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Traumatic orbital roof fractures are rare and are managed nonoperatively in most cases.

They are typically associated with severe mechanisms of injury and may be associated
with significant neurologic or ophthalmologic compromise including traumatic brain
injury and vision loss. Rarely, traumatic encephalocele or pulsatile exophthalmos may be
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Orbital roof fractures are relatively uncommon, with single-
institution estimates ranging from 1 to 9% of facial fractures.'~
Because frontal and paranasal sinuses prevent direct transmis-
sion of forces from the superior orbital rim to the orbital roof,
orbital roof fractures tend to occur with high-energy mecha-
nisms and are typically accompanied by injuries to surrounding
structures.''? In particular, there may be significant ophthal-
mologic and neurologic injuries, including globe rupture, optic
neuropathy, retrobulbar hematoma, extraocular muscle entrap-

received

October 30, 2015
accepted after revision
February 20, 2016
published online
September 15, 2016

encephalocele and pulsatile exophthalmos, prompting urgent surgical intervention. We
also suggest a management algorithm for adult patients with orbital roof fractures,
emphasizing careful observation and interdisciplinary management involving plastic
surgery, neurosurgery, and ophthalmology.

ment, pulsatile exophthalmos, and severe traumatic brain injury
with or without cerebrospinal fluid (CSF) leak and brain
herniation.">72"" Early diagnosis and surgical intervention,
when indicated, have been shown to be effective in managing
orbital roof fractures and minimizing their long-term
sequelae.">7~2 However, the majority of orbital roof fractures
are successfully managed nonoperatively if they are minimally
displaced.>>'2 In this article, we present two cases of minimally
displaced orbital roof fractures that were initially managed
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nonoperatively but were later complicated by pulsatile exoph-
thalmos and orbital encephalocele, requiring urgent operative
intervention. We also suggest a management algorithm for
orbital roof fractures in adults.

Case 1

A 66-year-old woman presented to the emergency depart-
ment (ED) after being struck by a bicyclist. She had a transient
loss of consciousness after striking her head on the ground
and complained of headache, neck pain, and nausea and
vomiting. She was agitated and oriented only to self, with a
Glasgow Coma Scale (GCS) of 14 (E4V4MBG6). She was noted to
have dysphasia and bilateral periorbital ecchymoses without
visual or extraocular movement deficits. Pupils were equal,
round, and reactive to light, and visual fields were full. The
patient declined detailed examination by the ophthalmology
team. No CSF rhinorrhea was seen. Computed tomographic
(CT) scan revealed bilateral minimally displaced blow-in
orbital roof fractures (~Fig. 1a, b), left subdural hematoma
with a 3-mm midline shift (~Fig. 1c), and a left retrobulbar
hemorrhage (=Fig. 1d). She also had a minimally displaced
occipital fracture and bifrontal cerebral parenchymal contu-
sions. There were no other facial fractures or pneumocepha-
lus. The patient received levetiracetam and a hypertonic
saline bolus before being admitted to the trauma intensive
care unit for monitoring. Her intracranial pressure was
managed medically, including head of bed elevation, blood
pressure control, and continuous infusion of hypertonic
saline. She received hourly neurological examinations.

Ha et al.

On hospital day 3, the patient was noted to be more dyspha-
sic, combative, and intermittently following commands, with a
GCS of 13 (E4V3MB6). She developed bilateral pulsatile exoph-
thalmos, with the left more pronounced than the right (Supple-
mental video). A repeat CT scan was performed, showing stable
bony orbital roof fractures and an increased midline shift of
4 mm. Because of her worsening neurological status and pulsa-
tile exophthalmos, the patient was taken emergently to the
operating room for evacuation of the subdural hematoma and
repair of the orbital roof defects and dural lacerations. Through a
coronal incision, a bifrontal craniotomy was performed and she
was found to have bilateral, unstable orbital roof blow-in
fractures with extensive comminution and small bone frag-
ments, dural lacerations, and orbital meningoencephaloceles.
The orbital roof fractures were reconstructed with split calvarial
bone grafts anchored with titanium screws, corticocancellous
bone graft, and a vascularized pericranial flap (~Fig. 1e, f). Her
pulsatile exophthalmos resolved immediately after surgery. She
was later discharged to a rehabilitation facility with her mental
status back at baseline and no focal neurologic or visual deficits.

