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Abstract

Background Chronic kidney disease (CKD) and hypertension in adolescence and young adulthood
are predisposing factors for cardiovascular and neurological diseases later in life. Serum creatinine
has been routinely used as a daily practice modality for detecting acute kidney injury (AKI) in
patients of all ages. Unfortunately, serum creatinine levels have some limitations, such as the delayed
increase among AKI events. An earlier biomarker is needed to detect AKI, notably in the neonatal
period. The present study aimed to determine whether neutrophil gelatinase-associated lipocalin
(NGAL) could be used as a modality in detecting AKI, not only in children and adults, but also in
neonates. Methods A prospective-cohort study conducted at Hasan Sadikin General Hospital,
Bandung, on preterm neonates with a gestational age of 28-34 weeks, and performed serum NGAL
and creatinine measurements. Spearman’s rank correlation was used to determine the association
between serum NGAL levels and AKI during the first 48 h in these neonates. Results Serum NGAL
measurement showed better positivity rate than creatinine (KDIGO and nRIFLE) in detecting early
AKI in neonates, with values of 81.8, 24.7, and 10.4, respectively.Conclusion NGAL can be used as a
modality in detecting AKI in neonates earlier.

Keywords: acute kidney injury; low birth-weight; neonate; neutrophil gelatinase associated lipocalin;
premature

Background

Chronic kidney disease (CKD) is a non-communicable disease (NCD) that not only affects adults
but also children and babies, which can cause a decrease in quality of life and increased mortality.
CKD and hypertension in adolescence and young adulthood are predisposing factors for
cardiovascular and neurological diseases later in life[1-3].

Early screening for CKD will have an impact on better prognosis, but requires appropriate,
careful, and continuous modalities [4]. Currently, the modalities established in developed countries
include urinary screening and blood pressure measurements. Underdeveloped nephrons also play a
role in CKD incidence [4]. Disrupted development of nephrons is common in premature births. In
premature conditions, the number of nephrons remains insufficient, and hypertension and
glomerular hyperfiltration often occur. Monitoring premature babies requires uniformity so that
potential incidents of acute kidney disease (AKD) and CKD are lately discovered. Early diagnosis of
acute kidney injury (AKI) is important in preventing AKD [5,6].
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In daily practice, premature babies require minimal handling treatment; therefore, urinary
catheterization is not recommended, because it can cause iatrogenic urinary tract infection (UTI). This
situation causes difficulties in the detection of oliguria in neonates. The modality commonly used in
screening for AKI in neonates is SCr measurement. This examination is sometimes only meaningful
if AKI occurs for > 48 h. This causes delayed treatment and affects the prognosis. In the adult and
pediatric populations, there are other promising modalities for early detection of AKI, including
examination of cystatin C, neutrophil gelatinase-associated lipocalin (NGAL), and kidney injury
molecule-1 (KIM-1) [7-9]. This protein examination is not yet common, and it still requires
government and hospital policies to be prepared. The government requires valid research data to
examine the expression of these proteins.

Research on NGAL, KIM-1, and cystatin C levels in neonates during the early detection of AKI
has not been well published. Research on IL-18 in neonates has been published; however, procuring
IL-18 Kits is expensive. Therefore, they are difficult to be implemented in developing countries.
Oligonephronemia-related prematurity is a predisposition factor for CKD not only in adulthood but
also in childhood [4]. Research to determine the relationship between NGAL and serum creatinine in
AKT in the first 24 hours of birth is very necessary, to find out the best modality for early detection of
AKI in at-risk neonates. Also, the evidence of of serum NGAL for the monitoring of AKI treatment
in LBW neonates was needed. Although research on the significance of serum NGAL level in
detecting AKI early in neonates has been published, there is still some controversies [4,10-14]. In
addition, urinary NGAL has almost the same significance as serum NGAL; therefore, research on the
use of serum NGAL in monitoring neonatal AKI is necessary. This study aimed to determine whether
NGAL can be used as a modality for early detection and monitoring of improvement in AKI amongst
LBW neonates.

