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ARTICLE INFO ABSTRACT

Objectives: Orbital complications account for 74-85% of all complications from acute sinusitis, more often affect
the pediatric population, and can result in devastating consequences. Therefore these patients require prompt
diagnosis and proper management. We review and summarize the current literature to determine the appro-
priate management of each stage of pediatric orbital cellulitis and offer a new comprehensive literature-based
algorithm.

Methods: Data sources were PubMed/MEDLINE, and Google Scholar. Studies relevant to the management of
each subcategory of the Chandler criteria in the pediatric population, limited to the period 1997 through Jan
2018, were compiled and interpreted. Seventy-one studies were reviewed in total.

Results: Pre-septal and post-septal cellulitis can generally be managed non-surgically, while orbital abscess and
cavernous sinus thrombosis are managed surgically. For subperiosteal abscess, non-surgical medical manage-
ment has been successful in certain patients. Results of the literature review were summarized, and subsequently
developed into a comprehensive algorithm for management, including criteria for age, location, and volume of
abscess on imaging.

Conclusions: Orbital cellulitis, particularly subperiosteal abscesses, in children is not an absolute indication for
immediate surgical intervention. Conservative measures can be safe and effective if appropriately used, de-
pending on patient characteristics, clinical course, and imaging.
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1. Introduction

Orbital complications account for 74-85% of all complications from
acute sinusitis [1]. It can affect all age groups, but is more frequent in
pediatric populations [2]. Devastating consequences of acute sinusitis
can result, including blindness in patients with orbital complications, as
well as venous and intracranial extension [1]. Therefore these patients
require prompt diagnosis and proper management.

There are many classification schemes for orbital cellulitis including
the Chandler classification and the Maloney classification (Table 1).
The Chandler classification is based on specific clinical findings, which
today are used in conjunction with CT to determine stage [3]. Moloney
et al. attempted to simplify this classification by dividing into ‘pre-
septal’ and ‘postseptal’ depending on penetration of the orbital septum
[4]. Because no lymphatic or venous connection exists between these
two compartments, the orbital septum prevents infections of the face
from spreading into the deep orbit. While preseptal infections most
commonly arise from bug bites and trauma to the eyelid, postseptal
infections are almost always a sequelae of sinusitis, most commonly the
ipsilateral ethmoid sinuses [5].

* Corresponding author.

While multiple risk factors, criteria, and characteristics have been
discussed in the literature, there are no established guidelines specific
to the management of orbital cellulitis in the pediatric population.
Some care pathway algorithms have been proposed for the initial as-
sessment and triage of the patient, often encouraging multidisciplinary
involvement and low thresholds to consult relevant services [5,6].
However, no comprehensive algorithm exists addressing all stages of
orbital cellulitis and their subsequent surgical vs. medical management.
In particular, the role of surgery for subperiosteal abscesses in children
has varied in the literature. This study attempts to answer the question
of when medical vs. surgical management is most appropriate in each
stage of orbital cellulitis within the pediatric population. We review and
summarize current literature and offer a new literature-based algorithm
for management.

2. Material and methods
The PubMed/MEDLINE and Google Scholar databases were sear-

ched for relevant studies using search terms “orbital cellulitis”, “sub-
periosteal”, “intraconal abscess”, “cavernous sinus thrombosis” or
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Table 1
Chandler and maloney classifications.
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Moloney [4] Chandler Group [73]

Chandler Title

Chandler Description

Preseptal 1 Inflammatory edema Inflammation/edema limited to the eyelid
Postseptal 2 Orbital Cellulitis Inflammation including contents posterior to septum
Postseptal 3 Subperiosteal Abscess (SPA) Purulent collection between bony orbit and periorbita
Postseptal 4 Orbital Abscess Purulent collection within the orbit itself
Postseptal 5 Cavernous Sinus Thrombosis Retrograde phlebitis
—
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Fig. 1. PRISMA flow chart.

