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Abstract

Introduction: Pediatric acute appendicitis (PAA) remains challenging to diagnose despite existing
diagnostic scores. The BIDIAP index is a three-item diagnostic tool with very high discriminative
performance in a derivation cohort. This study aimed to prospectively and externally validate the
BIDIAP index in a multicenter pediatric population. Material and Methods: We conducted a
prospective, multicenter observational study across four tertiary pediatric centers, enrolling children
presenting with suspected PAA. Two groups were analyzed: patients with histopathologically
confirmed PAA and patients in whom appendicitis was confidently excluded after diagnostic work-
up, classified as non-surgical abdominal pain (NSAP). The BIDIAP index was applied using a
predefined cutoff (= 4 points), and diagnostic performance was assessed using ROC analysis,
calibration metrics, and decision curve analysis (DCA). Results: A total of 644 patients meeting the
prespecified analytical criteria were included in the primary analysis. The BIDIAP index
demonstrated excellent diagnostic performance, with an area under the ROC curve of 0.93 (95% CI,
0.92-0.95). The calibration slope was 1.00, and the intercept was close to zero, indicating close
agreement between predicted and observed risks. At the prespecified cutoff value of > 4 points, the
BIDIAP index achieved a sensitivity of 89.89% and a specificity of 83.21%. DCA showed a positive
net clinical benefit of the BIDIAP index over treat-all and treat-none strategies across the full range
of clinically relevant threshold probabilities. Conclusions: The BIDIAP index demonstrated excellent
diagnostic performance for PAA. Its simplicity, based on only three items, and its potential
applicability even when the appendix is not visualized on ultrasonography make the BIDIAP index
a promising tool for supporting clinical decision-making in routine pediatric emergency practice.
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Introduction

Pediatric acute appendicitis (PAA) is the most common surgical emergency in childhood
worldwide [1]. Its diagnosis is based on integrating clinical assessment, peripheral blood analysis,
and imaging studies. Despite this multimodal diagnostic strategy, clinically relevant diagnostic
errors remain frequent, contributing to preventable morbidity and worse outcomes [2].

Multivariable diagnostic scores represent a helpful adjunct in the evaluation of suspected PAA,
aiming to standardize clinical assessment and optimize diagnostic performance. Among these, the
Alvarado score was one of the earliest and most widely adopted tools, originally developed and
validated primarily in adult populations [3]. However, its performance in children has been
inconsistent, prompting concerns regarding limited discriminative ability and reduced applicability
in pediatric settings [4,5]. Consequently, several pediatric-specific risk stratification tools have been
developed, including the Pediatric Appendicitis Score (PAS) [4,6,7] and the Pediatric Appendicitis
Risk Calculator (pARC) [8,9], which incorporate population-appropriate clinical and laboratory
variables to better reflect the presentation of acute appendicitis in children and to improve diagnostic
accuracy. Nevertheless, both PAS and pARC are multi-item instruments that require integrating
several clinical and laboratory variables, which may limit their practical applicability in time-
pressured settings. In particular, the PAS comprises eight components. In contrast, the pARC
incorporates nine variables, including modifiers such as care setting, potentially limiting rapid
bedside calculation in time-pressured Emergency Department environments. Consequently, despite
generally good diagnostic performance on external validation [4,6-9], their use may be time-
consuming in busy emergency department environments.

Previous studies have reported sociodemographic disparities in the diagnosis and outcomes of
PAA [10], including differences related to age, sex, and socioeconomic context, which may affect time
to diagnosis and complication rates. Such inequalities highlight the importance of diagnostic tools
that are simple, standardized, and applicable across diverse clinical settings.

In 2023, our research group developed a novel diagnostic index, termed the BIDIAP index,
composed of three readily available items. The index was derived from a prospective single-center
cohort and identified ultrasonographic appendiceal caliber, systemic immune-inflammation index
(SII), and peritoneal irritation as key predictors of PAA [11]. In the derivation cohort, the BIDIAP
index demonstrated very high discriminative performance, with an area under the receiver operating
characteristic curve of 0.97. However, as this performance was obtained on a derivation dataset, the
possibility of overfitting cannot be ruled out. Consequently, the primary objective of the present
study was to perform a prospective multicenter external validation of the BIDIAP index to assess its
diagnostic performance and generalizability in routine clinical practice.

