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  ABSTRACT  
Appendicitis, Alvarado, AIR, CRP  Even with advent of modern diagnostic tools, misdiagnosis of 

appendicitis has remained more or less constant. Percentage of 

misdiagnosis is higher among women than men and children than adults. 

We aimed to validate importance of AIR score in diagnosing acute 

appendicitis and comparing it with Alvarado score. This case series 

study was done in emergency and surgical department of Al- Kindy 

Teaching Hospital- Baghdad-Iraq during a period extended from second 

of January /2016 to 30/July/2017 were convenient sample of patients 

attended emergency unit suffering from acute abdominal pain with 

suspicion of acute appendicitis. Appendicitis inflammatory score (AIR) 

(at score>4) in comparison with Alvarado score (at score >4) shows that 

former has good statistical points of discrimination for diagnosing 

patient with acute appendicitis, with a sensitivity of 91%, and outclass 

Alvarado score, with a sensitivity of 83%. AIR versus Alvarado score 

former outperform result obtaining by later one in children below 12 

year old with a sensitivity and specificity of 88% and 61%s respectively 

for AIR score (score >4), and a sensitivity and specificity of 41% and 

61% respectively for Alvarado score (score >4). White cell count can be 

normal or low as a result of lymphopenia or sepsis.  C - reactive protein 

(CRP) concentrate is a powerful indicator of appendicitis particularly 

complicated cases. CRP demonstrates a sensitivity of 85% and 

specificity of 69%. Rebound tenderness was demonstrated in 63% 

individuals in present study. This study validates AIR score in 

diagnosing acute appendicitis and exceeds Alvarado score. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

In 1880, Robert Lawson Tait performed the first appendectomy for appendicitis in England [1]. Now, more 

than 130 years later, this most common of all surgical diseases can still be a diagnostic problem, mortality 

rate has improved since advent of antibiotics in 1940. No perfect diagnostic evaluation tool is available to 

detect appendicitis if symptoms are ambiguous. If symptoms are vague, diagnostic process takes longer, 

thus delaying surgery increasing the possibility of complication. On the other hand, hasty operation without 

accurate diagnosis will lead to negative appendectomy, increasing the morbidity and cost of treatment. This 

is demonstrated by the high negative laparotomy rates documented in the literature [2]. 
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Even with the advent of modern diagnostic tools, misdiagnosis of appendicitis has remained more or less 

constant. The percentage of misdiagnosis is higher among women than men and children than adults. 

Diagnostic approaches include symptomatology, physical examination, laboratory findings and imaging 

modalities like ultrasonography and computerized tomography (CT) of abdomen. Although the advent of 

ultrasound has improved the diagnosis of appendicitis, it is highly operator dependent. Abdominal CT 

carries risk of radiation exposure and also increase the cost. Many surgeons tend to rely on abdominal 

ultrasound or CT examination for objective diagnosis [2]. 

 

A study performed in 2005 in the Netherlands found that approximately 15% of the patients underwent a 

negative appendectomy, a number similar to another large Swedish study [3]. 

 

The negative appendectomy rate was13% in another large North American study [4]. It is safe to assume 

that the negative laparotomy rate declined to approximately 10% with the routine use of ultrasonography 

(US) [5]. 

 

The higher sensitivity of computed tomography (CT) seems to have had an even greater effect on the 

negative laparotomy rate, which has decreased even further to 5–10% [5], [6]. In many European countries, 

most surgeons still consider acute appendicitis to be a clinical diagnosis and do not routinely perform 

imaging studies [7]. 

 

Scoring systems have been designed to aid in the clinical assessment of patients with acute appendicitis. 

Many scoring system have been designed for diagnosis of acute appendicitis for example Alvarado score, 

modified Alvarado, Mantrel score, Pediatric appendicitis score and Appendicitis inflammatory response 

score. The Alvarado score is the most well-known and best performing in validation studies, but it has some 

drawbacks [8], [9]. 

 

Its construction was based on a review of patients who had been operated with suspicion of appendicitis, 

whereas the score is supposed to be used on all patients with suspicion of appendicitis. Also, the score does 

not incorporate C-reactive protein as a variable, although many studies have shown the importance of C-

reactive protein in the assessment of patients with appendicitis [10]. 

