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ABSTRACT

Purpose: To summarise the qualitative and quantitative parameters of bacterial orbital cellulitis (OC) on
magnetic resonance imaging (MRI) and explore their clinical correlations.

Methods: Multi-centre retrospective study with inclusion of patients of all ages with OC who underwent
MRI. Patients with isolated pre-septal cellulitis, bilateral disease and poor-quality scans were excluded. An
enlargement ratio for extraocular muscles (EOMs) was calculated by dividing maximal EOM measure-
ments from the affected side by the contralateral side.

Results: Twenty MRI scans from twenty patients (Mean age: 40.8 + 24.3 years old, M: F = 15:5) between
2011 and 2022 were analysed. Three (15.0%) cases were paediatric patients (<18 years old). All cases had
both pre-septal and orbital fat involvement. The EOM were affected in nineteen cases, with the superior
muscle complex (18/19, 94.7%) most commonly affected. Mean enlargement ratio (1.30, Range: 1.04-
1.82) was greatest for the medial rectus on axial views on T1 and fat-suppressed contrast-enhanced T1 (FS
CE T1). Optic peri-neuritis was present in eleven (55.0%) patients, whilst two (9.5%) cases had optic
neuritis. A greater degree of proptosis was observed in patients with optic neuropathy and those who
underwent surgical intervention compared to those without (p =.002 and p =.002, respectively).
Conclusion: MRI remains an important imaging modality for evaluating complicated OC. However,
qualitative features may lack accuracy and is not a reproducible means of analysis. Simple quantitative
parameters, such as proptosis and EOM measurements, correlate with high-risk clinical features and may
have utility in predicting clinical course.
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INTRODUCTION METHODS

Bacterial orbital cellulitis (OC) is a sight and life-threatening
condition. Expedient diagnosis and management help to ame-
liorate the risk of developing visual and intracranial
complications.' Prior studies have investigated the utility of
magnetic resonance imaging (MRI) in assessing OC. Jyani
et al. described the spectrum of various simple qualitative

Subjects

This was a multi-centre retrospective case-series of patients
diagnosed with unilateral bacterial OC who underwent MRI at
initial presentation. Inclusion criteria were patients of any age
with a clinico-radiological diagnosis of OC with MRI con-

features of OC and its complications on MRI, including adja-
cent paranasal sinus disease, orbital abscesses, optic neuritis/
peri-neuritis and cerebral venous thrombosis.” The utility of
quantitative measures in MRI, such as diffusion weighted
imaging (DWI) and apparent diffusion coefficients (ADC),
has also been investigated, with preliminary findings suggest-
ing that DWI may improve diagnostic confidence in OC com-
plicated by orbital abscesses when used alongside contrast-
enhanced MRIL.’> Additionally, Kapur et al. have described the
utility of DWI in differentiating OC from other inflammatory
and lymphoid lesions.* The aim of the present study is to
describe, in addition to the qualitative features, several simple
quantitative parameters of bacterial OC on MRI that can be
utilised. This study also explores the correlation of these radi-
ological features with clinical presentation and outcomes.

ducted during assessment. A diagnosis of OC was supported
by clinical features, laboratory investigations (e.g., elevated
white cell count and C-reactive protein), microbiological ana-
lysis, radiological features, and response to antimicrobial ther-
apy and/or surgical intervention. Patients with isolated pre-
septal cellulitis (i.e.: no post-septal involvement as demon-
strated by clinico-radiological features), bilateral disease and
poor-quality MRI scans were excluded.

Patients were identified from the Oculoplastic Unit at the
Royal Adelaide Hospital (Adelaide, Australia), Women’s and
Children’s Hospital (Adelaide, Australia), Flinders Medical
Centre (Adelaide, Australia) and The Sussex Eye Hospital
(Brighton, England). Data collected included patient demo-
graphics, clinical presentation at time of MRI, laboratory
investigations (white-cell count, C-reactive protein and
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relevant microbiological analysis), MRI characteristics (quali-
tative and quantitative measures), course of management and
clinical outcomes. All research was conducted in accordance
with the Declaration of Helsinki and was approved by the
Institutional Review Board.

