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Abstract
Background: Detection of acute kidney injury is very essential among the children. Objective: The purpose
of the present study was to validate the serum cystatin C for the detection of acute kidney injury in children.
Methodology: This cross-sectional study was conducted in the Department of Paediatric Nephrology with
the collaboration of Paediatric Gastroenterology, Paediatric Neurology, Paediatric Neonatology and
Microbiology and Immunology at Bangabandhu Sheikh Mujib University, Dhaka, Bangladesh from May
2018 to July 2019 for a period of one year. Patients with the age group of 1 month to 17 years, who were at
risk of AKI, and admitted in the inpatient department of Pediatrics and allied at Bangabandhu Sheikh Mujib
University, Dhaka, Bangladesh during this study period in both sexes were selected as study population. To
detect AKI, serum creatinine was measured at 0 h (baseline), 48 h and 5 th day respectively. Serum cystatin
C were measured at 0 (baseline) and 48 h respectively for all patients. Result: A total number of 52 patients
were enrolled in this study. Here the AUC was 0.93 with 95% CI (0.864 - 0.995). Serum cystatin C had
sensitivity of 95% (95% CI 77.9%-099.7%) with specificity 84% (95% CI 73.7%-87.3%), PPV 79% (95%
CI 64.9%-83.1%), NPV 96% (95% CI 84.2%-99.8%), accuracy 88.7% (95% CI 75.3%-92.1%), positive
likelihood ratio 6.08 and negative likelihood ratio 0.06 (95% CI 2.96-7.87 and 0.003-0.300 respectively).
Conclusion: In conclusion the diagnostic validity of serum cystatin C for the detection of AKI is very high
among the children. [Bangladesh Journal of Infectious Diseases, December 2020;7(2):44-48]
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Introduction

Methodology

Acute kidney injury is a major public health priority
worldwide. The ideal endogenous marker should
have criteria of stable production rate, stable
circulating levels unaffected by pathological
changes, lack of protein binding, free glomerular
filtration, and lack of reabsorption or secretion1.
Cystatin C is a promising endogenous marker for all
age group, which met most of these criteria2. In
comparison to creatinine, it is a large molecular
weight basic protein, generated by all nucleated cells
of body at a relatively constant rate, and is freely
filtered by the glomerulus. Unlike creatinine, it is not
secreted by renal tubules rather than completely
reabsorbed with subsequent degradation by proximal
tubular cells3. Though it’s serum concentration is
influenced by some extra-renal conditions, like
thyroid dysfunction, malignancy4, it does not have
many influencing factors like creatinine. So, there is
no matter of under or overestimation of GFR by
using this marker. Cystatin C increases abnormally
in serum when GFR decreases to 88 ml/min/1.73 m²
and can detect AKI 1 to 2 days prior to serum
creatinine5. Up to date several studies suggested that
cystatin C is a preferred and sensitive marker for
early detection of acute kidney injury6-8.

This cross-sectional study was conducted in the
Department of Paediatric Nephrology with the
collaboration of Paediatric Gastroenterology,
Paediatric Neurology, Paediatric Neonatology and
Microbiology and Immunology at Bangabandhu
Sheikh Mujib University, Dhaka, Bangladesh from
May 2018 to July 2019 for a period of one year.
Patients with the age group of 1 month to 17 years,
who were at risk of AKI, and admitted in the
inpatient department of Pediatrics and allied at
Bangabandhu Sheikh Mujib University, Dhaka,
Bangladesh during this study period in both sexes
were selected as study population. Patients with
nephrotic syndrome at risk of AKI due to
hypovolemia or shock, sepsis, use of nephrotoxic
drugs for at least 5 days or patients other than
nephrotic syndrome with hypovolemia, use of
nephrotoxic drugs for at least 5 days and patients
with obstructive uropathy and congenital heart
disease needed to use radiocontrast agent were
included in this study. Patient already diagnosed as
AKI, preterm or patients with hypothyroidism and
malignancy were excluded from this study. Patients
were selected by purposive sampling technique. For
exclusion of malignancy and thyroid disorder proper
history taking, examination, related investigations
(FT₄, TSH) and imaging were done. Serum cystatin
C were measured at 0 (baseline) and 48 h
respectively for all patients. 0 h (baseline) was
considered when patients presented with
hypovolemia / shock due to diarrhoea and / or
vomiting, features of sepsis, 24 h after taking
nephrotoxic drugs and 4 h after exposure of
radiocontrast agent. Sepsis was diagnosed as per
protocol. Blood samples were collected on 3 and 5
day with aseptic precaution in Vacutainer test tube
without any preservative and labelled with patient’s
name, ID number, date of collection, name of ward.
Collected blood were sent for following
investigations to Microbiology and Immunology
Laboratory of BSMMU for serum cystatin C by
particle enhanced nephelometric immunoassay
(PENIA) for the quantitative measurement.
Biochemistry Laboratory of BSMMU for serum
creatinine by Kinetic Alkaline Picrate Method- Jaffe
reaction, serum FT₄ and TSH. Data was collected
with appropriate questionnaire containing proper
history, clinical examination and findings of
laboratory reports of enrolled patients who fulfilled
the inclusion criteria after taking informed written
consent. All the cases were numbered
chronologically. The data were collected and edited
manually. The entered data were checked, verified
and analyzed by appropriate computer software.
Statistical analysis was performed by using SPSS for

