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KEY POINTS

o Significant morbidity is associated with orbital trauma, including permanent visual loss.
e In the clinical assessment of orbital trauma, visual acuity and extraocular muscle motility are critical

for rapid evaluation of injury severity.

e Assessment of these parameters may be limited by edema and concomitant injuries.
e Imaging may further delineate the trauma pattern and extent of injury, and is performed early and

often in patients with significant orbital trauma.

IMAGING TECHNIQUES

In patients with orbital trauma, physical examina-
tion and history should focus on rapid evaluation
of injury severity. Mechanism and timing of injury
may provide valuable clinical information in the
workup of such patients. Visual acuity testing,
intraocular pressure, slit-lamp examination with
fluorescein and fundoscopy are helpful for assess-
ment, but may be limited if severe trauma is present
or globe rupture is suspected. Visual acuity and
extraocular motility are the 2 most important func-
tions to be evaluated emergently.! Evaluation of
these clinical parameters may be limited by edema
and concomitant injuries. Imaging may further
delineate the trauma pattern and extent of injury,
and is performed early and often in patients with
significant orbital trauma.

ORBITAL ANATOMY

Familiarity with normal orbital anatomy is impor-
tant for the interpretation of trauma studies
(Fig. 1). The globe is a spherical 2- to 3-cm

structure with 3 concentric layers: the outer sclera,
the vascular choroid, and inner retina, continuous
with the optic nerve. The sclera blends into the
cornea and is covered by the translucent conjunc-
tiva ventrally. The uvea describes the middle layer
and consists of the choroid, ciliary body, and iris.
The globe can be separated into the anterior and
posterior segments by the lens. The anterior
segment is further subdivided into the anterior
and posterior chamber by the iris; aqueous humor
is produced by the ciliary body and flows to the
anterior chamber. The lens is suspended by zonule
fibers, and muscular contractions of the ciliary
body result in lens deformity. The posterior
segment contains gelatinous vitreous humor.

CHOICE OF IMAGING

Radiology plays a critical role in the diagnosis and
treatment planning of traumatic orbital injuries. Im-
aging may be indicated if the posterior chamber
is not visualized on ophthalmologic examination,
or if there is clinical concern for orbital fracture,
intraocular foreign body, or occult globe rupture.?
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Fig. 1. Sagittal view of the orbit, illustrating the normal anterior and posterior segment structures separated by
the lens. The 3 layers of the orbit are illustrated: outer sclera, vascular choroid, and inner retina. CSF, cerebrospi-
nal fluid. (Courtesy of Amirsys Inc, Salt Lake City (UT); with permission.)

Computed tomography (CT) is typically the first-
line modality, given its rapid acquisition and avail-
ability; however, other modalities may have
distinct advantages.

Radiography

The role of conventional radiographs has dimin-
ished significantly, given the current availability of
CT. Standard Caldwell (orbitofrontal view; beam
tilted 15-20° caudal) and Waters (occipitomental
view; chin raised) views have sensitivities ranging
from 64% to 78% for detection of orbital fractures,
with false-negative findings in 9% to 29%.°% Given
the moderate sensitivity and false negatives, plain
films have limited clinical utility.

Computed Tomography

CT has become the first-line imaging study in pa-
tients with ocular trauma.* Rapid acquisition and
thin-section multiplanar reformations of CT allow
for accurate assessment of orbital fracture and
associated injuries.” CT demonstrates a high
sensitivity for fracture detection that is optimized
by thin-section acquisition, multiplanar reforma-
tions, and 3-dimensional modeling.® Furthermore,
for polytrauma cranial evaluation can be per-
formed concurrently with CT imaging.

Although CT is very sensitive for detection of
orbital fracture, its accuracy in soft-tissue injuries
may be more limited. In a study from 2000, CT
demonstrated 73% sensitivity and 95% specificity
for the detection of open-globe injury.® Magnetic
resonance (MR) imaging holds significant advan-
tages for the assessment of retinal and choroidal
detachments and nonradiopaque foreign bodies.

The lens is a radiosensitive organ, and efforts
should be made to limit the radiation delivered.
Modern multidetector helical CT scanning tech-
niques demonstrate significant benefit in dose
reduction over older single-detector setups. There
is evidence that limiting the tube current to 100 mA
instead of the conventional 300 mA setting may
decrease the effective dose by 70% without
compromising detection of traumatic injury.”

Ultrasonography

Ultrasonography can be performed rapidly at the
bedside, and appears to provide accurate detec-
tion of retrobulbar hemorrhage, foreign body,
lens dislocation, and retinal detachment.® How-
ever, it is contraindicated in the setting of globe
rupture because of the pressure applied during
sonographic assessment, possibly exacerbating
an unstable globe.?° Although ultrasonography is



limited in the assessment of complex facial frac-
tures, it appears to provide accuracy comparable
with that of CT in the detection of fractures of the
infraorbital rim and orbital floor."®

MR Imaging

In the acute presentation of ocular trauma, MR im-
aging has limited utility because of its longer
acquisition time and decreased sensitivity for
fracture in comparison with CT. Furthermore, MR
imaging is contraindicated if a metallic ocular
foreign body is suspected.® MR imaging holds sig-
nificant advantages in the detection of organic
foreign bodies (eg, wood).?

