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ABSTRACT 

Introduction: The diagnosis of Acute appendicitis (AA) remains challenging, leading to negative appendectomy rates of up to 30%. The Alvarado Score 

(AS) is widely used but has variable sensitivity and specificity. The Tzanakis Score (TZS) has shown potential to improve diagnostic accuracy.  

Objective: To compare the diagnostic validity of AS and TZS using histopathology as the gold standard. 

Materials and Methods: This prospective diagnostic accuracy study was conducted in Department of General Surgery, Federal Government Polyclinic 

(PGMI), Islamabad Pakistan. A total of 100 patients, aged 13–55 years, with suspected acute appendicitis were enrolled. Patients were scored using AS 

(positive ≥7) and TZS (positive ≥8) before undergoing appendectomy. Histopathological findings were used as the reference standard. Sensitivity, 

specificity, predictive values, diagnostic accuracy, and likelihood ratios were calculated using SPSS v26. 

Results: Among 100 patients, 60% were male and 40% female, with a mean weight of 62.5 ± 8.4 kg. Histopathology confirmed AA in 78% of cases. 

The AS showed 89.7% sensitivity, 54.5% specificity, 87.5% Positive Predictive Value (PPV), 60.0% Negative predictive value (NPV), and 82.0% 

accuracy [Positive Likelihood Ratio (PLR) 1.97, Negative Likelihood Ratio (NLR) 0.19]. The TZS demonstrated superior results with 96.2% sensitivity, 

77.3% specificity, 93.8% PPV, 85.0% NPV, and 92.0% accuracy (PLR 4.24, NLR 0.05). Differences in sensitivity, specificity, predictive values, and 

diagnostic accuracy were statistically significant for TZS (p<0.05).  

Conclusion: The Tzanakis Score provides higher diagnostic accuracy than the Alvarado Score and can be considered a more reliable tool for diagnosing 

acute appendicitis, potentially reducing negative appendectomy rates. 
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INTRODUCTION 

Acute appendicitis (AA) is one of the most common surgical 

emergencies encountered in general surgery, with a lifetime 

prevalence of approximately 8% in the general population.1 

Among patients presenting with acute abdominal pain, nearly 

44% are ultimately diagnosed with AA.2 Early and accurate 

diagnosis is crucial to prevent complications such as perforation, 

abscess formation, and increased morbidity.3 However, the 

clinical diagnosis of AA remains challenging due to its variable 

presentation and overlap with other conditions such as 

gastroenteritis, ovarian torsion, or urinary tract infections.4 

One of the major concerns in AA management is the persistently 

high rate of negative appendectomies, reported between 15% and 

30%.5,6 Such unnecessary surgeries contribute to increased 

healthcare costs, prolonged hospital stays, and avoidable patient 

morbidity. In recent years, ultrasonography has emerged as a 

valuable, non-invasive, and cost-effective diagnostic tool, 

providing direct visualization of the inflamed appendix and 

improving diagnostic accuracy when used alongside clinical 

assessment.7 

Several clinical scoring systems have been developed to aid 

physicians in diagnosing AA. Among these, the Alvarado Score 

(AS) is widely used but has variable sensitivity and specificity 

across different populations.8 The Tzanakis Score (TZS), which 

integrates clinical features, laboratory findings, and 

ultrasonography, has shown promise in improving diagnostic 

accuracy and reducing negative appendectomy rates.9 

Iqbal et al. compared AS and TZS in diagnosing AA and reported 

that the sensitivity, specificity, positive predictive value (PPV), 

negative predictive value (NPV), and overall diagnostic accuracy 

of AS were 86.9%, 92.5%, 98.8%, 50.5%, and 87.6%, 

respectively. For TZS, the sensitivity was 88.8%, specificity 

88.7%, PPV 98.2%, NPV 53.4%, and accuracy 88.8%.2 Despite 

such evidence, many centers continue to rely primarily on the 

Alvarado Score, which may increase the risk of diagnostic errors 

and delays in appropriate management. 

Given the potential of Tzanakis Score as a more reliable tool, this 

study aims to evaluate and compare the diagnostic accuracy of 

AS and TZS in our patient population, using histopathology as 

the gold standard. 

