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Abstract

Background: Neutrophil Gelatinase–Associated Lipocalin in serum (sNGAL) 
and urine (uNGAL) have been suggested as potential early predictive biological 
markers of acute kidney injury (AKI) in selected critically ill patients.
Methods: We performed a secondary analysis of a multicenter prospective 
observational cohort study of unselected critically ill patients with an expected 
duration of mechanical ventilation > 48 hours and/or expected stay in the 
intensive care unit (ICU) > 72 hours. %e presence of AKI was scored using the 
creatinine and urine output criteria of the RIFLE classi#cation system for AKI. 
Sensitivity, speci#city and area under the ROC curve were calculated to assess 
the diagnostic performance of sNGAL and uNGAL.
Results: %e #nal analysis included 140 patients, including 57 patients who 
did not develop AKI, 31 patients who developed AKI, and 52 patients with 
AKI on admission to the ICU. Levels of sNGAL and uNGAL on non–AKI 
days were signi#cantly lower compared to levels of sNGAL on RIFLERISK–days, 
RIFLEINJURY–days and RIFLEFAILURE–days. %e area under the ROC curve of 
sNGAL for predicting AKI was low: 0.45 [95% con#dence interval (CI) 0.27–
0.63] and 0.53 [CI 0.38–0.67], 2 days and 1 day before development of AKI, 
respectively. %e area under the ROC curve of uNGAL for predicting AKI was 
also low: 0.48 [CI 0.33–0.62] and 0.48 [CI 0.33–0.62], 2 days and 1 day before 
development of AKI, respectively. Area under the ROC curves of sNGAL and 
uNGAL for the prediction of renal replacement therapy requirement were 0.47 
[CI 0.37–0.58] and 0.26 [CI 0.03–0.50].
Conclusions: In unselected critically ill patients, sNGAL and uNGAL are poor 
predictors of AKI or need for renal replacement therapy.
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Introduction

Acute kidney injury (AKI) represents a frequent complication in critically ill 
patients, with high rates of morbidity and mortality [1-5]. AKI requiring renal 
replacement therapy (RRT) occurs in up to 5% of patients with AKI, in whom the 
mortality rate approaches 80% [4]. %e lack of early biological markers of renal 
injury prevents timely patient management decisions, including withholding 
nephrotoxic agents, administration of putative therapeutic agents, and the 
initiation of RRT.
Recently, Neutrophil Gelatinase–Associated Lipocalin (NGAL) has been 
implicated as an early predictive biological marker of renal injury [6]. NGAL 
is a ubiquitous 25–kDa protein, covalently bound to gelatinase from human 
neutrophils, which is normally expressed in very low concentrations in several 
human tissues, including the kidney [7, 8]. Expression of NGAL increases in 
the presence of in'ammation and injured epithelia, including the kidney a"er 
ischemia reperfusion injury and nephrotoxicity [7, 8]. Systemic NGAL appeared 
to be of diagnostic as well as prognostic value for AKI in previous studies of 
critically ill patients [9]. However, the role of NGAL in critically ill patients has 
mainly been studied in highly selected populations, including children and adults 
a"er cardiac surgery [10, 11], or a"er intravenous administration of contrast 
[12]. In these populations AKI etiology is clear and timing of the insult is o"en 
precisely known.
In the present study we evaluated the performance of NGAL in a group of 
unselected critically ill intensive care unit (ICU) patients, in which AKI etiology 
and timing are most of the time unclear. %us, we chose to study a population 
re'ecting daily practice in our centers, and tested two hypotheses. First, we 
hypothesized that NGAL in serum (sNGAL) and urine (uNGAL) can predict 
AKI 1 to 2 days earlier than the RIFLE criteria in patients who develop AKI 
a"er admission to the ICU. Second, we hypothesized that sNGAL and uNGAL 
predict the need for RRT, in unselected ICU–patients.

Methods

Study design
%is study is a secondary analysis of a multicenter prospective observational 
cohort study of unselected critically ill patients in 5 multidisciplinary, closed–
format ICUs, in which we collected serial serum and urine samples and 
determined the #rst day of AKI based on the RIFLE (Risk, Injury, Failure, Loss, 
and End–stage renal disease) classi#cation system [13, 14] %e institutional 
review board of all participating institutions approved the protocol, and wri!en 
informed consent was obtained from all patients or next of kin.

