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INTRODUCTION

The treatment of patients with cardiogenic shock (CS) remains a major challenge in cardiology. The prevalence of CS has been reported to be increasing [START_REF] Goldberg | Thirty-year trends (1975 to 2005) in the magnitude of, management of, and hospital death rates associated with cardiogenic shock in patients with acute myocardial infarction: a population-based perspective[END_REF][START_REF] Puymirat | Cardiogenic shock in intensive care units: evolution of prevalence, patient profile, management and outcomes, 1997-2012[END_REF][START_REF] Aissaoui | Improved outcome of cardiogenic shock at the acute stage of myocardial infarction: a report from the USIK 1995, USIC 2000, and FAST-MI French nationwide registries[END_REF][START_REF] Fang | Trends in acute myocardial infarction complicated by cardiogenic shock, 1979-2003, United States[END_REF][START_REF] Jeger | Ten-year trends in the incidence and treatment of cardiogenic shock[END_REF]. Although intensive care unit mortality has decreased, suggesting improved overall patient management, CS mortality remains high, close to 50% in recent studies [START_REF] Puymirat | Cardiogenic shock in intensive care units: evolution of prevalence, patient profile, management and outcomes, 1997-2012[END_REF][START_REF] Thiele | Management of cardiogenic shock[END_REF]. CS is related to ventricular dysfunction in addition to multi-organ dysfunction. Development of systemic inflammation with capillary leakage, impairment of microcirculation, and inadequate vascular tone contribute to the vicious cycle of CS [START_REF] Thiele | Management of cardiogenic shock[END_REF][START_REF] Kohsaka | Systemic inflammatory response syndrome after acute myocardial infarction complicated by cardiogenic shock[END_REF][START_REF] Ramanathan | Cardiogenic shock in patients with preserved left ventricular systolic function: Characteristics and insight into mechanisms [Abstract 887-2[END_REF]. The reflex mechanism of increased systemic vascular resistance (SVR) is not fully effective, as demonstrated by variable SVR, with median SVR during CS in the normal range despite vasopressor therapy in the Should we emergently revascularize Occluded Coronaries for cardiogenic SHOCK trial [START_REF] Kohsaka | Systemic inflammatory response syndrome after acute myocardial infarction complicated by cardiogenic shock[END_REF].

The pathophysiology of CS remains largely unknown. Some molecules have been shown to have a role in the systemic inflammatory response syndrome caused by myocardial infarction. These molecules have been identified as powerful prognosis markers and may represent therapeutic targets.

Among them, tumor necrosis factor alpha and interleukin-6 have been shown to have a myocardial depressant action and induce coronary endothelial dysfunction, which may further diminish coronary flow [START_REF] Zhang | TNF-alpha contributes to endothelial dysfunction in ischemia/reperfusion injury[END_REF]. Adenosinean adenosine triphosphate derivative with a hypotensive actionis released by endothelial cells and myocytes during metabolic stress [START_REF] Sollevi | Cardiovascular effects of adenosine in man; possible clinical implications[END_REF][START_REF] Hack | Oxidant stress and damage in post-ischemic mouse hearts: effects of adenosine[END_REF]. Adenosine release is highly enhanced during ischemia, hypoxia, and inflammation [START_REF] Grenz | Extracellular adenosine: a safety signal that dampens hypoxia-induced inflammation during ischemia[END_REF], and has been implicated in hypotension induced by systemic inflammatory response syndrome (SIRS) [START_REF] Kerbaul | Role of endogenous adenosine as a predictive marker of vasoplegia during cardiopulmonary bypass and postoperative severe systemic inflammatory response[END_REF][START_REF] Nee | Ischemia-modified albumin and adenosine plasma concentrations are associated with severe systemic inflammatory response syndrome after cardiopulmonary bypass[END_REF] and during septic shock [START_REF] Martin | High adenosine plasma concentration as a prognostic index for outcome in patients with septic shock[END_REF]. Adenosine impacts the cardiovascular system through its G-coupled membrane receptors, namely A 1 R, A 2A R, A 2B R, and A 3 R [START_REF] Ralevic | Receptors for purines and pyrimidines[END_REF][START_REF] Fredholm | Structure and function of adenosine receptors and their genes[END_REF]. Adenosine stimulation of the A 2A receptor (A 2A R) leads to peripheral [START_REF] Sollevi | Cardiovascular effects of adenosine in man; possible clinical implications[END_REF][START_REF] Giaime | Relationship between A2A adenosine receptor expression and intradialytic hypotension during hemodialysis[END_REF] and coronary [START_REF] Shryock | Adenosine and adenosine receptors in the cardiovascular system: biochemistry, physiology, and pharmacology[END_REF] vasodilation, and to the activation of myocardial inotropic function [START_REF] Monahan | Adenosine A(2a)-receptor activation increases contractility in isolated perfused hearts[END_REF]. It may thus play a crucial role in the control of blood pressure during CS. In fact, the increase in A 2A R expression has been shown to be associated with hypotension during hemodialysis [START_REF] Giaime | Relationship between A2A adenosine receptor expression and intradialytic hypotension during hemodialysis[END_REF] and during the drop in blood pressure that occurs during neurocardiogenic syncope [START_REF] Carrega | Increased expression of adenosine A2A receptors in patients with spontaneous and head-up-tilt-induced syncope[END_REF]. As key factors of the vascular response, adenosine and its receptors could participate in the hemodynamic disturbance observed during cardiogenic shock.