ANTERIOR CHAMBER INJURIES

The anterior chamber is located between the
cornea and iris and contains aqueous fluid. Clini-
cally and by imaging, the anterior chamber should
be assessed for the presence of abnormal material
(eg, blood, foreign body) and abnormal depth.
Deepening of the anterior chamber may result
from lens dislocation, scleral rupture, or iridodialy-
sis (rupture of the iris—ciliary body attachments).
The anterior chamber may be abnormally shallow
as a result of lens dislocation, corneal injury,
choroidal hemorrhage, or acute angle closure.?

Anterior chamber depth (ACD) on CT appears to
correspond with open-globe injury. An asymmetric
difference in ACD of 0.4 mm or greater has 73%
sensitivity and 100% specificity for detection of
open-globe injury."" Corneal laceration may result
in decreased ACD (Fig. 2) and may be accompa-
nied by iris prolapse. Anterior lens dislocation
may mimic traumatic corneal laceration, and the
lens should be carefully examined.'?

Traumatic Hyphema

A traumatic hyphema is caused by bleeding in the
anterior chamber secondary to disruption of blood
vessels in the iris or ciliary body.® A blood-aqueous
level may be apparent on inspection, and in-
creased intraocular pressure may result. Rebleed-
ing may occur in 20% of patients, typically 2 to
5 days following injury when the initial clot retracts.
Clinically it is important to assess for a bleeding
diathesis, such as sickle cell disease, which can
significantly increase the severity of the hyphema
and the likelihood and rate of rebleed.® Hyphema
may be classified in 4 grades, the most significant
being an “8-ball hyphema” resulting from an ante-
rior chamber completely filled with hemorrhage.
More than half of traumatic hyphemas are the
result of sports-related injuries.’® Imaging is not
required for the diagnosis of traumatic hyphema

Orbital Soft-Tissue Trauma

Fig. 2. (A, B) Axial noncontrast computed tomogra-
phy (CT). Corneal laceration resulting in decreased
anterior chamber depth in the left eye (B). Note that
the normal density of the lens is preserved.

but is frequently performed to assess for more sig-
nificant injury. The hyphema is manifested on
orbital CT by increased attenuation in the anterior
chamber. Disruption of these same iris and ciliary
vessels may result in bleeding into the posterior
chamber, a vitreous hemorrhage (see later
discussion).

Subconjunctival Hemorrhage

Subconjunctival hemorrhage may occur from minor
trauma such as sneezing, coughing, or Valsalva,
and results from tearing of small subconjunctival
blood vessels. The dramatic appearance may
bring patients to medical attention when a painless,
red conjunctival lesion is evident. The area should
not be raised, and visual acuity should be pre-
served. Cross-sectional imaging is not necessary,
and the hemorrhage is self-limited.®

INJURY TO IRIS AND CILIARY BODIES

Injuries to the iris and ciliary bodies are typically
assessed on clinical examination. Thorough evalu-
ation of the iris and ciliary body is performed with a
mirror/prism (gonioscope) in conjunction with a slit
lamp to evaluate the iridocorneal angle.’ Cross-
sectional imaging may be normal, unless associ-
ated vascular injury is present with anterior and/
or posterior chamber hemorrhage.

Traumatic iridocyclitis results from blunt trauma
to the iris and ciliary body that may cause spasm
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and blurry vision. This condition is typically self-
limited; short-term cycloplegic (dilating and para-
lyzing) therapy may be given. Traumatic mydriasis
and miosis result from similar traumatic injury to
the iris sphincter. Although this condition is self-
limited, imaging may be performed to exclude
cranial nerve injury as the underlying cause.® Trau-
matic iridodialysis is the result of a tear in the pe-
ripheral iris resulting in separation of the iris and
ciliary body.

Glaucoma can result from traumatic obstruction
of aqueous outflow from blood (hyphema), disrup-
tion of the trabecular meshwork, or lens disloca-
tion. Delayed-onset glaucoma can occur from
angle recession, lens dislocation, or various hemo-
lytic manifestations. Delayed glaucoma is also
seen following open-globe injury, owing to forma-
tion of synechiae.*

LENS INJURIES
Subluxation and Dislocation

The zonule fibers responsible for holding the lens
in place may be disrupted by blunt trauma, re-
sulting in lens detachment. Patients will clinically
display blurred vision, monocular diplopia, or
distortion if partial lens dislocation is present.
Most commonly the lens will dislocate posteriorly
because the iris prevents anterior translation.
However, anterior lens dislocations can occur,
and may mimic decreased ACD caused by
corneal laceration. Anterior lens dislocation may
also result in acute angle closure glaucoma by
mechanical obstruction of aqueous outflow, a
condition requiring emergent ophthalmologic
attention.'®

