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A B S T R A C T   

Background: Acute appendicitis remains difficult-to-diagnose in spite of being a common acute abdominal con-
dition. Early and correct diagnosis is essential either to proceed with early appendectomy or conservative 
approach so that complications and negative explorations can be minimised. Scoring systems can help in quick 
diagnosis and decision making. Though the Alvarado scoring is the widely used system, differences in diagnostic 
accuracy have been observed when it is applied to varied populations. 
Materials and methods: The objective was to find the predictive accuracy of Modified Alvarado score, Appendicitis 
Inflammatory Response score and Raja Isteri Pengiran Anak Saleha Appendicitis score, in a diagnostic test 
evaluation study. From first January 2018 to first January 2019, 107 consecutive patients admitted with a 
diagnosis of suspected appendicitis were assessed with these scores. Sensitivity, specificity, positive and negative 
predictive value, positive and negative likelihood ratio and area under curve were determined for each. 
Results: Negative appendicectomy rate was 15.89%. Sensitivity, specificity, positive predictive value, negative 
predictive value and diagnostic accuracy were 64.44%, 58.82%, 89.23%, 23.81% and 63.55% respectively for 
Modified Alvarado; 97.78%, 29.41%, 88%, 71.43% and 86.92% respectively for Appendicitis Inflammatory 
Response; 87.78%, 76.47%, 95.18%, 54.17% and 85.98% respectively for Raja Isteri Pengiran Anak Saleha 
Appendicitis. Area under the curve was 0.726797 for Modified Alvarado, 0.946732 for Appendicitis Inflam-
matory Response and 0.910131 for Raja Isteri Pengiran Anak Saleha Appendicitis. 
Conclusion: Appendicitis Inflammatory Response score probably is superior to Alvarado in the paediatric popu-
lation because the variables scored are easy to apply to children, while Alvarado requires children to identify 
subjective symptoms which may not always be accurate. Appendicitis Inflammatory Response and Raja Isteri 
Pengiran Anak Saleha Appendicitis are better diagnostic scoring system for acute appendicitis than Modified 
Alvarado. Also, both these scores can be easily calculated by complete history, detailed clinical examination and 
basic laboratory investigations.   

1. Introduction 

Acute appendicitis is the one of the commonest reasons for emer-
gency admission to general surgical wards. Acute appendicitis is still a 
difficult diagnostic entity and the management often involves complex 
decision making as it involves surgical exploration which utilises tech-
nical, financial and human resources. A quick and correct diagnosis of 
acute appendicitis with subsequent early appendicectomy can avoid 
complications arising from perforation. Though radiological examina-
tions including Ultrasound and Computed Tomography(CT) scan can 

further aid in making a definite diagnosis and have been reported to 
have high sensitivity and specificity, it will inflate the cost to the patient 
and also the reporting time may further delay emergency appendicec-
tomy. Another worry is regarding the harmful effects of radiation 
involved in CT scan. 

Negative explorations can lead on to longer length of stay in hospital, 
higher costs and added morbidity and mortality as well. It is accepted 
that not all cases of appendicitis need to be treated surgically, especially 
those cases involving catarrhal appendicitis [1]. Unnecessary appendi-
cectomies also should be avoided to avoid potential complications such 
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as ileus (found in 1.2% of cases), incisional hernias (found in 0.68% of 
cases) and increased cost to the patient [2]. Hence it is beyond doubt 
that a quick and easy method to diagnose appendicitis in the clinical 
setting can be of great use to clinicians. With this purpose in mind, 
various scoring systems have been developed to aid in the clinical 
diagnosis of acute appendicitis. 

Alvarado scoring system, which was first described in 1986, has 
remained the most popular scoring system in acute appendicitis for 
many decades. The scoring system remains popular as this scoring sys-
tem has been proven to have very good sensitivity and specificity [3,4]. 
The Modified Alvarado Scoring System(MASS) is the system widely used 
globally. The Appendicitis inflammatory response (AIR) score is a newer 
scoring system used in suspected appendicitis, first reported in 2008. In 
previous studies, AIR scoring system has been found to outperform 
Alvarado scoring system as AIR score utilises more objective symptoms 
while Alvarado takes more subjective symptoms [5,6]. Also, many 
studies have independently shown the importance of C-reactive protein 
(CRP) in the assessment of patients with appendicitis [7,8]. The AIR 
score has incorporated CRP also as a variable whereas the Alvarado does 
not. 

