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A variety of diseases are unique 
in their ability to involve both 
the sinonasal (SN) cavities and 

the orbits. It is more common for SN 
pathology to affect the orbit than the re-
verse, and primary sinus pathology may 
initially present with predominantly 
orbital, rather than sinus, symptomatol-
ogy. Imaging can be very helpful for lo-
calizing the site of origin of pathology, 
for narrowing the differential diagnosis, 
and for identifying additional findings 
that may impact medical or surgical 
management. 

We present a practical approach to 
diagnosing sino-orbital pathologies 
with an emphasis on distinguishing im-
aging features of lesions and recogniz-
ing their impact on important adjacent 
anatomic structures. Although we can-
not demonstrate all of the lesions that 
can affect both compartments, our hope 
is that you will be able to diagnose the 
cases we describe most of the time.

Lesion classification
Disease entities affecting the sino-

orbital region may arise primarily in 
the SN cavities, the orbits, or the sur-
rounding bones; or they may result from 
secondary involvement by systemic 
disorders. The incidence of orbital in-
volvement by SN disease is much more 
common than sinus involvement by or-
bital disease. We will discuss a variety 
of pathologies that may involve both 
compartments and have classified these 
sino-orbital pathologies broadly into 
four groups: 1) Infectious and inflam-
matory conditions; 2) Granulomatous 
disease; 3) Fibro-osseous lesions; and 
4) Neoplasms.

Infectious and inflammatory 
conditions

Infectious and inflammatory condi-
tions of the sino-orbital region usually 

arise in the SN cavities and spread to the 
orbit. Conditions that present acutely 
include cellulitis, subperiosteal phleg-
mon/abscess, and acute invasive fungal 
rhinosinusitis (AIFRS). Chronic inflam-
matory conditions include allergic fun-
gal sinusitis, mucocele, IgG4-related 
disease, and acquired maxillary atelec-
tasis. These entities affect the orbit ei-
ther by direct extension or by distortion 
of the orbital walls.

Acute bacterial sinusitis
Orbital complications appear most 

often in frontal or ethmoid sinusitis 
and are most common in children.1 In 
adults, orbital complications are more 
common in immunocompromised and 
diabetic patients. Symptoms of orbital 
involvement include an erythematous 
swollen eye, proptosis, and impaired 
ocular motility. Most cases are treated 
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non-surgically; however, immediate 
surgical intervention is recommended 
in patients with vision loss as an initial 
symptom, in patients with rapid vision 
loss over time, and in those without a 
response to 48 hours of intravenous an-
tibiotic therapy.2

Infection may spread directly into 
the orbit trans-osseously, hematog-
enously, or by retrograde extension via 

the valve-less diploic veins.1 The thin 
lamina papyracea does not offer much 
resistance to the spread of infection 
from the ethmoid sinuses. The perior-
bita is more resistant and fluid/pus may 
accumulate between the bone and the 
periosteum. Subperiosteal phlegmon/
abscess is the most common imaging 
finding in sinogenic orbital infection.3 
Of note, orbital and intracranial exten-

sion may coexist and early recognition 
is critical.

On imaging, orbital fat stranding 
is an early sign of periorbita breech.3 

Phlegmon can be difficult to distinguish 
from frank abscess (Figure 1). Orbital 
abscess typically appears as a rim-en-
hancing, fluid attenuation (CT) or signal 
(MRI) collection along the medial wall 
or roof of the orbit (Figure 2). 

Acute invasive fungal 
rhinosinusitis

Acute invasive fungal rhinosinusitis 
(AIFRS) is a rapidly progressing in-
fection with high mortality, reportedly 
50-80%.4 The initial presentation may 
be nonspecific, with nasal discharge or 
fever; however, visual symptoms and 
neurological deficits may rapidly de-
velop. AIFRS occurs almost exclusively 
in two groups of patients: immunocom-
promised patients, particularly individu-
als with cellular immune deficiency such 
as HIV/AIDS; and poorly controlled 
diabetics.4 Fungal infection in the dia-
betic group is most often caused by or-
ganisms in the Zygomycetes order such 
as Mucor. 4 In the immunocompromised 
group, Aspergillus species are respon-
sible for up to 80% of AIFRS cases. 4 
The infection typically starts in the nasal 