“orbital abscess”, and “management”, limited to the period 1997
through Jan 2018 according to PRISMA guidelines. Within the Google
Scholar database, search terms were used to browse through article
titles only. The final results were limited to English language literature,
human subjects, and children 0-18 years old (or, in studies that in-
cluded both children and adults, clear descriptions of each subgroup).
Titles and abstracts were reviewed for relevance. The Population,
Intervention, Comparison, Outcome (PICO) research framework was
used to construct the research question, and carry out the search for
whether surgical intervention was indicated to treat each stage of or-
bital cellulitis. Any study that reported on the medical and/or surgical
treatment of pediatric patients with orbital cellulitis and its complica-
tions, and also included outcomes, morbidity and/or mortality was
eligible for inclusion. Animal studies, editorials, letters, and other re-
views were excluded. Studies which did not differentiate results by
stages of Chandler criteria (for instance, the outcomes of patients with
pre-septal orbital cellulitis and post-septal orbital cellulitis were com-
bined) were also excluded. Ultimately 71 articles were identified for
this review (Fig. 1).
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3. Results

All the studies reviewed were either retrospective reviews, case
reports, or case series. There were no prospective clinical trials.

3.1. Diagnostic imaging

Although orbital cellulitis may have similar characteristics to pre-
septal cellulitis, such as induration or erythema, clinical signs specifi-
cally suggesting post-septal involvement include proptosis, chemosis,
ophthalmoplegia, or decreased visual acuity [7-9]. However, peri-
orbital edema can often limit physical exam and hinder ability to dif-
ferentiate between the two. Therefore, if orbital cellulitis is suspected or
if bedside examination cannot rule it out, a sinus CT with contrast is
warranted within 24 h of presentation [7,10].

In our literature review, 8 relevant studies were identified per-
taining to the diagnostic use of imaging for orbital cellulitis; all were
retrospective chart reviews. CT has been found to be accurate for di-
agnosing orbital cellulitis and subperiosteal abscess (SPA), with re-
ported accuracies ranging from 91 to 100% [11-13]. In one
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retrospective review, positive findings on CT correlated to in-
traoperative findings in all 25 of patients with SPA and/or orbital cel-
lulitis [14]. In a study by Younis et al. concerning orbital complications,
the predictive accuracy of a clinical diagnosis was 82% and the accu-
racy of CT was 91% [11]. Factors that could help target patients with
orbital cellulitis for CT scanning include inability to perform complete
eye evaluation, proptosis, ophthalmoplegia, pain with external ocular
movement, deteriorating visual acuity, or central symptoms (i.e. sei-
zures, focal neurologic deficits, or altered mental status) [10,11,15].
MRI should be considered for cases in which there is either clinical or
CT-based suspicion for intracranial complications or cavernous sinus
thrombosis such as changes in mentation, persistent fever despite ap-
propriate therapy, or CT findings suggestive of intracranial extension
[10,16,17].

CT scan has the added benefit of guiding management once orbital
cellulitis is diagnosed. In particular, CT identification of an abscess can
help determine need for surgical drainage vs. medical management, as
well as assist with intra-operative planning [7,11]. This is discussed
below.

3.2. Pre-septal cellulitis

Fifteen retrospective chart reviews were identified in our literature
review pertaining to the management of pediatric pre-septal orbital
cellulitis, evaluating a total of 1083 pediatric patients. Most cases of
isolated pre-septal cellulitis (also reported in the literature as peri-
orbital cellulitis) can be treated with antibiotics, and surgical drainage
is rarely necessary. Surgery in these settings often consisted of func-
tional endoscopic sinus surgery, external orbitotomies or, when ap-
plicable, drainage of pre-septal fluid collections that had developed
from pre-septal cellulitis [18-32]. The vast majority of studies report
surgery and/or procedure rates ranging from 0 to 11%
[18-20,22-30,32]. Though, one retrospective analysis reported that ten
of their 34 (29%) pediatric patients with pre-septal orbital cellulitis
required operative intervention (antral washout with or without ex-
ternal frontal-ethmoidectomy) and another reported 23 of 58 (40%)
patients required incision and drainage of a preseptal abscess [21,31].

