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Conclusions: This is the first prospective evaluation of serum NGAL as an outcome-

specific biomarker in critically ill patients at initiation of RRT. The results from this 

study indicate that serum NGAL is as an independent predictor of 28-day mortality in 

ICU patients with dialysis-dependent AKI.  
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· Ventilator-free days (VFDs) were defined as the number of days between 

successful weaning from mechanical ventilation and day 28 after study 

enrollment. VFDs were 0 if the patient died before day 28 or required 

mechanical ventilation for 28 days or more.  

· ICU-free days were defined as the number of days between successful transfer to 

a normal ward and day 28 after study enrollment. ICU-free days were 0 if the 

patient died before day 28 or stayed in the ICU for 28 days or more.  

· Renal recovery was defined as no need for RRT at day 28 after study enrollment.  

 

Statistical analysis 

Continuous variables are expressed as medians with corresponding 25th and 75th 

percentiles (IQR) and were compared by using the Mann-Whitney rank sum test or the 

Kruskal Wallis one-way analysis of variance. Categorical variables were compared 

using the � ² test. Correlations between variables were assessed by the Spearman rank 

correlation coefficient. To identify predictors of mortality, Cox’s proportional hazards 

regression analysis was performed using backward elimination (Wald’s test). Simple 

and multiple linear regression analysis was performed to identify which variables best 

predict NGAL. Similarly, linear regression and binary logistic regression models were 

used to identify predictors of VFDs, ICU-free days, and renal recovery, respectively. To 

ful�ll the assumptions needed for the analysis, logarithmic (ln) transformation of SOFA 

score, single SOFA score items, APACHE II score, CRP, and NGAL was performed. 

The distribution of the time-to-event variables were estimated using the Kaplan-Meier 

method with log-rank testing. Receiver operator characteristic (ROC) curves were used 

to detect optimal cut-off values for NGAL. Contingency table-derived data and 
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likelihood ratios were calculated using the StatPages website [28]. All tests were two-

sided and significance was accepted at p<0.05. Data analysis was performed using 

SPSS (SPSS Inc, Chicago, Illinois, USA). Figures were prepared using the GraphPad 

Prism (GraphPad Prism Software Inc, San Diego, California, USA).   
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was found between patients with SIRS and non-SIRS/Sepsis patients (Table 1). 

Furthermore, serum NGAL steadily increased across groups when stratified by the renal 

variable from the SOFA score (1 point: 220 ± 42, 2 points: 430 ± 63, 3 points: 489 ± 89, 

4 points: 700 ± 114; p = 0.03 by non-parametric ANOVA) (Figure 1). The relation of 

NGAL with these variables was further illustrated by linear correlation analysis, 

showing that NGAL levels correlated with CRP (r = 0.51; p < 0.0001), and cystatin C 

(r = 0.39; p < 0.0001) levels, respectively (Figure 1). 

 

NGAL levels during follow-up 

Serum samples obtained at day 14 were available from 61 patients. After initiation of 

RRT, NGAL levels declined significantly until day 14 (364 (196 – 582) ng/mL vs. 206 

(93 - 349) ng/mL; p < 0.0001). However, median NGAL levels were not different 

between survivors (176 (89 – 338) ng/mL, n = 49) and non-survivors (281 (138 – 726) 

ng/mL, n = 12; p = 0.114), respectively.  

 

Predictors of 28-day mortality at inception of RRT  

NGAL levels were higher in non-survivors (430 (303 – 942) ng/mL) compared to 

survivors (298 (159 – 506) ng/mL; p = 0.004). To test whether pre-RRT levels of 

NGAL predict 28-day mortality, we initially performed univariate Cox proportional 

hazards analyses, incorporating multiple demographic, clinical and laboratory variables 

at start of RRT (Table 4). All variables found to be statistically significant at a 10% 

level in the univariate analysis (sepsis, APACHE II score, SOFA score, CRP, and 

NGAL) were subjected to multivariate Cox regression analysis. As a result, the SOFA 

score (p = 0.004), and serum NGAL (p = 0.005) were identified as independent 
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interpretation, increased NGAL concentrations have been found in the blood of patients 

with acute bacterial infections and during experimental human endotoxemia [34,35]. 