The Raja Isteri Pengiran Anak Saleha Appendicitis (RIPASA) score is 
another new diagnostic scoring system developed in 2008 at the 
Department of Surgery, Raja Isteri Pengiran Anak Saleha Hospital, 
Darussalam, Brunei. This scoring system, which was initially designed 
for use exclusively with the Asian population, is broader and simpler and 
consists of seventeen items with an additional parameter [9]. It has 
several parameters that are absent in the Alvarado score, such as age, 
gender and duration of symptoms prior to presentation, which were 
shown to affect the sensitivity and specificity of Alvarado scoring system 
in diagnosing acute appendicitis [10]. 

The three scoring systems, though different in having different 
maximum scores, have some overlapping parameters [Table 1]. To 
reiterate the facts, it goes without doubt that any scoring system which 
can improve over the Alvarado scoring system can turn out to be useful 
in diagnosing acute appendicitis and thus find generalised acceptance. 

This study aims to compare the predictive accuracy of AIR score and 
RIPASA as well as the widely used MASS in diagnosing acute appendi-
citis by comparing them with the gold standard of histopathologically 
confirmed appendicitis. 

2. Materials and Methods 

The primary objective of the study was to estimate the predictive 
accuracy of Alvarado score and AIR score and RIPASA score against the 
reference standard of histopathology in patients undergoing emergency 
appendicectomy at the General Surgical wards of our institution. The 
current study was designed as a prospective diagnostic test evaluation 
and carried out for a period of 1 year from January 1, 2018 to January 1, 
2019. 

Patients undergoing emergency appendicectomy for suspected 
appendicitis, defined as acute (lasting less than 4 days) non traumatic 
right iliac fossa pain consistent with a diagnosis of appendicitis (pain 
associated with nausea, anorexia, vomiting and fever along with clinical 
signs as tenderness and rebound tenderness in right iliac fossa, with or 
without ultrasound findings suggestive of appendicitis), were taken as 
the study subjects. Pregnant females, patients with a right iliac fossa 
mass, patients with a previous history of urolithiasis or pelvic inflam-
matory disease, and children below 12 years of age were excluded from 
the study. Institutional Review committee as well as Ethics committee 
clearance was obtained before commencing the study. The patients were 
briefed about the study and signed informed consent obtained before 
blood sample collection. 

Sample size was estimated using standardised formula for sample 
size estimation in diagnostic test studies, where, sensitivity of the new 
tests was taken from reference studies [11,12]. Sensitivity of the refer-
ence test, that is histopathology was set as 100. With a power of 80% and 
alpha error of 5%, sample size was calculated for Alvarado, AIR and 
RIPASA scores separately and the highest value among the three, of 107, 
was taken as the study sample size. 

A score of 7 was taken as high probability of acute appendicitis for 

Table 1 
Comparison of variables used in scoring systems used in appendicitis.  

MASS AIR RIPASA 

Features Score Features Score Features Score     

Patients:      
Female 0.5     
Male 1.0     
Age <39.9 years 1.0     
Age >40 years 0.5 

Symptoms  Symptoms  Symptoms  
Migration of pain 1   Pain Migration to RIF 0.5 
Anorexia 1   Anorexia 1.0 
Nausea 1 Vomiting 1 Nausea & Vomiting 1.0   

RIF pain 1 RIF pain 0.5     
Duration of Symptoms <48 h. 1.0     
Duration of Symptoms >48 h. 0.5 

Signs  Signs  Signs  
Tenderness RLQ 2   Tenderness RIF 1.0 
Rebound tenderness 1 Rebound tenderness Light 1 Rebound tenderness 1.0   

Rebound tenderness Moderate 2     
Rebound tenderness Strong 3   

Elevated temperature 1 Temperature 38.50 C or more 1 Fever >37 ◦C < 39 ◦C 1.0     
Guarding 2.0     
Rovsing Sign 2.0 

