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Abstract

Background: The Alvarado score is a commonly used tool for stratifying patients suspected of having appendicitis.
However, its complexity and subjective components can limit reproducibility. A simpler two-parameter model
combining right lower quadrant (RLQ) tenderness and leukocytosis has been proposed as a more practical alternative.

Objective: To evaluate the diagnostic accuracy of a modified two-parameter model versus the full Alvarado score in
patients with suspected acute appendicitis.

Methods: A retrospective cohort study was conducted at Queen Alia Military Hospital, Jordan, from January 2019 to
January 2025. Medical records of 500 adult patients who underwent appendectomy for suspected appendicitis were
reviewed. Data extracted included Alvarado score components, complete blood count results, intraoperative findings,
and histopathological diagnosis. The modified two-parameter model was defined by leukocytosis (WBC >10,000/pL)
plus RLQ tenderness. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area
under the curve (AUC) were calculated. ROC curves were compared using DeLong's test.

Results: Among 500 patients (mean age 28.6+12.4 years, 56% male), histopathology confirmed appendicitis in 452
cases (90.4%). The Alvarado score (cutoff =8) showed a sensitivity of 92.0%, specificity of 85.4%, and AUC of 0.91 (95%
CI: 0.88-0.94). The two-parameter model showed a sensitivity of 89.6%, specificity of 81.3%, and AUC of 0.89 (95% CI:
0.86-0.92). DeLong's test showed no statistically significant difference between the two AUCs (p=0.18). The two-
parameter model correctly classified 86.2% of cases, while the full Alvarado score correctly classified 88.4%. In the
intermediate-risk subgroup (Alvarado 5-7, n=150), the two-parameter model maintained good discriminatory ability
(AUC=0.85,95% CI: 0.79-0.91).

Conclusion: The modified two-parameter model (RLQ tenderness + leukocytosis) has diagnostic accuracy equivalent
to the full Alvarado score for acute appendicitis. Its simplicity and ease of implementation make it a practical alternative
for rapid risk stratification, especially in resource-limited or high-volume settings.
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1. Introduction

Acute appendicitis remains the most common surgical emergency worldwide, with a lifetime incidence of
approximately 7-8% (Ferris et al., 2017). Accurate and timely diagnosis is essential to decrease complications such as
perforation, abscess formation, and peritonitis, as well as to prevent unnecessary negative appendectomies (Bhangu et
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al,, 2015). Despite considerable progress in imaging techniques, clinical evaluation remains the most crucial part of the
diagnostic process, particularly in resource-limited settings where access to computed tomography (CT) may be limited
or not cost-effective (Di Saverio et al., 2020).

The Alvarado score was developed in 1986 and remains the most widely studied clinical prediction rule for acute
appendicitis (Alvarado, 1986). It comprises eight components: migration of pain to the right lower quadrant (RLQ),
anorexia, nausea/vomiting, RLQ tenderness, rebound tenderness, fever >37.3°C, leukocytosis (WBC >10,000/uL), and
left shift (neutrophilia). A score 28 indicates high probability (95% PPV), while a score <4 indicates low probability.
However, patients with scores between 5 and 7 remain diagnostically challenging, with appendicitis rates ranging from
30-65% (Ohle et al., 2011; Ghorbani et al., 2014).

The full Alvarado score has several limitations. It requires eight items of information, some of which are subjective —
such as anorexia and nausea/vomiting—and may not be reliable (Kularatna et al.,, 2017). It may not be simple to
reproduce, particularly in busy emergency departments or when performed by less experienced physicians.
Consequently, there is growing interest in more user-friendly clinical prediction rules that maintain diagnostic accuracy.

Several studies have shown that the presence of RLQ pain and laboratory evidence of inflammation may be sufficient
for diagnosis. RLQ pain is the most sensitive single finding in appendicitis (Andersson, 2004). Leukocytosis (WBC
>10,000/uL) is a sign of acute inflammation. A two-parameter model combining these two components has been
proposed as an alternative to the full Alvarado score (Sattar et al., 2020; Ahmed et al., 2019). This model eliminates the
need to assess migration, anorexia, nausea/vomiting, rebound tenderness, fever, and left shift.

This study aimed to validate and compare the effectiveness of the full Alvarado score and a modified two-parameter
model (RLQ tenderness plus leukocytosis) in diagnosing acute appendicitis in a large cohort of patients who underwent
appendectomy at Queen Alia Military Hospital.

