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INTRODUCTION

Cardiovascular diseases are the leading cause of mortality in the world [1-8], which represents 45% of all deaths [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF]. In 2016, 17.9 millions of people died from cardiovascular diseases [START_REF]Cardiovascular diseases[END_REF]. In France, 400 people die every day from such diseases [START_REF] Bourse | [END_REF]. According to the World Health Organization (WHO), 23.3 million people will die from cardiovascular diseases in 2030 [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF]. Among them, acute myocardial infarction (AMI), acute coronary syndrome (ACS) and heart failure (HF) attract themost attention of scientists and clinicians [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF]. Because of the very high frequency -one third of deaths [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF][START_REF] Reed | Acute myocardial infarction[END_REF] -of this pathology all over the world [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF][START_REF] Liu | A novel fluorescent aptasensor for the highly sensitive and selective detection of cardiac troponin I based on a graphene oxide platform[END_REF][START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Yang | Electrogenerated chemiluminescence biosensor array for the detection of multiple AMI biomarkers[END_REF][START_REF] Shi | Target-Catalyzed Self-Growing Spherical Nucleic Acid Enzyme (SNAzyme) as a Double Amplifier for Ultrasensitive Chemiluminescence MicroRNA Detection[END_REF][START_REF] Chen | Rapid detection of acute myocardial infarction-related miRNA based on a Capture-interCalation-electroCatalysis (3C) strategy[END_REF][START_REF] Negahdary | An Aptamer-based Biosensor for Troponin I Detection in Diagnosis of Myocardial Infarction[END_REF][START_REF] Gopinathan | Optimization of an enzyme linked DNA aptamer assay for cardiac troponin I detection: synchronous multiple sample analysis on an integrated microfluidic platform[END_REF][START_REF] Silva | An ultrasensitive human cardiac troponin T graphene screen-printed electrode based on electropolymerizedmolecularly imprinted conducting polymer[END_REF], AMI is one of the WHO's major priorities [START_REF]WHO, Cardiovascular disease -Prevention of Recurrences of Myocardial Infarction and Stroke Study[END_REF]. Worldwide, between 5% and 20% of patients presenting to emergency departments (ED) do so with symptoms of myocardial infarction [START_REF] Mokrani | Epidémiologie des douleurs thoraciques hospitalisees en UHCD[END_REF][START_REF] Nowak | Ultrarapid Rule-out for Acute Myocardial Infarction Using the Generation 5 Cardiac Troponin T Assay: Results From the REACTION-US Study[END_REF], which is defined as "cardiomyocyte necrosis in a clinical setting consistent with acute myocardial ischemia", according to the universal definition [START_REF] Roffi | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology (ESC)[END_REF]. The main challenges include rapid intervention for at-risk, together with ruling-out of people who do not have any risk as reliably as possible in order to avoid overloading of emergency departments [START_REF] Nowak | Ultrarapid Rule-out for Acute Myocardial Infarction Using the Generation 5 Cardiac Troponin T Assay: Results From the REACTION-US Study[END_REF][START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Wang | Rapid rule out of acute myocardial infarction in the observe zone using a combination of presentation N-terminal pro-B-type natriuretic peptide and high-sensitivity cardiac troponin I[END_REF]. Indeed, the overcrowding of the ED is an important issue in most hospitals. Medical staff must triage patients as fast as possible in order to avoid overloading of the department. In particular, an earlier rule-out of patients with no risk of AMI would be appreciated. There is thus a pressing need to diagnose patients with suspected cardiovascular diseases as early as possible [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF][START_REF] Liu | A novel fluorescent aptasensor for the highly sensitive and selective detection of cardiac troponin I based on a graphene oxide platform[END_REF][START_REF] Shi | Target-Catalyzed Self-Growing Spherical Nucleic Acid Enzyme (SNAzyme) as a Double Amplifier for Ultrasensitive Chemiluminescence MicroRNA Detection[END_REF][START_REF] Negahdary | An Aptamer-based Biosensor for Troponin I Detection in Diagnosis of Myocardial Infarction[END_REF][START_REF] Gopinathan | Optimization of an enzyme linked DNA aptamer assay for cardiac troponin I detection: synchronous multiple sample analysis on an integrated microfluidic platform[END_REF][START_REF] Westermann | High-sensitivity assays for troponin in patients with cardiac disease[END_REF][START_REF] Kuwabara | Increased MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients With Cardiovascular Disease Indicate Myocardial Damage[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF] to minimize the number of deaths worldwide [START_REF] Lu | Multiplex Detection of B-Type Natriuretic Peptide, Cardiac Troponin I and C-Reactive Protein with Photonic Suspension Array[END_REF][START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Chen | Rapid detection of acute myocardial infarction-related miRNA based on a Capture-interCalation-electroCatalysis (3C) strategy[END_REF][START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF] and reduce the likehood of negative heart-related outcomes in the long term [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF].

An initial diagnosis is typically by electrocardiography as soon as the patient arrives in the ED [START_REF] Roffi | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology (ESC)[END_REF]. When the electrocardiogram presents a ST-segment elevation, which corresponds to an irregular heart rate and is thus a proof of a myocardial dysfunction, there is no need for a biomarker assay. Some patients, however, may be affected by a myocardial injury without persistent STsegment elevation [START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF]. Indeed, an electrocardiogram allows the detection ACS in only 20-40% of all cases [START_REF] Thomas | Évaluation d'une stratégie d'exclusion d'un syndrome coronarien aigu par un dosage unique de troponine de haute sensibilité: retour d'expérience du CH d'Annecy[END_REF].

Experts regularly write guidelines in order to guide clinicians and standardize practices. The European Society of Cardiology taskforce -composed of experts in the field of cardiology -studied the management of acute coronary syndromes in patients presenting to ED with chest pain but without persistent ST-segment elevation on the electrocardiogram, resulting in the publication of guidelines [START_REF] Roffi | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology (ESC)[END_REF]. In the USA, similar recommendations were published by both the American College of Cardiology and the American Heart Association [START_REF] Amsterdam | AHA/ACC Guideline for the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes[END_REF]. The symptom of chest pain is not sufficient by itself to diagnose myocardial infarction [START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF][START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Phonklam | A novel molecularly imprinted polymer PMB/MWCNTs sensor for highly-sensitive cardiac troponin T detection[END_REF]. Experts explain that such a diagnosis must be based on two major criteria: first, a variation of a cardiac biomarker concentration such as cardiac troponins due to their high specificity and sensitivity [START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF][START_REF] Liu | A novel fluorescent aptasensor for the highly sensitive and selective detection of cardiac troponin I based on a graphene oxide platform[END_REF][START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF][START_REF] Amsterdam | AHA/ACC Guideline for the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Vasantham | Paper based point of care immunosensor for the impedimetric detection of cardiac troponin I biomarker[END_REF]; secondly, a clinical symptom among a defined list (e.g. ischemia, abnormal electrocardiogram, problems detected by imaging in the myocardial region etc.) [START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF][START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Thomas | Évaluation d'une stratégie d'exclusion d'un syndrome coronarien aigu par un dosage unique de troponine de haute sensibilité: retour d'expérience du CH d'Annecy[END_REF][START_REF] Phonklam | A novel molecularly imprinted polymer PMB/MWCNTs sensor for highly-sensitive cardiac troponin T detection[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF]. Indeed, the blood concentration of several specific cardiac biomarkers evolves over time during a myocardial infarction. Hence, their measurements can be used to improve the diagnosis [START_REF] Sinha | An integrated microfluidic system with field-effect-transistor sensor arrays for detecting multiple cardiovascular biomarkers from clinical samples[END_REF][START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF][START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Gopinathan | Optimization of an enzyme linked DNA aptamer assay for cardiac troponin I detection: synchronous multiple sample analysis on an integrated microfluidic platform[END_REF][START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF]. Concerning the biomarker assessment, one measurement value should be higher than the 99 th percentile of the reference population to confirm the diagnosis [START_REF] Amsterdam | AHA/ACC Guideline for the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Januzzi | Recommendations for Institutions Transitioning to High-Sensitivity Troponin Testing[END_REF]. Serial measurements may be also required to ascertain the temporal evolution of biomarker concentration. Suitable decision algorithms involving biomarkers testing are thus defined in order to guide patient care [START_REF] Claessens | Troponine Tc Ultra sensible : interpréation dans le SCA, Urgences-Online[END_REF].

Most of the time, myocardial infarction is induced by the formation of atheromatous plaques in the inner layer of the wall of coronary arteries [START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF]. These plaques are composed of lipids and inflammatory cells. They do not produce symptoms when they stay inside the arterial wall. When a plaque ruptures, a blood clot obstructs the coronary artery and the downstream cardiac tissue begins to suffer hypoxia [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF][START_REF] Reed | Acute myocardial infarction[END_REF]. The myocardium thus enters into a state of ischemia [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF][START_REF] Chen | Rapid detection of acute myocardial infarction-related miRNA based on a Capture-interCalation-electroCatalysis (3C) strategy[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF], losing its capacity to pump and finally undergoes necrosis [START_REF] Gopinathan | Optimization of an enzyme linked DNA aptamer assay for cardiac troponin I detection: synchronous multiple sample analysis on an integrated microfluidic platform[END_REF], corresponding to the acute coronary syndrome (ACS) [START_REF] Thomas | Évaluation d'une stratégie d'exclusion d'un syndrome coronarien aigu par un dosage unique de troponine de haute sensibilité: retour d'expérience du CH d'Annecy[END_REF][START_REF] Chistiakov | Cardiac-specific miRNA in cardiogenesis, heart function, and cardiac pathology (with focus on myocardial infarction)[END_REF][START_REF] Gast | Les biomarqueurs de l'infarctus du myocarde[END_REF][START_REF] Thygesen | Fourth universal definition of myocardial infarction[END_REF]. As the delay between ischemia and total necrosis of myocardial cells is very short, (between 2 and 4 hours), a rapid and reliable diagnosis is imperative [START_REF] Xu | High-sensitive cardiac troponin T[END_REF]. Therefore, for 60-80% of patients with chest pain and normal electrocardiogram [START_REF] Reed | Acute myocardial infarction[END_REF][START_REF] Thomas | Évaluation d'une stratégie d'exclusion d'un syndrome coronarien aigu par un dosage unique de troponine de haute sensibilité: retour d'expérience du CH d'Annecy[END_REF], measurements of several biomarkers of myocardial injury have to be made to complement clinical assessment and electrocardiography. In 2000, the European Society of Cardiology and American College of Cardiology decided to add cardiac troponin level shifts to the universal definition of myocardial infarction [START_REF] Wagner | Moving toward a new definition of acute myocardial infarction for the 21st century: Status of the ESC/ACC Consensus Conference[END_REF][START_REF]in Health, High-Sensitivity Cardiac Troponin for the Rapid Diagnosis of Acute Coronary Syndrome in the Emergency Department: A Clinical and Cost-Effectiveness Evaluation[END_REF]. In the version of this definition assessed in 2007, the troponin level represents one of the criteria for acute myocardial infarction in addition to clinical symptoms: "at least one value above the 99 th percentile of the upper reference limit" [START_REF] Hammerer-Lercher | High-Sensitivity Cardiac Troponin T Compared With Standard Troponin T Testing on Emergency Department Admission: How Much Does It Add in Everyday Clinical Practice?[END_REF][START_REF] Thygesen | Universal Definition of Myocardial Infarction[END_REF]. Since then, troponin is by far the preferred biomarker [START_REF] Xu | High-sensitive cardiac troponin T[END_REF] among clinicians as it allows a reliable diagnosis [START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF]. For patients with suspected non-ST-segment elevation ACS, this measurement is now mandatory, according to the 2015 European Society of Cardiology guidelines [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF]. However, the time after symptom onset to reach a detectable concentration of troponin in blood can be several hours, depending on the sensitivity of the assay. Hence, troponin measurements at the beginning of AMI are not reliable [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF]. Other biomarkers, such as natriuretic peptides (NPs) whose concentration increases earlier in case of AMI [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF], are also useful [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF].

