 
intraconal and extraconal spaces with enlargement of the EOMs 
(arrows)
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 Leukemia

Figures 4.5 and 4.6 show cases of orbital leukemia.

 Background

• Leukemia is a disorder of hematopoietic stem cells in 
the bone marrow [9].

• Lymphoid leukemia affects white blood cells (too many 
lymphocytes).

• Myeloid leukemia affects cells that give rise to white 
blood cells (other than lymphocytes), red blood cells, and 
platelets.

• Extramedullary deposits of lymphocytic and myeloge-
nous precursor cells can be found in any organ [10].

• Ocular manifestations occur more commonly with 
myeloid leukemia as opposed to lymphoid leukemia [11, 
12] and most commonly involve the retina [9].

• Granulocytic sarcoma, also known as myeloid sarcoma 
and previously as chloroma, is a solid tumor of primitive 
granulocytes, vascular stroma, and connective tissue 
occurring in patients with myelogenous leukemia [13].

• Orbital granulocytic sarcoma is rare in adults and more 
commonly present in pediatric patients [14].

 Presentation

• The globes and orbits are the third most common site 
after the meninges and testes [15].

• Ocular involvement can precede the diagnosis or can 
occur during the disease [16].

• Central nervous system (CNS) involvement may 
include cranial nerve infiltration and palsies as well as 
papilledema [9].

 Imaging

• Homogenous mass that molds to the orbit [10].

• Usually encases rather than invading structures.
• May also appear as infiltrative disease.
• Bone erosion, demineralization, and periosteal reaction 

occur less commonly.
• Granulocytic sarcoma usually presents as a soft-tissue 

mass in the lateral orbital wall that may have infiltra-
tive borders [13].

 CT

• Isointense or slightly hyperintense and demonstrates 
mild homogeneous enhancement [10].

• There may be invasion of the orbital fat and extension to 
involve the eyelid.

• Calcification is not present.
• Granulocytic sarcomas are homogeneously isodense to 

slightly hyperdense with homogeneous enhancement 
[13].

 MRI

• T1 slightly hyperintense and T2 isointense [17].
• Granulocytic sarcoma is T1 iso- to hypointense, T2 

heterogeneously iso- to hyperintense, and homoge-
neously enhancing [13].

 PET

• Orbital leukemia is 18F-FDG- avid. PET/CT is sensitive 
for the detection of granulocytic sarcoma and additional 
sites of disease [18].

 Key Points

• Comment on other sites of involvement.
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Fig. 4.5 (a) An 82-year-old female with acute myeloid leukemia who 
presented with diplopia, pain, and restriction of movement of the 
globes. (a) Axial T1 post-contrast MRI with fat saturation shows infil-
trative disease in the orbital apex bilaterally (arrows). (b, c) A 

78-year-old female with relapsed acute myeloid leukemia. (b, c) Axial 
and coronal T1 post-contrast MRI with fat saturation show solid, 
homogeneously enhancing granulocytic sarcoma in the superior 
right orbit and superior rectus-levator muscle complex (arrows)

a b

c d

Fig. 4.6 A 25-year-old male with T-cell acute lymphoid leukemia who 
presented with right periorbital swelling. (a) Axial CT with contrast, 
soft tissue window shows extensive bilateral neck adenopathy 
(arrows). (b) Coronal CT with contrast, soft tissue window shows 
enlargement of bilateral lacrimal glands (white arrows) with disease 
in the superior orbits (black arrows) and the presence of right perior-

bital soft tissue infiltration (thin white arrow). (c) Axial T1 post- 
contrast MRI with fat saturation shows enlargement of bilateral 
lacrimal glands (arrows) and bilateral periorbital soft tissue infiltra-
tion (white arrows). (d) Coronal T1 post-contrast MRI with fat satura-
tion shows enlargement of bilateral lacrimal glands (arrows) and 
disease in the superior orbits (thin arrows)
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 Rhabdomyosarcoma

Figure 4.7 shows cases of orbital rhabdomyosarcoma.

 Background

• RMS is a tumor of striated muscle or mesenchymal 
cell precursors [19, 20].

• Most common childhood malignancy of the orbit, 
accounting for 10% of all cases of RMS [21, 22].

• Two most commonly encountered subtypes: embryonal 
and alveolar.

• Orbital RMS occurs less frequently in the adult popula-
tion [23].

• RMS may arise from adjacent structures, including 
the sinonasal cavity, and spread to the orbit [24].

a b

c d

Fig. 4.7 (a, b) A 6-year-old male with left orbital embryonal rhabdo-
myosarcoma. (a) Axial T2 MRI with fat saturation shows a homoge-
neously hyperintense mass in the inferior left orbit (arrow). (b) 
Sagittal T1 post-contrast MRI with fat saturation shows homogeneous 
enhancement of the well-circumscribed left inferior orbital mass 
(arrow). (c, d) A 13-year-old female with left orbital swelling due to an 

embryonal rhabdomyosarcoma. (c) Axial T2 MRI with fat saturation 
shows a heterogeneously isointense mass in the superior left orbit 
(arrow). (d) Axial T1 post-contrast MRI with fat saturation shows het-
erogeneous enhancement of the left superior orbital rhabdomyosar-
coma. Note small rings of enhancement within the mass (arrow)
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 Presentation

• In the pediatric population, RMS presents with visible 
signs such as an orbital mass, periorbital soft tissue 
swelling, proptosis, or blurry vision.

• In the adult population, secondary signs such as sinus 
congestion and infection are more common than an 
orbital or sinonasal mass [25].

 Imaging

• Usually appears as a soft-tissue mass.
• Imaging features similar to other soft tissue sarcomas 

[23].
• Calcification, hemorrhage, and necrosis are uncom-

mon [24].
• Eyelid thickening and bone thinning or destruction in 

up to 40% of cases.
• RMS may extend into adjacent paranasal sinuses or 

intracranially.
• Predictors of poor outcome: tumor invasiveness, 

regional lymph node involvement, metastasis, and older 
age at diagnosis [25].

 CT

• Orbital RMS appears as a well-circumscribed mass that 
is isodense to muscle with moderate to marked 
enhancement [26].

 MRI

• T1 isointense and T2 hyperintense to muscle.
• Moderate to marked and homogeneous to heteroge-

neous enhancement [26].
• Thin rings of enhancement have been described [24].

 Key Points

• Try to determine the primary location of the tumor, 
e.g., in the orbit or sinuses.

• Assess for regional lymph node involvement.

 Schwannoma

Figures 4.8 and 4.9 show cases of orbital schwannomas.

 Background

• Benign nerve sheath tumors comprised of spindle cells 
arranged as compact (Antoni type A) or loose (Antoni 
type B) tissues [27].

• The more commonly involved nerves about the orbit are 
the trigeminal (CN V) and facial (CN VII) nerves.

• Soft tissue sarcomas that originate from the peripheral 
nerve sheath are termed malignant peripheral nerve 
sheath tumors (MPNSTs) [28].

 Presentation

• Denervation-induced muscle atrophy or a sensory def-
icit can aid in identifying the cranial nerve of origin or 
occurs if an adjacent cranial nerve is affected from long- 
standing mass effect [29].

• Clinical symptoms that suggest transformation to an 
MPNST: non-specific symptoms including new pain, 
increased growth, and new neurologic deficits [30].

