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BACKGROUND AND OBJECTIVES: Pediatric orbital
cellulitis/abscess (OCA) can lead to vision loss, intracranial
extension of infection, or cavernous thrombosis if not
treated promptly. No widely recognized guidelines exist
for the medical management of OCA. The objective of
this review was to summarize existing evidence regarding
the role of inflammatory markers in distinguishing disease
severity and need for surgery; the role of imaging in OCA
evaluation; and the microbiology of OCA over the past 2
decades.

METHODS: This review was reported in accordance with
the Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. Searches were
performed in MEDLINE (Ovid), Web of Science Core
Collection, Scopus, CINAHL (EBSCO), and Cochrane
Central Register of Controlled Trials (CENTRAL), most
recently on February 9, 2021.

RESULTS: A total of 63 studies were included. Most were

rbital cellulitis/abscess (OCA) is a potential com-

plication of sinusitis. If not treated promptly, it can

result in vision loss, intracranial infection, or cav-

ernous sinus thrombosis.'? In 1970, Chandler et al®

classified orbital complications of acute sinusitis into five groups:
inflammatory edema (group 1); orbital cellulitis (group 2); sub-
periosteal abscess (SPA) (group 3); orbital abscess (group 4); and
cavernous sinus thrombosis (group 5). Group 1, or preseptal
cellulitis, is significantly different from groups 2, 3, and 4, collec-
tively referred to as OCA, which affect the actual orbital content.
Children with OCA are generally hospitalized so they can
be treated with intravenous antibiotics. While orbital abscess-
es (group 4) are typically treated surgically, successful medical
management has been reported for cases of orbital cellulitis
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descriptive and assessed to have poor quality with high risk
of bias. The existing publications evaluating inflammatory
markers in the diagnosis of OCA have inconsistent results.
Computed tomography imaging remains the modality

of choice for evaluating orbital infection. The most
common organisms recovered from intraoperative cultures
are Streptococcus species (Streptococcus anginosus
group, group A Streptococcus, and pneumococcus) and
Staphylococcus aureus. Methicillin-resistant S aureus in
culture-positive cases had a median prevalence of 3%
(interquartile range, 0%-13%).

CONCLUSION: This systematic review summarizes
existing literature concerning inflammatory markers,
imaging, and microbiology for OCA evaluation and
management. High-quality evidence is still needed to
define the optimal medical management of OCA. Journal
of Hospital Medicine 2021;16:680-687. © 2021 Society of
Hospital Medicine

and SPA (groups 2 and 3).*°* No widely accepted guidelines
exist for the evaluation and medical management of OCA,
resulting in significant variation in care.® The purpose of this
systematic review is to summarize existing evidence guiding
the medical management of OCA regarding laboratory test-
ing, imaging, and microbiology. This review does not address
surgical considerations.

METHODS

The review protocol has been registered in the PROSPERO
International Prospective Register of Systematic Reviews (crd.
york.ac.uk/prospero/index.asp; identifier: CRD42020158463),
and the review was reported according to the Preferred Re-
porting ltems for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.”

Search Strategy

A systematic search of the literature was designed and con-
ducted by a medical librarian (ES), with input from the research
team (AB, SM). The search strategy included Medical Subject
Headings (MeSH) terms and keywords related to orbital or sub-
periosteal cellulitis/abscess and children; see Appendix Table 1
for the complete search strategy. Searches were conducted in
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MEDLINE (Ovid), Web of Science Core Collection, Scopus, Cl-
NAHL (EBSCO), and Cochrane Central Register of Controlled
Trials (CENTRAL) using advanced search techniques relative to
each database. Searches were last conducted on February 9,
2021.

Eligibility Criteria

The study designs (retrospective and prospective) included
in the search were limited to randomized clinical trials, cohort
studies, case-control studies, and case series with participants
<18 years of age. Case reports describing fewer than 5 pa-
tients and literature reviews were excluded. Studies including
a combination of adult and pediatric patients were included
if pediatric outcomes were reported separately. Only studies
available in English were included.

