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ABSTRACT

Introduction: Our objective was to assess the
utility of using lesion-mapping software to cal-
culate precise orbital volumes to predict
patients who would benefit from early surgical
intervention.
Methods: We retrospectively reviewed patients
diagnosed with subperiosteal orbital abscess

(SPOA) secondary to sinusitis at a tertiary pedi-
atric hospital from 2005 to 2016. Diagnoses
were confirmed by CT scans. Lesion-mapping
software was used to measure SPOA volume
using initial CT images. Data collected included
patient demographics, length of hospital stay,
and subsequent medical or surgical treatment.
Results: Thirty-three (52%) patients ultimately
underwent surgical intervention, while 30
(48%) were managed medically. Between the
surgical and medical groups, there were no dif-
ferences in gender, age, or comorbidities. The
surgical group had larger abscess volumes than
the medically managed group (0.94 mL vs.
0.31 mL, p\0.01). Overall, increased SPOA
volume was associated with increased age
(Pearson’s coefficient = 0.374, p B 0.01) and
increased total days of intravenous (IV) antibi-
otic administration (Pearson’s coeffi-
cient = 0.260, p = 0.039). Patients who
underwent surgery on the day of admission had
25% shorter hospital stay than patients who
had delayed surgery (p\0.01). Our calculated
sensitivity-optimized SPOA volume cutoff of
0.231 mL yielded sensitivity of 90.9% and
specificity of 70.0%.
Conclusions: This is the first study to use
lesion-mapping software for precise calculation
of SPOA volumes, which can help refine indi-
cations for early surgical intervention and help
decrease length of hospital stay.
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Key Summary Points

Pediatric orbital cellulitis remains a
significant health burden.

Indications for surgical intervention are
vague and are limited by small sample
sizes.

An orbital abscess volume threshold of
0.231 mL can be used as an indication for
surgery, with sensitivity of 90.9% and
specificity of 70.0%.

Early surgical intervention can decrease
hospital stay by 25%.

This the first paper to describe the novel
use of lesion-mapping software to
accurately measure the volume of an
orbital abscess, which in turn can identify
patients who would benefit from early
surgery and help decrease hospital stays.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13567937.

INTRODUCTION

Orbital cellulitis is the number one cause of
ophthalmic inpatient admissions [1] and a sig-
nificant burden on the healthcare system [2],
despite a decrease in the overall incidence of
pediatric orbital cellulitis with the advent of
immunizations. Complications related to orbi-
tal cellulitis can lead to blindness or death with
central nervous system spread, and thus prompt
diagnosis and treatment is critical [3–8].

Historically, the presence of an orbital abscess
on imaging was nearly uniformly considered a
surgical urgency. While indications for emer-
gency drainage of orbital abscess remain irrefu-
table, such as the presence of vision loss or
intracranial spread, the decision to drain sub-
periosteal orbital abscess (SPOA) outside of
these indications remains disputed.

In 2000, Garcia and Harris described factors
for early surgical drainage, including age 9 years
or greater, frontal sinus involvement, signs of
chronic sinusitis, gas within the abscess, abscess
in any location other than the medial wall of
the orbit, abscess of dental origin, and any
‘‘large orbital abscess’’ [9]. Since that time, many
studies have come forward to further refine the
aforementioned factors for urgent/early drai-
nage of orbital abscesses. There is support for
initial close observation with intravenous (IV)
administration of antibiotics for 24–48 h and
reserving surgical drainage for patients who
worsen or fail to respond to medical manage-
ment [4–6, 9–11]. However, in the decades since
the publication by Garcia and Harris, only a
small number of papers have attempted to
refine the definition of a large orbital abscess for
drainage [10, 12–16]. The published cutoff vol-
umes for when to surgically drain an SPOA are
varied, use imprecise and different methods for
calculating volume, and suffer from small sam-
ple size effects. Therefore, we seek to measure
SPOAs using lesion-mapping software to signif-
icantly improve the calculation of abscess vol-
ume. We aim to investigate the influence of
abscess volume on management decisions in
pediatric patients with SPOA, helping to
improve and clarify guidelines for the surgical
drainage of SPOAs.

METHODS

Study Population

The study was approved by the institutional
review board of the University of Pittsburgh and
adhered to the tenets of the Declaration of
Helsinki. The need for participant consent was
waived by the institutional review board based
on the anonymous nature of the data. We
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performed a single-institution, retrospective
chart review of computed tomography (CT)-
confirmed SPOA from 2002 to 2016 at UPMC
Children’s Hospital of Pittsburgh. Patients with
orbital cellulitis were identified using the
International Classification of Diseases, ninth
and tenth revision (ICD9 and ICD10) codes for
preseptal cellulitis (373.13), orbital cellulitis
(376.01) and eyelid abscess (373.13, H00.03x).
The initial chart review yielded 1931 potential
cases. We collected demographic characteristics
including age, sex, comorbidities, treatment
modalities including the use of IV antibiotics
and surgical drainage, and length of hospital
stay.

