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ABSTRACT

Introduction: Acute kidney injury (AKI) is a serious problem in children and adolescents because it is as-
sociated with higher morbidity and mortality, and it may progress rapidly and lead to chronic renal disease,
which would require dialysis. Kidney injury molecule-1 (KIM-1) and serum cystatin C are recognised as early
sensitive and specific biomarkers for kidney injury. The study aims to predict KIM-1, cystatin C, and other
kidney function biomarkers in AKI paediatric patients.

Material and methods: A total of 120 paediatric males were used in the present study divided into 90 patients
with AKI with a mean age of 5.94 +4.93 years. All patients were divided according to RIFLE (renal, injury,
failure loss, end- stage) for 3 stages: stage 1 (32 patients); stage 2 (27 patients); and stage 3 (31 patients), and
controls (30) with a mean age of 7.70 £5.02 years. The data were collected for this research at the Kidney Unit
in Kerbala Teaching Hospital, Kerbala, Iraq.

Results: The study found that KIM-1 significantly (p < 0.001) increased in all stages of AKI patients: stage 1
(1501.64 +417.02); stage 2 (1638.91 +354.85); stage 3 (1474.16 +425.63), and the controls (716.64 +50.72);
moreover, highly significant differences (p < 0.001) in cystatin C in all stages of AKI patients: stage 1 (12.52
+3.02); stage 2 (13.23 +2.42); stage 3 (11.85 +3.04); and the controls (5.32 +1.71). The glomerular filtration
rate (GFR) by s Cr/cystatin C ratio was significantly (p < 0.001) decreased in all stages. The highest decrease
of GFR was calculated for cystatin C for all stages compared to the control and highly significant differences
(p £0.001) in elevated levels of kidney function tests (serum creatinine, serum urea, C-reactive protein —
CRP, chloride - Cl, potassium - K, and blood urea nitrogen - BUN) in AKI and highly significant differences
(p <0.001) in the decrease of GFR, albumin, and urine output.

Conclusions: Finally, higher serum KIM-1, serum cystatin C, serum creatinine, serum urea, CRP, Cl, K,
and BUN, while decreasing each of the GFR, albumin, and urine output in AKI patients, are related to early
prediction of renal complications. Therefore, KIM-1 and cystatin C can be considered as biomarkers for AKIL.
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INTRODUCTION

Acute kidney injury (AKI) is one of the most import-
ant global public health issues. Many complications can
lead to several consequences, including metabolic acido-
sis, increased potassium (K) levels in the blood, uraemia,
and fluid balance abnormalities. Heart failure, stroke, and
cardiovascular disease are other long-term consequences
of AKI. Most paediatric AKI deaths are caused by infec-
tions and cardiovascular conditions [1].

The hallmark of AKI is a sudden decrease in the kid-
ney’s capacity to filter waste materials, which increases
the levels of waste materials like urea and creatinine in
the bloodstream with or without changes in urine pro-
duction [2].

Acute kidney injury occurs in 13-78% of ill patients [3].
Acute kidney injury causes approximately 2 million
deaths worldwide each year [4], a high risk of AKI-asso-
ciated death (13.8%), and a global incidence of juvenile
AKI of 33.7%.

Kidney injury molecule-1 (KIM-1), also called T-cell
immunoglobulin mucin-1 (TIM-1), type 1 transmem-
brane glycoprotein KIM-1, with a molecular weight of
104 da, is mostly expressed on T-cell surfaces and causes
2 extracellular kidney injuries in proximal tubular cells
and hepatitis A virus cellular receptor 1 in hepatocytes [5].

The extracellular domain of KIM-1 is cleaved by ma-
trix metalloproteinase enzyme and is present in the urine
and blood of humans after proximal tubular injury. Stud-
ies show that KIM-1 functions as a prognostic indication
as well as a specific and sensitive marker of kidney injury.
The usefulness of serum KIM-1, an ambiguous early indi-
cator of renal impairment, has not been thoroughly stud-
ied. Nonetheless, numerous investigations have shown
that KIM-1 is a precursor to AKI or chronic kidney dis-
ease (CKD) [6].

Because KIM-1 can diagnose AKI sooner, it is thought
to be the most viable protein among blood and urine in-
dicators. Furthermore, KIM-1 can represent the injury
and recovery processes in an intrusive manner. The cause
is because KIM-1’s ectodomain cleaves and is found in
both blood and urine [7]. A recent study showed that se-
rum creatinine increased after 48 hours, although urine
and serum KIM-1 increased after 12 hours [8].

Additionally, KIM-1 is a phosphatidylserine receptor
located on renal epithelial cells that identifies and facili-
tates the phagocytosis of apoptotic cells [9]. It is expressed
in low levels in the kidney and other organs, but its ex-
pression is accentuated in pre-renal kidney injury and
after reperfusion [10].

Kidney injury molecule-1 is an adhesion molecule ob-
served in mucous cells. It plays a central role in the pro-
cedure of mucous regeneration and removing dead cells
from the tubular lumen through phagocytosis. A small
amount of KIM-1 and its messenger ribonucleic acid is
acceptable in a normal kidney; however, because KIM-1 is

present in the proximal tubular epithelium, and the prox-
imal tubular epithelium is susceptible to injury due to
ischaemia [11]. Significant increases in their concentra-
tion can be regarded as a sign of an ischaemic kidney [12].

Kidney injury molecule-1, also identified as TIM-1,
was found to be the most upregulated protein in the prox-
imal renal tubule after a wide variety of injurious influ-
ences including ischaemia, nephrotoxic agents, sepsis, and
immune-related injury, and its cleaved ectodomain is often
used as a blood and urine marker for kidney injury [13].

A low-molecular-weight protein, cystatin C, is pro-
duced by every nucleated cell and is present in relatively
high amounts in various physiological fluids, most no-
tably seminal fluid, cerebral fluid, and synovial fluid [9].

Cystatin C is a cysteine-protease inhibitor molecular
weight of 13.3 kDa that is freely filtered but is degraded
and/or resorbed in the renal tubule so that none appears
in the urine. Serum cystatin C is a well-known, clinical-
ly applicable biochemical parameter for the assessment
of acute kidney injury. Serum cystatin C has been pro-
posed as an ideal marker for assessing glomerular filtra-
tion rate (GFR). Several studies have shown that serum
cystatin C is a more sensitive indicator of an early and
mild reduction in renal functions than serum creatinine
(sCr) [14].