Plenty of cardiovascular biomarkers are used to diagnose cardiac issues. Several recent reviews that focused on cardiac biomarkers generally describe more than twenty relevant biomarkers [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF][START_REF] Sarhene | Biomarkers in heart failure: the past, current and future[END_REF]. However, clinicians have come to the consensus that both cardiac troponin and NPs are reliable quantitative biomarkers, which should be used to diagnose cardiac damages [START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF]. They have the characteristics of an ideal biomarker: they are measurable in blood, they are highly specific, and are rapidly detectable after the onset of first symptoms (example.g. chest pain) [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF]. A reliable detection of at least one of these biomarkers is thus necessary to lead to the correct interpretation of symptoms.

However, current diagnoses are typically based on a single biomarker assay and lack reliability since no biomarker is perfect [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF]. Therefore, multiplexed assays -combined detection of two or more biomarkers quantified at the same time -could give more reliable information than one biomarker alone [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Cao | BNP and NT-proBNP as Diagnostic Biomarkers for Cardiac Dysfunction in Both Clinical and Forensic Medicine[END_REF][START_REF] Truong | Multi-marker strategy of natriuretic peptide with either conventional or high-sensitivity troponin-T for acute coronary syndrome diagnosis in emergency department patients with chest pain: From the "Rule Out Myocardial Infarction Using Computer Assisted Tomography" (ROMICAT) trial[END_REF] and accelerate AMI diagnosis [START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF]. This method also has the advantage of reducing the sample numbers and the assay cost [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF]. A multiplexed detection should be the right approach to improve AMI diagnosis [START_REF] Sarhene | Biomarkers in heart failure: the past, current and future[END_REF][START_REF] Ibrahim | Established and Emerging Roles of Biomarkers in Heart Failure[END_REF].

Furthermore, there exist limitations of the most frequently used biomarkers -cardiac troponins and NPs -such as an insufficient specificity or delayed elevation in blood. There is thus still a need for novel biomarkers [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF]. For example, another category of biomolecules, which is much less known, namely microRNA (miRNA), has attracted the interest of researchers in the last few years [START_REF] Wang | The role of microRNAs in heart failure[END_REF]. Since myocytes release these nucleic acids into the blood stream during apoptosis, they can be used as biomarkers [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF].

In general, biomarker assays are performed in the medical biology laboratories of hospitals. Firstly, the delay between the test order requested by the clinician and the results recovery is often long, at least 45 minutes in the best case scenario. Secondly, when there is no laboratory inside the hospital, the sample has to be sent to a central laboratory. In that case, the delay to obtain the test results is much longer, more than 1 hour [START_REF] Larsson | The state of point-of-care testing: a european perspective[END_REF]. Yet, international recommendations stipulate that ideally results must be available within less than 60 minutes [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Wu | Clinical Laboratory Practice Recommendations for the Use of Cardiac Troponin in Acute Coronary Syndrome: Expert Opinion from the Academy of the American Association for Clinical Chemistry and the Task Force on Clinical Applications of Cardiac Bio-Markers of the International Federation of Clinical Chemistry and Laboratory Medicine[END_REF]. Therefore, it is necessary to accelerate currently available assays. Several companies have developed, and continue to improve, point-of-care (POC) devices that are portable and capable of performing cardiac biomarker quantification measurements rapidly and with high sensitivity [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF][START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF]. One of the main advantages of POC devices is that there is no need for sample transport, which allows for more rapide diagnosis [START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF]. Indeed, POC testing in ED decreases the waiting time by 35.5%, with a 22 % faster turnaround time [START_REF] Dehoratius | Point-of-Care Testing: Improving Emergency Department Performance through Process Redesign[END_REF]. POC devices have been shown to result in reduced patient length of stay in EDs [START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF][START_REF] Greiser | The 99th percentile and imprecision of point-of-care cardiac troponin I in comparison to central laboratory tests in a large reference population[END_REF]. Additionally, such devices can be used outside of a hospital setting, for example in an ambulance vehicle or directly in the field.

A lot of articles have already reviewed cardiac biomarkers [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF][START_REF] Sarhene | Biomarkers in heart failure: the past, current and future[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF][START_REF] Ibrahim | Established and Emerging Roles of Biomarkers in Heart Failure[END_REF][START_REF] Berezin | Circulating biomarkers in heart failure: diagnostic and prognostic importance[END_REF][START_REF] Dolci | The exciting story of cardiac biomarkers: From retrospective detection to gold diagnostic standard for acute myocardial infarction and more[END_REF][START_REF] Fathil | Diagnostics on acute myocardial infarction: Cardiac troponin biomarkers[END_REF][START_REF] Garg | Cardiac biomarkers of acute coronary syndrome: from history to high-sensitivity cardiac troponin[END_REF][START_REF] Jaffe | Biomarkers in Acute Cardiac Disease[END_REF][START_REF] Magnussen | Biomarkers for heart failure: small molecules with high clinical relevance[END_REF]. This review will focus on the detection of three different cardiac biomarkers: the well-known cardiac troponins (cTn), natriuretic peptides (NPs), and emerging cardiac miRNAs. These three biomarkers belong to the three different categories of macromolecules: namely proteins for cTn, peptides for NPs, and nucleic acids for miRNAs. Due to the differences in composition and size of these biomarkers, the detection methodology strongly differs as we will see later. The first section will summarize information about each of these three biomarkers, the first two being currently used to for myocardial infarction diagnosis, the latter showing great potential to help in AMI diagnosis. Then, the second section will focus on current commercialised POC devices detecting cTn and NPs, and more particularly the methods used to detect these biomarkers. Finally, insights and prospects will be discussed in the last section concerning recent advances and future solutions on biomarker detection in order to improve myocardial infarction diagnosis. This layout is represented in figure 1.

[69 -76] Figure 1: Graphical layout of the review.

CARDIAC BIOMARKERS

Recent reviews have described in details the most relevant biomarkers for cardiac diseases [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF][START_REF] Sarhene | Biomarkers in heart failure: the past, current and future[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF][START_REF] Ibrahim | Established and Emerging Roles of Biomarkers in Heart Failure[END_REF][START_REF] Berezin | Circulating biomarkers in heart failure: diagnostic and prognostic importance[END_REF][START_REF] Dolci | The exciting story of cardiac biomarkers: From retrospective detection to gold diagnostic standard for acute myocardial infarction and more[END_REF][START_REF] Fathil | Diagnostics on acute myocardial infarction: Cardiac troponin biomarkers[END_REF][START_REF] Garg | Cardiac biomarkers of acute coronary syndrome: from history to high-sensitivity cardiac troponin[END_REF][START_REF] Jaffe | Biomarkers in Acute Cardiac Disease[END_REF][START_REF] Magnussen | Biomarkers for heart failure: small molecules with high clinical relevance[END_REF]. In this section, we will focus more particularly on three recent biomarkers namely troponin, natriuretic peptides and miRNAS due to their current use or recent interest as cardiac biomarkers. Furthermore, the comparison of the detection modes for those biomarkers, with different characteristics, allow us to give a representative description of the recent advances in the domain in the next two sections.

Cardiac troponin

A query on the database Scopus about articles containing in their title the following keywords: "troponin" & "cardiac" & "biomarker*" led to 131 results on April 9, 2020. Over the last 20 years, cardiac troponin I [START_REF] Liu | A novel fluorescent aptasensor for the highly sensitive and selective detection of cardiac troponin I based on a graphene oxide platform[END_REF][START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF][START_REF] Reed | Acute myocardial infarction[END_REF][START_REF] Negahdary | An Aptamer-based Biosensor for Troponin I Detection in Diagnosis of Myocardial Infarction[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Thygesen | Fourth universal definition of myocardial infarction[END_REF] and cardiac troponin T [START_REF] Reed | Acute myocardial infarction[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Phonklam | A novel molecularly imprinted polymer PMB/MWCNTs sensor for highly-sensitive cardiac troponin T detection[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Thygesen | Fourth universal definition of myocardial infarction[END_REF] have emerged as the preferred biomarkers for myocardial diagnosis. Indeed, they are the most sensitive and specific biomarker of myocardial ischemia actually available. They are now the gold standard for AMI diagnosis [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF][START_REF] Chen | Rapid detection of acute myocardial infarction-related miRNA based on a Capture-interCalation-electroCatalysis (3C) strategy[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Vasantham | Paper based point of care immunosensor for the impedimetric detection of cardiac troponin I biomarker[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF][START_REF] Legris | Les marqueurs cardiaques dans la maladie coronarienne et l'insuffisance cardiaque en médecine ambulatoire[END_REF][START_REF] Shirvani Samani | microRNA assays for acute coronary syndromes[END_REF][START_REF] Qiao | Novel electrochemical sensing platform for ultrasensitive detection of cardiac troponin I based on aptamer-MoS2 nanoconjugates[END_REF].

