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Background: Neutrophil gelatinase-associated lipocalin (NGAL) and hepcidin-25 are in-
volved in catalytic iron-related kidney injury after cardiac surgery with cardiopulmonary 
bypass. We explored the predictive value of plasma NGAL, plasma hepcidin-25, and the 
plasma NGAL:hepcidin-25 ratio for major adverse kidney events (MAKE) after cardiac 
surgery. 

Methods: We compared the predictive value of plasma NGAL, hepcidin-25, and plasma 
NGAL:hepcidin-25 with that of serum creatinine (Cr) and urinary output and protein for 
primary-endpoint MAKE (acute kidney injury [AKI] stages 2 and 3, persistent AKI >48 
hours, acute dialysis, and in-hospital mortality) and secondary-endpoint AKI in 100 car-
diac surgery patients at intensive care unit (ICU) admission. We performed ROC curve, lo-
gistic regression, and reclassification analyses.

Results: At ICU admission, plasma NGAL, plasma NGAL:hepcidin-25, plasma interleu-
kin-6, and Cr predicted MAKE (area under the ROC curve [AUC]: 0.77, 0.79, 0.74, and 
0.74, respectively) and AKI (0.73, 0.89, 0.70, and 0.69). For AKI prediction, plasma 
NGAL:hepcidin-25 had a higher discriminatory power than Cr (AUC difference 0.26 [95% 
CI 0.00–0.53]). Urinary output and protein, plasma lactate, C-reactive protein, creatine ki-
nase myocardial band, and brain natriuretic peptide did not predict MAKE or AKI (AUC  
<0.70). Only plasma NGAL:hepcidin-25 correctly reclassified patients according to their 
MAKE and AKI status (category-free net reclassification improvement: 0.82 [95% CI 
0.12–1.52], 1.03 [0.29–1.77]). After adjustment to the Cleveland risk score, plasma 
NGAL:hepcidin-25 ≥0.9 independently predicted MAKE (adjusted odds ratio 16.34 [95% 
CI 1.77–150.49], P =0.014).

Conclusions: Plasma NGAL:hepcidin-25 is a promising marker for predicting postopera-
tive MAKE.
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INTRODUCTION

Acute kidney injury (AKI) frequently occurs after cardiac surgery 

and is independently associated with major adverse outcomes 

[1]. Routine postoperative risk assessment aims at earliest pos-

sible treatment adjustment [2]. However, the accuracy of clini-

cal risk assessment for cardiac surgery-associated AKI is limited 

even when classical kidney function parameters, such as serum 

creatinine (Cr) and urinary output and protein, or risk prediction 

systems such as the Cleveland risk score are used [3]. Thus, 

there is a need for new approaches for improved AKI risk pre-

diction. Accordingly, in addition to classical kidney function pa-

rameters, kidney tubular injury biomarkers have been sug-

gested to be included in kidney risk assessment [4]. 

Cardiopulmonary bypass causes inflammation and hemolysis 

with the generation of labile iron [5]. Inflammatory cytokines 

and labile iron appear to be important mediators of cardiac sur-

gery-associated AKI [6, 7]. Neutrophil gelatinase-associated li-

pocalin (NGAL) and hepatic bactericidal protein (hepcidin-25) 