Recently, cystatin C has been shown as a useful bio-
marker in AKI prediction; its urinary excretion indi-
cates tubular damage, and in contrast to creatinine it has
a moderate diagnostic utility, its concentrations are in-
creased in both acute and chronic kidney disease, and it is
not influenced by inflammatory processes, height, weight,
age, sex, or nutritional condition. Cystatin C is filtered
in the glomeruli and is completely resorbed and degrad-
ed in the proximal tubules, not secreted in the tubules.
Therefore, it does not pass into the bloodstream, and this
makes it a suitable endogenous marker for GFR estima-
tion. In contrast to creatinine, cystatin C is not affected by
age, sex, muscle mass, body composition, inflammatory
processes, or diet [10]. Its level rises earlier (12-24 hours)
than that of serum creatinine [15].

In the absence of renal disease, the serum concentra-
tion of cystatin C is increased in patients with liver illness,
thyroid disease, and during glucocorticoid treatment. Be-
cause it is broken down in the kidneys, it is not found in
the urine, and the calculation of renal clearance is not
possible [16].

Early detection of AKI biomarkers can significant-
ly reduce renal damage, improve the results in the long
term, and prevent the progression of CKD. These bio-
markers could also help identify patients who can benefit
from early intervention before the AKI becomes clinically
detectable. Early diagnosis of renal disease complication
or regeneration is essential for the prognosis of patients
as well as to reduce medical costs and time. Therefore,
the level of KIM-1, cystatin C, and other kidney func-
tion biomarkers in AKI paediatric patients can be used
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to predict renal complications and prevent CKD in such
patients.

MATERIAL AND METHODS

A case-control observation study was carried out in
the period September 2023 — February 2024 at the kidney
unit of Kerbala Teaching Hospital. In the study group,
30 healthy paediatric males corresponding to the patient’s
age were randomly selected as controls with no history
of kidney disease or any significant comorbidities, and
90 paediatric male patients with AKI in different stages
of AKI 32 (stage 1), 27 (stage 2), and 31 (stage 3) were
selected. A detailed physical examination of AKI patients
was carried out by the clinic’s neurologist, and the stag-
es of AKI paediatrics were calculated by the risk, injury,
failure, loss, end-stage, kidney disease criteria [17] in all
participants with a range of age (1-20 years) from tod-
dlers (13 months) to those in late adolescence (21 years)
according to the 2015 classification of paediatric patients
by the National Institute of Child Health and Human De-
velopment [18] - on average 5.94 +4.93. After obtaining
informed consent, a screening questionnaire was com-
pleted to gather data on age, height, weight, comorbidi-
ties, personal history, drug history, presenting problems,
and laboratory investigations.

INCLUSION CRITERIA

Age from toddler period (one year) to late adoles-
cence (20 years), any case with an acute increase in renal
indices and decreased urine output, and only male pa-
tients were regarded as inclusion criteria.

EXCLUSION CRITERIA

Congenital renal system anomaly, small size kidney,
any association with chronic diseases (such as diabetes
mellitus type 1, or congenital heart disease), chronic renal
failure, female patients, and patients’ age over 21 years.

SAMPLE COLLECTION AND ANALYSIS

Blood samples were obtained concurrently and exam-
ined. They were taken within 24 hours of the injury’s start
in the AKI study group by withdrawing 5 ml of venous
blood samples and then placed in disposable plain tubes.
They were then were allowed to clot at room temperature
and centrifuged at 3000 rpm for 15 min. Serum was sep-
arated and stored in a plain tube at —-20° C and then used
for measuring creatinine, urea, albumin, CRP, and other
parameters, which were auto-determined using a Cobas
Integra 400 Plus, Germany. The serum KIM-1 and cys-
tatin C concentrations in patients and healthy controls
were determined using an ELISA Kit Cloud clone, USA.
The study included measuring biochemical markers such

as albumin and CRP, creatinine, and urea, by using an
automated chemistry analyser by Cobas Integra 400 Plus,
Germany, GFR by 3 different formulas, as well as blood
urea nitrogen (BUN) and urine output with special for-
mula electrolytes (sodium - Na, K, and chloride - CI)
using an EX-DS Electrolyte analyser, JOKOH, Japan, at
the Kerbala Teaching Hospital. Five millilitres of blood
were collected from all members of the study groups
to perform the biochemical tests. The concentrations
of the serum KIM-1 in patients and healthy controls were
determined using an ELISA Kit. Serum creatinine, serum
urea, and CRP were auto-determined by Cobas Integra
400 plus, and albumin was measured by colorimetric
method (Linear Chemical S.L).

In the patient’s urine output record, it is important to
note when the catheter bag or chamber was last emptied,
examine it at eye level, and record the amount of urine
present, usually measured in millilitres. One should also
record the volume of urine on the appropriate urine output
chart along with the estimation time. Finally, if the catheter
bag is full, it should be emptied after recording.

ESTIMATION OF URINE OUTPUT

Divide the volume of urine generated by the number
of hours since the bag or chamber was last emptied to
determine the rate of urine output. A healthy person’s
normal urine production should be between 0.5-1.5 ml/
kg/hour, and patients should typically be peeing every
six hours. The inability to produce enough pee (less than
0.5 ml/kg/h in children) is known as oliguria.

Urine output = volume of urine/number of hours [19].

ESTIMATION OF GLOMERULAR FILTRATION RATE

1. Creatinine-based “Bedside Schwartz” equation: eGFR
=0.413 x (height in cm) + serum Cr [20, 21]

2. Cystatin C-based equation: eGFR = 70.69 x (Cyc C)-
0.931 [20, 21]

3. Creatinine-cystatin C-based equation: eGFR = 39.8
x [height/ sCr]0.456 x [1.8/ Cys C]0.418 x [30/
BUNJ0.079 x [1.076 male] x [height/1.4]0.179 [20, 21]

ESTIMATION OF BODY MASS INDEX

Weight by kg, and height by metre - calculate body
mass index (BMI): BMI = weight (kg)/height (m?) [22, 23]

Estimation of blood urea nitrogen

BUN (mg/dl) = urea (mmol/l) x 2.8 [24].

