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Abstract

Acute kidney injury (AKI) remains a challenge in terms of diagnosis and classification, its 

morbidity and mortality remaining high in the face of improving clinical protocols. Current 

clinical criteria use serum creatinine (sCr) and urine output to classify patients. Ongoing research 

has identified novel biomarkers that may improve the speed and accuracy of patient evaluation and 

prognostication, yet the route from basic science to clinical practice remains poorly paved. 

International evidence supporting the use of plasma neutrophil gelatinase-associated lipocalin 

(NGAL) as a valuable biomarker of AKI and chronic kidney disease (CKD) for a number of 

clinical scenarios was presented at the 31st International Vicenza Course on Critical Care 

Nephrology, and these data are detailed in this review. NGAL was shown to be highly useful 

alongside sCr, urinary output, and other biomarkers in assessing kidney injury; in patient 

stratification and continuous renal replacement therapy (CRRT) selection in paediatric AKI; in 

assessing kidney injury in conjunction with sCr in sepsis; in guiding resuscitation protocols in 

conjunction with brain natriuretic peptide in burn patients; as an early biomarker of delayed graft 

function and calcineurin inhibitor nephrotoxicity in kidney transplantation from extended criteria 

donors; as a biomarker of cardiovascular disease and heart failure, and in guiding CRRT selection 

in the intensive care unit and emergency department. While some applications require further 

clarification by way of larger randomised controlled trials, NGAL nevertheless demonstrates 

promise as an independent biological marker with the potential to improve earlier diagnosis and 

better assessment of risk groups in AKI and CKD. This is a critical element in formulating quick 
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and accurate decisions for individual patients, both in acute scenarios and in long-term care, in 

order to improve patient prognostics and outcomes.

Keywords

Neutrophil gelatinase-associated lipocalin; Acute kidney injury; Chronic kidney disease

Biomarker of Injury, Not Function [1]

Biomarkers such as plasma neutrophil gelatinase-associated lipocalin (NGAL) can serve not 

only in the diagnostic and prognostic realm, but in reaching a deeper understanding of the 

pathophysiological factors that guide the progression of the disease in question. A 

significant reservation regarding the clinical use of NGAL arises from reported 

discrepancies in receiver-operating characteristic (ROC) analyses [2], but this unreliability 

may be explained by a number of factors, which can only be understood by scrutiny of the 

methodologies and hypotheses of clinical trials [3]. Hence, we may gain an understanding of 

why some studies fail and, importantly, identify more clearly which endpoints can answer 

specific clinical questions.

One of the factors introducing variability to area under curve (AUC) values in ROC analysis 

is in the choice of commercial assay, a challenge relating to biomarkers in general (fig. 1). 

These differences can be minimised by consistent use of a single assay.

Paragas et al. [5] demonstrated the viability of NGAL as a marker specifically of injury by 

showing its expression by injured cells, and the corresponding increase in urinary NGAL, in 

a NGAL reporter mouse model. NGAL expression was increased following ischaemia-

reperfusion (I/R) injury in an NGAL reporter mouse model. By then, inducing renal volume 

depletion [which can be a confusing factor in acute kidney injury (AKI) diagnosis], serum 

creatinine (sCr) levels increased and creatinine (Cr) clearance decreased, indicating reduced 

renal function, while NGAL levels were unchanged.

Paragas et al. [5] then examined endotoxaemia in the mouse model, in which the kidney was 

targeted but every organ was in sepsis, and NGAL expression increased accordingly in the 

lung, liver, spleen, trachea, and kidney. In this systemic inflammatory state, such elevation of 

plasma NGAL suggests that it may not always be effective in AKI prediction in cases of 

suspected sepsis.

The various aetiologies of kidney insult make for difficult diagnosis and risk assessment. Cr, 

a functional biomarker, is complemented by NGAL, allowing for the distinction of kidney 

injury in individuals with otherwise optimal kidney function, as well as in chronic kidney 

disease (CKD) patients where the same injury would give rise to a significant decrease in Cr 

clearance and renal function.

Biomarkers of injury and of function can be applied as two different exploratory tools in the 

clinical setting: (i) to understand the processes affecting renal function from hypoperfusion, 

hypertension and drug dosing, and how these affect prognoses, and (ii) to understand the 
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processes affecting renal injury and the ways in which patients with injury but normal 

function compare to patients with little or minor injury and decreased renal function.

