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INTRODUCTION

Although atrial fibrillation (AF) is the most common cardiac arrhythmia in clinical practice, the precise mechanism that leads to the onset and persistence of AF in patients without structural heart disease has not been fully elucidated. [START_REF] Aldhoon | New insights into mechanisms of atrial fibrillation[END_REF] Several arguments for the involvement of adenosine are rising in the literature. Adenosine is partly generated via the ENTPD1-mediated hydrolysis of ATP. The nucleoside impacts the cardiovascular system via four membrane receptors namely A1R, A2AR, A2B R and A3R receptors, pending on their pharmacological properties. [START_REF] Burnstock | Purinergic Signaling in the Cardiovascular System[END_REF] Exogenous adenosine administration can provoke spontaneous AF in up to 10% of susceptible patients, [START_REF] Tebbenjohanns | Dose and ratedependent effects of adenosine on atrial action potential duration in humans[END_REF][START_REF] Strickberger | Adenosine-induced atrial arrhythmia: a prospective analysis[END_REF] and during AF ablation procedures, exogenous administration of adenosine induces transient reconnection of isolated pulmonary veins (PV). [START_REF] Arentz | Dormant" pulmonary vein conduction revealed by adenosine after ostial radiofrequency catheter ablation[END_REF][START_REF] Iqbal | Value of adenosine test to reveal dormant conduction or adenosine-induced atrial fibrillation after pulmonary vein isolation[END_REF][START_REF] Datino | Mechanisms by which adenosine restores conduction in dormant canine pulmonary veins[END_REF] Moreover, exogenous adenosine can induce PV ectopic beats in electrically silent PV after isolation. [START_REF] Cheung | Differential effects of adenosine on pulmonary vein ectopy after pulmonary vein isolation: implications for arrhythmogenesis[END_REF] However endogenous adenosine has not been addressed during AF. In particular, nothing is known about endogenous adenosine plasma level (APL) at the onset of AF and during ablation procedure and/or cardioversion in AF patients without structural heart disease. The aim of this study was to compare APL during AF vs sinus rhythm.

METHODS

Population:

We prospectively included patients referred in our center from november 2016 to november 2017, for specific management of AF. AF was characterized as paroxysmal or persistent according to recent ESC guidelines. [START_REF] Kirchhof | ESC Scientific Document Group . ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS[END_REF] Written informed consents were obtained from all the participants. This study complies with the declaration of Helsinki. The study was approved by the ethical comitee of the Timone University hospital.

Cardiac investigation:

Diagnosis of AF was made on 12 lead ECG. At least one ECG in AF should be documented for each patient. All patients had trans-thoracic echocardiogram. Left ventricular ejection fractions were calculated with the modified Simpson's method. According to the modified Simpson's biplane method, left atrium size was classified as normal, slightly or severely enlarged. Corresponding indexed left atrium volume were <30ml/m2, <40ml/m2 and > 40ml/m2, respectively.

APL measurement

Blood samples (3mL) were collected and processed as described previously, [START_REF] Marlingen | Rapid measurment of adenosine in human blood using fixed potential amperometry : comparison with mass spectrometry and HPLC[END_REF] using laboratory-prepared tubes containing 2 mL of stop solution under vacuum. Samples collection method allows whole blood to mix quickly with the stop solution in order to prevent red blood cell uptake and degradation of adenosine. APL was performed as previously described [START_REF] Marlingen | Rapid measurment of adenosine in human blood using fixed potential amperometry : comparison with mass spectrometry and HPLC[END_REF] by liquid chromatography-tandem mass spectrometry after extraction, 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).

Statistical Analysis

Statistical analyses were performed using the SPSS software for Windows 13.1. Quantitative variables are reported as mean ± standard deviation (SD) or median and interquartile range (IQR), and qualitative variables as numbers and percentages. We used a Wilcoxon test for intra-individual comparison, A variance analysis (ANOVA two ways was used for intergroup comparisons. Differences in the distribution of patient's characteristics were tested using the Mann-Whitney non-parametric test (continuous variables) or using the χ2 or, where appropriate, the Fisher's exact test (categorical variables). Two-sided tests were performedana P-value <0.05 was considered as significant.

RESULTS

Among the 91 patients with AF, 68 were PAF and 23 PeAF. Their clinical characteristics are given in Table 1. No significant difference appeared between patients groups and controls concerning age and sex. No significant difference was found between PAF and PeAF concerning treatment (Table 1).

