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ABSTRACT
Introduction: Creatinine has limitations in identifying and predicting acute kidney injury
(AKI). Our study examined the utility of neutrophil gelatinase-associated lipocalin (NGAL) in
predicting AKI in patients presenting to the emergency department (ED), and in predicting the
need for renal replacement therapy (RRT), occurrence of major adverse cardiac events
(MACE) and all-cause mortality at three months post visit.
Methods: This is a single-centre prospective cohort study conducted at Singapore General
Hospital (SGH). Patients presenting to SGH ED from July 2011 to August 2012 were recruited.
They were aged ≥ 21 years, with an estimated glomerular filtration rate < 60 mL/min/1.73 m2,
and had congestive cardiac failure, systemic inflammatory response syndrome or required
hospital admission. AKI was diagnosed by researchers blinded to experimental measurements.
Serum NGAL was measured as a point-of-care test.
Results: 784 patients were enrolled, of whom 107 (13.6%) had AKI. Mean serum NGAL levels
were raised (p < 0.001) in patients with AKI (670.0 ± 431.9 ng/dL) compared with patients
without AKI (490.3 ± 391.6 ng/dL). The sensitivity and specificity of NGAL levels > 490
ng/dL for AKI were 59% (95% confidence interval [CI] 49%–68%) and 65% (95% CI 61%–
68%), respectively. Need for RRT increased 21% per 100 ng/dL increase in NGAL (p < 0.001),
whereas odds of death in three months increased 10% per 100 ng/dL increase in NGAL (p =
0.028). No clear relationship was observed between NGAL levels and MACE.
Conclusion: Serum NGAL identifies AKI and predicts three-month mortality.

