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Abstract 
Introduction: Acute rhinosinusitis accounts for the majority of all cases of orbital 
infections and is the most common cause of periorbital oedema in children. Up to 10% 
of patients with orbital complications of acute rhinosinusitis may experience vision loss 
and other complications such as meningitis, intracranial abscess or even death. 
Therefore, these patients require prompt diagnosis and proper treatment.  
 
Objectives: This study aims to report the clinical presentation and management of post-
septal orbital complications of acute rhinosinusitis in the paediatric population.  
 
Materials and Methods: A retrospective medical chart review of all children aged under 
18 years old who were diagnosed with post-septal orbital complications of acute 
rhinosinusitis at a tertiary academic hospital, between 01/2007 and 12/2020. Patients 
were grouped according to the Chandler Classification (groups 2-5).  
 
Results: Fifty-five children (mean age of 6.91 ± 4.61 years) fulfilled the entry criteria for 
post-septal orbital complications of acute rhinosinusitis, based on clinical evaluation by 
an otorhinolaryngologist and CT-scan findings. Forty (72.72%) patients were also 
evaluated by an ophthalmologist. The majority of patients were male (76.36%). Twenty-
four patients had post-septal cellulitis (43.63%), 21 patients had a subperiosteal abscess 
(38.18%) and 10 patients had an orbital abscess (18.18%). Eyelid swelling was the most 
frequent sign, followed by fever. Microbiology varied considerably and gram-positive 
agents were clearly predominant. Eighteen (32.73%) patients had been treated with oral 
antibiotics prior to hospital admission, exhibiting a significantly higher risk of recurrence 
of orbital infection (p = 0.020). Ethmoid and maxillary sinuses were the most involved 
paranasal sinuses (90.91%). Ceftriaxone was the most frequently used antibiotic and 
adjuvant therapies consisted mostly of systemic corticotherapy, nasal decongestants 
and nasal saline irrigations. Thirty-three patients (60%) were successfully treated 
medically, and 22 patients (40%) required surgical drainage. Seven patients (12.73%) 
developed further complications and six recovered without sequelae. Eighteen (32.73%) 
patients were taking oral antibiotics prior to hospital admission, and this group showed 
a significantly higher risk of recurrence of orbital infection (p = 0.02). The mean length 
of hospital stay was 8.0 ± 5.0 days and recurrence of orbital infection occurred in six 
patients (10.91%). The absolute neutrophil blood count was significantly different 
amongst Chandler groups (p = 0.021), with higher counts in patients with subperiosteal 
abscess. The duration of hospitalization was significantly higher in patients submitted to 
surgery (p < 0.001).  
 
Conclusion: Post-septal orbital complications of acute rhinosinusitis are infrequent but 
dangerous events in the paediatric population. Close collaboration with Ophtalmology 
is paramount, as the child’s vision is at risk. Eyelid swelling and proptosis are early signs. 
CT-scan imaging plays an invaluable role in the diagnosis and decision-making. Predictive 
indicators for surgery were not found. However, emergent endoscopic nasal surgery 
with abscess drainage should be considered whenever vision is at risk, there is no 
improvement after aggressive medical treatment or in cases impending intracranial 
complications.  
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1. Introduction  

Acute rhinosinusitis accounts for 66-75% of all cases of orbital infections [1–4]. 

Up to 10% of patients with orbital complications of acute rhinosinusitis experience some 

degree of vision loss and possible extra-orbital extension includes cavernous sinus 

thrombosis, meningitis, intracranial abscess and subcutaneous abscess [5–10]. 

Therefore, these patients require prompt diagnosis and appropriate treatment [11]. 

Since the pioneer study in 1970 by Chandler et al. [12], the Chandler 

Classification has prevailed as the standard grading score for describing the spectrum of 

clinical presentations encountered in orbital complications of acute rhinosinusitis [11–

14]. This classification describes the signs and symptoms of the disease [11] and 

comprises 5 stages of infection, each with increasing risk of vision loss and other 

comorbidities [5]. The diagnosis and staging of the disease are usually made with the 

Chandler Classification in conjunction with computed tomography (CT) findings [14].  

Interestingly, the literature shows that the microbiology of acute rhinosinusitis 

has changed considerably over time [15,16], partly due to alterations in the vaccination 

programs worldwide, with the introduction of the Hib and PCV7/13 vaccines [1,8]. Thus, 

the proportion of cultures positive for Haemophilus influenzae and Streptococcus 

pneumoniae has decreased significantly [1,8,17–19], whereas the current challenge of 

antibiotic resistance has resulted in a concerning increase in infections by methicillin-

resistant Staphylococcus aureus (MRSA) and Streptococcus anginosus [10,15,17,20–24].  
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 Over the last 20 years, several authors identified multiple risk factors and 

characteristics associated with orbital complications of acute rhinosinusitis [8]. 

Nevertheless, there is not a consensus on the best cut-off values for these criteria in 

order to guide the selection of the best treatment [15]. Likewise, there are some 

algorithms for the management of orbital complications secondary to acute 

rhinosinusitis [11,25,26]. However, all systematic reviews highlight the lack of large case 

series, the heterogeneity between study designs and the many significant gaps in the 

literature, which preclude the achievement of any solid conclusions [11,15,27]. Indeed, 

there is limited information in the literature regarding population-based bacterial and 

viral microbiota involved in upper respiratory tract infections, which interferes with the 

best empiric antibiotic therapy choice. Also, the role of adjuvant medical therapies 

(corticotherapy, nasal decongestants and other) and factors that predict surgery have 

yet to be clarified.  

