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Abstract 

Introduction: Vesicoureteral reflux (VUR) in children can cause recurrent urinary tract infections and renal scar-
ring. Although 99mTc-DMSA scintigraphy is the reference test, it is invasive and involves ionising radiation. Uri-
nary neutrophil gelatinase-associated lipocalin (uNGAL) may be a non-invasive marker of renal injury. Material 
and methods: Following PRISMA 2020, we searched PubMed, ScienceDirect, Europe PMC, OpenAlex, Taylor & 
Francis Online, and Google Scholar for studies of pediatric (< 18 years of age) VUR comparing uNGAL with DMSA 
for scar detection. Diagnostic accuracy was pooled using a Bayesian bivariate random-effects model. Risk of bias 
was assessed with QUADAS-2. Results: Four studies were included. uNGAL was reported as absolute values or 
creatinine-normalized (uNGAL/Cr), although meta-analysis was feasible only for uNGAL/Cr. Pooled sensitivity 
was 0.72 (95% CI 0.52-0.93) and specificity 0.63 (95% CI 0.15-0.85), with diagnostic odds ratio 4.18 (95% CI 1.17-
17.70). SROC indicated moderate performance with substantial heterogeneity. Overall risk of bias was moderate. 
Conclusions: uNGAL/Cr shows moderate accuracy for detecting renal scarring in pediatric VUR and may com-
plement, but not replace, DMSA to help limit radiation exposure. Larger multi-center studies with standardized 
cut-offs are needed.
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    Introduction 

Vesicoureteral reflux (VUR) is one of the most prevalent 
congenital anomalies affecting the urinary tract in children, 
impacting approximately 1% to 2% of the pediatric population 
[1-3]. This condition is characterised by the abnormal retro-
grade flow of urine from the bladder into the ureters and renal 
collecting system [1, 4]. VUR significantly increases the risk of 
urinary tract infections (UTIs) in children [1, 4]. The most sig-
nificant long-term complication of VUR is the development of 
renal scarring [1-2, 4-6], traditionally termed reflux nephrop-
athy (RN) [7]. This progressive condition can lead to severe 
sequelae including proteinuria, arterial hypertension, and 
chronic kidney disease (CKD) [7]. 7-17% of cases can become 
end-stage renal disease (ESRD) because of reflux nephropathy 
[7]. VUR is indeed a notable etiology in 8.4% of pediatric CKD 
cases and 6% of ESRD cases in children and young adults [2].

The definitive diagnosis of VUR typically relies on voiding 
cystourethrography (VCUG), while the gold standard imaging 
method for detecting renal scarring is 99mTc-dimercaptosuc-
cinic acid (DMSA) renal scintigraphy [1, 4-6, 8-9]. However, 
both of these imaging procedures expose children to ionising 
radiation, are invasive, expensive and cannot be readily re-
peated for routine monitoring [4, 8, 10]. Given the socio-eco-
nomic burden of recurrent hospitalisations and the critical 
need for early diagnosis and appropriate management of 
VUR, there is a pressing demand for novel, non-invasive, and 
easily quantifiable biomarkers to facilitate diagnosis, staging, 
long-term follow-up, and prevention of complications [1, 8, 
11-12]. There are several studies actively searching for relia-
ble, non-invasive biochemical markers that can be objectively 
measured to identify patients at high risk for renal damage. 
Previous studies reported neutrophil gelatinase-associated 
lipocalin (NGAL) as the biochemical marker that increased 
significantly in pediatric VUR patient with renal scarring con-
dition [5-6, 9, 13].

