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Abstract: Orbital compartment syndrome (OCS) is a potentially blinding condition char-
acterized by a rapid increase in intra-orbital pressure. OCS is most commonly seen in the
context of intra-orbital hemorrhage secondary to either trauma or surgery. A review of the
literature indicates that better visual outcomes are achieved when interventions occur within
the first 2 hrs. There are reports of visual recovery after a delay in management and
consideration should be given to intervention even when presentation is delayed. Reported
interventions include: lateral canthotomy with cantholysis, bony orbital decompression and
treatment of the underlying cause.
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Introduction
Orbital compartment syndrome (OCS) is a sight-threatening emergency that
requires urgent intervention to prevent loss of vision.'” OCS was first described
by Gordon and McCrae in 1950, following traumatic zygoma fracture repair® and as
with other forms of compartment syndrome (e.g., affecting a limb), is associated
with significant morbidity owing to rapidly increasing intra-compartment pressure.
Subsequent ischemia affecting optic nerve and retinal function can result in irre-
versible visual loss.*

This paper discusses OCS including its potential causes, presentation, manage-
ment and prognosis; and reviews the current literature.

Pathogenesis

The orbit is a confined, cone-shaped space, which apart from its anterior aspect is
bound on all sides by bony walls. The orbit contains the globe, orbital fat,
extraocular muscles, lacrimal gland and neurovascular anatomy.” Anteriorly, the
orbit is limited by the orbital septum and tarsal plates of the upper and lower eyelid.
The average adult orbit has a volume of approximately 30mL, with an intraorbital

169 It is recognized that the orbit has limited compliance

pressure of 3—-6mmHg.
related to the limited elasticity of the septum and tarsal plates, beyond which results
in an increase in intra-orbital pressure.

The exact mechanism by which OCS causes visual loss has not been fully
established. Hargarden et al simulated OCS in primates, by placing a catheter in the
retro-bulbar space and inflating it with saline for a minimum of 180 minutes.
Following histopathological analysis, the authors concluded that visual loss

occurred as a result of damage to the optic nerve from prolonged ischemia.'®
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Etiology
Any process that results in an increase in mass effect
within the confines of the orbit can result in OCS."" The
most common precipitating event of OCS is hemorrhage
secondary to trauma which may be within the orbit con-
tents or subperiosteal.'> This is frequently seen in the
presence of orbito-facial fractures.* Ophthalmic surgical
trauma is an important iatrogenic cause of orbital hemor-
rhage. This has been reported in orbital, eyelid and lacri-
mal surgery.'>'* Peribulbar or retrobulbar injections,
commonly performed for anesthesia, can also lead to orbi-
tal haemorrhage.'”

Non-ophthalmic procedures can also result in orbital

16,17 craniofacial

hemorrhage. These include: sinus surgery,
surgery and neurosurgery.'® The most common ophthalmic
complication of functional endoscopic sinus surgery
(FESS) is OCS.'*!7 Less well reported causes of retro-
bulbar hemorrhage include: valsalva-related hemorrhage
in a patient with sino-nasal carcinoma,'® hemorrhage
within an orbital lymphatic malformation®® and from orbi-
tal metastases of extra-ocular tumors.”' There has also
been a report of extension of an extraorbital hematoma
from the forehead into the orbit via the subgaleal space
leading to OCS in a patient with factor VII deficiency.*?
Accumulation of fluid within the orbit can lead to OCS
in certain situations, particularly secondary to prolonged
prone (typically spinal) surgery.”*** It can also occur sec-
ondary to facial/periocular chemical burns where the tissue
damage precipitates significant fluid egress which is exacer-
bated by loss of pliability of the eyelids*® and massive fluid
resuscitation following extensive thermal burns.”® There is
one case report of OCS after traumatic asphyxiation where
prolonged hypoxia leads to massive capillary leak syn-
drome and accumulation of fluid within the orbit.*’
Orbital emphysema is an uncommon cause of OCS.*® It is
often seen in the presence of an orbital wall fracture®*~® with
a history of trauma followed by coughing, nose blowing or
sneezing (Figure 1).*! Tt can also occur in the absence of a

fracture such as following retinal surgery>>*

or injury with
compressed gas.** Fulminant orbital cellulitis, with or with-
out concurrent orbital abscess is a recognized cause of OCS.*