 This study aimed to analyse the clinical presentation and management in a series 

of 55 children with post-septal orbital complications of acute rhinosinusitis, at a tertiary 

academic hospital. Among several other variables, the use of adjuvant therapies, the 

length of hospitalization, the data collected from all complementary means of diagnosis 

(imaging, blood analysis and other), the preferred antibiotic therapy and the final 

outcomes were studied to find correlations between clinical characteristics, diagnosis, 

treatment and prognosis. 
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2. Materials and Methods  

 This study was performed at a tertiary university hospital centre, under the 

approval of the Institutional Board of Medical Ethics (#373/2020).  

A retrospective medical chart review was performed on all children aged under 

18 years who were diagnosed from the period of 01/2007 to 12/2020 with post-septal 

orbital complications of acute rhinosinusitis. Patients were grouped according to the 

Chandler Classification. One hundred and thirty-two cases were initially identified 

through a database search of medical records using the International Classification of 

Diseases Ninth (ICD-9) and Tenth (ICD-10) Revision codes for orbital cellulitis/orbital 

abscess (376.01; H05.0), periorbital cellulitis (682.0; L03.213) and acute ethmoidal 

sinusitis (461.2; J01.20). Subsequently, close analysis of these medical records identified 

a total of 55 paediatric patients with a definitive diagnosis of post-septal complications 

corresponding to Chandler groups 2 to 5. [14] 

The analysed data included year of admission, patient age and gender, diagnosis, 

laterality, clinical presentation (signs and symptoms), ophthalmologic evaluation, 

laboratory parameters (white blood cell count, absolute neutrophil count and C-reactive 

protein levels), microbiology results, previous health conditions, drugs used before 

admission, imaging results, size and location of the abscess, extent of sinus involvement, 

treatment options (medical treatment alone or in combination with surgical treatment), 

choice of antibiotic regimen, use of adjuvant therapies, type of surgical approach, 

possible complications, recurrence, length of hospital stay and final outcome. 

Recurrence was defined as a further episode of orbital complications of rhinosinusitis 

occurring after medical discharge from the previous episode.   
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Statistical analysis was performed using SPSS Statistics version 23.0 for Windows 

(IBM Corp, Armonk, NY, USA), with P<0.05 considered to be statistically significant. The 

Student’s T-test was used to evaluate associations between continuous variables with a 

normal distribution, whereas variables without normal distribution were analysed with 

the Mann-Whitney U Test or the One-way ANOVA, followed by the Tukey’s Test for Post-

Hoc Analysis. Data normality was defined by measuring the distribution’s skewness and 

kurtosis (maximum tolerated value = 1). Chi-square Test was used to compare 

categorical data, but in some groups there was an insufficient “n” for this analysis, so 

Fisher’s Exact Test was used instead.     

 

 

3. Results  

3.1. Clinical and demographic results 

Fifty-five children were admitted to our Institution via the Emergency Room with 

the diagnosis of post-septal orbital complications of acute rhinosinusitis, corresponding 

to Chandler groups 2 to 5 [12]. The diagnosis was based on clinical evaluation by the 

attending otorhinolaryngologist and radiologic findings on CT-scan. Forty (72.72%) 

patients were also evaluated by an ophthalmologist to assess visual acuity, pupillary 

reactivity and extraocular movements; neurological observation was requested 

whenever neurological symptoms were present or findings suggested potential 

intracranial complications; two cases required neurosurgical consultation.  

Patient’s age ranged between 1 and 17 years (mean age of 6.91 ± 4.61 years) 

and 42 patients were male (76.36%). Of all cases, 24 had post-septal cellulitis (43.63%), 
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21 had a subperiosteal abscess (38.18%) and 10 had an orbital abscess (18.18%). There 

were no cases of cavernous sinus thrombosis (Chandler Group V) at admission. All cases 

presented with unilateral involvement. Twenty-seven (49.09%) patients had right eye 

involvement and 28 (50.91%) patients had left eye involvement. The median number of 

cases was 4 per year (IQR = 2.25) and the highest number of admissions occurred in 2012 

(n = 13 cases).  

 

3.2. Patient Presentation 

 In this series, eyelid swelling (96.36%) was the most frequent sign, followed by 

fever (43.63%). There was a high incidence of reported loss of visual acuity (29.09%), 

eye pain (23.64%), purulent rhinorrhoea (23.64%) and proptosis (21.82%). Neurological 

symptoms (vomiting, altered state of consciousness, prostration, neck stiffness, 

photophobia and headache) were more frequent in patients with orbital abscess (40%). 

Chemosis (3.63%), diplopia and ophthalmoplegia (18.18%) were less frequently 

reported among all groups. Symptom’s intensity and duration were also highly variable 

between patients and, despite the tendencies described, no significant correlations 

were observed between patient presentation and the final diagnosis.  

 

3.3. Prior Health Conditions and Comorbidities 

 Twenty-nine (52.73%) of the 55 patients included in this study had at least one 

previous medical condition and 20 (36.36%) of these had been formerly diagnosed with 

some type of otorhinolaryngological disorder. Allergy was the most common underlying 

medical condition, including 10 (18.18%) patients with confirmed positivity for inhaled 
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allergens. Eight patients (14.55%) reported current oropharyngeal infections, such as 

tonsillitis, adenoiditis and dental infection. However, statistical analysis did not reveal 

any significant correlations between patient’s previous health conditions and their 

diagnosis, treatment and risk of complications. 