may be involved in the regulation of tubular iron metabolism [5, 

7]. Plasma NGAL is involved in iron sequestration and is associ-

ated with tubular injury [8]. Postoperatively, decreased plasma 

concentrations of hepcidin-25 have been found in critically ill 

patients with severe AKI [6]. Levels of interleukin (IL)-6, a pro-

inflammatory cytokine filtered by the glomeruli, were recently 

found to be elevated in the plasma and urine of patients with 

acute tubular injury [9]. Other biochemical markers, such as 

brain natriuretic peptide (BNP), lactate, creatine kinases, hapto-

globin, hemoglobin, C-reactive protein (CRP), and leukocyte 

count may complementarily indicate postoperative systemic and 

circulatory conditions such as acute cardio-renal failure associ-

ated with fluid overload, hemolysis and hemorrhage, acute met-

abolic dysregulation, vasodilatation, and shock [10-12]. Bio-

markers shed or directly released into the urine were thought to 

be superior in tubular injury detection; however, a recent meta-

analysis showed advantages of plasma NGAL over urinary 

NGAL [13]. The predictive value of novel plasma biomarkers 

measured at admission to the intensive care unit (ICU) after 

cardiac surgery has never been compared with that of classical 

kidney function parameters and novel urinary parameters for 

major adverse kidney events (MAKE) or AKI. We aimed to iden-

tify the plasma kidney injury biomarker with the best predictive 

value for MAKE after cardiac surgery and to compare the pre-

dictive value of the identified biomarker with that of classical 

kidney function parameters and urinary biomarkers for postop-

erative kidney risk assessment. 

MATERIALS AND METHODS

In reporting this prospective study, we followed the Strengthen-

ing the Reporting of Observational Studies in Epidemiology 

(STROBE) recommendations [14].

Patients and setting
This study used the control group of the Bicarbonate multi-

center randomized controlled trial [15]. A previous study, as-

sessing urinary biomarkers that improve the predictive power of 

a preoperative kidney injury risk score after cardiac surgery, also 

used biomarker measurement data for the control group of the 

above described randomized controlled trial [16]. One hundred 

patients with increased risk of AKI underwent elective cardiac 

surgery with cardiopulmonary bypass at the German Heart Cen-

ter, Berlin, Germany (NCT00672334) between January 2009 

and June 2010 [15]. The Institutional Review Board of Charité 

University of Berlin, Germany (approval no: ZS EK 11 654/07) 

approved this study. The ethics committee granted permission 

to collect data and conduct biomarker measurements. Written 

informed consent was obtained from each patient. Patients un-

dergoing emergency surgery (<24 hours between hospital ad-

mission and operation) or off-pump surgery, those presenting 

with advanced chronic kidney disease (Cr >300 µmol/L) or re-

quiring kidney transplant, those <18 years, those on immuno-

suppressive medication, and those enrolled in a conflicting 

study were excluded. 

Study endpoints 
The primary endpoint was the development of MAKE, defined 

as alternatively occurring events of Risk, Injury, Failure, Loss of 

kidney function, and End-stage kidney disease (RIFLE)-AKI 

stages of injury or failure; persistent AKI >48 hours; acute kid-

ney replacement therapy (KRT) initiation; and in-hospital mor-

tality. The secondary endpoint was AKI (stages 1–3) based on 

the RIFLE classification using Cr and urinary output criteria [17]. 

We chose the RIFLE criteria because of their better predictive 

value for in-hospital mortality in cardiac surgery patients than 

that of criteria based on the Acute Kidney Injury Network or Kid-

ney Disease Improving Global Outcome Initiatives [18].

Biomarker sampling and measurement 
Plasma was obtained at induction of anesthesia at ICU admis-

sion and at 24 hours postoperatively, as previously reported [15]. 

Plasma BNP (ng/L) and plasma NGAL (ng/mL) were measured 

using a point-of-care immunoassay (Triage NGAL-test, Triage 
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BNP-test, Alere; Biosite Inc., San Diego, CA, USA). Plasma IL-6 

(pg/mL) was determined using the Cobas e/c411 Immunoassay 

Analyzer Platform (Roche Diagnostics, Mannheim, Germany). 

Hepcidin-25 (ng/mL) was measured using a C-ELISA kit (Intrin-

sic Lifesciences, LLC, La Jolla, CA, USA), according to the man-

ufacturer’s instructions. Serum Cr was measured using a Cobas 

8000 modular analyzer (Roche Diagnostics). Laboratory investi-

gators were blinded to the sample sources and clinical out-

comes.