Material and Methods
Study Design

Building upon the development of the BIDIAP index, BIDIAP-2 (Biomarkers for the Dlagnosis
of Appendicitis in Pediatrics 2) was a prospective, observational, multicenter study conducted across
four Spanish tertiary referral centers between March 2024 and April 2025. Its primary objective was
to validate the BIDIAP index for diagnosing pediatric acute appendicitis (PAA). The study
consecutively enrolled pediatric patients (0-18 years) presenting with a formal clinical suspicion of
PAA. Participants were subsequently stratified into two groups: (1) those with histopathologically
confirmed PAA (PAA group) and (2) those in whom appendicitis was reliably excluded (non-surgical
abdominal pain, NSAP group). Histopathological examination of the surgical specimen served as the
reference standard for diagnosing PAA. In the NSAP group, PAA was excluded based on clinical
assessment, identification of an alternative diagnosis when applicable, and structured follow-up
confirming the absence of subsequent appendicitis. Losses to follow-up were recorded. Patients who
underwent appendectomy but showed no histopathological evidence of acute appendicitis (negative
appendectomy) were classified within the NSAP group.
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Approval from the institutional review board was obtained before study initiation. Before
enrollment, written informed consent was obtained from the parents or legal guardians of all patients.
All clinical and sociodemographic data were anonymized in accordance with applicable data
protection regulations. The study was conducted in accordance with the principles of the Declaration
of Helsinki (2013 revision) and reported according to the STARD 2015 (Standards for Reporting
Diagnostic Accuracy Studies) guidelines [12] and the TRIPOD+AI (Transparent Reporting of a
multivariable prediction model for Individual Prognosis Or Diagnosis) statement for the external
validation of prediction models [13] (Supplementary Files S1 and S2). Supplementary File S3 details
inclusion and exclusion criteria.

Sample Collection

In all patients, a peripheral venous blood sample was obtained upon arrival at the Pediatric
Emergency Department as part of the initial diagnostic workup. Specifically, blood was drawn into
three separate vacuum tubes: a K2-EDTA tube for the complete blood count (CBC) and calculation of
the SII, a sodium citrate tube for coagulation studies, and a serum separator tube (SST) with clot
activator for biochemical analysis. For each tube, 2.5-4 mL of blood was collected. Samples were
processed following the specific protocols of each Clinical Analysis Department and in strict
accordance with the manufacturers’ operating instructions for the automated analyzers.

Data Collection, Storage, and Processing

All study data were collected, stored, and processed securely using encrypted systems with
restricted access. Access to the data was limited to the study investigators, and the data were kept
anonymized at all times, in compliance with applicable data protection regulations.

Systemic-Immune Index Calculation

For the calculation of the SII, the absolute neutrophil count (ANC), absolute platelet count
(APC), and absolute lymphocyte count (ALC) were extracted from the blood count. The SII was
calculated using the formula: SII = (ANC x APC) / ALC, as previously described in the literature. All
hematological values (ANC, APC, ALC) were expressed in International System units (x10°/L) while
the SII is an index and therefore is dimensionless.

Ultrasonographic Measurements and Data Collection

The attending radiologist on duty performed a diagnostic ultrasound examination on all patients
at the time of emergency evaluation. Data collection was conducted using a standardized template
developed prior to study initiation.

Calculation of the BIDIAP Index

The BIDIAP index was calculated based on the three independent predictors identified in the
original derivation cohort. These variables were dichotomized using optimal cut-off points.
Specifically, the index assigns 4 points for an appendiceal caliber > 6.9 mm, 3 points for an SII > 890,
and 2 points for peritoneal irritation (PI).

The total score is the sum of these components, ranging from 0 to 9 points. In the original study,
a cut-off value of 4 points was established as the optimal threshold for diagnosing pediatric acute
appendicitis (PAA). Based on this threshold, a diagnosis of PAA is confirmed if the appendiceal
caliber is > 6.9 mm (scoring 4 points) or if the patient presents with both an SII > 890 and peritoneal
irritation (scoring 3 + 2 = 5 points).

