
ORIGINAL ARTICLE

Assessment of the renal angina index for the prediction of acute
kidney injury in patients admitted to a European pediatric intensive
care unit

Francisco Ribeiro-Mourão1,2
& Ana Carvalho Vaz1,2 & André Azevedo2

& Helena Pinto3
& Marta João Silva1,4 &

Joana Jardim3
& Augusto Ribeiro1

Received: 3 February 2021 /Revised: 13 April 2021 /Accepted: 30 April 2021
# IPNA 2021

Abstract
Background Acute kidney injury (AKI) is associated with worse outcomes and increased morbidity and mortality in pediatric
intensive care unit (PICU) patients. The renal angina index (RAI) has been proposed as an early prediction tool for AKI
development.
Objectives The objective was to evaluate outcomes of RAI-positive patients and to compare RAI performance with traditional
AKI markers across different patient groups (medical/post-surgical). This was an observational retrospective study. All children
admitted to a tertiary hospital PICU over a 3-year period were included. Electronic medical records were reviewed. Day 1 RAI
was calculated, as was the presence and staging of day 3 AKI.
Results A total of 593 patients were included; 56% were male, the mean age was 55 months, and 17% had a positive RAI. This
was associated with day 3 AKI development and worse outcomes, such as greater need for kidney replacement therapy, longer
duration of mechanical ventilation, vasoactive support and PICU stay, and higher mortality. For all-stage kidney injury, RAI
presented a sensitivity of 87.5% and a specificity of 88.1%. Prediction of day 3 all-stage AKI by RAI had an AUC=0.878; its
performance increased for severe AKI (AUC = 0.93). RAI was superior to serum creatinine increase and KDIGOAKI staging on
day 1 in predicting severe AKI development. The performance remained high irrespective of the type of admission.
Conclusions The RAI is a simple and inexpensive tool that can be used with medical and post-surgical PICU patients to predict
AKI development and anticipate complications, allowing for the adoption of preventive measures.
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Introduction

Acute kidney injury (AKI) occurs in up to 33% of patients in
pediatric intensive care units (PICUs) and is associated with

worse outcomes and increased morbidity and mortality [1–7].
Delayed diagnosis is frequent, which may be due to the wide
use of serum creatinine (sCr)—a “late”AKI marker [1, 8–13].
In 2010, Goldstein et al. introduced the concept of “renal
angina,” reflecting the need for real-time markers that can
predict AKI progression earlier and more accurately [9]. The
renal angina index (RAI), proposed by Basu et al., was first
used in 2014 [14]. As Ricci (2018) stated, “the idea is that a
patient with a positive score should be managed, from a kid-
ney standpoint, with a timing similar to that for an anginous
patient before irreversible damage occurs” [15]. RAI is
assessed 12 h after PICU admission and allows for a predic-
tion of severe AKI 3 days later. The index is a product of the
points assigned to risk and injury criteria [16], as shown in
Table 1.

RAI was demonstrated, in its first validation studies, to be
efficacious [14, 17, 18], with a good area under the curve and
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high negative predictive values. Since its creation, only a few
studies validating RAI have been published, none of them in a
European setting. A systematic review andmeta-analysis from
2020 included 14 RAI studies, mainly regarding non-surgical
patients, with more than half of them having fewer than 100
participants [19]. Despite recognizing some discussion and
controversy, in this review, it was pointed out that RAI can
potentially be a reliable tool for AKI prediction [19].
Therefore, it can play an important role in AKI risk detection
and in the early anticipation of all available therapeutic
options.

To our knowledge, there are no prior studies comparing
RAI performance across different types of admissions (medi-
cal and post-surgical patients, divided by the type of surgery
involved).

