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Background: The new urinary and serum biomarkers are 
discovered and are being investigated. With them we can diag-
nose acute kidney injury (AKI) faster and more precisely and 
they also have a significant role in the outcome prediction.
Methods: The study included 22 extremely low-birth-
weight neonates who were hospitalized in the neonatal inten-
sive care units. They were divided into two groups based on 
serum creatinine (SCr) level—with and without AKI. Detection 
and quantification of urinary kidney injury molecule-1 (uKIM-1) 
was done on the third day of life, using commercially available 
KIM-1 rapid test. Subsequently, measurements were repeated 
only in subjects who were diagnosed with AKI, at different val-
ues of SCr.
Results: Logistic regression analysis showed that AKI is an 
independent risk factor for mortality. In a group of neonates 
with AKI, 50% of neonates administered the KIM-1 rapid test 
showed positive findings. KIM-1 rapid test was positive in 
patients with a wide range of SCr levels (range of 78.73–385 
µmol/l), but all subjects had oliguria and died in the next 24 h.
Conclusion: KIM-1 is a significant predictor of death. On 
the other hand, our study failed to prove that KIM-1 rapid test 
has any significance for early prediction of AKI.

Acute kidney injury (AKI) occurs in 2.4–56% neonates 
treated in neonatal intensive care units (NICU). In neo-

nates with AKI, mortality rate ranges from 33% up to 78% 
(1–4). AKI is an independent predictor of mortality in criti-
cally ill newborns. It is believed that AKI leads not only to dis-
turbances of homeostasis of fluids and electrolytes, but also, 
by suppressing systemic inflammatory response, plays a key 
role in the systemic derangement in multiorgan failure (5,6). 
Infants who survived AKI in neonatal period, often have long-
term sequelae that include hypertension, renal tubular acido-
sis, impared renal growth, and development or chronic renal 
failure of different degrees (7,8).

The criteria for the diagnosis of AKI are based solely on the 
basis of serum creatinine levels (7). Serum creatinine (SCr) 
levels in premature infants cannot be considered as adequate 
for the diagnosis of AKI due to few reasons: in the first two 

to 3 d of life SCr levels are a reflection of mother’s SCr, after 
this period SCr levels fall during next few days or even weeks, 
depending on the gestational age (GA) (9); SCr levels do not 
change drastically until 50% of kidney function is lost; if the 
glomerular filtration rate is very low, there is a secretion of the 
SCr (10); SCr levels are influenced by many factors including 
lean muscle mass, hydration status, GA, etc; in patients on 
dialysis, SCr is no longer valid marker for evaluation of renal 
function, because it is dialyzed as well (11).

In the future, when new biomarkers of AKI (neutrophil gela-
tinase-associated lipocalin-NGAL, urinary interleukin-18, kid-
ney injury molecule-1 (KIM-1), serum cystatin, etc.) become 
widely introduced in routine practice, the present definition 
of AKI will be indisputably expanded and upgraded, that will 
provide a possibility for early diagnosis of AKI well before SCr 
levels rise (6). In the meantime, until early biomarkers of AKI 
become routinely used, dynamics of SCr must be closely moni-
tored in order to timely diagnose AKI and assess the severity 
of the disease (12).

KIM-1 is a type I transmembrane protein and is highly 
upregulated in the proximal tubule epithelial cells. KIM-1 
mRNA and protein are expressed at a low level in normal kid-
ney but are increased in postischemic kidney. KIM-1 is also a 
tissue and urinary biomarker for nephrotoxicant-induced kid-
ney injury (13,14). These cells undergo regeneration after vari-
ous forms of injury, and shed KIM-1 antigen into urine. KIM-1 
plays a role in epithelial adhesion, growth and differentiation. 
KIM-1 has a role in the process of regeneration after damage 
to the epithelium and in the removal of dead cells from the 
tubular lumen by phagocytosis. Injury of renal tubules leads to 
increased concentration of urinary KIM-1 (15,16).