Image Analysis

MRI sequences conducted included a combination of T1- and
T2-weighted imaging (T1 and T2), fat-suppressed contrast-
enhanced T1 (FS CE T1), and DWI with ADC mapping.
MRI scans were reviewed by an experienced consultant neu-
roradiologist (SP), noting qualitative radiological features,
such as local involvement of various orbital structures (e.g.,
pattern of extraocular muscle, lacrimal gland, orbital apex,
optic nerve and sheath involvement), and regional structures
(e.g., paranasal sinuses, intracranial extension). Analysis and
interpretation of radiological data were conducted by experi-
enced ophthalmologists (JT and VJ). Quantitative assessment
and orbital measurements were conducted on Phillips Vue
picture archiving and communication systems (PACS)
Version 12 (Phillip Medical Systems). Proptosis was measured
as the perpendicular distance between the interzygomatic line
perpendicular to the posterior globe on axial T1.” Maximal
extraocular muscle (EOM) diameters were measured in both
T1 and FS CE T1 sequences.”” Medial rectus and lateral rectus
muscle thickness was measured on axial scans perpendicular to
the muscle belly. The superior rectus and levator palpebrae
were measured together as the superior muscle complex, as
they could not be reliably distinguished. The medial rectus,
inferior rectus, superior muscle complex, superior oblique and
inferior oblique were measured on coronal views. Due to its
oblique course within the orbit, the lateral rectus was not
measured on coronal scans.”” An enlargement ratio for
EOMs was calculated by dividing maximal EOM measure-
ments from the affected side by the contralateral side.

Statistical Analysis

Statistical analysis was performed with SPSS (IBM corpora-
tion, New York). Where applicable, results are expressed as
means * standard deviation (o) and presented in relevant
tables. Differences in means were analysed by the
Independent Sample’s t-test with p <.05 deemed statistically
significant. Fisher’s exact test was used to analyse associations
between categorical variables.

RESULTS
Patient Demographics & Clinical Features

This study included twenty MRI orbital scans from twenty
patients (M: F =15:5) presenting between 2011 and 2022.
Mean age for all patients was 40.8 £ 24.3 years old (Range: 2
to 85 years old). Three (15.0%) cases were paediatric patients
(<18 years old), and all cases were unilateral.

The most common clinical features were periorbital oedema
and erythema (19/20, 95.0%), and orbital pain (18/20, 90.0%).
Other common features included diplopia secondary to

restricted EOM (17/20, 85.0%), conjunctival injection (15/20,
75.0%), clinical proptosis (14/20, 70.0%) and optic neuropathy
(6/20, 30%). Mean duration of symptoms prior to presentation
(where recorded) was 3.4 £4.1 days (Range: 0 to 14 days).
Sixteen (80%) patients, of which three patients were paediatric,
proceeded to surgical intervention, including functional endo-
scopic sinus surgery (FESS), and/or orbital abscess drainage.
Complete resolution of visual function and extraocular motility
was achieved in 18 (90%) patients and there were no mortalities.
In the remaining two patients, one was lost to follow up, and
one had persistent optic neuropathy.

Qualitative Analysis

Indications for an MRI scan included clinical concern for
intracranial extension and further delineation of orbital invol-
vement. Table 1 summarises all qualitative radiological find-
ings from the following twenty cases. DWI sequences and
ADC mapping were conducted in sixteen (80%) patients and
helped to confirm the presence of abscesses/collections via the
presence of diffusion restriction.

Pre-septal involvement was observed in all cases, which was
demonstrated as oedema and hyperintensity on FS T2. Orbital
fat involvement was observed as focal or diffuse regions of
heterogenous contrast-enhancement on FS CE T1 (Figure 1).
Both extra- and intra-conal involvement was observed in thir-
teen patients, and isolated extraconal involvement in seven
patients. Inflammation of the lacrimal gland, observed as con-
trast-enhancement and/or loss of distinct margins, was present
in eighteen (90%) cases.

EOM involvement was observed as loss of EOM mar-
gins, hyperintensity on T2, contrast-enhancement and/or
gross enlargement in areas contiguous with orbital fat
inflammation (Figures 2 and 3). Nineteen patients had
EOM involvement with the superior muscle complex
(18/19, 94.7%) most commonly affected, followed by the
superior oblique (14/19, 73.7%), lateral rectus (12/19,
63.2%), medial rectus (10/19, 52.6%), inferior rectus (7/
19, 36.8%) and inferior oblique (5/19, 26.3%).

Optic peri-neuritis was present in eleven (55.0%)
patients, observed as contrast-enhancement and focal
hyperintensity of the optic nerve sheath on FS T2.
Meanwhile, two (9.5%) cases had optic neuritis observed
as a hyperintensity on FS T2. Orbital apex involvement
(i.e., orbital inflammation present in the posterior third of
the orbit) was demonstrated in eleven patients (55.0%). Of
the six patients with clinical optic neuropathy, one had
peri-neuritis only (Case 3); one had peri-neuritis and
orbital apex involvement (Case 1); two had peri-neuritis,
optic neuritis and orbital apex involvement (Cases 5
and 6); and two had no abnormalities in the optic nerve,
sheath or orbital apex (Cases 4 and 18).

