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Measures of renal function were the major determinants of penKid levels (Fig. 1). 

PenKid independently predicted worsening renal function (Odds ratio 1.58[1.24-2.00, 

P<0.0005]) with a model ROC area of 0.69 (Fig. 2) and was associated with the degree 

of worsening renal function. In patients with WRF, penKid levels were increased on 

admission and increased thereafter (Fig. 3). During 1 year follow-up 518 patients died. 

Multivariable Cox regression models showed penKid level was an independent predictor 

of 1 year mortality (hazard ratio HR 1.43[95%CI 1.23-1.67, P<0.0005]) (Fig. 4) and 1 

year death and/or heart failure (HR 1.27[1.10-1.45, P=0.001]). PenKid independently 

predicted outcomes at 3 or 6 months. PenKid levels were independent predictors of in-

hospital mortality, predominantly down-classifying risk in survivors when added to 

clinical scores and levels <133.3 pmol/L and >211.3 pmol/L detected low and high-risk 

patients, respectively. 

Pro-Enkephalin (penKid) and Enkephalin receptors are widely distributed (1). Enkephalins 

are cardiodepressor and difficult to measure directly. PenKid is a stable surrogate analyte 

of labile enkephalins (2) and has been shown in various acute disease conditions including 

sepsis (3) and acute myocardial infarction (4) to predict renal dysfunction and adverse 

outcome. Cardiorenal syndrome is common in acute heart failure (AHF) and portends 

poor prognosis (5). In this study we assessed the prognostic value of penKid levels in AHF, 

identified levels that may be useful in clinical decisions and assessed its use for 

predicting cardiorenal syndrome. 

Purpose of the study 

Methods 

Results 

Conclusions 

PenKid levels reflect the cardio-renal status in Acute Heart Failure and are prognostic for 

worsening of renal function, death in-hospital and during short or long-term follow-up. 
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Proenkephalin, prediction of renal dysfunction and short and longer 
term prognosis in acute heart failure - a GREAT network study 

Fig. 2: Forest plots of a multivariable analysis showing odds ratio for clinical 

variables, natriuretic peptides and penKid for prediction of worsening renal function 

during initial hospitalisation. 

 

Table 1: Patient characteristics 

Fig. 1: Determinants of 

penKid by multivariate 

regression. Only variables 

with statistically significant 

contribution to the model 

are shown.  

In a multicentre study we measured penKid in 1908 (1186 male, mean age 75.66±11.74 

years) AHF patients. The primary end-point was all cause mortality at 1-year; secondary 

endpoints were in-hospital mortality, all-cause mortality or heart failure rehospitalisation 

within 1 year and in-hospital worsening renal function, defined as a rise in plasma 

creatinine ≥ 26.5 μmol/L or 50% above the admission value within 5 days of presentation. 

  All Leicester Paris Basle P Value (3 sites) 

Number 1908 862 214 832   

Age (years) 75.66 (11.74) 75.07 (11.62) 73.87 (14.17) 76.73 (11.09) <0.0009 

Male (%) 1186 (62.2) 540 (62.6) 132 (61.7) 514 (61.8) NS 

Body Mass index (kg m-2) 28.5 (6.7) 33.0 (8.6) NA 27.3 (5.6) <0.0001 

Ischemic heart disease 769 (40.4) 249 (28.9) 76 (35.5) 444 (53.6) <0.0001 

Renal Failure 633 (33.3) 186 (21.6) 45 (21) 402 (48.7) <0.0001 

Heart Failure 860 (45.3) 301 (34.9) 118 (55.1) 441 (53.6) <0.0001 

Hypertension 1330 (69.7) 505 (58.6) 137 (64) 688 (82.7) <0.0001 

Diabetes Mellitus 609 (32) 298 (34.6) 62 (29) 249 (30) NS 

Heart rate (beats/min) 90.43 (25.68) 91.89 (25.65) 88.72 (25.79) 89.38 (25.63) NS 

Systolic BP (mm Hg) 136.74 (27.63) 135.54 (27.06) 138.44 (33.8) 137.5 (26.45) NS 

Plasma Urea (mmol/L) 11.05 (6.93) 10.67 (6.33) 12.44 (9.97) 11.1 (6.49) NS 

Plasma Creatinine 

(μmol/L) 

126.82 (65.62) 126.13 (53.57) 139.15 (102.54) 124.38 (64.75) 0.0133 

Plasma Sodium (mmol/L) 137.81 (4.99) 137.27 (5.35) 136.55 (5.03) 138.71 (4.41) <0.0001 

Troponin I (μg/L) 0.04 [0.01-0.07] 0.04 [0-0.08)   0.04 [0.02-0.07) 0.0091 

eGFR (ml/min/1.73m2) 56.24 (24.86) 54.46 (21.7) 54.05 (27.59) 58.68 (26.99) 0.0093 

Loop Diuretic 1095 (65.6) 527 (61.1)   568 (70.3) 0.0001 

Beta-blocker 900 (53.9) 381 (44.2)   519 (64.2) <0.0001 

ACE inhibitor or ARB* 1043 (61.6) 491 (57)   552 (66.3) <0.0001 

Aldosterone antagonist 222 (13.1) 108 (12.5)   114 (13.7) NS 

penKid (pmol/L) 97.2 [14.8-997.5] 100.9 [14.8-641.3] 96.5 [30.7-997.5] 93.9 [15.6-664.2] NS 

NTproBNP(pmol/L)   2187.7 [985.3-4059.7] - -   

BNP (pg/mL)   - 1241.5 [639-2365.5] -   

NTproBNP (pg/mL)   - - 5006.5 [2451.2-9825]   
Z transformed Log 

Natriuretic peptide 

0.17 [-0.41-0.64] 0.26 [-0.23-0.63) 0.05 [-0.68-0.76) 0.03 [-0.59-0.62) 0.001 

Fig. 3: Patients with 

worsening renal function 

(WRF) had higher penKid 

levels on admission than 

those without WRF, and 

these increased post-

treatment. Plasma 

samples taken before and 

after treatment of the 

acute episode of HF were 

available in 1,012 patients 

of the Leicester and Basel 

cohorts, with 

posttreatment levels 

obtained approximately 5 

days following admission. 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Cumulative 

incidence of all-cause 

mortality. Quartile 1: 

<66.9 pmol/l, Quartile 2 

66.9–97.2 pmol/l, Quartile 

3: 97.2–147 pmol/l; 

Quartile 4: >147 pmol/l. 

The 99th percentile of the 

healthy normal range has 

been previously 

determined at 80 pmol/l 

(3). 
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