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Abstract

Background: In children, acute bacterial rhinosinusitis (ABRS) is often com-
plicated by ophthalmological and/or neurological involvement. These compli-
cations should be known and recognized, as they require urgent treatment
with intravenous antibiotics and close in-hospital monitoring. In this study,
we aimed to identify the main risk factors associated with the development of
complications in children aged 2 - 17 years with ABRS. Methods: We con-
ducted a retrospective cohort study of patients with ABRS complications in a
primary hospital. Participants were divided into two groups: the control group
comprising patients without complications (Group 1, n = 82) and the study
group comprising patients with complications requiring hospitalization (Group
2, n = 41). We assessed the sociodemographic, clinical, and imaging data of
both groups. Using multivariate logistic regression, we assessed risk factors of
ABRS complications. Results: No socio-demographic characteristics were as-
sociated with ABRS complications (p = 0.05). Factors associated with compli-
cations were delay in consultation (t = 5.282; p < 0.001), ophthalmological
signs on admission (Odds ratio, OR: 42.0 [5.27 - 334.50], p < 0.001), and pres-
ence of at least two affected sinuses (OR: 54.75 [17.02 - 176.13], p < 0.001).
Conclusions: Intracranial and extracranial complications of ABRS in children
have become rare in our setting. These complications can be serious and po-
tentially fatal. Risk factors of these complications are delays in consultation,
the presence of ophthalmological signs, and more than one affected sinus.
Controlling modifiable factors would improve the treatment success of ABRS
complications in children.
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1. Introduction

Acute bacterial rhinosinusitis (ABRS) is described as complicated when the infec-
tion spreads beyond the sinus cavities. Complications are mainly secondary to
ethmoidal and frontal sinusitis and may involve the orbit or endocranium. Differ-
entiating viral and bacterial etiologies in children is challenging in everyday clin-
ical practice [1] [2]. ABRS in children has a controversial pathophysiology, clinical
features, and treatment [1] [3] [4]. Complications of ABRS are rare; however,
when they do occur, they progress rapidly and can be functionally or vitally life-
threatening, requiring rapid multidisciplinary surgical intervention [5]. MRI is
useful for clarifying the contents of the sinus and assessing the degree of invasion
of the sinus soft tissues, endocranial structures, cavernous sinus and orbital con-
tents [6] [7]. Bacteriological tests are not routinely performed. Aggressive treat-
ment usually involves sinus drainage and broad-spectrum antibiotic therapy, sub-
sequently adapted to findings on analysis of bacteriological samples [8]-[10]. An
endonasal procedure might be indicated in some cases, but its use is minimized
given the risk of iatrogenic accidents in a hemorrhagic and inflammatory envi-
ronment. In certain situations, neurosurgical drainage of deep collections may
also be required [11]. In all cases, clinical improvement should be observed within
48 hours; if not, imaging should be repeated and an additional procedure dis-
cussed. Several studies have identified the risk factors for RSBA in adults that must
be observed in the management of this condition without looking specifically at
the child. Our study aims to identify risk factors affecting the occurrence of early

or late complications of ABRS.

2. Methods

This was a retrospective cohort study, conducted between January 2015 and No-
vember 2024. The participants were children aged 2 - 17 years of both sexes diag-
nosed with complications of ABRS at the Yaoundé University Teaching Hospital
(YUTH), Cameroon, who underwent surgery or not. Patients with a history of
sinusitis and incomplete records were excluded.

Patients’ sociodemographic, clinical, and imaging data were obtained from pa-
tient records in the otolaryngology, emergency, and neurosurgery departments of
the YUTH during the study period. The variables of interest included age, sex,
place of residence, medical and surgical history, symptom duration before con-
sultation, and type of clinical and paraclinical complications. We used the follow-
ing diagnostic criteria for his children: the history taken from the parents regard-

ing a sudden increase in the severity of the symptoms of an upper respiratory tract
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infection, a purulent posterior discharge and/or the presence of pus in the average
meat has the anterior rhinoscopy at the time of the physical examination of the
patient finally a CT to children with suspected complications in the orbit and the
central nervous system to establish the diagnosis of ARS. Patients detected to have
developed complications for reasons other than ABRS were excluded from the
study. Given the age of the patients, we did not perform a sinus puncture, much
less a pus culture. The primary endpoint was occurrence of one or more compli-
cations. To identify the factors associated with complications of ABRS, a matching
ratio of two cases of uncomplicated rhinosinusitis for one case of complicated rhi-
nosinusitis was used. In this study, rhinosinusitis refers to a simultaneous infec-
tion of the nasal mucosa (rhinitis) and the mucosa of the paranasal sinuses (sinus-
itis). Acute rhinosinusitis refers to rhinosinusitis lasting < 12 weeks, while chronic
rhinosinusitis refers to rhinosinusitis lasting > 12 weeks. ABRS is the presence of
at least three of the following findings: purulent rhinorrhea, facial pain, fever with
a temperature > 38°C, elevated C-reactive protein level, and worsening of symp-
toms after transient improvement. The extension of the infectious process beyond
the sinus cavities is described as complicated rhinosinusitis. Orbital cellulitis is a
severe invasive bacterial infection of the post-septal tissues of the eye; it was clas-
sified using Chandler’s classification as follows: Grade I, preseptal cellulitis or or-
bital inflammatory edema; Grade II, diffuse orbital cellulitis; Grade III, subperi-
osteal abscess; Grade IV, orbital abscess; and Grade V, cavernous sinus throm-
bosis [12].

