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Comparison of the Alvarado and Pediatric Appendicitis (PAS) Scoring Systems for Diagnosing Acute Appendicitis 

Abstract:
Background:
In order to detect acute appendicitis in children as quickly and accurately as possible, a number of scoring systems, including Alvarado and PAS, have been established. Comparing different scoring systems' effectiveness and diagnostic usefulness was the aim of this research.
Materials and Methods: 
This prospective study was conducted in the pediatric surgery department of Bangladesh Medical University. Dhaka, Bangladesh from January 2023 to December 2024 over a period of 24 months. Data analysis was done by Statistical Package for Social Science (SPSS) software (version 26.0; SPSS Inc., Chicago, IL). Specificity, sensitivity, negative and positive likelihood ratios, diagnostic accuracy, negative and positive predictive values of the three scoring systems were analyzed. Receiver operating curve (ROC) was used to analyze the performance characteristics of the three scoring systems. P value of < 0.05 was considered statistically significant.
Results: A total number of 200 cases were studied to compare the predictive values of Alvarado and PAS scoring systems for the diagnosis of acute appendicitis. Maximum age group was between 6-30 years with a Mean ± SD of 8.0 ± 2.8 years. PAS scoring system had a better sensitivity (96.81%) than Alvarado (89.89%) scoring systems. Specificity was also more in PAS (85.82%) than Alvarado (63.64%). Diagnostic accuracy of PAS scoring system was 90.00% which is more than Alvarado (79.00%) scoring systems. Area under Curve (AUC) of Alvarado and PASA scoring systems are 0.809 and 0.864 respectively (Fig-2). Statistically significant difference (p<0.05) is found in the difference of Area Under Curves (AUC) of Receiver Operative Characteristic (ROC) between PAS and Alvarado scoring systems.
Conclusions: 
According to the current study, the PAS scoring system outperforms the Alvarado scoring systems in terms of sensitivity and specificity. Additionally, it has a low negative appendectomy rate due to its improved diagnostic accuracy, high positive predictive value, and high negative predictive value. 
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Introduction:
Acute appendicitis is an acute inflammation of appendix which accounts for 1 to 10% of children who present with acute abdominal pain the emergency department.1 The preferred course of therapy for acute appendicitis is appendectomy. However, the illness is challenging to identify, particularly in the early stages when the traditional symptoms and indicators are typically mild.2 Twelve to thirteen percent of children do not exhibit the usual signs and symptoms of acute appendicitis. Furthermore, as there are other sources of pain in the right iliac fossa, especially in children, several disease processes might resemble the diagnosis of acute appendicitis. The histology of the surgically excised appendix has been shown to be negative in a large number of individuals receiving appendectomy.3 Excision of a normal appendix imposes a strain on both patients and healthcare resources. However, the most crucial elements in lowering morbidity and mortality, length of stay, and treatment costs have been early diagnosis and timely surgery. Acute appendicitis may be diagnosed early and treated quickly with the use of a number of scoring systems especially in young population. Recently, the Alvarado and The pediatric appendicitis score (PAS) have been the more common clinical scoring systems used for the diagnosis of acute appendicitis.4
The Alvarado scoring system (Table-1), which is based on physical examination and complete blood count, is very easy to apply. Alvarado in 1986 described his score based on signs, symptoms and laboratory values.5 The pediatric appendicitis score (PAS) is a new scoring system that Samuel created in 2002 for the young population (Table-2).6 Eight clinical and laboratory criteria (total score 0–10) are included in PAS, including signs (such as right iliac fossa discomfort, percussion pain), symptoms (such as anorexia, nausea/vomiting), and inflammatory markers. The chance of appendicitis increases with higher PAS values: scores ≤3 suggest low risk, 4-6 equivocal, and ≥7 high risk. At a cut-off of ≥6 points, Samuel's initial prospective analysis of 1,170 children found that the PAS had a sensitivity of 100%, a specificity of 92%, a positive predictive value (PPV) of 96%, and a negative predictive value (NPV) of 99%.6 In a prospective cohort of children, Bhatt et al. found a sensitivity of 97.6% at ≤4 and a specificity of 95.1% at a PAS threshold of ≥8.7 In a similar vein, Goldman et al. discovered an area under the receiver operating characteristic curve (AUC-ROC) of 0.95 after prospectively validating PAS in 849 children . They observed a 2.4% missed-appendicitis rate and a 4% false-positive rate using cut-offs of ≤2 and ≥7, indicating that PAS is a helpful triage tool in highly controlled conditions.8
Conversely, extensive validations have yielded relatively modest outcomes. The PAS achieved an area under curve of receiver operative characteristic curve (AUC-ROC) of 0.84 in the multicenter Right Iliac Fossa Treatment (RIFT) project (2020), which involved 1,827 children from 139 institutions in the UK and Ireland.9 At a low-risk cut-off of ≤2, the failure rate was 3.1% and the specificity was 29.7% . The original "operate if ≥6/observe-or-discharge if ≤5" threshold was used in a different UK study by Goulder and Simpson to test the score retrospectively in 56 surgical patients. At that cut-off, PAS demonstrated 87% sensitivity and 59% specificity, meaning that 13% of true appendicitis cases would still have been missed.10
However, definitive diagnosis can be reached by histopathological study which is gold standard for diagnosing acute appendicitis. For that reason, we designed this prospective study to compare the diagnoses based on the Alvarado and PAS scoring systems with those obtained from histopathology and to evaluate predictive values of these scoring systems.
	Criteria
	Clinical Features
	value