 Eighteen (32.73%) patients were under oral antibiotics prior to referral to our 

hospital. The most prescribed antibiotic was oral amoxicillin with clavulanate. A 

significant statistical difference was found between the previous use of antibiotics and 

the risk of recurrence (p = 0.020, Fisher’s Exact Test). No other significant differences 

were observed between the previous use of antibiotic therapy and the course of the 

disease.  

 

3.3. Microbiology 

Only 19 patients (34.55%) had reports for bacteriologic/mycologic culturing and 

eight of these cultures were negative. Specimens were obtained from either nasal swabs 

or intraoperatively by aspiration of the abscess (orbital or subperiosteal) and/or sinus 

exudate. All positive results were tested for antimicrobial susceptibility. Three cases of 

Streptococcus pneumoniae, two cases of MRSA, two cases of Haemophilus influenzae, 

two cases of Streptococcus mitis/oralis, one case of Streptococcus pyogenes and one 

case of both Streptococcus anginosus and Streptococcus gordanii were detected. One of 

the MRSA displayed intermediate resistance to rifampicin, while one of the 

Streptococcus mitis/oralis was resistant to ampicillin. Additionally, one case of the 

Haemophilus influenzae showed resistance to trimethoprim/sulfamethoxazole.    
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Fourteen (25.45%) patients had blood cultures performed during hospital stay 

and only two cases were positive for Streptococcus anginosus and Corynebacterium 

afermentans, respectively.  

 

3.4. Laboratory Studies 

Laboratory tests included white blood cell (WBC) and absolute neutrophil (ANC) 

count in the peripheral blood and serum levels of C-reactive protein (CRP). Upon 

admission, blood chemistry showed that 25 patients (45.45%) had elevated white blood 

cell count, 29 patients (52.73%) had elevated absolute neutrophil counts and 36 patients 

(65.45%) had elevated CRP levels. No significant differences were observed between 

CRP levels and the patient age, the Chandler Classification group, and the length of 

hospitalisation. However, a significant difference was found between the WBC counts 

and the patient Chandler’s group classification (F(2.42) = 3.721, p = 0.033, One-way 

ANOVA). Tukey’s Test for Post-Hoc Analysis (p = 0.05) revealed that WBC counts for 

patients with subperiosteal abscess (17.14±4.79 × 109/L) were usually higher than WBC 

counts for patients with orbital abscess (12.70±4.10 × 109/L). A significant difference 

was also observed between the ANC and the patient Chandler’s group classification 

(F(2.41) = 4.272, p = 0.021, One-way ANOVA). Tukey’s Test for Post-Hoc Analysis (p = 

0.021) revealed that ANC counts for patients with subperiosteal abscess (12.27±4.29 × 

109/L) were usually higher than ANC counts for patients with post-septal cellulitis 

(8.5±3.91 × 109/L). 
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3.5. Imaging Studies 

 All children underwent a CT-scan and a magnetic resonance imaging (MRI) with 

gadolinium enhancement was performed if intracranial complications were suspected.  

Images of 83 CT scans (Figure 1) from 55 patients and eight MRIs from five 

patients were available for review. One patient also did an orthopantomography, 

because a dental infection was suspected to be the primary source of sinus 

contamination. No patients had plain sinus radiographies.  

Regarding the rhinosinusitis location, ethmoid sinusitis (90.91%) and maxillary 

sinusitis (90.91%) were found to be the most prevalent. Isolated inflammation of one 

paranasal sinus was rare (7.27%) and a large proportion of patients suffered from 

pansinusitis (41.80%). More detailed information on paranasal sinus involvement is 

available in Table 1. We did not find any significant association between the pattern of 

sinus involvement and the type of treatment or the risk of intracranial complications. 

 CT scans revealed 21 children (38.18%) with subperiosteal abscesses, with a 

median diameter of 4.5 mm (IQR = 5 mm). There were 10 cases (18.18%) of intraorbital 

abscesses, but their dimensions were only measured in two reports (9 mm and 3 mm, 

respectively).  

 Of the 31 abscesses (subperiosteal and orbital), 22 (70.97%) were pure medial in 

location, one (3.23%) was superolateral, two (6.45%) were superomedial, two (6.45%) 

were inferomedial and four (12.90%) had a more diffuse location. No significant 

differences were observed between abscess location and the treatment choice.  
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3.5. Treatment  

 Ceftriaxone was the most frequently used antibiotic (50 patients), commonly in 

combination with other intravenous antibiotics, such as clindamycin, metronidazole or 

vancomycin. Other less used antibiotics were meropenem, ertapenem, teicoplanin, 

ceftazidime and flucloxacillin. Inpatient adjuvant therapies were employed in 51 cases 

(92.73%), consisting mostly of oral/IV corticotherapy (49 patients), nasal 

vasoconstricting decongestants (33 patients), non-steroidal anti-inflammatory drugs (14 

patients), paracetamol (10 patients), antihistamine drugs (five patients) and nasal saline 

irrigations (21 patients).  

Thirty-three patients (60%) were successfully treated medically, and 22 patients 

(40%) required a combination of medical treatment and surgical intervention (Table 2). 

There was a significant association between the need for surgical treatment and the 

Chandler Classification, as patients with orbital abscess were more likely to require 

surgery than the others (p = .003, 𝜒2 test). No surgical complications were reported in 

this series. Functional endoscopic sinus surgery (FESS) alone was performed on 16 

patients (72.73%), while it was associated with an external approach in the remaining 

six cases (27.27%). Moreover, eight patients required more than one surgical 

intervention and two of the latter underwent craniotomy by Neurosurgery for epidural 

abscess drainage (Table 3).  

