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ABSTRACT

Background and Aim: Acute kidney injury (AKI) is an acute decline in function and inability
to regulate acid, electrolyte, and fluid balance. AKI can be classified as community-acquired
AKI (CA-AKI) and hospital-acquired AKI (HA-AKI) depending on the time of onset. Most
studies have been conducted on critically ill populations, mainly considering the HA-AKI
cases. Limited studies were conducted on CA-AKI, especially in non-critically ill children.

Methods: A prospective cohort study in 505 non-critically ill hospitalized children (1
month to 12 years) after screening 750 children. Baseline creatinine was calculated using a
computational method assuming a normal glomerular filtration rate (GFR) for age, hence all
communities, as well as hospital-acquired AKI, were included. Kidney disease improving
global outcome (KDIGO) criteria was used for classification and also serum cystatin -C
levels were done to diagnose AKI.

Results: Fifteen percent (15.64%) of children had AKI, of which 83.54% had CA-AKI and
16.46% had HA-AKI. Of all patients with AKI, 54.43% were exposed to nephrotoxic drugs
and 53.49% (23) had received 2 or more nephrotoxic drugs, and 34.18% of patients had
sepsis, 35.44% of patients had dehydration. Patients with HA-AKI had a significantly longer
duration of stay (15.23+5.42 days) compared to CA-AKI patients (7.48+6.42 days) and were
also exposed to nephrotoxic drugs. Cystatin C had a specificity of 88.50% and a negative
predictive value of 93.80%.

Conclusion: Non-critically ill hospitalized children are at significant risk for AKI and need
more vigilant monitoring. CA-AKI should be detected proactively because they are often
underreported. Cystatin-C has good specificity and negative predictive value for diagnosing
AKI.

Keywords: Acute kidney injury (AKI), Non-critically ill children, Kidney disease improving
global outcome (KDIGO), Cystatin-C



https://journals.sbmu.ac.ir/jpn
https://orcid.org/0000-0002-8051-5308
https://orcid.org/0000-0002-6762-629X
https://orcid.org/0000-0001-9177-5124
https://orcid.org/0000-0002-8059-3998
mailto:oum.shobha76@gmail.com
mailto:oum.shobha76@gmail.com
https://journals.sbmu.ac.ir/jpn
https://journals.sbmu.ac.ir/jpn
https://doi.org/10.22037/jpn.v10i4.40341
https://journals.sbmu.ac.ir/jpn
http://jhygiene.muq.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

= J Ped " ephrol

Journal of Pediatric Nephrology

Introduction

cute kidney injury (AKI) is an acute decline

in glomerular filtration rate (GFR), and an

inability to regulate acid-base, electrolyte,

and fluid balance [1]. Depending on etiol-
ogy, it can be prerenal, renal, or post-renal [2], and can also
be classified as community-acquired AKI (CA-AKI) when
a child has AKI within 48 hours of admission or hospital-
acquired AKI (HA-AKI) when a child has clinical and or
biochemical features of AKI 48 hours after admission [1].
AKIT is not only a crucial contributor to increased morbidity
with prolonged hospitalization and increased mortality in
the acute period but also leads to long-term consequences
with residual renal disease (hypertension, reduced GFR,
proteinuria), and chronic kidney disease (CKD) and end-
stage kidney disease (ESKD) [2, 3] making it worthwhile to
prevent its occurrence and progression.

