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Background: Clinical scoring systems are increasingly used in emergency departments for decision support and risk stratification.
This prospective observational study evaluated the diagnostic performance of the RIPASA score in suspected acute appendicitis and
explored its potential role as a structured decision-support tool within a training environment.

Methods: We conducted a prospective observational study in a university emergency department including patients aged >18 years
presenting with suspected acute appendicitis. The RIPASA score was calculated during routine clinical assessment by physicians with
varying levels of experience. Histopathological findings served as the reference standard for operated patients, while non-operated
patients were followed for one month. Diagnostic performance was assessed using receiver operating characteristic analysis.
Results: Among 135 included patients (median age 28 years), acute appendicitis was confirmed in 55 cases (40.7%). The RIPASA
score demonstrated moderate diagnostic accuracy, with an area under the curve of 0.79 (95% CI, 0.72-0.87). The negative predictive
value in the low-probability group reached 86.4%, whereas the positive predictive value in the high-probability group was 67.4%.
Conclusion: The RIPASA score demonstrated moderate diagnostic performance for risk stratification in suspected acute appendicitis.
While it may support structured clinical reasoning in training settings, it should not be used as a standalone tool for discharge

decisions.

Plain Language Summary: Clinical scoring systems help emergency doctors make decisions and train junior staff. This study
evaluated the RIPASA score in patients with suspected appendicitis to see how well it works as a diagnostic and teaching tool. The
score successfully grouped patients into low and high-risk categories. However, it was not reliable enough to be used alone to send
patients home without further clinical review or tests. These results suggest that the RIPASA score provides a helpful structure for

teaching clinical reasoning to young doctors, though more research is needed to measure its full educational impact.
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Introduction
Acute appendicitis is one of the most common abdominal surgical emergencies worldwide, with a lifetime risk estimated at
6.7-8.6%." Although diagnosis is primarily based on clinical assessment, definitive confirmation relies on histopathological

findings. Atypical presentations are frequent and represent a major source of diagnostic uncertainty, particularly for physicians
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in training.” In high-volume emergency departments, this uncertainty may result in unnecessary imaging, delayed diagnosis,
or inappropriate discharge decisions.

To address these challenges, several clinical scoring systems have been developed to structure diagnostic reasoning
and optimize the use of diagnostic resources.” Among them, the Alvarado and modified Alvarado scores remain widely
used. However, systematic reviews and meta-analyses have demonstrated variability in their diagnostic accuracy across
different populations and clinical settings.*” Differences in demographic characteristics and symptom presentation may
limit their reliability, particularly outside Western contexts.

The RIPASA score, introduced in 2010, incorporates additional demographic and clinical parameters intended to
improve diagnostic performance across diverse populations.® It has demonstrated high sensitivity and specificity in both
Asian and Western settings’ and may therefore offer improved applicability in resource-constrained emergency depart-
ments. Beyond diagnostic performance, structured clinical scores may also support systematic assessment and supervised
clinical reasoning in training environments. However, data regarding the applicability and potential educational relevance
of the RIPASA score in North African emergency departments remain limited.

The objective of this study was to evaluate the diagnostic performance of the RIPASA score and to explore its role as
a structured decision-support tool for risk stratification and discharge planning in an emergency department training setting.

Methods

Ethics Statement

The study was approved by the Ethics Committee of Mahmoud El Matri Hospital (Ariana, Tunisia), the clinical institution
where the study was conducted and where patient data were collected (approval number 11/2023). The committee operates
independently of the universities with which the authors are affiliated. The study was conducted in accordance with the
principles of the Declaration of Helsinki. Written informed consent was obtained from all participants, and patient confidenti-
ality and data protection were ensured throughout the study.

Study Design

This was a prospective observational study.

Setting
The study was conducted in a university-affiliated emergency department in Tunis, Tunisia, between October 1, 2022, and
March 31, 2023. The department serves as a clinical training site for emergency medicine and family medicine residents.