With complete dislocation, the lens is typically
displaced posteriorly and lies dependently within
the vitreous humor (Fig. 3). When the zonule fibers
partially tear, there is asymmetric displacement of
the lens away from the ruptured ciliary attach-
ments and posterior displacement into the vitre-
ous humor (Fig. 4).°

Trauma is the most common cause of lens dislo-
cation, but bilateral nontraumatic subluxations
may be seen with Ehlers-Danlos syndrome,
Weill-Marchesani syndrome, aniridia, homocysti-
nuria, and Marfan syndrome.'®

Traumatic Cataract

The lens capsule normally maintains a dehydrated
environment. When the capsule is disrupted, the
lens may absorb fluid and swell. This condition
manifests clinically as a cloudy edematous lens
and is demonstrated on CT by unilateral lens hypo-
attenuation, a finding specific for traumatic cata-
ract (Fig. 5). A decrease in attenuation of 30 HU

Fig. 3. (A, B) Axial noncontrast CT. Complete disloca-
tion of the right lens following trauma. The dislocated
right lens lies dependently within the vitreous humor.

may be seen in the abnormal lens. Treatment is
surgical lens replacement.? The pathophysiology
of traumatic cataract is similar to that of osmotic
cataract seen with hyperglycemia, in which
elevated glucose in the aqueous humor creates
an osmotic gradient that draws fluid into the lens;
however, this finding is bilateral in diabetic
hyperglycemia.'”

Fig. 4. (A, B) Axial noncontrast CT. Partial dislocation
of the right lens is evident, with rupture of the medial
zonule fibers and lateral and slight posterior displace-
ment of the lens. The left lens appears normal.



Fig. 5. Axial noncontrast CT. Corneal laceration and
decreased left anterior chamber depth with traumatic
cataract. When the lens capsule is disrupted, a trau-
matic cataract results from a swollen edematous lens
with low density on CT.

GLOBE INJURIES
Globe Rupture

Open-globe injury, or globe rupture, is a surgical
emergency because of the risk of endophthalmitis
and the associated high rate of monocular blind-
ness. The standard practice of ophthalmologists
worldwide is to undertake a primary surgical repair
to restore the structural integrity of the globe. This
action is best undertaken at the earliest opportu-
nity, regardless of the extent of the injury and the
presenting visual acuity.'® Although diagnosis of
an open-globe injury is obvious when intraocular
contents are visualized on ophthalmologic exami-
nation, it can be challenging when a patient is un-
able or unwilling to cooperate, or if severe facial
injuries make examination unsafe.®

CT is the imaging test of choice for the diagnosis
of an open-globe injury and assessment for asso-
ciated injuries. Findings include a change in globe
contour with an obvious loss of volume (“flat-tire”
sign), scleral discontinuity, intraocular air, and
intraocular foreign body (Figs. 6 and 7).° Absent
or dislocated lens, vitreous hemorrhage, and
retinal detachment are additional predictors of
open-globe injury.’® In a review of 46 patients
who underwent surgical exploration, moderate to
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Fig. 6. Axial noncontrast CT of a patient with left
facial trauma and left globe volume loss. Total vitre-
ous hemorrhage is present and the lens is absent,
both specific for open-globe injury.
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Fig. 7. Axial noncontrast CT of a patient with left
facial trauma shows an obvious loss of volume of
the left globe, contour change, intraocular gas, and
hemorrhage.

severe change in globe contour (flattening or con-
cavity of the sclera in at least 1 quadrant), obvious
volume loss, total vitreous hemorrhage, and
absence of lens were seen only in eyes with globe
rupture.’®

CT has historically been an imperfect diag-
nostic modality for ruptured globe. A retrospec-
tive review of 200 patients from 1989 to 1993
found that CT had sensitivity of 75% and speci-
ficity of 93% for the diagnosis of open-globe
injury in the absence of clinical information.® In
the setting of massive subconjunctival and/or
anterior chamber hemorrhage precluding
adequate clinical examination in 59 patients,
sensitivity was found to be 70%.2° Sensitivity
may be especially limited in the setting of equiv-
ocal clinical examination. A review of 46 patients
found that when analysis was limited to patients
with clinically occult globe rupture, sensitivity
decreased from 71% to a range of 56% to 68%
between observers, with a negative predictive
value of 42% to 50%."°

Recent literature, however, suggests better per-
formance for CT when certain findings are consid-
ered. Kim and colleagues'" found 92% sensitivity,
85% specificity, and 89% accuracy for globe
rupture in 56 patients when 1 or more of the
following are present: change in ACD; change in
globe contour; obvious loss of globe volume; dis-
located/deformed lens; intraocular foreign body/
air; or intraocular hemorrhage. The key finding
among these factors was change in ACD. An
earlier study reported increased ACD in globe
rupture, thought to result from posterior scleral
injury decompressing the vitreous, allowing for ret-
ropulsion of the lens and deepening of the anterior
chamber.2! However, Kim and colleagues'" found
that 13 of 15 patients (86%) with globe rupture had
decreased ACD, a result of either corneal perfora-
tion with collapse of the anterior chamber or
increased intraocular pressure from hemorrhage
(Fig. 8). Regardless of whether ACD increased
or decreased, any difference between globes
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Fig. 8. (A) Axial noncontrast CT of a patient with right
facial trauma shows asymmetric decreased right ante-
rior chamber depth, which can result from either
corneal perforation or increased intraocular pressure.
(B) Medial scleral discontinuity of the right globe
(arrow) is compatible with globe rupture, also shown
at the inferior margin of the right globe on sagittal CT
reconstruction.