STATISTICAL ANALYSIS

Statistical Package of Social Science Version 24.0 was
used to analyse the data. The comparison among groups
was made by using analysis of variance (ANOVA table),
Student’s ¢-test was employed to assess the significance
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of arithmetic means. The correlation between KIM-1 and
cystatin C level and other variables was assessed using
Spearman correlation. The statistically significant thresh-
old was set at p < 0.01.

RESULTS

Figure 1 demonstrated a highly significant difference
(p £0.001) in age between stage 3 of AKI (4.31 +4.03)
and controls (7.70 +5.02) and stage 1 (7.73 +5.13), while
no significant difference between stage 1 (7.73 £5.13) and
stage 2 (5.66 £5.00) with controls and stage 1 and stage
3 with stage 2.

The results in Table 1 demonstrate highly significant
differences (p < 0.001) in weight between stage 2 (18.65
+12.65) and stage 3 (15.33 £10.10) with controls (27.85
+16.80) and between stage 1 (25.33 £15.30) and stage 3,
while no significant difference between stage 1 with con-
trols, and between stage 2 with stage 1 and stage 3.

The results in Table 1 demonstrate highly significant
differences (p < 0.01) in height between stage 3 (0.98 +0.29)
and controls (1.22 +0.32) and among stage 1 (1.24 +0.35)
with stage 2 (1.06 +0.38) and stage 3. There is no signifi-
cant difference between stage 1, stage 2 with control, and
stage 2 with stage 3.

Figure 2 demonstrates a highly significant difference
(p £0.001) in BMI among stage 1 (14.75 +1.83), stage
2 (13.84 +£1.93), and stage 3 (14.67 +1.87) with control
(16.92 £2.54), while nonsignificant difference between
stage 1, stage 2, and stage 3 was found.

Table 2 demonstrates a highly significant difference
(p <0.001) in creatinine between stage 3 (3.18 +2.36) and
controls (0.42 £0.13), stage 3 and stage 1 (0.62 +0.18), and
stage 3 and stage 2 (0.97 +£0.36), while nonsignificant dif-
ference between stage 1, stage 2 with controls, and stage
1 with stage 2.

A highly significant difference (p < 0.001) in urea was
demonstrated between stage 1 (61.10 £17.99), stage 2
(74.85 £24.42), and stage 3 (174.79 £62.30) with controls
(20.61 £5.13), between stage 1 and stage 3, and between
stage 2 and stage 3, while a nonsignificant difference was
shown between stage 1 and stage 2.

A highly significant difference (p < 0.001) was shown
in BUN among all stages with control and stage 1 (9.50
+2.80), stage 2 (27.19 £9.69) with stage 3 (11.64 +£3.80),

while nonsignificant difference was shown between stage
1 and stage 2.

A highly significant difference (p < 0.001) in urine
output was shown between stage 1 (0.39 +£0.06), stage 2
(0.38 +0.05), stage 3 (0.14 +0.09) and the control group
(1.56 £0.46) and between stage 1, stage 2, with stage 3,
while no significant difference was shown between stage
1 and stage 2.

A highly significant difference (p < 0.001) was shown
in albumin among stage 1 (2.64 £0.98), stage 2 (2.57
10.89), and stage 3 (2.91 £0.91) with the control group
(4.25 £0.56), while no significant difference between each
stage was shown.

A highly significant difference (p < 0.001) in CRP be-
tween stage 1 (33.93 £64.75), stage 2 (35.81 £29.45), and
stage 3 (54.29 +64.41) with the control group (2.60 +0.84)
was shown, while no significant difference was found be-
tween each stage.

Table 3 demonstrates non-significant differences
(p = 0.05) in Na among the AKI patients of stage 1 (140.80
+3.61), stage 2 (138.24 +11.85), stage 3 (135.26 £11.14),
and the control group (137.17 +3.61). Also, non-signifi-

Age*

4.31+4.03

® Control (n=30) @ Stage1(n=32)
@ Stage 2 (n=27) o Stage 3 (n=31)

FIGURE 1. The age level in paediatric male patients with acute kid-
ney injury stages compared to the control group

Least significant difference = 2.48
*Significant difference at p < 0.01

TABLE 1. The weight and height of paediatric male patients with acute kidney injury as compared to the control group using ANOVA

Parameters Groups

Control Stage 1 Stage 2 Stage 3

n=30 n=32 n=27 n=31
Weight [kq] 27.85 +£16.80 2533 £15.30 18.65 £12.65 15.33 +10.10 0.001 6.96
Height [m] 1.22 £0.32 1.24 +£0.35 1.06 +0.38 0.98 +0.29 0.01 0.17

LSD — least significant difference, N — number of sample
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BMI™ cant differences (p > 0.01) among all stages with control
and between each stage were shown.

A highly significant difference (p < 0.001) was found
in K between stage 2 (4.96 £0.99) and stage 3 (5.16 +1.61)
with control (4.25 +0.45) and between stage 1(4.47 £0.92)
and stage 3, while no significant difference between stage
1 with controls and between stage 1 and stage 2 and be-
tween stage 2 and stage 3.

A highly significant difference (p = 0.05) in Cl was
found between stage 1 (111.11 +9.80) and controls
(103.26 +2.81), while nonsignificant difference between
stage 2 (107.31 +£13.65) or stage 3 (106.32 +14.41) with
controls and between stage 2 and stage 3 and between
each stage.

The results shown in Table 4 demonstrate a highly
significant difference (p < 0.001) in KIM-1 among stage 1
(1501.64 £417.02), stage 2 (1638.91 +354.85), and stage 3
(1474.16 £425.63), with the control group (716.64 £50.72),

14.67 +1.87

m Control (n=30) @ Stage 1(n=32)
@ Stage 2 (n=27) o Stage 3 (n=31)

FIGURE 2. The level of body max index in paediatric male patients  yhjle no significant difference was seen between each stage.

with acute kidney injury stages compared to the control group Also, a highly significant difference (p < 0.001) was
BMI — body mass, index

Leastsignifcan diffrence = 1.03 shown in cystatin C among AKI patients of stage 1 (12.52
* High significant difference at p < 0.01 +3.02), stage 2 (13.23 +2.42), and stage 3 (11.85 £3.04)

TABLE 2. The level of different renal function tests in paediatric male patients with acute kidney injury stages as compared to the control
group using ANOVA

Parameters 95% Cl for mean Min

Lower Upper
Creatinine [mg/dI] Control 30 0.46 0.12 0.42 0.51 0.27 0.71 0.001 0.63

