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Brief Communication

Acute kidney injury in Pediatric Intensive Care Unit:
Incidence, risk factors, and outcome

Abstract

Sheetal Gupta, Ghanshyam Singh Sengar, Praveen K. Meti, Anil Lahoti, Mukesh Beniwal,
Murlidhar Kumawat

Objective: To determine incidence, risk factors, and outcome of acute kidney injury (AKI)
in Pediatric Intensive Care Unit (PICU). Materials and Methods: This is a prospective,
observational study conducted in PICU of Department of Paediatrics, S.P. Medical
College, Bikaner, from October 2013 to May 2014. In this study, 536 patients of aged
29 days to 16 years were screened for AKI according to the Pediatric Risk, Injury, Failure,
Loss, End‑stage Renal Disease (pRIFLE) criteria. Their clinical and biochemical data
were recorded and followed up to their discharge/death. Results: During the study
period, 230 (42.9%) out of 536 patients developed AKI. Younger age (<5 years) and
females (P ≤ 0.013) were more prone to develop AKI. Most common etiologies were
septicemia, multiple organ dysfunction syndrome (MODS), gastroenteritis, and severe
malaria (P ≤ 0.05).The maximal stage of AKI was stage “R” (49.1%), followed by “I” (29.5%)
and “F” (21.3%). Major PICU‑related risk factors were use of vasoactive drug (VD) and
nephrotoxic drug (ND) and need of mechanical ventilation (MV) (P ≤ 0.05). Length of stay
was significantly longer than non‑AKI patients (P ≤ 0.05). Mortality in AKI (47.5%) was
higher (P ≤ 0.05%) in comparison to non‑AKI (25.56%). Conclusion: AKI is common
in critically sick children, especially in younger age and in females with septicemia and
MODS. Use of VD and ND and need of MV are common risk factors. AKI is associated
with longer hospital stay and higher mortality. pRIFLE is better diagnostic criteria in early
detection of AKI and reduction of their morbidity and mortality.
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Introduction
Acute kidney injury (AKI) is one of the most common
conditions seen in the Pediatric Intensive Care Unit (PICU)
setup. We come across AKI in patients on admission to
the PICU initially or as a complication during the course.
Studies show that AKI is independently associated with
poor outcome.[1] Much of the available data on clinical
course of patients with AKI is from western literature.
Compared to that, reports from our country are scanty.[2]
However, incidence and risk factors of AKI in our country
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may be different from western countries, so there is a
need to study the most common diseases/conditions
causing AKI which can help in detecting the AKI at the
earliest and in developing strategies for prevention and
treatment of AKI.
0by25, a global initiative with a strong emphasis on
developing countries in Africa, Asia, aims to eliminate
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preventable deaths from AKI worldwide by 2025. To
achieve this ambitious goal, the mission is to call for globally
applicable strategies that permit timely diagnosis and
treatment of AKI for patients with potentially reversible
diseases. AKI is often preventable and treatable with few,
if any, long‑term health consequences. However, the lack
of early identification and treatment in many countries
means that patients often do not receive essential care before
it is too late. We need to identify people who are at risk,
monitor them appropriately, diagnose the problem early,
and provide reliable and consistent treatment to everyone.
Most studies were based on retrospective analysis of
records,[3,4] which may distort the results, so we aimed
to prospectively determine the incidence, risk factors,
and outcome of AKI in children admitted to the PICU.

Materials and Methods
The prospective, observational study was carried out
on consecutive patients between the age of 29 days to
16 years, of either sex, admitted to the PICU between
October 2013 to May 2014 and staying for >24 h.
The study was approved by the Institutional Ethical
Committee. Following informed parental consent, data
regarding baseline characteristics, admission diagnosis,
degree of kidney injury, length of stay, and outcome
were noted.
Serum creatinine was analyzed daily with Jaffe method
and estimated creatinine clearance (eCC) was calculated
according to Schwartz formula. The patients, who were
admitted with missing baseline renal function data,
normal renal clearance value of 100 ml/min/1.73 m2 was
considered as reference, as proposed by Akcan‑Arikan et al.
Patients were classified as AKI cases if AKI was diagnosed
based on Pediatric Risk, Injury, Failure, Loss, End‑stage
Renal Disease (pRIFLE) criteria either at admission or
subsequently during the hospital stay; patients who did
not develop AKI were served as controls. We used both
urine output and eCC criteria of pRIFLE, and maximum
pRIFLE stage reached during PICU stay was recorded.
Exclusion criteria
patients with previous renal diseases and staying for
<24 h were excluded from the study.
Statistics
Incidence of AKI cases was determined as the
number of AKI cases per 100 patients. SPSS version 22
(Armonk NY, IBM Company) was used for statistical

calculation. Risk factors of AKI were examined using
Cox proportional hazard analysis and reported as hazard
ratio (95% confidence interval). Results were considered
significant if two‑sided P < 0.05.

