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INTRODUCTION 

Acute appendicitis is one of the most common abdominal 

emergencies worldwide, with a lifetime incidence of 7-

9%.1-3 Upon diagnosis, urgent surgical intervention is 

required to avoid the risk of severe and progressive 

inflammation that can cause perforation, abscess 

formation, peritonitis and intra-abdominal adhesions.4 

Acute appendicitis is suspected in patients who present 

acutely with right lower quadrant pain or tenderness and 

leukocytosis. However, it is only confirmed on 

histological examination of the appendix specimen. 

Therefore, acute appendicitis is still clinically diagnosed 

on the basis of history, physical examination, laboratory 

tests and imaging. However, the diagnosis can be 

challenging because of vague or non-specific symptoms 

and atypical presentations, particularly in younger 

patients.5-8 Given the difficulties of clinical diagnosis and 

ABSTRACT 

 

Background: The study aims to evaluate the diagnostic accuracy of AIR and Alvarado scores for acute appendicitis 

cases. 

Methods: We conducted a retrospective study with 73 patients to compare the efficacy of the appendicitis 
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the potentially life-threatening complications of untreated 

appendicitis, there is a historically high prevalence of 

negative appendectomies, which is associated with a 

higher financial burden, hospitalisation rates, 

complication rates and mortality.9-11 To avoid both 

unnecessary negative appendectomies and the 

complications of untreated appendicitis, surgeons have 

sought to increase their diagnostic accuracy to better 

differentiate between patients requiring surgical 

management and those requiring conservative 

management. Imaging modalities such as computed 

tomography (CT) and ultrasound have been shown to 

improve diagnostic accuracy and reduce negative 

appendectomy rates.11-12 However, they are limited by 

inaccuracies, inconclusive results, inaccessibility outside 

of business hours, cost, operator skill with ultrasound and 

radiation risk with CT. Thus, various clinical scoring 

systems have been created as diagnostic aids and to 

reduce imaging use. These include the appendicitis 

inflammatory response score (AIR), the Alvarado score, 

the pediatric appendicitis score (PAS), the adult 

appendicitis score (AAS), the Lintula score, the RIPASA 

score and the pediatric appendicitis risk calculator 

(pARC).13-19 In this study, we utilise the widely used 

Alvarado score (Table 1) and the newer AIR score (Table 

2) to explore the demographic and clinical characteristics 

of suspected appendicitis cases over a three-month period 

at Tunbridge Wells Hospital, Tunbridge Wells, England, 

UK. We evaluate the diagnostic accuracy of the AIR and 

Alvarado scores for acute appendicitis and comment on 

their clinical usefulness. 

METHODS 

We conducted a retrospective observational study in 

general surgery department at Tunbridge Wells Hospital, 

England, UK. from January 2021 to March 2021 to 

compare the efficacy of the appendicitis inflammatory 

response (AIR) score with the Alvarado score in the 

diagnosis of acute appendicitis. Both scores allow for risk 

stratification (Table 3).  

Inclusion and exclusion criteria 

The inclusion criteria were all consecutive patients 

referred by a general practitioner or emergency physician 

to the on-call surgeon’s team with suspected appendicitis 

or acute RIF pain, identified at the point of admission to 

the surgical unit. The exclusion criteria were patients 

presenting with any form of non-right iliac fossa pain, 

emergency laparotomy which included appendectomy, 

elective appendectomy, lump in the right iliac fossa, 

immunocompromised patients and pregnant patients. 

Ethical committee approval was not required as the data 

was retrospective. Data were analyzed using SPSS 

software and were expressed as numbers and percentages. 

Chi-square and Mann-Whitney tests were applied for 

comparing the data of both the groups and P value less 

than 0.05 was considered statistically significant. 

The recording of the patient’s history and the physical 

examination were completed per the designated forms. A 

full range of routine haematological investigations was 

performed, and the scores were calculated. All cases were 

thoroughly examined by a senior faculty member and 

referred for surgical intervention. Lab tests were 

performed, and imaging studies (CT or ultrasound) were 

conducted at the surgeon’s discretion in some cases. The 

demographic data and clinical examination findings 

(signs and symptoms) were noted in a separate case 

record form. Histopathology was evaluated on the 

excised appendix for confirmation of diagnosis. Upon 

receiving the results, the scores were correlated with the 

histopathological reports. The optimal cut-off threshold 

was four for AIR and seven for Alvarado. Our analyses 

included the determination of sensitivity, specificity and 

positive predictive value (PPV), as well as a negative 

predictive value (NPV) for the AIR and Alvarado scores. 

Table 1: Scoring scheme for the Alvarado score. 

The Alvarado score Score 

Signs 

Right lower quadrant tenderness 2 

Elevated temperature (>37.3) 1 

Rebound tenderness 1 

Symptoms 

Anorexia 1 

Nausea 1 

Migration of pain to right lower quadrant 1 

Laboratory values 

Leucocytosis (>10.000) 2 

Left Shift (>75% neutrophils) 1 

Total 10 

Table 2: Scoring scheme for the AIR score. 