	Symptoms
	Migratory right iliac fossa pain
	1

	
	Anorexia
	1

	
	Nausea/Vomiting
	1

	Signs
	Tenderness at right iliac fossa
	2

	
	Rebound tenderness
	1

	
	Elevated temperature
	1

	Laboratory
Investigation
	Leukocytosis
	2

	
	Shift of WBC to left
	1

	
	Total
Score 5-6: Acute appendicitis possible Score 7-8: probable acute appendicitis Score> 9 definite acute appendicitis
	10





Table-1 showing Alvarado Scoring System

	Criteria
	Clinical Features
	value

	Symptoms
	Nausea/vomiting	
Anorexia	

	1
1

	Signs
	Migration of pain to RLQ	
	
	1

	
	Fever
	1

	
	Cough/percussion/hopping tenderness
	1

	
	RLQ tenderness
	2

	Laboratory
Investigation
	Leucocytosis (WBC > 10,000)

	2

	
	Neutrophilia (ANC > 7,500)
	1

	
	Low Risk PAS < 3        
High Risk PAS > 7        
Indeterminate Risk  4-6
	













Table-2 showing pediatric appendicitis scoring system (PAS)












Materials and method:
This prospective study was conducted in the pediatric surgery department of Bangladesh Medical University. Dhaka, Bangladesh from January 2023 to December 2024 over a period of 24 months. All the patients who required appendectomy during the study period after meeting the inclusion criteria were enrolled in the study. A non-random purposing sampling method was used. An ethical clearance was taken from institutional ethical committee for conducting the study according to Helsinki Declaration for Medical Research (1964) involving human subjects.
Inclusion criteria:
1. Patients admitted in the pediatric surgery department of Bangladesh Medical University who underwent appendectomy for acute appendicitis.
2. Patients willing to take part in the study. 
Exclusion criteria:
1. Patients who do not provide informed consent.
2. Patients who have right iliac fossa mass
3. Patients who were suspected for urological diseases

Calculation of scores of Alvarado and PAS scoring systems were done by physical examination, demographic characteristics and laboratory investigations and noted in a preformed questionnaire. Decision of surgery was made by a qualified surgeon on the basis of his/her clinical judgement aided by physical examination and laboratory investigations. Per-operative findings were observed and specimen of appendix was sent for histopathology. Histopathological reports were compared with obtained scores. Finally data were summarized, analyzed and results were obtained.  