Keywords: acute kidney injury, congestive cardiac failure, emergency department, neutrophil
gelatinase-associated lipocalin, systemic inflammatory response syndrome
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INTRODUCTION
Acute kidney injury (AKI) is the rapid deterioration of renal function over a period of hours to
days, resulting in the failure of the kidney to excrete waste and maintain fluid balance.(1-3) AKI
is commonly encountered in the emergency department (ED) and has an incidence of about
10%–20%.(4-10) Without prompt treatment, AKI results in severe consequences such as fluid
overload, electrolyte imbalance and uraemia in the short run, as well as progressive chronic
kidney disease (CKD) leading to end-stage renal failure in the long run.(3,11)
Various criteria exist to define the presence of AKI, including the RIFLE (Risk, Injury,
Failure, Loss of kidney function and End-stage kidney disease) criteria, KDIGO (Kidney
Disease Improving Global Outcomes) criteria and AKIN (Acute Kidney Injury Network)
criteria.(8) The common feature of all these criteria is the use of serum creatinine level and
estimated glomerular filtration rate (eGFR). However, using creatinine to diagnose AKI has its
limitations. Creatinine levels are affected by many factors, such as age, gender, muscle mass
and liver function.(11) Moreover, creatinine poorly differentiates between prerenal azotaemia,
AKI and CKD, all of which result in elevated creatinine levels.(1,2,12) Furthermore,
accumulation of serum creatinine lags behind the precipitating insult(1-3) and is elevated only
when as much as 50% of renal function is lost.(2) Such limitations are especially crucial in the
ED because they severely limit our ability to identify and appropriately manage patients with
AKI .
To overcome the limitations of creatinine as a marker for AKI, other biomarkers have
been explored as alternatives.(13-16) Among these, neutrophil gelatinase-associated lipocalin
(NGAL) shows promise because of its ability to differentiate between prerenal azotaemia, AKI
and CKD.(12,17-20) NGAL is a 25-kDa glycoprotein secreted by renal tubular cells, immune cells
and cancer cells, and plays an important role in renal recovery, bacterial defence and
inflammation.(21-26) NGAL can be detected in urine or serum. Obtaining urinary NGAL is nonTeo KHB et al. Neutrophil gelatinase-associated lipocalin: a biochemical marker for acute kidney injury
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invasive but severely limited by patients’ poor hydration status and low urine output,(3) whereas
obtaining serum NGAL is minimally invasive and convenient in terms of sampling during
routine blood investigations. Urinary NGAL performs marginally better than serum NGAL in
mild AKI but is similar to serum NGAL in moderate-to-severe cases of AKI.(18) NGAL
performs well in both paediatric and adult settings, and has been extensively studied in cases
of cardiac surgery,(19,27,28) critical care(29,30) and kidney transplantation.(31,32)
In the ED, where the exact time of renal insult is less clear, NGAL continues to be
useful. In one single-centre prospective cohort study (n = 635), urinary NGAL was able to
differentiate AKI from other conditions with an area under the receiver operating characteristic
curve (AUC) of 0.95, 90% sensitivity and 99% specificity.(12) In a similar multicentre
prospective cohort study (n = 1,635), urinary NGAL with a cut-off of 104 ng/mL was able to
predict AKI with an AUC of 0.81 and 81% specificity.(33) Furthermore, a United States-based
multicentre cohort study (n = 661) showed that plasma NGAL > 150 ng/dL was able to predict
AKI with an AUC of 0.82 and 96% sensitivity.(34) In another single-centre cohort study (n =
616), plasma NGAL similarly predicted AKI with an AUC of 0.82.(35) These studies conducted
in the ED demonstrate the usefulness of NGAL even when the onset of renal insult is uncertain.
Nevertheless, the use of NGAL levels to predict AKI has been inadequately explored
in Asian populations. Most available studies were limited by small sample sizes (n = 76–
151)(36-39) or focused on patients with sepsis(40) or acute decompensated heart failure alone.(41)
However, the limited studies(35,40) on the long-term prognostic value of NGAL in patients in
the ED can be further supplemented. Our study examines the usefulness of serum NGAL as a
biomarker of AKI in a multiethnic Asian population and as a predictor of the necessity of renal
replacement therapy (RRT), major adverse cardiac events (MACE) and all-cause mortality at
three months.
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METHODS
This study was approved by the Centralised Institutional Review Board of SingHealth
Research. Informed consent was obtained from the patients before enrolment. We recruited
adult patients who presented to Singapore General Hospital (SGH) Accident and ED from July
2011 to August 2012. Patients enrolled were aged 21 years and above, had an eGFR of less
than 60 mL/min/1.73 m2 and met at least one of the following criteria: being diagnosed with
congestive cardiac failure (CCF), meeting at least two of the four diagnostic criteria for
systemic inflammatory response syndrome (SIRS) or requiring hospital admission. The
detailed inclusion and exclusion criteria for the study can be found in Appendix 1. GFR was
calculated using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration)
equation,(42) which has been validated in a multiethnic Asian population similar to that in
Singapore.(43)
The Singapore Renal Registry was screened for study patients requiring RRT within
three months after discharge. We also screened the Registry of Deaths for cases of mortality
within three months of discharge when the patient was lost to follow-up.
AKI was defined in accordance with the AKIN criteria: (a) new-onset increase in serum
creatinine of ≥ 0.3 mg/dL (≥ 26.4 M) within 48 hours; or (b) serum creatinine increase × 1.5
from baseline within 48 hours.(44-46)
Urine output was not recorded because it is not a routinely monitored parameter in the
ED. Serum NGAL was measured using the Triage® NGAL Test (Alere Inc, San Diego, CA,
USA) in conjunction with the Alere Triage® MeterPro, using blood samples obtained during
other routine blood investigations. The results were compared between patients who developed
AKI and those who did not.
Sample size was estimated using the method for diagnostic test studies with a binary
outcome based on sensitivity and specificity.(47) From epidemiological data,(4-10) the prevalence
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of AKI in patients presenting to the ED and fulfilling our inclusion criteria was estimated to
be about 10%–15%. From other studies using NGAL levels to predict AKI in the ED,(12,34,35)
we estimated the sensitivity to be 70%–85%. Assuming a margin of error of 0.1, the required
total sample size was about 327–807.
Statistical analysis was performed using R version 3.5.3 (R Core Team, Vienna,
Austria). One-way analysis of variance was used to compare continuous variables (age, body
mass index [BMI], NGAL), and the chi-square test was used for categorical variables across
subgroups partitioned by CCF and SIRS. To determine the performance of diagnostic test
characteristics of NGAL, we plotted the receiver operating characteristic (ROC) curve and
calculated the AUC. The optimal NGAL cut-offs were derived using the Youden index to
maximise the sum of sensitivity and specificity. The negative predictive value (NPV), positive
predictive value (PPV) and likelihood ratios of positive and negative tests of NGAL in the
diagnosis of AKI were estimated with 95% confidence intervals. We also performed
multivariable logistic regression to determine the odds ratio of NGAL for AKI adjusted by
patients’ demographics (age, gender, race and BMI), metabolic comorbidities (diabetes
mellitus, hypertension and dyslipidaemia), atheropathic tendencies (previous myocardial
infarction), ischaemic heart disease (IHD), peripheral vascular disease (PVD) and laboratory
values (leukocyte count and platelets).
Secondary analyses were also performed through multiple logistic regression models
to determine the association of NGAL with three-month postadmission outcomes of mortality,
need for RRT, and presence of MACE, defined as atrial arrhythmia, ventricular fibrillation,
cardiogenic shock requiring an intra-arterial balloon pump, acute pulmonary oedema requiring
intubation, acute myocardial infarction (AMI), coronary artery bypass graft, and percutaneous
coronary intervention.
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For patients with serum NGAL beyond the detection limit of our equipment (i.e. > 1,300
ng/dL), we arbitrarily compared the incidence of AKI in patients having serum NGAL > 1,300
ng/dL (22%) with patients having serum NGAL > 1,000 ng/dL (21%). We found no significant
difference in our study outcomes. Thus, to simplify our analysis, data points ‘greater than’
1,300 were treated as ‘equal to’ 1,300. To address the possible underestimation of the NGAL
standard deviation, we ran a logistic model omitting data points ‘greater than’ 1,300. We found
no difference in the estimation of the coefficient and standard error for NGAL.