Results
Of 603 patients screened, 67 were excluded
(19–CKD, 48–<24 h stay). Of remaining 536 patients,
230 patients (42.9%) patients developed AKI (as defined
by modified pRIFLE criteria).
Patients were classified into two groups: AKI and
non‑AKI, and baseline characteristics in both groups are
compared as shown in Table 1.
Onset of acute kidney injury
Out of 230 AKI patients, 115 (50%) patients had AKI at
admission while 40.4% developed within 72 h.
Clinical course of acute kidney injury
Of the 230 patients classified as AKI by modified
pRIFLE criteria, 113 (49.1%) patients reached pRIFLE
max of risk, 68 (29.5%) patients reached injury, and
49 (21.3%) patients had failure.
Clinical features
Septicemia, multiple organ dysfunction syndrome
(MODS), nephrotoxic drugs (NDs) usage, vasopressor
support, and mechanical ventilation (MV) were
significantly associated with development of AKI [Table 2].
Risk factors of acute kidney injury
In multivariate analysis, only gender, septicemia,
MODS, NDs usage, and vasopressor support were found
to be independent risk factors of AKI [Table 3].
Pediatric Intensive Care Unit and hospital stay
The median duration of PICU and hospital stay was
4.75 ± 1.99, 9.15 ± 3.11 and 3.75 ± 2.06, 6.63 ± 2.38 in AKI
and non‑AKI groups, respectively (P < 0.001).
Outcome
The overall mortality in studied patients was
30.41% (163/536). Crude mortality in AKI patients
Table 1: Comparison of baseline characteristics of patients
in the acute kidney injury and nonacute kidney injury groups
AKI (SD), n=230 (%) Non‑AKI (SD), n=306 (%)
Age (months)
Gender (female)*
Habitat (rural)*

47.42 (49.04)
131 (56.9)
171 (74.3)

*P≤0.05. SD: Standard deviation; AKI: Acute kidney injury
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Table 2: Characteristics of patients with and without acute
kidney injury
Characteristics

AKI,
n=230 (%)

Non‑AKI,
n=306 (%)

Cardiac disease
Gastroenterological disease*
Respiratory disease*
Neurologic disease*
Malaria*
Dengue
Septicemia*
MODS*
Vasoactive drugs*
Nephrotoxic drugs*
Mechanical ventilation*
Mortality*

10 (4.34)
26 (11.30)
9 (3.9)
35 (15.2)
14 (6.08)
4 (1.7)
76 (33.04)
40 (17.39)
140 (60.86)
175 (76.08)
80 (34.7)
106 (65.03)

12 (3.92)
15 (4.90)
57 (18.6)
88 (28.7)
6 (1.9)
9 (2.94)
61 (19.9)
29 (9.4)
74 (24.18)
162 (52.94)
29 (9.47)
57 (34.96)

*P<0.05, variables are expressed as number (%). MODS: Multiple organ dysfunction
syndrome; AKI: Acute kidney injury

Table 3: Independent risk factors of acute kidney injury
(multivariate regression analysis)
Risk factors
Gender
Female
Septicemia
MODS
Vasopressor
Nephrotoxic drugs

OR, CI

P

1.959, 1.327-2.891
1.077, 1.080-2.589
2.193, 1.372-3.503
1.679, 1.095-2.576
2.025, 1.214-3.377

0.001
0.020
0.001
0.017
0.007

OR: Odds ratio; CI: Confidence interval; MODS: Multiple organ dysfunction
syndrome

was 46.03% (106/230) whereas that in the non‑AKI
group was 18.62% (57/306), which was significantly
higher (P < 0.0001). When mortality was compared
between different classes, there was progressive and
significant increase in the mortality rate associated with
increasing pRIFLE class, i.e., 31.19% for risk, 53.03% for
injury, and 77.08% for failure patients (P = 0.00001).