The time frame between hospital admission and surgery diverged from a few 

hours to 5 days, according to the clinical severity upon presentation.  

Statistical analysis showed no significant association between the type of 

treatment (combined vs. pharmacological only) and patient’s age, gender, perinasal 
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sinus involvement, abscess location, previous antibiotic therapy, laboratory parameters 

and risk of recurrence.  

After hospital discharge, 27 children (49.09%) continued treatment with oral 

antibiotics. The most common outpatient antibiotic regimen was oral 

amoxicillin/clavulanate (n = 21), followed by oral cefuroxime (n = 4). Other less used 

antibiotics were flucloxacillin (n = 1), clindamycin (n = 1) and gentamycin (n = 1).  

Finally, two cases of orbital abscess complicated with intracranial venous 

thrombosis also required hypocoagulation with intravenous enoxaparin, which was 

changed in both patients to oral warfarin after hospital discharge.   

 

3.6. Complications 

 During the hospital stay, seven patients (12.73%) developed further 

complications, from which six recovered without sequelae. There were no casualties. 

Morbidities arose in one patient with an orbital abscess, as the infection spread 

intracranially, producing two epidural abscesses with mass effect, requiring anterior 

craniotomy and abscess drainage. Post-operative CT scan revealed a thrombosis of the 

superior longitudinal sinus and hypocoagulation with IV enoxaparin was promptly 

initiated. After a 40-day hospitalization stay, the patient was discharged, maintaining 

hypocoagulation with oral warfarin; the patient was also referred for Ophthalmology, 

Otorhinolaryngology, Neurosurgery and Physical and Rehabilitation Medicine external 

consultations.  

Besides the previously described case, three more patients with orbital abscess 

developed intracranial complications: one patient developed a cavernous sinus 
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thrombosis (Chandler group V complication); one patient presented with bilateral 

extradural empyema and subcutaneous frontal abscess (Pott’s Puffy tumour); a third 

patient developed a subdural empyema and a frontal extradural abscess, which were 

surgically treated by ORL and Neurosurgery.  

 One patient with subperiosteal abscess presented with an unfavourable clinical 

evolution, exhibiting ocular pain, increasing palpebral oedema and neurological signs, 

such as headache, vomiting and prostration. This patient required a revision FESS at the 

5th post-operative day, as the CT scan showed a relapsing subperiosteal abscess.  

 Two patients with post-septal cellulitis also developed complications during 

hospital stay. One showed erosion of the lamina papyracea consistent with 

osteomyelitis and therefore required FESS and surgical debridement of the necrotic 

material. The other underwent nasal endoscopy revealing polypoid degeneration of the 

unciform process associated with infectious bulging of the right maxillary sinus, which 

motivated a revision FESS.  

 Statistical analysis showed a significant difference between the risk of 

intracranial complications and both the Chandler Classification (p < .001, 𝜒2 test) and 

the type of treatment (p = 0.025, Fisher’s Exact Test).  

 

3.7. Outcomes and Recurrence 

 All but one patient were discharged from hospital symptom-free, without 

neurological or visual sequelae. Two patients were also referred to Ophthalmology and 

Neurosurgery outpatient consultations.  
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The mean length of hospital stay was 8.0 ± 5.0 days, ranging from 1 to 43 days. 

The hospitalization period was found to be significantly longer in patients submitted to 

surgery (p < 0.001, Mann-Whitney U Test), as displayed in Graph 1.  

Recurrence of orbital infection occurred in six patients (10.91%); table 4 

summarizes the clinical profile of these cases. Recurrence risk did not result in any 

significant association with Chandler Classification or choice of treatment.  

 

 

4. Discussion  

Acute rhinosinusitis is esteemed to account for at least three fourths of orbital 

infections [23,28] and may also evolve to other severe complications, including 

cavernous sinus thrombosis, amaurosis, septicaemia, meningitis and intracranial 

abscesses [29–33]. These complications can occur at any age, but are more common in 

the paediatric population, with an overall incidence of 3-4% of children diagnosed with 

acute rhinosinusitis [29,33,34].  

The present retrospective study examined a series of 55 consecutive children 

with post-septal complications of acute rhinosinusitis, focusing mainly on clinical 

presentation, complementary means of diagnosis and treatment. To our knowledge, the 

current series is one of the largest published by one single institution in recent years. 

The distribution and mean age of our sample (6.91 ± 4.61 years) were in line 

with results reported by other studies [1,5,35–38]. Nonetheless, we found a male 

predominance of 76.36%, which is considerably superior to previous reports of a 

male:female ratio of 2:1 [5,36]. Most studies describe milder disease and thereby less 
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need for surgical intervention in younger children [39–42]. Patients younger than 9 years 

appear to be more prone to improve without surgery and have less severe infections 

than older patients [15,27,43,44]. However, this tendency was not observed in our 

study, in which no significant differences were found between patient age and Chandler 

Classification or type of treatment, respectively.   

 Eyelid swelling (95.24%), fever (42.86%) and loss of visual acuity (38.10%) were 

the most frequent clinical findings upon admission in the group of individuals with 

subperiosteal abscess, whereas proptosis (23.81%), restricted ocular motility (14.29%) 

and chemosis (4.76%) were more scarcely reported.  This data differs from the results 

of a recent major systematic review [15], in which the most frequent symptom at 

admission was ophthalmoplegia (45.9%), followed by proptosis (44.0%), fever (35.4%), 

eyelid oedema (25.4%), chemosis (21.6%) and decreased visual acuity (9.4%). These 

disparities may have resulted from the retrospective nature of our study and the 

inherent diversity in reporting clinical findings by the different attending physicians on 

admission. Also, in our study most children with subperiosteal abscess were restless 

with painful ocular symptoms and headache, leading to suboptimal collaboration during 

physical examination. Moreover, this group showed a high incidence of exuberant eyelid 

oedema with inability to open the affected eye, making it difficult to perform a thorough 

ocular examination.   

