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Purpose: Endoscopic sinus surgery (ESS) is a safe and effective intervention for medically refractory pediatric chronic rhinosinusitis 
(CRS), particularly in older children and those with nasal polyposis. However, the histopathological characteristics associated with 
poor surgical outcomes in pediatric chronic rhinosinusitis with nasal polyposis (CRSwNP) have not been fully clarified. This study 
aimed to to identify histopathological characteristics of CRSwNP prognostic for revision surgery.
Methods: We retrospectively reviewed the medical records of 161 pediatric patients with CRSwNP including 22 patients with 
recurrent nasal polyps requiring revision surgery. The histopathological characteristics were compared between patients with and 
without revision surgery.
Results: Histopathological analysis revealed that the degree of inflammation, interstitial-gland percentage, mucosal ulceration, and 
numbers of eosinophils and goblet cells were significantly higher in participants who underwent revision surgery than in those who did 
not (all P<0.05). The degree of inflammation (odds ratio [OR], 2.53; P=0.003), eosinophil count (OR, 1.03; P<0.001), goblet-cell count 
(OR, 1.19; P=0.002), interstitial-gland percentage (OR, 1.99; P=0.012), and mucosal ulceration (OR, 3.37; P=0.013) were significantly 
associated with revision surgery in the univariate regression analysis. Receiver operating characteristic curve analysis identified 2.5 
goblet cells per high-power field as the optimal cutoff value for predicting revision surgery, with a sensitivity of 77.3% and 
a specificity of 67.6%.
Conclusion: Histopathological features, including elevated eosinophil count, goblet-cell hyperplasia, marked mucosal inflammation, 
interstitial-gland hyperplasia, and mucosal ulceration, were associated with the need for revision in pediatric patients with CRSwNP. 
These findings could help clinicians stratify disease severity and tailor therapeutic approaches.

Plain Language Summary: This study retrospectively reviewed the medical records of 161 pediatric patients with chronic 
rhinosinusitis and nasal polyps including 22 patients with recurrent nasal polyps requiring revision surgery. Histopathological features, 
including elevated eosinophil count, goblet-cell hyperplasia, marked mucosal inflammation, interstitial-gland hyperplasia, and mucosal 
ulceration, were associated with the need for revision in pediatric patients with chronic rhinosinusitis and nasal polyps. These findings 
could help clinicians stratify disease severity and tailor therapeutic approaches. 
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Introduction
Chronic rhinosinusitis (CRS) with nasal polyposis (CRSwNP) is one of the two major phenotypes of CRS and is 
characterized by persistent inflammation of the sinonasal mucosa for >3 months with the formation of nasal polyps.1,2 

The estimated prevalence of CRSwNP in the pediatric population is 0.1%, which is lower than that in adults.3 The 
symptoms of CRSwNP include nasal congestion, nasal discharge, coughing, and facial pain/pressure. CRSwNP usually 
has a significant negative impact on sleep, school performance, social interaction, and the overall development and long- 
term well-being of affected children.4

Endoscopic sinus surgery (ESS) is a safe and effective intervention for medically refractory pediatric CRS, 
particularly in older children and those with nasal polyposis.5–7 By removing obstructive polyps and inflammatory 
secretions, ESS facilitates the restoration of normal sinus ventilation and drainage, creates a route for nasal irrigation and 
topical drug delivery, and leads to improvements in sinonasal symptoms and the quality of life of patients.5 Nevertheless, 
polyp relapse and the need for revision surgery remain concerns, with previous studies reporting a revision surgery rate 
of 12.8%.8,9

The histopathological features of nasal polyps,such as such as inflammatory-cell predominance, subepithelial edema, 
and eosinophil aggregates, are associated with poor outcomes after surgery in adults and are useful for predicting the 
likelihood of requiring revision surgery.10,11 These findings have helped guide individualized perioperative management, 
such as preoperative medication, including the use of biologic therapy; extent of surgical intervention; and intensity and 
extent of postoperative care, to optimize disease control and improve quality of life.12 However, the histopathological 
characteristics of pediatric CRSwNP associated with poor surgical outcomes have not been fully elucidated, owing to its 
low prevalence and limited availability of tissue samples.