Outstanding clinical questions in AKI stem from its still poorly understood pathophysiology. 

Novel biomarkers such as NGAL could provide more information with which to make more 

accurate prognoses. With prognostic balance being achieved by considering independent 

biomarkers of injury and function, NGAL offers tremendous potential as one valuable 

biomarker to improve this decision-making processes.

Paediatric Acute Kidney Injury [6]

The use of NGAL to refine knowledge of at-risk populations could help to predict paediatric 

AKI development and severity for its better management and prevention, and could 

ultimately reduce the overall disease burden. Two trials recently initiated by Stuart L. 

Goldstein at the Children’s Hospital Medical Center, Cincinnati, are capitalising on previous 

NGAL work by investigating it as a biomarker in paediatric AKI.

Trial in AKI Using NGAL and Fluid Overload to Optimize CRRT Use (Taking Focus)

Taking Focus [7] investigates the use of NGAL in early detection of AKI in paediatric cases 

in order to predict its severity, which would serve to optimise the initiation of fluid 

administration and dialysis. Paediatric studies have demonstrated an independent association 

between fluid overload at CRRT initiation and poor outcome, suggesting that earlier dialysis 

may improve survival.

Previous work by Sutherland et al. [8] suggests that the rate of mortality increases when 

patients reach >10% fluid overload at intensive care unit (ICU) initiation (fig. 2). Patient 

mortality rates increased from 30% at <10% fluid overload, to 43% at 10–20% fluid 

overload, and 66% at >20% overload. Importantly, patients in the 10–20% fluid overload 

group were found to be in significantly worse health than patients in the <10% fluid 

overload group by every available metric. At >20% fluid overload, patients were sicker by 

every metric than those with 10–20% fluid overload.

An association between percentage fluid overload (fluid in vs. fluid out as a proportion of 

body weight in patients entering the ICU) and point-of-care (POC) plasma and confirmatory 

urinary NGAL concentrations would suggest a applicable predictive mechanism. Taking 
Focus will then determine if NGAL can predict which critically ill patients that developed 

significant fluid overload will recover urine output and kidney function rapidly. In addition, 

it will determine if NGAL concentrations could predict kidney function in critically ill 

children who develop >10–20% ICU fluid overload who then go on to CRRT.

The Taking Focus protocols depend on the state of the patient defined by metrics such as 

percentage fluid overload and rate of change of NGAL levels (fig. 3). As such, is 

preliminary to the development of a randomised trial of early CRRT versus standard care.
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NGAL Directed Randomisation of Fenoldopam after Cardiopulmonary Bypass

The second prospective trial focuses on NGAL as a tool to select subjects in studies of 

paediatric cardiac bypass. Previous work by Ricci et al. [9] demonstrated the use of NGAL 

and cystatin C as markers of AKI amelioration by fenoldopam administration in paediatric 

patients undergoing cardiac surgery. In this study, fenoldopam significantly decreased 

urinary cystatin C levels at ICU arrival (following surgery) when compared with placebo, as 

well as significantly decreasing NGAL levels when compared to controls both at ICU arrival 

and at 12 h post-ICU arrival. However, while these were seminal findings, to their detriment 

they did not incorporate risk stratification; hence, it is possible that 60% of the children who 

received fenoldopam would not have developed AKI at all.

Emerging from these observations, the proposed pilot trial incorporates POC NGAL 

measures 2 h after cardiopulmonary bypass in order to enrich the population to be 

randomised. Patients with high NGAL are randomised to fenoldopam or placebo, while 

patients with normal NGAL are not treated or randomised with the assumption that they do 

not have AKI, although they will be observed.

NGAL will be used in this inventive manner as a tool to aid subject selection, whereas 

Taking Focus examines the value of NGAL in a more direct sense – in predicting the course 

of fluid accumulation and kidney injury. Clearly, positive results will forecast NGAL as a 

biomarker in subject selection and as a tool to guide CRRT initiation.