 

The recently introduced appendicitis inflammatory response (AIR) score was designed to overcome these 

drawbacks [11]. This score incorporated the C-reactive protein value in its design and was developed and 

validated on a prospective cohort of patients with suspicion of acute appendicitis. The objective of the 

present study was to externally validate the AIR score on a consecutive cohort of patients with suspicion of 

acute appendicitis and compare the AIR score’s performance to the Alvarado score. 

 

2. AIM OF THE STUDY 

To validate the importance of AIR score in diagnosing acute appendicitis and comparing it with Alvarado 

score.  

 

3. PATIENT AND METHODS 

This case series study was done in emergency and surgical department of Al- Kindy Teaching Hospital- 

Baghdad-Iraq during a period extended from the second of January /2016 to 30/July/2017 were convenient 

sample of patients attended emergency unit suffering from acute abdominal pain with suspicion of acute 

appendicitis. 
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Inclusion criteria: 

Patients with provisional diagnosis of acute appendicitis and cases decided to be operating on according to 

surgeon decision and irrespective to the scoring system. 

 

Exclusion criteria:  

Patients who are less than 5 year old, patients who are incapable of doing additional investigations outside 

the hospital and imaging studies cause it is operable dependent, expensive and not affordable at night. 

 

A pre-tested checklist was filled by the researcher through direct interview with each patient and his family. 

A total of 200 cases of suspected acute appendicitis that were admitted, investigated and treated were taken 

for the study. After detailed examination and investigations Alvarado score and appendicitis inflammatory 

response score was applied to each case and the scores were tallied accordingly. 

 

The checklist included gender, age, and pain in right iliac fossa, migratory pain, tenderness, rebound 

tenderness, muscular defense, nausea, vomiting, anorexia, fever, white cell count, shifting to left and C - 

reactive protein. 

 

The patient’s variables investigated private laboratories and Al-Kindy teaching hospital laboratory. 

 

The ALVARADO scoring system consists of: 

This system consists of 4-symptoms, 1-sign and 3-labarotary findings scored as follow: 

 

 
 

While Appendicitis inflammatory response scoring system consists of: This system consists of 2-symptoms, 

1-sign and 4-laboratory values scored as follow: 

 



S. F. Naoom, R. F. Hanshe and F. M. Rashid, 2022                                               Azerbaijan Medical Journal 

 

2348 
 

 
 

All patients investigated with CRP, White cell count and differential. C- reactive protein titration was done 

using SPINREACT (CRP-LATEX) Kit [12]. 

 

Patient is considered having acute appendicitis and exposed to appendectomy if Alvarado score more than 8 

and or Appendicitis inflammatory response score more than 8, at initial evaluation. 

 

Cases with score of 5-8 were observed for next 24 hours, reevaluated. If the clinical condition was highly 

suspicious of acute appendicitis as decided by treating surgeon, they were subjected for appendectomy. 

 

If at any point, the surgeon decided that on examination, clinical features were convincing enough to 

warrant urgery, and then irrespective of the score appendectomy were performed. Imaging by the mean of 

U/S and CT scan was used selectively in the present study and at discretion of surgeon. Patients who 

decided to operate on were undergone their surgery in the emergency theater at Al-Kindy Teaching Hospital 

and consisted of either laparotomy (Grid iron incision or lower midline incision) or diagnostic laparoscopy 

followed by a laparoscopic appendectomy (few cases). 

 

The final gold standard diagnosis was assigned after macroscopically and microscopically 

(histopathologically) examination of the resected specimen. Appendicitis was pathologically diagnosed 

when infiltration of the muscularis propria by neutrophil granulocytes was seen. All specimens were 

investigated in Al-Kindy Teaching Hospital- histopathology department.  

 

Ethical consideration: The proposal of the research was approved by the scientific and ethical committee of 

Iraqi board of surgery. Written consent of patient was taken after full discussion with the patient about 

insurance of patient about scientific purpose of the study and confidentially of the collected information.  

 

Statistical analysis: Collected data were introduced into personal computer, Microsoft 2010 and IBM-SPSS 
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V24 statistical software programs were used in statistical analysis. Screening test parameters were measured 

(sensitivity, specificity, positive predictive value and negative predictive value) were calculated for both 

ALVARADO and appendicitis inflammatory response scoring systems in comparison with the gold 

standard of macroscopically and microscopically final diagnosis of appendicitis. Receiver operating 

characteristic (ROC) and area under the curve (AUC) were used to find out accuracy of the screening test. 