Participants
Patients aged 18 years or older presenting with abdominal pain suggestive of acute appendicitis were eligible for inclusion.
Exclusion criteria included post-traumatic abdominal pain, pregnancy, shock, and incomplete clinical evaluation.

Variables

The primary outcome was the final diagnosis of acute appendicitis, established by histopathological examination, which
served as the reference standard for operated patients. Secondary outcomes included the diagnostic performance of the
RIPASA score and its clinical utility as an educational and decision-support tool to exclude acute appendicitis in patients
classified as low risk.

Data Sources and Measurement

Clinical data were collected prospectively using a standardized form during routine patient care. The RIPASA score was
calculated during the initial clinical assessment by physicians with varying levels of experience. In addition to its
diagnostic purpose, the score was used as a structured educational tool to support clinical reasoning among physicians in
training by encouraging a systematic evaluation of symptoms, physical findings, and laboratory results.
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The RIPASA score was calculated based on 14 clinical and laboratory parameters, as detailed in Figure 1. In
accordance with previously published thresholds,””” the RIPASA score was interpreted as follows: a score <5 indicated
a low probability of acute appendicitis, scores between 5 and 7 a moderate probability, and scores >7 a high probability.

The score was used to assist diagnostic decision-making and to evaluate the feasibility of safe discharge from the
emergency department. Patients in whom acute appendicitis was considered unlikely were discharged with written
instructions for home surveillance. A follow-up phone call was conducted within one month to identify any subsequent
emergency visits, hospital admissions, or surgical interventions.

Bias

Variability in clinical assessment and RIPASA score calculation related to differences in physician experience was
considered a potential source of bias. No formal interobserver agreement analysis was performed. However, the score
was calculated according to predefined objective criteria, and physicians were familiarized with the scoring system prior
to study initiation, reflecting routine practice in a teaching emergency department.

Study Size

Sample size was calculated using Buderer’s method, based on expected sensitivity, specificity, and disease prevalence.
Institutional data estimated the prevalence of acute appendicitis among patients presenting with abdominal pain at 15%.
Using pooled sensitivity (0.95) and specificity (0.71) values from a recent meta-analysis of the RIPASA score,” and
assuming a confidence interval width of £10%, the required sample size was determined using the larger estimate derived
from sensitivity and specificity calculations. This resulted in a minimum sample size of 122 patients.

Demographic Factors

Male 1.0
Female 0.5
Age < 40 years 1.0
Age > 40 years 0.5
Symptoms

Right iliac fossa pain 0.5
Migration of pain to right iliac fossa 0.5
Anorexia 1.0
Nausea and vomiting 1.0
Duration < 48 hours 1.0
Duration > 48 hours 0.5
Signs

Right iliac fossa tenderness 1.0
Guarding 2.0
Rebound tenderness 1.0
Rovsing’s sign 20
Fever (37-39°C) 1.0
Investigations

Raised white blood cell count 1.0
Negative urinalysis 1.0

Figure 1 Components of the RIPASA scoring system.
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Statistical methods

Statistical analyses were performed using SPSS version 20. Quantitative variables were expressed as means =+ standard
deviations or medians with interquartile ranges, as appropriate, while qualitative variables were expressed as frequencies
and percentages. Diagnostic performance was assessed using sensitivity, specificity, positive and negative predictive
values, and receiver operating characteristic (ROC) curve analysis with calculation of the area under the curve (AUC).
Diagnostic accuracy indices were calculated focusing on extreme probability categories (low <5 and high >7) to assess
the rule-out and rule-in performance of the score. Patients in the intermediate probability group (score 5-7) were
excluded from these specific analyses because this category represents diagnostic uncertainty and cannot be reliably
classified as either positive or negative. Their distribution is reported separately to ensure transparency and to minimize
potential spectrum bias. This study is reported in accordance with the STROBE statement for observational studies
(Supplementary Material 1).

Results

Participants
A total of 135 patients were included in the analysis. Figure 2 illustrates the study flow. Acute appendicitis was confirmed
in 55 of the 135 included patients (40.7%).