We then narrowed our review to cases which
matched the following inclusion criteria: (1) the
presence of SPOA on CT scan, and (2) access to
the CT images for analysis. All cases not meet-
ing these criteria were excluded. Ultimately, 63
cases met our inclusion criteria, with 33 (52%)
patients undergoing surgery and 30 (48%)
managed with medical therapies alone.

Acquisition of Volume Measurements

Maxillofacial CT scans were performed to eval-
uate the presence of orbital abnormalities. The
CT scans were performed on a 16-detector
(n = 12) or 64-detector (n = 51) CT scanner (GE
Healthcare, Waukesha, WI, USA). The scans
were acquired using a helical technique with
radiopaque contrast. Images were reconstructed
to encompass the entire orbit using the GE
‘‘bone’’ at an image thickness of 0.625 to
1.25 mm within an interval from 0.325 mm to
1.25 mm. In-house software was used to assess
SPOA depicted on the CT images. The abscess
was manually delineated image-by-image by a
single experienced ophthalmologist (RF), who
was masked to patient history, hospital course,
demographics, and radiographic results. Abscess
volume was computed using the area of the
abscess outlined on each image depicting the
abscess, the image thickness, and the image
interval. This software can perform three-di-
mensional (3D) visualization of the delineated
abscess (Fig. 1).

Statistical Methods

The statistical significance of the descriptive
variables was tested using Pearson’s correlation,
one-way analysis of variance ( ANOVA), and the
Welch two-sample t test. Correlation plots, box
plots, logit plots, and receiver operating char-
acteristic (ROC) curves were used to visualize
and analyze the data using the area under the
curve (AUC). ROC curves were utilized to eval-
uate SPOA volume cutoff values based on a logit
model for heterogeneous binary classification of
surgical versus nonsurgical management of
abscesses. All statistical analyses and data visu-
alizations were performed using R statistical
software (version 2.14.0; R Foundation for Sta-
tistical Computing, Vienna, Austria).

RESULTS

Sixty-three subjects identified in the 12-year
chart review with CT-confirmed SPOAs that met
our inclusion criteria were included in the
study. The mean age of the cohort at presenta-
tion was 5.5 years, with 50 male and 13 female
children. There was no difference in gender,
age, or comorbidities between the surgical and
medical groups.

Several clinical metrics associated with sur-
gical intervention to treat an abscess were sig-
nificantly correlated with abscess volume. The
average SPOA volume overall was 0.640 mL
(range 0.045–2.694 mL), and the average SPOA
volume in the medical group (0.307 mL,
0.045–1.479 mL) was significantly lower than
that in the surgical group (0.944 mL,
0.102–2.694 mL), with p\0.0001. Higher rate
of surgical intervention (p\ 0.012, Fig. 2),
increased age (Pearson’s coefficient = 0.374,
p\0.01), and greater total days on inpatient IV
antibiotics (Pearson’s coefficient = 0.260,
p = 0.039) were all significantly associated with
larger SPOA volumes. The mean duration of
hospital stay for subjects with an SPOA was
4.5 days (2–10 days). The mean duration of stay
was significantly shorter for the medical group
(4 days, 2–6 days) than for the surgical group
(5 days, 3–10 days, p\0.05). In the surgical
cohort, subjects who received early surgery,
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defined as surgery performed on the day of
admission, had significantly fewer days of hos-
pital admission than those who received late
surgery (4.3 vs. 5.7 days, p\0.01), resulting in a
25% reduction in hospital length of stay (Fig. 3).
Subjects who underwent early surgery had lar-
ger SPOA volumes (mean = 1.12 mL) than late-
surgical patients (mean = 0.78 mL), but this was
found to only trend towards significance
(p = 0.051) (Fig. 4). The AUC using the logit
model for assessing the likelihood of surgery
based on abscess volume was 0.833 (p\ 0.001)
(Fig. 5). The SPOA cutoff volume to maximize
specificity was 0.473 mL at sensitivity of 51.5%
and specificity of 90.0% (Fig. 5). The SPOA vol-
ume cutoff to maximize sensitivity was
0.231 mL with sensitivity of 90.9% and speci-
ficity of 70.0% (Fig. 5).