Outcome Measures

The outcome measures were determined a priori based on

three clinical questions:

* Q1. What is the role of inflammatory markers—white blood
cell (WBC) count, C-reactive protein (CRP), and fever—in
distinguishing between the following: preseptal cellulitis
(group 1) and OCA (groups 2, 3, and 4); orbital cellulitis
(group 2) and abscess (groups 3 and 4); and patients who do
and do not require surgery?

e Q2. What is the role of imaging in the evaluation of OCA?

e Q3. What is the microbiology of OCA over the past 2 de-
cades? What is the prevalence of methicillin-resistant Staph-
ylococcus aureus (MRSA)?

Screening

Two review authors (AB, SM) performed both the title/abstract
and full-text screen, independently applying the eligibility
criteria. Disagreements were discussed, and conflicts were
resolved with input from a third reviewer author (ES). Duplica-
tions were removed. When two studies had overlapping pa-
tient data, the study with fewer data points was excluded.

Data Extraction and Synthesis

All studies included after the full-text screen were divided
based on the clinical question they answered (Q1, Q2, Q3
above). Some studies reported outcomes pertinent to more
than one question. Two review authors were assigned to each
clinical question. They independently reviewed each article
and extracted the pertinent data into question-specific ex-
traction sheets. Articles assigned to Q2 were reviewed by two
pediatric neuroradiologists. For each study, the following de-
tails were extracted: authors, location, year, study type, study
period, population, and number and ages of participants.
Details that were question-specific included: (Q1) values and/
or percentages for inflammatory markers; (Q2) reasons for
imaging or type of imaging; and (Q3) participants managed
surgically and culture results. The data were then synthesized
in table and/or narrative format. For Q3, the organisms iden-
tified from intraoperative and blood cultures in each study
were mathematically combined. When possible, prevalence
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was calculated using the number of patients with at least one
pathogen recovered as the denominator. If this number was
not available, the number of patients who underwent surgery
was used as the denominator.

Quality Assessment

No randomized controlled trials were identified. More than
90% of the studies identified and included were retrospective
descriptive studies. By the nature of the case series design,
the study quality was felt to be poor, with high risk of bias. The
Joanna Briggs Institute Critical Appraisal tools for systematic
reviews were used to appraise each individual study includ-
ed (Appendix Table 2).8 The Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) criteria
were used in rating the quality of evidence for each question.?

RESULTS

A summary of the search strategy and study selection is pro-
vided in the Figure (PRISMA flow diagram). The initial search
identified 3007 studies. After duplicates were removed and
general eligibility criteria applied, 94 articles remained.
Question-specific eligibility criteria, discussed in the following
sections, were then applied, resulting in 63 articles included in
the review.

Q1: Are Inflammatory Markers, Including Fever,
WBC, and CRP, Useful in Distinguishing Preseptal
Cellulitis (group 1) From OCA (Groups 2, 3, and 4);
Orbital Cellulitis (group 2) From Abscess (Groups 3
and 4); or Identifying Patients Who Require Surgical
Intervention?
Fever and elevation of the WBC count and CRP have been
used to assess the severity of certain pediatric infections'
and therefore may be helpful in distinguishing severity of ill-
ness in OCA. Studies included in this section provided numeri-
cal values for at least one of the following: WBC count, CRP, or
percentage of patients with fever for at least one type of orbital
infection. Included studies had at least five patients per group.
Thirty-three articles were screened for the inflammatory
marker section. Thirteen were excluded for the following rea-
sons: no numbers reported for inflammatory markers (n = 6);
group 1 and groups 2, 3, and 4 results combined (n = 6); fewer
than five patients with orbital cellulitis included (n = 1). Twen-
ty studies were included: 18 case series and 2 retrospective
cohorts. Appendix Table 3 summarizes the data from studies
included. Based on GRADE criteria, the body of evidence in-
cluded in this section is of low quality.”

