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Role of NGAL for the Early Detection of Acute Kidney Injury
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The incidence of acute kidney injury (AKI) is
estimated to be from 5% of hospitalized patients
to 30-50% of patients in intensive care units, and
nowadays there is significant evidence of an increase
in its incidence (1, 2). The incidence of both AKI
(formerly, acute renal failure) and chronic kidney
disease (CKD) has already developed epidemic pro-
portions. In both conditions, early intervention can
substantially improve the prognosis. However, the
lack of early, predictive and non-invasive biomark-
ers may lead to delayed initiation of potentially use-
ful therapies for these common clinical settings (3).
The diagnosis of AKI is usually based on increases
in serum creatinine levels; however, it is a poor
indicator of acute deterioration of kidney function.
In addition, serum creatinine concentration is greatly
influenced by numerous non-renal factors (such
as lean muscle mass, race, age, gender, hydration
status, medications, muscle metabolism, and protein
intake). Measurement of serum creatinine is not
1deal marker of renal function in AKI, because these
patients are not in steady state. Therefore, changes
in serum creatinine may lag far behind renal injury.
Thus, considerable rises in serum creatinine are of-
ten not apparent until 48—72 h after the initial insult
to the kidney. In addition, no significant changes in
serum creatinine concentrations may be seen until
about 50% of renal function has already been lost. It
means that the significant renal disease can exist with
minimal or no changes in serum creatinine because
of renal reserve, enhanced tubular secretion of cre-

atinine, and compensated lower rates of glomerular

filtration (1, 2, 4, 5).

However, some urinary biomarkers such as casts,
filtered high molecular weight proteins, fractional
excretion of sodium and tubular proteins or enzymes
are not enough sensitive and specific for the early
diagnosis of AKI (3). Biomarkers for early AKI di-
agnosis represent a unique opportunity for an inter-
vention to save the kidney from additional insults
and avoid tissue damage. If we wait for the present
paraclinical data which can certainly help, we will
always be late. Therefore, we need a novel and more
sensitive biomarker for the diagnosis of AKI in order
to treat it as soon as possible (5). This biomarker
must also be specific, practically easy to detect and
measure, reproducible, feasible at bedside, cor-
relative with severity, quantitatively describing the
intensity of renal damage even when typical clinical
signs are absent and is appropriate to indicate the
initiation of the therapy (5).

Fortunately, promising methods such as functional
genomics and proteomics have discovered new
candidates as biomarkers (3, 6), and among them
neutrophil gelatinase-associated lipocalin (NGAL),
which is a small molecular size (25 kDa) protein
and resistance to degradation (7), is a promising bi-
omarker. It usually excreted in urine, accumulates in

human kidney cortical tubules which significantly

*Correspondence:

Zohreh Rostami, MD

Nephrology and Urology Research Center, Baqiyatallah University;
of Medical Sciences,Molla Sadra St. Vanak Sq. Tehran, |.R. Iran
Email: rostami@jijnu.ir

Received: 25 Mar 2010

Accepted: 2 Apr 2010

International Journal of Nephrology & Urology, 2010;2(3):387-389 || 387



388 I NGAL as an eawrly marker of AKI

augmented in epithelial damage and also increases
in plasma following nephrotoxic or ischemic injury
(7-10). During reepithelialization, NGAL is prob-
ably a regulator of epithelial morphogenesis as it
can be detected in the mature kidney after tubular
damage, and in some stage of nephrogenesis as it
is an iron-transporting protein. (11). Several studies
have reported that in patients with AKI, NGAL rises
very high compared to matching controls (6, 11, 12).
In addition, NGAL enhancement occurs in different
studies at 24 to 48 hours sooner than the increase
in creatinine. Both urinary and plasma NGAL are
excellent early markers of AKI with an area under
the receiver operator characteristic curve (AUC) in
the range of 0.9. Nowadays, many studies are being
performed to illuminate exact correlation between
NGAL and AKI (5).