To the best of our knowledge, no previous study has investigated the differences in the histopathological character
istics of pediatric CRSwNP according to the need for revision surgery. Therefore, this retrospective study aimed to 
identify useful histopathological characteristics of the nasal tissue removed during ESS for predicting the need for 
revision surgery in pediatric patients with CRSwNP.

Materials and Methods
Patients
Pediatric patients (age <18 years) who underwent ESS for CRSwNP at the Department of Otolaryngology at our institute 
between 2004 and 2017 were retrospectively identified from the histopathological database and subsequently confirmed 
via a manual review of medical records. CRSwNP was diagnosed based on the EPOS 2020 criteria.1 The presence of 
nasal polyps was confirmed by endoscopic examination and histopathological analysis. Patients were excluded if they 
met any of the following criteria: (1) presence of benign or malignant sinonasal neoplasms; (2) concomitant diagnosis of 
cystic fibrosis, primary ciliary dyskinesia, or immunologic disorders; and (3) follow-up period <12 months.

The clinical, laboratory, and imaging data of the participants were collected and reviewed. Eosinophilia was defined 
as a blood eosinophil count of >5% of circulating leukocytes.13 Disease severity was quantified on computed tomography 
images using the Lund–Mackay score.14 In patients with bilateral lesions, the average of the scores for both sides was 
used for analysis. The initial ESS was tailored based on the abnormalities observed on preoperative computed 
tomography, whereas revision procedures involved more extensive surgical intervention. Surgeries were performed by 
seven experienced rhinologists, and recurrence rates were compared among the surgeons. All patients were followed up 
postoperatively at our institution. In this study, recurrence was defined solely as the need for revision surgery, which was 
consistently documented in our institutional medical records. Other follow-up parameters, such as symptom scores or 
endoscopic findings, were not included as recurrence criteria in the present analysis. All patients who underwent revision 
surgery had also received their primary surgery at our institution, ensuring consistency in surgical technique and 
pathological specimen handling. Although surgeries were performed by seven different experienced rhinologists, all 
followed the same departmental surgical principles and perioperative management protocols.

The study protocol was reviewed and approved by the Institutional Review Board of Chang Gung Memorial Hospital 
(IRB number: 202201253B0). All procedures were conducted in accordance with the relevant ethical guidelines and 
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regulations, and the Declaration of Helsinki. Considering the retrospective nature of this study and collection of 
anonymized data, the requirement for informed consent was waived.

Histopathological Evaluation
All specimens were obtained at our institution and processed in the same Department of Pathology using standardized protocols 
throughout the study period to ensure consistency in specimen preparation and quality. Mucosal specimens obtained during ESS 
were fixed using formalin and embedded in paraffin. Standard 5-µm sections were stained with hematoxylin and eosin (H&E). 
Based on previous histopathological studies on CRS, we selected the following nine characteristics for analysis: degree of 
inflammation, interstitial-gland percentage, epithelial hyperplasia, subepithelial fibrosis, subepithelial edema, mucosal ulcera
tion, basement-membrane thickening, number of eosinophils per high-power field (HPF, 400× magnification), and number of 
goblet cells per HPF.15

The degree of inflammation was categorized into three levels—mild (lowest one-third), moderate (middle one-third), and 
severe (highest one-third)—based on the extent of inflammatory cell infiltration (Figure 1a–c), to facilitate a structured 
analysis of inflammatory severity.15,16 To evaluate interstitial-gland hyperplasia, the areas exhibiting the most severe 
glandular hyperplasia under low-power magnification (100×) were selected. The severity of hyperplasia was classified 
into three levels: mild (<35%, score 1), moderate (35%–70%, score 2), and severe (>70%, score 3) (Figure 1d–f).