NGAL is a 25-kDa glycoprotein belonging to the lipocalin 
superfamily [13-14]. NGAL is rapidly induced by various cell 
types, including immune cells, hepatocytes, and renal tubular 
cells, in response to cellular stress such as inflammation and 
ischemia [14-16]. It is well-established as a  good diagnostic 
and prognostic marker for acute kidney injury (AKI) and is in-
creasingly recognised for its potential in early identification 
and prediction of CKD progression [15-20]. Elevated urinary 
NGAL (uNGAL) concentrations are observed in kidney dam-
age due to increased production and decreased reabsorption 
by renal tubular cells with this elevation potentially acting as 
a  protective mechanism to limit kidney injury [14-15]. Fur-
thermore, a  meta-analysis has identified an optimal cut-off 
value of 48.43 ng/mL for uNGAL, demonstrating high sensitiv-
ity (96%) and specificity (97%) for diagnosing UTIs in children, 
highlighting its utility as a screening test [20-21].

uNGAL offers distinct advantages over plasma NGAL (pN-
GAL) due to their differing origins and clinical implications [10, 
16-17]. First, uNGAL is specificity for renal epithelial insults. 
Localized infection or injury is indicated by urinary NGAL, 
which is mainly specific for damage within the genitourinary 
tract and insults to the renal epithelium [10,16-17]. In re-
sponse to infection or injury, it is secreted by proximal tubular 
epithelial cells [1, 19], and more significantly by alpha-interca-
lated cells in the kidney collecting duct, regardless of neutro-
phil activation [5, 20]. On the other hand, neutrophils release 
pNGAL, which is a sign of systemic inflammation and reflects 
a wider body reaction [9-10, 16-17].

Second, uNGAL is particularly effective in identifying sub-
clinical renal damage that may result from scarring or obstruc-
tion [16]. Its specific origin within the kidney makes it a more 
direct indicator of kidney-specific pathology [9]. The third ad-
vantage is because some studies indicate that uNGAL may be 
superior to pNGAL as a biomarker for predicting the progres-
sion of chronic kidney disease [15]. The other advantage, uN-
GAL is non-invasive and easier for sample collection especially 
in young children. Moreover, uNGAL is biologically stable and 
resistant to degradation, which allows for convenient at home 
sample collection and transport for analysis [13, 15].

Several studies have investigated the utility of NGAL as 
a non-invasive marker for VUR and associated renal scarring. 
Urinary NGAL concentrations have been found to be signif-
icantly higher in children with VUR compared to healthy 
controls [1, 15, 22]. Multiple studies consistently report sig-
nificantly higher uNGAL levels in VUR patients with renal scar-
ring compared to those without scars [6, 9-10, 13]. A recent 
meta-analysis further reinforced these findings, concluding 
that uNGAL values were significantly higher in individuals 
with scarring following a febrile urinary tract infection (fUTI) 
episode with an overall diagnostic accuracy AUC of 0.74 for 
kidney scarring [23]. Elevated NGAL at admission (> 150 ng/
mL) has also been identified as an independent risk factor for 
renal scarring in children with fUTI [14]. Regarding VUR sever-
ity, some studies indicate a positive correlation between uN-
GAL/creatinine ratio and severe VUR (AUC of 0.72 and a cut-
off value of 15 ng/mL), suggesting VUR presence with 82.6% 
sensitivity and 58.8% specificity [1, 3, 24].

Despite these promising findings, some studies have con-
tradictory results, which do not support NGAL as a reliable di-
agnostic marker for renal scarring or a strong correlator with 
VUR severity [1, 15]. These differences may arise from various 
factors, e.g. renal scarring can appear due to VUR without UTI, 
where parenchymal changes occur from the sterile pressure 
effect of urinary reflux. These defects primarily represent con-
genital renal dysplasia, a structural parenchyma abnormality 
secondary to abnormal embryogenesis and high-pressure 
prenatal sterile reflux associated with severe VUR [25]. In 
these cases, small kidneys may have a lower capacity to syn-
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thesize NGAL [1, 5, 13]. The existing research also faces limi-
tations such as small sample sizes, retrospective designs, and 
relatively short follow-up durations [1, 15]. 

