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					Abstract  

					Background: Acute kidney injury (AKI) is related with higher death rates, longer hospital admissions, and an increased  

					chance of developing chronic kidney disease (CKD). Serum creatinine, a conventional biomarker for AKI diagnosis, has  

					limitations since it rises slowly after renal injury and is dependent on muscle mass and hydration state. Neutrophil  

					gelatinase-associated lipocalin (NGAL) has emerged as a promising early biomarker, appearing in urine and plasma  

					within two hours of kidney injury. This study investigates the diagnostic accuracy of NGAL against serum creatinine in  

					diagnosing AKI in pediatric patients. The aim of this study is to assess the sensitivity and specificity of NGAL in  

					diagnosing AKI in pediatric patients compared to serum creatinine. By assessing the reliability of NGAL, the study aims  

					to enhance early detection and management techniques for AKI in children.  

					Methodology: A cross-sectional analytic study was carried out over a 12-month period at a tertiary hospital's pediatric  

					nephrology department. The study included 200 children aged 1 month to 18 years who had been admitted with  

					symptoms that put them at risk for AKI, such as sepsis, dehydration, and nephrotoxic medication exposure. Blood  

					samples were taken at admission and 24 hours later to determine serum creatinine and NGAL levels. An enzymatic  

					colorimetric technique was used to determine serum creatinine, and an enzyme-linked immunosorbent assay (ELISA)  

					was used to detect NGAL. Data was analyzed with SPSS software, and diagnostic performance was assessed using  

					receiver operating characteristic (ROC) curve analysis.  

					Results: NGAL revealed superior diagnostic accuracy, with an area under the curve (AUC) of 0.94 against 0.72 for  

					creatinine. NGAL demonstrated greater sensitivity (92% vs. 68%) and specificity (88% vs. 62%), especially in infants.  

					The ROC curve demonstrated NGAL's excellent diagnostic performance in all pediatric age groups. Conclusion: This  

					study shows that NGAL is a more reliable early biomarker for AKI in pediatric patients than serum creatinine. Its  

					implementation in clinical practice could lead to early diagnosis and treatments, lowering the risk of severe kidney  

					injury and improving pediatric patient outcomes.  
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					Introduction  

					Acute kidney injury (AKI) is characterized by an abrupt loss in renal function, resulting in the buildup of  

					metabolic waste products and abnormalities in fluid and electrolyte balance [1]. AKI is a serious clinical  

					challenge in pediatric settings, with studies indicating that it affects roughly 26% of hospitalized children  

					[2][3]. The severity of AKI in children is highlighted by its link to higher death rates, longer hospital  

					admissions, and an increased likelihood of progression to chronic kidney disease (CKD).  

					AKI in hospitalized children varies widely, driven by factors such as geographic location, healthcare  

					infrastructure, and diagnostic criteria [4][5]. A meta-analysis of 94 studies from 26 countries found an  

					overall AKI incidence of 26% among hospitalized children, with moderate to severe AKI occurring in  

					14% of cases. Notably, AKI-related mortality was seen in 11% of the pediatric population, with greater  

					rates in low income (18%) and low-middle-income nations (22%), compared to high-income countries  

					[6].  

					Historically, serum creatinine has been used as the primary biomarker for measuring renal function.  

					However, its diagnostic value is restricted due to a delayed rise after renal injury and its reliance on  

					variables such as muscle mass and hydration state. This delay can lead to missed possibilities for early  

					therapeutic interventions, thereby worsening the patient's prognosis.  

					In recent years, neutrophil gelatinase-associated lipocalin (NGAL) has been identified as a promising  

					early biomarker for AKI. NGAL is a 25-kDa protein of the lipocalin family composed of beta-strands  

					that form beta-calyx like a crystallography that is rapidly produced from renal tubular cells in response to  

					injury and can be detected in both urine and plasma within two hours of the insult [7, 8]. NGAL is  

					produced by an injured nephron epithelia then released into the blood and urine, where it can be readily  

					measured. Its quick spike may provide an advantage over serum creatinine, allowing for early  

					identification and action. Studies have shown that NGAL levels are associated with the severity of AKI  

					and can predict the requirement for renal replacement treatment as well as in-hospital mortality [8][9].  

					Despite the high frequency and severe morbidity and mortality associated with acute kidney injury (AKI)  

					in pediatric populations, early diagnosis remains a diagnostic challenge. The use of serum creatinine as  

					the primary biomarker for assessing renal function is problematic due to its delayed response after kidney  

					injury and susceptibility to confounding factors such as muscle mass and hydration status. This delay in  

					detection can result in missed opportunities for early intervention, thereby worsening the results for  

					affected children.  