 Imaging

• Slow growth of a schwannoma is characterized by 
smooth expansion of an affected neural foramen, bone 
remodeling, and/or mass effect on adjacent soft tissues 
[29, 31].

 CT

• Cranial nerve schwannomas demonstrate variable 
enhancement [31, 32].

J. M. Debnam et al.
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Fig. 4.8 A 65-year-old male with left exophthalmos due to an orbital 
schwannoma. (a) Axial CT with contrast, bone window shows subtle 
remodeling of the left orbital floor (arrow) adjacent to a mass (thin 
arrow). (b) Axial T2 MRI with fat saturation shows a heterogeneously 

hyperintense, well-circumscribed schwannoma in the inferolateral 
left orbit (arrow). (c, d) Axial and sagittal T1 post-contrast MRI with fat 
saturation show heterogeneous enhancement of the schwannoma 
(arrows)
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Fig. 4.9 A 34-year-old female with an incidentally discovered left 
orbital schwannoma. (a) Axial T1 non-contrast MRI without fat satura-
tion shows a well-circumscribed homogeneous appearance of the 
left orbital schwannoma (arrows). (b) Coronal T2 MRI with fat satu-
ration shows a hyperintense appearance of the schwannoma (arrow) 

with superotemporal displacement of the optic nerve (thin arrow). 
(c, d) Axial and sagittal T1 post-contrast MRI with fat saturation show 
homogeneous enhancement of the schwannoma (arrow) that is nar-
rowed as it passes through the superior orbital fissure (thin arrow)
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 MRI

• Appearance depends on the components of Antoni 
type A and B tissues [27].

• T1 hypo- to isointense with avid enhancement.
• T2 heterogeneously hyperintense due to compactly 

arranged cells (Antoni type A pattern-hypointense) 
intermixed with areas of loosely arranged cells (Antoni 
type B pattern-hyperintense) with variable water con-
tent and cellularity [27, 33]  thus can be hypo- to isoin-
tense [34].

• Larger lesions may demonstrate heterogeneous 
enhancement, internal cysts, and hypointense foci of 
hemosiderin related to internal hemorrhage [29].

• MRI findings of MPNSTs: larger size, heterogeneous 
signal and enhancement, internal necrosis without 
enhancement, irregular margins, and local invasion [34].

• Restricted diffusion associated with MPNSTs has been 
described [34]; however, further work on this topic is 
needed [28].

 PET

• In addition to intense18F-FDG avidity, both schwanno-
mas and MPNSTs may have a large size and demonstrate 
a heterogeneous appearance [34].

 Key Points

• Attempt to determine which nerve is involved.
• Describe orbital foraminal involvement e.g., superior 

orbital fissure, foramen rotundum.

 Solitary Fibrous Tumor

Figures 4.10, 4.11, and 4.12 show cases of orbital solitary 
fibrous tumors.

 Background

• A solitary fibrous tumor (SFT) , formerly named heman-
giopericytoma [35], is a spindle-cell neoplasm that origi-
nates from mesenchymal tissue and most frequently 
occurs in the pleura [36].

• Increasing incidence has been noted in extra-pleural sites, 
including the head and neck, chest, abdomen, pelvis, and 
meninges [37, 38].

• SFTs may occur in the postseptal orbit, lacrimal gland 
and sac, and lower eyelid [36, 37].

 Presentation

• Wide age range: from 9 to 76 years; no gender predilec-
tion [39, 40].

• Symptoms: slowly progressive exophthalmos or palpable 
mass [41].

 Imaging

• SFTs present as well-defined, ovoid masses.
• More common in the superolateral or superomedial 

orbit followed by the inferomedial orbit [42].

 CT

• SFTs are isodense to slightly hyperdense on non- 
contrast CT [42, 43].

• Rapid enhancement following contrast administration 
[42].

 MRI

• Generally T1 homogeneously isointense [43].
• T1 hypointense components are related to cystic or 

myxoid degeneration [44].
• T2 isointense to hypointense related to fibrous tissue 

with a large collagen content.
• Areas of fresh fibrosis, internal hemorrhage, and cys-

tic degeneration may be T2 hyperintense [42].
• Signal flow voids from vessels may be noted [43].
• Areas of T2 hyperintensity with strong enhancement 

have been described as suggestive of an SFT [45].
• Rapid enhancement with a washout pattern of con-

trast may aid in diagnosis [42].
• Slight restricted diffusion has been reported [41].

 Key Points

• T2 hypointense with rapid uptake of contrast.
• Signal flow voids from vessels may be present.
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Fig. 4.10 A 39-year-old male with left proptosis due to a solitary 
fibrous tumor. (a) Axial CT with contrast, bone window shows a mass 
in the left posterior orbit with widening of the superior orbital fis-
sure (arrow). (b) Axial T2 MRI with fat saturation shows a heteroge-

neous, predominately hypointense mass in the left orbital apex 
(arrow). (c, d) Axial and coronal T1 post-contrast MRI with fat satura-
tion shows small hypointense vascular flow voids (arrows) coursing 
through the homogeneously enhancing mass

J. M. Debnam et al.
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a bFig. 4.11 A 65-year-old male 
with right proptosis and 
orbital pain related to a 
solitary fibrous tumor. (a) 
Axial T2 MRI with fat 
saturation shows a right 
orbital heterogeneous 
intraconal mass with 
hypo- to isointense signal 
and multiple vascular flow 
voids (arrows) and proptosis 
of the globe. (b) Axial T1 
post-contrast MRI with fat 
saturation shows 
heterogeneous enhancement 
of the tumor with multiple 
vascular flow voids (arrows)

a b

c d

Fig. 4.12 An 8-year-old male with right lower eyelid swelling after 
trauma and an incidental solitary fibrous tumor. (a, b) Axial T2 MRI 
with fat saturation shows a well-circumscribed intraconal mass with 
iso- to hyperintense signal (arrows). (c, d) Corresponding Axial T1 

post-contrast MRI with fat saturation shows more solid enhancement 
in the regions of the tumor that are hyperintense on the T2-weighted 
series (arrows)
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 Liposarcoma

Figure 4.13 shows a case of an orbital liposarcoma.

 Background

• Tumor with differentiation of malignant lipoblasts [46, 
47].

• Five histologic subtypes: well-differentiated, dedifferen-
tiated, myxoid, pleomorphic, and mixed [46–48].

• The majority occur in the deep soft tissues of the retro-
peritoneum and extremities with a small percentage 
occurring in the head and neck [49].

c

a

d

b

Fig. 4.13 A 44-year-old male with a right orbital liposarcoma. (a) 
Axial T1 non-contrast MRI without fat saturation shows a hyperin-
tense mass in the superonasal right orbit (arrows). (b, c) Axial and 
coronal T1 post-contrast MRI with fat saturation shows enhancement 

of the solid component of the liposarcoma (arrows) and suppression 
of fat signal in the fatty component (thin arrow). (d) Axial 18F-FDG 
PET/CT shows FDG avidity of the solid component of the liposar-
coma (arrow)

J. M. Debnam et al.
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 Presentation

• More common in males in the fourth through sixth 
decades.

• Painless soft tissue mass [46, 47].

 Imaging

• Liposarcomas contain fat similar to lipomas, with vari-
able amounts of associated soft tissue.

 CT

• Hypodense component similar to a lipoma with vari-
able soft tissue densities.