Stage 1 32 0.63 0.18 0.56 0.69 0.34 | 0.90
Stage 2 27 0.97 0.36 0.83 1.1 0.50 1.80
Stage 3 31 3.18 2.36 232 4.05 1.00 | 9.69
Urea [mg/dl] Control 30 20.61 5.13 18.69 22.52 | 11.00 | 28.00 | 0.001 | 17.47
Stage 1 32 61.10 | 17.99 54.61 67.59 | 43.00 | 112.00
Stage 2 27 74.85 | 24.42 65.19 84.51 | 41.00 | 123.80
Stage 3 31 17479 | 6230 | 151.94 | 197.64 | 82.40 | 325.10
Albumin [g/dI] Control 30 4.25 0.56 4.04 4.46 3.50 | 5.20 0.001 0.43
Stage 1 32 2.64 0.98 2.29 3.00 1.01 4.24
Stage 2 27 2.57 0.89 2.22 2.92 1.00 | 4.80
Stage 3 31 2.91 0.91 2.58 3.25 140 | 4.70
BUN [mg/dl] Control 30 3.21 0.80 2.91 3.50 1.71 4.36
Stage 1 32 949 | 278 8.49 1050 | 6.69 | 17.42 | 0.001 | 2.84
Stage 2 27 11.64 3.80 10.14 13.15 6.38 | 19.26
Stage 3 31 27.19 9.69 23.63 30.74 | 12.82 | 50.57
Urine output [ml/kg/hour] | Control 30 1.56 0.46 1.38 1.73 1.07 2.78 0.001 0.12
Stage 1 32 0.39 0.06 0.37 0.42 0.28 | 0.49
Stage 2 27 0.38 0.05 0.36 0.40 030 | 049
Stage 3 31 0.14 0.09 0.11 0.18 0.01 0.31
GFR [ml/min/1.73 m?] Control 30 109.71 | 13.06 | 104.83 | 114.59 | 91.32 | 147.50 | 0.001 4.67
Stage 1 32 81.40 4.08 79.93 82.87 | 72.04 | 88.95
Stage 2 27 48.25 8.10 45.05 51.45 35.44 | 61.95
Stage 3 31 17.94 8.80 14.72 21.17 409 | 33.36
CRP [mg/I] Control 30 2.60 0.84 2.28 291 118 | 4.03 0.001 | 25.41
Stage 1 32 33.93 | 64.75 10.59 57.28 1.70 | 345.00
Stage 2 27 35.81 29.45 24.16 47.46 6.63 | 118.30
Stage 3 31 5429 | 64.41 30.66 77.91 4.56 | 350.00

BUN — blood urea nitrogen, CRP — C-reactive protein, GFR — glomerular filtration rate, LSD — least significant difference, N — number of samples, SD — standard deviation
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TABLE 3. The level of sodium, potassium, and chloride in paediatric male patients with acute kidney injury stages compared to the control

group using ANOVA
Parameter Groups N Mean 95% Cl for mean
Lower Upper

Na [mmol/I] Control 30 | 137.17 3.61 135.82 138.52 130.00 143.00 0.12 N.S
Stage 1 32 | 140.80 8.32 137.80 143.80 122.00 170.00
Stage 2 27 | 13824 | 11.85 133.56 142.93 114.00 165.00
Stage 3 31 13520 | 11.16 131.10 139.29 108.00 163.00

K [mmol/I] Control 30 4.25 0.45 4.09 4.42 3.50 5.00 0.001 | 0.54
Stage 1 32 4.47 0.92 4.13 4.80 2.39 6.10
Stage 2 27 4.96 0.99 4.57 5.36 3.10 6.98
Stage 3 31 5.16 1.61 4.57 5.75 227 9.10

Cl [mmol/1] Control 30 | 103.26 2.81 102.22 104.31 97.10 108.60 0.05 | 5.77
Stage 1 32 | 111N 9.80 107.58 114.64 92.00 140.00
Stage 2 27 | 107.31 13.65 101.91 112.72 79.00 135.20
Stage 3 31 | 10632 | 1441 101.03 111.60 71.00 136.00

(I — chloride, K — potassium, LSD — least significant differences, N — number of samples, Na — sodium, SD — standard deviation

TABLE 4. The level of kidney injury molecule-1 and cystatin Cas predict biomarkers in paediatric male patients with acute kidney injury stages
compared to the control group using ANOVA

Parameters Groups N 95% Cl for mean LSD
Lower Upper

Cystatin C [ng/ml] Control 30 532 1.71 4.68 5.96 2.25 8.92 0.001 1.36
Stage 1 32 | 12.52 3.02 11.43 13.61 4.55 18.01
Stage 2 27 13.23 2.42 12.28 14.19 454 17.54
Stage 3 31 | 11.85 3.04 10.73 12.97 4.52 17.19

KIM-1 [pg/ml] Control 30 | 716.64 | 50.72 698.49 734.79 611.87 | 812.933 | 0.001 | 181.75
Stage 1 32 | 1501.64 | 417.02 | 1357.15 1646.13 | 430.97 | 2146.67
Stage 2 27 | 163891 | 354.85 | 1505.07 177276 | 471.72 | 2706.59
Stage 3 31 | 147406 | 425.63 | 1324.33 1623.99 | 468.09 | 2059.67

KIM-1 — kidney injury molecule-1, LSD — least significant differences, N — number of samples, SD — standard deviation

with the control group (5.32 +£1.71) and between stage 2
and stage 3, while no significant difference was seen bet-
ween stage 1 and stage 2 and between stage 1 and stage 3.

Table 5 shows nonsignificant differences in stages 1, 2,
and 3 between KIM-1 and age groups (1-4), (5-9), and
(10 and more).

Table 6 shows nonsignificant differences in stages 1,
2, 3 between cystatin C and age groups (1-4), (5-9), and
(10 and more).

Table 7 shows highly significant differences (p <0.001)
in age among all age groups (1-4), (5-9), and (10 and
more), (1.85 +0.88), (6.80 +1.62), and (13.42 +1.98), re-
spectively, in stage 1. Also, stages 2 and 3 showed highly
significant differences (p < 0.001) in age among all age
groups.

