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Purpose: To investigate the diagnostic potency of the opacification-development ratio (ODR) for pediatric chronic rhinosinusitis
based on CT scanning.

Patients and Methods: Children aged 0-15 years who underwent nasal CT scanning from August 2011 through July 2021 were
included in the research. The area under receiver operating characteristic curve (AUC) and predictive value were used to assess the
diagnostic accuracy of the ODR and Lund-Mackay score based on CT scanning.

Results: A total of 1820 patients (217 in the positive symptom group and 1603 in the negative symptom group) who underwent CT
scanning were included in the study. A significant positive correlation was observed between the ODR and the Lund-Mackay score in
all age groups. In children aged 015 years, the AUC of the ODR and the Lund-Mackay score were 0.7970 and 0.7719, respectively (p
> 0.05). The optimal cut-off value for the ODR was 25.83, with a sensitivity of 57.14% and a specificity of 94.2%. In contrast, the
optimal cut-off value for the Lund-Mackay score was 6.5, with a sensitivity of 6.5% and a specificity of 85.84%. Notably, the ODR
score demonstrated significantly superior performance compared to the Lund-Mackay score in children aged 0—4 years (p < 0.001).
Conclusion: In diagnosing pediatric chronic rhinosinusitis, the use of CT scans is associated with a higher rate of false positives when
compared to clinical symptoms. The ODR score based on CT scanning is a valuable diagnostic tool for chronic rhinosinusitis in
children aged 0-11, particularly those aged 0-4.
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Introduction
Pediatric rhinosinusitis is a common inflammatory disease of the sinuses during childhood development.' From 2006 to
2016, the prevalence of acute pediatric rhinosinusitis ranged from 8.28% to 11.0%.> A recent systematic review reported
that the global prevalence of chronic rhinosinusitis in children was estimated at 5.54%.” Another study found there were
3.7-7.5 million visits per year for chronic rhinosinusitis among patients aged 0 to 20 in the United States. Chronic
rhinosinusitis visits were significantly more prevalent than those for acute rhinosinusitis.* With a high morbidity rate,
pediatric chronic rhinosinusitis has a great impact on children’s quality of life, growth, and development, posing
a significant burden on public healthcare resources.” Therefore, the accurate diagnosis of pediatric chronic rhinosinusitis
is particularly important.

Endoscopy and CT imaging are important diagnostic tools for chronic rhinosinusitis in children, which are beneficial to the
differential diagnosis and pre-operative evaluation.' Nasal endoscopy has the advantages of visualization, simplicity, and no
radiation, but it is hard to ensure all children show adequate compliance. CT scans can provide high-resolution images of bony
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structures and soft tissue to accurately evaluate the severity and location of sinonasal inflammation in children.® However, CT
scans have a high false-positive rate, as sinonasal mucosal edema is common in children due to respiratory tract infection.
Previous studies have shown that more than half of asymptomatic children can also demonstrate increased density in the
sinuses based on nasal CT scan imaging, with approximately 19% of patients being completely clinically asymptomatic and
59% being essentially clinically asymptomatic.”® If patients have an upper respiratory infection within two weeks, increased
sinus density can be observed in up to 87% of patients.” Quantitative scoring systems such as the Lund-Mackay (LM) score
have been used by previous researchers as diagnostic tools to objectively quantify the severity of sinus turbidity.'®'" However,
current applications of the LM score are mainly involved in adult subjects and few studies have been conducted on children.
Given that the sphenoid and frontal sinuses might be undeveloped in children under 12 years old, it may not be the optimal
diagnostic tool for diagnosing pediatric chronic rhinosinusitis.'?

To avoid disturbances caused by sinus development in children, some researchers proposed the opacification-
development ratio (ODR) for diagnosing pediatric chronic rhinosinusitis.'> The ODR assesses the development and
the area of turbidity of sinuses separately, with the ostiomeatal complex and all sinuses considered paired. However, the
diagnostic potency of the ODR for pediatric chronic rhinosinusitis has not yet been adequately validated in clinical
practice. Thus, this study retrospectively analyzed the CT imaging of children aged 0—15 years, aiming to investigate the
diagnostic potency of ODR in nasal CT scans for diagnosing chronic rhinosinusitis in children.

