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Abstract 

Introduction: Acute Kidney Injury (AKI) is a major cause of mortality and long-term morbidity. It is a very common 

complication in asphyxiated newborns. Early detection of AKI in these cohort of patients will positively impact outcome. 

Serum Neutrophil Gelatin-associated lipocalin (NGAL) is a highly sensitive biomarker of AKI. There is paucity of data on the 

determination of the incidence of AKI in asphyxiated babies using Serum NGAL as a biomarker. Objective: This study was set 

to evaluate the use of serum NGAL measurement for early detection of AKI in babies with perinatal asphyxia at the Abia State 

University Teaching Hospital (ABSUTH), Aba. Methods: This was a cross-sectional descriptive study done at the Newborn 

Special Care Unit of ABSUTH, Aba, Nigeria. Serum NGAL estimation was done within the first six hours of delivery. Also, 

serum creatinine was done daily for the first week of admission. Results: A total of 155 term neonates with perinatal asphyxia 

were studied. The male to female ratio was 1.06:1. Among these neonates, 43.9% had mild, 29.0% had moderate and 27.1% 

had severe perinatal asphyxia respectively. The mean serum NGAL concentration in those with mild, moderate and severe 

perinatal asphyxia were 345.3ng/ml, 673.1ng/ml, and 866.1ng/ml, respectively. A statistically significant difference was 

observed in these mean serum NGAL concentrations (p value<0.05). The serum NGAL levels increased with the increasing 

severity of AKI. There was a higher serum NGAL concentration with a mean of 614.00±22ng/ml in patients with AKI 

(P<0.05). A cut-off value of 270ng/ml for serum NGAL using the receiver operating curve could detect AKI in asphyxiated 

neonates, with a sensitivity of 99.3%. The area under the curve of 1.0 was statistically significant. (p = 0.001) Conclusion: 

Serum NGAL is a highly sensitive biomarker of AKI. Serum NGAL levels measured within the first six hours after birth is 

elevated in patients with AKI. NGAL estimation in the first 6 hours of the birth of asphyxiated neonates is recommended for 

early detection of AKI. 
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1. Introduction 

As many as 61% of severely asphyxiated infants may de-

velop acute kidney injury (AKI) that is predominantly 

non-oliguric [1]. Also, available data suggest that the inci-

dence of AKI in asphyxiated neonates is high, that 

non-oliguric AKI is common, and that AKI portends poor 

outcomes [2, 3] In critically ill patients, AKI is a major cause 

of mortality and long-term morbidity [4]. 

Acute kidney injury (AKI) in the newborn is a common 

problem in the neonatal intensive care unit (NICU), and the 

incidence of acute renal failure ranges from 22-67% [5]. 

In Nigeria, there is a paucity of data on AKI in asphyxiat-

ed newborns. In a study done in Benin City, Nigeria, 20% of 

the asphyxiated patients studied had AKI which was defined 

as serum creatinine greater than 1.0mg/dl [6]. A similar study 

done in Port Harcourt identified 35.5% of AKI cases in neo-

nates with severe birth asphyxia [7]. In a recent 

cross-sectional descriptive study done on early detection of 

acute kidney injury using serum neutrophil gelati-

nase-associated lipocalin in Uyo, Nigeria, it was reported 

that 11.5% of the subjects had AKI using serum creatinine 

criteria while sNGAL was able to detect AKI in 48% of the 

subjects [8]. Serum creatinine concentrations are reflective of 

maternal levels in the first few days of life [9, 10]. Again, 

serum creatinine is a poor marker of early renal dysfunction 

because it is greatly influenced by numerous non-renal fac-

tors such as body weight, race, age, and total body volume 

[11]. Oliguria (i.e. urine output less than 1ml/kg/hr.) is an 

insensitive marker of renal function in the newborn, as AKI 

can be seen in the absence of oliguria [12] 

These limitations highlight the importance of the use of 

some novel biomarkers that can be detected early during AKI. 