3.3. Post-septal orbital cellulitis

Sixteen retrospective chart reviews of 12,824 patients were identi-
fied in our literature review pertaining to the management of pediatric
post-septal orbital cellulitis. Multiple studies have demonstrated that
orbital cellulitis in children can often be managed non-surgically.
Nonsurgical management success rates reported in the literature for
pediatric patients range from 77 to 100%
[11,18-20,23,24,27-30,33-36] except one retrospective review which
reported that only ten of their 27 patients were able to be managed

Table 2
Summary of age-related criteria for subperiosteal abscess.
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without surgery [31]. Marchiano et al. performed the largest retro-
spective review, drawing patient data from the Nationwide Inpatient
Sample (NIS) database, and found that 6166/6951 (88.7%) pediatric
patients with the ICD-9 code for orbital cellulitis were treated non-
surgically, though it is not clear how many of these cases also had
subperiosteal abscess at time of surgery [36]. Regardless, overall sev-
eral of these studies endorsed a trial of antibiotics before surgical in-
tervention [18,20,23,24,28,29,36]. For instance, Botting et al. found
that 77% of the 35 post-septal orbital cellulitis cases they reviewed
were treated successfully with intravenous antibiotics without re-
currences, with the eight remaining cases only undergoing surgery
following a 48 h trial of IV antibiotics [18].

Clinical deterioration should prompt suspicion for development of
subperiosteal abscess, which is discussed below.

3.4. Subperiosteal abscess

After excluding studies which did not distinguish outcomes between
pediatric and adult patients, 30 studies were identified. Surgical man-
agement in this setting included drainage (endoscopic or external) and/
or endoscopic sinus surgery. Three articles endorsed surgical drainage
of all cases of subperiosteal abscess: Wan et al., Kinis et al.,, and
Welkoborsky et al. performed retrospective chart reviews on patients
who presented with subperiosteal abscess, in total describing 28 of 28
patients who underwent surgical intervention [24,26,29]. Sciarretta
et al. also endorses surgical drainage in pediatric patients with SPA and
described nine pediatric patients who all underwent surgical drainage.
However, it should be noted that these patients underwent surgery only
after at least 48 h of antibiotics without improvement [30]. There was
also one case report of a single patient who only underwent surgical
drainage after four days of IV antibiotics without improvement [37].
However, several other studies show that surgery is not always neces-
sary, though rates vary widely between 14% and 93%
[1,14,17,33,38-47,47-50]. This exemplifies the fine balance between
the ability in some cases to successfully treat SPA without surgical in-
tervention and the necessity of surgery in other cases to prevent po-
tentially devastating complications. Conservative nonsurgical measures
have been attempted with some success in the pediatric population, and
are indicated if certain criteria are met [18-20,39,41,50-52].

Most commonly, younger age was found to be associated with
greater success with conservative management, and/or less complica-
tions from surgery [17,20,33,36,39,44,48,53-55]. While the exact age
cutoff ranges from 2 to 9 years old, 9 years as a cut off was the most
commonly studied in the literature and most clinically significant
(Table 2) [36,53,54].

Other studies describe additional distinguishing characteristics as-
sociated with successful nonsurgical management: normal vision, ab-
sence of ophthalmoplegia, minimal or no proptosis, and medial location

Study Summary of age-related findings

Greenberg & Pollard (1998)
abscesses [39].
Garcia & Harris (2000)

In a review of 25 pediatric patients with subperiosteal abscess, the 13 patients who were treated medically were all < 6 years old and had medial

29 of 37 (78%) patients < 9 years old were screened using surgical criteria and managed non-surgically, of which 93.1% were successfully treated.

Surgical criteria includes age greater than 9 years old, frontal sinusitis, size, recurrence, suspicion of anaerobic organisms, and optic nerve

compromise [53].
Herrmann & Forsen (2004)
0%) [17].
Nageswaran et al. (2006)

Of 74 pediatric patients, children = 7 years old were at higher risk for orbital and intracranial complications compared to < 7 years old (9.3% vs.

