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Abstract
Background Renal Angina Index (RAI) is a bedside tool for risk stratification of patients to predict acute kidney injury 
(AKI). Kidney biomarkers are better indicators of real-time injury and give us lead time for diagnosing impending AKI.
Methods We enrolled consecutive children aged 2 months–14 years admitted to a tertiary hospital in northern India over 
2 years. RAI was calculated on day 0 (D0) and urinary (u) and plasma (p) neutrophil gelatinase-associated lipocalin (NGAL) 
were measured within 6 h of admission. Children were followed for the development of severe AKI on day 3 (D3) using 
Kidney Disease Improving Global Outcomes criteria to define and stage AKI.
Results Of the 253 children enrolled and analysed, 44 (17.4%) developed D3-AKI (stage 1 in 52.2%, stage 2 in 20.5% and 
stage 3 in 27.3%). Renal angina (RAI ≥ 8) on D0 was present in 66.7% children who developed stage 2/3 D3-AKI vs. 43.5% 
in children who did not develop D3-AKI /stage 1 AKI (p = 0.065). Area under ROC (AUROC) curve for D0-RAI to predict 
D3-severe-AKI was 0.66 (95% CI, 0.55–0.77). AUROC curve for uNGAL and pNGAL to predict D3-severe-AKI was 0.62 
(95% CI, 0.50–0.74) and 0.48 (95% CI, 0.35–0.61), respectively. The severe AKI group had greater requirement of ventila-
tion and inotropic support with mortality being thrice higher compared to the non-AKI group.
Conclusion RAI ≥ 8 and uNGAL had a high negative predictive value but low sensitivity for predicting D3-severe-AKI. 
pNGAL had a poor predictive value for D3-severe-AKI.
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uNGAL  Urinary neutrophil gelatinase-associated 
lipocalin

UTI  Urinary tract infection
UO  Urine output

Introduction

Acute kidney injury (AKI) is a common cause of mortality and 
morbidity in hospitalised patients. According to the Assess-
ment of Worldwide Acute Kidney Injury, Renal Angina and 
Epidemiology in critically ill children (AWARE) study, inci-
dence of AKI was 26.9% amongst 4623 hospitalised patients 
aged 3 months–25 years age [1]. Despite increasing aware-
ness about the disease, effective therapies are lacking. This is 
partially due to delay in diagnosis. Timely diagnosis of AKI 
is likely to provide survival advantage. The current method 
of detection of AKI using the KDIGO criteria is dependent 
on urinary output (UO) and serum creatinine (SCr) which 
rises 24–48 h after the initial kidney insult [2]. Researchers 
worldwide are therefore trying to identify clinical scores and 
laboratory biomarkers for an earlier identification of AKI [2].

One such clinical score is renal angina index (RAI). Basu 
et al. proposed that renal angina may occur when there is 
vascular insult to the kidney. The RAI is a bedside method 
which uses objective signs of kidney dysfunction and risk 
factors of AKI to predict onset of AKI (Supplementary 
Table 1). In order to operationalise the use of RAI in criti-
cally ill children, it was seen that RAI could predict AKI that 
develops 3 days after admission (D3-AKI) [3, 4].

Several biomarkers have been studied for early detection 
of AKI. These biomarkers are protein-bound substances 
which denote structural kidney damage rather than reduced 
kidney function. To date, neutrophil gelatinase-associated 
lipocalin (NGAL) has shown to be of value in early diagno-
sis of paediatric kidney injury [5–7]. Importantly, biomark-
ers provide reliable information only when utilised in the 
appropriate setting. Thus, biomarkers when used in the pres-
ence of renal angina may have a better predictive value [8].

We aimed to validate RAI in our population and deter-
mine the diagnostic accuracy of biomarkers: urinary NGAL 
(uNGAL) and plasma NGAL (pNGAL) to predict D3-AKI 
in critically ill children. We hypothesised that in children 
aged 2 months–14 years, calculation of RAI on day 0 (D0) 
and urinary/plasma NGAL would predict D3-severe-AKI 
and thus trigger prompt interventions to prevent morbidity 
and mortality.