The aim of this study was to evaluate adenosine plasma level (APL) and A 2A R expression in patients with CS compared to those with acute heart failure (AHF) or acute myocardial infarction (AMI) and healthy controls.

MATERIALS AND METHODS

This prospective observational study was performed at the Intensive care unit of the department of cardiology, Hopital Nord, Marseille, France (Jan-May 2017). The protocol was approved by the Ethics Committee and informed consent was obtained from every subject before inclusion.

Subjects

Equal numbers of consecutive eligible patients with CS, AHF with severely depressed left ventricular ejection fraction (LVEF) (< 35%), and AMI were enrolled. CS, AHF, and AMI were defined according to European Society of Cardiology guidelines [START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF].

CS was defined as persistent hypotension (systolic blood pressure < 12 kPa [90 mm Hg] or ≥ 30 min or need for vasopressor support) despite adequate filling status with signs of hypoperfusion (cold sweated extremities, oliguria, mental confusion, dizziness, narrow pulse pressure, metabolic acidosis, elevated serum lactate, elevated serum creatinine) [START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF] and with a reduction in cardiac index (< 2.2 L/min/m 2 ) [START_REF] Reynolds | Cardiogenic shock: current concepts and improving outcomes[END_REF]. In order to obtain a homogeneous population, we only included patients with CS related to left ventricular dysfunction secondary to AMI or to advanced end-stage chronic heart failure (CHF). Patients with CS related to arrhythmias, toxins, post-partum, or right ventricular dysfunction were not included.

AHF with severely reduced ejection fraction was defined as symptoms (breathlessness, orthopnea, paroxysmal nocturnal dyspnea, reduced exercise tolerance, tiredness, increased time to recover after exercise, ankle swelling) or signs (elevated jugular venous pressure, third heart sound, hepato-jugular reflux, laterally displaced apical impulse) of worsening CHF [START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF] and LVEF < 35%. AMI was defined as increased or decreased high-sensitivity cardiac troponin, with at least one value above the 99th percentile of the upper reference limit and at least one of: symptoms of ischemia, new or presumed new significant ST-T wave changes or left bundle branch block on 12-lead electrocardiogram, and development of pathological Q waves on electrocardiogram.

Finally, a group of 16 healthy controls (10 males and 6 females; mean age 63 ± 4 years from the medical staff and without medication) was also recruited for adenosinergic profiling.

Adenosine Plasma Level (APL) Measurement

Sample collection has been previously described [START_REF] Saadjian | Plasma beta-endorphin and adenosine concentration in pulmonary hypertension[END_REF]. Briefly, after washing out the lumen of the radial catheter with a solution of 1 mL of papaverine and 1 mL of dipyramidole, blood was withdrawn together with a cold stop solution in vacutainer tubes to prevent both adenosine uptake by red blood cells and deamination into inosine. Samples were immediately centrifuged (4°C, 1500 × g).

APL was performed on admissionbefore the administration of any inotrope or vasopressorand after 24 h. APL was performed as previously described by liquid chromatography-tandem mass spectrometry after extraction (25) using a Shimadzu UFLC XR system (Shimadzu, Marne la Vallée, France). The system was interfaced with an ABSciex 4500 triple quadrupole mass spectrometer (Les Ulis, France) operating with an electrospray ionization source using nitrogen.