Adjacent paranasal sinus disease was observed in fif-
teen (75.0%) patients. Intracranial extension was evi-
denced by dural enhancement, presence of empyema
and/or dural collections. Intracranial extension of infec-
tion was observed in twelve (60.0%) patients. One patient
had a superior sagittal sinus thrombosis; however, the
remaining cases had no cerebral vascular complications.



Table 1. Summary of qualitative radiological features encountered in this series.
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Prescence of radiological features

Gender/ Intra- and/or extra- Lacrimal EOM Optic sheath Optic Orbital Paranasal Intracranial
Case age conal fat gland enlargement enhancement nerve apex sinuses extension
1 M/19 E + SO, MR, SMC + - + + +
2 M/85 B + IR, LR + - + + -
3 M/39 E + IR, LR, MR, SO, + - - + -
SMC
4 M/28 B + - B - — + +
5 M/26 B + All + + + + +
6 F/49 B + All + + + - -
7 M/74 B + All + *® + - -
8 M/35 B + SMC, LR + - + + +
9 F/60 B + All + - - - -
10 F/69 B + All + + - +
1 M/2 E + SMC, SO + - + - -
12 F/8 E + SMC, LR - - - + +
13 M/5 B + MR, SMC, SO - - + + -
14 M/63 E + LR, SMC + - + + -
15 M/21 E + SMC, SO - - - + +
16 M/53 B + SO, SMC, LR B - + + +
17 M/56 B - MR, SMC, SO - - - + +
18 M/41 B + MR, SMC, SO - - - + +
19 M/63 E - SO, SMC - - - + +
20 M/20 B + LR, SMC - - - + -

Legend: M- Male, F- Female, E- extraconal, |- intraconal, B- Both intra- and extra-conal, LR- lateral rectus, MR- medial rectus, SMC- superior muscle complex, IR- inferior
rectus, 10- inferior oblique, SO- superior oblique. *Unable to determine status of optic nerve involvement, however, did not demonstrate any optic neuropathy
clinically.

Figure 1. Coronal CE FS T1 of left orbital cellulitis. There is predominantly infer-
omedial orbital fat involvement and diffuse contrast-enhancement of the EOM:s.

Quantitative Radiological Analysis

Proptosis measurements were conducted in all twenty MRI
orbital scans. A greater degree of proptosis was observed in

patients with optic neuropathy compared to those without
(7.33£2.31mm vs. 3.52+2.11 mm, respectively) (p=.002),
and in patients with surgical intervention compared to those
who required medical management only (5.2 + 2.9 mm vs. 2.5
+ 0.5 mm, respectively) (p=.002). There was no statistically
significant difference in mean proptosis measurement between
patients who had intracranial extension and those without (4.9
+2.8 mm vs 4.36 + 2.9 mm, respectively) (p = .664).

EOM diameters were determined on fifteen T1 orbital scans
for fifteen patients, and twelve FS CE T1 orbital scans for
twelve patients. For both T1 and FS CE T1 orbital scans,
there was no statistically significant difference in the total
sum of the EOM for patients with optic neuropathy (p =.539
and p=.396, respectively). Similarly, no difference was
observed for patients undergoing surgical intervention on
both MRI sequences (p=.674 and p =.346, respectively).
Within this study, an enlargement ratio represented
a quantitative comparison between the affected and unaffected

Figure 2. Coronal MRI orbits of right orbital cellulitis. A, demonstrates contrast-enhancement of the enlarged right lateral rectus and adjacent supero-lateral extraconal
fat on CE FS T1. B, demonstrates the prior stated changes, along with the loss of distinct margins of the lateral rectus, and peri-neuritis on CE FS T1. C, demonstrates

high T2 signal of the respective lateral rectus and orbital fat.
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Figure 3. Coronal CE FS T1 of right orbital cellulitis. Extraocular muscle involve-
ment in bacterial orbital cellulitis demonstrated by loss of distinct margins of the
right lateral rectus and superior muscle group in areas contiguous with orbital fat
inflammation.

orbits. Table 2 depicts the enlargement ratio for each involved
EOM for both T1 and FS CE T1 sequences.

DISCUSSION

Radiological assessment of bacterial OC with CT and/or MRI
provides confirmation of post-septal involvement and charac-
terisation of orbital or intracranial complications which may
require surgical intervention." CT orbital imaging is a rapid,
practical, low-cost and easily accessible modality to acutely
identify complications. CT features of OC have been well
described such as proptosis; pre-septal swelling; intra- and/or
extra-conal fat stranding; enlargement and contrast-
enhancement of EOMs; bony deossification; and adjacent
paranasal sinus disease."®'® MRI scans are less frequently

Table 2. Mean enlargement ratio for involved EOM.