Patients
Patients who were older than 18 years, with an expected duration of mechanical 
ventilation of at least 48 hours and/or an expected length of ICU stay of at least 
72 hours were enrolled within 48 hours of ICU admission. Chronic RRT was an 
exclusion criterion.
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Data collected
Demographic data, admission diagnosis, reasons to initiate RRT (oliguria or 
anuria, high sCr/high sUr or acidosis), acute physiology age and chronic health 
evaluation (APACHE) II scores and simpli#ed acute physiology scores (SAPS) 
II [15, 16] were documented in the #rst 24 hours a"er admission. Routine 
laboratory data, including plasma creatinine, were measured daily.

Baseline renal function and definition of AKI
In order to de#ne the baseline renal function we compared the pre–morbid levels 
of serum creatinine (sCr) within 1 year prior to ICU admission with the sCr at 
ICU admission. %e lower of these 2 values served as baseline renal function. In 
case a pre–morbid sCr was unavailable, baseline renal function was estimated by 
solving the Modi#cation of Diet in Renal Disease (MDRD) equation, with the 
assumption of a near lower limit of normal glomerular #ltration rate (GFR) of 75 
mL/min/1.73 m2 [17].
%e presence of AKI on admission and development of AKI during stay in 
ICU was scored using the creatinine and urine output criteria of the RIFLE 
classi#cation system for AKI [13]. In an additional analysis development of AKI 
during stay in ICU was scored using solely the creatinine criteria. %e #rst day of 
AKI (the #rst RIFLE event) was termed AKI–day 0; the 2 days prior to this day 
were termed AKI–day –1, and AKI–day –2, respectively.

Sampling and measurement of NGAL
Blood and urine sampling for NGAL measurements was performed on days 0, 1, 
and alternate days until the start of RRT, ICU discharge or death, whatever came 
#rst. Blood samples were drawn into sterile Vacutainer tubes and centrifuged at 
1.500x g for 10 minutes at 4ºC. %e supernatants were stored at –80ºC. Urine 
samples were taken from a 3–hour urine collection period a"er assessment of the 
urine volume, centrifuged and also stored at –80ºC.
All samples of NGAL were measured batch–wise by means of a commercial ELISA 
(R&D Systems, Abingdon, UK) according to manufactures recommendation. 
We tested multiple dilutions on the samples and made them in duplicate. To 
compensate for di$erences in urine 'ow rate, we normalized the urinary excretion 
of NGAL for moles of urinary creatinine (uNGALcorr.) [18]. In addition, as 
proposed before [19], we used the ratio of sNGAL to uNGAL in additional 
analyses.

Effect size
To #nd out what sort of e$ect size was to be expected in this secondary analysis, 
we calculated the standard error, 0.061, using the actual number of included 
patients in our study. %e accompanying 95% con#dence limits were 0.63 to 0.87 
given the estimated minimal clinically relevant area under the curve to be at least 
0.70.

Statistical analysis
%e #rst RIFLE event (Risk, Injury, or Failure, using the combination of creatinine 
and urine output criteria, or the creatinine criterion alone) served as the primary 
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endpoint. Initiation of RRT served as a secondary endpoint. Data were analyzed 
using the Statistical Package for the Social Sciences (SPSS) for Windows, version 
17.0 (SPSS, Chicago IL, USA).
Continuous variables were expressed as mean (± SD) or median with [IQR]. 
Categorical variables were expressed as counts and percentages. Normally 
distributed variables were compared using one–way analysis of variance with 
Bonferroni’s correction for multiple comparisons. For signi#cant #ndings, post 
hoc t–test was applied. Kruskall–Wallis one–way analysis of variance was used to 
compare non–normally distributed variables. Chi–square testing was used to test 
frequencies between groups. Linear mixed models were used to compare NGAL 
levels among RIFLE stages. Testing was two–tailed; P < 0.05 was considered 
statistically signi#cant.
Patients with AKI at admission were excluded from the diagnostic analysis and 
included only in the prognostic analysis. We used day –2 and day –1 in patients 
who developed AKI with day 0 and day 1 in patients who never developed AKI. 
%is time period was chosen as patients who developed AKI ful#lled RIFLE 
criteria a"er 2 [1–2] days.
We assessed sNGAL and uNGAL on their ability to detect AKI or predict need for 
RRT by calculation of the area under the curve (AUC) of the receiver–operating 
characteristic (ROC) plot.

