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ABSTRACT

Background: Acute kidney injury (AKI) is common in critically ill children, while serum creatinine is a delayed
marker of renal dysfunction. The Renal Angina Index (RAI) combines clinical risk and early signs of renal injury and
may permit earlier identification of children likely to develop severe AKI.

Methods: This prospective observational study included 150 children aged 1 month-12 years admitted to a tertiary-
care pediatric intensive care unit. RAI was calculated 12-24 hours after admission; a score >8 was considered
positive. The primary outcome was severe AKI (KDIGO stage 2 or 3) by Day 3. Diagnostic performance of RAI was
compared with Day-1 serum creatinine using receiver operating characteristic analysis.

Results: AKI occurred in 55/150 (36.7%) children and 52/150 (34.7%) were RAI positive. Mean RAI was higher in
children with AKI than without AKI (9.65+3.23 vs 3.05+1.78; p<0.001). RAI had sensitivity 81.8%, specificity
92.6%, positive predictive value 86.5%, negative predictive value 89.8%, and accuracy 88.7%. Its area under the
ROC curve was 0.928 (95% CI 0.887-0.969), compared with 0.307 (95% CI 0.208-0.405) for Day-1 serum creatinine.
Conclusions: RAI was a strong early predictor of AKI in critically ill children and substantially outperformed Day-1
serum creatinine. As a low-cost bedside score using routinely available data, it may facilitate early risk stratification
in resource-limited PICUs.

Keywords: Acute kidney injury, Renal angina index, Pediatric intensive care, Serum creatinine, KDIGO, Early
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INTRODUCTION

Acute kidney injury (AKI) is a frequent and clinically
important complication in critically ill children. It is
associated with prolonged hospitalization, greater
ventilator dependence, increased healthcare utilization,
mortality, and subsequent risk of chronic kidney
disease.! Standardized systems including RIFLE, AKIN
and Kidney Disease: Improving Global Outcomes
(KDIGO) define AKI using changes in serum creatinine
and urine output. However, serum creatinine is an
imperfect early biomarker: its rise may lag behind renal

injury and it is influenced by age, muscle mass, hydration
and other clinical factors.* Several biomarkers, including
neutrophil gelatinase-associated lipocalin, kidney injury
molecule-1 and interleukin-18, have been investigated for
earlier AKI detection. Their routine use, however, may be
constrained by cost, availability and laboratory
requirements, particularly in resource-limited settings.’
The renal angina index (RAI) was developed to improve
early risk stratification by combining a patient's clinical
risk with early evidence of renal injury, including fluid
overload and changes in renal function.® A positive score
may therefore identify high-risk patients before overt
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creatinine-defined AKI develops. This approach is
attractive in pediatric intensive care because it uses
readily available bedside information and can guide
intensified monitoring and renal-protective measures. The
present study evaluated the ability of RAI assessed within
the first 24 hours of pediatric intensive care unit (PICU)
admission to predict severe AKI by day 3 and compared
its predictive performance with day-1 serum creatinine.

METHODS
Study design and setting

This was a prospective observational study conducted in
the PICU of a tertiary-care teaching hospital over 18
months. A total of 150 children were enrolled. The
calculated minimum sample size was 147, based on an
expected 10% prevalence of severe AKI, an alpha error
of 0.05 and allowance for 5% attrition.

Participants

Consecutive children aged 1 month to 12 years who
remained in the PICU for at least 8 hours and had
documented body weight and intake-output data were
eligible. Children with known chronic renal disease,
severe AKI (KDIGO stage 2 or 3) at presentation, or
ongoing dialysis were excluded.

Data collection

Data were recorded using a predesigned case-record form
and included age, sex, weight, primary diagnosis, vital
signs, hemodynamic status, respiratory and inotropic
support, serum creatinine, blood urea, electrolytes, urine
output and fluid balance. Serum creatinine and urine
output were monitored through day 3.