• Intratumoral calcification and internal bleeding lead 
to a hyperdense appearance [46, 50].

 MRI

• Well-differentiated liposarcoma appears similar to a 
benign lipoma with T1 hyperintense and T2 iso- to 
hypointense signal and minimal to no contrast 
enhancement.

• Less well-differentiated subtypes (pleomorphic, myx-
oid) show T1 hypointense tissue with septa and scat-
tered islands of fatty T1 hyperintense tissue.

• In these cases, the solid components of the mass are T2 
iso- to hyperintense with an iso- to hypointense appear-
ance of the fatty tissue.

• Stromal enhancement is present in less well- 
differentiated subtypes [51].

 PET

• Well-differentiated liposarcomas show low 18F-FDG 
avidity reflective of a low malignant potential while less 
well-differentiated subtypes show marked 18F-FDG 
uptake [49].

 Key Points

• Search for soft tissue associated with the fat 
component.

 Orbital Metastases

Figures 4.14, 4.15, 4.16, 4.17, 4.18, and 4.19 show cases of 
orbital metastases.

 Background

• Tumors that metastasize to the obit represent between 2.5 
and 10% of all orbital mass lesions [52].

• Approximately 35% of patients with an orbital metastasis 
do not have a history of a primary tumor at the time of 
diagnosis [53].

• The most common primary tumor sites are the breast, 
lung, prostate, and malignant melanoma arising from 
the skin [54, 55].

• In children, orbital metastases arise from metastatic 
neuroblastoma, Wilms’ tumor, and Ewing’s sarcoma 
[56].

 Presentation

• Symptoms: proptosis, diplopia, decreased vision, eyelid 
swelling, conjunctival swelling (chemosis), and redness 
[57].

 Imaging

• Metastases can be intraconal or extraconal [58, 59] or 
involve the extraocular muscles (EOMs) with enlarge-
ment of the involved muscle [60].

• Variety of appearances from nodular to diffusely 
infiltrative.

• Single or multiple; usually unilateral but can be bilat-
eral [57].

• Extension into the intracranial compartment or para-
nasal sinuses may also occur.

 CT

• Isodense on non-contrast CT and demonstrates 
enhancement.
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a bFig. 4.14 A 49-year-old 
female with carcinoma of the 
anal canal who presented with 
left periorbital erythema and 
ophthalmoplegia (weakness 
of the EOMs). (a, b) Axial 
and coronal CT with contrast, 
soft tissue window shows a 
solid metastasis in the 
posterior superior left orbit 
(arrows) with soft tissue 
standing in the anterior left 
orbital and periorbital soft 
tissues from unrelated 
cellulitis (thin arrow)

a b c

d e f

Fig. 4.15 A 61-year-old male with melanoma who presented with 
right proptosis and diplopia. (a) Axial T1 non-contrast MRI without fat 
saturation shows an isointense appearance of the right orbital mass 
(arrow). (b) Axial T2 MRI with fat saturation shows an isointense right 
orbital metastasis (arrow). (c) Axial T1 post-contrast MRI with fat 
saturation demonstrates heterogeneous enhancement of the orbital 

melanoma (arrow). (d) DWI shows hyperintense signal in the right 
orbital melanoma (arrow). (e) Apparent diffusion coefficient map 
shows corresponding hypointense signal in the mass consistent with 
restricted diffusion (arrow). (f) Axial T1 post-contrast MRI without fat 
saturation shows a small right cerebellar metastasis (arrow)
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a b c

d e f

Fig. 4.16 A 74-year-old male with melanoma and left proptosis. (a) 
Axial T1 non-contrast MRI without fat saturation shows an isointense 
intraconal metastasis in the left orbit (arrow). (b) Axial T2 MRI with 
fat saturation shows predominately hyperintense signal in the metas-
tasis (arrow). (c, d) Axial and coronal T1 post-contrast MRI with fat 

saturation show peripheral enhancement (arrows). (e) DWI shows 
hyperintense signal in the lesion (arrow). (f) Apparent diffusion coef-
ficient map shows corresponding hypointense signal in the metastasis 
in keeping with restricted diffusion (arrow)

a b c

Fig. 4.17 A 42-year-old male with recurrent glomus tumor, left orbital 
pain, and vision loss. (a) Axial T1 post-contrast MRI with fat saturation 
demonstrates an intraconal and extraconal left orbital mass with 
extension to the orbital apex and into the ethmoid air cells (arrow). 
Note metastases involving the sphenoid bones bilaterally (thin 

arrows). (b) Coronal T1 post-contrast MRI with fat saturation shows the 
intraconal and extraconal left orbital mass and a right frontal cal-
varial metastasis (arrows). Note inferolateral displacement of the 
optic nerve (thin arrow). (c) Axial CT without contrast, lung window 
shows numerous pulmonary metastases
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a b c

Fig. 4.18 A 63-year-old male with renal cell carcinoma who presented 
with right proptosis due to an orbital metastasis. (a) Axial T1 non- 
contrast MRI without fat saturation shows an isointense metastasis in 
the right lateral rectus muscle (arrow). (b) Axial T2 MRI with fat 

saturation shows a heterogeneous hypo- to isointense appearance of 
the metastasis (arrow). (c) Axial T1 post-contrast MR with fat satura-
tion shows homogeneous enhancement of the metastasis (arrow)

a bFig. 4.19 A 23-year-old 
female with breast cancer 
who presented with orbital 
pain and diplopia. (a, b) Axial 
and coronal T1 post-contrast 
MRI with fat saturation show 
metastases to bilateral 
medial rectus muscles 
(arrows) with intraconal 
disease in the right orbit 
surrounding the optic nerve 
(thin arrows)

 MRI

• The appearance depends on the tumor type, but metas-
tases tend to be T1 hypointense, T2 hyperintense with 
variable enhancement.

• T1 hyperintense lesions are from vascular metastasis 
such as renal or thyroid carcinoma, or melanoma 
[61].

 PET

• 18F-FDG uptake depends on the FDG avidity of the 
primary tumor [62].

 Key Points

• List the number of orbital lesions.
• Describe the orbital structures that are involved, e.g., 

EOM, bone.
• Search for other sites of involvement, e.g., brain metasta-

ses, neck nodes.
• Attempt to determine if the lesion is a metastasis ver-

sus a separate primary tumor.

 Graves’ Eye Disease

Figures 4.20 and 4.21 show cases of thyroid eye disease.
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a b

c d

Fig. 4.20 (a, b) A 66-year-old female with a history of hyperthyroid-
ism who presented with right eye exophthalmos and intermittent diplo-
pia due to Graves’ eye disease. (a) Coronal T1 post-contrast MRI with 
fat saturation shows enlargement with enhancement of the right supe-
rior, medial, and inferior rectus muscles (arrows). (b) Axial T1 post- 
contrast MRI with fat saturation shows enlargement of the right 
medial rectus muscle that spares the tendinous insertions (arrows). 