Methods

We conducted a prospective cohort study in children (aged 
2 months–14 years) admitted to the sick room of a paediat-
ric emergency and Paediatric Intensive Care Unit (PICU) 

of a tertiary care referral teaching hospital in north India 
over a period of 2 years (1 January 2019–31 December 
2020). Children were enrolled only if they had a hospital 
stay > 6 h, after written and informed parental consent. 
We excluded patients who denied consent, patients with 
known chronic kidney disease (CKD) or post-kidney trans-
plant, lethal congenital malformations [9] or already on 
dialysis. Children were also excluded if they did not have 
SCr or UO measurements during hospital stay. The study 
was approved by the Institute’s Ethics Committee.

Demographic, clinical data and pre-identified labora-
tory variables were collected for all eligible children. RAI 
was calculated on D0 to risk stratify for AKI. RAI is the 
product of risk of AKI and signs of injury (Supplemen-
tary Table 1). RAI ≥ 8 was considered as positive for renal 
angina. Children were then sampled for biomarkers. The 
time of sample collection was noted. Fluid intake and out-
put was calculated from the nursing charts. Older children 
were asked to void in a graduated container. If the patient 
was not catheterised, diaper weight monitoring was done 
in younger children. Fluid overload (FO) was calculated 
as per formula: % FO = 100 (fluid intake in mL − fluid 
output in mL) / Admission weight (g) [10]. uNGAL and 
pNGAL values were assayed using a commercially avail-
able Enzyme-Linked Immunosorbent Assay (ELISA) kit 
(Biovendor Human Lipocalin-2/NGAL ELISA kit, Czech 
Republic, Europe) as per the manufacturer’s instructions. 
Optimum cut-off values were determined using sensitivity 
analysis and Youden’s index [11]. The children were fol-
lowed for the development of AKI on day 3 (D3) by using 
Kidney Disease: Improving Global Outcomes (KDIGO) 
criteria to define and stage AKI [12]. Children who devel-
oped D3-stage 2/3 AKI served as cases (AKI group) whilst 
those who did not develop D3-AKI or had stage 1 AKI 
served as controls (non-AKI group). All children were 
followed until hospital discharge or death for treatment 
outcomes.

Outcomes

Our primary outcome was development of D3-AKI (primary 
end point). The Schwartz equation was used to calculate the 
estimated glomerular filtration rate (eGFR) [13]. Baseline 
eGFR was calculated using the SCr value up to 3 months 
before the emergency visit. If the baseline SCr level was una-
vailable eGFR [12] was assumed to be 120 mL/min/1.73  m2. 
Our secondary outcomes were requirement of ventilation, 
inotropic support and kidney replacement therapy (KRT), 
duration of hospital stay, nephrotoxin drug exposure and 
incidence of urinary tract infection (UTI), pneumonia or 
meningitis.
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Statistical analysis

We calculated a sample size of 250 children for the study 
based on the work of Menon et al. [8], considering error of 
estimate of 1.96 for constructing confidence interval (CI) 
of sensitivity 10% and prevalence 25%. Data was entered 
in Microsoft Excel. Categorical variables were reported as 
counts and percentages. The distribution of continuous vari-
ables was checked by Shapiro–Wilk test. All quantitative 
variables were presented as mean ± standard deviation or 
median (interquartile range) where applicable. Their 95% 
CI were calculated. Children who developed severe AKI 
(stage 2/3) on D3 and who did not develop AKI/ stage 1 
AKI were compared. Proportions were compared using 
Chi-square test with Yates correction or Fisher’s exact test. 
Continuous variables between AKI and non-AKI groups 
were compared using Student’s t-test or Mann–Whitney U 
test. We constructed receiver operating characteristic (ROC) 
curves for RAI, uNGAL and pNGAL as continuous variable 
and D3-severe-AKI as categorical variable. The diagnostic 
accuracy of RAI for development of D3-severe-AKI was 
calculated at cut-off values of 8 and 12 and for uNGAL 
at cut-off values of 100 and 150 ng/mL. The sensitivity, 
specificity, positive predictive value (PPV), negative predic-
tive value (NPV) and likelihood ratios (LR) were calculated 
using medcalc software. We also calculated the diagnos-
tic accuracy of combined RAI (at cut-off of 8 and 12) and 
uNGAL (at cut-off 100 and 150 ng/mL). All variables with 
p value less than 0.1 on univariate analysis were included 
in multivariable logistic regression analysis for identifica-
tion of independent variables associated with mortality. A p 
value < 0.05 was considered significant. Statistical package 
SPSS-22 (IBM, New York) was used for data analysis.