Renal angina index

RAI was calculated 12-24 hours after PICU admission as
the product of a renal risk score and a renal injury score.
The risk component reflected severity of illness,
including mechanical ventilation and/or inotropic
support; the injury component incorporated percentage
fluid overload during the early admission period or
decline in estimated creatinine clearance from baseline.
An RAI >8 was considered renal-angina positive and <8
renal-angina negative.

Outcome

The primary outcome was development of severe AKI
(KDIGO stage 2 or 3) by Day 3. AKI diagnosis and
staging were based on KDIGO serum creatinine and
urine-output criteria.

Statistical analysis

Analysis was performed using SPSS version 23.
Continuous variables were summarized as meanzstandard

deviation and categorical variables as frequency and
percentage. Normality was assessed wusing the
Kolmogorov—Smirnov test. Independent-samples t test,
one-way ANOVA and chi-square test were used as
appropriate. Receiver operating characteristic (ROC)
analysis assessed predictive performance. A p value
<0.05 was considered statistically significant.

Ethics

The study protocol was approved by the Institutional
Ethics Committee. Written informed consent was
obtained from parents or guardians before enrollment.

RESULTS

The study included 150 critically ill children with a mean
age of 5.2143.15 years; 90 (60%) were male. Dengue
fever (36%), sepsis (11.3%) and bronchopneumonia (8%)
were the leading admission diagnoses (Table 1).

Table 1: Baseline characteristics and principal
outcomes of the study population.

Predictors AUC 95% CI P value
Day-1 0.307 0.208— <0.001
serum 0.405

creatinine

Renal 0.928 0.887— <0.001
Angina 0.969

Index

AKI developed in 55 (36.7%) children, while 95 (63.3%)
did not develop AKI. In children who developed AKI,
mean serum creatinine increased from 0.35+0.055 mg/dl
at baseline to 0.53+0.117 mg/dl on day | and 1.08+0.314
mg/dl on day 3 (p<0.001). In the non-AKI group,
creatinine increased transiently from 0.39+0.034 mg/dl at
baseline to 0.60+0.086 mg/dl on Day 1 and decreased to
0.43£0.041 mg/dl on Day 3 (Table 2).

Table 2: Serum creatinine trends according to AKI

status.
Sensitivity 81.8%
Specificity 92.6%
Positive predictive value 86.5%
Negative predictive value 89.8%
Accuracy 88.7%

Fifty-two (34.7%) participants were RAI positive and 98
(65.3%) were RAI negative. Mean RAI was significantly
higher among children who developed AKI than among
those who did not (9.654+3.23 vs 3.05+1.78; p<0.001).
RAI positivity was strongly associated with AKI
(p<0.001): 45 of 52 RAl-positive children developed
AKI, whereas 10 of 98 RAI-negative children developed
AKI (Table 3). RAI yielded a sensitivity of 81.8%,
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specificity of 92.6%, positive predictive value of 86.5%,
negative predictive value of 89.8% and overall diagnostic
accuracy of 88.7% (Table 4). ROC analysis showed
excellent discrimination for RAI (AUC 0.928; 95% CI
0.887-0.969; p<0.001), whereas Day-1 serum creatinine
showed poor discrimination (AUC 0.307; 95% CI 0.208—
0.405; p<0.001) (Figures 1 and 2) (Table 5).
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Figure 1: ROC analysis of day-1 mean serum
creatinine levels for acute kidney injury.
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Figure 2: ROC analysis of renal angina index levels
for acute kidney injury.

Table 3: Association between renal angina index and
acute kidney injury.

AKI present, AKI absent, .

mean=SD meanxSD

Baseline 0.3;&0.055
Day 1 0.52+0.117 0.60+0.085 <0.001
Day 3 1.08+0.313 0.43+0.041 <0.001

Table 4: Diagnostic performance of renal angina
index for acute kidney injury.