Plasma NGAL as a Biomarker for AKI in Critically Ill Patients with 

Suspected Sepsis [10]

Sepsis, a systemic inflammatory response syndrome combined with a known or suspected 

infection, is a major contributing factor to AKI in critically ill patients, with a distinct 

pathophysiological profile. Current approaches in the management of renal dysfunction in 

sepsis could be improved by the additional use of NGAL, which is not currently used in 

clinical practice, based on evidence demonstrating it to be a highly sensitive and objective 

predictive marker of kidney injury in suspected cases of sepsis [11].

Sepsis is associated with haemodynamic organ dysfunction, tissue perfusion abnormalities, 

and increased C-reactive protein (CRP) and procalcitonin (PCT) levels [12, 13]. The use of 

PCT and CRP have improved the diagnosis and staging of sepsis. PCT is a relatively new 

bio-marker of systemic inflammation, infection and sepsis [14]. Relative to CRP, PCT shows 

better specificity, time advantage, and a close relationship with the development of sepsis 

and with clinical outcome [15, 16].

The sepsis-related organ failure assessment (SOFA) score has been used to describe multiple 

organ failure in sepsis, comprising six different subscores pertaining to the function of each 

organ. In current clinical settings, the diagnosis of AKI is based on Acute Kidney Injury 

Network (AKIN) criteria. AKIN criteria use sCr concentration and urine output for AKI 

diagnosis. However, the AKIN criteria states that sCr and urine output are used because 

sensitive markers of kidney injuries are not currently in practice.
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Kim et al. [11] investigated the value of NGAL as a diagnostic and staging tool in AKI in 

critically ill patients with suspected sepsis by way of a single-centre study, questioning 

whether or not plasma NGAL is associated with PCT, and whether plasma NGAL 

concentrations differ according to the grade of sepsis. Diagnosing AKI based on the AKIN 

criteria, patients were divided into five groups based on their renal subscore of SOFA score 

as dictated by sCr and urine output. Patients were also divided according to stage of sepsis, 

as dictated by PCT concentrations, into five groups ranging from healthy (group I) through 

to systemic infection or sepsis (group III) and septic shock (group V).

Kim et al. demonstrated increasing renal subscore of SOFA score according to sepsis 

severity. When compared to PCT concentrations, the median value of plasma NGAL was 

above the medical decision point of 150 ng/ml in septic patients (groups III–V) (fig. 4). In a 

comparison of NGAL concentrations below and above this medical decision point, plasma 

NGAL was found to be significantly higher in septic patients than in non-septic patients (fig. 

5).

Plasma NGAL was significantly associated with the renal subscore of SOFA score, whereas 

sCr concentrations were found to be above the medical decision point only in patients with 

septic shock. Plasma NGAL was also significantly higher in AKI patients than in non-AKI 

patients. However, there was no significant difference in plasma NGAL between septic 

patients with AKI and those without AKI.

The work of Kim et al. [11] provides the first evidence for the use of NGAL, in conjunction 

with Cr, in determining kidney function and injury for the improved assessment of kidney 

injury in the diagnosis of sepsis. NGAL correlated well with PCT in sepsis diagnosis and 

staging. These findings suggest the great value of NGAL in sepsis, although a prospective 

randomised trial would provide further validation.

Point-of-Care BNP and NGAL for Acute Resuscitation in Severely Burned 

Patients [17]

Burn patients are at high risk for infection and organ failure. Early AKI during burn shock is 

associated with early multiple organ dysfunction and higher mortality risk [18]. Elaborate 

water loss and inflammatory responses may result in hypovolaemia and shock, the ‘burn 

shock period’, requiring significant fluid resuscitation to offset organ perfusion issues as 

well as iatrogenic pathologic sequelae due to intervention. The reliable and quick 

recognition of under- or over-resuscitation in at-risk patients is a clear unmet clinical need. 

The characterisation of POC serum B-type natriuretic peptide (BNP) and NGAL levels 

during fluid resuscitation for severe burn injury is being investigated as part of an ongoing 

study at UC Davis School of Medicine.

