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Imaging the Tight Orbit: Radiologic Manifestations of
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S. Koerdt, and “¥').0. Voss
=

ABSTRACT

BACKGROUND AND PURPOSE: Orbital compartment syndrome is a sight-threatening emergency caused by rising pressure inside
the orbit. It is usually diagnosed clinically, but imaging might help when clinical findings are inconclusive. This study aimed to sys-
tematically evaluate imaging features of orbital compartment syndrome.

MATERIALS AND METHODS: This retrospective study included patients from 2 trauma centers. Proptosis, optic nerve length, poste-
rior globe angle, morphology of the extraocular muscles, fracture patterns, active bleeding, and superior ophthalmic vein caliber
were assessed on pretreatment CT. Etiology, clinical findings, and visual outcome were obtained from patient records.

RESULTS: Twenty-nine cases of orbital compartment syndrome were included; most were secondary to traumatic hematoma.
Pathologies occurred in the extraconal space in all patients, whereas intraconal abnormalities occurred in 59% (17/29), and subperi-
osteal hematoma in 34% (10/29). We observed proptosis (affected orbit: mean, 244 [SD, 31]mm versus contralateral: 17.7
[SD, 3.1 mm; P <.01) as well as stretching of the optic nerve (mean, 32.0 [SD, 2.5]mm versus 25.8 [SD, 3.4] mm; P <.01). The posterior
globe angle was decreased (mean, 128.7° [SD, 18.9°] versus 146.9° [SD, 6.4°]; P <.01). In 69% (20/29), the superior ophthalmic was vein
smaller in the affected orbit. No significant differences were detected regarding the size and shape of extraocular muscles.

CONCLUSIONS: Orbital compartment syndrome is characterized by proptosis and optic nerve stretching. In some cases, the poste-
rior globe is deformed. Orbital compartment syndrome can be caused by an expanding pathology anywhere within the orbit with

or without direct contact to the optic nerve, confirming the pathophysiologic concept of a compartment mechanism.

ABBREVIATIONS: EOM = extraocular muscles; OCS = orbital compartment syndrome

he orbital compartment syndrome (OCS) is a sight-threaten-

ing emergency caused by increasing pressure inside the or-
bital cavity. The tissues in the orbital pyramid are bound by 4
osseous walls and anteriorly by the orbital septum, canthal liga-
ments, and tarsal plates of the eyelids. There is only limited
capacity for volume expansion through protrusion of the eye
bulb. Therefore, rapidly expanding orbital lesions can increase
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intraorbital pressure precipitously, compromising intraorbital
structures. Common space-occupying pathologies underlying the
volume expansion are traumatic or iatrogenic intraorbital/retro-
bulbar bleeding, emphysema, and infection." The pathophysiol-
ogy of the resulting neuropathy is still unclear. Different theories
exist including direct compression of vulnerable neurosensory or-
bital tissues and ischemia. Ischemia may be attributed to arterial
occlusion or compression of venous outflow channels in the con-
text of increased intraorbital pressure.'™

The key symptom of a fulminant OCS is progressive vision
impairment with the risk of permanent vision loss. Early signs on
the ophthalmologic examination include a relative afferent pupil-
lary defect, deficient pupillary light reflex, increased intraocular
pressure, or impaired motility."> Clinical symptoms can be miss-
ing initially, but when the rising intraorbital pressure exceeds the
mean arterial pressure, a critical reduction in tissue perfusion and
oxygen supply results. The pathophysiology is considered to be
similar to that of compartment syndrome in the extremities.®™®
Progressively tense and painful proptosis with a hard eyeball
reflects an orbit under pressure also known as a tight orbit.”
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cases clinically diagnosed with OCS, 01/01/2009 - 04/30/2020
n=35

Image Acquisition

Due to the retrospective nature of our
study, imaging protocols were heteroge-
neous with regard to parameters such as
scanner hardware, acquisition mode
(incremental-versus-helical), IV contrast

excluded:

n=3,

A
»”

n

no imaging prior to treatment
for OCS available
3, significant bilateral pathology

agent administration, radiation dose,
and reconstruction kernels. In all cases
included in the analysis, the orbits were
completely depicted and image quality
was sufficient. When available, the soft-

Y

cases included for analysis
n=29

FIG 1. Patient flow chart.

