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Neutrophil gelatinase-associated lipocalin (NGAL) has emerged as one of the
most promising biomarkers of renal epithelial injury. Numerous studies have
presented the diagnostic and prognostic utility of urinary and plasma NGAL in
patients with acute kidney injury, chronic kidney disease, renal injury after kidney
transplantation, and other renal diseases. NGAL is a member of the lipocalin
family that is abundantly expressed in neutrophils and monocytes/macrophages
and is a mediator of the innate immune response. The biological significance of
NGAL to hamper bacterial growth by sequestering iron-binding siderophores
has been studied in a knock-out mouse model. Besides neutrophils, NGAL is
detectable in most tissues normally encountered by microorganisms, and its
expression is upregulated in epithelial cells during inflammation. A growing
number of studies have supported the clinical utility of NAGL for detecting
invasive bacterial infections. Several investigators including our group have
reported that measuring NGAL can be used to help predict and manage urinary
tract infections and acute pyelonephritis. This article summarizes the biology and
pathophysiology of NGAL and reviews studies on the implications of NGAL in
various renal diseases from acute kidney injury to acute pyelonephritis.

Key words : Acute renal injury, Biomarkers, Pyelonephritis

Introduction

Neutrophil gelatinase-associated lipocalin (NGAL) is a member of the lipocalin
superfamily and is one of the most reliable markers of renal epithelial injury".
It was initially identified as a 25-kDa protein covalently bound to gelatinase
from human neutrophils and has emerged as an early predictive biomarker
for acute kidney injury (AKI)*”. Numerous experimental and clinical studies
have shown the diagnostic and prognostic utility of urinary and plasma NGAL
in AKIT*. A growing body of literature suggests that NGAL can be used to
predict the progression of chronic kidney disease (CKD)”. The renal trans-
plant setting is another field that uses NGAL assays. NGAL is reportedly a
reliable predictive biomarker for renal injury after kidney transplantation”.
NGAL may also show promise for checking the status and treatment response
of diverse renal illnesses, such as membranous nephropathy, tubulointersti-
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tial nephritis, IgA nephropathy, and others™"”. Several investigators includ-
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ing our group have shown that urinary and plasma NGAL
levels can be used to predict and manage urinary tract
infection (UTT) and acute pyelonephritis (APN)*"®. This
review addresses the biologic and pathophysiologic featu-
res on NGAL and describes the results of experimental
and clinical studies on the diagnostic and prognostic utility
of NGAL in patients with AKI, CKD, and various renal
diseases including APN.

NGAL from biology to pathophysiology

NGAL, also called as human neutrophil lipocalin,
lipocalin-2, siderocalin, 24p3, or LCN2, is a small 178
amino acid molecule which belongs to the lipocalin super-
family'”. The biological action of NGAL is induced by
bonding with specific surface receptors, such as the 24p3R,
a brain-type organic cation transporter, and the megalin
multi-scavenger complex, detected largely on the brush-
border surface of renal tubular epithelial cells””. NGAL is
internalized inside the cell as a protein alone or a complex
with iron-binding siderophores after interacting with
these receptors'”. In the infectious condition, bacteria
synthesize siderophores that scavenge iron from the extra-
cellular space and utilize specific transporters to recapture
the siderophore-iron complex to satisfy their iron demands.
NGAL inhibits growth of bacterial strains that depend on
enterochelin, a bacterial catecholate siderophorem. Indeed,
neutrophils isolated from NGAL-deficient mice demon-
strate considerably less bacteriostatic activity compared to
that of controls. The bacteriostatic characteristics of neutro-
phils in wild-type mice is eliminated by adding exogenous
iron, suggesting that the principal antibacterial function
of NGAL in the innate immune response is to limit this
important element. Genetically deficient animals for both
copies of the NGAL gene are more susceptible to certain
Gram-negative bacterial infections and die more easily of
sepsis than wild-type mice ***”.

In addition, NGAL has more complex activities besides
antibacterial actions, as it is a growth and differentiation
factor in several cell types™. NGAL stimulates epithelial
differentiation by targeting a stromal/interstitial/progeni-
tor niche at the periphery of the developing kidney™”.

