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Introduction

The term “acute kidney injury” (AKI) encompasses the smaller
changes in kidney function, which do not cause overt organ
failure, but are, nevertheless, associated with increased mor-
bidity and mortality.1 On the contrary, “acute renal failure” is
now reserved for severe kidney injury requiring renal replace-
ment therapy (RRT).2 Numerous studies have demonstrated a
high incidence of AKI in children, particularly in the pediatric
intensive care unit (PICU) setting (10–82%) as well as its
significant impact onmortality and hospital stay.3–10 Further-
more, in a recent study, almost 60% of critically ill children
diagnosed with AKI were observed to be either suffering from
chronic kidney disease (CKD), or being at risk for CKD in the
form of persistently reduced glomerular filtration rate and
hypertension on long-term follow-up.11 Most pediatric stud-

ies evaluating the incidence and outcomes ofAKI are limited to
the developed countries or based on retrospective analysis of
case records.5–7,12 In view of the paucity of Indian literature,
the present study was undertaken to evaluate the incidence,
severity, risk factors, and outcomes of AKI in a tertiary care
PICU.

Materials and Methods

Design and Ethics
The present study was a single-center observational non-
interventional study of pediatric patients who were admit-
ted to our tertiary care medical PICU between July 1, 2013,
and July 31, 2014 (over 13 months period). The study was
conducted in our nine-bedded state–of-the-art PICU of an
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Abstract The objective of this studywas to calculate the incidence, severity, and risk factors for acute
kidney injury (AKI) in a tertiary care pediatric intensive care unit (PICU). Also, to assess the
impact of AKI and its varying severity onmortality and length of hospital and PICU stays. A
prospective observational study was performed in children between 1month and 12 years
of age admitted to the PICU between July 1, 2013, and July 31, 2014 (13 months). The
change in creatinine clearance was considered to diagnose and stage AKI according to
pediatric risk, injury, failure, loss, and end-stage renal disease criteria. The risk factors forAKI
and its impact on PICU stay, hospital stay, and mortality were evaluated. Of the total 220
patients enrolled in the study, 161 (73.2%) developed AKI, and 59 cases without AKI served
as the “no AKI” (control) group. Majority (57.1%) of children with AKI had Failure grade of
AKI, whereas 26.1% had Risk grade and 16.8% had Injury grade of AKI. Infancy (p¼ 0.000),
hypovolemia (p¼ 0.005), shock (p¼ 0.008), and sepsis (p¼ 0.022) were found to be
significant risk factors for AKI. Mortality, PICU stay, and hospital stay were comparable in
children with and without AKI as well as between the various grades of renal injury (i.e.,
Failure, Risk, and Injury). An exceedingly high incidence of AKI, especially of the severe Failure
gradewas observed in critically ill children. Infancy and frequent PICU occurrences such as
sepsis, hypovolemia, and shock predisposed to AKI.
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academic tertiary care hospital affiliated to amedical college
(in a major metropolitan city of western India). The study
was conducted after seeking approval from the institutional
ethics committee. Informed consent was obtained from the
parent/guardian as well as assent obtained from the patient
(whenever applicable).

Study Population
The study involved consecutive pediatric patients aged
1 month to 12 years admitted to the PICU (with or without
a preceding ward stay). Readmissions to the PICU were
included as separate admissions for the present study pur-
pose. Neonates younger than 1 month and children older
than 12 years are not admitted in the PICU as per hospital
policy and were not included in the present study. Addition-
ally, those with preexisting chronic renal disease, those with
PICU stay of less than 48 hours, and those having less than
two serum creatinine estimations in the first week of PICU
admission were all excluded from the study.

Sample Size Calculation
The sample size was calculated as per the average annual
admissions in the PICU and was a convenience sample.