0.4 mm or larger had 73% sensitivity and 100%
specificity for globe rupture.

Potential pitfalls in the diagnosis of open-globe
injury include nontraumatic causes of globe-
contour deformity, mimics of intraocular air, and
mimics of traumatic foreign body. Nontraumatic
causes of globe-contour deformity include orbital
mass or hematoma, buphthalmos, staphyloma,
and coloboma (Fig. 9).°'® Mimics of intraocular
air include gas injection into the vitreous to tampo-
nade the retina in the treatment of retinal detach-
ment (Fig. 10)."® Mimics of traumatic foreign

Fig. 9. Axial noncontrast CT of a patient with
abnormal contour of the globe secondary to staphylo-
mas. The bilateral nature of this finding helps to
exclude open-globe injury. The right lens was normal
but out of the imaging plane.

Fig. 10. Axial noncontrast CT of a patient with intraoc-
ular gas for treatment of bilateral retinal detachment.
The pressure created by injected gas creates a tampo-
nade, forcing the retina into choroid apposition.

body include scleral banding (Fig. 11), silicone oil
(Fig. 12), eyelid implants, and glaucoma drainage
devices.?? Surgical history and knowledge of char-
acteristic findings can help suggest the correct
diagnosis.

Globe Luxation

Globe luxation, or anterior dislocation of the globe
beyond retracted eyelids, results from an extreme
proptosis that allows the lids to slip behind the
globe equator. It places traction on the optic nerve
and retinal vasculature, making early reduction
important for maintaining visual acuity.® It can
occur in the setting of trauma, Graves ophthalm-
opathy, or orbital mass, among other causes.
Reported cases in the literature do not include
radiologic imaging, but clinical appearance is
characteristic.

POSTERIOR SEGMENT INJURIES
Vitreous Hemorrhage

In the setting of trauma, orbital hemorrhage can
accumulate within the posterior segment in multi-
ple anatomic spaces. Blood accumulating in the
vitreous is simply called vitreous hemorrhage

Fig. 11. Axial noncontrast CT of a patient with left
medial scleral band used to treat retinal detachment
mimicking foreign body. In the setting of trauma, elic-
iting a history of scleral banding may be crucial to
differentiate from traumatic foreign body. Knowl-
edge of the characteristic peripheral location can
also aid in the correct diagnosis.
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Fig. 12. Axial noncontrast CT. Silicone oil injected into
the left vitreous, mimicking hemorrhage.

(Fig. 13). Hemorrhage can also collect in the space
between the vitreous and retina. In addition, hem-
orrhage and fluid may seep into the potential
spaces between the 3 layers of the globe, particu-
larly when there has been laceration to 1 or more
layers.

CHORIORETINAL INJURY

The retina is the innermost layer of the globe, and
is securely attached to the choroid at its anterior
margin, the ora serrata, and its posterior margin
at the optic disc. The remainder is relatively loosely
connected to the choroid. In the setting of trauma,
a retinal tear can allow vitreous fluid and hemor-
rhage into the subretinal space. If the retina re-
mains attached at the ora serrata and optic disc,
hemorrhage lifting the retina off the choroid will
have a characteristic V-shaped appearance on
CT (Fig. 14).° If these attachments are also sev-
ered, the retina may become free-floating. The
presence of subretinal hemorrhage in a child
should raise suspicion for child abuse (Fig. 15).
Nontraumatic causes of retinal detachment
include inflammation and neoplasm.

Similarly, choroidal detachment occurs when
hemorrhage or fluid collects in the suprachoroidal
space between the choroid and sclera. The
normal choroid extends from the ciliary body
anteriorly to the optic nerve head posteriorly.

Fig. 13. Axial noncontrast CT of a patient with right-
sided facial trauma shows right globe rupture evi-
denced by decreased globe volume and medial scleral
discontinuity. There is prominent right vitreous
hemorrhage.

Orbital Soft-Tissue Trauma

Fig. 14. Axial fat-suppressed T2-weighted image
showing complete right retinal detachment with
layering subretinal hemorrhage. This pediatric patient
had primary hyperplastic vitreous with secondary
retinal detachment; however the characteristic
V-shaped detachment is illustrated.