NGAL is found at very low levels in multiple human
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tissues, including bone marrow, salivary glands, lungs,
liver, kidneys, gastrointestinal tract, uterus, and prostate
*) NGAL has complex interactions with several receptors
and ligandsimplicated in many biological responses'*".
The NGAL gene promoter region has binding sites for
several transcription factors, such as nuclear factor-kB*".
The discovery of NGAL in several of non-hematopoietic
tissues may be explained by the binding of activated trans-
cription factors with NGAL gene promoter region. NGAL is
increased significantly in damaged epithelial cells in response
to ischemia, inflammation, infection, intoxication, AKI,

52126 Thus, non-renal dis-

and neoplastic transformation
eases may become significant confounders when NGAL
levels are interpreted in AKI.

In the kidney, NGAL is synthesized in the distal nephron
and is secreted into the urine through the thick ascending
limb of loop of Henle and collecting ducts*”. Due to its
small molecular size, NGAL is freely filtered through renal
glomeruli and can be identified in urine. NGAL is released
from the distal part of the nephron immediately after AKL.
Impaired proximal tubular reabsorption due to injury may
additionally elevate urinary NGAL (uNGAL) concentra-
tions””. NGAL is expressed in acutely damaged kidneys of
experimental animal models, and uNGAL levels more
accurately reflect AKI than serum creatinine (Cr). Renal
ischemia-reperfusion injury in an animal model induces a
massive increase of NGAL level within 3 hr of clinically
significant ischemia, while serum Cr shows a milder res-
ponse. Serum Cr concentrations only increase after severe
bilateral renal ischemia, whereas they remain unchanged
in unilateral or mild bilateral ischemia®. Peak levels of
NGAL following AKI increase up to 1000-fold in urine
(from 0.04 to 40 mg/ml) and 300-fold in blood (from 0.1 to
30 mg/ml)**”, uNGAL expression levels are associated
with the extent and time of renal ischemia and precede the
emergence of other biomarkers, such as N-acetyl-beta-D-
glucosaminidase (NAG) and beta 2-microglobulin®’.
Accordingly, these characteristics may make NGAL more
reliable than Cr in the diagnosis of AKL

NGAL as an AKI biomarker

The diagnosis of AKI is based on an increase in serum
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Crand oliguriazs). However, serum Cr is not a reliable
marker during early acute phase kidney dysfunction, as its
concentrations may be not elevated until about 50% of
renal function has been lost. Serum Cr and urine output
do not distinguish between structural renal injury and
functional hemodynamic triggers of a decrease in
glomerular filtration rate (GFR)"*”. NGAL may help
overcome these limitations due to its ability to detect
tissue damage rather than kidney dysfunction and
prompt upregulation in response to AKI”. A large number
of studies have reported NGAL as an early diagnostic
biomarker for AKI in diverse clinical situations**"*".

The kidney is very sensitive to ischemic and/or toxic
injury, causing vasoconstriction, endothelial injury, and
activation of the inflammatory immune response™.
Transcriptome profiling studies have reported that NGAL
is one of the most highly induced genes following ischemic
or nephrotoxic AKI in an animal model, and proteomic
analyses have identified NGAL as one of the most
upregulated proteins® Y. NGAL mRNA expression
increases markedly in tubular epithelia of a rat model of
acute toxin-induced renal injury 3-12 hr after a
lipopolysaccharide injection. The time course for the
increase in NGAL mRNA was parallel with kidney injury,
and uNGAL concentrations precisely reflect alterations in
kidney NGAL levels™. Moreover, UNGAL was one of the
best predictors of gentamicin nephrotoxicity compared to
other biomarkers, with considerable increases occurring
within 24 hrs and before any elevations in serum Cr were
apparent™. These animal study findings have encouraged
investigators to examine NGAL as a sensitive index in
human patients with AKI. Significant elevations in urine
and serum NGAL have been detected by Western blotting
in adults with established AKI (doubling of serum Cr)
from a variety of etiologies, compared to controls””. Urine
and serum NGAL levels are correlated with serum Cr and
renal biopsies in patients with AKI who strongly express
NGAL in cortical tubules, confirming that NGAL could
be a sensitive indicator of established AKI in humans.