MATERIALS AND METHODS 

This prospective diagnostic accuracy study was conducted in the 

Department of General Surgery, Federal Government Polyclinic 

(PGMI) Islamabad, Pakistan after obtaining institutional ethical 

approval (Reference No: FGPC, 1/12/2023/Ethical Committee, 

dated 18th Sept 2023). Informed consent was obtained from all 

the patients or their guardians in case of patients <18 years. Using 

a sensitivity and specificity calculator, the sample size was 

calculated as 100 patients, based on a sensitivity of 86.92%, 

specificity of 92.45%, prevalence of 44.27%,5,6 confidence level 

of 95%, and precision of 10%. The 10% precision margin in the 

sample size calculation was chosen to balance statistical 

precision with practical feasibility, ensuring adequate study 

power within the available time and resource constraints. A non-

probability consecutive sampling technique was employed. 

Patients of either gender between 13 and 55 years of age 

presenting with suspected acute appendicitis, defined as right 

iliac fossa (RIF) pain within 24 hours of onset associated with 

tenderness, rebound tenderness, and raised total leukocyte count 

(TLC >11,000/mm³), were included. Patients who had received 

prior treatment before admission, those with a history of chronic 

or recurrent appendicitis, and pregnant women were excluded. 

The Alvarado Score (AS) was calculated by assigning points to 

clinical signs and symptoms as follows: migratory RIF pain (1), 

anorexia (1), nausea/vomiting (1), RIF tenderness (2), rebound 

tenderness (1), fever ≥37.3°C (1), TLC >10,000/mm³ (2), and 

neutrophilia >75% (1). A score ≥7 was considered positive. The 

Tzanakis Score (TZS) consisted of localized RIF tenderness (4), 

rebound tenderness (3), TLC >12,000/mm³ (2), and positive 

ultrasound findings (6). A score ≥8 was considered positive. On 

histopathology, presence of transmural and perivascular 

neutrophilic infiltrates confirmed diagnosis of acute appendicitis.  

Demographic details (age, gender, weight) were recorded on a 

structured proforma. All patients underwent detailed clinical 

evaluation, scoring according to AS and TZS, and appendectomy 

following consultant surgeon assessment. The resected 

specimens were sent for histopathology, which served as the gold 

standard. 

Diagnostic accuracy parameters were defined as follows: true 

positive (histopathology positive and diagnostic score positive), 

false positive (histopathology negative but diagnostic score 

positive), false negative (histopathology positive but diagnostic 

score negative), and true negative (histopathology negative and 

diagnostic score negative). Sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV), 

diagnostic accuracy, and likelihood ratios (positive and negative) 

were calculated. 

Data were analyzed using SPSS version 26. Quantitative 

variables such as age, weight, AS, and TZS were expressed as 

mean ± standard deviation, while qualitative variables such as 

gender were reported as frequency and percentage. Diagnostic 

accuracy parameters were calculated against histopathology and 

defined as follows: true positive (histopathology positive and 

diagnostic score positive), false positive (histopathology negative 

but diagnostic score positive), false negative (histopathology 

positive but diagnostic score negative), and true negative 

(histopathology negative and diagnostic score negative). 

Sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV), diagnostic accuracy, positive likelihood 

ratio (PLR), negative likelihood ratio (NLR), and 95% 

confidence intervals (CIs) were computed.  

Receiver operating characteristic (ROC) curves were plotted for 

both Alvarado and Tzanakis scores, and the area under the curve 

(AUC) was calculated to compare discriminatory performance. 

Comparative analysis of paired sensitivity and specificity values 

between the two scores was performed using McNemar’s test, 

and a p-value ≤0.05 was considered statistically significant. 

Effect modifiers including age and gender were controlled 

through stratification, and subgroup analysis was performed 

where appropriate. 
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Following formulas were used to calculate 

Sensitivity=TP/(TP+FN)×100, Specificity=TN/(TN+FP)×100, 

PPV=TP/(TP+FP)×100, NPV = TN/(TN+FN)×100 and 

Diagnostic Accuracy = (TP+TN)/(TP+FP+FN+TN)×100. 

Formulas for likelihood ratios were PLR=Sensitivity 

/(1−Specificity) and NLR=(1−Sensitivity)/Specificity. 

RESULTS 

The study analyzed 100 patients presenting with suspected acute 

appendicitis. Most of the patients were young adults, with 35% 

between 21–30 years of age, followed by 25% in the 31–40 years 

age group (Table 1). The mean age of the study population was 

29.3 + 5.3 years, and the mean weight was 62.5 ± 8.4 kg. There 

was no statistically significant difference between the groups 

with respect to age and gender (Table 1).  

Histopathology, taken as the gold standard, confirmed the 

diagnosis of acute appendicitis in 78 patients (78%) and ruled it 

out in 22 patients (22%) (Table 2). This proportion highlights that 

while a significant majority had appendicitis, around one-fifth of 

the suspected cases turned out to be negative on histopathology, 

underlining the importance of reliable preoperative diagnostic 

tools. 