Current resuscitation strategies involve the calculation of rehydration fluid volumes 

according to the Parkland formula [4 ml/kg body/% total body surface area (TBSA)] for the 

first 24 h. This is titrated based on urine output, based on a maintenance rate [19]. Yet TBSA 

can be inaccurate, not least because of the increasing prevalence of obesity. Furthermore, 

urine output may adequately monitor clinical progress. High urine output may not be 
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representative of renal status, as glomerular filtration rate (GFR) can alter while urine output 

remains the same in a critical illness. sCr concentration is affected by age, gender, muscle 

mass and nutritional status. A significant rise in sCr can only occur after a large amount of 

nephronal damage has occurred, and sCr has a half-life of approximately 4 h.

POC testing may provide a solution for rapid biomarker characterisation in burn patients. 

BNP has been shown to be predictive of over-resuscitation [20], as NGAL has of AKI [21]. 

These two biomarkers combined improves the sensitivity and specificity of detecting AKI, 

and this is possibly attributed to cardiorenal syndrome, the linkage between these two organs 

where one becoming dysfunctional can affect the other [22].

The ongoing prospective study at UC Davis School of Medicine hypothesises the predictive 

value of BNP and NGAL of inadequate resuscitation in severely burned patients, with severe 

burns being ≥ 20% TBSA. POC testing for sCr, BNP and NGAL was carried out every 2 h 

during the first 48 h of admission during fluid resuscitation, and these were correlated with 

traditional indicators of fluid resuscitation. Whole blood samples were taken every 2 h 

during the first 48 h of admission. Primary endpoints were defined as AKI using RIFLE 

(risk, injury, failure, loss and end-stage renal disease) criteria, within the first 48 h of 

admission, and abdominal or limb compartment syndrome. Secondary endpoints included 

BNP, NGAL and Cr levels. Preliminary results suggest that BNP and NGAL concentrations 

are significantly higher in AKI patients than in the non-AKI patients. Time-course data 

relating to NGAL and Cr indicate that NGAL concentrations rise 4–8 h earlier than those of 

Cr in the AKI group with respect to the non-AKI group. In a comparison of compartment 

syndrome (n = 5) with controls (n = 10), BNP differed significantly (fig. 6), while 

differences in NGAL and Cr were not significant.

There is evidence to suggest that the significant risks associated with fluid over- or under-

resuscitation could be ameliorated via a combination of predictive biomarkers that can be 

employed quickly and reliably. While only BNP significantly discriminated compartment 

syndrome patients from controls, this ongoing investigation forms the basis of further 

interventional studies into the use of POC testing of NGAL and BNP to guide resuscitation 

protocols in burn patients.

Plasma NGAL as an Early Biomarker of Delayed Graft Function in Kidney 

Transplantation from Extended Criteria Donors [23]

Although kidney graft survival has increased substantially over the past years due to 

improvements in immunosuppressive techniques, the use of biomarkers such as NGAL in 

assessing the risk of delayed graft function (DGF) could further benefit survival rates, 

especially in the higher-risk extended criteria cohort. Ongoing work at the University of 

Torino, Italy, finds evidence supporting the use of plasma NGAL in DGF and calcineurin 

inhibitor (CNI) nephrotoxicity.

Kidney transplantation represents the best therapeutic option for patients with CKD; 

mortality after transplantation is significantly lower than that observed in patients on dialysis 

who remain on the waiting list [24]. DGF is a form of AKI occurring early after 
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transplantation and is usually defined as the need for dialysis in the first week following 

transplantation. Although kidney survival rates have improved over recent decades, loss of 

kidney graft function occurs due to either immunological or non-immunological factors; the 

latter includes classical AKI, as well as transplantation-related causes such as I/R injury and 

CNI nephrotoxicity.

Given the association of shorter pre-transplantation dialysis duration with both 

transplantation and patient survival, the use of extended criteria donors (ECDs), as well as 

donor matching (the so-called ‘old-for-old’ strategy) has expanded the donor pool effectively 

[25]. ECDs are characterised as those over the age of 60, or over 50 years with two 

additional risk factors out of diabetes, hypertension and sCr >1.5 mg/dl. Data from the 

University of Torino (fig. 7) showed that the incidence of DGF has remained high in the last 

years (persistently more than 25% in the period 2008–2012; 27.39% only in 2012). 

Furthermore, DGF is more frequent in kidney transplantation from ECDs.