Main results

The sex ratio was 0.43. The median age of the patients was 28 years (range 13-70 years), with an interquartile range
(IQR 25-75) of [22—40]. The median temperature was 36.9°C (range 36—40°C; IQR [36.6—37.6]). Duration of symptoms
was less than 48 hours in 61.5% of patients.

On physical examination, right iliac fossa pain was observed in 91% of patients, Blumberg’s sign was positive in
12%, Rovsing’s sign in 14.8%, and guarding in 8%.

The median white blood cell (WBC) count was 9150 cells/mm? (interquartile range [7,540-12,370]).

Table 1 presents the distribution of patients according to RIPASA probability categories. Forty-four patients (32.6%)
were classified as low probability (<5), 48 (35.6%) as intermediate probability (5-7), and 43 (31.9%) as high
probability (>7).

Abdominal ultrasound was performed in 52 patients, confirming the diagnosis in 21 cases and excluding it in 16. In
15 patients with inconclusive ultrasound results, a complementary abdominal CT scan was conducted, confirming the
diagnosis in 9 cases and excluding it in 8. Additionally, 46 patients underwent abdominal CT as the initial imaging
modality, resulting in 20 confirmed cases and 16 exclusions. Overall, radiological imaging confirmed acute appendicitis
in 50 patients.

154 patients presenting
with suspected acute appendicitis

Excluded (n = 19)

- Pregnancy (n = 2)
- Left before completion of investigations (n = 1)
- Missing key variables required for RIPASA score calculation (n = 16)

135 patients included
in the final analysis

Figure 2 Flowchart of the study.
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Table | Distribution of Patients According to RIPASA Probability

Categories
RIPASA Category Total (n=135) | AA+ (n=55) | AA- (n=80)
<5 (Low) 44 (32.6%) 6 38
5-7 (Intermediate) 48 (35.6%) 20 28
>7 (High) 43 (31.9%) 29 14

Notes: Values are presented as number (%) for the total column and as counts for AA+ and
AA- groups.

Abbreviations: AA+, acute appendicitis confirmed; AA—, acute appendicitis excluded;
RIPASA, Raja Isteri Pengiran Anak Saleha Appendicitis Score.

Surgery was performed in 55 patients with histologically confirmed acute appendicitis. Among the remaining
patients, 54 were discharged with alternative, non-serious diagnoses explaining their abdominal pain, and 26 were
discharged due to low suspicion of appendicitis and followed up. No cases of appendicitis were identified during follow-
up in discharged patients. Table 2 summarizes alternative diagnoses among patients without acute appendicitis.

Table 3 compares clinical characteristics between patients with and without acute appendicitis.

Table 2 Alternative Diagnoses Among Patients Without Acute Appendicitis According to RIPASA Probability Groups

Alternative Diagnoses Total Low Probability | Moderate Probability | High Probability
(n = 80), n (%) (n=38),n (n=28),n (n=14),n
Gastroenteritis 28 (35.0) 17 8 3
Irritable bowel syndrome 18 (22.5) 6 9 3
Simple urinary tract infection 13 (16.3) 7 4 2
Benign gynecological condition 12 (15.0) 4 4 4
Diverticulitis 3(3.8) | | |
lleitis 2 (2.5) 0 | |
Right renal colic 2 (2.5) | | 0
Uncomplicated Crohn’s disease flare 2 (2.5) 2 0 0

Notes: Values are presented as n (% of the total AA— group) for the Total column and as counts for probability subgroups.

Table 3 Comparison of Clinical Characteristics Between Patients with and without Acute

Appendicitis

Variable AA+ (n =55),n (%) | AA-(n=80),n (%) | OR(95%CI) | p-value

Female sex 32 (58.2) 62 (77.5) 0.40 (0.19-0.86) | 0.022

Consultation time <48 h 40 (72.7) 43 (53.8) 229 (1.10-4.80) | 0.031

Nausea/vomiting 29 (52.7) 23 (287) 2.76 (1.35-5.66) | 0.007

Blumberg's sign 11 (20.0) 5 (6.3) 3.75 (1.22-11.50) | 0.027

Guarding 8 (14.5) 3(3.8) 437 (1.10-17.19) | 0.050
(Continued)
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Table 3 (Continued).