To determine whether urinary KIM-1 (uKIM-1) can be used 
to detect AKI in extremely low-birth-weight (ELBW) neo-
nates, we used uKIM-1 rapid test. We evaluated prognostic 
value of this biomarker for prediction of AKI and mortality.

RESULTS
Out of 30 ELBWs that were hospitalized in our NICU during 
the study period, 8 met the exclusion criteria (prematurely 
born infants who died in first 72 h or those with congenital 
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malformations of the urinary system), so the final study group 
involved a total of 22 patients, of which 10 (45%) had AKI.

On average, the diagnosis of AKI was set in 7th day of life 
(7.1 ± 5.11). In 8 out of 10 (80%) neonates, the diagnosis of AKI 
was set in the first 7 d of life. The mean value of SCr on the third 

day of life in a group of patients with AKI was 112.02 ± 28.07 
and 95.22 ± 14.64 μmol/l (P = 0.111) in the group of patients 
without AKI. There were no patients who received renal 
replacement therapy.

The average increase in SCr levels from the first to third day 
of life, in neonates who were diagnosed with AKI during the 
first 7 d of life, was 44.625 ± 18.438 μmol/l, and in neonates 
without AKI was 22.625 ± 23.82 μmol/l (P = 0.0498). Table 1  
shows characteristics of neonates with and without AKI. 
Neonates with AKI had significantly lower values of Apgar 
scores (AS) in first (2.1 vs. 3.8; P = 0.03) and fifth minute (4.2 
vs. 6.0; P = 0.012) compared to infants without AKI. These two 
groups of infants did not differ in birth weight (BW), gesta-
tional age (GA), and gender.

Table 2 shows comorbidities in patients with and without 
AKI. Neonates with AKI have been more prone to hyperna-
triemia (80 vs. 33.3%, P = 0.043) and intracranial hemorrhage 
(100 vs. 33.3%; P = 0.0017) compared to infants without AKI. 
Half (50%) of the neonates with AKI had oliguria.

All those conditions were diagnosed before the diagnosis 
of AKI was set. All neonates were intubated and mechanicaly 
ventilated and received surfactant endotrachealy in the first 
day of life.

Table 3 shows drugs used in both groups of patients, with 
and without AKI. In comparation to neonates without AKI, 
neonates with AKI were more often exposed to dopamine (90 
vs. 41.6%; P = 0.031), furosemide (100 vs. 8.3%, P = 0.0001) 
and colomycine (60 vs. 0%; P = 0.0028) before the diagnosis of 
AKI was set. None of the neonates, from both groups, received 
nonsteroidal anti-inflammatory drugs. All neonates were ini-
tially treated with ampicillin and gentamycin.

In neonates with AKI, mortality rate was significantly higher 
compared to infants without AKI (80% (8/10) vs. 25% (3/12); 
P = 0.03).

Logistic regression analysis showed that AKI is an indepen-
dent risk factor for mortality (OR 12.00, CI 1.581–91.087).

KIM-1 Rapid Test
In a group of neonates with AKI (n = 10), in five (50%) neonates 
KIM-1 rapid test showed positive findings, and in remain-
ing five (50%) subjects results were negative. In all neonates 

Table 1.  Characteristics of neonates with and without AKI

AKI (n = 10) Non-AKI (n = 12) P

GA (weeks) 25.88 ± 1.78 26.39 ± 1.81 0.424

Birth weight (g) 798.00 ± 152.37 824.54 ± 172.45 0.604

AS first minute 2.1 ± 1.1 3.81 ± 1.1 0.003a

AS fifth minute 4.2 ± 1.58 6.0 ± 1.28 0.012a

Gender (female/male) 3/7 6/6 0.415
aStatistically significant difference.
AKI, acute kidney injury; AS, Apgar scores.