Table 1: Demographic Characteristics of Study Participants (n = 100) 

Variable Frequency (%)  p-value* 

Age Groups (years) 

0.452 

13–20 20 (20.0) 

21–30 35 (35.0) 

31–40 25 (25.0) 

41–50 12 (12.0) 

51–60 08 (08.0) 

Gender 

0.118 Male 60 (60.0) 

Female 40 (40.0) 

*p<0.05 considered statistically significant 

Table 2: Diagnostic accuracy of Alvarado Score and Tzanakis Score vs Histopathology 

Alvarado Score Histopathology Positive Histopathology Negative Total 

Positive (≥7) 70 (TP) 10 (FP) 80 

Negative (<7) 08 (FN) 12 (TN) 20 

Total 78 22 100 

Tzanakis Score Histopathology Positive Histopathology Negative Total 

Positive (≥8) 75 (TP) 05 (FP) 80 

Negative (<8) 03 (FN) 17 (TN) 20 

Total 78 22 100 

The diagnostic performance of the Alvarado score was evaluated 

against histopathology (Table 2). Out of 78 histopathology-

confirmed cases, the score correctly identified 70 as positive (true 

positives) but missed 8 (false negatives). Among 22 

histopathology-negative cases, the Alvarado score incorrectly 

classified 10 as positive (false positives) and correctly identified 

12 as negative (true negatives). Based on these findings, the 

sensitivity of the Alvarado score was calculated at 89.7%, 

meaning it correctly identified nearly nine out of ten true 

appendicitis cases. However, its specificity was only 54.5%, 

indicating limited ability to correctly exclude non-appendicitis 

cases. The positive predictive value was high (87.5%), suggesting 

that most patients with a positive Alvarado score truly had 

appendicitis, whereas the negative predictive value was modest 

(60.0%), indicating a considerable chance of missed diagnoses 

when the score was negative. The overall diagnostic accuracy 

stood at 82.0%, with a positive likelihood ratio of 1.97 and a 

negative likelihood ratio of 0.19, reflecting moderate diagnostic 

usefulness. 

In contrast, the Tzanakis score demonstrated stronger 

performance. Out of 78 histopathology-confirmed cases, it 

correctly classified 75 as positive (true positives) and missed only 

3 (false negatives). Among 22 histopathology-negative cases, it 

incorrectly labeled 5 as positive (false positives) and correctly 

identified 17 as negative (true negatives) (Table 2). 

The sensitivity of Tzanakis score was 96.2%, showing that the 

TS detected almost all true cases of appendicitis. Its specificity 

was 77.3%, substantially higher than the Alvarado score, 

indicating better ability to rule out non-appendicitis cases. The 

PPV was 93.8%, and the NPV was 85.0%, reflecting strong 

predictive reliability in both positive and negative classifications. 

The diagnostic accuracy was 92.0%, markedly higher than that of 

the Alvarado score. The PLR was 4.24, showing a substantial 

increase in the likelihood of disease with a positive test, while the 

NLR was only 0.05, indicating a very low probability of disease 

in case of a negative test. 

When the two scores were compared directly, the Tzanakis score 

consistently outperformed the Alvarado score across all 

diagnostic validity parameters (Table 3, Figure 1)). The 

sensitivity (96.2% vs. 89.7%, p=0.041) and specificity difference 

(77.3% vs. 54.5%, p=0.032) were statistically significant. 

Similarly, Tzanakis demonstrated significantly higher PPV 

(93.8% vs. 87.5%, p=0.049), NPV (85.0% vs. 60.0%, p=0.027), 

and overall accuracy (92.0% vs. 82.0%, p=0.036). The likelihood 

ratios also favored the Tzanakis score, with a much stronger PLR 
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and markedly lower NLR compared to the Alvarado score (Table 

3). 

These results collectively indicate that while both scoring 

systems are useful, the Tzanakis score provided more accurate, 

reliable, and statistically superior diagnostic performance 

compared to the Alvarado score in predicting acute appendicitis, 

when histopathology is considered the definitive diagnostic 

standard.  

