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Abstract
Background: Despite recent advances in perinatal and neonatal care in respiratory distress syndrome (RDS) prevention and treatment, a considerable number of these neonates suffer from
acute kidney injury (AKI), and it is associated with poor outcome as an independent risk factor.
KIM-1 mRNA and protein are expressed at a low level in normal kidney but are increased in post
ischemic kidney. Aim: The aim is to detect the value of urinary KIM-1 measurement as an early
predictor marker of acute kidney injury in preterm neonates with respiratory distress syndrome.
Patients and methods: The study included 30 preterm newborn with (RDS) ≤36 weeks during the
period from October 2014 to March 2015. Also the study included 30 apparently healthy newborn
≤36 weeks as controls. They were selected from NICU of Manshiate Elbakry hospital Cairo, Egypt.
uKIM-1 along with serum creatinine levels and eGFR were assessed in days 1 of life for both
groups and in day 3 for cases. Results: In day one of life, we found a significant increase in uKIM-1
levels in preterm newborn with RDS compared to their controls (2.88 ± 1.01 ng/ml and 0.95 ± 0.52
ng/ml respectively (p = 0.001)). There is no significant difference between both groups regarding
serum creatinine and eGFR. In day 3 of life, preterm with RDS had significant decrease in uKIM-1
levels compared to day 1 of life with significant increase in non-survivor compared to survivor
group ( 2.30 ± 1.56 ng/ml and 1.30 ± 0.90 ng/ml respectively (p = 0.03)). The sensitivity and specificity of uKIM-1 and serum creatinine was calculated (100.00%, 86.67% and 33.33%; 95.00%) respectively. Conclusion: Preterm neonate with RDS is at high risk of developing AKI. Early and serial uKIM-1 measurements can be used as a non-invasive indicator of kidney injury in premature
newborn with RDS.
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1. Introduction
Respiratory distress syndrome, also known as hyaline membrane disease, occurs almost exclusively in premature infants. The incidence and severity of respiratory distress syndrome (RDS) are related inversely to the gestational age of the newborn infant (Pramanik et al., 2015) [1].
AKI incidence in patients with RDS was 29.5%. Incidence of AKI was 38% among premature infants at 27 to
34 weeks of gestational age. Approximately one-third of preterm infants with RDS faced the risk of AKI (Genc
et al., 2013) [2].
Acute kidney injury is typically diagnosed by measuring serum creatinine. Unfortunately; creatinine increase
is a delayed and unreliable indicator of AKI (Clerico et al., 2012) [3].
Serum creatinine varies with age, sex, muscle bulk, metabolism, drugs and hydration status. It will not change
until >50% of kidney function has already been lost (Deverajan, 2007) [4].
Identifying biomarkers, to enable early and sensitive detection of AKI, has attracted the attention of recent
research. An early detection could provide improvement in patient outcomes (Parikh et al., 2010; Bagshaw and
Bellomo, 2007) [5] [6].
Urine is an excellent source of biomarkers in kidney disease because it has been estimated that normally 70%
of the urinary proteins originate from the kidney and the urinary tract (Thongboonkerd and Malasit, 2005) [7].
Lines of evidence showed that urinary NGAL, IL-18, Cys-C, KIM-1 and some other candidate molecules
were believed as potential markers to the diagnosis of AKI (Adiyanti and Loho, 2012; Edelstein, 2008) [8] [9].
But until now, none of them are currently established well enough to replace serum creatinine as a marker of
renal function. Among various kinds of these markers, growing evidence showed that KIM-1 performed significant superiority in early detection of AKI than others, especially within 24 hours, before serum creatinine increases, which made it possible to conduct prevention or treatment strategies at a very early stage of AKI
(Liangos et al., 2009; Han et al., 2008) [10] [11].
KIM-1 is a type I transmembrane protein and is highly up-regulated in the proximal tubule epithelial cells.
KIM-1 mRNA and protein are expressed at a low level in normal kidney but are increased in post ischemic kidney (Stojanović et al., 2014) [12]. Urinary KIM-1 levels are strongly related to tubular KIM-1 expression in experimental and in human renal disease (Waanders et al., 2010) [13].

