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Soluble Urokinase Plasminogen Activator Receptor (suPAR) as a prognostic 

biomarker in cardiogenic shock: a prospective observational pilot study. 

 

Cette thèse est présentée sous forme d’article scientifique. Ce travail est issu d’une étude 

clinique approuvée par un comité d’éthique et enregistré sur un registre international de 

recherche clinique. 

 

Préambule 

L’étude de biomarqueur pouvant prédire la sévérité et le pronostic de certaines pathologies est 

un enjeu de santé publique. Un de ces marqueurs les plus prometteurs est le récepteur soluble 

de l’urokinase plasminogène activateur (suPAR). L’uPAR est une protéine qui se trouve 

principalement sur les cellules du système immunitaire telles que les macrophages, neutrophiles 

ou cellules T.  Ces dernières libèrent l’uPAR sous forme soluble (suPAR) au cours de 

l’inflammation. Le suPAR a fait la preuve à travers plusieurs études de son implication dans le 

pronostic de nombreuses maladies. D’abord cancéreuses puis infectieuses avec notamment en 

2000 il se révèle être un marqueur puissant et indépendant dans la survie des patients infectés 

par le virus de l’immunodéficience acquise (VIH). Peu après, trois études réalisées sur une large 

population de patients admis en réanimation ou aux urgences ont démontré que des 

concentrations de suPAR > 12 ng/mL pouvaient prédire de façon fiable une évolution 

péjorative. Par ailleurs, une élévation des taux circulants de suPAR apporterait des données 

pronostiques dans le cadre des affections cardiovasculaires via son implication dans 

l’inflammation.  

Dans notre étude, nous nous intéressons aux patients en état de choc cardiogénique quelle que 

soit l’étiologie.  

 

L'hypothèse de cette étude est qu’un taux élevé de suPAR serait un facteur de mauvais pronostic 

dans l’évolution du choc cardiogénique. Nous avons analysé la cinétique du biomarqueur, son 

lien avec la mortalité et les ré hospitalisations et l’intensité des traitements prescrits. 
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Abstract 

 

Background: Despite improving the management of cardiogenic shock, the morbidity and 

mortality rate remain high. Inflammation is firmly established in genesis and complications of 

cardiovascular diseases. The soluble urokinase plasminogen activator receptor (suPAR) has 

proven to strongly evaluate prognosis in stable heart failure (HF). Our objective was to evaluate 

the suPAR prognostic performance in patients with cardiogenic shocks on global mortality. 

 

Methods: We collected biologics data including suPAR level in every patient admitted in 

Cardiac Intensive Care Unit or in Intensive Care Unit who suffered from cardiogenic shock 

from May 2020 to December 2020. The primary endpoint was a composite of death of any 

cause, heart transplant or long-term cardiac assist devices requirement.  

 

Results: 51 patients were included in the statistical analysis. The mean age was 63 years, with 

72,5% of men. SuPAR level was not significantly associated with predictive mortality, cardiac 

transplant or long-term assist devices requirement.  

 

Conclusion: The suPAR biomarker failed to evaluate the prognosis of patients admitted for 

cardiogenic shock. 

 

 

 

 

 

  



 30 

Keywords and list of abbreviations 

 

Keywords: biomarkers; cardiogenic shock; prognosis; soluble urokinase-type plasminogen 

activator receptor (suPAR) 

 

List of abbreviations  

uPAR  Urokinase-type Plasminogen Activator Receptor 

suPAR   Soluble Urokinase-type Plasminogen Activator Receptor 

CS   Cardiogenic Shock 

HF   Heart Failure 

NT-proBNP  N-Terminal Pro Brain Natriuretic Peptide  

hs- cTnT high-sensitive cardiac Troponin T  

CRP   C-Reactive Protein  

LVEF   Left Ventricular Ejection Fraction  

DCM   Dilated Cardiomyopathy  

ECMO   Extracorporeal Membrane Oxygenation  

LVAD   Left Ventricular Assist Device  

SIRS   Systemic Inflammatory Response Syndrome  

PCT   Procalcitonin  

IL-6   Interleukin-6  

sST2   Soluble Suppression of Tumorigenicity-2 

PE   Primary Endpoint 

 

