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KEY POINTS

e Since the advent of computed and MR imaging, ophthalmic imaging has significantly advanced,
allowing for detailed evaluation of the eye globe allowing even detection of subtle globe abnormal-

ities on dedicated and non-dedicated studies.

e This article aims to highlight the relevant anatomy of the globe and illustrate the imaging features of

common ocular conditions.

e This article covers commonly encountered clinical conditions; congenital and acquired ocular ab-
normalities, ocular detachments, inflammatory disorders, trauma, incidental ocular calcifications,
and post-surgical changes with illustrative imaging examples.

INTRODUCTION

Advances in computed tomography (CT) and MR
imaging (MRI) have significantly enhanced the visu-
alization and detection of ocular abnormalities.
With improved spatial resolution, assessment of
the globes and orbits now requires a more struc-
tured and systematic diagnostic approach. In
order to interpret the globe abnormality, a proficient
understanding of the globe anatomy is essential.
Knowledge of the imaging features of both trau-
matic and non-traumatic globe abnormalities is
necessary to ensure accurate diagnosis and
appropriate ophthalmology referral. In addition,
recognizing incidental findings such as degenera-
tive changes, globe implants, and fillers are impor-
tant to prevent unnecessary investigations. This
article highlights common pathologic processes
affecting the various anatomic layers of the globe,
illustrated through case examples, and aims to
familiarize readers with the imaging features of
frequently encountered ocular diseases.

GLOBE ANATOMY

The globe occupies about one-third of the bony
orbit. Its wall has 3 concentric layers: an outer
fibrous coat (sclera and cornea), a vascular uvea
(choroid, ciliary body, and iris), and an inner neural
retina; the whole globe is invested by Tenon’s
fascial capsule. The lens divides the globe into
an anterior segment, filled with aqueous humor
and accounting for roughly one-sixth of globe vol-
ume, and a posterior segment, filled with vitreous
humor, which constitutes the remaining five-
sixths.

Tenon’s Capsule

The outermost fibrous layer of the eye comprises
the sclera and the cornea. The sclera is enveloped
in Tenon’s capsule, a thin fascial sheath that
separates the globe from orbital fat and creates
a socket-like enclosure. Anteriorly the capsule
merges with the bulbar conjunctiva, and posteri-
orly it fuses with the optic nerve sheath. The optic
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Abbreviations

CT  computed tomography

MR magnetic resonance

GDD glaucoma drainage device
PFV persistent fetal vasculature
ROP Retinopathy of prematurity
RPE retinal pigment epithelium

nerve, its sheath, and the ciliary nerves and
vessels perforate the capsule posteriorly.’? Ten-
dons of all extraocular muscles pass through the
capsule to insert on the sclera, and the capsule re-
flects along each tendon to form a tubular sheath
around the muscle.? The capsule’s inner surface
is smooth and shiny and is separated from the
outer sclera by the episcleral or Tenon’s space, a
potential interval that can extend between fascia
and sclera.®

Cornea and Sclera

The cornea and sclera together form the tough,
outer fibrous layer of the eye, providing protection
and structural support for the intraocular contents.
The cornea functions as a transparent window
that permits the passage of light, and transitions
into the sclera at the limbus. The opaque sclera

Vitreous

Optic nerve

Aqueous Iris
— o

Zonu/nr fibers
<\ —0ra Serrata

forms the external coat of the globe, which ex-
tends posteriorly from the limbus to the optic nerve
sheath.”® On MR imaging, the cornea is a low
signal intensity structure due to collagen but may
be highlighted by an overlying slightly hyperin-
tense tear film on T1-weighted images. The sclera
is also composed of collagen, appearing hypoin-
tense on MR imaging (Fig. 1).

Uvea Tract

The uveal tract is the middle vascular layer of the
eye and includes the iris, the ciliary body, and
the choroid. These 3 parts are continuous, forming
an unbroken coat that has an anterior opening, the
pupil, and a posterior gap at the optic nerve canal
where the choroid is absent.*

The iris is a pigmented, circular diaphragm that
controls pupil size and the amount of incoming
light. It attaches to the ciliary body, a triangular
structure with an anterior ridged pars plicata and
a posterior pars plana. The aqueous producing
pars plicata contains the ciliary processes, which
provide attachment for the zonular fibers of the
lens. The pars plana extends posteriorly from the
ciliary processes to the ora serrata, the anterior
boundary of the retina.*

Fig. 1. Normal globe anatomy on MR
imaging of the orbits. (A) Axial T2-
weighted, (B) T1-weighted, and (C) T1-
weighted fat-suppressed contrast-
enhanced MR imaging of the orbits.
The anterior chamber aqueous humor
(asterisk) and vitreous humor (double
asterisk) are diffusely hyperintense on
T2-weighted images. The lens (black ar-
row), cornea, and sclera (white arrow)
appear hypointense on all sequences.
The choroid (white arrowhead) and
ciliary body (black arrowhead) show
T1-weighted hyperintensity with thin
uniform enhancement. (D) Simplified
annotated illustration of the globe.