Rapid recognition of the condition and initiation of surgical
decompression is paramount to avert permanent vision loss. OCS
is considered a clinical diagnosis characterized by proptosis and a
firm globe, reduced visual acuity, and impaired ocular motility.
However, clinical examination can be impeded in patients who
are unconscious or who have received opioids (impairing pupil-
lary reflexes), in children, and in the presence of profuse perior-
bital hematoma, which limits palpation of the globe. Various case
series have proposed imaging features that may aid the diagnosis
in clinically ambiguous cases.'”!" The purpose of this study was
to systematically evaluate radiologic signs in a patient cohort with
posttraumatic OCS.

MATERIALS AND METHODS

Study Design and Patient Collective

Ethics approval was granted by our institution’s ethical review
board (file number EA4/098/20, Charité—Universititsmedizin
Berlin). For this retrospective study, all patients clinically diag-
nosed with OCS at the Department of Maxillofacial Surgery of 2
academic level I trauma centers between January 1, 2009, and
April 30, 2020, were retrieved from the electronic medical system.
A subset of these patients had been included in a previously pub-
lished study on clinical parameters of OCS (16 cases; timeframe,
January 1, 2012, to May 31, 2015).12 Three patients were excluded
because no CT imaging covering the orbits had been performed
before the initiation of surgical or medical treatment for OCS.
Three further patients were excluded because the bony landmarks
required for image analysis were obscured or shifted by severe,
bilateral, midfacial injuries. A flow chart of included patients is
shown in Fig 1.

Clinical Data
Clinical information was extracted from electronic and paper
medical records, including the etiology, initial clinical findings,
ophthalmologic status, therapeutic procedures (surgical and/or
medical), long-term anticoagulant or antiplatelet medication, and
final outcome.

2 Maier ® 2023 www.ajnr.org

tissue kernel was used for the analysis (in
4/29 cases, only bone kernel images were
available for analysis). Section thickness
ranged from 0.5 to 1.25mm. IV contrast
had been administrated in 14/29 cases.

Image Analysis
All images were analyzed using Visage
7.1.15 (Visage Imaging). Type and localization of the orbital
pathology, possible concomitant craniofacial fractures, active
intraorbital bleeding (if contrast-enhanced imaging was available),
and the caliber of the superior ophthalmic vein were qualitatively
assessed (C.M., 6 years of experience in head and neck imaging).
Proptosis, optic nerve length, and posterior globe angle were
quantified. Each patient’s unaffected orbit served as an intraindi-
vidual control. Globe displacement or motility disorders in the
affected orbit often made it impossible to assess the relevant anat-
omy on both sides in 1 imaging plane. Therefore, we modified

10.13 25 follows, with

established methods for these parameters
measurements being obtained in a plane reformatted respective
to the pertinent anatomy, separately for each side. Proptosis is
the distance between the interzygomatic line and the corneal
apex; optic nerve length, the distance between the orbital aperture
of the optic canal and the scleral contour at the optic nerve head;
and posterior globe angle, the angle between the tangents at the
scleral contours, measured in a plane bisecting the optic nerve
head, and the center of the lens. The size and shape of the extra-
ocular muscles (EOM) were assessed on the plane perpendicular
to the axis of the optic nerve, where the EOM size is maximal.
Size was defined as cross-sectional area, assuming an elliptical
shape:

Long Axis x Short Axis
T X 5 .