In this systematic review we aimed to comprehensively 
evaluate the diagnostic accuracy of urinary NGAL compared 
to the gold standard imaging (DMSA) for detecting renal scar-
ring in pediatric vesicoureteral. This review will synthesise the 
available evidence to provide a  thorough understanding of 
uNGAL’s potential as a non-invasive and more cost-effective 
alternative method of renal scarring diagnosis, with consid-
ering the variability in results and the need for further vali-
dation. 

    Material and methods

While conducting this systematic review and meta-analy-
sis we followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 2020 guidelines [9]. We 
systematically searched the PubMed, ScienceDirect, EuropeP-
MC, OpenAlex and Taylor & Francis online databases using 
several eligibility criteria.

Eligibility criteria

Studies were eligible if they met the following inclusion 
criteria: studies involving pediatric populations (< 18 years) 
with VUR, studies evaluating the diagnostic accuracy of uri-
nary NGAL for detecting renal scarring versus DMSA scan 
as the gold standard study design was experimental (rand-
omized controlled trial) or observational (cross-sectional, co-
hort, case-control). Studies reporting at least one diagnostic 
accuracy parameter (sensitivity and specificity, 2 × 2 diagnos-
tic contingency tables, or area under the curve (AUC)). We 
used the following exclusion criteria: studies conducted in 
adult populations, use of serum NGAL only, absence of a com-
parator gold standard and studies without diagnostic accuracy 
data.

Study selection and data extraction 

Two independent reviewers (YR and AFP) screened rel-
evance of the titles and abstracts using Rayyan [25] Studies 
that qualify will be reviewed in full text by both independent 
reviewers. Any differences were settled through discussion or 
by consulting a 3rd reviewer (PN).

Data (including author, year, sample size, VUR characteris-
tics, uNGAL parameter (uNGAL or uNGAL/Cr), analysis and di-
agnostic accuracy parameters) was extracted and transferred 
to Microsoft Excel.

Literature search strategies

In the ScienceDirect, EuropePMC, OpenAlex and Goog-
le Scholar data bases we used the following search terms: 
(“Vesicoureteral reflux”) and (“NGAL” or “neutrophil gelati-
nase associated lipocalin”) and (“renal scar”).

Whereas the Taylor & Francis online database we 
searched using the following strategy:

#1 vesicoureteral reflux or VUR,
#2 NGAL or neutrophil gelatinase associated lipocalin,
#3 renal scar or kidney scar or renal parenchymal damage,
#4 child or pediatric or infant.

Risk of bias assessment

The methodological quality of included studies was as-
sessed using the QUADAS-2 (Quality Assessment of Diagnos-
tic Accuracy Studies) tool [26]. This instrument evaluates risk 
of bias across 4 domains: patient selection, index test, refer-
ence standard, and flow and timing. Applicability concerns 
were also assessed for three domains.

Statistical analysis

Diagnostic accuracy data were synthesized using the 
MetaBayesDTA software (v1.5.2) [27]. From these models, 

Search 
number Query

1 (((vesicoureteral reflux[MeSH Terms]) OR (VUR[MeSH Terms])) OR (vesicoureteral reflux[Title/
Abstract])) OR (VUR[Title/Abstract])

2
(((((ngal protein[MeSH Terms]) OR (neutrophil gelatinase associated lipocalin[MeSH Terms])) OR 
(uNGAL[MeSH Terms])) OR (NGAL[MeSH Terms])) OR (NGAL[Title/Abstract])) OR (uNGAL[Title/
Abstract])

3 ((((renal scarring[MeSH Terms]) OR (renal parenchymal damage[MeSH Terms])) OR (kidney 
scarring[MeSH Terms])) OR (renal scar*[Title/Abstract])) OR (kidney scar*[Title/Abstract])

4 ((child[MeSH Terms]) OR (pediatric[MeSH Terms])) OR (infant[MeSH Terms])

Table 1. Literature search strategies in PubMed
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pooled sensitivity, specificity, diagnostic odds ratio (DOR), 
positive likelihood ratio (LR+), and negative likelihood ratio 
(LR–) were derived, each with 95% confidence intervals (CI). 
The summary receiver operating characteristic (SROC) curve 
was generated to display overall test performance. Forest 
plots were constructed to illustrate sensitivity and specificity 
across individual studies. 