Liquid chromatography-mass spectrometry-grade methanol and water were purchased from VWR (Fontenay-sous-Bois, France). Formic acid, adenosine, and 2-chloroadenosine were obtained from Sigma Chemical (Saint-Quentin Fallavier, France). Whatman 903 protein saver cards™ for sample collection and preparation were acquired from GE Healthcare (Cardiff, UK).

A 2A Receptor Expression

A 2A R expression measurement has been described previously [START_REF] Franceschi | A2A adenosine receptor function in patients with vasovagal syncope[END_REF][START_REF] Jacquin | Search for adenosine A2A spare receptors on peripheral human lymphocytes[END_REF]. Peripheral blood mononuclear cells (PBMC) were used as the expression of A 2A R on PBMC correlates with those measured in coronary artery and aortic tissues [START_REF] Gariboldi | Expressions of adenosine A2A receptors in coronary arteries and peripheral blood mononuclear cells are correlated in coronary artery disease patients[END_REF]. Blood samples were collected using Vacutainer CPT tubes (Beckton Dickinson, Franklin Lakes, NJ, USA). The PBMC layer was collected after centrifugation and washed twice prior to lysis. Samples (0.25 × 10 6 cells) were submitted to 12% polyacrylamide gel electrophoresis under reducing conditions, followed by transfer onto a polyvinylidene fluoride membrane. The filter was incubated with Adonis (1 μg/mL), a homemade immunoglobulin M, κ mouse monoclonal antibody directed against A 2A R (29). After staining, the 45-kDa bands corresponding to A 2A R were submitted to densitometry analysis using the Image 1.42q software (NIH) and results expressed in arbitrary units, the ratio of pixels generated by the A 2A R band to pixels generated by the background signal.

Hemodynamic Assessment

Hemodynamic measurements were performed by Doppler in all patients because it has been shown to provide a reliable non-invasive assessment of SVR [START_REF] Abbas | Noninvasive measurement of systemic vascular resistance using Doppler echocardiography[END_REF]. Systemic vascular resistance index (SVRI)expressed in Wood unitswas determined as: (mean arterial pressureright atrial pressure) / cardiac index [START_REF] Porter | Guidelines for the use of echocardiography as a monitor for therapeutic intervention in adults: a report from the American Society of Echocardiography[END_REF]. To convert SVRI to conventional SVR units (dynes.sec/cm 5 ), this value was multiplied by 80 [START_REF] Porter | Guidelines for the use of echocardiography as a monitor for therapeutic intervention in adults: a report from the American Society of Echocardiography[END_REF]. Right arterial pressure was estimated on the basis of inferior vena cava size and its breathing-related collapsibility according to guidelines [START_REF] Galie | ESC/ERS Guidelines for the Diagnosis and Treatment of Pulmonary Hypertension[END_REF].

Therapeutic Management

Patients with CS received hemodynamic support with dobutamine 5 µg/kg/min, and with norepinephrine if their mean arterial pressure remained < 8.6 kPa (65 mm Hg) after 30 min [START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF][START_REF] Levy | Experts' recommendations for the management of adult patients with cardiogenic shock[END_REF]. In analogy to septic shock,the target mean blood pressure was titrated to 8.6 kPa (65 mm Hg) [START_REF] Asfar | High versus low blood-pressure target in patients with septic shock[END_REF].

AHF patients received standard therapy with intravenous furosemide. In order to prevent skew, nitrates were not used before hemodynamic measurement.

Statistical Analysis

Continuous variables are presented as means ± standard deviations or medians (interquartile ranges); categorical variables are presented as numbers (percentages). Comparisons between groups for continuous variables were performed using non-parametric tests: Mann-Whitney test when comparing two groups, Kruskal-Wallis test when comparing more than two groups. Comparisons for categorical variables were performed using the X 2 test, when appropriate, or the Fisher's test otherwise. Paired comparisons were performed to assess the evolution of APL between time 0 and time 24 h using the non-parametric Wilcoxon test. Correlation between APL and SVR was estimated by a Pearson correlation coefficient, with its 95% confidence interval.

All tests were performed two-sided, and for all analyses, a p-value < 0.05 was considered statistically significant. Statistical analyses were performed using R software version 3.0.3.