Discussion
AKI in intensive care setup in children is a significant
complication which further aggravates the already
high case fatality rate and adds another dimension to
the clinical profile and management. Our study was
single‑center, prospective, observational study with
the objective to determine the incidence and risk factors
of AKI and classify patients with AKI using pRIFLE
criteria. We found that female gender, septicemia,
MODS, vasopressor support, and exposure to NDs were
the independent risk factors. Patients with AKI also
associated with longer PICU and hospital stay and poor
outcome in terms of mortality.
Several studies from India and abroad showed variable
incidence ranging from 25.1% to 82% depending
on various inclusion criteria and profile of patients
admitted to the PICU.[2,5‑9] A study conducted by Mehta

et al. showed 38.1% incidence of AKI in PICU while
Krishnamurthy et al. and Soler et al. found incidence
of 25.1% and 27.4%, respectively, which is somewhat
lower than our study.[2,9,10] Plötz et al. and Akcan‑Arikan
et al. showed very high incidence of 58% and 82%,
respectively.[1,6] The reported difference in incidence of
AKI in different studies could be due to different study
population and/or PICU environment.
In our study, 90% of patients developed AKI within
72 h of PICU stay. Keniamachado and Plötz et al.
identified 36.2% and 45% of AKI on day first of
admission, respectively, in comparison to our study
in which 50% had AKI on admission.[1,8] Akcan‑Arikan
also identified that AKI was either present on admission
or does develop early in the course of intensive care
emphasizing the importance of early diagnosis of AKI.[6]
Severity grading of AKI cases according to pRIFLE
criteria showed that 49.1%, 29.5%, and 21.3% patients
were in “R” category, “I” category, and “F” category,
respectively, in this study. In a study by Mehta et al.,
maximum cases of AKI had Stage 1 (65.8%), followed by
Stage 2 (17.8%) and Stage 3 (16.4%).[2] Similar pattern of
AKI level (R, I, F) was reported by Akcan‑Arikan et al.,
i.e., 48.8%, 26%, 25.2%, and Plötz et al., i.e., 52%, 37%,
11%, respectively.[1,6] Recently, Naik et al. described
37.9% patients had risk, followed by 35.9% and 26.2%
had injury and failure categories, respectively.[11]
Various studies have identified risk factors of AKI.
Mehta et al. found that younger age, shock, sepsis,
and need for MV were independent risk factors for
AKI in their study.[2] Krishnamurthy et al. described
that regarding factors such as MV, vasoactive drugs
requirement, and exposure to NDs, exposed patients
had increased risk of renal injury.[9] Naik et al. identified
lower age, cardiac diseases, and shock as most important
risk factors of AKI.[11]
Keniamachado et al., Mehta et al., and Akcan‑Arikan
et al. also reported longer PICU and hospital stay in AKI
patients.[2,6,8]
Regarding mortality, several studies have clearly
shown that any degree of AKI is a poor prognosis
indicator for critically all patients. According to Mehta
et al. and Krishnamurthy et al., mortality in AKI was
37% and 46.3%, respectively.[2,9] Mehta et al. found that
AKI was not independent predictor of mortality in
multivariate analysis.[2] Increased mortality in AKI is
because patients with AKI are more sick with multiorgan
failure.
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The present study has some limitations. First, it
is a single‑center study, so it would be necessary
to confirm the incidence from other centers also.
Neonates were not included in this study since their
susceptibility to AKI is different and risk factors were
also different. The predictors for mortality were not
identified in this study. Long‑term follow‑up was
not done. Further studies are required to compare
AKIN and pRIFLE criteria, in order to determine
which is better for early identification and outcome
prediction.

Conclusion
This prospective study is to address the current lack
of data over burden of AKI in sick children. Higher
incidence of AKI was seen in female gender, and patients
with septicemia, with MODS, require MV, on vasopressor
support, and exposed to NDs. These risk factors support
in early identification of AKI. The presence of AKI is
associated with longer PICU and hospital stay, with
higher mortality imposing the significant burden to
healthcare system. AKI should no longer be a death
sentence for these people. Nobody should die of
preventable and treatable AKI by 2025 (as per the 0by25
initiative). We should raise awareness of AKI across the
global health‑care community including health‑care
professionals, among public health institutions and the
private sector.
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