DGF is a major predictor of renal allograft failure [26]. Indeed, graft damage following I/R 

injury may lead to exposure of hidden antigens with the consequent triggering of both cell-

mediated and humoral immune system activation. Early biomarkers such as NGAL could 

therefore provide a means of anticipating DGF in order to subdue the inflammatory 

mechanisms that propagate its development [27, 28]. Urinary NGAL and IL-18 have been 

shown to predict dialysis and DGF in donors matching conventional criteria [29]. In a 

preliminary study, Cantaluppi et al. at the ‘A.Vercellone’ Kidney Transplantation Unit 

correlated plasma NGAL level to DGF incidence in a study of 25 consecutive kidney 

transplantations from ECDs. Cantaluppi [23] showed that, in the first 24 h following 

transplantation, patients with DGF demonstrated higher concentrations of plasma NGAL 

compared to non-DGF patients (fig. 8). Moreover, in a small cohort of patients followed 1 

year after transplantation, patients with DGF showed a worse renal function than non DGF 

patients [sCr 1.82 ± 0.61 mg/dl DGF group vs. 1.4 ± 0.54 mg/dl non-DGF group; estimated 

GFR (eGFR) 54 ± 9 ml/min DGF group vs. 65 ± 11 ml/min non-DGF group]. These results 

support the hypothesis that NGAL may be marker of dedifferentiation and a crucial factor 

for the development of tubulointerstitial fibrosis and CKD progression [30]. However, recent 

experimental studies showed that NGAL may also act as a growth factor, promoting tubular 

epithelial cell survival through the inhibition of apoptosis after I/R injury.

In the setting of kidney transplantation from ECDs, there is evidence to support the use of 

plasma NGAL as an early indicator of graft function that may discriminate between DGF 

and non-DGF patients. Moreover, NGAL correlates better with DGF than existing risk 

prediction models.

NGAL as a Biomarker of Cardiovascular Disease [31]

The involvement of NGAL in the pathophysiology of CVD is well documented, with 

elevated NGAL levels being reported in heart failure, coronary heart disease, and stroke. 

However, the predictive value of NGAL, and its role in the clinic, requires further 

investigation.
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The co-localisation of matrix metalloproteinases (MMPs), which play a very important role 

in vascular remodelling and plaque stability in atherosclerotic disease, and NGAL has been 

shown both in murine models of atherosclerosis [32], as well as in human abdominal aortic 

aneurysm [33].

MMPs are released when a plaque becomes inflamed, with accumulation of macrophages 

and T lymphocytes. MMPs digest collagen within the plaque, leading to instability of the 

fibres of the plaque, such that it is more susceptible to rupture. Under normal conditions, the 

degradative effect of MMPs is highly regulated by the presence of endogenous inhibitors 

such as tissue inhibitor of metalloproteinases-2 (TIMP-2). NGAL, by forming a stable dimer 

with MMPs, protects MMPs from TIMP-2, thereby enhancing the proteolytic digestion of 

collagen, leaving plaques more susceptible to erosion and rupture.

In a systematic review of studies of cardiovascular disease (excluding AKI and renal 

endpoints), Cruz et al. [34] demonstrated that systematic NGAL levels were higher in CVD 

patients than in non-CVD patients. In the same review, is was shown that, in heart failure 

patients, NGAL correlated with other biomarkers of renal function and with CVD clinical 

severity, although reporter bias may have prevented non-correlating results from being 

published. In the same review, the relationship of plasma NGAL with mortality and major 

adverse cardiac events was investigated using data from six studies of biomarkers in chronic 

and acute heart failure or stroke. Combined high NGAL and high BNP concentration was 

associated with a 30-fold increase in risk of rehospitalisation or death, compared with those 

with low NGAL and BNP at discharge. While these data appear strong, generally small 

sample sizes and minimal control of confounding factors leave the data somewhat unreliable 

[35].

While the correlation between NGAL and markers of CVD has subsequently been reported 

in larger studies, Nymo et al. [36] suggested NGAL to be a surrogate marker of severity of 

heart failure and inflammation. NGAL was not found to independently predict mortality, 

cardiovascular disease or hospitalisation when data were adjusted for confounding factors 

(such as cardiovascular risk, function, and high-sensitivity CRP (hsCRP) and N-terminal 

pro-BNP (NT-proBNP)).