Of 41 pediatric patients diagnosed with orbital cellulitis, including subperiosteal abscess, there was no difference in surgical rates found between

age groups <7 years old vs > 7 years old (p = 0.97) [44].

Eviatar et al. (2008)

Smith et al. (2014)
20.0%, P < 0.01) [54].

Marchiano et al. (2015)

Of 4 children under 2 years old with subperiosteal abscess, only one required surgery [20].
Of 136 cases of orbital cellulitis, including subperiosteal abscess, patients requiring surgery were more likely to be over 9 years old (58.9% vs.

In a large retrospective review of 14,149 cases of orbital cellulitis, including subperiosteal abscess, 22.1% of patients 10-19 years old underwent

surgery, compared to 12.1% of 5-9 year olds and 5.1% of < 5 year olds (p < 0.001) [36].
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Table 3
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Summary of characteristics guiding management of subperiosteal abscess.

Study

Summary of findings

Garcia and Harris (2000)

Rahbar et al. (2001)

Starkey and Steele (2001)

Younis et al. (2002)

Brown et al. (2004)

Oxford and Maclay (2006)

Yang et al. (2009)
Ryan (2009)

Smith et al. (2014)
Taubenslag et al. (2016)

Wan et al. (2016)
Quintanilla-Dieck et al. (2017)

Favor medical therapy if patients had no visual compromise, had a medial abscess of modest size, and had no intracranial or frontal sinus
involvement [53].

Recommended immediate surgical drainage when there is impairment of vision, worsening orbital examination (periorbital erythema or edema,
proptosis, and restriction of gaze), signs of systemic manifestation or complication, inability to perform a reliable and serial ophthalmologic
examination, an immunocompromised patient, or a lack of response to an initial trial of appropriate IV antibiotics [46].

Favor medical therapy unless patient has progressive involvement of the optic nerve occurring after 24-36h of IV antibiotic therapy [52].
Surgical drainage is indicated in patients who have CT evidence of abscess formation, 20/60 (or worse) visual acuity on initial evaluation,
severe orbital complications on initial evaluation, progression of orbital signs and symptoms despite therapy, or lack of improvement within
48 despite medical therapy [11].

Medical management trial for 48h is warranted in pediatric patients with medial SPAs, minimal orbital signs, not immunocompromised, and
lack of history/prior treatment of SPA [56].

Favor medical therapy in patients with normal vision, absence of opthalmoplegia, normal intraocular pressure (< 20 mmHg), proptosis less
than < 5mm, and abscess width less than 4 mm on CT [45].

Favor surgery in patients with pansinusitis, large abscess, concurrent intracranial involvement and poor response to initial IV antibiotics [57].
Patients with larger abscess size (> 10 mm) were more likely to undergo surgery. Neither abscess location nor number of extrocular muscles
involved on CT scan was associated with increased likelihood of surgery [48].

Children younger than 9 without proptosis, EOM restriction, or elevated IOP have a 7% probability of requiring surgery, whereas a child older
than 9 with all of the above risk factors has a 96% probability of requiring surgery [54].

Limiting review to children less than 9 years old and frontal sinusitis, favor medical management if abscess was medial [55].

Recommended ESS to be performed in all patients with SPA. Though, decreased motility or decreased vision prompted surgery within 24 h [29].
Limiting review to children with superior or medial SPAs, abscess size was the main predictor for surgery in a multivariate logistic model

analysis. Though, patients with superior SPAs were more likely to go to surgery than patients with medial SPAs [47].

Nation et al. (2017)

In a review of patients with SPAs treated medically vs surgically, there was significant differences in abscess width, abscess volume, and

presence of gaze restriction. In a subgroup analysis of patients with abscesses =500 mm?, 42% were managed non-surgically, which was
associated with longer inpatient admissions, antibiotic therapy durations, and PICC placement [50].

of the abscess, were the most commonly cited. Quintaneilla-Dieck et al.
found that compared to 12 of 13 patients with superior abscesses re-
quiring surgery, only 13 of 27 patients with medial abscesses required
surgery [47]. Furthermore, severe proptosis, worsening visual acuity or
motility, worsening orbital clinical findings, elevated intraocular pres-
sure, signs of systemic manifestation or concurrent intracranial in-
volvement, inability to perform a reliable and serial ophthalmologic
examination, and poor response to an initial 24-48h trial of appro-
priate IV antibiotics were all common indications for surgery (summary
found in Table 3) [11,29,39,45-47,50,52-571].