Parameters Score 

Appendicitis inflammatory score 

Vomiting 1 

Pain in the right lower quadrant 1 

Rebound tenderness 

Light 1 

Medium 2 

Strong 3 

Polymorphonuclear leukocytes 

70%-84% 1 

≥85% 2 

White blood cell count 

10.000-14.999 cells/l 1 

≥ 15.000 cells/l 2 

C-reactive protein 

10-49 mg/l 1 

≥50 mg/l 2 

Total 12 
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RESULTS 

There were 73 patients eligible for inclusion during the 

study period. Patient demographics included 33 (46.4%) 

males and 40 (54.8%) females, with a mean age of 31±17 

(Table 4). There was no association of the AIR and 

Alvarado scores with age, sex and co-morbidities.  

Table 3: Risk stratification based on AIR and 

Alvarado scores. 

Parameters 

Interpretation of the cumulative Alvarado score 

0-4 Not likely appendicitis 

5-6 Equivocal 

7-8 Probable appendicitis 

9-10 Highly likely appendicitis 

0-4 Not likely appendicitis 

5-6 Equivocal 

Interpretation of the cumulative AIR score 

0-4 Low probability of appendicitis 

5-8 Indeterminate probability of appendicitis 

9-12 High probability of appendicitis 

0-4 Low probability of appendicitis 

Table 4: Relation of histopathology results with 

demographic data and characteristics of the studied 

patients. 

Variables 

Histopathology 

Negative 

(N=14) 

Positive 

(N=59) 

Age Median (IQR) 
24.21  

(15-29.39) 

29.54  

(18.77-46.21) 

Gender 

N (%) 

Females 10 (71.4) 29 (50.8) 

Males 4 (28.6) 30 (50.8) 

Based on the operative findings, only 6 (8.2%) out of 73 

patients had a non-inflamed appendix. Moreover, based 

on the histopathology findings, 59 (80.0%) out of 73 

patients had acute appendicitis (Table 5). The majority of 

patients scored in the range of 5-8. Patients were divided 

into two groups based on histopathological reports, 

positive and negative. In the negative group, the median 

AIR score was three, and in the positive group, it was six. 

Table 5: Histopathology and operative findings among 

the studied patients (n=73). 

Variables N (%) 

Histopathology 
Negative 14 (19.2) 

Positive 59 (80.8) 

Operative 

findings 

Inflamed appendix 59 (80.9) 

Non-inflamed 

appendix 
6 (8.2) 

Perforated appendix 3 (4.1) 

Gangrenous appendix 5 (6.8) 

Correlation between AIR score and histopathological 

findings 

In the positive group, five (8.5%) patients had high AIR 

scores, 41 (69.5%) had moderate AIR scores, and 13 

(22.0%) had low AIR scores. In the negative group, AIR 

scores were low for 12 (85.7%) patients, moderate for 

two (14.3%) patients, and high for none (0.0%) of the 

patients, with only two patients being false positives. The 

correlation between the AIR score and histopathology 

results was highly significant (p=0.001) (Table 6). 

 

Figure 1: Receiver operating characteristic curve 

(ROC) for AIR score and Alvarado score in 

differentiation between negative and positive 

histopathology groups. 

Correlation between Alvarado score and 

histopathological findings 

In the positive group, the Alvarado scores were high for 

33 (55.9%) patients, moderate for 17 (28.8%) patients, 

and low for 9 (15.3%) patients. In the negative group, six 

(42.9%) patients had low Alvarado scores, six (42.9%) 

patients had moderate Alvarado scores, and two (14.3%) 

patients had high Alvarado scores, with eight patients 

being false positives (Table 6). There was a significant 

correlation between the Alvarado scores and the 

histopathology results (p=0.011). The sensitivity of the 

AIR and Alvarado scores was 77.97% and 67.80%, 

respectively, and the specificity was 85.71% and 78.57%, 

respectively (Figure 1). The positive predictive value 

(PPV) for the AIR and Alvarado scores was 95.8% and 

93.0%, respectively, and the negative predictive value 

(NPV) was 48.0% and 36.7%, respectively. The AIR 

score had higher specificity, sensitivity and positive 

predictive value, and a lower rate of false positives (Table 

7). 

DISCUSSION 

A clinical score should be easy to use, predict clinical 

outcomes and avoid unnecessary investigations and 

treatments. Keeping this in mind, several scores that 
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predict acute appendicitis have been designed so far. 

These scores also aim to reduce the reliance on imaging 

and negative appendicectomy rates (NAR) while keeping 

perforation rates at an acceptable level. It has traditionally 

been thought that a lower NAR comes at the cost of 

higher perforation rates and, therefore, higher morbidity 

due to a delay in diagnosis or treatment.  

                                                                                                                                                                                                                   

Table 6: Correlation of histopathology results with AIR and Alvarado scores of the studied patients. 