Troponins are a complex of three proteins constituting the myocardial contractile system [START_REF] Negahdary | An Aptamer-based Biosensor for Troponin I Detection in Diagnosis of Myocardial Infarction[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Westermann | High-sensitivity assays for troponin in patients with cardiac disease[END_REF][START_REF] Thomas | Évaluation d'une stratégie d'exclusion d'un syndrome coronarien aigu par un dosage unique de troponine de haute sensibilité: retour d'expérience du CH d'Annecy[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF][START_REF] Gast | Les biomarqueurs de l'infarctus du myocarde[END_REF][START_REF] Falfoul | Interprétation des troponines en réanimation[END_REF][START_REF] Vilela | Anti-cardiac troponin antibodies in clinical human disease: a systematic review[END_REF]. The three subunits are troponin C, troponin T, and troponin I [START_REF] Negahdary | An Aptamer-based Biosensor for Troponin I Detection in Diagnosis of Myocardial Infarction[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Thomas | Évaluation d'une stratégie d'exclusion d'un syndrome coronarien aigu par un dosage unique de troponine de haute sensibilité: retour d'expérience du CH d'Annecy[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF][START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF][START_REF] Legris | Les marqueurs cardiaques dans la maladie coronarienne et l'insuffisance cardiaque en médecine ambulatoire[END_REF]. Troponin C has a molecular weight of 18 kDa [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF] and contains 116 amino acids. This protein binds calcium ions necessary for muscle contraction. As it is similarly expressed in the skeletal muscle and in myocardium [START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Falfoul | Interprétation des troponines en réanimation[END_REF], this protein is unspecific to heart damage and so presents no interest to cardiology [START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF]. Troponin T has a molecular weight of 37 kDa [START_REF] Silva | An ultrasensitive human cardiac troponin T graphene screen-printed electrode based on electropolymerizedmolecularly imprinted conducting polymer[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF] and is present in two isoforms : one protein found in striated muscles and another one in myocardium [START_REF] Gast | Les biomarqueurs de l'infarctus du myocarde[END_REF]. It is also a marker of renal disease and an increase in its concentration can indicate skeletal muscle injury [START_REF] Westermann | High-sensitivity assays for troponin in patients with cardiac disease[END_REF][START_REF] Thygesen | Fourth universal definition of myocardial infarction[END_REF][START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF]. The last subunit is troponin I with a molecular weight of 24 kDa [START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF]. It is composed of 206 amino acids and exists in different isoforms in skeletal muscle and in myocardium. This latter protein prevents muscle fibers from contracting without calcium. Cardiac troponins regulate muscular contraction thanks to intracellular calcium. After myocardial infarction, damaged cells release cardiac troponin I (cTnI) into the blood for a period of 3 to 12 hours [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Reed | Acute myocardial infarction[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF]. During AMI, the blood concentration of cTnI is lower than that of troponin T [START_REF] Falfoul | Interprétation des troponines en réanimation[END_REF] but the kinetics of concentration increase is similar for both proteins [82]. According to the definition given in the "Biomarkers in heart failure: the past, current and future" review, a biomarker is "an objectively measured parameter that is an indicator of normal biological processes, pathogenic process or as a response to pharmalogical therapy" [START_REF] Sarhene | Biomarkers in heart failure: the past, current and future[END_REF]. Myocardial infarction corresponds to the necrosis of a part of the myocardium due to hypoxia caused by the interruption of blood flow in the coronary arteries. In that case, cardiac cells release troponins during their apoptosis [START_REF] Negahdary | An Aptamer-based Biosensor for Troponin I Detection in Diagnosis of Myocardial Infarction[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Lee | Pre-Clinical Tests of an Integrated CMOS Biomolecular Sensor for Cardiac Diseases Diagnosis[END_REF]. Therefore, an increased troponin blood concentration means a cardiac muscle injury [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Reed | Acute myocardial infarction[END_REF][START_REF] Westermann | High-sensitivity assays for troponin in patients with cardiac disease[END_REF][START_REF] Hammerer-Lercher | High-Sensitivity Cardiac Troponin T Compared With Standard Troponin T Testing on Emergency Department Admission: How Much Does It Add in Everyday Clinical Practice?[END_REF]. Thus, cardiac troponins are biomarkers of choice for myocardial infarction diagnosis [START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF][START_REF] Aldous | Cardiac biomarkers in acute myocardial infarction[END_REF][START_REF] Greiser | The 99th percentile and imprecision of point-of-care cardiac troponin I in comparison to central laboratory tests in a large reference population[END_REF][START_REF] Lee | Pre-Clinical Tests of an Integrated CMOS Biomolecular Sensor for Cardiac Diseases Diagnosis[END_REF][START_REF] Du | Plasma levels of heart failure biomarkers are primarily a reflection of extracardiac production[END_REF].

According to recent guidelines, cardiac troponins should be quantified and recommend the following interpretation: "the higher the level [of cardiac troponin], the higher the likelihood for the presence of myocardial infarction" [START_REF] Roffi | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology (ESC)[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF]. At present, troponins level measurements are an integral part of AMI diagnosis [START_REF] Nowak | Ultrarapid Rule-out for Acute Myocardial Infarction Using the Generation 5 Cardiac Troponin T Assay: Results From the REACTION-US Study[END_REF][START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF][START_REF] Thygesen | Universal Definition of Myocardial Infarction[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF][START_REF] Du | Plasma levels of heart failure biomarkers are primarily a reflection of extracardiac production[END_REF][START_REF] Herman | Variability and Error in Cardiac Troponin Testing[END_REF][START_REF] Van Kimmenade | Emerging Biomarkers in Heart Failure[END_REF]. The first troponin assay described was performed in 1987 [START_REF] Cummins | Cardiac-specific troponin-1 radioimmunoassay in the diagnosis of acute myocardial infarction[END_REF]. It required two days and the limit of detection was 10 µg/L [START_REF] Westermann | High-sensitivity assays for troponin in patients with cardiac disease[END_REF]. Nowadays, cTn assays are marketed by several companies. These assays will be detailed in the next section. Most of them rely on a detection method based on the enzyme-linked immunosorbent assay (ELISA) principle using both a capture and a revelation antibody [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Yang | Electrogenerated chemiluminescence biosensor array for the detection of multiple AMI biomarkers[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Vasantham | Paper based point of care immunosensor for the impedimetric detection of cardiac troponin I biomarker[END_REF]. Since 2010, high-sensitivity troponin assays are available [START_REF] Giannitsis | Analytical Validation of a High-Sensitivity Cardiac Troponin T Assay[END_REF]. They allow a more rapid [START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF]in Health, High-Sensitivity Cardiac Troponin for the Rapid Diagnosis of Acute Coronary Syndrome in the Emergency Department: A Clinical and Cost-Effectiveness Evaluation[END_REF][START_REF] Shirvani Samani | microRNA assays for acute coronary syndromes[END_REF][START_REF] Shabbir | One-Hour High Sensitivity Troponin Testing: A Safe and Effective Triage Tool for the Emergency Department[END_REF] and more accurate detection [START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF] compared to conventional assays, offering a reduction of the detection limit from µg/L to ng/L [START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF][START_REF] Hammerer-Lercher | High-Sensitivity Cardiac Troponin T Compared With Standard Troponin T Testing on Emergency Department Admission: How Much Does It Add in Everyday Clinical Practice?[END_REF][START_REF] Shabbir | One-Hour High Sensitivity Troponin Testing: A Safe and Effective Triage Tool for the Emergency Department[END_REF]. These highly-sensitive troponin measurements are very efficient at the first stage of the myocardial infarction because they allow the identification of early necrosis [START_REF] Westermann | High-sensitivity assays for troponin in patients with cardiac disease[END_REF][START_REF] Hammerer-Lercher | High-Sensitivity Cardiac Troponin T Compared With Standard Troponin T Testing on Emergency Department Admission: How Much Does It Add in Everyday Clinical Practice?[END_REF]. Myocardial infarction can thus be detected as early as 3 hours after symptom onset (Figure 2) [82]. To avoid false positive results, it is recommended [START_REF] Nowak | Ultrarapid Rule-out for Acute Myocardial Infarction Using the Generation 5 Cardiac Troponin T Assay: Results From the REACTION-US Study[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Amsterdam | AHA/ACC Guideline for the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes[END_REF] to monitor troponin kinetics [START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF] in at least two measurements [START_REF] Gast | Les biomarqueurs de l'infarctus du myocarde[END_REF], separated by 3 hours [START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Mahajan | How to Interpret Elevated Cardiac Troponin Levels[END_REF]. Currently, fast and highsensitivity cardiac troponin assays are used almost everywhere because they are the best assays available for AMI diagnosis [START_REF] Bianchi | Time to dot the I's and cross the T's of high-sensitivity cardiac troponin[END_REF]. Very recently, in 2019, a scientific expert panel gave recommendations for transitioning to high-sensitivity troponin testing [START_REF] Januzzi | Recommendations for Institutions Transitioning to High-Sensitivity Troponin Testing[END_REF]. The report explained that these current measurements are now sufficiently sensitive that minor troponin concentration variations, such as a few ng/L, can be detected, allowing for a more accurate diagnosis [START_REF] Nowak | Ultrarapid Rule-out for Acute Myocardial Infarction Using the Generation 5 Cardiac Troponin T Assay: Results From the REACTION-US Study[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF][START_REF] Hammerer-Lercher | High-Sensitivity Cardiac Troponin T Compared With Standard Troponin T Testing on Emergency Department Admission: How Much Does It Add in Everyday Clinical Practice?[END_REF][START_REF] Shirvani Samani | microRNA assays for acute coronary syndromes[END_REF]. Hence, an earlier risk stratification of AMI likelihood is now possible [START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF][START_REF] Shirvani Samani | microRNA assays for acute coronary syndromes[END_REF][START_REF] Shabbir | One-Hour High Sensitivity Troponin Testing: A Safe and Effective Triage Tool for the Emergency Department[END_REF][START_REF] Hochholzer | Novel biomarkers in cardiovascular disease: Update 2010[END_REF]. Thanks to these new assays, the delay between the two troponin measurements may be reduced to 1 hour [START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Shabbir | One-Hour High Sensitivity Troponin Testing: A Safe and Effective Triage Tool for the Emergency Department[END_REF][START_REF] Pickering | Early kinetic profiles of troponin I and T measured by high-sensitivity assays in patients with myocardial infarction[END_REF]: the first measurement should be performed upon apatient's admission to the ED, the second being taken one hour later. Such a protocol may be sufficient to rule-out patients with very low troponin level or rule-in patients with very high level or large increase after one hour [START_REF] Nowak | Ultrarapid Rule-out for Acute Myocardial Infarction Using the Generation 5 Cardiac Troponin T Assay: Results From the REACTION-US Study[END_REF][START_REF] Westermann | High-sensitivity assays for troponin in patients with cardiac disease[END_REF]. However, different diagnostic protocols exist [START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Shabbir | One-Hour High Sensitivity Troponin Testing: A Safe and Effective Triage Tool for the Emergency Department[END_REF][START_REF] Pickering | Early kinetic profiles of troponin I and T measured by high-sensitivity assays in patients with myocardial infarction[END_REF] and there is still no consensus to define a unique cutoff allowing the exclusion of patients who have absolutely no risk of myocardial infarction [START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF]. Different factors like age or sex can influence troponin concentration [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF] and thus should be taken into account for cutoff definition. [START_REF]VIDAS® High sensitive Troponin I -Diagnostic Clinique | bioMérieux France[END_REF][START_REF] Hua | Systèmes et dispositifs d'immunoessai combiné et d'immunoessai magnétique pour une plage de sensibilité étendue[END_REF].

An additional point to highlight is the lack of specificity of troponin measurements in most assays for AMI diagnosis that can lead to false positive results [START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF][START_REF] Herman | Variability and Error in Cardiac Troponin Testing[END_REF]. Troponin increases can be caused by cardiac pathologies other than ACS [START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF] such as arrhythmia, anemia, pulmonary embolism, arterial hypertension… [START_REF] Roffi | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology (ESC)[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Gast | Les biomarqueurs de l'infarctus du myocarde[END_REF] Other parameters may also yield false positive or false negative results: failing antibodies [START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF], assay interference with blood components, calibration issues, lack of standardization, variable sensitivity, variability between lots, instrument problems [START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF][START_REF] Herman | Variability and Error in Cardiac Troponin Testing[END_REF]. Hence, a clinical assessment remains essential to make the right diagnosis [START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Januzzi | Recommendations for Institutions Transitioning to High-Sensitivity Troponin Testing[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF].

