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Abstract 

Background: Vesicoureteral reflux (VUR) is the most common congenital urinary tract 

abnormality in children. Renal parenchymal damage is the most devastating complication of 

severe undiagnosed VUR. Different diagnostic biomarkers have been introduced as the 

alternatives for radiologic evaluation in these patients. 

Objectives: The aim of this review article was to increase the knowledge about the role of urine 

neutrophil gelatinase-associated lipocalin (uNGAL) in children affected by primary VUR and 

renal parenchymal damage. 

Methods: A systematic review of PubMed, Scopus, Web of Science, ProQuest, and Ovid was 

conducted in September 2022 to retrieve studies that investigated the correlation between uNGAL 

or uNGAL/Cr excretion and primary VUR in male/female patients younger than 18 years of age. 

Patients with secondary VUR, age older than 18 years, infectious or inflammatory disorders, 

obstructive uropathies, and acute or chronic kidney diseases were excluded. Two reviewers 

independently screened the titles and abstracts of the search results and then assess the full texts 

selected the pertinent studies.  

Results: 18 research articles with a total sample of 699 patients were found to measure uNGAL in 

VUR or renal scarring. UNGAL or uNGAL/Cr had increased excretion in the majority of children 

with primary VUR or RPD, with positive or no correlation to the severity of VUR.  

Conclusion: Several studies addressed uNGAL and uNGAL/Cr as a putative biomarker for prediction of VUR or 

reflux associated RPD.  

Keywords: Vesico-ureteral reflux, Vesicoureteral reflux, VUR, Urinary tract infections, Urinary 

tract infection, UTI, Renal parenchymal damage, R enal scar, Renal scarring.
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Introduction 

 

Congenital anomalies of kidney and urinary tract (CAKUT) are the leading cause of progressive 

deterioration of renal function, and eventual end stage renal disease (1). Different renal tubular 

and glomerular biomarkers have been introduced for diagnosis, treatment monitoring and detection 

the risk of future renal damage in pediatric urologic disorders (2,3).  

Vesicoureteral reflux (VUR) is the most common congenital malformation of urinary tract, 

which is defined as a pathologic retrograde of urine backflow from the urinary bladder into the 

ureter and kidney (4). Despite the very low prevalence of primary VUR (about 1%) in general 

population, it accounts for 30–50% of recurrent urinary tract infections (UTI) in children. About 

8.5–18% of children with chronic kidney disease have a history of VUR. Therefore, early 

diagnosis and appropriate management of VUR prevent its long-term complications, such as 

hypertension, proteinuria and chronic kidney disease (3,5). 

Currently, identification of VUR depends on invasive and expensive imaging modalities, with high 

radiologic burden (3). Accordingly, voiding cystourethrogram (VCUG) has not been routinely 

recommended in children between 2-24 months with the first febrile UTI (6). However, renal 

scarring might occur in 15-60% of the affected individuals, especially in association with 

chronic pyelonephritis, which emphasizes on VCUG for detection of VUR and prevention of 

future reflux nephropathy (4).  

Therefore, introduction of accurate and noninvasive diagnostic biomarkers seems necessary for 

the early diagnosis of VUR (3). Conventionally, serum creatinine, creatinine clearance, urine 

sediment and radiologic examinations have been considered for the evaluation of renal function 

and renal scarring, with low sensitivity and specificity (4,7). 

Recently, measurement of tubular biomarkers has been suggested as the early diagnostic indicators 

of VUR and renal parenchymal damage (RPD), prior to the renal pathologic changes. Neutrophil 

gelatinase-associated lipocalin (NGAL) is one of the recently introduced biomarkers for 

diagnosis of VUR. Urine NGAL has been suggested as an early accurate biomarker of acute 

kidney injury, and progression to chronic kidney disease in the recent studies (3).  This systematic 

review was performed to update our understanding about the current available evidence regarding 

the importance of NGAL in children/teenagers with VUR or RPD. 
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Methods 

 

This systematic review is prepared according to the recommendations of the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) 2009 checklist (8).  

Eligibility Criteria 

We considered published studies evaluated the correlation between uNGAL or uNGAL/Cr 

excretion and primary VUR in patients under 18 years of age. We excluded studies with cases of 

associated infectious or inflammatory disorders, acute or chronic kidney disease, and obstructive 

uropathies. Only cross-sectional, case-control, and cohort studies were included.  