These biomarkers can also be detected in easily accessible 

fluids like urine which is derived from the kidney. The 

American Society of Nephrology has designated the devel-

opment of biomarkers for early detection of AKI as a re-

search priority. [13] 

Currently, the more promising early non-invasive bi-

omarkers of AKI are serum and urinary neutrophil gelati-

nase-associated lipocalin (NGAL), kidney injury mole-

cule-1(KIM-1), urinary interleukin-18(IL-18), and serum 

cystatin C [14]. Among these biomarkers, the most promis-

ing early non-invasive biomarkers of AKI are serum and 

urinary neutrophil gelatinase-associated lipocalin (NGAL) 

[15]. The levels of serum and urinary neutrophil gelati-

nase-associated lipocalin rise in patients 24-48 hours before 

serum creatinine elevation is detected. This has been shown 

by several studies [16]. 

Having in mind the limitations of using serum creatinine 

to diagnose AKI, this study seeks to determine the incidence 

of AKI in asphyxiated babies using Serum NGAL as a bi-

omarker. 

 

1.1. Research Questions 

1) W hat is the level of serum NGAL in neonates with 

perinatal asphyxia 

2) What is the sensitivity of the use of serum NGAL in 

identifying AKI in neonates with perinatal asphyxia 

3) What is the incidence of AKI in neonates with perinatal 

asphyxia 

1.2. Research Hypothesis 

Null hypothesis. 

Serum NGAL levels do not rise within the first six hours 

of delivery in neonates with AKI following perinatal as-

phyxia. 

Alternate hypothesis. 

Serum NGAL levels rise within the first six hours of de-

livery in neonates with AKI following perinatal asphyxia. 

2. Method 

2.1. Study Period and Setting 

A hospital-based cross-sectional study. Conducted from 

April 2020 to February 2022 on newborns presenting with 

inability to cry or unsustained cry following delivery at the 

Special Care Baby Unit of ABSUTH, Aba Abia State, South 

East, Nigeria. 

ABSUTH is the major tertiary health care facility in the 

state which serves as a referral center for those living in Aba 

and the surrounding towns as well as some neighboring 

states. 

2.2. Inclusion Criteria 

Term newborn babies aged six hours and below with peri-

natal asphyxia. 

2.3. Exclusion Criteria 

1) Babies with major congenital anomalies 

2) Newborn babies with chromosomal anomalies 

3) Premature babies (<37 completed weeks of pregnancy) 

4) Newborn of a mother who suffered chronic kidney dis-

ease. 

2.4. Sample Size 

A sample size of 155 term neonates aged six hours and 

below who met the inclusion criteria were recruited into the 

study. 

2.5. Study Design 

Consecutive inborn and outborn neonates aged six hours 
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and below who met the inclusion criteria were enrolled in the 

study as they presented to the newborn special care unit. This 

was continued until the sample size of 155 was reached. In-

formed written consent was obtained from each par-

ent/caregiver before enrolling the subject. Using the study 

proforma/case record form, the parents/caregivers were in-

terviewed by the researcher, and information about the sub-

ject’s age on admission, gender, contact address, phone 

numbers, presenting complaints, pregnancy, labour, and de-

livery history was obtained. Gestational age was obtained by 

calculation from the date of the last menstrual period and/ or 

possible neonatal ultrasonography to help in excluding pre-

term newborns from the study. The history of chronic kidney 

disease in the mother was also excluded. Apgar scores at 1, 5, 

and 10 minutes were obtained and recorded. Apgar scores of 

referred subjects were obtained through either their referral 

notes or if there were no referral notes, phone calls were 

made to the referring facility to help the researcher estimate 

the Apgar score of the subject. Asphyxiated neonates were 

grouped into severe (0-3), moderate (4-5), and mild (6) based 

on Apgar score at 5 minutes [17]. 

2.6. Urine Sample Collection 

The urinary output of each of the subjects in the first 24 

hours was measured and recorded. With the hand washed, 

the urine collector bag was held between the thumb and fore-

finger and applied from the back (perineal area). An adhesive 

tape was used to secure the urine collector to the skin around 

the vagina or the scrotum of the female or male neonates 

respectively. The diaper was loosely fitted to allow unim-

peded filling of the bag. The quantity of urine in the urine 

collector bag was measured and recorded after 24 hours. 

