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Renal Angina Index As A Predictor of Acute Kidney Injury
Development in Critically lll Children Admitted to Pediatric Critical
Care Units: A Prospective Observational Study

Pediatrik Yogun Bakim Unitelerine Kabul Edilen Kritik Durumdaki Cocuklarda Akut Bobrek
Hasari Gelisiminin Ongortictisti Olarak Renal Anjina Indeksi: Prospektif Gozlemsel Bir Galisma
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Abstract

Introduction: Acute kidney injury (AKI) is a major cause of
morbidity and mortality in critically ill children. The incidence of
AKI is approximately 10%, with mortality of 11-40%. Traditional
methods delay the diagnosis of AKI, and it is essential to combine
clinical and laboratory parameters. Renal angina index (RAI) scoring
aids in the early recognition of the risk of developing AKI. There
are few studies on RAI in children; hence, the present study was
undertaken. To determine the proportion of children with positive
RAI who develop AKI on day 3. The secondary objective was to
measure the association between positive RAl scores and short-term
outcomes.

Methods: This hospital-based prospective observational study. All
children who met the inclusion criteria and were admitted to the
pediatric intensive care unit were included. RAI was calculated on
day 0 and AKI development was monitored on day 3. An RAIl score
of 8 was considered positive.

Results: Of the 93 children, 26 were RAl-positive, among whom
21 (80.77%) developed AKI. The sensitivity of RAI in predicting the
development of AKI on D3 was 65.38% [95% confidence interval
(Cl) 44.33-82.79%], specificity was 88.06% (95% Cl 77.82-94.7%)
and accuracy was 81.72%. A positive RAI score is independently
associated with an increased need for mechanical ventilation and
increased mortality.

Conclusion: The RAI score obtained upon admission is a simple yet
reliable tool for predicting the development of severe AKI. Positive
RAl is also an independent predictor of morbidity and mortality in
critically ill children.

Keywords: Acute kidney injury, creatinine, critically ill children,
mortality and morbidity

Girig: Akut bébrek hasari (ABH), kritik durumdaki cocuklarda énemli
bir morbidite ve mortalite nedenidir. ABH sikligi yaklasik %710,
mortalite orani ise %11-40"tir. Geleneksel yontemler ABH tanisini
geciktirir ve klinik ve laboratuvar parametreleri birlestirmek esastir.
Renal anjina indeksi (RAI) skorlamasi, ABH gelisme riskinin erken
taninmasina yardimci olur. Cocuklarda RAl ile ilgili az sayida ¢alisma
oldugu icin bu calisma yapilmistir. RAI pozitif olan ve 3. giinde ABH
gelisen ¢ocuklarin oranini belirlemek ve ikincil olarak da pozitif RAI
skorlariile kisa vadeli sonuglar arasindaki iliskiyi 6lcmek amaclanmistir.

Yoéntemler: Bu calisma hastane tabanli ileriye yonelik gézlemsel bir
calismadir. Dahil edilme 6l¢tlerini karsilayan ve ¢cocuk yogun bakim
Unitesine kabul edilen tim cocuklar calismaya dahil edildi. RAI O.
glinde hesaplandi ve ABH gelisimi 3. glinde izlendi. RAI skorunun 8
olmasi pozitif olarak kabul edildi.

Bulgular: Doksan U¢ cocuktan 26'sinda RAI pozitifti ve bunlarin
21'inde (%80,77) ABH gelisti. D3'te ABH gelisimini éngdrmede
RAI'nin duyarlihdr %65,38 [%95 glven araligi (Cl) %44,33-82,79],
62qulligu %88,06 (%95 Cl %77,82-94,7) ve dogrulugu %81,72 idi.
Pozitif bir RAI skoru bagimsiz olarak mekanik ventilasyon ihtiyacinin
ve mortalitenin artmasiyla iliskilidir.

Sonuc: Basvuru sirasinda elde edilen RAI skoru, siddetli ABH
gelisimini 6Gngdrmek icin basit ancak glvenilir bir aractir. Pozitif RAI
ayni zamanda kritik durumdaki cocuklarda morbidite ve mortalitenin
bagimsiz bir belirleyicisidir.