DISCUSSION

Examination of pediatric patients with orbital
cellulitis is limited by their age, acute illness,
and neurological status, often leading to a
heavy reliance on CT scans to determine the site
and extent of infection [17, 18]. The decision to
surgically intervene is extremely complex, reli-
ant on initial clinical factors such as the size of
the abscess, and the patient’s response to con-
servative management. Recent trends have been
to initially treat patients medically over 24–48 h
and only intervene in patients with clinical
deterioration or without improvement, in order
to avoid unnecessary surgery. However, there is
growing support for early identification of
patients whose condition would not clinically
resolve with prolonged medical management.
The exact role and timing of surgical drainage of
SPOA is controversial, with few studies

Fig. 1 3D visualization of the results of the image-by-image manually outlined subperiosteal abscess. a 3D volume rendering
of the abscess and delineation on b axial, c coronal, and d sagittal views
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attempting to elucidate the optimal SPOA vol-
ume for surgical drainage.

To the best of our knowledge, this is the first
study to analyze the SPOA volume with lesion-
mapping software, by meticulously outlining
the entire abscess image-by-image to compute
abscess volume using semi-automated software.
Abscess volume has been recommended as an
indicator of the need for surgical intervention
with volume cutoffs of 0.50 mL [10, 12, 14],

0.67 mL [15], 1.25 mL [11], and 3.8 mL [16]
(Table 1). This wide range in volume cutoffs is
due in part to the methodology for computing
volume that includes a type of bounding box
[11, 14] around the abscess and the assumption
that the abscess is an ellipsoid [10, 12, 15, 16].
Two studies (both using the ellipsoid approach)
performed an ROC analysis for predicting sur-
gery from abscess volume and reported an AUC
of 0.88 [15] and 0.81 [16]. Quintanilla-Dieck

Fig. 2 Box plots comparing surgical versus medical management of SPOA volumes

Fig. 3 Box plots comparing late versus early surgical management of patients to length of hospital stay
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et al. reported that using an abscess volume
cutoff of 0.67 mL resulted in sensitivity and
specificity of 71% and 93%, respectively. Simi-
larly, Le et al. reported that using an abscess
volume cutoff of 3.8 mL resulted in sensitivity
and specificity of 76% and 85%, respectively.
While our specificity-optimized abscess volume

cutoff of 0.473 mL (sensitivity of 51% and
specificity of 90%) is more in line with Quin-
tanilla-Dieck et al., we advocate for a sensitivity-
optimized threshold as an indication for sur-
gery. The SPOA cutoff to maximize sensitivity
was 0.231 mL, with sensitivity of 90.9% and
specificity of 70.0%. Within our dataset, if the
SPOA volume was less than 0.231 mL, the
probability of surgery was 12.5% (3/24); if the
volume was greater than 0.231 mL, it was 76.9%
(30/39). Conversely, if the SPOA volume was
less than 0.437 mL, the probability of undergo-
ing surgery was 29% (10/34); if greater than
0.437 mL, the probability was 79% (23/29). By
using a sensitivity-optimized cutoff, we can
inform the parents of our patients that within
our cohort, 87.5% of cases with abscess volumes
less than 0.231 mL can be medically managed.
Choosing the specificity-optimized threshold of
0.437 mL as a surgical indicator rather than
0.231 mL only yields a 2.1% increase to include
patients that ultimately underwent surgery.

Thirty percent (9/30) of medically managed
subjects had abscess volumes greater than
0.231 mL. One could expect these children to
have had a shorter length of hospital stay if
surgery had been performed on the day of
admission. This could be considered an
improved outcome, but based on our retro-
spective study, we can only speculate on the

Fig. 4 Box plots comparing late versus early surgical management of patients to SPOA volumes

Fig. 5 Receiver operator characteristic (ROC) curve based
on a logit model for binary classification of surgical versus
nonsurgical groups showing a threshold optimized for
specificity and sensitivity
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benefits of potential outcomes. Because of the
similar management outcomes within this
range of volume cutoffs, these thresholds aid in
guiding optimal clinical decision-making while
remaining adaptable to institutional policies,
surgeon preferences, and parental concerns.

The larger threshold reported with Todman
et al. may be due to the less accurate estimation
of volume by using a bounding box and also the
wider range of average volumes represented in
their study, with an eightfold difference com-
pared to a threefold difference in our popula-
tion. Notably, with a smaller sample size of just
eight surgical patients, two significant outliers
in abscess volumes distort the recommended
volume cutoff point. For this reason, Todman
et al. optimized their cutoff for sensitivity to
favor nonsurgical management rather than a
threshold for surgical intervention. While Le
et al. used an ellipsoid formula to take into
account the lenticular nature of SPOA, they also
reported an overall larger and wider range of
mean volumes, representing a sevenfold differ-
ence from our results. Since volumes were cal-
culated based on the assumption that the
abscess is a perfect ellipsoid, we believe that our
manual, image-by-image delineation of SPOAs
on all CT images depicting the abscess is a more
accurate approach for estimating SPOA size and
shape, which will yield more accurate cutoff
points. Future studies may benefit from using
artificial intelligence to automate the measure-
ment of SPOA depicted on CT images in order
to minimize measurement variability across
clinicians and to produce more accurate
volumes.