MRI sequence Involved EOM  Average enlargement ratio Range

T
MR (ax.) 1.30 1.04-1.82
LR (ax.) 1.19 092-15
MR (cor.) 1.16 095-14
IR (cor.) 1.22 1.05-1.55
SMC (cor.) 1.26 0.75-1.72
10 (cor.) 1.02 0.9-1.08
SO (cor.) 1.29 0.94-2.03

CEFST1
MR (ax.) 1.28 1-1.75
LR (ax.) 1.23 1.03-1.55
MR (cor.) 1.18 0.82-1.36
IR (cor.) 117 0.91-1.52
SMC (cor.) 1.23 1-1.8
10 (cor.) 1.1 0.94-137
SO (cor.) 1.21 1.02-1.59

Legend: ax.- axial, cor.- coronal, LR- lateral rectus, MR- medial rectus, SMC-
superior muscle complex, IR- inferior rectus, I0- inferior oblique, SO- superior
oblique.

performed, however, in certain situations, supplement the
initial imaging. Consequently, literature describing the spec-
trum and utility of MRI features in OC remains limited. ,>™**°
In addition to describing the qualitative features of OC, this
present study aims to characterise several simple quantitative
parameters of OC.

The radiological features of OC on MRI are sum-
marised as follows. Pre-septal involvement was demon-
strated as oedema and hyperintensity on FS T2. Orbital
fat involvement was indicated by focal or diffuse regions
of heterogenous contrast-enhancement on FS CE TI.
EOM involvement was observed as loss of EOM margins,
hyperintensity on FS T2, contrast-enhancement and/or
gross enlargement which was contiguous with regions of
orbital fat inflammation. Optic peri-neuritis was observed
as contrast-enhancement and focal hyperintensity of the
optic nerve sheath on FS T2. Upon analysis of the various
quantitative MRI parameters, a greater degree of proptosis
was observed in patients with optic neuropathy and those
who underwent surgical intervention (p=.002 and
p=.002, respectively). EOM measurements have also
helped to define various quantitative parameters of EOM
enlargement that may be present in OC.

Spectrum of MRI Features

The spectrum of MRI features encountered within this study
are consistent with those previously described.””*® Firstly,
inflammatory changes in the intra- and/or extra-conal orbital
fat were visualised as heterogenous focal or diffuse regions of
hyperintensity on FS T2, and demonstrated contrast-
enhancement on FS CE T1.” Subperiosteal abscesses (SPAs)
may appear as a region of low to intermediate signal on T1 and
hyperintensity on T2, with peripheral contrast-enhancement.”
Diffusion weighted imaging would reveal restricted diffusion
within an abscess.'' SPAs are commonly located in the super-
omedial or inferomedial orbit due to the thin lamina
papyracea.'>"? Depending on the size of the orbital collection,
other radiological features encountered include globe displa-
cement and/or enlargement and displacement of the adjacent
EOM.' Furthermore, some patients may demonstrate
a transitional stage between inflammatory oedema and SPA
development, with minimal periosteal detachment and inflam-
mation of adjacent extraconal fat.” Superior ophthalmic vein
(SOV) thrombosis may be seen, although the internal signal
will vary with time. In the acute stage it would be low signal in
T1 and often low signal on T2 (due to deoxyhaemoglobin). In
the subacute phase, the thrombus will generally be hyperin-
tense on T1 and intermediate on T2.'>'® Cavernous sinus
thrombosis (CST) results in engorgement of the cavernous
sinus and ophthalmic veins and usually engorgement of
EOM."”'® On contrast-enhanced MRI, CST may reveal only
peripheral enhancement around the thrombus or reduced
enhancement compared to the normal side. Within our
study, intracranial extension was readily demonstrated on
MRI by dural and/or leptomeningeal enhancement, subdural
collections and cerebral abscesses. However, there were no
cases of SOVT or CST.



Quantitiative Parameters

This present study explored various simple quantitative MRI
parameters including proptosis measurements and EOM dia-
meters. The utility of quantitative radiological parameters has
been explored in the literature for a range of orbital diseases,
such as dysthyroid optic neuropathy.'*>?