 

 



 31 

1. BACKGROUND 

Cardiogenic Shock (CS) is associated with significant morbidity and mortality despite advances 

in treatments. Mortality rates of patients admitted for CS were 57.8% and 68.2% at four weeks 

and one year, respectively (1). Identifying the most severe patients and the risk of poor outcome 

remained challenging (2). Consistently, guidelines recommend to evaluate myocardial fibrosis 

biomarkers (including sST2) to stratify the cardiovascular risk of patients admitted for acute 

Heart Failure (HF) decompensation (3). CS is the most severe state of HF and is highly 

associated with systemic acute inflammation (4, 5). Several biomarkers have been evaluated in 

decompensated HF as Soluble Suppression of Tumorigenicity-2 (sST2), chromogranin A and 

Soluble Urokinase-type Plasminogen Activator Receptor (suPAR).  

sST2 was identified as a new prognostic biomarker in HF, independent from age, kidney 

function, anemia or body mass index (6, 7). Chromogranin A is a protein from neuroendocrine 

cells that appears to have high serum levels in HF (8). Urokinase-type Plasminogen Activator 

Receptor (uPAR) is a glycoprotein involved in tissue reorganization events and regulation of 

plasminogen (9). Under inflammatory stimulation the protein detaches from cell surface and 

transforms into its soluble form (suPAR), increasing its serum level. The suPAR reflects a 

pathophysiological pathway closely linked with subclinical organ damage. High suPAR serum 

levels are found in case of HF. Our team demonstrated very recently that high suPAR levels 

during hospitalization for acute HF were highly predictive for the risk of mortality, but not the 

risk of readmission. High levels of suPAR were associated to poor outcomes in septic shock as 

well (10, 11). However, data are lacking in the siting of CS. 

This study aims to evaluate the suPAR prognosis performance in patients with CS. 
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2. MATERIALS AND METHODS 

 

2.1 Study design  

This was a prospective study conducted at University Hospital of Montpellier (Cardiac 

Intensive Care Unit and Intensive Care Unit). SuPAR level of expression was blinded to the 

physicians during the study period. It included patients hospitalized for CS and the suPAR 

sample was collected at the CS diagnosis and one week after the diagnosis.   

 

2.2 Population selection 

Between May 2020 and December 2020, every patient admitted for CS were included in the 

study. The diagnostic of CS was defined according to current guidelines (12, 13). Exclusion 

criteria were: 

- patients < 18 years of age,  

- patients under justice safeguard,  

- patients under protection or under curatorship,  

- patients unable to get clear information. 

 

2.3 Biological measurements 

At inclusion of patients, routine parameters such as urea, electrolytes, creatinine, N-terminal 

pro brain natriuretic peptide (NT-proBNP), high-sensitive cardiac troponin T (hs- cTnT) and 

C-reactive protein (CRP) were performed on Cobas 8000 (Roche Diagnostic, Meylan, France) 

using e701 and e602 modules. In addition, venous blood was collected in dry and EDTA tubes, 

immediately centrifuged and frozen (−80 °C) on several aliquots until tested. The determination 

of suPAR levels (from plasma aliquot never thawed) was performed with 

sUPARnostic©TurbiLatex reagents provided by ViroGates society (Birkerød, Danemark) and 
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adapted on Cobas 8000 analyzer (module c502) using a turbidimetric method. Experienced 

technicians measured suPAR in plasma every week during the first two weeks (14). 

 

2.4 Endpoints 

The main clinical endpoint was global mortality, cardiac transplant requirement or long-term 

cardiac assist devices requirement at 6 months. Secondary endpoints were: 

- the duration of initial hospitalization,  

- the rate of rehospitalization for any cause at 6 months,  

- the rate of rehospitalization for acute HF decompensation at 6 months.  

Endpoint data were collected at 6 months follow-up during scheduled consultation or directly 

by contacting the patient or their primary care physician. 

