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Abstract

Objective: To evaluate the differences of urinary NGAL levels between asphyxiated and non-as-
phyxiated neonates. Methods: This was a cross-sectional observational analytic study, including
34 newborns in Dr. Hasan Sadikin Hospital, Bandung, Indonesia. Sample collection was conducted
from December 2014 to March 2015. Urine NGAL levels were evaluated using enzyme-linked im-
munosorbent assays (ELISA) technique. To determine the differences of urinary NGAL levels be-
tween asphyxiated and non-asphyxiated group we used Mann-Whitney U test, and to determine
the differences of gestational age and birth weight between these two groups we used Fisher’s ex-
act test. Results: Twenty males (60%) and 14 females (40%) neonates participated in the study.
From 34 subjects, 17 neonates were diagnosed with asphyxia and 17 neonates without asphyxia.
The results showed that urine NGAL levels had significantly increased in asphyxiated neonates.
The median urine NGAL level in asphyxiated group is 95% CI: 506.7 (60.0 - 651.7) ng/mL, while
the median urine NGAL level in non-asphyxiated group is 95% Cl: 6.7 (0.1 - 53.0) ng/mL. Statisti-
cally, there were significant urine NGAL levels differences between asphyxiated and non-asphyxi-
ated neonates (p < 0.001). There were no differences in gestational age and birth weight between
asphyxiated and non-asphyxiated neonates (p > 0.05). Conclusions: Urinary NGAL levels in as-
phyxiated neonates were significantly higher than those in non-asphyxiated neonates. There were
significant differences of urine NGAL levels between the groups.
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1. Introduction

Neonatal asphyxia is still the leading cause of high morbidity and mortality in developed countries, as well as in
developing countries including Indonesia. Global estimates for asphyxia-related neonatal deaths vary from 0.7 to
1.2 million, and about 99% of neonatal deaths are due to asphyxia occurred in low- and middle-income countries
[1]. Incidence of neonatal asphyxia in Indonesia is about 3% - 5% of all live births [2].

Asphyxia could reduce renal blood flow and might cause organ dysfunction and tubular renal damage [3]-[6].
Damaged tubular cells will produce and secrete biological substances that related to innate immune response and
inflammation process including protein [7]-[9]. Neutrophil gelatinase-associated lipocalin (NGAL) is a protein
that is secreted by immune cells, hepatocytes, and renal tubular cells. Neutrophil gelatinase-associated lipocalin
could be overly expressed after renal ischemic and it could be detected with higher concentration in urine [10]-
[13].

Neutrophil gelatinase-associated lipocalin has been used as a biomarker for acute kidney injury (AKI) in crit-
ically ill neonates and children. From previous studies, Askenazi et al. [14] described urine NGAL levels in very
low birth weight newborns which were diagnosed with AKI, and showed elevated urine NGAL levels. Krawc-
zeski et al. [15] compared serum and urine NGAL levels in neonates and children after cardiopulmonary bypass
(CPB), and showed elevated serum and urine NGAL levels 2 hours after CPB and it can be used for biomarker
of AKI. Sarafidis et al. [16] compared serum and urine cystatin-c levels, serum and urine NGAL levels, and
urine kidney injury molecule-1 (KIM-1) levels with serum creatinin levels in term asphyxiated and non-asphy-
xiated newborn, and showed a significant elevated serum cystatin-c levels, also elevated serum and urine NGAL
levels in asphyxiated newborn. Serum and urine NGAL levels elevated in asphyxiated newborn with AKI in-
spite of non-AKI asphyxiated newborn [14]-[16].

The aim of this study is to evaluate the differences between urinary NGAL levels in asphyxiated neonates and
non-asphyxiated neonates.

2. Materials and Methods

This cross-sectional study was performed in Neonatology Division of Dr. Hasan Sadikin Hospital Bandung, In-
donesia from December 2014 to March 2015. Subjects of this study were calculated by unpaired data analysis
for two independent groups, and minimum sample size estimation was 17 each group. Seventeen neonates were
diagnosed as asphyxia based on 2 from the following American Academy of Pediatrics’ criteria [17]: 1) umbili-
cal cord arterial pH less than 7; 2) Apgar score of 0 to 3 for longer than 5 minutes; 3) neurologic manifestations
(eg, seizures, coma, hypotonia); and 4) multisystemic organ dysfunction, and 17 neonates were born without
asphyxia. The exclusion criteria were baby born with multiple congenital anomaly and mother with infection
risks. This study was approved by the ethical committee of the Faculty of Medicine, Universitas Padjadjaran/Dr.
Hasan Sadikin General Hospital Bandung, Indonesia.

Urine samples were collected after informed consent from their parents. Urine NGAL examination was per-
formed with ELISA technique. Data were presented as mean, standard deviation, and median with range.
Statistical parameters were calculated using SPSS™ version 20.0. Due to unnormally distributed data, the
nonparametric Mann-Whitney U test was used to determine the differences of urinary NGAL levels between the
groups. The Fisher’s exact test was used to determine the differences of gestational age and birth weight in both
groups. p values < 0.05 were considered as significant.