Data analysis was done by Statistical Package for Social Science (SPSS) software (version 26.0; SPSS Inc., Chicago, IL) .Distribution normality was analyzed with the Kolmogorov–Smirnov test. Categorical variables were presented as frequencies and percentages, continuous variables as mean± standard deviation (SD).Specificity, sensitivity, negative and positive likelihood ratios, diagnostic accuracy, negative and positive predictive values of the three scoring systems were analyzed. Predicted negative appendectomy rates for three scoring systems was calculated also. Comparison of mean between two groups were done by t test. Categorical variables were compared by Chi-square test. Receiver operating curve (ROC) was used to analyze the performance characteristics of the three scoring systems. P value of < 0.05 was considered statistically significant.


























Results:
A total number of 200 cases were studied to compare the predictive values of Alvarado and PAS scoring systems for the diagnosis of acute appendicitis. Maximum age group was between 6-30 years with a Mean ± SD of 8.0 ± 2.8 years (Table-3). Male: Female ratio was 2:1. Most of the patients (98%) patients presented with right iliac fossa pain. Around 92% patients presented with tenderness with right iliac fossa while rebound tenderness and Rovsing’s sign was positive in 90% and 86% patients respectively. 198 patients presented with neutrophilic leukocytosis. 89 patients were histopathologically positive for appendicitis. Negative appendectomy rate was 11%. According to Alvarado and PAS scoring systems 84%, and 88% patients were positive for acute appendicitis respectively.

	Age
	Number
	Percentage

	1-3 yrs
	22
	11%

	4-7 yrs
	50
	25%

	8-10 yrs
	74
	37%

	10-12 yrs
	44
	22%

	> 12 yrs
	10
	5 %




Table-3 showing age distribution of the patients

PAS scoring system had a better sensitivity (96.81%) than Alvarado (89.89%) scoring systems. Specificity was also more in PAS (85.82%) than Alvarado (63.64%)(Table-4). PAS scoring system also had better Likelihood ratios and predictive values in comparison to Alvarado scoring system. Diagnostic accuracy of PAS scoring system was 90.00% which is more than Alvarado (79.00%) scoring system. 
Predicted Negative Appendectomy rate was less in PAS scoring system (4.5%) than Alvarado (9.5%) scoring system. Area under Curve (AUC) of Alvarado and PASA scoring systems are 0.809 and 0.864 respectively (Fig-2). Statistically significant difference (p<0.05) is found in the 
difference of Area Under Curves (AUC) of Receiver Operative Characteristic (ROC) between PAS and Alvarado scoring systems.

	
	Alvarado
	PAS

	Sensitivity
	89.89%(76.32%-
91.99%)
	96.81%(85.90% -
98.49%)

	Specificity
	63.64%(30.79%-
89.07%)
	85.82%(75.87%-
91.21%)

	Positive Likelihood
Ratio(PLR)
	1.17(0.81 - 1.70)
	2.56(1.17-5.62)

	Negative likelihood
Ratio(NLR)
	0.54(0.18 -1.59)
	0.11(0.04-0.26)

	Positive predictive
Value(PPV)
	90.48%(86.75%-
93.23%)
	95.40%(90.45%-
97.85%)

	Negative predictive
Value(NPV)
	18.75%(7.21% -
40.65%)
	53.85%(32.34%-
74.01%)

	Diagnostic accuracy
	79.00%(69.71%-
86.51%)
	90.00%(82.38%-
95.10%)

	Predicted Negative Appendectomy rate
	9.5 %( 4.6%-12.34%)
	4.5%(2.1%-6.5%)






















Table-4 Showing predictive values of Alvarado and PAS scoring systems
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Fig-1 showing ROC curve of two scoring systems which is plotted by putting 
 Sensitivity of scoring systems on X- axis and 1- Specificity on Y-axis. Cut-off
 Values for Alvarado and PAS scoring systems were 9, and 7 respectively