RESULTS
From July 2011 to August 2012, 784 patients (476 male) were enrolled. Of these, 213 (27.2%)
patients had CCF, 183 (23.3%) had SIRS, 105 (13.4%) had both CCF and SIRS, and 283
(36.1%) required admission but had neither CCF nor SIRS. Our study flow is illustrated in Fig.
1. Patient demographics are summarised in Table I, along with relevant baseline physiologic
and laboratory values. Mean serum NGAL levels were significantly raised (p < 0.001) in
patients with AKI (670.0 ± 431.9 ng/dL) when compared with those of patients without AKI
(490.3 ± 391.6 ng/dL). The serum NGAL levels of patients with and without AKI across each
patient group are illustrated in Fig. 2.

Table I. Patient characteristics.
Characteristic
No. (%)/Mean ± standard deviation
All
CCF
SIRS
Both
No CCF
patients (n = 213) (n = 183) CCF
or SIRS
(n = 784)
and
(n = 283)
SIRS
(n = 105)
69.9
±
70.0
±
68.9
±
70.7 ±
70.0 ±
Age (yr)
12.7
11.4
13.9
12.3
13.0
476
138
114
76 (72.4) 148
Male gender
(60.7)
(64.8)
(62.3)
(52.3)
25.5 ±
25.7 ±
25.5 ±
25.2 ±
25.5 ± 5.1
BMI
5.9
6.2
7.5
4.7

p-values

0.707
0.001
0.921
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Ethnicity
Chinese
Malay
Indian
Others
Comorbidities
Hypertension
Diabetes
mellitus
Dyslipidaemia
Previous MI
History of
IHD/CAD
Prior CCF
Atrial
arrhythmia
Ventricular
tachycardia
History of
CVA/TIA
PVD
NGAL (ng/dL)
AKI
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560
(71.4)
111
(14.2)
99 (12.6)
14 (1.8)

152
(71.4)
28 (13.1)

131
(71.6)
28 (15.3)

71
(67.6)
17 (16.2)

28 (13.1)
5 (2.3)

23 (12.6)
1 (0.5)

656
(83.7)
471
(60.1)
567
(72.3)
197
(25.1)
374
(47.7)
208
(26.5)
150
(19.1)
13 (1.7)

181
(85.0)
145
(68.1)
169
(79.3)
85 (39.9)

142
(77.6)
106
(57.9)
110
(60.1)
23 (12.6)

147
(69.0)
109
(51.2)
63 (29.6)

143
(18.2)
75 (9.6)
514.8 ±
401.8
107
(13.6)

0.534
206 (72.8) –
38 (13.4)

–

17 (16.2)
0 (0)

31 (11.0)
8 (2.8)

–
–

89
(84.4)
65 (61.9)

244
0.084
(86.2)
155 (54.8) 0.023

84 (80.0)

204 (72.1) < 0.001
44 (15.5)