Other reports suggest the decision for intervention be based on the
sinus(es) involved. Taubenslag et al. found that 14 of 15 children < 9
years old with frontal sinusitis and medial SPAs were successfully
managed medically [55]. However, Marchiano et al., and Garcia &
Harris found that frontal sinus involvement correlated with prompt
surgical treatment [36,53]. Todman & Enzer found that frontal sinusitis
correlated with surgical intervention in cases of abscesses = 1250 mm?>
[58]. Thus, in any patient with frontal sinusitis, strong consideration
should be made for surgery. While older patients tend to have smaller
sinus ostia and more developed frontal sinuses, older age and frontal
sinus involvement are independent risk factors for needing surgery and
thus both included in the algorithm [59].

3.4.1. Further management by imaging

In addition to clinical findings, subperiosteal abscess dimensions
and volume on CT imaging have emerged as one of the key prognostic
features in predicting whether patients will require surgical interven-
tion.

Cut-off SPA volume sizes of 500-1250 mm?>, a length greater than
10-17 mm, and a width greater than 4.5 mm have been previously cited
[45-48,58,60,61]. In a recent analysis, Nation et al. found that 43% (11
of 26) pediatric patients with abscesses = 500 mm? were still able to be
managed medically, with the remainder going to surgery only in the
event of clinical deterioration, no clinical improvement after 48 h of
antibiotics, or radiographic findings indicative of worsening abscess
[50]. Le et al. found that patients with larger SPAs could be successfully
treated with systemic antibiotics alone, choosing the abscess cut-off size
of 3.8 mL. Specifically, if the SPA volume is < 3.8 mL, then the prob-
ability of surgery is 12%; if the SPA volume is > 3.8 mL, then the
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probability of surgery is 71% [34]. We include this larger, less con-
servative, cut off within our algorithm, and use additional patient
characteristics such as age, clinical findings, and location to help tailor
management further.

3.5. Intraconal or orbital abscess

Cases of intraconal or orbital abscess are relatively rare, with only a
few case reports and series in the literature, and even fewer studies that
describe pediatric patients specifically. Eight retrospective studies and
case reports describe 19 pediatric patients with orbital abscesses, and
all reported surgical drainage [1,43,51,62,63,63-66]. There are no re-
ports in the pediatric literature of medical management.

3.6. Cavernous sinus thrombosis

An aggressive approach is typically warranted with involvement of
the cavernous sinus. The risks of catastrophic complications are much
higher, as cavernous sinus thrombosis can cause cranial nerve dys-
function to those that traverse the sinus (III, IV, V, V5, VI), and when
severe, internal carotid artery thrombosis with cerebral infarct [18].

Surgical intervention for cavernous sinus thrombosis is generally
thought to be mandatory, and is almost always treated via endoscopic
drainage of the involved sinuses and collections [67]. However, there
are only ten pediatric cases of sinusitis associated cavernous sinus
thrombosis described in the literature. Frank et al. identified nine pe-
diatric cases of cavernous sinus thrombosis, of which four also had
associated orbital cellulitis. All cases were confirmed by magnetic re-
sonance imaging, all had sinusitis, and all nine patients underwent
sinus surgery [68]. Berdai et al. describes a case report of a pediatric
patient with cavernous sinus thrombosis who ultimately died from
septic shock despite surgical intervention, antibiotics, and antic-
oagulation [69]. The roles of steroids and anticoagulation remain
controversial and debated in the literature, particularly in the setting of
infectious etiologies [67,69,70].

4. Algorithm

We present a comprehensive algorithm taking into account
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Fig. 2. Management algorithm for each stage of or-
bital cellulitis.

