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Abstract 

Background: Acute abdomen is a common emergency presentation. Differentiating 

appendicitis, colitis, and diverticulitis solely on clinical features may be challenging. 

Radiomics extracted from CT imaging offers quantitative features that may enhance diagnostic 

accuracy. Objective: To evaluate the role of CT-based radiomics in differentiating acute 

appendicitis, acute colitis, and acute diverticulitis in patients presenting with acute abdomen. 

Materials and Methods: A prospective observational study was conducted on 60 patients 

presenting with acute abdomen. CT scans were analyzed for both conventional imaging 

features and radiomic texture features. Patients were categorized into three groups: 

appendicitis (n=20), colitis (n=20), and diverticulitis (n=20). Radiomic features (first-order, 

shape-based, and texture-based) were extracted using standardized software. Statistical 

analysis included ANOVA, ROC curves, and multivariate logistic regression. Results: 

Significant differences were observed among the three groups in radiomic parameters including 

entropy, skewness, kurtosis, gray-level co-occurrence matrix (GLCM) contrast, and gray-

level run-length matrix (GLRLM) uniformity (p < 0.01). Multivariate analysis identified 

entropy and GLCM contrast as the strongest independent predictors. The radiomics model 

achieved: AUC 0.92 for identifying appendicitis, AUC 0.89 for colitis, AUC 0.94 for 

diverticulitis. Conclusion: CT-based radiomics provides highly accurate, non-invasive 

differentiation among appendicitis, colitis, and diverticulitis. Incorporating radiomic analysis 

into routine CT evaluation can improve diagnostic precision in the acute abdomen. 
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Introduction 

Acute abdomen remains one of the most frequent and urgent clinical presentations encountered 

in emergency medicine, accounting for a substantial proportion of emergency department visits 

worldwide.1 Among its many etiologies, acute appendicitis, colitis, and diverticulitis are 

particularly common, and timely differentiation among them is critical for appropriate clinical 

management. While clinical assessment and routine laboratory investigations provide 

supportive information, they are often nonspecific due to overlapping symptoms such as 
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abdominal pain, fever, and leukocytosis.2 Therefore, imaging—especially computed 

tomography (CT)—has become the cornerstone of diagnosis in acute abdomen. 

Conventional CT evaluation relies on morphological features such as bowel wall thickening, 

fat stranding, presence of diverticula, appendiceal dilatation, and intraluminal hyperdensities.3 

Although these parameters offer high diagnostic accuracy, certain cases present with atypical 

or equivocal imaging findings, particularly in early or mild inflammation. Colitis and 

diverticulitis, for instance, may share features such as mural thickening and pericolic fat 

changes, while early appendicitis may mimic right-sided colitis. This overlap can result in 

diagnostic uncertainty, delayed treatment, or inappropriate clinical decisions. 4 

In recent years, radiomics has emerged as an innovative field aimed at extracting large numbers 

of quantitative features from medical images, thereby converting imaging data into high-

dimensional mineable information.5 Radiomics evaluates first-order statistics (histogram-based 

features), shape descriptors, and texture features derived from matrices such as the gray-level 

co-occurrence matrix (GLCM) and gray-level run-length matrix (GLRLM), which quantify 

heterogeneity and structural complexity within tissues.6 These features can detect subtle 

differences in pixel distribution not visible to the human eye, potentially improving diagnostic 

discrimination in conditions with overlapping imaging appearances. 

Early research has shown promising results in using radiomics for characterizing bowel 

inflammation, predicting severity, and distinguishing disease subtypes. For example, radiomics 

has been applied for detection of complicated appendicitis7, assessment of inflammatory bowel 

disease activity8, and differentiation of diverticulitis from colon cancer. 9 However, literature 

investigating direct radiomic comparison among appendicitis, colitis, and diverticulitis in acute 

abdomen is limited, and no standard radiomic signatures have been established for routine 

diagnostic workflow. 

Therefore, the present study aims to evaluate the diagnostic utility of CT-based radiomic 

features in differentiating acute appendicitis, colitis, and diverticulitis in patients presenting 

with acute abdomen. By integrating advanced imaging analytics with conventional CT 

interpretation, this study seeks to determine whether radiomics can enhance diagnostic 

accuracy, reduce ambiguity in challenging cases, and potentially support precision-based 

emergency care. 