Information Sources 

The following electronic databases were systematically searched:  PubMed, Web of Science Core 

Collection via Clarivate Analytics, Scopus, ProQuest, and Ovid. The grey literature included 

Google Scholar. We also utilized the “Related Citations” tool of PubMed to find additional 

pertinent studies, with no date limitation. 

Search 

The electronic bibliographic databases were searched in September 2022 using both controlled 

vocabulary (for PubMed (Medical Subject Headings, MeSH)) and free text words. MeSH terms 

used in PubMed were "Vesico-Ureteral Reflux" and "Urinary Tract Infections". Free text words 

were neutrophil gelatinase associated lipocalin, renal parenchymal damage, renal scar, and renal 

scarring. Appendix 1 presents search strategy for PubMed. The search results from all sources were  

entered into the EndNote software.    

Study selection 

Two authors independently applies the selection criteria to all the retrieved citations and read the 

titles and abstracts. Afterwards, the number of retained articles were compared. In case of 

disagreement, we used the full text and comments of a senior researcher. Then, the full texts of the 
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articles were reviewed.  We considered articles published in English, Spanish, French, German, 

and Persian. In case of non-English language of the document, we used Google Translate service to 

translate the article into English and consultation with a professional translator, if required.   

Results 

Study selection 

A total of 381 citations were identified by searching the electronic bibliographic databases and the 

grey literature. Of this, 60 citations were duplicate. Then, 290 citations were excluded during 

screening of the titles and abstracts. The full texts of 31 articles were reviewed and finally 18 

articles met the inclusion criteria. Publications were included if they reported on: Urine NGAL in 

the setting of RPD or VUR (Fig. 1). 

Study characteristics 

Urine NGAL or urine NGAL/Cr had significant increased excretion in the majority of children 

with primary VUR or RPD, with a positive correlation to the severity of VUR in some studies, and 

no correlation in the others (Table 1). 
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Discussion 

NGAL is a member of lipocalin family, expresses in different human tissues, such as neutrophil 

granules, monocytes, macrophages, α-intercalated cells of the collecting duct, and renal proximal 

tubules. NGAL has an important role in the innate immune response by inhibiting bacterial growth. 

It releases from activated neutrophils and other immune cells to reduce bacterial growth in the 

early phase of infection (7,9-11). 

Two forms of NGAL including; plasma NGAL (pNGAL) and urine NGAL (uNGAL) have been 

recognized with different mechanisms of induction and up-regulation. Both pNGAL and uNGAL 

have been considered as the early markers of acute kidney injury. PNGAL is mostly a predictive 

marker of systemic inflammation, and uNGAL is specific for renal tubular epithelial damage (6,9). 

Both pNGAL and uNGAL levels are low in normal healthy individuals, which increase secondary 

to high NGAL production and low NGAL reabsorption after acute renal tubular injury, chronic 

tubulointerstitial damage, or regeneration of renal tubular cells damaged by VUR and /or renal 

scarring. This appears to be mediated by nuclear factor kappa B (NF-KB), which is activated after 

an inflammatory or ischemic tubular damage (7,9,12,13). 

It is an early, sensitive and non-invasive biomarker of acute kidney injury, in accordance to the 

severity of RPD. But, other utilities of uNGAL such as upper and lower urinary tract infection, 

primary VUR, and RPD have been also suggested in some reports (3). 

Our previous study (2020) showed higher mean uNGAL and uNGAL/Cr in 32 patients with VUR, 

compared with healthy age matched controls, irrespective to the severity of VUR. In addition, 

uNGAL/Cr had significant increase in patients with decreased DMSA renal parenchymal function, 

compared to those with normal DMSA renal scan. Using the cutoff value of 0.88 ng/mg ,uNGAL 

had 84% sensitivity and 81% specificity for diagnosis of VUR. Based on AUC (0.86), uNGAL/Cr 

had acceptable diagnostic accuracy in children with VUR. The results of our study support the 

evidence that uNGAL/Cr is a sensitive, specific and accurate biomarker for diagnosis of children 