Investigation  Investigation  Investigation  
Leucocytosis 2 White Cell Count (109/l) 10–14.9 1 Raised WBC 1.0   

White Cell Count (109/l) 15 or more 2     
Proportion of PMNs (%) 70–84 1     
Proportion of PMNs (%) 85 or more 2     
C- reactive protein (mg/l) 10–49 1     
C- reactive protein (mg/l) 50 or more 2        

Negative Urine Analysis 1.0 
Total score 9 Total score 12 Total score 16.5  
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Alvarado scoring system and a score of 5 for AIR and 7.5 for RIPASA, as 
per available literature. All the scores were done only for the study 
purpose and did not affect management. A detailed questionnaire was 
made to include the patients’ clinical details including presenting 
symptoms, examination findings and other investigation results. The 
patients were monitored from the day of admission until discharge from 
the hospital. Daily follow-up included the monitoring of vital signs and 
systemic examination. Histopathology findings on the operated cases 
were collected and correlated with the scores. 

The study is reported in line with the STAndards for the Reporting of 
Diagnostic accuracy studies(STARD) criteria and the checklist included 
[13]. Data are reported as mean, standard deviation (SD), median 
(range) or percentage. True positives, true negatives, false positives and 
false negatives were found out and 2 × 2 tables constructed to determine 
the sensitivity, specificity, positive and negative predictive values. The 
correlation between the three scores was tested with Pearson’s corre-
lation. The area under the receiver operating characteristic (ROC) 
curves was used to examine the performance characteristics of the 
scoring systems individually. The optimal cut off values for attaining 
maximum sensitivity and specificity were also calculated for the three 
systems. Statistical analysis was done with Microsoft Office Excel, 
MedCalc version 19.2(MedCalc Software Ltd) and easyROC software ver 
1.3.1 [14]. Significance is reported wherever p < 0.05. 

3. Results 

In the study, there were 60 males(56%) and 47 females(44%) and 
there were no third gender patients. The mean age of the patients was 
25.89( ±1.41). The youngest patient was 13 and the oldest was 70 years 
old. The overall negative appendectomy rate was 15.89%(17 patients). 
The Alvarado scores ranged from 4 to 9 with a mean value of 7.33( 
±2.12). The AIR scores ranged from 5 to 11 with a mean value of 8.53( 
±2.83). The RIPASA scores ranged from 5 to 12 with a mean value of 
8.91( ±2.83). 

The RIPASA and Alvarado scores were found to be strongly corre-
lated positively, with a Pearson’s coefficient of 0.77. The RIPASA and 
AIR scores were found to be weakly correlated positively, with a Pear-
son’s coefficient of 0.66. The AIR and Alvarado scores were found to be 
have very weak correlation, with a Pearson’s coefficient of 0.54. 

Alvarado score was found to have a sensitivity of 64.44%, specificity 
of 58.82%, positive likelihood ratio of 1.57, negative likelihood ratio of 
0.6, positive predictive value of 89.23%, negative predictive value of 
23.81% and overall accuracy of 63.55%. The Youden index was calcu-
lated to be 0.365. AIR score was found to have a sensitivity of 97.78%, 
specificity of 29.41%, positive likelihood ratio of 1.39, negative likeli-
hood ratio of 0.08, positive predictive value of 88.00%, negative pre-
dictive value of 71.43% and overall accuracy of 86.92%. Youden index 
was calculated to be 0.8678. RIPASA score was found to have a sensi-
tivity of 87.78%, specificity of 76.47%, positive likelihood ratio of 3.73, 
negative likelihood ratio of 0.16, positive predictive value of 95.18%, 
negative predictive value of 54.17% and overall accuracy of 85.98%. 
Youden index was calculated to be 0.709. 

The ROC curves were assessed and AUC was estimated. For Alvarado, 
the AUC was 0.726797, while the AUC for AIR was 0.946732 and the 
AUC for RIPASA was 0.910131 [Table 2, Fig. 1]. The optimal cut off for 

achieving maximum sensitivity and specificity for MASS was calculated 
to be 8, that for AIR was calculated to be 8 and that for RIPASA to be 7.5 
[Table 3]. 