RESULTS

Study Population

Sixteen patients were admitted for CS: seven related to an AMI and nine related to advanced endstage CHF (dilated cardiomyopathy, n = 3; ischemic heart disease, n = 3; and valvular heart disease, n = 3). The other two patient groups were composed of 16 patients with AHF related to reduced LVEF without cardiogenic shock and 16 patients with AMI. Baseline characteristics of the study population are depicted in Tables 123Adenosine Plasma Level Fig. 1A shows medians (quartiles and ranges) for all patients and controls.

Mean
There was no significant correlation between APL and hemodynamic characteristics including SVR on admission (correlation coefficient -0.21; 95% confidence interval -0.48 to 0.08; p = 0.15).

Mean APL on admission was not significantly different between CS hospital survivors and nonsurvivors (2.69 ± 1.09 and 2.87 ± 1.00 µM, respectively; p = 0.67).

SIRS was observed in 5/7 patients presenting with CS related to AMI, and in 3/9 patients presenting with CS related to end-stage CHF (SIRS was defined when two or more of the following signs were There was a trend towards a higher mean APL in CS patients presenting with SIRS than in CS patients without SIRS (2.99 ± 1.23 vs 2.42 ± 0.67 µM, respectively; p = 0.19; Fig. 1B).

The kinetics of APL under dobutamine in patients with CS is presented in Fig. 1C. Mean APL decreased significantly from admission to 24 h later (2.74 ± 1.03 to 1.53 ± 0.68 µM; p < 0.0005) in CS patients.

A 2A Receptor Expression

Mean A 2A R expression was significantly lower in all patients with CS combined (1.18 ± 0.11 arbitrary units) versus controls (1.28 ± 0.05) (p < 0.05). However, this lower median expression was mainly due to the patients with CS related to AMI (1.11 [0.99-1.18]; p < 0.01 vs controls), as there was no significant difference between patients with CS related to AHF (1.26 [1.20-1.30]; p = 0.40 vs controls).

Patients with AMI without CS expressed a lower mean level of A 2A R than controls (1.01 ± 0.11; p < 0.05). Conversely, patients with AHF but without CS expressed a higher median level of A 2A R than controls (1.26 [1.20-1.30]; p < 0.05). Fig. 2A shows medians (quartiles and ranges) for all patients and controls; Fig. 2B shows an example western blot.

DISCUSSION

The main result of this study is that patients with CS exhibited an adenosinergic profile characterized by high APL and low A 2A R expression. Despite a limited number of subjects, the weak overlap between the values of APL found in the CS groups and the other groups results in highly statistically significant differences between these groups. High APL [START_REF] Franceschi | Peripheral plasma adenosine release in patients with chronic heart failure[END_REF][START_REF] Funaya | Plasma adenosine levels increase in patients with chronic heart failure[END_REF] and high expression of A 2A R (37) have been previously described in patients with CHF.

The increase in APL has been attributed to the decrease in systemic blood flow that leads to tissue hypoxia [START_REF] Franceschi | Peripheral plasma adenosine release in patients with chronic heart failure[END_REF][START_REF] Funaya | Plasma adenosine levels increase in patients with chronic heart failure[END_REF]. Here, we found that the highest APL was found in patients with CS related to AMI. This rise in adenosine probably resulted from hypoxemia due to both failing cardiac function and myocardial ischemia. 40-44 SAUTENT Martin et al. [START_REF] Martin | High adenosine plasma concentration as a prognostic index for outcome in patients with septic shock[END_REF] showed high APL in patients with septic shock. In the present study, we observed high levels of plasma adenosine in patients with CS compared to hemodynamically stable patients with AMI or AHF without shock. Despite the lack of a significant correlation between APL and SVR, given the role of adenosine in vascular tone modulation, the very high APL value observed here could be involved in the extreme vasodilatation observed in CS.

The lower A2AR expression observed in the CS group as a whole is mainly due to the CS-AMI sub-group. Thus it seems that two different A2AR profile exist depending on the etiology of CS. In AHF patients without CS, the priority of the adaptive response is probably to restore the myocardium inotropic function and vasodilation, which can be achieved via high A2A R expression and high APL as A2A R activation leads to both vasodilation and increased inotropic function. In contrast, in CS, the priority is to restore blood pressure, which could be achieved by decreasing A2A R expression. In this condition however, APL remains high due to the strong hypoxia and inflammatory process. This may explain the lower level of A2A R in CS related to CHF compared with AHF. Finally, the lower A2A R expression in the AMI without CS group may result from the longstanding CAD condition and not from the acute myocardial ischemia (see references [START_REF] Gariboldi | Expressions of adenosine A2A receptors in coronary arteries and peripheral blood mononuclear cells are correlated in coronary artery disease patients[END_REF][START_REF] Guieu | Low basal expression of A2A adenosine receptors and increase in adenosine plasma concentration are associated with positive exercise stress testing[END_REF][START_REF] Ruf | Spare Adenosine A2a Receptors Are Associated With Positive Exercise Stress Test In Coronary Artery Disease[END_REF].