All statistical analyses were performed using SPSS software version 23.0. Quan-
titative variables are expressed as mean * standard deviation or median and in-
terquartile range, and qualitative variables as numbers and percentages. Quanti-
tative variables were compared using Student’s t-test for independent variables or
the Mann-Whitney U-test for non-parametric variables. Qualitative variables were
compared using Pearson’s chi-squared test or Fisher’s exact test. A p value of
<0.05 was considered as statistically significant. Multivariate logistic regression

analysis was performed.

3. Results
3.1. Participants’ Sociodemographic Characteristics

We enrolled 41 patients with ABRS complications. Their median age was 8.29 +
3.84 years, with a range of 2 - 15 years. Most children were aged between 6 and 9
years (51.2%) and were boys (65.9%), giving a sex ratio of 1.93. Most children
(63.4%) lived in urban areas (Table 1).

3.2. Participants’ Clinical Characteristics

a) Relevant history
Twenty-two (53.7%) children had a history of allergic rhinitis (Figure 1).
b) Duration to consultation, symptoms on admission, and lesion character-

istics
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The median number of days before consultation was 7.93 + 2.54 days, with a
range of 4 - 15 days. Regarding symptoms on admission, the commonest were
ophthalmological (Figure 2) and ear-nose-throat (ENT) symptoms, with rates of
34.1% and 31.7%, respectively (Table 2).

Sinus involvement was mainly unilateral (85.4%) or multiple (78.0%). Pansi-

nusitis was diagnosed in most cases (31.7%).

3.3. Paraclinical Characteristics of Lesions

Complications included cranioencephalic damage in most cases (34.1%, Figure
3). Grade II orbital cellulitis was the most common complication, accounting for
31.7% of cases (Table 3).

3.4. Management

Medico-surgical management was provided in 90.2% of the patients. Drainage

surgery was the most performed surgery, in 48.8% of the patients (Table 4).

3.5. Factors Associated with ABRS Complications

No sociodemographic characteristic was associated with ABRS complications (p
> 0.05) (Table 5). Patients who developed sinusitis complications had signifi-
cantly longer days between symptom onset and consultation than those who did
not (t = 5.282; p < 0.001). Regarding symptoms on admission, patients with oph-
thalmological signs had a greater risk of complications (Odds ratio, OR: 42.0 [5.27
- 334.50], p < 0.001), whereas those with ENT signs (OR: 0.28 [0.12 - 0.62], p =
0.001) or general signs (OR: 0.24 [0.08 - 0.68], p = 0.003) were less likely to develop
ABRS complications. Children with at least two affected sinuses were 54 times
more likely to develop a complication than those with only one affected sinus (p
< 0.001). Isolated maxillary sinus involvement was the only factor associated with
a reduced risk of complications (OR: 0.01 [0.004 - 0.04]; p < 0.001).

Table 1. Population distribution by socio-demographic characteristics.

Variables Number (N = 41) Frequency (%)
Age, years

2-5 8 19.5

6-9 21 51.2

10-15 12 29.3

Sex

Male 27 65,9

Female 14 34.1

Place of residency
Urban 26 63.4

Rural 15 36.6
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Table 2. Distribution of the population according to duration to consultation, symptoms on admission, and lesion characteristics.

Variables Numbers (N = 41) Frequency (%)
Duration to consultation, days
<7 11 26.8
7-10 14 34.1
11-15 16 39.0
Symptoms on admission
Ophtalmological 14 34.1
ENT 13 31.7
Neuromeningeal 9 22.0
General 5 12.2
Laterality of the lesion
Unilateral 35 85.4
Bilateral 6 14.6
Number of affected sinuses
One 9 22.0
Two 19 46.3
Multiple 13 31.7
Sinuses affected
Pansinusitis 13 31.7
Maxillofrontal 7 17.1
Ethmoidomaxillary 7 17.1
Maxillary 7 17.1
Ethmoidofrontal 3 7.3
Ethmoidosphenoidal 2 4.9
Frontal 1 2.4
Ethmoidal 1 2.4
Table 3. Distribution of the population according to the nature of complications.
Variables Number (N = 41) Frequency (%)
Site of complications
Cranioencephalic 14 34.1
Oculo-orbital 20 48.8
Combined 7 17.1
Type of complications®
Grade II orbital cellulitis 13 31.7
Grade III orbital cellulitis 7 17.1
Subdural empyema 7 17.1
Brain abscess 5 12.2
Grade I orbital cellulitis 5 12.2
Meningitis 3 7.3
Cavernous sinus thrombophlebitis 1 2.4