Materials and Methods

Inclusion Criteria

This retrospective study consecutively collected clinical data from children aged 0-15 years from August 1st 2011 to
July 31st 2021, who underwent nasal CT scanning with complete clinical data. All children were collected from
outpatient clinic in a tertiary hospital. The clinical history of the patients was collected including the patient’s gender,
age, year of examination, symptoms, etc. If the child had multiple CT scans, only the first imaging scan was analyzed.
Partially missing medical history information would be asked by telephone to the guardians of children. The study was
performed in compliance with the principles of the Declaration of Helsinki.

Exclusion Criteria

Children who met at least one of the following criteria were excluded from the trial: 1) failure to provide a complete
patient history for various reasons; 2) having functional endoscopic sinus surgery previously; 3) cancellation of the
examination for any reason; 4) children with severe syndromes or malformations in nasal cavity and 5) lack of
compliance or excessive CT image artifacts.

Outcomes

Patients who met the diagnostic criteria for chronic rhinosinusitis in children in European Position Paper on
Rhinosinusitis and Nasal Polyps 2020 (EPOS 2020) were included in the positive symptom group and the rest in the
negative symptom group. Specifically, it was defined as the presence of two or more symptoms one of which should be
either nasal blockage / obstruction / congestion or nasal discharge for > 12 weeks, which could be accompanied by facial
pain/pressure or/and cough.' Positive result in CT imaging was defined as 1) partially or completely opaque lesions in the
nasal cavity and sinuses; 2) irregular thickening of the sinus mucosa; 3) the presence of air-liquid flatness in the sinus on
CT images; and 4) intact sinus walls without bony destruction, which may be thickened or thinned. It is worth
mentioning that participants in the negative symptom group might have suffered from other diseases, eg, traumatic
head injury or nasal bone fracture, therefore receiving a CT scan. Clinical information and results were not available to
the performers and assessors. For ODR scoring, each sinus is given a development score of three if it was present, and
a score of zero if it was not present. If all sinuses are developed, the sum of the five sites (frontal, ethmoid, sphenoid,
maxillary sinuses, and OMC) on each side can be scored up to 15 points (a total of 30 points). The area scored from zero
to three based on the turbidity (normal = 0 points; < 2/3 = 1 point; > 2/3 = 2 points; completely turbid = 3 points). If the
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OMC was normal it was scored as zero, and if the OMC was turbid it was scored as three. The ODR was calculated as
“(sum of bilateral turbidity scores/sum of bilateral development scores) x 100”.

Statistical Analysis

The diagnostic potency of the LM score and ODR for the diagnosis of pediatric chronic rhinosinusitis was assessed using
the receiver operating characteristic curve (ROC). The diagnostic potency of the LM score and ODR was assessed by
area under receiver operating characteristic curve (AUC), where 0.50 < AUC < 0.70 suggests low predictive value, 0.70
< AUC < 0.90 moderate predictive value, and AUC > 0.90 high predictive value. The optimal cut-off value was
calculated by choosing the maximum Youden index to predict whether the LM score and ODR could be used as the
diagnostic criteria for diagnosing pediatric chronic rhinosinusitis. The study was statistically analyzed using SPSS 26.0
(SPSS Inc., Chicago, IL) and GraphPad Prism 8 (GraphPad, La Jolla, CA). Data were expressed as mean + standard
deviation. Unpaired Student’s ¢-test was used for two-group data. Categorical variables were analyzed using the square-
chi test. All statistical methods were considered statistically significant when p < 0.05.

Results

Basic Characteristics of Included Patients

This study initially included 2021 patients. After excluding patients with incomplete medical history, a total of 1820 patients
remained in this study. The distribution of age of patients is shown in Figure S1. There were 1265 (69.51%) male patients and
555 (30.49%) female patients, with no statistically significant difference in gender composition (p = 0.512). Among 1820
patients, a total of 217 (11.92%, 217/1820) met the diagnostic criteria for pediatric chronic rhinosinusitis according to EPOS
2020 and were included in the positive symptom group, while the remaining 1603 patients without nasal symptoms were
included in the negative symptom group. There was a statistically significant difference in age between patients from these two
groups (p <0.001). There was no statistically significant difference in the percentage of patients in the positive symptom group
and negative symptom group who demonstrated positive imaging on CT scan (p = 0.183) (Table 1).