A=

Muscle shape was analyzed by determining the eccentricity of
the elliptical cross-section, in which a value of zero represents a
perfect circle and higher values indicate more oblong shapes:

. Short Axis\*
e= - .
Long Axis
Because the superior rectus muscle cannot be reliably discrimi-
nated from the levator palpebrae superioris muscle on CT, these 2
muscles were measured together (termed “superior group”). In a

few cases, EOM size and superior ophthalmic vein caliber could
not be determined because these structures were obscured by



Clinical data®

Variable All Patients (n = 29)

Age (yr)® 62 [SD, 23] (22-102)
Sex

Female 14/29 (48)

Male 15/29 (51)
Initial trauma mechanism

Stumbling/fall 16/29 (55)

Assault 7/29 (24)

Motor vehicle crash 3/29 (10)

Fall from great height 2/29 (7)

Unknown 1/29 (3)
Affected eye

Left 22/29 (76)

Right 7/29 (24)
Antithrombotic medication

None 11/29 (38)

Antiplatelet 7/29 (24)

Anticoagulation 5/29 (17)

Antiplatelet + anticoagulation 2/29 (7)

Unknown 4/29 (14)

*Unless indicated, data are number of patients, and data in parentheses are
percentages.
® Data are means, and range is given in parentheses.

surrounding hematoma or because of excessive image noise. In
addition to analyzing the pretherapeutic CT studies, follow-up MR
imaging was evaluated for potential causes of vision loss in the
globe, optic nerve, and brain parenchyma when available.

Statistical Analysis

Data are reported as means, and the 95% confidence intervals were
computed. To test for statistical significance, we used the ¢ test or
paired t test. Statistical analysis was performed using R statistical
and computing software, Version 3.5.2 (http://www.r-project.org/).

RESULTS

Clinical Parameters

A total of 29 patients were included in the study. Clinical parame-
ters are summarized in the Table. All patients had been initially
admitted to the hospital for craniofacial trauma involving the
orbits. Of note, however, in 3 cases, OCS was diagnosed only after
orbital fractures had already been treated surgically.

Initial visual examination results in the emergency depart-
ment varied, ranging from relative afferent pupillary defect,
impaired pupillary light reflex, anisocoria, or even blindness of
the patient. Other clinical findings included a tense, painful
hard eyeball; proptosis; impaired ocular motility; monocle he-
matoma; and hyposphagma or chemosis.

The OCS was treated by surgical intervention in most cases
(27/29 patients). Conservative treatment was pursued in 1 patient
without substantial visual impairment and in 1 moribund patient
for whom the legal guardian declined a surgical intervention.
Surgical decompression was achieved by different approaches,
mainly lateral canthotomy and cantholysis or in combination with
a transseptal orbital incision. In 2 patients, additional bony wall
decompression was performed. Adjuvant treatment in patients
undergoing surgery included antibiotics, mainly $-lactam com-
pounds, and steroids.

Conservative treatment included systemic mannitol, carbonic
anhydrase inhibitors, as well as local travoprost and timolol.

Vision could be preserved or restored in 20 patients. Visual
acuity ranged from hand movement and counting fingers to full
vision and was also influenced by pre-existing conditions. In 6
patients, loss of vision persisted at discharge (of note, the ophthal-
mic artery had been sacrificed by catheter embolization in 1
patient due to surgically uncontrollable hemorrhage). In 3
patients, visual outcome could not be fully evaluated because of
the death of the patient or dementia.

Qualitative Imaging Results

Various space-occupying lesions were found in the affected orbits.
While intraorbital hematoma was observed in all patients, intraorbi-
tal emphysema occurred in 31% (9/29) of patients, and intraorbitally
displaced bone fragments, in 17% (5/29). Regarding the sublocaliza-
tions of these intraorbital lesions, the extraconal space was affected
in all patients, whereas the intraconal space was affected in 59%
(17/29), and the subperiosteal space, in 34% (10/29).

In total, =1 concomitant craniofacial fracture was detected in
86% of patients (25/29). The most frequent fracture patterns were
in the orbital floor (n = 11), zygoma (n = 9), and medial orbital
wall (n = 6), but more serious injuries involving the anterior skull
base or complex midfacial fractures at various Le Fort levels were
also observed.