					It is critical to identify more sensitive and specific biomarkers for detecting AKI early on. Although  

					NGAL has showed promise in this area, its diagnostic accuracy in pediatric populations, particularly in  

					tertiary hospital settings, warrants more exploration. Understanding the relative efficacy of these  

					indicators is critical for improving early detection and management options for childhood AKI.  

					This study will compare the diagnostic accuracy of NGAL to serum creatinine in diagnosing AKI in  

					pediatric patients in a tertiary hospital setting. By evaluating the sensitivity and specificity of these  

					biomarkers, we hope to identify whether NGAL is a better early signal of renal damage. The significance  

					of this study stems from its potential to inform clinical practice by directing the adoption of more  

					effective biomarkers for early AKI identification. Such developments may result in timely treatment  

					interventions, improving patient outcomes and lowering the burden of AKI-related consequences in the  

					pediatric population.  
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					Materials and Methods  

					Study Design  

					This cross-sectional analytical study was carried out over a 12-month period in a tertiary care hospital's  

					pediatric nephrology unit to assess the diagnostic accuracy of neutrophil gelatinase-associated lipocalin  

					(NGAL) versus serum creatinine in detecting acute kidney injury (AKI) in pediatric patients. The study  

					focused on children aged 1 month to 18 years who were admitted with circumstances that predisposed  

					them to AKI, such as sepsis, dehydration, nephrotoxic medication exposure, or congenital heart disease.  

					Eligible subjects were enrolled sequentially after gaining informed consent from their parents or legal  

					guardians, and demographic information, medical history, and clinical findings were recorded. Venous  

					blood samples were obtained at admission and 24 hours later to assess serum creatinine and NGAL  

					levels. Serum creatinine was measured using an enzymatic colorimetric test, and NGAL was measured  

					using a high-sensitivity enzyme-linked immunosorbent assay (ELISA).  

					Study Area  

					The study was carried out in the pediatric nephrology unit of a tertiary care hospital that acts as a referral  

					center for pediatric renal diseases. The hospital has modern diagnostic and treatment facilities, allowing it  

					to provide comprehensive care to children with a variety of renal diseases.  

					Eligibility Criteria  

					Children aged 1 month to 18 years who were hospitalized at the hospital with conditions that predispose  

					to renal injury were eligible for the study. These conditions included sepsis, dehydration, nephrotoxicity,  

					and congenital heart disease. Patients with pre-existing chronic kidney disease (CKD) stages 4-5 or who  

					had previously received renal replacement treatment were excluded to prevent confounding factors that  

					could influence the assessment of acute renal injury.  

					Inclusion Criteria  

					Children aged 1 month to 18 years admitted with clinical conditions known to predispose to AKI, such as  

					sepsis, dehydration, nephrotoxic drug exposure, or congenital heart disease were included in this study.  

					Exclusion Criteria  

					Patients with pre-existing chronic kidney disease (CKD) stages 4–5 and those who had previously  

					undergone renal replacement therapy were excluded from this study.  

					Ethical Considerations  

					The study protocol was reviewed and approved by the hospital's Research Ethics Committee. Informed  

					consent was obtained from the parents or legal guardians of all participating children. Confidentiality of  

					patient information was maintained throughout the study, and all procedures were conducted in  

					accordance with the Declaration of Helsinki (Su et al., 2020).  

					Data Collection  

					Upon admission, each participant's baseline demographic and clinical characteristics, including age,  

					gender, weight, height, and presenting symptoms, were documented using a structured case record form.  

					Additional clinical parameters, such as vital signs, underlying illnesses, and risk factors for acute kidney  

					injury (AKI), were documented to offer a full assessment of each patient's health status.  

					Sample Collection  

					Upon admission, venous blood samples were taken from each participant to determine their baseline  

					serum creatinine and NGAL levels. A follow-up sample was collected 24 hours later to evaluate changes  

					in these biomarkers. Urine samples were collected concurrently for NGAL analysis.  
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					Sample Analysis  

					Serum creatinine levels were determined using an enzymatic colorimetric method, which is a widely  

					known approach for measuring renal function. This test was standardized to reduce interference from  

					non-creatinine chromogens, resulting in accurate and consistent findings. The enzymatic reaction enabled  

					the exact determination of serum creatinine  

					Neutrophil gelatinase-associated lipocalin (NGAL) levels were measured in serum and urine samples  

					using a commercial enzyme-linked immunosorbent assay (ELISA) kit. The NGAL values were then used  

					to assess kidney function and detect renal impairment. This ELISA test was chosen for its excellent  

					sensitivity and specificity in detecting NGAL, a biomarker known for its early appearance in acute  

					kidney injury. The ELISA method involves attaching NGAL molecules to specific antibodies, followed  

					by a colorimetric reaction that allowed for precise detection of biomarker concentration. The combined  

					measurement in serum and urine allowed for a more thorough evaluation of NGAL's diagnostic value in  

					detecting kidney injury at an early stage.  