*Chandler’s classification was used to classify orbital cellulitis.
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Table 4. Distribution of the population according to therapeutic characteristics.

Variables Numbers (N = 41) Frequency (%)
Therapeutic methods
Medico-surgical 37 90.2
Medical 4 9.8
Types of surgical treatment
Drainage 20 48.8
Meatotomy 10 24.4
Craniotomy 7 17.1

(N=41)

(n=3) 7%
(n=12) 29%
m None

(n=22) 54%

m Allergic rhinitis
w Sickle cell disease

HIV infection

Figure 1. Distribution of the population according to background.

Figure 2. Right orbital cellulitis of sinus origin with palpebral edema and fluctuating medial

fluid collection.

Figure 3. Image of an abscess and empyema in a 12-year-old patient with sickle cell disease.
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Table 5. Association between patient characteristics and complications of sinusitis.

Case Control OR Value
Variables

N =41; n (%) N = 82; n (%) (95% CI) P’
Age, years
2-5 8 (19.5) 10 (12.2) 1.74 (0.63 - 4.82) 0.207
6-9 21 (51.2) 53 (64.6) 0.57 (0.26 - 1.23) 0.108
10-15 12 (29.3) 19 (23.2) 1.37 (0.58 - 3.19) 0.301
Sex
Male 27 (65.9) 44 (53.7) 0.60 (0.27 - 1.30) 0.136
Female 14 (65.9) 38 (46.3) 1.66 (0.76 - 3.62) 0.136
Residency
Urban 26 (63.4) 54 (65.9) 1 0.471
Rural 15 (36.6) 28 (34.1) 1.11 (0.50 - 2.43) 0.471
Duration to consultation, days 9.49 +3.45 7.16 £ 1.42 5.282 <0.001
<7 11 (26,8) 29 (35.4) 0,67 (0.29 - 1.53) 0.228
7-10 14 (34.1) 53 (64.6) 0.28 (0.12 - 0.62) 0.001
>10 16 (39.0) 0 (0.0) / <0.001
Symptoms at admission
Ophthalmologic 14 (34.1) 1(1.2) 42.0 (5.27 - 334.50) <0.001
ENT 13 (31.7) 51 (62.2) 0.28 (0.12 - 0.62) 0.001
Neuromeningeal 9 (22.0) 0 (0.0) / <0.001
General 5(12.2) 30 (36.6) 0.24 (0.08 - 0.68) 0.003
Laterality of the lesion
Unilateral 35 (85.4) 82 (100.0) / 0.001
Bilateral 6 (14.6) 0 (0.0) / 0.001
Number of affected sinuses
One 9 (22.0) 77 (93.9) 0.018 (0.001 - 0.05) <0.001
Many 32 (78.0) 5(6.1) 54.75 (17.02 - 176.13)  <0.001
Sinuses affected
Ethmoidal 1(2.4) 0 (0.0) / 0.333
Frontal 1(24) 0 (0.0) / 0.333
Ethmoidofrontal 3(7.3) 0 (0.0) / 0.035
Ethmoidomaxillary 7 (17.1) 0 (0.0) / <0.001
Ethmoidosphenoidal 2 (4.9) 0 (0.0) / 0.109
Maxillary 7 (17.1) 77 (93.9) 0.01 (0.004 - 0.04) <0.001
Maxillofrontal 7 (17.1) 5(6.1) 3.17 (0.93 - 10.70) 0.057
Pansinusitis 13 (31.7) 0 (0.0) / <0.001

OR, Odds ratio; CI, confidence interval; P values of <0.05 were considered significant.
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4. Discussion

In this study, we aimed to identify risk factors of complications of ABRS in chil-
dren aged 2 - 17 years. Risk factors of these complications are delays in consulta-
tion, the presence of ophthalmological signs, and more than one affected sinus.