2.7. Blood Specimen Collection and Procedures 

Two milliliters of venous blood samples were collected by 

venipuncture through a peripheral vein after cleansing the 

puncture site with 90% alcohol within six hours of the sub-

jects’ delivery. Collected blood was allowed to clot and cen-

trifuged at 3000 revolutions per minute. The supernatant 

serum obtained was shared into two, one half was transferred 

to plain test tubes and stored at -80ْC until analysis of serum 

NGAL was done. The second half was used to analyze serum 

creatinine. The samples for serum NGAL were pooled and 

analyzed in batches of 50 tests. 

Serum creatinine was done daily for the first week of life 

and the result was documented in the patient’s clinical pro-

gress sheet. Subjects enrolled in the study were categorized 

within 72 hours of admission into the AKI group and no-AKI 

group and Acute kidney injury was defined as serum creati-

nine of 133µmol/L and above or a percentage increase in 

serum creatinine of ≥ 50% (1.5-fold from the baseline [18, 

19]. The non-AKI group was identified by normal serum 

creatinine values on both day 1 and day 3. 

The weight, length, occipitofrontal circumference, and 

temperatures of each of the subjects were measured and 

documented: 

Babies were weighed naked in a warm environment using 

a bassinet scale with high sides to ensure the baby’s safety. 

Three readings were taken for each enrolled subject and an 

average value was taken to the nearest 0.1 gram (gm). 

The length was measured with the help of an assistant us-

ing a stadiometer. Three supine measurements were taken, 

and the average was recorded to the nearest 0.1 centimeters 

(cm). 

Occipitofrontal circumference was measured as the max-

imum circumference of the head to the nearest 0.1cm with a 

non-elastic, flexible, measuring tape passing above the su-

pra-orbital ridges and over the maximum occipital promi-

nence as landmarks. 

The temperatures of the subjects were taken using clinical 

mercury-in-glass thermometers. A complete neurological 

examination which included the subject’s level of con-

sciousness, muscle tone, Moro reflex, pupillary size, and 

reaction to light was obtained. The stage of HIE was docu-

mented using the Sarnat and Sarnat scoring system [20]. 

Laboratory studies were done by the researcher in collab-

oration with the chemical pathologist attached to ABSUTH, 

Aba after the researcher was trained on the laboratory pro-

cedures. 

Serum creatinine assays were carried out immediately us-

ing the modified Jaffe’s method [21]. 

Serum NGAL estimation was done using NGAL ELISA 

kit 036RUO by Bio Porto diagnostics from Tuborg Havnevej, 

15, St. DK-2900 Hellerup Denmark with lot no. 

NG-1813-03. 

Before performing the assay, all specimens and reagents 

were brought to room temperature (20-25ºc). Specimens 

were mixed thoroughly by gentle inversion and if necessary 

clear visible particulate matter by low-speed centrifugation. 

All samples were prepared before starting the assay. NGAL 

analysis by ELISA was performed using the commercially 

available assay, and was run according to the manufacturer’s 

protocol as stated below: 

100µL of NGAL standards, diluted specimens, and any 

internal laboratory controls were pipetted into the precoated 

microwells. Microwells were incubated for 60 minutes at 

room temperature on a shaking platform set at 200 revolu-

tions/minute. The microwells were washed three times with 

300µL diluted wash solution.100µL each of Biotinylated 

NGAL Antibody and HRP-Streptavidin conjugate respec-

tively were incubated in the microwells for 1 hour each with 

shaking at 200/minute. Washing with buffer solution was 

also done following the addition of each reagent substrate. 