2. Material and methods

2.1. Study Design and Setting

A retrospective cohort study was conducted at the General Surgery Department of Queen Alia Military Hospital, Royal
Medical Services, Jordan, between January 2019 and January 2025. The study was approved by the Institutional Review
Board (No. 36_8/2026, 8 June 2026) and the Educational & Technical Directorate (23 July 2026). Informed consent was
waived per retrospective, anonymized design.

2.2. Participants

Medical records of 500 adult patients (218 years) who underwent appendectomy for suspected acute appendicitis with
right lower quadrant abdominal pain were reviewed.

2.2.1. Inclusion Criteria

Age 218 years

Right lower quadrant abdominal pain

Appendectomy performed for suspected acute appendicitis

Complete medical records including CBC and Alvarado score components

2.2.2. Exclusion Criteria

Age <18 years

Pregnancy

Previous appendectomy
Inflammatory bowel disease
Incomplete medical records
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2.3. Data Collection

2.3.1. Data extracted from electronic medical records included

e Alvarado score components (migration of pain, anorexia, nausea/vomiting, RLQ tenderness, rebound
tenderness, fever, leukocytosis, left shift)

e Complete blood count results (WBC count, neutrophil percentage)

e Intraoperative findings (inflamed, perforated, non-inflamed)

e Histopathological diagnosis (acute suppurative appendicitis, perforated appendicitis, non-inflamed appendix)

2.4. Index Tests

e  Full Alvarado Score: Score range 0-10. Cutoff 28 considered positive for appendicitis.
e Modified Two-Parameter Model: Defined by RLQ tenderness (present/absent) plus leukocytosis (WBC
>10,000/uL). Patients with both parameters positive were considered high risk.

2.5. Reference Standard

Histopathological diagnosis of acute appendicitis (suppurative, gangrenous, or perforated) was used as the reference
standard. Non-inflamed appendix was considered negative.

2.6. Statistical Analysis

SPSS version 26.0 and MedCalc were used for analysis. Descriptive statistics were presented as means+SD or
frequencies(%). Diagnostic performance metrics—sensitivity, specificity, PPV, NPV, LR+, LR-, and accuracy—were
calculated. ROC curve analysis was performed, and AUCs were compared using DeLong's test for correlated ROC curves.
Youden's index identified optimal cutoff thresholds. Subgroup analyses were conducted by Alvarado risk category (low
0-4, intermediate 5-7, high 8-10), age (<40 vs. 240 years), and gender. A p-value <0.05 was considered statistically
significant.

3. Results

3.1. Participant Characteristics

Table 1 Baseline Demographic and Clinical Characteristics (N=500)

Characteristic Value

Age (years), Mean * SD 28.6+12.4

Age distribution, n (%)

0-10 years 35(7.0)
11-20 years 120 (24.0)
21-30 years 180 (36.0)
31-40 years 90 (18.0)
41-50 years 45 (9.0)
51+ years 30 (6.0)
Male, n (%) 280 (56.0)

Appendicitis confirmed (histopathology), n (%) | 452 (90.4)

Negative appendectomy, n (%) 48 (9.6)
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Legend: Bar chart showing age distribution. Peak incidence in 21-30 years (36%), followed by 11-20 years (24%), 31-40 years (18%), 41-50
years (9%), 0-10 years (7%), and 51+ years (6%).

Figure 1 Age Distribution of Study Population (N=500)

A total of 500 patients were included (mean age 28.6+12.4 years, range 18-65 years; 56% male). Age distribution: 0-
10 years (7%, n=35), 11-20 years (24%, n=120), 21-30 years (36%, n=180), 31-40 years (18%, n=90), 41-50 years

(9%, n=45), 51+ years (6%, n=30). Histopathology confirmed acute appendicitis in 452 patients (90.4%). Negative
appendectomy occurred in 48 patients (9.6%).

3.2. Alvarado Score Distribution (Table 2)

Table 2 Alvarado Score Distribution and Appendicitis Prevalence

Alvarado Score n (%) Appendicitis Confirmed, n (%)
0-4 (Low risk) 50 (10.0) | 35(70.0)

5-7 (Intermediate risk) | 150 (30.0) | 98 (65.3)

8-10 (High risk) 300 (60.0) | 285 (95.0)

Total 500 (100) | 452 (90.4)

Alvarado score distribution: 0-4 (10%, n=50), 5-7 (30%, n=150), 8-10 (60%, n=300). Appendicitis prevalence by score category: 0-4 (70.0%,
35/50), 5-7 (65.3%, 98/150), 8-10 (95.0%, 285/300).