Anahtar Kelimeler: Akut bobrek hasari, kreatinin, kritik hasta
cocuklar, mortalite ve morbidite
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Introduction

The prevalence of acute kidney injury (AKI) among critically
ill children is increasing. The reported incidence of AKI in
pediatric intensive care units is 10%."? There is an incremental
increase in the morbidity and mortality rates with an increase
in the severity of AKI. Mortality from AKl is reported to range
from 11-40%.>® There is improvement in patient outcomes
with early prediction of AKI.

AKI is defined as an abrupt loss of kidney function, leading
to a rapid decline in the glomerular filtration rate (GFR). Over
the last decade, various classification systems have been
developed to define and assess AKI severity. The kidney
disease improving global outcome (KDIGO) and pediatric risk
injury failure loss of function criteria were the most widely
accepted.

Traditionally, AKI was diagnosed based on elevated serum
creatinine (SCr) levels. However, the levels of SCr remains
normal, till most of the renal injury has occurred.’”® Also the
values of SCr levels are affected by various factors, such as
age, height, gender, body mass index, and hydration status.’
To avoid delays in the recognition of AKI, combined clinical
and laboratory parameters can help in the early prediction of
the development and severity of AKI.

The renal angina model proposed by Goldstein and Chawala™
provided risk stratification for the development of AKI in
critically ill children. RAIl was validated in children by Basu
et al.? The renal angina index (RAI) combines risk factors
(admission to intensive care unit, solid organ or stem cell
transplantation, mechanical ventilation and use of inotropes)
and early signs of loss of function (increase in SCr and extent
of fluid accumulation).

The RAl is a simple and easy index of the onset of AKI in
critically ill children and aids in the early detection of AKI,
thereby allowing for timely intervention. This scoring system
is particularly valuable in developing countries because of its
minimal requirement for additional laboratory investigations.
The RAI demonstrates greater discriminative accuracy than
the traditional creatinine-based indicators of renal injury.

Materials and Methods

We conducted a prospective single-center observational
study from August 2022 to August 2023. The study was
approved by the Ethics Committee of the research. The study
was conducted at the SDM College of Medical Sciences and
Hospital, Dharwad, India (SDMIEC/2022/359) after obtaining
informed consent from the parents or legal guardians of all
participants.
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Children aged between 1 month and 14 years who met the
criteria for PICU admission (paediatrics index of mortality-3
criteria)' were included in the study. Children who had AKI
stage 2 at the time of admission to the PICU, children who
are known to have chronic kidney disease, and children with
a duration of PICU stay of less than 72 hours were excluded
from the study.

Children who met the inclusion criteria were enrolled in the
study. All relevant data, including anthropometry, demographic
parameters, admission diagnosis, comorbidities, vital signs,
and other clinical and laboratory parameters, were recorded
in a predesigned proforma.

Baseline SCr levels were calculated using Jefery’s method on
day 0 of admission (within 8 hours admission to PICU). Repeat
SCr was performed on day 3, between 72 and 96 hours of
admission to the PICU, to assess the severity of AKI. The RAI
was determined for all enrolled subjects between 8 and 12
hours from the time of PICU admission on day 0.

The RAI was defined as the product of the risk group score
and renal injury score.? RAI score given in Table 1. RAI score
ranges from 1 to 40. The RAl was calculated by multiplying the
risk and injury scores assigned (risk score x FO% score or risk
score x GFR score), whichever was worse. The index RAI =8
was considered positive for renal angina positive (RA +) and
a score of less than 8 considered as RA negative (RA-). Both
groups were compared for primary outcome parameters, such
as the development and severity of AKI, and risk factors for
AKI development. The secondary outcome parameters were
the duration of PICU stay, need for mechanical ventilation,
development of acute respiratory distress syndrome (ARDS),
and mortality. Fluid overload (FO) was calculated using the
following formula:

FO = total intake (Lt) total output 100
Weight at admission to the PICU

Table 1. Renal angina index in children

Risk strata

Risk criteria Score
Admission to the ICU 1
Solid organ or stem cell transplantation 3
Mechanical ventilation or inotrope 5

Injury strata

S creatinine level relative to Fluid accumulation

baseline (%)