Diagnostic Rate of CT Scans

The sensitivity of CT scanning for diagnosing pediatric chronic rhinosinusitis is 67.28%, the specificity is 37.37%, the false-
positive rate is 62.63%, and the false-negative rate is 32.72% (Table 2). The diagnosis rate of CT scans in different age groups
was significantly higher than the pediatric chronic rhinosinusitis incidence rate (p < 0.001). The incidence rate of pediatric
chronic rhinosinusitis gradually increased with age, while the diagnosis rate of CT scans gradually decreased with age.
However, the diagnosis rate of CT scans was still significantly higher than the incidence rate of pediatric chronic rhinosinusitis
in all age groups (p <0.001) (Figure 1a). The incidence rate of pediatric chronic rhinosinusitis in each season was significantly
lower than that of CT scan diagnosis (p < 0.001), and there was no statistically significant difference in the diagnosis rate of CT
scan and incidence rate of pediatric chronic rhinosinusitis among different seasons (p > 0.05) (Figure 1b).

Table | The Demographic Features of Included Patients

Positive Negative t/ xz P
Symptom Symptom
Gender 0.430 0.512
Male 155 1o
Female 62 493
Age 9.32 £ 391 747 £ 4.13 —6.493 < 0.001
CT scan 1.776 0.183
Negative 71 599
Positive 146 1004
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Table 2 Diagnosis of Pediatric Chronic Rhinosinusitis Based on Clinical
Symptoms and CT Scan

CT Scan Clinical Symptoms Total
Positive Symptom | Negative Symptom

Positive imaging 146 1004 1150

Negative imaging 71 599 670

Total 217 1603 1820

Lund-Mackay Score and ODR Based on Nasal CT Scan
The LM score was 8.39 £ 5.63 in the positive symptom group and 3.49 + 3.01 in the negative symptom group. The LM
score in the positive symptom group was statistically significantly higher than in the negative symptom group (p < 0.001)
(Figure 2a). The difference in LM scores between the positive and negative symptom groups was statistically significant
(p <0.001) (Figure 2a). The ROC curve was used to explore the diagnostic potency of the CT scan-based LM score for
the diagnosis of pediatric chronic rhinosinusitis. The AUC of the CT scan-based LM score was 0.7719 (95% CI:
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Figure | Characteristics of CT diagnostic rate and prevalence of pediatric chronic rhinosinusitis. (A) CT diagnostic rate and prevalence of pediatric chronic rhinosinusitis
among different age groups (p < 0.001); (B) CT diagnostic rate and prevalence of pediatric chronic rhinosinusitis among different seasons (p < 0.001).
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Figure 2 Diagnostic potency of CT scan-based Lund-Mackay score. (A) Comparison of Lund-Mackay scores between the positive and negative symptom groups (*** means
p < 0.001). (B) ROC analysis of the Lund-Mackay score for the diagnosis of pediatric chronic rhinosinusitis (The asterisk represents the optimal cut-off point of the ROC).
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Figure 3 Diagnostic potency of CT scan-based ODR. (A) Comparison of ODR between the positive and negative symptom groups (*** means p < 0.001). (B) ROC analysis
of the ODR for the diagnosis of pediatric chronic rhinosinusitis (The asterisk represents the optimal cut-off point of the ROC).

0.7339-0.8100, p < 0.001). When its cut-off value is 6.5, the best diagnostic performance can be achieved, with
a sensitivity of 59.91%, a specificity of 85.84%, and a Youden index of 0.4575 (Figure 2b).

The ODR of the positive and negative symptom groups were 29.84 &+ 21.52 and 10.21 + 8.80, respectively. The ODR
of the positive symptom group was significantly higher than the negative symptom group, with a statistically significant
difference (p < 0.001) (Figure 3a). The AUC of ODR based on CT scan was 0.7970 (95% CI: 0.7594—0.8347, p < 0.001),
with an optimal cutoff value of 25.83, a sensitivity of 57.14%, a specificity of 94.2%, and a Youden index of 0.5134
(Figure 3b).