3. Results

Thirty four babies, who were born in Neonatology Division of Dr. Hasan Sadikin General Hospital in Bandung,
Indonesia, consisted of 20 males and 14 females were divided into 17 asphyxiated neonates group and 17 non-
asphyxiated neonates group. The clinical characteristics of the subjects are presented in Table 1, while factors
which associated with urine NGAL levels are presented in Table 2.

The results from data analysis with Fisher exact test on the differences of gestational age and birth weight
between asphyxiated and non-asphyxiated neonates were not significant (Table 2). The differences of urine
NGAL levels between asphyxiated and non-asphyxiated neonates were analyzed using Mann-Whitney U test,
and they are presented in Table 3.

The median urine NGAL levels in both groups were statistically significant different (p < 0.001).
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Table 1. Characteristics of the subjects (n = 34).

Characteristics Asphyxiated neonates (n = 17) Non-asphyxiated neonates (n = 17)

Gestational age, n

<36 weeks 9 5
>36 weeks 8 12
Birth weight (gram), mean (SD) 2190 (756) 2727 (760)
Gender, n
Male 10 10
Female 7 7

Type of delivery, n

Vaginal delivery 8 6

Caesarian section 8 10

Vacuum extraction 1 1
Seizure, n

Yes 3 0

No 14 17

SD: standard deviation.

Table 2. Factors associated with urine NGAL levels.

Variables Asphyxiated neonates (n = 17) Non-asphyxiated neonates (n = 17) p Value
Gestational age, n 0.163"
<6 weeks 9 5
>36 weeks 8 12
Birth weight, n 1.0°
<1500 gram 2 1
>1500 gram 15 16

“Fisher’s exact test.

Table 3. Urinary NGAL levels.

Urine NGAL levels (ng/mL) Asphyxiated neonates (n = 17) Non-asphyxiated neonates (n = 17) p Value
Median 506.7 6.7 +
<0.001
Range 60.0 - 651.7 0.1-53.0

"Mann-Whitney U test.

4. Discussion

Asphyxiated group had gestational age < 36 weeks more than >36 weeks while the mean gestational age was 34
(26 - 40) weeks, and the mean birth weight was 2190 (800 - 3400) gram. Non-asphyxiated group had gestational
age >36 weeks more than <36 weeks while the mean gestational age was 37 (32 - 42) weeks, and the mean birth
weight was 2727 (1500 - 3920) gram. This study is different from previous studies. Sarafidis et al. [16] and EI-
Salam et al. [18] included term neonates and excluded preterm and very low birth weight neonates.

This study also determined the differences of gestational age and birth weight as factors which were asso-
ciated with urine NGAL levels between asphyxiated and non-asphyxiated neonates. There were no significant
differences in gestational age and birth weight between the groups (p = 0.163; p = 1.0).

The results of this study showed the median urinary NGAL levels in asphyxiated group was 506.7 (60.0 -
651.7) ng/mL, elevated significantly from normal value. The median urinary NGAL levels in non-asphyxiated
group was 6.7 (0.1 - 53.0) ng/mL. Statistically, there were significant differences of urinary NGAL levels be-
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tween asphyxiated and non-asphyxiated group (p < 0.001).

Neonatal asphyxia is a leading cause of renal hypoxia and ischemia. Reduced renal blood flow is a major
cause of overly NGAL express in tubular renal [12]. Normally, circulating NGAL is filtered in the glomerulus
and reabsorbed by the proximal tubule. Consequently, low levels of NGAL are detected in plasma and urine
[12]-[14]. In renal tubular damage, circulating NGAL were not well reabsorbed by proximal tubule and induced
synthesis NGAL de novo in distal tubule [11] [19]. Neutrophil gelatinase-associated lipocalin could elevate and
could be detected in the higher concentration of urine before progressive renal damage and death cells [12] [20].

Previous studies with different subject had been conducted beforehand. Sarafidis et al. [16] compared urine
NGAL levels between asphyxiated and non-asphyxiated term neonates, and showed that there were significant
differences of urinary NGAL levels in both groups (p = 0.006), and urinary NGAL levels showed elevated in
asphyxiated neonates with AKI inspite of non-AKI asphyxiated neonates. El-Salam et al. [18] reported urinary
NGAL levels in term asphyxiated neonates had a significant elevation in 48 hours after birth and before the ris-
ing of creatinin serum levels than in control group (p = 0.01).

Limitation of this study is asphyxia based on AAP’s criteria not to evaluate all of the criteria, but only from
the Apgar score and pH in arterial blood gas because we required more time to observe other criteria. We also
did not exclude multiple congenital anomaly condition from objective examination, but only from physical ex-
amination. NGAL examination was only to evaluate differences in asphyxiated and non-asphyxiated neonates,
not including creatinin serum examination and not to observe occurrence of AKI. However, due to our limita-
tions, more studies are required.

5. Conclusion

Urinary NGAL levels in asphyxiated neonates were significantly higher than those in non-asphyxiated neonates.
There were significant differences of urine NGAL levels between the groups.
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