4. Discussion 

The overall negative appendectomy rate in the study was 15.89%, 
which was comparable and lower than those of similar studies [15,16]. 
A study performed in 2005 in the Netherlands found that approximately 
15% of the patients underwent a negative appendectomy, and the 
number was found to be similar to another large Swedish study [17]. 
The negative appendectomy rate was as low as 13% in another large 
volume North American study [18]. However, studies by Rathod et al. 
[16] and Chong et al. [19] documented higher negative exploration 
rates of 22.9% and 20.69%, respectively. Large population based studies 
have suggested that the rate of negative appendicectomies is remaining 
stable (15–20%) and has not declined for the past 15 years despite the 
increasing availability of newer tests [20]. 

Alvarado scoring system has been the most popular scoring system in 
acute appendicitis for a long time, due to its claimed high sensitivity and 
specificity [3,4]. The caveat is that the diagnostic efficacy of Alvarado 
has been well proven in western population only whereas it showed 
relatively less specificity and sensitivity when applied to oriental pop-
ulations [21,22]. As per the findings in this study, Alvarado score was 
found to have medium sensitivity and specificity only. In a study by 
Memon et al. in Indian population, the sensitivity and the specificity of 
the Alvarado scoring system were found to be 93.5% and 80.6%, 
respectively [23]. However, evaluation of Alvarado in a study conducted 
by Schneider et al. on paediatric population revealed a PPV of 58% only 
[24]. A systematic review showed that the Alvarado score accurately 
predicts appendicitis and performs well as a ‘rule out’ criterion for de-
cision making for observation or admission, due to its high sensitivity 
[25]. However, the review also found that the Alvarado score cannot be 
used to ‘rule in’ a diagnosis of appendicitis, without proper surgical 
assessment and further diagnostic testing. The World Society of Emer-
gency Surgeons’(WSES) Jerusalem guidelines in 2015 also stated that 
the Alvarado score (with cut-off score < 5) is sufficiently sensitive to 
exclude acute appendicitis but is not sufficiently specific in diagnosing 
acute appendicitis [26]. 

The current findings on AIR score of very high sensitivity and low 
specificity are in line with similar studies. In the study by Scott et al., an 
AIR score of 5 or more demonstrated high sensitivities for intermediate 
and high risk patients with appendicitis (90%) and also for patients with 
advanced appendicitis (98%) [27]. In another study, the AIR score has 
shown far better results than the Alvarado score [17]. The AIR score 
probably works better in the paediatric population than the Alvarado 
score because the variables scored are easy to apply to children. The 
Alvarado score requires children to identify nausea, anorexia, and 
migration of pain, which may not always be accurate. Probably this is 
why the Alvarado score compares better to the AIR score in the 
adolescent age group, because this age group closely mimics the cohort 
on which the Alvarado score was first designed. Di Saverio et al. sug-
gested that the combination of AIR and Alvarado scores might signifi-
cantly reduce the risk of over-diagnosing acute appendicitis and thus 
give a reliable diagnostic performance, thus enable the treating surgeons 
to avoid the routine use of CT [28]. 

The study results found high sensitivity as well as specificity for 
RIPASA. These are comparable with the study done by Chong et al. [19]. 
In that study, the RIPASA score at a cut-off threshold total score of 7.5 
was found to be a better diagnostic scoring system than Alvarado score 
for the diagnosis of appendicitis. Rathod et al. obtained a sensitivity of 
82.61% and a specificity of 88.89% with the RIPASA score, as well as a 
PPV of 96.61%, an NPV of 57.14% and a diagnostic accuracy of 83.91% 
[16]. Nanjundaiah et al. also showed better efficacy for RIPASA over 
Alvarado in their study [29]. Another study showed a sensitivity level of 
81% for the Alvarado system when the cut-off value was set at 6.5, and a 

Table 2 
Comparison of calculated diagnostic values for scoring systems.  