Unfortunately, urinary NGAL could not be determined as most of the patients presented 

with oliguria/anuria at baseline. Thus, we cannot provide any comparison between the 

local and systemic NGAL pool in the current study. However, to date, there is no 

conclusive evidence for urine NGAL being superior to plasma NGAL [17,18,20,36,37].  

Recent studies have demonstrated the utility of early NGAL measurements for 

predicting clinical outcomes of AKI. In adults and children undergoing cardiac surgery, 

plasma NGAL levels strongly correlated with duration and severity of AKI, time on 

mechanical ventilation, LOS, and mortality [17,36,37]. However, the predictive utility 

of NGAL throughout the course of critically illness in patients with already established 

AKI is poorly characterized and has not been tested specifically at the initiation of RRT. 

In the current study, serum NGAL was identified as an independent predictor of 28-day 

mortality in the multivariate Cox model. In addition to serum NGAL, only the (total) 

SOFA score remained significant at the multivariate level. A ROC analysis suggested 

that a serum NGAL cutoff value of 360 ng/mL at initiation of RRT is highly sensitive to 

discriminate between survivors and non-survivors. Given a rather poor positive 

predictive value of 41%, a serum NGAL level of 360 ng/mL or greater does probably 

not serve as a robust biomarker for predicting mortality in this cohort of patients. 

However, NGAL levels of less than 360 ng/mL may have the potential to predict 

survival with a negative predictive value of 90%. If validated in a larger cohort, our 

observations suggest a pivotal role for serum NGAL as an outcome-specific marker in 

critically ill patients with multiple organ dysfunction syndrome (MODS). 
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This study has important limitations. First, it is a single-center cohort study of adult 

patients without chronic kidney disease (CKD). Our results, although of clear statistical 

significance, will certainly need to be validated in a larger trial, including patients with 

pre-existing CKD and comorbid conditions that normally accumulate with impaired 

renal function. Moreover, the original study was performed between 2003 and 2006. It 

has been indicated that long term storage might destabilize NGAL [38]. Thus, 

extrapolating our result to other ICU populations requires caution. Second, NGAL did 

not predict secondary outcomes, such as renal recovery, VFDs, or ICU-free days. This 

discrepancy may have resulted from the relatively small number of VFDs and ICU-free 

days. Unfortunately, the follow-up was only 28 days in the original HANDOUT trial. 

Moreover, weaning from mechanical ventilation was not guided by standardized 

protocol. The same was true for discharge from ICU. Third, the NGAL cutoff in the 

current study was somewhat higher than in most of the aforementioned AKI studies. 

However, this is not surprising since most of our patients already presented with severe 

AKI (RIFLE category failure). Finally, NGAL was not different between survivors and 

non-survivors at day 14. However, as a 25-kDa protein NGAL is most likely cleared by 

dialysis. Thus, the quantification of NGAL after the start of RRT will probably yield 

invalid result.  

 

 

Conclusions  

Outcome prediction in dialysis-dependent ICU patients is hampered by the limited value 

of severity-of-illness scoring systems [7-10]. Thus, the identification of outcome-

specific biomarkers in this patient population is a major goal in critical care nephrology. 
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The results from this study indicate that serum NGAL, measured at initiation of RRT, is 

as an independent predictor of 28-day mortality in ICU patients with AKI. Given the 

lack of appropriate biomarkers in these patients, serum NGAL may serve as a novel 

outcome-specific marker in intensive care medicine and critical care nephrology. 
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Figure legends 

Figure 1: Correlation of NGAL serum levels with sepsis and AKI. (A and C) Bar 

charts (mean ± SEM) showing serum NGAL levels of critically ill patients with AKI at 

inception of RRT stratified by (A) the presence (n=31) or absence (n=78) of sepsis as 

according to the SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions [25], 

or (C) stratified by the renal variable from the SOFA score [1 point (n=9), 2 points 

(n=27), 3 points (n=28), 4 points (n=45)]. (B and D) Scatter plot showing the 

correlation of serum NGAL concentrations with (C) C reactive protein (CRP) levels, 

and (D) serum cystatin C levels in critically ill patients at initiation of RRT (n=109). 