Several studies in patients who underwent cardiac
surgery show that both urine and blood NGAL might be a
promising AKI biomarker. Initial postoperative plasma
NGAL levels in children following cardiac surgery are

significantly associated with the length and severity of
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AKT, duration of hospital stay, and mortality”’. uNGALis
a good predictor of early AKI in infants and young
children undergoing cardiopulmonary bypass surgery®.
Elevated uNGAL concentrations have been found as early
as 1-3 hr after cardiac surgery in adult patients, whereas
maximal levels of uUNGAL and plasma NGAL are detected

6 hrs following Surgery”’ 39,40

). Substantial upregulation of
urine and plasma NGAL have been documented 2 hr after
contrast media AKI was induced in both in children and
adults’™*". Additional findings show significant
correlations between NGAL levels and serious clinical
outcomes, including deterioration of AKI, requirement for
renal replacement therapy (RRT), and death. uNGAL
predicts complex consequences of beginning dialysis or
death during hospitalization*”. Studies of critically ill
patients have reported that NGAL is elevated in the setting
of AKI. uNGAL has excellent utility for diagnosing AKT in
critically ill adults in the intensive care unit (ICU)*”. A
growing number of recent studies have suggested that
NGAL is a useful diagnostic and prognostic predictor in
specific patients with cardio-renal syndrome, including
cases of acute or chronic heart failure***”.,

Notably, large differences in the diagnostic accuracy of
NGAL for AKI has been observed, with area under the
curve (AUC) values fluctuating from 0.54 to 0.96 for blood
NGAL and from 0.61 to 0.98 for uNGAL*”. These
variations may be due to the small number of patients
enrolled in some studies or to different clinical situations.
However, a large meta-analysis of data from 19 studies
involving 2,538 patients showed that the diagnostic odds
ratio (DOR) and AUC of NGAL to predict AKI were 18.6
and 0.815, respectively. The diagnostic accuracy of
uNGAL (DOR, 18.6; AUC, 0.83) is similar to that of
plasma/serum NGAL (DOR, 17.9; AUC, 0.775).
Particularly, NGAL level is a better predictor in children
(DOR, 25.4; AUC, 0.93) compared to that in adults (DOR,
10.6; AUC, 0.782)". A recent meta-analysis confirmed the
prognostic accuracy of NGAL levels. This multicenter
analysis evaluated data from 10 prospective NGAL studies
in 2,322 critically ill patients mostly with cardio-renal
syndrome. A positive NGAL finding according to the
study-specific NGAL cutoff value to predict AKI resulted
in a similar risk of adverse outcome as that of a positive Cr
finding. NGAL(+)/serum Cr(-) tests detected nearly 40%
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more patients with AKI than serum Cr (+) alone, and
these cases were at higher risk for a longer ICU stay, RRT,
and death compared with those of control subjects. These
results suggest that even without diagnostic increases in
serum Cr, NGAL identifies likely patients with subclinical

AKIT, who have a greater risk of a worse prognosis*®.

NGAL and Kidney Disease

NGAL levels are clearly associated with the intensity of
renal impairment, suggesting the degree of active injury
underlying the chronic illness. Several studies have suggested
that NGAL serves as an early biomarker reflecting tubu-
lointerstitial injury in patients with various renal diseases.
Bolignano et al'” reported that patients with membranous
nephropathy and decreased renal function have excessi-
vely high baseline NGAL levels. Patients with higher baseline
NGAL levels display a substantially increased risk of
worsening residual renal function within 1 yr compared
with subjects with lower baseline NGAL levels. Ding et
al'” demonstrated increased occurrence of the NGAL
protein in renal tubular biopsies from 70 patients with Lee
grade ITI IgA nephropathy. uNGAL levels are significantly
associated with the amount of tubular NGAL expression,
proteinuria, and histological scores of mesangial prolifera-
tion and tubulointerstitial injury. uUNGAL concentrations
increase much more remarkably compared with uNAG
values and were easily identified even in patients with Lee
grade IT IgA nephropathy when their NAG levels presented
almost no change. Viau et al"”’ evaluated 87 patients with
polycystic kidney disease and GFR of 33 + 20 ml/min/1.73
m”. They found upregulated uNGAL levels in individuals
who progressed to end-stage renal disease (ESRD). However,
there was no analysis to adjust for other recognized risk
factors for CKD progression. In a study of 36 patients with
drug-induced chronic tubulointerstitial nephritis,
uNGAL predicted worsening renal function and was the
only risk factor in multivariate models'. Serum NGAL is
potentially a specific predictor for early functional graft
recovery and the need for hemodialysis after kidney trans-
plantations from donors after cardiac death*”.

The potential of NGAL to be a congenital urologic disease

biomarker has been evaluated in a few studies. A case-control
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study performed in children with severe congenital hydrone-
phrosis caused by ureteropelvic junction obstruction
revealed that preoperative median uNGAL concentrations
are much higher in children with severe hydronephrosis
than those in controls. uUNGAL levels decreased considera-
bly in patients with severe hydronephrosis 3 months later
after the operation but remained more elevated than that
in control children with mild non-obstructive hydrone-
phrosis. The authors suggested that the increased uNGAL
concentration was related with a worsening obstruction™”.
Notably, uNGAL values adjusted to age-matched standards
were also elevated in patients with vesicoureteral reflux
(VUR) without renal dysgenesis compared to those in
control children”. The presence of renal scarring is correlated
with increased NGAL level, suggesting that uNGAL may
become a useful diagnostic indicator for renal scarring

when monitoring patients with VUR.