For the present study, the BIDIAP index was calculated for all included patients, maintaining
the predefined cut-off of > 4 points as the primary validation threshold. Additionally, alternative cut-
off points were explored to assess their diagnostic performance and clinical utility in this multicenter
cohort.
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Although PI was analyzed descriptively as a three-level variable, cases classified as unclear were
coded as negative (0 points) for inclusion in the primary analysis. Likewise, when ultrasonography
was performed, but the appendiceal caliber was not reported, the corresponding index component
was assigned 0 points.

Statistical Analysis

Sample Size

Before study initiation, the sample size was calculated to ensure adequate power to externally
validate the discriminative performance of the BIDIAP Index against a conservative null hypothesis
reflecting commonly used pediatric appendicitis scores. The null hypothesis was set at an AUC =0.85
(representative of widely used pediatric appendicitis scores), versus an alternative hypothesis of
AUC = 0.90 for BIDIAP, assuming a more conservative performance than that reported in the
derivation phase (AUC = 0.97) to reflect an external validation scenario. Using the Hanley—McNeil
methodology for ROC analysis [14,15], with a two-sided significance level of 0.05 and 80% statistical
power, and assuming an estimated prevalence of 50% of pediatric acute appendicitis in the study
population (patients with formal clinical suspicion), the required sample size was 322 patients (161
per group). Based on missing data observed in the original derivation study, where incomplete
appendiceal caliber measurements led to patient losses, an additional safety margin was applied to
the estimated sample size. Accordingly, the target recruitment was increased by approximately 10—
15% to account for potential missing data, resulting in a final planned sample size of approximately
360-370 patients.

Analytical Sample Definition and Missing Data Handling

The primary analysis included all patients with available data for all components required to
compute the BIDIAP score, defined a priori as: (1) complete blood count enabling calculation of the
SII, (2) a documented assessment of PI, and (3) a performed ultrasonographic examination. When
ultrasonography was performed but the appendiceal caliber was not reported, this component was
coded as 0 points per a prespecified operational rule. No statistical imputation of missing data was
performed. Patients lacking any of the required components for score calculation were excluded from
the primary analysis.

Statistical Analysis for Group Comparisons

Statistical assumptions were verified before test selection. The normality of continuous variables
was assessed using the Shapiro-Wilk test and visual inspection of histograms. Homogeneity of
variances between groups was evaluated using the Brown-Forsythe test (median-centered).
Depending on distributional characteristics, either parametric tests (Student’s t-test) or non-
parametric alternatives (Mann-Whitney U test) were applied. Categorical variables were compared
using the Chi-square test or Fisher’s exact test when expected cell counts were below 5. Given the
descriptive nature of baseline comparisons, p-values were not adjusted for multiple testing.

Data Visualization and Graphical Analysis

Raincloud plots were used to visualize the distribution of selected continuous variables across
groups. Medians and interquartile ranges were reported to summarize central tendency and
dispersion.
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Receiver Operating Characteristic Curve Analysis

Receiver operating characteristic (ROC) curve analysis was performed to evaluate the
discriminative performance of continuous variables. The area under the ROC curve (AUC) was used
as a global measure of diagnostic accuracy. As a secondary robustness check, 10-fold stratified cross-
validation was performed to assess the stability of discrimination across subsamples of the validation
cohort. Cross-validation was not used for model fitting or optimization.

Additionally, non-parametric bootstrap resampling (1,000 iterations, percentile method) was
used to estimate the 95% confidence intervals for the AUC. Cross-validation and bootstrap were used
in a complementary manner to assess the stability of discrimination estimates and population-level
variability. AUCs were compared using the DeLong test for correlated ROC curves.

Calibration

Calibration of the BIDIAP index was evaluated by comparing predicted probabilities with
observed outcome frequencies across deciles of risk using calibration plots. To obtain predicted risks
for calibration, a logistic regression model was fitted using the BIDIAP index as the sole predictor,
and the resulting predicted probabilities were used for subsequent analyses. Overall model
performance was further assessed using the Brier score as a measure of prediction accuracy, with
lower values indicating better performance. In addition, calibration slope and calibration intercept
were estimated by regressing the observed outcome on the logit of the predicted risk; a slope close to
1 and an intercept close to 0 were considered indicative of good calibration across the multicenter
cohort.