2. Subjects and Methods
This is a case control study was carried out on (30) preterm neonates ≤ 36 weeks with respiratory distress syndrome. RDS was diagnosed according to clinical and radiographic criteria with typical chest radiographs (air
bronchograms and reticulogranular infiltration) with respiratory and/or metabolic acidosis at birth or within several hours after delivery (Avery et al., 2005) [14]. Also it included 30 preterm neonates ≤ 36 weeks as a control
group. They were selected from NICU of Manshiate Elbakry hospital Cairo, Egypt, during the period from October 2014 to March 2015. Full term newborn, premature with: severe asphyxia, neonatal sepsis, multiple congenital anomalies including renal or any other congenital anomalies, inborn error of metabolism, newborn experienced exchange transfusion, extreme low birth weight and also newborn to the mother who suffered from
chronic kidney disease were excluded from the study. Informed consent was obtained from the participating
parents in adherence with the guidelines of the ethical committee of AL-Zahraa hospital, AL-Azher University,
Cairo, Egypt.
The followings were done for all the studied neonates:
1) Full history taking including: Prenatal history including maternal condition during pregnancy (hypertention, PROM or DM…). Natal history includes mode and duration of delivery. Post natal history including 1st
cry, cyanosis, Apgar score at one minute 5, and 10 minutes, urine output, medications, sleepiness, respiratory
distress and convulsion.
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2) Clinical examination: Full general and local examination including: gestational age assessment using New
Ballard Score (Ballard et al., 1991) [15]. Anthropometric measures, clinical features of respiratory distress such
as tachypnea, grunting, retractions and cyanosis. Arterial blood gases (ABG): using Gen Dremier 3000.

2.1. Sampling
a) Blood sample collection:
• 3 ml of venous blood were withdrawn; 1 ml was collected on EDTA for CBC estimation.
• 2 ml were collected into plan tube, left to clot then prompt separation of serum was done for BUN and Serum creatinine, were done on the same day.
• 0.5 ml was taken on heparinized syringe from pre-warmed heel at birth for (ABG).
b) Urine sample collection:
Urine: Aseptically collection of the urine by using a urine bag. It is a plastic bag with a sticky strip on one
end, made to fit over our baby’s genital area. Open this bag and place it on the infant.
• For males, place the entire penis in the bag and attach the adhesive to the skin.
• For females, place the bag over the two folds of skin on either side of the vagina (labia).
Put a diaper on the baby (over the bag).Check the infant often, and change the bag after the infant has urinated.
Empty the urine from the bag into a sterile container (Neil et al., 2013) [16]. Assay immediately, or aliquot and
store at ≤−20˚C, till the time of assay (avoid repeated freeze-thaw cycles).

2.2. Routine Investigations
1) Complete blood count (CBC) with differential leucocytes count: using Sysmex Kx 21.
2) Serum creatinine was estimated in day 1 and day 3 of life: using HITACHII auto analyzer.
3) C-reactive protein (CRP): using Integra E 400.
4) Arterial blood gases (ABG): using Gen Dremier 3000.
5) Radiological investigation: chest x ray: used to detect RDS.

2.3. Specific Investigations
• Urinary kidney injury molecule-1 (uKIM-1) by ELIZA, it was done in day 1 (within the first 24 hour of admission) and in day 3 of life.
• eGFR ml/min/1.73m2 (estimated in day 1 and day 3 of admission), eGFR = Kx height (cm)/PCr (Schwartz et
al., 1987) [17].

2.4. Principle of Test for KIM-1
• This assay employs the quantitative sandwich enzyme immunoassay technique. A monoclonal antibody specific for human KIM-1 has been pre-coated onto a micro-plate. Standards and samples are pipetted into the
wells and any TIM-1 present is bound by the immobilized antibody. After washing away any unbound substances, an enzyme-linked polyclonal antibody specific for human KIM-1 is added to the wells. Following a
wash to remove any unbound antibody-enzyme reagent, a substrate solution is added to the wells and color
develops in proportion to the amount of TIM-1 bound in the initial step. The color development is stopped
and the intensity of the color is measured (https://resources.rndsystems.com/pdfs/datasheets/dkm100.pdf)
[18].