Various definitions and staging systems have been used
for AKI in children, including pediatric risk, injury, failure,
loss of kidney function, end-stage kidney disease (pRIFLE)
criteria, the acute kidney injury network (AKIN) criteria,
and the most recently introduced kidney disease improv-
ing global outcome (KDIGO) criteria, all of which utilize
changing serum creatinine and urine output (UO) to define
and stage AKI [4-6]. A wide variability exists in the report-
ed incidence of AKI, ranging from 0.8% to 70% [3, 7-20]
attributable to the criteria used to define AKI, settings, and
the dynamics of the study population. Most of the available
studies in critically ill populations have been in selected
and retrospective groups [10, 13, 14, 20]. The prospective
studies in non-critically ill children who form the major
portion of all hospitalizations are few [8, 9, 11, 12]. Also,
studies have used the lowest inpatient serum creatinine as
the baseline accounting for only HA-AKI. However, oth-
ers recommend using the lowest serum creatinine in the last
three months or a computational method of back calcula-
tion of baseline serum creatinine using the age-estimated
GFR if unavailable [21]. In addition, serum creatinine has
shortcomings as a marker of kidney function since its levels
rise late in AKI, levels are influenced by non-renal factors,
such as body weight, race, age, muscle mass, drugs, protein
intake, etc [2, 22]. Hence, ideal biomarkers, such as cystatin
C, urinary and serum levels for neutrophil gelatinase-asso-
ciated lipocalin (NGAL), liver fatty acid binding protein (L-
FABP), interleukin 10 (IL-18), and kidney injury molecule
1 (KIM-1) etc, are always sought [1]. Out of these, serum
cystatin C has been reported for early recognition of AKI,
since it is not affected by non-renal factors and is freely fil-
tered by the glomerulus, without tubular secretion [1, 12,
22, 23]. The current study was conducted to determine the
incidence, associated risk factors, and outcome of AKI in
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non-critically ill hospitalized children and to observe the
occurrence of cystatin C-based AKI in the same cohort.

Materials and Methods

This prospective cohort study was conducted in hospital-
ized children in age group 1 month-12 years of age at a ter-
tiary care centre in north India. Children with short duration
of stay (<48 hours), known a case of CKD, serum bilirubin
level of >5 mg/dL, those who did not have serum creatinine
done within 24 hours of admission or critically ill admit-
ted to pediatric intensive care unit and required mechanical
ventilation, and or required dopamine and or dobutamine at
a dose >10 ug/kg/min or adrenaline at any dose, fulminant
hepatic failure, Glasgow coma scale (GCS) <8 [12] were
excluded. Out of 750 patients screened, 505 patients were
eligible and enrolled for the study after obtaining written
informed consent from the parent/guardian. The study was
approved by the Institutional Ethics Review Committee
(IEC/2020-11/CC-215). The sample size was calculated us-
ing the reference study by Mehta et al., who observed a 9%
incidence of AKI in non-critically ill hospitalized patients
[12]. The minimum required sample size was 504 patients
with a 2.5% margin of error and a significant level of 5%.
The following equation (Equation 1) is used:

Equation 1. N>(p (1-p)/(ME/za)?

Where Za. is a Z value at two-sided alpha error of 5%, ME
is the margin of error, and p is the proportion of patients
who had AKI.

n=((0.09%(1-0.09))/(0.025/1.96)>=503.4=504 (approx)

A pre-designed clinical recording form was used to record
demographic, clinical, and laboratory details. UO was doc-
umented daily either by diaper weight or by spontaneous
void collection. KDIGO criteria were used to diagnose and
classify different stages of AKI [4]. Either UO or serum cre-
atinine was used to classify AKI. A 5 mL blood sample was
taken to estimate complete hemogram, serum creatinine,
serum sodium, potassium, and blood urea nitrogen during
hospitalization. The biochemical parameters were mea-
sured by a fully automated Beckman Coulter AU analyzer
using the kit available at the institution, Jaffe’s colorimetric
method to measure creatinine levels. Estimated reference
GFR values for age were used to calculate normal baseline
serum creatinine for age, using the length/height of the chil-
dren in the age group 1 month-2 years. For older children,
an estimated GFR of 120 mL/1.73 m?/min was taken to cal-
culate baseline serum creatinine using the Schwartz equa-
tion [1]. Serum creatinine was repeated every 48 hours till
7 days of admission or discharge/outcome. Serum cystatin
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C was measured once at admission and then at 48 h. Any
raised value compared to the reference nomogram was con-
sidered abnormal [24]. Based on the development of AKI,
all subjects were divided into two groups (with or without
AKI). Patients with AKI were further grouped in CA or HA
AKI and analyzed and compared based on age, sex, risk
factors, duration of illness, and outcome in terms of death
or discharge with normal or deranged kidney function test
(KFT). All data were entered in the master chart of the Mi-
crosoft EXCEL spreadsheet. The categorical variables were
presented as numbers and percentages, the quantitative data
as the MeantSD or median with 25th and 75th percentiles
(interquartile range). The data normality was checked by
using the Kolmogorov-Smirnov test. The quantitative and
non-normal data were compared using the Mann-Whitney
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test (for two groups). The qualitative data were compared
using the Chi-square test. If any cell had an expected value
of less than 5, Fisher’s exact test was used. Sensitivity, spec-
ificity, positive predictive value, and negative predictive
value of Cystatin C for predicting acute kidney injury were
calculated. The receiver operating characteristic (ROC)
curve was made to show the predictability of serum cystatin
C levels, compared to serum creatinine levels, for the occur-
rence of AKI. The final analysis was performed using SPSS
software, version 21.0. IBM manufacturer, Chicago, USA.