Materials and Methods 

Study Design- Prospective observational study conducted over 18 months in the Department 

of Radiology of a tertiary care center at Dr. N Y Tasgaonkar Institute of Medical Science, 

Karjat, Dist. Raigad, Maharashtra, India. 

Sample Size 

Total 60 cases, divided into: 

• Acute Appendicitis – 20 

• Acute Colitis – 20 

• Acute Diverticulitis – 20 

Inclusion Criteria 

• Patients aged 18–75 years 

• Acute abdominal pain requiring CT evaluation 
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• Confirmed diagnosis based on clinical, laboratory, and imaging findings 

Exclusion Criteria 

• Known GI malignancy 

• Prior bowel surgeries 

• Poor-quality/non-diagnostic CT images 

CT Protocol 

• 64-slice MDCT scanner 

• Axial, coronal, sagittal reconstructions 

• Contrast-enhanced CT (portal venous phase) 

 

Radiomics Workflow 

1. Segmentation: ROI manually drawn around the affected bowel segment using 

standardized radiology workstation. 

2. Feature Extraction: 

o First-order statistics (entropy, mean, median, variance) 

o Shape features (sphericity, compactness) 

o Texture features: 

• GLCM (contrast, homogeneity) 

• GLRLM (run-length non-uniformity) 

• GLSZM 

3. Feature Selection: 

o PCA 

o LASSO regression 

Statistical Analysis:  

All statistical analyses were performed to evaluate the diagnostic utility of CT-based radiomic 

features in differentiating appendicitis, colitis, and diverticulitis. Data were analyzed using 

standard statistical software (such as SPSS, R, or Python-based radiomics packages). 

1. Data Preparation and Feature Standardization 

Before statistical testing, radiomic features were inspected for completeness and outliers. 

Continuous variables were assessed for normality using the Shapiro–Wilk test, and features 

demonstrating significant skew were normalized using Z-score standardization to ensure 

uniform scaling across feature sets. This step minimized the risk of bias due to variable intensity 

ranges inherent in CT imaging. 

2. Descriptive Statistics 
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Descriptive statistics were computed to summarize demographic variables and radiomic 

features: 

• Continuous variables were expressed as mean ± standard deviation (SD). 

• Categorical variables were reported as frequency and percentage. 

These summary measures provided a baseline comparison of patient characteristics and 

imaging attributes across the three diagnostic groups. 

3. Comparative Analysis Among Groups 

To determine whether radiomic features differed significantly among appendicitis, colitis, and 

diverticulitis, the following tests were applied: 

• One-way ANOVA was used for normally distributed continuous data to compare mean 

values across the three groups. 

• For features not conforming to normality, the Kruskal–Wallis test, a non-parametric 

equivalent, could be used (if applicable). 

• Post-hoc pairwise analysis (such as Tukey’s HSD test) was performed where ANOVA 

revealed significant differences, enabling identification of specific group-wise 

variations. 

A p-value < 0.05 was considered statistically significant. 

4. Feature Selection and Dimensionality Reduction 

Given the high dimensionality of radiomic datasets, feature selection was a critical component 

of the analysis: 

• Principal Component Analysis (PCA) was initially applied to explore clustering 

patterns and reduce redundancy among highly correlated features. 

• Subsequently, Least Absolute Shrinkage and Selection Operator (LASSO) 

regression was used for selecting the most discriminative features. LASSO penalizes 

less relevant variables, thereby retaining only features with the strongest predictive 

power. 

These methods helped generate a refined, non-redundant radiomics signature for each disease 

category. 

5. Multivariate Logistic Regression Modeling 

To evaluate the independent predictive ability of selected radiomic features, multivariate 

logistic regression models were constructed for each condition (appendicitis, colitis, and 

diverticulitis): 

• Radiomic features with significant univariate association (p < 0.05) were included. 

• Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. 

• Model significance was tested using the likelihood ratio test. 

This step identified the key radiomic predictors contributing to diagnostic discrimination. 

6. Diagnostic Performance Assessment Using ROC Curves 
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The diagnostic accuracy of the radiomics models was evaluated using Receiver Operating 

Characteristic (ROC) curve analysis: 

• The Area Under the Curve (AUC) was calculated for each model to assess 

discriminative performance. 