Distinguishing Between Preseptal and OCA

Eleven studies were included in this section (Table 1). WBC
count was significantly higher in patients with groups 2, 3, and
4 than group 1 in two studies (Devrim et al,'? P < .01; Santos
et al,® P = .025). CRP was significantly higher in patients with
groups 2, 3, and 4 than group 1 in four studies (Ocal Demir et al,
P = .02; Devrim et al,’® P < .01; Ohana-Sarna-Cahan et al,'®
P < .001; Santos et al,” P < .001). Patients with groups 2, 3, and
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4 had a significantly higher fever rate in three studies (Botting
et al,”’ P < .001; Ohana-Sarna-Cahan et al,”® P = .0001; Santos
etal,*P=.029).

Distinguishing Between Orbital Cellulitis and Abscess
Seven studies were included in this section (Appendix Table 3).
One study showed significantly higher WBC count in group 3
than group 2 (P = .004), although results were reported as the
percentage of patients above a cutoff number calculated to
distinguish between cellulitis and abscess (Appendix Table 3).22
CRP was not significantly different between group 2 and groups
3 and 4. One study found a significantly higher fever rate in
patients with group 3 compared to patients with group 2
(P<.001).2

Identifying Patients Requiring Surgery

Six studies were included in this section (Appendix Table 3).
One study found a significantly higher WBC count in patients
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treated surgically (Tabarino et al,* P < .05). Patients treated
surgically had a significantly higher CRP in two studies (Cohen
et al,® P = .02; Friling et al,?® P = .04). Fever was inconsistent-
ly reported in the studies, with some using mean presenting
temperatures and some using rates of fever. One study found
a significantly higher mean presenting temperature in patients
treated surgically (P = .027), but the difference between the
two groups was 0.7 °C.2

Summary

Most studies found no significant difference in WBC count,
CRP, or fever between preseptal and OCA, cellulitis and ab-
scess, or patients receiving medical and surgical interventions.

Q2: What Is the Role of Imaging in Evaluation of
OCA?

Twenty-five articles were selected for the imaging section re-
view. All the included studies were retrospective descriptive
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TABLE 1. Relationship of Markers of Inflammation to Chandler Group 1 (Preseptal Cellulitis) and Chandler Groups 2,

3, and 4 (Orbital Cellulitis/Abscess)

Inflammatory marker P value Study
WBC count, <.05 Devrim et al'2
mean (SD), cells/mm?
N=9 Santos et al'®
>.05 Ocal Demir et al™*
Georgakopoulos et al'®
Gongalves et al'®
Ho et al"”
Ohana-Sarna-Cahan et al'®
Weiss et al'
NR Le etal®
CRP, <05 Ocal Demir et al™*
mean (SD), mg/dL
N=6 Devrim et al'?
Ohana-Sarna-Cahan et al'®
Santos et al'
>.05 Gongalves et al'®
Ho et al'’
Fever, % <.05 Botting et al*’
N=8

Ohana-Sarna-Cahan et al'®

Santos et al'®

>.05 Gongalves et al'®
Ho et al”
Weiss et al'?
NR Georgakopoulos et al'®
Leetal®

Group 1
(preseptal cellulitis)

Groups 2, 3, and 4
(orbital cellulitis/abscess)

12,322 (5064) 17,620 (11,945)
NR NR
12,348 (4582) 14,483 (5816)
NR NR
15,400 (SD NR) 13,030 (SD NR)
13,030 (SD NR) 15,400 (SD NR)
13,400 (5400) 14,900 (6500)
13,664 (SD NR) 13,370 (SD NR)
12,400 (6000) Combined mean NR
Group 2: 15,600 (5600)
Group 3: 16,400 (6700)
Group 4: 16,400 (5400)
3.25(6.17) 6.99(7.82)
3.67(5.93) 7.78(7.73)
4.1(4.9) 12.7(11.5)
NR NR
1.77 (SD NR) 2.72 (SD NR)
NR NR
47 94
48 80
42 67
55 71
62 74
61 66
35 100
33 81

A total of 10 studies compared group 1 to groups 2, 3, and 4, but not all 3 inflammatory makers were addressed in each study. One additional study reported values only for groups 2, 3, and 4

combined (Hongguang et al, see Appendix Table 3).