Active bleeding was observed in 50% (7/14) of patients who
had been examined with contrast-enhanced CT. The superior
ophthalmic vein in the affected orbit was smaller than in the con-
tralateral side in 20 cases, larger in 1 case, equivalent in 7 cases,
and could not be assessed in 1 case.

Follow-up MR imaging performed after treatment for OCS
was available in 4/29 patients. Notably, diffusion restriction in the
optic nerve was observed in 1 patient with permanent vision loss
(Online Supplemental Data).

Quantitative Imaging Results

Figure 2 summarizes the quantitative imaging findings in a typical
case of OCS; see the Online Supplemental Data for additional illus-
trative figures. OCS resulted in marked proptosis (Fig 34, affected
orbit: mean, 24.4 [SD, 3.1l mm [95% CI, 23-26 mm] versus the
contralateral orbit: 17.7 [SD, 3.1]mm [95% CI, 17-19 mm];
P<.01) as well as stretching of the optic nerve (Fig 3B, affected
orbit: mean, 32.0 [SD, 2.5] mm [95% CI, 31-33 mm] versus the
contralateral orbit: 25.8 [SD, 3.4] mm [95% CI, 25-27 mm];
P <.01). We also observed a decrease of the posterior globe angle,
though variability was higher for this parameter (Fig 3C, affected
orbit: mean, 128.7° [SD, 18.9°] [95% CI, 121°-136°] versus the con-
tralateral orbit: 146.9° [SD, 6.4°] [95% CI, 144°-149°]; P < .01).

To characterize the size and shape of the EOM, we determined
the cross-sectional area and eccentricity, respectively. Eccentricity
is a measure of the “roundness” of such shapes with a value of
zero representing a perfect circle and higher values indicating
more oblong shapes. We did not find significant differences in the
muscle cross-sectional area between the affected orbit and the
contralateral control (Online Supplemental Data) (affected orbit:
mean, 98.7 [SD, 40.3] mm? [95% CI, 82-115 mm?] versus the con-
tralateral orbit: 102.3 [SD, 23.0] mm” [95% CI, 93-111 mm’] for
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FIG 2. Representative case with traumatic left-sided OCS due to
intraorbital hematoma in the extraconal space (white arrow) and in
the subperiosteal space (black arrow). Imaging is helpful to differenti-
ate intraorbital hematoma from periorbital hematoma (dashed white
arrow), which is anterior to the orbital septum and therefore does
not lead to compartment syndrome. Intraorbital hematoma in this
case results in increased proptosis (A and B), optic nerve stretching (C
and D), and a decreased posterior globe angle (E and F). Besides
stretching of the optic nerve, subtle thinning of the nerve and loss of
normal undulation can be observed. Note that the angulation is
slightly different for each side because the planes of measurement
were reconstructed separately relative to the respective anatomic
landmarks.

the medial rectus; 86.7 [SD, 25.9] mm? [95% CI, 76-98 mm?] ver-
sus 82.8 [SD, 20.0] mm? [95% CI, 75-91 mm?] for the inferior rec-
tus; 88.1 [SD, 40.0] mm? [95% CI, 72-104 mm?] versus 85.1 [SD,
22.9] mm? [95% CI, 76-94 mm?] for the lateral rectus; 84.9 [SD,
22.8] mm? [95% CI, 76-94 mm?] versus 90.4 [SD, 23.2] mm?
[95% CI, 81-100 mm?] for the superior group). Likewise, no sig-
nificant differences were detected in the eccentricity of any of the
muscles (Online Supplemental Data) (affected orbit: mean, 0.92
[SD, 0.05] [95% CI, 0.91-0.94] versus the contralateral orbit: 0.95
[SD, 0.02] [95% CI, 0.94-0.95] for the medial rectus; 0.93 [SD,
0.04] [95% CI, 0.91-0.94] versus 0.94 [SD, 0.03] [95% CI, 0.93—-
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0.95] for the inferior rectus; 0.93 [SD, 0.04] [95% CI, 0.91-0.95]
versus 0.95 [SD, 0.04] [95% CI, 0.93-0.96] for the lateral rectus;
and 0.93 [SD, 0.03] [95% CI, 0.92-0.95] versus 0.94 [SD, 0.01]
[95% CI, 0.93-0.94] for the superior group).