Decision Curve Analysis

The clinical utility of the BIDIAP index was explored through decision curve analysis (DCA)
[16], which quantified the net benefit of each strategy across a range of threshold probabilities,
compared to default strategies of treating all or treating none.

Sensitivity Analyses

Two prespecified sensitivity analyses were performed to assess the robustness of the BIDIAP
index under alternative, clinically plausible assumptions.

First, because the interpretation of peritoneal irritation (PI) may be uncertain in a subset of
patients, a sensitivity analysis was conducted in which cases classified as unclear for PI were
considered positive. In contrast, in the primary analysis, they were coded as negative.

Second, to specifically evaluate the impact of ultrasonographic availability of the highest-
weighted score component, a sensitivity analysis was performed, restricting the analysis to patients
in whom the appendiceal diameter was directly measured on ultrasonography. In both analyses, the
original score structure, variable definitions, and prespecified cutoff values were maintained, and
diagnostic performance, calibration, and clinical utility were reassessed using the same statistical
framework as in the primary analysis.

Statistical Significance Level and Software

All tests were two-tailed, and p-values < 0.05 were considered statistically significant. Statistical
analyses were performed using Stata version 19.0 (StataCorp LLC, College Station, TX, USA) and R
version 4.5.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Study Population

A total of 725 children evaluated for suspected acute appendicitis were prospectively enrolled
during the study period. After excluding patients with missing key diagnostic data, lack of informed
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consent, incorrect inclusion criteria, or inadequate reference standard (n = 6), 719 patients were
retained in the final cohort. This cohort comprised 305 patients in whom PAA was confidently
excluded (classified as NSAP) and 414 patients with histopathologically confirmed acute appendicitis
(PAA). Of the patients included in the NSAP group, 23 corresponded to cases of negative
appendectomy, in which surgical exploration was performed but histopathological examination
excluded PAA. Data required to compute the BIDIAP score according to the prespecified operational
criteria were available for 644 patients. For this definition, data completeness required that an
ultrasonographic examination had been performed, regardless of whether the appendix was directly
visualized, in keeping with the predefined operational rules of the BIDIAP index. Patient flow,
exclusions, and reference standard assignment are detailed in Supplementary File S4.

Baseline Sociodemographic and Clinical Characteristics

At the sociodemographic level, a statistically significant difference in sex distribution was
observed, with a higher proportion of males in the PAA group than in the NSAP group (p = 0.002).
Regarding clinical variables, patients with PAA showed a significantly higher prevalence of
hyporexia and vomiting (p <0.001), as well as a markedly increased prevalence of positive peritoneal
irritation signs (Blumberg sign) (p < 0.001). In addition, inflammatory laboratory parameters were
significantly higher in the PAA group, including total leukocyte count, ANC, ALC, SII, and C-reactive
protein levels (p <0.0001). Ultrasound-measured appendix transverse diameter was also significantly
larger in patients with PAA than in those with NSAP (p <0.0001). Comparisons of sociodemographic
and clinical characteristics between patients with complete BIDIAP index data and those with
missing data showed no statistically significant differences.

Diagnostic Performance of the BIDIAP Index

Patients in the NSAP group had a median (IQR) BIDIAP index of 2 (0-3), whereas patients with
acute appendicitis had substantially higher scores, with a median (IQR) of 7 (5-9) (p < 0.0001).
Receiver operating characteristic analysis demonstrated excellent discriminatory performance, with
an area under the curve of 0.93 (95% CI, 0.92-0.95) (Figure 1). Bootstrap resampling with 2,000
iterations yielded an AUC of 0.93 (95% CI, 0.92-0.95). Using the pre-specified cutoff of > 4 points, the
BIDIAP index showed a sensitivity of 89.89% and a specificity of 83.21%, with a positive likelihood
ratio (LR+) of 5.35, a negative likelihood ratio (LR-) of 0.12, a positive predictive value (PPV) of 88.3%
and a negative predictive value (NPV) of 85.4%. Table 2 summarizes sensitivity, specificity, positive
and negative predictive values, and likelihood ratios across the evaluated BIDIAP index cutoff points.
Table 3 presents the 2x2 contingency table summarizing true positives, false positives, true negatives,
and false negatives for the BIDIAP index at the prespecified cutoff of > 4 points.