Results

Out of 750 hospitalized children screened, 245 patients
were excluded due to various reasons (Figure 1). AKI

Total number of patients screened

N=750

Excluded(n=245)
e Negative consent by guardians for
participation in the study

e Duration of hospital stay <48hrs

e Known case of CKD

e Serum creatinine not done at
admission, or within 24 hours

e Serum bilirubin >5mg/dL

e Critically ill patients

Patients included in the study

n=505
v | v
AKI NON-AKI
n=79(15.6%) n=426(84.4%)
| |
v v v v
DEATH DISCHARGE DEATH DISCHARGE
n=5 n=74 n=1 n=425
(6.33%) (93.67%) (0.23%) (99.77%)
¥ l v v l\b
NORMAL DERANGED NORMAL DERANGED
KFT KFT KFT KFT
n=70(94.59%) n=4(541%) || n=425(100%) n=0

Figure 1. Study flow chart
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and non-AKI groups were analyzed and compared. Out
of 505 patients enrolled, 62.38% were males and the
mean age was 4.43+3.9 years and the majority of pa-
tients were 2 to 12 years old. Most patients stayed for a
short duration (<7 days) with the mean duration of stay
at 6.56+4.59 days. The majority (99%) of discharge and
mortality was observed in 1% (Table 1). Out of 505 in-
cluded subjects, 15.6% (79) patients had AKI, of which
13.2% patients had CA-AKI, and 2.5% patients had HA-
AKI (Figure 1).

No significant difference was observed in gender or age
group among children with or without AKI. Patients in
the AKI group had a longer duration of stay (8.76+6.87
days) compared to patients without AKI (6.15+3.9 days)
(P<0.05). In terms of risk factors, more patients in the
AKI group (53.5%) were exposed to multiple nephro-
toxic drugs, compared to 27% in the non-AKI group
(P<0.05). Other factors, such as sepsis and dehydration
were also more significantly observed in the AKI group
(34% vs 9.6% and 35% vs 4.5%, respectively). In terms
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of outcome, the AKI group had a higher incidence of
death at 6%, compared to 0.23% in the non-AKI group.
Around 6% of patients in the AKI group had deranged
KFT on discharge (Table 2).

Of the 79 patients with AKI, the majority i.e. 83.5%
(66) were CA-AKI. Based on the KDIGO staging, it was
observed that most patients had AKI stage 1 (77.21%),
followed by stage 2 (16.45%) and stage 3 (6.32%). This
trend was also observed in CA-AKI and HA-AKI groups
individually, where most patients had developed stage 1
AKI (83.3% and 46.15%, respectively). The mean age
of patients in both groups (CA vs HA) was similar and
also had similar gender distribution with the majority
being males (72% and 69%, respectively). Patients with
HA-AKI had a significantly longer duration of stay com-
pared to the CA-AKI group (15.234£5.42 vs 7.48+6.42
days). HA-AKI group also had a higher frequency of
exposure to 2 or more nephrotoxic drugs (69% vs 47%),
although this was not statistically significant. HA-AKI
group had a higher (54%) incidence of sepsis compared

Table 1. Baseline demographic and clinical characteristics of study subjects (n=505)

Baseline Characteristics

No. (%)/ MeantSD

1 month-<2
Age (y) 2-12
Female
Gender
Male
<7
8-14
Duration of stay (d) 15-21
>21
<2
Nephrotoxic drugs
>2
Negative
Dehydration
Positive
Negative
Sepsis
Positive
Death
Outcome
Discharged