Finally, a prognostic utility of cardiac troponin was demonstrated [START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Shabbir | One-Hour High Sensitivity Troponin Testing: A Safe and Effective Triage Tool for the Emergency Department[END_REF]. The troponin value gives information about the risk of death [START_REF] Roffi | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology (ESC)[END_REF][START_REF] Twerenbold | Clinical Use of High-Sensitivity Cardiac Troponin in Patients With Suspected Myocardial Infarction[END_REF][START_REF] Amsterdam | AHA/ACC Guideline for the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes[END_REF] and helps for risk stratification [START_REF] Park | Cardiac troponins: from myocardial infarction to chronic disease[END_REF][START_REF] Potomac | Using High Sensitivity Troponins to Rule Out Acute Coronary Syndrome and Lower Admission Rates[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF][START_REF] Pickering | Early kinetic profiles of troponin I and T measured by high-sensitivity assays in patients with myocardial infarction[END_REF][START_REF] Mills | Cardiac Troponin to Guide the Use of Noninvasive Testing in Patients Ruled Out for Myocardial Infarction[END_REF].

Natriuretic peptides

A bibliographic search was carried out on Scopus with the following search criteria: titles containing "natriuretic peptide" & "cardiac" & "biomarker*". It led to only 37 publications as of April 9, 2020. This highlights the fact that these peptides are to date less weel_known as cardiac biomarkers compared to cardiac troponins. They are nonetheless the most used cardiac biomarkers in the category of peptides [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF] Cao | BNP and NT-proBNP as Diagnostic Biomarkers for Cardiac Dysfunction in Both Clinical and Forensic Medicine[END_REF][START_REF] Saenger | Specificity of B-Type Natriuretic Peptide Assays: Cross-Reactivity with Different BNP, NT-proBNP, and proBNP Peptides[END_REF].

NPs are hormones synthesized by several organs including the brain and the heart [START_REF] Sarhene | Biomarkers in heart failure: the past, current and future[END_REF]. In the family of peptidic hormones, three peptides share the same ring structure composed of 17 amino acids. There are atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP), and C-type natriuretic peptide (CNP). ANP and BNP amino acid sequences were identified in the 1980s [START_REF] Atlas | Purification, sequencing and synthesis of natriuretic and vasoactive rat atrial peptide[END_REF][START_REF] Sudoh | A new natriuretic peptide in porcine brain[END_REF]. These peptides are produced by myocardial tissue and maintain homeostasis in the cardiovascular system by binding NP receptors [START_REF] Matsuo | Natriuretic peptides in human heart: Novel insight into their molecular forms, functions, and diagnostic use[END_REF][START_REF] Volpe | Natriuretic peptides in heart failure: Current achievements and future perspectives[END_REF]. When the heart suffers from an atrial and ventricular dysfunction, the proBNP precursor is cleaved. The active BNP and the inactive N-terminal proBNP (NT-proBNP) fragments are then secreted in the heart ventricles [START_REF] Sarhene | Biomarkers in heart failure: the past, current and future[END_REF][START_REF] Chen | Diagnostic and prognostic value of biomarkers in acute myocardial infarction[END_REF]. When any increase of the volume of fluid or pressure on the heart wall occurs, caused by heart rate dysregulation, concentrations of BNP and NT-proBNP in plasma increase [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Du | Plasma levels of heart failure biomarkers are primarily a reflection of extracardiac production[END_REF][START_REF] Saenger | Specificity of B-Type Natriuretic Peptide Assays: Cross-Reactivity with Different BNP, NT-proBNP, and proBNP Peptides[END_REF][START_REF] Kavsak | Educational Recommendations on Selected Analytical and Clinical Aspects of Natriuretic Peptides with a Focus on Heart Failure: A Report from the IFCC Committee on Clinical Applications of Cardiac Bio-Markers[END_REF][START_REF] Mckie | NT-proBNP[END_REF][START_REF] Grabowska | Electrochemical Aptamer-Based Biosensors for the Detection of Cardiac Biomarkers[END_REF]. The sensitivity of BNP is even higher than that of cTnI [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF]. These peptides are thus appropriate biomarkers for diagnosing AMI very early [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Wang | Rapid rule out of acute myocardial infarction in the observe zone using a combination of presentation N-terminal pro-B-type natriuretic peptide and high-sensitivity cardiac troponin I[END_REF][START_REF] Li | Early diagnosis of rats with acute myocardial infarction by measurement of brain natriuretic peptide[END_REF] and are also considered as the gold standard biomarker for HF [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Sarhene | Biomarkers in heart failure: the past, current and future[END_REF][START_REF] Cao | BNP and NT-proBNP as Diagnostic Biomarkers for Cardiac Dysfunction in Both Clinical and Forensic Medicine[END_REF][START_REF] Ibrahim | Established and Emerging Roles of Biomarkers in Heart Failure[END_REF][START_REF] Wang | The role of microRNAs in heart failure[END_REF][START_REF] Lee | Pre-Clinical Tests of an Integrated CMOS Biomolecular Sensor for Cardiac Diseases Diagnosis[END_REF][START_REF] Du | Plasma levels of heart failure biomarkers are primarily a reflection of extracardiac production[END_REF][START_REF] Matsuo | Natriuretic peptides in human heart: Novel insight into their molecular forms, functions, and diagnostic use[END_REF][START_REF] Mckie | NT-proBNP[END_REF][START_REF] Van Kimmenade | Emerging Biomarkers in Heart Failure[END_REF][START_REF] Vodovar | Evolution of natriuretic peptide biomarkers in heart failure: Implications for clinical care and clinical trials[END_REF][START_REF] Wong | MicroRNA and Heart Failure[END_REF]. A dysregulation of BNP and NT-proBNP concentrations happens in case of ACS. Therefore, measurements of these biomarkers can be useful for AMI diagnosis. Cardiac dysfunction and HF can be diagnosed by the BNP and NT-proBNP biomarkers [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Wang | Rapid rule out of acute myocardial infarction in the observe zone using a combination of presentation N-terminal pro-B-type natriuretic peptide and high-sensitivity cardiac troponin I[END_REF][START_REF] Cao | BNP and NT-proBNP as Diagnostic Biomarkers for Cardiac Dysfunction in Both Clinical and Forensic Medicine[END_REF][START_REF] Saenger | Specificity of B-Type Natriuretic Peptide Assays: Cross-Reactivity with Different BNP, NT-proBNP, and proBNP Peptides[END_REF][START_REF] Matsuo | Natriuretic peptides in human heart: Novel insight into their molecular forms, functions, and diagnostic use[END_REF][START_REF] Volpe | Natriuretic peptides in heart failure: Current achievements and future perspectives[END_REF][START_REF] Mckie | NT-proBNP[END_REF][START_REF] Vodovar | Evolution of natriuretic peptide biomarkers in heart failure: Implications for clinical care and clinical trials[END_REF]. The American College of Cardiology Foundation, the American Heart Association and the European Society of Cardiology have no doubts about the validity and the reliability of these biomarkers in such cases [START_REF]Roche Diagnostics, How Roche NT-proBNP can help all along the HF patient journey[END_REF]. Current guidelines from The European Society of Cardiology recommend that clinicians measure BNP and NT-proBNP plasma concentrations of patients with suspected acute HF [START_REF] Kavsak | Educational Recommendations on Selected Analytical and Clinical Aspects of Natriuretic Peptides with a Focus on Heart Failure: A Report from the IFCC Committee on Clinical Applications of Cardiac Bio-Markers[END_REF]. They have set cutoff values of 35 pg/mL for BNP and 125 pg/mL for NT-proBNP for the diagnosis of chronic HF and these values are raised to 100 and 300 pg/mL respectively for acute HF [START_REF] Kavsak | Educational Recommendations on Selected Analytical and Clinical Aspects of Natriuretic Peptides with a Focus on Heart Failure: A Report from the IFCC Committee on Clinical Applications of Cardiac Bio-Markers[END_REF]. As for cardiac troponin, cutoff values are multiparameter dependent (age, sex, obesity, kidney function) and should not be generic [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Rocco | High-sensitivity cardiac troponin assays and acute coronary syndrome: a matter of sex?[END_REF][START_REF] Romiti | Sex-Specific Cut-Offs for High-Sensitivity Cardiac Troponin: Is Less More?[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF][START_REF] Cao | BNP and NT-proBNP as Diagnostic Biomarkers for Cardiac Dysfunction in Both Clinical and Forensic Medicine[END_REF][START_REF] Legris | Les marqueurs cardiaques dans la maladie coronarienne et l'insuffisance cardiaque en médecine ambulatoire[END_REF][START_REF] Kavsak | Educational Recommendations on Selected Analytical and Clinical Aspects of Natriuretic Peptides with a Focus on Heart Failure: A Report from the IFCC Committee on Clinical Applications of Cardiac Bio-Markers[END_REF][START_REF] Grabowska | Electrochemical Aptamer-Based Biosensors for the Detection of Cardiac Biomarkers[END_REF][START_REF] Vodovar | Evolution of natriuretic peptide biomarkers in heart failure: Implications for clinical care and clinical trials[END_REF][START_REF]Roche Diagnostics, How Roche NT-proBNP can help all along the HF patient journey[END_REF]. Furthermore, ELISA assays, used to quantify BNP, require several antibodies that bind different epitopes of the peptide [START_REF] Saenger | Specificity of B-Type Natriuretic Peptide Assays: Cross-Reactivity with Different BNP, NT-proBNP, and proBNP Peptides[END_REF][START_REF] Kavsak | Educational Recommendations on Selected Analytical and Clinical Aspects of Natriuretic Peptides with a Focus on Heart Failure: A Report from the IFCC Committee on Clinical Applications of Cardiac Bio-Markers[END_REF][START_REF] Galinier | NT-proBNP: lequel choisir en pratique ?[END_REF]. So, the results vary from one technique to another [START_REF] Galinier | NT-proBNP: lequel choisir en pratique ?[END_REF]. Because of this divergence and the lack of international standards regarding NPs dosage, it is difficult to use a single cutoff value [START_REF] Legris | Les marqueurs cardiaques dans la maladie coronarienne et l'insuffisance cardiaque en médecine ambulatoire[END_REF][START_REF] Saenger | Specificity of B-Type Natriuretic Peptide Assays: Cross-Reactivity with Different BNP, NT-proBNP, and proBNP Peptides[END_REF][START_REF] Kavsak | Educational Recommendations on Selected Analytical and Clinical Aspects of Natriuretic Peptides with a Focus on Heart Failure: A Report from the IFCC Committee on Clinical Applications of Cardiac Bio-Markers[END_REF]. Moreover, the half-life of NT-proBNP is six times longer than the approximately twenty minutes half-life of BNP [START_REF] Galinier | NT-proBNP: lequel choisir en pratique ?[END_REF][START_REF] Weber | B-type natriuretic peptide and N-terminal pro-B-type natriuretic peptide -Diagnostic role in stable coronary artery disease[END_REF]. The dosage of NT-proBNP is thus preferred to BNP, especially for out-of-hospital clinical practice, since the stability of the first peptide is higher [START_REF] Galinier | NT-proBNP: lequel choisir en pratique ?[END_REF][START_REF] Lebrun | BNP ou NT-proBNP : "mon coeur balance[END_REF].