Results

Patients
%e original study included 170 patients; 19 patients were excluded because 
data collection was incomplete. Of the remaining 151 patients, samples were 
no longer available for analysis of NGAL levels in 11 patients: 3 patients who 
did not develop AKI, 4 patients who developed AKI, and 4 patients with AKI 
on admission. %erefore, the #nal analysis included 140 patients, of whom 57 
patients did not develop AKI, 31 patients developed AKI, and 52 patients with 
AKI on admission, when using the MDRD based baseline sCr, and classifying 
patients according to the creatinine and urine output criteria of RIFLE. %ere 
were no di$erences in baseline characteristics between the original 170 patients 
included in the study and 140 patients #nally analyzed here.
Baseline demographic data are presented in table 1. Renal and outcome data 
are presented in table 2. Patients who developed AKI were signi#cantly older 
compared to patients who did not develop AKI. %ere were no signi#cant 
di$erences among the groups in terms of pre–morbid hypertension, diabetes 
or chronic kidney disease. %e MDRD based baseline sCr was used in 10% of 
patients who never developed AKI, 13% of patients who developed AKI, and 
29% of patients with AKI on admission.
Patients who developed AKI ful#lled RIFLE criteria a"er 2 [1–2] days. 
Continuous venovenous hemo#ltration (CVVH) was started in 11 out of 83 
patients who presented with or developed AKI (13%). %e reason to initiate RRT 
was oliguria/anuria in 7 patients, acidosis in 1 patient and high sCr or high sUr 
in 3 patients. %e duration between AKI–day 0 and start of RRT was median 1 
[0–4] day. In comparison with the non–RRT patient, AKI patients who required 
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RRT had signi#cantly higher APACHE II scores on admission and produced less 
urine.

Serum and urine levels of NGAL
Figure 1 shows levels of sNGAL and uNGAL. Compared to levels of sNGAL on 
non–AKI days, signi#cantly higher levels of sNGAL were found on RIFLERISK–
days, RIFLEINJURY–days and RIFLEFAILURE–days. Serum NGAL levels were not 
signi#cantly di$erent among the 3 RIFLE categories.

Similarly, compared to levels of uNGAL on non–AKI days, signi#cantly 
higher levels of uNGAL were found on RIFLERISK–days, RIFLEINJURY–days and 
RIFLEFAILURE–days. Levels of uNGAL were also not signi#cantly di$erent among 
the 3 RIFLE categories except for RIFLERISK versus RIFLEFAILURE. Di$erences in 
levels of uNGAL per RIFLE category remained similar when urine NGAL was 
corrected for moles of urinary creatinine.

Prediction of AKI
We compared levels of sNGAL and uNGAL in the 2 days prior to AKI from 
patients who developed AKI, with the #rst 2 study days of admission in patients 
who did not develop AKI (#gure 2). %e areas under the ROC curve of sNGAL 
and uNGAL for predicting AKI were low, and only slightly improved by 
normalizing the excretion of NGAL for moles of urinary creatinine (table 3). 
Similarly, using the ratio of sNGAL to uNGAL the AUC only slightly improved 
(table 3).

When we did not use the MDRD based baseline sCr results were not di$erent. 
Also, when we only used the creatinine criterion of RIFLE to classify the presence 
of AKI, and non–AKI and AKI days, areas under the ROC curve of sNGAL and 
uNGAL for predicting AKI remained low (see electronic supplement).

Prediction of RRT
%e areas under the ROC curve of sNGAL and uNGAL for predicting RRT 
requirement were also low, and did not improve by normalizing the excretion 
of NGAL for moles of urinary creatinine, or when using the ratio of sNGAL to 
uNGAL (table 4).
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Figure 1. 
Neutrophil gelatinase–associated lipocalin (NGAL) in serum and urine per RIFLE severity. On 
non–acute kidney injury (AKI) days NGAL in serum and urine was lower (P < 0.05) compared with 
days fulfilling the RIFLERISK, RIFLEINJURY, and RIFLEFAILURE criteria. Non–AKI patients, N = 57; AKI 
patients N = 31.