Table 8 shows highly significant differences (p < 0.001)
in weight among all age groups (1-4), (5-9), and (10 and

more), (9.15 +2.25), (20.50 +5.50), and (42.83 +6.12), re-
spectively, in stage 1. Also, stages 2 and 3 found highly
significant differences (p < 0.001) in the weight among
all age groups.

Table 9 shows highly significant differences (p < 0.001)
in height among all age groups (1-4), (5-9), and (10 and
more), (0.81 +0.08), (1.22 +0.16), and (1.61 +0.08), re-
spectively, in stage 1. Also, stages 2 and 3 showed highly
significant differences (p < 0.001) in weight among all age
groups.

Table 10 shows highly significant differences (p < 0.001)
in the BMI among all age groups (1-4), (5-9), and
(10 and more), (13.88 +1.34), (13.61 +0.85), and (16.43
+1.58), respectively, in stage 1, while there is a non-signif-
icant difference in BMI among age groups in stages 2 and 3.

Table 11 shows the GFR by sCr among AKI patients in
each stage of AKI to be (81.40 +£4.08), (48.25 £8.10), and
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TABLE 5. Comparison of kidney injury molecule-1 for acute kidney injury stages according to age group classification using ANOVA

Parameters Stage Ages N Mean SD p-value
KIM-1 [pg/ml] Stage 1 1-4 10 1645.15 450.97
5-9 10 1405.66 582.06 N.S
10 and more 12 1462.04 133.00
Stage 2 1-4 15 1683.88 462.36
5-9 4 1610.65 179.58 N.S
10 and more 1568.71 126.11
Stage 3 1-4 20 1405.72 517.88
5-9 7 1590.32 72.49 N.S
10 and more 4 1613.08 118.69
KIM-1 ~ kidney injury molecule-1, LSD — least significant differences, N — number of sample, NS — non-significant, SD — standard deviation
TABLE 6. Compare the cystatin C for acute kidney injury stages according to age group classification using ANOVA
Parameters Stage Ages N Mean SD p-value
(ystatin C [mg/I] Stage 1 1-4 10 1.85 0.88
5-9 10 6.80 1.62 N.S
10 and more 12 13.42 1.98
Stage 2 1-4 15 12.57 250
5-9 4 14.14 2.28 N.S
10 and more 14.03 2.21
Stage 3 1-4 20 11.46 3.53
5-9 7 11.82 0.78 NS
10 and more 4 13.86 2.44
1D  least significant differences, N — number of samples, NS — non-significant, SD — standard deviation
TABLE 7. Classification of the stages of acute kidney injury paediatric male patients according to age group
Parameters Stage Ages N Mean ) p-value LSD
Age (year) Stage 1 1-4 10 1.85 0.88
5-9 10 6.80 1.62 0.001 1.40
10 and more 12 13.42 1.98
Stage 2 1-4 15 1.84 1.04
5-9 4 6.55 1.86 0.001 1.85
10 and more 12.38 245
Stage 3 1-4 20 1.78 1.01
5-9 7.00 1.41 0.001 1.22
10 and more 4 12.25 2.87

LSD — least significant differences, N — number of samples, SD — standard deviation

(17.94 £8.80) in stage 1, stage 2, and stage 3, respectively
compared in control groups (109.71 £13.06) demonstrated
highly significant difference (p < 0.001) between all stages
with control and between stages 2 and 3 with stage 1 and
between stage 2 and stage 3.

The glomerular filtration rate by sCr and Cys C
among AKI patients in each stage of AKI was (28.56
+4.71), (20.74 £2.99), and (12.48 +4.07) in stage 1, stage

2, and stage 3, respectively, compared in control groups
(50.30 +7.73) demonstrated highly significant difference
(p £0.001) among all stages with control and between
stage 2 and stage 3 with stage 1 and between stage 2
and stage 3, while a nonsignificant difference was seen
between stage 1 and stage 2.

The glomerular filtration rate by Cys C among AKI pa-
tients in each stage of AKI was (7.41 +2.84), (6.70 +2.16),
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TABLE 8. Compare the weight of paediatric male patients of acute kidney injury stages according to age group in different stages

Parameters Stage Age N Mean ) p-value LSD
Weight [kg] Stage 1 1-4 10 9.15 2.25
5-9 10 20.50 5.50 0.001 4.40
10 and more 12 42.83 6.12
Stage 2 1-4 15 9.77 2.85
5-9 4 18.00 5.35 0.001 2.01
10 and more 35.63 8.19
Stage 3 1-4 20 9.47 2.64
5-9 20.86 6.18 0.001 5.01
10 and more 4 35.00 9.13

LSD — least significant differences, N — number of samples, SD — standard deviation

TABLE 9. Compare the height of paediatric male patients of acute kidney injury stages according to age group in different stages

Parameters Stage Age N Mean ) p-value LSD

Height [m] Stage 1 1-4 10 0.81 0.08
5-9 10 1.22 0.16 0.001 0.10

10 and more 12 1.61 0.08

Stage 2 1-4 15 0.78 0.22
5-9 4 1.20 0.10 0.001 6.34

10 and more 1.53 0.09

Stage 3 1-4 20 0.80 0.12
5-9 1.19 0.13 0.001 0.13

10 and more 4 1.53 0.10

1D  least significant differences, N — number of samples, SD — standard deviation
TABLE 10. Comparison of body mass index for acute kidney injury stages according to age group classification

Parameters Stage Age N Mean )] p-value LSD

BMI [kg/m?] Stage 1 1-4 10 13.88 1.34
5-9 10 13.61 0.85 0.001 1.15

10 and more 12 16.43 1.58

Stage 2 1-4 15 13.73 1.56

5-9 4 12.25 1.42 NS
10 and more 14.85 235
Stage 3 1-4 20 14.70 1.98
5-9 7 14.50 1.72 NS
10 and more 4 14.80 2.08

BMI — body mass, index, LSD — least significant differences, N — number of samples, NS — non-significant, SD — standard deviation

TABLE 11. The glomerular filtration rate by serum creatinine of paediatric male patients with acute kidney injury patients as compared
to the control group using ANOVA

LSD

p-value

Parameters Group

Control 1, Stage 1, Stage 2,

n=30

n=32

n=27

GFR by sCr [ml/min/1.73 m?] 109.71 £13.06 | 81.40 +4.08 | 48.25 +8.10 | 17.94 +8.80 0.001 4.70
GFR by sCr and cystatin C [ml/min/1.73m? | 50.30 +7.73 2856 +£4.71 | 20.74 £2.99 | 12.48 +4.07 0.001 2.7
GFR by cystatin C [ml/min/1.73 m?] 16.30 +£5.07 7.41 £2.84 6.70 £2.16 7.77 £3.32 0.001 1.84

GFR — glomerular filtration rate, LSD — least significant differences, N — number of samples, sCr — serum creatinine, SD — standard deviation
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GFR*

49.60 =27.64

Mean

20.68 +7.85

7.32+2.84

GFR by sCr
cystatin C
[m/min/1.73 m?]