Procedure of the Study
Estimations of serumcreatininewere performed (byanEM200
autoanalyzer) inall critically ill childrenenrolled in thestudy for
routine monitoring and early diagnosis of end-organ involve-
ment (as required). The respective estimated creatinine clear-
ance (eCCl) was calculated in mL/min/1.73 m2 by the original
Schwartz formula.13 Schwartz formula: eCCl¼ (k� height)/
(serum creatinine), where k¼ 0.33 for low birth weight infants
younger than 1 year; 0.45 for term infants younger than 1 year;
and0.55 for childrenolder than1year.Baseline creatininevalue
was considered as the least value estimated within past
6 months before admission to PICU (including the value at
hospital admission). If unavailable, baseline creatinine clear-
ance was considered as 100mL/min/1.73 m2.3 The change in
eCCl from baseline was considered to diagnose and stage AKI
according tothepediatric risk, injury, failure, loss,andend-stage
renal disease (pRIFLE) criteria3 (►Table 1). The worst stage of
AKI reached at any time during the first week of PICU stay was
considered as pRIFLEmax for each patient. A separate case
record form was devised to record various demographic and
clinical details as well as investigations of the patients. Risk
factors for AKI such as severe malnutrition (grade 3 or 4

malnutrition as per the Indian Academyof Pediatrics classifica-
tion), mechanical ventilation, thrombocytopenia (plate-
lets< 1.5 lakh/mm3), and nephrotoxic drugs (such as
amikacin, vancomycin, and amphotericin B) were also docu-
mented. Shock was defined as the presence of tachycardia,
feeble pulses, cool peripheries, hypotension (blood pressure
<� 2 standard deviation for age and sex), and capillary filling
time> 3 seconds.14Hypovolemiawas considered as decreased
fluid volume status (decreased skin turgor, dry oral mucosa,
sunken eyes, irritability, and excessive thirst) with signs (heart
rate, pulse volume, urine output, and blood pressure) not
amounting to shock.15 Sepsis was defined as the presence of
systemic inflammatory response syndrome with suspected or
proven infection.16 Final outcome (death/discharge), length of
PICU stay, and total hospital stay were recorded.

Statistical Analysis
Children without AKI served as the “no AKI” or the control
group. Continuous variables such as age, baseline eCCl, and
length of PICU stay and hospital stay in patients with and
without AKI were compared using the Student’s t-test. Other
ordinal data such as risk factors for incidence of AKI and
associated mortality in children with AKI were compared by
using Pearson’s chi-square test. Severity of AKI and its impact
on PICU stay, hospital stay, and mortality were also assessed
using the chi-square test. A p-value of less than 0.05 was
considered significant for all the analyses. The statistical
tests were performed using the Statistical Package for the
Social Sciences (SPSS) version 22.0 for Windows (IBM Corp.;
Armonk, New York, United States).

Results

A total of 511 patients were screened over a period of
13 months for eligibility of which 220 patients met the
inclusion criteria and were enrolled (►Fig. 1).

Demographic and Clinical Details
The various demographic and clinical details of the total
study population are shown in ►Table 2. Of the total 220
patients, 66.4%weremales. Themedian age of the total study
populationwas 12months and themean agewas 33.1� 38.6
months. Children with AKI were observed to be significantly
younger (p¼ 0.000) with an average age of 25.8� 34.7
months than those without AKI (53.2� 42.2 months). A
recent serum creatinine value was available in 103 patients

Table 1 The pRIFLE staging system for AKI3

Grade of AKI eCCI Urine output

Risk eCCl decrease by 25% <0.5 mL/kg/h for 8 h

Injury eCCl decrease by 50% <0.5 mL/kg/h for 16 h

Failure eCCl decrease by 75% or eCCl< 35 mL/min/1.73 m2 <0.3 mL/kg/h for 24 h or anuric for 12 h

Loss Persistent failure> 4 wk

End stage End-stage renal disease (persistent failure> 3 mo)

Abbreviations: AKI, acute kidney injury; eCCl, estimated creatinine clearance; pRIFLE, pediatric risk, injury, failure, loss, and end-stage renal disease.
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(46.8% of all patients). The median baseline eCCL for the
study group was 100mL/min/1.73 m2. The average baseline
eCCl was found to be higher (p¼ 0.007) in the AKI group as
compared with control. Associated comorbidities were pres-
ent in 93 (57.8%) patients of the study population with
congenital heart disease and developmental delay being
most frequently observed. No significant difference was
observed between the AKI and control groups with regard
to gender, presence of comorbidities, length of PICU stay, and
hospital stay.