More recently, Daniels et al. [37] provided further elucidation as to the viability of NGAL as 

an independent marker. By excluding NGAL from their fully-adjusted analysis, both Cr 

clearance and CRP no longer reached statistical significance, indicating that NGAL is 

indeed an independent marker of CVD (fig. 9).

Highly expressed in the heart and atherosclerotic plaques, NGAL correlates with CVD 

severity and may be an independent predictor of major adverse cardiac events and mortality 

as evidenced in some, but not all, studies. While further work is required to determine the 

place of NGAL in clinical management, it has the potential to provide unique clinical 

information alongside other biomarkers for the management of cardiorenal and 

cardiovascular disease.
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Heart Failure [38]

Heart failure outcome is predicted by renal impairment more than it is by cardiac functional 

impairment [39], and decreased renal function in heart failure could stem from impaired 

venous function that leads to structural renal damage. Evidence suggests that NGAL reflects 

disease severity in heart failure and acts as a sensitive predictive marker in both acute and 

chronic cases.

Decrease in renal function is a potent predictor of mortality. Increased venous and renal 

congestion and renal venous pressure is a characteristic of acute heart failure, in addition to 

structural damage such as microalbuminuria. Few animal experimental models estimate 

cardiorenal damage as an approximation of functional decline in GFR. Yet a study by Entin-

Meer et al. [40] in a rat model of cardiorenal syndrome demonstrated elevated urinary 

NGAL with subtotal nephrectomy and myocardial infarction in the presence of acute 

nephronal deterioration.

Prior work by Damman et al. [41] demonstrated an increase in urinary NGAL levels, in 

addition to a decrease in eGFR, in patients with chronic heart failure compared to controls. 

Further work by Damman et al. [42] in tubular damage in chronic heart failure, as indicated 

by elevated urinary NGAL, N-acetyl-β-D-glucosamidase (NAG) and kidney injury 

molecule-1 (KIM-1), showed that tubular damage was increased in patients with chronic 

heart failure compared to controls; however, measures adjusted for eGFR showed that, 

unlike NAG and KIM-1, urinary NGAL did not increase significantly between those chronic 

heart failure patients with CKD and those without CKD, suggesting that it is not a suitable 

marker in the chronic setting.

Interestingly, data by Alvelos et al. [43] investigating outcomes in acute heart failure show 

that higher plasma NGAL levels predict 3-year mortality independently of eGFR. Similar 

work by Damman et al. [44] (as part of the GISSI-HF Study [45]) investigated outcomes in 

chronic heart failure in relation to markers of tubular damage, including urinary NGAL, 

identifying a correlation between increased urinary NGAL expression and the combined 

endpoint of cardiovascular hospitalisation and mortality, independent of GFR.

While worsening renal function (WRF) might be associated with poor outcome, transient 

WRF may be tolerable and may be dependent on a hereto unknown underlying cause, as 

evidenced by the difficulty in predicting the deterioration in renal function. There are 

difficulties in assessing WRF with NGAL levels, and studies demonstrate a modest 

association between urinary NGAL and WRF [46–48]. However, recent analysis of data 

from the GISSI-HF study in the deterioration of eGFR in chronic heart failure indicated that 

NGAL seems to predict WRF over a long period of time (fig. 10, 11) [Damman et al., 

unpubl. data].

Urinary and plasma NGAL levels are elevated in both acute and chronic heart failure, and 

plasma levels reflect the severity of the underlying disease. Urinary NGAL predicts outcome 

and deterioration of GFR in chronic heart failure. Results regarding plasma NGAL and 

change in GFR in acute heart failure are mixed. However, the ongoing AKINESIS study [49] 
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will provide more definitive data on the time course of urinary and plasma NGAL with 

respect to WRF in acute heart failure.

NGAL and Renal Replacement Therapy in Intensive Care [50]

The diagnostic applications of NGAL lie within risk identification and stratification, 

bundling of renal therapies, triage decision-making, the ongoing assessment of interventions, 

and in acting as enrolment criteria for future clinical trials. Yet amid much evidence for the 

readiness of NGAL for clinical application in the ICU and emergency department, the means 

of translating knowledge of NGAL behaviour into clinical protocol is still undefined.