Results

We screened 300 consecutive children admitted to the 
sick room of a paediatric emergency and PICU for eligi-
bility into the study. Thirty-eight children were excluded 
(Fig. 1). We enrolled 262 children, of whom 9 children 
either died or left against medical advice before D3 of 
admission (primary end point). Hence, 253 children were 
analysed for outcomes.

According to the KDIGO criteria, 44 (17.4%) chil-
dren developed AKI on D3. Amongst these 44 children, 
23 (52.2%) developed AKI stage 1, 9 (20.5%) developed 
AKI stage 2 and 12 (27.3%) developed AKI stage 3. The 
AKI group (AKI stage 2/3) and non-AKI groups (no AKI/ 
stage 1 AKI) were comparable to each other with respect 
to demographic characteristics and presenting complaints 

(Table 1). On examination, the AKI group had a higher 
proportion of children requiring oxygen supplementation 
(p = 0.04) compared to the non-AKI group. D0-total leu-
kocyte count, D3-blood urea and D3-serum creatinine was 
significantly higher in the AKI group. Likewise, D3-UO 
and D3-eGFR were significantly lower in the AKI group 
compared to the non-AKI group (Table 1). Final diagno-
sis was categorised into 18 clinical conditions. D3-AKI 
incidence was not significantly associated with any medi-
cal diagnosis. However, 57.1% of the children with tropi-
cal infections (vs. 18.1% in non-AKI group, p = 0.07) and 
9.5% of children with nephritic syndrome (vs. 1.7% in non-
AKI group, p = 0.08) developed D3-severe-AKI (Fig. 2).

D0-RAI was significantly higher in children who went 
on to develop D3-severe-AKI (8, IQR: 4, 20) vs. those who 
did not (4, IQR: 2, 8; p = 0.01). uNGAL levels on D0 were 
higher in the AKI group as compared to the non-AKI group 
but it did not reach statistical significance [33.8 ng/mL (IQR 
9.9, 61.4) vs. 11.0 ng/mL (IQR 3.1, 32.3), p = 0.07]. pNGAL 
levels were similar between the 2 groups [149.1 ng/mL (IQR 
106.3, 284.4) vs. 191.4 ng/mL (IQR 92.3, 288.2), p = 0.76] 
(Table 1). The sensitivity, specificity, PPV, NPV, positive 
likelihood ratio (+ LR) and negative likelihood ratio (− LR) 
of RAI (at cut-off value 8 and 12) and urinary/plasma NGAL 
(at a cut-off of 100 and 150 ng/mL) to predict D3-AKI are 
presented in Table 2. uNGAL and RAI had good specificity 
and NPV, but all tests had poor PPV and likelihood ratios. 
Urinary or plasma NGAL values at both the cut-off values of 
100 and 150 ng/mL did not increase the diagnostic accuracy 
of RAI (at cut-off of 8 and 12) for prediction of D3-AKI 
(Table 3). Whilst area under ROC curve (AUROC) of RAI 
to differentiate D3-severe-AKI was statistically significant 
0.66 (95% CI, 0.55–0.77, p = 0.02), AUROC of uNGAL 
[0.62 (95% CI, 0.50–0.74), p = 0.07] as well as pNGAL 
[0.48 (95% CI, 0.35–0.61, p = 0.76)] were not significant. 
Combined AUROC of RAI and uNGAL to predict D3-AKI 
was 0.59 (95% CI, 0.47–0.72, p = 0.16) (Table 3; Supple-
mentary Fig. 1).