with primary VUR. However, there was no correlation between uNGAL and uNGAL/Cr with renal 

ultrasound, severity of VUR and DMSA renal scan (3). 
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Similar to our results, uNGAL/Cr was a sensitive and non-invasive biomarker for predicting renal 

scar in patients with primary VUR in Parmaksiz et al (2016) study, with a little correlation to the 

severity of VUR. UNGAL/Cr had no significant difference in patients with RPD and VUR, 

compared to those with RPD and no VUR, but higher than complete or incomplete resolved VUR 

without RPS, and the control group. They suggested renal scarring as a determinant factor patient 

for uNGAL excretion, which was a non-invasive diagnostic marker for predicting renal scar in 

reflux nephropathy. They showed de`novo NGAL production secondary to inflammatory response 

in damaged renal tubular cells involving with renal scarring (4).  

Median concentrations of NGAL and microalbumin in 50 patients with congenital uropathies were 

significantly increased in Lee et al (2009) study, compared to the healthy controls, and correlated 

with the progressive deterioration of renal function in children with CAKUT anomalies (2). 

As a secondary finding in the study of Seo et al (2014), serum NGAL concentration was higher in a 

group of UTI with cortical defect plus VUR compared to that of without VUR, but this result was 

not statistically significant (14). 

Ichino et al (2010) in a study of pediatric patients found uNGAL levels are significantly higher 

than normal in patients with VUR and renal scarring without evidence of UTI. However, the levels 

did not correlate with reflux grade. (15) 

Mean uNGAL/Cr in children with VUR was significantly higher than those without VUR in 

Eskandarifar et al study (2021), with 76.5% sensitivity and 73% specificity. They suggested 

uNGAL/Cr as a rapid and non-invasive biomarker for diagnosis of VUR, compatible with the 

severity of VUR (12). 

In Jafari et al study (2013) on 50 infants with prenatal hydronephrosis, uNGAL/Cr was higher in 

infants with VUR, in accordance to the grading of VUR (16). 
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Amiri et al ( 2 0 2 0 ) reported higher, although non-significant levels of uNGAL in patients with 

VUR, especially in patients with severe or bilateral VUR than those with mild or moderate grade 

and unilateral involvement.  UNGAL/Cr was a non-invasive biomarker in diagnosis of VUR, 

especially of severe forms. However, there was no significant difference for uNGAL and 

uNGAL/Cr between patients with and without renal scar. The severity of VUR had significant 

correlation with uNGAL/Cr, in accordance to the increasing risk of tissue inflammation and renal 

scarring with the severity of VUR (5). 

Niak et al (2022) found significantly higher median uNGAL in children with renal scar, but no 

association to the severity of renal scarring. Follow-up measurement of uNGAL was an indicator 

for monitoring the progression of renal scars, which does not normalize after the development of renal 

scar. A significant difference was found in uNGAL/Cr in low grade and high grade VUR in its 

bilateral form. UNGAL was a potential non-invasive biomarker for the presence of renal scar, 

secondary to its specificity for renal tubular damage. However, uNGAL/Cr was a poor predictor of 

renal scarring with 60% sensitivity and 61% specificity (7). 

However, there are studies in which VUR or RPD was not an independent predictor of uNGAL 

excretion. In Kiatao et al study (2015), there was no significant correlation between uNGAL 

excretion and renal scarring following an episode of UTI (17). Yim et al (2014)showed no 

correlation between uNGAL level with the presence of hydronephrosis in patients with febrile UTIs, 

VUR or renal scarring (18). Yilmaz et al (2009) reported VUR in 11/30 patients with symptomatic 

UTI. UNGAL and uNGAL/Cr were not significantly different in patients with or without VUR. 

In addition, the severity of VUR was not correlated with DMSA renal scan damage (19). 

Putting all together, NGAL gene expression and uNGAL excretion are associated with 

regenerative renal tubular cells, which can be triggered by e i ther  active renal infection or in 

later phases by process of scar formation. Thus, uNGAL is a potential bedside marker for early 

detection of VUR in patients with repeated UTIs. Like every diagnostic test, false positive result 

can be seen in AKI, CKD or due to other systemic inflammatory disorders and young infants with 

active renal cell proliferation, and false negative results due to severely damaged kidney (17). 