Ciliary body
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Imaging of the Globe

Fig. 2. Axial T2-weighted fat-suppressed sequence
demonstrates right anophthalmia with no discernible
ocular tissue and a dysplastic optic nerve (white
arrow).

The choroid forms the posterior part of the uvea,
lying between the sclera and the retina. This highly
vascular membrane runs from the optic nerve to
the ora serrata and is firmly bound to the sclera
near the optic nerve and at the sites where the
vortex veins exit the eye,’ which drain into the
ophthalmic veins. On MR imaging the uveal
tract appears hyperintense on T1-weighted im-
ages and hypointense on T2-weighted images
(see Fig. 1).

Retina

The retina is the innermost sensory layer of the
globe and is composed of 2 layers: the outer
retinal pigment epithelium (RPE),* which is firmly
attached to the underlying choroid, and the inner
neurosensory retina responsible for visual
perception. The sensory retina extends from the
optic nerve head to the ora serrata, where it termi-
nates and forms a crenated wavy ring.® At this
junction, the RPE becomes continuous with the
pigmented and non-pigmented layers of the
ciliary body and its processes. The retina is firmly
adherent only at the margins of the optic nerve
head and at the ora serrata. On MR imaging,
the retina is in close apposition to the choroid in
normal circumstances and cannot be discerned
separately.

PN

Fig. 3. Unenhanced CT orbits demonstrates small vol-
ume globes which appear otherwise normal in config-
uration, consistent with microphthalmia.
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Fig. 4. Axial T2-weighted fat-suppressed sequence
showing left micropthalmia with a focal defect at
the left posterior globe with associated vitreous hu-
mor herniation and retrobulbar cyst (black arrow).

Lens

Anterior to the lens lie the iris and the aqueous hu-
mor, while posteriorly it is bordered by the vitreous
humor. The zonular fibers attach to the outer sur-
face of the equatorial region of the lens capsule
and extend outward to the ciliary body, anchoring
the lens in place.”*

The space in front of the lens and zonules is
divided into 2 chambers by the iris: the larger ante-
rior chamber and the smaller posterior chamber.*
These chambers are in direct communication
through the pupil. On CT, the lens is hyperdense,
while on MR imaging it shows hypointensity on
both T1-weighted and T2W-weighted images
(see Fig. 1).

GLOBE PATHOLOGY
Disorders in the Size and Shape of the Globe

Anophthalmia and microphthalmia
Anophthalmia and microphthalmia are rare congen-
ital eye abnormalities. There is usually a small eye
or a dysplastic remnant and complete anophthal-
mia is extremely rare® (Fig. 2). Microphthalmia is
commonly unilateral, but can be bilateral in syn-
dromic cases (Fig. 3).

During development, failure in the formation of
the optic vesicle or regression of ocular structures
already formed may cause microphthalmia or

g \ 4
A
Fig. 5. Unenhanced CT orbits in a patient with myopia
showing bilateral posterior staphylomas with elon-

gated globes, focal ectatic appearance of the poste-
rior globe with no scleral defect (black arrows).
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Table 1

Type of Detachment Potential Space

Types of intraocular detachments, their corresponding potential spaces and involved ocular layers

Layers Involved

Posterior hyaloid
detachment

Retinal detachment
Choroidal detachment

Subretinal space
Suprachoroidal space

Posterior hyaloid space

Fluid between the body of the vitreous
and the neurosensory retina

Fluid between the sensory retina and the RPE
Fluid between the choroid and the sclera

anophthalmia. These may occur in isolation or
be associated with ocular disorders including
persistent fetal vasculature (PFV), retinopathy of
prematurity (ROP), syndromes (eg, fetal alcohol
syndrome, and CHARGE syndrome),® and congen-
ital infections (e., rubella, toxoplasmosis, varicella,
cytomegalovirus).® There can also be failure of
optic fissure closure, which prevents normal
intraocular pressure and produces colobomatous
microphthalmia.

Coloboma

Coloboma is a congenital defect that arises when
the embryonic optic fissure fails to close, leaving a
tissue gap that may involve the iris, lens, retina,
choroid, sclera, or optic nerve. Unlike a staphyloma,
it reflects tissue loss rather than thinning. The defect
usually appears at the fissure site along the inferior
globe, and imaging can show a posterior gap with
vitreous herniation or a retrobulbar cyst (Fig. 4).”