Objectives

The purpose of this paper is to provide further assessment of
RAI as a valid predictor of AKI on PICU admission in a large
European cohort, by evaluating outcomes of patients who are
RAI positive and comparing the RAI performance with tradi-
tional AKI markers across different patient groups (medical/
post-surgical). Our hypotheses are:

1. Patients who are RAI positive on admission will have
worse outcomes than those who are RAI negative.

2. RAI will predict day 3 AKI better than sCr increase/
KDIGO AKI staging on day 1.

3. RAI will have good performance in all patient groups,
irrespective of the underlying motive of admission.

Methods

Study design

Unicentric, observational study with retrospective enrollment.
Sequential systematic sampling of all the patients admitted to
a tertiary European PICU over a 3-year consecutive period
(between 1 January 2017 and 31 December 2019).

Inclusion criteria

Age between 1 month and 17 years and 364 days, LOS equal
to or longer than 72 h, sCr and fluid balance information (FO)
in the first 12 h after admission, and sCr determination on day
3 of PICU hospitalization.

Exclusion criteria

LOS less than 72 h, history of stage 5 chronic kidney disease
(or maintenance dialysis), kidney transplantation 90 days prior
to admission, and missing data for RAI calculation (absence
of sCr and FO at 12 h, sCr at day 3 or height for estimation of
baseline sCr when not available).

Eligible patients’ electronic medical records were reviewed
for variables regarding demographic and anthropometric in-
formation and disease, admission, and outcome characteriza-
tion. The formula developed by Basu et al. [5, 14, 16], which
is described in Table 1, was used to calculate the RAI. This
was performed using the data available 12 h after patient ad-
mission. RAI ≥ 8 was considered positive. The baseline sCr
was retrieved from the electronic medical record as the lowest
registered in the previous 3 months. If the baseline sCr was
unobtainable, it was calculated using the patient’s height and
an estimated glomerular filtration rate of 120 mL/min per 1.73
m2 as previously described in the literature [7]. AKI on days 1
and 3 was defined according to the Kidney Disease Improving
Global Outcomes (KDIGO) criteria staging. KDIGO stages 2
and 3 were considered severe AKI [20] (Table 2). The primary
outcome was the presence of all-stage AKI on day 3.
Secondary outcomes were initiation of kidney replacement
therapy (KRT), need for vasoactive support, duration of me-
chanical ventilation, administration of antibiotics, initiation of
extracorporeal membrane oxygenation (ECMO), PICU LOS,
andmortality (mortality was only counted if it occurred during
the patient’s stay in the PICU).

For analysis purposes, data were anonymized, and each
patient was given a unique identifier code. Continuous vari-
ables are reported as medians (interquartile range—IQR) and
were compared using theMann-Whitney test. Categorical var-
iables are presented using frequencies and proportions and
were compared by the x2 or Fisher’s exact test. The area under
the curve (AUC), as presented on the ROC curve, was

Table 1 Criteria for calculation of the renal angina index (RAI)

Risk criteria Score

PICU admission 1

Solid organ or stem-cell transplantation 3

Mechanical ventilation or/and vasoactive support 5

Injury criteria Score

sCr change from baseline FO accumulation (%)

Decreased/no change <5 1

1–1.49× 5–10 2

1.5–1.99× 11–15 4

≥ 2× > 15 8

RAI is considered positive when ≥ 8

sCr serum creatinine, FO percentage of fluid overload [fluid in−fluid out
(ml)/patient weight (g)]×100], PICU pediatric intensive care unit, RAI =
risk criteria (highest) × injury criteria (highest)
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calculated for comparison of the performance of different AKI
predictors in our sample (and in different subgroups) and for
comparison with other studies. Statistical analysis was per-
formed using IBM® Statistical Package for the Social
Sciences (SPSS Statistics®) Version 26. A p value < 0.05
was considered significant. This study was approved by the
Ethics Committee of Centro Hospitalar e Universitário São
João.

Results

Patient characteristics

A total of 929 patients were admitted during the study period;
593 (64%) were included, and 265 were excluded due to LOS
less than 72 h, 68 due to missing data, and 3 due to a history of
stage 5 chronic kidney disease.