Diagnostic Accuracy in Different Age Groups

For children aged 0—4 years and 5-11 years, the diagnostic potency of the ODR was superior to that of the LM score
statistically significantly (p < 0.05). For children aged 0—4 years, the ODR had the best diagnostic potency, with an AUC
of 0.9109, a cutoff value of 25.83, a sensitivity of 84.85% and a specificity of 90.08%, and a Youden index of 0.7493.
The AUC of the LM score was 0.7711, with a sensitivity of 78.79%, a specificity of 65.19%, and a Youden index of
0.4398. The diagnostic potency of the ODR was significantly better than that of the LM score statistically significantly (p
< 0.001) (Table 3, Figure 4b, Figure 4c). For children aged 12—15 and 0-15, the diagnostic potency of ODR and LM
score for pediatric chronic rhinosinusitis was not significantly different (p > 0.05) (Table 3, Figure 4a, Figure 4d).

Correlation Between ODR and Lund-Mackay Score in Different Age Groups
The ODR was positively correlated with the LM score significantly in the 0-15, 04, 5-11, and 12-15 age groups (r =
0.85, 0.80, 0.85, 0.90, respectively) (Table 4, Figure 5).

Table 3 Diagnostic Potency of ODR and Lund-Mackay Score in Children with Chronic Rhinosinusitis of All Ages

Age Scoring Criteria | Cut-Off Value | Sensitivity | Specificity | Youden Index | AUC 95% CI P

0-15 | Lund-Mackay score 6.5 59.91% 85.84% 0.4575 0.7719 | 0.7339-0.8100 | > 0.05
ODR 25.83 57.14% 94.20% 0.5134 0.7970 | 0.7594-0.8347

04 Lund-Mackay score 5.5 78.79% 65.19% 0.4398 0.7711 | 0.6792-0.8630 | < 0.00I
ODR 25.83 84.85% 90.08% 0.7493 0.9109 | 0.8478-0.9740

5-11 Lund-Mackay score 6.5 69.61% 84.69% 0.543 0.8040 | 0.7492-0.8588 | < 0.05
ODR 21.67 71.57% 92.22% 0.6379 0.8485 | 0.7961-0.9008

12-15 | Lund-Mackay score 4.5 60.98% 86.67% 0.4765 0.8116 | 0.7555-0.8677 | > 0.05
ODR 9.167 73.33% 69.51% 0.4284 0.8001 | 0.7445-0.8557
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Figure 4 ROC analysis of ODR and Lund-Mackey score for diagnosis of children with chronic rhinosinusitis between different age groups. (A) ROC analysis of ODR and
Lund-Mackey score in the diagnosis of chronic rhinosinusitis in children aged 0-15 years (p > 0.05). (B) ROC analysis of ODR and Lund-Mackey score for diagnosing chronic
rhinosinusitis in children aged 0—4 years (p < 0.001). (C) ROC analysis of ODR and Lund-Mackey score for diagnosing chronic rhinosinusitis in children aged 5—1 | years (p <
0.05). (D) ROC analysis of ODR and Lund-Mackey score for diagnosing chronic rhinosinusitis in children aged 12—-15 years (p > 0.05).

Discussion
The LM scoring system is an objective method for quantifying CT-based sinus imaging, widely adopted for clinical
assessment of the severity and therapeutic effects of rhinosinusitis.'* Studies have indicated that the LM scoring system
may provide a more accurate assessment of disease severity than other scales.'>”!” Bhattacharyya et al found when the
cut-off value of the LM score was greater than two in the diagnosis of chronic rhinosinusitis, the sensitivity was 94%, and
the specificity was 41%; when the cut-off value was greater than 4, the specificity increased to 59%.'>'® However, it
should be noted that previous studies about the LM score are predominantly involved with adults rather than children.
Some researchers have shown that in children, when the LM score cut-off value was greater than 5, the sensitivity would
be 86% and the specificity 85%. A LM score of < 2 is indicative of a favorable negative predictive value, while a score of
> 5 is associated with a favorable positive predictive value, strongly suggesting the diagnosis of pediatric chronic
rhinosinusitis.'®

In this study, it was found that among children aged 0—15 years, the LM score shows limited diagnostic potency for
pediatric chronic rhinosinusitis. Given that LM scores are integers, a score of > 7 is more likely indicative of a confirmed
diagnosis of pediatric chronic rhinosinusitis. The limited diagnostic utility of the LM score for pediatric chronic
rhinosinusitis in this study may be due to the scoring system’s assignment of a single point for any degree of
opacification. This approach gives equal weight to the presence of fluid in sinuses and mucosal thickening, which are
two distinct conditions that lead to divergent clinical outcomes. Moreover, previous research on the LM scoring system
was predominantly conducted in adult populations, failing to consider the common lack of sphenoid and frontal sinus
development in children under 12 years old.'?> The LM scoring system, which relies on the cumulative score from each

sinus, inherently reduces the score range from 24 to 16 points in the absence of developed sphenoid and frontal sinuses.