In conclusion, there appears to have enough evidence to support a putative role of uNGAL and 

uNGAL/Cr in the prediction of VUR or RPD. However, available evidence regarding NGAL as a 
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predictor of VUR lack high quality studies, and further prospective/cohort studies are recommended 

for the better assessment of uNGAL in VUR or RPD during a longer period of time to eliminate effect 

of age and acquired/congenital RPD. 
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Table 1. Studies evaluating correlation between urine NGAL with VUR and RPD0 

Pv Author (year), N Study design & Populations Main findings 

 
P< 0.05 

Anand et al 1 

(2021) 

N=50 

Follow up of renal function in 

children with CAKUT abnormality 

Positive correlation of UNGAL 

with progressive deterioration of 

renal function  

 
P=0.012 
P= 0.003 

Nickavar et al 3 

(2020) 

N= 32 

Measurement of UNGAL and 

UNGAL/Cr in children with 

primary VUR and decreased 

DMSA renal parenchymal function 

Increased UNGAL & UNGAL/Cr as 

a sensitive, specific and accurate 

biomarker for diagnosis of VUR, with 

no correlation to grade and DMSA 

renal function 

 
P=0.0001 

Parmaksiz 4 

(2016) 

N=123 

Early diagnosis of reflux 

nephropathy by UNGAL 

Increased UNGAL/Cr as a sensitive 

and non- invasive predictor of renal 

parenchymal damage, with a little 

correlation to the severity of VUR. 

 
P <0.05 

Amiri et al 5 

(2020) 

N=63 

Deterioration of UNGAL level in 

children with VUR 

Increase of UNGAL & UNGAL/Cr in 

patients with severe and bilateral 

VUR, with no correlation to renal scar 

 
P< 0.001 

Naik et al 7 

(2022) 

N=94 

Comparison of UNGAL level with 

the severity of VUR and renal scar 

in children with VUR 

Increased UNGAL, and not 

UNGAL/Cr in children with renal scar, 

secondary to VUR 

 
P=0.002 

Eskandarifar 12
 

(2021) 

N=71 

Measurement of UNGAL in 

children with recent UTI 

Increased UNGAL/Cr in children with 

VUR as a rapid and non invasive 

method for diagnosis of VUR, 

compatible with the severity of VUR 

 
P˃0.05 

Seo et al 14
 

(2015) 

N=49 

Evaluation of UNGAL 

excretion and renal scar 

following an episode of 

UTI 

No correlation between UNGAL 

excretion and renal scarring after UTI 

 
P <0.05 

Ichino et al 15
 

(2010) N=34 
Investigation of UNGAL in 

children with VUR ad renal 

scarring 

Increased UNGAL level in patients 

with VUR and renal scarring, with no 

correlation to the VUR grade 

 
P< 0.0001 

Jafari et al 16
 

N= 50 
Assessment of UNGAL in infants 

with prenatal hydronephrosis 

Increased UNGAL/Cr in infants with 

VUR, in accordance to the grading of 

VUR 

 
P ˃0.05 

Yim et al 18
 

(2014) 

N= 73 

UNGAL measurement in 46 

children with APN, and 27 with 

acute cystitis 

UNGAL/Cr had no correlation with 

VUR or renal scarring 

 
P˃0.05 

Yilmaz et al 19
 

(2009) 

N=60 

UNGAL measurement in children 

with UTI 

Increased UNGAL & UNGAL/Cr in 

UTI, no significant difference of 

UNGAL level in children ±VUR 

 

VUR: vesicoureteral reflux, RPD: Renal parenchymal damage 
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Figure 1. Flowchart showing the process of study selection 
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Appendix 1. PubMed search strategy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

#1 " vesico-ureteral reflux"[MeSH] 

#2 "vesicoureteral reflux" 

#3 VUR 

#4 "urinary tract infections"[MeSH] 

#5 "urinary tract infection*" 

#6 UTI* 

#7 "renal parenchymal damage" 

#8 "renal scar*" 

#9 "renal scarring*" 

#10 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 

#11 "neutrophil gelatinase associated lipocalin" 

#12 1990/1/1:2022/09/01[dp] 

#13 #10 AND #11 AND #12 