Calculated Value MASS Cut off 7 AIR Cut off 5 RIPASA Cut off 7.5 

Sensitivity 64.44% 97.78% 94.4% 
Specificity 58.82% 29.41% 76.5% 
Positive Likelihood Ratio 1.57 1.39 4.01 
Negative Likelihood Ratio 0.6 0.08 0.07 
Positive Predictive Value 89.23% 88% 95.5% 
Negative Predictive Value 23.81% 71.43% 72.2% 
Area Under Curve 0.72679 0.94673 0.91013  
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sensitivity level of 83.1% for the RIPASA system when the cut-off value 
was set at 10.25 [12]. On the other hand, there are some studies in which 
RIPASA score was able to show no advantages over the modified 
Alvarado score in suspected acute appendicitis [30]. 

Ohmann and Eskelinen are few of the other scoring systems used for 
diagnosis of appendicitis in various centres. There are also reports on 
other diagnostic markers for appendicitis. For instance, a study, based 
on the results of univariate analyses, found some blood cell surface 
markers to be useful in the prediction of acute appendicitis namely 
HLADR + CD19, α/β TCR, and CD3/RA [31]. As per the results of 
another study, three factors, namely, body temperature ≥37.4 ◦C, 
C-reactive protein ≥4.7 mg/dl, and fluid collection surrounding the 
appendix on CT scan, have been found to be useful in predicting cases of 
complicated appendicitis preoperatively and facilitate decisions 
regarding emergency appendicectomy [32]. 

To summarise, the area under the ROC curve for the RIPASA and AIR 
scoring systems was significantly larger than it was with the Alvarado 
system. The RIPASA and AIR scores are fast and are definitely better in 
categorizing patients with suspected appendicitis and reduce the need 
for diagnostic imaging. Overall, a higher sensitivity, NPV and PLR and a 
lower NLR indicate that the RIPASA score and AIR scores are much 
better diagnostic tools than Alvarado score for diagnosing acute 
appendicitis in Asian population. The specificity of MASS can be 
improved significantly with only a minor drop in sensitivity if the cut off 
is raised to 7.5. However, the overall diagnostic accuracy would remain 
the same. In the case of AIR, specificity can be hiked to 100% with a 
slight gain in diagnostic accuracy if the cut off is raised to 8, albeit with a 
significant drop in sensitivity. For RIPASA, the ideal cut off remains the 

same at 7.5. 
This study is not without its own drawbacks. First, the clinical 

diagnosis of acute appendicitis in the sample population was based on 
the clinical judgment of the surgical resident and registrar on duty which 
could have subjective variations. In addition, patients may have diffi-
culty in defining the time of onset of symptoms. Also, different diag-
nostic modalities (abdominal ultrasonography) used in selected patients 
in the department could have affected the negative appendectomy rates 
detected in the study. Last, the sample size is comparatively small, which 
could attenuate the significance of the associations. 

5. Conclusions 

An ideal scoring system should work as a tool that speeds up as well 
as enhances the accuracy of decision-making, and at the same time saves 
up on the need for expensive or potentially harmful investigations. The 
Appendicitis Inflammatory Response score probably works better in the 
paediatric population than the Alvarado score because the variables 
scored are easy to apply to children. The Alvarado score requires chil-
dren to identify nausea, anorexia, and migration of pain, which may not 
always be accurate. To conclude, this study validates that the Appen-
dicitis Inflammatory Response score and Raja Isteri Pengiran Anak 
Saleha Appendicitis score have high discriminating powers and 
outperform the Modified Alvarado score. They could aid in selecting 
patients who require timely surgery or those who require further eval-
uation. Both these scores have the potential to turn out into scoring 
systems of choice if future research can substantiate our study findings. 
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Fig. 1. Area Under Curve plots for scoring systems.  

Table 3 
Optimal Cut off values for maximum sensitivity and specificity for scoring 
systems.  

Calculated Value MASS Cut off 8 AIR Cut off 8 RIPASA Cut off 7.5 

Sensitivity 60.0% 87.8% 94.4% 
Specificity 76.5% 100% 76.5% 
Positive Likelihood Ratio 2.550 Inf 4.01 
Negative Likelihood Ratio 0.523 0.122 0.07 
Positive Predictive Value 93.1% 100% 95.5% 
Negative Predictive Value 26.5% 60.7% 72.2% 
Area Under Curve 0.7268 0.96895 0.91013  
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