Statistical analysis 
We focused on the time of ICU admission because it is the time 

point at which maximum concentrations of postoperative 

plasma biomarker concentrations can be reasonably expected 

based on previous findings [19, 20] and because it is suffi-

ciently early to allow effective intervention. The discriminative 

value and performance of candidate biomarkers for predicting 

study endpoints were assessed. In brief, the area under the 

ROC curve (AUC) (reported as AUC [95% confidence interval 

(CI)]) based on biomarker concentrations measured at ICU ad-

mission in conjunction with primary and secondary study end-

points was calculated separately for each marker (for hepci-

din-25, haptoglobin, and hemoglobin with reversed orientation 

indicated, e.g., 1-hepcidin-25). Correlation coefficients were 

calculated using the Spearman’s rank correlation test. The dis-

criminative accuracy of a biomarker for predicting an event of 

interest was considered acceptable when univariate AUC ≥0.7 

[21, 22]. AUCs were compared according to the method of 

Hanley and McNeil [23]. To assess the ability of a biomarker to 

independently predict the endpoints, we calculated the odds ra-

tio (OR) [Exp(B)] adjusted to the following Cleveland kidney in-

jury risk score variables: gender, congestive heart failure defined 

as New York Hearth Association classification class 3 or 4 or left 

ventricular ejection fraction <35%, chronic kidney disease de-

fined as preoperative Cr >120 µmol/L, insulin-dependent dia-

betes mellitus, chronic obstructive pulmonary disease, and his-

tory of cardiac surgery [3]. We evaluated improvements in the 

performance of the above-defined reference model following the 

Table 1. Preoperative and intraoperative patient characteristics 

Variable No MAKE (N=91) MAKE (N=9) P* No AKI (N=91) AKI (N=9) P†

Age (yr) 0.078 0.078

25–50 12 (13.2) 0 (0) 12 (13.2) 0 (0)

51–70 43 (47.3) 2 (22.2) 43 (47.3) 2 (22.2)

71–90 36 (39.6) 7 (77.8) 36 (39.6) 7 (77.8)

Preoperative eGFR <60 mL/min (CKD-EPI), N (%) 23 (25.3) 6 (66.6) 0.009 24 (26.4) 5 (55.6) 0.116

Left ventricular ejection fraction, % 50 (40–60) 55 (25–60) 0.609 50 (40–60) 55 (25–60) 0.739

Pulmonary hypertension, N (%) 26 (28.6) 3 (3.3) 0.716 26 (28.6) 3 (3.3) 0.716

Atrial fibrillation, N (%) 25 (27.5) 3 (33.3) 0.024 25 (27.5) 6 (66.6) 0.024

Peripheral vascular disease, N (%) 19 (20.9) 2 (22.2) >0.99 17 (18.9) 4 (44.4) 0.089

Diabetes mellitus on medication, N (%) 17 (18.9) 3 (3.3) 0.378 17 (18.9) 3 (3.3) 0.378

Hypercholesterolemia, N (%) 58 (63.7) 6 (66.6) >0.99 58 (63.7) 6 (66.6) >0.99

Preoperative medication 

Renin-angiotensin-aldosterone system inhibitors, N (%) 47 (51.7) 7 (77.8) 0.134 46 (50.5) 8 (88.9) 0.036

β-blockers, N (%) 64 (70.3) 8 (88.9) 0.237 63 (69.2) 9 (100) 0.050

Calcium channel blockers, N (%) 30 (33.0) 4 (44.4) 0.485 30 (33.0) 4 (44.4) 0.485

Diuretics, N (%) 52 (57.1) 7 (77.8) 0.230 52 (57.1) 7 (77.8) 0.230

Statins, N (%) 48 (52.8) 5 (55.6) >0.99 48 (52.8) 5 (55.6) >0.99

Cross-clamp time, min 72 (56–89) 96 (65–153) 0.055 73 (56–89) 66 (59–153) 0.350

Numbers denote median (25th–75th percentile) or N (%) as appropriate. 
*P for MAKE vs. no MAKE. †P for AKI vs. no AKI.
Abbreviations: AKI, acute kidney injury; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation for estimation of glomerular filtration rate; 
eGFR, estimated glomerular filtration rate; MAKE, major adverse kidney events.
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addition of a biomarker using category-free net reclassification 

improvement (cfNRI) and integrated discrimination improve-

ment (IDI) [24]. We used leave-one-out cross-validation to 

quantify how accurately the reference and reclassification mod-

els would perform with independent data. We applied logarith-

mic transformations when necessary. Information regarding 

missing data is provided in tables or figure legends. We used 

SPSS, version 25.0 (IBM Corp., Armonk, NY, USA), MedCalc, 

version 19.5.2 (MedCalc Software Ltd., Ostend, Belgium), and 

SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA) for statisti-

cal analysis. As this was an exploratory study, P-values are de-

scriptive and were not adjusted for multiplicity. 