 

2.5 Statistical analysis 

The qualitative variables described with percentages and numbers are compared between the 

two groups using the Chi2 test (or Fisher's test). Quantitative variables are described with their 

means and standard deviation or median and interquartile range and are compared using the 

Student’s test for variables with a normal distribution or the Wilxon Mann Whitney’s test. The 

prognostic capacities of suPAR in the sample were explored graphically via the ROC curve and 

statistically via its area under the curve accompanied by its 95% confidence interval. We also 

analyzed the prognostic capacity of suPAR in the group of patients with dilated cardiomyopathy 

with the same statistical analysis method. We use the Spearman correlation to analyze the 

correlation between hospital stay and quantitative variables; and the Wilcoxon Man Whitney 

test to compare the length of hospital stay between different groups of patients. The mean and 

standard deviation of length of hospital stay are presented and the median and interquartile 

range.  
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2.6 Ethics 

Written and informed consent was obtained for all participants. The local Ethics Committee 

approved the study of Montpellier University Hospital (N° DC-2016-2882). If the patient was 

in coma at the initial stage of care, a sample was taken and analyzed when the patient was able 

to receive information and agree. 

 

3. RESULTS 

 

3.1 Trial population  

Fifty-one patients were included for the statistical analysis between May 2020 and December 

2020. The median age was 66 years (57; 72), with 37 (72,5%) men. Main etiologies of CS were 

ischemic, rhythmic, valvular and dilated heart disease. 43% of patients had dilated heart disease. 

The median Left Ventricular Ejection Fraction (LVEF) was 20.0% (inter quartile rang 10.0; 

25.0). The mean level of suPAR rate was 10.96 ± 7.20 ng/ml at admission and 12.01 ± 8.75 

ng/ml one week later. Detailed population characteristics are presented in Table 1. 

 

3.2 Primary endpoint  

At 6 months follow-up, 12 patients (23.53%) were dead, 4 patients (7.84%) had cardiac 

transplantation and 4 patients (7.84%) had Left Ventricular Assist Device (LVAD) 

implantation. 11 patients (26.83%) were readmitted at hospital.  

At 6 months, the suPAR level of expression was not significantly higher in deceased, 

transplanted or LVAD implanted group vs. alive group (10.93 ± 8.21 ng/ml vs 11.00 ± 5.29 

ng/ml; p = 0.46).  

 



 35 

3.3 Secondary endpoint  

There was no significant difference on the suPAR level of expression according to the 

readmission on the first 6 months (11.02 ± 7.75 ng/ml vs 10.71 ± 4.96 ng/ml; p = 0.62). We 

performed a correlation coefficient to assess the relationship between suPAR and hospital stay. 

These showed a weak downhill linear relationship but not significant between suPAR and 

hospital stay (correlation coefficient at 0.26 p = 0.9). CRP level was not significantly higher in 

the group with the primary endpoint (PE) vs. alive patients (102.8 ± 105.4 mg/l vs 66.8 ± 85.3 

mg/l; p = 0.24, respectively). NTproBNP was higher but not significantly in the group with the 

PE vs. alive patients (21 311 ± 19 957 mg/l vs 16 577 ± 18 330 mg/l; p 0.32, respectively).  

 

Table 1 : Baseline characteristics of all patients 

Variable                 Total (n = 51)         Alive     Deceased         p-
Value 

Demographic characteristics             
Age (years) 66 [57; 72] 64 [53; 68] 68 [60; 78] 0.08 
Female (n, %) 14 (27.4%) 10 (31.2%) 4 (21.0%) 0,43 
Male (n, %) 37 (72.5%) 22 (68. 15 (78,9%) 0,43 
Body-Mass Index (kg/m²) 26 [22; 29] 26 [22; 30] 26 [22; 29] 0.28 
SBP (mmHg) 100 [87; 116] 101 [88; 110] 95 [82; 120] 0.85 
Heart Rate (bpm) 100 [81; 118] 97 [80; 114] 101 [82; 119] 0.39 