The mean patient age was 55 months (IQR 11–151) [4.6
years (0.9–12.6)], and 56% of patients were male. A total of
20 patients (3.4%) needed KRT, and the overall mortality was
2.7%.

1. Patients who are RAI positive on admission have worse
outcomes than those who are RAI negative

Patients were gathered into two groups (Table 3) according
to the RAI score (negative vs. positive) on day 1 of the PICU
stay. In total, 17% had an RAI ≥ 8.

A positive RAI on day 1 was associated with a higher
incidence of diseases related to the cardiovascular system
(12.9% vs. 4.1%, p < 0.0001) and sepsis (8.9% vs. 2.4%, p
= 0.001). Surgical patients more often had a negative RAI
(54.3% vs. 43.6%, p = 0.046). No other diagnosis groups
presented statistically significant differences. An RAI score
≥ 8 was associated with the development of all-stage AKI
(35% vs. 1%, p < 0.0001). It was also predictive of worse
outcomes, including increases in the use of KRT (14% vs.
1%, p < 0.0001), the duration of mechanical ventilation (8
vs. 5 days, p < 0.0001), vasoactive support (6 vs. 4 days, p
= 0.042), PICU LOS (14 vs. 8 days, p < 0.0001), and mortality
(8% vs. 2%, p < 0.0001).

The characteristics of patients who developed AKI on day
3 compared with those who did not are displayed in Table 4.

AKI on D3 was associated with diagnosis related to the car-
diovascular system, shock, and sepsis. It was also associated
with increases in KRT use, antibiotic use, duration of mechan-
ical ventilation, LOS, and mortality. Three percent of the pa-
tients without AKI on day 1, 10% of patients with day 1
KDIGO 1, 52% of the patients with day 1 KDIGO 2, and
78% of the patients with day 1 KDIGO 3 developed all-
stage AKI on day 3. Severe AKI on day 1 (but not KDIGO
1) was associated with AKI on day 3.

2. RAI is a valid tool and predicts day 3 AKI better than sCr
increase/KDIGO AKI staging on day 1

For all-stage kidney injury (KDIGO AKI 1–3), the RAI
sensitivity was 87.5%, the specificity was 88.1%, the positive
predictive value (PPV) was 34.7%, and the negative predic-
tive value (NPV) was 99%. The likelihood ratio was 7.33.

For severe AKI (KDIGO AKI 2–3), RAI had a sensitivity
of 100%, a specificity of 97%, a PPV of 60%, and an NPV of
100%.

Prediction of all-stage day 3 AKI by RAI (AUC) was
superior to the prediction by sCr increase or KDIGO on
day 1 (Fig. 1; Table 5). The performance was even better
when predicting severe D3 AKI (KDIGO 2 and 3) (Fig. 2;
Table 5).

3. RAI has a good performance for predicting severe AKI,
irrespective of the underlying motive of admission

A subanalysis dividing medical and post-surgical pa-
tients (and dividing the post-surgical patients by the type
of surgery involved) displayed a high performance (AUC),
irrespective of the type of admission/surgery involved
(Table 5). RAI performance was surpassed by the absolute
increase in sCr in medical patients in the prediction of all-
stage AKI (but not in severe AKI, where it maintained the
best performance).

Discussion

Our results demonstrate, in a large sample, that (1) patients
who have a positive RAI have worse outcomes than those
who are RAI negative; (2) RAI has a better performance than

Table 2 Criteria for the Kidney Disease Improving Global Outcomes (KDIGO) acute kidney injury staging for children [20]

Stage Serum creatinine (SCr) Urine output

1 1.5–1.9 times baseline or ≥ 0.3 mg/dl (≥ 26.5 μmol/l) increase < 0.5 ml/kg/h for 6–12 h

2 2.0–2.9 times baseline < 0.5 ml/kg/h for ≥ 12 h

3 3.0 times baseline or Increase in serum creatinine to ≥ 4.0 mg/dl (≥ 353.6 μmol/l) or Initiation of kidney
replacement therapy or in patients < 18 years, decrease in eGFR to < 35 ml/min per 1.73 m2

< 0.3 ml/kg/h for ≥24 h or
anuria for ≥ 12 h
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traditional markers in identifying patients at high risk for AKI
by conjugating baseline kidney function markers with clinical
and laboratory data; (3) RAI has a high performance, irrespec-
tive of the underlying type of admission.