FIGURE 1. Acute bacterial sinusitis with subperiosteal orbital phlegmon and abscess. (A) 
Axial image from a CT angiogram shows left proptosis and a soft tissue attenuation collec-
tion, likely phlegmon, in the medial extraconal space (white arrows) there is a small amount of 
anterior ethmoid mucosal thickening.  Soft tissue swelling and foci of emphysema are noted 
in the left temporalis fossa (open arrow). (B) Coronal soft tissue CT image shows the medial 
phlegmon (white arrow) as well as an inferior extraconal abscess containing air (open arrow) 
and inflammation in the left maxillary sinus. A masticator space abscess (curved arrows) was 
also present in this patient recently post-extraction of a left maxillary molar tooth. Odontogenic 
sinusitis lead to the orbital infection in this case.
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FIGURE 2. Acute bacterial ethmoiditis 
with subperiosteal orbital abscess. Axial 
T1 postcontrast fat-suppressed image in a 
10-year-old male with ethmoiditis shows a 
hypointense collection with an enhancing 
rim (white arrows) consistent with subperi-
osteal abscess. There is proptosis on the 
right with swelling and enhancement of the 
overlying soft tissues (open arrows) consis-
tent with preseptal cellulitis.

FIGURE 3. Acute invasive fungal rhinosinusitis (AIFRS). (A) Coronal soft tissue CT in a 
33-year-old AIDS patient shows significant inflammatory soft tissue in the ethmoid and maxil-
lary sinuses. There is infiltration of the medial and inferior extraconal fat (white arrows). Infil-
tration of the retroantral fat pad (open arrow) is also noted and is a frequent finding in invasive 
fungal disease affecting the maxillary sinus. (B) Axial T1 postcontrast fat-suppressed image 
shows abnormal enhancement in the right orbital apex (open arrow) with swelling of the extra-
ocular muscles and posterior extension toward the right cavernous sinus (white arrow). A dis-
crete nonenhancing area (black arrow) in the otherwise intensely enhancing inflamed ethmoid 
air cells represents tissue necrosis, a finding characteristic of AIFRS.
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cavity with ulceration of the turbinates 
and nasal septum. Infection then spreads 
to the paranasal sinuses, then to the orbit 
and cranial cavity. 

Successful treatment requires prompt 
diagnosis and it is often our duty as ra-
diologists to identify early findings 
on imaging. MRI is superior to CT in 
evaluating orbital and intracranial ex-
tension. CT and MR angiography may 
help to identify vascular narrowing/oc-
clusion, particularly of the cavernous 
segments of the internal carotid arteries 
in cases of sphenoid fungal disease.

On imaging, early disease may ap-
pear as mucosal thickening or soft tissue 
in the SN cavities with a predilection 
for the ethmoid and sphenoid sinuses. 4 
Ethmoid disease can spread easily into 
the medial orbit and sphenoid disease, 
into the orbital apex. On CT, early or-
bital involvement shows infiltration 
and soft tissue stranding in the orbital 
fat surrounding the extraocular muscles 
(Figure 3A). Bone erosion may or may 
not be present, as the organisms are an-
gioinvasive and infection can spread 
along the blood vessels traversing the 
bone. On MR, the presence of areas of 
hypointense long TR signal related to 

the presence of fungal hyphae and metal 
chelates may be seen. Areas of tissue 
necrosis, with absence of enhancement, 
are characteristic of advanced disease 
(Figure 3B). AIFRS can also appear 
mass-like and should not be mistaken 
for neoplasm. 

Allergic fungal sinusitis
Allergic fungal sinusitis (AFS) is 

the most common form of fungal si-
nusitis, is noninvasive and unrelated 
to invasive fungal pathology.5 AFS is 
common in warm, humid climates and 
occurs in young, immunocompetent 
patients, often with a history of atopy, 
including allergic rhinitis and asthma. 
AFS is characterized by the presence of 
thick, eosinophilic fungal-laden mucin 
that has been described as looking like 
peanut butter. AFS typically involves 
multiple sinuses with opacification and 
expansion of the involved sinuses.4 
AFS involvement of the ethmoid si-
nuses is most likely to cause orbital 
symptomatology, including proptosis, 
diplopia, and epiphora. Orbital exten-
sion is limited by the periorbita and can 
usually be treated endoscopically. 