In studying the use of plasma and urinary NGAL in critically ill patients, Bagshaw et al. [51] 

demonstrated that patients who developed worsening AKI had a higher serum level of 

plasma NGAL compared to those whose AKI did not deteriorate. In this study, renal 

replacement therapy (RRT) was associated with higher serum levels of plasma NGAL 

compared with patients who did not progress to RRT. In a separate study of a cardiac 

surgery patient cohort that developed AKI, plasma NGAL best discriminated the patients 

who developed worsening AKI [52]. These patients demonstrated larger relative changes in 

sCr on the day of diagnosis of AKI, as well as having higher incidences of RRT and in-

hospital death, suggesting that worsening AKI may be an important outcome measure in 

terms of decision support for other interventions.

A systematic review by Haase et al. [53] demonstrated the predictive value of NGAL for 

RRT. For plasma NGAL levels >150 ng/ml, the diagnostic odds ratio for subsequent need of 

RRT equalled 12.4. Further studies measuring urinary NGAL for the discrimination of AKI 

from other syndromes, analysing a composite outcome (comprising renal consultation, 

dialysis initiation, admission to the ICU, or in-hospital mortality), found that patients with 

NGAL levels >130 ng/ml had an odds ratio of 25 for the composite outcome [54].

Treatment strategies that combine both diagnostics with therapeutics – ‘theragnostics’ – for 

individual patients allow for the identification of patients most likely to be either helped or 

harmed by a new therapy. By quantifying risk, an effective therapy can be modified for the 

most likely benefit, or a therapy that may be harmful or that is associated with adverse 

events can be avoided. An instructive example of theragnostics is the human epidermal 

growth factor receptor 2 (HER2) test. HER2 over-expression is a risk factor for aggressive 

breast cancers; its corresponding therapy is trastuzumab, a monoclonal antibody that binds 

to the HER2 receptor. By analogy, plasma NGAL concentrations can be paired with an 

intervention such as RRT, where patients who would receive the greatest benefit would be 

selected for that therapy. Such a method would achieve improvements in clinical decision 

support (fig. 12).

Better therapeutic selection for individual patients demands the use of clinical risk 

identification tools and biomarkers in conjunction. The process by which current knowledge 

of NGAL could be translated into useful clinical protocol must acknowledge that, while 

there are many established risk factors for AKI, AKI arises from a multitude of syndromes. 
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In addition, its place as a biomarker conferring unique information amid a battery of other 

markers must be considered.

NGAL in the Emergency Department [57]

AKI incidence, which is around 7% according to a recent multicentre prospective emergency 

department study [58], is likely to increase worldwide due to the ageing population [57]. 

Persistent factors, including high AKI-related mortality (especially in the setting of multiple 

organ failure [57]), overcrowding of emergency departments [59], and the limited utility of 

the RIFLE criteria in an emergency setting due to a significant paucity of patients’ baseline 

Cr measures, suggest that improved biomarkers are a continuing and pressing need in 

emergency medicine.

Di Somma et al. [58] recently demonstrated the sensitivity of NGAL in early risk evaluation 

of AKI development in the emergency department (fig. 13), evidencing the use of NGAL in 

conjunction with Cr to strengthen clinical judgement. They also found the predictive ability 

of POC testing of BNP and NGAL for the assessment of WRF in patients admitted to the 

emergency department. Their analysis of emergency department admissions described a 

16.2% incidence of acute decompensate heart failure, of whom 20.4% develop AKI.

In subsequent work by Januzzi et al. the incidence of WRF in heart failure patients was 

found to be 25% with a mortality rate of 40% at 30 days, and a hospital stay of 12 days 

(compared to 5 days in patients without WRF). In addition, measures of BNP >500 pg/ml 

and NGAL ~ 200 pg/ml predicted the occurrence of WRF, and in-hospital death, over 

subsequent days in these patients [Di Somma et al., unpubl. data].

There is considerable evidence indicating that NGAL is a sensitive early marker of injury 

that is highly suited to AKI risk evaluation. These data strongly suggest that future 

investigations should integrate NGAL with existing clinical markers in order to refine the 

assessment of risk and target individual patient therapies in the emergency room.