RESULTS

Patient enrollment
Patient enrollment characteristics, including age distribution, 

comorbidities, preoperative medications, and cross-clamp time 

according to patient MAKE and AKI status are reported in Table 

1. Patients who developed postoperative MAKE or AKI were 

more likely to be in the older age groups. The proportion of pre-

operative chronic kidney disease and atrial fibrillation was higher 

in patients with MAKE or AKI than in those without MAKE or 

AKI. Preoperative medication and cross-clamp time were similar 

in patients with and without MAKE or AKI (Table 1). Additional 

perioperative patient characteristics have been previously pub-

lished [16]. Median plasma hepcidin-25 concentrations at ICU 

admission were higher in patients without MAKE (256 ng/mL 

[25th–75th percentile: 148-388] or AKI (260 ng/mL [25th–75th 

percentile: 152-384]) than in patients with subsequent MAKE 

(168 ng/mL [25th–75th percentile: 152-292] or AKI (168 ng/

mL [25th–75th percentile: 76-260]).

Predictive performance of plasma biomarkers at ICU 
admission
For the prediction of MAKE, plasma NGAL:hepcidin-25, plasma 

NGAL, plasma IL-6, and Cr had an AUC >0.7 (Fig. 1), while 

plasma NGAL:hepcidin-25, plasma NGAL, and Cr predicted 

Fig. 1. AUCs of blood biomarkers at ICU admission to predict postoperative MAKE or AKI. Missing values: plasma NGAL (MAKE: N=1/9, 
no MAKE: N=2/91; AKI: N=2/9, no AKI: N=0/91), hepcidin-25 (MAKE: N=0/9, no MAKE: N=1/91; AKI: N=0/9, no AKI: N=1/91), plas-
ma NGAL:hepcidin-25 (MAKE: N=1/9, no MAKE: N=2/91; AKI: N=2/9, no AKI: N=1/91). *Indicates biomarker with inverse relationship 
to endpoints.
Abbreviations: AKI, acute kidney injury; AUC, area under the ROC curve; BNP, B-type natriuretic peptide; CK, creatine kinase; CKMB, creatine kinase myo-
cardial band; CRP, C-reactive protein; ICU, intensive care unit; IL, interleukin; MAKE, major adverse kidney events; NGAL, neutrophil gelatinase-associated 
lipocalin. 
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0.63
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0.61
0.57
0.49
0.48

0.01
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(0.42–0.84)
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AKI with an AUC >0.7. For both MAKE and AKI, plasma NGAL: 

hepcidin-25 showed the highest discriminatory value at ICU ad-

mission (MAKE: AUC=0.79 [95% CI 0.63–0.95], P =0.007; 

AKI: AUC=0.89 [0.81–0.98], P =0.001). At a cut-off of ≥0.9 

(N=33/100 patients, 33%), the sensitivity and specificity of the 

ratio were 87.5% and 70.8% for MAKE and 100% and 71.1% 

for AKI, respectively. None of the other biomarkers at ICU ad-

mission, including hepcidin-25, CRP, BNP, lactate, creatine ki-

nase, creatine kinase myocardial band (CKMB), 1-hemoglobin, 

and leukocytes, were discriminative for the prediction of MAKE 

or AKI (AUC <0.7).

Value of the biomarker for reclassification of patients with 
or without MAKE or AKI 
The addition of plasma NGAL:hepcidin-25 increased cfNRI for 

MAKE and AKI after adjustment for confounders (Table 2). 