Most authors also consider patient’s signs and symptoms as predictors for 

diagnosis and treatment [5,10,27,35,36,38,41,45–47]. Such symptoms are frequently 

referred as indications for surgical intervention and usually include loss of visual acuity, 

proptosis, ophthalmoplegia and high fever. In our study, no significant associations were 
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observed between patient presentation and both the final diagnosis and the type of 

treatment. This lack of association might also be explained by the atypical distribution 

of signs and symptoms reported, as previously discussed.  

A substantial proportion of our patients (18.18%) had a background of atopy to 

inhaled allergens, consistent with results reported in recent case series [48]. Moreover, 

our investigation showed an increased risk of recurrence in patients treated with 

antibiotics prior to hospital admission, which is an unprecedented association. 

Antimicrobial resistance may play a role in the rate of recurrence, an hypothesis that 

needs to be explored in future research.  

Despite the availability of conjugated vaccines against Streptococcus 

pneumoniae since 2001 and its introduction in our national vaccination plan in 2015, 

Streptococcus pneumoniae was still the most isolated pathogen in our study. In contrast 

to the anticipated decline in cases with the use of these vaccines, the number of 

admissions for post-septal complications of acute rhinosinusitis after 2015 (median of 

4.0±2.0 cases/year) was similar to the number of cases reported in the previous period 

(median of 4.0±3.0 cases/year), even though the peak of infection occurred in 2012 (13 

cases). Interestingly, and all three cases of Streptococcus pneumoniae infection occurred 

in 2012. 

On the other hand, antibiotics with activity against MRSA were used in 13 

different children (23.64%). In fact, methicillin-resistant Staphylococcus aureus is 

currently a prevalent causative organism in paediatric orbital complications of acute 

rhinosinusitis and should therefore be considered when prescribing the initial empirical 

treatment. Furthermore, 65.45% of patients did not undergo sampling for 



17 
 
 

bacteriologic/mycologic cultures and even among those who did a significant proportion 

did not provide any identifiable results (42.11%), a common drawback in many other 

papers [26,48,49]. Thus, prompt initiation of an effective empirical antibiotic therapy is 

of paramount importance. Only two blood cultures (14.29%) were found to be positive, 

whereas the other 12 cases had no positive result. These data may imply that, in our 

patient population, blood cultures played a small role in diagnosis and treatment. 

Although a high proportion of patients presented with fever at admission (43.63%), the 

low incidence of positive haemocultures may have been related to the use of antibiotics 

prior to hospital admission. This is particularly common, since our institution receives 

patients from several other hospitals in the northern region of the country, where 

antibiotic treatment had already been initiated.  

Most patients presenting with post-septal complications of acute rhinosinusitis 

in our study were found to have increased blood CRP levels and elevated WBC and ANC 

counts. In fact, we found a positive association between both WBC and ANC counts and 

the disease severity. WBC counts of patients with subperiosteal abscess were 

significantly higher than those of the patients with orbital abscess, and ANC counts of 

patients with subperiosteal abscess were significantly higher than those of the patients 

with post-septal cellulitis. These unparalleled associations suggest the possibility of an 

aggravated inflammatory response in subperiosteal abscess, offering a new hypothesis 

for a diagnosis criterion based on laboratory findings. Indeed, experimental studies have 

demonstrated that neutrophil mediated abscess formation is a relevant component of 

the innate immune response, which aids in host defence against skin infections, 

inhibiting the dissemination of pathogenic agents to deeper tissues [50–53].  
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Several authors have attempted to find an association between laboratory 

inflammation markers and the need for surgical intervention [15,41,42,54,55], but, 

similarly to our study, no associations were found. Exceptionally, Hongguang et al. [29] 

found a significant association between the length of hospitalization and both the 

average CRP levels and the number of days necessary for CRP to return to normal values 

after treatment. However, this relationship was not observed in any other case series, 

including ours.  

Keeping with the most recent recommendations [11,45,56], all children in our 

study underwent a sinus CT-scan within 24 hours of presentation. This imaging 

procedure is recommended whenever post-septal complications cannot be excluded in 

the physical examination and allows diagnosis of orbital cellulitis and subperiosteal 

abscess with reported accuracies ranging from 91 to 100% [11,57–59]. CT scans were 

repeated in 24 to 48 hours if the patient’s clinical condition deteriorated despite the 

employed medical therapy. MRI was usually reserved for cases in which there was either 

clinical or CT-scan imaging suspicion of intracranial complications or cavernous sinus 

thrombosis, such as progressive neurologic changes and persistent fever regardless of 

aggressive medical treatment [11,16,60,61].  

 Despite the close proximity of the orbit to all the paranasal sinuses, the ethmoid 

sinus is usually referred as the main source of infection, because of the fragility of the 

lamina papyracea, the paper-thin bony plate that separates the orbit from the ethmoid 

cells [10,15,62]. Moreover, the anterior and posterior ethmoidal foramina, along with 

the valveless orbital veins may allow hematogenous propagation of infection in both 

anterograde and retrograde directions [29]. In some patients, congenital dehiscence can 
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provide an additional route of transmission [1]. Nevertheless, our results show a similar 

prevalence of ethmoid and maxillary sinuses involvement in all Chandler categories, 

with an overall high prevalence of pansinusitis. Similar results have been reported by 

Chandler et al. [12], Williams [63] and Hongguang et al, [29]. These observations suggest 

that the ethmoid sinuses act as important routes for infection that spreads to the orbit, 

but they may not be the primary source of infection, as it may have arisen in any of the 

other paranasal sinuses, then spreading into the orbital cavity through either venous 

dissemination or bony destruction.   

