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Abstract

Objective: To investigate the relationship between
anatomical landmarks identified by computed
tomography (CT) and the severity of orbital
complications of acute rhinosinusitis (ARS) in the
pediatric population.

Materials and Methods: A retrospective study
was conducted between 2012 and 2022 in
children with a clinical and imaging diagnosis of
complicated acute rhinosinusitis (ARS). Computed
tomography (CT) scans of the paranasal sinuses
were analyzed to assess the Lund-Mackay score,
obstruction of the ostiomeatal complex (OMCQC),
and the presence of anatomical landmarks (agger
nasi, concha bullosa, infraorbital and Onodi
cells, nasal septal deviation, inferior turbinate
hypertrophy, and lamina papyracea dehiscence).
Orbital complications were classified according to
the Chandler scale.

Results: A total of 86 children were included.
A significant difference was observed in the
Lund-Mackay score between the side with the
complication (mean: 6.3) and the contralateral
side (mean: 4.7; p < 0.001). The coexistence of two
or more anatomical landmarks on the affected
side was significantly more frequent (p < 0.01). No
isolatedanatomicallandmarkshowedastatistically
significant association with clinical severity. The
combination of agger nasi, infraorbital cells, and
concha bullosa was correlated with increased
severity of orbital complications (Chandler = II; p
= 0.0431).

Conclusion: The combined presence of specific
anatomical landmarks — particularly agger nasi
cells, infraorbital cells, and concha bullosa — is
associated with more severe forms of orbital
complications in children with acute rhinosinusitis
(ARS). Detailed CT evaluation may be crucial
for risk stratification and early definition of the
therapeutic approach.
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Introduction

Acute rhinosinusitis (ARS) is one of the most
common infectionsin the pediatric population
and is typically triggered by viruses affecting
the upper respiratory tract.In 5-7% of cases, the
disease may progress to orbital complications,
which carry a substantial risk of morbidity?*-.
These complications are facilitated by
anatomical characteristics specific to children;
specifically, the close proximity of the ethmoid
sinuses to the orbit and thinness of the lamina
papyracea allow direct spread of infection,
while valveless venous drainage may enable
retrograde propagation of inflammation“-®.
Anatomic variants such as anterior ethmoid
cells (agger nasi), concha bullosa, nasal
septum deviation, and infraorbital ethmoid
cells (Haller cells) can obstruct the ostiomeatal
complex (OMC), causing mucus retention
and persistent infection”. Although the
anatomical factors involved in ARS are well
described, few studies have systematically
examined the association between nasal
anatomical variants and severity of orbital
complications in children with ARS.

Materials and Methods

We conducted a retrospective, observational,
descriptive study at the Department of
Otorhinolaryngology of the Sao Joao Local
Health Unit between January 2012 and
December 2022. The primary objective was to
evaluate the association between nasal cavity
anatomical variants and both the incidence
and severity of orbital complications in
pediatric ARS. The study included patients
under 18 years of age who were hospitalized
with a clinical and radiological diagnosis of
ARS complicated by orbital involvement. The
inclusion criterion was that the patient must
have undergone a computed tomography
(CT) scan of the paranasal sinuses during
the acute episode. The exclusion criteria
were orbital complications of noninfectious
origin (traumatic, neoplastic, or inflammation
due to other etiologies) and cases in which
adequate imaging studies were unavailable.
Imaging evaluation was performed by two
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otolaryngologists who were blinded to the
side of the complication. Each CT scan was
analyzed in the axial, coronal, and sagittal
planes using bone and soft tissue windows.
For each side, the following parameters were
recorded:

e Lund-Mackay score (Table 1), which assesses
opacification of the maxillary, frontal, anterior
ethmoid, posterior ethmoid, and sphenoid si-
nuses, assigning 0-2 points to each sinus and
the OMC, for a maximum total score of 24,
according to the original description by Lund
and Mackay?®.

e OMC obstruction wasclassified as obstructed
or non-obstructed (Table 1).

e Presence and laterality of major nasal
anatomical variants, including agger nasi
cells, concha bullosa, infraorbital cells,
Onodi cells, nasal septal deviation, inferior
turbinate hypertrophy, and lamina papyracea
dehiscence.

The severity of orbital complications was
classified according to the Chandler scale
(Table 2), which categorizes complications
into five escalating grades: | — preseptal
cellulitis, Il — orbital cellulitis, Il — subperiosteal
abscess, IV - orbital abscess, and V — cavernous
sinus thrombosis. For statistical analysis,
complications were grouped into mild (grade
I) and severe (grade Il or higher).