Plasma NGAL:hepcidin-25 improved the reclassification index, 

cfNRI, because of correct reclassification of patients who did 

not develop MAKE or AKI. No biomarker improved IDI for MAKE 

or AKI.

Covariate adjustment of biomarker predictive value for 
primary endpoint MAKE 
The predictive value of the best biomarker at ICU admission, 

plasma NGAL:hepcidin-25, was adjusted for the covariates 

mentioned under statistical analysis. At ICU admission, using a 

cut-off value of ≥0.9 (N=33/100 patients, 33%), the ratio was 

an independent predictor of MAKE (adjusted OR=16.34 [95% 

CI 1.77–150.49], P =0.014), whereas, in the same model, Cr, 

was not (P =0.590).

AUC comparison of biomarkers for MAKE and AKI prediction
Plasma NGAL:hepcidin-25 was compared with other biomark-

ers and classical kidney function parameters at ICU admission 

for the prediction of MAKE and AKI (Table 3). MAKE-predictive 

value was similar for plasma NGAL:hepcidin-25 and Cr, but the 

ratio outperformed Cr for AKI prediction (AUC=0.89 [95% CI 

0.81–0.98] vs. 0.63 [0.37–0.89], AUC difference=0.26 [95% 

CI 0.00–0.53]) (Table 3). 

AUC comparison of plasma biomarkers versus urinary 
biomarkers for MAKE and AKI prediction
Using AUCs of urinary biomarkers at ICU admission from our 

previous publication [16], none of the AUC comparisons re-

vealed an advantage of urinary biomarkers over plasma bio-

markers, except that of urinary hepcidin-25, which was more Ta
bl
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Table 3. Comparison of plasma NGAL:hepcidin-25 versus other biomarkers at ICU admission for MAKE and AKI

Biomarkers at ICU admission (events: MAKE/AKI)
MAKE AKI

AUC (95% CI) P AUC (95% CI) P

Plasma NGAL:hepcidin-25 vs. serum creatinine 0.79 (0.63–0.95); 0.599 0.89 (0.81–0.98); 0.051

   (N=8 of 97 patients/N=7 of 97 patients) 0.72 (0.46–0.97) 0.63 (0.37–0.89)

Plasma NGAL:hepcidin-25 vs. urinary output 0.79 (0.63–0.95); 0.894 0.89 (0.81–0.98); 0.116

   (N=8 of 97 patients/N=7 of 97 patients) 0.78 (0.62–0.93) 0.74 (0.56–0.92)

Plasma NGAL:hepcidin-25 vs. urinary protein 0.79 (0.63–0.95); 0.482 0.89 (0.81–0.98); 0.030

   (N=8 of 97 patients/N=7 of 97 patients) 0.73 (0.57–0.88) 0.66 (0.45–0.88)

Plasma NGAL:hepcidin-25 vs. plasma NGAL 0.79 (0.63–0.95); 0.881 0.89 (0.81–0.98); 0.111

   (N=8 of 97 patients/N=7 of 97 patients) 0.77 (0.57–0.88) 0.73 (0.54–0.93)

Plasma NGAL:hepcidin-25 vs. 1-plasma hepcidin-25* 0.79 (0.63–0.95); 0.014 0.89 (0.81–0.98); 0.042

   (N=8 of 97 patients/N=7 of 97 patients) 0.58 (0.38–0.78) 0.71 (0.52–0.91)

Plasma NGAL:hepcidin-25 vs. plasma IL-6 0.72 (0.45–0.99); 0.892 0.943 (0.88–0.99); 0.054

   (N=4 of 88 patients/N=3 of 88 patients) 0.74 (0.53–0.96) 0.67 (0.39–0.95)

Plasma NGAL:hepcidin-25 vs. urinary NGAL:hepcidin-25 0.79 (0.63–0.95); 0.555 0.89 (0.81–0.98); 0.973

   (N=8 of 97 patients/N=7 of 97 patients) 0.84 (0.66–0.99) 0.89 (0.80–0.98)

*Indicates biomarker with inverse relationship to endpoints. 					   
AUC of urinary NGAL:hepcidin-25 at ICU admission was used from a previous publication [16].					   
Abbreviations: AKI, acute kidney injury; AUC, area under the ROC curve; ICU, intensive care unit; IL, interleukin; MAKE, major adverse kidney events; 
NGAL, neutrophil gelatinase-associated lipocalin.