Case 2

A 48-year-old man presented to the ED after falling approxi-
mately 25 feet off a ladder onto the pavement. He had
transient loss of consciousness at the scene. Upon arrival,
he had a 45-second episode of grand mal seizures and was
intubated for airway protection. On exam, he was opening his
eyes spontaneously and following commands in all four
extremities with a GCS of 11T (E4V1M6). He was noted to

Fig. 1 CT scan of Patient 1: face, head, and brain with 1 mm slices. (a) Coronal view of bilateral minimally displaced orbital roof fractures. (b)
Sagittal view of the left orbital roof fracture, which was more depressed than the right. (c) Coronal view of the left subdural hematoma (SDH) with
3 mm midline shift. (d) Coronal view of the left orbital encephalocele. (e) Coronal view of the bilateral orbital roof repair with split calvarial bone
grafts. (f) Intraoperative picture of split calvarial bone grafts from the inner table of the patient’s frontal bone.
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have bilateral periorbital edema and ecchymoses without
visual or extraocular movement deficits. Pupils were equal,
round, and reactive to light, and visual fields were full. CT scan
showed minimally displaced bilateral orbital roof blow-in
fractures, comminuted frontal skull fractures involving the
orbital rim, anterior and posterior tables of the frontal sinus,
and facial fractures (~Fig. 2a, b). He had bilateral frontal
contusions, a small right frontal subdural hematoma and
traumatic subarachnoid hemorrhage (=Fig. 2c). No orbital
encephalocele was noted. He was treated with levetiracetam
and a hypertonic saline bolus. The patient was admitted to the
trauma intensive care unit for monitoring.

On hospital day 4, the patient was noted to have pulsatile
exophthalmos of the right eye. He remained awake and
alert. A repeat head CT with angiogram revealed proptosis
of the right globe, increased fracture displacement, and an
orbital encephalocele (=Fig. 2d), without evidence of a
carotid-cavernous fistula (CCF). The patient was taken to
the operating room for bifrontal craniotomy and was found
to have a right unstable blow-in fracture with extensive
comminution and small bone fragments, dural laceration,
and orbital meningoencephalocele. The frontal sinus and
orbital fractures were repaired with a split calvarial bone
graft anchored with titanium screws. The traumatic orbital
encephalocele was reduced and the subdural hematoma
was evacuated. The CSF leak was repaired with a vascular-
ized pericranial flap (~Fig. 2e, f). An external ventricular
drain was placed and mannitol was given intraoperatively.
The patient recovered well from surgery without visual or
neurologic deficits.
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Discussion

Orbital roof fractures occur most commonly with a high-
energy impact, such as a motor vehicle collision or a
fall.>6-8.10 Depending on the direction of displacement,
orbital roof fractures can be classified as “blow-in” or
“blow-out,” with the latter being more common.>® Blow-in
type fractures present with signs and symptoms consistent
with decreased orbital volume, including exophthalmos,
diplopia, and restricted extraocular movements.>® These
fractures may be severe enough to allow for an orbital
encephalocele. Blow-out type fractures result in an increase
in orbital volume, and enophthalmos is commonly seen.? The
majority of orbital roof fractures are associated with other
facial fractures, most commonly involving ethmoidal and
frontal sinuses and the medial orbital wall and least com-
monly involving the mandible."%1°

Because of their location, orbital roof fractures are often
associated with serious ophthalmologic or neurologic injuries
that, if recognized, must be urgently addressed. These injuries
include globe rupture, optic neuropathy, retrobulbar hema-
toma, extraocular muscle entrapment, pulsatile exophthal-
mos, and severe traumatic brain injury with or without CSF
leak and brain herniation."”>7->"" The exact incidence of
these complications is not known, especially that of orbital
encephaloceles, which are documented almost exclusively in
isolated case reports.'>"1°

CT scan with thin slices remains the imaging modality of
choice in the evaluation of orbital roof fractures and surgical
planning.® For patients with significant craniofacial fractures,