Visual Outcome

To evaluate whether imaging findings can help predict clinical out-
come, we correlated the differences in quantitative parameters
between the affected orbit and the contralateral orbit with visual out-
come (Fig 4). The difference in proptosis was similar in both groups
(lost vision: mean, 5.95 [SD, 2.92] mm versus preserved vision: 6.64
[SD, 2.63] mm; P = .6). Likewise, no significant differences were
detected in optic nerve length difference (lost vision: mean, 6.55
[SD, 2.33] mm versus preserved vision: 5.82 [SD, 2.67] mm; P = .5)
or posterior globe angle difference (lost vision: mean, 20.9° [SD,
23.7°] versus preserved vision: 16.8° [SD, 17.4°]; P = 7).

DISCUSSION

In this retrospective study, we systematically evaluated the radio-
logic signs of OCS, which is a rare-but-vision-threatening emer-
gency, requiring prompt recognition and treatment. To our
knowledge, this retrospective data set comprising 29 patients
with trauma represents the largest systematic study on OCS
reported to date. We observed that OCS invariably led to marked
proptosis and optic nerve stretching in the affected orbit, and a
reduced posterior globe angle occurred in some cases.

In this study, intraorbital volume expansion was mostly due
to hematoma and emphysema, occurring in intraconal, extraco-
nal, and/or subperiosteal locations. In a substantial number of the
cases, the space-occupying lesions were not in direct contact with
the optic nerve, which is in keeping with a compartment hypoth-
esis. Along this line, previous experimental cadaver studies have
demonstrated that volume expansion inside the orbital cavity
causes a rapid rise in intraorbital and intraocular pressure.'®'® It
seems reasonable that this increase in pressure damages the deli-
cate neuronal structures in the retina and/or optic nerve. In one
of our patients who coincidentally underwent MR imaging after
emergency decompression for OCS, we observed marked diffu-
sion restriction in the optic nerve, consistent with infarction.
However, the exact pathophysiology of neuronal damage in OCS
is still not fully understood because direct pressure damage, arte-
rial occlusion, and/or venous congestion may be implicated. We
observed that the diameter of the superior ophthalmic vein in the
affected orbit was overwhelmingly reduced, probably represent-
ing venous collapse secondary to increased intraorbital pressure.
Venous collapse might serve as a clue that compromised venous
drainage plays a role in optic nerve damage in OCS, which can
occur at lower pressures than frank arterial infarction. In the set-
ting of sudden vision loss following facial trauma, other mecha-
nisms of visual compromise such as direct injury of the globe,
traumatic optic neuropathy, or orbital apex syndrome also have to
be considered.'®"® It is crucial to differentiate these conditions by
ophthalmologic examination and/or imaging studies because the
treatment approach depends on the underlying pathophysiology.

Because our collective was recruited from patients under the
care of maxillofacial surgeons, all patients had craniofacial trauma
involving the orbit. OCS was accompanied by fractured orbital
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FIG 4. Differences between the affected orbit and the contralateral orbit in patients with vision loss at discharge (n = 6) and in patients with
preserved vision (n = 20) regarding proptosis (A), optic nerve length (B), and posterior globe angle (C). No significant differences were detected.

For 3 patients, data on visual outcome were unavailable.

walls in the overwhelming majority of patients. In only 3 cases was
OCS diagnosed after fractures involving the orbital walls had al-
ready been surgically addressed. Whether OCS in these 3 cases was
due to the primary trauma or occurred as a complication of surgery
or a combination of both cannot be determined with certainty in
this retrospective study. OCS occurred even in the presence of frac-
ture patterns that expand the bony orbit, eg, dislocated fractures of
the orbital floor. This finding may be explained by the periosteal
sleeve and/or intraorbital fibrous septa remaining intact, thereby
precluding a decompressive effect of the fracture. Alternatively, the
amount of hematoma and emphysema may exceed the volume
gained through expansion of the osseous wall. Similarly, Zogheib et
al'® recently reviewed 18 cases of OCS with concomitant displaced
orbital fractures. OCS can also result from a range of nontraumatic
lesions." While we only investigated a trauma collective, we assume
that nontraumatic OCS leads to a similar imaging phenotype as
described here.

