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Introduction

In a genomwide screening for novel renal biomarkers
Neutrophil Gelatinase-associated lipocalin (NGAL) was
identified as the gene with highest mMRNA and protein
levels and with the earliest rise and peak after renal
ischemia (1, 2). Renal injury also translated into increased
NGAL levels in urine and in plasma. Human NGAL was
originally identified as a 25 kDa protein covalently bound to
gelatinase from neutrophils (3). From the renal perspective,
NGAL (Synonym Lipocalin-2, Siderocalin) is a protease-
resistant polypeptide, is released from the distal tubules,
secreted with the urine or backleaking to the plasma,
freely filtered, reabsorbed in the proximal tubules through
endocytotic megalin-receptors or finally secreted with the
urine (4).

NGAL is responsible for growth and differentiation of (renal
tubular) epithelial cells and exerts bacteriostatic effects in
the distal urogenital tract by interference with bacterial
siderophore-mediated iron acquisition (4). As siderophore-
iron-complex NGAL limits proximal tubular damage and
reduces apoptosis (5). NGAL is normally expressed at very
low levels in several human tissues, including kidney, lungs,
stomach, and colon (6). However, kidney epithelia express
and excrete massive quantities of NGAL within 30 minutes
in the urine when damaged by ischemia-reperfusion injury,
nephrotoxins, sepsis and chronic progressive changes (1).
Initially demonstrated in rats, mice, and pigs findings were
confirmed in adults, children and neonates (1, 4, 7, 8).
NGAL appears to be an early, potentially even ‘real-time’
biomarker indicating structural damage in contrast to all
markers of renal function available in current clinical practice.

In a cross-sectional study, subjects in the intensive care
unit with established acute kidney injury (AKI) displayed a
greater than 100-fold increase in urine NGAL concentration
when compared to normal controls (4). Kidney biopsies

in these patients showed intense accumulation of immuno-
reactive NGAL in 50 % of the cortical tubules.

These findings have initiated a number of translational
studies and have now been confirmed in several prospective
studies of adults and children who developed AKI after
defined clinical events such as cardiac surgery, contrast
administration, kidney transplantation (9—13) and with
unknown timing of kidney injury, such as subjects admitted
to emergency or critical care settings (14-17).

AKI represents a frequent and devastating problem in hos-
pitalized patients, with persistently high rates of morbidity
and mortality (8). While recent advances have suggested
novel therapeutic approaches in animal models, trans-
lational efforts in human have yielded disappointing results.
The reasons for this include an incomplete understanding
of the underlying pathophysiology and the lack of early,
sensitive and specific biomarker for AKI (18). In clinical
practice, the diagnosis of AKl is mostly based on an
increase in serum creatinine. This surrogate parameter

of renal function is affected by several non-renal factors,
the hydration status and is considered a late indicator

of AKl as it typically increases only when the glomerular
filtration rate has decreased to >50 % of normal. NGAL
has emerged as biomarker that predict development of
AKI in heterogeneous groups of patients 1-3 days earlier
than serum creatinine (9, 10, 12), Fig. 1 and 2.

In conclusion, NGAL represents a promising early predictive
biomarker of AKI. Such novel biomarkers might facilitate
earlier diagnosis, timely and individualized patient manage-
ment decisions including administration of putative thera-
peutic agents and specific preventative strategies, poten-
tially resulting in fewer complications and improved
outcomes (19, 20).

Fig. 1: Early diganostic of Acute Kidney Injury with urine NGAL
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Clinical Utility of Urine NGAL

The Potential Use of NGAL after Cardiac Surgery

Cardiac surgery with cardiopulmonary bypass (CPB) is one
of the most common major surgical procedures worldwide
often associated with AKI — a frequent and serious compli-
cation of cardiac surgery and affects up to 50 % of patients
depending on definition (12). Even minor degrees of post-
operative AKI, as manifest by only a 0.2 to 0.3 mg/dL rise in
serum creatinine from baseline, predict a significant increase

in short-term mortality (21). AKI after cardiac surgery is also
associated with a number of adverse outcomes, including
prolonged intensive care and hospital stay, dialysis depend-
ency, diminished quality of life, and increased long-term
mortality. NGAL rises already 1-2 hours after cardiac sur-
gery in case an acute kidney injury develops (Fig. 2).