Fig. 2 CT scan of Patient 2: face, head, and brain with 1 mm slices. (a) Coronal view of bilateral minimally displaced orbital roof fractures. (b)
Sagittal view of the comminuted right orbital roof fracture, which was more depressed than the left. (c) Axial view of the right frontal lobe

contusion. (d) Coronal view of the right orbital encephalocele with right frontal lobe contusion and worsening fracture displacement, on hospital
day 4. (e) Coronal view of the right orbital roof repair with split calvarial bone graft. (f) Intraoperative picture of split calvarial bone graft from the

inner table of the patient’s right frontal bone.
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we advocate for 1 mm coronal, sagittal, and axial views and
three-dimensional reconstruction (=Fig. 3). This practice
allows for optimal detection of orbital roof fractures and
associated intracranial and ophthalmologic injuries. Magnet-
ic resonance imaging (MRI) is superior in diagnosing intra-
orbital soft-tissue injuries such as encephalocele and optic
neuropathy, but it is limited by long study time, relative
insensitivity to bony fragments and wood and glass foreign
bodies, and potential to cause further damage in cases of
ferromagnetic foreign bodies.'®

Pulsatile exophthalmos may result from other causes,
such as traumatic and nontraumatic CCF,'”'® aortic regurgi-
tation,'® intracranial’® and intraosseous®' arteriovenous
malformations, and sphenoid wing dysplasia with temporal
lobe herniation in neurofibromatosis.?? A CT angiogram, as
performed in one of our patients, can be obtained to rule out
CCFE.

The management of orbital roof fractures should follow
standard Advanced Trauma Life Support (ATLS) protocols and
begin by first addressing life-threatening injuries. Multidisci-
plinary assessment by plastic surgeons/otolaryngologists/
craniomaxillofacial surgeons, neurosurgeons, and ophthal-
mologists provides the best evaluation of all possible neuro-
logic and ophthalmologic complications and should be
obtained where possible.! Most authors agree that emergent
repair is indicated when there is significant ophthalmologic
or neurologic compromise.' 721" Serjal imaging and clini-
cal examination is required to assess progression of intracra-
nial processes and intracranial pressure.>%* Our
management algorithm for orbital roof fractures in adults is
outlined in ~Fig. 3.
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Management of orbital roof fractures is reported to be
nonoperative in 71 to 90% of cases.”>’ Antonyshyn et al
operated on all blow-in type orbital roof fractures.® Minimally
displaced fractures are commonly managed conservatively,
whereas moderately to severely displaced fractures are often
managed operatively. However, some authors argue that the
degree of displacement alone does not predict development of
serious complications.! In one case series of four patients with
significantly displaced blow-in or blow-out orbital roof fractures
but without serious neurologic or visual compromise at presen-
tation, the authors noted healing of fractures without sequelae.®
They postulated that the equilibrium between intraorbital and
intracranial pressures led to their resolution.?> Nevertheless, this
equilibrium can be disturbed with increasing intracranial pres-
sures or dural laceration, or both, in the setting of a minimally
displaced but unstable orbital roof due to extensive comminu-
tion, as seen in both patients we present.

When operative intervention is indicated, there are several
surgical approaches and reconstruction options available to
the surgeon. Subcranial approach through a superior bleph-
aroplasty incision is appropriate when there are no intracra-
nial injuries. If there is intracranial injury, the repair can be
achieved through a coronal incision and frontal craniotomy.
Once adequate exposure is obtained, the fracture can be
reduced and stabilized or reconstructed. Autologous bone
grafts, titanium mesh, or alloplasts such as polytetrafluoro-
ethylene have been shown to provide successful stabilization
or reconstruction.’

In this article, we present two adults with minimally
displaced orbital roof fractures that were monitored, but later
required operative repair due to the development of pulsatile
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Fig. 3 A suggested management algorithm for orbital roof fractures in adults.
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exophthalmos and orbital meningoencephalocele. These cases
emphasize the importance of close observation by an experi-
enced multidisciplinary team for all orbital roof fractures,
regardless of their degree of displacement (~Video 1).

Video 1

Supplemental video of patient in Case 1 which
demonstrates pulsatile exophthalmos.
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