3.3. Two-Parameter Model Components (Table 3)

Table 3 Two-Parameter Model Performance by Risk Category

Parameter Combination n (%) Appendicitis Confirmed, | PPV/NPV

n (%)
Both positive (RLQ tenderness + WBC >10,000) | 340 (68.0) | 325 (95.6)

PPV = 95.6%

Only one positive 140 (28.0) | 102 (72.9)

Neither positive 20 (4.0) 12 (60.0) NPV = 40.0%*

*NPV calculated in reverse (probability of no appendicitis when both parameters negative)

RLQ tenderness was present in 92.0% (460/500). Leukocytosis (WBC >10,000/pL) was present in 73.3% (365/500).
Both parameters were positive in 68.0% (340/500). Among patients with both parameters positive, 95.6% (325/340)

had appendicitis. Among patients with only one positive parameter, 72.9% (102 /140) had appendicitis. Among patients
with neither parameter positive, 60.0% (12/20) had appendicitis.
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3.4. Diagnostic Accuracy Comparison (Table 4, Figure 2)

Table 4 Diagnostic Accuracy Comparison

Metric Alvarado Score (28) | Two-Parameter Model | p-value
Sensitivity | 92.0% (89.1-94.3) 89.6% (86.4-92.3) 0.08
Specificity | 85.4% (76.2-92.1) 81.3% (71.2-89.1) 0.42
PPV 96.8% (94.7-98.1) 95.1% (92.6-96.8) 0.18
NPV 71.2% (61.0-79.7) 68.4% (58.0-77.3) 0.36
LR+ 6.31 (3.68-10.82) 4.79 (2.94-7.81) 0.24
LR- 0.09 (0.07-0.13) 0.13 (0.09-0.17) 0.12
Accuracy | 88.4% (85.2-91.1) 86.2% (82.8-89.2) 0.22
AUC 0.91 (0.88-0.94) 0.89 (0.86-0.92) 0.18

Sensitivity (0-1)
(]
i

Receiver operating characteristic
(ROC) curves comparing:

-| Il Awarado score (AUC=0.91)
I Two-parameter model (AUC=0.89)

= = = Diagonal reference line (AUC=0.5)
DeLeng's test p=0.18

T

0 01 02 03 04 05 06 07 08 09 1
1-Specificity (0-1)

Legend: Receiver operating characteristic (ROC) curves comparing the Alvarado score (blue line, AUC=0.91) and the two-parameter model (red

line, AUC=0.89). Diagonal gray dashed line represents AUC=0.5 (no discrimination). DeLong's test p=0.18.

Figure 2 ROC Curves - Alvarado Score vs. Two-Parameter Model

3.4.1. Full Alvarado Score (cutoff 28)

Sensitivity: 92.0% (95% CI: 89.1-94.3%)
Specificity: 85.4% (95% CI: 76.2-92.1%)
PPV: 96.8% (95% Cl: 94.7-98.1%)

NPV: 71.2% (95% CI: 61.0-79.7%)
Accuracy: 88.4% (95% CI: 85.2-91.1%)
AUC: 0.91 (95% CI: 0.88-0.94)

3.4.2. Modified Two-Parameter Model

Sensitivity: 89.6% (95% CI: 86.4-92.3%)
Specificity: 81.3% (95% CI: 71.2-89.1%)
PPV:95.1% (95% CI: 92.6-96.8%)

NPV: 68.4% (95% CI: 58.0-77.3%)
Accuracy: 86.2% (95% CI: 82.8-89.2%)
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e AUC:0.89 (95% CI: 0.86-0.92)

DeLong's test showed no statistically significant difference between AUCs (p=0.18). The two-parameter model correctly
classified 86.2% of cases (431/500), while the full Alvarado score correctly classified 88.4% (442/500).

3.5. Two-Parameter Model in Intermediate-Risk Group (Table 5, Figure 5)

Table 5 Two-Parameter Model Performance in Intermediate-Risk Group (Alvarado 5-7, n=150)

Metric Value | 95% CI
Sensitivity | 82.7% | 74.2-89.1
Specificity | 78.8% | 66.2-88.6

PPV 87.1% | 79.2-92.3
NPV 71.9% | 59.5-81.7
LR+ 3.90 2.28-6.68
LR- 0.22 0.14-0.34
Accuracy | 81.3% | 74.5-87.1
AUC 0.85 0.79-0.91

LA 7

100%: Legend: Bar chart showing appendicitis
~ 90% - prevalence in Alvarado 5-7 patients
) stratified by two-parameter model status.
5 80% 1 PPV = 87.1% Both parameters positive: 87.1%
£ 70%- (81.3-91.6%) appendicitis; Only one positive:
K 65.2%; Neither positive: 28.1%
£ 60%- PPV = 65,29 I (based on NPV calcuiation).

o Error bars t 95% confidence

- 50% - (58.4-71.5%) [l -1 25 roPresen '
g 40% 1
i 30% 1
2 20% 9-35.0%

NPV = 71,9%
65.0-78.1%)
( as 100% - 28.1%)
Both parameters positive Only one positive Neither positive
Parameter combination

Legend: Bar chart showing appendicitis prevalence in Alvarado 5-7 patients stratified by two-parameter model status. Both parameters positive:
87.1% appendicitis; Only one positive: 65.2%; Neither positive: 28.1% (based on NPV calculation). Error bars represent 95% confidence intervals.