Several rare iatrogenic causes of OCS have been
reported in the literature. Inadvertent infiltration of the
orbit with saline®® and antimicrobial ointment'® during
sinus surgery was observed to immediately induce a tense
orbit with proptosis. There are also reports of endovascular

treatments leading to OCS. In one case this occurred during

Figure | (A, B) A patient with left orbital compartment syndrome secondary to
orbital emphysema (a). Axial CT image at the level of the optic nerve demonstrating
intraorbital and subcutaneous emphysema.

the management of a facial vascular malformation with a
sclerosant; a small amount the agent unintentionally
“leaked” into the orbital space causing OCS.>® In another
report, OCS occurred secondary to a superior ophthalmic
vein thrombosis which developed on the first day after
embolization of a carotid cavernous fistula.?” The therapeu-
tic agent was placed near to the entrance of the vein in the
cavernous sinus resulting in extension of the thrombus and
obstruction of venous return from the orbit.

There are further case reports of rare extra orbital and
systemic conditions complicated by OCS. Bilateral OCS has
been reported as an unusual complication of neuropsychiatric
systemic lupus erythematosus,®® Richter syndrome® (the
transformation of chronic lymphocytic leukemia into an
aggressive lymphoma) and disseminated intravascular
coagulation.”® There is one case of a nasal mass rapidly
expanded within 3 days of it being biopsied resulting in
invasion of the orbit and OCS. Histological analysis later
confirmed a diagnosis of eosinophilic angiocentric fibrosis, a
rare, usually slowly progressive inflammatory mass.*'
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The wide spectrum of etiologies highlights the impor-
tance that ophthalmologists be alert to the possibility of
OCS; not only in more common cases such as traumatic
retrobulbar hemorrhage, but also in any patient presenting
with reduced vision and proptosis.

Clinical Diagnosis, History And

Examination

The diagnosis of OCS is often based on the history and
clinical signs without the need for radiological imaging.
Possible causative factors such as recent trauma, surgery,
sinus disease, oncological disease or systemic inflamma-
tory conditions should be excluded. Risk factors for
exacerbation of hemorrhage also should be sought. These
include blood dyscrasias or the use of anti-coagulant, anti-
platelet or thrombolytic medications.**** Other medica-
tions that may affect bleeding such as corticosteroids,
non-steroidal anti-inflammatories and herbal supplements
(ginko, garlic, ginseng and bilboa) may also be relevant.*

The patient will typically complain of reduced vision,
pain and increased prominence of the eye or eyelids, with
or without double vision.'***

Examination of the patient should be performed
quickly if OCS is suspected, so as not to delay treatment.
The patient will usually have marked eyelid swelling or
ecchymosis with a combination of proptosis, chemosis and
in some cases extensive subconjunctival hemorrhage. The
vision is often significantly reduced, with no perception of
light (NPL) a common finding along with a relative affer-
ent pupillary defect.* Color vision can be a sensitive
marker of disease severity particularly if there is moder-
ately good vision."*® Digital ocular palpation often
demonstrates resistance to retropulsion and a firm globe
indicating an elevated IOP. Sensation may also be dimin-
ished in the distribution of the supra- and infra-orbital
nerves. Examination of eye movements may demonstrate
significant or even complete external ophthalmoplegia.

The globe itself should be examined for complications
of blunt trauma or rupture dependent on the history. The
posterior segment may be normal or exhibit venous con-

gestion, arterial pulsations or retinal artery occlusion.'*¢

Ancillary Tests

Computed tomography imaging may be helpful in estab-
lishing the diagnosis in milder cases where there is uncer-
tainty and vision remains intact. It should not be sought
when the diagnosis of OCS is clear, based on the clinical

findings, so as not to delay treatment.* After initial treat-
ment, imaging may help locate a hematoma, emphysema,
foreign body or soft tissue expansion (to some degree).
This can be useful to guide when considering further
decompression of the orbit after initial management.*
Straightening of the optic nerve or “globe tenting” indi-
cates forward displacement of the globe.39 A posterior
angle between the globe and sclera lower than 120° indi-
cates severe proptosis and infers a greater risk of perma-
nent loss of vision.*'” Other measurements that have been
postulated as predictors of outcome are globe to apex
distance (longer in the affected eye) and stretch angle
(the angle between the medial rectus insertion and the
optic nerve).'!

When a vascular abnormality is thought to be the cause
of OCS, magnetic resonance imaging (MR) has an appli-
cation. MR with an angiography/venography protocol may
assist in finding venous or arterial malformations, lym-

phangiomatosis of the orbit or carotid artery pathologies.?’