Furthermore, BNP and NT-proBNP specificity is not perfect, which prevents them being used alone as biomarkers for myocardial infarction. Pulmonary pathology, renal insufficiency, sepsis or diabetes can also induce an increase of BNP and NT-proBNP [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF][START_REF] Ibrahim | Established and Emerging Roles of Biomarkers in Heart Failure[END_REF][START_REF] Legris | Les marqueurs cardiaques dans la maladie coronarienne et l'insuffisance cardiaque en médecine ambulatoire[END_REF][START_REF] Chen | Diagnostic and prognostic value of biomarkers in acute myocardial infarction[END_REF][START_REF] Kavsak | Educational Recommendations on Selected Analytical and Clinical Aspects of Natriuretic Peptides with a Focus on Heart Failure: A Report from the IFCC Committee on Clinical Applications of Cardiac Bio-Markers[END_REF].

To improve the specificity of peptides assays, these NPs should be more deeply studied [START_REF] Matsuo | Natriuretic peptides in human heart: Novel insight into their molecular forms, functions, and diagnostic use[END_REF]. Actually, healthy people and patients presenting heart problems do not present these peptides in the same form (biologically active or inactive forms) [START_REF] Vodovar | Evolution of natriuretic peptide biomarkers in heart failure: Implications for clinical care and clinical trials[END_REF]. Scientists and clinicians are mainly interested in BNP whereas ANP should be analyzed too [START_REF] Ibrahim | Established and Emerging Roles of Biomarkers in Heart Failure[END_REF][START_REF] Du | Plasma levels of heart failure biomarkers are primarily a reflection of extracardiac production[END_REF][START_REF] Kavsak | Educational Recommendations on Selected Analytical and Clinical Aspects of Natriuretic Peptides with a Focus on Heart Failure: A Report from the IFCC Committee on Clinical Applications of Cardiac Bio-Markers[END_REF][START_REF] Van Kimmenade | Emerging Biomarkers in Heart Failure[END_REF]. Some useful information is obfuscated in results of the current assays, which do not detect every form of each peptide. Novel methods that detect and quantify the different forms of every peptide should be developed in order to evaluate with more accuracy the health of the patient [START_REF] Matsuo | Natriuretic peptides in human heart: Novel insight into their molecular forms, functions, and diagnostic use[END_REF].

In addition to their diagnostic function, NPs are also prognostic biomarkers for myocardial infarction [START_REF] Roffi | ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology (ESC)[END_REF][START_REF] Cao | BNP and NT-proBNP as Diagnostic Biomarkers for Cardiac Dysfunction in Both Clinical and Forensic Medicine[END_REF][START_REF] Ibrahim | Established and Emerging Roles of Biomarkers in Heart Failure[END_REF][START_REF] Volpe | Natriuretic peptides in heart failure: Current achievements and future perspectives[END_REF][START_REF] Chen | Diagnostic and prognostic value of biomarkers in acute myocardial infarction[END_REF][START_REF] Van Kimmenade | Emerging Biomarkers in Heart Failure[END_REF][START_REF] Vodovar | Evolution of natriuretic peptide biomarkers in heart failure: Implications for clinical care and clinical trials[END_REF][START_REF]Roche Diagnostics, How Roche NT-proBNP can help all along the HF patient journey[END_REF][START_REF] Kontos | Prognostic Value of Serial N-Terminal Pro-Brain Natriuretic Peptide Testing in Patients With Acute Myocardial Infarction[END_REF]. During hospitalization for acute myocardial infarction, it is currently recommended to measure NT-proBNP levels to evaluate the subsequent risk of death [START_REF] Kontos | Prognostic Value of Serial N-Terminal Pro-Brain Natriuretic Peptide Testing in Patients With Acute Myocardial Infarction[END_REF]. Repetitive NP measurements could guide clinicians for treatment [START_REF] Logeart | Insuffisance cardiaque et dosage du BNP en pratique clinique[END_REF][START_REF]Haute Autorité de santé, Les maladies cardiaques dans la maladie coronarienne et l'insuffisance cardiaque en médecine ambulatoire[END_REF] and improve prognosis [START_REF] Delerme | Apport des marqueurs biologiques[END_REF]. They can also be used to predict HF for patients affected by type 2 diabetes. These markers are widely used for risk stratification [START_REF] Wang | The Biomarkers for Acute Myocardial Infarction and Heart Failure[END_REF][START_REF]Roche CARDIAC point of care assays: Diagnostic utility in clinical practice[END_REF][START_REF] Wang | Rapid rule out of acute myocardial infarction in the observe zone using a combination of presentation N-terminal pro-B-type natriuretic peptide and high-sensitivity cardiac troponin I[END_REF][START_REF] Richards | Future biomarkers in cardiology: my favourites[END_REF][START_REF] Lee | Pre-Clinical Tests of an Integrated CMOS Biomolecular Sensor for Cardiac Diseases Diagnosis[END_REF].

miRNAs

As previously explained, diagnosing cardiovascular diseases and particularly acute myocardial infarction is one of the most important health challenges. Detection of concentration variations of cardiac biomarkers are necessary for the diagnosis [START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF]. It is known that the cardiac troponin assay is the gold standard for such a diagnosis [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF]. These cardiac proteins -released by cardiomyocytes -act as a good biomarker: they can be rapidly detected, precisely measured, and give useful and reliable information to help clinicians and improve patient care. Nevertheless, its lack of specificity for acute myocardial infarction encourage the research and discovery of novel biomarkers [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF][START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF][START_REF] Zhao | The functions of microRNA-208 in the heart[END_REF]. Circulating microRNAs (miRNAs) seem to be good candidates to that end [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF][START_REF] Wang | The role of microRNAs in heart failure[END_REF][START_REF] Wong | MicroRNA and Heart Failure[END_REF][START_REF] Zhao | The functions of microRNA-208 in the heart[END_REF][START_REF] Akodad | Micro-RNAs as promising biomarkers in cardiac diseases[END_REF][START_REF] De Gonzalo-Calvo | Circulating microRNAs as emerging cardiac biomarkers responsive to acute exercise[END_REF]. miRNAs are endogenous, single stranded, highly conserved, and non-coding RNAs made of short nucleotidic oligomers (around 22 nucleotides in length) [START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF][START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF][START_REF] Chen | Rapid detection of acute myocardial infarction-related miRNA based on a Capture-interCalation-electroCatalysis (3C) strategy[END_REF][START_REF] Kuwabara | Increased MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients With Cardiovascular Disease Indicate Myocardial Damage[END_REF][START_REF] Fitzgerald | High-sensitivity troponin assays: development and utility in a modern health-care system[END_REF][START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF][START_REF] Chistiakov | Cardiac-specific miRNA in cardiogenesis, heart function, and cardiac pathology (with focus on myocardial infarction)[END_REF][START_REF] Wang | The role of microRNAs in heart failure[END_REF][START_REF] Wong | MicroRNA and Heart Failure[END_REF][START_REF] Zhao | The functions of microRNA-208 in the heart[END_REF][START_REF] Akodad | Micro-RNAs as promising biomarkers in cardiac diseases[END_REF][START_REF] Felekkis | Challenges in Using Circulating Micro-RNAs as Biomarkers for Cardiovascular Diseases[END_REF][START_REF] Robinson | Chip-based digital PCR as a novel detection method for quantifying microRNAs in acute myocardial infarction patients[END_REF]. They were discovered in 2004 [123] and rapidly identified as biomarkers thanks to their stability in blood [START_REF] Mitchell | Circulating microRNAs as stable blood-based markers for cancer detection[END_REF]. Since then, they have enjoyed increasing scientific interest [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF].

miRNAs have a regulatory role in gene expression in cells [START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF][START_REF] Kuwabara | Increased MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients With Cardiovascular Disease Indicate Myocardial Damage[END_REF][START_REF] Wang | The role of microRNAs in heart failure[END_REF][START_REF] Wong | MicroRNA and Heart Failure[END_REF][START_REF] Felekkis | Challenges in Using Circulating Micro-RNAs as Biomarkers for Cardiovascular Diseases[END_REF].,regulating about 66% of human protein-coding genes [START_REF] Chistiakov | Cardiac-specific miRNA in cardiogenesis, heart function, and cardiac pathology (with focus on myocardial infarction)[END_REF][START_REF] Wang | The role of microRNAs in heart failure[END_REF][START_REF] Wong | MicroRNA and Heart Failure[END_REF]. They bind messenger RNA to induce its degradation or prevent its translation into proteins [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF][START_REF] Kuwabara | Increased MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients With Cardiovascular Disease Indicate Myocardial Damage[END_REF][START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF][START_REF] Wang | The role of microRNAs in heart failure[END_REF][START_REF] Wong | MicroRNA and Heart Failure[END_REF][START_REF] Zhao | The functions of microRNA-208 in the heart[END_REF][START_REF] Akodad | Micro-RNAs as promising biomarkers in cardiac diseases[END_REF][START_REF] Robinson | Chip-based digital PCR as a novel detection method for quantifying microRNAs in acute myocardial infarction patients[END_REF]. Cells also release miRNA to communicate with each other [START_REF] De Gonzalo-Calvo | Circulating microRNAs as emerging cardiac biomarkers responsive to acute exercise[END_REF] and to exchange genetic information [START_REF] Felekkis | Challenges in Using Circulating Micro-RNAs as Biomarkers for Cardiovascular Diseases[END_REF]. These molecules are present in tissue and several bodily fluids including blood, urine and saliva [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF][START_REF] Wang | The role of microRNAs in heart failure[END_REF][START_REF] Shirvani Samani | microRNA assays for acute coronary syndromes[END_REF][START_REF] Felekkis | Challenges in Using Circulating Micro-RNAs as Biomarkers for Cardiovascular Diseases[END_REF][START_REF] Robinson | Chip-based digital PCR as a novel detection method for quantifying microRNAs in acute myocardial infarction patients[END_REF]. They are very robust and chemically stable in body fluids [START_REF] Zhao | The functions of microRNA-208 in the heart[END_REF][START_REF] Robinson | Chip-based digital PCR as a novel detection method for quantifying microRNAs in acute myocardial infarction patients[END_REF]. Thus, they represent an interesting potential as biomarkers. Current detection methods to identify miRNAs are often performed on serum or plasma and are based on hybridization techniques, on quantitative polymerase chain reaction (qPCR) -which uses a normalization control [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF]-or on next-generation sequencing (NGS) systems [START_REF] Felekkis | Challenges in Using Circulating Micro-RNAs as Biomarkers for Cardiovascular Diseases[END_REF]. Some miRNAs called myomiRs are specifically expressed in cardiomyocytes [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF]. This group is composed of miR-1, miR-133a, miR-208a/b and miR-499 [START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF][START_REF] Chen | Rapid detection of acute myocardial infarction-related miRNA based on a Capture-interCalation-electroCatalysis (3C) strategy[END_REF][START_REF] Kuwabara | Increased MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients With Cardiovascular Disease Indicate Myocardial Damage[END_REF][START_REF] Chistiakov | Cardiac-specific miRNA in cardiogenesis, heart function, and cardiac pathology (with focus on myocardial infarction)[END_REF]. Since their concentration increases in the case of cardiac infarction, they could be biomarkers for acute myocardial infarction [START_REF] Kuwabara | Increased MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients With Cardiovascular Disease Indicate Myocardial Damage[END_REF][START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF][START_REF] Chistiakov | Cardiac-specific miRNA in cardiogenesis, heart function, and cardiac pathology (with focus on myocardial infarction)[END_REF][START_REF] Wang | The role of microRNAs in heart failure[END_REF]. However, it remains to be proven that they are able to improve the diagnosis of such disease compared to troponin biomarkers [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF]. Their better sensitivity and specificity remain to be clearly demonstrated.