Practical recommendations:

Pending confirmation in larger trials, NGAL measured immediately on admission to the Intensive Care Unit after sur-
gery could identify and stratify patients with acute structural renal damage independent from their preoperative risk
and procedure performed. For example, although only investigated in a limited number of patients, NGAL has got a

high predictive value for postoperative initiation of renal replacement therapy (RRT) (10, 12). This finding and the
potentially earlier initiation of RRT in NGAL-positive patients need confirmation in larger prospective trials.

Bennett et al. (10) used the clinical laboratory ARCHITECT platform and found, in children undergoing cardiac
surgery, urine NGAL > 150 ng/mL in those subsequently developing AKI.

Fig. 2: NGAL in Diagnosis of AKI after Cardiopulmonary Bypass Surgery
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The Potential Use of NGAL after PCI

With many million procedures a year, coronary artery an-
giography is the most common major cardiac intervention
worldwide. Contrast induced nephropathy (CIN) is a fre-
quent complication of percutaneous coronary intervention
(PCI) affecting 10—20 % of patients and is independently
associated with substantially increased risk of hemodialysis
and mortality and carries significant costs (22, 23).

Although some preventive measures are available to
reduce the incidence of CIN, an early and accurate marker
of CIN is lacking. None of the established renal biomarkers
is able to diagnose CIN before 24 to 72 hours post-proce-
dure — a time when most of the patients who underwent
elective catheterization are already discharged home.

Several investigators have examined the role of NGAL as

a predictive biomarker of nephrotoxicity following contrast
administration (11, 24). In these prospective studies, NGAL
predicted CIN with high sensitivity and specificity within
2-4 hours after contrast administration, Fig. 3.

Fig. 3: NGAL in Diagnosis of AKI after Contrast Nephropathy
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Practical recommendations:

talization compared to those without actual renal injury.

Different cut-off values for urine NGAL have been described (> 10 ng/mL [ref. 25], >60 ng/mL [ref. 26] and
>100 ng/mL [ref. 11]) measured immediately after coronary artery angiography before the patients are discharged
would potentially identify these patients developing AKI. Such patients may require therapy and prolonged hospi-

The Potential Use of NGAL at the Intensive Care Unit

Several studies have shown that AKl is an independent risk Meanwhile several studies have indicated that NGAL might

factor for ICU patients (27, 28). To prevent development
and progression of AKI in critically ill patients would require
an early and accurate diagnosis of renal injury in the ICU,
which is often complicated by other risk factors such as
sepsis and nephrotoxins (e.g. contrast media, cardiac
surgery, aminoglycosides).

be a useful biomarker of AKI in this setting (15-17). For
example, NGAL measured at admission to the ICU allows
the diagnosis of AKI up to 48 hours prior to a diagnosis of
AKI using the AKI Network criteria (16).

Practical recommendations:

and adjust treatment accordingly.

The timing of NGAL measurement during ICU stay deserves further investigation. It is conceivable, that within
6 hours of each pathophysiological ‘hit’ to the kidney, NGAL should be measured to identify relevant renal damage

The Potential Use of NGAL in the Emergency Department

Nickolas et al. (14) found that a single measurement of
urine NGAL in patients admitted to the Emergency Depart-
ment helps to distinguish AKI from normal function, pre-

renal azotemia, and chronic kidney disease and predicts
poor inpatient outcomes.

Practical recommendations:

Patients, with increased serum creatinine concentration at admission and negative NGAL (< 130 ng/mL in this study
[ref. 14]) appear not to develop AKI and might not be planned for prolonged hospitalization.




What can be done if AKl is diagnosed earlier?

Implications of urine NGAL are summarized in Figure 4.
Ideally, an early increased novel renal biomarker would
initiate a paradigm shift in the clinical management of the
patient. Clinicians informed of structural renal damage
would be aware of the potential for development of clinical
AKI. Biomarkers, such as NGAL, may predict AKI. Such
patients might benefit from closer monitoring and perhaps
adjusted target values of hemodynamics, intravascular
status, urine output and renal perfusion. Patients would
benefit from the diligent avoidance or discontinuation of
nephrotoxins (non-steroidal inflammatory drugs, ACE-
inhibitors, gentamicin, cephalosporins, contrast media,

Limitations

Conflicting observations raise concern about the inter-
pretation on NGAL results. Different definitions of AKI after
cardiac surgery have been used to assess the predictive
value of NGAL in different adult studies creating a defini-
tion-related confounder. Recently, a study reported that the
predictive value of NGAL increases with grade of AKI (30).