(c, d) A 43-year-old female with hyperthyroidism and Graves’ eye dis-
ease. (c) Coronal T1 post-contrast MRI with fat saturation shows 
enlargement of the left superior rectus-levator muscle complex 
(arrow). (d) Coronal T2 MRI with fat saturation shows enlargement 
and signal hyperintensity in the left superior rectus-levator muscle 
complex related to edema (arrow)
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a bFig. 4.21 A 30-year-old 
female with a history of 
hyperthyroidism and Graves’ 
eye disease. (a, b) Axial and 
coronal T1 post-contrast MRI 
with fat saturation shows 
enlargement of the EOMs 
with crowding at the orbital 
apex and compression upon 
the optic nerves (arrows)

 Background

• Graves’ disease is an autoimmune disorder.
• Graves’ disease is generally attributed to genetic (79%) 

or environmental factors (21%) [63].
• Circulating anti-thyroid-stimulating hormone receptor 

autoantibodies bind to thyroid-stimulating hormone 
receptors, stimulating the thyroid follicular cells to 
release T3 and T4.

• Increased T3 and T4 cause thyrotoxicosis with autore-
active lymphocyte deposition in the thyroid gland [64].

• Graves’ eye disease (GED): an inflammatory condition 
affecting the orbital soft tissues.
 – Approximately 25% of patients with Graves’ disease 

have GED [65, 66].

 Presentation

• More common in women.
• Usually presents between 30 and 60 years of age [67].
• Symptoms of hyperthyroidism: fatigue, weight loss, 

palpitations, anxiety, sleep disturbance, heat intolerance, 
and polydipsia [68, 69].

• Upper eyelid retraction occurs in greater than 80% of 
patients with GED.
 – Eyelid retraction may be recognized by others [70].

 Imaging

• Proptosis results from expansion of retro-orbital fat 
and/or EOMs.

• Compressive optic neuropathy (CON): serious but rela-
tively infrequent complication.

 – Occurs in approximately 6% of patients [71].
 – May arise from hypertrophied EOMs compressing 

on the optic nerve at the orbital apex.
• Bilateral orbital involvement in approximately 90% of 

patients even if clinical manifestations appear unilateral 
or asymmetric [72].

• Enlarged EOMs with sparing of the tendinous inser-
tions [72].

• Signs of CON: EOM crowding at the orbital apex and/or 
fat plane effacement around the optic nerve by enlarged 
EOMs [73–77] and optic nerve narrowing [78].

 CT

• Hypodensity of the EOMs from lymphocyte accumula-
tion and mucopolysaccharide deposition [72].

• Increased orbital fat may lead to stretching of the 
optic nerve, eyelid edema, lacrimal gland prolapse, 
and bony orbit remodeling [79].

 MRI

• Fatty infiltration of the EOMs appears T1 
hyperintense.

• T2 hyperintensity of EOMs related to edema.
• Enlargement and enhancement of the EOMs [80, 81].

 Key Points

• Search for the presence or absence of EOM tendon 
involvement.
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• Describe involved muscles (lateral rectus is rarely 
involved in isolation for GED).

• Search for signs of optic nerve compression at the 
orbital apex by enlarged extraocular muscles.

 Idiopathic Orbital Inflammation

Figures 4.22 and 4.23 show cases of idiopathic orbital 
inflammation.

a b

c d

Fig. 4.22 A 35-year-old male with proptosis and periorbital edema 
due to idiopathic orbital inflammation. (a) Axial T2 MRI with fat satu-
ration shows isointense intraconal disease in the right orbit and an 
isointense mass involving the left medial rectus muscle (arrows).  
(b) Axial T1 post-contrast MRI with fat saturation shows enhancing 
disease in the left medial rectus muscle (arrow) with involvement of 

the tendinous insertion (thin arrow). Note enhancing disease in the 
right intraconal space. (c) Coronal T1 post-contrast MRI with fat satu-
ration show enhancing disease in the right intraconal space (arrow) 
with abutment of the optic nerve (thin arrow). The left medial rectus 
muscle is also enlarged. (d) Axial T1 post-contrast MRI with fat satu-
ration shows decreasing disease following treatment
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a b

c d

Fig. 4.23 (a, b) An 18-year-old male presented with gradual vision 
loss in the right eye due to idiopathic orbital inflammation (IOI) . (a) 
Axial T1 post-contrast MRI with fat saturation shows disease in the 
right intraconal and extraconal spaces with involvement of the lat-
eral rectus muscle (arrows) and right masticator space (thin arrow). 
(b) Coronal T1 post-contrast MRI with fat saturation shows disease in 
the right intraconal and extraconal spaces, involving the extraocu-
lar muscles, right maxillary sinus (arrows), and the right masticator 

space (arrows). (c, d) A 63-year-old male with recurrent IOI. (c) Axial 
T1 post-contrast MRI with fat saturation shows disease in the right 
lateral rectus muscle and intraconal space with posterior extension 
to the cavernous sinus (arrows). (d) Coronal T1 post-contrast MRI 
with fat saturation shows disease in the right lateral rectus muscle 
and intraconal space (arrows) that surrounds and elevates the optic 
nerve (thin arrow)
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 Background

• Idiopathic orbital inflammation (IOI) was previously 
referred to as orbital pseudotumor.

• Inflammatory conditions characterized by polymorphous 
lymphocyte infiltration and fibrosis of varying degrees 
[82, 83].

• Third most common disease affecting the orbit after 
GED and lymphoproliferative disorders [84].

• Tolosa–Hunt syndrome: a rare subtype of IOI with 
involvement confined to the orbital apex and/or cavernous 
sinus, resulting in acute orbital pain and paralysis of 
cranial nerves III, IV, and VI [85].

 Presentation

• Symptoms: headache, periorbital pain, and inflammatory 
signs including soft tissue swelling and erythema.

• Compression upon the orbital apex and cavernous 
sinus involvement may lead to decreased visual acuity 
and cranial nerve palsies [86].

 Imaging

• Nonspecific inflammatory soft tissue is present in the 
orbit with infiltration of the orbital fat.

• When the EOMs are involved, IOI may include the ten-
dinous portion of the muscles.

• Other sites of involvement include the lacrimal gland, 
optic nerve including the junction with the globe, and 
adjacent periorbital soft tissues.

• Retro-orbital involvement may occur from extension 
through the superior and inferior orbital fissures and the 
optic canal with involvement of the cavernous sinus [82].

 CT

• Enhancement with contrast [85].

 MRI

• IOI is T1 isointense and T2 iso- to hypointense which 
may be due to fibrosis.

• Variable contrast enhancement [86, 87].
• Restricted diffusion has been described [88].

 Key Points

• Search for the presence or absence of EOM tendon 
involvement.

• Determine which muscles are involved (lateral rectus is 
rarely involved in isolation for GED).

• Search for involvement of the orbital apex and/or cav-
ernous sinus.

 Immunoglobulin G4-Related Disease

Figures 4.24 and 4.25 show cases of IgG4-related disease.

 Background

• Immunoglobulin G4-related disease (IgG4-RD) is a 
systemic disease of unknown etiology.

• Characterized by inflammation, fibrosis, and tissue 
infiltration with plasma cells that express IgG4.

• Various organs may be involved, including the pan-
creas, bile duct, liver, retroperitoneal soft tissues, lung, 
thyroid, salivary glands, and lymph nodes either alone or 
systematically [89, 90].

• After the pancreas, the head and neck region is the 
second most affected site [91].

 Presentation

• Symptoms of IgG4-RD include hypophysitis, thyroid-
itis, pancreatitis, cholecystitis, retroperitoneal fibrosis, 
and lymphadenopathy [91–95].

• Occurs predominantly in older men.
• Frequently associated with elevated serum IgG4 levels 

[92, 96].
• Can involve the orbit including the EOMs and optic 

nerve.
• Other sites of disease in the head and neck: pituitary 

gland, cavernous sinus, paranasal sinuses, and cervical 
nodes [91].