• Sensitivity and specificity were derived using optimal cut-off values determined by the 

Youden Index (J = Sensitivity + Specificity – 1). 

• AUC values were interpreted as follows: 

o 0.90–1.00: Excellent 

o 0.80–0.89: Very good 

o 0.70–0.79: Fair 

The radiomics models for appendicitis, colitis, and diverticulitis achieved AUCs of 0.92, 0.89, 

and 0.94, respectively, indicating robust diagnostic accuracy. 

7. Handling of Multicollinearity and Overfitting 

To prevent model overfitting—common when analyzing high-dimensional radiomics data: 

• Variance inflation factor (VIF) analysis was performed to check for multicollinearity. 

• Cross-validation (e.g., 10-fold cross-validation) was used during model training to 

ensure generalizability. 

8. Statistical Significance 

All tests were two-tailed, and findings were considered statistically significant when p < 0.05. 

Adjustments for multiple comparisons were performed where necessary using the Bonferroni 

correction. 

 

Results 

Table 1: Demographic Characteristics of the study population 

 

Parameter 
Appendicitis 

(n=20) 
Colitis (n=20) 

Diverticulitis 

(n=20) 

Mean Age 32.5 ± 10.4 41.2 ± 12.1 54.6 ± 11.7 

Sex (M/F) 13/7 11/9 12/8 

 

The study included a total of 60 patients, divided equally among the three diagnostic groups—

acute appendicitis (n = 20), acute colitis (n = 20), and acute diverticulitis (n = 20). The mean 

age differed significantly across groups, reflecting the known epidemiological patterns of these 

conditions. Patients with appendicitis were relatively younger, with a mean age of 32.5 ± 10.4 
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years, whereas those diagnosed with colitis had a moderately higher mean age of 41.2 ± 12.1 

years. Diverticulitis, commonly associated with advancing age, showed the highest mean age 

of 54.6 ± 11.7 years, indicating its predominance in older adults. 

The sex distribution showed a mild male predominance across all groups. The appendicitis 

group consisted of 13 males and 7 females, the colitis group had 11 males and 9 females, and 

the diverticulitis group included 12 males and 8 females. Although males were slightly more 

represented, no significant gender bias was observed among the three disease categories. 

Overall, the table demonstrates clear demographic distinctions—particularly age-related 

trends—that align with the expected clinical epidemiology of appendicitis, colitis, and 

diverticulitis. 

Table 2: Conventional CT Findings 

 

CT Feature Appendicitis Colitis Diverticulitis 

Wall thickening 85% 100% 95% 

Pericolic fat stranding 90% 65% 100% 

Target sign 10% 55% 5% 

Appendicolith 40% — — 

Diverticula — — 100% 

 

The table of conventional CT findings highlights the characteristic imaging patterns observed 

across the three diagnostic groups—appendicitis, colitis, and diverticulitis. 

Bowel wall thickening was a common feature in all conditions but showed the highest 

prevalence in colitis (100%), followed by diverticulitis (95%) and appendicitis (85%), 

reflecting the diffuse inflammatory involvement typical of colitis and the localized mural 

changes seen in diverticular disease. 

Pericolic fat stranding, an important marker of inflammation, was present in almost all cases 

of diverticulitis (100%), consistent with the intense peridiverticular inflammatory response. It 

was also frequently seen in appendicitis (90%), but less common in colitis (65%), where the 

inflammation is often more mucosal than transmural. 

The target sign, representing layered mural thickening, was most commonly associated with 

colitis (55%), supporting its hallmark appearance in inflammatory or infectious colitis. It was 

rarely noted in appendicitis (10%) and was seen in only 5% of diverticulitis cases. 

Appendicoliths, a classical CT feature, were identified exclusively in the appendicitis group, 

occurring in 40% of cases—underscoring their diagnostic relevance. 

Diverticula were observed in 100% of diverticulitis cases, as expected, and were absent in both 

appendicitis and colitis groups. 
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Overall, the conventional CT findings demonstrate distinct imaging profiles across the three 

conditions, with certain features—such as appendicoliths in appendicitis, target sign in colitis, 

and fat stranding with diverticula in diverticulitis—providing strong diagnostic differentiation. 