Fig. 4: Implications of urine NGAL

cardiopulmonary bypass). Pre-emptive intervention with
extracorporeal blood purification therapy (e.g. immuno-
modulation using large-pore membranes or new adsorbers)
may be considered for subjects with elevated biomarker
levels who are developing fluid overload but will not display
increased serum creatinine for several days due to hemo-
dilution and time required for reestablishment of a steady
state (10). Finally, the availability of promising early bio-
markers may enable the timely initiation of interventions,
such as natriuretic peptide (29) or sodium bicarbonate (19)
that have been beneficial in pilot studies but not yet tested
in larger trials.

Age, method of measurement (‘research’-based vs. routine
laboratory platform), urinary tract infections and co-mor-
bidities associated with non-renal release of NGAL appear
to be further modifiers of the predictive performance of
NGAL. Such limitations of NGAL deserve further investi-
gation in large multicenter studies.

Implications of urine NGAL

Diagnosis
® Diagnose AKI early

¢ Consult nephrologist
early

e Admit or delay
discharge from hospital

Therapy

® Intervene timely in relevant
hypotension or hypovolemia

Prognosis

® Predict clinical outcomes
(RRT, DGF, mortality)

¢ Optimize hemodynamics after
cardiac surgery

® Avoid nephrotoxic medication

e Commence or stop RRT earlier

¢ Non-invasive monitoring after
renal transplantation

e Earlier double blockade of RAAS

AKI:  acute kidney injury

RRT: renal replacement therapy

RAAS: renin angiotensin aldosterone system
DGF: delayed graft function




References

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

. Mishra J, Ma Q, Prada A, et al. Identification of neutrophil gelatinase-associated lipocalin as a novel early urinary biomarker for ischemic renal injury.

J Am Soc Nephrol. 2003;14:2534-43.

. Supavekin S, Zhang W, Kucherlapati R, et al. Differential gene expression following early renal ischemia/reperfusion. Kaskel FJ, Moore LC,

Devarajan P. Kidney Int. 2003;63:1714-24.

. Kjeldsen L, Johnsen AH, Sengelev H, et al. Isolation and primary structure of NGAL, a novel protein associated with human neutrophil gelatinase.

Biol Chem. 1993; 15;268:10425-32.

. Mori K, Lee HT, Rapoport D, et al. Endocytic delivery of lipocalin-siderophore-iron complex rescues the kidney from ischemia-reperfusion injury.

J Clin Invest. 2005;115:610-21.

. Mishra J, Mori K, Ma Q, et al. Amelioration of ischemic acute renal injury by neutrophil gelatinase-associated lipocalin. J Am Soc Nephrol.

2004;156:3073-82

. Kjeldsen L, Cowland JB, Borregaard N. Human neutrophil gelatinase-associated lipocalin and homologous proteins in rat and mouse. Biochim

Biophys Acta. 2000; 18;1482:272-83.

. Lavery AP, Meinzen-Derr JK, Anderson E, et al. Urinary NGAL in premature infants. Ma Q, Bennett MR, Devarajan P, Schibler KR. Pediatr

Res. 2008;64:423-8.

. Devarajan P. Emerging biomarkers of acute kidney injury. Contrib Nephrol. 2007;156:203-12.
. Mishra J, Dent C, Tarabishi R, et al. Neutrophil gelatinase-associated lipocalin (NGAL) as a biomarker for acute renal injury after cardiac surgery.

Lancet. 2005;365:1231-8.

Bennett M, Dent CL, Ma Q, et al. Urine NGAL predicts severity of acute kidney injury after cardiac surgery: a prospective study. Clin J Am Soc
Nephrol. 2008;3:665-73.

Hirsch R, Dent C, Pfriem H, et al. NGAL is an early predictive biomarker of contrast-induced nephropathy in children. Pediatr
Nephrol. 2007;22:2089-95.

Haase-Fielitz A, Bellomo R, Devarajan P, et al. Novel and conventional serum biomarkers predicting acute kidney injury in adult cardiac surgery —
a prospective cohort study. Crit Care Med. 2009;37:553-60.