• Lacrimal involvement (dacryoadenitis) may occur in 
isolation or with salivary gland involvement (sialadenitis) 
as part of Mikulicz’s disease (painless bilateral enlarge-
ment of the lacrimal, parotid, and submandibular glands) 
[94].
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a b

c d

Fig. 4.24 A 43-year-old male with right lacrimal swelling due to 
IgG4-RD. (a) Axial T1 post-contrast MRI with fat saturation shows 
infiltrative disease involving the right inferior rectus muscle with 
posterior spread of disease to the right cavernous sinus (arrows). (b) 
Axial T1 post-contrast MRI with fat saturation shows disease in the 
right premaxillary soft tissues, pterygopalatine fossa, right masti-
cator space, and foramen ovale (arrows). (c) Coronal T1 post-contrast 

MRI with fat saturation shows disease surrounding the right optic 
nerve and involving the right infraorbital nerve (V2) (arrows) and 
the superior rectus-levator muscle complex. (d) Coronal T1 post-
contrast MRI with fat saturation shows disease involving the right 
mandibular nerve (V3) (arrows) as it extends through the foramen 
ovale (thin arrow)
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a b

c d

Fig. 4.25 A 60-year-old male with right lacrimal swelling due to 
IgG4-RD. (a) Axial T1 post-contrast MRI with fat saturation shows dis-
ease in the inferior right orbit (arrow) and the right pterygopalatine 
fossa (thin arrow). (b) Coronal T1 post-contrast MRI with fat saturation 
shows disease in the inferior right orbit with involvement of the 

right infraorbital nerve (V2) (arrow) and right face (thin arrow). (c) 
Axial 18F-FDG PET/CT shows FDG avidity in the right infraorbital 
nerve (V2) (arrow). (d) Coronal 18F-FDG PET/CT shows FDG-avid 
disease along the right side of the thoracic vertebral bodies (arrows)
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 Imaging

• The most common sites are the lacrimal gland and 
EOMs, which are affected in most patients with this diag-
nosis [96].

• The lacrimal glands are enlarged, which may be uni-
lateral or bilateral.

• Other possible findings about the orbits include enlarge-
ment of the EOMs, infiltration of the orbital fat, cranial nerve 
involvement especially the infraorbital nerve (V2), and soft 
tissue in the cavernous sinuses and Meckel’s caves [96].

• Associated paranasal sinus inflammatory mucosal 
thickening has been reported [96].

 CT

• Homogeneous soft tissue with contrast enhancement.

 MRI

• T1 hypointensity, T2 hypo- to hyperintensity with 
homogeneous enhancement [92, 95].

 PET

• IgG4-RD cases are 18F-FDG-avid and PET/CT is useful 
to detect multi-organ involvement, guide biopsies, and 
assess treatment response [92, 97].

 Key Points

• Search for involvement of the salivary glands, e.g., 
parotid, submandibular glands.

• Search for involvement of cranial nerves, e.g., infraor-
bital nerve, cavernous sinus, and Meckel’s cave.

• Search for other sites of disease involvement through-
out the body.

 Sarcoidosis

Figures 4.26 and 4.27 show cases of sarcoidosis in the orbit.

 Background

• Chronic systemic multiorgan disorder characterized by a 
non-caseating granulomatous reaction.

• Unknown etiology.
• Can affect nearly every organ in the body, with orbital 

involvement reported in 25–83% of the patients [98, 
99].

• The lungs, skin, orbits, and lymph nodes are most com-
monly affected; however, the liver, kidneys, heart, and 
brain may also be involved [98, 99].

• Biopsy is often required and demonstrates the non- 
caseating granulomas [4].

a b c

Fig. 4.26 A 60-year-old female being treated for sarcoidosis presented 
with fullness in the right upper eyelid. (a, b) Axial and coronal CT with 
contrast, soft tissue window shows disease in the superonasal right 

orbit (arrows). (c) Coronal CT with contrast, soft tissue window shows 
anterior extension of disease superior and medial to the right globe 
(arrow) with inferolateral displacement of the globe
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a b c

Fig. 4.27 A 57-year-old male presented with right eye swelling and 
diplopia due to sarcoidosis. (a) Axial T2 MRI with fat saturation shows 
hypointense disease in the pre- and postseptal superonasal right 

orbit (arrow). (b) Axial T1 post-contrast MRI with fat saturation shows 
heterogeneous enhancement of the disease (arrow). (c) Plain chest 
radiograph shows bilateral hilar adenopathy (arrows)

 Presentation

• Primarily develops in patients aged 25–45  years old, 
although children and older individuals may also be 
affected [100].

• Ocular involvement in 20% of patients [101].
• African Americans have a higher incidence of ocular 

involvement compared to Whites [102].
• Manifestations include anterior uveitis followed by pos-

terior uveitis which can severely impact visual acuity 
[103].

• The cranial nerves, leptomeninges, brain parenchyma, 
and hypothalamic-pituitary axis may also be involved. 
Diabetes insipidus may result [100].

• The parotid gland is involved in 5% of cases [101].
• Other findings include enlarged hilar lymph nodes, pul-

monary infiltrates, and skin disease.
• High serum angiotensin-converting enzyme level is 

present but not specific [104].

 Imaging

• Can involve the orbital fat, EOMs, optic nerve sheath, 
and lacrimal gland [105].

• Displacement of the globe including proptosis may be 
present [106].

 CT

• Homogeneous enhancement [105].

 MRI

• EOM involvement is characterized by abnormal thick-
ening and enhancement of the muscles and tendinous 
insertions.

• Infiltrative and enhancing soft tissue can be seen in the 
retrobulbar fat [107].

• The optic nerves may show thickened enhancing nod-
ules with T2 signal hyperintensity of the nerve.

• Diffusely enlarged and enhancing lacrimal glands 
[108].

 Nuclear Medicine

• PET/CT and Gallium scans aid in diagnosis when 
orbital, parotid and bilateral hilar uptake is detected [107].

 Key Points

• Search for other sites of involvement throughout the body 
(e.g., regional lymph nodes).

 Granulomatosis with Polyangiitis

Figures 4.28 shows a case of granulomatosis with 
polyangiitis.
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a b c

Fig. 4.28 A 37-year-old male with granulomatosis with polyangiitis 
who presented with left orbital pain. (a) Axial CT with contrast, soft 
tissue window shows a heterogeneously enhancing soft tissue in the 
left orbit with compression upon a proptotic globe and destruction 
of the sphenoid bone (arrows). Disease extends posteriorly to involve 
bilateral cavernous sinuses, Meckel’s caves, and the tentorium (thin 

arrows). (b) Coronal CT with contrast, soft tissue window shows the 
intraconal and extraconal inflammatory soft tissue in the left orbit 
(arrow). Note changes in the sinonasal cavity, including perforation 
of the nasal septum (thin arrow) and destruction of the medial walls 
of the maxillary sinuses. (c) Axial CT with contrast, soft tissue win-
dow shows disease in the pterygopalatine fossae (arrows)

 Background

• Granulomatosis with polyangiitis is an idiopathic 
autoimmune disease leading to necrotizing granulo-
matous vasculitis [109].