GFR by cystatin C GFR
[m/min/1.73m2  [m/min/1.73 m?]
by sCr

FIGURE 3. The level of glomerular filtration rate in paediatric male
patients with acute kidney injury stages compared according
to 3 equations

GFR — glomerular filtration rate, sCr — serum creatinine
Least significant difference = 4.87
* High significant difference at p > 0.01

and (7.77 £3.32) in stage 1, stage 2, and stage 3, respec-
tively, compared in control groups (16.30 £5.07) demon-
strated highly significant difference (p < 0.001) between
all stages with control, while nonsignificant difference
between each stage.

As shown in Figure 3, the result of GFR depends on
the three-marker used detected as a decrease among AKI
patients in each equation: GFR by sCr and cystatin C,
GEFR by cystatin C, and GFR (ml/min/1.73 m?) by sCr
was (20.68 +7.85), (7.32 +2.84), and (49.60 +27.64), re-
spectively. The analytical study demonstrated highly sig-
nificant variations (p < 0.001) between patient groups.

Table 12 shows a positive correlation (r = 0.366) and
(r = 0.236) between KIM-1 and urea and creatinine, re-
spectively. A negative correlation (r = -0.458), (r = -0.629),
(r=-0.119), (r = -0.403), and (r = -0.503) existed be-
tween KIM-1 and albumin, urine output, age, BMI, and
GEFR, respectively.

However, a positive correlation — (r=0.366) and (r=0.214)
- existed between Cys C and urea and creatinine, respec-
tively, and a negative correlation - (r = -0.453), (r = 0.366),
(r=-0.675), (r = -0.039), (r = -0.452), and (r = -0.522) -
existed between Cys C and albumin, BUN, urine output,
age, BMI, and GFR, respectively.

DISCUSSION

In the current study, nutritional status measure-
ments of growth parameters of enrolled children showed
nonsignificant differences between the patient and con-
trol groups in age and height, but there was significant
variation in weight and BMI between patient and con-
trol groups that related the majority of paediatrics with
AKIT suffer malnutrition and inactivity with a nutritional
deficiency in comparison with paediatrics with normal
or moderate dietary deficiency and this agreement with

[25], BMI was the most effective factor in predicting
varying degrees of malnutrition agreement with [26] and
disagreement with [27] demonstrated that high BMI in-
creases the risk of AKI.

This study found that KIM-1 has increased concentra-
tions in AKI patients related to KIM-1 is expressed in low
levels in the kidney and other organs in normal kidneys.
Nonetheless, its expression is accentuated in kidney inju-
ry because it is an enzyme released by tubular cell damage
[1]. Kidney injury molecule-1 is released into the circu-
lation following kidney proximal tubule damage. Tubu-
lar cell polarity is lost after damage, and KIM-1 may be
discharged directly into the interstitial; furthermore, in-
creased trans-epithelial permeability after tubular injury
causes tubular contents to seep back into the circulation.
In addition, increased microvascular permeability con-
tributes significantly to the pathogenesis of kidney dam-
age. In renal microvascular endothelial cells, the actin
cytoskeleton architecture is disrupted, with loss of cell-
cell and cell-matrix adhesion junctions, and endothelial
cells are separated from the basement membrane, allow-
ing KIM-1 to enter the circulation. The current study
found that elevated levels of KIM-1 can be detected in
the blood and can be used as a biomarker of kidney injury
[28]. Kidney injury molecule-1 is secreted by inflamma-
tory cells as macrophages that enter the kidneys during
the inflammatory phase and are markedly up-regulated
in the proximal tubule in the post-ischaemic kidney.
After all, this pro-inflammatory mediator is produced
because of tissue damage, which serves as a biomarker
for early detection of kidney injury [14]. After the reduc-
tion in renal blood flow, the epithelial cells are unable to
maintain sufficient intracellular adenosine triphosphate
(ATP) levels for essential metabolic processes. This ATP
depletion leads to cellular damage and, if severe enough,
can cause cellular death through necrosis or apoptosis.
During an ischaemic event, the proximal tubular cells
are the most commonly damaged, although all segments
of the nephrons are potentially affected [10]. There are
numerous grounds to believe that KIM-1 is released into
the circulation following kidney proximal tubule damage.
Tubular cell polarity is lost after damage, and KIM-1 may
be discharged directly into the interstitial. Furthermore,
increased trans-epithelial permeability after tubular inju-
ry causes tubular contents to seep back into the circula-
tion. In addition, increased microvascular permeability
contributes significantly to the pathogenesis of kidney
damage and this agrees with [28] but disagrees with [29],
which demonstrated a decrease in KIM-1 in kidney inju-
ry in their study.

This study proved that cystatin C was found to in-
crease concentrations AKI patients in compared to nor-
mal. That is because cystatin C is produced at a constant
rate in all nucleated cells investigated, freely filtered by
the glomeruli, and almost completely reabsorbed in
the proximal tubule. In normal kidneys, it is expressed in
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low levels in the kidney and other organs, but its expres-
sion is elevated in kidney injury related to decreased GFR,
because that that Cystatin C can be eliminated almost ex-
clusively from the bloodstream by glomerular filtration in
the kidney, if kidney function and GFR decline, the blood
levels of cystatin C increase. Kidney dysfunction increases
the risk of cardiovascular disease and death, and this is in
agreement with [10-14]. Cys C is believed to be neither
actively secreted into the tubular lumen nor reabsorbed
into the plasma. After filtration, Cys C is normally com-
pletely reabsorbed by proximal renal tubular epithelial
cells, through megalin receptor-induced endocytosis,
and catabolised. There is virtually no detection of CysC in
the urine; however, it can be measured. Indeed, elevated
urine Cys C may indicate tubular epithelial damage, and
it has been proposed as an additional urine biomarker for
AKI [30]. Cystatin C is an endogenous biomarker of renal
function produced by all nucleated cells at a near-con-
stant rate, independent of muscle mass, and it is cleared
from circulation through glomerular filtration without
reabsorption or secretion. CysC performs equally as
sCr as a marker of renal function in most AKI cases and
outperforms sCr in some cases [31], and this study is in
disagreement with [29], which demonstrated a decrease
of cystatin C in kidney injury.