Fig. 15. (A) Axial noncontrast CT of a pediatric patient
with left-sided subretinal hemorrhage. (B) Head CT of
the same patient shows hemorrhage in the posterior
horn of the right lateral ventricle in addition to poste-
rior parafalcine subdural hemorrhage. The patient
was later confirmed to be a victim of nonaccidental
trauma.
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Choroidal detachments occur in the setting of
ocular hypotony, or decreased intraocular pres-
sure. Trauma is one cause of ocular hypotony,
which results in decreased pressure within the
suprachoroidal space, allowing transudate to
enter. If bridging arteries and veins between
choroid and sclera are torn in the process, supra-
choroidal hemorrhage can also occur. Suprachor-
oidal collections appear as biconvex, extending
from the ciliary body anteriorly to the vortex veins
posteriorly (Fig. 16).°

The morphology of hemorrhage can help
distinguish the location in chorioretinal injury.
Characteristically, choroidal detachment with
suprachoroidal hemorrhage demonstrates a
biconvex shape as opposed to a V-shaped con-
figuration of retinal detachment and subretinal
hemorrhage (Fig. 17).

Commotio Retinae

Commotio retinae, or Berlin edema, is a zonal area
of retinal whitening caused by outer photoreceptor

Fig. 16. Choroidal hemorrhage. Axial fat-suppressed
T2-weighted (A), axial T1-weighted postcontrast (B),
and coronal T2-weighted fat-suppressed (C) images
of the orbits show biconvex collections in the left
globe characteristic of suprachoroidal collections.
The T2 signal is hypointense to vitreous and the T1
signal is intermediate, reflecting either hemorrhage
or proteinaceous fluid.

Fig. 17. Choroidal versus retinal hemorrhage. Axial
fat-suppressed T2-weighted images (A, B) and axial
noncontrast CT images (C, D) in 4 different patients.
Characteristic V-shaped retinal detachment and hem-
orrhage is shown (A, C) in comparison with the
biconvex shape of choroidal hemorrhage (B, D).

disruption and retinal pigment epithelial damage
sustained by blunt trauma, often from assault,
motor vehicle accident, or sports injury. It can
result in loss of vision when affecting the macula.?
Although there are no typical radiologic imaging
findings, commotio retinae is often associated
with preretinal, retinal, and subretinal hemor-
rhages and choroidal rupture, and, as such, a
careful search for these findings should be made
in this setting.?®

PENETRATING OCULAR INJURIES

Penetrating ocular injuries can be obvious when
large foreign bodies remain present (Fig. 18). How-
ever, they can be missed on physical examination
if the injury is sealed off or if clinical signs are sub-
tle.?® In these cases, careful attention should be
given to the detection of an intraorbital foreign
body (IOFB), which is common, occurring in 1 of
every 6 cases of orbital trauma.?” Knowledge of
the precise location and number of IOFBs is also
important preoperatively. Extraocular IOFBs are
typically managed conservatively, whereas those
that are intraocular may require surgical interven-
tion.?® Sequelae of undetected IOFBs include
posttraumatic endophthalmitis, potentially leading
to permanent loss of vision, in addition to hy-
phema, cataract formation, vitreous hemorrhage,
and retinal tears and detachment.?® Failure to
detect metallic foreign bodies on CT is potentially
devastating if the patient goes on to MR imaging.
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Fig. 18. (A) Anteroposterior and (B) lateral radiographs of a patient with transorbital penetrating knife injury
extending through the maxillary sinus into the oral cavity.

CT is the gold standard for the detection of
IOFBs,?” with the ability to detect objects as small
as 1 mm.® Metallic foreign bodies are well dis-
cerned on most CT window settings because of
their high attenuation compared with the intraorbi-
tal soft tissues (Fig. 19B). MR imaging of a metallic
IOFB demonstrates susceptibility artifact, which
can limit evaluation of the orbit and surrounding
soft tissues (see Fig. 19A).

Nonmetallic foreign bodies can present a diag-
nostic dilemma because they are less apparent
on imaging. CT is more sensitive than MR imaging
or ultrasonography for the detection of intraorbital
glass. Sensitivity increases with increasing size
(96% at 1.5 mm vs 48% at 0.5 mm), higher atten-
uation (range 80-550 HU), and anterior chamber
location.?® Wooden foreign bodies display a range
of appearances on CT. Wood is a porous struc-
ture, and the relative amount of air and water
within wood accounts for its attenuation on CT.
For example, dry pine appears similarly to air on
soft-tissue window settings (HU —656), whereas
fresh pine, with greater water content, will appear
at nearly water density on CT (HU —24).2” A
wooden foreign body can be difficult to identify
when it mimics air, and should be scrutinized
with wider window settings, especially in the

Fig. 19. Patient with right-sided orbital penetrating
injury resulting in metallic foreign body. A magnetic
resonance image (A) was first obtained without
proper screening, showing significant susceptibility
in the right orbit. Subsequent CT (B) shows the
metallic foreign object in the right lateral orbit.
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absence of fracture or if there are geometric mar-
gins (Fig. 20). The attenuation of wooden IOFBs
has been shown to increase over time, a reported
specific finding for wood; this likely results from
body fluid displacing air within the porous foreign
body.3° Some advocate for MR imaging when CT
is negative or equivocal in searching for a wood
IOFB, because fat-suppressed postcontrast im-
ages can demonstrate surrounding inflammatory
changes.®

Fig. 20. Axial noncontrast CT (A) showing a hypo-
dense foreign body traversing the orbit and right lam-
ina papyracea into the ethmoid sinus. Intraoperative
view (B) shows the deep penetrating injury and
wooden foreign object that was removed (C).