    Results 

Data selection

The study selection process is summarized in the PRISMA 
flow diagram (Figure 1). Total of 127 studies were initially re-
trieved through the systematic search from 6 databases (Pu-
bMed, ScienceDirect, EuropePMC, OpenAlex, Taylor & Francis 
Online and Google Schoolar). After removing duplicates and 
ineligible studies by automation, 37 titles and abstracts were 
screened. From these, 7 full-text articles were evaluated for 
eligibility and then 3 studies excluded due to no data of sensi-
tivity and specificity table (2 studies) and same data (1 study). 

There were 4 primary studies included in the final meta-anal-
ysis.

Study characteristics

The four included studies were published between 2010 
and 2023, enrolling between 34 and 123 pediatric patients 
with vesicoureteral reflux. Patient ages varied widely, from in-
fants as young as 3 months to adolescents up to 16 years old. 
All studies included patients with varying grades of VUR (I to 
V). All studies used DMSA scintigraphy as the reference stand-
ard to confirm renal scarring, but there was variation in how 
urinary NGAL was measured and expressed. In some studies, 
NGAL was assessed as an absolute urinary concentration (uN-
GAL), while in others the values were normalized to urinary 
creatinine (uNGAL/Cr) to account for differences in hydration 
and urine output. 2 studies measured uNGAL and reported 
significant findings of analysis [5, 9]. 3 studies measured uN-
GAL/Cr with 2 studies had significant findings of analysis  [6, 
13] and 1 study was not significant findings of analysis (Table 
2).

Diagnostic accuracy of uNGAL and uN-
GAL/Cr from each studies

Figure 1. PRISMA flow diagram

[AHEAD OF PUB][AHEAD OF PUB]Eskandarifar et al. [9] conducted 
a cross-sectional study in 92 children 
with VUR. They measured absolute 
uNGAL levels and established a  di-
agnostic threshold of 284 ng/dL. At 
this cut-off, the biomarker achieved 
a sensitivity of 70% and a specificity 
of 100% (Table 3), highlighting its 
potential as a  highly specific indi-
cator of renal scarring. The authors 
concluded that absolute uNGAL may 
be valuable for confirming scarring, 
but its moderate sensitivity limits its 
ability to exclude the condition.

Ichino et al. evaluated 34 pedi-
atric patients and analyzed the uN-
GAL/Cr ratio. They reported excel-
lent diagnostic performance, with 
sensitivity of 89.5% and specificity of 
100% at a cut-off value of 1.0 (Table 
3) [13]. This was one of the earliest 
studies to suggest that uNGAL could 
serve as a  reliable noninvasive bio-
marker of renal scarring. However, 
there were 24 patients from 34 VUR 
patients that had renal scarring.
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Naik et al. evaluated 94 children with VUR, measuring 
both absolute uNGAL and the uNGAL/Cr ratio. Their findings 
showed that absolute uNGAL had moderate diagnostic ability 
(AUC 0.769, sensitivity 71.1%, specificity 71.4%) [5]. In con-
trast, the uNGAL/Cr ratio performed less well (AUC 0.611) 
(Table 3), suggesting that normalizing to creatinine did not 
improve diagnostic performance in this cohort. 

Parmaksiz et al. carried out the largest study with 123 chil-
dren. They focused on uNGAL/Cr and found moderate diag-
nostic accuracy, with sensitivity of 72% and specificity of 60% 
(Table 3) [6].