Table 2.  Comorbidities in neonates with and without AKI

AKI  
(n = 10)

Non-AKI  
(n = 12) P

Hypernatriemia 8/10 (80%) 4/12 (33.3%) 0.043a

Septicemia 8/10 (0%) 7/12 (58.3%) 0.381

Oliguria 5/10 (50%) 0/12 (0%) 0.009*

Necrotizing enterocolitis 8/10 (80%) 5/12 (41.6%) 0.099

Intracranial hemorrhage 10/10 (100%) 4/12 (33.3%) 0.0017a

Patent ductus arteriosus 1/10 (10%) 1/12 (8.3%) 1
aStatistically significant difference.
AKI, acute kidney injury.
*The P values that are statistically significant.

Table 3.  Drugs commonly used in neonates with and without AKI

AKI (n = 10) Non-AKI (n = 12) P

Dopamine 9/10 (90%) 5/12 (41.6%) 0.031a

Furosemide 10/10 (100%) 1/12 (8.3%) 0.0001a

Ceftazidime 7/10 (70%) 4/12 (33.3%) 0.198

Vacomycine 2/10 (20%) 0/12 (0%) 0.195

Colystine 6/10 (60%) 0/12 (0%) 0.0028a

aStatistically significant difference.
AKI, acute kidney injury.

Table 4.  Serum creatinine levels in neonates who had AKI, with positive and negative KIM-1 rapid test

1.KIM-1+ 2.KIM-1+ 3.KIM-1+ 4.KIM-1+ 5.KIM-1+ 1.KIM-1- 2.KIM-1- 3.KIM-1- 4.KIM-1 5.KIM-1-

Age at the time of 
AKI diagnosis (days)

6 8 4 7 4 21 4 6 7 4

KIM-1 positive  
(age (days) and  
sCr levels (µmol/l))

6/173.24 16/385 7/237 18/78.73 7/278.2 / / / / /

KIM-1 negative  
(age (days) and  
sCr levels (µmol/l))

3/108.58; 
4/135.4; 
5/137.86

3/102.2; 8/206.3; 
9/237.1; 

12/297.0; 14/346

3/150.8; 
4/200.5; 

6/235

3/69.04; 5/89.67; 
7/185.34; 17/45

3/155.1; 
5/218.7; 
6/26.01

3/105.2; 
21/132.0; 
24/163.4

3/136.0; 
4/153.5; 
6/185.3

3/83.9; 
7/132.8; 
8/144.9

3/115.9; 
7/183.2; 
11/214.6

3/93.4; 
5/171; 

6/120.3

Normalization of 
renal function

No No No No No No Yes Yes Yes Yes

Age of death (days) 6 16 7 18 7 24 10 12 Survived Survived

AKI, acute kidney injury.
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that had AKI and positive KIM-1 rapid test, urinary levels of 
KIM-1 ranged between 250 and 500 pg/ml.

Newborns who had AKI and positive KIM-1 rapid test, more 
often had oliguria compared to infants who had AKI with neg-
ative KIM-1 rapid test (5/5 vs. 0/5; P = 0.008). The mean values 
or incidences of other parameters were not statisticaly signifi-
cantly different between the two groups: GA (25.96 GW vs. 
25.79 GW; P = 0.891), birth weight (808 vs. 788 g; P = 0.849), 
first minute AS (2.4 vs. 1.8; P = 0.421), fifth minute AS (4.2 
vs. 4.2; P = 1.0), gender structure (female/male; 1/4 vs. 2/3;  
P = 1.0), incidence of hypernatremia (5/5 vs. 3/5; P = 0.444), 
sepsis (5/5 vs. 5/3; P = 0.444), nectotizing enterocloitis (4/5 vs. 
4/5, P = 1.0), intracranial hemorhage (5/5 vs. 5/5; P = 1.0) and 
patent ductus arteriousus persistens (0/5 vs. 1/5, P = 1.0), as 
also as exposure to drugs such as dopamine (5/5 vs. 4/5; P = 
1.0), furosemide (5/5 vs. 5/5; P = 1.0), ceftazidime (4/5 vs. 4/5; 
P = 1.0), vancomycin (1/5 vs. 1/5; P = 1.0), or colystine (4/5 vs. 
2/5; P = 0.524).