The CT imaging features of AFS 
are characteristic: The sinuses are ex-
panded with material that is hyper-
dense centrally with a peripheral rim of 
low attenuation (Figure 4). The signal 

intensity of the allergic mucin varies 
depending upon the water and pro-
tein content. Profound low T2 signal 
may mimic air (Figure 5A). The hy-
pointense long TR signal was initially 
thought to be related to hemosiderin 
accumulation in the mucin, but now 
is believed to be related to deposition 
of heavy metals such as iron, magne-
sium, and manganese concentrated by 
the fungal organisms.5,6 Correlating 
the long TR sequences with T1 imag-
ing and/or CT is important to confirm 
the degree of opacification. Inflamed 
mucosa at the periphery enhances with 
contrast, but there is no central en-
hancement; this helps to differentiate 
AFS from neoplasm (Figure 5B). Pol-
yposis often occurs with AFS; exclud-
ing the presence of polyps in severe 
cases can be difficult.

Mucocele
Mucoceles result from sinus ob-

struction with subsequent expansion 
and are most common in the frontal 
and anterior ethmoid sinuses. Patients 
may present with proptosis, diplopia, 
and inferior (frontal) or lateral (eth-
moid) globe displacement. Mucocele 
formation in the posterior ethmoid 
and sphenoid sinuses or in variant air 
cells (sphenoethmoidal/“Onodi” cells) 
are uncommon, but are more likely 

FIGURE 4. Allergic fungal sinusitis (AFS). 
Axial soft tissue CT shows the classic find-
ings of AFS in a 24-year-old male with 
opacification and expansion of multiple 
ethmoid air cells and the sphenoid sinuses, 
left greater than right. There is central high 
attenuation (white arrows) and peripheral 
low attenuation (black arrow) of the sinus 
contents. Marked thinning of the left lamina 
papyracea (open arrow) with mass effect on 
the left orbital soft tissues causes lateral dis-
placement of the globe and proptosis. 

FIGURE 5. Allergic fungal sinusitis. (A) Axial STIR image in a 20-year-old male shows marked 
expansion of the sinuses with marked central hypointense signal (arrows) and peripheral high 
signal in the inflamed mucosa. There is significant proptosis (open arrow) and lateral deviation 
of the globe. (B) Coronal T1 postcontrast fat-suppressed image shows hypointense, but not 
air, signal centrally (white arrows) with peripheral enhancement of the surrounding inflamed 
mucosa (black arrows). The medial rectus muscle is displaced (open arrow), but the fat plane 
between the muscle and the expanded ethmoid sinus is preserved.
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to cause optic neuropathy and cranial 
nerve palsies due to proximity to the 
optic nerve and cavernous sinuses. 
Devastating vision loss may rapidly 
occur if mucoceles in these variants 
cells become infected (mucopyocele).7 

Diagnosing a mucocele on CT or 
MRI is usually not challenging, as the 

imaging features are fairly character-
istic. CT reveals smooth expansion of 
the walls of the sinus with or without 
foci of bone dehiscence (Figure 6). On 
MR, the contents typically show low 
T1 and high long TR signal with only 
minimal peripheral enhancement. The 
attenuation (CT) and signal (MR) char-
acteristics of mucoceles vary with the 
chronicity and protein content of the le-
sion (Figure 7). The presence of a thick 
rim of enhancement, fluid-fluid level, 
and/or surrounding soft tissue infiltra-
tion suggests mucopyocele formation.

Acquired maxillary sinus 
atelectasis

Acquired maxillary atelectasis, also 
known as “silent sinus syndrome,” af-
fects the orbit by an ‘ex vacuo” mecha-
nism, increasing the volume of the orbit. 
This entity may go unrecognized and 
is likely underdiagnosed.8 The typical 
patient presents with painless, progres-
sive enophthalmos and hypoglobus. 
Although symptoms of chronic sinus 
disease often are not present, chronic 
maxillary sinus obstruction leads to 
negative pressure in the antrum, gradual 
inward retraction of the sinus walls, in-
cluding the orbital floor, increased or-
bital volume, and enophthalmos.8

Imaging shows opacification and 
volume loss in the affected maxillary 

antrum, inward retraction of the sinus 
walls, obstruction of the maxillary in-
fundibulum, lateralization of the unci-
nate process, widening of the retroantral 
fat pad, and widening of the ipsilateral 
middle meatus (Figure 8). The maxil-
lary walls may be thinned, normal or 
slightly thickened. Anterior bowing of 
the posterolateral wall is a useful clue 
for diagnosis. 