Table 4. Comparison of plasma biomarkers versus urinary biomarkers at ICU admission for MAKE and AKI

Biomarkers at ICU admission (events: MAKE/AKI)
MAKE AKI

AUC (95% CI) P AUC (95% CI) P

Plasma NGAL vs. urinary NGAL 0.77 (0.60–0.94); 0.771 0.73 (0.53–0.93); 0.729

   (N=8 of 98 patients/N=7 of 98 patients) 0.73 (0.54–0.93) 0.77 (0.62–0.92)

1-plasma hepcidin-25* vs. 1-urinary hepcidin-25* 0.60 (0.41–0.78); 0.010 0.63 (0.42–0.84); 0.103

   (N=9 of 99 patients/N=9 of 99 patients) 0.83 (0.72–0.94) 0.80 (0.68–0.92)

Plasma IL-6 vs. urinary IL-6 0.74 (0.51–0.96); 0.712 0.69 (0.46–0.91); >0.99

   (N=4 of 89 patients/N=4 of 89 patients) 0.70 (0.42–0.97) 0.69 (0.46–0.99)

*Indicates biomarker with inverse relationship to endpoints. 					   
Abbreviations: AKI, acute kidney injury; AUC, area under the ROC curve; ICU, intensive care unit; IL, interleukin; MAKE, major adverse kidney events; 
NGAL, neutrophil gelatinase-associated lipocalin.

than that of plasma hepcidin-25 for MAKE prediction (Table 4). 

Correlation of plasma NGAL:hepcidin-25 with haptoglobin 
at ICU admission
Plasma NGAL:hepcidin-25 at ICU admission did not correlate 

with absolute changes in serum haptoglobin from ICU admission 

to 24 hours postoperatively (Spearman-Rho=0.191, P =0.071).

DISCUSSION

We assessed the predictive value of classical kidney function 

parameters and clinical markers and kidney injury biomarkers 

for MAKE and AKI after cardiac surgery. We found that plasma 

NGAL, plasma NGAL:hepcidin-25, and Cr at ICU admission 

predicted MAKE and AKI with AUC >0.7. Classical kidney func-

tion parameters other than Cr, such as urinary output and pro-

tein, plasma lactate, CRP, CKMB, or BNP at ICU admission did 

not predict MAKE or AKI. Only plasma NGAL:hepcidin-25 cor-

rectly reclassified patients according to their MAKE and AKI sta-

tus. After adjustment for relevant confounders, plasma NGAL: 

hepcidin-25 with a cut-off of ≥0.9 was an independent predic-

tor of MAKE, whereas Cr was not. This finding was supported by 
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the numerically higher AUC of the ratio than that of Cr for AKI 

prediction. Plasma NGAL:hepcidin-25 did not correlate with 

postoperative plasma haptoglobin concentrations. 

Urinary biomarkers might be more sensitive for histological 

damage (i.e., tubular injury), whereas plasma biomarkers might 

better detect changes in glomerular filtration function [25-27]. 

Previous studies have assessed the predictive performances of 

several kidney biomarkers representing direct or indirect com-

ponents of tubular stress, such as NGAL or IL-6, or potential 

kidney-protective mechanisms, such as hepcidin-25 [28, 29]. A 

recent meta-analysis assessing the predictive value of plasma 

and urinary NGAL for AKI suggested that the predictive perfor-

mance of plasma NGAL was better than that of urinary NGAL 

[13]. In a cohort of patients at risk of AKI, Yi, et al. [30] com-

pared the AKI-predictive value of plasma and urinary NGAL and 

found higher AUC values for plasma NGAL. In the present co-

hort, the AUCs of plasma NGAL:hepcidin-25 and plasma NGAL 

appeared to be almost similar to those measured in urine for 

MAKE and AKI prediction. It is possible that the lack of direct 

detection of kidney tubular injury using plasma biomarkers may 

be compensated when plasma biomarkers are filtered in the 

setting of impaired glomerular filtration function (molecular 

weight <60 kDa). 