					Statistical Analysis  

					Data was analyzed using Statistical Package for the Social Sciences (SPSS) version 26.0. Continuous  

					variables were expressed as means with standard deviations or medians with interquartile ranges,  

					depending on data distribution. Categorical variables were presented as frequencies and percentages. The  

					diagnostic performance of NGAL and serum creatinine in detecting AKI was evaluated using receiver  

					operating characteristic (ROC) curve analysis, calculating the area under the curve (AUC) for each  

					biomarker. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)  

					were also determined. A p-value of <0.05 was considered statistically significant.  

					Results  

					Table 1: Baseline Characteristics of the Pediatric Cohort  

					Characteristic  

					Value  

					Total Patients  

					200  

					Median Age (IQR)  

					6 years (2–12 years)  

					Male Sex, n (%)  

					104 (52%)  

					The study included 200 pediatric patients with a median age of 6 years.  
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					Table 2: Diagnostic Performance of NGAL vs. Creatinine  

					Metric  

					NGAL  

					0.94 (0.90–0.98)  

					92%  

					Creatinine  

					0.72 (0.65–0.79)  

					68%  

					AUC (95% CI)  

					Sensitivity  

					Specificity  

					88%  

					62%  

					Positive Predictive Value  

					Negative Predictive Value  

					90%  

					60%  

					89%  

					70%  

					NGAL demonstrated superior diagnostic performance compared to creatinine, with a higher AUC (0.94  

					vs. 0.72), sensitivity (92% vs. 68%), and specificity (88% vs. 62%). These results indicate that NGAL is  

					a more reliable biomarker for early detection of renal injury in pediatric patients.  

					Table 3: Subgroup Analysis by Age Groups  

					Age Group  

					NGAL AUC (95% CI)  

					0.95 (0.91–0.99)  

					Creatinine AUC (95% CI)  

					0.70 (0.62–0.78)  

					Infants (1 month–2 years)  

					Children (2–12 years)  

					Adolescents (12–18 years)  

					0.93 (0.89–0.97)  

					0.73 (0.66–0.80)  

					0.92 (0.87–0.97)  

					0.74 (0.67–0.81)  

					NGAL consistently outperformed creatinine across all age groups, with the highest diagnostic accuracy in  

					infants (AUC = 0.95). This highlights NGAL's utility as an early biomarker for renal injury in pediatric  

					patients of all ages.  
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					Figure 1: ROC Curve for NGAL and Creatinine  

					The ROC curve for NGAL (AUC = 0.94) is significantly closer to the top-left corner compared to  

					creatinine (AUC = 0.72), demonstrating its superior diagnostic accuracy for renal injury in pediatric  

					patients.  

					Discussion  

					The study included 200 pediatric patients, with almost equal proportions of male and females. The  

					median age of the participants shows a wide representation of early childhood to pre-adolescence.  

					Several recent research support these demographic findings. Research by Lamb [10]  

					examining pediatric cohorts in similar conditions found a nearly equal male-to-female ratio, indicating no  

					substantial gender propensity in such cohorts. Böhme et al. [11] and Brennan et al. [12] discovered a  

					modest male predominance in pediatric hospital admissions, which could be explained by regional  

					healthcare-seeking patterns. Furthermore, the median age distribution seen in this study is consistent with  

					the findings of Duffy et al. [13], who discovered that pediatric patients requiring medical treatments  

					frequently fall within a similar age range.  

					Clinically, establishing baseline demographics is critical for tailoring pediatric healthcare interventions.  

					The near-equal gender distribution shows that medical conditions impacting this group do not have  

					significant sex-related differences, hence facilitating equitable resource allocation. Furthermore, the age  

					range gives information about illness patterns, developmental problems, and targeted treatment options,  

					especially in early infancy and pre-adolescence.  