Table 1
Lund-Mackay score

Paranasal sinuses
Maxillary (0,1,2)

Anterior ethmoid (0,1,2)
Posterior ethmoid (0,1,2)
Sphenoid (0,1,2)

Frontal (0,1,2)

OMC (0,2)*

Total

0 - No changes
1- Partial opacification
2 — Total opacification

*0 — no obstruction, 2 — obstruction

OMC, ostiomeatal complex



Table 2
Chandler scale of orbital complications of ARS

Chandler scale

| (preseptal cellulite)

Il (orbital cellulite)

Il (subperiosteal abscess)
IV (orbital abscess)

V (cavernous sinus thrombosis)

ARS, acute rhinosinusitis

Statistical analysis was conducted using the
IBM SPSS Statistics® software version 26.0
(IBM Corp., Armonk, NY, USA). Anatomical
variants and the Lund-Mackay score were
compared between the affected and
contralateralsidesusingthe McNemar'stestfor
categorical variables and the Mann-Whitney
U test for continuous variables, as the data
were not normally distributed. Associations
between combinations of anatomical variants
and severity of orbital complications were
analyzed using the Fisher’'s exact test due to
the asymmetric distribution of categorical

Table 3
Comparison of Lund-Mackay scores for paranasal sinus opacification between the complicated and
uncomplicated sides in children with ARS

Side with
Complication

(n)

No changes 3

Maxillary sinus Partial opacification 7
Total opacification 76

No changes 5

Anterior ethmoid Partial opacification 7
Total opacification 76

No changes 5

Posterior ethmoid Partial opacification 8
Total opacification 73

No changes 14

Frontal sinus Partial opacification 8
Total opacification 64

No changes 24

Sphenoid sinus Partial opacification 45
Total opacification 17

ARS, acute rhinosinusitis

variables. A p-value < 0.05 was considered
statistically significant.

Results

A total of 86 children diagnosed with ARS
complicated by orbital involvement were
evaluated. Their age ranged from 2 to 17
years, with a mean age of 9.2 years (standard
deviation [SD] # 3.1 years) and a slight male
predominance (n = 46, 53%).
Regardingtheseverity of orbitalcomplications,
most cases (n = 68, 79%) were classified as
Chandler grade Il or higher. Specifically, 18
children (21%) had preseptal cellulitis (grade 1),
35 (41%) had orbital cellulitis (grade I1), 24 (28%)
had subperiosteal abscess (grade lll), seven
(8%) had orbital abscess (grade 1V), and two
(2%) had cavernous sinus thrombosis (grade
V). Imaging analysis revealed a statistically
significant difference between the affected
and contralateral sides in terms of the
infammatory disease extent (Table 3). More
than half of the children exhibited complete
opacification of the maxillary, ethmoid, and

Side with Side without | Side without
complication | complication | complication
(%) (n) (%)
3.5% 20 23.3%
8.1% 26 30.2% <0.001
88.4% 40 46.5%
3.5% 25 29.1%
8.1% 26 30.2% <0.001
88.4% 35 40.7%
5.8% 18 20.9%
9.3% 35 40.7% <0.001
84.9% 33 38.4%
16.3% 23 26.7%
9.3% 17 19.8% <0.001
74.4% 46 53.5%
27.9% 43 50.0%
52.3% 32 372% <0.001
19.8% m 12.8%
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frontal sinuses, along with partial opacification
of the sphenoid sinus (Table 3). The mean
Lund-Mackay score on the affected side
was 6.3 + 1.2, compared with 4.7 + 2.3 on the
unaffected side, demonstrating a statistically
significant difference (p < 0.001). Similarly,
OMC obstruction was identified in 92% of
the sides with complications versus 46% of
the contralateral sides (Table 4). Among the
anatomical variants, agger nasi cells were the

Table 4
Frequency of nasal anatomical variants and Lund-Mackay scores on the complicated and uncomplicated
sides in children with ARS

Side with
Complication

(n)

- 7
OMC obstruction

+ 79

- 48
Septal deviation

+ 38

- 42
Agger nasi cells

+ 44

- 70
Concha bullosa

+ 16
Inferior turbinate B Sl
hypertrophy o 35

- 74
Infraorbital cells

+ 12

- 79
Onodi cells

+ 7
Lund-Mackay score 6,3+12

ARS, acute rhinosinusitis; OMC, ostiomeatal complex

Side with
complication

most frequent, present in the affected side
in 44 children (51%). Nasal septal deviation
toward the side of the complication was
observedin38children (44%). Inferior turbinate
hypertrophy was found in 35 children (41%),
concha bullosa in 16 (19%), infraorbital cells in
12 (14%), and Onodi cells in seven children (8%).
Lamina papyracea dehiscence was identified
in seven children (8.1%), always ipsilateral to
the complication (Table 4).

Side without
complication
(%)

Side without
complication

(n)

(%)

8,1% 46 53,5%
<0,001

91,9% 40 46,5%

55,8% 72 83, 7%
<0,001

44.2% 14 16,3%

48,8% 63 73,3%
0,332

51,2% 23 26,7%

81,4% 70 81,4%
1,000

18,6% 16 18,6%

59,3% 66 76,7%
0,014

40,7% 20 23,3%

86,0% T4 86,0%
1,000

14,0% 12 14,0%

91,9% 79 91,9%
1,000

8,1% 7 8,1%

4,7+23 <0,001

Septal deviation

Agger nasi cells

Concha bullosa

Infraorbital cells
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Table 5
Correlation between anatomical variants and orbital complications