< 0.001

62 (33.9)

45
(42.9)
68 (64.8)

97 (34.3)

< 0.001

21 (11.5)

41 (39.0)

37 (13.1)

< 0.001

21 (11.5)

31 (29.5)

35 (12.4)

< 0.001

6 (2.8)

1 (0.5)

4 (3.8)

2 (0.7)

0.044

44 (20.7)

26 (14.2)

20 (19.0)

53 (18.7)

0.404

27 (12.7)
405.5 ±
359.1
37 (17.4)

17 (9.3)
667.7 ±
404.9
23 (12.6)

12 (11.4)
579 ±
403.2
31 (29.5)

19 (6.7)
474.5 ±
397.8
16 (5.7)

0.14
< 0.001
< 0.001

Adverse outcome
Death at index
25 (3.2)
6 (2.8)
13 (7.1)
6 (5.7)
0 (0)
< 0.001
visit
Need for RRT
38 (4.8)
13 (6.1)
4 (2.2)
11 (10.5) 10 (3.5)
0.008
within/at 3 mth
Cardiac events
107
38 (17.8) 16 (8.7)
21 (20)
32 (11.3) 0.008
within/at 3 mth
(13.6)
AKI: acute kidney injury; BMI: body mass index; CAD: coronary artery disease; CCF:
congestive cardiac failure; CVA: cerebral vascular accident; IHD: ischemic heart disease;
MACE: major adverse cardiac events; MI: myocardial infarction; PVD: peripheral vascular
disease; RRT: renal replacement therapy; SIRS: systemic inflammatory response syndrome;
TIA: transient ischaemic attack
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The ROCs for the four different patient groups are summarised in Table II, whereas the
various AUCs are illustrated in Appendix 2 (Supplementary Fig. 1). Considering all patients,
the predictive ability of serum NGAL for AKI was maximised at a cut-off of 490 ng/dL with
an AUC of 0.62, sensitivity of 59% and specificity of 65%. Within patient subgroups,
predicting AKI was maximised with increasing serum NGAL cut-offs—from patients with
neither CCF nor SIRS (NGAL = 521 ng/dL, AUC = 0.60, sensitivity = 56%, specificity = 69%),
those with CCF only (NGAL = 513.5 ng/dL, AUC = 0.65, sensitivity = 51%, specificity =
0.78%) and SIRS only (NGAL = 647.5 ng/dL, AUC = 0.63, sensitivity = 70%, specificity =
61%), to those with both CCF and SIRS (NGAL = 840.5 ng/dL, AUC = 0.61, sensitivity =
39%, specificity = 81%). Across all patient groups, NGAL had an NPV for AKI ranging from
0.85 to 0.99 and a PPV for AKI ranging from 0.18 to 0.67.

Table II. Receiver operating characteristics (ROC) in different patient groups.
ROC
All
No. (%)
patients
CCF
SIRS
Both CCF and
(n = 784)
(n = 213)
(n = 183)
SIRS
(n = 105)
107 (13.6) 37 (17.4)
23 (12.6)
31 (29.5)
AKI
490
513.5
647.5
840.5
NGAL AKI cutoff (ng/dL)
0.624
0.646
0.625
0.612
AUC
ROC*
Sensitivity
0.59 (0.49– 0.51 (0.34– 0.70 (0.47–0.87) 0.39 (0.22–0.58)
0.68)
0.68)
Specificity
0.65 (0.61– 0.78 (0.72– 0.61 (0.53–0.68) 0.81 (0.70–0.89)
0.68)
0.84)
Youden’s index
0.23 (0.10– 0.30 (0.66– 0.30 (0.00–0.55) 0.20 (−0.08–
0.36)
0.52)
0.47)
PPV
0.21 (0.16– 0.33 (0.21– 0.20 (0.12–0.31) 0.46 (0.27–0.67)
0.26)
0.47)
NPV
0.91 (0.88– 0.88 (0.82– 0.93 (0.87–0.97) 0.76 (0.65–0.85)
0.93)
0.93)
LR+
1.66 (1.38– 2.38 (1.56– 1.77 (1.27–2.46) 2.05 (1.07–3.91)
2.00)
3.63)
LR−
0.64 (0.50– 0.62 (0.44– 0.50 (0.27–0.94) 0.76 (0.56–1.02)
0.80)
0.87)
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No CCF or
SIRS
(n = 283)
16 (5.7)
521
0.595
0.56 (0.30–0.80)
0.69 (0.63–0.75)
0.26 (−0.07–
0.55)
0.10 (0.05–0.18)
0.96 (0.93–0.99)
1.83 (1.15–2.93)
0.63 (0.36–1.11)