Parikh CR, Jani A, Mishra J, et al. Urine NGAL and IL-18 are predictive biomarkers for delayed graft function following kidney transplantation.
Am J Transplant. 2006;6:1639-45

Nickolas TL, O’Rourke MJ, Yang J, et al. Sensitivity and specificity of a single emergency department measurement of urinary neutrophil gelatinase-
associated lipocalin for diagnosing acute kidney injury. Ann Intern Med. 2008;148:810-9.

Zappitelli M, Washburn KK, Arikan AA, et al. Urine neutrophil gelatinase-associated lipocalin is an early marker of acute kidney injury in critically ill
children: a prospective cohort study. Crit Care. 2007;11:R84.

de Geus H, Le Noble J, Zijlstra F et al. Early predictive value of neutrophil gelatinase-associated lipocalin in adult ICU patients with acute kidney injury.
Critical Care 2009, 13(Suppl! 1):P255d0i:10.1186/cc7419

Makris K, Markou N, Evodia E, et al. Urinary neutrophil gelatinase-associated lipocalin (NGAL) as an early marker of acute kidney injury in critically ill
multiple trauma patients. Clin Chem Lab Med. 2009;47:79-82.

Devarajan P. Neutrophil gelatinase-associated lipocalin (NGAL): a new marker of kidney disease. Scand J Clin Lab Invest Suppl. 2008;241:89-94.

Haase M, Haase-Fielitz A, Bellomo R, et al. Sodium bicarbonate to prevent increases in serum creatinine after cardiac surgery: a pilot double-blind,
randomized controlled trial. Crit Care Med. 2009;37:39-47.

Vaidya VS, Ferguson MA, Bonventre JV. Biomarkers of acute kidney injury. Annu. Rev. Pharmacol. Toxicol. 2008; 48:463-93

Lassnigg A, Schmid ER, Hiesmayr M, et al. Impact of minimal increases in serum creatinine on outcome in patients after cardiothoracic surgery:

do we have to revise current definitions of acute renal failure? Crit Care Med. 2008;36:1129-37

McCullough PA, Stacul F, Becker CR, et al. Contrast-Induced Nephropathy (CIN) Consensus Working Panel: executive summary. Rev Cardiovasc
Med. 2006;7:177-97.

Finn WF. The clinical and renal consequences of contrast-induced nephropathy. Nephrol Dial Transplant. 2006;21:i2-10.

Bachorzewska-Gajewska H, Malyszko J, Sitniewska E, et al. Neutrophil-gelatinase-associated lipocalin and renal function after percutaneous
coronary interventions. Am J Nephrol. 2006;26:287-92.

Ling W, Zhaohui N, Ben H, et al. Urinary IL-18 and NGAL as early predictive biomarkers in contrast-induced nephropathy after coronary angiography.
Nephron Clin Pract. 2008;108:¢c176-81

Makris K, Demponeras C, Zoubouloglou F, et al. The role of urinary NGAL to urinary creatinine ratio in the early detection of contrast agent induced
acute kidney injury after coronary artery angiography. Abstract at the Congress of The American Association for Clinical Chemistry 2009, July 19-23,
2009; Chicago, IL.

Uchino S, Bellomo R, Goldsmith D, et al. An assessment of the RIFLE criteria for acute renal failure in hospitalized patients. Crit Care

Med. 2006;34:1913-7.

Joannidis M, Metnitz B, Bauer P, et al. Acute kidney injury in critically ill patients classified by AKIN versus RIFLE using the SAPS 3 database.
Intensive Care Med. 2009 Jun 23. [Epub ahead of print]

Sward K, Valsson F, Odencrants P, et al. Recombinant human atrial natriuretic peptide in ischemic acute renal failure: a randomized placebo-
controlled trial. Crit Care Med. 2004;32:1310-5.

Haase-Fielitz A, Bellomo R, Devarajan P et al. The predictive performance of plasma neutrophil gelatinase-associated lipocalin (NGAL) increases with
grade of acute kidney injury. Nephrol Dial Transplant. 2009 May 27. [Epub ahead of print]

Abbott GmbH & Co. KG
Abbott Diagnostics
Max-Planck-Ring 2

65205 Wiesbaden, Germany

Tel. (+49) 6122580 Abbott
Fax (+49) 6122581244 ARCHITECT and ARCHITECT Urine NGAL are trademarks of Abbott Laboratories . .
www.abbottdiagnostics.com in various jurisdictions. ARCHITECT Urine NGAL assay in development. Dlag nOStICS

AN2605/uk NGAL Recommendation Guide 08/09/1