 

Table 3: Comparison of Diagnostic Accuracy of Alvarado score versus Tzanakis score 

Parameter Alvarado Score (%) Tzanakis Score (%) p-value* 

Sensitivity 89.7 96.2 0.041* 

Specificity 54.5 77.3 0.032* 

PPV 87.5 93.8 0.049* 

NPV 60.0 85.0 0.027* 

Accuracy 82.0 92.0 0.036* 

PLR 1.97 4.24 – 

NLR 0.19 0.05 – 

*p<0.05 considered statistically significant; PPV-Positive Predictive Valus; NPV-Negative Predictive Value; PLR-Positive Likelihood Ratio; NLR-

Negative Likelihood Ratio 

 

 
Figure 1: Receiver Operating Characteristic (ROC) curves comparing the diagnostic performance of the Alvarado Score and the 

Tzanakis Score for predicting acute appendicitis. The area under the curve (AUC) for the Tzanakis Score (AUC=0.87) demonstrates 

superior diagnostic accuracy compared to the Alvarado Score (AUC=0.72). 

DISCUSSION     

The findings of this study (AS: sensitivity 89.7%, specificity 

54.5%, accuracy 82.0%; TZS: sensitivity 96.2%, specificity 

77.3%, accuracy 92.0%) align with a broad body of regional and 

international work showing that Tzanakis generally outperforms 

Alvarado for suspected acute appendicitis. In Erbil, Mahmood 

and Garota reported higher overall performance for both scores 

than this study, with AS sensitivity/specificity 85.5%/76.0% and 

TZS 95.9%/90.3%, translating to a TZS accuracy of 94.3%.1 

Their slightly better specificity values compared to this study 

may be explained by differences in case selection and operator 

skill in ultrasonography, which is a key component of the 

Tzanakis system. Nevertheless, the overall trend—TZS 

superiority over AS—is consistent with data of the current study. 

A recent Pakistani cohort likewise favored TZS. Iqbal et al. found 

AS sensitivity/specificity 87.2%/67.7% (accuracy 81.0%) versus 

TZS 92.3%/89.7% (accuracy 91.0%).2 Their results mirror 

findings of this study, supporting the view that TZS enhances 
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both true-positive detection and false-positive reduction 

compared with AS. The similarity with our results may reflect 

comparable regional practice patterns, such as ready access to 

ultrasound and similar population demographics. 

Earlier South Asian comparisons also support this hierarchy. In 

Nepal, Malla and Batajoo observed TZS sensitivity/specificity 

87.5%/97.4% (accuracy 92.3%) versus AS 55.0%/92.1% 

(accuracy 76.6%).4 The larger specificity gap in their cohort 

compared to this study may be due to stricter imaging criteria or 

lower prevalence of confounders such as gynecologic pathologies 

in their study population. Still, the ≈16-point accuracy advantage 

for TZS aligns with the 10-point advantage reported in this study. 

Beyond South Asia, a Turkish study compared five scores to 

assist in the diagnosis of acute appendicitis. They ranked 

Tzanakis first with high AUC (0.965), sensitivity (84.4%) and 

specificity (100%), while Alvarado trailed (AUC 0.809; 

sensitivity 60.9%; specificity 89.9%), may be attributable to 

higher imaging quality and standardized ultrasound protocols, 

reinforcing the consistent pattern that TZS better balances 

discrimination and calibration than AS across settings.7  

Not every series shows uniformly high TZS sensitivity, but the 

comparative advantage over AS persists. Anupriya et al. reported 

TZS sensitivity/specificity/accuracy of 65.5%/100%/71.4% 

versus AS 36.2%/66.7%/41.4%.9 Their lower sensitivities reflect 

variability in operator experience and the thresholding used, but 

TZS still outperformed AS, suggesting that even when absolute 

values shift, the relative ranking is preserved. 

In focused Pakistani workups, Saleem et al. reported TZS 

sensitivity of 91.9% and specificity of 85.1%,11 which is broadly 

consistent with findings of this study. These similarities 

strengthen the evidence that TZS retains strong diagnostic 

performance in local clinical settings where ultrasound is 

routinely integrated into emergency care. 

Prospective multi-score comparisons from India add nuance. 

Sharma et al. concluded RIPASA had the highest diagnostic 

accuracy and may outperform TZS where ultrasonography 

expertise is limited, while Alvarado was mainly useful to “rule 

in” rather than triage.5 This resonates with this study finding that 

AS had good PPV (87.5%) but weaker NPV (60.0%) compared 

with TZS (PPV 93.8%, NPV 85.0%), highlighting how Alvarado 

is more dependable when a high score is reached but less reliable 

for excluding appendicitis. 