Pooled diagnostic accuracy of uNGAL

The analysis of uNGAL/Cr was conducted with Me-
taBayesDTA software as the only available parameter in this 

study [27]. The analysis of uNGAL value parameters was 
not possible because 2 studies provided limited information 
about its diagnostic accuracy. When data from all 4 studies 
were synthesized, uNGAL/Cr demonstrated moderate di-
agnostic accuracy for detecting renal scarring (Table 4). The 
pooled sensitivity was 0.722 (SD 0.105; 95% CI: 0.518-0.933), 
while pooled specificity was 0.631 (SD 0.172; 95% CI: 0.150-
0.848). The overall diagnostic odds ratio was 4.179 (95% CI: 
1.170-17.701), indicating more than fourfold higher odds of 
correctly identifying renal scarring when using uNGAL/Cr. The 
pooled positive likelihood ratio was 1.897 (95% CI: 1.033-
4.665), and the negative likelihood ratio was 0.446 (95% CI: 
0.217-0.916), reflecting moderate rule-in but limited rule-out 
value. The false positive rate was 0.369 (95% CI: 0.152-0.850).

Quality assessment 

The quality assessment of the 4 included studies is pre-
sented in Figure 2. The QUADAS-2 (Quality Assessment of 
Diagnostic Accuracy Studies 2) tool was used and it revealed 
that all of 4 included studies had a moderate risk of bias.

Forest plots of individual study estimated for sensitivity 
and specificity illustrate the variability across studies, with 
some studies reporting very high diagnostic accuracy while 
others demonstrated only moderate performance (Figure 3).

The summary receiver operating characteristic (SROC) 
curve indicated moderate overall discriminatory performance, 
with AUC values across studies ranging from 0.74 to 0.95. The 
credible intervals were relatively wide. The prediction region 
surrounding the HSROC was extensive, reflecting substantial 
heterogeneity across studies. The individual studies points 
were widely spread from summary curve that reinforce the 

Author (Year) Parameter TP FP FN TN Sens (%) Spec (%) AUC Cut-off

Eskandarifar et al. [9] uNGAL 28 0 12 52 70.0 100.0 0.90 284 ng/dL

Ichino et al. [13] uNGAL/Cr 17 0 2 5 89.5 100.0 0.947 1.0 (rasio)

Naik et al. [5]

uNGAL 32 14 13 35 71.1 71.4 0.769 0.9725 ng/mL

uNGAL/Cr 30 17 20 27 60 61.2 0.611 0.045 ng/mg

Parmaksiz et al. [6] uNGAL/Cr 45 24 17 37 72 60 0.74 0.58 μg/g

Table 3. Sensitivity and specificity data

Figure 2. Risk of bias analysis
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No Estimated pooled parameter Posterior 
median

Standard 
deviation 95% posterior inte rval

1. Sensitivity 0.722 0.105 (0.518, 0.933)

2. Specificity 0.631 0.172 (0.150, 0.848)

3. False Positive Rate (1 – Specificity) 0.369 0.172 (0.152, 0.850)

4. Diagnostic Odds Ratio 4.179 4.369 (1.170, 17.701)

5. Likelihood Ratio +ve 1.897 0.953 (1.033, 4.665)

6. Likelihood Ratio -ve 0.446 0.178 (0.217, 0.916)

7. Between-study SD for Senstivity 0.695 0.553 (0.060, 2.056)

8. Between-study SD for Specificity 0.542 0.673 (0.014, 2.550)

Table 4. Estimated parameter table

Figure 3. Sensitivity and specificity forest plot for uNGAL/Cr
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variability diagnostic performance across the studies. Ichino 
et al. and Eskandarifar et al. [9, 13] plotted closer to the up-
per left corner of the curve, indicating high diagnostic power, 
while Naik et al. and Parmaksiz et al. [5-6] plotted closer to the 
midline, reflecting lower performance (Figure 4).  