Methods

A prospective-cohort study was conducted in Hasan Sadikin General Hospital, Bandung, West
Java, from January-July 2024. The inclusion criteria were preterm infants born at 28-34 weeks of
gestational age, without any dehydration. The preterm infants with congenital heart disease, infant
lupus, congenital anomalies of the kidney and urinary tract (CAKUT), and sepsis were excluded, to
avoid bias from additional risk factors of postrenal and prerenal AKI. Preterm infants met the
inclusion criteria for urinary production monitoring, NGAL levels, and SCr levels during the first 24
hours. NGAL measurements using ElabscienceR Human NGAL ELISA kit. Statistical analysis was
conducted with Kolmogorov-Smirnov test to test normality on numerical data, Wilcoxon-test to test
the differences in changes in NGAL, SCr, and urine volume between D1 and D3, Cochran’s Q-test to
determine the difference in positivity rate between modalities, Spearman’s-rank test to determine the
correlation between SCr and urine volume with NGAL. Characteristic data are presented
descriptively for categorical data using numbers and percentages, and numerical data are presented
as median, IQR and minimum maximum, because the data were not normally distributed. The
confidence interval was 95% with a significance level of 5% (p<0.05), and the analysis was performed
using SPSS version 27.0.

The research project was approved by institutional review boards at Hasan Sadikin General
Hospital, all methods were performed in accordance with the relevant guidelines and regulations.

Results

This study included 77 low-birthweight neonates with varying demographic and clinical
characteristics (Table 1). Based on KDIGO, NGAL, and nRIFLE criterias, AKI were found in 19, 63,
and 7 neonates, respectively. Of the total subjects, the majority were male (58.4%), the median
gestational age of neonates was 33 weeks, with a gestational age range of 28-34 weeks, indicating
that most of the subjects were born prematurely. The birth weight of neonates in this study varied,
with a median of 1600 g, in the range of 7502150 g, indicating that the subjects consisted of neonates
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with birth weights that were very low to close to normal, and most of them were born spontaneously
(54.5%). The health condition of the neonate after birth was assessed using the APGAR score, with a
median value of 7 in the first minute, 8 in the second minute, and 9 in the fifth minute, which showed
an improvement in condition over time. As many as 27.3% of mothers who gave birth experienced
hypertension during pregnancy, which may contribute to premature birth and low birth weight in
neonates. This study provides important insights into the demographic and clinical characteristics of
LBW neonates, which may be useful for the development of better treatment and intervention
strategies in the future.

Table 1. Characteristic of Neonates with Low Birth Weight.

Variables n=77
Gender, n (%)
Male 45 (58.4)
Female 32 (41.6)
Gestational Age (weeks), Median (Min-Max) 33 (28-34)
Birth weight (gram), Median (Min-Max) 1600 (750-2150)
Delivery methods , n (%)

SC 35 (45.5)
Spontanous 42 (54.5)

APGAR 1, Median (Min-Max) 7 (3-8)

APGAR 2, Median (Min-Max) 8 (4-9)
APGAR 5, Median (Min-Max) 9 (5-10)
Maternal hypertension, n (%) 21 (27.3)

SC, section cesarean; APGAR, appearance pulse grimace activity respiratory.

Based on the analysis in Table 2, which presents changes in urine volume: The creatinine levels,
and NGAL between the first day (D1) and the third day (D3) in neonates with low birth weight,
several important conclusions can be drawn: (1) Urine volume: There was a significant increase in
urine volume from D1 to D3, with the median increasing from 1.4 mL/kg/hour (D1) 3.0 mL/kg/hour
(D3). These changes indicate a significant increase in urinary output, which may reflect changes in
kidney function or the body response to clinical intervention. A p-value of <0.001 confirmed that this
change was statistically significant. (2) Creatinine, a traditional marker of kidney function, did not
show significant changes between D1 and D3. Median creatinine levels changed only slightly from
0.76 mg/dL in D1 to 0.74 mg/dL in D3, with a p-value of 0.655, indicating that this change was not
statistically significant. This indicates that kidney filtering function remained stable during this
observation period, (3) Neutrophil Gelatinase-Associated Lipocalin (NGAL): There was a significant
increase in NGAL levels from D1 to D3, with the median increasing from 168 ng/mL on D1 to 507
ng/mL on D3. This increase, which was also statistically significant (p value < 0.001), indicates that
NGAL responds more quickly to kidney changes or stress than creatinine.