According to an early publication by Remmler and Boles [64], if an abscess 

originates from the frontal sinus, the diploic system of the frontal bone is more likely to 

be compromised by the infection, with increasing risk for intracranial dissemination 

through retrograde thrombophlebitis via the valveless veins of Breschet. For this reason, 

some authors consider frontal sinusitis as an indication for urgent drainage of 

subperiosteal/orbital abscess, regardless of the abscess location [27,43,44,65–67]. 

However, we did not find a significant association between frontal sinus involvement 

and the need for more urgent surgical treatment nor the risk of intracranial 

complications.  Moreover, for 30 patients with frontal sinusitis, medical management 

was effective in 18 cases (60%). Similar findings were reported by Taubenslag et al, [68] 

and Todman et al, [69]. Therefore, we believe that frontal sinusitis shouldn’t be judged 

independently as an absolute indication for surgical treatment, since this may lead to 

overtreatment and unnecessary surgery.  

 Several papers point out the abscess location as a major determinant for the 

choice of treatment, as non-medial abscesses tend to be more aggressive, often 
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requiring surgical treatment [15,27,39,49]. However, we did not find a significant 

association between abscess location and the type of treatment. This difference might 

be explained by the fact that only two of our cases presented with non-medial 

involvement (both had superolateral location), therefore underestimating this group of 

patients. Both cases required an external approach, so we tend to agree with previous 

studies [48,49,70] on the necessity to accomplish an external approach on superiorly 

based abscesses.  

 On the other hand, many authors have identified abscess dimensions and 

volume on CT imaging as one of the key predictive features for the need of surgical 

intervention [11]. Cut-off subperiosteal abscess volume sizes of 500-3800 mm3, a length 

greater than 10-17 mm and a width greater than 4.5 mm have been previously cited 

[11,41,46,54,55,69,71–74]. Unfortunately, for 8 of our 21 cases of subperiosteal abscess 

there was no information regarding abscess dimensions and volume and the remaining 

13 cases were insufficient to draw any associations between abscess size and the need 

for surgical treatment. Larger studies need to be undertaken to determine a specific 

volume threshold that would equate with surgical management. 

 Guidelines from the Infectious Diseases Society of America (IDSA) [75] state that 

high-dose amoxicillin-clavulanate is the first-line therapy for children with acute 

rhinosinusitis [76], but there is no established algorithm for the pharmacological 

management of post-septal orbital complications. In our institution patients were 

usually treated with ceftriaxone, frequently in association with clindamycin, 

metronidazole and/or vancomycin. This antibiotic regimen follows the 

recommendations from the American Academy of Pediatrics [77], which advocates 
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vancomycin, metronidazole and either ceftriaxone, ampicillin-sulbactam, or piperacillin-

tazobactam for the treatment of orbital complications of acute rhinosinusitis [22]. This 

organization also advises prompt surgical intervention and abscess drainage when a 

patient fails to improve within 24 to 48 hours of antibiotic therapy [46], a practice 

endorsed by several other authors [11,42,48,54,58,78]. In our study the period between 

hospital admission and surgical intervention varied from a few hours to 5 days. 

Nevertheless, we did not find any statistically significant association between this time 

period and the risk of further complications, so we cannot make any formal 

recommendation on the most appropriate watchful-waiting time before surgery. In our 

view, this period should be carefully assessed on an individual-basis, according to the 

patient’s clinical evolution. Therefore, surgery can never be completely disregarded, and 

surgical teams should be readily available to intervene whenever a patient’s clinical 

condition deteriorates despite aggressive medical treatment.   

Inpatient adjuvant therapies were employed in most of our patients, in order to 

reduce inflammatory symptoms and facilitate clearance of secretions [14,48]. 

Controlling excessive intraorbital oedema can also prevent further complications, such 

as optic nerve compression, secondary glaucoma and orbital compartment syndrome 

[5,79]. Furthermore, Chen et al. conducted a prospective study in 2017, showing that 

the concomitant use of IV steroids and IV antibiotics is harmless and reduces the length 

of hospitalization [80]. Unfortunately, the widespread use of these therapies in our 

study hinders a fair evaluation of their actual role in reducing symptoms and promoting 

a faster recovery.  
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The decision to use endoscopic (FESS) or combined procedures to decompress 

the orbit was based on clinical evaluation, CT findings and abscess size/location. The 

extent of the intervention (anterior/posterior ethmoidectomy, antrostomy, meatotomy, 

etc.) also depended on the location of the disease. External approaches were mainly 

reserved for superiorly and laterally based abscesses (external orbitotomy), 

frontal/subcutaneous abscesses and intracranial complications (craniotomy). No 

differences in outcome based on surgical approach were observed in this study, but 

there is an obvious trend towards the preference for endoscopic treatment, since no 

patient was exclusively submitted to an open approach. This tendency correlates with 

the general belief that FESS is usually the best approach for the surgical management of 

this pathology, because of the lack of an external incision, inferior morbidity and shorter 

hospital stay [49,70,81–85].  

In our case series, patients who underwent surgical intervention had a 

significantly longer hospital stay than those treated only medically. These data is also 

supported by other manuscripts [41,42,46,86] and highlights the importance of a proper 

medical treatment, in order to avoid potentially unnecessary surgical interventions. 