    Discussion 

The correlation between NGAL and renal scarring in VUR 
is multifaceted. NGAL is induced and secreted by renal tubular 
epithelial cells in response to various stressors, e.g. inflamma-
tion, ischemia, and injury, particularly within the context of 
UTIs and VUR [1, 6, 9, 15, 18]. 

The first mechanism contributing to this correlation is in-
flammatory response and bacteriostasis. NGAL functions as 
an acute-phase protein, showing significant increases during 
inflammation as in UTIs [6, 9, 14]. It plays a crucial role in in-
nate immunity by sequestering iron from bacteria, thereby 
inhibiting their growth [10, 13-14]. In experimental pyelone-
phritis, NGAL gene and protein levels are upregulated in dam-
aged renal tubule cells as part of this inflammatory response 
[6, 13].

The second mechanism is tubular cell injury and regen-
eration. NGAL is produced by injured renal tubular epithelial 
cells [14, 18-19, 23]. Its elevation in urine during renal scar 
formation is attributed to the regeneration process of renal 
tubular cells following injury [1, 13]. Initially, NGAL upregu-
lation after renal insult may serve a  protective function to 
limit injury [14]. However, persistent elevation of NGAL, par-
ticularly beyond the acute inflammatory phase (e.g. after 2 
weeks post-pyelonephritis), indicates ongoing tubular injury 

(rather than just an active infection) and suggests sustained 
renal damage [9, 13, 15-16]. This sustained elevation can also 
predict the progression of CKD [14, 19].

The third mechanism is hypoxia and fibrosis. NGAL levels 
can be influenced by acute anemia and renal hypoxia, which 
may occur during acute pyelonephritis. NGAL has demon-
strated a capacity to reduce renal hypoxia/reoxygenation-in-
duced tubular cell damage, indicating a protective role [14]. 
Chronic inflammation, oxidative stress, and impaired tubular 
repair mechanisms (potentially exacerbated by renal scarring) 
contribute to a vicious cycle of injury and maladaptive repair, 
leading to tubulointerstitial damage and fibrosis associated 
with CKD [19, 23]. The concentration of NGAL is believed to 
reflect the ongoing kidney damage processes during CKD [15].

In the results of this study, there are 2 reported parame-
ters: absolute urinary NGAL concentration (uNGAL) and uri-
nary NGAL normalized to creatinine (uNGAL/Cr). Absolute uN-
GAL demonstrates higher specificity and better discrimination 
for renal scarring, as reported by Eskandarifar et al. and Naik 
et al. [5, 9]. However, absolute measurements are influenced 
by variations in urine dilution and hydration status [5]. 

Meta-analysis could only be performed for uNGAL/Cr be-
cause at least 3 studies reported comparable data. Absolute 
uNGAL values could not be performed because of small num-
ber of studies that reported comparable data. Overall, abso-
lute uNGAL appears superior for ruling in scarring, whereas 
uNGAL/Cr offers theoretical adjustment for the dilution ef-
fects but lower diagnostic accuracy.

Our study demonstrated that uNGAL/Cr has a moderate 
diagnostic value in detecting renal scarring in pediatric VUR 
when compared with DMSA scintigraphy. Our pooled results 
showed sensitivity of 72.2% and specificity of 63.1%, with 
a diagnostic odds ratio of 4.18, indicating that uNGAL/Cr may 
serve as a supportive biomarker but not a standalone replace-
ment for imaging.

The reason for such findings is the highly varied creatinine 
excretion in children (influenced by age, muscle mass, and 
growth), which undermines the ratio’s reliability [1]. Parmak-
siz et al. found moderate accuracy for uNGAL/Cr (AUC 0.74; 
sensitivity 72%, specificity 60%), while Naik et al. reported 
poor performance (AUC 0.611; sensitivity 60%, specificity 
61.2%) [5-6]. In contrast, Ichino et al. reported strong diagnos-
tic value of uNGAL/Cr (AUC 0.947; sensitivity 89.5%, specific-
ity 100%), highlighting the inconsistency across studies [13].