Table 4 shows the age (days of life) of patients at the time 
they were diagnosed with AKI, age (days of life) and SCr levels 
when KIM-1 rapid test have been done, and the final outcome.

In all infants who did not have AKI, results of KIM-1 rapid 
test on the third day of life were negative. In those patients, SCr 
values ranged from 60.9 to 110.1 µmol/l.

Mortality was similar between the groups of newborns with 
AKI, with positive and negative KIM-1 rapid test (5/5 vs. 3/5; 
P = 0.444).

In the group of neonates with AKI and negative KIM-1 rapid 
test, one neonate died within 24 h after the diagnosis of AKI 
was set; four children normalize renal function (but, later in 
the course of the disease, two infants died due to sepsis with 
multiorgan dysfunction).

All neonates with AKI and positive KIM-1 rapid test, died 
within the next 24 h after KIM-1 became positive.

Histopahological Findings
Mean values of histologic injury scores, in all groups, are 
shown in Table 5.

DISCUSSION
Critically ill neonates are at great risk to develop AKI because 
they are often exposed to a number of nephrotoxic drugs and 
often have infections that lead to multiorgan dysfunction 
(17,18). In critically ill neonates, AKI usually occurs in the 

first week of life (80.5%) (12), which was also confirmed in our 
study (80%).

Neonatal AKI is a serious problem in critically ill neonates 
and is associated with poor outcome. The mortality is very 
high, particularly poor prognosis and high mortality rates have 
neonates with oliguric AKI (19). In our study, all neonates that 
had oliguria died.

It was also found that AKI is a predictor of mortality in 
ELBW neonates. In their study, Askenazi et al. (20) found that 
any increase in SCr to 88.4 μmol/l was associated with a two-
fold increase of odds of death. In one prospective study con-
ducted by Mathur et al. (21), it was found that the incidence of 
AKI among neonates with sepsis was 26% and that the mor-
tality rate was higher among neonates with AKI compared to 
those without AKI. Koralkar et al. (12) also confirmed that 
mortality is significantly higher in neonates with AKI.

Few studies have examined risk factors for AKI in ELBW 
neonates. In the study of Askenazi et al. (20), very-low-birth-
weight neonates with and without AKI did not differ in BW, 
GA, gender, Apgar score in first and fifth minute or exposure 
to nephrotoxic drugs (vancomycin, aminoglicozides, and 
indomethacin), but neonates with AKI had significantly lower 
serum sodium levels and higher incidence of intraventricu-
lar hemorrhage. In our study, the ELBW neonates with AKI 
had significantly lower values of AS in the first and in the fifth 
minute, significantly higher incidence of intracranial hemor-
rhage and significantly more often were treated with inotrope 
(dopamine), furosemide, and colystine. Colystine is nephro-
toxic, and the majority of newborns with AKI had to receive 
it due to sepsis caused by Acineobacter spp. Due to the pres-
ence of contraindications, there were no patients, in neither 
group, that received nonsteroidal anti-inflammatory drugs 
(ibuprofen). In other studies, a significantly higher number of 
neonates with AKI previously received ibuprofen, and therapy 
with ibuprofen was stressed out as a risk factor for the devel-
opment of AKI (1).

Aggarwal et al. (22) also found that the incidence of AKI in 
neonates with AS ≤ 6 in the fifth minute is significantly higher 
than in controls. In a group of neonates with AS ≤ 6, Gupta 
et al. (19) found that the incidence of AKI was 47% and mor-
tality was 14.1%. Those findings were confirmed by similar 
results of other authors (1,23,24). Choker et al. (25) found that 
neonates with AKI had significantly lower GS and BW than 
those without AKI.

In our study, infants with AKI more often had hypernatri-
emia prior diagnosis of AKI. In a study of Stojanović et al. (26), 
it was proven that newborns with AKI have significantly higher 
serum sodium levels in the third and fourth day of life com-
pared to infants without AKI. Low fluid intake, and especially 
increased insensibile fluid loss in ELBW neonates may rapidly 
lead to dehydration (and consequently, high serum sodium 
levels), which is the major cause of neonatal AKI (7,27).