The systemwise distribution and the final diagnosis of
children with and without AKI are enlisted in ►Table 3.
Congenital heart disease as well as infections, such as

pneumonia and acute gastroenteritis, was diagnosed more
commonly in the AKI group. Almost one-third of children
with AKI was identified to have a respiratory pathology such
as pneumonia, bronchiolitis, or croup. Primary renal disease
was seen in 4.5% of all children in the study group and was
marginally more common in the AKI group (5.6%) compared
with the control group (1.7%).

Incidence and Severity of AKI
AKI was detected in 161 (73.2%) of the 220 patients enrolled
using the pRIFLE criteria. Majority of the patients with AKI
(92 of 161) had attained a pRIFLEmax grade as Failure during
the PICU stay followed by Risk in 26.1% patients and Injury in
16.8% patients (►Fig. 2).

Risk Factors for AKI
The various risk factors evaluated for AKI in the study
population are shown in ►Table 4. Infants between 1 and
24 months of age were particularly seen to be at risk for AKI
(p¼ 0.000) compared with older children. On univariate
analysis, hypovolemia (p¼ 0.005), shock (p¼ 0.008), and
sepsis (p¼ 0.022) were also seen as significant risk factors
for AKI. On the contrary, thrombocytopenia, malnutrition,
need for inotropes andmechanical ventilation, and exposure
to nephrotoxic drugs were found to be comparable between
the AKI and no AKI groups.

Outcomes of AKI
Renal replacement therapy: Out of the total 220 patients, 4
patients required RRT. All four childrenwere diagnosed with

Fig. 1 Flowchart of patients in the study. AKI, acute kidney injury;
PICU, pediatric intensive care unit.

Table 2 Demographic and clinical details of the study group

Parameter Total population
(n¼ 220)

AKI group
(n¼ 161)

No AKI group
(n¼ 59)

p-Value

Age (mo)a 33.1� 38.6 25.8� 34.7 53.2� 42.2 0.000b

1–24 137 (62.3) 116 (72.0) 21 (35.6) 0.000b

25–60 37 (16.8) 20 (12.4) 17 (28.8)

Above 60 46 (20.9) 25 (15.5) 21 (35.6)

Male 146 (66.4) 105 (65.2) 41 (69.5) 0.552

Female 74 (33.6) 56 (34.8) 18 (30.5) 0.630

Available baseline creatinine 103 (46.8) 59 (36.7%) 44 (74.6) < 0.000b

Baseline eCCla (mL/min/1.73 m2) 86.3� 33.9 90.0� 34.8 76.1� 29.7 0.007b

Comorbiditiesc 93 (57.8) 68 (42.2) 25 (42.3) 0.538

PICU stay (d)a 8.9� 13.9 9.1� 15.3 8.4� 9.4 0.742

Hospital stay (d)a 15.1� 15.3 14.7� 16.2 16.3� 12.7 0.478

PICU stay> 5 d 113 (51.4) 85 (52.8) 28 (47.5) 0.109

Hospital stay> 14 d 88 (40) 62 (38.5) 26 (44.1) 0.456

Abbreviations: AKI, acute kidney injury; eCCl, estimated creatinine clearance; PICU, pediatric intensive care unit.
Note: Numbers in parenthesis indicate percentages; continuous data are expressed as mean� standard deviation.
aContinuous variables for which statistical analysis was performed using unpaired t-test. The remaining categorical variables were analyzed using the
chi-square test.

bStatistically significant p-value.
cHematology/oncology: thalassemia major, aplastic anemia, intracranial space-occupying lesions and B – cell acute lymphocytic leukemia; cardiac:
cyanotic and acyanotic congenital heart diseases; and Others: protein energy malnutrition, epilepsy and inborn errors of metabolism.
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pRIFLEmax of Failure grade and were eventually discharged
from the hospital.