IgG4-related disease
IgG4-related disease is a systemic 

fibroinflammatory disorder associated 
with increased serum levels of IgG4.9 
Tissue infiltration by IgG4 plasma 
cells and sclerosing inflammation re-
sults in organ dysfunction and has 
been reported in nearly every organ 
system. Head and neck sites involved 
include the salivary, lacrimal and thy-
roid glands, orbits, lymph nodes, SN 
cavities, and larynx. Similar to idio-
pathic orbital inflammatory syndrome 
(IOIS) (pseudotumor), IgG4-related 
disease responds well to corticosteroid 
therapy.10 

Orbital and SN imaging manifesta-
tions of IgG4-related disease can be 
nonspecific and mimic granulomatous 
disease, IOIS, and lymphoproliferative 
disease. The most commonly affected 
organ within the orbit is the lacrimal 
gland, producing nonspecific diffuse 

FIGURE 6. Mucocele. Coronal bone CT 
image shows opacification and expansion 
of the right frontal sinus (white arrow) with 
dehiscence of the roof and floor of the right 
frontal sinus. Extension of this mucocele 
into the superior orbit results in inferior dis-
placement of the globe (open arrow). Clini-
cally, the patient had restriction of upward 
gaze in addition to proptosis.

FIGURE 7. Mucoceles. (A) Axial T1-weighted MR image shows bilateral mucoceles arising 
in supraorbital ethmoid air cells (white arrows) The mucocele on the left demonstrates hyper-
intense signal consistent with highly proteinaceous contents. (B) Coronal STIR image shows 
marked hypointense signal in the mucocele on the left (white arrow) again consistent with 
chronic, proteinaceous material. The larger mucocele on the right is T2 hyperintense and pro-
duces more mass effect on the right orbital contents (open arrow).

FIGURE 8. Maxillary atelectasis (silent sinus 
syndrome). Coronal soft tissue CT image 
shows an opacified right maxillary sinus 
with diminished volume compared to the left 
side. The right orbital floor (white arrows) is 
depressed with compensatory widening of 
the inferior extraconal fat (open arrows). This 
57-year-old female presented with enoph-
thalmos and was asymptomatic with respect 
to sinonasal inflammatory disease.
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gland enlargement. The extraocular 
muscles, orbital fat, and infraorbital 
nerves can also be involved (Figures 9, 
10).9 Extraocular muscle enlargement 
tends to be bilateral, spares the tendi-
nous insertions, and has a predilection 
for lateral rectus involvement.9 IgG4-
related disease demonstrates relatively 
low signal intensity on T2-weighted 
MR images related to fibrosis.10 Sino-
nasal involvement manifests as mu-
cosal thickening with or without bone 
destruction. 

Granulomatous disease
Granulomatous diseases (GD) result 

from autoimmune, infectious, idio-
pathic or hereditary etiologies, causing 
the formation of granulomas. In the 
head and neck, the orbits, SN cavities, 
aerodigestive tract, salivary glands, 
temporal bone, and skull base may be 
affected. The imaging appearance of 
GDs can mimic infection or malig-
nancy, and GDs may have overlapping 
imaging findings. Diagnosing GD may 

be difficult on imaging alone and cor-
relating imaging findings with clinical 
presentation and laboratory findings is 
important. Involvement of the SN cavi-
ties is most common in granulomato-
sis with polyangiitis (GPA) (Wegener 
granulomatosis) and Churg-Strauss 
syndrome.11 Orbital involvement is 
most commonly seen in GPA and sar-
coidosis.11 A GD should be considered 
when simultaneous involvement of the 
orbits and SN cavities is seen in a non-
immunocompromised patient. We fur-
ther discuss the sino-orbital findings of 
GPA and sarcoidosis.

Granulomatosis with polyangiitis 
(Wegener granulomatosis)

Granulomatosis with polyangiitis is 
an autoimmune necrotizing granulo-
matous vasculitis that most commonly 
involves the respiratory tract and kid-
neys. GPA is most common in Cau-
casian males and cANCA antibodies 
directed towards proteinase are virtu-
ally pathognomonic for GPA.12 GPA 
has a predilection for the nasal cavity, 
particularly the nasal septum and tur-
binates resulting in septal perforation, 

collapse of the nasal cartilage, and the 
“saddle-nose” deformity. Orbital man-
ifestations of GPA occur in 18-50% 
of patients, usually due to adjacent 
maxillary and ethmoid sinus disease, 
but may be seen in isolation (Figure 
11A).11, 13 Orbital manifestations in-
clude scleritis, lacrimal gland enlarge-
ment, orbital masses, and nasolacrimal 
duct obstruction.