182(36.04)
323(63.96)
4.43£39
190(37.62)
315(62.38)
368(72.87)
106(20.99)
28(5.54)
3(0.59)
6.56+4.59
164(68.33)
76(31.67)
458(90.69)
47(9.31)
437(86.53)
68(13.47)
6(1.19)

499(98.81)
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Table 2. Baseline demographic and clinical characteristics in AKI and non-acute kidney injury groups

MeantSD/No. (%)

Variables Baseline Characteristics P
A . .
cute'Kldney No Acui':e Kidney Total
Injury Injury
4.3+4.06 4.45+3.84 4.43+3.87 0.458*
Age (y) Median (25"-75% percentile)
3(0.5-8) 3.5(0.83-7) 3.5(0.75-8)
Female 22(27.85) 168(39.44) 190(37.62)
Gender 0.051"
Male 57(72.15) 258(60.56) 315(62.38)
7 43(54.43) 325(76.29) 368(72.87)
8-14 24(30.38) 82(19.25) 106(20.99)
<0.0001*
Duration of stay (d) 15-21 9(11.39) 19(4.46) 28(5.54)
>21 3(3.80) 0(0) 3(0.59)
8.7616.87 6.15+3.91 6.56+4.59 0.0017
<2 20(46.51) 144(73.10) 164(68.33)
Nephrotoxic drugs 0.0007"
2 23(53.49) 53(26.90) 76(31.67)
Negative 51(64.56) 407(95.54) 458(90.69)
Dehydration <0.0001"
Positive 28(35.44) 19(4.46) 47(9.31)
Negative 52(65.82) 385(90.38) 437(86.53)
Sepsis <0.0001"
Positive 27(34.18) 41(9.62) 68(13.47)
Death . 1(0.2 1.1
Outcome ea 5(6.33) (0.23) 6(1.19) .
Death/discharged 0.0004
Discharged 74(93.67) 425(99.77) 499(98.81)
Discharged with deranged KFT 4(5.41) 0(0) 4(0.80)
Discharged 0.0005*
Discharged with normal KFT 70(94.59) 425(100) 495(99.20)

* Mann Whitney test, * Fisher’s exact test, t Chi square test.

KFT: Kidney function test.

to 30% in the CA-AKI group. On the other hand, the was raised in 20% (103) cases. Out of the 79 patients
CA-AKI group had a significantly higher incidence of with KDIGO-based AKI, 68.35% had raised serum cys-
dehydration (42% vs 0%). In terms of outcome, most pa- tatin C levels (Table 4).
tients were discharged from both groups, and the death
rate was also similar. Ninety-two percent of patients in On the receiver operating characteristic (ROC) curve,
the HA-AKI group were discharged with normal KFT the discriminatory power of cystatin C (area under the
and 8% had deranged KFT on discharge. Whereas, in curve [AUC] 0.784; 95% confidence level [CI]: 0.746 to
the CA-AKI group, 5% of patients were discharged with 0.819) was acceptable and cystatin C is a good predic-
deranged KFT, and 95% were discharged with normal tor of AKI with 78.40% chances of correctly predicting
KFT (Table 3). AKI. Cystatin C had a sensitivity of 68.35%, a specifici-
ty of 88.50%, and a negative predictive value of 93.80%.
Serum cystatin C levels in the study population were
measured at admission and 48 hours. Serum cystatin C

]
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Table 3. Association of baseline characteristics and outcome with community acquired (CA) and hospital acquired AKI