 

P value less than 0.05 were considered cut off point for significant discrimination. Also we can use an 

equation in calculating the sensitivity and specificity an as shown below:  

Sensitivity = TP/TP+FN  

Specificity = TN/TN+FP  

PPV = TP/TP+FP  

Accuracy = TP+TN/TP+TN+FP+FN  

NPV= TN/TN+FN  

 

4. RESULTE 

This case series study included 200 patients suffering from abdominal pain with suspicion of acute 

appendicitis, male formed 112 (56 %) of patients and 88 (44 %) were female. Figure 1, Table 3 show that 

40 (20%) of patients were under 12 year age and 160 (80%) were older, there is no significant association 

between gender and age group in this study, p value = 0.226. 

 

 
Figure 1: Distribution of studied cases according to age and gender (no significant association, PV=0.226) 

 

Table 3 : Frequency of signs and symptoms 

Frequency of signs and symptoms Frequency 

Anorexia 144 72% 

Vomiting 132 (66%) 

Right iliac fossa pain 188 (94%) 

Migrating pain 50 (25%) 

Rebound tenderness 126 (63%) 

Guarding 136 (68%) 

Leukocytosis 142 (71%) 
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In this study right iliac fossa pain is the most frequent symptom, with lowest frequency for migrating pain. 

Sixty eight percent of cases showed guarding and therefore it can be used in the scoring system (Table 3). 

 

Table 4: Distribution of sample patients according to age groups and gender 

 
 

Out of 200 patient operated upon and approved by histopathology, as mentioned previously, that 144(72%) 

of patients had acute appendicitis and 56(28%) was not appendicitis. By application of Alvarado scoring 

system we discovered 120 cases (out of 146 with score more than 4) of real appendicitis 

(sensitivity=83.4%), while 26 (out of 146) cases were false positive ones. Alvarado score ruled out acute 

appendicitis (score equal or less than 4) in 54 individuals (specificity= 54%) of which 24 (out of 54) were 

false negative. Positive predictive value of Alvarado scoring system = 82% while negative predictive value 

= 55% (table 5). 

 

Table 5: Distribution of all cases according to Alvarado ALVARDO score and final diagnosis 

 
 

On the other hand this study showed that Appendicitis inflammatory response score discovered 130 cases 

(out of 151 with score more than 4) of acute appendicitis (sensitivity=91%) of which 21 individuals were 

false positive ones. Appendicitis inflammatory response ruled out acute appendicitis (score equal or less 

than 4) in 49 individuals of which 14 were false negative, positive predictive and negative predictive value 

of Appendicitis inflammatory response score were 86%,72% respectively (table 6). 

 
Table 6: Distribution of all cases according to AIR score and final diagnosis 
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Maximum number of patients was present in score of 5-8, with 85 patients being grouped for Alvarado 

score and 83 patient grouped by AIR score. 

 

Figure 2 showed that ROC curve of Alvarado scoring system displayed area under the curve (AUC=0.736, 

SER=0.043, P value=0.001) which reflects fair accuracy. Also showed that (AUC of Appendicitis 

inflammatory response scoring system is 0.833, SER=0.034, P value=0.001) which reflects good accuracy 

in comparison with the accuracy of Alvarado scoring system. 

 

 
Figure 2: ROC curve of Alvarado and AIR scores of all studied sample (AUC=0.736, PV=0.001), 

(AUC=0.833 PV=0.001) respectively 

 

From the above results we can  declare  that  Appendicitis  inflammatory response  scoring  system  is  more  

sensitive  and  more  specific  than  Alvarado scoring  system  regarding  the  diagnosis  of  acute  

appendicitis  among  those suffering from abdominal pain. 

 

Table 7,8 and figure 3 showed that ALVARADO score detect 63 out of 72 cases of proved acute 

appendicitis (sensitivity=0.875, specificity=0.55 and AUC=0.728) and appendicitis  inflammatory response  

sore detected 90% of proved appendicitis ,AUC=0.817. 
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It is clear that appendicitis inflammatory score is more sensitive, more specific and more accurate in 

detection acute appendicitis in male patient. 