Epithelial hyperplasia was categorized into four levels based on the number of epithelial-cell layers: none (<3 layers, 
score 0), mild (3–5 layers, score 1), moderate (6–8 layers, score 2), and severe (>8 layers, score 3) (Figure 1g–i). 
Similarly, the degree of subepithelial edema was stratified into none (absent, score 0), mild (<10% involvement, score 1), 
moderate (10–50% involvement, score 2), and severe (>50% involvement, score 3) (Figure 1j–l). Subepithelial fibrosis 
was classified into three levels: mild (<50% involvement, score 1), moderate (50–90% involvement, score 2), and severe 
(>90% involvement, score 3) (Figure 1m–o).

Mucosal ulceration (Figure 2a and b), basement-membrane thickening (Figure 2c and d) and goblet cells proliferation 
(Figure 2e and f) were assessed as either absent or present. Predominant type of inflammatory cell was also determined as 
eosinophilic inflammation or lymphoplasmacytic inflammation (Figure 2g and h). Tissue eosinophils were counted in the 
three HPFs with the most severe inflammatory-cell infiltrations in each tissue section, and the average of the three values 
was used for analysis. Similarly, for goblet-cell quantification, in the average of counts from three distinct HPFs was used 
for analysis. Type 2 CRSwNP was defined as the presence of ≥10 tissue eosinophils per HPF.

Statistical Analysis
All statistical analyses were performed using SPSS software (version 27.0; IBM Corp., Armonk, NY, USA) and GraphPad 
Prism 5 (GraphPad Prism Software Inc., San Diego, CA, USA). Continuous variables are expressed as medians ± interquartile 
ranges. Categorical variables are presented as counts and percentages. Chi square test or Fisher’s exact test was used to 
compare categorical variables, and the Mann–Whitney U-test was used to compare continuous variables. Logistic regression 
analyses were used to assess the association between revision surgery and histopathological features by calculating the odds 
ratios (ORs) with 95% confidence intervals (CIs). To identify the optimal cutoff values for histopathological features to predict 
the need for revision surgery, receiver operating characteristic (ROC) curves were constructed, and the areas under the curves 
(AUC) were calculated. Statistical significance was set at P < 0.05. The calculated post-hoc power was 87.3% of the difference 
between the primary outcomes in the study groups. Prior to conducting multivariate logistic regression, multicollinearity among 
the independent variables was assessed by calculating variance inflation factors (VIF) through linear regression modeling.

Results
Clinical Characteristics of Participants
A total of 161 patients diagnosed with CRSwNP, including 64 girls and 97 boys, were included in the study. Twenty-two 
(13.7%) patients underwent revision surgery. Baseline demographic characteristics of the entire cohort, along with 
comparisons between patients who underwent revision surgery and those who did not, are summarized in Table 1. 
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Figure 1 Representative histopathological images of degree of inflammation ((a), mild; (b), moderate; (c), severe. Arrowheads indicate inflammatory cell infiltration. 
Magnification 100X), interstitial gland percentage ((d), mild; (e), moderate; (f), severe. Dashed lines outline interstitial gland areas. Magnification 100X), epithelial hyperplasia 
((g), mild; (h), moderate; (i), severe. Arrowheads mark the epithelium. Magnification 200X), subepithelial edema ((j), mild; (k), moderate; (l), severe. Arrowheads indicate 
areas of edema. Magnification 200X), subepithelial fibrosis ((m), mild; (n), moderate; (o), severe. Arrowheads denote fibrotic regions. Magnification 200X).
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The median patient age was 16.0 (1.8) years. The rates of revision surgery did not differ significantly among the surgeons 
or across different years.

Bilateral nasal polyps and comorbid asthma were observed in 134 (83.2%) and 3 (1.9%) patients, respectively. 
Inhalant allergy test using ImmunoCAP Phadiatop (ThermoFisher Scientific, Uppsala, Sweden) was positive in 38 

Figure 2 Representative histopathological images of mucosal ulceration (a), absence; (b), presence. Arrows indicate areas of mucosal ulceration. Magnification 200X), 
basement membrane thickening ((c), absence; (d), presence. Arrows highlight the thickened basement membrane. Magnification 200X), goblet cells proliferation ((e), 
absence; (f), presence. Arrows point to goblet cell hyperplasia. Magnification 400X), predominant type of inflammation (g)), eosinophilic inflammation; (h), lymphoplasma
cytic inflammation. Magnification 400X).
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patients (23.6%), and the median serum immunoglobulin E (IgE) level was 70.0 (64.7) KU/L, demonstrating variability 
within the cohort. A history of adenoidectomy was reported in 14 patients (8.7%). The median Lund–Mackay score was 
10.0 (1.3), and 10 patients (6.2%) exhibited eosinophilia. The median blood eosinophil count was 98.4 (56.4) /μL 
(Table 1).

