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ABSTRACT 

Objective: To evaluate the accuracy of Appendicitis Inflammatory Response system in comparison to that of the Alvarado 
score for the diagnosis of the acute appendicitis. 
Study Design: Validation study. 
Place and Duration of Study: Accident and Emergency Department of Combined Military Hospital Rawalpindi, Pakistan, 
from Aug 2021 to Jan 2022. 
Methodology: A total of 150 patients who presented to accident and emergency department with complaints of pain in right 
iliac fossa and were diagnosed clinically by surgeons as cases of acute appendicitis were included. Appendicitis Inflammatory 
Response and Alvarado scores were calculated for all patients and diagnostic accuracy was compared for both scores taking 
the histopathology report as the gold standard. 
Results: The study had 87(56.1%) males and 63(40.6%) females. Ninety-six (61.9%) individuals were below 40 years of age. 
Ninety-nine (63.9%) of the patients presented within 48 hours of onset of symptoms. The sensitivity, specificity, PPV, NPV and 
accuracy were calculated as 89.4%, 77.8%, 50%, 96.7% and 88% for Appendicitis Inflammatory Response scoring system and 
74.2%, 77.8%, 29.2%, 96.1% and 74.6% for Alvarado score respectively.  
Conclusion: The diagnostic accuracy of Appendicitis Inflammatory Response score was better as compared to Alvarado in 
diagnosis of acute appendicitis. 
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INTRODUCTION  

The incidence of appendicitis, which is the 
inflammation of appendix is reported to be 8.6% in 
males and almost 6.7% in females.1 The potential and 
direct pathological cause of appendicitis is still 
unknown.2 Its timely diagnosis is a major challenge for 
physicians, especially in young adults and children.3  

Clinicians have greatly emphasized that early 
and accurate diagnosis of acute or chronic appendicitis 
is vital for reducing resulting morbidity and 
mortality.4 Studies have demonstrated Computerized 
Tomography (CT) as an important diagnostic tool.5 
However, utilization of CT scans and other imaging 
techniques is not possible in every case, especially in 
primary healthcare settings in developing nations, 
which is why healthcare professionals prefer specific 
clinical scoring systems.6 These scoring scales are 
considered as standardized methods of diagnosing 
and assessing the extent of the inflammation within 

the appendix. 

These reliable scoring systems are based on                   
the observation of laboratory results and clinical 
examination performed by healthcare professionals.7-8 
One of the most commonly used and appropriate 
scoring system for the diagnosis of  appendicitis is the 
Alvarado scoring system.9  

On the other hand, another similar and modified 
scoring system known as the Acute Inflammatory 
Response (AIR) is designed to provide a more 
authentic diagnosis. The AIR scoring scale takes uses 
C-reactive protein (CRP) values to diagnose 
appendicitis, with a sensitivity of 93.6% and speci-
ficity of 86.6%.10 This is comparatively higher than                          
the Alvarado scoring system. The inclusion of the CRP 
component sufficiently reduces the risk and compli-
cations associated with the exposure of the patients to 
unnecessary terms of imaging modalities as well as 
surgical interventions. 

The main purpose of the study is to evaluate the 
accuracy of Appendicitis Inflammatory Response 
(AIR) system in comparison to that of the Alvarado 
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score for the screening and reliable diagnosis of the 
acute appendicitis. 

METHODOLOGY 

This Validation study was performed at 
Combined Military Hospital Rawalpinid, Pakistan 
from August 2021 to January 2022 after approval from 
Ethical Review Board (Serial # 232, dated 04-08-2021, 
CMH Rawalpindi).  

Inclusion Criteria: Individuals of either gender, aged 
between 12 to 80 years, with para-umbilical pain that 
radiated to the right iliac fossa or the right lower 
abdomen were clinically evaluated for acute 
appendicitis were included. 

Exclusion Criteria: Patients who had a mass in the 
right iliac fossa or were scheduled for an interval 
appendectomy were excluded. 

For this study, 150 patients were recruited using 
non-probability convenience sampling technique. 
Sample size was calculated using WHO calculator, 
using prevalence of 57.3% which came out to be 147.11  

Surgical residents performing duties in the 
Emergency Department helped in collecting the data 
by assessing patients after taking written informed 
consent. A predesigned proforma was used as 
medium of assessing patients and collecting relevant 
data. Senior registrars and consultants evaluated 
patients to make the diagnosis of acute appendicitis 
clinically. The severity of acute appendicitis among 
these patients was analyzed using the Alvarado and 
AIR scores.12  

Using the Alvarado and AIR scoring the patients 
were observed for the degree of high and low 
frequency of appendicitis. Patients scoring 6 or below 
on the Alvarado or 8 or below on the AIR scoring 
system were considered to have low probability rate. 
On the other hand, all the patients scoring above 8 and 
6 on AIR and Alvarado score respectively were 
considered to have a high probability of needing 
immediate surgical removal of the organ. The 
confirmation obtained through the Alvarado and AIR 
scores for each patient was evaluated against the 
histopathology report of patients, taken as gold 
standard to diagnose the condition. This process 
helped in providing confirmatory analysis.  

Data was analysed using Statistical Package for 
Social Sciences (SPSS) version 23. Quantitative 
variables were presented using mean and standard 
deviation, while qualitative variables were presented 
using frequencies and percentages. Sensitivity, 

Specificity, Positive and Negative Predictive Value 
Predictive value of the tests were calculated. The 
cutoff value was taken as ≥7 for Alvarado and ≥9 for 
AIR score for positive diagnosis of acute appendicitis. 