Table 1. Sociodemographic and clinical characteristics of the patients.

1 (NSAP 2 (PAA
Sociodemographics Group 1 (NSAP) Group 2 ( )

n =305 n=414 P-value

Age,y 9.98 (2.84) 10.15 (3.13) 0.46%
Sex, M/F 149/155 250/164 0,002+

. . o

Duration of abdominal pain, h 24 (12-48) 24(12-48)  0.243%
Hyporexia, Yes/No 145/151 254/152 <0.001**

Fever at home, Yes/No 82/220 124/288 0.39**
Vomiting, Yes/No 119/184 231/180 <0.001**

Diarrhea, Yes/No 58/245 77/335 0.69**
Peritoneal irritation (Blumberg sign), Yes/No/Unclear 80/106/84 254/59/69  <0.001**
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<0.0001*
Absolute leukocyte count (1x10°/L)! 9.1(6.9-13.2) 15.4(12.06-18.3)
<0.0001*
Absolute lymphocyte count (1x10%/L)! 2.13 (1.4-2.9) 1.6 (1.07-2.2) o
. <0.0001*
Absolute neutrophil count (1x10°/L)! 5.5 (3.87-10)  12.5(8.9-15.6) -
Absolute platelet count (1x10%/L) 289.97 (74.16) 29752 (74.01)  0.18%
s 758.23 (403.93- 2336.42 <0.0001*
1701.5) (1219.75-4108.5)  **
. . . <0.0001*
Appendiceal ultrasonographic transverse diameter, mm?! 5 (4-6) 8.8 (7.5-10) -
*
C-Reactive Protein (mg/L) 5 (0.6-20) 24.75 (7.9-64.6) <O'E)£01
<0.0001*
BIDIAP score! 2 (0-3) 7 (5-9) 0 280

*:t-test (two-sided); **:x? test (two-sided); ***: Mann-Whitney U test (two-sided). 1: Median (interquartile range).
Numbers are the mean (standard deviation) or the total number. NSAP non-surgical abdominal pain, PAA
pediatric acute appendicitis, M male, y years, I hours, SII Systemic-Immune Inflammation Index, Denominators

vary across variables due to missing data.

Table 2. Cutoffs for BIDIAP Index. Pediatric acute appendicitis (PAA) vs non-surgical abdominal pain (NSAP).

Correctly
BIDIAP Index cut-off valueclassifiedSensitivitySpecificity LR+ LR- PPV (%) NPV (%)
(%) (%) (%)
22 74.22 98.14 40.67 1.65 0.05 70 94
>3 79.81 96.28 56.72 2.22 0.07 76 92
24 87.11 89.89 83.21 5.35 0.12 88.3 85.4
25 84.47 83.78 85.45 5.76 0.19 89 79
>6 83.23 73.14 97.39 28 0.28 98 72
>7 78.57 64.36 98.51 43.12 0.36 98 66
>9 67.86 45.21 99.63  121.17  0.54 99 56

LR Likelihood ratio; NPV Negative predictive value, PPV Positive predictive value.

1.00 o
0.754
2
=
= 050+
c [
v
v
0.25 1
0.00 ¢
T T T T T
0.00 0.25 0.50 0.75 1.00
1 — specificity

Area under ROC curve = 0.9333
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Figure 1. Receiver operating characteristic (ROC) curve illustrating the diagnostic performance of the BIDIAP
index (PAA vs. NSAP). The BIDIAP index demonstrated excellent discrimination, with an area under the curve
(AUC) of 0.93 (95% CI, 0.92-0.95).

Calibration — BIDIAP Index

1.09 o.e=1.000
CITL =-0.000
Slope = 1.000
AUC = 0.933

—-=== Reference
o Groups

—— 95%Cls

—— Smoother

Observed

00 02 04 06 08 10
Expected

Figure 2. Calibration plot of the BIDIAP index showing agreement between predicted and observed probabilities
of acute appendicitis. Predicted risks were grouped into deciles, with points representing observed event rates
and the dashed line indicating ideal calibration. The BIDIAP index showed excellent calibration, with a
calibration slope of 1.00 and an intercept close to zero.