Parameters 

Histopathology 

Test value P value Significance Negative 

(N=14) 

Positive 

(N=59) 

AIR score 
Median (IQR) 3 (2-4) 6 (5-8) 

-3.947** 0.000 HS 
Range 1–8 2–9 

Category N (%) 

Low 12 (85.7) 13 (22.0) 

20.439* 0.000 HS Moderate 2 (14.3) 41 (69.5) 

High 0 (0.0) 5 (8.5) 

Alvarado Score 
Median (IQR) 5 (3-5) 7 (5-8) 

-3.185** 0.001 HS 
Range 2–8 2–10 

Category 

Low 6 (42.9) 9 (15.3) 

8.997* 0.011 S Moderate 6 (42.9) 17 (28.8) 

High 2 (14.3) 33 (55.9) 
*Chi-square test; **Mann-Whitney test, HS-highly significant, S-significant 

Table 7: Sensitivity and Specificity of AIR and Alvarado scores. 

Scores Cut off point AUC Sensitivity Specificity PPV NPV 

AIR score >4 0.838 77.97 85.71 95.8 48.0 

Alvarado Score > 5 0.772 67.80 78.57 93.0 36.7 

                                                                                                  

However, a sizeable US population-based study contests 

this association, and one American centre reports an 

NAR of 1.7% with the routine use of pre-operative 

CT.20,21 Our study gave an NAR of 19.2%. Although 

there is no official ‘acceptable’ NAR in the UK, ours 

appears consistent with and is probably below the 

average for the country.22 Our perforation rate was 4.1%. 

The older and more well-established Alvarado score was 

developed from a retrospective analysis of patients that 

underwent appendicectomy for suspected appendicitis 

and has undergone a number of validation studies.14,23,24 

However, its reliance on dichotomous and subjective 

clinical signs and symptoms has seemingly weakened its 

discriminative ability. AIR, in comparison, was more 

recently developed by Andersson and Andersson from a 

prospective cohort, with the grading of variables and 

more reliance upon objective inflammatory results, 

particularly CRP, which has been shown to be especially 

correlative for acute appendicitis.13,25 

Many studies that have compared the two scores show 

AIR to be more accurate than Alvarado over a range of 

patient demographics.26-29 In Andersson and Andersson’s 

original prospective study of 545 patients, the area under 

the curve (AUC) was reported to be 0.93 vs 0.88 for AIR 

and Alvarado, respectively.13 Jose et al cross-sectional 

observational study of 130 patients elicited an AUC of 

0.90 vs. 0.82 for AIR and Alvarado, respectively.26 With 

an AIR cut-off of five, they found a sensitivity of 98% 

and a specificity of 36%. Alvarado’s cut-off of six gave a 

sensitivity of 72% and a specificity of 79%. De Castro et 

al noted an AUC of 0.96 vs 0.82 for AIR and Alvarado,  

                                                                                                                         

respectively, in 941 patients, with the AIR score 

outperforming the Alvarado score in patients for whom 

the diagnosis is usually more difficult, namely children, 

women and the elderly.27 A cut-off of four points gave 

similar sensitivity for AIR and Alvarado (0.93 vs 0.90, 

respectively) but much higher specificity (0.85 vs. 0.55, 

respectively), with corresponding NPV of 0.95 vs. 0.90 

for AIR and Alvarado, respectively. 

Kollár et al evaluated the AIR score and compared its 

performance in predicting the risk of appendicitis to both 

the Alvarado score and the clinical impression of a senior 

surgeon.28 In their low-risk group, they found AIR to be 

accurate at excluding appendicitis, and in their high-risk 

group, they discovered that AIR was more accurate at 

predicting appendicitis than Alvarado. They proposed 

that AIR could be used as the basis for selective CT 

imaging for intermediate-risk patients. Our results are 

consistent with these studies, with an AUC of 0.84 vs 

0.77 for AIR and Alvarado, respectively. Moreover, the 

NPV in our study was 48.0% and 36.7% for AIR and 

Alvarado, respectively, and the PPV was 95.8% and 

93.0%, respectively. However, other studies question the 

reliability of these scores, especially in paediatric 

populations. Vaziri’s multicentric prospective study of 

661 children showed that AIR was more sensitive and 

specific than Alvarado only among their low-risk group 

(95% vs. 90% sensitivity, and 74% vs. 70% specificity, 

respectively).29,30 High-risk patients in both scores had a 

sensitivity and specificity of less than 50%, which was 

thought to be insufficient to aid diagnosis or decide to 

proceed with surgery. 
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Limitations 

The study’s limitations include the relatively small 

number of patients, its cross-sectional and observational 

nature, and the inclusion of only those patients that 

underwent appendicectomy. Further studies that are more 

extensive, prospective and look at specific populations in 

more depth are required. This would allow for the 

establishment of optimal cut-off points for particular 

scores and populations, thus enabling the use of selective 

imaging based on risk stratification. 

CONCLUSION 

The diagnosis for patients with suspected acute 

appendicitis is still challenging. The results of our study 

demonstrate that the AIR score is a superior diagnostic 

tool to the Alvarado score, outperforming it with higher 

sensitivity and specificity. Thus, AIR could help identify 

patients who require immediate surgery or further 

evaluation. In these cases, a follow-up will help 

determine whether surgical intervention is necessary. 
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