Mortality: The overall PICU and hospital mortality for
patients requiring intensive care was 44.5%. Seventy-five of

the 161 (46.6%) children with AKI died during the PICU or
hospital stay. There was no significant difference observed
(p¼ 0.315) in the mortality rates between children with AKI
and the control groups. Also, increasing severityof renal injury
was not associated with heightened mortality (p¼ 0.109).
Certain risk factorssuchasyoungage (p¼ 0.006), hypovolemia
(p¼ 0.002), exposure to nephrotoxic drugs (p¼ 0.005), and
thrombocytopenia (p¼ 0.001) were found to significantly
increase mortality in children with AKI (►Table 5). On the
contrary, mechanical ventilation, shock, sepsis, and need for
inotropic support were associatedwith increasedmortality in
all children, irrespective of AKI.

Length of PICU and hospital stays: The median lengths of
PICU and hospital stays were 6 and 12 days, respectively. As
shown in ►Table 2, the number of children requiring a PICU
stay for more than 5 days (p¼ 0.109) or a hospital stay of
more than 14 days (p¼ 0.456) was similar between the AKI
and the control groups. Additionally, no difference in the
duration of PICU (p¼ 0.481) and hospital stays (p¼ 0.650)
was observed between childrenwith varying severity of AKI.

Table 3 Systemwise distribution and final diagnosis of study
group

Total
population
(n¼ 220)

AKI group
(n¼ 161)

No AKI
group
(n¼ 59)

Final diagnosis

CNS infection 17 (7.7) 11 (6.8) 6 (10.2)

Dengue/
dengue-like
illness

8 (3.6) 6 (3.7) 2 (3.3)

Congenital
heart disease

40 (18.2) 31(19.3) 9 (15.3)

Pneumonia 38 (17.3) 32 (19.9) 6 (10.2)

Acute
gastroenteritis

8 (3.6) 8 (5.0) 0 (0.0)

Other 109 (49.5) 73 (45.3) 36 (61.0)

System affected

CNS 59 (26.8) 33 (20.5) 26 (44.1)

CVS 45 (20.5) 32 (19.9) 13 (22.0)

GIT 14 (6.4) 13 (8.1) 1 (1.7)

Infections 13 (5.9) 10 (6.2) 3 (5.1)

Renal 10 (4.5) 9 (5.6) 1 (1.7)

RS 51 (23.2) 44 (27.3) 7 (11.9)

Other 28 (12.7) 20 (12.4) 8 (13.6)

Abbreviations: AKI, acute kidney injury; CNS, central nervous system;
CVS, cardiovascular system; GIT, gastrointestinal system; RS, respira-
tory system.
Note: Other indicates sepsis, poisoning, inborn error of metabolism.
Numbers in parenthesis indicate percentages.

Fig. 2 Incidence and severity of AKI (pRIFLEmax). AKI, acute kidney
injury; pRIFLE, pediatric risk, injury, failure, loss, and end-stage renal
disease.

Table 4 Risk factors for AKI

Parameter Total population
(n¼ 220)

AKI group
(n¼ 161)

No AKI group
(n¼ 59)

p-Value

Young age (1–24 mo) 137 (62.3) 116 (72.0) 21 (35.6) 0.000a

Severe malnutrition 57 (25.9) 40 (24.8) 17 (28.8) 0.454

Mechanical ventilation 159 (72.3) 119 (73.9) 40 (67.8) 0.369

Hypovolemia 47 (21.4) 42 (26.1) 5 (8.5) 0.005a

Shock 45 (20.5) 40 (24.8) 5 (8.5) 0.008a

Sepsis 54 (24.5) 46 (28.6) 8 (13.6) 0.022a

Thrombocytopenia 68 (30.9) 55 (34.2) 13 (22.0) 0.085

Inotropes 126 (57.3) 91 (56.5) 35 (59.3) 0.710

Nephrotoxic drugs 92 (41.8) 69 (42.9) 23 (39.0) 0.606

Abbreviation: AKI: acute kidney injury.
aStatistically significant p-value.
Note: Numbers in parenthesis indicate percentages. Statistical analysis performed by the chi-square test.
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Discussion

A high incidence of AKI (73.2%) was observed in critically ill
children admitted to the PICU in our study. On univariate
analysis, infancy, hypovolemia, shock, and sepsis were found
to be significant risk factors for AKI. Mortality, PICU stay, and
hospital stay were comparable in children with and without
AKI as well as between the various grades of renal injury (i.e.,
Risk, Injury, and Failure).Young age, administration of neph-
rotoxic drugs, and presence of thrombocytopeniawere iden-
tified to significantly increase mortality in childrenwith AKI
compared with the control group.