					This study's findings further demonstrate the higher diagnostic accuracy of Neutrophil Gelatinase-  

					Associated Lipocalin (NGAL) over creatinine in diagnosing renal damage in young patients. NGAL  

					showed much higher area under the curve (AUC), sensitivity, and specificity, indicating its potential as  

					an early and reliable biomarker of renal injury.  

					These results are consistent with recent literature. Zou et al. [8] found that NGAL had an AUC greater  

					than 0.90 in the diagnosis of pediatric acute kidney injury (AKI), significantly outperforming serum  

					creatinine, which had lower sensitivity and specificity. A meta-analysis by Gomes et al. [14] confirmed  
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					that NGAL detects renal injury earlier, as creatinine levels frequently remain within the normal range  

					until significant kidney dysfunction occurs.  

					Clinically, these data highlight creatinine's limits as a late marker of renal impairment and reaffirm the  

					need of NGAL in early identification. The larger negative predictive value of NGAL implies that it is  

					especially effective in ruling out renal injury, potentially minimizing unnecessary procedures. Early  

					identification, enabled by NGAL, may allow for prompt management measures, improving pediatric  

					patient outcomes by preventing progression to serious kidney impairment. As a result, including NGAL  

					in routine renal function assessments at pediatric tertiary institutions may improve diagnosis accuracy and  

					patient care.  

					The subgroup analysis revealed that NGAL consistently outperformed creatinine in diagnosing renal  

					injury across all pediatric age groups, with the highest diagnostic accuracy reported in infants. These  

					findings support NGAL's reliability as an early biomarker, regardless of age, while emphasizing its  

					sensitivity in younger patients.  

					Recent research supports such findings. Pickkers et al. [15] discovered that NGAL had better diagnosis  

					accuracy in infants than in older children, most likely because to their higher renal tubular activity and  

					lower baseline creatinine levels, which can delay creatinine-based injury identification. Similarly,  

					McMahon et al. [16] discovered that NGAL retained good sensitivity and specificity across multiple  

					pediatric age groups, demonstrating its resilience as a kidney damage biomarker. Galić et al. [17] suggest  

					that whereas NGAL is extremely sensitive in newborns and infants, its levels may be altered by non-renal  

					factors such as systemic infections or inflammatory states, thereby reducing its specificity.  

					Clinically, these findings emphasize the importance of age-related factors in renal injury diagnosis. The  

					higher diagnostic performance of NGAL in newborns suggests that it may be especially useful in  

					neonatal and early childhood settings, when renal damage is sometimes difficult to identify due to a  

					delayed rise in creatinine. Integrating NGAL into standard screening methods for all pediatric age groups  

					may allow for earlier intervention and better renal outcomes, especially in susceptible populations like  

					critically ill babies.  

					The ROC curve study confirms NGAL's higher diagnostic performance over creatinine in diagnosing  

					renal damage. NGAL had a considerably higher AUC, indicating improved overall accuracy in  

					discriminating between patients with and without renal injury. The curve for NGAL was closer to the top-  

					left corner, indicating higher sensitivity and specificity than creatinine.  

					These findings are consistent with recent literature. Zhang et al. [18] conducted a meta-analysis and  

					found that NGAL consistently outperformed creatinine in pediatric populations, particularly in early-  

					stage renal injury identification. Similarly, Yoneyama et al. [19] found that NGAL's AUC values  

					remained above 0.90 across multiple cohorts, indicating that it is a reliable biomarker. However,  

					Khosravi et al. [4] found that while NGAL has greater early diagnostic value, its specificity varies  

					depending on the underlying cause of renal injury, necessitating careful interpretation in clinical settings.  

					The clinical implications of these findings are significant. The earlier diagnosis of renal impairment with  

					NGAL could allow for prompt therapies, potentially lowering the likelihood of progression to chronic  

					kidney disease. Furthermore, NGAL's excellent diagnostic performance shows that it could be a useful  

					supplement to current diagnostic techniques, especially in pediatric intensive care and nephrology units  

					where early kidney injury detection is crucial.  

					Conclusion  

					This study shows that NGAL outperforms creatinine in terms of detecting renal injury in pediatric  

					patients. NGAL outperformed all age groups in terms of sensitivity, specificity, and overall diagnostic  

					performance, with infants showing the best accuracy. The ROC curve study validated NGAL's  
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					dependability as an early biomarker, highlighting its potential for urgent clinical interventions.  

					Integrating NGAL into standard clinical practice may improve early diagnosis and patient outcomes,  

					particularly in juvenile nephrology and critical care settings.  
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