Staphyloma
Staphyloma is an outpouching of the wall of the
globe, caused by thinning and ectasia of the
scleral-uveal coats (Fig. 5). All layers of the globe
are present but thinned, distinguishing it from
coloboma.®

INTRAOCULAR POTENTIAL SPACES AND
OCULAR DETACHMENTS
Intraocular Potential Spaces

The eye contains several potential spaces where
fluid can accumulate, leading to detachment of

//),.s. ? s .d?
Fig. 6. Unenhanced CT brain with hyperdense fluid
along the posterior right globe which crosses the op-

tic disc without attachment, compatible with a poste-
rior hyaloid detachment (white arrow).

ocular layers." Table 1 lists the types of intraocular
detachments and potential spaces.®

Posterior Vitreous Detachment

Posterior vitreous detachment is an age-related
process in which the posterior vitreous separates
from the retina as the vitreous gel degenerates
and liquefies. Weakened adhesions allows lique-
fied vitreous to dissect between the posterior hya-
loid membrane and the retina. When detachment
is incomplete, residual focal adhesions, often
near the optic disc, can mimic retinal detachment
on imaging (Fig. 6).° Traction from the partially

Fig. 7. (A) Unenhanced CT showing a right retinal
detachment and V-shaped hyperdense subretinal
fluid (white arrow) extending from the ora serrata
to optic disc. (B) Axial T2-weighted fat-suppressed
and (C) axial T1-weighted MR sequences in another
patient demonstrates a left retinal detachment (black
arrows) with T2-weighted and T1-weighted hyperin-
tense subretinal fluid.
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Fig. 8. Contrast-enhanced CT orbits (top) and axial T2
fluid attenuated inversion recovery (FLAIR) MR
sequence (bottom) in 2 patients show characteristic
biconvex choroidal detachments, bilateral on CT, and
in the left globe on MR (white arrowheads). The de-
tachments extend to the ciliary body (white arrows)
beyond the expected location of the ora serrata (black
arrowheads).

detached vitreous may produce retinal tears, and
vitreous fluid entering a tear can then create retinal
detachment.®

Retinal Detachment

Retinal detachment is the separation of the sen-
sory retina from the underlying RPE. It is classified
as either rhegmatogenous or non-rhegmatoge-
nous.'® Rhegmatogenous detachment involves a
retinal tear that allows fluid to pass into the subre-
tinal space and is most commonly seen in adults,
often resulting from vitreous degeneration and

Fig. 9. Axial T2-weighted fat-suppressed (top) and
fat-suppressed gadolinium-enhanced T1-weighted
(bottom) MR sequences demonstrate left posterior
scleritis with focal scleral enhancing thickening (white
arrow), episcleral edema and enhancement (black ar-
row). Associated reactive thin subretinal fluid is also
seen (black arrowhead).
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Fig. 10. Axial fat-suppressed gadolinium-enhanced
T1-weighted MR sequence demonstrating left poste-
rior scleritis (black arrow). This is nodular in appearance
and can mimic a choroidal tumor (arrowhead). Follow-
up imaging showed post-treatment resolution.

traction. Non-rhegmatogenous detachment re-
sults from accumulation of fluid beneath the
sensory retina without a tear. This implies a break-
down of the blood-retina barrier and may be
associated with underlying tumors, infections, in-
flammatory conditions (eg, posterior scleritis), or
vasculopathy.® Trauma can lead to retinal detach-
ment with subretinal hemorrhage, which may
occur with or without a retinal tear.

On CT and MR imaging, retinal detachment is
limited anteriorly by the ora serrata and posteriorly
by the margins of the optic disc,® resulting in a
characteristic V-shaped configuration (Fig. 7)."°

Choroidal Detachment and Choroidal Effusion

Choroidal detachment is the separation of the
choroid from the sclera due to accumulation of
fluid or blood in the suprachoroidal space. Serous
choroidal detachment is primarily caused by
ocular hypotony, which increases choriocapillaris
permeability and leads to fluid transudation into
the suprachoroidal space. It commonly follows
intraocular surgery, penetrating trauma, or inflam-
matory choroidal conditions.”’ Hemorrhagic
choroidal detachment is typically associated with

' : -
ul 4\ , L
Fig. 11. Axial fat-suppressed gadolinium-enhanced
T1-weighted MR sequences of a 52 year old woman
with bilateral panuveitis and a history of Behcet's dis-

ease. There is diffusely thickened uvea with marked
enhancement bilaterally (white arrows).
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blunt or penetrating ocular injuries or may occur as
a complication of intraocular surgery.

On CT and MR imaging, choroidal detachment
is often seen as a lenticular collection that can
extend anteriorly to the ciliary body and is not
limited by the ora serrata. Posteriorly, the choroidal
detachments are limited by the vortex vein inser-
tions® leading to a classic biconvex morphology
(Fig. 8).""