Many studies have been conducted in the last few years in order to test the suitability of such miRNAs as potential biomarkers for AMI. Among the group of cardiac biomarkers, it has been demonstrated that miR-208, which comprises miR-208a and miR-208b, is overexpressed in patients with MI and detectable one hour after symptom onset [START_REF] Zhao | The functions of microRNA-208 in the heart[END_REF]. The performance of miR-208 as a biomarker for MI diagnosis compared to troponin is still a matter of debate: some studies conclude that miR-208 could detect AMI earlier than cTnI or cTnT, and that it is more specific [START_REF] Chistiakov | Cardiac-specific miRNA in cardiogenesis, heart function, and cardiac pathology (with focus on myocardial infarction)[END_REF][START_REF] Zhao | The functions of microRNA-208 in the heart[END_REF], while others claim that even if miR-208 is cardio-specific it does not improve AMI diagnosis compared to troponin [START_REF] Wang | Circulating microRNA: a novel potential biomarker for early diagnosis of acute myocardial infarction in humans[END_REF]. The performance of other myomiRs was tested: miR-499 shows high specificity to AMI and could be detected at the very beginning of symptom onset, (earlier than troponin [START_REF] Chistiakov | Cardiac-specific miRNA in cardiogenesis, heart function, and cardiac pathology (with focus on myocardial infarction)[END_REF]) while miR-221-3p has been also explored as a candidate for AMI diagnosis [START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF]. However, the reliability of the former study -focused on miR-221-3p -is limited due to biases [START_REF] Akodad | Micro-RNAs as promising biomarkers in cardiac diseases[END_REF]. Hence, scientists have not yet reached a consensus regaind the performance of these miRNAs as potential biomarker for cardiovascular diseases [START_REF] Kuwabara | Increased MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients With Cardiovascular Disease Indicate Myocardial Damage[END_REF].

Furthermore, miRNA detection is hampered by intrinsic technical issues. Firstly, their concentration depends on biological parameters such as age and sex [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF]. Secondly, there are as yet no established standard methods for their detection and measurement [START_REF] Felekkis | Challenges in Using Circulating Micro-RNAs as Biomarkers for Cardiovascular Diseases[END_REF]. Many factors, especially in the pre-analytical steps, cause variability in the measurement results, including the presence of anticoagulant, storage conditions, temperature, centrifugation protocol, and the normalization method used [START_REF] Halushka | Opportunities for microRNAs in the Crowded Field of Cardiovascular Biomarkers[END_REF][START_REF] Felekkis | Challenges in Using Circulating Micro-RNAs as Biomarkers for Cardiovascular Diseases[END_REF]. There is thus a need to improve and standardize protocols in order to render miRNAs data sufficiently robust and reliable.

Cardiac miRNAs have a huge potential to become powerful biomarkers for myocardial infarction diagnosis but a lot of studies and standardization methods have yet to be implemented before their suitability can be established [START_REF] Kuwabara | Increased MicroRNA-1 and MicroRNA-133a Levels in Serum of Patients With Cardiovascular Disease Indicate Myocardial Damage[END_REF].

COMMERCIALIZED SOLUTIONS FOR CARDIAC BIOMARKERS DETECTION

The use of POC devices in ED represents a huge breakthrough for a rapid management of patients. Such systems can reduce the time needed to deliver a rapid diagnosis and consequently ED length of stay for the patient. It also opens up opportunities for on-site or decentralised detection. This is particularly the case for cardiac health issues and acute myocardial infarction (AMI) diagnosis. Usually, several specific cardiac biomarkers are detected in central laboratories according to welldefined procedures, as discussed above. Nevertheless, these procedures can take several hours to produce results and enable diagnosis, despite use in time-critical scenarios where rapid intervention is crucial to improve patient care In this space, several companies have successfully commercialized POC devices, which can detect the most commonly used cardiac biomarkers, such as cTnI, cTnT and BNP, in just a few minutes. However, the main drawback of such devices is their sensitivity, which is lower than laboratory assays. It implies that POC devices need a highest cut-off point for an accurate detection [START_REF] Collinson | Cardiac Troponin by Point-of-Care Testing[END_REF].

Before describing widely used POC assays for cardiac biomarkers detection, let us define several terms that are used to quantitatively characterize the performances of a device:

• Limit of detection (LoD): The lowest concentration of the biomarker detectable by the device. • Limit of Blank (LoB): The highest quantity value to be observed for a blank material containing no analyte. • Limit of quantification (LoQ): The Lowest biomarker concentrations that can be reliably quantified by the device. • Range of detection: Wide range of concentrations with a Coefficient of Variation (CV) lower than a specific percentage (generally 10%). • Coefficient of Variation (CV): Indicate the dispersion of the values distribution around the mean value. • Cut-off point: Reference decision limit generally defined at the 99 th percentile of a normal reference population. Below this value, the test result is negative. Above, it is positive.

In order to optimize the detection and quantification of either troponins or BNP, several challenges must be overcome:

-The biomarker concentration in bodily fluids (typically blood or plasma) is, low especially for healthy patients (ng/L). Some amplification methodologies or labelling of probes will be implemented within the protocols of the POC devices to reach relevant LoD. -Patient samples are generally complex (blood or plasma), containing many other analytes or interferents. Sample preparation and/or washing step may thus be required to avoid contaminations and reduce LoB. -The sampling method (capillary blood) limits the amount of sample accessible for the assay. -The affinity and selectivity of the capture probes is crucial for low LoD. High affinity and selectivity increase the signal-to-noise ratio because the probes capture only the molecule of interest. -The time of detection is also essential. The objectives of the ED are to provide an accurate diagnosis as fast as possible in order to guarantee patient safety (especially in case of cardiac troubles), and to avoid the saturation of the ED.

In this section, several currently commercialized POC devices -detecting either troponins or BNP -will be presented, with a special focus on their detection methodologies.

Magnetic bead capture and frustrated total internal reflection detection

The Philips company has developed a POC system, called Minicare. It is based on a homogenous sandwich immunoassay [START_REF] Bruls | Rapid integrated biosensor for multiplexed immunoassays based on actuated magnetic nanoparticles[END_REF][START_REF] Kemper | Analytical evaluation of a new point of care system for measuring cardiac Troponin I[END_REF] and a technology for the capture and concentration of the biomarker and its concentration through precise manipulation of magnetic nanoparticles [START_REF] Dittmer | Assay for troponin I using magnetic labels[END_REF]. This methodology aims to detect low levels of troponin I. One of the main characteristics of this system is the use of magnetic beads which are easy to control and useful during the washing step, thus reducing the loss of complexes and amplifying the signal. Moreover, the Minicare device can be handheld and used at the patient's bedside.

The detection process is as follows (Figure 3A). The system only needs a small amount of blood sample, approximately 30 µL. The blood cells are filtered through a membrane, which selectively draws only the plasma components into the reaction chamber using capillary forces. Only 0.25 µL of plasma are used for the reaction with antibodies. Magnetic beads are covalently functionalized with mouse monoclonal anti-cTnI antibodies that target the stable part of cTnI (amino acids (aa) [START_REF] Januzzi | Recommendations for Institutions Transitioning to High-Sensitivity Troponin Testing[END_REF][START_REF] Claessens | Troponine Tc Ultra sensible : interpréation dans le SCA, Urgences-Online[END_REF][START_REF] Coskunpinar | Circulating miR-221-3p as a novel marker for early prediction of acute myocardial infarction[END_REF][START_REF] Chistiakov | Cardiac-specific miRNA in cardiogenesis, heart function, and cardiac pathology (with focus on myocardial infarction)[END_REF][START_REF] Gast | Les biomarqueurs de l'infarctus du myocarde[END_REF][START_REF] Thygesen | Fourth universal definition of myocardial infarction[END_REF][START_REF] Xu | High-sensitive cardiac troponin T[END_REF][START_REF] Wagner | Moving toward a new definition of acute myocardial infarction for the 21st century: Status of the ESC/ACC Consensus Conference[END_REF][START_REF]in Health, High-Sensitivity Cardiac Troponin for the Rapid Diagnosis of Acute Coronary Syndrome in the Emergency Department: A Clinical and Cost-Effectiveness Evaluation[END_REF]. Thus, the antibodies on the beads capture the cTnI, then a magnetic field is applied in order to drive the beads onto the sensor surface. On this surface, 3 other types of antibodies are immobilized by physisorption: two anti-cTnI antibodies that recognize different cTnI epitopes (aa 20-100) on the troponin, and one antibody (anti-cTnC) that binds cTnC. The combination of these three antibodies permit an optimal detection of cTnI and cTnI-cTnC complexes. When the molecular sandwiches are formed, a magnetic pulse is generated in order to favour optimal bindings in the complexes. Then, a magnetic wash, created by a magnetic gradient, is performed in order to remove unbound beads [START_REF] Bruls | Rapid integrated biosensor for multiplexed immunoassays based on actuated magnetic nanoparticles[END_REF][START_REF] Kemper | Analytical evaluation of a new point of care system for measuring cardiac Troponin I[END_REF]. This last step allows the minimization of the non-specific signal.

To quantify the concentration of cTnI present in the sample, a frustrated Total Internal Reflection (f-TIR) measurement is performed by the Minicare device [START_REF] Bruls | Rapid integrated biosensor for multiplexed immunoassays based on actuated magnetic nanoparticles[END_REF] (Figure 3B). When an incident light, traveling through a medium such as air, hits a second medium at an incident angle greater than the critical angle, the light is totally reflected: that is total internal reflection. If a third medium with a higher refractive index than the second is added between the two first media, the energy of an evanescent wave is transferred from the second medium to the third one. This induces a decrease of the reflectivity of the interface. As the reflection is no longer total, this phenomenon is known as frustrated total internal reflection. Hence, this optical technology can be used to study biomolecular interactions at the interface between different media. Other optical techniques such as Bio-Layer Interferometry (BLI) or Surface Plasmon Resonance (SPR) are also able to detect interactions between a probe immobilized on a surface and a biomolecule of interest.