NGAL as a CKD biomarker

The critical role of renal tubules has been pointed out
during the early period and during progression of CKD.
Tubulointerstitial injury is a powerful predictor of CKD
progression to ESRD, regardless of the primary etiology of
CKD. The pathogenic mechanisms responsible for pro-
gressive renal damage are tubular atrophy and hypoxia,
peritubular capillary loss, and interstitial fibrosis®”. CKD
stages are classified based on the estimated GFR value and
the extent of albuminuria along with the National Kidney
Foundation Practice Guidelines™. However, albuminuria
and GFR may not correctly identify accelerated deteriora-
tion of kidney function and cannot be used to monitor the
progression of CKD. There appears to be a series of patients
in whom loss of renal function may occur rapidly yet the
proteinuria remains relatively low grade™. Thus, much
attention has been focused on identifying markers to predict
which patients with CKD are at greater risk for progressive
renal decline. One current comprehensive analysis indicated
that NGAL is a novel biomarker for the progression of
CKD”.

Bolignano et al”

observed that serum and uNGAL concen-
trations are directly related with a doubling of serum Cr or

initiation of RRT during a median follow-up of 18.5 months,
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regardless of age and baseline GFR in a study in 96 patients
focusing on non-advanced CKD with stable renal func-
tion. The authors suggested that NGAL may be helpful asa
surrogate parameter of residual renal function under these
particular conditions. A study of 158 elderly patients with
pre-dialysis CKD and relatively low-level proteinuria
reported that uNGAL and conventional risk factors
improve the prediction of renal disease progression. The
uNGAL-to-Cr ratio (uNGAL/Cr) is related with the primary
endpoint of all-cause mortality or the beginning of RRT
within 2 yr’”. These data suggest that the uNGAL/Cr ratio
may help detect a subset of patients that show a rapid
decrease in estimated GFR, but in whom proteinuria
remains relatively low””. Albuminuria is most commonly
caused by significant glomerular leakage that exceeds
tubular reabsorptive competence, whereas uNGAL, which
is released particularly from damaged renal tubular cells,
is positively correlated with the extent of tubular atrophy

4,
**%9 Consequen-

and interstitial fibrosis in kidney biopsies
tly, the uNGAL/Cr ratio and total proteinuria or albumin-
uria could potentially offer significant prognostic informa-
tion of tubular capability thereby avoiding invasive
procedures. Plasma NGAL concentrations are negatively
correlated with GFR in children with CKD caused by
renal dysplasia, obstructive uropathy, and glomerular and
cystic diseases. NGAL outperforms Cr as a predictor of
kidney failure when renal function diminishes to < 30 ml/
min®,

However, conflicting reports question whether uNGAL
is an independent risk factor for predicting renal decline
after adjusting for conventional risk factors of CKD pro-
gression. The Atherosclerosis Risk in Communities study
results demonstrated that the relationship between increased
baseline uUNGAL levels and stage 3 CKD disappeared after
controlling for urinary Cr and albumin concentration in a
) Peters et al'” reported that uNGAL was a

predictable risk factor of ESRD in a univariate analysis but

small cohort

not after adjusting for other factors including serum Cr in
65 patients with IgA nephropathy. A recent cohort study
of 3,386 patients with stages 2-4 CKD showed that uNGAL
is positively correlated with CKD severity and is a risk
factor for progression of CKD in the first 2 yr after measure-
ment. Nevertheless, this novel indicator only very modestly

predicted outcome events™”.
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NGAL in APN

Iron is required for pathogenic microorganisms to
survive in human or animal hosts. The quantity of iron
available to a microorganism may be very restricted
because most iron in host tissues is bound by heme, ferritin,
transferrin, or lactoferrin. Therefore, many potential
pathogens, such as Escherichia coli, produce siderophores
under iron limited conditions and the high-affinity iron-
binding ability of siderophores allows them to detach iron
from host iron-binding proteins and carry it into the

bacterial cell through specific receptors™

. Most pathogenic
E. coli strains secrete phenolate iron chelators, such as
enterobactin or enterochelin and aerobactin®”. The genes
for producing aerobactin can be plasmid-encoded, and
such plasmids in E. coli have been linked with potent
extra-intestinal infections™ .