AKI present, AKI absent,

mean+SD mean+SD P value

0.39+0.033  <0.001

Baseline  0.34+0.055
Day 1 052+0.117  0.60£0.085  <0.001
Day 3 1080313 0.43£0.041  <0.001

Table 5: ROC analysis comparing day-1 serum
creatinine and renal angina index.

Characteristics Value

Participants 150
Age, mean+SD (years) 5.21+3.15
Male sex 90 (60%)
Dengue fever 54 (36%)
Sepsis 17 (11.3%)
Bronchopneumonia 12 (8%)
Developed AKI 55 (36.7%)
RAI positive (>8) 52 (34.7%)
DISCUSSION

In this prospective cohort of critically ill children, RAI
measured during the first 24 hours of PICU admission
demonstrated strong predictive performance for
subsequent AKI. Approximately one-third of the cohort
developed AKI, and children with AKI had substantially
higher RAI scores than those without AKI. The central
finding was the marked difference in discrimination
between RAI and day-1 serum creatinine: RAI achieved
an AUC of 0.928, whereas day-1 creatinine had an AUC
of only 0.307.

The observed AKI prevalence of 36.7% is similar to that
reported by Kumar et al and Mehta et al although
pediatric studies have reported widely varying rates
depending on illness severity, case mix and AKI
definitions.?”® Our cohort was characterized by a high
burden of infectious and hemodynamically stressful
illnesses, particularly dengue and sepsis, which may
partly explain the substantial AKI burden.

Serum creatinine remained useful for documenting
progression of established renal dysfunction. In the AKI
group it rose progressively through day 3, while the Day-
1 increase in the non-AKI group was largely transient.
This illustrates an important limitation of isolated early
creatinine measurements: short-term changes may reflect
hydration and hemodynamic factors, while a
diagnostically meaningful rise may occur only after renal
injury is established.

RAI was positive in 34.7% of participants and showed
sensitivity of 81.8%, specificity of 92.6%, PPV of 86.5%,
NPV of 89.8% and accuracy of 88.7%. These estimates
closely resemble those reported by Kumar et al who
found sensitivity 83.33%, specificity 92.47%, PPV
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86.54%, NPV 90.53% and accuracy 89.12%.%
Sankannavar et al also reported high specificity and NPV,
although sensitivity was lower.! Such differences may
reflect patient characteristics, disease severity, timing of
RAI assessment and AKI definitions.

The excellent AUC for RAI in our study is consistent
with previous pediatric validation work. Gawadia et al
reported an AUC of approximately 0.90, while other
studies have similarly shown that RAI improves early
identification of children at risk for severe AKI.? Basu et
al demonstrated the value of integrating clinical risk with
early renal injury to enrich the population in whom
severe AKI subsequently develops.?* Collectively, these
observations support the concept that risk stratification
can be more informative early in critical illness than
waiting for a delayed rise in serum creatinine.

RAI has practical advantages for resource-constrained
PICUs. It uses routinely available clinical and laboratory
information, requires no specialized biomarker assay, and
can be calculated early after admission. A positive RAI
can therefore prompt closer fluid and urine-output
monitoring, review of nephrotoxic exposures and
optimization of hemodynamics. Importantly, RAI should
be regarded as a risk-prediction tool rather than a
replacement for KDIGO diagnostic criteria.

The strengths of this study include its prospective design,
standardized KDIGO outcome assessment, early RAI
calculation and serial assessment of renal function.
Limitations include the single-center design and sample
size of 150, which may restrict generalizability. Children
with pre-existing chronic renal disease or severe AKI at
presentation were excluded, and follow-up was limited to
early AKI through Day 3; long-term renal outcomes were
not evaluated. RAI calculation may also be affected by
the accuracy of fluid-balance and clinical measurements.