Regarding treatment outcomes, children in the AKI group 
had a significantly higher requirement of ventilation (RR 
2.4 (95% CI, 1.1–5.2)), inotropic support (RR 4.1 (95% CI, 
1.7–10.0)) and KRT (RR 1.3 (95% CI, 1.0–1.7)) compared 
to the non-AKI group (Table 4). Fifty-seven of 253 enrolled 
children died or left against medical advice. Non-survivors 
had significantly higher RAI and NGAL values as compared 
to survivors (Supplementary Table 2). However, after adjust-
ing for requirement of ventilation, inotrope use, Glasgow 
coma score, AKI on D3, RAI, haemoglobin and blood sugar 
levels at presentation, neither the RAI nor NGAL could 
independently predict mortality. The independent predic-
tors of mortality on multivariable logistic regression analysis 
included requirement of inotropes, D3-severe-AKI and hae-
moglobin levels at presentation. Relative risk of mortality 
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was significantly higher in children who developed D3-AKI 
(66.7%) vs. 18.5% in the non-AKI group, RR 2.4 (95% CI, 
1.3–4.5, p < 0.001) (Table 4).

Discussion

In this prospective cohort study of 253 hospitalised paediatric 
patients, we found an 8.3% incidence of severe AKI according 
to the KDIGO criteria. D0-RAI was significantly higher in 
children who developed D3-AKI compared to the non-AKI 
group. At a cut-off of 8, RAI had statistically significant dis-
criminative ability to identify D3-AKI. However, RAI had a 
modest diagnostic accuracy for D3-AKI. Urinary or plasma 
NGAL did not improve the diagnostic accuracy of RAI. 

Requirement of inotropes, D3-AKI and baseline haemoglobin 
independently predicted mortality, but RAI or NGAL did not.

Incidence of AKI was noted to be 26.9% by AWARE 
investigators and 15% in a study conducted at AIIMS, New 
Delhi [1, 14]. The AWARE study reported 11.3% incidence 
of severe AKI (stages 2 and 3) which is comparable to our 
study [1]. Fever, vomiting and breathing difficulty were the 
most common presenting complaints in our study which was 
observed previously, too [15, 16]. We found a significant 
decrease in D3-UO between the AKI and non-AKI groups 
(Table 1). Menon et al. previously reported that patients with 
AKI are at a higher risk of FO on day 3 because of persis-
tent severe fluid accumulation [8]. A total of 57.1% of the 
children with tropical infections developed D3-AKI. This is 
similar to the findings of a study done in south India where 

Fig. 1  Flow of participants into 
the study. *AKI acute kidney 
injury, #LAMA left against 
medical advice 
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it was found that infections were responsible for 62.9% of 
cases of AKI [17]. Although it did not reach statistical sig-
nificance, nephritic conditions were present in 9.5% children 
with D3-AKI. Our figures match with previous studies that 
reported glomerulonephritis was responsible for 7.6% of the 
AKI cases [17]. A higher proportion of children had sepsis, 
liver disease, anaemia, acute respiratory distress syndrome 
and diabetes in AKI versus non-AKI group. However, this dif-
ference was not statistically significant (Fig. 2). These findings 
could be because of the heterogeneous nature of our cohort.

A significantly higher proportion of children with severe 
AKI had renal angina when RAI ≥ 8 was taken as the criteria 
as compared to the non-AKI group (66.7% in AKI vs. 43.5% 
in non-AKI group). In the study by Menon et al., similar 
numbers were reported (80% in AKI vs. 28.8% in non-AKI) 
[8]. In a meta-analysis which included 10 studies, it was seen 

that ability of RAI ≥ 8 to predict AKI had a pooled sensitiv-
ity of 79.2% and specificity of 73.2% [18]. Recently it was 
reported that RAI value ≥ 12 as compared to ≥ 8 had higher 
specificity, Youden’s index, PPV and better discriminative 
ability in diagnosing D3-severe-AKI [14]. However, we did 
not observe a difference between the diagnostic accuracy of 
RAI ≥ 8 and RAI ≥ 12 to predict D3-severe-AKI except that 
specificity and PPV of RAI ≥ 12 was better than RAI ≥ 8 
(Table 2). In another study conducted in adults in Japan and 
Thailand, AUROC for RAI was found to be 0.63 which is 
the same as our study [19]. Previous research has shown that 
in children developing AKI due to causes other than post-
cardiac surgery, AUROC for RAI ranges from 0.6 to 0.8 [8].