CT findings include nodular soft 
tissue masses in the nasal cavity and 

FIGURE 9. IgG4-related disease. Coronal 
soft tissue CT in a 52-year-old male with a 
history of chronic sinusitis and 5-6 years of 
bilateral proptosis shows diffuse extraocular 
muscle enlargement (left > right), infiltrative 
soft tissue in the superior extraconal fat and 
around the lacrimal glands (black arrows), 
and marked enlargement of the infraorbital 
nerves (open arrows). The right maxillary 
sinus is opacified (white arrow) and the left 
is atelectatic. The findings within the obits 
in conjunction with chronic sinus inflamma-
tory disease are quite consistent with IgG4-
related disease. (Case courtesy Laurence J. 
Eckel, MD)

FIGURE 10. IgG4-related disease. Coronal 
soft tissue CT shows infiltration of the orbital 
fat (white arrows), left greater than right, 
and marked enlargement of both infraorbital 
nerves (open arrows). Mucosal disease is 
present in the maxillary sinuses and there 
are post-operative changes from prior sinus 
surgery in this 37-year-old male with a his-
tory of chronic sinusitis and 3 years of pro-
ptosis on the right. (Case courtesy Laurence 
J. Eckel, MD)

FIGURE 11. Granulomatosis with polyan-
giitis (GPA). (A) Axial soft tissue CT shows 
extensive soft tissue in the ethmoid sinuses 
(open arrow) with thickening and sclerosis 
of the walls and septations of the ethmoids. 
There are several areas of dehiscence of 
the lamina papyracea with extension of 
soft tissue into the orbits (white arrows). (B) 
Axial bone CT image shows characteristic 
sinonasal findings of GPA including sinus 
opacification, sclerosis of the maxillary 
walls, and a large nasal septal perforation 
(open arrow).
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sinuses, chronic osteitis, bone de-
struction, and nasal septal perforation 
(Figure 11B). MRI shows low signal 
intensity nodular masses on T1W and 
T2W images with variable enhance-
ment. MRI better delineates orbital 
involvement and intracranial spread 
through the cribriform plate or along 
skull base fissures and foramina.

Sarcoidosis
Sarcoidosis is an idiopathic systemic 

GD characterized by formation of non-
caseating granulomas in multiple or-
gans.11 Unlike GPA, sarcoid is most 
common in African-American females 
and orbital involvement is more com-
mon than SN involvement, occurring 
in up to 80% of patients. 11 The most 
common structure involved in orbital 
sarcoidosis is the lacrimal gland, and 
may be unilateral or bilateral. Sarcoid 
can also present as diffuse infiltra-
tion of orbital soft tissues, extraocular 
muscles, optic nerve-sheath complex, 
or lacrimal sac (Figure 12A).14  Similar 
to GPA, the most frequent sites of SN 
involvement are the nasal septum and 
turbinates. 15, 16 

The nasal mucosal soft tissue nodules 
of sarcoid are typically isodense to other 
soft tissue on CT. On MR, hypointense 
T1 signal, variable hyperintense long 
TR signal and diffuse, homogeneous 
enhancement are seen (Figure 12B). 
The infiltrative soft tissue of sarcoid 
may mimic lymphoma, IgG4-related 
disease or GPA. Diagnosis is confirmed 
on biopsy, but patient demographics 
and absence of cANCA positivity help 
differentiate sarcoid from GPA. 

Fibro-osseous lesions
Fibro-osseous (FO) lesions are a di-

verse group of benign bone disorders 
with similar histopathologic features.17 
The three most common FO lesions in 
the sino-orbital region are osteoma, os-
sifying fibroma and fibrous dysplasia. 
Imaging features of FO lesions, particu-
larly on MRI, can be highly variable, 
making a specific diagnosis difficult. 
Even pathologists can have a difficult 
time differentiating FO lesions. For the 

FIGURE 12. Sarcoidosis. (A) Coronal soft tissue CT image in a 28-year-old African-American 
female shows diffuse opacification of the ethmoid and maxillary sinuses. There is enlarge-
ment of the right lacrimal gland (white arrow) and infiltration of the inferior extraconal fat (black 
arrow). (B) Axial T1 postcontrast fat-suppressed image shows abnormal strandy enhance-
ment in the retrobulbar fat (white arrows). In this case enhancing granulomatous tissue also 
involved the temporalis fossa (open arrow) and the cavernous sinus (curved arrow).