This study demonstrates that developed serum creat-
inine in AKI patients is defined as an increase in serum
creatinine, and this is because sCr is the product of cre-
atine metabolism with a small molecular weight, most
of which passes through glomerular filtration, and almost
all the sCcr formed in the body can be excreted by urine.
Reduced cardiac output and decreased blood volume
due to diuretic use result in renal insufficiency, decreased
GFR, and increased sCr [24]. Creatinine elimination by
the kidney and the kidney damage causes an accumulate
of serum creatinine. Nonetheless, the diagnosis and strat-
ification of AKI are made by obtaining serum creatinine
levels, and this agrees with [10] but disagrees with [29],
in which no changes in sCr were observed in their study
of kidney injury.

An increase in blood urea related to urea is it prod-
uct of proteins and nitrogen metabolism, urea is the most
abundant substance in the blood of uremic people [32],
and due to the decline of GFR as a result of early cellular
damage, which also lowers total renal function. This causes
a decrease in urine output as well as elevated serum urea
levels [33]. This phase begins with the initial insult or in-
jury to the kidneys. It is characterised by a decrease in
renal blood flow and/or direct damage to the kidney tis-
sue. Kidney function may decline, but it is still potentially
reversible with appropriate interventions [34].

A study demonstrated an increase of BUN related to
its filtration by GFR and reabsorption by renal tubular fil-
tration, A serum urea level can be represented as a molar
concentration or even as a mass concentration the levels
of serum mass concentration can be defined for the en-

tire urea molecule or nitrogen equivalents (BUN) = 60/28
ratio (O=C=(NH2)=urea that molecular weight = 60 and
there are 2 molecules of nitrogen — N, = 28 gram) [32],
BUN can change quickly enough during injury because
individuals with normal renal function have a functional
reserve that compensates for nephron injury [8], and this
agrees with [35]. The normal cause of increased urea ni-
trogen is ingestion of food with a high nitrogen content,
GFR, hypovolaemic shock, heart failure, gastrointestinal
haemorrhage, fever, or increased catabolism.

To diagnose and stratify AKI, serum creatinine levels
and urine output are assessed. A decrease in urine output
alone is insufficient for AKI diagnosis, because its sensi-
tivity and specificity are too low to confirm a diagnosis.
It is crucial to consider that a healthy renal functional
reserve can mitigate the increase in serum creatinine. This
is supported by [29], which showed that AKI is charac-
terised by an elevation in sCr or changes in urine output.

The study used 3 formulas to estimate GFR and
demonstrated a highly significant reduction in GFR
in AKI patient groups compared to the control groups
in each of the formulas related to pre-renal, renal, and
post-renal AKI causes are summarized by the pathophys-
iology of AKI, which varies based on the various factors
linked to its development a network of capillaries that
perform glomerular filtration — the process of filtering
waste products and other molecules like proteins. The re-
moval of bodily wastes is the foundation of glomerular
filtration [10].

Renal blood flow is primarily regulated by multiple
factors that involve extrarenal processes such as vascu-
lar tone, neurohormonal processes, and vasodilator/va-
soconstrictor substances, among others. Hence, failure
of any of these mechanisms will lead to hypoxia and then
decreased blood flow, causing a decrease in glomerular
filtration to produce the normal quantity of urine AKI
is not a single disease, but instead consists of a loose
syndrome - a collection of conditions including sepsis,
cardiovascular causes, nephrotoxicity, urinary tract ob-
struction, and in short — anything that can cause GFR to
be reduced quickly this agreement with [36]. Three mark-
ers to estimate GFR in patient groups and control groups
and compare these three formulas. The first is performed
by using sCr, which is filtered by the glomerular and al-
most completely reabsorbed in the proximal tubule, and
the second by using cystatin C - another element that
is filtered by the glomerular and in the proximal tubule
completely reabsorbed , and that constant production and
renal elimination make it an excellent biomarker of glo-
merular filtration, and this agrees with [10]. The third
formula by using sCr and cystatin C formula [37].

This result is in agreement with [38], in which
a slight increase in Na electrolyte was found in AKI pa-
tients, related to GFR changes, the excessive supply of Na
to the renal tubules disrupts the balance between oxygen
nutrient production and demand, resulting in damage
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to tubular epithelial cells and leading to oxidative stress
[39, 40], it disagrees with [40], which demonstrated that
electrolyte disorders are associated with worse outcomes,
with increased hospitalisation length and mortality, and
[41] demonstrated that hypernatraemia is a frequent con-
dition of life-threatening potential, found to occur in 9%
of ICU patients. Hypernatraemia can cause peripheral
insulin resistance, hepatic gluconeogenesis impairment,
neuropsychiatric impairment, and cardiac contractility
dysfunction, while hyponatraemia occurs due to a com-
bination of inappropriate secretion of antidiuretic hor-
mone and gastrointestinal fluid loss from vomiting and
diarrhoea [40].

This study shows the increase of K related to many
complications that can result from AKI, including meta-
bolic acidosis, and elevated blood K levels with decreased
excretion [1], and disagrees with [40] show hypokalaemia
and demonstrated that electrolyte disorders are associat-
ed with worse outcomes, with increased hospitalisation
length and mortality. Hyperkalaemia is a well-known
complication in AKI, and it should be recognised in-
stantly to prevent respective patients from severe cardiac
arrhythmias. The data on AKI risk and outcomes of initial
hypokalaemia are quite limited, in contrast [42]. Hyper-
kalaemia and K variability are probably AKI predictive.
It must be prepended that serum K levels change in re-
sponse to the intake of diuretics and/or angiotensin-con-
verting enzyme/angiotensin II type 2 inhibitors. This as-
pect needs to be considered if electrolyte disturbances are
diagnosed before AKI. A distinct electrolyte disorder may
reflect drug-induced effects (e.g. K and volume deple-
tion), ultimately responsible for AKI. The same applies to
AKT-associated alterations in the renin-angiotensin axis,
which also modifies electrolyte serum levels [42].