The significance of the capability of NGAL to limit
bacterial growth by separating iron siderophores has been
studied in a knock-out mouse model™ NGAL is protective
against infections caused by E. coli injected directly into
the peritoneum. Toll-like receptors on immune cells
induce transcription, translation, and secretion of NGAL
when exposed to invading bacteria. NGAL then inhibits
bacterial growth by isolating the iron-laden siderophores.
NGAL-deficient mice consistently show increased sus-
ceptibility to bacterial infection™. Wu et al*” demonstrated
that intratracheal instillation of E. coli in mice induces
abundant NGAL expression in the respiratory tract
epithelial cells and that limited of NGAL expression
increases morbidity and mortality of the infected mice.
These findings suggest that NGAL is vital for defense of
airways against infection by E. coli. Kidney NGAL mRNA
and protein levels increased rapidly after bacterial injec-
tion in an experimental rat UTI model and then decreased
quickly but were followed by persistently high levels for
6-weeks after the injection. uNGAL concentrations are
also elevated during the early phases of infection and
continue at high levels after the infection and subsequent
extensive fibrosis develops, suggesting the potential value
of NGAL as an APN and renal scarring marker®”.

Indeed, human data show the clinical utility of NAGL
for detecting invasive bacterial infections. Serum NGAL

concentration increase remarkably < 24 hrs after critically
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ill children with septic shock are admitted to the ICU
compared with healthy controls and subjects with systemic
inflammatory respiratory syndrome®”. Serum NGAL
levels > 155 pg/1 have been suggested as predictive of acute
bacterial infections in a group of patients. Serum NGAL
level is more sensitive and specific than C-reactive protein
(CRP) to discriminate viral and bacterial infections®”.
Additionally, NGAL is better predictable for monitoring
antibacterial treatments than serum CRP. NGAL and
CRP levels were significantly upregulated at admission of
92 children hospitalized with symptoms and signs of acute
infections compared to those with viral infections. However,
83% of the children with bacterial infections still demon-
strated increased CRP concentrations after 25-48 hr,
whereas 11% had high NGAL levels®”. NGAL does not
increase in healthy term newborns at birth, but neutrophils
from newborns, even premature babies, rapidly produce
NGAL upon bacterial or fungal stimulation®”.

We would like to comment on our experience with urinary
and plasma NGAL in APN and febrile UTIs in children.
Febrile UTT has long been recognized as one of the most
common bacterial infections in children, with the potential
consequence of renal scarring”. Collecting urine and
interpreting results are difficult in infants and young
children, although instructions for diagnosing a UTT accor-
ding to urinalysis and urine culture have been docum-
ented®. Distinguishing APN from a lower UTT is chall-
enging in this patient group, as urinary tract symptoms
can be nonspecific. A dimercaptosuccinic acid renal scan
is very sensitive for evaluating renal damage but it is costly
and not readily available, and exposes the subjects to
radiation®. Thus, a more practical method to detect renal
parenchymal lesions is needed for treating UTIs in a timely
manner. The significance of an indicator of renal paren-
chymal involvement in a patient with a UTT is great because
longer antibiotic therapy is required for parenchymal
damage. Acute, mainly tubulointerstitial kidney injury is
present in both AKI and APN, and it is diffuse in AKI and
restricted to a section of renal parenchyma in APN'.
uNGAL values in adults with established AKI have been
used to successfully distinguish intrinsic AKI from
prerenal AKI. Similarly, urine and plasma NGAL levels
can be used to detect children with UTIs and distinguish
APN from alower UTT in children with a febrile UTT"*",
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Yilmaz et al'” firstly report the diagnostic utility of
NGAL in a study of 60 children with UTIs and 29 healthy
controls. They demonstrated that uUNGAL levels increased
significantly higher in a UTI group than in controls. Using
the best uNGAL cutoff of 20 ng/ml for diagnosing UTI,
sensitivity and specificity were 97% and 76%, respectively
(AUC, 0.979). However, they did not compare NGAL
concentrations between patients with APN and those with
lower UTTs. We evaluated three novel biomarkers, includ-
ing NGAL, kidney injury molecule (KIM)-1, and cystatin
Cinacohort of 73 children with febrile UTIs and 56 controls.
Patients with a history of renal disease or accompanying
AKI were excluded. Among these markers, UNGAL and
uNGAL/Cr were the most promising to diagnose and
manage febrile UTIs and APN in children. The uNGAL/
Cr ratio was more elevated in the UTI group than that in
the control subjects and in patients with APN than in
those with lower UTIs. The best uNGAL cutoff values for
predicting UTT and APN were 23.95 ng/ml (sensitivity,
82.4%; specificity, 83.6%; AUC, 0.89) and 73 ng/ml (sensiti-
vity, 75%; specificity, 73.7%; AUC, 0.8), respectively. The
optimal uNGAL/Cr ratio cutoft values for predicting UTI
and APN were 276.5 ng/mg Cr (sensitivity, 76%; speci-
ficity, 90%; AUC, 0.9) and 390 ng/mg Cr (sensitivity, 90.3%;
specificity, 63.2%; AUC, 0.78), respectively. The uNGAL/
Cr ratios in the APN and UTI groups decreased after
antibiotic treatment compared to those before treatment.
The uNGAL/Cr ratio was positively correlated with serum
levels of white blood cells (WBC), CRP, cystatin C, and the
uKIM-1/Cr ratio. Although uKIM-1 and uKIM-1/Cr
levels were greater in the UTT and APN groups than those
in the controls, they did not discriminate between APN
and lower UTIs in children with febrile UTTs. Serum
cystatin C concentrations also increased in patients with
APN compared to those with lower UTIs, but persistently
high levels after treatment did not reflect clinical improve-
ment after the acute phase of UTIY. Additionally, we
assessed the predictive value of plasma NGAL in children
with symptomatic UTIs'* ', In a preliminary study of 47
infants with febrile UTIs, plasma NGAL levels were higher
in the APN group than those of the non-APN group
during the acute phase of febrile UTI. Plasma NGAL level
decreased during the next 3-4 days after initiating anti-