Although NGAL does not match the diagnostic precision 
of DMSA, its ability to reflect renal tubular injury at the molec-
ular level provides a theoretical advantage in identifying ear-
ly damage before structural changes appear on scintigraphy 
[11]. Thus, uNGAL may be valuable as a predictor biomarker, 
reducing the number of DMSA scans and cumulative radiation 
exposure. Ichino et al. and Eskandarifar et al. highlighted the 
high specificity of uNGAL (100%), suggesting its role as a con-

Figure 4. Summary receiver operating characteristic (SROC) plot
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firmatory tool in identifying patients with renal scarring [9, 
13]. However, the limited sensitivity underscores that uNGAL 
is insufficient to exclude renal scarring.

A critical consideration in interpreting uNGAL accuracy is 
its biological nature as a  real-time marker of active tubular 
stress. While DMSA scintigraphy cannot structurally differ-
entiate between a  static, congenital dysplastic lesion (aris-
ing from prenatal VUR) and an acquired post-inflammatory 
scar (arising from febrile UTIs), uNGAL may offer functional 
differentiation. Congenital renal dysplasia without ongoing 
infection represents a fixed structural defect where ongoing 
tubular injury is minimal, theoretically yielding lower uNGAL/
Cr ratios. In contrast, post-pyelonephritic scar formation in-
volves an active, protracted tubulointerstitial inflammatory 
response that significantly upregulates NGAL expression [23]. 
Thus, uNGAL’s clinical utility may lie not just in replacing imag-
ing, but as a biomarker for distinguishing active, progressive 
post-infectious reflux nephropathy versus stable, congenital 
dysplastic parenchyma.

Other urinary biomarkers (e.g. kidney injury molecule-1 
(KIM-1)), have also been explored. Some authors reported 
associations between KIM-1 and renal scarring, while oth-
ers did not find significant differences [11-12]. Given these 
inconsistencies, combining NGAL with other markers may 
enhance diagnostic accuracy. Ganapathy et al. demonstrated 
that machine learning models integrating NGAL, KIM-1, and 
creatinine had superior performance (AUC 0.83) compared 
to individual biomarkers [4]. This suggests that multi-marker 
strategies may represent the future of non-invasive diagnos-
tics in pediatric nephrology.

Our analysis is limited by the fact that only 3 studies were 
included, therefore the pooled estimates were inconsistent. 
The difference between definition and calculation of cut-offs 
across studies probably have contributed to the heterogenei-
ty. In addition, the wide range of between-study SD for sensi-
tivity and specificity adds heterogeneity to the result of polled 

estimates. However, because of the limited number of stud-
ies, exploration of heterogeneity through subgroup analysis 
or meta-regression was not feasible. Therefore, our findings 
should be interpreted with caution and their generalizability 
to other settings remains limited.

Future research should focus on standardizing cut-off 
definition and calculation for both uNGAL and uNGAL/Cr, val-
idating serum NGAL alongside urinary NGAL, and evaluating 
the role of multi-marker panels in large, multicenter cohorts. 
Longitudinal studies should also explore NGAL’s utility in mon-
itoring disease progression and treatment response, offering 
potential for more personalized and less invasive manage-
ment of pediatric VUR. 

    Conclusion 

Urinary NGAL, particularly the uNGAL/Cr demonstrates 
moderate diagnostic value for detecting renal scarring in pedi-
atric VUR when compared with scintigraphy. While uNGAL 
may not replace DMSA in early diagnosis, it offers potential as 
a non-invasive additional biomarker to reduce radiation expo-
sure. Future research about uNGAL’s diagnostic value should 
focus on large-scale, multi-center prospective studies with 
standardized cut-off values. Additionally, longitudinal studies 
may be helpful in detecting early renal deterioration. 
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