We found that with a cut-off of 100 ng/mL, specificity of 
uNGAL was 93% (95% CI, 98.9–95.9) and NPV was 91.8 
(95% CI, 90.6–92.8) (Table 2). The sensitivity and PPV 

Table 1  Demographics and 
laboratory characteristics of 
study participants

eGFR estimated glomerular filtration rate, RBS random blood sugar, TLC total leucocyte count
* Mean (SD)
# Median (IQR)

Criteria AKI stage 2/3 (n = 21) AKI stage 1/no AKI (n = 232) p value

Demographics
  Age (months)# 84 (18, 120) 69 (24, 108) 0.60
  Weight (kg)# 20 (8.9, 25) 16 (9.9, 24) 0.47
  BMI (kg/m2)# 15.3 (13.1, 17.3) 14.4 (13, 16) 0.26
  Males, n (%) 9 (42.9) 114 (49.1) 0.65

Presenting complaint
  Fever, n (%) 17 (81) 146 (63.2) 0.15
  Vomiting, n (%) 11 (52.4) 86 (37.1) 0.24
  Difficulty breathing, n (%) 5 (23.8) 63 (27.2) 1.00
  Altered sensorium, n (%) 6 (28.6) 36 (15.5) 0.13
  Loose stools, n (%) 4 (19) 37 (16) 0.76

Examination findings
  Feeble peripheral pulses, n (%) 1 (4.8) 14 (6) 0.77
  Retractions, n (%) 6 (28.6) 46 (19.8) 0.40

Lab investigations
  Day 0 blood urea (mg/dL)# 22 (12.5, 66.5) 25 (18, 37.8) 0.60
  Day 0 serum creatinine (mg/dL)# 0.7 (0.45, 0.9) 0.6 (0.5, 0.8) 0.71
  Day 0 urine output (mL/kg/h)# 1.5 (0.9, 2.6) 1.6 (1.1, 2) 0.86
  Day 3 blood urea (mg/dL)# 47 (28, 102) 17 (12, 29)  < 0.001
  Day 3 serum creatinine (mg/dL)# 1.4 (1.1, 2.3) 0.6 (0.5, 0.8)  < 0.001
  Day 3 urine output (mL/kg/h)# 0.7 (0.2, 2) 1.9 (1.3, 2.3)  < 0.01
  Day 3 eGFR (mL/min/1.73  m2)# 33.6 (18.8, 55.8) 89 (66, 111.5)  < 0.001
  Day 0 RBS (mg/dL)# 99 (81, 110.5) 103 (92, 115) 0.18
  Day 0 blood haemoglobin (mg/dL) 9.4 (8.9, 10.65) 10.35 (8.8, 11.4) 0.28
  Day 0 TLC (×  109 cells/L)# 14 (12, 21.3) 12 (7.9, 15) 0.01
  Day 0 serum sodium (mEq/L)# 144 (134, 152) 141 (137, 145) 0.11
  Day 0 serum potassium (mEq/L)# 4.1 (3.8, 4.6) 4.5 (4.1, 5) 0.03
  Day 0 serum albumin (mg/dL)* 3.3 (0.7) 3.5 (0.9) 0.37
  Day 0 uNGAL (ng/mL)# 33.8 (10, 61.4) 10.9 (3.1, 32.3) 0.07
  Day 0 pNGAL (ng/mL)# 149.1 (106.3, 284.4) 191.4 (92.3, 288.2) 0.76

2775Pediatric Nephrology (2022) 37:2771–2779



1 3

were, however, low, i.e., 9.52% (95% CI, 1.2–30.4) and 
11.11% (95% CI, 3–33.7), respectively. Our study failed 
to demonstrate predictive value of pNGAL in contrast to a 
few studies which have reported pNGAL value to be higher 
in paediatric risk, injury, failure, loss and end-stage renal 
disease (pRIFLE) injury/failure groups [6]. This may be 

explained by the heterogeneous nature of our cohort. We 
found that using the combination of RAI ≥ 8 and uNGAL 
value of 100 ng/mL did not improve the diagnostic accu-
racy for D3-severe-AKI. The poor predictability of urinary/
plasma NGAL for AKI prediction in a non-homogeneous 
cohort has been seen in a recent study from the United 