CAROTID-CAVERNOUS FISTULAS

A carotid-cavernous fistula (CCF) forms when there
is disruption of the wall of the cavernous internal
carotid artery (ICA), resulting in arteriovenous
shunting from the ICA into the cavernous sinus.
Although CCF in most cases is not secondary to
orbital trauma, it can result in multiple orbit-
related findings, and therefore is an important en-
tity to consider in posttraumatic orbital imaging.
The typical mechanism for a posttraumatic CCF in-
volves a skull-base fracture extending through the
sphenoid bone and bony carotid canal, or pene-
trating injury to the posterior orbit or cavernous si-
nus.®” When arterialized flow develops in the
cavernous sinus, increased venous pressure can
lead to flow reversal in the veins draining into the
cavernous sinus, including the ophthalmic veins.
If untreated, a progressive increase in intraocular
pressure can ultimately cause retinal hypoperfu-
sion and retinal ischemia. Ocular symptoms,
including ocular chemosis, proptosis, glaucoma,
and visual loss, typically do not present immedi-
ately but rather days or weeks after the initial
trauma.®' Pulsating exophthalmos and objective
pulsatile tinnitus are also occasionally seen along
with deficits of cranial nerves Ill through VI1.°
Imaging of the head and orbits is valuable in the
diagnosis of CCF. Typically CT or MR imaging
demonstrates dilation of the superior ophthalmic
vein, proptosis, and extraocular muscle enlarge-
ment, all findings potentially demonstrable on non-
contrast studies.® Contrast-enhanced CT or MR
imaging can provide additional diagnostic clues,
including illustration of cavernous sinus distension
and improved visualization of ophthalmic vein
enlargement (Fig. 21). Definitive diagnosis requires
digital subtraction angiography (DSA), which
shows early aberrant filling of the cavernous sinus
and dilated veins leading away from the sinus,
including the superior and inferior ophthalmic veins
and the superior and inferior petrosal sinuses. DSA
can also provide access for endovascular therapy
for CCF, with treatment options including detach-
able balloon embolization, transvenous emboliza-
tion, or covered-stent repair of ICA laceration.*?

OPTIC NERVE INJURY

Traumatic optic neuropathy (TON) is a rare but
important potential result of head trauma, with
recent estimates suggesting that optic nerve injury
occurs in approximately 0.5% to 5% of all closed
head injuries and up to 10% of patients with cranio-
facial fractures.®®> TON can be subdivided into 2
main types, direct or indirect, defined by mecha-
nism of injury to the optic nerve.®* Direct TON



Fig. 21. (A) Axial T1-weighted image shows right-
sided proptosis and marked dilatation of the right su-
perior ophthalmic vein in this patient after direct
facial trauma. (B) Axial CT angiography shows an
abnormal enlargement of the right cavernous sinus
with a convex lateral border. Note the abnormal early
venous enhancement in the right side of the
cavernous sinus, consistent with arteriovenous shunt-
ing in this patient with a direct posttraumatic
carotid-cavernous fistula.

occurs when the optic nerve is damaged by a
transorbital penetrating injury such as from a bullet
or knife. Indirect TON includes all other nonpene-
trating sequelae of trauma, including mass effect
from retrobulbar hemorrhage and deceleration in-
juries that subject the optic nerve to violent rotatory
forces. Such indirect mechanisms of injury may
compress or tear the optic nerve or its associated
vascular supply. TON typically produces clinical
findings common to most optic neuropathies,
including decreased visual acuity, color, and visual
field, with visual acuity often 20/400 or less on the
affected side.®® Patients with TON often have se-
vere injuries requiring immediate attention; the
diagnosis of TON may be delayed until a detailed
visual assessment can be performed.

In patients with facial trauma and subsequent
decrease in visual acuity, neuroimaging is used
to evaluate for potential causes of TON. In partic-
ular, noncontrast CT through the orbits is valuable
in the assessment of any fracture involving the
orbital apex that could compromise the optic
nerve (Fig. 22).3% In cases of TON related to a
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retrobulbar hemorrhage, noncontrast CT will allow
for the characterization of the volume and extent of
hemorrhage in the orbit, potentially guiding surgi-
cal decompression (Fig. 23). In situations where
a trauma patient is clinically stable and able to
tolerate MR imaging, direct visualization of the op-
tic nerve can reveal abnormal hyperintensity in the
nerve on T2-weighted images. In cases of post-
traumatic compromise of the vascular supply to
the optic nerve, diffusion-weighted imaging can
demonstrate reduced diffusivity in the optic nerve,
suggesting ischemic injury (see Fig. 22B, C). The
ability to integrate detailed multisequence MR im-
aging of the orbits, however, is often unfeasible,
despite its advantage in the demonstration of
soft-tissue abnormality.