Diagnostic criteria of AKI are still based on the increase in 
the SCr and/or urine output (12,20). Unfortunately, it is well 
known that the SCr is late biomarker for AKI. In our study, it 
was found that the increase in the SCr in the first 3 d of life was 

Table 5.  Mean values of histologic injury scores, in all groups

Group
Proximal 
tubules

Distal 
tubules Interstitium

AKI with positive KIM-1 (n = 3) 2.33 (2; 3; 2)a 2 (1; 3; 2)a 1.66 (1; 3; 1)b

AKI with negative KIM-1 (n = 3) 1.33 (2; 1; 1)a 1 (1; 1; 1)a 0.33 (1; 0; 0)b

Without AKI (n = 2) 1.5 (1; 2)a 1.5 (1; 2)a 0.5 (0; 1)b

aDegree of cellular damage for proximal and distal tubules: 0-no damage; 1-minimal 
damage; 2-moderately severe damage; 3-severe damage. bPresence of interstitial 
edema: 0-no edema; 1-light edema; 2-moderately prominent edema; 3-marked edema.
AKI, acute kidney injury.
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significantly higher in ELBW neonates who developed AKI in 
the first week of life. In the study of Choker et al. (25), that 
encompassed 34 very preterm infants, AKI was defined as an 
increase in daily SCr levels above 43 µmol/l on day 1, and/or 21 
µmol/l on day 2, and/or 14 µmol/l on day 3, and/or 22 µmol/l 
on day 4. Larger studies are needed to prove the importance of 
these data.

The majority of recently published studies have demon-
strated that urinary biomarkers (NGAL, KIM-1, and others) 
can detect infants who are in high-risk group for development 
of AKI, and that those biomarkers are accurate for predic-
tion of outcome, such as mortality (6,27). The ideal biomarker 
would be the one that would diagnose AKI immediately after 
the exposure to etiological factors that may lead to kidney 
damage and one that is independent of the glomerular filtra-
tion rate (28,29).

Several studies have shown that the concentration of cer-
tain urinary biomarkers depends on gestational age and birth 
weight. Recent studies have shown that immature neonates 
have higher concentrations of these biomarkers in the urine. 
This is probably due to the inability of the immature tubules 
to reabsorb proteins (6,30,31). There are very few studies that 
have examined these biomarkers in the neonates.

Clinical studies revealed that KIM-1 is highly effective at 
distinquishing true acute tubular necrosis from other types 
of renal injury (6,30). van Timmeren et al. (32) found induc-
tion of tubular KIM-1 expression in various renal diseases, 
and showed that KIM-1 expression is associated with tubulo-
interstitial damage, inflammation, and dedifferentiated tubules 
(which suggest a role for KIM-1 in tubular fibrosis).

Hystopathological kidney analysis was done in eight patients 
who have died. More severe damage of proximal and distal 
tubules was detected in patients with AKI and positive KIM-
1, and they also had more prominent interstitial edema com-
pared with patients with AKI and negative KIM-1 and patients 
without AKI.

Most studies indicate that KIM-1 is not as accurate for early 
prediction of AKI, but it is better for identifying and confirma-
tion of already developed AKI (6,28). Two large studies have 
shown that KIM-1 is an effective new urinary biomarker for 
the diagnosis of AKI in the first 24 h after kidney injury, espe-
cially for the diagnosis of ischemic AKI (15,16).

Askenazi et al. (6) examined the different urinary biomark-
ers as predictors of AKI and mortality in very-low-birth-
weight infants. Mean values of KIM-1 in neonates with AKI 
were 867 pg/ml, and without AKI were 835 pg/ml. They have 
not proven the importance of KIM-1 in the prediction of AKI, 
but they demonstrated that KIM-1 has the potency to predict 
mortality in preterm neonates hospitalized in NICU (6).