Decreased or unchanged <5 1
>1-1.49* 5-10 2
1.5-1.99* 11-15 4
=P >15 8

ICU: Intensive care unit
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All children were closely monitored for AKI development. The
severity of AKl is defined using KDIGO staging.'? According to
KDIGO guidelines, AKl is defined as any of the following: An
increase in SCr by 0.3 milligrams per deciliter (mg/dL) or more
within 48 hours, an increase in SCr to 1.5 times the baseline
within the last 7 days, or urine output less than 0.5 milliliters/
kilogram/hour (mL/kg/h) for 6 hours. The AKI classification is
shown in Table 2. Both the RA+ and RA groups were compared
for the following outcome parameters: development of AKI
and its severity. The RAI score was also co-correlated with risk
factors for the development of AKI and short-term outcomes
in these children in terms of duration of PICU stay, need for
mechanical ventilation, development of ARDS, and mortality.
Based on the KDIGO guidelines, stage 3 AKIl is defined as
an increase in SCr up to 3 times from baseline, a SCr level
of >4.0 mg/dL (354 micromol/L), or the initiation of renal
replacement therapy.

Statistical Analysis

All data were entered in Microsoft Excel version 2023 and
analyzed using SPSS software version 23.0 for Windows
(IBM Corp., Armonk, NY, USA). The categorial variables are
presented as percentages, and the continuous variables are
presented as the mean + standard deviation (SD) or median.
RAl score predictive ability was assessed by calculating
sensitivity, specificity, positive predictive value, and negative
predictive value. To predict the severity of AKI on day 3,
receiver operating characteristic curves for day O RAl score and
SCr were constructed. Other risk factors associated with AKI
development were assessed using univariate and multivariate
logistic regression. The categorical variables are presented as
percentages. The numerical variables were compared using
Student’s t-test and the chi-square test. A p-value of 0.05 was
considered statistically significant.

Results

As shown in Figure 1, out of the 125 children admitted to
the PICU during the study period, 93 children who met the
inclusion criteria were included in the study. Seven out of

125 children had elevated serum creatinine at admission,
12 children had PICU stay for less than 72 hours, 4 did not
give consent for the study, day 3 serum creatinine was not
measured in 4 children, and 5 who took discharge against
medical advice were excluded from the study.

In present study 63.44% (n=59) were male. The majority of
children aged less than 1 year (27.54%), as depicted in Figure
2. The mean age of the participants was 3.8 years (SD=4.05).
The median height of the participants was 80 cm (QR=52)
and median weight was 9 kg (QR=10.3).

Total number of children admitted to
PICU during study period 125

Excluded from the study:

= stage 2 AKI at admission- 7

PICU stay <72hours-12

Day 3 creatinine was not done- 4
Not given consent- 4

Discharge against medical advice- 5

The children included in the present study
N=93

Figure 1. Flow chart of study participants
AKI: Acute kidney injury, PICU: Pediatric critical care unit

~
=
o
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63.44

50.54

36,56

Percenlage

<=lvr 2-5yrs >=5yrs Male Female

Figure 2. Demographic profile of the participants

Table 2. KDIGO staging of AKI in children

Stages Serum creatinine

1.5-1.9 times baseline
Stage 1 Or
>0.3 mg/dL increase

Stage 11 Increase >2-2.9 times baseline
3.0 times the baseline
Or

Stage 111 >4 mg/dL

initiation of renal replacement therapy

Urine output
<0.5 mL/kg/hr for 6-12 hours

<0.5 mL/kg/hr for >12 h

<0.3 mL/kg/h for 24 hours or anuria for 12 hours

in patients <18 hours, decrease in eGFR to <35 mL/min/1.73 m

eGRF: Estimated glomerular filtration rate, AKI: Acute kidney injury, KDIGO: Kidney disease improving global outcome
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In the present study, the prevalence of AKI was 22.58%
(n=21). A positive RAI score was observed in 27.96% (n=26).
Among children with positive RAI, 80.77% (n=21), 80.77%
developed AKI. Of 72.04% (n=67), children were RAl
negative, and none developed AKI. The association between
positive RAI and AKI development is statically significant.