 

Table 7: Distribution of male cases according to Alvarado ALVARDO score and final diagnosis 

 
 

Table 8: Distribution of male cases according to AIR score and final diagnosis 

 
 

 
Figure 3: male ROC curve of  Alvarado  score  (AUC=0.728,  SER=0.056, PV=0.001) and AIR score 

(AUC=0.817, SER=0.046, PV=0.001). 

 

Table  9,  10  and  figure  4  showed  that  appendicitis  inflammatory  response scoring  system  can  detect  

acute  appendicitis  more  sensitive=0.90,  more specific=0.62 and more accurate than Alvarado score in 
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female patient. 

 

Table 9: Distribution of female cases according to Alvarado ALVARDO score and final diagnosis 

 
 

Table 10: Distribution of female cases according to AIR score and final diagnosis 

 
 

 
Figure  4 :Female  ROC  curve  of  Alvarado  score  (AUC=0.781,  SER=0.053, PV=0.001) and AIR score 

(AUC=0.865, SER=0.044, PV=0.001) 

 

Table 11,12  and  figure  5  show  that  appendicitis  inflammatory  response scoring  system  can  detect  

acute  appendicitis  more  sensitive=88.2%,  more specific=60.9% and more accurate than ALVARADO 
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score in child patient less than 12 year old. 

 

Table 11: Distribution of <12 yrs old e cases according to Alvarado ALVARDO score and final diagnosis. 

 
 

Table 12: Distribution of <12 yrs old e cases according AIR score and final diagnosis. 

 
 

 
Figure 5: Children <12 year ROC curve  of  Alvarado  score  (AUC=0.52, SER=0.053, PV=0.001) and 

AIR score (AUC=0.72, SER=0.044, PV=0.001). 

 

Table 13: Distribution of all patients in terms of CRP final results 
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CRP succeed in detecting acute inflammatory stage in patients suspected of having acute appendicitis in 

133 (out of 147) individuals (with 83 patients with score =1 and 50 patients of score =2) with 14 cases (out 

of 147) were false positive ones. CRP ruled out acute appendicitis (CRP estimation less than 10 mg/L) in 53 

individuals of which 23 were false negative ones. 

 

5. DISCUSSION 

Acute appendicitis is one of the most surgical emergencies with lifetime risk of 8.6% in  men  and  6.7%  in  

women.  Surgeon،s good clinical assessment is considered to be the most important requisite in diagnosing 

acute appendicitis [2]. 

 

Decision to operate depending on only physical examination result in higher rate of negative  

appendectomies  and  so  increase  in  morbidity  and  even mortality.  Even  without  complication  it  is  

associated  with  unnecessary disability and costs [2].  

 

In  this  study  that  use  AIR  score  (at  score>4)  in  comparison  with  Alvarado score  (at  score  >4)  

shows  that  the  former  has  good  statistical  points  of discrimination for diagnosing patient with acute 

appendicitis, with a sensitivity of 91%, and outclass the Alvarado score, with a sensitivity of 83%. Which is 

comparable with Castro et al and Patil S. et al who demonstrate a sensitivity of 96% [12] and 89.9% [2] 

respectively. Also AIR score has a high discriminating power  in  excluding  acute  appendicitis  with  a  

specificity  of  63%  which  is comparable with Patil S. et al who demonstrate a specificity of 63.6% [2]. 

This property of AIR score is high in more complexes to diagnose patient (children, elderly and women).  

 

The establishment  of  a  diagnosis  of  acute  appendicitis  is  more  difficult  in young  children  than  adult.  

The ability  of  young  children  to  give  an  accurate history, diagnostic delays by both parents and 

physicians, and the frequency of gastrointestinal distress are all contributing factors to the misdiagnosis and 

delay in diagnosis [13].  

 

The more rapid progression to rupture and the inability of the underdeveloped greater omentum to  contain  

a  rupture  lead  to  significant  morbidity  rates  in children. Children less than 5 year old have a negative 

appendectomy rate of 25% and appendicular perforation rate of 45%.  These rates may be compared with a 

negative  appendectomy  rate  of  less  than  10%  and  a  perforated appendix rate of 20% in children 5 to 

12 years of age [14], [15]. 
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As mentioned previously and in comparison with the results  of Appendicitis inflammatory score versus 

Alvarado score the former outperform the  result  obtaining  by  the  later  one  in  children  below  12  year  

old  with  a sensitivity and specificity of 88% and 61%s respectively for AIR score (score >4), and a 

sensitivity and specificity of 41% and 61% respectively for Alvarado score (score >4).   