.6

A -
é ——— Net Benefit: Treat All
= —— Net Benefit: Treat None
] —— Net Benefit: BIDIAP Index
4

2

d \

0] 2 4 .6 8 1

Threshold Probability

Figure 3. Decision curve analysis (DCA) evaluating the clinical utility of the BIDIAP index. Across the full range
of threshold probabilities, the net benefit of the BIDIAP index exceeded that of both the treat-all and treat-none
strategies, indicating potential clinical usefulness across a wide range of decision thresholds.
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Table 3. Contingency Table (True Positives, False Positives, True Negatives, and False Negatives) for the BIDIAP
Index at the Prespecified Cutoff of >4 Points. Pediatric acute appendicitis (PAA) vs non-surgical abdominal pain

(NSAP).
BIDIAP Index cut-off value PAA NSAP Total
>4 338 (TP) 45 (FP) 383
<4 38 (FN) 223 (TN) 261
Total 376 268 644

TP True positives; TN True negatives, FP False positives; FN False negatives.

Calibration of the BIDIAP Index

The BIDIAP index showed excellent calibration. Logistic calibration analysis demonstrated a
calibration slope of 1.00 (95% CI, 0.85-1.15) and a calibration intercept not significantly different from
zero, indicating the absence of systematic over- or underestimation of risk (Figure 2). Overall
predictive accuracy was high, with a Brier score of 0.10. Bootstrap internal validation using bootstrap
resampling (2,000 iterations) demonstrated excellent calibration, with a calibration slope of 1.00 and
an intercept not significantly different from zero, indicating stable and well-calibrated risk
predictions.

Decision Curve Analysis of the BIDIAP Index

Decision curve analysis demonstrated that the BIDIAP index provided a net clinical benefit
across the full range of clinically relevant threshold probabilities. Throughout this interval, the net
benefit of the BIDIAP index consistently exceeded those of the “treat all” and “treat none” strategies,
indicating potential clinical utility across a wide range of decision thresholds (Figure 3).

Sensitivity Analyses

A first sensitivity analysis was performed to assess the impact of peritoneal irritation (PI) coding
on the diagnostic performance of the BIDIAP index, reclassifying cases initially considered unclear
as positive rather than negative for index calculation. Under this alternative assumption, the BIDIAP
index maintained excellent discriminative ability, with an area under the ROC curve of 0.93 (AUC
0.927; 95% CI, 0.91-0.95). Internal validation using bootstrap resampling (2,000 iterations) confirmed
the robustness of these findings, yielding a bootstrap-corrected AUC of 0.927 (95% CI, 0.91-0.95).
Using the pre-specified cutoff of > 4 points, the BIDIAP index showed a sensitivity of 93.35% and a
specificity of 71.64%, with a positive likelihood ratio (LR+) of 3.3, and a negative likelihood ratio (LR-)
of 0.13. Overall predictive accuracy remained high, with a Brier score of 0.10. Calibration remained
excellent, with predicted probabilities closely aligned with the observed outcome prevalence, and
DCA demonstrated unchanged clinical utility, with consistent net benefit over treat-all and treat-
none strategies across the full range of clinically relevant threshold probabilities.

A second sensitivity analysis (n =433) was performed restricting the sample to patients in whom
the appendiceal diameter was successfully measured on ultrasonography. Within this subgroup, the
BIDIAP index maintained excellent discriminative performance, with an area under the receiver
operating characteristic curve of 0.93. Bootstrap internal validation (2,000 resamples) confirmed the
robustness of discrimination, yielding an AUC of 0.93 (95% CI, 0.91-0.96). Model calibration
remained excellent in this restricted cohort, with a calibration slope of 1.00 and an intercept not
significantly different from zero, indicating the absence of systematic over- or underestimation of
risk. Overall predictive accuracy was high, as reflected by a low Brier score (0.085). Consistent with
the primary analysis, decision curve analysis demonstrated preserved clinical utility across the full
range of clinically relevant threshold probabilities, with net benefit superior to treat-all and treat-
none strategies.
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Discussion

This study completes the prospective, multicenter external validation of the BIDIAP index in a
real-world pediatric emergency setting. In a large, well-characterized cohort, the BIDIAP index
demonstrated excellent diagnostic performance, with high discriminatory ability, as reflected by a
robust area under the ROC curve, and excellent calibration, indicating accurate risk estimation across
the spectrum of predicted probabilities. Moreover, DCA confirmed consistent clinical utility, with net
benefit superior to treat-all and treat-none strategies across clinically relevant thresholds. Taken
together, these findings support the reliability, robustness, and potential clinical value of the BIDIAP
index as a simple, well-calibrated tool for assessing suspected PAA.