Figure 2.
Neutrophil gelatinase–associated lipocalin (NGAL) and creatinine in serum and urine 
1 and 2 days prior to acute kidney injury (AKI). Levels are compared to day 0 and day 1 in patients 
who never developed AKI. Non–AKI patients, N = 57; AKI patients, N = 31.
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Table 1.
Group characteristics

Patients who 
never developed 

AKI(n=57)

Patients who 
developed 
AKI(n=31)

Patients 
with AKI on 

admission(n=52)
P–value

Age (years) 58,8 (16,1) 67,1 (15,8) 74,4 (9,4) < 0.05

Gender (male) (%) 37 (64.9%) 21 (67,7%) 32(61,5) 0.84

Weight (kg) 75.7 (14.7) 81.6 (14.9) 81.1(19.7) 0.17

Height (cm) 176.0 (8.4) 175.2 (8.5) 171.2 (17.1) 0.12

APACHE II score 18.5 (9.4) 19.3 (8.3) 23 (11.5) 0.06

SAPS II 35.9 (12) 42.8 (15) 47.1 (14.8) < 0.05

RIFLE baseline sCr (µmol/L) 69.9 (18.7) 77.9 (15.9) 76.3 (19.8) 0.16

sUrea(mmol/L) 7.9 [5.9 – 11.2] 11.7 [8.1 – 17.2] 12.4 [8.1 – 22.4] < 0.05

sCr (µmol/L) 62 [50 – 78] 86 [72 – 104] 110 [73 – 177] < 0.05

sNGAL (ng/ml) 269 [180 – 398] 307 [187 – 460] 343 [238 – 652] < 0.05

uNGAL (ng/ml) 99 [41 – 301] 149 [52 – 405] 289 [92 – 602] < 0.05

uNGALcorr (mg/molCr) 23 [9-64] 40 [13-142] 23 [8-101] 0.05

Primary diagnosis (n) (%)

  CPB 1 (1.7%) 2 (6.4%) - 0.25

  Cardiovascular failure 1 (1.7%) 4 (12.9%) 4 (7.7%) 0.11

  Cerebrovascular event 2 (3.5%) 0 (0%) 0 (0%) -

  Hemorrhagic shock 7 (12.3%) 1 (3.2%) 5 (9.6%) 0.37

  Multiple trauma 3 (5.3%) 2 (6.4%) 1 (1.9%) 0.55

  Elective major surgery 1 (1.8%) 1 (3.2%) 5 (9.6%) 0.15

  Respiratory failure 22 (38.6%) 10 (32.2%) 14 (26.9%) 0.43

  Septic shock 20 (35.1%) 11 (35.5%) 24 (46.2%) 0.44

Admission category (n) (%)

  Medical 27 (47.4%) 14 (45.2%) 21 (40.4%) 0.76

  Surgical 30 (52.6%) 17 (54.8%) 31 (59.6%) 0.76

Days from admission until AKI 
(median and range)

NA 2 [1 – 2] 0 -

Worst AKI score in ICU (n) (%)

  Risk - 25(80%) 22(42%) < 0.05

  Injury - 4(12%) 13 (25%) 0.19

  Failure - 2(6%) 17 (32%) 0.006

CVVH 1 (2%) 3 (10%) 8 (15%) < 0.05

LOS (days) 5 [3 – 8] 8 [5 – 18] 6 [3 – 9] 0.001

ICU mortality 0 4 (13%) 8 (15%) < 0.05

Hospital mortality 4 (7.0%) 5 (16.1%) 15 (29%) < 0.05
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CVVH 
(N = 11)

no CVVH 
(N = 72)

P–value

Age (years) 68.9 (11.6) 72.1 (12.7) 0.43

Gender (male) 7 (63,6%) 46 (63.9%) 0.99

APACHE II score 28 [20 – 30] 19 [14 – 25] 0.05

SAPS II 51 [44 – 57] 45 [35 – 51] 0.11

sUrea (mmol/L) 11 [7 – 23] 10 [7 – 18] 0.24

sCr (µmol/L) 147 [94 – 299] 100 [76 – 139] 0.03

sNGAL (ng/ml) 338 [251 – 798] 341 [205.4 – 622] 0.56

uNGAL (ng/L) 303 [39 – 750] 219 [92 – 535] 0.90

uNGALcorr (mg/mol Cr) 38 [7 – 342] 34 [9-114] 0.51

urine output (ml/day) 1480 [493 – 1960] 2535 [1826 - 3792] < 0.001

AKI prior to CVVH (days) 1 [0 – 4] NA -

Table 2.
Characteristics of acute kidney injury patients by presence or absence of CVVH