RESULTS 

The study had 87(56.1%) males and 63(40.6%) 
females. Ninety-six (61.9%) individuals were below 40 
years of age, and 99(63.9%) presented within 48 hours 
of onset of symptoms. 

Comparison of patient’s AIR and Alvarado 
scoring systems can be seen in Table-I. 
 

Table-I: Comparison of Alvarado and Appendicitis 
Inflammatory Response Scores  (n=150) 

Diagnostic  
Score  

Inflamed Appendix 
n(%) 

Normal Appendix 
n(%) 

≥7 (Alvarado)  98 (65%) 4 (3%) 

<7 (Alvarado)  34 (23%) 14 (9%) 

≥9 (AIR) 118 (78%) 4 (2%) 

<9 (AIR) 14 (9%) 14 (9%) 
 

Out of 150 appendectomies done, 132(88%) had 
inflamed appendix on histopathology. Among these 
patients, open appendectomy was performed on 
135(90%) of the patients, while laparoscopic surgery 
was performed on 15(10%).  

The sensitivity, specificity, PPV, NPV and 
accuracy was calculated using 2x2 table (Table-II) and 
the results were calculated as 89.4%, 77.8%, 96.7%, 50% 
and 88% for AIR scoring system and 74.2%, 77.8%, 
96.1%, 29.2% and 74.6% for Alvarado score 
respectively.  

The ROC curve plotted (Figure-1) also shows AIR 
score having AUC of 0.83 as compared to 0.76 in 
Alvarado scoring system. 

 

Figure-1: ROC Curve Comparison of Alvarado and 
Appendicitis Inflammatory Response Systems 
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Table-II: Diagnostic Efficacy of Appendicitis Inflammatory 
Response (AIR) and Alvarado Scoring Systems 

Parameter Alvarado AIR 

Specificity 77.8% 77.8% 

Sensitivity 74.2% 89.4% 

PPV  96.1% 96.7% 

NPV 29.2% 50% 

Accuracy 74.6% 88% 

 

DISCUSSION 

 The purpose of designing and executing this 
cross-sectional research study was evaluate potential 
ability of the AIR scoring system and Alvarado 
scoring system in assessing the diagnosis of acute 
appendicitis and the need for the patients to acquire 
the immediate surgical removal of the organ. 
According to one study, the use of scoring systems as 
tools decreases the risk of inappropriate diagnosis.13 
These scoring systems should be promoted in 
emergency departments and surgical wards for the 
purpose of ensuring proper screening. Studies have 
also addressed that the pace of utilization of these 
screening tools might serve a crucial role in enabling 
junior consultants and surgeons to evaluate patients 
more reliably and increase the terms of their 
performances within the primary, secondary or 
tertiary health care settings.14,15 The selection of these 
tools plays a viable role in stratifying patients into the 
low and high probability of having the disease.         
The patients scoring below 7 on the Alvarado and 
below 9 in AIR score are kept in observation and on 
medication, as it is not necessary to perform surgical 
procedures on these patients right away.13  

 Our study reported that the AIR score was 
more effective in stratifying the patients with high 
probability index. This is because the AIR score 
represented high specificity, sensitivity and positive 
predictive values in comparison to the Alvarado score 
and the evaluation maintained by resident surgeons. 
This is in line with the findings of another study.16 
Research has shown that the Alvarado scoring system 
expresses lower sensitivity rate. This low sensitivity 
rate is the major barrier in its rapid and potent 
consideration or utilization by surgeons.  

 On the other hand, AIR score represents 
higher accuracy and predictive values for patients 
with acute appendicitis, which promotes the use of 
AIR score in clinical practice. One study also 
supported the findings, as the AIR score crucially 
helped surgeons in validating the accuracy of their 
critical evaluation and clinical assessment efficacy.16 

The major issue that restricts the comprehensive use of 
the AIR scoring system is that the specificity, 
sensitivity and predictive values are more reliable for 
children, young adults and men.16 For females, AIR 
score might express the fluctuated results.17 This issue 
might cause serious risks in incorrectly stratifying 
female individuals in high or low probability                  
index, leading to unnecessary surgical procedures or 
treatment failure.  

The chances of medium probability of diagnosis 
being identified is 37% in terms of utilising the         
AIR score.18 If patients are observed with medium 
probability, the surgeons are responsible to perform 
further analysis. These diagnostic analysis requires    
the CT imaging and ultrasounds.18,19 One study 
contradicts this, stating that this cannot be the 
condition always, and the use of the AIR should be 
rationalised as it not only supports in diagnosis but 
serves as an effective tool for junior surgeons to 
understand the patients’ concerns, improve the critical 
understanding and decision making skills in their 
practicing phases.20 Further, the utilisation of 
radiological imaging procedures is only needed for 
patients who are observed with medium probability.16  

 Further research is needed in this domain to 
promote its utilisation. The results of this study helped 
in understanding that low score observed on the 
Alvarado or AIR scale determines the exclusion of 
appendicitis and the patients are then evaluated         
for other clinical issues. While the high score rate 
obtained, ensure the inclusion and prevalence of 
appendicitis among patients, which makes it easier for 
healthcare providers to segment these patients within 
the groups of low probability and high probability 
rates.  

CONCLUSION  

The diagnostic accuracy of AIR score was better as 
compared to Alvarado in diagnosis of acute appendicitis. 
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