Management

Surgical Management

If OCS is suspected and there is evidence of optic nerve
compromise, then urgent surgical decompression is the
mainstay of treatment. A common first-line approach for
reducing intra-orbital pressure is a lateral canthotomy and
cantholysis (LC/C). This can be done expediently at the
bedside under local anesthesia and has been demonstrated
to effectively reduce the orbital pressure in cadaveric
studies, although there is no consensus on the additional
benefit of septolysis.*>*® Bony orbital decompression can
be considered as an adjuvant procedure alongside LC/C, or
as a secondary procedure if adequate response is not
achieved after LC/C. Lee et al*’ and Mootha et al** high-
lighted the importance, not only of early treatment, but of
ensuring that adequate decompression has occurred. Both
authors report cases where early LC/C was performed
(within 2 hrs) without evidence of relief of tension and
with vision remaining NPL despite further surgical decom-
pression (at 7 and 9 hrs respectively). There remains a
challenge when LC/C does not adequately decompress the
orbit as additional decompression often involves a general
anesthetic. This invariably introduces a delay and is asso-
ciated with a less favorable outcome. The decision to per-
form a secondary bony orbital decompression is not

always straightforward; improvement in visual acuity
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(VA) may not be immediate after the LC/C despite an
improvement in intra-orbital pressure.

Surgery should also target the primary cause of OCS.
For example, OCS secondary to air, abscess or hematoma,
should be drained and any bleeding source identified and
cauterised. This can occur using a variety of surgical

1 20,47,48 1,49,50
2

approaches, including trans-orbita trans-sinus

or trans-cranial.>' >3

The authors preferred approach in suspected OCS is to
perform LC/C urgently. If this does not result in a clear
improvement in signs and symptoms of OCS we recom-
mend obtaining/reviewing orbital imaging to locate the
hematoma or other causative pathology. For a diffuse or
medial orbital lesion, a joint approach with ENT is pre-
ferred. This allows for endonasal medial wall decompres-
sion and/or evacuation of a hematoma. For predominately
superior lesions an anterior orbitotomy via an eyelid crease
incision is preferred and for inferior lesions a “swinging
eyelid” approach offers excellent access.

Medical Therapy

Pharmacological agents can be used as an adjunct to surgery or
in very mild cases where vision is preserved. The most com-
monly used agents are corticosteroids, carbonic anhydrase
inhibitors, osmotic agents and aqueous suppressants. All are
used with the intention of reducing pressure within the orbital
compartment, though their effectiveness in OCS has not been
established.”

Timing Of Intervention
OCS is a rare and potentially blinding condition. Rapid diag-
nosis and initiation of treatment is crucial, with an aim to treat
as soon as possible to maximize the chance of visual recovery.
Hayreh et al reported retinal ischemia after clamping the optic
nerve in rthesus monkeys resulted in irreversible damage after
105 mins but recovery occurred when clamped for less than 97
mins.>*

Clinically, most patients treated within 2 hours will
acuity Dbetter than

6/12, though approximately 15% will be worse than
6/12.7:13:18.22.2935,36,40,49,52,53,55-66

achieve a final Snellen visual

Patients treated after
2 hours have poorer reported outcomes with approximately
25% of patients reaching a final visual acuity of 6/12 or
better |7+19:24:4447.48,50,51,53,60.64.65.67-71 B thoca cacoc who
achieve a favorable visual acuity despite being treated after 2
hrs, more than 50% had a presenting acuity of 6/12 or better.
This suggests that in less severe cases, treatment beyond 2
hours is likely to lead to recovery of vision.

There are further reports of visual recovery from hand
movements after delayed decompression at 5 days** and
even with no decompression at all.”? Tt is therefore still
worth considering orbital decompression in cases with
delayed presentation. It should be noted that whilst
Snellen visual acuity is often used as a gross marker of
outcome, there may be other forms of visual deficit.
Maurer et al reported significant visual field defects and
nerve pallor in all six of the patients in their case series,
despite good post-intervention acuity.®’

Recovery of vision after decompression is not always

immediatezg’s 1,55,60,62

with ongoing improvement in VA
noted up to 4-week post-intervention.> TOP can then be
used as a surrogate marker of decompression after
treatment.”> Most reports in the published literature pro-
vide limited follow-up period after treatment for OCS. It is
reasonable to deduce that long-term follow-up may show a
better final VA and that some of the data regarding milder
improvement in VA may be attributable to the short fol-
low-up period. Patients and physicians should be aware of

the possibility of delayed improvement in VA.

Conclusion

This review highlights the importance of early recognition
and management of OCS in order to maximize visual
potential. The diagnosis is often clinical and treatment
should be expedited if OCS is suspected.
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