• Previously named Wegener’s granulomatosis.
• Antibodies to neutrophil cytoplasmic antigens (ANCA) 

are present in approximately 80–90% of patients [110].
• Tissue necrosis with vasculitis of small to medium 

vessels.
• Characteristically presents with disease in the nasal cav-

ity, lungs, and kidney [111].

 Presentation

• The average age at presentation is 40–55 years, with no 
gender differences [111].

• The main presenting symptoms are usually related to 
the upper respiratory tract and renal and nasal cavity 
disease [112].

• Other symptoms: diplopia, epistaxis, septal perforation, 
chronic sinusitis, chest pain, and hemoptysis.

• Small vessel vasculitis causes symptoms such as con-
junctivitis, scleritis, uveitis, retinitis, and optic 
neuritis.

• The orbits are involved in up to 58% of patients; ocu-
lar manifestations are non-specific [110, 112].

• Granulomatous disease can lead to an orbital inflamma-
tory mass often with proptosis and optic nerve 
compression.

• Severe orbital disease can cause optic nerve compres-
sion and blindness [113].

• A granulomatous pseudotumor involving the cranial 
nerves of the cavernous sinus may present as Tolosa–
Hunt syndrome with painful ophthalmoplegia (weak-
ness and paralysis of EOMs) [114].

 Imaging

• Commonly presents as an inflammatory infiltrate that 
molds around the orbital contour and may involve the 
adjacent paranasal sinuses [115].

• Growth of the inflammatory infiltrate leads to the forma-
tion of an orbital mass [116].

• When the sinonasal cavity is involved, imaging findings 
include mucosal thickening, bone erosion, and destruc-
tion [117].
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 CT

• CT demonstrates cartilage and bone destruction with 
nasal septum perforation, diffuse swelling of EOMs, 
and orbital inflammatory pseudotumor.

• Slightly hyperdense to nasal mucosa on contrast- 
enhanced studies [112].

 MRI

• In the early stages of disease, mucosal inflammation and 
granulation tissue may have a similar appearance.

• In later stages, the disease appears slightly T1 hypoin-
tense, T2 hyperintense with homogeneous 
enhancement.

• Contour may be indistinct [109].

 Key Points

• Search for the presence of scleritis or optic neuritis.
• Search for the involvement of the nasal cavity/paranasal 

sinuses and bone destruction.

 Waldenstrom Macroglobulinemia

Figure 4.29 shows a case of Waldenstrom 
macroglobulinemia.

 Background

• Waldenstrom macroglobulinemia is a type of non- 
Hodgkin lymphoma also named “lymphoplasmacytic 
lymphoma” [118, 119].

• Mature B-cell neoplasm with small lymphocytes show-
ing “plasmacytoid–plasma cell differentiation in the 
absence of features of other lymphoproliferative disor-
ders” [119, 120].

• Waldenstrom macroglobulinemia is diagnosed with 
bone marrow involvement of IgM-producing lympho-
plasmacytic lymphoma.

• Multisystem disease process that can affect any organ 
with a variety of manifestations [118, 119].

 Presentation

• Median age at diagnosis is 70 years old.
• Higher occurrence rate in men and Whites [121, 122].
• Bing–Neel syndrome (BNS) represents CNS involve-

ment of Waldenstrom macroglobulinemia with neoplastic 
cells [123–125].

 Imaging

• CNS disease: brain parenchyma, dura, leptomeninges, 
cranial nerves (mainly the optic nerve), and spinal cord 
[123–125].

• Two categories of CNS involvement: diffuse form and 
tumoral form.
 – May be unifocal or multifocal [126].

• Retro-orbital collections of lymphoplasmacytoid cells 
can cause reduced motility and proptosis [127].

• Lacrimal gland, conjunctival, and vitreous involve-
ment have also been reported [128].

 MRI

• Lesions in the diffuse form are reported to be T1 hypoin-
tense and T2 hyperintense.

• In the brain parenchyma, “ring-shaped or nodular 
enhancement, with or without surrounding edema” 
has been reported [124].

• Thickened enhancement of the cranial nerves, menin-
ges, and spinal nerve roots [124].

PET/CT

• Bing–Neel syndrome has been reported to be 18F-FDG 
avid [129].
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a b

c d

Fig. 4.29 A 59-year-old male presented with intermittent blurry vision 
and was later diagnosed with Waldenstrom macroglobulinemia. (a) 
Axial T2 MRI with fat saturation shows isointense lesions in the supe-
rior orbits (arrows). (b, c) Axial and coronal T1 post-contrast MRI 

with fat saturation shows homogeneous enhancement of lesions in 
bilateral superotemporal orbits (arrows). (d) Coronal CT with con-
trast, soft tissue window shows extensive bilateral cervical adenopa-
thy (arrows)
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 Amyloidosis

Figures 4.30 and 4.31 show cases of amyloidosis.

 Background

• Amyloidosis is a disease of unknown etiology character-
ized by the deposition of a proteinaceous amyloid pro-
tein in tissues and organs.

• Amyloid may be localized or systemic and can accumu-
late in all the body’s tissues [130, 131].

• Often diagnosed by tissue biopsy.
• Samples undergo Congo red staining and are viewed 

with a polarized light where amyloid has an affinity for 
the Congo red and green birefringence [132].

 Presentation

• Typically affects middle-aged patients [133].
• Deposition of amyloid can occur in multiple ocular sites, 

including the orbit, orbital adnexa, EOMs, lacrimal 
gland, eyelid, and conjunctiva.

• Symptoms: eyelid swelling, discomfort, proptosis, hyper-
emia of the bulbar conjunctiva, subconjunctival hemor-
rhage, and lacrimal gland enlargement [132].

 Imaging

• CT may be more informative than MRI in differentiat-
ing periocular and orbital amyloidosis owing to the higher 
sensitivity of detecting calcifications and bony changes.

• With orbital involvement, the mass may mold to the 
globe but can cause displacement.

• EOM enlargement may also be present [134, 135].

 CT

• On CT, amyloid may appear as a homogeneous, slightly 
hyperdense soft tissue mass that may show 
calcifications.

• Erosion of the orbital wall has been reported [134, 135].

 MRI

• T2 hypointense with heterogeneous contrast enhance-
ment [130, 131].

 PET

• May be 18F-FDG-avid.

a b c

Fig. 4.30 A 55-year-old male was referred after biopsy of a left orbital 
mass demonstrating amyloidosis. (a) Axial T2 MRI with fat saturation 
shows hypointense disease in the medial left orbit and ethmoid air 
cells (arrows). (b) Axial T1 post-contrast MRI with fat saturation shows 

heterogeneous enhancement of the disease (arrows). (c) Axial 18F- 
FDG PET/CT shows FDG avidity of the disease in the medial left 
orbit
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a b c

Fig. 4.31 A 64-year-old female who presented with pain and perior-
bital amyloidosis. (a) Axial non-contrast MRI without fat saturation 
shows isointense disease in the pre- and postseptal orbits, including 
the right intraconal space (arrows). (b) Axial T2 MRI with fat satura-
tion shows a hypointense appearance of amyloidosis (arrows). (c) 

Axial T1 post-contrast MRI with fat saturation shows a small degree of 
enhancement of the disease (arrows) except in the right medial and 
left lateral rectus muscles that demonstrate enhancement (thin 
arrows)

 Erdheim–Chester Disease

Figure 4.32 shows a case of Erdheim–Chester disease.