OCULAR INFLAMMATORY DISORDERS

Scleritis is inflammation of the sclera and the epis-
cleral vascular plexus. It is usually non-infectious
and either idiopathic or associated with systemic
autoimmune diseases, most commonly rheuma-
toid arthritis or granulomatosis with polyangiitis.® 2
Infectious scleritis is rare and typically occurs post-
surgery or trauma.'® Anatomically the condition is
anterior or posterior according to its relation to

Fig. 12. Axial T2-weighted (top) and
gadolinium-enhanced  T1-weighted
(bottom) MR sequences of the orbits
demonstrating uveitis with bilateral
uveal thickening and enhancement
(black arrows) and subretinal fluid
(black arrowheads) in a known case of
Vogt-Koyanagi-Harada (VKH) disease.

the extraocular muscle insertions.'* Anterior scler-
itis presents with pain and visible scleral erythema,
whereas posterior scleritis causes pain without
erythema. Each form may be diffuse, nodular, or
necrotizing.’

Imaging is seldom required for anterior scleritis,
as the diagnosis is clinical. When CT or MR imag-
ing is performed, it can show scleral enhancement,
scleral thickening, and focal periscleral cellulitis
(Fig. 9). Enhancement may be diffuse, peripheral,
or may track along the optic nerve sheath, sug-
gesting optic perineuritis. Nodular scleritis can
mimic tumors (Fig. 10)."®

Uveitis is inflammation of the uveal tract,
including the iris, the ciliary body and the choroid.
It may be idiopathic or linked to systemic disease,
often HLA-B27 seronegative spondyloarthropa-
thies or rheumatoid arthritis (Fig. 11).'® Diagnosis
rests on radiologic findings, laboratory data and
evidence of extra-ocular involvement.'® Imaging

Fig. 13. Axial fat-suppressed gadolinium-enhanced T1-weighted MR sequences of the orbit (A) and brain (B)
demonstrating trilateral retinoblastoma: an enhancing left globe tumor (white arrow), right enucleation due
to retinoblastoma (black arrow) and an enhancing pineal mass (white arrowhead).
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Fig. 14. Axial T2-weighted fat-suppressed (A) and fat-
suppressed gadolinium-enhanced T1-weighted (B)
and T2* (C) MR sequences show a right retinoblas-
toma with low T2-weighted signal and heteroge-
neous enhancement (white arrows). Blooming low
signal on T2* (black arrow) indicates intralesional cal-
cifications. There is optic nerve invasion (white
arrowhead).

can show uveal thickening and enhancement,
subretinal effusions (Fig. 12) and abnormal vitre-
ous signal.

LEUKOCORIA AND INTRAOCULAR TUMORS

Leukocoria is loss of the normal red retinal reflex
and signals an intraocular process that alters light
reflection. It is non-specific and can result from
a mass, membrane, retinal detachment or other
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retinal pathology; frequent causes include retino-
blastoma, PFV, Coats’ disease, ROP, among
others.!”

Retinoblastoma

Retinoblastoma is the most common primary
intra-ocular tumor of childhood, diagnosed in
about 80% of patients by age 3 years, and in
95% by age 5 years. It often arises from mutations
in the RB1 tumor-suppressor gene.'® The heredi-
tary form can affect both eyes and predisposes
survivors to later malignancies such as sarcomas,
melanomas, and central nervous system tumors.™®
When bilateral ocular tumors are accompanied by
a midline intracranial lesion in the suprasellar or pi-
neal region the constellation is termed trilateral
retinoblastoma (Fig. 13). Leptomeningeal spread
can also occur.'®

On CT, the presence of a hyperattenuating intra-
ocular mass that demonstrates moderate contrast
enhancement is characteristic. The presence of
intraocular calcification in a child under the age
of 3 years is highly suggestive of retinoblastoma.?®
On MR imaging, the lesion typically appears
slightly hyperintense on T1-weighted images and
hypointense on T2-weighted images relative to
the surrounding vitreous. T2*-weighted images
typically demonstrate low signal voids; linear pe-
ripheral areas of low signal may indicate hemor-
rhage while central nodular low signal suggests
calcification (Fig. 14).2" Following gadolinium
administration, the lesion typically demonstrates
heterogeneous enhancement.