Blood samples collection timing

Blood samples were collected from a cubital vein (CV-APL) in all patients and controls.

According APL during spontaneous AF episode resolution (Figure 3)

In 6 PAF, the AF episode occured spontaneously during hospitalisation and spontaneously resolved. For these patients, we observed a trend in decrease in CV-APL after spontaneous resolution (0.88[0.75-1] vs 0.8[0.6-0.9] µM ; p=0.057).

PAF APL during ablation procedure (Figure 4) 

In

PeAF APL (Figures 5 & 6)

Samples were collected during AF and 24 hours after DCCV in sinus rhythm. In 17 PeAF (figure 5) a decrease in CV-APL was observed during the DCCV procedure (0. 

DISCUSSION

The main findings of this study are: i) CV-APL was higher in PeAF compared with PAF and normalized in sinus rhythm after DCCV; ii) in PeAF, LA-APL was higher than CV-APL; iii) no significant difference in CV-APL was found between PAF and controls when blood samples were collected in sinus rhythm; iv) a strong increase in LA-APL was observed in PAF during the AF episode and LA-APL normalized in sinus rhythm; v) finally high CV-APL was observed during spontaneous paroxysmal AF episode and normalized in sinus rhythm.

Several arguments already support a role of adenosine in AF onset: i) intravenous administration of adenosine can trigger AF in susceptible patients; [START_REF] Strickberger | Adenosine-induced atrial arrhythmia: a prospective analysis[END_REF] ii) while ectopic beats originating from PVs can initiate AF, explaining why PV isolation is the cornerstone of AF, [START_REF] Cheung | Differential effects of adenosine on pulmonary vein ectopy after pulmonary vein isolation: implications for arrhythmogenesis[END_REF] adenosine injection can transiently reveal PV reconnection in case of dormant conduction after catheter ablation; [START_REF] Arentz | Dormant" pulmonary vein conduction revealed by adenosine after ostial radiofrequency catheter ablation[END_REF] iii) high APL was observed during AF in patients during cardiac surgery and this increase in APL, [START_REF] Nee | High endogenous adenosine plasma concentration is associated with atrial fibrillation during cardiac surgery with cardiopulmonary bypass[END_REF] which may trigger AF, results from hypoxia that was observed during the coronary bypass. Here we included only patients without structural heart disease to avoid cardiovascular factors like chronic heart failure, coronary artery disease or other disorders that may interfere with the release of adenosine.

At the cellular level, both adenosine-dependent potassium and calcium currents have been implicated in the triggering of AF. By increasing potassium conductance through activation of inward rectifier channels (IKAdo), [START_REF] Lerman | Cardiac electrophysiology of adenosine. Basic and clinical concepts[END_REF] adenosine shortens action potential duration and refractoriness, which favours AF. [START_REF] Atienza | Activation of inward rectifier potassium channels accelerates atrial fibrillation in humans: evidence for a reentrant mechanism[END_REF][START_REF] Kabell | Effects of adenosine on atrial refractoriness and arrhythmias[END_REF] These potassium currents are strongly modulated by A1 R activation. [START_REF] Lerman | Cardiac electrophysiology of adenosine. Basic and clinical concepts[END_REF][START_REF] Li | Adenosine-Induced Atrial Fibrillation: Localized Reentrant Drivers in Lateral Right Atria due to Heterogeneous Expression of Adenosine A1 Receptors and GIRK4 Subunits in the Human Heart[END_REF] In addition, it was recently found an heterogeneity in A1 R expression in human atrium and this may participate in the adenosine-induced AF episode. [START_REF] Li | Adenosine-Induced Atrial Fibrillation: Localized Reentrant Drivers in Lateral Right Atria due to Heterogeneous Expression of Adenosine A1 Receptors and GIRK4 Subunits in the Human Heart[END_REF] An up-regulation of A2AR associated with high basal level of sarcoplasmic reticulum calcium release has been also found in atrium of patients with AF, [START_REF] Llach | Abnormal calcium handling in atrial fibrillation is linked to upregulation of adenosine A2A receptors[END_REF] suggesting that A2A R is implicated in AF.