In another study, Askenazi et al. (6) presented the reference 
values for KIM-1 in relation to gestational age. For newborn 
babies, of 26.1–28 wk reference value is 158 (117–212) pg/ml, 
and for neonates born before 26 gestational weeks 226 (184–
277) pg/ml (31). In our study, we used rapid test to quantify uri-
nary KIM-1 concentration (33). In all patients who had AKI and 
positive KIM-1, urinary KIM-1 levels were somewhere between 

250–500 pg/ml. It is interesting that the KIM-1 rapid test was 
positive in patients with a wide range of SCr levels (range of 
78.73–385 µmol/l), but all subjects that were positive for KIM-1 
and had AKI also had oliguria and died in the next 24 h. This 
confirms the hypothesis that the KIM-1 in a significant predic-
tor of death (and probably true predictor of acute tubular necro-
sis). On the other hand, our study failed to prove that KIM-1 
rapid test has any significance for early prediction of AKI.

Huang et al. (16) found that the levels of the uKIM-1 are 
the highest in patients with acute ischemic tubular necrosis. 
Detected values of uKIM-1 among patients vary widely, and 
are influenced by the time. In their study, Han et al. (15) found 
that the sensitivity of uKIM-1 is only 50% immediately after 
cardiopulmonary bypass. Two other studies have found much 
greater sensitivity, of more than 90%, when KIM-1 is measured 
2 and 6 h after cardiopulmonary bypass. However, it’s sensi-
tivity is decreased to 74% after 12 h cardiopulmonary bypass 
(34,35). Larger studies are needed to determine when is the 
optimal timing for determination and measurement of KIM-1 
levels in relation to the exposure to etiological factors that may 
cause AKI.

Using an animal model of perinatal asphyxia, Stojanovic 
et  al. (36) found that the kidney cystatin C expression was 
the most intensive 6 h after hypoxic insult and declined over 
the time, and that the expression of KIM-1 was less intensive, 
reaching the peak value 48 h after hypoxic event.

In their study, which examined the serum and urinary bio-
markers in a group of asphyctic newborns, Sarafidis et al. (30), 
failed to document any significance of uKIM-1 for the predic-
tion of AKI following asphyxia.

To our best knowledge, this is the first study that has exam-
ined whether uKIM-1 rapid test may predict AKI in extremely 
low birth weight neonates. In our study, the positive uKIM-1 
rapid test has been associated with severe AKI (already devel-
oped AKI) and mortality. The number of ELBW neonates 
included in the study was small, so larger studies are needed 
to evaluate KIM-1 against different clinical endpoints (such as 
the need for dialysis, mortality, length of hospital stay, progres-
sion to chronic renal failure).

Also, it would be very important to have a tool to differenti-
ate prerenal from renal kidney failure, to predict the course of 
AKI and to follow the effects of treatment. Most of the investi-
gators in this field, believe that only a combination of biomark-
ers will have potential to define the cause of AKI and provide 
enough information for early diagnosis of AKI.

Present knowledge about the role and significance of early 
urinary biomarkers of kidney injury like NGAL, KIM-1, 
osteopontin, cystatin C, interleukin-18, and β-2 microglobu-
lin is limited. Askenazi et al. (6) found that values of osteo-
pontin, cystatin C, and β-2 microglobulin are significantly 
higher in neonates with AKI, and that higher concentrations 
of KIM-1 and osteopontin may be related with higher mortal-
ity risk. Further trials, involving larger samples of patients, are 
needed to differentiate which combination of biomarkers of 
kidney injury has the highest power to predict early develop-
ment of AKI.
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METHODS
The study was designed as prospective study and included 30 prema-
turely born newborns, with body weight (BW) of less than 1,000 g 
who were hospitalized in the NICU at the Institute for Child and 
Youth Health Care of Vojvodina during the 1-y period (01 January 
2013 to 31 December 2013). Newborns who died during the first 72 h 
of life and those with congenital malformations of urinary system  
(n = 8) were excluded from the study. The total number of newborns 
who meet the criteria for entry into the study was the 22.