Because A 2A R expression measured in PBMC has been shown to correlate with that measured in heart [START_REF] Varani | Changes of peripheral A2A adenosine receptors in chronic heart failure and cardiac transplantation[END_REF] and coronary and aortic tissues [START_REF] Gariboldi | Expressions of adenosine A2A receptors in coronary arteries and peripheral blood mononuclear cells are correlated in coronary artery disease patients[END_REF], the low expression found in patients with CS suggests low expression level in arterial tissues. Even though the difference is small, the slightly decreased A 2A R expression may have strong pathophysiological consequences, as the biological response (here vasodilation) is not proportional to the fraction of bound receptors [START_REF] Nickerson | Receptor occupancy and tissue response[END_REF].

As A 2A R have been implicated in inotropic function [START_REF] Monahan | Adenosine A(2a)-receptor activation increases contractility in isolated perfused hearts[END_REF] and vasodilation [START_REF] Sollevi | Cardiovascular effects of adenosine in man; possible clinical implications[END_REF][START_REF] Giaime | Relationship between A2A adenosine receptor expression and intradialytic hypotension during hemodialysis[END_REF], the unusual purinergic profile sets CS between AMI and AHF, which have low and high A 2A R expression, respectively.

We did not observe any significant correlation between APL at admission and inhospital mortality, but this may be due to our small sample size. In septic patients, APL appeared to predict clinical outcome, with much higher values being found in non-survivors [START_REF] Martin | High adenosine plasma concentration as a prognostic index for outcome in patients with septic shock[END_REF]. However, during septic shock, the combination of hypoxemia and the inflammatory process have a synergistic effect on adenosine release that leads to a very high concentration, nearly three times the level observed in the present study in patients with CS [START_REF] Martin | High adenosine plasma concentration as a prognostic index for outcome in patients with septic shock[END_REF]. High APL values could activate low-affinity A 2A R and A 2B R, leading to antiadrenergic effects and irreversible vasoplegia, and may contribute to the lack of effects of vasopressors on the restoration of blood pressure. 

Study limitations

  found : body temperature abnormalities (ie>38°C àr <36°C) ; persistent tachycardia (HR>90 bets/min) ; tachypnea or hyperventilation (breathing frequency > 20/min or PaCO2 <32mmHg) and leucocytosis or leukopenia (leukocyte count >12Gpt/L or < 4Gpt/L. (Muckart DJJ et al Crit Care Med 1997)

Figure 1 .

 1 Figure 1. A, Adenosine plasma level (APL) at admission. B, Comparison of APL at admission depending on presence of systemic inflammatory response syndrome (SIRS). C, Kinetics of APL between admission and 24 h. Box plots represent median, 25th and 75th percentiles; whiskers represent ranges. *p < 0.05 versus controls; †p < 0.05 versus patients without cardiogenic shock (CS). AHF = acute heart failure, AMI = acute myocardial infarction, CHF = chronic heart failure.

Figure 2 .

 2 Figure 2. A, A 2A receptor (A 2A R) expression in patients and controls. B, Examples of western blot. Expression level was performed using western blot. Results are expressed in arbitrary units (ratio of pixels generated by the A 2A R band to pixels generated by the background signal). Box plots represent median, 25th and 75th percentiles; whiskers represent ranges. *p < 0.05 versus controls. AHF = acute heart failure, AMI = acute myocardial infarction, CHF = chronic heart failure, CS = cardiogenic shock, .

As this was a monocentric study, the results may be subject to some bias. Adequately powered studies are therefore required to evaluate the diagnostic and prognostic value of APL values in patients with CS.

CONCLUSIONS

We observed high APL and low A 2A R expression on admission in patients with CS compared to those with AHF or AMI. These characteristics may contribute to the pathophysiology of CS.