In a meta-analysis, it was shown that low doses of caffeine, a non selective adenosine receptors antagonist, can protect against AF while theophylline administration, [START_REF] Llach | Abnormal calcium handling in atrial fibrillation is linked to upregulation of adenosine A2A receptors[END_REF] another non-selective adenosine antagonist, can reduce AF secondary to myocardial infarction via A1 R blockade. [START_REF] Bertolet | Myocardial infarction related atrial fibrillation: role of endogenous adenosine[END_REF] Thus, both A1 and A2A R could be implicated in adenosine-induced AF.

Here we found high LA-APL in persistent AF (or in paroxysmal AF during the AF episode) and these levels normalized in sinus rhythm suggesting that adenosine release in atrium occurs during AF. We can rule out confounding factors such as drugs, DCCV or ablation consequences in the increase of APL during AF because: i) this increase was strictly simultaneous with the AF episode; ii) APL returned to normal values in sinus rhythm even in the case of spontaneous resolution; iii) it is unlikely that drug concentration (sedative, anticoagulants, or antiarrhythmics) varies during the procedure. It was shown that statins enhance ENTPD1 expression (Hot A et al) and can therefore impact APL. However we did not find significant difference in basal APL in patients under statins vs others.

We also found high APL in samples collected in CV in patients with persistent AF and a similar trend was found in PAF during the AF episode. It is unlikely that the higher APL measured at the peripheral level (CV-APL) resulted from atrium release, because the atrium volume is too small to influence the CV-APL. We hypothesized that the increase in CV-APL during the AF episode may result from the decrease in cardiac output that occurs during AF and generates hypoxemia.

[19] Yet, a decrease in cardiac output is associated with an increase in CV-APl.

[20] We also observed a strong increase in APL mostly in left atrium during the triggering of AF in PAF and APL subsequently normalized in sinus rhythm. Thus we concluded that high in situ, atrium, APL is associated with AF.

AF is the most frequently encountered arrhythmia and is associated with an increase in morbidity including heart failure, systemic embolism and stroke (Modillo et al 2017).

Classical anti-arrhythmic drugs are often ineffective. Thus new innovative, non invasive treatments are needed. Among them, xanthine derivatives that act as antagonists of adenosine receptors may be promising, which is supported by the observation that the incidence of AF decreases in heavy coffee drinkers (Casiglia et al ). The use of more specific adenosine receptor antagonists could be useful in the treatment of AF.

Study limitation

The size of the panel we investigated was small because it is unusual to perform blood sample collection in atrium in the absence of indication of catheter ablation. Furthermore, the occurence of AF followed by spontaneous resolution in paroxysmal patients is not frequent during a short period of hospitalization. These points participate in the weak size of subgroups. Finally the reason why adenosine increased was not examined: adenosine is generated from the hydrolysis of ATP and ADP to AMP and the subsequent hydrolysis of AMP to adenosine. We did not investigate the various components of the corresponding catalytic pathways.

CONCLUSION

We found that a strong release of adenosine in left atrium is associated with AF in PeAF as well as in PAF during the occurrence of AF, while APL was normal in sinus rhythm. Acknowledgement: AMU and AP-HM for financial support

Legend of figures

Flowchart of patients. AF: atrial fibrillation; DCCV: direct current cardioversion;

CV-APL: adenosine plasma level (APL) in blood samples collected from cubital vein ; LAAPL: APL in samples collected in left atrium. 

  Paroxysmal AF patient (PAF) should have experienced at least one episode of AF within the last 12 months. According to the AF management strategy, patients were then classified in 4 groups: PAF with an indication of antiarrhythmic drugs only, PAF with an indication of catheter ablation, persistent AF patients (PeAF) with indication of direct current cardioversion, PeAF with an indication of catheter ablation. Patients with valvular heart disease, previous acute coronary syndrome, previous cardiac surgery or coronary angioplasty, left ventricular dysfunction (LVEF<50%), left ventricular hypertrophy >13mm, previous AF catheter ablation, previous pulmonary embolism or younger than 18 years were excluded from the study. Other supra-ventricular tachycardia as atrial flutter or atrial tachycardia were not included. The control group was composed of healthy subjects matched for age and sex, recruited among the medical staff, without any compromised haemodynamic, underlying suspicion of cardiac abnormality, confirmed by a normal electrocardiogram, normal trans-thoracic echocardiogram. Those subjects didn't have relevant medical history, cardiovascular risk factor or medical treatment.