In patients sustaining traumatic injury to the op-
tic nerves, the main treatment options remain
close observation, high-dose corticosteroid ther-
apy, surgical decompression, or a combination
thereof.>® However, given the lack of large obser-
vational studies or randomized controlled trials as-
sessing patient outcomes after treatment of TON,
the optimal treatment algorithm remains contro-
versial. Future treatments currently being investi-
gated include neuroprotective drugs and other
therapies to enhance visual recovery following
trauma.>®

Diagnostic checklist orbital CT

ACD: Ensure the ACD is symmetric bilaterally.
Corneal laceration, globe rupture, and lens
dislocation will result in ACD asymmetry.

Lens density: A traumatic cataract will manifest
with unilateral lens hypodensity.

Lens position: Careful attention should be paid
to lens position. Complete dislocation is most
common posteriorly into the vitreous. Partial
dislocation may show subtle asymmetry away
from the side of zonule fiber disruption.

Globe shape: The globe should demonstrate a
smooth contour. Globe rupture may show focal
discontinuity. Staphylomas have a characteristic
location and morphology.

Foreign body: IOFB is an operative emergency
and should be reported immediately. Metallic
foreign bodies are usually conspicuous on CT
and preclude MR imaging. Wood or other hypo-
dense organic foreign bodies can be subtle.

Posterior segment density: Vitreous, retinal,
and choroidal hemorrhage each have a charac-
teristic location and configuration.

Fracture: Careful attention should be paid to
the osseous structures surrounding the orbit,
which are commonly fractured in facial trauma.
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Fig. 22. A patient with right-sided visual loss after facial trauma. (A) Axial CT shows a complex orbital fracture
with a bony fracture fragment from the right orbital apex situated within the optic canal. Axial diffusion-
weighted imaging (B) and apparent diffusion coefficient map (C) show diffusion restriction with the intracana-
licular and orbital segments of the right optic nerve, a finding that confirms traumatic disruption of the
vascular supply to the optic nerve and resultant nerve ischemia. Right anterior temporal traumatic injury is

also present.
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Fig. 23. (A, B) Axial noncontrast CT showing high- 8.

density left orbital retrobulbar hemorrhage.

1.

REFERENCES

Lee HJ, Jilani M, Frohman L, et al. CT of orbital
trauma. Emerg Radiol 2004;10(4):168-72.

. Harlan JB Jr, Pieramici DJ. Evaluation of patients

with ocular trauma. Ophthalmol Clin North Am
2002;15(2):153-61.

. linumaT, Hirota Y, Ishio K. Orbital wall fractures. Con-

ventional views and CT. Rhinology 1994;32(2):81-3.

. Joseph JM, Glavas IP. Orbital fractures: a review.

Clin Ophthalmol 2011;5:95-100.

. Rhea JT, Rao PM, Novelline RA. Helical CT and

three-dimensional CT of facial and orbital injury. Ra-
diol Clin North Am 1999;37(3):489-513.

. Joseph DP, Pieramici DJ, Beauchamp NJ Jr.

Computed tomography in the diagnosis and prog-
nosis of open-globe injuries. Ophthalmology 2000;
107(10):1899-906.

. Wang JW, Tang C, Pan BR. Data analysis of low

dose multislice helical CT scan in orbital trauma.
Int J Ophthalmol 2012;5(3):366-9. http://dx.doi.org/
10.3980/j.issn.2222-3959.2012.03.22.

Bord SP, Linden J. Trauma to the globe and orbit.
Emerg Med Clin North Am 2008;26(1):97-123,. vi-vii.


http://refhub.elsevier.com/S1052-5149(14)00030-6/sref1
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref1
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref2
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref2
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref2
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref3
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref3
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref4
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref4
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref5
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref5
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref5
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref6
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref6
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref6
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref6
http://dx.doi.org/10.3980/j.issn.2222-3959.2012.03.22
http://dx.doi.org/10.3980/j.issn.2222-3959.2012.03.22
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref8
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Kubal WS. Imaging of orbital trauma. Radiographics

2008;28(6):1729-39.

Jank S, Emshoff R, Etzelsdorfer M, et al. Ultrasound
versus computed tomography in the imaging of
orbital floor fractures. J Oral Maxillofac Surg 2004;
62(2):150-4.

Kim SY, Lee JH, Lee YJ, et al. Diagnostic value of the
anterior chamber depth of a globe on CT for detecting
open-globe injury. Eur Radiol 2010;20(5):1079-84.
Caranci F, Cicala D, Cappabianca S, et al. Orbital
fractures: role of imaging. Semin Ultrasound CT
MR 2012;33(5):385-91.

Brandt MT, Haug RH. Traumatic hyphema: a compre-
hensive review. J Oral Maxillofac Surg 2001;59(12):
1462-70.

De Leon-Ortega JE, Girkin CA. Ocular trauma-
related glaucoma. Ophthalmol Clin North Am 2002;
15(2):215-23.

Netland KE, Martinez J, LaCour OJ 3rd, et al. Traumatic
anterior lens dislocation: a case report. J Emerg Med
1999;17(4):637-9.