The wells were covered and incubated for exactly 10 minutes 

at room temperature in the dark before the addition of the 

stop solution. The clock was started when filling the first 

well. All measurements were run in duplicate to ensure ac-

curacy. 
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The NGAL concentration was measured at 450nm wave-

length using a microplate reader. The mean absorbances for 

each set of duplicate standards, controls, and samples were 

calculated. A calibration curve was constructed by plotting 

the absorbance values obtained for the calibrators on the 

Y-axis against the corresponding NGAL concentrations on 

the X-axis. The calibration curve met the validation require-

ments. The NGAL concentrations of diluted samples were 

then found by placing their absorbance values on the calibra-

tion curve and reading the corresponding concentrations 

from the X-axis. 

The color intensity (optical density) is a function of the 

NGAL concentration. The NGAL concentration in the samples 

was calculated from the calibration curve generated by the 

NGAL calibrators and their corresponding optical densities. 

Newborn babies diagnosed with perinatal asphyxia were 

transferred to the special care newborn unit for observation 

and treatment. Management was individualized and accord-

ing to the unit protocol for managing patients with perinatal 

asphyxia. Immediate clinical assessment was done by re-

cording temperature, respiration, heart rate, capillary refill 

time, urine output, and oxygen saturation. These parameters 

were continuously monitored thereafter. Babies with Apgar 

scores of <4 at 1 minute or <7 at 5 minutes were started on 

intravenous infusion which was at 2/3rd maintenance. Blood 

sugar, hematocrit, and electrolyte were monitored and main-

tained within normal range. Seizures if present were treated 

with phenobarbital. Out of the 27% of patients with severe 

perinatal asphyxia, a mortality of 20% was recorded, howev-

er, among patients with mild and moderate perinatal asphyx-

ia, no mortality was recorded. Patients were subsequently 

discharged to the newborn outpatient clinic for follow-up. 

3. Data Analysis 

The data was recorded on the study proforma and ana-

lyzed using IBM SPSS (Statistical Package for the Social 

Sciences) version 25. Data was appropriately summarized 

into tables and graphs. 

Descriptive statistics were used to summarize quantitative 

variables while qualitative variables were summarized as 

proportions. Categorical data/variables were summarized 

using Chi-Square or Fisher’s exact test. 

To determine the sensitivity and specificity of serum 

NGAL in identifying AKI, a 2X2 contingency table was cre-

ated. In addition, non-normally distributed data were ex-

pressed using the median. A receiver operating characteristic 

(ROC) curve was generated by plotting the sensitivity 

against 1-specificity and the area under the curve was calcu-

lated. A two-sample t-test was used for continuous variables 

and Chi-Square or Fisher’s exact test was used for categori-

cal variables. A p-value of ≤0.05 was considered statistically 

significant. 

4. Results 

One hundred and fifty-five subjects with perinatal as-

phyxia were studied of which 80 were males and 75 were 

females, giving a male: female: ratio of 1.06:1. The mean age 

of the subjects was 2.85±1.72 hours. 

Table 1. Socio-demographic characteristics of study population. 

Variables Frequency (N=155) Percentage (%) 

Age (Hours)   

0 7 4.5 

1 27 17.4 

2 44 28.4 

3 29 18.7 

4 18 11.6 

5 13 8.4 

6 17 11.0 

Gender   

Male 80 51.6 

Female 75 48.4 

(Source: produced by the authors. Aba-Nigeria, 2025) 
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Table 1 shows the number of subjects having mild, mod-

erate, and severe perinatal asphyxia. 

Most of the subjects 68 (43.9%) had mild perinatal as-

phyxia, 45 (29.0%) had moderate, while 42 (27.1) had severe 

perinatal asphyxia. 

Table 2. Distribution of subjects with Perinatal asphyxia. 

APGAR Score at 5 minutes Frequency Percentage (%) 

mild (6) 68 43.9 

moderate (4-5) 45 29.0 

severe (0-3) 42 27.1 

Total 155 100.0 

Area Under the Curve 

Test Result Variable: Serum NGAL 

Area 

1.000 

 
Figure 1. Receiver operating characteristics curve for serum NGAL. 