Early diagnosis is very important for early
intervention. Serum creatinine concentration
measurement is the most common and conventional
method for detecting AKI, which often fails to
identify those patients with moderately reduced renal
function9. Using this marker detection of renal
failure cannot be obtained until GFR decreased by
more than 50.0% cases10. This insensitivity for small
and moderate decreases in GFR in creatinine blind
area gives a false impression and lead to late
detection of kidney damage. So it is less reliable and
less accurate. Cystatin C is an alternative marker to
assess renal function, which is better than creatinine
in regard of creatinine blind area11. It is not
influenced by extra-renal manifestations like
creatinine and can detect AKI one to two days prior
to increase serum creatinine.
Early detection and intervention can prevent further
progression of renal injury and hence decrease
complication, morbidity and mortality7. There was
no such study so far in this regard in Bangladesh.
Therefore, this study was carried out in the
Department of Pediatric Nephrology, Bangabandhu
Sheikh Mujib Medical University to assess serum
cystatin C level in patients who were at risk of AKI.
The purpose of the present study was to validate the
serum cystatin for the detection of acute kidney
injury in children.
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windows version 22. The data were presented in
tubular or diagrammatical form. All qualitative data
were expressed as frequency and percentages. All
quantitative data were expressed as mean ± SD. An
analysis plan was developed keeping in view with
the objectives of the study. Unpaired t-test and paired
t-test were done whenever required. For all statistical
test p<0.05 was considered statistically significant.
Prior to the commencement of this study, the thesis
protocol was placed and approved by the
Institutional Review Board of BSMMU, Dhaka. For
recruitment of study population permission was
taken from Pediatrics and allied department. Every
ethical issue was discussed with the patient’s parents
regarding the study. Parents were clearly informed
about the nature and purpose of the study, procedures
followed, risk associated with it and benefits from
the study in easily understandable local language.
Result
A total number of 52 patients, who fulfilled the
inclusion criteria were enrolled in this study.
Table 1: Age Distribution of the Study Subjects in
Older Age Group (n=42)

Parameter
AUC Value
SE
P value
95% CI

Figure I showed the ability of serum cystatin C in
predicting AKI at 48 h. Here the AUC was 0.93 with
95% CI (0.864 - 0.995).
According to Youden index the best cut off value of
serum cystatin C at 48 h was 1.35 mg/L in predicting
AKI with sensitivity 0.95 (95%) and specificity 0.84
(84%) (Table 3).

Youden Index

1.06
1.13
1.16
1.21
1.27
1.30
1.35
1.38
1.39
1.45

Specificity

0.007

1 - Specificity

Table 3: Youden index of serum cystatin C at 48
h in predicting AKI

P value

Unpaired t test was done

1.000
1.000
1.000
1.000
0.950
0.950
0.950
0.900
0.850
0.800

0.375
0.344
0.313
0.250
0.219
0.188
0.156
0.156
0.156
0.156

0.625
0.656
0.688
0.750
0.781
0.813
0.844
0.844
0.844
0.844

0.625
0.656
0.688
0.750
0.731
0.763
0.794
0.744
0.694
0.644

At cut-off value 1.35 mg/L serum cystatin C had
sensitivity of 95% (95% CI 0.779-0.997) with
specificity 84% (95% CI 0.737-0.873), PPV 79%
(95% CI 0.649-0.831), NPV 96% (95% CI 0.8420.998), accuracy 88.7% (95% CI 0.753-0.921),
positive likelihood ratio 6.08 and negative likelihood
ratio 0.06 (95% CI 2.96-7.87 and 0.003-0.300
respectively) (Table 4).