Fig. 2  Clinical diagnosis of 
study participants

Table 2  Predictive accuracy of RAI, uNGAL and pNGAL for D3-severe AKI

RAI renal angina index, uNGAL urinary neutrophil gelatinase-associated lipocalin, PPV positive predictive value, NPV negative predictive 
value, + LR positive likelihood ratio, − LR negative likelihood ratio, CI confidence interval

Measure RAI ≥ 8 RAI ≥ 12 uNGAL > 100 uNGAL > 150

Sensitivity (%) 66.7 (95% CI, 43–85.4) 28.6 (95% CI, 11.3–52.9) 9.52 (95% CI, 1.2–30.4) 4.8 (95% CI, 0.12–23.8)
Specificity (%) 56.5 (95% CI, 49.8–62.9) 84.9 (95% CI, 79.7–89.3) 93 (95% CI, 88.9–95.9) 98.3 (95% CI, 95.6–99.5)
PPV (%) 12.2 (95% CI, 9–16.3) 14.6 (95% CI, 7.6–26.5) 11.11 (95% CI, 3–33.7) 20 (95% CI, 2.8–68.1)
NPV (%) 94.9 (95% CI, 91–97.2) 92.9 (95% CI, 90.9–95.5) 91.8 (95% CI, 90.6–92.8) 91.8 (95% CI, 91–92.5)
 + LR 1.53 (95% CI, 1.1–2.1) 1.9 (95% CI, 0.9–4) 1.4 (95% CI, 0.33–5.5) 2.7 (95% CI, 0.32–23.2)
 − LR 0.59 (95% CI, 0.32–1.1) 0.84 (95% CI, 0.64–1.1) 0.97 (95% CI, 0.84–1.12) 0.97 (95% CI, 0.88–1.1)
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Kingdom where the AUC for uNGAL and pNGAL to predict 
severe AKI was 0.75 and 0.64, respectively [20].

Our observations on the higher requirement of ven-
tilation and inotropic support in children suffering from 
D3-AKI were in concordance with the published literature 
[21–23]. The requirement of KRT was lower than that in 
the global snapshot study but comparable to other studies 
from India [24, 25]. This could be attributed to the fact 
that the global snapshot study included high-income coun-
tries where these facilities are easily available, but limited 
access and financial constraints in our low-resource settings 
decrease the use of KRT, especially haemodialysis. How-
ever, mortality rates in our study were comparable to the 
findings obtained by Kaur et al. (31.09% in renal angina 
positive vs. 2% in renal angina negative) and in the second-
ary analysis of Sepsis Prevalence, Outcomes and Therapies 
(SPROUT) trial (52% in AKI stage 2/3 vs. 18% in no AKI/
stage 1 AKI) [15, 23].

Our strengths include the prospective nature of the 
study and a large paediatric sample size which helped us 
analyse multiple aetiologies with respect to incidence of 
AKI. Also, we used both RAI and NGAL values to predict 
AKI. We examined an exhaustive repertoire of variables 

predisposing to D3-severe-AKI in a resource-limited set-
ting. Despite all our efforts, our study had some limita-
tions. Firstly, it was a single-centre study and we did not 
have departments such as paediatric surgery, haemato-
oncology and organ transplant facilities available at our 
centre so we could not include these patients in our study. 
Secondly, method of urine collection especially in the 
younger children was often done by diaper weight or by 
parental recall in older children which was not as accurate 
as catheterisation. Thirdly, the majority of the study chil-
dren did not have baseline SCr available to enable us to 
exclude pre-existing CKD. However, any child with kidney 
complaints including decreased UO for at least 3-month 
duration as defined by KDIGO, anaemia, short stature, any 
electrolyte abnormalities, any urinary sediment abnormali-
ties or structural abnormalities was screened for CKD and 
complete investigational work-up was done at the time of 
enrolment and if found positive was excluded [12]. Also, it 
is possible that AKI was underdiagnosed because we used 
baseline eGFR of 120 mL/min/1.73  m2 in most children as 
baseline value of creatinine was not available. Had we used 
baseline eGFR of 90 mL/min/1.73  m2 AKI incidence could 
have been higher [26]. Nevertheless, our study underlines 

