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 Acute kidney injury (AKI) is a disruption in kidney function that is acute 

and generally reversible. Study showed that AKI developed in 26.9 patient 

and incidence of stage 2 and 3 reached 11.6% during 7 days of treatment in 

the Pediatric Intensive Care Unit (PICU). Renal Angina Index (RAI) 

recently proposed to be tool for stratification of critical patient based on 

risk for AKI. Early screening tool such as RAI was believed to be helpful 

in assessing mortality rate and optimal treatment especially for pediatrics 

patient in critical condition and there was limited resources about RAI to 

date. To determine the relationship between the Renal Angina Index and 

mortality in critically ill children. A retrospective study in critically ill 

children who were treated in tertiary public hospital. Renal Angina Index 

is calculated in the first 24 hour of admission. Samples were collected from 

June-July 2019. Of the 101 subjects, 58.4% of them were male, largely 

distributed in 1-12 months group (31.7%), 64.4% with RAI ≥ 8 and 

mortality rate of 38,6% There was significant association between Renal 

Angina Index and mortality (p<0.05) with adjusted odd ratio 3,191 (95% 

CI: 1,266-8,042). Renal Angina index is significantly associated with 

mortality in critically ill children. 

 

 

 

   

 

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

Acute kidney injury (AKI) is a disruption in kidney function that is acute and generally reversible. Study 

showed that AKI developed in 26.9 patient and incidence of stage 2 and 3 reached 11.6% during 7 days of 

treatment in the Pediatric Intensive Care Unit (PICU) [1]. Renal Angina Index (RAI) was recently proposed 

to be tool for stratification of critical patient based on risk for AKI [2]. Risk Stratification for AKI can be 

done by counting Renal Angina Index (RAI), that includes calculating risk factor and risk for kidney injury. 

As acute coronary syndrome that precedes or act as early sign of heart disease, renal angina is used as early 

sign of “kidney attack” [3]. 

 

Based on paper by [4] RAI was expressed as effective screening tool and predictor to evaluate progression of 

AKI, three days after admission to the PICU. In this paper, mortality rates of 11.4% in patient with RAI (+) 
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and 4% in patient with RAI (-) was noted. Another study showed mortality rate of 0.8% of patient with RAI 

(-) and 18.3% of patient with RAI (+) in day 0 and in day 3 of treatment mortality rate was found to be 1% in 

RAI (-) group and 15.4 % in RAI (+) group [5]. Early screening tool such as RAI was believed to be helpful 

in assessing mortality rate and optimal treatment especially for pediatrics patient in critical condition and 

there is limited resources about RAI in critically ill children to date. 

 

2. Methods 

This study was done retrospectively using a cross sectional design where the mortality during admission to 

the PICU was recorded. The sample of this study was critically ill children in tertiary public hospital that 

fulfill the inclusion and exclusion criteria. The inclusion criteria were 1 month -18 years old patients under 

the care of PICU. Exclusion criteria were incomplete medical record, patient with kidney disease before 

admission to PICU. Samples were collected from June 2019 -July 2019. 

 

Renal angina Index was calculated in the first 24 hour of admission in pediatric intensive care unit. Renal 

Angina Index value ≥ 8 provides a higher risk for someone of developing severe AKI on the 3rd day of 

admission. This study received approval from the Research Ethics Committee of the Faculty of Medicine, 

Universitas Sumatera Utara / Haji Adam Malik General Hospital. 

 

Data processing was performed using a computerized system of Statistical Package for Social Sciences for 

Windows (SPSS) version 21. Bivariate analysis using chi square with a value of P ≤ 0.05 was used to indicate 

statistically significant difference. Multivariate analysis using logistic regression was used to determine the 

confounding factor in this study. 

 

3. Results 

Of the 101 subjects, 58.4% of them were male and largely distributed in 1-12 months group (31.7%). Most 

of the subjects were found to be in good nutritional status (47.5%) and PELOD-2 score below 10 points 

(91.1%). Calculation of RAI showed that most of subjects (64.4%) have RAI ≥ 8 points. Mortality rate of 

38.6% was found in critically ill children. 

 

Table 1. Characteristics of subjects 

 Demographic Characteristics n = 101 

Gender, n (%)  

Male 59 (58.4) 

Female 42 (41.6) 

Age (year), n (%)  

<1 32 (31.7) 

1-5 17 (16.8) 

6-12 23 (22.8) 

12-18 29 (28.7) 

Nutritional Status, n (%)  

Malnutrition 21 (20.8) 

Underweight 14 (13.9) 

Normal 48 (47.5) 

Overweight 10 (9.9) 

Obese 8 (7.9) 

PELOD-2 score, n (%)  
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<10 92 (91.1) 

≥10 9 (8.9) 

Renal Angina Index (RAI), median 

(Range) 

10 (18) 

Renal Angina Index (RAI), n (%)  

< 8 36 (35,6) 

≥ 8 65 (64,4) 

Outcome  

Death 39 (38.6) 

Live  62 (61.3) 

 

Table 2. Association between Renal Angina Index and Mortality Rate in critically ill children 

Renal Angina Index (RAI) Death 

(n=39) 

Live 

(n=62) 

P 

<8 8 (20.5) 28 (45.2) .012* 

≥8 31 (79.5) 34 (54.8)  

*Chi Square 

 

Bivariate analysis (table 2) showed that there is significant relationship between RAI and mortality rate 

(p=0.012). Incorporating data into multivariate analysis, the Renal Angina Index was associated with 

mortality with adjusted OR of 3.191 (95% CI: 1.266-8.042), which means that patients with RAI ≥ 8 had a 

mortality risk of 3.191 times compared to patients with RAI < 8. It also concluded that Pelod-2 score was 

confounding variable with OR difference of 11.5%. 