Discussion:
Acute appendicitis is the most frequent presentation of abdominal pain in pediatric population. Early diagnosis is essential for this prevalent surgical emergency situation in pediatric patients. 
However, working with the pediatric population—particularly preverbal children—may present some diagnostic difficulties that complicate the diagnosis.11 Complications, a high rate of morbidity, and mortality can arise from delayed diagnosis. To assess the likelihood of acute appendicitis in patients experiencing acute abdominal pain and aid in a timely and precise diagnosis, numerous scoring systems have been developed. In 2002, PAS was developed by Samuel for children between 4 to 15 years of age it is a modification of Alvarado Score and carries a maximum score of 10.12 In this study we tried to compare a well reputed Alvarado scoring system with pediatric appendicitis score with regard to correct diagnosis based on operative and histopathological findings.
Acute appendicitis can show clinically in a variety of ways due to the inflammatory process's diverse degree of involvement, the patient's age, and the appendix's various locations. In one out of every five cases, the discordant clinical presentation frequently results in an incorrect diagnosis of acute appendicitis. The mean age of the patients was 8.0 ± 2.8 years which was comparable with Samuel et al.13 The majority of patients in this study had signs of acute appendicitis, including right iliac fossa pain (92%) and tenderness (92%). The majority of patients (83%) showed up within 48 hours after their symptoms started. The findings are similar to those of Lewton AR, who reported that the most common symptom was right lower abdominal pain, followed by fever and vomiting.14
Early detection of acute appendicitis is lifesaving.  However, unnecessary surgeries and diagnostic tests are to be avoided. In children, the incidence of unnecessary appendectomies ranges from 8.4% to 56.7%. In contrast, the rate of negative appendectomies in our study was 11% which showed similarity with studies conducted by Smink DS.15
A prospective study conducted by Talukdar DB  and Banu F on 100 patients hospitalized with abdominal pain suggestive of acute appendicitis and were subsequently operated, from July 2005 to June 2008 at Bangladesh Rifles (BDR) hospital, Dhaka. The sensitivity and the specificity of the Alvarado scoring system were found to be 93.5% and 80.6%, respectively. The PPV and the NPVs were 92.3% and 83.3%, respectively which coincides with our findings.16
In this prospective investigation, we analyzed data from 200 children with acute abdominal pain and discovered that the PAS scoring system had a greater diagnostic value than Alvarado. Additionally, the study's findings demonstrated that PAS scoring systems had higher sensitivity and specificity, respectively. Besides, our findings are similar to those of Badebarin D et al., who found that while the Alvarado score has a greater diagnostic value than PAS, its sensitivity and specificity are insufficient for diagnosis confirmation.17
The current study also compared positive and negative likelihood ratios, positive and negative predictive values among the PAS and Alvarado systems. In all categories PAS scoring system outperformed the Alvarado scoring systems. Mardani et al. showed the PAS scoring system had a better positive and negative likelihood ratios for the Iranian population when compared with Alvarado and AIR scoring systems.18 On the other hand, Rathod et al observed that PAS scoring system had more positive predictive value and less negative predictive value while comparing with Alvarado scoring system.19
The diagnostic accuracy of PAS scoring system was 90% in this study which better than Alvarado (79%) scoring system. Similar findings were also noted by Arhama et al. where diagnostic accuracy for PAS scorings system was 96%.42.20 In another study conducted by Man E and Rutherford F they found slightly higher diagnostic accuracy rate of PAS scoring system (97.8%). Predicted negative appendectomy rate was lower in PASA scoring system (4.5%) which was also observed in other studies.21
The current study had some limitations. It was a single center study over a short period of time. Sample size was also very small. Further large scale multicenter study should be conducted to derive more accurate results.











Conclusion:
According to the current study, the PAS scoring system outperforms the Alvarado scoring systems in terms of sensitivity and specificity. Additionally, it has a low negative appendectomy rate due to its improved diagnostic accuracy, high positive predictive value, and high negative predictive value. Thus, it can be said that the PAS scoring can be used to better assess acute appendicitis, which has the potential to be a more accurate and economical method of diagnosis in pediatric population.
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