Previous studies have reported varying incidences of rhinosinusitis ranging
from 3% to 11% based on the diagnostic criteria used [13] [14]. The incidence of
intracranial complications of acute rhinosinusitis is approximately 3% - 17% [15].
The frequency of RSBA tends to decrease as elsewhere in the world, largely thanks
to available vaccines. Indeed Haemophilus influenzae was found in most of the
samples. In our context, the vaccine against H. influenzae type b (Hib) has become
widely available thanks to its introduction into the Expanded Program on Im-
munization (EPI) [16]. Acute rhinosinusitis is frequent in youths aged 10 - 30,
with a clear male predominance. This is consistent with our study findings: the
patients’ average age was 8 years. In our study, most patients were between 6 and
9 years old; however, age was not a significant risk factor for ABRS complications.
Moreover, sex and history of sinusitis were not risk factors for ABRS complica-
tions. In a review examining thirty-two articles meeting the inclusion criteria for
the meta-analysis of research plus three additional articles, all studies were level 4
evidence according to the Oxford Center for Evidence-based Medicine guidelines,
almost all studies showed a male predominance; suggesting that the female im-
mune system is more competent [17] [18].

Another risk factor for ABRS complications in this study was the long dura-
tion of symptoms before consultation. In an American study by Herrman et al.
[15], delayed diagnosis, inadequate treatment, and/or lack of health coverage
were independent risk factors for ABRS complications. Therefore, reinforcing
information dissemination, education/counseling, and communication programs
adapted to these patients and their parents, particularly during routine consulta-
tions and/or vaccination sessions, are very important. Also, the presence of oph-
thalmological signs was associated with a greater risk of complications (OR: 42.0
[5.27 - 334.50], p < 0.001), and it was a significant predictive factor for the occur-
rence of ABRS complications on multivariate analysis. Of note, one-third of the
children in our study presented with ophthalmological symptoms, underscoring
the fragile nature of this population treated for ABRS complications.

Regarding the pathophysiology of ABRS complications, the infection spreads
via dehiscence in the papyraceous lamina, requiring surgical drainage by or-
bitotomy, with or without sinus drainage, and/or neurosurgical drainage com-
bined with parenteral antibiotic therapy (such as ceftriaxone, metronidazole, and
gentamicin) [2] [6] [19] [20]. If there is no favorable response to treatment, the
choice of antibiotics is based on expert opinion grade C recommendations [21].
In an Australian study by Terence ef al. [22], methicillin-resistant Staphylococcus
aureus (MRSA) was isolated in cases of ABRS with orbital involvement. These
children with orbital involvement require rapid drainage under locoregional an-

esthesia. In a study by Hsu ef al [23], MRSA was isolated on cultured samples
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obtained from the orbits (n = 33), sinuses (n = 31), and dural cavities (n = 4) in
66.7%, 61.3%, and 75%, respectively, compared with 17.6% for blood cultures (n
= 69). This again underlines the importance of antibiotic combination regimens
prescribed according to resistance patterns, risk factors for infection by resistant
pathogens, and published evidence-based guidelines.

Finally, in our study, children with at least two affected sinuses were 54 times
more likely to develop an ABRS complication than those with only one affected
sinus (p < 0.001). This suggests that optimal early management of colds and aller-
gic rhinitis would reduce complications. In addition, isolated maxillary sinus in-
volvement was a protective factor for ABRS complications (OR: 0.01 [0.004 -
0.04], p < 0.001). Surgery is performed according to imaging findings. The prog-
nosis is currently improved by early diagnosis and reported advances in surgery.

We suggest the introduction of the risk factors suggested in the study into a
rating system with pediatrics, otorhinolaryngology, neurosurgery and emergency
departments to identify these children and initiate multidisciplinary, rapid, ade-
quate care according to standard protocols and that other multicenter studies
evaluate this scoring system. Also a standard format for reporting complications
is recommended for better harmonization of multidisciplinary work in record
keeping.

This study has some limitations. First, the retrospective single-center nature of
our study infers inherent biases. Second, the sample size was small, and many par-
ticipants were not included in the study due to unavailable computed tomography
(CT) findings; these patients did not have the financial means to pay for the ex-
amination. Despite these limitations, the strength of our study lies in the fact that
we identified risk factors for ABRS, a disease that has become rare with the advent
of medical imaging and effective antibiotic therapy. However, our study can serve
as a benchmark for future studies using the Bradford Hill criteria [24]. Overall,
ABRS complications have a good prognosis. Early diagnosis and appropriate in-
tervention for these complications can limit management to intravenous antibi-
otic therapy and avoid the need for more aggressive surgical management in chil-

dren.

5. Conclusion

The risk factors for ABRS complications in children include delay in consultation,
which is responsible for the significant extension of lesions, the presence of oph-
thalmological signs on admission, and having more than two affected sinuses on
CT scan. Isolated maxillary sinus involvement was also a protective factor. Early
multidisciplinary management with the identification of risk factors, combined
with personalized postoperative monitoring, could further improve outcomes of

ABRS complications in children.
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