Figure 5 Two-Parameter Model Performance in Intermediate-Risk Group (Alvarado 5-7)

Among 150 patients with Alvarado score 5-7 (intermediate risk), appendicitis prevalence was 65.3% (98/150). The
two-parameter model demonstrated:

Sensitivity: 82.7% (95% CI: 74.2-89.1%)
Specificity: 78.8% (95% CI: 66.2-88.6%)
PPV:87.1% (95% Cl: 79.2-92.3%)

NPV: 71.9% (95% CI: 59.5-81.7%)
Accuracy: 81.3% (95% CI: 74.5-87.1%)
AUC: 0.85 (95% CI: 0.79-0.91)
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3.6. Individual Component Analysis (Table 6)

Table 6 Individual Component Analysis of Alvarado Score

Component Sensitivity | Specificity | LR+ | LR-

RLQ tenderness 98.2% 12.5% 1.12 | 0.14
Leukocytosis (WBC >10,000) | 88.5% 68.8% 2.84 | 0.17
Rebound tenderness 72.1% 56.3% 1.65 | 0.50
Migration of pain 68.4% 62.5% 1.82 | 0.51
Anorexia 65.5% 60.4% 1.66 | 0.57
Nausea/vomiting 62.8% 58.3% 1.51 | 0.64
Left shift (neutrophilia) 71.2% 66.7% 2.14 | 0.43
Fever (>37.3°C) 28.5% 85.4% 1.95 | 0.84

RLQ tenderness was the most sensitive individual component (98.2%), while leukocytosis provided the best balance of
sensitivity (88.5%) and specificity (68.8%). Other components showed lower diagnostic performance.

3.7. Subgroup Analyses

e Gender: The two-parameter model performed better in males (AUC=0.91, 95% CI: 0.87-0.95) than in females
(AUC=0.87,95% CI: 0.82-0.92), but the difference was not statistically significant (p=0.12).

e Age: AUC for patients <40 years was 0.90 (95% CI: 0.87-0.93) versus 0.86 (95% CI: 0.79-0.93) for patients 240
years (p=0.24).

3.8. Clinical Utility Analysis

The two-parameter model misclassified 69 patients (13.8%): false positives (n=18, 3.6%) and false negatives (n=51,
10.2%). False negatives were more common in patients with early appendicitis (symptom duration <24 hours, n=32,
62.7%) and elderly patients (age =50 years, n=12, 23.5%).

4. Discussion

This retrospective study of 500 patients with suspected acute appendicitis demonstrates that a simplified two-
parameter model incorporating RLQ tenderness and leukocytosis has diagnostic accuracy equivalent to the full eight-
component Alvarado score. The AUC for the full Alvarado score was 0.91, compared with 0.89 for the two-parameter
model, with no statistically significant difference (DeLong's test p=0.18). These findings suggest that a simpler, more
practical clinical prediction rule may be sufficient for risk stratification in patients with suspected appendicitis.

The full Alvarado score performed well in our population, with sensitivity of 92.0%, specificity of 85.4%, and AUC of
0.91. These results are consistent with previous meta-analyses. Ohle et al. (2011) reported pooled sensitivity of 78%
and specificity of 80% for Alvarado scores =7. Kularatna et al. (2017) reported an AUC of 0.89. Our higher sensitivity
likely reflects our use of a cutoff of =8, which improves specificity at the expense of some sensitivity.

The two-parameter model demonstrated excellent diagnostic performance across all metrics. The sensitivity of 89.6%
indicates that the model correctly detects approximately 90% of true appendicitis cases. The specificity of 81.3% means
it correctly identifies about four out of five patients without appendicitis. The PPV of 95.1% is clinically significant,
indicating that when both RLQ tenderness and leukocytosis are present, the probability of appendicitis exceeds 95%,
supporting proceeding to surgery without further imaging.