For the detection of troponin I, the Minicare device has the following performances: a level of blank (LoB) of 8.5 ng/L, a limit of detection (LoD) of 18 ng/L and a limit of quantification (LoQ) of 38 ng/L for a CV of 20% [START_REF] Kemper | Analytical evaluation of a new point of care system for measuring cardiac Troponin I[END_REF][START_REF] Venge | Equal clinical performance of a novel point-of-care cardiac troponin I (cTnI) assay with a commonly used high-sensitivity cTnI assay[END_REF]. However, for the detection of troponin I, the Minicare device seems to be less accurate than other POC systems. Indeed, it has the highest LoD, LoQ and an important LoB compared to the others of the list displayed in Table 1.

Using the same magnetic bead technology, the Minicare device is also capable of detecting BNP in blood samples. In this case, single epitope sandwich (SES) BNP antibodies (Hytest, Turku, Finland) are used to capture the analyte. A monoclonal capture antibody (mAB 24C5), specific to the stable fragment of the BNP molecule ring (sequence FGRKMDR), binds the BNP. A detection antibody (mAB Ab-BNP2) then recognizes the whole immune complex formed by the BNP and the capture antibody (Figure 4). The specificity of the detection of the BNP with this technology is very high because the detection antibody is specific to the whole immune complex [START_REF] Van Reenen | Analytical performance of a single epitope B-type natriuretic peptide sandwich immunoassay on the Minicare platform for point-of-care diagnostics[END_REF][START_REF] Tamm | Novel Immunoassay for Quantification of Brain Natriuretic Peptide and Its Precursor in Human Blood[END_REF][START_REF] Røsjø | Diagnostic utility of a single-epitope sandwich B-type natriuretic peptide assay in stable coronary artery disease: Data from the Akershus Cardiac Examination (ACE) 1 Study[END_REF]. For the detection of BNP in a blood sample, the Minicare device has the following performances: a LoB of 3.3 ng/L, a LoD of 5.8 ng/L and a LoQ lower than 9ng/L at a CV of 20% and lower than 30 ng/L at a CV of 10% [START_REF] Van Reenen | Analytical performance of a single epitope B-type natriuretic peptide sandwich immunoassay on the Minicare platform for point-of-care diagnostics[END_REF]. 2) magnetic pulsing to improve the binding process; (3) magnetic wash to remove unbound beads [START_REF] Bruls | Rapid integrated biosensor for multiplexed immunoassays based on actuated magnetic nanoparticles[END_REF]. B. f-TIR scheme of magnetic nanoparticles bound to the sensor surface [START_REF] Bruls | Rapid integrated biosensor for multiplexed immunoassays based on actuated magnetic nanoparticles[END_REF].

Labelled antibodies and fluorescence detection

Another way to quantify the concentration of cardiac biomarkers in blood is through immunofluorescent labelling with antibodies.

Fluorescence is a well-known optical method used to quantify molecules and is easy to implement in a POC device. Moreover, the use of labelled antibodies improves the specificity of the detection and, in the same way, the precision as we can see in Table 1, Table 2 andTable 3.

The Radiometer company incorporates this method into the AQT90 FLEX system, using an immunoassay cartridge and a time-resolved fluorescence [START_REF]Analyseur d'immunodosage AQT90 FLEX -Radiometer[END_REF][START_REF]Premarket Notification Submission -AQT90 FLEX, Reagent Pack, Myo Test Kit, Myo CAL Cartridge and LQC Multi-CHECK[END_REF] detection of europium chelates (Eu chelate). Lyophilized antibodies specific to analytes of interest and, Eu chelate labelled antibodies are loaded in a 300 µL chamber. The sample, which can be whole-blood or plasma, is injected into the chamber with a running buffer. The mixture is then incubated at 37°C for 7 to 15 minutes. Unbound molecules are removed in a washing step that reduces non-specific contribution to the signal. After drying of the chamber, the measurement is performed by exposing the complex to an excitation light source. The fluorescence emitted by the labels is measured, and finally compared to a calibration curve to obtain a quantitative measurement of the concentration of the analytes [START_REF]Premarket Notification Submission -AQT90 FLEX, Reagent Pack, Myo Test Kit, Myo CAL Cartridge and LQC Multi-CHECK[END_REF]. The same method is used for the detection of various cardiac biomarkers such as troponin I, T and NT-proBNP. The only differences are the lyophilized reagents, incubation times, and detection performances [START_REF]Le dosage du NT-proBNP à bord de[END_REF][START_REF]Dosage de la troponine sur l'analyseur d'immunodosage AQT90 FLEX | Radiometer[END_REF].

Fluorescence is also used in order to quantify the concentration of cardiac biomarkers by ET Healthcare's device known as Pylon. The system exploits labelled antibodies as the AQT90 Flex system, but with an additional fluorescence enhancement step [138]. The device is based on a probe tip which moves from wells to wells in the system. First, cTnI in the sample is captured via one of its epitopes (aa 27-40) on the probe tip which has been coated in purified goat polyclonal antibodies. After a 15 min incubation step, the probe tip is washed in a wash well.The probe tip is then put in contact with a secondary antibody -a mouse monoclonal biotinylated antibody -which recognizes another epitope of cTnI (aa 41-49) during a further incubation step of 60 seconds before washing to prevent non-specific interactions. The complex is incubated for 30 seconds with a matrix of polysaccharide conjugated with Cy5-streptavidin (Cy5-SA) and washed again. For a second time, the probe tip moves from the well containing the biotinylated antibody to the well with Cy5-SA in order to form a complex with a large quantity of Cy5-SA, which will amplify the fluorescent signal. Hence, the probe is covered by two layers of Cy5-SA. The measurement of the fluorescence takes only 2 seconds while the overall procedure takes approximately 20 min [START_REF] Li | Performance characteristics of a highsensitivity cardiac troponin assay using plasma and whole blood samples[END_REF]. The fluorescence signal quality is improved thanks to branched polysaccharide, without amplifying the non-specific signal Figure 4: BNP immunoassay complex with SES [START_REF] Tamm | Novel Immunoassay for Quantification of Brain Natriuretic Peptide and Its Precursor in Human Blood[END_REF][START_REF] Røsjø | Diagnostic utility of a single-epitope sandwich B-type natriuretic peptide assay in stable coronary artery disease: Data from the Akershus Cardiac Examination (ACE) 1 Study[END_REF][START_REF]ET Healthcare[END_REF].

[138]. Furthermore, the polysaccharide multivalency increases the number of sites for Cy5-SA grafting on the biopolymer chain, and thus increases the fluorescence signal by increasing the number of fluorophores. The different steps of the detection process are visible in figure 5.

For the detection of troponin I, the Pylon device reaches the following performances: a LoB of 0.7-0.8 ng/L, a LoD of 1.2-1.4 ng/L and a LoQ of 2 ng/L for a 20% CV [START_REF] Li | Performance characteristics of a highsensitivity cardiac troponin assay using plasma and whole blood samples[END_REF].

Besides, Pylon can also carry out a BNP immunoassay using a suitable cartridge. Within 14 minutes, it can detect the concentration of BNP in whole blood or plasma, using a Single Epitope Sandwich (SES) as described previously (Figure 4). In contrast to assays that are based on two antibodies recognizing two epitopes of the BNP target, it also detects a truncated form of BNP [START_REF]ET Healthcare[END_REF].

Electrochemistry-based devices

Electrochemistry is widely used for biosensing. In this domain, the measurement of the electric current, generated by electron transfer between a target molecule and an electrode, enables the quantification of the concentration of the target. Electrochemistry is characterized by its simplicity and can be easily miniaturized.

Abbott has developed and improved electrochemical devices to quantify troponin in a sample thanks to a two-site ELISA assay [START_REF] Abbott | Cardiac Troponin I / (cTnI)[END_REF]. Initially, the troponin I is captured on a probe, which is fully covered by monoclonal anti-cTnI antibodies. The sample is then brought into contact with a second reagent composed of polyclonal anti-cTnI antibodies tagged with alkaline phosphatase enzyme (ALP). The complex formed is washed and brought into contact with an enzymatic substrate. The substrate is cleaved by the enzyme of the antibody, producing an electrochemical signal [142]. This procedure has been improved by using magnetic beads in order to capture the troponin and concentrate the beads on a magnet during a washing step [START_REF] Hua | Systèmes et dispositifs d'immunoessai combiné et d'immunoessai magnétique pour une plage de sensibilité étendue[END_REF] (Figure 6). The beads enhance the signal to noise ratio as the number of unbound analytes is reduced.

Two electrochemical sensors are used in this assay. Both, positioned side by side on a substrate, are composed of a gold microarray electrode. A third region on the substrate contains magnetic beads functionalized with capture antibodies. Antibody-enzyme conjugates that must then bind the analyte are immobilized on the first sensor. Below the second electrochemical sensor, a high-field magnet -generating a field greater than about 0.1 T -attracts the magnetic beads onto the sensorfollowing conjugation to cTnI [START_REF] Hua | Systèmes et dispositifs d'immunoessai combiné et d'immunoessai magnétique pour une plage de sensibilité étendue[END_REF].

Consequently, Abbott has combined the benefits of both magnetic beads and labelled antibodies: complexes formed are easier to manipulate and the signal is enhanced. Moreover, this device is portable and can accelerate AMI diagnosis (Table 1).

Abbott has also developed a BNP sandwich immunoassay, based on the same electrochemical approach, using a specific anti-BNP monoclonal antibody (specific to aa 5-13 BNP epitope) and a detection antibody (specific to aa 26-32 BNP epitope) [START_REF] Shah | Comparability of Results Between a Point-of-Care and an Automated Instrument to Measure of B-Type Natriuretic Peptide[END_REF].

However, it should be noticed that this device is less precise than all devices described here, with the highest 99 th percentile and the highest LoB (Table 1). 

Chemiluminescence-based devices

Chemiluminescence refers to the emission of visible light, induced by a chemical reaction. This optical transduction mode may also be used for biosensing purposes, offering the same advantages as those use of fluorescence, namely a signal enhancement.

The device PATHFAST, commercialized by Mitsubishi, uses a chemiluminescence enzyme immunoassay (CLEIA) to quantify both troponin I and NT-proBNP, in 100 µL of blood or plasma, within 17 minutes. Regarding troponin I detection, the sample is introduced in the device containing antibody-functionalized magnetic beads. ALP-labelled are then loaded in the device. Analytes of interest are captured in a molecular sandwich format, on one side by the antibody present on the surface of the magnetic beads and, and on the other side by the ALP labelled antibody. The magnetic beads are necessary to separate the analytes from the bulk sample. When the beads are separated, a chemiluminescent substrate is added in order to create a chemical reaction with the enzyme, and finally to enable detection thanks at a wavelength of 461 nm via a photomultiplier [START_REF]PATHFAST hs-cTnI[END_REF] (Figure 7).

PATHFAST can detect troponin I in the range 2.33 -50,000 ng/L and has a LoD of 2.3 ng/L [START_REF]High sensitivity Troponin I and diagnostic algorithms | Pathfast[END_REF].