Variables No. (%)/MeanzSD
P
Baseline Characteristics CA AKI HA AKI Total
1 55(83.3) 6(46.15) 61(77.21)
Stage 2 8(12.12) 5(38.46) 13(16.45)
3 3(4.54) 2(15.38) 5(6.32)
Age (y) 4.06£3.96 5.534.52 4.3+4.06 0.236"
Female 18(27.27) 4(30.77) 22(27.85)
Gender 0.748*
Male 48(72.73) 9(69.23) 57(72.15)
7 42(63.64) 1(7.69) 43(54.43)
8-14 20(30.30) 4(30.77) 24(30.38)
<0.0001*
Duration of stay (d) 15-21 2(3.03) 7(53.85) 9(11.39)
>21 2(3.03) 1(7.69) 3(3.80)
7.48+6.42 15.23+5.42 8.7616.87 <0.0001%
<2 16(53.33) 4(30.77) 20(46.51)
Nephrotoxic drugs 0.203*
>2 14(46.67) 9(69.23) 23(53.49)
Negative 38(57.58) 13(100) 51(64.56)
Dehydration 0.003*
Positive 28(42.42) 0(0) 28(35.44)
Negative 46(69.70) 6(46.15) 52(65.82)
Sepsis 0.102°
Positive 20(30.30) 7(53.85) 27(34.18)
Death 4(6. 1(7. .
T — eat (6.06) (7.69) 5(6.33) ”
D -
e Discharged 62(93.94) 12(92.31) 74(93.67)
Discharged with deranged KFT 3(4.84) 1(8.33) 4(5.41)
Discharged 0.515*
Discharged with normal KFT 59(95.16) 11(91.67) 70(94.59)
* Mann Whitney test, * Fisher’s exact test, t Chi square test.
KFT: Kidney function test.
Table 4. Association of cystatin C levels with KDIGO based AKI
No. (%)
Cystatin C Levels Acute Kidney Injury No Acute Kidney Injury Total .
(n=79) (n=426)
Raised 54(68.35) 49(11.50) 103(20.40)
<0.0001
Normal 25(31.65) 377(88.50) 402(79.60)
Total 79(100) 426(100) 505(100)

t Chi square test.
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Figure 2. ROC curve of cystatin C for predicting AKI
Discussion

Most studies on AKI are in critically ill hospitalized
children who have multiple risk factors (sepsis, shock,
fluid overload, use of multiple nephrotoxic drugs, me-
chanical ventilation, etc.) mainly for hospital-acquired
cases, including the recent multinational, multicentric
AWARE study [14] or are in selected cohorts [16, 17].
In this prospective study incidence of CA as well as
HA-AKI was analyzed in the non-critically ill pediatric
population. Out of 505 patients, 15.64% (79) patients
developed AKI using the KDIGO criteria. Previously
documented reports vary from 0.5% to 30% [7-9, 11, 12,
15, 20]. However, most of the studies are in the adult
population or retrospective in nature using data records.
Krishnamurthy et al. in their prospective observational
study among 2376 children (1 m-13 years) reported an
incidence of 5.2% using AKIN criteria [9], while Nawaz
et al. (AKIN) in their study reported it to be 17% simi-
lar to our study [11]. Others have also reported an inci-
dence of 9%-10% [12, 13]. Variability in data may be
explained due to the difference in criteria used as well as
baseline creatinine taken in various studies. Also, in the
current study UO or serum creatinine, either of these was
used to identify and classify AKI, resulting in increased
incidence. In a retrospective cohort study by McGregor
et al. using KDIGO, AKI criteria were met in 30% of
patients [20]. A recent AWARE study analyzed that the
use of serum creatinine alone can lead to misdiagnosis in
about two-thirds of patients, also stage III AKI defined
by UO criteria predicted higher mortality than stage 3
AKI defined by serum creatinine criteria [ 14] hence em-
phasizing the importance of urine output monitoring in

these children. Increased incidence of AKI in the adult
population is well reported and attributed to more ag-
gressive therapies in the aging population and multiple
co-morbidities [7]. Similar data obtained in the future in
children also require more vigilant monitoring in non-
critically ill admitted children.

The majority of subjects in this study had stage I AKI
(77%) compared to stage II (16.5%) or stage III (6.3%)
which is similar to previously observed data [8, 11, 12].
The majority (83.5%) had CA-AKI defined by those
with deranged AKI on admission (baseline serum cre-
atine calculated from normal estimated GFR using
Schwartz equation). Wonnacot et al. in their analysis
of the adult population reported similar observations
of higher incidence of CA-AKI compared to HA-AKI
(67.3% vs 32.7%, respectively) [ 7]. Most of the available
literature does not differentiate AKI in CA and HA-AKI.
In this study, no significant difference was observed in
the age and sex between the two groups (Table 3), simi-
lar to observation by others [7, 19]. HA-AKI patients
were observed to have a significantly longer duration of
stay (15.23+5.42 days), compared to CA-AKI patients
(7.48+6.42 days), although mortality in both groups was
similar (6.06% vs 7.7%). Wonnacott et al. also observed
a longer duration of stay in HA-AKI [7], however, previ-
ous studies found poor survival rates in HA-AKI com-
pared to CA-AKI [7, 19].