*use is controversial.

¥ We include this cut off within our algorithm, and
use additional patient characteristics such as age,
clinical findings, and location to help tailor man-
agement further. Cut-off SPA volume size of
1250 mm®, a length greater than 10-17 mm, and a
width greater than 4.5mm have been previously
cited in the literature.

<9 years old
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Abscess
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Frontal sinus
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and plan for
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proposed criteria for surgical intervention in the recent literature for
the management of pediatric orbital cellulitis based on our literature
review (Fig. 2). Several articles also suggest criteria for type of surgery,
though this often depended on surgeon experience and/or location of
the abscess and is beyond the scope of this review [46,61,71]. Fur-
thermore, bacteriology and specific antibiotic choice is also beyond the
scope of this review and can be influenced by local susceptibility pat-
terns, hospital practice, and physician preferences.

5. Discussion

This work includes the most comprehensive and updated review of
the literature to date. Due to the retrospective and varied nature of the
available studies, there are some inherent weaknesses of this work and
the results must be interpreted with caution. If a study's methodology
for identifying patients relied on diagnosis code alone, it is possible that
patients identified as having post-septal cellulitis did not have a pure
cellulitis, but also had an associated subperiosteal abscess (See Section
3.3). This would likely overestimate the reported surgical rates for
patients with pure post-septal cellulitis without abscess. Overall how-
ever, there seems to be general consensus that pre-septal and post-
septal orbital cellulitis in children may be first managed conservatively
with antibiotics. We recommend a trial of empiric antibiotic therapy in
cases of post-septal orbital cellulitis. However, there should be close
monitoring for progression with a low threshold for surgical interven-
tion as the few who do not response to empiric therapy can progress
rapidly over 36-48 h, including development of subperiosteal abscess
[72,73]. Typically, if there is no improvement by 48h, or there is a
clinical decline before then, surgical intervention is recommended.
Repeat imaging prior to surgical intervention should be considered for
diagnostic and surgical planning purposes.

With regards to subperiosteal abscesses in children, the literature
suggests that this is not an absolute indication for immediate surgical
intervention. Based on our review of studies specifically identifying
pediatric patients in their outcomes, conservative measures can be safe
and effective if appropriately used, depending on patient character-
istics, exam findings, clinical course, and imaging. However, several
studies did not comment on the nature of the surgical intervention

Intraconal/orbital
abscess

Start antibiotics

127

and plan for
surgery.
Consider
ophthalmology
consultation.

Cavernous
sinus.
thrombosis
Surgical

L primary infection|

intervention of
and antibiotics,

+/- steroids* +/-
anticoagulation*

when it was performed (for example, whether a simple in-
fundibulotomy was performed or full endoscopic sinus surgery). This
has obvious ramifications for discussion of risks of the surgery.
Nevertheless, our proposed algorithm offers characteristics that could
predict the viability of a conservative or non-surgical approach as well
as signs that could indicate clinical deterioration.

This review also highlights the dearth of studies evaluating the ideal
management of intraconal/orbital abscesses or infectious cavernous
sinus thrombosis in the pediatric population. However, based on the
few available case reports and series in the literature, surgical man-
agement seems to be the most appropriate at this time.

Based on these findings, we propose a new comprehensive algo-
rithm for guiding decision making in treating these patients.

6. Conclusions

The contribution of this work is to facilitate patient-centered clinical
judgment about the appropriateness of medical vs surgical management
of pediatric orbital cellulitis, as well as to provide a reference and sti-
mulus for future studies. In the future, the publication of prospective
studies quantifying infectious etiologies, specific antibiotic usage, and
surgical techniques would provide a better understanding of these
subtleties, which were not included in this review.

Orbital cellulitis, particularly subperiosteal abscesses, in children is
not an absolute indication for immediate surgical intervention as clas-
sically thought. Conservative nonsurgical measures including close
monitoring with antibiotics can be safe and effective if appropriately
used, depending on patient characteristics, exam findings, clinical
course, and imaging.
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