AKI was diagnosed using modificated AKIN staging system (12). 
Increase of SCr levels of ≥26.5 µmol/l (≥0.3 mg/dl) compared to the 
basal values on the third day of life, or if basal value was not deter-
mined—as an increase in the SCr levels of ≥26.5 µmol/l (≥0.3 mg/
dl) within 48 h. Also, urine output criteria were not used for defini-
tion of AKI, as premature infants often have nonoliguric renal injury 
due to immature tubular development. The control group consisted of 
ELBW neonates who did not have AKI.

Basal SCr levels were determined in all neonates enrolled in the 
study in first 3 d of life. From fourth to seventh day of life, the SCr 
levels were measured in 24–48 h intervals. Beyond this period, if any 
clinical deterioration or signs of development of complications (sep-
sis, intracranial hemorrhage, patent ductus arteriosus, necrotizing 
enterocolitis) were present, SCr levels were monitored, at least, in the 
next 48 h.

SCr levels were measured using modified kinetic Jaffe reaction 
method. Daily urine output was determined by collecting urine by 
urinary catheter or urine collecting bag (colector) or by measuring 
the weight of the diapers. Oliguria was defined as a urine output 
<1 ml/kg/h.

Detection and quantification of urinary KIM-1 was done on 
the third day of life, using commertialy avalaible KIM-1 rapid test 
(Human KIM-1/Rena-strip Kit, Ijamsville, MD). Subsequently, mea-
surements were repeated only in subjects who were diagnosed with 
AKI, at different values of SCr.

The BioAssay Works H-rena-strip test is a 15-min test for the quali-
tative detection of KIM-1 in human urine. Seventy-five microliters of 
urine were diluted in clean test tube with the same volume of sample 
diluent buffer, mix, and then 100 µl of solution was put in the R- 
rena-cassette sample well. The presence of detectable levels of the 
KIM-1 in the test sample results in the formation of red test-lines 
within 15 min. Different intensity and number of red test-lines repre-
sent different concentration of KIM-1, from 125 pg/ml to 60,000 pg/
ml. Semiquantitative interpretation of the results was done refering to 
the color chart provided by the manufacturer.

After the death, histopathological evaluations of eight patiens’ kid-
neys were performed. A semiquantative scale (histologic injury score) 
was used to evaluate kidney injury. The following histological features 
were used to assess the damage:

1.	 Tubular changes: degree of cellular damage was determinated 
separately for proximal and distal tubules. Changes were 
scored as 0, no damage; 1, minimal damage; 2, moderately 
severe damage; 3, severe damage.

2.	 Interstitial changes: presence of interstitial edema was scored 
as 0, no edema; 1, light edema; 2, moderately prominent 
edema; 3, marked edema.

Data Collection
For all patients included in the study, following data were gathered 
and analyzed from medical records: GA; BW; gender; AS in the first 
and fifth minute; daily urine output; daily serum sodium levels during 
the first 4 d of life; usage of nephrotoxic drugs (for a group of neonates 
with AKI before diagnosing AKI) (aminoglycosides, ceftazidime, 
vancomycin, colomycine, nonsteroidal anti-inflammatory drugs, use 
of inotropes and furosemide, comorbidity (for a group of patients 
with AKI before diagnosing AKI) (sepsis, intracranial hemorrhage, 
patent ductus arteriosus, necrotizing enterocolitis). We also analyzed 
the outcome (death/survival).

Parental informed consent was obtained, and the study was 
approved by the Institutional Review Board at Institute for Child and 
Youth Health Care of Vojvodina.

Statistics
Descriptive data are presented as absolute numbers, frequencies, 
percentages, mean values ± two SD, minimum and maximum, the 
most common (mode) or central (median) values. Data are pre-
sented in text and tables. Inferential statistics included parametric 
and nonparametric statistical tests. To test the statistical differences 
between the groups, Student t-test was used for numerical variables 
and Fisher’s exact probability test was used to test nominal variables. 
To test the correlation, linear regression (for numeric variables) and 
Spearman rank correlation (for ordinal variables) were used.
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