Table 2. Urinary volume changes, serum creatinine and NGAL between D1 and D3 at LBW neonates.

D1 D3 Changes P value
Urinary volume (mL/kg/h)

Median (IQR) 1.4 (1.2-1.5) 3.0 (2.8-3.5) 1.6 (1.4-2.0) <0.001*

Min-Max 0.0-4.1 0.8-4.5 -2.1-2.9
Creatinine (mg/dL)

Median (IQR) 0.76 (0.62-0.96) 0.74 (0.63-0.98) 0.01 (-0.2-0.28)  0.655

Min-Max 0.10-1.82 0.10-2.84 -0.96-2.34
NGAL (ng/mL)

Median (IQR) 168.04 (92.37-375.71) 507.34 (254.73-961.76) 201.76 (65.45-585.92) <0.001*

Min-Max 20.20-1612.04 36.10-1844.87 -817.06-1558.20
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IQR=Inter Quartile Range, Analysis using Wilcoxon signed-rank test, *significant p<0.05.

It can be concluded that in neonates with low birth weight, there was a significant increase in
urine volume and NGAL levels from the first to the third day. NGAL, which increased more rapidly
and significantly than creatinine, suggests that NGAL is a more responsive and possibly more
effective modality for early detection of kidney damage or kidney stress. Meanwhile, the stability of
creatinine levels showed that, despite changes in kidney function detected by NGAL, kidney filtering
function measured through creatinine remained stable during this observation period. These changes
need to be considered in the clinical monitoring of low birth weight neonates, especially in the context
of early detection and treatment of kidney damage.

This study evaluated the positivity rate of Acute Kidney Injury (AKI) in neonates with low birth
weight using three different diagnostic modalities: NGAL, KDIGO, and nRIFLE (Table 3). The results
obtained show significant differences in the positivity of each modality in detecting AKIL.

Table 3. Positivity Rate of AKI based on NGAL, KDIGO, and nRIFLE.

Diagnostic modality Positivity Rate 95% CI p-value (Cohcran’s-Q
of AKI (%) Positivity Rate test)
NGAL 81.8 71.8-88.8
KDIGO 24.7 16.4-35.4 <0.001*
nRIFLE 10.4 5.4-19.2

AKI=Acute Kidney Injury, *significant p<0.05.

NGAL emerged as the most sensitive diagnostic modality, with an AKI positivity rate of 81.8%.
A 95% confidence interval range (71.8% to 88.8%) showed that NGAL consistently detected AKI in
the majority of neonates examined (Figure 1). This indicates that NGAL can be a very effective tool
for early detection of AKI in neonatal populations with low birth weight. In contrast, KDIGO shows
a lower positivity rate, which is 24.7%, with a 95% confidence interval between 16.4% to 35.4%.
Although KDIGO can still detect AKI, its positivity is much lower compared to NGAL.
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Figure 1. Barchart Positivity Rate AKI based on NGAL, KDIGO and nRIFLE.

Overall, NGAL proved to be the most sensitive and responsive modality in detecting AKI in
neonates with low birth weight, compared to KDIGO and nRIFLE. These findings highlight the
importance of selecting the right diagnostic tools in the monitoring and managing AKI in this
vulnerable neonatal population, to ensure early detection and timely intervention.

Table 4. The correlation between serum creatinine changes with urine volume and NGAL.

Variables. Serum NGAL changes
r p-value
Serum creatinine changes -0.026 0.410
Urinary volume changes -0.167 0.073

Using Spearman’s rank correlation, *significant p<0.05.