 Background

• Non-Langerhans cell histiocytosis characterized by 
multi-organ disease involvement.

• Specific immunohistochemical profile: histiocytes stain 
positive for CD68, negative for CD1a, and positive or 
negative for S100 [136].

 Presentation

• Average age at diagnosis: 53 years; slight male predom-
inance [136, 137].

• Multiple systemic manifestations including the CNS 
and cardiovascular, pulmonary, and musculoskeletal 
systems.

• Predilection for appendicular skeleton [138].
• The hypothalamic-pituitary axis is the most common 

site in the CNS [139].
• Variable clinical course: some patients asymptomatic, and 

others succumb following rapid disease progression [140].

• Symptoms: exophthalmos, bone pain, diabetes insipidus, 
cerebellar or pyramidal symptoms, cardiac dysfunction, 
and renal impairment [141].

 Imaging

• Retro-bulbar masses may develop secondary to histio-
cyte infiltration [140, 141].

• Meningeal thickening may mimic meningiomas.
• Vertebral involvement [140].
• Bony medullary sclerosis [139].

 MRI

• Intraconal lesions are T1 and T2 hypointense and 
enhance [140, 141].

 Key Points

• Search for other sites of disease, including the brain and 
pituitary gland, heart, lungs, and bones.

J. M. Debnam et al.



153

a b c

Fig. 4.32 A 61-year-old male with Erdheim-Chester disease who pre-
sented with orbital pain and blurry vision. (a) Axial T2 MRI without fat 
saturation shows hypointense intraconal disease in bilateral orbits 
(arrows). (b) Axial T1 post-contrast MRI with fat saturation shows het-
erogeneous enhancement of the intraconal disease (arrows) with 

involvement of the left cavernous sinus (thin arrow). (c) Coronal T1 
post-contrast MRI with fat saturation shows enhancing bilateral intra-
conal and extraconal disease (arrows), and enhancing disease in the 
maxillary sinuses (thin arrows)

 Infection

Figure 4.33 shows cases of orbital infection.

 Background

• Orbital infections account for greater than half of all 
primary orbital abnormalities.

• Approximately two-thirds related to sinusitis and one- 
fourth result from intraorbital foreign bodies [142].

 Presentation

• Orbital abscess is a serious complication of orbital 
cellulitis.

• A subperiosteal abscess may develop from acute sinus-
itis involving the ethmoid air cells [143].

 Imaging

• Preseptal cellulitis characterized by swelling and strand-
ing of the periorbital soft tissues anterior to the orbital 
septum [144].

• Orbital cellulitis demonstrates stranding of the soft tis-
sues posterior to the orbital septum with clinical signs 

including proptosis, vision loss, and painful 
ophthalmoplegia.

• A subperiosteal abscess appears as a peripherally 
enhancing fluid collection with a lenticular shape 
along the orbital wall that can laterally displace the 
medial rectus muscle [142].

 CT

• An orbital abscess appears as a peripherally enhancing 
fluid collection in the orbit. Adjacent soft-tissue stand-
ing and EOM involvement [142].

 MRI

• An orbital abscess appears as a peripherally enhancing 
fluid collection with restricted diffusion centrally on 
DWI [142].

 Key Points

• Search for preseptal versus postseptal involvement.
• Describe the presence, size, and location of an abscess.
• Assess for signs of sinusitis.
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a b c

Fig. 4.33 (a, b) A 64-year-old female with COVID-19 infection, inva-
sive fungal sinusitis, and a right orbital abscess. (a) Axial CT with con-
trast, soft tissue window shows a peripherally enhancing abscess in 
the medial right orbit (arrow). (b) Coronal CT with contrast, soft tis-
sue window shows the abscess with lateral displacement of the 
medial rectus muscle (arrow) and infection in the adjacent ethmoid 

air cells (thin arrow). (c) An 81-year-old male with aplastic anemia and 
left maxillary fungal sinusitis. (c) Coronal CT without contrast, soft 
tissue window shows inflammatory disease in the left maxillary 
sinus (arrow) with invasion of the left orbit and enlargement of the 
medial and inferior rectus muscles (thin arrows)

 Venous Malformation

Figures 4.34 and 4.35 show cases of orbital venous 
malformations.

 Background

• Venous malformations (cavernous hemangiomas) rep-
resent the most common vascular lesion in adults.

• These lesions have a fibrous capsule surrounding 
endothelial- lined spaces and demonstrate slow progres-
sive enlargement over time 145].

• Do not involute [145].
• Slow flow vascular malformation [4].

 Presentation

• More common in women, often detected in the second 
to fourth decades [4].

• Usually solitary and most often arise in the intraconal 
space [145].

• Often an incidental finding during imaging for clinical 
symptoms such as headache, pain, proptosis, diplopia, 
palpable mass, and vision changes [146].

 Imaging

• Well-circumscribed, rounded intraconal lesions.
• Due to a slow-flow arterial supply, contrast does not fill 

the lesion entirely until the late venous phase.
• Bone remodeling and intralesional microcalcifications 

may occur [145].

 CT

• Hyperdense on non-contrast CT.
• May displace adjacent structures without invasion.
• Contrast does not completely fill the lesion until the 

late venous phase [4, 145].
• Phleboliths may be present [4].

 MRI

• T1 isointense and T2 hyperintense.
• In larger lesions, internal septa may be visualized.
• Contrast does not completely fill the lesion entirely 

until the late venous phase [145].
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a b

c d

Fig. 4.34 A 72-year-old male with treated retroperitoneal liposarcoma 
who underwent MRI for vertigo, which showed an incidental left orbital 
venous malformation. (a) Axial T2 MRI with fat saturation shows a 
hyperintense lesion in the left orbital apex (arrows). (b–d) Axial, 

coronal, and sagittal T1 post-contrast MRI with fat saturation shows 
gradual filling of the venous malformation with contrast on sequen-
tial series (arrows)
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a b c

Fig. 4.35 A 46-year-old male who underwent MRI for headaches 
which showed a left orbital venous malformation. (a) Axial T2 MRI 
with fat saturation shows a hyperintense lesion in the intraconal 

space of the left orbit (arrows). (b, c) Axial and sagittal T1 post- 
contrast MRI with fat saturation show gradual filling of the venous 
malformation with contrast on sequential series (arrows)

 Key Points

• Important to distinguish between venous, venolym-
phatic, and arteriovenous malformations, and varices. 
Different management strategies are appropriate, depend-
ing on the type of vascular lesion.

• Phleboliths can appear as signal voids and lead to the 
misdiagnosis of this low-flow lesion as a high-flow lesion.

• T2 hyperintense with delayed filling of contrast.

 Venolymphatic Malformation

Figure 4.36 shows a case of an orbital venolymphatic 
malformation.

 Background

• A venolymphatic malformation (VLM) is a slow-flow 
vascular malformation arising from the pluripotent 
venous anlage that develops into both venous and lym-
phatic structures.

• Consists of endothelial-lined lymph-filled vascular 
channels with variable luminal diameters [147].

 Presentation

• VLMs may be evident at birth but usually manifest in 
infancy or childhood [148].

• Females and males are affected with an equal frequency 
[149].

• A VLM within the orbit may enlarge over time leading 
to progressive proptosis, eye movement restriction, or 
globe displacement.