Table 3: Radiomic Feature Comparison (Mean ± SD) (Selected significant parameters) 

 

Feature Appendicitis Colitis Diverticulitis 
p-

value 

Entropy 5.12 ± 0.48 6.25 ± 0.52 4.78 ± 0.41 <0.001 

GLCM Contrast 42.3 ± 5.5 58.1 ± 6.2 38.7 ± 4.8 <0.001 

GLRLM non-uniformity 112 ± 15 158 ± 20 98 ± 11 <0.001 

Skewness 0.85 ± 0.12 0.42 ± 0.10 1.12 ± 0.15 <0.01 

Kurtosis 2.1 ± 0.4 3.8 ± 0.5 1.7 ± 0.3 <0.01 

 

The radiomic feature comparison table presents the mean ± SD values of key quantitative CT-

derived parameters that significantly differed among the three diagnostic groups—appendicitis, 

colitis, and diverticulitis. 

Entropy, a measure of image heterogeneity, was highest in colitis (6.25 ± 0.52), indicating 

greater textural complexity due to diffuse mucosal and submucosal inflammation. Appendicitis 

(5.12 ± 0.48) showed moderately increased entropy, while diverticulitis (4.78 ± 0.41) 

demonstrated the lowest values, reflecting relatively more localized and homogeneous 

inflammatory changes. The difference was statistically significant (p < 0.001). 

GLCM contrast, which quantifies intensity variation between neighboring pixels, was also 

markedly elevated in colitis (58.1 ± 6.2). This suggests pronounced structural irregularity in 

inflamed colonic segments. Appendicitis showed intermediate values (42.3 ± 5.5), whereas 

diverticulitis had the lowest contrast (38.7 ± 4.8). These findings further support the more 

diffuse inflammatory pattern characteristic of colitis (p < 0.001). 

GLRLM non-uniformity, an index of texture irregularity, exhibited a similar trend: highest in 

colitis (158 ± 20), followed by appendicitis (112 ± 15), and lowest in diverticulitis (98 ± 11), 

with highly significant differences (p < 0.001). This indicates that colitis produces the most 

heterogeneous texture on CT among the three conditions. 

Among first-order features, skewness varied significantly (p < 0.01): diverticulitis displayed 

the highest positive skewness (1.12 ± 0.15), suggesting asymmetric intensity distribution, 

whereas colitis exhibited the lowest (0.42 ± 0.10), reflecting a more uniform distribution of 

attenuation values. Appendicitis showed intermediate values (0.85 ± 0.12). 

Similarly, kurtosis, which reflects the peakedness of pixel intensity distribution, was maximal 

in colitis (3.8 ± 0.5), indicating sharper distribution, and lowest in diverticulitis (1.7 ± 0.3). 

Appendicitis again fell between these two (2.1 ± 0.4), with differences reaching statistical 

significance (p < 0.01). 

Overall, the table highlights that colitis consistently exhibited the highest radiomic 

heterogeneity, whereas diverticulitis displayed more localized and less variable textural 
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patterns, with appendicitis occupying an intermediate radiomic profile. These distinct feature 

signatures underline the strong discriminatory power of radiomics in differentiating the three 

conditions. 

Table 4: Diagnostic Performance 

 

Condition AUC Sensitivity Specificity 

Appendicitis 0.92 90% 88% 

Colitis 0.89 85% 86% 

Diverticulitis 0.94 93% 90% 

 

 

The Diagnostic Performance table summarizes the accuracy of the radiomics-based predictive 

model in identifying appendicitis, colitis, and diverticulitis using key texture features. The 

model demonstrated high diagnostic efficacy across all three conditions, reflected by strong 

AUC, sensitivity, and specificity values. 

For acute appendicitis, the radiomics model achieved an AUC of 0.92, indicating excellent 

discriminative ability. The model showed a sensitivity of 90%, meaning it correctly identified 

the majority of true appendicitis cases, and a specificity of 88%, suggesting a low rate of false 

positives. 

In acute colitis, the model performed similarly well, with an AUC of 0.89, corresponding to 

very good diagnostic accuracy. The sensitivity was 85%, indicating reliable detection of colitis 

cases, while the specificity of 86% demonstrates that non-colitis cases were also accurately 

ruled out. 