Abbreviations: CRP, C-reactive protein; NR, not reported; SD, standard deviation; WBC, white blood cell.

studies. Quantitative data extraction and analysis of these
studies could not be performed because of their heteroge-
neous methodologies and lack of objective data. Therefore,
the information gleaned from these studies is summarized in
narrative format. Per GRADE criteria, the body of evidence in-
cluded in this section is of low quality.

Who Needs Imaging?

Proptosis, ophthalmoplegia, decreased vision, and pain with
eye movements are widely agreed-upon indications for imag-
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ing evaluation.?'?? Because of concern for radiation exposure
in pediatric patients, some authors suggested that comput-
ed tomography (CT) should only be obtained if patients fail
to respond to medical therapy or if surgery is being consid-
ered.”#3 However, Rudloe et al’' found that half of the pa-
tients with group 3 or higher disease on CT did not have pro-
ptosis, ophthalmoplegia, or pain with extraocular movement.
In addition, evaluation of young children with acute periorbital
swelling can be difficult, so a lower threshold for imaging is
likely warranted in these younger patients.
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What Type of Imaging Should Be Obtained?

The American College of Radiology 2018 Appropriateness Cri-
teria (ACR criteria) for orbital imaging state that orbital CT is
usually indicated for patients with suspected Chandler groups
2, 3, and 4 infections.®? CT with contrast is useful for evaluating
the extent of orbital infection and size of the abscess and for
delineating the adjacent osseous anatomy, which is essential
for cases in which surgical intervention is planned.202126:27:303133:34
Distinguishing abscess from cellulitis on CT sometimes can be
challenging; therefore, serial clinical examinations and, occa-
sionally, surgical exploration may be required.®%*

Magnetic resonance imaging (MRI) is helpful for evaluating in-
tracranial complications (eg, epidural abscess),?”¥ but it is limited
for evaluating the osseous components of the paranasal sinuses.
Although one study suggested that rapid MRI is comparable to
contrast CT for differentiating group 1 infections from groups 2,
3, and 4 infections, it provided limited assessment of other com-
plications.® With no definitive studies comparing CT with MRI for
orbital infections, adherence to the ACR criteria is recommended.

Orbital ultrasound is limited by its small field of view and
artifact produced by the surrounding bony interface, both
of which can obscure posterior intraorbital pathologies.?4
Plain radiographs are not helpful for evaluating OCA due to
limited soft-tissue contrast.*!

When Should Repeat Imaging Be Obtained?
Children with group 3 OCA have been successfully managed
medically in a carefully monitored setting.”? Repeat CT imag-
ing is sometimes useful in these patients, particularly if the clin-
ical examination is difficult.*% However, improvement in CT
findings may lag behind clinical improvement.¥

Summary

Per ACR criteria, orbital CT with contrast is recommended to
evaluate patients with suspected Chandler groups 2, 3, and 4
OCA. MRl is reserved for evaluating intracranial complications.