Based on Table 3 and Figure 2, the correlation between changes in creatinine and urine volume
with changes in NGAL from day one (D1) to day three (D3) in neonates with low birth weight, the
following conclusions can be drawn: Correlation of creatinine changes with NGAL changes: The
Spearman (r) correlation value between creatinine change and NGAL change is -0.026 with a p value
of 0.410. This suggests that there was almost no correlation between creatinine and NGAL changes.
This indicates that the change in creatinine levels from D1 to D3 had no significant relationship with
the change in NGAL levels in the neonates studied. Correlation of changes in urine volume with
changes in NGAL: The Spearman correlation value (r) between the change in urine volume and the
change in NGAL was -0,167 with (p = 0.073). Although this negative correlation was stronger than
that with creatinine, it was not statistically significant (p > 0.05). This suggests that there is a slight
tendency for an increase in urine volume to be associated with a decrease in NGAL, but this
correlation is not strong enough to be considered significant. The results of this correlation analysis
showed that changes in creatinine levels and urine volume from day one to day three were not
significantly correlated with changes in NGAL levels in neonates with low birth weight. In other
words, changes in NGAL levels, as a marker of kidney injury, were not directly related to changes in
creatinine or urine volume during this observation period.
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Figure 2. Scatterplot of correlation between serum creatinine changes, urinary volume, and serum NGAL.

As mentioned on Table 5, there was no statistically significant relationship was found between
subject characteristics (sex, gestational age, birth weight, mode of delivery, and history of maternal
hypertension) and NGAL levels in neonates with low birth weight (p > 0.05). These results suggest
that NGAL levels are not influenced by the above characteristics; in other words, the characteristics
(sex, gestational age, birth weight, mode of delivery, and history of maternal hypertension) are not
confounding factors.

Table 5. The association between characteristic of the subjects and NGAL amongst low-birth weight neonates.

NGAL (ng/mL)*

Variables n Median (Min-Max) p-value
Gender
Males 45 150.96 (20.20-1536.56) 0.457
Female 32 181.07 (49.06-1612.03)
Gestational age (weeks)
28-30 14 114.34 (20.20-1114.07) 0.196
31-34 63 177.15 (30.91-1612.03)
Birth weight (gram)
750-1500 20 114.34 (20.20-1114.07) 0.120
>1500-2150 57 177.15 (30.91-1612.03)
Delivery methods
Cesarean section 35 132.11 (20.20-1612.03) 0.493
Spontanous 42 181.07 (30.91-1536.56)
Maternal hypertension
Yes 21 110.89 (20.20-566.32) 0.146
No 56 181.07 (30.91-1612.03)

Analysis using Wilcoxon rank-sum test, *significant p<0.05, *first day NGAL.
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Discussion

The potency of CKD could be detected earlier, i.e., from history taking regarding neonatal
history of low birth weight and prematurity [1-3,15]. Oligonephropathy-related prematurity is a
predisposition factor for hypertension, not only in adulthood, but also during infancy. Delayed
diagnosis and neglected hypertension have been known as a contributing factor of CKD and end-
stage kidney disease (ESKD) [16,17]. Primary prevention of CKD should be performed as soon as
possible, that is, routine urinary and blood pressure screening since childhood. Table 1 shows that
the subjects in this study were homogeneous in terms of sex, gestational age, birth weight, and
delivery methods.

As shown in Table 2, since the first 24 h, NGAL levels have increased (above 150 ng/mL) in
neonates experiencing oliguria, while creatinine levels did not increase. However, neonates with AKI
who improved after treatment, serum NGAL levels remained elevated, while serum creatinine levels
did not increase. This indicates that the detection of AKI in neonates can be performed early by
knowing urine production or by examining NGAL levels. Serum creatinine cannot be used to
determine AKI earlier in LBW neonates. This may be because there is very little muscle mass and lean
body mass in LBW neonates. In addition, this is also possible because the neonates in this study have
received adequate management to improve AKI (this is proven by the urine volume, which is no
longer oliguric). NGAL as a protein released by damaged tubular cells, continue to rise when urine
volume starts to return to normal, indicating that although AKI has been improved, there are still
many tubular cells that have not recovered from injury [18]. The important thing in the present study
is NGAL can be detected earlier but is not very good at monitoring AKI as it improves. Therefore,
monitoring diuresis and creatinine levels, as well as electrolyte and acid-base balance, are still needed
to monitor AKI which is being treated.