In relation to prior evidence, commonly used pediatric appendicitis scores, such as the PAS and
PARC, have shown variable performance across external validation studies. In most published
validation cohorts, reported AUC values for these tools are below 0.90 [7,9], reflecting variability
across populations and clinical contexts. Moreover, many available validations have been conducted
in single-center settings, which may limit generalizability. In this context, and to the best of our
knowledge, the diagnostic performance observed in the present study represents one of the highest
levels of discrimination reported for a clinical score undergoing prospective, multicenter external
validation for the diagnosis of PAA.

An additional strength of the BIDIAP index lies in its parsimonious design. By avoiding the
simultaneous inclusion of closely related hematological parameters such as leukocyte and neutrophil
counts, the index reduces potential collinearity while preserving the inflammatory signal through the
SII. Moreover, incorporating ultrasound appendix diameter, a radiological variable with high
diagnostic yield, further enhances discriminatory performance. Importantly, non-visualization of the
appendix during pediatric abdominal ultrasound, particularly in non-expert hands, is relatively
common in routine clinical practice [17]. In this regard, a relevant advantage of the BIDIAP index is
that reaching the prespecified diagnostic cutoff of > 4 points does not require this radiological item to
be positive. As demonstrated in the present validation, a combination of elevated SII (= 890) and
clinical signs of peritoneal irritation is sufficient to identify acute appendicitis even in the absence of
conclusive ultrasound findings, supporting the practical applicability of the BIDIAP index in real-
world emergency settings.

From a resource-utilization and feasibility perspective, the BIDIAP index is a rapid, readily
available diagnostic tool. Its calculation requires only a complete blood count (CBC), a focused
physical examination, and an abdominal ultrasound, all of which are routinely available in
emergency care settings. With the increasing adoption of point-of-care ultrasound (POCUS) for
pediatric abdominal evaluation in emergency departments [18], combined with the low cost, rapid
turnaround time, and wide availability of hematological testing, the BIDIAP index emerges as a
particularly practical option. These characteristics support its potential relevance not only in high-
resource environments but also in resource-limited and developing settings, where access to
advanced imaging or other more complex and costly diagnostic resources, such as novel non-invasive
biomarkers [19] or artificial intelligence—based models [20], may be limited, and rapid, reliable clinical
decision-making is essential.

An important practical implication of our findings relates to the standardization of clinical
definitions when applying the BIDIAP index. In this validation, doubtful or equivocal peritoneal
irritation (PI) on physical examination was deliberately coded as absent (0 points). Although global
discriminative performance, as reflected by the AUC, remained similar under alternative PI coding
strategies, relevant discrepancies emerged in sensitivity and specificity at clinically relevant cutoffs.
In particular, classifying equivocal PI as positive resulted in higher sensitivity but a clear loss of
specificity, leading to an increased rate of false-positive classifications at the prespecified decision
thresholds. From an implementation perspective, this underscores the need for explicit clinical
training to emphasize that, in cases of uncertainty during abdominal examination, PI should not be
scored. Overinterpretation of equivocal findings would artificially inflate the score and compromise
the intended balance between sensitivity and specificity. Consistent adherence to this conservative
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scoring rule is therefore essential to preserve the diagnostic properties of the BIDIAP index observed
in this external validation.

Lastly, regarding cutoffs, a value of > 4 points was selected a priori as the primary threshold
because it was identified as the optimal cutoff in the original derivation cohort and therefore was
prespecified for external validation. Nevertheless, alternative cutoffs of the BIDIAP index offer
clinically meaningful information depending on the intended use of the index. At the > 4 threshold,
the index achieves high overall discrimination and specificity, making it well-suited for identifying
children at high risk of PAA. However, with a sensitivity of approximately 90% and a negative
likelihood ratio (LR-) of 0.12, this cutoff may be suboptimal for safe rule-out in emergency settings,
where LR~ values below 0.1 are generally preferred to confidently exclude serious pathology without
further testing. In this context, lower thresholds merit consideration. Notably, a cutoff of > 2 points
yields a very high sensitivity (98%) and an excellent LR~ of 0.07, supporting its potential use as a
screening or rule-out threshold, albeit at the cost of reduced specificity. These findings suggest that a
dual-threshold strategy, with a low cutoff optimized to rule out PAA and a higher cutoff optimized
to rule in PAA, may enhance clinical decision-making. Such an approach is analogous to strategies
commonly applied with established scores, such as the Alvarado score. It may better reflect the
sequential, risk-stratified nature of decision-making in pediatric emergency care.