Variations in the definition of AKI used (Acute Kidney
Injury Network vs. the pRIFLE vs. the Kidney Disease: Im-
proving Global Outcomes [KDIGO]), the study population
setting (hospital ward vs. PICU), and the type of study
performed (prospective vs. retrospective) have led to greatly
varying rates of AKI incidence (0.3–82%)3–10,17 and associat-
ed mortality (11–47.5%)6–10 in children. Previous studies
from varying pockets of India have reported the occurrence
of AKI in the PICU setting to be between 14 and 43% with a
mortality rate of 36 to 48% in such children.8–10,18 In com-
parison, our study found a much higher incidence of AKI,
although the related mortality was similar (46.6%).

Unlike the past, primary renal diseases are now seen to be
infrequent causes of AKI.19–22 Likewise, in our study, only 6% of
children with AKI had a renal etiology such as glomerulone-
phritisornephrotic syndrome. In thewest,postcardiac surgery,
solidorgan transplantation, and sepsis are commonsettings for
AKI.19–21,23,24 In contrast, a vastmajorityofAKI in Indian PICUs
have been seen to develop secondary to infections such as
pneumonia, central nervous system infections, sepsis, and
acute gastroenteritis.4,25,26 Secondary to infection, congenital
heart disease was seen to be the most common diagnosis in
children with AKI in our study (►Table 3).

Majority (57.1%) of the children diagnosed with AKI in
our study were observed to be in the Failure grade of the
pRIFLE staging system. Although most previous reports
state the Risk grade to be the commonest class of AKI
observed,3,4,8–10 a similar finding was reported from a
study performed in Pakistan by Tresa et al.27 One possible
explanation for this finding may be the increased severity of
illness in children admitted to our PICU center. The present
study institute being a nodal referral center for Mumbai and
almost the entire state, typically receives patients who have
a prolonged illness and complicated treatment history prior
to admission.

Another interesting finding in our study was the baseline
eCCl being significantly higher in childrenwith AKI. Thismay
be attributed to nonavailability of a recent creatinine (there-
fore assumption of baseline eCCl as 100mL/min/1.73m2) in a
significantly larger proportion of children with AKI than
without kidney injury (►Table 2). An assumption of baseline
eCCl of 120mL/min/1.73 m2 has been reported to be more
accurate in assessing AKI than 100mL/min/1.73 m2.28 This
raises a question whether even the chosen, lower baseline
eCCl value holds true for children in developing nations,
whose overall growth and muscle mass are lesser than their
western counterparts, and therefore the possibility of over-
estimation of AKI.

Young age, especially infancy, was demonstrated as a risk
factor for AKI analogous to previous studies, probably reflect-
ing a physiological lower creatinine clearance and immature
kidney function in younger children.8–10 Akin to our study, a
male preponderance in PICU admissions has been previously
documented by Mehta et al.9 This observation probably
reflects the tendency of health care assistance being sought
for male children than females in developing nations. Com-
parable to prior studies, hypovolemia, shock, and sepsis were
seen as risk factors for AKI.3,4,9,29,30 It is known that prerenal
AKI results from inadequate blood flow to the kidneys due to
hypovolemia and shock.31 As compared with previous stud-
ies, our study did not demonstrate exposure to nephrotoxic
drugs, need for inotropes and mechanical ventilation, and
thrombocytopenia as risk factors for AKI.7–10 Severe malnu-
trition as a risk factor for AKI, though not significant in this
study, has not been evaluated previously.

