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On admission all biomarker levels were higher in patients with AKI compared to non-AKI: 

110.6 (63.3 to 193.3) vs 43.2 (30.6 to 66.8) pmol/L for penKid, 1.8 (1.2 to 2.7) vs 0.8 (0.6 

to 1) mg/dL for sCreat, 494 (247.8 to 909.2) vs 126 (74 to 225.8) ng/mL for pNGAL, 631.5 

(158.9 to 1500) vs 62.5 (27 to 204.9) ng/mL for uNGAL, 2 (1.4 to 3) vs 1 (0.8 to 1.4)  

mg/L for pCyst and 0.8 (0.2 to 3.4) vs 0.2 (0.1 to 1) mg/L for uCyst (all p<0.001). For 

patients without AKI, plasma penKid levels were within the healthy normal range, 

whereas at least half of these patients had supranormal concentrations of pNGAL and 

pCyst (Fig. 2).  

 
 

 

 

 

 

 

 

 

 

Fig. 2: Admission concentrations of penKid, pNGAL and pCyst in patients with and 

without AKI. Reported reference ranges for healthy normal subjects are indicated per 

marker. 

 

penKid, sCreat, pNGAL and pCyst had best predictive values (Fig. 3). Area under the ROC 

curve (AUC-ROC) for AKI was: 0.805 [0.786-0.824] for penKid, 0.822 [0.803-0.84] for 

pNGAL, 0.821 [0.801-0.838] for pCyst. AUC-ROC for transient AKI was: 0.63 [0.593-0.666] 

for sCreat, 0.675 [0.639-0.713] for penKid, 0.649 [0.611-0.687] for pNGAL and 0.688 

[0.654-0.724] for pCyst. AUC-ROC for MAKE was: 0.686 [0.662-0.709] for sCreat, 0.736 

[0.713-0.758] for penKid, 0.737 [0.713-0.759] for pNGAL and 0.743 [0.72-0.765] for 

pCyst.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

The French and euRopean Outcome reGistry in Intensive Care Units (FROG-ICU) study was 

a multicenter observational study, including 2087 critically ill consecutive patients. The 

protocol has previously been described (5). Plasma was collected on admission for all 

patients. Primary endpoint was acute kidney injury (AKI), defined by KDIGO definition 

using the creatinine criteria (using creatinine on admission as the baseline creatinine). 

Secondary endpoints included severe AKI (defined by KDIGO stage 2 or 3), transient AKI 

and major adverse kidney events (MAKE, including – death, RRT and non-renal 

recovery).The association between outcomes and penKid was assessed by univariate 

analysis. Pearson correlation was assessed for penKid and eGFR.  Predictive values were 

assessed using area under the ROC curves. penKid was measured using a chemilumines-

cence-based sandwich immunoassay provided by sphingotec GmbH (Hennigsdorf, 

Germany), as described (3,4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
893 (43%) patients developed AKI including 716 patients with severe AKI. 338 (37%) of 

these patients had transient AKI. 832 (40%) patients developed a MAKE including 480 

requiring RRT. A strong correlation was observed between penKid and eGFR on admission 

(Pearson r=-0.75, p<0.001) (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acute kidney injury (AKI) has been associated with an increased risk of death and poor 

outcome in critically ill patients (1). Current definition of AKI lies on urine output and 

serum creatinine (sCreat). However both of these biomarkers may lack sensitivity and/or 

specificity towards kidney damage. This may introduce delay in AKI recognition.  

Pro-Enkephalin (penKid) reflects secretion of enkephalin (2), an endogenous opioid 

peptide, which has been found to play a role in cardiovascular and cellular stress 

regulation. Plasma penKid has furthermore been suggested to be secreted upon AKI (3,4). 

PenKid is therefore a biomarker of interest of AKI. The objective of this study was to 

explore the diagnostic and prognostic value of a panel of biomarkers of renal injury and 

renal function: plasma penKid, urine and plasma Cystatin C (uCyst, pCyst), and urine and 

plasma neutrophil gelatinase-associated lipocalin (uNGAL, pNGAL) in critically ill 

patients. 

Purpose of the study 

Methods 

Conclusions 

Plasma penKid, pNGAL and pCyst appear to be valuable biomarkers of AKI in critically ill 

patients. Notably, in this type of patients penKid – as opposed to pNGAL and pCyst – was 

not elevated over the healthy normal range in the absence of AKI, facilitating the use of 

a simple cut-off value for this marker. 
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 All patients (n=2087) 

Male gender [n (%)] 1361 (65.2) 

Age (years) 63 (51 to 74) 

Cause of admission 
 

 out-of-hospital cardiac arrest [n (%)] 179 (8.6) 

 septic shock [n (%)] 488 (23.4) 

 acute respiratory failure [n (%)] 394 (18.9) 

SOFA score at admission 8 (5 to 10) 

SAPS-II at admission 49 (36 to 63) 

eGFR at admission [mL/min/1.73 m2] 76.3 (37.1 to 104.2) 

in-ICU mortality [n (%)] 452 (21.7) 

One-year mortality [n (%)] 785 (37.6) 

 
Table 1: Clinical characteristics of patients included in the FROG-ICU study. Continuous 

variables are expressed as median (interquartile range) 

Fig. 1: Correlation of admission plasma concentration of penKid with the estimated 

glomerular filtration rate (eGFR). 

r = ‒0.75 

Results 

Fig. 3: Prediction of AKI, transient AKI and MAKE by various biomarkers. 
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