1. RAI performance as an AKI predictor and comparison
with traditional AKI markers

The overall AUC for RAI was 0.878 in our study. Previous
studies reported AUCs for RAIs between 0.73 and 0.9
[21–23]. Moreover, our results also show that RAI is an even
better predictor for severe AKI, as demonstrated by the AUC
increase to 0.93 and its superior AUCs to those of sCr or
KDIGO in all subgroups of patients, irrespective of the under-
lying type of admission (medical/post-surgical). In our cohort,
RAI presented a better sensitivity, specificity, NPV, and PPV

Table 3 Renal angina fulfillment, patient characteristics and outcomes on day 1 of the PICU stay

Total % (IQR) RAI negative RAI positive p value

n % (IQR) n % (IQR)

Sex (n) 593 492 83% 101 17% 0.005

Male 330 55.6% 261 53.0% 69 68.32%

Female 263 44.4% 231 47.0% 32 31.68%

Age (months) 55 (11–151) 33 (13–140) 19 (5–155) 0.167

Body surface area (m2) 0.54 (0.36–1.26) 0.57 (0.39–1.18) 0.50 (0.31–1.46) 0.105

Z Score BMI −0.41 (−1.36–0.62) −0.4 (−1.38–0.41) −0.43 (−1.18–0.85) 0.644

Diagnosis group (n)

CNS 37 6.2% 34 6.9% 3 3.0% 0.170

Respiratory 97 16.4% 83 16.9% 14 13.9% 0.457

CVS 33 5.6% 20 4.1% 13 12.9% < 0.0001

Shock 8 1.3% 7 1.4% 1 1.0% 0.731

Sepsis 21 3.5% 12 2.4% 9 8.9% 0.001

Trauma 61 10.3% 51 10.4% 10 9.9% 0.889

Surgical 312 52.6% 268 54.5% 44 43.6% 0.046

GI 2 0.3% 2 0.4% 0 0.0% 0.521

Pain management/sedation 4 0.7% 2 0.4% 2 2.0% 0.078

Endocrine 2 0.3% 1 0.2% 1 1.0% 0.214

Renal 3 0.5% 2 0.4% 1 1.0% 0.451

Others 13 2.2% 10 2.0% 3 3.0% 0.558

Past transplantation/diabetes (n) 10 1.7% 9 1.8% 1 1.0% 0.551

Day 3 AKI (n)

No AKI 553 93.3% 487 99.0% 66 65%

AKI Stage 1 19 3.2% 5 1.0% 14 14% < 0.0001

AKI Stage 2 6 1.0% 0 0.0% 6 6% < 0.0001

AKI Stage 3 15 2.5% 0 0.0% 15 15% < 0.0001

All-stage acute kidney injury 40 6.7% 5 1.0% 35 35% < 0.0001

Severe acute kidney injury 21 3.5% 0 0.0% 21 21% < 0.0001

ECMO (n) 7 1.2% 6 1.22% 1 0.99% 0.844

KRT (n) 20 3.4% 6 1% 14 14% < 0.0001

Mechanical ventilation (days) 7 (2–13) 5 (2–12) 8 (4–14) < 0.0001

Vasoactive support (days) 4 (2–8) 4 (2–8) 6 (2–9) 0.042

PICU length of stay (days) 11 (5–20) 8 (5–16) 14 (7–24) < 0.0001

Mortality (n) 16 2.7% 8 2% 8 8% < 0.0001

RAI renal angina index, IQR interquartile range, BMI bodymass index,CNS central nervous system,CVS cardiovascular system,GI gastrointestinal, AKI
acute kidney injury, KDIGO Kidney Disease: Improving Global Outcomes criteria, ECMO extracorporeal membrane oxygenation, KRT kidney
replacement Therapy; PICU pediatric intensive care unit; p < 0.05 was considered significant (bold)
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Table 4 Incidence of AKI on day 3, patient characteristics and outcomes