CONCLUSION

In conclusion, RAI assessed within the first 24 hours of
PICU admission was a strong early predictor of AKI and
showed substantially better discrimination than Day-1
serum creatinine. Its simplicity, low cost and reliance on
routinely available bedside data make it a potentially
useful tool for early AKI risk stratification, particularly in
resource-limited pediatric critical care settings. Larger
multicenter studies should evaluate its performance
across broader case mixes and its effect on clinically
important outcomes.

ACKNOWLEDGEMENTS

The authors acknowledge the faculty and staff of the
Department of Paediatrics and the participating children
and their parents/guardians for their cooperation during
the study.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Sankannavar A, Shivaramaiah KD, Puttalinga D.
Renal angina index as a predictor of acute kidney
injury development in critically ill children admitted
to pediatric critical care units: a prospective
observational study. J Pediatr Emerg Intensive Care
Med. 2024;11(3):167-73.

2.  Gawadia J, Mishra K, Kumar M, Saikia D.
Prediction of severe acute kidney injury using renal
angina index in a pediatric intensive care unit.
Indian Pediatr. 2019;56(8):647-52.

3. Sadeghi-Bojd S, Noori NM, Mohammadi M,
Teimouri A. Clinical characteristics and mortality
risk prediction in children with acute kidney injury.
Niger Med J. 2015;56(5):327-32.

4. Dabour SA, Elgendy SA, Abdel Rahman EG, Zayed
EM. Prediction of acute kidney injury using renal
angina index in pediatric intensive care unit. Benha
J Appl Sci. 2020;5(4 Pt 1):39-44.

5. Jakanattane V, Sivakumar E, Rajkumar D,
Kulandaivel M. Validation of renal angina index
(RAI) to improve the prediction of acute kidney
injury (AKI) in critically ill children admitted to
paediatric intensive care unit (PICU). Int J Contemp
Pediatr. 2017;4(6):2158-64.

6. Goldstein SL, Chawla LS. Renal angina. Clin J] Am
Soc Nephrol. 2010;5(5):943-9.

7. Nicolau B, Costa-Reis P. Advances in pediatric
acute kidney injury prevention and early diagnosis.
Port J Nephrol Hypert. 2022;36(3):130-7.

8.  Rivetti G, Gizzone P, Petrone D, Di Sessa A,
Miraglia Del Giudice E, Guarino S, et al. Acute
kidney injury in children: a focus for the general
pediatrician. Children (Basel). 2024;11(8):1004.

9. Raina R, Chakraborty R, Tibrewal A, Sethi SK,
Bunchman T. Advances in pediatric acute kidney
injury. Pediatr Res. 2022;91(1):44-55.

10. Plumb L, Casula A, Sinha MD, Inward CD, Marks
SD, Medcalf J, et al. Epidemiology of childhood
acute kidney injury in England using e-alerts. Clin
Kidney J. 2023;16(8):1288-97.

11. Kopa¢ M. Acute kidney injury in children:
classification, recognition and treatment principles.
Children (Basel). 2024;11(11):1308.

12. Selewski DT, Charlton JR, Jetton JG, Guillet R,
Mhanna MJ, Askenazi DJ, et al. Neonatal acute
kidney injury. Pediatrics. 2015;136(2):e463-73.

13. Ruas FL, Malheiros Lébeis G, Bianco de Castro N,
Andrade Palmeira V, Braga Costa L, Lanza K, et al.
Acute kidney injury in pediatrics: an overview
focusing on pathophysiology. Pediatr Nephrol.
2022;37(9):2037-52.

International Journal of Contemporary Pediatrics | October 2026 | Vol 13 | Issue 10 Page 1974



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bhavana B et al. Int J Contemp Pediatr. 2026 Oct;13(10):1971-1975

Triebel H, Castrop H. The renin angiotensin
aldosterone system. Pflugers Arch.
2024;476(5):705-13.

Kidney Disease: Improving Global Outcomes Acute
Kidney Injury Work Group. KDIGO clinical
practice guideline for acute kidney injury. Kidney
Int Suppl. 2012;2(1):1-138.