Proptosis, along with poor pre-treatment visual acuity and
large SPA volume, are important predictors of surgical inter-
vention on CT scans.”>** Analysis of proptosis measurements
on MRI was consistent with these conclusions (p=.002).
Additionally, a greater degree of proptosis was observed in
patients with optic neuropathy (p =.002). Meanwhile, qualita-
tive features such as peri-neuritis and orbital apex involvement
were not associated with the presence of optic neuropathy,
though comparison remains limited by the small sample sizes
and relative power of this study. However, the development of
optic neuropathy in OC remains multifactorial. Optic nerve
compromise in OC may occur via several mechanisms includ-
ing inflammatory causes from adjacent infection, ischemia
from vascular complications or compression.>”

Calculation of an EOM enlargement ratio has previously
been explored for use in thyroid ophthalmopathy, albeit via
a different method. Nugent et al. previously described calcula-
tion of an enlargement ratio by comparison of mean muscle
diameters of orbits with thyroid ophthalmopathy with normal
orbits on CT.*® Contrastingly, this study assessed affected
orbits with the contralateral unaffected orbit. Table 2 details
the mean and range of the calculated enlargement ratio for
each involved EOM. Mean enlargement ratio was greatest for
the medial rectus on axial views, whilst less pronounced enlar-
gement was observed for the inferior oblique, on both T1 and
FS CE T1 sequences. Several factors are likely to affect the
calculation and interpretation of an EOM enlargement ratio
for involved EOMs. Firstly, inflammatory changes in EOM
may be demonstrated by various MRI features beyond overt
EOM enlargement, including contrast-enhancement, T2
hyperintensity, or loss of distinct EOM margins in regions
contiguous with orbital fat inflammation. Additionally,
although prior literature has reported no statistically signifi-
cant difference in EOM diameters between left and right orbits
of healthy subjects, marginal differences still exist, ranging
from 0.9mm to 1.2 mm.”” These marginal differences may
influence the accurate calculation and interpretation of an
enlargement ratio, and hence the ratio should be interpreted
alongside other radiological features. Finally, interpretation of
such measures would be difficult in bilateral disease. Thus, it
remains important to analyse the quantitative measurements
with normative data.”” Additionally, the interpretation of
quantitative orbital measurements should occur alongside the
clinical presentation and other qualitative abnormalities iden-
tified, to guide management and prognostication.

Advantages and Disadvantages of MRI

Within our study, the main indications for conducting an MRI
orbital scan were clinical suspicion of intracranial extension
and/or CST. Additionally, DWI and ADC mapping helps to
identify subdural empyemas and intraorbital/cerebral
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abscesses. MRI also provides superior visualisation of any
EOM, optic nerve and optic nerve sheath changes. It may
depict EOM involvement via loss of EOM margins, contrast-
enhancement and hyperintensity on T2, even in the absence of
gross EOM enlargement (Figure 3), as was demonstrated by
the range of EOM enlargement ratios observed (Table 2).

Specific MRI sequences, such as DWI, and their ability to
aid in the identification of abscesses and differentiate
inflaimmation from malignancy, have garnered interest.*
Abscesses exhibit diffusion restriction due to reduced water
content within the purulent material, appearing as hyperin-
tense on DWT and hypointense on ADC mapping within the
central, non-enhancing region of the abscess cavity.’
Sepahdari et al. reported that DWT helped to increase diag-
nostic confidence of the presence of an abscess in cases
without contrast-enhanced imaging, and in certain situa-
tions, was also equivalent to contrast-enhanced MRI
sequences. However, MRI is less readily available, has
a longer scan time, greater operational costs, is susceptible
to artefact and a general anaesthetic may be required for
young children.” These factors are reflected in the sample
included within this study, notably with inclusion of
a smaller number of paediatric cases.

There are several limitations to this study including the
retrospective nature and small sample size, with limitations
on statistical power. At our tertiary institutions, MRI scans
were generally reserved for cases of diagnostic uncertainty
and/or suspicion of severe complications, such as suspected
intracranial extension. Evidence of selection bias may also be
supported by the increased incidence of superior orbital col-
lections and involvement of the superior muscle complex,
supero-medial and supero-lateral orbital fat involvement.
Thus, the inclusion criteria may depict cases of greater disease
severity, and this pattern of superior orbital involvement, as
evident within our cases, has been described in the literature.*®
Additionally, not all patients underwent DWI sequences as
part of the MRI scans, and significant motion artefact limited
visualisation on some sequences or planes, preventing
a complete radiological assessment.

In conclusion, MRI scans remain an important diagnostic
imaging modality for evaluating complicated OC. In addition
to identification of intracranial extension, there is further
delineation of orbital fat involvement, EOM and optic nerve
changes which can provide prognostic characterisation of
severe cases of OC. Further research into quantitative MRI
parameters may provide a greater adjunct for clinical evalua-
tion, and correlation with clinical presentation and predicting
clinical course.
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