As shown in Table 3, the mean SCr level on day 0 was 0.40
and that on day 3 was 0.57; this difference in mean SCr was
not statistically significant (p-value =0.1421).

Table 4 shows that RAI performed at the time of admission
to predict the subsequent development of AKI on day 3 of
admission had a specificity of 88.06%, sensitivity of 65.38%,
and accuracy of 81.72%.

Figure 3 depicts the receiver operating characteristic curve
constructed for assessing the individual values of day 0 RAI for
predicting AKI on day 3, with an area under curve of 0.7672.

o
S

Serstivity
08 0.75

025

0.0

0.00 025 0.9 075 1.00
1- Specficity
Area Rk ROC cane =0 7672

Figure 3. ROC curve for RAl and day 3 serum creatinine

RAI: Renal angina index, ROC: Receiver operating characteristic, area under
curve =0.7672

Univariate regression analysis performed to evaluate the effect
of individual parameters showed that the use of mechanical
ventilation, inotrope, nephrotoxic drugs, presence of ARDS,
and day 0 positive RAI score were significantly associated with
the occurrence of severe AKI on day 3. Multivariate analysis
showed that a positive day 0 RAI score was independently
associated with the occurrence of Severe AKI on day 3,
nephrotoxic drug usage, and need for mechanical ventilation,
is show in Table 5.

Table 6 shows significant correlation between RAI score and
elevated SCr level on day 3 and the development of AKI on
day 3.

In the present study, the mortality rate was 23.6% (n=22).
Among the 26 children who were RAl-positive, the mortality
rate was 69.2% (n=18). The RAl was associated with increased
mortality, and this association was statistically significant.

Discussion

The present study is a hospital-based prospective observational
study. Results showed that a positive RAl obtained at admission
was useful in predicting the development of AKI by day 3.
RAI outperformed conventional baseline SCr level predicting
AKI. The study, which included children with a similar range of
disease severity (as accessed using PIM-3 score at admission),
had a notably higher proportion of younger children in the
RAl-positive group than in the RAI-negative group.

In the present study, 22.58% of children admitted to the PICU
developed AKI on day 3 admission. Compared with previous
studies done by Gawadia et al.’, Basu et al.?2, Mehta et al."®
and Naik et al.#, the incidences of AKI were 70%, 13.6%,

Table 3. Compression of serum creatinine levels on days 0 and 3

Sr. Cr. Mean SD
Sr. Cr. day 0 0.40 0.18
Sr.Cr. 3 0.57 0.56
Z-value 1.4680

P-value 0.1421

Median Quartile range
0.37 0.25*
0.36 0.34*

Data expressed as median (min-max), and mean, SD: Standard deviation, *Wilcoxon's matched-pair test

Table 4. Sensitivity, specificity, accuracy, and positive and negative predictive values of RAI

Statistic Value
Sensitivity 65.38%
Specificity 88.06%
Positive likelihood ratio 5.48
Negative likelihood ratio 0.39
Positive predictive value 68.00%
Negative predictive value 86.76%
Accuracy 81.72%

Cl: Confidence interval, OR: Odds ratio, RAI: Renal angina index
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95% Cl for OR
44.33% to 82.79%
77.82%-94.70%
2.70to 11.11
0.23-0.67
51.15%-81.18%
79.33%-91.80%
72.35% to 88.98%
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36.1%, and 90%, respectively. This variation in the incidence
of AKI may be attributed to several factors, such as diagnosis
at admission, presence of FO, use of nephrotoxic drugs,
presence of sepsis, and MODS. The incidence of AKl increases
with increasing severity of illness.

Severe AKI was observed in 80.77% of RAl-positive children.
These study results are in line with the studies conducted by
Gawadia et al."and Menon et al.’, where severe AKI was
observed in 72% and 80% respectively. In present study,
approximately 80% of children with positive RAI developed
AKl on day 3 of admission. These results are in good
agreement with the studies of Gawadia et al." and Basu et

al.? However, predictive value was lower in studies by Sethi
et al.’® and Kaur et al.” The predictive ability of RAl in the
development of severe AKI on day 3 was AUC 0.76 with 95%
confidence interval (Cl) of 0.72-0.88, which was similar to the
studies by Basu et al.”™ (AUC=0.86, with 95% Cl of 0.75-0.86)
and Sethi et al.’ (AUC =0.73, 95% Cl of 0.61-0.82).