Persistent Fetal Vasculature

PFV is a congenital failure of the embryonic hya-
loid vascular system to regress normally and is
the second most frequent cause of leukocoria
after retinoblastoma.?° It usually appears in full-
term infants as unilateral leukocoria and micro-
phthalmia,'” although it may rarely be bilateral
(Fig. 15). The hyaloid vascular system comprises

Fig. 15. Axial T2-weighted fat-sup-
pressesd MR imaging orbits demon-
strating bilateral persistent fetal
vasculature in a patient with Norrie’s
disease (black arrowheads).
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an anastomotic vascular network arising from the
hyaloid artery and supplies the developing lens,
vitreous, and retina during embryogenesis. Fibro-
vascular adventitia and branches of the hyaloid
artery extend from the retrolental region to the op-
tic nerve head. It normally regresses leaving only
the acellular Cloquet canal, which has a funnel-
like configuration—narrow anteriorly near the op-
tic nerve head and widening toward the lens. It
is the incomplete involution of the hyaloid vascular
network that results in PFV. On imaging, a fibro-
vascular stalk extends from a retrolental soft tis-
sue to the posterior retina (Fig. 16), and traction
on surrounding structures may cause retinal
detachment, retinal or vitreous hemorrhage, and
associated hypoplasia of the optic nerve.??

Coats Disease

Coats disease is a unilateral retinal vascular disor-
der with a strong male predilection, characterized
by idiopathic retinal telangiectatic and aneurysmal
vessels. These abnormal vessels lead to vascular
leakage and progressive intraretinal and subretinal
exudates, retinal thickening, and exudative retinal

Fig. 16. Unenhanced axial CT orbits
shows cone-shaped retrolental soft tis-
sue along the expected Cloquet canal
(white arrow) and mild left micro-
phthalmia (arrowhead), findings consis-
tent with persistent fetal vasculature.

detachment. Advanced cases can mimic retino-
blastoma.2® Imaging usually shows retinal detach-
ment without an intra-ocular mass, hyperintense
subretinal exudates on both T1-weighted and
T2-weighted MR imaging, and post-contrast
enhancement of the detached retina, reflecting
the underlying telangiectasia and microaneurysms
(Fig. 17).2°

Retinopathy of Prematurity

ROP is a bilateral vasoproliferative retinal disorder
of premature infants, especially those with low birth
weight and prolonged oxygen therapy or ventila-
tory support.>* Normal retinal vascular develop-
ment arrests and is followed by disorganized
neovascularization. Although usually bilateral the
disease can be asymmetrical. Early imaging find-
ings are often nonspecific, with microphthalmia
the most notable feature on CT or MR imaging.’
Calcifications and retrolental soft tissue but may
be seen in severe cases.'” Diagnosis is primarily
based on clinical history, including prematurity,
incubator treatment, and ophthalmologic findings
on ophthalmoscopy.?®

Fig. 17. Axial T2-weighted fat-sup-
pressed and fat-suppressed gadolin-
ium-enhanced T1-weighted MR
sequences show small right subretinal
exudates (black arrowhead), mild
retinal enhancement (white arrow)
and mild right microphthalmia. No
enhancing mass is seen and findings
are consistent with Coats disease.
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Fig. 18. Axial T2-weighted fat-suppressed (A), T1-
weighted without fat-suppression (B) and fat-
suppressed gadolinium-enhanced T1-weighted (C)
MR sequences with a left T2-weighted hypointense,
T1-weighted hyperintense, enhancing ovoid mass
(white arrowhead). Histology confirmed uveal mela-
noma with abundant intracytoplasmic melanin
pigment.

OTHER INTRAOCULAR TUMORS
Uveal Melanoma

Uveal melanoma is the most common primary
intra-ocular tumor in adults, typically appearing in
the 5th to 7th decade.?® It most often arises in
the choroid and may be asymptomatic or lead to
reduced vision, floaters or field defects. Metasta-
ses spread chiefly to the liver, followed by the
lung, bone and skin.?”

Fig. 19. Axial T2-weighted fat-suppressed (top) and
fat-suppressed gadolinium-enhanced T1-weighted
(bottom) MR sequences in a patient with breast can-
cer demonstrates a left choroid metastasis appearing
as a curvilinear enhancing lesion at the posterior
choroid (white arrow) with associated subretinal fluid
(arrowhead).
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Fig. 20. Axial T2-weighted fat-suppressed (top) and
fat-suppressed gadolinium-enhanced T1-weighted
(bottom) MR sequences demonstrating a left ciliary
body metastatic deposit on a background of breast
carcinoma (white arrows).

Imaging appearances depend on melanin
content. Melanotic tumors exhibit intrinsic T1-
weighted and T2-weighted shortening: they are
hyperintense on T1-weighted MR imaging, hypo-
intense on T2-weighted images (Fig. 18), enhance
post-contrast and often form mushroom-shaped
peripheral masses with associated retinal or
choroidal detachment.?® Amelanotic melanomas
lack significant melanin, appear hypointense on
T1 and can resemble other intra-ocular neo-
plasms.?®2° On CT, uveal melanomas present as
hyperdense soft-tissue masses relative to vitreous
and enhance post-contrast.