Histopathological Characteristics
Histopathological analysis revealed that the degree of inflammation was significantly higher in participants who under
went revision surgery than in those who did not {2.0 (0.5) vs 1.0 (0.5), P=0.001}. Furthermore, the tissue eosinophil 
count per HPF was significantly higher in patients requiring revision surgery {33.0 (33.3) vs 12.0 (11.5), P<0.001)}. 
Similarly, goblet-cell hyperplasia was more pronounced in the revision surgery group than that in the no revision surgery 
group {median goblet-cell count, 3.7 (2.5) per HPF vs 1.6 (1.0) per HPF, P<0.001} (Figure 3a). Type 2 CRSwNP 
(defined as a tissue eosinophil count ≥10/HPF) was observed in 94 patients (58.4%) overall, including 18 patients 
(81.8%) in the revision surgery group and 76 patients (54.7%) in the non-revision group (P = 0.020). Mucosal ulceration 
was more frequently observed in patients undergoing revision surgery (68.2% vs 38.8%, P=0.012), and the percentage of 
interstitial-gland involvement was higher in this group {2.0 (1.0) vs 1.0 (0.5), P=0.019}. However, other histopatholo
gical parameters, including basement-membrane thickening, epithelial hyperplasia, subepithelial edema, and subepithe
lial fibrosis were not significantly different between the groups (Table 2).

Logistic Regression Analyses of the Histopathological Variables for Revision Surgery
In the univariate regression analysis, several factors were significantly associated with revision surgery, including degree 
of inflammation (OR, 2.53; P=0.003), eosinophil count per HPF (OR, 1.03; P<0.001), goblet-cell count per HPF (OR, 
1.19; P=0.002), interstitial-gland percentage (OR, 1.99; P=0.012), and mucosal ulceration (OR, 3.37; P=0.013) were 
significantly associated with revision surgery.

No significant multicollinearity was detected among the independent variables included in the multivariate logistic 
regression model (VIF < 2). In the multivariate regression analysis, the degree of inflammation (OR, 2.30; P=0.028), 
eosinophil count per HPF (OR, 1.031; P<0.001), and goblet-cell count per HPF (OR, 1.201; P=0.004) were significantly 
associated with revision surgery (Table 3).

Table 1 Clinical Characteristics of the Study Population

Total (n = 161) Without Revision Surgery (n = 139) With Revision Surgery (n = 22) P Value†

Age (year) 16.0 (1.8) 16.0 (1.5) 14.0 (2.0) 0.005**
Age groups 0.019*

<6 years 0 (0.0%) 0 (0.0%) 0 (0.0%)

6–11 years 13 (8.1%) 8 (5.8%) 5 (22.7%)
12–18 years 148 (91.9%) 131 (94.2%) 17 (77.3%)

Female: male 64: 97 54:85 10:12 0.556

Bilateral 134 (83.2%) 134 (96.4%) 22 (100.0%) 1.000
Comorbid asthma 3 (1.9%) 3 (2.2%) 0 (0.0%) 1.000

Phadiatop positive 38 (23.6%) 28 (20.1%) 10 (45.5%) 0.015*
Serum total IgE (KU/L) 70.0 (64.7) 67.5 (63.4) 76.8 (75.3) 0.823

History of adenoidectomy 14 (8.7%) 13 (9.4%) 1 (4.5%) 0.695

Lund-Mackay scorea 10.0 (1.3) 9.5 (1.3) 11.3 (1.1) < 0.001***
Eosinophiliab 10 (6.2%) 9 (6.5%) 1 (4.5%) 1.000