Figure 1 is a receiver operating characteristic curve (ROC) 

that was developed to predict the association between the 

gold standard (serum creatinine) and diagnostic test 

(sNGAL). The coordinates for the curve; sensitivity at vari-

ous levels and false positive rate (1- specificity) were gener-

ated and plotted on a graph. The point of intersection that 

gave the best sensitivity and 1- specificity was used as the 

cutoff point for diagnosis of acute kidney injury (AKI). In 

this study, the cutoff was determined at 270ng/ml with the 

highest sensitivity of 99.3%. The area under the curve was 

1.0 which was highly significant. 

The majority (thirty (78.9%)) of the subjects with mild and 

moderate perinatal asphyxia had the least serum NGAL lev-

els of between 11-610ng/ml while 33 (57.9%) which consti-
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tuted the majority of those with severe perinatal asphyxia 

had levels of NGAL of over 910 ng/ml. All these values were 

statistically significant with a p value<0.05. 

Table 3. Levels of serum NGAL with the severity of asphyxia. 

Variable Mild (N%) Moderate (N%) Severe (N%) 𝓧² P-value 

Serum NGAL (ng/ml)    

76.484(FT) 0.000* 

11-310 30(78.9) 7(18.4) 1(2.6) 

311-610 25(61.0) 10(24.4) 6(14.6) 

611-910 10(52.6) 7(36.8) 2(10.5) 

>910 3(5.3) 21(36.8) 33(57.9) 

Mean serum NGAL (ng/ml) 
Mild mean±SD 

345.3±31 

Moderate mean±SD 

673.1±42 

Severe mean±SD 

866.1±61 
 0.000* 

AKI    

81.993(FT) 0.000* Yes 8(10.7) 28(37.3) 39(52.0) 

No 60(75.0) 17(21.3) 3(3.8) 

FT=Fisher’s exact test *Statistically significant 

(Source: Produced by the authors. Aba-Nigeria, 2025.) 

The mean serum NGAL level in patients with acute kidney 

injury was found to be 614ng/ml while those with no AKI 

had a mean serum NGAL level of 357.8ng/ml. These values 

were statistically significant with p<0.05. 

 
Figure 2. depicts increasing levels of serum NGAL with increasing severity of perinatal asphyxia. 

Table 4. Relationship between serum NGAL in neonates with AKI as selected by serum creatinine. 

Variables AKI No Mean±SD Df T-test P-value 

Serum NGAL 

(ng/ml) 
Yes 75 614.00±222.624 153 12.702 0.000 

 No 80 357.84±286.697    
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Variables AKI No Mean±SD Df T-test P-value 

sCr (μmol/l) Yes 75 177.94±148.868 153 3.468 0.001 

 No 80 84.02±152.091    

(Source: Produced by the authors. Aba-Nigeria, 2025.) 

Table 5 shows that the sensitivity of the use of serum 

NGAL is 97.3% while the specificity is 42.5%. These values 

were statistically significant. 

Table 5. Sensitivity and Specificity of use of Serum NGAL. 

Test result (sNGAL) Yes (%) No (%) Total (%) 

Positive 73 (97.3) 46 (57.5) 119 (76.8) 

Negative 2 (2.7) 34 (42.5) 36 (23.2) 

Total 75 (100.0) 80 (100.0) 155 (100.0) 

(Source: Produced by the authors. Aba-Nigeria, 2025) 

Table 6 indicates that using serum NGAL as a diagnostic marker, one hundred and thirty-one subjects were found to have 

AKI. Hence, the incidence of AKI was 84.5% using a cutoff of 270ng/ml. 

Table 6. Incidence of AKI. 

Serum NGAL Test n = 155 % 

Positive (AKI) 131 84.5 

Negative (No AKI) 24 15.5 

Total 155 100 

(Source: Produced by the authors. Aba-Nigeria, 2025) 

 
Figure 3. Percentage of subjects and quantity of urine made in the first 24 hours after admission. 
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Figure 3 shows that 78.1% of the subjects had a urine 

output of 15-60mls, 14.8% made <15 mls of urine, and 7.1% 

made >60mls of urine within the first 24 hours of admission. 