Singapore Medical Journal | Original Article

Page 9 of 26

Among all patients, the predictive ability of NGAL for AKI was maximised at serum NGAL
cut-off of 490 ng/dL (AUC = 0.624, sensitivity 59% and specificity 65%). Across all patient
groups, NGAL had a negative predictive value (NPV) for AKI ranging from 0.85 to 0.99, and
a positive predictive value (PPV) for AKI ranging from 0.18 to 0.67. *Data is expressed as
point estimation (95% confidence interval). AKI: acute kidney injury; AUC: area under the
curve; CCF: congestive cardiac failure; LR+: positive likelihood ratio; LR−: negative
likelihood ratio; NGAL: neutrophil gelatinase-associated lipocalin; NPV: negative predictive
value; PPV: positive predictive value; ROC: receiver-operating characteristic; SIRS:
systemic inflammatory response syndrome
As illustrated in Fig. 3, when the metabolic comorbidities and atheropathic tendencies
of all patients were incorporated into a multivariate model with NGAL, the predictive value
was improved by 20.2% to an AUC of 0.75 at an NGAL cut-off of 490 ng/dL. As summarised
in Table III, the odds of developing AKI increased by 12% per 100 ng/dL rise in NGAL (p <
0.001) from the baseline or when compared with another similar patient from the same
subgroup.

Table III. Adjusted odds ratio (OR) of developing acute kidney injury, incorporating
clinical variables.*
Variable
Adjusted OR
p-value
(95% CI)
NGAL
1.12 (1.06–1.17) < 0.001
Metabolic comorbidities
2.32 (0.87–8.10) 0.129
Atheropathic tendencies

0.40 (0.24–0.65) < 0.001
5.38 (2.81–
Patients with CCF
< 0.001
10.77)
Patients with SIRS
1.99 (1.01–4.00) 0.05
9.12 (4.58–
Patient with both CCF and
< 0.001
18.88)
SIRS
*Incorporates clinical variables such as metabolic comorbidities (hypertension, diabetes
mellitus or dyslipidaemia) and atheropathic tendencies (myocardial infarction, ischaemic
heart disease or peripheral vascular disease) in all patients (adjusted OR 1.12), patients with
CCF (adjusted OR 5.38), and patients with both CCF and SIRS (adjusted OR 9.12), p <
0.001. CCF: congestive cardiac failure; SIRS: systemic inflammatory response syndrome

On exploring patient subgroups, we observed that patients with both CCF and SIRS
(adjusted odds ratio [OR] = 9.12, p < 0.001) or CCF alone (adjusted OR = 5.38, p < 0.001) had
higher odds of developing AKI than patients with neither CCF nor SIRS. Interestingly, the
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odds of developing AKI are 0.4 (p < 0.001) in patients with atheropathic tendencies (past AMI,
IHD and PVD). Factors such as patient age, gender, race, BMI, white blood cell count and
platelet count do not affect the ability of NGAL to predict AKI (Supplementary Table I).
In the secondary analysis of our clinical model, shown in Table IV, the odds of requiring
RRT increased by 21% per 100 ng/dL increase in NGAL (p < 0.001) from the baseline or when
compared with similar patients from the same subgroup. Similarly, the odds of death within
three months after discharge also increased by 10% per 100 ng/dL increase in NGAL (p =
0.028). However, our results showed a negative relationship between NGAL levels and MACE
(adjusted OR = 0.93, p = 0.016). From our model, metabolic comorbidities did not show
statistically significant correlation with need for RRT, MACE or death within three months
from admission.