NYHA class     
I  14 (27.4%) 10 (31.2%) 4 (21.0%) 0.53 
II 2 (3.9%) 1 (3.1%) 1 (5.3%) 0.53 
III  11 (21.6%) 5 (15.6%) 6 (31.6%) 0.53 
IV 24 (47.0%) 16 (50%) 8 (42.1%) 0.53 
Comorbidity (n, %)     
Current smoker               17 (33.3%) 14 (43.7%) 3 (15.8%) 0.03 
Hypertension 18 (35.3%) 12 (37.5%) 6 (31.6%) 0.67 
Diabetes Mellitus           19 (37.2%) 9 (28.1%) 10 (52.6%) 0.08 
Dyslipidemia 16 (31.4%) 7 (21.9%) 9 (47.4%) 0.06 
Ischemic Heart Disease 14 (27.4%) 8 (25%) 6 (31.6%) 0.61 
Atrial Fibrillation            10 (19.6%) 6 (18.7%) 4 (21.0%) 1.00 
Chronic Renal Failure 7 (17%) 3 (9.4%) 4 (21.0%) 0.40 
Baseline use of medications (n, %)     
β-blokers                18 (35.3%) 9 (28.1%) 9 (47.4%) 0.16 
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ACE   9 (17.6%) 6 (18.7%) 3 (15.8%) 1.00 
Aldosterone inhibitor                     7 (13.7%) 1 (3.1%) 6 (31.6%) < 0.01 
Entresto  5 (9.8%) 1 (3.1%) 4 (21.0%) 0.06 
Baseline use of devices (n, %)     
Pacemaker  2 (3.9%) 2 (6.2%) 0 (0%) 0.52 
Defibrillator 5 (9.8%) 0 (0%) 5 (26.3%) < 0.01 
Cardiac Resynchronization            2 (3.9%) 1 (3.1%)     1 (5.2%)      1.00 
Echocardiogram     
LVEF (%)                 20 [10; 25] 20 [10; 27] 20 [10; 25] 0.56 
LVDd (mm)                 55 [47; 65]     55 [47; 63]    56 [46; 66]    0.88 
Interventricular Septum (mm)        9 [7; 10] 9 [7; 10] 9 [7; 10] 0.93 
Cardiac output (L/min)                   3.0 [2.3; 3.9] 3.2 [2.4; 4] 2.7 [2.1; 3.9] 0.62 
SVR (dynes.sec.cm-5) 1523 1560 1436 0.91 
High LVFP (n, %)            31 (61%) 17 (53%) 14 (73%) 0.15 
Left Ventricular Dysfunction          30 (59%) 17 (53%) 13 (68%) 0.28 
Laboratory data     
Hemoglobin (g/dl)            12.8 [11; 14] 12.6 [11; 13]  12.8 [11; 15] 0.74 
Hs-Troponin T (ng/ml)                    226 [46; 1219] 158 [42; 686] 416 [89; 2829] 0.22 
Total Bilirubin (mmol/l)                  17 [10; 31] 14 [9; 29] 18 [12; 31] 0.47 
Prothrombin ratio (%)    63 [39; 84] 62 [39; 82] 67 [39; 86] 0.76 
Lactate (mmol/l)            2.5 [1.6; 6.3] 3.1 [1.7; 7.1] 2.1 [1.5; 5.9] 0.64 
Hs-CRP (g/dl)                34.3 [11; 151] 19.3 [10; 87] 40.7 [13; 180] 0.24 
NTProBNP (pg/ml)            14643 9999 14861    0.32 
Chromogranin A 1            129 [80; 381] 130 [78; 461] 121 [80; 320] 0.96 
Chromogranin A 2            239 [118; 590] 371 [117; 591] 239 [103; 641] 0.68 
suPAR 1 (ng/ml)            9.2 [6.4; 13.9] 7.8 [6.2; 14.1] 9.7 [6.6; 13.9] 0.46 
suPAR 2 (ng/ml)            9.5 [5.8; 15.7] 8.3 [5.6; 15.7] 9.7 [6.5; 17.2] 0.55    

 
SBP Systolic Blood Pressure, NYHA New-York Heart Association ACE angiotensin convert 
enzyme; LVEF Left Ventricular Ejection Fraction; LVDd Left Ventricular end-diastolic 
diameter, SVR Systemic Vascular Resistance, LVFP Left Ventricular Filling Pressure; sPAP 
Systolic Pulmonary artery Pressure, eGFR Estimated glomerular filtration; Hs-CRP Hs-CRP 
high-sensitivity C-reactive protein; NTProBNP N-terminal pro-brain natriuretic peptide; 
suPAR Soluble urokinase plasminogen activator receptor 
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3.4 ROC curves  

ROC curves for predictive value of suPAR to assess the risk of death and rehospitalization at 

6 months are shown in Figure 1.  