The majority (55.70%) of the patients who had devel-
oped AKI were in the age group of 2 to 12 years, with
a mean age of 4.3+4.06 years similar to previous obser-
vation [9, 20]. No significant relationship was observed
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between the gender of the patient and AKI incidence
similar to others [11]. AKI patients in this study were
observed to have significantly longer duration [7, 11-
14, 16, 17] and also had significantly higher mortality
compared to the non-AKI group (6.33% vs 0.23%) in
sync with previous observations. Out of 79 subjects with
AKI, 5.41% [4] had persistent deranged KFT values at
discharge (Table 3, Figure 2). Many previous studies
have shown persistent kidney dysfunction in patients
developing AKI [3, 13, 18]. A significant relationship
was observed between factors, such as sepsis, dehydra-
tion, and the development of AKI (Table 2). Sepsis leads
to AKI by reduced renal blood flow as in septic shock
or sepsis-induced hypotension, along with cytokine-in-
duced damage to tubular cells [1]. A significant relation-
ship was also observed between the use of two or more
nephrotoxic drugs and the development of AKI (Table
2). Nephrotoxic drugs, such as aminoglycosides cause
renal injury by various mechanisms which can lead to
reduced renal function over a while as reported in studies
from 11% to 33% [2, 16, 17, 25]. Among the two groups
(CA vs HA-AK]I), a significant difference was observed
in the occurrence of dehydration but not for sepsis and
use of nephrotoxic drugs, although 70% of the patients
in HA-AKI were exposed to two or more nephrotoxic
drugs compared to 46% in CA-AKI group (Table 3).

Serum cystatin C was measured at two time periods
(admission and at 48 h) and raised values at any point
compared to normal reference value were considered ab-
normal for age and were observed in 20.4% of patients.
Out of all patients who had AKI, 68.3% also had raised
serum cystatin C levels (Table 4). It was observed that
serum cystatin C levels had a significant discriminatory
power to predict AKI (Figure 3) and a high negative pre-
dictive value (93.80%). It had a sensitivity of 68.35%,
and a specificity of 88.50% (area under the curve [AUC]
0.784; 95% confidence interval [CI]: 0.746-0.819). Sim-
ilar results were observed by others [26, 27]. Filler et al.
compared the serum creatinine-based Schwartz equation
and serum cystatin C in 536 children with various renal
pathologies to accurately predict the GFR. It was ob-
served that the Schwartz equation tends to overestimate
GFR in patients with lower GFR, with a mean deviation
of +10.8%, while the formula based on serum cystatin C
(Equation 1):

1. (log [GFR]=1.962+1.123%log(1/Cystatin C)])

showed a deviation of +0.3%, making it significantly
more accurate [28]. Serum cystatin C levels in AKI rise
earlier than creatinine and decrease in UO and can be a
good alternative for early diagnosis [29].

Autumn 2022. Volume 10. Number 4

The strength of the study is the prospective cohort tak-
en in exclusively non-critically ill hospitalized children
to categorize AKI patients in CA and HA groups as it has
an etiologic and prognostic difference and measures cys-
tatin C to predict its diagnostic power. While limitations
exist, such as a relatively small sample size and lack of
follow-up serum cystatin C till 7 days because it can in-
crease the diagnostic yield. Also, long-term follow-up of
children with residual kidney dysfunction was not done.

Conclusions

Non-critically ill hospitalized children are at significant
risk for developing AKI and need more vigilant moni-
toring. CA-AKI should be detected proactively because
they are often underreported. Since serum cystatin C has
a significant discriminatory power to predict AKI, it can
be explored in a larger group of populations for early
detection for its practical utility.
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