The study shows an increase of Cl related to the com-
promised ability to concentrate or dilute urine. In AKI,
Cl levels may be elevated or decreased, depending on
the underlying cause and severity of the injury. Elevated
Cl levels may be associated with dehydration, while de-
creased levels may be due to fluid overload or impaired
renal function, and this agrees with [43].

The study results show a decrease in albumin related
to malnutrition in patients with AKI, which causes hypo-
albuminaemia and is associated with the effect of other
factors such as proteinuria - a common problem in pa-
tients with renal failure. Several studies found that was
associated with higher urine albumin concentrations
and a decrease in serum, an early indicator of renal dam-
age [28]. The specificity of albumin level as a nutritional
marker decreases in cases of inflammation and fluid over-
load, and acidaemia also affects serum albumin levels,
which agrees with [26, 27].

The study demonstrated an increase in CRP related
to AKI as the spread of inflammatory processes from
the kidney to other organ systems also further increas-
es the white blood cells count. This may be due to up-

regulation and the presence of interleukin-6 (IL-6) and
cytokines such as tumour necrosis factor-a (TNF-a) in
blood, which participate in inflammation in the uremic
state [9]. AKI as the spread of inflammatory processes
from the kidney to other organ systems is also affected
by metabolic changes and undernutrition. Therefore, un-
dernourished patients are more vulnerable to AKI, and
this is in agreement with [27], which identified that nutri-
tional markers (a low energetic intake, higher C-reactive
protein level, etc.) are significantly associated with risk
of death in AKI patients. Studies have demonstrated that
malnutrition is related to poor prognosis in AKI, and CRP
has a direct and significant relationship with malnutri-
tion [26-44]. However, the elevation of traditional mark-
ers of inflammation such as CRP level is also associated
with an increased risk of heart failure and mortality after
acute myocardial infarction - one of the prerenal causes
of AKI [45].

The study also demonstrates a correlation between
KIM-1 and the biomarkers of the kidney. The positive
correlation between KIM-1 and urea, creatinine, and BUN
related to KIM-1 is an inflammatory biomarker, and el-
evated levels of KIM-1 can be detected in the blood and
can be used as a biomarker of kidney injury [46], and each
of urea according to [17], creatinine according to [10],
and BUN elevated related to that excreted from the body
depended on kidney filtration and due to kidney defect
increase in blood. In contrast, the negative correlation be-
tween KIM-1, albumin, and urine output related to the in-
crease of KIM-1 in AKI condition related to the presence
of inflammation, and reduction in albumin was associated
with inflammatory cytokine activation, which promotes
protein degradation. Blood albumin levels can drop as
a result of proteinuria, which is exacerbated by elevated
blood pressure, while the decrease of urine output related
to oliguria is the production of inadequate volumes
of urine in AKI patients agreement with [26], a nega-
tive correlation between KIM-1, BMI, and GFR related
to the increase of KIM-1 in kidney injury compared to
a decrease each of BMI and GFR related to malnutrition
presence in kidney injury patients that cause low weight
and BMI [23], while a decrease in GFR one of the import-
ant markers of kidney injury [19], on the other hand, an
increase of KIM-1 is released into the circulation follow-
ing kidney proximal tubule damage [14].

Also, the study demonstrates the correlation between
cystatin C and another biomarker of the kidney. The pos-
itive correlation between Cys C and creatinine, urea, and
BUN is related to that each of them is a glomerular filtra-
tion biomarker cystatin C levels increase earlier than urea
and creatinine when renal is injured [26], while the indi-
rect correlation between albumin and urine output relat-
ed to a decrease each of them in kidney injury, a negative
correlation between Cys C, BMI, and GFR related to an
increase in Cys C, which is considered an early marker
for the diagnosis of AKI [47, 48], while a decrease in each
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BMI due to malnutrition accompanied with kidney injury
and decrease of GFR.

LIMITATIONS

In this study, it was a challenge to collect the AKI cas-
es, particularly in the paediatric population, and it was
difficult to obtain urine output with a catheter in younger
male patients. The study was carried out in a single outpa-
tient centre with a small sample size. As a result, the out-
come of the study might not include all patients with
acute kidney injury.

RECOMMENDATIONS

A future study is to be done on a larger sample size
to give more accurate results; recommended to increase
the age of patients and recommended to select females.
Also recommended to study the AKI in infants after birth
especially that may be related to pregnancy problems.
For early treatment and to prevent complications, rec-
ommended to use serum cystatin C, which is considered
the gold standard for GFR because it is more accurate and
useful and not affected by gender, age, and other factors.
Future studies to validate the sensitivity and specificity
of KIM-1 and cystatin C as diagnostic biomarkers and as
associated with the severity of different kinds of clinical
renal injury could improve knowledge on these matters.
Recommended to use the same biomarkers in adult or
paediatric female patients with AKI or CKD. Future stud-
ies on other novel biomarkers such as urinary dickkopf-3,
and chemokine ligand 2 in adults or paediatric males and
females with AKI, or CKD.

CONCLUSIONS

Increased concentrations of cystatin C and KIM-1
biomarkers in all stages of AKI patients, Early detec-
tion and intervention are considered crucial to decrease
the damage caused and reduce the chance of complica-
tions and mortality. Serum cystatin C adds more value
than other kidney function markers in the early stages
of AKI patients because it is more accurate for the mea-
surement of GFR than creatinine and is less affected by
gender, age, muscle mass, and food. Significant positive
correlation between all biomarkers with some renal tests
(urea, creatinine, BUN, and CRP), while significant neg-
ative correlation with (albumin, GFR, and urine output).
There is a loss of growth factors such as BMI in patients
with AKI, and this is related to many symptoms associat-
ed with AKI loss of activity, and malnutrition.

Prompt diagnosis and treatment of the disease will
slow down the progression of the disease and prevent
it from causing lasting complications, such as chronic
kidney failure. Therefore, we are looking for diagnostic
methods for early AKI identification. It is increasingly

evident that repeated AKI can lead to the development
of CKD and eventually end-stage renal disease through
a progressive decline in renal function without apparent
symptoms in the early stages. Acute kidney injury is treat-
ed with renal replacement therapy (RRT). Malnutrition
is highly prevalent in patients with acute kidney injury,
especially in those receiving RRT.
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