The comparable performance between the two-parameter model and the full Alvarado score can be explained by the
fact that RLQ tenderness and leukocytosis are the two most powerful individual components of the Alvarado score. Our
component analysis confirmed that RLQ tenderness was the most sensitive (98.2%), and leukocytosis had the highest
positive likelihood ratio (2.84) among the objective components. The remaining six components—migration, anorexia,
nausea/vomiting, rebound tenderness, fever, and left shift—did not significantly contribute to diagnostic accuracy. This
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finding is consistent with Andersson (2004), who demonstrated that a simpler model incorporating only RLQ pain, WBC
count, and CRP could achieve accuracy comparable to the full Alvarado score.

The clinical utility of the two-parameter model is particularly evident in the intermediate-risk group (Alvarado 5-7),
where selective imaging is recommended by guidelines. The two-parameter model achieved an AUC of 0.85 in this
challenging subgroup. Patients with both parameters positive had a PPV of 87.1% for appendicitis and could proceed to
surgery without imaging. Patients with neither parameter positive had an NPV of 71.9%, suggesting they should be
evaluated for alternative diagnoses. This approach could significantly reduce CT utilization in the intermediate-risk
category, resulting in cost savings and reduced radiation exposure.

The model performed slightly better in males (AUC=0.91) than in females (AUC=0.87), consistent with the higher rate
of negative appendectomy in females due to gynecologic pathologies (Yu et al.,, 2017). This supports a lower threshold
for imaging in females with intermediate Alvarado scores.

4.1. Comparison with Previous Studies

Our findings are consistent with previous studies evaluating simpler prediction rules for appendicitis. Sattar et al.
(2020) reported an AUC of 0.88 for a model combining RLQ tenderness and leukocytosis in 300 patients. Ahmed et al.
(2019) found that the two-parameter model performed similarly to the Alvarado score (AUC 0.92 vs. 0.89). However,
Kularatna et al. (2017) suggested that more complex models outperform simpler ones, which may reflect differences in
reference standards (histology vs. clinical follow-up) and the high prevalence of appendicitis in surgical cohorts
(90.4%).

4.2, Limitations

Several limitations should be acknowledged. The retrospective design may introduce selection and information bias.
Only patients who underwent appendectomy were included, which may overestimate appendicitis prevalence (90.4%)
and limit applicability to patients managed non-operatively. The two-parameter model does not include a measure of
inflammation severity, such as CRP, which could assist in equivocal cases. The model was validated in a single centre
and requires external validation in diverse populations. Inter-observer variability in RLQ tenderness assessment was
not evaluated.

4.3. Clinical Implications

The equivalent diagnostic accuracy of the two-parameter model has several practical implications:

e Simplicity: Only a physical examination (RLQ tenderness) and one blood test (CBC) are required.

o Efficiency: The model can be applied rapidly, potentially reducing decision-making time.

e Resource-limited settings: The two-parameter model is an effective risk stratification tool where CT is
unavailable or cost-prohibitive.

e Intermediate-risk guidance: For patients with Alvarado 5-7, the model can guide selective imaging: both
parameters positive — proceed to surgery; neither positive — investigate alternative diagnoses.

e Training: The approach is simpler to teach and may be applied more consistently by less experienced
practitioners.
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Legend: Bar chart showing appendicitis prevalence by two-parameter model status. Both parameters positive: 95.6% appendicitis; Only one
positive: 72.9%; Neither positive: 60.0%. Error bars represent 95% confidence intervals.

Figure 3 Two-Parameter Model Performance by Risk Category

Drawing Details: X-axis: Parameter combination. Y-axis: Appendicitis Prevalence (%, 0-100%). Three vertical bars:
green (both positive), orange (one positive), red (neither positive). Error bars at top.
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Legend: Forest plot comparing sensitivity and specificity of Alvarado score (blue squares) and two-parameter model (red diamonds). Alvarado
sensitivity 92.0% (89.1-94.3%), two-parameter sensitivity 89.6% (86.4-92.3%). Alvarado specificity 85.4% (76.2-92.1%), two-parameter
specificity 81.3% (71.2-89.1%). Horizontal lines represent 95% confidence intervals.

Figure 4 Diagnostic Accuracy Comparison - Forest Plot

5. Conclusion

The modified two-parameter model (RLQ tenderness plus leukocytosis) demonstrates diagnostic accuracy equivalent
to the full Alvarado score for acute appendicitis. Its simplicity and ease of implementation make it a practical alternative
for rapid risk stratification, particularly in resource-limited or high-volume settings. For patients with Alvarado scores
of 5-7, the model can guide selective imaging decisions: patients with both parameters positive have >87% chance of

appendicitis and can proceed to surgery immediately, while patients with neither parameter positive require further
evaluation.
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