FIGURE 13. Osteoma. (A) Sagittal reformatted bone CT image shows a large frontal sinus 
osteoma (white arrow) in a 21-year-old male which displaces the globe (open arrow) inferi-
orly. Obstructed secretions (curved arrow) are noted cephalad to the mass. (B) Coronal bone 
CT image shows inferior globe displacement (open arrow). Note the more compact or “ivory” 
appearance of this osteoma laterally (white arrow) and a mixed osseous/fibrous component 
medially (curved arrow).

FIGURE 14. Fibrous dysplasia (FD). (A) Sagittal reformatted bone CT image shows the clas-
sic “ground glass” appearance of FD (white arrows). The orbital roof is markedly expanded 
and there is inferior displacement of the superior rectus-levator palpebrae muscle complex 
(black arrow) and the globe (open arrow). (B) Coronal STIR MR image shows diffuse hypoin-
tense signal in the involved frontal bone (white arrows). Note the inferior displacement of the 
right optic nerve-sheath complex (open arrow).
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imager, it is most important to recog-
nize that the lesion is in the FO category 
and not a malignancy and to identify rea-
sons that may require surgical interven-
tion such as obstruction of sinus drainage 
pathways and orbital complications. 

Osteoma
Osteomas are the most common 

benign SN tumors, although it is 
questioned whether they are true neo-
plasms.18 The frontal and ethmoid si-
nuses are the most common locations. 19 
Most are incidentally detected, but 37% 
are associated with sino-orbital com-
plications such as blockage of the SN 
or lacrimal drainage pathways.20 Os-
teomas are usually well circumscribed 
with a broad base or pedicle from the 
sinus wall (Figure 13). The imaging ap-
pearance can be variable and depends 
on the amount of compact vs. spongy 
bone and fibrous tissue (Figure 13B). 
Dense osseous components are hypoin-
tense on T1W and T2W images and fi-
brous components show increased long 
TR signal. Fibrous areas enhance after 
contrast administration. 

Fibrous dysplasia
Fibrous dysplasia (FD) is a non-neo-

plastic disorder involving one or more 
craniofacial bones. Pathologically, 

medullary bone is replaced by imma-
ture tissue that varies from fibrous-to- 
osseous. FD usually presents in the first 
two decades and can progress prior to 
skeletal maturity.18 In the craniofacial 
region, FD can cross bony sutures. FD 
may be found incidentally or present 
with symptoms such as cosmetic defor-
mity, diplopia, epiphora, visual distur-
bance, or sinus obstruction. 

The imaging features of FD depend 
upon the amount of bone and fibrous 
tissue present as well the degree of min-
eralization. The classic appearance of 
FD is bony expansion with thinning of 
the cortex (Figure 14). Matrix may vary 
from a “ground glass” to “cotton wool” 
appearance reflecting the pathologic 
composition. The MR appearance of 
FD can be confusing. Intermediate-to-
hypointense areas of signal on both T1 
and long TR sequences are a great clue 
to the diagnosis (Figure 14B). Enhance-
ment is highly variable, more so in 
areas that are fibrous (Figure 15). 

Ossifying fibroma
Ossifying fibroma (OF) is a benign 

neoplasm with a predilection for the 
jaws and craniofacial region.17 OFs are 
solitary lesion with progressive pro-
liferation, bone expansion, and better 
defined margins FD.21 OFs continue to 

enlarge after skeletal growth ceases, are 
most common in the 2nd to 4th decades, 
and are more common in females. On 
imaging, OF appears as a well-circum-
scribed oval or spherical lesion with 
smooth, often sclerotic borders, and  
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FIGURE 15. Fibrous dysplasia. (A) Axial bone CT obtained to evaluate left proptosis (open 
arrow) and right epiphora in a 55-year-old male. (B) Axial T1 postcontrast fat-suppressed 
image. In addition to obstructing the right lacrimal sac (white arrow), the frontal recess was 
occluded with mucocele formation (not shown). This unfortunate patient required surgical 
intervention for both lesions due to complications in the frontal sinus (right) and orbit (left).