Conclusions

Our understanding of the pathophysiology of AKI remains relatively poor. Further study into 

the role of NGAL in both kidney injury and cardiovascular disease could well improve 

knowledge and, fundamentally, improve patient stratification in clinical trials. Critically, 

clinical judgement, prognosis and management of the various pathologies that lead to AKI 

would greatly benefit from its adoption. Its place as a marker of kidney injury, together with 

Cr, a marker of function, can provide a more comprehensive snapshot in the highly dynamic 

course that AKI may take.

Strong evidence has been provided for the use of NGAL in a variety of settings: in 

predicting fluid accumulation and kidney injury in paediatric AKI; in cases of suspected 

sepsis; in fluid resuscitation of severely burned patients; as a biomarker of DGF in kidney 

transplantation; in heart disease and heart failure, and in RRT in the ICU and in emergency 

department decision-making. While some studies are ongoing, other areas, such as sepsis, 

heart failure and severe burns, would benefit from wider, more comprehensive studies.
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NGAL’s route into clinical management protocols is in the definition of how it can be 

applied to risk calculation and stratification within a specific AKI scenario. Quicker testing 

by way of POC devices will be instrumental in improving ongoing patient management as 

well as triage decision-making.
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Fig. 1. 
Relative differences between urinary NGAL commercial assays [4]. Each symbol represents 

a different commercial NGAL assay.
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Fig. 2. 
Fluid overload and mortality in children receiving CRRT: The Prospective Paediatric 

Continuous Renal Replacement Therapy Registry [8].
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Fig. 3. 
Outline of Taking Focus study protocol [7].
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Fig. 4. 
Plasma NGAL concentrations according to the PCT groups were 95 (16–129) ng/ml, 149 

(19–1,300) ng/ml, 245 (33–1,300) ng/ml, 605 (55–1,300) ng/ml, and 462 (127–1,300) ng/ml, 

respectively. Septic patient groups (groups III–V, as dictated by PCT concentrations) 

displayed median plasma NGAL concentrations above the medical decision point of 150 

ng/ml [11].
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Fig. 5. 
Plasma NGAL was significantly higher in septic patients (groups III–V) than in non-septic 

patients (groups I and II) (337.5 vs. 129.0 mg/ml, p < 0.0001) [11].
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Fig. 6. 
Comparison of BNP and NGAL concentrations between the compartment syndrome cohort 

(CS, n = 5) and controls (C, n = 10).
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Fig. 7. 
Incidence of DGF in kidney transplantation over the last years (data from the ‘A. Vercellone’ 

Kidney Transplantation Center, University of Torino).
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Fig. 8. 
Plasma NGAL levels 24 h following kidney transplantation from ECDs. DGF was 

associated with significantly higher levels of NGAL compared with non-DGF group (n = 

25). Plasma NGAL levels >400 ng/ml seem to be predictive of DGF (data from the ‘A. 

Vercellone’ Kidney Transplantation Center, University of Torino).
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Fig. 9. 
Multivariate Cox proportional hazards model for risk of death or CVD per 1 SD increase in 

log10 NGAL and other biomarkers, indicating that NGAL is an independent predictor of 

outcome. Steps: (1) age, sex; (2) previous step + DM, HTN, smoking, SBP, chol, HDL, 

CrCl, BMI; (3) previous steps + NT-proBNP, CRP [37]. aCombined cardiovascular endpoint 

is coronary revascularization, myocardial infarction, or CVD death; bvalues are significant at 

p < 0.001; cvalues are significant at p = 0.001.
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Fig. 10. 
Meta-analysis of WRF, indicating an association with poor clinical outcome [unpubl. data].
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Fig. 11. 
Long-term follow-up of eGFR and NGAL levels, indicating that NGAL is predictive of 

WRF [unpubl. data].
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Fig. 12. 
Plasma NGAL concentrations could be integrated into clinical decision-making by helping 

to stratify risk groups in patients, thereby aiding patient selection for treatments such as RRT 

[55, 56].
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Fig. 13. 
Outline of the multicentre prospective emergency department study investigating the 

sensitivity of NGAL as an additional biomarker to Cr in early risk evaluation of AKI [58].
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