Consistent with previous findings for urinary and plasma hep-

cidin-25 [16, 31, 32], the plasma hepcidin-25 concentrations in 

this study were higher in patients without AKI than in those with 

subsequent AKI. Notably, the combination of plasma NGAL and 

plasma hepcidin-25 at ICU admission expressed as plasma 

NGAL:hepcidin-25 improved the predictive value of both mark-

ers, achieving AUC values >0.79 for the prediction of both end-

points. The weaker performance of plasma NGAL or plasma 

hepcidin-25 alone in reclassifying MAKE and AKI may reflect 

the limitations of the markers themselves or may be, at least 

partly, the effect of an “imperfect” gold standard, with changes 

in Cr being a poor reference standard.

Elevated plasma NGAL or IL-6 concentrations potentially indi-

cate tubular injury, as such biomarkers may be reabsorbed or 

leaked back into the plasma [8]. Our findings may reflect the 

roles of both plasma NGAL and plasma hepcidin-25 in main-

taining the homeostasis of labile-iron compounds during and af-

ter cardiopulmonary bypass [8, 31, 33]. During cardiac surgery, 

unbound labile iron-related injury maintained by inflammatory 

stress may be of specific pathophysiological importance for AKI 

[34]. Consistent with recent findings, our results suggest that 

lower concentrations of hepcidin-25 are independently associ-

ated with increased mortality in critically ill patients with AKI re-

quiring KRT [35]. These observations highlight the importance 

of iron homeostasis in human ischemia-reperfusion injury and 

suggest a potentially modifiable risk factor during cardiac sur-

gery [32]. However, in our cohort, haptoglobin did not correlate 

with plasma NGAL:hepcidin-25, suggesting potential alternative 

injury pathways of cell-free hemoglobin and inflammation in pa-

tients who have undergone cardiac surgery with cardiopulmo-

nary bypass. The weak performance of routine biochemical 

markers, such as leukocyte counts, CRP, and creatine kinases, 

for predicting MAKE and AKI after cardiac surgery may be ex-

plained by a missed optimal sampling timepoint, lack of rela-

tionship with early postoperative tubular injury, or potential non-

inflammatory, non-cardiac lesion-related pathogenic tubular 

stress factors being active in cardiac surgery. Progress has been 

made in the development of new biomarkers to diagnose and 

manage AKIs that go beyond the current AKI definition/staging 

criteria [36]. Importantly, biomarker-based improved risk as-

sessment after cardiac surgery may guide timely initiation of ef-

fective nephroprotective measures addressing hemodynamic 

and medication adjustments after cardiac surgery [37-40]. 

We investigated a representative, well-defined cohort of pa-

tients at increased risk of kidney injury after cardiac surgery. In 

this cohort, we previously described how a panel of urinary kid-

ney biomarkers improved a preoperative kidney injury risk score 

[16], thus enabling direct comparison of the predictive values of 

simultaneously measured plasma and urinary biomarkers in the 

current study. However, in patient cohorts with only few MAKE 

or AKI events, larger sample sizes are necessary to derive reli-

able performance estimates, particularly for the estimation of 

classification errors. Thus, the sample size used in this study is 

a limitation precluding the generalization of the findings. In 

smaller studies, an apparently improved accuracy of prediction 

models may be skewed by model overfitting. Therefore, we 

used more conservative estimates resulting from cross-valida-

tion. Finally, as classical kidney function parameters, we as-

sessed the predictive value of not only Cr but also urinary pro-

tein and output.

In conclusion, this pilot study identified the plasma NGAL: 

hepcidin-25 ratio as a strong and independent predictor of 

MAKE. This finding provides further support for the pathophysi-

ologic relevance of labile iron activity in cardiac surgery-associ-

ated AKI. This ratio needs to be compared with classical kidney 

function parameters in larger studies including more patients 

with the target conditions.  
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