FIGURE 16. Ossifying fibroma. Coronal 
bone CT image shows an expansile lesion 
in the left orbital roof with inferior displace-
ment of the extraocular muscles (open 
arrows). This fibro-osseous lesion has a 
dense central focus of ossification (white 
arrow) with peripheral soft tissue. Pathology 
determined this to be ossifying fibroma, but 
fibrous dysplasia and osteoma could have a 
similar imaging appearance.

FIGURE 17. Coronal T1-weighted MR 
image in an 81-year-old male shows inva-
sion of the left orbit by a large esthesio-
neuroblastoma (white arrows). In this case, 
there is extension through the periorbita 
(open arrow). Obstructed secretions are 
noted in the left maxillary sinus (black 
arrow).
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a low-attenuation fibrous center (Fig-
ure 16).18 , 22 

Neoplastic disease
The World Health Organization di-

vides SN tumors into categories based 

on tissue of origin and benignity vs. 
malignancy.23 Malignant SN neoplasms 
demonstrate wide histologic diversity, 
with 44 different histologic types de-
scribed.23 Orbital involvement by SN 
neoplasms has significant implications 
for planning therapy. The goal of sur-
gery is to obtain oncologic margins, 
maintain a functional useful eye, and 
preserve orbital soft tissue.24 Although 
the lamina papyracea may be invaded, 
the tumor may be contained by the peri-
orbita, allowing a more conservative 
surgical approach.25 The imager’s goal 

is to determine if the periorbita has been 
breached, as such patients may require 
exenteration (Figure 17).

Most tumors with orbital involve-
ment arise in the maxillary antrum, 
ethmoid sinuses or the nasal cavity. 
Extension into the orbit has been re-
ported to occur in 35-74% of primary 
neoplasms of the nasal cavity and eth-
moid sinuses.25 Imaging features of 
SN malignancies can be non-specific 
and patient demographics, presenting 
symptoms, and tumor location may 
help narrow the differential diagnosis. 

FIGURE 18. Squamous cell carcinoma 
(SCCa). Coronal soft tissue CT image in a 
77-year-old male shows a large soft tissue 
mass involving the right maxillary sinus, 
nasal cavity, and ethmoid air cells. There 
is prominent orbital invasion inferiorly and 
medially. The fat plane between the mass 
and the medial rectus muscle (white arrow) 
is obliterated suspicious for breach of the 
periorbita. A dense bony projection (open 
arrow) is noted along the medial orbital wall. 
This SCCa originated in an inverted papil-
loma and this bony focus was the attach-
ment point of the papilloma.

FIGURE 21. Esthesioneuroblastoma. Coro-
nal soft tissue CT image in an 11-year-old 
female shows a large soft tissue mass cen-
tered in the right nasal cavity and ethmoid 
sinuses. There is extension through the lam-
ina papyracea into the medial orbit (white 
arrows) and extension through the skull 
base into the anterior fossa (open arrow). 
Note low attenuation trapped secretions in 
the maxillary sinus (curved arrow).

FIGURE 19. Sinonasal undifferentiated carcinoma. (A) Axial bone CT image shows a large 
mass centered in the ethmoid sinuses (white arrows). There is destruction of the medial orbital 
wall with lateral globe displacement (open arrow). (B) Axial T1 postcontrast fat-suppressed 
image shows diffuse heterogeneous enhancement throughout this aggressive malignancy 
(white arrows) and again shows the globe displacement and proptosis (open arrow).

FIGURE 20. Non-Hodgkin lymphoma (NHL). (A) Axial STIR image shows a large mass (white 
arrows) that involves the nasal cavity, ethmoids, sphenoid sinuses, skull base, and right orbit 
with marked globe displacement (open arrow). This NHL originated in the right nasal cavity 
and demonstrates diffuse hypointense long TR signal consistent with the highly cellular nature 
of this neoplasm. (B) Axial ADC image shows marked diffusion restriction throughout the mass 
(white arrows) also characteristic of NHL.
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In this section, we discuss a few of the 
malignancies arising in locations most 
likely to involve the orbit.

Maxillary sinus malignancy 
Squamous cell carcinoma (SCCa) is 

the most common SN malignancy rep-
resenting 50-80% of all SN tumors.26 
Risk factors include inhalation of wood 
dust, metallic particles, chrome pig-
ment, and nickel and there is an asso-
ciation with HPV infection.26,27 In the 
SN cavities, SCCa may also arise in 
inverted papilloma. The majority arise 
in the maxillary antrum.28 Maxillary 
SCCa invading the orbital floor can ex-
tend along the infraorbital nerve (V1) 
and from there extend into the cavern-
ous sinus. Imaging features of SCCa are 
nonspecific, but most appear as a poorly 
defined, heterogeneously enhancing 
mass with areas of necrosis and bone 
destruction (Figure 18). 