Uveal Metastasis

Uveal metastasis is the most common intra-ocular
malignancy and a key differential when uveal
melanoma is suspected. Unlike melanomas, which
usually forms a protuberant, well-defined mass,
metastatic lesions tend to spread along the choroid,
giving a flatter mottled appearance with less thick-
ening and less distinct margins (Fig. 19).%° The com-
monest primary sources are breast and lung
cancers (Fig. 20).%"

Fig. 21. Axial fat-suppressed gadolinium-enhanced
T1-weighted sequence showing thin linear enhance-
ment along the right posterior choroid, presumed
diffuse choroidal hemangiomas with background
Sturge-Weber syndrome (white arrow).
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Fig. 22. Axial T2-weighted FLAIR and fat-suppressed
sequence of the brain shows an enhancing focus at
the medial right retina suggestive of a retinal
angioma (arrowheads and figure inset). A left cere-
bellar hemangioblastoma (arrow) is also present in
this patient with von Hippel-Lindau disease.

Imaging distinction from melanoma is difficult
because signal characteristics often overlap. Me-
tastases can also extend into the vitreous and
cause retinal or choroidal detachment, mimicking
melanoma.®’ T1-weighted MR imaging may
separate metastasis from melanocytic tumors,
but this becomes unreliable when hemorrhagic
or mucinous material is present, as both can
appear hyperintense.?®

Fig. 23. Sagittal right CT orbit showing a hyper-
attenuating metallic intraocular foreign body (black
arrow) with beam hardening artifacts. There is intra-
ocular (white arrow) and anterior chamber gas (white
arrowhead) and vitreous hemorrhage (black arrow-
head). The globe shape appears preserved despite
the penetrating foreign body.

Fig. 24. Axial CT orbits showing a left globe rupture
with crenated appearance (white arrow).

Choroidal and Retinal Vascular Lesions

Choroidal hemangiomas is a benign vascular tu-
mor, typically seen in middle-aged to elderly indi-
viduals. It exists in 2 forms: a circumscribed
(solitary) type, which occurs without systemic asso-
ciations, and a diffuse form, commonly linked to
Sturge-Weber syndrome.®" On imaging, choroidal
hemangiomas usually show T1-weighted hyperin-
tensity, T2-weighted iso to hyperintensity and
prominent post-contrast enhancement (Fig. 21).
Retinal angiomas, or retinal hemangioblasto-
mas, are most often associated with von Hippel-
Lindau disease (Fig. 22). They usually arise in the
peripheral retina or at the juxtapapillary region
and appear on ophthalmoscopy as round, pink-
to-orange lesions with dilated tortuous feeder and
draining vessels.*> Complications include exuda-
tive retinal detachment, which can impair vision.*®

OCULAR TRAUMA

As the most anterior part of the visual system, the
globe is particularly susceptible to trauma. Injuries
may be isolated or accompany facial trauma and
are classified as blunt or penetrating injury.®*
Complications include open globe injury, lens
dislocation, and intra-ocular hemorrhage.

Intraocular Foreign Body

Intraocular foreign bodies are a major concern in
ocular trauma. CT is the preferred modality for

Fig. 25. Axial CT orbits of a patient with penetrating
globe injury and corneal laceration showing abnormal
hypodense appearance of the left lens (white arrow-
head) and reduced volume of the anterior segment
(white arrow). There is also left globe rupture (black
arrowhead).
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Fig. 26. Axial CT orbits demonstrating a left lens sub-
luxation (white arrowhead) and posterior dislocation
(black arrowhead).

detecting foreign bodies, especially metallic or
paramagnetic ones which appear hyperdense on
CT (Fig. 23), for which MR imaging is contraindi-
cated.®® Non-metallic foreign bodies can also be
seen on CT, though MR imaging offers better
soft-tissue contrast. Wood appears hypodense
on CT,% similar to air, but as it absorbs moisture
and becomes surrounded by granulation tissue,
its attenuation increases to resemble fluid or soft
tissue.®* On MR imaging, non-metallic foreign
bodies show uniformly low signal on T1, T2, and
T2* sequences.