Table 3.
AUC (CI) for sNGAL, uNGAL and uNGALcorr in predicting AKI

Table 4.
AUC (CI) for sNGAL, uNGAL and uNGALcorr in predicting RRT

Day -2 Day -1

sNGAL 0.45 (0.27 to 0.63) 0.53 (0.38 to 0.67)

uNGAL 0.48 (0.33 to 0.62) 0.48 (0.33 to 0.62)

uNGALcorr 0.47 (0.29 to 0.66) 0.65 (0.51 to 0.79)

sNGAL/uNGAL 0.60 (0.41 to 0.80) 0.47 (0.31 to 0.63)

sNGAL 0.47 (0.37 to 0.58)

uNGAL 0.26 (0.03 to 0.50)

uNGALcorr 0.27 (0.0 to 0.57)

sNGAL/uNGAL 0.26 (0.01 to 0.51)
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Discussion

%e aims of this prospective multicenter study were to evaluate whether NGAL 
in serum and urine can detect AKI earlier than the RIFLE–criteria in unselected 
critically ill patients, and whether NGAL in serum and urine can predict RRT 
requirement. Levels of sNGAL and uNGAL on non–AKI days were signi#cantly 
lower compared with that on RIFLERISK–INJURY–FAILURE–days. Levels of sNGAL 
and uNGAL were not di$erent between the patients who #nally proceeded with 
RRT and patients who did not need RRT. %e predictive ability of sNGAL and 
uNGAL was poor, both for detecting AKI and for predicting need for RRT.
Our study is amongst the #rst studies investigating whether NGAL predicts the 
development of AKI in unselected critically ill ICU patients in which AKI etiology 
and timing are o"en unclear. Our study knows several limitations, though. 
First, our sample size was relatively small. Second, the MDRD based baseline 
sCr had to be used in 18% of our patients. Missing pre–admission sCr value is a 
recognized problem in AKI research, which may lead to misclassi#cation of the 
incidence of AKI [20]. Contrary, the use of surrogate measures for baseline renal 
function prevents selection bias. Using MDRD based baseline sCr gave us the 
opportunity to analyze all patients, which otherwise was not possible. Notably, 
when we did not use the MDRD based baseline sCr results were not di$erent. 
%ird, the de#nition of a disease or clinical entity is critical in biomarker research, 
and the RIFLE criteria may not be an adequate “gold standard” for AKI. %e 
consensus RIFLE de#nition for AKI is based on sCr and/or urine output. %ese 
are functional parameters and may not be appropriate for the detection of injury 
to the kidney.
We were also the #rst to use the RIFLE classi#cation with both sCr and urine 
output, to classify patients. %is might have a$ected our outcomes. Indeed, by 
using the urine output criterion in addition to the sCr, we may have classi#ed 
more patients as having AKI. We consider our approach, based upon consensus, 
more appropriate. Furthermore, when we only used the creatinine criterion of 
RIFLE the predictive ability of sNGAL and uNGAL remained poor.
Our results are in contrast with those from other investigations. Indeed, studies 
investigating sNGAL and/or uNGAL for the prediction of AKI in patients a"er 
cardiac surgery [10, 11, 21-27], patients with multiple trauma [28] and patients 
with sepsis or SIRS [29, 30] showed excellent performances for NGAL as a 
predictive biological marker of AKI, with areas under the ROC curve of sNGAL 
and up to 0.91 and of uNGAL up to 0.99. %is discrepancy may not come as a 
surprise, since in these patient groups usually the direct cause of AKI as well as its 
timing are o"en obvious. In addition, since collection of specimens in our study 
could start the next day of admission and specimens were collected on alternate 
days a"er the #rst 2 days, we may have missed peak NGAL levels in our study. 
However, our approach be!er re'ects daily practice, which is most of the time 
very di$erent from the ideal research se!ing.
It should be noted, though, that the results of our study are also di$erent 
from results from 3 recently published studies that focused on the diagnostic 
performance of serum NGAL in a more heterogeneous ICU populations [31-33]. 
Opposite to our #ndings, these 3 studies suggested sNGAL to be a good and early 