Figure I: ROC of serum cystatin C at 48 h in
predicting AKI
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Value
0.930
0.033
0.000
0.864 to 0.995

Sensitivity

AKI
Non AKI

Age
(Mean±SD)
11.3 ± 3.7
7.1 ± 4.9

Table 2: Area Under the Curve (AUC) of Serum
cystatin C

S. cystatin C

Group

Among them 42 cases were in older age group and
10 were in neonatal age group. Twenty patients
(38.0%) developed acute kidney injury. The mean
age in older age group of AKI was 11.3±3.7 years
and non-AKI group was 7.1±4.9 years. The
difference between the AKI and non-AKI was
statistically significant (p=0.007) (Table 1).
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Table 4: Diagnostic Efficiency Values for serum
cystatin C in predicting AKI at 48 hours
Parameters
Sensitivity
Specificity
PPV
NPV
Accuracy
Positive LR
Negative LR

Value
95.0%
84.4%
79.2%
96.4%
88.5%
6.08
0.06

95% CI
77.9 to 099.7
73.7 to 87.3
64.9 to 83.1
84.2 to 99.8
75.3 to 92.1
2.96 to 7.87
0.003 to 0.300

Discussion
This was a prospective analytical study done on
critically and non-critically ill admitted patients in all
age group, who were at risk of AKI. The aim was to
see the predictive value of cystatin C for earlier
diagnosis of acute kidney injury in children. An
incidence of AKI of 38.0% had been demonstrated
in patients between 4 days to 17 years of age
admitted to BSMMU in different departments during
study period. Almost similar finding was found by
Sutherland et al12 where incidence of AKI was of
39% in children. A total 52 children were analyzed
in this study. Forty two patients were in older age
group and ten patients in neonatal age group. The
mean age in older age group of AKI was 11.3 ± 3.7
years, is similar to Haque et al13. They found the
incidence was higher in older patients.
Since the incidence of AKI is quite high, for
prevention and better outcome cystatin C was chosen
as a new early biomarker to predict AKI. In this
study it was found that the AUC was 0.93 for ability
to detect AKI. With cut-off value of 1.35 mg/L the
sensitivity, specificity, PPV, NPV, accuracy,
positive likelihood ratio and negative likelihood ratio
were 95.0%, 84.0%, 79.0%, 96.0%, 88.7%, 6.08 and
0.06 respectively. Though this finding showed no
similarity with previous study, Ataei et al14 found
cystatin C had higher AUC, sensitivity, specificity,
accuracy, positive likelihood ratio than serum
creatinine in predicting AKI within 48 h in critically
ill children. Lagos-ArevaloBSc et al15 reported that
the best cut-off for cystatin C AKI was 1.3 mg/L
using KDIGO criteria, favoring high specificity.
Bagheri et al6 found cystatin C had greater AUC
(0.96) to predict AKI on third day, is almost similar
with present study. In another study El-Gamasy7 it
has been found that with the cut-off value ≥0.6 mg/L
cystatin C had higher AUC, sensitivity, specificity,
accuracy than serum creatinine on third day of
incubation in full term neonates who fulfilled the
criteria according to KDIGO. Another study by
Hamed et al1 found that cystatin C was a poor
Bangladesh J Infect Dis
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biomarker for diagnosing AKI in critically ill
children.
Ozdemir et al16 found in a pediatric study that
cystatin C and creatinine significantly increased
substantially at 4 h, 24 h and 48 h after cardiac
angiography. The present study revealed similar
finding. Additional finding was two patients
developed raised serum cystatin C level 1 day prior
to creatinine. Lau et al17 reported rise from baseline
expressed as fold-wise increase two days before SCrAKI (Day-2) after getting aminoglycoside. There
was 1.5 fold rise of median value of cystatin C. The
present study also demonstrated similar pattern of
rise of cystatin C and presumable use of it as early
marker. In this study, we found only 30.0% patients
with AKI were detected at 48 hours by creatinine and
rest of them were detected 1 to 2 days later, whereas
cystatin C detected AKI at 48 hours This reflected
that cystatin C increased in serum rapidly and earlier
than creatinine.
In this study explored that no parameters like age,
sex, height, weight, BMI and risk factors of AKI had
significant effect on cystatin C. Bokenkamp et al2
found serum cystatin C reflects renal function
independent of age, gender, height and body mass
composition. This finding is similar to the finding of
present study. Schwartz et al18 found that the
production apparently independent of inflammatory
conditions, muscle mass, sex, age (after 1 month).
Another study by Krause et al19 reported that older
age, male gender, greater weight, greater height and
higher C- reactive protein levels were independently
associated with higher serum cystatin C levels.
Martensson et al20 found inflammatory response
induced by sepsis had no impact on the levels on
cystatin C in plasma. The present study showed
similar finding.
Conclusion
In conclusion the serum cystatin C can be considered
an effective and early marker for detection of acute
kidney injury in risk group of children. The
sensitivity and specificity are also very high which
indicates that it can detect AKI very accurately. The
area under the curve is also significantly high.
Therefore, serum cystatin C should be measured to
detect the acute kidney injury among children.
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