biotic treatment'®. It appeared to be a helpful predictor for
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diagnosing APN in infants with acute febrile UTI. Next,
we confirmed that plasma NGAL is a sensitive and specific
biomarker for identifying APN and monitoring the treat-
ment response in children with UTIs. A total of 123 children
were enrolled (53 APN and 70 lower UTI). After adjusting
for age and sex, plasma NGAL levels were higher in the
APN group than those in the lower UTI group. NGAL
levels were significantly correlated with serum levels of
WBCs, CRP, and Cr, as well as fever duration. A multi-
variate analysis revealed that log-transformed plasma
NGAL was the only independent predictor of APN. A
receiver operating curve analysis showed a good diagno-
stic profile for NGAL to detect APN (AUC, 0.864) with an
optimal best cut-off value of 102.5 ng/ml. Plasma NGAL
had sensitivity of 89.1% and specificity of 71.0% for diagnos-
ing APN. The positive and negative predictive values of
this cut-off value were 68.3% and 90.7%, respectively.
NGAL levels in both two groups decreased after treatment
compared to levels before treatment'. None of our studies
showed that urinary or plasma NGAL has definite predic-
tive value for the presence of VUR or renal scarring. Conflic-
ting results suggest that uNGAL levels are significantly
higher in patients with VUR compared to those in controls.
uNGAL also increases more in patients with renal scarr-
ing than in those without scarring”. The relatively small
number of enrolled patients with VUR or renal scarring in
our studies may have contributed to these different findings.
The acute infectious condition in our studies may be an
additional explanation for the negative results.

Taken together, our studies indicate that uNGAL,
uNGAL/Cr, and plasma NGAL have promise for aiding in
the diagnostic assessment and therapeutic monitoring of
UTTin children without AKI. Measuring these markers
could be incorporated into current algorithms, although it
is unclear whether they can replace urinalysis and/or
urine culture as primary UTI diagnostic tests. Higher
NGAL levels in urine and plasma can help physicians
manage children with suspected UTI without AKI. Early
detection of APN based on NGAL level may facilitate cost-
effective treatment, particularly in infants and young
children. The routine practice of imaging studies to
localize febrile UTI would not be necessary for children
with low NGAL levels. Persistently high NGAL levels can

be related with insufficient treatment or a follow-up dimer-
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captosuccinic acid renal scan may be required to rule out

potential renal scarring.

Conclusions

Collectively, NGAL is a promising kidney disease biomar-
ker. However, translating its use into routine clinical
practice is incomplete. Reference ranges with best cutoff
values, ethnicity, adjustments for age and sex, and ruling
AKIT conditions or other significant confounders in or out
should be considered in diverse clinical settings. Further
investigations with a large number of enrolled patients for
a longer observational period are required to confirm

previous findings in various kidney diseases.
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