Total % (IQR) No D3 AKI D3 AKI (any) p value

n % (IQR) n % (IQR)

Sex (n) 593 553 40

Male 330 55.6% 306 92.7% 24 7.30% 0.566

Female 263 44.4% 247 93.9% 16 6.10%

Age (months) 55 (11–151) 33 (11–150) 19 (4–158) 0.608

Body surface area (m2) 0.54 (0.36–1.26) 0.55 (0.39–1.28) 0.43 (0.27–1.18) 0.211

Z Score BMI −0.41 (−1.36–0.62) −0.45 (−1.37–0.45) −0.31 (−1.24–1.18) 0.957

Diagnosis group (n)

CNS 37 6.2% 37 6.7% 0 0.0% 0.091

Respiratory 97 16.4% 92 16.6% 5 12.5% 0.495

CVS 33 5.6% 26 4.7% 7 17.5% 0.001

Shock 8 1.3% 6 1.1% 2 5.0% 0.038

Sepsis 21 3.5% 17 3.1% 4 10.0% 0.022

Trauma 61 10.3% 59 10.7% 2 5.0% 0.254

Surgical 312 52.6% 296 53.5% 16 40.0% 0.098

GI 2 0.3% 2 0.4% 0 0.0% 0.703

Pain management/sedation 4 0.7% 3 0.5% 1 2.5% 0.144

Endocrine 2 0.3% 1 0.2% 1 2.5% 0.015

Renal 3 0.5% 2 0.4% 1 2.5% 0.066

Others 13 2.2% 12 2.2% 1 2.5% 0.891

Past transplantation/diabetes (n) 10 1.7% 9 1.6% 1 2.5% 0.679

Day 1 AKI incidence (n)

No AKI 519 87.5% 503 91.0% 16 40%

AKI KDIGO Stage 1 40 6.7% 36 6.5% 4 10% 0.559

AKI KDIGO Stage 2 25 4.2% 12 2.2% 13 33% < 0.0001

AKI KDIGO Stage 3 9 1.5% 2 0.4% 7 18% < 0.0001

All-stage AKI 74 12.5% 50 9.0% 24 60% < 0.0001

Severe AKI 34 5.7% 14 2.5% 20 50% < 0.0001

ECMO (n) 7 1.2% 7 1.27% 0 0.00% 0.474

KRT (n) 20 3.4% 7 1% 13 33% < 0.0001

Mechanical ventilation (days) 7 (2–13) 6 (2–12) 9 (7–16) < 0.0001

Vasoactive support (days) 4 (2–8) 4 (2–8) 7 (3–9) 0.077

PICU length of stay (days) 11 (5–20) 10 (5–18.5) 15 (8–25) < 0.0001

Administration of prophylactic antibiotics

Yes 322 54.3% 305 55.15% 17 42.50% 0.121

No 271 45.7% 248 44.85% 23 57.50%

Administration of therapeutic antibiotics

Yes 304 51.3% 272 49.19% 32 80.00% < 0.0001

No 289 48.7% 281 50.81% 8 20.00%

Mortality (n) 16 2.7% 10 2% 6 15% < 0.0001

AKI acute kidney injury, IQR interquartile range, BMI body mass index, CNS central nervous system, CVS cardiovascular system, GI gastrointestinal,
KDIGO Kidney Disease: Improving Global Outcomes criteria, ECMO extracorporeal membrane oxygenation, KRT kidney replacement therapy, PICU
pediatric intensive care unit; p < 0.05 was considered significant (bold)
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than previously described [22, 23]. We should emphasize that
none of the patients who were RAI negative developed severe
AKI on day 3, which confirms the high specificity of this
diagnostic tool.