Blood eosinophil count (/uL) 98.4 (56.4) 98.0 (56.1) 103.8 (58.0) 0.980

Notes: Data was presented as median (interquartile range) or number (%).† Mann–Whitney U-test for continuous variables; χ2 test or Fisher exact test for categorical 
variables. a Lund-Mackay score was calculated as total score divided by two in the bilateral ESS cases. b Eosinophilia was defined as eosinophils account for more than 5% of 
the circulating leukocytes. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Association of Goblet-Cell Count with the Need for Revision Surgery
The AUC for the goblet-cell count was 0.768 (P<0.001). The optimal cutoff value for predicting revision surgery was 2.5 
goblet cells per HPF, with a sensitivity of 77.3% and specificity of 67.6% (Figure 3b). Similarly, the AUC for the tissue 
eosinophil count was 0.743; the optimal cutoff value was 21.5 eosinophils per HPF, with a sensitivity of 68.2% and 
a specificity of 69.1%.

Discussion
In this study, a higher degree of inflammation, eosinophilic infiltration, goblet-cell hyperplasia, interstitial-gland 
hyperplasia, and mucosal ulceration were significantly more prevalent in patients requiring revision surgery. Moreover, 
both goblet-cell and eosinophil counts emerged as independent indicators for predicting the likelihood of revision 
surgery.

The sinonasal epithelium and its underlying mucosa function as active organs that defend against external stimuli by 
dynamically modulating their tissue architecture.16–19 In this study, we identified several variables that were significantly 

Figure 3 Quantitative analysis and diagnostic performance of goblet cell count. (a) Scatter plot comparing goblet cell count between patients with and without revision 
surgery. A statistically significant difference is observed between the two groups (P < 0.001). (b) Receiver operating characteristic curve assessing the diagnostic value of 
goblet cells count. The area under the curve (AUC = 0.768, P < 0.001), along with the optimal cutoff value of 2.5 showing the best predictive power for revision surgery 
after endoscopic sinus surgery (sensitivity = 77.3%; specificity = 67.6%). *** P < 0.001.

Table 2 Histopathologic Characteristics of the Study Population

Total Without Revision Surgery With Revision Surgery P value†

(n = 161) (n = 139) (n = 22)

Degree of inflammation 1.0 (0.5) 1.0 (0.5) 2.0 (0.5) 0.001**

Eosinophil count/HPF 13.0 (15.5) 12.0 (11.5) 33.0 (33.3) < 0.001***
Type 2 CRSwNPa 94 (58.4%) 76 (54.7%) 18 (81.8%) 0.020*

Goblet cell count/HPF 1.8 (1.4) 1.6 (1.0) 3.7 (2.5) < 0.001***

Percentage of interstitial gland 1.0 (0.5) 1.0 (0.5) 2.0 (1.0) 0.019*
Mucosal ulceration 69 (42.9%) 54 (38.8%) 15 (68.2%) 0.012*

Basement membrane thickening 36 (22.4%) 29 (26.4%) 7 (31.8%) 0.274

Epithelial hyperplasia 0.0 (0.5) 0.0 (0.5) 1.0 (0.5) 0.788
Subepithelial edema 1.0 (1.0) 1.0 (1.0) 1.0 (0.6) 0.206