5. Discussion 

In this study, serum NGAL measured in the first 6 hours of 

life showed significantly higher values in patients with acute 

kidney injury than in patients without acute kidney injury. 

This finding is similar to the study done by Krawczeski et al. 

[22], where urine NGAL levels in neonates were significant-

ly increased in the second hour after cardiopulmonary bypass 

surgery. The bypass surgery caused acute severe hypotension 

leading to AKI. Also, in agreement with this finding is the 

study done by Udoh et al in West Africa, Nigeria which 

demonstrated elevated levels of serum NGAL in patients 

with AKI. [8] Essajee et al. [23], Pekovic et al, [24], Abdel 

Hady et al. [25], and El Raggal et al. [26], demonstrated 

similar findings. 

Furthermore, serum NGAL steadily increased with in-

creasing severity of perinatal asphyxia and AKI in this study, 

corroborating a study done on serum NGAL as a diagnostic 

marker of AKI in asphyxiated neonates by El Raggal et al. 

[26] This finding could be attributed to ischemia of renal 

parenchyma which occurs in AKI. Gupta et al, in a study on 

the incidence of renal failure in asphyxiated neonates, 

showed that the severity of renal failure correlated with Ap-

gar score and HIE grading of the neonates. [27] Also, Kaur et 

al and Karlowicz et al, demonstrated a greater number of 

patients developing AKI in severe than moderate perinatal 

asphyxia [28]. 

The sensitivity of the use of sNGAL in the early identifi-

cation of AKI in neonates with perinatal asphyxia was high 

at 99.3%. This was similar to other studies done on the use of 

sNGAL as an acute kidney injury biomarker. Studies done by 

Abdelhady et al, El Raggal et al and Essajee et al found sen-

sitivities of 95%, 83.3%, and 88% respectively [23, 25, 26]. 

Lower but significant sensitivity of 70% was found by Pejo-

vic et al. [24], and this could be attributed to the time of 

analysis of the ROC curve. Again, premature neonates were 

the study population enrolled in the study. The high sensitiv-

ity of the use of NGAL in both previous and current studies 

could be attributed to the fact that specimens were collected 

within 6 hours of life and lends credence to serum NGAL 

detecting AKI earlier than serum creatinine which is a late 

marker of acute kidney injury in neonates with perinatal as-

phyxia. 

The incidence of AKI in neonates with perinatal asphyxia 

using serum NGAL in this index study was 84.5% which is 

comparable with studies done in Belgrade, Serbia where 67.6% 

of the patients developed AKI [24]. It is however higher than 

a Kenyan study with a prevalence of 56% [23], and another 

study done in Egypt with a prevalence of 55% [26]. Another 

study which is the only published study on the incidence of 

AKI in neonates with perinatal asphyxia in Nigeria found an 

incidence of 48% [29]. The high prevalence in the above 

studies could be explained by the use of serum NGAL which 

is known to detect AKI earlier in the course of the disease 

and rises significantly in blood and urine soon after AKI [30]. 

This further indicates that NGAL expression increases sig-

nificantly in the presence of injury to the renal epithelia. 

Urine output criteria were not used in the diagnosis of AKI 

in this study. However, 78.1% of the study subjects had ade-

quate urine output while oliguria was found in 14.8% of the 

study population indicating that oliguria is an insensitive 

marker of renal function, and that AKI can be seen in the 

absence of oliguria [31]. 

6. Conclusion 

The level of serum NGAL rise early during AKI following 

perinatal asphyxia. This rise increases with the increasing 

severity of perinatal asphyxia. The sensitivity using serum 

NGAL as a diagnostic marker in this study was very high. It 

is therefore, a plausible step to recommend new biomarkers 

like SNGAL for the early diagnosis of AKI in neonates with 

perinatal asphyxia. 

Limitations of the Study 

One of the key limitations of this study was loss to fol-

low-up of the study participants. Majority of the patients 

were lost to follow-up; hence long-term follow-up was diffi-

cult. 
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