The absolute sCr increase on day 1 showed a better perfor-
mance than KDIGO on day 1. This finding is in line with
recent studies advocating that systems based on the absolute
increases in sCr provide a promising alternative to the KDIGO
system for characterizing AKI severity [24]. Other authors
also pointed out the limitations of staging systems in provid-
ing accurate pictures [25].

2. RAI limitations

One of the limitations of RAI is the need for a baseline sCr
value for its calculation. In our cohort, when baseline sCr was
unobtainable, we estimated it using a height-based method
[7]. Other methods, such as age-based methods [26], also have
other important limitations; the authors of these methods men-
tion that they only used them when it was not possible to
obtain a close “to the date” baseline sCr or to use height to
estimate this parameter [26]. This need for estimation likely
impacts the results of the different studies.

Table 5 AUCs for RAI, sCr, and KDIGO for predicting all-stage AKI and severe AKI in different subsets of patients

n patients RAI 95% CI sCr incr. D1 95% CI KDIGO D1 95% CI

Day 3 all-stage AKI

Overall 593 0.878 0.817–0.939 0.847 0.771–0.923 0.771 0.678–0.867

Medical 281 0.822 0.724–0.919 0.862 0.760–0.963 0.823 0.709–0.937

Surgical 312 0.953 0.929–0.977 0.830 0.721–0.939 0.692 0.530–0.853

Cardiac surg. 147 0.926 0.882–0.969 0.726 0.562–0.890 0.625 0.435–0.815

Neurosurgery 94 0.978 0.940–1.000 0.941 0.884–0.998 0.495 0.000–1.000

General surg.a 42 0.949 0.880–1.000 0.983 0.942–1.000 0.970 0.917–1.000

Other surg.b 29 N/A

Day 3 severe AKI (KDIGO 2 and 3)

Overall 593 0.930 0.906–0.954 0.853 0.739–0.967 0.825 0.706–0.944

Medical 281 0.916 0.878–0.955 0.900 0.755–1.000 0.923 0.827–1.000

Surgical 312 0.942 0.911–0.973 0.793 0.616–0.970 0.694 0.479–0.908

Cardiac surg. 147 0.908 0.850–0.966 0.660 0.372–0.949 0.626 0.357–0.896

Neurosurgery 94 0.978 0.940–1.000 0.941 0.884–0.998 0.495 0.000–1.000

General surg.a 42 0.938 0.853–1.000 0.961 0.890–1.000 0.956 0.875–1.000

Other surg.b 29 N/A

Surg. surgery, Incr. increase, CI confidence interval
a General surg. includes general pediatric surgery
bOther surg. includes orthopedics and otorhinolaryngology/head and neck surgery
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Fig. 1 ROC curves for the
prediction of day 3 all-stage AKI.
RAI displays the highest area
under the curve (AUC). ROC
receiver operating characteristic,
AKI acute kidney injury, RAI
renal angina index, sCr serum
creatinine, KDIGO Kidney
Disease: Improving Global
Outcomes criteria
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Another important limitation of RAI is that, even consid-
ering the findings published in different studies, the patients
with the highest RAI scores developed severe AKI only in 41–
67% of cases (35% all-stage AKI and 21% severe AKI in our
study). This reinforces the fact that clinicians should be cau-
tious of its interpretation, especially when it implies treatment
decisions [6, 8, 14, 17].