Subepithelial fibrosis 3.0 (0.5) 3.0 (0.5) 3.0 (0.5) 0.707

Notes: Data was presented as median (interquartile range or number) or number (%). HPF, high power field. † Mann–Whitney U-test for 
continuous variables; χ2 test or Fisher exact test for categorical variables. a Type 2 chronic rhinosinusitis with nasal polyp (CRSwNP) was defined 
as the presence of ≥10 tissue eosinophils per high-power field (HPF). * p < 0.05, ** p < 0.01, *** p < 0.001.
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associated with disease recurrence, including the degree of inflammation, mucosal integrity, and number of mucus- 
secreting cells. Our study revealed that both interstitial-gland percentage and goblet-cell count were significantly higher 
in patients who underwent revision surgery, suggesting that a higher mucus-secreting-cell count may represent a heavier 
disease burden in pediatric patients with CRSwNP. According to the EPOS definition, a key difference in clinical 
diagnosis between adults and children lies in symptom presentation; adults often report a reduction or loss of smell, 
whereas children more commonly present with cough.1 Our findings offer a plausible explanation for this. An increased 
number of mucus-secreting cells may alter both the composition and volume of the mucus, contributing to coughing. This 
symptom burden, in turn, may affect the patient’s or caregiver’s decision regarding revision surgery, although it may also 
be attributed to children’s limited ability to articulate their symptoms and the generally more conservative treatment 
approach in pediatric care.20–22 In our study, goblet-cell count was identified as an independent variable for predicting the 
recurrence of CRSwNP. A cutoff value of 2.5 goblet cells per HPF effectively distinguished recurrent from non-recurrent 
cases, with an AUC of 0.768, sensitivity of 77.3%, and specificity of 67.6%. Considering that our study cohort consisted 
of pediatric patients whose epithelial tissues are typically thinner and more intact, precise quantification of goblet-cell 
counts was feasible.23,24 This quantifiable parameter may serve as a valuable marker in clinical practice, aiding clinicians 
in identifying pediatric patients at increased risk of recurrence and facilitating individualized postoperative management 
strategies.25,26

In our cohort, the prevalence of type 2 CRSwNP (defined as a tissue eosinophil count ≥10/HPF) was higher in 
patients requiring revision surgery compared to those without revision (81.8% vs 54.7%). This suggests that type 2 
eosinophilic inflammation may be associated with poorer surgical outcomes, consistent with adult CRSwNP literature, 
where type 2 inflammation is a well-recognized predictor of recurrence.1 These findings indicate that type 2 endotyping 
remains relevant in pediatric patients and may aid in postoperative risk stratification. However, although the eosinophil 
count was an independent predictor of revision surgery in our cohort, previous studies have shown that its prognostic 
value in children is generally less pronounced than in adults,20,24 reflecting differences in the underlying inflammatory 
profile.

Snidvongs et al reported that pediatric CRS is predominantly characterized by neutrophilic, macrophagic, and 
lymphocytic infiltration.20 Similarly, Mahdavinia et al observed a more prominent lymphocytic infiltration in children, 
whereas adult patients tended to exhibit a stronger eosinophilic response along with marked glandular hyperplasia.27 

Furthermore, Berger et al reported that the inflammatory pattern in pediatric CRS was dominated by chronic inflamma
tory-cell infiltration and fibrosis within the lamina propria, with only sparse eosinophils observed.23 This histological 
distinction is consistent with the findings of Chan et al, who reported that the density of submucosal eosinophils was 
significantly lower in children than in adults.24 In our study, the tissue eosinophil count was 13.0 ± 15.5 per HPF, which 
is markedly lower than the values typically reported in adults. These findings imply that the eosinophilic inflammatory 

Table 3 Logistic Regression Analyses of the Variables for Revision Surgery

Variables Univariate Analysis Multivariate Analysis

Odds Ratio P Value Odds Ratio P Value
(95% CI) (95% CI)

Degree of inflammation 2.53 (1.39–4.62) 0.003** 2.30 (1.10–4.82) 0.028*
Eosinophil count 1.03 (1.01–1.04) <0.001*** 1.03 (1.02–1.05) <0.001***

Goblet cell count 1.19 (1.07–1.32) 0.002** 1.20 (1.06–1.36) 0.004**

Percentage of interstitial gland 1.99 (1.16–3.42) 0.012* 1.48 (0.76–2.88) 0.246
Mucosal ulceration 3.37 (1.29–8.81) 0.013* 2.72 (0.80–9.22) 0.108

Basement membrane thickening 1.77 (0.66–4.75) 0.256

Epithelial hyperplasia 1.05 (0.66–1.67) 0.826
Subepithelial edema 1.26 (0.84–1.90) 0.263

Subepithelial fibrosis 0.93 (0.51–1.68) 0.805

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001. 
Abbreviation: CI, confidence interval.
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response in children may be lower than that in adults, possibly because of their relatively immature immune system. This 
may also explain the observed increase in the number of mucus-secreting cells as a compensatory response.28 This 
emphasizes the importance of identifying alternative histopathological markers in children.