Guarino S, Rivetti G, Di Sessa A, De Lucia M,
Palma PL, Miraglia Del Giudice E, et al. Diagnostic
performance of height-estimated basal creatinine in
diagnosing acute kidney injury in children with type
1 diabetes mellitus onset. Children (Basel).
2022;9(6):899.

Kuok MCI, Chan WKY. Advances in pediatric
acute kidney injury detection and prediction:
biomarkers and artificial intelligence. World J
Pediatr. 2025;21(9):865-71.

Wasung ME, Chawla LS, Madero M. Biomarkers of
renal function, which and when? Clin Chim Acta.
2015;438:350-7.

Sethi SK, Bunchman T, Chakraborty R, Raina R.
Pediatric acute kidney injury: new advances in the
last decade. Kidney Res Clin Pract. 2021;40(1):40-
51.

Jetton JG, Askenazi DJ. Acute kidney injury in the
neonate. Clin Perinatol. 2014;41(3):487-502.

Naik S, Sharma J, Yengkom R, Kalrao V, Mulay A.
Acute kidney injury in critically ill children: risk
factors and outcomes. Indian J Crit Care Med.
2014;18(3):129-33.

Sagri MN, Rehman B, Akbar A, Jamshed Y, Zahid
S, Ishaque S. Utility of renal angina index as
compared to KDIGO in critically ill children at a
tertiary care hospital in a low middle-income
country. BMC Pediatr. 2026;26(1):101.

Washburn KK, Zappitelli M, Arikan AA, Loftis L,
Yalavarthy R, Parikh CR, et al. Urinary interleukin-
18 is an acute kidney injury biomarker in critically
ill children. Nephrol Dial Transplant.
2008;23(2):566-72.

24.

25.

26.

27.

28.

29.

30.

Basu RK, Zappitelli M, Brunner L, Wang Y, Wong
HR, Chawla LS, et al. Derivation and validation of
the renal angina index to improve the prediction of
acute kidney injury in critically ill children. Kidney
Int. 2014;85(3):659-67.

Cho MH. Pediatric acute kidney injury: focusing on
diagnosis and management. Child Kidney Dis.
2020;24(1):19-26.

Attalla HA, Ahmed AM. Prediction of acute kidney
injury in critically-ill pediatric patients admitted to
PICU: the role of serum cystatin C and serum
interleukin-18. Egypt J Hosp Med. 2020;80:943-50.
Soliman ASA, Al-Ghamdi HS, Abukhatwah MW,
Kamal NM, Dabour SA, Elgendy SA, et al. Renal
angina index in critically ill children as an
applicable and reliable tool in the prediction of
severe acute kidney injury: two tertiary centers'
prospective observational study from the Middle
East. Medicine (Baltimore). 2023;102(51):e36713.
Kumar BM, Karpagam L, Umamaheshwari BM, Ali
BMA. A comparative study on renal anginal index
vs serum creatinine as a predictor of acute kidney
injury in a pediatric intensive care unit. Int J Acad
Med Pharm. 2023;5(6):1252-8.

Mehta P, Sinha A, Sami A, Hari P, Kalaivani M,
Gulati A, et al. Incidence of acute kidney injury in
hospitalized children. Indian Pediatr.
2012;49(7):537-42.

Sundararaju S, Sinha A, Hari P, Lodha R, Bagga A.
Renal angina index in the prediction of acute kidney
injury in critically ill children. Asian J Pediatr
Nephrol. 2019;2(1):25-30.

Cite this article as: Bhavana B, Avinash BS. Renal
angina index versus serum creatinine for early
prediction of acute kidney injury in critically ill
children: a prospective observational study. Int J
Contemp Pediatr 2026;13:1971-5.

International Journal of Contemporary Pediatrics | October 2026 | Vol 13 | Issue 10  Page 1975