Anatomical variants Complication (Chandler) ——
| 27

56.3%
0.104

n 28.9%

20 45.5%
0.597

22 54.5%

5 56.3%
1.000

7 43.7%

5 41.7%
0.728

7 58.3%



Figure 1

Association between anatomical variant combinations and severity of orbital complications

Septal deviation + Concha bullosa

Septal deviation + Infraorbital cell

Septal deviation + Concha bullosa + Infraorbital cell
Septal deviation + Agger Nasi cell

Septal deviation + Agger Nasi cell + Concha bullosa
Septal deviation + Agger Nasi cell + Infraorbital cell
Agger Nasi cell + Concha bullosa

Agger Nasi cell + Concha bullosa + Infraorbital cell
Concha bullosa + Infraorbital cell

Agger Nasi cell + Infraorbital cell

Notably, 61% patients had two or more
anatomical variants on the affected side,
compared with only 24% on the contralateral
side, with a statistically significant difference
(p < 0.0, suggesting an association
between multiple variants and the side
of the complication. Although several
variants were common in the sample, none
individually demonstrated a statistically
significant association with the severity of
orbital complications (Table 5). The combined
presence of agger nasi cells, concha bullosa,
and infraorbital cells was significantly
associated with severe orbital complications
(Chandler = 1l) (p = 0.0431) (Figure ).

Discussion

This study demonstrates a clear association
between the presence of multiple nasal
cavity anatomical variants and severity of
orbital complications in children with ARS.
The presence of a combination of agger nasi
cells, infraorbital cells, and concha bullosa
significantly correlated with more severe
orbitalinvolvement, reinforcing the role of local

33,3%
p=0,0566
36%
p=0,2461
37,9%
p=0,2408
40,2%
p=0,3852

40,8%
p=0,3549

42,6%
p=1,0
48,3%
p=0,2461
50%
p=0,0431

50%
p=0,3852

51,8%
p=0,0566

0 10 20 30 40 50 60

% of severe orbital complications (2 Il)

anatomy in disease pathogenesis. Previous
studies have shown that variants affecting the
morphology and diameter of the OMC impair
sinus ventilation and drainage, promoting
mucus stasis and bacterial proliferation. Bolger
et al. and Fadda et al. reported associations
between agger nasi cells or concha bullosa
and mucosal opacification, and suggested
impaired physiological drainage in the
perinasal sinuses’®,

More recent studies have revealed that
children with orbital complications secondary
to ARS exhibit a higher prevalence of variants
such as inferior turbinate hypertrophy and
agger nasicells on the affected side, consistent
with our findings'™™.

Recent perinasal CT-based studies have also
highlighted the importance of assessing the
lamina papyracea in patients with orbital
complications®™ In our study, lamina papyracea
dehiscence was detected in 8% cases.
Although infrequent, this variant is clinically
relevant because the medial orbital wall is
the most common site of direct extension of
infection®™. Hendy et al. reported that lamina
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papyracea dehiscence had a prevalence of
11% in pediatric populations, and associated
this variant with an increased risk of orbital
abscess and need for surgical drainage®.

No isolated variant showed a statistically
significant association with the severity
of orbital complications, consistent with
the findings of Deniz and Tekinhatun, and
Bedwell and Bauman, who highlighted the
multifactorial nature of the infectious process,
shaped not only by the local anatomy but also
by the bacterial flora, disease duration, and
immune response+s,

Onodi cells were identified in 8.1% cases but
were not included in the analysis presented
in Table 5. This methodological choice reflects
their lack of direct influence on OMC patency,
which is the main obstruction site involved
in the pathophysiology of complicated
ARS. Thus, their inclusion would not have
statistical relevance in relation to the severity
of orbital complications. Nevertheless, Onodi
cells remain clinically relevant, particularly
in surgical planning, due to their posterior
sphenoethmoidal location and proximity to
critical structures such as the optic nerve and
internal carotid artery.

The limitations of this study include its
retrospective design, absence of a control
group with uncomplicated ARS, and sole
reliance on CT without intraoperative
confirmation. Selection bias is also possible,
giventhehigh prevalenceofcertainanatomical
variants in the sample, such as agger nasi
cells. Furthermore, sinus development varies
across pediatric ages, which may influence the
identification of these anatomical variants and
their correlation with orbital complications.
Despite these limitations, our findings align
with current literature and highlight the
clinical significance of the early identification
of nasal anatomical variants.

CT evaluation of the nasal anatomy is
particularly useful when clinical signs suggest
orbital involvement. The coexistence of
anatomical variants, particularly agger nasi
cells, infraorbital cells, and concha bullosa,
should be regarded as a clinical warning sign,
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prompting closer monitoring, early initiation
of antibiotic therapy, or surgical intervention
in selected cases.

Conclusion

This study demonstrates that the coexistence
of anatomical variants, particularly agger
nasi cells, infraorbital cells, and concha
bullosa, is significantly associated with more
severe orbital complications in children with
ARS. Detailed CT assessment of the nasal
anatomy is a valuable tool for risk stratification
and therapeutic decision-making. Future
prospective studies are needed to validate
these findings and further define their clinical
applicability.
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