 

4. Discussion 

Among critically ill patients admitted to the PICU, acute kidney injury (AKI) is one of the most common 

complications with adverse outcomes such as increased duration of hospitalization and risk of death [6], [7]. 

 

Renal Angina Index (RAI) is a clinical method for assessing the risk of developing persistent and severe AKI 

and also serves as a risk stratification for the patients. The RAI, which is determined based on changes in 

renal function, is proposed as a risk factor assessment in critically ill children who are at high risk of AKI. 

RAI is assumed to function as a potential biomarker to detect early signs of persistent AKI [8], [9]. 

 

Identifying PICU patients at risk of developing severe AKI is quite important. RAI was originally a scoring 

system for the prediction of kidney injury. In a multicenter study by [4] concluded that RAI is a superior tool 

for detecting the severity of kidney disease in critically ill pediatric patients admitted to the PICU. The study 

also showed that RAI can help identify the risk of severe AKI and mortality in patients critically ill child. 

 

The risk factors for AKI used for the criteria for renal angina are derived from the AKI literature in the adult 

and pediatric population. The most common risk factors include sepsis, mechanical ventilation, and use of 

inotropic support or vasopressors. Relatively common risk factors can also be determined by age, such as 

bone marrow transplantation in children [10]. 

 

The ability of RAI as a reliable tool to predict AKI in pediatric patients was also mentioned in a meta-analysis 

by [8] where the sensitivity and specificity of RAI were 0.85 and 0.79 and the area under the ROC curve was 

0.88. 

 



Vrisca, et.al, 2022                                                                                                          Teikyo Medical Journal 

 

6702 
 

Study by [11] resulted in positive RAI on day 0 had sensitivity, specificity, positive predictive value and 

negative predictive value of 96.9%, 75.5%, 72% and 97.4%, respectively, to predict severe AKI on the 3rd 

day. ROC curves for renal recipients using day 0 angina scores showed an AUC of 0.90 (95% CI 0.85-0.95), 

which was better than the AUC obtained from day 0 of serum creatinine. 

 

In this study which RAI was associated with mortality, it was found that the mortality rate of critically ill 

children was higher in the group with an RAI of more than 8 points (79.5%). In addition, the results of 

statistical analysis also showed a significant relationship between RAI and mortality in critically ill pediatric 

patients (p<0.05). 

 

This significant relationship is in line with the results of the study of Kaur et al in PICU patients who showed 

that positive RAI was seen in 16.7% of cases, 36.2% of whom developed AKI within 4 days of treatment. 

The average duration of treatment, in the positive RAI group was 7.19±5.13 days compared to the negative 

RAI group, which was 4.72±2.71 days (p<0.001). Furthermore, it was found that the mortality percentage 

was higher in patients with positive RAI, which was 31.9%, while the mortality percentage in patients with 

negative RAI was only 2% (p<0.001). Kaur et al concluded that RAI can be used as a simple and important 

measure to predict patients at risk for severe AKI and death [12]. 

 

In the pediatric ICU, it is important to look for early signs, so that we become more alert and ready to provide 

further treatment for critically ill pediatric patients. As an early screening tool, RAI is believed to be able to 

assist in assessing the risk of AKI as well as more optimal management, especially for pediatric patients with 

critical conditions. Assessment with RAI in the first 24 hours of ICU admission, is known to be superior to 

creatinine study in predicting the likelihood of severe acute kidney injury that may occur in critically ill 

patients [13]. 

 

In accordance with the studies mentioned above. This study showed that there is a relationship between RAI 

and mortality in critically ill children. RAI has been proven to be a reliable measure for predicting the risk of 

severe AKI and mortality in critically ill children admitted to the PICU and RAI ≥ 8 had a 3.191 times higher 

risk of mortality than an RAI < 8. This result agreed with the prospective, multicenter, observational study of 

379 children conducted by [14] that concluded that the RAI is a sensitive and reliable tool for predicting 

severe AKI in children with septic shock and poorer outcomes, including mortality. 

 

Limitation in this study was in its retrospectively method, so that the results depend on the accuracy and 

completeness of the patients’ medical records. Further prospective studies are needed to determine the 

accuracy of RAI in predicting AKI and mortality in critically ill children. 

 

5. Conclusion 

Renal Angina index is significantly associated with mortality in critically ill children. 
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