 

Figure 1: ROC curves for predictive value of suPAR for primary endpoint and rehospitalization at 6 
months 

 
  Primary endpoint          Rehospitalization 

 

         
 
 
 

 

3.5 Univariate analysis for suPAR level in patients with dilated heart disease 

A subgroup of patients with dilated cardiomyopathy (DCM) was analyzed. In this population 

the mean suPAR level was not significantly higher in deceased, transplanted or LVAD 

implanted patients vs. alive patients (11.43 ± 4.52 ng/ml vs 10.85 ± 5.86 ng/ml; p = 0.71). The 

mean chromogranin A level was not significantly higher in the PE group vs. alive group (121.0 

± 67.5 ng/ml vs 111.5 ± 67.0 ng/ml; p = 0.91). Unlike the analysis among all CS causes, in the 

DCM the NTproBNP was significantly higher in the group with the PE vs. alive patients (31 
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287 ± 23 763 mg/l vs 14 763 ± 17 751 mg/l; p 0.03, respectively). In this subgroup of DCM, 

there were significantly more extracorporeal membrane oxygenation (ECMO) requirement in 

the group with the PE than in the survivor group (6 vs 3; p = 0.04) and the duration with ECMO 

was significantly higher in the group with the PE (10.0; interquartile rang of 0; 14) compared 

to the survivor group (0; p = 0.01).  

 

3.6 Multivariate analysis  

The multivariate analysis was adjusted for the CRP, NTProBNP, creatinine and lactates. 

SuPAR was not associated with the risk of death, heart transplantation or LVAD requirement 

(p between 0.19 and 0.96). 
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4. DISCUSSION  

 
Here, we first assessed suPAR as potential new prognostic biomarker in patients admitted for 

CS. Surprisingly, the serum level of suPAR failed to predict mortality, cardiac support or heart 

transplantation.  

Finding prognostic biomarkers in this serious pathology remains challenging. These biomarkers 

could reflect distinct pathophysiological pathways including myocardial fibrosis, myocardial 

stretch, inflammation or remodeling. Among known biomarkers, CRP is highly related to 

infection and systemic inflammatory response syndrome (SIRS). CRP is an acute-phase protein 

secreted in response to tissue damage and non-specific immune system activation. In our study 

the CRP level was not significantly higher in the group of deceased, heart transplanted or LVAD 

assisted patients vs. alive patients. Studies showed contradictory results. Some studies proved 

that CRP, procalcitonin (PCT) and interleukin-6 (IL-6) levels in patients suffering from CS 

were significantly higher among non-survivors compared with survivors (15) whereas some 

showed no association between HF and high level of CRP (16). One of the hypotheses would 

be that the rate of inflammation in our study was too high which makes the interpretation of 

suPAR difficult. 

The baseline arterial lactate is another widely used parameter in CS for its prediction of patient’s 

mortality (17). Here the level of arterial lactate appeared to be similar in the two groups of 

patients (4.04 ± 3.60 mg/l vs 4.43 ± 3.61 mg/l; p 0.64, respectively). The same goes for the 

NTproBNP that was higher but not significantly in the group of deceased, heart transplanted or 

LVAD assisted patients vs. alive patients. This can possibly be explained by the high severity 

of the patients in both groups. Recently, sST2 has emerged because of its role in inflammation, 

mechanical strain, remodeling and fibrosis (18).  
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The rapid onset of CS may explain that some fibrosis biomarkers are not increased in the initial 

stage of care.  