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biological marker of AKI, with increased levels of sNGAL 48 hours before RIFLE 
criteria were met, and even on admission. Cruz et al. studied 301 consecutive 
patients admi!ed to a general medical–surgical ICU [31]. %e primary outcome 
was AKI, de#ned as an increase in plasma creatinine of at least 50% from baseline 
or a reduction in urine output to < 0.5 ml/kg/hour for > 6 hours. sNGAL was 
a good diagnostic marker for AKI development within the next 48 hours (area 
under the ROC curve 0.78 [CI 0.65–0.90], and for RRT requirement (area under 
the ROC curve 0.82 [CI 0.70–0.95]. Constantin et al. studied 88 critically ill 
patients [32]. Focusing on patients without AKI on admission, the area under 
the ROC curve of sNGAL was 0.96 [CI 0.86–0.99] for prediction of AKI. De 
Geus et al. studied the predictive value of NGAL in 632 critically ill patients [33]. 
In this study urine was collected from admission up to 72 hours a"er admission. 
%e AUC for sNGAL in predicting AKI was 0.77 ± 0.05 (RIFLERISK), 0.80 ± 0.06 
(RIFLEINJURY) and 0.86 ± 0.06 (RIFLEFAILURE); the AUC for uNGAL in predicting 
AKI was 0.80 ± 0.04 (RIFLERISK), 0.85 ± 0.04 (RIFLEINJURY) and 0.88 ± 0.04 
(RIFLEFAILURE). Several di$erences in study designs may explain the opposite 
results. First, Constantin et al. used only one single measurement of uNGAL on 
admission, since their primary endpoint was the value of NGAL to predict AKI 
on admission to the ICU [32]. In the studies by Cruz et al. and de Geus et al. 
patients who already had AKI on admission were not excluded, which may have 
resulted in higher NGAL levels [31, 33]. Indeed, in the study by Cruz et al. 29% 
of all patients (67% of all AKI patients) had AKI on admission [31], in the study 
by de Geus et al. 59% of all patients had AKI on admission [33].
Notably, de Geus et al. found increased uNGAL levels in septic patients without 
AKI, while levels of sNGAL were not di$erent between patients who developed 
AKI and those who did not. %is is in contrast to a study of adult septic patients 
by Martensson et al. [34]. While in this study the AUC for sNGAL was low 
(0.67) the AUC for uNGAL was good (0.86). 
As described by Haase et al. [9], the use of a standardized NGAL assay reported a 
be!er AUC for NGAL than individually developed research–based assays. Cruz 
et al. and Constantin et al. used the Triage Meter (Biosite, San Diego) [31, 32]. 
In our study we used a commercial ELISA. It is uncertain whether this di$erence 
explains the di$erences between our study results and those from other studies.
A large proportion of our patients already had AKI on admission. %is is similar 
to other studies on predictive biomarkers for AKI in a heterogeneous ICU 
population[31, 33]. It makes li!le sense to predict AKI in patients who already 
have AKI, except if NGAL predicts progression in AKI severity, including the 
need for RRT. Unfortunately, in our study both sNGAL and uNGAL were no 
predictors of RRT requirement, although it must be mentioned that the number 
of patients eventually requiring RRT in our study was small. Several factors can 
be of in'uence on our results regarding the predictability of need for RRT. For 
instance, the reason for initiating RRT in our cohort was much more divers than 
in patients a"er cardiopulmonary bypass [10, 11, 22-27].
Nearly 40% of our patients never developed AKI, yet some of these patients had 
increased levels of NGAL, both in serum and urine. A possible explanation for 
this #nding could be the published reference intervals of sNGAL and uNGAL 
[35]. %ey were determined in healthy volunteers with no history of renal disease, 
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and may not apply to our critically ill population.
In conclusion, in this multicenter study of unselected critically ill patients, both 
sNGAL and uNGAL were poor predictive biological markers for AKI. Moreover, 
sNGAL and uNGAL did not predict the need of RRT.
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