An increased mortality in patients with AKI had been
reported in the past.6–10 However, as was the case in our
study, this association may be less evident in a PICU setting
where an overall higher mortality prevails.3,32 The duration
of PICU stay as well as hospital stay was also not found to
differ between patients with and without AKI, in contrast to
findings from similar studies.4,5,7,10 Few studies have evalu-
ated risk factors for increased mortality in children with
AKI.4,9,18,33 As seen in our study, infants with AKI have been
previously reported to have a decreased survival compared
with older children with AKI.18,34 In addition, our study
revealed thrombocytopenia and exposure to nephrotoxic
drugs to significantly increase themortality in the AKI group.
Furthermore, in contrast to previous studies, increasing
severity of AKI in our study did not correlate with increased
mortality, PICU stay or hospital stay duration.3,6–10

Table 5 Risk factors for mortality in the AKI and control groups

Risk factor AKI group
p-value

No AKI group
p-value

Young agea 0.006b 0.888

Female gender 0.103 0.021b

Severe malnutrition 0.462 0.017b

Mechanical ventilation 0.000b 0.000b

Hypovolemiac 0.002b 0.314

Shockc 0.000b 0.049b

Sepsis 0.000b 0.025b

Thrombocytopeniac 0.001b 0.965

Inotropes 0.000b 0.001b

Nephrotoxic drugs 0.005b 0.097

Abbreviation: AKI, acute kidney injury.
Note: Statistical analysis performed using chi-square test.
aAge between 1 and 24 months.
bStatistically significant p-value.
cp-Values by Fisher’s exact test in no AKI group for hypovolemia
(p¼ 0.369); shock (p¼ 0.070); and thrombocytopenia (p¼ 0.100).
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Although it may appear as though AKI and its varying
severity had little influence on the length of PICU stay,
morbidity, and mortality of children admitted to the PICU,
the true association may have been masked due to the pres-
enceof confounding factors such as an overall increased rate of
mechanical ventilation (72.3%), inotropic support (57.3%), and
associated comorbidities (57.8%). Additionally, the sheer high
incidence of AKI in the PICUmay translate to a greater number
of children being at risk for developing CKD in the future, thus
posing a cause for concern.11 It remains to be seenwhether an
early diagnosis of AKI with facilitation of optimized fluid
protocols has a positive impact on themorbidityandmortality
in our PICU. The patients’ severity of AKI was graded for better
description of the population and for analysis purpose.

Kaddourah et al conducted the largest worldwide study
(Assessment ofWorldwide Acute Kidney Injury, Renal Angina,
Epidemiology) in 12 countries, including India, to observe the
epidemiology and risk factors of AKI in critically ill children.33

In comparison to our study, a much lower incidence of AKI
(27%) and mortality (3.5%) was observed. In addition, severe
AKI (KDIGO stage 2 or 3), shock, and requirement of mechani-
cal ventilation and RRT were observed as significant risk
factors for death in children with AKI.

One of the limitations of our study was the inability to
perform serum creatinine estimations for all patients on a
dailybasis. Tocompensatefor this, only thosepatientswhohad
at least two serum creatinine values in the first week of PICU
stay or till discharge (whichever was lesser) were included.
Thismay have resulted in a bias with a higher incidence of AKI
being observed in the present study. The absence of daily
serumcreatinine estimationalso precludedus fromdetermin-
ing the time of onset of AKI and its sequential outcome.
Another limitation was the lack of follow-up of patients
diagnosed with AKI to evaluate the persistence of renal
involvement and their possible progression to CKD.

A rise in serum creatinine is now considered to be a late
marker of renal injury.35Comparing the early period of AKI to
cardiac angina, a scoring system known as renal angina index
has beenproposed as a sensitive tool to detect children at risk
of severe AKI (grade Injury and above).36 The sensitivity
increases when used in combination with biochemical
markers of kidney injury such as neutrophil gelatinase-
associated lipocalin and neutrophil elastase-2.37 Utilizing
biomarkers ensures the assessment of only those children
who are truly at risk for AKI.38

Conclusion

In summary, AKI was found to be exceedingly common in
critically ill children in our study. This may be attributed to
an overall delayed presentation and prolonged duration of
illness prior to referral to our tertiary care center. Young
infants and those with hypovolemia, shock, and sepsis were
observed to be at an increased riskof AKI.Moreover,majority
of children being diagnosed with the severe Failure grade of
AKI necessitate the formation of PICU protocols which can
detect AKI early and facilitate timely corrective measures.
Performing daily serum creatinine estimations for the first

3 days of PICU stay, duringwhich the riskof AKI is thehighest,
can be employed in the PICUs to address this concern.
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