Globe Injury

Globe rupture may result from blunt or penetrating
trauma. In blunt injury, rupture typically occurs at
the globe’s weakest points, especially just poste-
rior to the extraocular muscle insertions where
the sclera is thinnest.®® Rupture may cause extru-
sion of intraocular contents, globe collapse and a
crenated or wrinkled contour.3*

CT is key in detecting open globe injuries.
Findings include globe deformation or collapse
(Fig. 24), intraocular air, foreign bodies, and hemor-
rhage in the aqueous or vitreous chambers. A full-
thickness corneal laceration may allow aqueous

Fig. 27. Axial CT orbits demonstrating a shrunken and
calcified right eye consistent with phthisis bulbi
(white arrow).
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Table 2
Site of globe calcification and their common
causes

Site of
Calcification Causes
Sclera Senile calcific scleral plaques
(Fig. 28)
Hypercalcemia
Lens Trauma
Uveal tract Prior infection, for example,
ocular toxoplasmosis (Fig. 29)
Uveitis, choroiditis
Sturge-Weber syndrome
Choroidal osteoma
Retina Retinoblastoma

Drusen (Fig. 30)

PFV, ROP, coats’ disease

Astrocytic hamartoma-
associated with tuberous
sclerosis (Fig. 31)

Chronic organized retinal
detachment

humor to escape, reducing anterior chamber vol-
ume, and causing asymmetry (Fig. 25).%* Posterior
scleral rupture can lead to vitreous extrusion, lens
retropulsion, and anterior segment enlargement.>’
Lens displacement, either anterior or posterior,
may also be seen depending on the chamber
affected. Crucially, some serious injuries may
show no clear imaging signs, and a normal-
appearing globe does not exclude an open globe
injury (see Fig. 23).38

Traumatic Lens Injury

Globe trauma can disrupt the zonular fibers that
anchor the lens, leading to subluxation or disloca-
tion. Blunt trauma causes rapid globe deformation
and zonular rupture,” while penetrating trauma
may directly displace the lens into the vitreous.
As the iris limits forward displacement, posterior
dislocation into the vitreous is more common.®*

Fig. 28. Axial CT orbits demonstrating bilateral senile
calcific scleral plaques with characteristic calcifications
at the insertions of the medial and lateral recti mus-
cles (arrowheads).
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Fig. 29. Axial CT showing scleral calcifications in pa-
tient with prior right eye cytomegalovirus retinitis
on a background of retroviral disease (white arrow).

Any abnormal lens position should raise suspicion
for zonular injury.

On CT, the lens is normally hyperdense due to
its high protein content. If the lens capsule is perfo-
rated, fluid can accumulate within the lens, result-
ing in opacification and a traumatic cataract,
which appears hypodense (see Fig. 25).°° While
lens displacement is often clinically evident, imag-
ing can confirm it, showing the lens either partially
subluxed or lying dependently in the vitreous
(Fig. 26).

INTRAOCULAR CALCIFICATIONS

Intraocular calcifications can be indicative of
benign incidental findings to serious pathologies
such as retinoblastoma. Some, like optic nerve
head drusen or age-related sclerochoroidal calci-
fications, are often incidental and asymptomatic.
Others may result from tumors (eg, retinoblas-
toma), chronic inflammation, or trauma. Recog-
nizing the pattern, location, and associated
imaging features can help avoid misdiagnosis
and ensures appropriate ophthalmology referral.

Phthisis Bulbi

Phthisis bulbi refers to an end-stage, non-func-
tional, atrophic eye, which is often partially calci-
fied. It results from previous significant ocular
injury, most commonly trauma or infection, and
represents the final outcome of severe damage.
Imaging shows a small, deformed, diminutive
globe with curvilinear sclerochoroidal and dystro-
phic calcifications, particularly within the vitreous

Fig. 30. Axial CT showing a calcified left optic nerve
head drusen (white arrow).

Fig. 31. Axial CT showing a calcified focus along the
retina posteriorly consistent with a calcified astrocytic
hamartoma in a patient with known tuberous scle-
rosis (white arrow).

humor (Fig. 27). Other common causes of intraoc-
ular calcifications are detailed in Table 2,144

OCULAR POSTSURGICAL CHANGES

Orbital imaging is often performed incidentally dur-
ing brain, facial, or sinus studies, making radiolo-
gists commonly encounter postoperative ocular
changes. Recognizing these findings is important,
as they can mimic trauma, tumors, or inflammation.
Common procedures include glaucoma drainage
devices (GDDs), lens replacements, scleral buck-
ling, silicone oil tamponade, pneumatic retinopexy,
and globe prostheses.*®

Glaucoma treatment aims to lower intraocular
pressure using medical or surgical approaches.
Surgery most often involves trabeculectomy or
placement of GDDs. Trabeculectomy usually has
no imaging findings on routine CT or MR imaging.
A GDD has 2 components: a tube inserted into the
anterior chamber, and a plate positioned in the
superotemporal quadrant. On CT, the device ap-
pears as a curvilinear hyperdense structure adja-
cent to the globe. On MR imaging, it shows low
signal on both T1-weighted and T2-weighted se-
quences. A small fluid-filled bleb may be seen

Fig. 32. Axial CT (top) and T2-weighted MR sequence
(bottom) demonstrating glaucoma drainage devices
on CT and MR respectively (white arrows), with small
associated fluid filled blebs. Bilateral intraocular lens
replacements also noted (black arrowheads).
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Fig. 33. Axial CT orbits showing a right scleral buckle
(arrow) and intraocular lens replacement (arrowhead).

near the plate on MR imaging and can be mistaken
for a cystic orbital lesion (Fig. 32).%?