Table 4 Correlation Between
ODR and Lund-Mackay Score in
Different Age Groups

Age r 95% CI ?

0-I5 | 0.85 | 0.83-0.86 | 0.72
04 0.8 | 0.77-0.83 | 0.64
5-11 0.85 | 0.83-0.87 | 0.73
12-15 | 09 | 0.88-0.92 | 0.8I

Abbreviations: AUC, The area under
receiver operating characteristic curve;
EPOS 2020, European Position Paper on
Rhinosinusitis and Nasal Polyps 2020; LM,
Lund-Mackay; ODR, opacification-
development ratio; ROC, receiver operat-
ing characteristic curve.
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Figure 5 Linear regression of ODR and Lund-Mackey scores at different ages. (a) Linear regression of ODR and Lund-Mackey scores at ages of 0—I5. (b) Linear regression
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This discrepancy may result in a systematic underestimation of disease severity, thereby introducing errors in the
diagnostic assessment of pediatric chronic rhinosinusitis.

Aratjo Neto et al have proposed the ODR scoring system to decrease the confounding effects of children’s sinus
development.'® The ODR evaluates the percentage of the opacified area relative to the developmental area of the sinus. In
comparison to the LM scoring system, the ODR is less susceptible to the quantity and extent of sinus development, potentially
leading to enhanced accuracy in diagnosing and assessing the severity of pediatric chronic rhinosinusitis. However, the
diagnostic potency of the ODR has not yet been fully validated in patients with pediatric chronic rhinosinusitis. In this study,
the ODR demonstrated superior performance in terms of the Youden Index and specificity for pediatric chronic rhinosinusitis
compared to the LM score in patients aged 0—15. However, its sensitivity was inferior to that of the LM scoring system, with
no statistically significant difference between the two scores. These results may therefore indicate that the diagnostic potency
of the ODR for pediatric chronic rhinosinusitis is not superior to that of the LM score for children aged 0—15. Previous related
research indicates that the development of sinus groups has temporal characteristics, with certain heterogeneity in the
development of sinus groups among children of different age groups, which might be an important reason for the results.
Therefore, we further categorized patients into different age groups to compare the diagnostic potency of the ODR and the LM
score for pediatric chronic rhinosinusitis among different age groups.

Studies have shown that the maxillary and ethmoid sinuses are developed at birth; in contrast, the frontal sinuses are
not yet developed in children aged 0—4 years, while the ethmoid sinuses are gradually aerated by the age group of 1-4
years; sphenoid and frontal sinuses are fully aerated by the age of 12.">** Considering the impact of varying sinus
development stages on the diagnosis of pediatric chronic rhinosinusitis, we divided patients into three age groups: 0—4
years, 5—11 years, and 12—15 years. Then, we compared and validated the ODR and LM scores among these age groups,
analyzing their diagnostic potency in the clinical diagnosis of pediatric chronic rhinosinusitis across age ranges.

The diagnostic potency of the ODR is significantly higher than that of the LM score in children aged 0—4 years.
Similar results were observed in the age group of 5—11 years. The specificity and sensitivity of the ODR are significantly
higher than those of the LM score, indicating that in children aged 5-11 years, the diagnostic potency of the ODR is