Surgery and a higher Chandler Classification were also related to increased risk of 

recurrence in our study. This is an interesting finding, as we did not find any previous 

reports of these relationships, even though recurrence itself is considered by some 

authors as a surgical criteria [27]. 

Finally, our findings also support the state of art’s concept [5] that increased risk 

of intracranial complications is associated with both higher Chandler Classification 

categories and the need for surgery. In fact, all the cases that evolved into intracranial 
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complications belonged to Chandler Group IV (orbital abscess) and all required surgical 

treatment. Therefore, patients with post-septal complications of rhinosinusitis must be 

carefully monitored, since rapid surgical intervention may be required at any time during 

hospitalization.  

Limitations of this study include its retrospective design and sporadic lack of 

information in clinical charts. In addition, we only had a modest sample size for some 

specific groups of patients and there was a low incidence of positive microbiology 

results. Furthermore, our study included several different practitioners and surgeons, 

which might have influenced disease reporting and management approaches.   

 

 

5. Conclusions 

This study aimed to address patient-centred clinical management of post-septal 

orbital complications of acute rhinosinusitis in the paediatric population. The differential 

diagnosis and treatment of these complications can often be challenging and thereby 

close cooperation and multidisciplinary input between parents, paediatricians, 

otorhinolaryngologists, ophthalmologists and neurosurgeons is of utmost importance.  

Orbital complications of acute rhinosinusitis remain a common pathology in the 

paediatric population. Eyelid swelling is almost always present, but a great variety of 

symptoms may occur and the exclusion or neurological involvement at the time of the 

first evaluation is paramount for treatment’s success, patient survival and avoidance of 

long-term sequelae. 
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Our findings support the crucial role of pharmacological therapy in the treatment 

of post-septal orbital complications, reducing hospitalization length and recurrence risk. 

However, we also believe that surgical teams should be readily available to intervene 

whenever a patient’s clinical condition deteriorates.   

Predictive factors for the need of surgery were not found in this study. Abscess 

drainage should be considered when there is no clear improvement with medical 

therapy, whenever vision is at risk and in cases with abscesses or intracranial 

complications. FESS is the main surgical technique in this patient population, providing 

safe and effective results.  

Future research regarding paediatric post-septal complications of acute 

rhinosinusitis is needed to create more comprehensive and objective management 

protocols.  
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Tables and Figures 
 
Table 1: Paranasal sinus involvement distribution for the 55 patients with paediatric 
orbital complications of acute rhinosinusitis (2007 to 2020). 

Paranasal Sinus Involvement N (%) 

All 23 (41.80%) 

Ethmoid 4 (7.30%) 

Ethmoid + Maxillary 13 (23.60%) 

Ethmoid + Maxillary + Frontal 8 (14.50%) 

Ethmoid + Maxillary + Sphenoidal 6 (10.90%) 

Total Reported 54 (98.20%) 

Unknown 1 (1.80%) 

Total 55 (100.00%) 

 
 
 

Figure 1: Computed tomography (CT) axial view of three patients with post-septal 
complications of acute rhinosinusitis. Picture A: Post-septal cellulitis on the right in an 
eight years old boy. Picture B: Subperiosteal abscess on the left in a five years old girl. 
Picture C: Orbital abscess on the left in a five years old girl. Please note the adjacent 
signs of ethmoidal sinusitis in all patients.  

 
 
 
Table 2: Type of treatment in paediatric orbital complications of acute rhinosinusitis. 

Chandler Group Medical Treatment Only Medical Treatment + 
Surgical Treatment 

II 20  4 

III 11 10 

IV 2 8 

Total 33  22  
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Table 3: Type of surgical intervention for patients with paediatric orbital complications 
of acute rhinosinusitis. 

Chandler 
Group 

FESS1 Only FESS + 
External 
Approach 

Adenoidectomy Craniotomy 

II 4 0 1 0 

III 8 2 2 0 

IV 4 4 1 2 

Total 16 6 4 2 
1. Functional endoscopic sinus surgery.  
 
 
 
Graph 1: Mean length of hospital stay for patients receiving medical treatment or a 
combination of medical and surgical treatment. 
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Table 4: Summary of clinical cases with recurrence of orbital infection.  

1. Inpatient initial treatment with ceftriaxone and vancomycin, later replaced by ertapenem and teicoplanin. Patient also required adenoidectomy and 

2 FESS procedures. 2. Pharmacological treatment with ceftazidime and vancomycin. Patient required 3 surgical interventions: 1 maxillary sinus 

aspiration, associated with antrostomy, anterior ethmoid polyp removal and posterior ethmoidectomy; 1 revision FESS with orbitotomy; another 

revision FESS with adenoidectomy and left middle nasal conchae biopsy. 3. Inpatient pharmacological treatment with vancomycin and ceftriaxone. 

Outpatient pharmacological treatment with amoxicillin/clavulanate. Patient also underwent adenoidectomy and turbinectomy. 4. Inpatient treatment 

with oral methylprednisolone and IV paracetamol.  