Variable AA+ (n =55),n (%) | AA— (n = 80), n (%) OR (95% CI) p-value
Leukocytosis 38 (69.1) 17 (21.3) 8.28 (3.78-18.14) | <0.001
RIPASA <5 6 (10.9) 38 (47.5) 0.14 (0.05-0.35) | <0.001
RIPASA >7 29 (52.7) 14 (17.5) 5.26 (2.40-11.50) | <0.001

Notes: Values are presented as n (% within each group).
Abbreviations: AA+, acute appendicitis confirmed; AA—, acute appendicitis excluded; OR, odds ratio; Cl, confidence interval.

The RIPASA score demonstrated moderate diagnostic accuracy. Figure 3 illustrates the ROC curve analysis, showing
an area under the curve (AUC) of 0.79 (95% CI [0.72—-0.87], p<0.001). When evaluating its clinical utility for decision-
making, the score showed a high negative predictive value (NPV) of 86.4% in the low-probability group (<5), supporting
its role in helping to exclude acute appendicitis. Conversely, in the high-probability group (>7), the score achieved
a positive predictive value (PPV) of 67.4%, providing a useful tool for risk confirmation. Detailed diagnostic perfor-
mance indices, including sensitivity and specificity for each category, are reported in Table 4.

From an educational perspective, the RIPASA score appeared to provide a structured framework for categorizing
patients into probability groups during initial assessment. However, formal educational outcomes were not directly
measured in this study.

Discussion

Diagnostic Performance and Educational Relevance of the RIPASA Score
The primary objective of this study was to evaluate the diagnostic performance of the RIPASA score in suspected acute
appendicitis within an emergency department training environment, while also exploring its educational value as
a decision-support tool. Our findings indicate that the RIPASA score demonstrated moderate overall diagnostic accuracy,
with an area under the ROC curve of 0.79 (95% CI [0.72-0.87]).>° Increasing RIPASA scores were associated with
a higher likelihood of confirmed acute appendicitis, supporting its role in clinical risk stratification.

In emergency departments, clinical scoring systems serve three complementary purposes: risk stratification, guidance
for imaging decisions, and support for discharge planning. In patients classified as low probability, such tools may
contribute to reducing unnecessary imaging when combined with repeated clinical evaluation. Conversely, higher scores

1.0 1

0.8

o
o

Sensitivity

°
»

0.2 1

0.0 &
0.0

0.4 06 08

1 - Specificity

02 1.0

Figure 3 The ROC curve of RIPASA SCORE.
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Table 4 Diagnostic Accuracy of the RIPASA Score According to Probability Categories

RIPASA Probability Category | Sensitivity (%) | Specificity (%) | PPV (%) | NPV (%)

Low probability (<5) 89.1 73.1 77.8 86.4

High probability (>7) 52.7 73.1 67.4 59.4

Notes: Diagnostic indices were calculated using AA+ (n = 55) and AA— (n = 80). Predictive values depend on disease
prevalence.

Abbreviations: AA+, acute appendicitis confirmed; AA—, acute appendicitis excluded; PPV, positive predictive value;
NPV, negative predictive value.

may support early surgical consultation or prompt advanced imaging. In this context, RIPASA may contribute to more
rational use of diagnostic resources, particularly in settings where access to computed tomography is limited.

Although sensitivity decreased slightly at higher cut-off values (>7), specificity improved, suggesting that higher
scores may be particularly useful for identifying patients at increased risk of acute appendicitis. These results are
consistent with previous studies reporting comparable or superior diagnostic performance of the RIPASA score compared
with other commonly used scoring systems, including the Alvarado score.* %1

Recent high-level evidence further strengthens this interpretation. A contemporary systematic review and meta-
analysis evaluating appendicitis scoring systems reported that the RIPASA score demonstrated among the highest pooled
diagnostic accuracy compared with traditional clinical scores, although heterogeneity across populations persists.'' These

findings enhance the external validity of our results and situate our data within the broader international evidence base.

