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penKid was highly correlated to serum creatinine (Spearman r=0.74). Multivariable 

regression analysis identified serum creatinine as the strongest independent 

determinant of elevated penKid levels (partial R=0.58, p<0.0001) (Fig. 1). When kidney 

function was normal (renal SOFA score=0), penKid levels were essentially within the 

healthy normal range (25 – 80 pmol/L), whereas penKid increased  with the renal SOFA 

score (Kruskal-Wallis Chi2 448.8, p<0.0001) (Fig. 2). Elevated penKid predicted incident 

acute worsening of renal function (AKI) as well as the use of renal replacement therapy 

(RRT) (p<0.0001 for both, unadjusted) (Fig. 3). In a multivariate Cox model after 

adjustment for serum creatinine, chronic kidney disease, and other variables, penKid 

was an independent risk predictor for 90 day mortality (HR=1.4 [1.1-1.8] per 1 IQR 

change) (Fig. 4). Also in combination with either SOFA score or SAPS score penKID was 

an independent risk predictor for 90 day mortality (both p<0.0001). Serial measurement 

of penKid further improved mortality risk prediction (Cox regression for time-dependent 

covariates; added Chi2 32.4, p<0.0001; univariate HR (combining day 1-day 7)=2.1 [1.8-

2.4] vs. HR(day 1 only)=1.8 [1.6-2.1] per 1 IQR change) (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Prediction of incident AKI (left) and renal replacement therapy (right) by day 1 

penKid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Mortality risk prediction by day 1 penKid quartiles (left) and by serial 

measurement of penKid (right) using below/above cut-off 70 pmol/L variants on days 1 

and 7. 

 

 

 

 

 

 

 
 

 

 

 

  

 

 

 

 

Acute kidney injury (AKI) is a frequent complication in sepsis, associated with increased 

lethality (1). In such setting accurate prediction of incident AKI by biomarkers has been 

frequently impaired by delayed response and/or influence of the systemic inflammation 

(2). Pro-Enkephalin (penKid), a stable surrogate marker for Enkephalins (3), has emerged 

as a novel promising plasma biomarker reflecting kidney dysfunction in acute diseases (4-

6).  Here we describe performance of penKid as predictor of incident AKI in a large cohort 

of patients with severe sepsis or septic shock from the Albumin Italian Outcome in Sepsis 

(ALBIOS) trial (7).  

Purpose of the study 

Methods 

Results 

Conclusions 

In this large study including almost 1,000 patients with severe sepsis or septic shock from 

40 Italian ICUs, preliminary analyses show that plasma penKid was associated with both 

prevalent and incident kidney dysfunction and independently predicted mortality.  The 

absence of influence of systemic inflammation on penKid levels along with the fact that 

penKid is assayed in plasma (not urine) makes it a novel kidney biomarker especially 

attractive for use in critically ill patients. 
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Fig. 2: Cross-sectional association of day 1 penKid with renal SOFA score. 

The healthy normal range of penKid is indicated. 

Characteristics Eligible patients (n=956) 

 Median [IQR] or no. (%) 

Age – years 70 [58-78] 

Female sex – no. (%) 395 (41.3) 

Reason for admission to ICU- no. (%)  

  Medical 538 (56.3) 

  Elective surgery 67 (7.0) 

  Emergency surgery 351 (36.7) 

SAPS II score 46 [35-56] 

SOFA score 7 [5-10] 

Lactate – mmol/liter 1.7 [1.1-2.6] 

Serum creatinine – mg/dL 1.3 [0.8-2.3] 

Shock – no. (%) 539 (56.4) 

Mortality (90 days) – no. (%) 369 (38.6) 

 

Table 1:  

Patient characteristics 
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Fig. 1: Determinants of penKid by multivariate regression  

In a predefined biologic substudy of the ALBIOS trial, which randomized patients to 

albumin replacement in addition to crystalloids or crystalloids alone, valid biomarker 

measurements from EDTA plasma samples were obtained from 956 patients on days 1, 2 

and 7 after randomization. Relations between plasma penKid concentrations, clinical 

characteristics and outcomes were analyzed. 
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