Table IV. Use of neutrophil gelatinase-associated lipocalin (NGAL) to predict threemonth adverse outcomes.*
Variable
Need for RRT
All-cause death
MACE
Adjusted
p-value Adjusted OR p-value
Adjusted OR p-value
OR (95%
(95% CI)
(95% CI)
CI)
1.21 (1.12– < 0.001 1.10 (1.01–
0.022
0.93 (0.87–
0.016
NGAL
1.31)
1.19)
0.98)
0.97
(0.94–
0.014
–
–
0.98 (0.97–
0.071
Age
0.99)
1.00)
0.80 (0.24– 0.744
–
–
2.28 (0.79–
0.183
Metabolic
3.70)
9.69)
comorbidities
0.40 (0.19– 0.021
0.85 (0.38–
0.696
1.84 (1.10–
0.023
Atheropathic
0.88)
2.04)
3.16)
tendencies
3.17 (1.24– 0.017
4.55 (1.77–
0.003
1.37 (0.81–
0.24
Patients with
8.47)
13.37)
2.34)
CCF
0.37 (0.10– 0.112
0.21 (0.01–
0.149
0.89 (0.46–
0.737
Patients with
1.18)
1.24)
1.69)
SIRS
5.13 (1.83–
0.002
1.88 (1.00–
0.048
Patients with both 4.34 (1.63– 0.003
11.82)
15.75)
3.49)
CCF and SIRS
*Incorporating clinical variables such as patient age, metabolic comorbidities (hypertension,
diabetes mellitus or dyslipidaemia) and atheropathic tendencies (myocardial infarction,
ischaemic heart disease or peripheral vascular disease), NGAL was able to predict threemonth adverse outcomes of renal replacement therapy necessity (adjusted OR 1.21, p <
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0.001), all-cause death (adjusted OR 1.10, p = 0.022) and MACE (atrial arrhythmia,
ventricular fibrillation, cardiogenic shock requiring intra-arterial balloon pump, acute
pulmonary oedema requiring intubation, acute myocardial infarction, coronary artery bypass
graft and percutaneous coronary intervention) (adjusted OR 0.93, p = 0.016). Patient
‘metabolic comorbidities’ was removed from the model predicting all-cause death, because
all patients who died in three months had at least one of these comorbidities. CCF:
congestive cardiac failure; MACE: major adverse cardiac events; OR: odds ratio; SIRS:
systemic inflammatory response syndrome