According to a cross-sectional study, among
intensive care unit patients with established acute
renal failure, plasma NGAL concentration and urine
NGAL concentration were 10-folds and more than
100 times higher than the normal levels (13). Addi-
tionally, elevated serum creatinine concentrations in
patients had immuno-reactive NGAL in 50 % of the
cortical tubules in kidney biopsy samples and have
been associated with high plasma and urine NGAL
concentrations (3). High level of NGAL not only
presented in AKI, but also it can predict delayed
graft function, as NGAL staining has been obtained 1
hour after vascular anastomosis in kidney transplant
biopsies which progress to DGF (14). Interestingly,
urine NGAL concentrations substantially increased
in biopsy proven tubulitis or other tubular patholo-
gies as well as in subclinical tubulitis (7, 15).

Early intrinsic tubule cell damage and subsequent-
ly inability to filtered NGAL reabsorption can cause
urinary NGAL rising following tubular damage (7).
Also several investigators have examined the role of
NGAL as a predictive biomarker of nephrotoxicity
following contrast administration and postischemic

kidney (7, 16) However, urinary NGAL cannot be
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detected in anuric patients (7). Further studies are

required to depict:

1- Does the NGAL actually enable to distinguish
between various AKI subtypes (prerenal, intrinsic
renal, or postrenal)? Is NGAL more efficient than
other methods (BUN/Cr, urine osmolality, fractional
excretion of Na, needle biopsy, etc) in evaluation of
AKI subtypes? Can we hope not to need an invasive
procedure for the early detection of AKI etiology in
future?

2- NGAL staining in biopsy samples is presented
in several conditions such as cisplatin, ACE inhibi-
tors, bisphosphonate or cephalosporin therapy which
can lead to false positive in critical conditions (11).
How does the NGAL enable to recognize the AKI
etiologies (ischemia, toxins, ATN, rejection, sepsis,
DGEF or a combination of them)? There is a positive
association between NGAL staining intensity and
cold ischemia time, peak post-transplant plasma
creatinine, and DGF (17). How can NGAL staining
intensity in early protocol biopsies differentiate
between these and other risk factors of graft loss?
3- NGAL expression is noticeably elevated in acute
systemic disease or urinary tract infections (14).
How can NGAL discriminate AKI from other forms
of acute kidney disease (e.g. urinary tract infection,
glomerulonephritis and interstitial nephritis)?

4- How can we evaluate the accuracy and reliability
of serum and/or urinary NGAL for the diagnosis of
established AKI, for the early diagnosis, and risk
stratification of AKI? How can we predict the AKI
severity with NGAL?

5- Is it possible to monitor the course of AKI and its
response to interventions with NGAL?

6- NGAL is normally secreted at very low concentra-
tion in several human tissues, such as kidney, lungs,
stomach, and colon. NGAL expression is markedly
elevated in injured epithelia (14, 15). On the other
hand, NGAL measurements may be influenced by a

number of coexisting variables, such as preexisting



renal disease (13, 16). Also urinary NGAL concen-
trations significantly correlate with proteinuria (3).
How can we omit these contributing factors?

7- What is the cutoff point, sensitivity, specificity
and ROC for the urinary and plasma NGAL in early
detection of AKI?

8- Elevated serum NGAL in kidney transplant
recipients could be due to the enhanced synthesis
by injured kidneys, impaired kidney clearance,
and nephrotoxicity of immunosuppressive drugs
(calcineurin inhibitors) (8). Regarding narrow differ-
ence in diagnosis of acute rejection and calcineurin
inhibitors nephrotoxicity which have diverse treat-
ment (8), how can NGAL make distinction between
these conditions ?

9- Are there any differences between brain dead
deceased donors and living donors in NGAL
expression?

10- Can the level of urinary or serum NGAL or
staining for NGAL in deceased donors be predictive
of DGF in recipients?
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