Q3: What Is the Microbiology of OCA? What Is the
MRSA Prevalence?
Knowledge of the microbiology of OCA is essential for the ap-
propriate selection of empiric antibiotics. Because fewer chil-
dren with groups 2 and 3 OCA undergo surgery, intraoperative
cultures often are not available to guide antibiotic selection.®
As a result, significant variation exists in antibiotic prescribing.®
Studies discussing the microbiology of OCA were included
only if they were published in the past 2 decades (2000-2020)
and were excluded if the study period was before 1990, as
microbiology changes over time and new vaccines are intro-
duced. To be included, the majority of cultures reported had
to be intraoperative (orbital or sinus) specimens. Studies re-
porting only nasal, conjunctival, or other surface cultures were
excluded. When studies included patients with group 1 OCA,
only microbiology data for groups 2, 3, and 4 OCA were ex-
tracted. The pattern of resistance for S aureus was not always
explicitly reported; however, when non-MRSA active antibiot-
ics were used, methicillin-susceptible S aureus was assumed.
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A total of 63 studies were screened for the microbiology
section; 32 were excluded for the following reasons: published
before 2000 or study period before 1990 (n = 18), reported sur-
face cultures or culture site not clearly stated (n = 4), microbiol-
ogy mixed between preseptal and orbital (n = 6), wrong study
type (n = 2), and study group overlaps with a different article
included (n = 2). Of the 32 studies included, 3 were prospective
observational, 4 were retrospective cohort, and 25 were case
series. Based on GRADE criteria, the body of evidence includ-
ed in this section is of low quality.*?

Appendix Table 4 summarizes the microbiologic data from
the studies included. In the group of children that had a pos-
itive culture (orbital, sinus, or blood), the most commonly
recovered organisms reported were S aureus (median, 22%;
range, 0%-100%), Streptococcus anginosus group (medi-
an, 16%,; range, 0%-100%), group A Streptococcus (medi-
an, 12%; range, 0%-80%), and Streptococcus pneumoniae
(median, 8%; range, 0%-100%). Streptococcus as a group had
a median prevalence of 57%, ranging from 0% to 100%. MRSA
prevalence had a median of 3% (interquartile range [IQR],
0%-13%). Median prevalence of polymicrobial cultures was
20%, and median prevalence of anaerobic organisms was 14%
(Table 2). Orbital and sinus cultures had the highest yield, with
an average return of an organism of 72% (median, 75%; IQR,
64%-84%). Blood culture results were reported in 14 studies
and usually obtained in a subgroup of the study population.
When obtained, blood cultures rarely yielded an organism
(median, 10%; IQOR, 5%-15%); the rate of identified bactere-
mia in the total population had a median of 5% (IQR, 5%-7%)
across studies.

Microbiology was compared between studies completed in
the United States and in other countries (Table 2). Based on
median prevalence across studies, both S anginosus group
and MRSA were more prevalent in the United States than in-
ternationally (28% vs 0% and 11% vs 0%, respectively). No clear
trend in MRSA prevalence was evident over the 2 decades;
however, the studies included were heterogeneous and did
not have the power to detect such a trend.

Two reports suggest a difference of MRSA prevalence by pa-
tient age. Hsu et al* found that three of eight MRSA infections
were in infants age <1 year, which accounted for 50% (3/6) of
infants included in the study. Miller et al¥ reported MRSA in 4
of 9 (44%) infants with OCA. Age <1 year may be associated
with increased frequency of MRSA infection in OCA.

Summary

Blood cultures have low yield. The most common organisms
recovered from OCA are Streptococcus species (most com-
monly S anginosus group, group A Streptococcus, and pneu-
mococcus) and S aureus. Polymicrobial infections including
anaerobes are common. MRSA prevalence is low globally but
varies significantly among geographic areas.

DISCUSSION
Our systematic review of the literature for the medical man-
agement of OCA revealed predominantly descriptive studies
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TABLE 2. Prevalence of the Most Common Organisms in Patients With a Positive Culture Combined From

International and US-Based Studies

Organism Total United States International
Studies, No.? Median, % Range, % Studies, No.? Median, % Range, %  Studies, No.?  Median, % Range, %
Staphylococcus aureus total 31 22 0-100 13 29 10-64 18 20 0-100
MRSA 24 3 0-75 " " 0-44 13 0 0-75
MSSA 23 14 0-63 " 19 8-29 12 12 0-63
Streptococcus total 32 57 0-100 13 60 50-90 19 40 0-100
Streptococcus anginosus group 30 16 0-100 12 28 0-53 18 0 0-39
Group A Streptococcus 28 12 0-80 10 14 0-40 18 6 0-80
Streptococcus pneumoniae 32 8 0-100 13 12 0-20 19 7 0-100
Haemophilus influenzae 32 8 0-100 13 7 0-15 19 8 0-63
Anaerobes 18 14 0-40 9 21 6-40 9 4 0-18
Polymicrobial 25 20 0-73 9 34 0-47 16 9 0-73