The prevalence of comorbid asthma reported in our study cohort was lower than that in previous reports. The lack of 
comprehensive pulmonary assessments prior to surgery in the majority of patients, combined with reliance solely on medical 
chart reviews, may have resulted in undiagnosed or unrecorded cases of asthma among our participants. However, previous 
studies on adult CRS reported a lower prevalence of comorbid asthma and type 2 inflammation in Asian patients with CRSwNP 
(10–20%), compared to those in Western countries (40–60%).29 Additionally, the prevalence of CRSwNP and concomitant 
asthma increases with age.30,31 Furthermore, a previous study also revealed that asthma remained undiagnosed in many patients 
with CRSwNP.32 Taken together, asthma may be easily undiagnosed due to its relatively low prevalence in pediatric CRSwNP. 
Future studies with comprehensive pulmonary evaluations for asthma comorbidity in pediatric patients with CRSwNP are 
necessary.

In this study, all key histopathological markers were identified using routine H&E staining, and they exhibited consistent 
visibility and quantifiability under standard evaluation protocols. These findings have immediate clinical applicability, as they 
can be readily incorporated into histopathological reports to assist in postoperative risk stratification and guide the intensity of 
follow-up care. Their measurable and reproducible natures make them ideal input variables for artificial intelligence-based 
image-recognition models aimed at predicting surgical recurrence.33 Together, these dual strengths underscore the broader 
significance of our results, suggesting that they may not only inform current clinical practice, but also contribute to the 
development of artificial intelligence-assisted diagnostic tools in the future.34,35 In addition, our study provides a detailed 
characterization of the inflammatory patterns in pediatric CRSwNP, offering valuable histological insights into this relatively 
underexplored population.

Several limitations of our study must be acknowledged. First, the retrospective design of our study has several inherent 
limitations, including missing data, non-standardized clinical information, and insufficient long-term follow-up. Second, the 
homogeneity and comparability across surgical teams cannot be assured due to the retrospective nature of the review. However, 
surgical principles and perioperative management protocols were similar among the surgeons, and the rates of revision surgery 
did not differ significantly between surgeons or across different years within the current study cohort. Although surgical 
principles and perioperative management protocols remained consistent among surgeons during the study period, diagnostic 
and therapeutic approaches for pediatric CRSwNP may have gradually evolved over the 13 years. These changes were not 
specifically evaluated in the analysis. Third, our cohort was recruited from a single tertiary referral medical center, introducing 
a potential selection bias and limiting the generalizability of our findings owing to variations in patient characteristics and 
treatment approaches across different hospitals and regions, especially considering the significant heterogeneity observed in 
CRSwNP. However, patients with severe disease burden are also prone to resistance to therapy and require comprehensive 
evaluations. Finally, our study evaluated treatment success solely based on the need for revision surgery without considering 
other crucial clinical outcomes such as symptom improvement or quality-of-life measures. Future studies should incorporate 
comprehensive clinical assessment tools to facilitate better clinical management and holistic prognostic evaluations.36,37

Conclusion
Histopathological features, including elevated eosinophil count, goblet-cell hyperplasia, marked mucosal inflammation, 
interstitial-gland hyperplasia, and mucosal ulceration, were associated with the need for revision in pediatric patients with 
CRSwNP. Incorporating these histopathological characteristics into routine evaluations may aid clinicians in stratifying 
disease severity and tailoring the intensity of postoperative adjunctive therapies and follow-up care.

Abbreviations
ESS, Endoscopic sinus surgery; CRS, chronic rhinosinusitis; CRSwNP, chronic rhinosinusitis with nasal polyp; OR, odds 
ratio; H&E, hematoxylin and eosin; HPF, high-power field; CI, confidence interval; ROC, Receiver operating character
istic; AUC, area under the curve; IgE, immunoglobulin E; VIF, variance inflation factors.
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