This study has several important strengths. It was conducted using a prospective,
methodologically rigorous design, with consecutive patient enrollment across multiple tertiary
centers, thereby enhancing internal validity and clinical relevance. The statistical methodology was
comprehensive and appropriately aligned with the data's nature, incorporating discrimination,
calibration, internal validation, and decision curve analysis. In addition, the study adhered to
established reporting standards for diagnostic and prognostic research, including the STARD and
TRIPOD recommendations, further supporting transparency and methodological robustness. Lastly,
the final sample markedly exceeded the minimum sample size required for external validation,
resulting in narrower uncertainty around discrimination and calibration estimates.

Some limitations should also be acknowledged. Although multicenter, the study was conducted
within a single country, and the performance of the BIDIAP index may differ in other geographic,
sociodemographic, or healthcare settings. Nevertheless, the participating centers spanned different
regions of Spain (Madrid, Castilla y Le6n, and Aragon), providing some geographic and population
variability. In addition, data required to compute the BIDIAP index according to the prespecified
operational criteria were available for 644 of 719 eligible patients. Although no significant differences
in baseline characteristics were observed, the possibility of unmeasured confounding due to missing
ultrasonographic or clinical documentation cannot be entirely ruled out.

A further limitation relates to the management of cases in which the appendix was not visualized
on ultrasonography. In these patients, the absence of a measurable appendiceal caliber was
operationally interpreted as the absence of pathological enlargement, corresponding to 0 points for
the appendiceal diameter component of the BIDIAP index, which is the highest-weighted item (4
points). It should be acknowledged that, in routine clinical practice, non-visualization of the appendix
does not necessarily imply a completely normal examination. Indirect ultrasonographic signs, such
as hyperechogenic periappendiceal fat or the presence of free fluid in the right iliac fossa, may still
raise suspicion of PAA despite the appendix itself not being identified. However, by the definition of
the scoring system, all such cases were classified as negative for the appendiceal diameter item.
Consequently, these patients could only reach the prespecified diagnostic cutoff of > 4 points if the
remaining two components of the index, namely an elevated SII (= 890) and the presence of peritoneal
irritation, were simultaneously present. This approach reflects common clinical practice in pediatric
emergency ultrasound, where non-visualization of the appendix, particularly in low-risk settings, is
frequently considered a reassuring finding rather than an indeterminate one. Nevertheless, from a
statistical perspective, this assumption may not always hold, as non-visualization can also be
influenced by factors such as patient body mass index [21], bowel gas, or operator-dependent
limitations of the acoustic window. Accordingly, while this strategy is clinically defensible and
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consistent with the intended real-world applicability of the BIDIAP index, it may lead to
misclassification in a subset of patients and could influence diagnostic performance estimates.
Notably, however, sensitivity analyses specifically addressing this issue confirmed that the
diagnostic performance of the BIDIAP index remained excellent and, in analyses restricted to patients
with a measured appendiceal diameter, was even slightly improved, thereby supporting the
robustness of the model under alternative, clinically plausible assumptions.

In conclusion, in this prospective, multicenter external validation study, the BIDIAP index
demonstrated excellent diagnostic performance for pediatric acute appendicitis, combining strong
discrimination, accurate calibration, and consistent clinical utility on decision curve analysis. Its
parsimonious design, reliance on widely available clinical, laboratory, and ultrasound variables, and
robustness across sensitivity analyses support its practicality in routine emergency settings. Together,
these findings suggest that the BIDIAP index is a reliable and clinically applicable tool for evaluating
suspected pediatric acute appendicitis, with potential usefulness across a wide range of healthcare
settings.
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