In addition, the larger volume cutoffs found
in other studies may reflect the regional, insti-
tutional, or surgeon-level trends favoring med-
ical management over early surgical drainage.
Le et al. and Todman et al. reported fewer
patients requiring surgery, 36.1% and 38.1%,
respectively, compared to 47.6% by Gavriel
et al., 62.5% by Tabarino et al., and 52.4% in
the present study. Given the longer hospital
stays described by Le et al., studies with larger
volumes for indicating surgery may be associ-
ated with the more conservative management
style of the local surgeons. In Le et al., the mean
hospital duration reported for the medicallyT
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managed group was 6.1 days versus 8.7 days for
the surgical group. However, these numbers
include patients with phlegmon formation
without frank SPOA, and only an overall aver-
age was reported for the SPOA group
(7.3 ± 3.3 days). In comparison, we noted a
shorter overall hospital stay at our institution
for SPOAs, for both medical and surgical man-
agement (4.0 vs. 5.0 days, respectively).

Lastly, the ranges of SPOA cutoff volumes
may also be secondary to the heterogeneous
population and endemic nature of SPOA of
different regions [19–21]. Differences in the
microbiology profile at each institution can
contribute to the local pathogenicity seen with
SPOA, with Streptococcus anginosus being nota-
bly virulent [22] and Haemophilus influenzae
associated with larger abscesses compared to
mixed bacterial growth [20].

While there are few clinical predictors of
surgical intervention outside of clinical exami-
nation, including trending C-reactive protein
levels and initial leukocytosis [12, 23], abscess
volume is one of the most consistent radio-
graphic features associated with the need for
early surgery. However, the utility of abscess
volume to inform surgical decisions remains
equivocal without acceptable and reliable
approaches to calculate abscess volume. This
underscores the need for a reliable and accessi-
ble tool to aid in inpatient clinical decision-
making, but also to evaluate current and future
treatment paradigm shifts. As microbes respon-
sible for infection evolve, so does our initial
empiric antimicrobial therapy. Moreover, sev-
eral studies have advocated for the safe and
initial use of systemic corticosteroids [24, 25],
and their use has been reported to decrease
hospital stays in both surgical and medically
managed groups. An understanding of the
relationship between the size of the initial
abscess and its response to evolving treatments
will be a critical need in the future and will
hinge on the validation of accurate and stan-
dardized modalities of volume measurement.
We emphasize that this is a retrospective study
of patients whose medical and surgical deci-
sions were made during their clinical care. The
outcomes evaluated in this study reflect the
integration of ‘‘real-time’’ clinical decisions with

the post hoc abscess volume assessment.
Therefore, the guidelines presented here can, at
best, inform clinicians on the optimal speci-
ficity and sensitivity for surgical decision-mak-
ing based on orbital abscess volume.

Limitations

This is a retrospective, single-institution study
of SPOAs with limited sample size and a single
observer. At this time, we did not evaluate intra-
or inter-reader agreement. Once an abscess is
detected, manually outlining the abscess is
somewhat straightforward, albeit tedious.
Although we plan to evaluate inter-reader
agreement in the future, we expect that inter-
reader agreement will be substantial for manu-
ally outlining the abscesses depicted on CT
images. Future studies are needed to character-
ize additional radiographic indicators for sur-
gery, such as bony destruction [16], proptosis
[12], relationship of SPOA volume to overall
orbital volume [12], maximum length and
width of abscess [10], and proximity to orbital
apex [26]. The CT scans were performed using
two different protocols. Image thickness is the
most significant difference in the protocols
related to mapping the abscess and computing
its volume, which would mostly effect the
depiction of the abscess boundary based on
partial volume averaging. However, we believe
that the partial volume averaging effect on the
abscess mapping and volume computation
would not significantly affect the volume com-
putation or the conclusions of this study.
Cost–benefit analyses are also needed to further
elucidate the healthcare costs of early surgery
versus prolonged medical management.

CONCLUSION

Retrospective analysis of clinical and radio-
graphic data of SPOAs reveal that present and
published threshold values for medical or sur-
gical management may largely reflect surgeon
or institutional preferences [12]. Whether the
difference is secondary to local biological fac-
tors or bias, both call for individual, institu-
tional investigations to reveal local practice
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patterns and to aid in clinical decision-making.
Our data indicate that timely utilization of
surgery as a management option reduced the
hospital stay of patients by as much as 25%.
Accurate and reliable measurement of SPOA
volume may improve clinical decision-making
and guide discussion with parents. Its role in
tracking shifts in treatment paradigms would be
invaluable. While manually outlining an
abscess provides accurate metrics and may
identify patients who would benefit from sur-
gical drainage, there remains a need to translate
this approach into an easily accessible tool for
routine clinical use.
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