 

Despite the lack of prognosis information of suPAR in CS, this biomarker has been analyzed 

in several conditions. In septic condition, while the suPAR was not superior to CRP or PCT to 

diagnose acute sepsis, it provides beneficial prognostic information about mortality in adult 

patients with sepsis (19). Several studies had already demonstrated that high suPAR level was 

related to mortality in various diseases as in COVID-19 patients (20) or burn-injury patients 

(21). In acute HF, suPAR has shown to provide additional information over NTProBNP, CRP, 

lactates or sST2 to predict mortality. In chronic HF, suPAR level was independently associated 

with mortality as well (18). 

 

The study has several limitations. First this was a single center study with a limited number of 

patients. Then, the suPAR suffers from a significant lack of specificity. Several studies have 

shown that the suPAR rate is significantly lower in disease-free individuals compared to 

patients with malignant or non-malignant diseases regardless of the subgroup disease (22). 

Furthermore, studies confirmed that suPAR increased with age and number and severity of 

comorbidities (23). Third, in our study many patients could not be included due to inability to 

obtain a signed consent because of low cerebral flow or the need to intubate the patient at 

admission due to cardiogenic shock. This could explain that the patients with more severe 

disorders who die before being able to obtain consent could not be included limiting the power 

of the study.  

Here, the median level of suPAR expression was higher in our patients with CS (9.20 ng/ml 

(6.40; 13.90)) than the level observed in our previous studies in acute HF (24) (7.67 ng/ml 
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(4.30; 10.72)) and even more than in chronic HF (26) (6 ng/ml (3.7; 8.5)). Increasing the global 

level of suPAR could have mathematically the ability to demonstrate any statistical difference.  

Among heart diseases, DCM has no curable cause and remains a challenge in cardiology. 

Several pathophysiological mechanisms are demonstrated including increased hemodynamic 

overload, ventricular remodeling, excessive or inadequate proliferation of the extracellular 

matrix, accelerated apoptosis and genetic mutations. Inflammation plays a role in the setting of 

fibroses and lead to a vicious cycle of worsening HF. Although management at an early stage 

of HF would reduce ventricular remodeling and therefore reduce morbidity and mortality in 

this heart disease. It could be interesting to analyze suPAR diagnostic performance in CS 

exclusively among patients with DCM and in the cardiologic intensive care department rather 

than in intensive care unit. Studying the prognostic performance of suPAR at a less severe stage 

of the CS could avoid reaching to cardiac assistance.  

 

 

5. CONCLUSION  

In conclusion, a high suPAR level is not significantly associated with death, cardiac transplant 

or long-term cardiac assist devices requirement in patients with CS. It would be interesting to 

analyze the prognostic performance of the suPAR in the adverse evolution of the DCM.  
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Résumé en Français 

Contexte : Malgré l'amélioration de la prise en charge du choc cardiogénique, le 

taux de morbidité et de mortalité reste élevé. L'inflammation est fortement 

impliquée dans la genèse et les complications des maladies cardiovasculaires. Le 

récepteur soluble de l’urokinase plasminogène activateur (suPAR) s'est avéré 

efficace pour évaluer le pronostic dans l'insuffisance cardiaque stable. Notre 

objectif était d'évaluer la performance pronostique du suPAR dans le choc 

cardiogénique sur la mortalité globale. 

Méthode : Nous avons collecté des données biologiques dont le taux sanguin de 

suPAR chez tous les patients admis en unité de soins intensifs cardiologiques ou 

en réanimation en état de choc cardiogénique de Mai 2020 à Décembre 2020. Le 

critère de jugement principal était un critère composite de décès de toute cause, 

transplantation cardiaque ou assistance cardiaque de long terme. 

Résultats : 51 patients ont été inclus dans l'analyse statistique. L'âge moyen était 

de 63 ans, avec 72,5% d'hommes. Le niveau de suPAR n'était pas 

significativement associé à la mortalité toute cause, à la transplantation cardiaque 

ou l’assistance cardiaque de long terme. 

Conclusion : Le suPAR n'a pas permis de prédire le pronostic des patients en choc 

cardiogénique. 

 

Mots clé : biomarqueurs ; choc cardiogénique ; pronostic ; soluble urokinase-type 

plasminogen activator receptor (suPAR) 