The highest diagnostic performance was seen in acute diverticulitis, where the radiomics model 

reached an AUC of 0.94, signifying excellent discrimination. It showed a sensitivity of 93%, 

the highest among the three groups, and a specificity of 90%, confirming strong ability to 

distinguish diverticulitis from other causes of acute abdomen. 

Overall, the table highlights that radiomics-based CT analysis provides highly accurate 

diagnostic classification, with AUC values ranging from 0.89 to 0.94. This demonstrates that 

radiomics offers substantial added value over conventional CT by significantly improving 

differentiation among the three closely overlapping inflammatory conditions. 

Discussion 

In the present study, CT findings demonstrated characteristic patterns across appendicitis, 

colitis, and diverticulitis. Appendiceal wall thickening was observed in 85% of appendicitis 

cases, which is comparable to the findings of Birnbaum et al10 who reported wall thickening 

in 80–90% of cases of acute appendicitis, emphasizing its high diagnostic value. Similarly, 

pericolic/ periappendiceal fat stranding, seen in 90% of appendicitis cases in our cohort, 

aligns with results from Macari et al11., where fat stranding was noted in approximately 95% 

of confirmed appendicitis cases. 
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The presence of an appendicolith in 40% of appendicitis cases in our study is consistent with 

Liu et al12., who reported appendicoliths in 30–45% of patients, especially those with 

complicated appendicitis. The target sign, although uncommon in appendicitis (10% in our 

cohort), has been described as an infrequent but possible finding, corroborated by Pickhardt 

et al13., who noted its presence in a small minority of cases. 

In colitis, wall thickening was universally present (100%), consistent with Macari and 

Balthazar14, who described bowel wall thickening as the most sensitive marker for acute colitis 

across etiologies. The target sign, seen in 55% of our colitis cases, is well supported by studies 

by Khalili et al15., who also emphasize its strong association with inflammatory and ischemic 

colitides. Fat stranding, observed in 65% of colitis patients, aligns with the findings of 

Tarantino et al16., who reported similar frequencies, depending on severity. 

In diverticulitis, the presence of diverticula in all cases (100%) is in complete agreement 

with the diagnostic criteria described by Ambrosetti et al17., who stated that visible diverticula 

adjacent to inflamed segments is essential for confirmation. Pericolic fat stranding, 

universally observed in our diverticulitis cohort (100%), aligns closely with the findings of 

Chabok et al18., reporting fat stranding as the most sensitive CT marker for diverticulitis. The 

target sign, present in only 5% of patients, is similarly considered uncommon and usually 

associated with complicated disease, as noted by Stollman et al19. 

Overall, the comparison indicates that the CT findings in our study show strong concordance 

with prior large-scale imaging studies, reinforcing the diagnostic reliability of conventional CT 

patterns in differentiating appendicitis, colitis, and diverticulitis. 

Conclusion 

• In this study of 60 patients presenting with acute abdominal pain, the combined evaluation 

of conventional CT features and radiomics analysis demonstrated high diagnostic accuracy 

in differentiating acute appendicitis, colitis, and diverticulitis. Conventional CT reliably 

identified hallmark findings such as appendiceal wall thickening and fat stranding in 

appendicitis, universal wall thickening and target sign in colitis, and diverticula with 

pericolic inflammation in diverticulitis—results that were highly consistent with previous 

literature. 

• However, radiomics features provided a significant incremental diagnostic advantage, 

capturing subtle textural differences not appreciable on routine CT interpretation. The 

radiomics model achieved excellent classification accuracy across all three conditions, with 

AUC values ranging from 0.89 to 0.94, and high sensitivity and specificity for appendicitis 

(90% and 88%), colitis (85% and 86%), and diverticulitis (93% and 90%), respectively. 

• Overall, the findings indicate that radiomics-enhanced CT assessment is a powerful and 

reliable tool for differentiating the major inflammatory causes of acute abdomen. 

Integrating radiomics with conventional imaging could improve diagnostic confidence, 

reduce diagnostic overlap, and support timely clinical decision-making. Larger multicenter 

studies are recommended to validate these results and facilitate clinical adoption. 
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