Cataract surgery typically involves using phaco-
emulsification to break up and remove the natural
lens, followed by implantation of an artificial intra-
ocular lens within the lens capsule. The artificial
lens consists of 2 components: the optic and the
footplates/haptics. The haptics are not readily
visualized on imaging, whereas the artificial intra-
ocular lens appears as a thin linear hyperdense
structure posterior to the iris on CT and appears
hypointense on MR imaging (Fig. 33).2

Surgical Treatment for Retinal Detachment

Ophthalmologists use several surgical techniques
to repair retinal detachment, including scleral
buckling, pars plana vitrectomy with intraocular
tamponade, and retinopexy. The main goals are
to re-appose the sensory retina with the RPE and
to prevent the retinal tear from reopening.*® Reat-
tachment and sealing of the break are typically
achieved through scleral buckling or tamponade.

Scleral buckling involves indenting the eye wall
beneath the retinal break, reducing traction and
promoting reattachment. On imaging, the buckle
appears as an encircling band around the globe
(see Fig. 33).

Vitrectomy entails removal of the vitreous gel,
followed by insertion of a tamponade agent, either
gas (eg, air or sulfur hexafluoride) or silicone oil, to
close retinal breaks and re-appose the retina. On
CT, intraocular gas appears as low attenuation

Fig. 34. Axial CT orbits showing a left pneumatic ret-
inopexy with gas—fluid level (arrowhead) and a left
scleral buckle (arrow).
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Fig. 35. Axial T2-weighted (top) and T1-weighted
(bottom) MR sequences demonstrating a right porous
orbital implant (white arrow) and ocular prosthesis
(white arrowhead). Left intraocular silicone oil shows
T2-weighted hypointense and T1-weighted hyperin-
tense signal (black arrows). Note chemical shift arti-
facts at the oil-fluid interface (black arrowheads).

within the vitreous cavity, often with air-fluid levels
(Fig. 34); on MR imaging, it shows as hypointense
on both T1-weighted and T2-weighted images.*?
Silicone oil appears hyperattenuating on CT
(~130 HU), distinguishing it from blood (<90
HU).*4 On MR imaging, it typically shows T1 hyper-
intensity and variable T2 signal, often with chemi-
cal shift artifact at the oil-fluid interface (Fig. 35).

Orbital Implants

In severe ocular disease such as trauma, malig-
nancy, or phthisis bulbi, enucleation may be
required. After enucleation, a spherical orbital
implant is placed to restore volume, followed by an
ocular prosthesis resembling a large contact lens
(Fig. 36). Implant materials include silicone, polyme-
thylmethacrylate, and porous materials like porous
polyethylene, which allow vascular ingrowth. On
CT, porous polyethylene appears hypoattenuating
with internal air foci (Fig. 37) that resolve as

Fig. 36. Axial CT showing hyperdense left orbital
implant (arrow) and ocular prosthesis (arrowhead).
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Fig. 37. Axial CT of a recent right porous polyethylene
implant appearing hypodense with internal air foci
(white arrow). Right ocular prosthesis (arrowhead).

fibrovascular tissue fills the implant.*? Other porous
implants may appear hyperdense on CT if made of
calcium hydroxyapatite or aluminum oxide. On MR
imaging, implants appear as hypointense globular
structures on both T1-weighted and T2-weighted
sequences (see Fig. 35).

SUMMARY

A wide range of globe abnormalities can be identi-
fied and evaluated using CT and MR imaging. Fa-
miliarity with CT attenuation patterns and MR
imaging signal properties is essential for accurate
lesion characterization. This article discusses the
imaging features of various ocular pathologies as
seen on CT and MR imaging.

CLINICS CARE POINTS

e A proficient understanding of the globe
anatomy is essential for identifying the
involved anatomical structure and its respec-
tive pathology.

e There are several intraocular potential spaces,
each associated with specific types of ocular
detachments that have characteristicimaging
features.

e Leukocoria is a has a wide differential and im-
aging is helpful to between retinoblastoma
and other mimics such as persistent fetal
vasculature, Coats disease, and retinopathy
of prematurity.

e Ocular trauma can cause specific injury pat-
terns to the globe or lens with characterisitc
imaging findings. Intraocular foreign bodies
may be seen, often best seen on CT.

e Recognizing common postoperative ocular
changes and implant devices is essential to
avoid mistaking them for pathology and
avoid unnecessary investigations.
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