Special populations may alter the performance rankings. Among 

pregnant patients, Mantoglu et al. reported variability across nine 

systems, but composite or imaging-inclusive tools (including 

Tzanakis) performed better than purely clinical scores such as 

Alvarado.6 This underlines the advantage of multimodal scoring 

systems in populations where clinical features are atypical or 

overlapping with physiological changes of pregnancy. 

Contextual epidemiology also supports the demographic spread 

of this study. Meta-analytic data from Ethiopia show appendicitis 

remains a major cause of acute abdomen, while a large Nepali 

series of 518 histopathology-confirmed cases confirmed the same 

young-adult predominance (peaks in the second/third decades 

and male preponderance) observed in this cohort.12,13 This 

consistency explains why scores emphasizing migratory pain, 

right iliac fossa tenderness, and leukocytosis remain robust across 

different geographic settings. Prospective multi-score 

comparisons from India add nuance. Sharma et al. concluded that 

RIPASA had the highest diagnostic accuracy and may 

outperform TZS where ultrasonography expertise is limited, 

while Alvarado was mainly useful to “rule in” rather than triage.5 

This resonates with our finding that AS had good PPV (87.5%) 

but weaker NPV (60.0%) compared with TZS (PPV 93.8%, NPV 

85.0%), highlighting how Alvarado is more dependable when a 

high score is reached but less reliable for excluding 

appendicitis.11 

Taken together, data of this study is concordant with the 

dominant literature. Tzanakis yields higher sensitivity, specificity 

and overall accuracy than Alvarado in mixed adult populations. 

Alvarado’s utility is strongest as a rule-in tool at higher cut-offs, 

but specificity declines when aiming for greater sensitivity. 

Differences in absolute performance across studies likely arise 

from spectrum effects (case-mix, disease prevalence), operator 

dependence of ultrasonography within TZS, and thresholding 

differences (e.g., AS ≥7; TZS ≥8). Despite these variations, the 

consistent finding across national and international reports is that 

Tzanakis is superior to Alvarado in diagnostic accuracy for 

suspected acute appendicitis.1,2,4-7,9,11 

Clinical implications: The present findings reinforce that the 

Tzanakis score can substantially aid decision-making, 

particularly in resource-limited settings where CT scan 

availability is restricted. Its integration of clinical, laboratory, and 

ultrasound criteria makes it a valuable, low-cost, bedside 

diagnostic tool to reduce diagnostic uncertainty and prevent 

unnecessary laparotomies. Additionally, in equivocal cases, CT 

scanning continues to play a pivotal role, offering confirmatory 

value when TZS and clinical judgment remain inconclusive. 

Including this aspect aligns the discussion with contemporary 

diagnostic practices and supports a more rational, tiered approach 

to managing suspected acute appendicitis in diverse healthcare 

environments. 

STRENGTHS 

Despite its limitations, this study has several strengths. It directly 

compared two widely used clinical scoring systems against 

histopathological confirmation, ensuring diagnostic accuracy. 

The prospective collection and systematic analysis of data 

reduced potential biases. Furthermore, the inclusion of likelihood 

ratios and ROC analysis provided a more comprehensive 

evaluation of diagnostic performance than simple sensitivity and 

specificity. By aligning the results with national and international 

literature, the study adds valuable local evidence supporting the 

use of Tzanakis score in the early and accurate diagnosis of acute 

appendicitis. 

LIMITATIONS 

This study was conducted at a single center with a relatively small 

sample size, which may limit the generalizability of the results. 

Only two scoring systems were compared, while other scores 

such as RIPASA or AIR could also have been evaluated for 

broader comparison. As ultrasonography was an integral 
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component of the Tzanakis system, inter-observer variability in 

ultrasound interpretation could affect the results and was 

acknowledged as a potential source of bias. Imaging modalities 

like ultrasound and CT scan, which are integral components of 

clinical decision-making, were not systematically included, and 

inter-observer variability in clinical scoring was not assessed. 

Moreover, long-term patient outcomes, including complication 

rates and missed diagnoses, were not analyzed. 

CONCLUSION    

This study demonstrated that the Tzanakis score has superior 

diagnostic validity compared to the Alvarado score in identifying 

acute appendicitis when histopathology is used as the gold 

standard. The Tzanakis score showed higher sensitivity, 

specificity, PPV, NPV, and overall accuracy than the Alvarado 

score. The likelihood ratios further reinforced the stronger 

discriminative ability of the Tzanakis score. Therefore, the 

Tzanakis score can be considered a more reliable diagnostic tool, 

particularly in settings where imaging may not always be 

available, thus aiding in timely decision-making and reducing 

negative appendectomy rates.
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