Population Characteristics and Implications for Diagnostic Complexity
The demographic profile of our cohort was characterized by a median age of 28 years and a predominance of female
patients (69.6%). While sex is not considered an independent risk factor for acute appendicitis.'* This female predomi-

nance has been similarly reported in Middle Eastern populations'>*'*

and contrasts with findings from Western Europe
and Asia, where male predominance is more common.'>'® These differences likely reflect regional healthcare-seeking
behaviors and referral patterns rather than true epidemiological variation.

From a training standpoint, such population characteristics may increase diagnostic complexity, particularly in female
patients with overlapping gynecological conditions. This underscores the importance of interpreting clinical scores within

the broader clinical context rather than relying solely on numerical thresholds.

Limitations of the RIPASA Score for Exclusion and Discharge Decisions
A key finding of this study was the presence of confirmed acute appendicitis cases within the low-probability RIPASA
group. This observation raises important concerns regarding the reliability of the score for safely excluding acute
appendicitis. Although RIPASA has been proposed as a tool to reduce unnecessary imaging and hospital admissions,
particularly in resource-limited emergency departments, its ability to rule out acute appendicitis remains limited.'”'®
With a negative predictive value of 86.4%, the RIPASA score alone does not provide sufficient reassurance to support
autonomous discharge decisions in patients classified as low risk. Clinical reassessment, appropriate follow-up instruc-
tions, and contextual judgment remain essential components of safe emergency care. These findings reinforce that

scoring systems should complement—but not replace—clinical reasoning and supervision.

Educational Considerations in Emergency Medicine Training

In training environments, structured clinical scores such as RIPASA may contribute to making diagnostic reasoning more
explicit and reproducible. When appropriately integrated into clinical teaching, the score can facilitate case-based
discussions, encourage systematic data gathering, and support reflective decision-making. Structured observation-based
educational approaches have been shown to enhance clinical reasoning and reflective practice in medical training,
particularly when embedded within guided clinical practice.'® However, the educational implications observed in this
study remain interpretative, as formal educational outcomes were not directly measured.
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Therefore, while RIPASA may serve as a supportive framework for introducing structured diagnostic reasoning, it
should not promote algorithm-driven decision-making detached from clinical judgment. Ongoing mentorship, feedback,
and iterative assessment remain central to emergency medicine training.

Limitations and Generalisability
This study has several limitations. Clinical assessments and RIPASA score calculations were performed by physicians
from different specialties and with varying levels of experience, which may have introduced interobserver variability.
Additionally, the study was conducted in a single center with a relatively small sample size and a predominantly young
and female population, potentially limiting generalisability to other emergency department settings.

Despite these limitations, the study reflects real-world emergency practice and provides insight into the strengths and
constraints of the RIPASA score when used in a training environment.

Future Perspectives

Future multicenter prospective studies including larger and more diverse populations are needed to improve external
validity. Standardized training in RIPASA score calculation may reduce interobserver variability. In addition, combining
the RIPASA score with biomarkers or point-of-care ultrasound may enhance diagnostic performance and further support
structured clinical reasoning in settings with limited access to advanced imaging.

Conclusion

The RIPASA score demonstrated moderate diagnostic accuracy for suspected acute appendicitis in this emergency
department setting. Clinically, while the score supports risk stratification and may guide imaging decisions when
integrated with clinical assessment, it does not provide sufficient reliability to be used as a standalone tool for the
definitive exclusion of appendicitis or for autonomous discharge decisions.

Regarding its role in medical training, our findings suggest that the structured nature of the RIPASA score may
provide a useful framework to facilitate supervised clinical reasoning. However, as formal educational outcomes were not
directly measured, these implications remain interpretative. Further prospective studies are required to formally evaluate
the impact of such clinical scoring systems on the learning curves and decision-making skills of junior clinicians.
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