2.5. Study Limitation
Small sample size, the relatively small number of studies and heterogeneity between them are the study limitation.

2.6. Statistical Analysis
Data collected and analyzed by computer program SPSS “Statistical Package for Social Science 1993” version
16.
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Qualitative data were presented as number and percentages while quantitative data were presented as mean,
standard deviations and ranges. Independent (unpaired) student t-test was used to determine significance for
numeric variable between two groups.
Person’s correlation was used in each group for numeric variables.
Chi-square test was performed to determine significance between non parametric variables.
Roc curve analysis was done to determine sensitivity, specificity, cut off point, positive and negative predictive values.
The P-value was considered significant as the following:
P-value > 0.05: non-significant.
P-value < 0.05: significant.
P-value < 0.01: highly significant.

3. Results
Table 1: Comparison between preterm with RDS and their controls regarding demographic data and anthropometric measurements it revealed: significant decrease in Apgar at 1 and 5 minutes, PH, PO2 and HCO3 in preterm with RDS with (p = 0.001), with significant increase in PCO2 in preterm with RDS compared to the control
group with (p = 0.004).
Table 2: Comparison between preterm with RDS and their controls regarding (BUN, serum creatinine and
eGFR) in day 1 of life it revealed; significant increase in uKIM-1 in preterm with RDS compared to their controls (p = 0.001),but there was no significant difference between both groups regarding BUN, serum creatinine
and eGFR.
Table 3: Comparison between (day 1 and day 3) of life in preterm with RDS and between survivors and
Table 1. Comparison between preterm with RDS and their controls regarding demographic data and anthropometric measurements.
Pre term Control group (n = 30)

Variable

Mean ± SD

Pre term RDS group (n = 30)

Range

Mean ± SD

Chi square test

Range

X2/t

p-value
0.058

Gestational age {GA} (WK)

35.73 ± 0.45

(35 - 36)

35.43 ± 0.679

(34 - 36)

−2.018

Birth Weight {BW} (Kg)

2.49 ± 0.96

(2.3 - 2.7)

2.40 ± 0.21

(2.1 - 2.7)

−2.093

0.051

Birth length{BL} (cm)

45.77 ± 1.22

(44 - 48)

44.87 ± 2.315

(40 - 48)

−1.883

0.065

Head circumference {HC} (cm)

1.513

0.153

0.258

0.795

33.96 ± 0.67

(33 - 35)

33.38 ± 1.99

(25 - 35.5)

Male

14

46.5%

15

50%

Female

16

53.5%

15

50%

1 min

7.30 ± 0.75

(6 - 8)

5.87 ± 1.28

(3 - 7)

5.280

0.001

5 min

8.96 ± 0.18

(8 - 9)

8.37 ± 0.96

(6 - 9)

3.309

0.001

PH

7.39 ± 0.02

7.34 - 7.43

7.32 ± 0.08

7.1 - 7.49

4.524

0.001

PCO2 (mmHg)

39.75 ± 2.02

36.5 - 44

42.89 ± 5.29

36 - 56

−3.034

0.004

pO2 (mmHg)

78.52 ± 28.40

45 - 154

45.74 ± 4.53

35.3 - 55

6.242

0.000

HCO3 (mmol/L)

22.82 ± 0.49

22 - 23.6

18.79 ± 4.29

10.2 - 28.2

5.119

0.000

Gender
{n (%)}
Apgar

Blood –gases

Table 2. Comparison between preterm with RDS and their controls regarding (BUN, serum creatinine and eGFR) in day 1 of
life.
Variable

Pre term Control group (n = 30)

Pre term RDS group (n = 30)

Chi square test

Mean ± SD

Range

Mean ± SD

Range

t

p-value

BUN in day 1 (mg/dl)

14.97 ± 0.36

(14 - 16)

18.86 ± 6.67

(9 - 24)

3.189

0.05

Creat. in day 1 (mg/dl)

0.58 ± 0.08

(0.5 - 0.7)

0.65 ± 0.18

(0.5 - 1.3)

1.946

0.056

eGFR in day 1 (ml/min/1.73m2)

26.38 ± 3.65

(21.21 - 31.20)

24.25 ± 5.27

(11.17 - 31.02)