3. Novel urinary/plasma AKI biomarkers and their utiliza-
tion with RAI

Numerous clinical investigations have also evaluated
novel urinary and plasma biomarkers that have the potential
ability to detect kidney insult earlier, adding more informa-
tion about pathophysiology and prognosis, such as urinary
neutrophil gelatinase-associated lipocalin (uNGAL), kidney
injury molecule-1 (KIM-1), urine interleukin-18 (uIL-18),
and liver-type fatty acid-binding protein (L-FABP) [1, 4,
10, 18]. There is growing evidence that they do not have an
optimal performance when used as single markers but that
when used in conjunction with a positive RAI, they can in-
crease the performance in detecting patients at high risk of
AKI. Specifically, Menon et al. (2016) concluded that the
addition of uNGAL to the RAI model increased the AUC
from 0.80 to 0.97 [18]. In our study, RAI’s overall AUC,
without adding uNGAL, was globally higher than in
Menon et al.’s study (ranging from 0.878 (all-stage AKI) to
0.930 (severe AKI)). It is possible that adding this biomarker
to the model would also increase AUC in our sample, espe-
cially for the groups of patients/conditions where AUC was
lower (medical patients and post-cardiac surgery patients,
Table 5). Further trials are needed to ensure the transition
from laboratory to clinical practice [1, 4, 6, 8, 9, 11, 14,
18], including studies aiming at identifying patients/
conditions for which the addition of a biomarker to RAI
would be of greater benefit.

4. Patient outcomes and comparison to previous studies

In our study, some outcomes are parallel to those in previous
reports. In the AWARE study, AKI developed in 26.9% of
patients admitted to the PICU, and severe AKI developed in
11.6% [27]. In our series, these values were lower, at 12.5%
and 5.7%, respectively. The mortality rates in the AWARE
cohort were 11% in patients with AKI and 2.5% in patients
without AKI, similar to our results (15% and 2%, respectively).
Previous works demonstrated that severe AKI was associated
with increased time of mechanical ventilation, use of ECMO,
use of KRT, and mortality [21, 27, 28]. Our results are similar
except for the use of ECMO; in our series, this treatment was
used mainly in respiratory (n = 4) patients, post surgically (n =
2) and only in one case with cardiovascular diagnosis.

The medical conditions associated with AKI development
in our study included cardiovascular diseases, sepsis, shock,
and endocrine disease, similar to a previous report, with the
exception of endocrine diseases, which should be considered
cautiously due to their low representation [21, 27, 29].

5. Study limitations

This is a unicentric, retrospective study. Therefore, not all
of the data were recorded previously with the specific purpose
of the study, limiting some interpretations of the results (such
as the need for estimation of baseline sCr in many patients).
Our results might be biased since approximately half of our
patients were surgical patients, limiting comparisons with oth-
er studies with higher proportions of medical patients with
conditions known to predispose them to AKI development.
However, our subanalysis by medical/surgical groups and by
different surgical procedures allows for a clearer picture of
RAI performance in the different scenarios. Another limitation
was the impossibility of having in-time patient severity scores
performed in our PICU.
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Conclusion

In our study, RAI proved to be a simple and inexpensive tool
to predict severe AKI development in medical and post-
surgical PICU patients, with good sensitivity and specificity
and with better performance than traditional single markers—
irrespective of the type of admissions involved. RAI-positive
patients experienced worse outcomes—emphasizing that ear-
ly AKI detection can be particularly beneficial for those
patients.

Therefore, the systematic use of RAI on admission can be
of added value on PICUs, allowing for an early implementa-
tion of preventive measures and improving patient prognosis.
Preventive measures are currently the mainstream preference
for non-dialytic AKI management. This includes aggressive
sepsis treatment, provision of adequate nutrition, adequate
fluid balance targets, and avoidance of kidney toxic drugs
and intravenous iodinated contrast.

Further studies must be conducted to compare outcomes
after implementation of RAI in PICUs and to optimize early
AKI detection scores such as RAI.

Abbreviations AKI, Acute kidney injury; KDIGO, Kidney Disease
Improving Global Outcomes criteria staging; LOS, Length of stay;
PICU, Pediatric intensive care unit; KRT, Kidney replacement therapy
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