Therapeutics and Clinical Risk Management 2025:21 https: 901



Zhang et al

superior to that of the LM score. At the optimal cut-off value, the sensitivity of the ODR in children aged 511 years was
comparable to that of the LM score, but the specificity of the ODR was markedly higher than that of the LM score. This
suggests that an ODR of 21.67 or lower more strongly indicates a negative diagnosis of pediatric chronic rhinosinusitis.
For children aged 12-15 years, the AUC of the ODR was 0.8001, which was slightly smaller than that of the LM score
(0.8116), with no statistically significant difference. Compared to the LM score, the ODR exhibited greater sensitivity yet
showed a reduction in specificity. However, the difference between the ODR and the LM score was not statistically
significant. Therefore, the diagnostic potency of both scoring systems is comparable in children aged 12—15 years. As
patient ages increase, the AUC for the LM score shows a corresponding increase. This trend reveals that the LM score is
less effective in diagnosing pediatric chronic rhinosinusitis in younger patients and more effective in older individuals.
The discrepancy in diagnostic potency between the ODR and the LM score for pediatric chronic rhinosinusitis among
different ages can likely be attributed to the distinctive temporal patterns of sinus development. Specifically, children
under the age of 12 possess underdeveloped sphenoid and frontal sinuses. Furthermore, the oversimplified method
employed by the LM scoring system in evaluating sinus opacification could inadvertently underestimate the disease
severity. The development process of pediatric sinuses plays a critical role in determining the accuracy of the diagnosis of
pediatric chronic rhinosinusitis using the LM score. In contrast, the ODR, which calculates the percentage of opacified
area relative to the total developed sinus area, is less susceptible to variations in the quantity of sinus development.
Consequently, the findings indicate that for the age groups of 0—4 and 5-11 years, the diagnostic utility of the ODR is
superior to that of the LM score. However, in children aged 12—15 years, the diagnostic potency of the two scoring
systems proves to be similarly effective.

The findings of the present investigation demonstrate a consistent correlation between ODR and LM scores across
diverse age groups. However, this correlation exhibits age-dependent variability, being weaker among younger cohorts
and more pronounced in older ones, with the least strength observed in children aged 0—4 years. It can be concluded that
the ODR may be a more viable diagnostic tool for younger children, whereas the LM score appears to be more suitable
for older individuals. As young children are less able to describe their symptoms, the ODR can help clinicians identify
children with suspected CRS earlier.

Although pediatric sinus staging systems have been reported previously, their scoring systems are complex, and
further studies are required to validate the diagnostic potency of pediatric sinus staging systems.?' In clinical practice,
a scoring system would be widely utilized when it is simple, clear, highly accurate, and easy to implement. This study
demonstrates the accessibility of the ODR and its significant utility for the diagnosis of chronic rhinosinusitis in children
aged 0-11 years, with a particularly pronounced diagnostic potency in children aged 0—4. Although we performed
a single-center and low-sample-size study, future application of the ODR might further enhance the specificity and
sensitivity of CT scan-based diagnoses of pediatric chronic rhinosinusitis.

This study retrospectively applied the ODR score to children who underwent CT imaging, aiming to enhance the
diagnosis of chronic rhinosinusitis in children. However, it does not imply that CT imaging should be used for all
children suspected of having pediatric chronic rhinosinusitis. The primary objective of this study is to identify occult
chronic rhinosinusitis in young children who have undergone CT imaging for other reasons, ensuring they receive
standardized treatment as early as possible. Clinicians find it more challenging to assess their symptoms, and the ODR
based on CT imaging findings can aid in improving the diagnosis of pediatric chronic rhinosinusitis.

There are limitations in the study. Firstly, only children under the age of 15 were included in this study. Therefore, the
conclusions might not be necessarily applicable to adolescents aged 15 to 18. Secondly, during the case screening, we
followed up with parents of children with partially missing medical history information by telephone to ask about
previous symptoms and to determine whether the child met the inclusion criteria. However, there were still a very small
number of children whose parents could not be contacted. It might miss some potential patients who met the inclusion
criteria, leading to a study bias. Additionally, a large age difference between the two groups might cause confounding
bias for the results of the study. Furthermore, as a retrospective study, the results need to be further verified in prospective
cohorts in the future. Finally, ODR is a score based on CT imaging features, which cannot directly reflect clinical

symptoms. Therefore, it still needs to be combined with clinical symptoms to diagnose CRS.
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Conclusion

The ODR based on CT scan is not only user-friendly but also shows substantial diagnostic potential for chronic
rhinosinusitis in children aged 0—11 years. The utilization of the ODR significantly improves the diagnostic precision
of chronic rhinosinusitis in the 0-4-year age range.
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