Table 3 shows that the positivity rate for serum first day NGAL was better than that for those
serum creatinine, both using the KDIGO and nRIFLE criteria. This is in accordance with previous
studies on adult and pediatric populations [7-9,13,14,18-22]. In a systematic review study by Xu et
al. (2022) it was stated that NGAL was very good at detecting AKI conditions that required kidney
replacement therapy (KRT). However, the systematic review only includes studies on adult
populations (more than 18 years old), there are no studies on children, infants and neonates [18].
Research according to Maisel et al. (2016) states that the NGAL cut off point value of more than 150
ng/dL is a strong predictor that AKI is at risk of worsening kidney failure, and Andriani et al. (2015)
found that this cut off has very high specificity and sensitivity, i.e., 88 and 81%, respectively [8,11].
Research according to Batte et al. (2022) states that high NGAL values in children with sickle cell
disease are associated with high mortality [20]. According to Zhang et al., NGAL is significant as an
early detector of AKI in the adult population [9]. However, the present study is the first in examining
this in LBW neonates.

Table 4 shows that there was no correlation between changes in urine volume and changes in
creatinine and NGAL, which is not in accordance with previous studies which showed that NGAL
and creatinine were correlated with urine volume. The different results obtained in this study may
be because NGAL at 24 h was increased in LBW neonates with AKI who then underwent adequate
management, so that AKI improved, as can be seen from the urine volume, which was no longer
oliguric on the third day of examination. The good results of this therapy resulted in no increase in
creatinine and urine volume, but not polyuria, while NGAL continued to increase. NGAL is a tubular
protein, indicating that injury to the tubules has not yet healed completely. This strongly suggests
that NGAL is good for the early detection of AKI in LBW neonates but is not good for monitoring
improvement in AKI. Therefore, the combination of NGAL, urine volume monitoring, and serum
creatinine levels is important for the management of AKI in LBW neonates. NGAL is important for
early detection; therefore, treatment is not delayed, and monitoring urine volume and serum
creatinine is needed to determine the success of AKI management.

Zou (2023) meta-analysis includes most of the pediatric population, there is an interesting thing,
NGAL is very accurate in detecting AKI in asphyxiated neonates [7]. However, there has been no
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research that specializes in preterm neonates 28-34 weeks of gestational age. Although previous
studies regarding NGAL in neonates have been published, there is still controversy, especially
according to Sarafidis et al. (2014) who stated that NGAL cannot be a predictor of AKI 1-2 days earlier
than creatinine, while other studies said it could [10]. Hanna et al. (2016) and research by Elmas et al.
(2017) stated that urine NGAL can detect AKI earler in nonsepsis neonates and nonasphyxiated
neonates [12,13]. The controversy between several studies requires a systematic review of the role of
NGAL in early detection of AKI in preterm neonates. Therefore, this research is very essential,
because it adds to the repertoire of systematic reviews, with something that is highlighted in this
research, namely the suspicion that AKI occurs more often in preterm and low birth weight (LBW)
neonates. The LBW state is associated with hypothermia and metabolic disorders, which are often
superimposed on metabolic disorders due to early phase AKI.

This study is the first to compare changes in serum NGAL and creatinine levels in neonates with
improved AKI. Meanwhile, this study has some limitation, i.e single center setting, the number of
subjects was not representative to determine the cut-off point for NGAL in neonates with AKI.

Conclusions

The results in the form of a non-significant correlation between the two conclude that serum
NGAL cannot represent AKI that has improved. Hence, the monitoring of creatinine and urinary
production is still needed in the management of LBW neonates with AKI.
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