Dunkin JM, Crum AV, Swanger RS, et al. Globe
trauma. Semin Ultrasound CT MR 2011;32(1):51-6.
Segev Y, Goldstein M, Lazar M, et al. CT appear-
ance of a traumatic cataract. AINR Am J Neurora-
diol 1995;16(5):1174-5.

Gupta A, Rahman |, Leatherbarrow B. Open
globe injuries in children: factors predictive of a
poor final visual acuity. Eye (Lond) 2009;23(3):
621-5.

Arey ML, Mootha VV, Whittemore AR, et al
Computed tomography in the diagnosis of occult
open-globe injuries. Ophthalmology 2007;114(8):
1448-52.

Hoffstetter P, Schreyer AG, Schreyer Cl, et al. (MD-
CT) in the diagnosis of uncertain open globe in-
juries. Rofo 2010;182(2):151-4.

Weissman JL, Beatty RL, Hirsch WL, et al
Enlarged anterior chamber: CT finding of a
ruptured globe. AJNR Am J Neuroradiol 1995;
16(Suppl 4):936-8.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Orbital Soft-Tissue Trauma

Swanger RS, Crum AV, Klett ZG, et al. Postsurgical
imaging of the globe. Semin Ultrasound CT MR
2011;32(1):57-63.

Love JN, Bertram-Love NE. Luxation of the globe.
Am J Emerg Med 1993;11(1):61-3.

Blanch RJ, Good PA, Shah P, et al. Visual outcomes
after blunt ocular trauma. Ophthalmology 2013;
120(8):1588-91.

Youssri Al, Young LH. Closed-globe contusion in-
juries of the posterior segment. Int Ophthalmol Clin
2002;42(3):79-86.

Khaw PT, Shah P, Elkington AR. Injury to the eye.
BMJ 2004;328(7430):36-8.

Adesanya OO, Dawkins DM. Intraorbital wooden
foreign body (IOFB): mimicking air on CT. Emerg Ra-
diol 2007;14(1):45-9.

Pinto A, Brunese L, Daniele S, et al. Role of
computed tomography in the assessment of intraor-
bital foreign bodies. Semin Ultrasound CT MR 2012;
33(5):392-5.

Gor DM, Kirsch CF, Leen J, et al. Radiologic differ-
entiation of intraocular glass: evaluation of imaging
techniques, glass types, size, and effect of intraoc-
ular hemorrhage. AJR Am J Roentgenol 2001;
177(5):1199-208.

Yamashita K, Noguchi T, Mihara F, et al. An intraorbi-
tal wooden foreign body: description of a case and a
variety of CT appearances. Emerg Radiol 2007;
14(1):41-3.

Provenzale J. CT and MR imaging of acute cranial
trauma. Emerg Radiol 2007;14(1):1-12.

Ng PP, Higashida RT, Cullen S, et al. Endovascular
strategies for carotid cavernous and intracerebral
dural arteriovenous fistulas. Neurosurg Focus
2003;15(4):ECP1.

Warner N, Eggenberger E. Traumatic optic neuropa-
thy: a review of the current literature. Curr Opin Oph-
thalmol 2010;21(6):459-62.

Steinsapir KD, Goldberg RA. Traumatic optic neu-
ropathy: an evolving understanding. Am J Ophthal-
mol 2011;151(6):928-33.

437


http://refhub.elsevier.com/S1052-5149(14)00030-6/sref9
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref9
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref10
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref10
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref10
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref10
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref11
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref11
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref11
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref12
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref12
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref12
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref13
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref13
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref13
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref14
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref14
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref14
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref15
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref15
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref15
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref16
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref16
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref17
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref17
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref17
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref18
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref18
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref18
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref18
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref19
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref19
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref19
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref19
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref20
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref20
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref20
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref21
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref21
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref21
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref21
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref22
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref22
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref22
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref23
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref23
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref24
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref24
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref24
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref25
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref25
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref25
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref26
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref26
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref27
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref27
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref27
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref28
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref28
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref28
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref28
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref29
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref29
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref29
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref29
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref29
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref30
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref30
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref30
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref30
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref31
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref31
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref32
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref32
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref32
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref32
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref33
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref33
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref33
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref34
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref34
http://refhub.elsevier.com/S1052-5149(14)00030-6/sref34

	Orbital Soft-Tissue Trauma
	Key points
	Imaging techniques
	Orbital anatomy
	Choice of imaging
	Radiography
	Computed Tomography
	Ultrasonography
	MR Imaging

	Anterior chamber injuries
	Traumatic Hyphema
	Subconjunctival Hemorrhage

	Injury to iris and ciliary bodies
	Lens injuries
	Subluxation and Dislocation
	Traumatic Cataract

	Globe injuries
	Globe Rupture
	Globe Luxation

	Posterior segment injuries
	Vitreous Hemorrhage

	Chorioretinal injury
	Commotio Retinae

	Penetrating ocular injuries
	Carotid-cavernous fistulas
	Optic nerve injury
	Acknowledgments
	References