Post-septal Cellulitis 1 year Pre-septal Cellulitis Unknown Unknown  Unknown 

Previous Diagnosis Time of onset in 
relation to former 
hospital 
discharge 

Recurrence Diagnosis Treatment Complications Outcome 

Orbital Abscess 1 month Orbital cellulitis Unknown Unknown Unknown 

Subperiosteal Abscess 3 months Subperiosteal Abscess Pharmacological treatment 
associated with surgery1 

Unfavourable clinical 
evolution with late 
hypersensitivity reaction 
to vancomycin and 
ceftriaxone 

Discharged symptomless 

Subperiosteal Abscess 2 days Subperiosteal Abscess Pharmacological treatment 
associated with surgery2 

None Discharged symptomless 

Subperiosteal Abscess 1 month Post-septal Cellulitis Pharmacological treatment 
associated with surgery3 

None Discharged symptomless 

Post-septal Cellulitis 1 month Pre-septal Cellulitis Pharmacological treatment 
only4 

None Discharged symptomless 

Post-septal Cellulitis 1 year Pre-septal Cellulitis Unknown Unknown  Unknown 
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will not require registration.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access
Please visit our Open Access page for more information.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

http://www.consort-statement.org
http://www.consort-statement.org
http://www.icmje.org
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
https://www.elsevier.com/journals/international-journal-of-pediatric-otorhinolaryngology/0165-5876/open-access-options
https://researcheracademy.elsevier.com/
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Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

International Journal of Pediatric Otorhinolaryngology
This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then sent to a minimum of two
independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

International Journal of Pediatric Otorhinolaryngology Extra
This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then sent to a minimum of two
independent expert reviewer to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Submit your article
Please submit your article via https://www.editorialmanager.com/ijporl/default.aspx.

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION
Peer review
This journal operates a single anonymized review process. All contributions are typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The Editor
is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
is final. Editors are not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services in which the
editor has an interest. Any such submission is subject to all of the journal's usual procedures, with
peer review handled independently of the relevant editor and their research groups. More information
on types of peer review.

Revised Submissions
When submitting the revised manuscript, please make sure that you upload the final version of the
paper. Please remove the old version(s) of the manuscript before submitting the revised version.

https://webshop.elsevier.com/language-editing-services/language-editing/
https://webshop.elsevier.com/language-editing-services/language-editing/
https://www.elsevier.com/about/policies/patient-consent
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
https://service.elsevier.com/app/answers/detail/a_id/8238/kw/8238/p/10523/supporthub/publishing/
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
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Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure
Abstract
For Full Length Articles (Research Papers) a structured abstract, by means of appropriate headings
(e.g. Objectives, Methods, Results, Conclusion), should provide the context or background for the
research and should state its purpose, basic procedures (selection of study subjects or laboratory
animals, observational and analytical methods), main findings (giving specific effect sizes and their
statistical significance, if possible), and principal conclusions. It should emphasize new and important
aspects of the study or observations. Abstracts for Case Reports should not exceed 100 words and
should not have a structured format. Abstracts for Review Papers may be structured or non-structured
depending on author preference.

Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-

https://www.elsevier.com/authors/journal-authors/submit-your-paper
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case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights
Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.

https://www.elsevier.com/authors/journal-authors/highlights
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• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
• Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services
Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://webshop.elsevier.com/illustration-services/
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references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/international-journal-of-pediatric-otorhinolaryngology
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'
List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.
Examples:
Reference to a journal publication:
[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51–59. https://doi.org/10.1016/j.Sc.2010.00372.
Reference to a journal publication with an article number:

https://citationstyles.org
https://citationstyles.org
https://www.mendeley.com/reference-management/reference-manager/
https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/
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[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.
Reference to a book:
[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:
[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281–304.
Reference to a website:
[5] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).
Reference to a dataset:
[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Genetics
Authors should use gene notation and symbols approved by the HUGO Gene Nomenclature Committee
(HGNC). Human gene symbols and loci should be italicized and protein products should not. Both
should be written in capital letters. Avoid listing multiple gene names. If the authors would like to
use the most historically used gene name, please denote this in the introduction at first mention of
the gene (e.g: 'GSDME (also known as DFNA5)) and constantly use one name throughout the text. If
the manuscript includes the names of microRNAs, the authors should use the Sanger nomenclature
(e.g: miR-96). Similar to gene names, authors can include and use the historically used name as
long as it is denoted.

The most up-to-date guidelines are summarized on the Mutation Nomenclature Homepage
(http://www.hgvs.org/varnomen/). At first mention of a variant we ask authors to provide both the
cDNA and protein change separated by a semicolon (e.g:c.122A>G; p.His41Arg). Afterwards, authors
should only reference the protein change when discussing the variant. In some cases, such as splice-
altering variants using the cDNA name is acceptable throughout the text (e.g: c.919-2A>G).

Authors must include the RefSeq and version number (e.g: NM_004004.5) in both the materials and
methods table legend where the gene is mentioned. Authors are asked to report the genomic position
of all variants reported in tables. If there is not a corresponding table with variant information, the
authors are asked to provide a supplemental table which includes the genomic positions of the variants
in the text.

Authors should include the MIM ID's of both genes and phenotypes at the first mention of the gene
name and phenotype (e.g: 'WFS1 (MIM: 606201)' or 'Wolfram syndrome 1 (MIM: 222300)')

Pedigrees should be drawn according to the recommendations of the National Society of Genetic
Counselors (PMID: 18792771 ).

https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.sciencedirect.com
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

https://www.elsevier.com/authors/tools-and-resources/data-visualization
https://www.elsevier.com/authors/tools-and-resources/research-data
https://www.elsevier.com/authors/tools-and-resources/research-data/data-base-linking
https://www.elsevier.com/authors/tools-and-resources/research-data/data-base-linking#repositories
https://www.elsevier.com/authors/tools-and-resources/research-data/mendeley-data-for-journals
https://www.elsevier.com/authors/tools-and-resources/research-data/data-statement
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