In the present study, 26 children were RAI positive, among
whom 10 (38.46%) developed ARDS, 24 (92.3%) required
mechanical ventilation, and 18 (69.23%) required one or more
inotropic supports. The study by Gawadia et al." showed that
among children with positive RAI, 71% required mechanical
ventilation and 78% needed inotropic support. In another

Table 5. Association between individual parameters and positive RAI using univariate analysis

Factors RAI <8 % RAI =8
Duration of stay

<7 days 45 67.16 18
=7 days 22 32.84 8
Sepsis

Absent 46 68.66 14
Present 21 31.34 12
ARDS

Absent 59 88.06 16
Present 8 11.94 10
Nephrotoxic drugs

No 25 37.31 4
Yes 42 62.69 22
Inotropes

No 57 85.07 8
Yes 10 14.93 18
Mechanical ventilation

No 49 73.13 2
Yes 18 26.87 24
Stages of AKI

Stage 0 67 100.0 5
Stage 1 0 0.00 21
Mortality

Recovered 63 94.03 8
Death 4 5.97 18
Total 67 100.0 26

% Total % Chi-square p-value
69.23 63 67.74 0.0370** 0.8480
30.77 30 32.26

53.85 60 64.52 1.7950** 0.1800
46.15 33 35.48

61.54 75 80.65 8.4410** 0.0040*
38.46 18 19.35

15.38 29 31.18 4.1970** 0.0400*
84.62 64 68.82

30.77 65 69.89 26.2510** 0.0001*
69.23 28 30.11

7.69 51 54.84 32.3910** 0.0001*
92.31 42 45.16

19.23 72 77.42 69.8990** 0.0001*
80.77 21 22.58

30.77 71 76.34 41.5070** 0.0001*
69.23 22 23.66

100.0 93 100.00

**: Chissquare test, *: Independent t-test and p-value is <0.05, univariate regression analysis performed to evaluate the effect of individual parameters on positive AKI, AKI: Acute

kidney injury, RAI: Renal angina index, ARDS: Acute respiratory distress syndrome

Table 6. Correlation between serum creatinine levels on days 0 and 3 and AKI stage with RAI

Correlation between RAI scores and

Variables

n
Serum creatinine level at day 0 93
Serum creatinine level on day 3 93
Stage of AKI on day 3 98

Spearman R t-value p-value
0.0451*** 0.4306 0.6678
0.5751** 6.7059 0.0001*
0.7405** 10.5113** 0.0001*

***: Spearman’s rank correlation,**: Student’s t-test, *: Independent t-test, p-value <0.05 is taken as statistically significant, AKI: Acute kidney injury, RAI: Renal angina index
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study by Menon et al." showed 1.68% required mechanical
ventilation, and 8.6% had a prolonged hospital stay among
RAl-positive children.

The present study observed that there was increased
mortality among RAl-positive children, accounting for 68.23%
(p=0.0001). These results co-relate with the study by Gawadia
et al.'and Menon et al."™where the mortality rates were 24%
and 18.3% respectively.

In the present study, positive AKI was associated with
increased severity of AKI on day 3. These children tended
to have an increased incidence of ARDS, shock requiring
inotropic support, need for mechanical ventilation, and
increased mortality. Furthermore, logistic regression suggested
that there was an independent association between positive
RAI performed at admission, severity of AKI, increased need
for mechanical ventilation, and mortality. These results are in
parallel with those of Gawadia et al.” and Kaur et al."”

Study Limitations

The study should have included a large sample. Only short-
term outcomes were analyzed; long-term follow-up of these
children had not been done.

Conclusion

The RAl is a simple yet reliable predictor of the development
of AKI in critically ill children. A positive RAl score emerges
as a superior tool to help in the early reorganization of
development AKI. This score is more useful in developing
countries because it requires fewer investigations and can
be easily applied in resource settings. The discriminative
accuracy of RAI surpasses that of traditional creatinine-based
renal injury parameters. Additionally, RAl has an independent
predictive value for AKI severity, morbidity, and mortality in
critically ill children.
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