  6 PAF patients, LA-APL increased during AF episode (median[range]: 0.95[0.85-1.4] vs 2.7[1.5-7] µM; mean +320%; range 76-420%; p= 0.03) and returned to basal values (0.95[0.85-1.4] vs 0.89[0.7-1.5] µM; p=0.8) after DCCV (Figure 4A). A similar trend occured for CV-APL (0.8[0.5-1] vs 0.95[0.7-1.6] µM; p=0.06) (Figure 4B). All those patients but one needed only one DCCV to return to sinus rhythm whereas AF lasted more than 5min. The sixth one who presented the highest APL increase had monthly AF episodes lasting couple of hours in spite of anti-arrhythmic treatment before LA ablation. At the beginning of the procedure, an AF episode was mechanically induced during catheter positionning. It was subsequently not possible to restore sinus rhythm despite 5 DVVC. Sinus rhythm was finally recovered after the sixth DCCV delivered at the end of the procedure of pulmonary vein isolation.
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TABLE 1 : Characteristics of the patients:

 1 

	Patients characteristics	Paroxysmal : n=68	Persistent :n=23	Controls :n=18
	Age (years)	66±16	69±11*	61±9
	Gender (M/W)	40/28	14/9*	12/6
	Weight (Kg)	75±12	84±15*	79±11
	Size (cm)	169[10]	173[7.8]*	167±8
	Arterial hypertension (%)	34	39*	-
	Diabetes (%)	18	21*	-
	Time since the first AF episode	7.4±4.3	6.4±4.2*	-
	(months)			
	Creatinemia (µmol/L)	91±17µM	94±11*	-
	Dyslipaemia (%)	50	48*	-
	Echocardiography			
	Left atrial diameter (mm)	40.8±2.6	41±3.5*	40.1±1.9
	Left atrial volume index(ml/m 2 )	29.6±8.9	28.4±9.8*	29. 3±8.7
	LVEF (%)	61.4±4*	56±13**	59±2
	Pharmacological treatment (%)			
	ACE-inhibitors	24	22*	-
	Cordarone	54	56*	-
	Others antiarhythimic drugs	43	48*	-
	Angiotensin receptor blocker	12	11*	-
	Beta-Blockers	26	21*	-
	Aspirin	16	18*	-
	Statins	50	48*	-
	Diuretics	11	13*	
	Aspirin	17	18*	
	Vitamin K antagonist	24	22*	
	NOAC	64	77*	
	LVEF: left ventricular ejection fraction; NOAC: Non antivitamin K antagonist oral anticoagulants.

M/W: Men/Women. ACE: Angiotensin converting enzyme. Values are given as mean ± standard deviation, number of patients, or percentage (%). * p>0.1 compared with paroxysmal; ** p=0.03 compared with Paroxysmal.

  to figure 1, all PAF had blood sample collection during sinus rhythm. Among those patients, 12 (6 medical therapy and 6 LA ablation strategy) had blood collection also

	Basal APL
	Basal APL was defined as APL evaluated at the time of hospital admission. CV-APL was
	higher in PeAF vs PAF (Median[range]: 0.9[0.6-1.1] vs 0.7[0.4-1.1]µM; p<0.001) and
	compared with controls (0.6[0.4-0.8]µM; p<0.001). No significant difference exists between
	PAF and controls (p=0.13). In PeAF, LA-APL was higher compared with CV-APL (1.15[0.9-
	1.5] vs 0.9[0.6-1.1] µM, p<0.01). Among PAF patients, 34 (50%) and 12 (48%) were treated
	using statins. No significant difference in APL was observed between the two groups.
	Patients under statins vs others: PAF: 0.7[0.5-1] vs 0.65[0.4-1.1], p=0.8; PeAF: 0.9[0.6-1.1]
	vs 0.9[0.6-1], p=0.64.

during AF. All PeAF (n=23) had blood collection during AF and after cardioversion. Finally, blood samples were collected simultaneously in CV and LA (LA-APL) in 29 patients (23 PAF and 6 PeAF) at the beginning of ablation procedure. Among PAF, 6 had AF documented during ablation, either induced by catheter movement or spontaneosuly induced. In these cases, blood samples were collected in sinus rhythm and during AF and after sinus rhythm restoration with direct current cardioversion (DCCV).
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If this

release is a consequence of AF or triggers AF episode on one hand and if this release is specific of this kind of arrhythmia needs further investigations. Finally, factors that promote the progression of paroxysmal to persistent AF remains not clearly understood. [21] That APL increase participates in this progression deserves further investigations.
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