 

Figure 2: Survival to day 28 according to serum NGAL. Kaplan-Meier curves of 28-

day survival stratified to (A) NGAL quartiles (Q) (Log-rank [Mantel-Cox] p = 0.01; 

Log-rank test for trend p = 0.003), and (B) SOFA quartiles (total SOFA), respectively 

(Log-rank [Mantel-Cox] p = 0.01; Log-rank test for trend p = 0.002) at inception of 

renal replacement therapy in critically ill patients with acute kidney injury (n=109).  

 

Figure 3: Serum NGAL test characteristics at various cut-off values at initiation of 

RRT. Receiver-operator characteristic (ROC) curve showing the prognostic sensitivity 

and specificity of serum NGAL at initiation of RRT with regard to 14-day mortality 

(AUC 0.74 (95% CI 0.64 to 0.84) p<0.0002). Cuboids indicate the cut-off values 

between NGAL quartiles (see also Figure 2 and Table 5). 
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Table 2: Outcomes at day 28 after initiation of RRT  

Variable Total 
non-

SIRS/Sepsis 
SIRS Sepsis p-value 

Mortality (n;%) 41 (37.6) 6 (24.9) 15 (28.3) 20 (64.5) 0.001 

VFDs (mean ± SD) 7.4 ± 10.3 5.5 ± 9.5 8.3 ± 10.7 7.2 ± 10.1 0.580 

ICU-free days† (mean ± SD) 5.2 ± 8.4 4.6 ± 8.3 5.4 ± 8.4 5.4 ± 8.8 0.738 

Renal recovery‡  (n;%) 
45 (66.2) 13 (68.4) 26 (68.4) 6 (54.5) 0.673 

  

SIRS – systemic inflammatory response syndrome; SD – standard deviation; VFDs – ventilator-
free days (defined as the number of days between successful weaning from mechanical 
ventilation and day 28 after study enrollment). 
 
†ICU-free days were defined as the number of days between successful transfer to a normal 
ward and day 28 after study enrollment;  
‡Renal recovery was defined as no need for RRT at day 28 after study enrollment.  
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Table 3: Simple and multiple linear regression analysis with NGAL as dependent variable 

  

 

Multiple linear regression analysis using NGAL as the dependent variable. Variables found to 
be statistical significant at a p-value of <0.1 in the simple model were included into the multiple 
linear regression analysis using stepwise backward elimination. Variables that were not 
normally distributed were ln transformed. (β denotes standardized regression coefficient); A 
two-sided p-value of <0.05 was considered statistically significant in the multiple model. * β for 
categorical variables is only displayed in case of multivariate significance. 

SOFA –Sequential Organ Failure Assessment score. APACHE II score - Acute Physiology And 
Chronic Health Evaluation score; RIFLE denotes a newly developed international consensus 
classification for acute kidney injury, that defines three grades of severity - risk (class R), injury 
(class I) and failure (class F); CRP – C reactive protein; and —, not applicable. 

 

 Simple model Multiple model 

Variable β p-value β p-value 

Sepsis (yes/no) 0.37 <0.0001 0.33 < 0.001 

RIFLE category failure* 0.23 0.018 0.04 0.693 

ln SOFA –total  0.16 0.098 0.03 0.738 

   ln SOFA - respiratory variable 0.17 0.075 0.13 0.140 

   ln SOFA - renal variable 0.22 0.020 0.23 0.007 

ln CRP 0.40 <0.0001 0.21 0.031 

ln Cystatin C 0.34 <0.0001 0.26 0.005 
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