Table 3  Predictive accuracy using combination of RAI and uNGAL for D3-severe AKI

RAI renal angina index, uNGAL urinary neutrophil-gelatinase associated lipocalin, PPV positive predictive value, NPV negative predictive 
value, + LR positive likelihood ratio, − LR negative likelihood ratio, CI confidence interval

Measure RAI > 8 uNGAL > 100 RAI > 12 uNGAL > 100 RAI > 8 uNGAL > 150 RAI > 12 uNGAL > 150

Sensitivity (%) 66.7 (95% CI, 43–85.4) 33.3 (95% CI, 14.6–57) 66.7 (95% CI, 43–85.4) 33.3 (95% CI, 14.6–57)
Specificity (%) 51.8 (95% CI, 45.1–58.4) 78.5 (95% CI, 72.6–83.7) 54.4 (95% CI, 47.7–61) 82.9 (95% CI, 77.4–87.5)
PPV (%) 11.3 (95% CI, 8.4–15.1) 12.5 (95% CI, 6.9–21.6) 11.9 (95% CI, 8.8–15.8) 15.2 (95% CI, 8.4–26)
NPV (%) 94.4 (95% CI, 90.1–96.9) 92.8 (95% CI, 90.4–94.6) 94.7 (95% CI, 90.5–97) 93 (95% CI, 90.8–94.8)
 + LR 1.4 (95% CI, 0.99–1.9) 1.6 (95% CI, 0.8–3) 1.5 (95% CI, 1.1–2) 2 (95% CI, 1–3.8)
 − LR 0.64 (95% CI, 0.35–1.2 0.85 (95% CI, 0.62–1.2) 0.61 (95% CI, 0.33–1.1) 0.80 (95% CI, 0.59–1.1)
AUROC 0.59 (95% CI, 0.49–0.72) 0.56 (95% CI, 0.42–0.69) 0.60 (95% CI, 0.48–0.73) 0.58 (95% CI, 0.44–0.72)

Table 4  Treatment outcomes of 
study participants

* Mean (SD)
# Median (IQR)

Treatment outcomes (n = 253) AKI stage 2/3 (n = 21) AKI stage 1/no AKI (n = 232) p value

Nephrotoxin drug exposure, n (%) 18 (85.7) 173 (74.6) 0.30
Ventilation, n (%) 16 (76.2) 99 (42.7) 0.005
Inotropic support, n (%) 17 (81) 50 (21.6)  < 0.001
Kidney replacement therapy, n (%) 6 (28.5) 1 (0.4)  < 0.001
UTI, n (%) 2 (9.5) 12 (5.2) 0.33
Pneumonia, n (%) 0 (0) 16 (6.9) 0.38
Meningitis, n (%) 1 (4.8) 2 (0.9) 0.23
Length of hospital  stay# 133 (86, 261) 190 (119, 322) 0.12
Discharge vs. death, n (%)* 7 (33.3) vs. 14 (66.7) 189 (81.5) vs. 43 (18.5)  < 0.001
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the importance of high negative predictive value of RAI 
in children at risk to develop AKI and appropriate man-
agement of patients to avoid FO in patients predisposed 
to develop AKI.

Conclusions

Incidence of D3-severe-AKI was 8.3% in children being 
admitted to paediatric emergency using the KDIGO criteria 
to define AKI. RAI ≥ 8 and uNGAL had a high specificity 
but low sensitivity for predicting D3-severe-AKI. pNGAL 
had a poor predictive value for D3-AKI. A combination of 
RAI ≥ 8 and uNGAL did not affect the diagnostic accuracy 
for predicting D3-severe-AKI. The study reaffirms increased 
mortality, and increased need of ventilation requirement, 
inotropic support and KRT in children developing AKI.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00467- 022- 05442-3.
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