“This column reports the number of studies that reported data on each of the specific pathogens, allowing for calculation of prevalence for each study (number of a specific organism over total
patients with organisms recovered from cultures). The prevalence, reported as a percentage for each of these studies, was used to determine median prevalence and ranges across studies.

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus.

and only a limited number of comparison-based studies, likely
reflecting the rarity of advanced forms of OCA. Given the lack
of high-quality evidence and the level of heterogeneity among
studies, the conclusions that can be drawn are limited.

Distinguishing between disease severity and OCA requiring
surgical intervention remains challenging. Although studies in
our review suggest a trend toward markers of inflammation
(fever, elevated WBC count and CRP) being more common in
more severe presentations, the results were mixed, and studies
were low quality and underpowered to detect meaningful dif-
ferences. For example, most studies do not define what consti-
tutes a fever in their cohort. Our review suggests that markers
of inflammation cannot be used to distinguish between Chan-
dler groups or to identify patients requiring surgery. Of note,
the presence of fever and elevated inflammatory markers may
have influenced the decision to obtain imaging or to proceed
to surgery, thereby also potentially biasing these clinical indi-
cators toward predictors for more severe disease. Decisions
regarding surgery should therefore be based on the entire
clinical picture, including response to appropriate antibiotics.

We found a lack of high-quality evidence regarding the role
of imaging in OCA, and the studies reviewed were heteroge-
neous. Recommendations for imaging therefore remain at the
level of expert opinion (ACR criteria). CT imaging is the first-
line modality for imaging in suspected OCA given the limita-
tions of alternative imaging modalities, but the sensitivity and
specificity of CT imaging remain unknown for diagnosis of or-
bital abscesses.

Our review of the published microbiology confirmed that
Staphylococcus and Streptococcus species are the most com-
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mon pathogens identified in OCA. Prevalence across the dif-
ferent studies varied greatly. Owing to the significant hetero-
geneity in studies, calculation of pooled prevalence was not
possible. By using the number of positive cultures as our de-
nominator (or total surgeries if number of positive cultures was
unavailable), we likely overestimated the prevalence of S aureus.
S aureus is generally recognized as a pyogenic pathogen,
more likely to be associated with abscess formation.®® There-
fore, culture results obtained predominantly from abscesses
likely result in an overestimate of S aureus in OCA (groups 2, 3,
and 4). Regardless, MRSA prevalence was generally low, both
nationally and internationally. The MRSA results from the study
by McKinley at el* (Texas) was a notable outlier in the United
States, with MRSA prevalence as high as 44% compared with
the median prevalence of 3% (IQR, 0-13), highlighting the im-
portance of local resistance patterns when choosing empiric
antibiotics.

Limitations to the microbiology review included significant
heterogeneity in both the types of cultures included and the
reporting of results. Although we excluded studies that re-
ported only surface culture results or did not specify culture
type, we did include studies that had surface culture results
combined with intraoperative culture results, making it impos-
sible to separate the two. Since most of the cultures included
in combined results reported organisms based on intraopera-
tive cultures, we felt they provided valuable information that
should be included. In most studies, blood cultures were not
obtained in all participants, so the yield of blood cultures is
likely an overestimate, as blood cultures are more likely to be
obtained in higher-acuity patients.
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CONCLUSION

Although the available evidence regarding the medical man-
agement of OCA remains low quality, certain limited con-
clusions can be drawn, as presented in this review. Further
high-quality studies are needed to better inform the medical
management of OCA.
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