Ethmoid sinus malignancy
Ethmoid tumors represent 15-20% 

of paranasal sinus neoplasms.25 Neo-
plasms with a predilection to originate 
in the ethmoid sinuses include adeno-
carcinoma, sinonasal undifferentiated 
carcinoma (SNUC), and sinonasal 
small cell neuroendocrine carcinoma.29 
Involvement of orbit is via the medial 
orbital wall. 

Adenocarcinoma
Adenocarcinoma is the second-most 

common malignancy of the SN region 
and is associated with the inhalational 
exposures described for SCCa.26 Ad-
enocarcinoma typically appears as a 
solid, heterogeneous mass with irregu-
lar margins and osseous destruction. 
Adenocarcinoma tends to enhance 
more avidly that SCCa.

Sinonasal undifferentiated 
carcinoma (SNUC) 

Sinonasal undifferentiated carcinoma 
(SNUC) is an aggressive neoplasm 
believed to be of neuroendocrine ori-
gin as there are similarities with other 
neoplasms in that category.30 A male 
predominance is documented (2-3:1) 

with cases reported from the 3rd to 9th 
decades.31 Unlike most SN malignan-
cies, nodal involvement and distant me-
tastasis is more common with SNUC. 
This neoplasm has a very poor progno-
sis, with reported 5-year survival of less 
than 20%.30 Imaging typically reveals a 
large, destructive mass with ill-defined 
margins and areas of necrosis (Fig- 
ure 19).32 

Nasal cavity malignancy
Nasal cavity neoplasms may also 

spread into the medial orbit after invad-
ing the ethmoid air cells. Neoplasms 
with a predilection for the nasal cavity 
include non-Hodgkin lymphoma, es-
thesioneuroblastoma, melanoma, and 
chondrosarcoma. 

Non-Hodgkin lymphoma (NHL) 
Non-Hodgkin lymphoma (NHL) 

is the most common non-epithelial 
neoplasm of the SN cavities and the 
B-cell type is most common in west-
ern countries. B-cell NHL typically 
presents in the 6th decade with no gen-
der predilection.33 Lymphomas may 
be well-marginated or ill-defined and 
cause either osseous remodeling or de-
struction. Increased attenuation on CT, 
low signal intensity on long TR MR 
sequences, and diffusion restriction 
due to dense cellularity and increased 
nuclear to cytoplasmic (N:C) ratio 
within these tumors (Figure 20).32, 34 
Variable, homogeneous enhancement 
is typical because of the homogeneous 
cell population. 

Esthesioneuroblastoma (ENB) 
Esthesioneuroblastoma is a neu-

roendocrine tumor that arises from 
the olfactory epithelium, and typi-
cally superiorly near the cribriform 
plate. The tumor has incidence peaks 
in adolescence and the 6th decade.35 
Epistaxis is common due to the highly 
vascularity of this tumor. Long-term 
prognosis for ENB is excellent, with a 
5-year survival of 75% despite orbital 
and intracranial extension.35 Imaging 
shows an avidly enhancing mass near 
the cribriform plate with destruction of 

the anterior skull base and/or lamina 
papyracea (Figure 21). With intracra-
nial extension, the tumor may have a 
dumbbell shape with a “waist” at the 
level of the skull base. A distinguish-
ing feature of ENB with intracranial 
extension is the formation of cysts at 
the tumor-brain interface.29, 36

Conclusion
Given the proximity of the SN cavi-

ties and orbits, it is not uncommon for 
patients with primarily SN pathology 
to present with ophthalmologic symp-
toms. Although some entities may be 
diagnosed clinically, recognizing the 
characteristic imaging features of these 
lesions when present is important. Al-
though an exact histologic diagnosis 
may not be made, the pathology can al-
most always be classified as infectious/
inflammatory, fibro-osseous or neo-
plastic. Granulomatous disease should 
be suspected in a patient with synchro-
nous involvement of the SN cavities 
and the orbits. In addition to creating a 
reasonable differential diagnosis, iden-
tifying complications that may warrant 
a change in therapy is important for 
imagers.
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