 

The appendicitis inflammatory response  score  works  better  in  the  pediatric population than the Alvarado 

score because the variables scored are easy to apply  in  children.  The  Alvarado  score  requires  children  

to  identify  nausea, anorexia and migration of pain. This is reason why there is little difference in 

adolescent age group in regarding both scoring systems, because this group closely mimics initial cohort on 

which the Alvarado was designed [12]. With regard to female patients our study shows that AIR score 

(Sensitivity of 90%)  perform  better  than  Alvarado  score  with  (sensitivity  of  79%)  which  is 

comparable with [12] who demonstrate a sensitivity of 96% at a score >4. 

 

The AIR score has a simple design and its application is helpful in estimate the susceptibility of acute 

appendicitis and aid in making decision for the process of treatment and prevents negative appendectomy. 

There are many reasons found to make it used in managing  patients  with  acute  appendicitis,  it  is 

appropriate  as  an  instrument  for  choosing  patients  for  immediate  surgery, observation  and  further  

assessment  using  Ultrasonography  or  C.T.  scan.  It can be repeated during observation and affect 

decision to surgery.  It is not used to establish the diagnosis of primary appendicitis but to distinguish 

objectively when uncertain.  

 

In this study AIR  score  is  more  beneficial  in  diagnosis  acute  appendicitis especially in children and 

female patients. As it is using more variables than Alvarado score system. White cell count can be normal 

or low as a result of lymphopenia or sepsis.  On the other hand C - reactive  protein  (CRP) concentrate  is  a  

powerful  indicator  of  appendicitis  particularly  complicated cases [16].  Therefore all variables of the  

inflammatory  process  should  be assessed together. 

 

It is unlikely to say that this case is an acute appendicitis in the presence of normal CRP, White cell count 

and proportion of neutrophil.  

 

A  study  from  North  America  on  malpractice  lawsuit  identify  that  appendicitis arranged  third among 

lawsuit,  even though acute  appendicitis  is the leading cause of abdominal pain only about 5% of the case 

[17]. So the use of AIR score could legally make a strong decision in emergency unit and avoid such 

malpractices [12]. As most claims include misdiagnosis or delayed diagnosis, and common pitfalls include 

poor documentation [12].  

 

CRP demonstrates a sensitivity of 85% and specificity of 69% in the present study (table 13) it is 

comparable with   Patil S. et al done in India who demonstrate that  CRP  in  his  study  a  sensitivity  of  

92%  and  specificity  of  45.5% [2]. Leukocytosis present in 71% of cases which is comparable to [2], [18]  

who  demonstrate  a  leukocytosis  of  61%  and  72% respectively. Recent studies show a fivefold increase 

in the likelihood of acute appendicitis when both CRP and white cell count has elevated levels [10].  

 

Rebound tenderness was  demonstrated  in  63%  individuals  in  present  study which was comparable with 

the studies of– (68%) [18], and– (75%) [2]. It is a simple test that does not need a lot of experience to 

perform or interpret. Many expert surgeons discourage the use of the rebound tenderness regarding it as 

“unnecessary” [19], [20], “cruel”, or a “popular and somewhat unkind way of emphasizing what is already 

obvious” [21], so it is better to avoid eliciting rebound tenderness during abdominal examination because it 
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is a painful practice and certainly destroy any trust that has been garnered during the examination.  

 

This study validates AIR score in diagnosing acute appendicitis and exceeds Alvarado score.  It can  

differentiate  patient  who  needs  timely  surgery  from those  needs  other  evaluation  modalities.  Finally, 

it can avoid  hospitalization and  unnecessary  investigation  safely  in  that  diagnosis  is  far away. 

 

6. CONCLUSION 

This study validates that the Appendicitis inflammatory response score has a higher discriminating power 

and outperform the Alvarado score. This score could aid in selecting patients who require timely surgery or 

those who require further evaluation. 

 

7. RECOMMENDATION  

From the previous data and conclusion we recommend: Providing the C- reactive protein titer and White 

cell count differential in all hospital emergency departments including pediatric hospitals especially at 

night. 
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