DISCUSSION
Most studies on NGAL have focused on patient populations with a clear renal insult such as
cardiac surgery,(19,27,28) severe illness necessitating critical care(29,30) and kidney
transplantation.(31,32) In addition, the few studies performed in the ED setting have largely been
in Western populations.(12,33-35) This study is a single-centre prospective cohort study that
evaluates the performance of serum NGAL in predicting AKI in a broad cohort of multiethnic
Asian patients presenting to the ED with CCF or SIRS. The use of point-of-care (POC)
instruments, the Triage® NGAL Test (Alere Inc, San Diego, CA, USA) and Alere Triage®
MeterPro was demonstrated to be convenient and practical for the ED setting.
Serum NGAL was significantly raised (p < 0.001) in patients with AKI compared with
those without AKI, confirming the utility of serum NGAL in differentiating these two patient
groups. Moreover, incorporating variables such as metabolic comorbidities and atheropathic
tendencies in our clinical model enhanced its predictive value by 20.2% from AUC 0.62 to
0.75 at an NGAL cut-off of 490 ng/dL. Knowing that incorporating metabolic comorbidities
and atheropathic tendencies improves pretest probability for AKI, clinicians could take into
account these variables when interpreting NGAL results.
The predictive ability of NGAL for AKI was also maximised at increasing serum
NGAL cut-offs across different patient subgroups—from NGAL levels of 521 ng/dL in patients
without CCF or SIRS to 840.50 ng/dL in patients with both CCF and SIRS (Table II). This is
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not unexpected given that CCF and SIRS are known to increase serum NGAL independent of
AKI.(21-25) However, the rise in serum NGAL is less significant between AKI and non-AKI
patient subgroups (0.007  p  0.192). This could be because many of our patients with AKI
(n = 100, 22%) had very high serum NGAL (> 1,300 ng/dL) that exceeded the upper detection
limit of our POC testing device. Serum NGAL exceeding 1,300 ng/dL is unexpected, and such
values have been treated as outliers elsewhere.(34) In our study, treating patients with NGAL
>1,300 ng/dL as outliers was attempted but found to worsen our statistical power, suggesting
that a larger initial pool of patients may have been required for our demographics. The
independent rise in serum NGAL with CCF and SIRS may have also acted as a confounding
factor. Knowing patients’ baseline serum NGAL levels may help to distinguish NGAL
contributions from AKI, CCF or SIRS and help determine outlier NGAL values. Differences
in sample preparation among the different studies may have also partly contributed to this
discrepancy. A device with a higher detection limit, such as 2,000 ng/dL, (34,48) may have been
more appropriate for our patient demographics as well. Further investigation may be necessary
to address this observation.
Interestingly, as shown in Table III, patients with atheropathic tendencies seem to have
a decreased risk of developing AKI (adjusted OR 0.40, p < 0.001). The reason for this is unclear
and more research is needed in this area.
As a diagnostic tool, some authors(49,50) have proposed that raised serum NGAL could
be used as a single unequivocal biomarker for AKI, analogous to troponin T for AMI
(sensitivity 0.85, specificity 0.80).(51-53) Looking across patient subgroups, our results show that
NGAL had a specificity of 0.61–0.81 and a sensitivity of 0.39–0.70. These values are
insufficient for a rule-in or rule-out test. However, taking into consideration the prevalence of
AKI in these subgroups, our results reveal that NGAL had a much higher NPV (0.85–0.99)
than PPV (0.18–0.67). Given that CCF and SIRS are known risk factors for developing AKI,
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serum NGAL may be used to rule out AKI in low to medium pretest probability settings. In
other words, in a broad cohort of undifferentiated patients presenting to the ED, low serum
NGAL may be more suitably used for ruling out AKI, analogous to D-dimer(54) for venous
thromboembolism. Nevertheless, more studies are needed to validate the use of NGAL as a
rule-out test. Similarly, other authors(13) have also cautioned that more rigorous work needs to
be done before the goal for a troponin-like biomarker for AKI can be actualised.
As a prognostication tool, our clinical model showed that the odds of patients needing
RRT within three months after discharge increased by 21% for every 100 ng/dL rise in serum
NGAL (p < 0.001) (Table IV). Our result is consistent with that of a previous German study,
which observed that raised urinary NGAL predicted the need for long term RRT (n = 145, p =
0.021) over four years.(55) The positive correlation between NGAL levels and the need for RRT
is understandable, because AKI can cause permanent kidney damage without prompt treatment.
The high odds of RRT with rise in NGAL emphasise the urgency of treating AKI early.
Furthermore, the odds of all-cause death in three months (n = 35) also rise by 10% per
100 ng/dL rise in serum NGAL (p = 0.028) (Table IV). This is not unexpected, because NGAL
levels are known to rise with CCF, SIRS and CKD, which are conditions detrimental to
patients’ health. Our findings are also supported by studies conducted elsewhere. In patients
with CCF, Alvelos et al followed up with 121 Portuguese patients for three months and showed
that high serum NGAL is predictive of all-cause death (n = 27, p = 0.016).(56) A larger study
involving 260 Japanese patients was conducted by Nakada et al, who found that high urinary
NGAL is strongly associated with all-cause death (n = 99, p = 0.0004) over 18 months.(41)
Wang et al also studied 440 Chinese patients and found that serum NGAL was correlated with
all-cause death (n = 137, p = 0.01) over 28 days.(40)
In our study, we have demonstrated the association between NGAL and AKI as well as
the need for RRT in patients with CCF or SIRS. However, our results do not show a clear
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relationship between NGAL levels and MACE; in fact, it is interesting to note that our data
seem to suggest a negative correlation between NGAL levels and MACE (adjusted OR = 0.93,
p = 0.016) (Table IV). This may be because of the multiple intricate mechanisms underlying
the cardiorenal syndrome.(57-59) Because of this complex nature of correlation, other
studies(26,60) have also yielded mixed conclusions, and we recommend that more dedicated
work be invested in this area.
As seen in Supplementary Table I, factors such as patient age, gender, race, BMI,
leukocyte count and platelet count do not significantly affect the ability of NGAL to predict
AKI. This observation is consistent with current literature(12,17,19,20) and adds further evidence
that NGAL, unlike creatinine, is unaffected by patient age, gender, BMI etc. This reiterates the
benefits of using NGAL over creatinine as a marker for AKI. Furthermore, patient metabolic
comorbidities such as hypertension, diabetes mellitus and dyslipidaemia did not affect the odds
of RRT, MACE or death at three months after discharge (Table IV). This suggests that
prognosticating with NGAL is independent of patient comorbidities.
In summary, our findings provide support for the use of NGAL as a biomarker for AKI
in the ED. We have also provided additional evidence of the utility of NGAL in a multiethnic
Asian population. The point-of-care NGAL meter was found to be a feasible equipment for
predicting AKI in the ED, albeit with some limitations. NGAL, as a convenient and early
biomarker for AKI, is especially useful in patients presenting to the ED with ‘normal’
creatinine because NGAL serves as an early predictor for AKI. Efforts can then be taken to
closely monitor these patients and avoid nephrotoxic drugs and contrast scans. As a
prognostication tool, NGAL is correlated strongly with a need for RRT at three months and
weakly with all-cause mortality at three months, regardless of existing patient comorbidities.
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FIGURES