• May present abruptly from hemorrhage that may 
occur following minor trauma, or infection or develop 
spontaneously, leading to acute proptosis and occasion-
ally optic nerve compression [150].

 Imaging

• Fluid-fluid levels within multiple cysts arising from 
hemorrhage of various ages is almost pathognomonic 
of a VLM.

• Orbital VLMs are isolated from the normal orbital vascu-
lature and unaffected by postural changes, differentiat-
ing them from varices [149].

• Unencapsulated and therefore can be multicompart-
mental, often involving both the intraconal and extra-
conal spaces [149].

 CT

• VLMs are multicompartmental, not well-circumscribed. 
Lymphatic components demonstrate minimal 
enhancement. Venous component enhances. 

• Phleboliths can be present [151].
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a bFig. 4.36 A 19-year-old male 
with increasing proptosis 
related to a left orbital 
venolymphatic malformation. 
(a) Axial T2 MRI with fat 
saturation shows a lobulated 
mass in the superior left orbit 
with multiple cysts 
containing fluid-fluid levels 
(arrows). (b) Axial T1 
post-contrast MRI with fat 
saturation shows 
multicompartment 
involvement and cysts with 
fluid-fluid levels (arrows)

 MRI

• Fluid-fluid levels within cysts related to hemorrhages of 
various ages [149].

• T1 images demonstrate lymphatic and proteinaceous fluid.
• T2 fat-suppressed images best show non-hemorrhagic 

fluid [146].

 Key Points

• Phleboliths can appear as flow voids, leading to the 
misdiagnosis of a high-flow lesion.

• Important to distinguish between venous, venolym-
phatic, and arteriovenous malformations, and varices. 
Different management strategies are appropriate depend-
ing on the type of vascular lesion.

• VLMs can be treated with intralesional 
sclerotherapy.

• Comment on the need for additional studies such as 
CT/MR angiography for better characterization of the 
lesion.

 Varix

Figures 4.37 shows a case of an orbital varix.

 Background

• Varices result from a presumed congenital weakness of 
the post-capillary venous wall, leading to the prolifera-
tion of venous components and marked dilation of the 
orbital veins [152].

 Presentation

• Presents in the second or third decade with no gender 
bias [152].

• Most varices communicate with the venous system 
[150].

 Imaging

• Smooth contours may appear club-like, triangular, seg-
mentally dilated, or as a tangled vessel mass.

• Maneuvers that increase venous pressure (e.g., scan-
ning with prone positioning or during the Valsalva maneu-
ver) demonstrate distension of varix [150, 153].

 CT

• Involved veins have a normal appearance or mild 
enlargement.

 MRI

• T1 hypo- to hyperintense and T2 hyperintense with 
intense enhancement [150].

 Key Points

• Important to distinguish between venous, venolym-
phatic, and arteriovenous malformations, and varices. 
Different management strategies are appropriate depend-
ing on type of vascular lesion.
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a bFig. 4.37 A 61-year-old male 
with anaplastic thyroid 
carcinoma and incidentally 
discovered bilateral orbital 
varices. (a) Axial CT with 
contrast, soft tissue window 
shows homogeneously 
enhancing lesions in the 
posterior orbits (arrows). (b) 
Axial CT with contrast, soft 
tissue window while 
performing the Valsalva 
maneuver shows 
enlargement of the varices 
(arrows)

• Valsalva maneuvers may demonstrate distension of 
varix.

 Arteriovenous Malformation

Figure 4.38 shows a case of an arteriovenous malformation 
involving the orbit.

 Background

• Arteriovenous malformations (AVMs) feature a nidus at 
the confluence of feeding arteries and draining veins 
without intervening capillaries [154, 155].

• Present at birth in a quiescent stage and do not pres-
ent clinically until childhood or adulthood [156].

• Growth of the AVM may be exacerbated by hormonal 
changes of puberty or pregnancy, or result from trauma, 
thrombosis, or infection [157].

 Presentation

• AVMs are high-flow vascular lesions.
• Symptoms such as pain, bleeding, and overgrowth 

depend on the degree of arteriovenous shunting [155].
• Facial AVMs involving the skin or facial bones may 

cause facial asymmetry, bleeding, or skin and muco-
sal ulcerations that can become secondarily infected 
[158].

 Imaging

• Rapid filling of an AVM with contrast reaching the 
venous components during the arterial phase [159].

 CT

• Feeding arteries and draining veins can be visualized 
especially with CT angiography [158].

 MRI

• Serpiginous dilated vessels with feeding arteries and 
draining veins.

• Lack a well-defined mass and appear as flow voids, 
indicating the high-flow components [156].

• Associated T1 signal hyperintensity may represent 
hemorrhage, intravascular thrombus, or flow-related 
enhancement [160].

 Key Points

• High-flow vascular lesion.
• Important to distinguish between venous, venolym-

phatic, and arteriovenous malformations, and varices. 
Different management strategies are appropriate depend-
ing on type of vascular lesion.

• AVM may benefit from pre-operative embolization.
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a b

c d

Fig. 4.38 A 28-year-old male with a congenital arteriovenous malfor-
mation and vision loss in the left eye. (a) Axial CT with contrast, soft 
tissue window shows multiple dilated enhancing vessels about the 
face (arrows). (b) Volume-rendered CT with contrast shows serpigi-

nous dilated vessels about the face and orbit. (c, d) Axial T1 post- 
contrast MRI with fat saturation shows the hypointense appearance of 
the vessels consistent with high flow vascular components (arrows)
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• Comment on the need for additional studies such as 
CT/MR angiography for better characterization of the 
lesion.

 Superior Ophthalmic Vein Thrombosis

Figure 4.39 shows cases of superior ophthalmic vein 
thrombosis.

 Background

• Superior ophthalmic vein thrombosis is extremely rare 
with potentially devastating consequences [161, 162].

• Etiologies: orbital cellulitis, paranasal sinusitis, trauma, 
cavernous sinus thrombosis, cavernous sinus thrombosis 
fistula, orbital neoplasm, hypercoagulable states, and 
Tolosa–Hunt syndrome [161].

 Presentation

• Symptoms: periorbital edema, proptosis, globe dystopia, 
ophthalmoplegia, ptosis, proptosis, and chemosis (con-
junctival edema) [161].

 Imaging

• Superior ophthalmic vein appears dilated and 
thrombotic.

• There may be evidence of sinusitis or cellulitis or a his-
tory of functional sinus surgery.

 CT/MRI

• Linear filling defect in a dilated superior ophthalmic 
vein related to the thrombosis on CT and MR 
venography.

• Superior ophthalmic vein and/or cavernous sinus throm-
bosis may not be evident in the early stages.

• Some authors believe that MRI is more sensitive for diag-
nosis [163].

 Key Points

• Search for imaging signs of the potential causes of 
superior ophthalmic vein thrombosis, e.g., orbital cel-
lulitis, sinusitis, cavernous sinus thrombosis/fistula, or an 
orbital lesion.

a bFig. 4.39 A 71-year-old male 
with right orbital swelling, 
vision loss, and 
thrombocytosis (elevated 
platelet count). (a, b) Axial 
and coronal CT with contrast, 
soft tissue window shows 
contrast filling the left 
superior ophthalmic vein 
(white arrows) and lack of 
enhancement in the dilated 
right superior ophthalmic 
vein (black arrows). Note 
proptosis of the right globe 
and enlargement of the right 
extra-ocular muscles
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