Various measurements based on orbital CT have been pro-
posed in the literature to stratify the severity of OCS and to predict
possible clinical outcomes. In a series of 10 patients, Dalley et al'®
reported that the severity of posterior globe tenting correlated
with visual impairment, with a posterior globe angle of <120°
indicating severe proptosis and unfavorable outcomes. A posterior

globe angle of 120°-130° was reported to correlate with mild vis-
ual impairment and good clinical recovery.'"’ Using a different
angle of measurement between the medial rectus insertion and
the optic nerve, Oester et al'' also found that deformity of the pos-
terior globe was more pronounced in patients who lost their
vision. In our data, we found no significant differences in the
quantitative imaging parameters between patients who lost vision
in the affected orbit and patients with preserved vision.

These results must be interpreted with caution, however,
because it can be expected that the elapsed time between the ini-
tial trauma (or symptom onset) and intervention is a decisive fac-
tor on visual outcome. Moreover, interindividual differences in
the anatomy (size of the orbital cavity), time point of imaging, as
well as the extent and timeframe of volume expansion might
affect and influence the visual outcome or impairment. We per-
formed extensive chart reviews trying to establish this timeframe.
Unfortunately, this data point could not be determined with the
necessary accuracy because the documented clinical histories
were terse, owing to the emergency nature of the condition and
because the initial time course was unclear in some patients trans-
ferred from other hospitals. Furthermore, the level of detail of the
visual examinations at discharge was heterogeneous due to the ret-
rospective nature of our study. While some patients received
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consults from the ophthalmologic service, not all patients did
(especially when subjective vision was satisfactory).

One of the limitations of our study is that the specificity of these
imaging findings cannot be derived from our data. In clinical prac-
tice, it is not unusual to observe some amount of intraorbital he-
matoma on CT after facial trauma. However, only a small minority
develops compartment syndrome.”” Determining the specificity of
the proposed triad retrospectively is challenging because a “fair
control group” would need to be matched not only for the volume
of the space-occupying pathology but also for clinical parameters.
Because the diagnosis of OCS still remains clinical, a prospective
evaluation based on imaging diagnosis is limited.

Further research is necessary to clarify which patients require
urgent decompression. Due to the time delay inherently associated
with imaging studies, radiologic evaluation should be reserved for
ambiguous cases.”’

In summary, the proposed imaging phenotype should not be
understood as diagnostic of OCS but as an indication that OCS
might be present, implying that urgent clinical attention is war-
ranted. In this context, we have to bear in mind that CT can detect
only structural abnormalities. By contrast, the clinical examination
can also reveal visual impairment or other functional deficits.
Principally, OCS remains a clinical diagnosis, and imaging proce-
dures must not delay emergency decompression if the diagnosis
has already been established on clinical grounds. However, CT
can be a decisive factor in decision-making when the clinical ex-
amination is limited, eg, in children, in patients who are uncon-
scious or who have received opioids (impairing pupillary reflexes),
and in the presence of profuse periorbital hematoma, which
impairs palpation of the globe.

CONCLUSIONS

Proptosis and optic nerve stretching are signs of vision-threatening
OCS, which may require urgent surgical decompression. In more
severe cases, the posterior globe may be tented. In this collective of
traumatic OCS, we have found that the expanding pathology can
be located anywhere in the orbit, with or without direct contact
with the optic nerve. Coexisting “decompressing” fractures do not
exclude OCS. Clinicians who are not specialized in maxillofacial
surgery or ophthalmology may be unaware of the condition.
Radiologists can play a key role in patient management by raising
the suspicion of OCS and initiating an urgent referral to a specialist.
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