−1.817

0.074

KIM-1 in day 1 (ng/ml)

0.95 ± 0.52

(0.18 - 2.3)

2.88 ± 1.01

(1.6 - 5.6)

9.306

0.001
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non-survivors groups regarding BUN, serum creatinine, eGFR and uKIM it revealed: significant increase in
uKIM-1 in day 1 compared to day 3 life in non survivors than survivors group, while there was no significant
differences regarding BUN, serum creatinine and eGFR.
Figure 1, Figure 2: Demonstrate uKIM-1 distribution in the preterm with RDS in day 1 and day 3 of life, it
revealed that 96.7% and 33.3% of them respectively had a high level of uKIM-1 more than the calculated cut off
point.
Table 4 and Table 5, Figure 3: The cut off point of uKIM level was >1.5 between preterm with RDS and their
controls with sensitivity (100.00%) and specificity (100.00%), while the sensitivity and specificity of eGFR and
Table 3. Comparison between BUN, serum creatinine, eGFR and uKIM-1 in day 1 and day 3 of life in preterm with RDS
group and uKIM-1 level between survivors and non-survivors groups.
Pre term RDS group (no = 30)

Variable

Mean ± SD

Range

day 1

18.86 ± 6.67

(9 - 43)

day 3

18.10 ± 5.93

(11.5 - 35.5)

Creatinine
(mg/dl)

day 1

0.65 ± 0.18

(0.5 - 1.3)

day 3

0.70 ± 0.23

(0.5 - 1.3)

eGFR
(ml/min/1.73m2)

day 1

23.23 ± 5.66

(11.15 - 31.02)

day 3

23.31 ± 6.01

(11.13 - 31.68)

day 1

2.88 ± 1.01

(1.6 - 5.6)

day 3

1.63 ± 1.26

(0.2 - 5.1)

Survivors no. 22

Non-survivors no. 8

Mean ± SD
day 1

2.86 ± 0.99

day 3

1.30 ± 0.90

BUN
(mg/dl)

uKIM-1 (ng/ml)

p-value

0.466

0.643

0.938

0.352

0.051

0.960

4.240

0.001

Mean ± SD

t

P-value

2.95 ± 1.14

0.212

0.834

2.30 ± 1.56

2.197

0.037

Figure 1. uKIM-1 distribution in the studied cases in day 1 of life.
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Figure 2. uKIM-1 distribution in the studied cases in day 3 of life.
Table 4. Correlations and the relations between uKIM-1 level and (GA, gender, type of o2 therapy, eGFR, BUN and serum
creat).
uKIM-1 (ng/ml) Pre term RDS group

Variable

r

p-value

-0.163

0.389

eGFR (ml/min/1.73m )

-0.077

0.685

BUN (mg/dl)

0.153

0.420

GA (weeks)
2

Creat (mg/dl)
Gender

0.265

0.157

Female (no. 15)

t

p-value

Male (no. 15)

0.084

0.934

0.063

0.950

1.448

0.253

CS No. 25

Mode of delivery

NVD No.5
SIMV No.15

Oxygen therapy

N.CPAP No.15
N.P. No.5

Cs: cesarean; NVD: normal vaginal delivery; SIMV: Synchronized Intermittent Mandatory Ventilation; CPAP: continuous positive airway pressure
N.P: nasal prong.

Table 5. Cut-off point, sensitivity and specificity of eGFR, serum creatinine and uKIM-1 in detection of AKI in the preterm
with RDS.
Cut-off point

AUC

Sensitivity%

Specificity%

+PV

−PV

eGFR ml/min/1.73m )

<21.19

67.4

36.67

100.00

100.00

61.27

sCreat mg/dl

>0.7

57.6

33.33

95.00

86.96

58.78

uKIM-1

>1.5

0.975

100.00

86.67

88.2

100.0

Variable
2
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Figure 3. Cut-off point, sensitivity and specificity of eGFR, S. creatinine and uKIM-1 in detection of AKI.

serum creatinine were (36.67%, 100.00%; 33.33%, 95.00%) respectively.