Fig. 1 Flowchart shows the enrolment process for the study, with a total of 107 patients having
acute kidney injury. AKI: acute kidney injury; CCF: congestive cardiac failure; ED: emergency
department; SIRS: systemic inflammatory response syndrome; RRT: renal replacement
therapy
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Fig. 2 Box plot shows neutrophil gelatinase-associated lipocalin (NGAL) levels in patients
with acute kidney injury (AKI) and without AKI in different patient groups. Mean serum
NGAL levels were significantly increased (p < 0.001) between patients with AKI (670.0 ±
431.9 ng/dL) and without AKI (490.3 ± 391.6 ng/dL). *Mean NGAL values. AKI: acute kidney
injury; CCF: congestive cardiac failure; SIRS: systemic inflammatory response syndrome
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Fig. 3 Receiver operating characteristics (ROC) curve shows all patients (area under curve
0.75), incorporating clinical variables such as metabolic comorbidities (hypertension, diabetes
mellitus and dyslipidaemia) and atheropathic tendencies (myocardial infarction, ischaemic
heart disease or peripheral vascular disease).
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APPENDIX 1
Patient inclusion and exclusion criteria for the study
Inclusion criteria:
Patients must meet all of the following inclusion criteria to be eligible for enrolment into the
trial:
1. Age > 21 years
2. eGFR < 60 mL/min/1.73m2 (calculated via CKD EPI)
3. One of the following
(a) Primary diagnosis of cardiac failure OR
(b) At least 2 out of 4 of the following SIRS (Systemic Inflammatory Response
Syndrome)
i.

Temperature > 38ºC or < 36ºC

ii.

Respiratory rate > 20 breaths per minute or a PaCO2 < 32 mmHg

iii.

Pulse rate of > 90 beats per minute

iv.

Total white blood count of > 12,000 cells/mm3 or < 4,000 cells/mm3 or >
10% immature forms OR

(c) Requires hospital admission

Exclusion criteria:
The presence of any of the following will exclude a patient from study enrolment:
1. Patients who are on renal replacement therapy, e.g. haemodialysis or peritoneal
dialysis
2. Women who are nursing or have a positive pregnancy test (pregnant)
3. Patients who have a known terminal illness
4. Patients who present with cardiac arrest
5. Patients who have a ‘Do Not Resuscitate’ order
6. Patients with congenital heart disease
7. Patients with critical aortic stenosis
8. Patients who are not ambulant e.g. wheelchair or bed bound
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APPENDIX 2
Supplementary Table I. Adjusted OR for developing acute kidney injury, incorporating
various clinical variables.
Variable
Adjusted
CI 2.5% CI 97.5%
p-value
OR
NGAL
1.11
1.05
1.17
< 0.001
Age
1
0.98
1.02
0.833
Gender
0.97
0.6
1.57
0.914
Race
0.86
0.5
1.44
0.577
Hypertension, DM, dyslipidaemia
2.43
0.8
10.63
0.164
Cardiovascular risk factors
0.64
0.4
1.03
0.066
BMI
1.01
0.97
1.05
0.496
WBC
1
NA
1
0.579
Platelet
1
1
1
0.579
Factors such as patient age, gender, race, BMI, WBC count and platelet count do not
significantly confound the ability of NGAL to predict AKI. BMI: body mass index; CI:
confidence interval; DM: diabetes mellitus; NGAL: neutrophil gelatinase-associated
lipocalin; OR: odds ratio; WBC: white blood cell

Supplementary Fig. 1 Area under the curve shows (a) all patients, those with (b) congestive
cardiac failure (CCF), (c) sepsis, (d) both CCF and sepsis, and (e) neither CCF nor sepsis
patients. CCF: congestive cardiac failure
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