4. Discussion
Because the incidence of AKI is still high, the outcome remains poor and preterm with RDS population remains
at especially high risk of having AKI, in order to enhance the ability to predict the occurrence of AKI and facilitate timely introduction of AKI-specific therapies, more and more efforts were made to discover novel urinary
biomarkers prior to serum creatinine (Lattanzio and Kopyt, 2009) [19].
Accordingly, we are focused on identifying new biomarkers able to anticipate the AKI diagnosis in hours or
even days before a UO reduction or SCr increment can be detected.
We evaluated urinary kidney injury molecule-1 (KIM-1) as a marker of acute kidney injury (AKI) in preterm
neonates with RDS in day 1 and day 3 of life in the same line with of eGFR and S. creatinine. It is surprisingly
to find that the incidence of AKI in neonates with RDS in day 1 is 96.7%. In comparison to day 3 of life, it is
reported in our study to be 33.3%. The incidence of AKI in neonates with RDS is reported to be in the range of
25% to 66% (Mortazavi et al., 2009; Li et al., 2012) [20] [21]. Due to incomplete nephrogenesis and low numbers of nephrons, as well as additional conditions such as RDS, preterm neonates are at risk of AKI (Koralkar,
2011, Hentschel, 1996; Rodriguez-Soriano et al., 2005) [22]-[24].
uKIM-1 plays a major role in the restoration of structural and functional integrity following kidney damage so
it’s levels in neonates were higher in the day 1 of life and systematically decreased (Roszkowska-Blaim and Kisiel, 2013) [25]. And this might explain the highest level of uKIM-1 in preterm with RDS in day 1 of life. These
results suggested that right time adoption could remarkably increase the success of AKI diagnosis.
Liang et al. [26] found that uKIM-1 was associated with the occurrence of AKI but uKIM-1 was unrelated to
the progression of AKI.
Our results are in agreement with Genc et al. [27] who reported that uKIM-1 in day 1 in (ng/ml): in control
(2.8 ± 1.1), in RDS (6.9 ± 4.9), with P-value = 0.003. Renal function should be routinely monitored in neonates
for safe dosing of medications, as well as tracking hydration status and various renal pathologies (Bartelink et
al., 2007) [28]. GFR is widely used as a reliable measure of kidney function and kidney disease progression
(Filler et al., 2003) [29]. Also high serum creatinine levels (Cr) are widely used in the diagnosis of AKI (Mehta
et al., 2007; Hoste and Kellum, 2006) [30] [31].
However, we did not find any significant change in S.Cr levels and in estimated GFR in neonates with RDS
compared to controls in day 1 of life and even among RDS group in day 1 and day 3 of life, Cr cannot be applied to neonates for the first few postnatal days (PND), because serum Cr reflects maternal kidney function
during this period (Gallini et al., 2000; Brion et al., 1986) [32] [33]. In addition, distribution of normal SCr val-
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ues, which varies greatly, depending on the level of prematurity and age (Aggarwal et al., 2005; Libório et al.,
2014) [34] [35]. And unfortunately, newborns can be oliguric in the first day of life. We found no association
between uKIM-1 levels and GA, gender, mode of delivery and type o2 therapy.
In our study, we evaluated uKIM-1 in survivor and non-survivor. Our results showed significantly higher
uKIM-1 concentrations in the non-survivor subgroup, indicating the relation to the adverse outcome. (Liangos et
al., 2007) [36] reported that uKIM-1 had a predictive value for adverse clinical outcome such as dialysis requirement or hospital death and multiorgan failure.
We calculated the cut off point, sensitively and specificity of eGFR, serum creatinine and uKIM-1 in detection of AKI, it is accepted to find that both serum Cr and eGFR are highly specific with poor sensitively and it is
fortunately to report in this study that uKIM-1 is highly specific 100% and sensitive 86% and the cut of point
uKIM-1 > 1.5 (ng/ml), so we propose that uKIM-1 is predictive of subsequent development of AKI in preterm
neonates with RDS. Therefore, we concluded that uKIM have a significant diagnostic value on the first day of
life in preterm with RDS and serial uKIM-1 measurements can be used for follow-up in premature newborn with
RDS, however more studies with a larger sample size are thus needed to further elucidate the diagnostic value of
KIM-1 for AKI.
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