This device can also detect NT-proBNP, in whole blood or plasma, thanks to another immunochemiluminescent assay using a sandwich assay with 2 polyclonal antibodies. The first one is an alkaline phosphatase labelled anti NT-proBNP polyclonal sheep antibody (specific to aa 39-50) and the second is an anti NT-proBNP polyclonal sheep antibody linked to a magnetic bead (specific to aa 1-21). Then, a chemiluminescent substrate CDP-Star is added [START_REF] Zaninotto | PATHFAST TM NT-proBNP (N-terminal-pro B type natriuretic peptide): a multicenter evaluation of a new point-ofcare assay[END_REF].

As in fluorescence devices, this system is large and thus cannot be easily used at the patient's bedside as it has not yet been miniaturised into a handheld device. Moreover, the time-to-result is longer than that of the devices using f-TIR or electrochemistry.

Lateral-flow based devices

Roche has developed many POC devices that detect cardiac biomarkers with the Cobas e [147] and Cobas h range of devices. Cobas h 232 is a handheld device, which can detect several cardiac biomarkers (e.g. troponin T, NT-proBNP) a variety of assays [START_REF]cobas h 232 POC system[END_REF]148]. For example, for the detection of troponin T, two monoclonal antibodies specific to cTnT are used. One is immobilized on a nanoparticle while the other one is labelled with biotin. In combination they form a sandwich complex with cTnT. After erythrocyte isolation from plasma at the entry of the device, the resultant complex migrates to a detection zone where a coloured line appears if cTnT is detected in the sample, as is common in typical lateral flow assays. Finally, an optical system measures the intensity of the coloured line, which is proportional to the concentration of troponin T. Within 12 minutes and starting with 150 µL of sample, this immunoassay can detect the concentration of troponin T in a range from 40 to 2000 ng/L. It can also detect NT-proBNP within 12 minutes in a range of 60-9,000 pg/mL [START_REF]cobas h 232 POC system[END_REF]. Moreover, Roche has improved its assays in the past few years, introducing a new monoclonal antibody which improves upon the measurement sensitivity [START_REF] Kroner | Novel anti-troponinT antibodies[END_REF]. The procedure to detect cTnT has also been improved in recent years, with, for example, the use of a tertiary amine in order to improve the efficacy [START_REF] Hans-Peter | Amines à chaîne ramifiée utilisées dans la détection d'électrochimiluminescence[END_REF].

Finally, the Quidel company has developed TriageTrue, a troponin I quantification lateral flow assay based on fluorescence. The analyte is sandwiched between a capture antibody and a detection antibody that is conjugated to a fluorescent label. The control is composed of a synthetic peptide, representative of a region of the analyte, coupled to human serum albumin carrier protein, which is immobilized on the surface of a solid phase (Figure 8). When the sample is dropped on the application zone of the device, the plasma is separated from the whole blood using a membrane [START_REF] Quidel | TriageTrue High Sensitivity Troponin I Test[END_REF], and migrates to the dried zone containing the reagents. It then migrates to a detection zone that contains a control zone and an assay zone [START_REF] Jonathan | Immunoassay controls and the use thereof[END_REF].

Figure 7: Pathfast test principle [START_REF]PATHFAST hs-cTnI[END_REF].

Recently brought to market, this device is very competitive: troponin I can be detected at a concentration as low as 1,5 ng/L in whole blood [START_REF] Quidel | TriageTrue High Sensitivity Troponin I Test[END_REF].

Comparison of the analytical performances of the various commercial devices

Many detection methods exist to measure the concentration of cardiac biomarkers for diagnostic purposes. several of them have been described in this review: f-TIR, fluorescence, chemiluminescence, and electrochemistry. They are the most used methodologies in POC devices for cTn, BNP and NT-proBNP detection.

The data collected and summarized in the below tables (Table 1, Table 2 andTable 3) highlight the fact that several companies have managed to develop competitive POC devices for cardiac biomarkers. Assays are usually performed in small volumes of complex samples. The LoD varies from 0.7 ng/L to 18 ng/L for cTnI, from 0.01 ng/L to 0.05 ng/L for cTnT and from 5 ng/L to almost 20 ng/L for BNP. These ranges of LoDs are wide. In each case the time-to-result meets requirements for a rapid diagnosis: all assays are carried out in 20 minutes or less. Companies have focused their research on improving sensitivity of POC devices. The probe's affinity for the target to be captured is crucial to improve the sensitivity of the device. Hence, some companies like Quidel are currently trying to develop peptidic probes that may exhibit comparable or even superior analyteaffinity compared to antibodies. Others (e.g. Abbott) rely on the use of magnetic beads to bind the target, reducing the loss during the washing step and thus improving the signal-to-noise ratio. Some publications comparing POC devices with laboratory-based bench assays confirm that their performances are equivalent [START_REF] Venge | Equal clinical performance of a novel point-of-care cardiac troponin I (cTnI) assay with a commonly used high-sensitivity cTnI assay[END_REF][START_REF] Van Reenen | Analytical performance of a single epitope B-type natriuretic peptide sandwich immunoassay on the Minicare platform for point-of-care diagnostics[END_REF][START_REF] Li | Performance characteristics of a highsensitivity cardiac troponin assay using plasma and whole blood samples[END_REF][START_REF] Suzuki | The Usefulness and Limitations of Point-of-care Cardiac Troponin Measurement in the Emergency Department[END_REF][START_REF] Slagman | Diagnostic performance of a high-sensitive troponin T assay and a troponin T point of care assay in the clinical routine of an Emergency Department: A clinical cohort study[END_REF][START_REF] Christenson | Comparison of 13 Commercially Available Cardiac Troponin Assays in a Multicenter North American Study[END_REF].

Although some devices like TriageTrue are efficient, the high LoQs show that it remains difficult to attain a quantitative measurement at very low biomarker bloodconcentrations. Furthermore, some compromises may be inevitable since no technology is perfect: designing a smaller device generally means a simpler and faster procedure but a loss of sensitivity (Table 1, Table 2, Table 3).

In addition, other limitations of the cited commercialized devices can be found. Indeed, many of them enable to simultaneously perform the detection of several cardiac biomarkers, but usually require different cartridges. Finally, some of them have a better sensitivity if the analysis is [START_REF] Jonathan | Immunoassay controls and the use thereof[END_REF]. performed 3 hours or 6 hours after symptom onset, which can be an issue for a rapid diagnosis of AMI.

Another important point is the choice of the cut-off point and its medical impact. Researchers have developed high-sensitivity assays in order to lower the cut-off point and improve both the range of detection and the sensitivity of POC devices [START_REF] Collinson | Cardiac Troponin by Point-of-Care Testing[END_REF]. This cut-off point is defined according to the third universal definition of myocardial infarction, which recommends that it must be set at the 99 th percentile of cardiac troponin in a normal reference population, in order to deliver a relevant diagnosis [START_REF] Suzuki | The Usefulness and Limitations of Point-of-care Cardiac Troponin Measurement in the Emergency Department[END_REF]. The cut-off value is crucial as it defines the amount of false positive and false negative tests expected in a standard population. Since distributions of healthy patients and people suffering from AMI depend on age and sex, it may be relevant to set up different cut-off points by categories. The minimal cut-off value is also greatly dependent on the sensitivity and on the limit of detection of the device. A low value is generally expected to limit the number of false negative results (corresponding to rule-out of patients while they effectively suffer from AMI) with the detrimental effect of an increase of the number of false positive results that potentially induces a saturation of ED. With higher cut-off values, potentially induced by high LOD of POC devices, the amount of false negative tests is larger, as it can be seen on the curves of figure 9. It leads to the dramatic effect of the discharge of patients effectively suffering from AMI. Since many POC systems have reproducibility issues and thus difficulties in reaching CV lower than 10% near the 99 th percentile, the cut-off values are not necessarily relevant [START_REF] Greiser | The 99th percentile and imprecision of point-of-care cardiac troponin I in comparison to central laboratory tests in a large reference population[END_REF][START_REF] Slagman | Diagnostic performance of a high-sensitive troponin T assay and a troponin T point of care assay in the clinical routine of an Emergency Department: A clinical cohort study[END_REF]. Comparisons of current commercially devices presented in many publications [START_REF] Christenson | Comparison of 13 Commercially Available Cardiac Troponin Assays in a Multicenter North American Study[END_REF][START_REF] Suh | Rule-out of non-ST elevation myocardial infarction by five point of care cardiac troponin assays according to the 0 h/3 h algorithm of the European Society of Cardiology[END_REF][START_REF] Boeddinghaus | Early Diagnosis of Myocardial Infarction With Point-of-Care High-Sensitivity Cardiac Troponin I[END_REF][START_REF] Amundson | Cardiac troponin assays: a review of quantitative point-of-care devices and their efficacy in the diagnosis of myocardial infarction[END_REF] highlight the lack of standardization of such devices. Since results depend on the device itself, no universal cut-off can be defined. Therefore, as the cut-off point is defined for each platform with its own reference population, comparisons are of limited value when made between datasets that have been acquired using different POC devices. Since this value is very important to minimize false positive and false negative results, clinicians usually focus on the use of a single, common platform to avoid confusion. Scientists are still working on solutions to improve current POC devices for a better MI diagnosis. They are summarised in figure 9 and discussed in the following part. 

CHALLENGES AND EMERGING TRENDS IN CARDIAC BIOMARKERS DETECTION

As discussed above, there is an urgent need for new POC systems capable of assisting clinicians in myocardial infarction diagnosis using accurate cardiac biomarkers detection [START_REF] Sun | Spherical Nucleic Acid Enzyme (SNAzyme) Boosted Chemiluminescence miRNA Imaging Using a Smartphone[END_REF][START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF][START_REF] Grabowska | Electrochemical Aptamer-Based Biosensors for the Detection of Cardiac Biomarkers[END_REF][START_REF] Mabbott | Detection of cardiovascular disease associated miR-29a using paper-based microfluidics and surface enhanced Raman scattering[END_REF]. Several solutions are already used to diagnose myocardial infarction with high reliability. Numerous robust POC systems that are able to detect cardiac troponins and BNP with high affinity are already commercialized. The assays achieve very high sensitivity in order to avoid false negatives as much as possible. However, they still have drawbacks such as high cost, long processing times [START_REF] Sinha | An integrated microfluidic system with field-effect-transistor sensor arrays for detecting multiple cardiovascular biomarkers from clinical samples[END_REF][START_REF] Grabowska | Electrochemical Aptamer-Based Biosensors for the Detection of Cardiac Biomarkers[END_REF], and a lack of standardization [START_REF] Regan | Evaluation of Molecularly Imprinted Polymers for Point-of-Care Testing for Cardiovascular Disease[END_REF]. Researchers are thus working on solutions to provide better sensitivity, user-friendliness, and which can be competitive with previous solutions in terms of size cost. Other transduction methods, such as [START_REF] Chuang | A polycarbonate based surface plasmon resonance sensing cartridge for high sensitivity HBV loop-mediated isothermal amplification[END_REF][START_REF] Chen | Fe3O4@PDA immune probe-based signal amplification in surface plasmon resonance (SPR) biosensing of human cardiac troponin I[END_REF][START_REF] Zhou | Ultrasensitive label-free optical microfiber coupler biosensor for detection of cardiac troponin I based on interference turning point effect[END_REF][START_REF] Çimen | Detection of cardiac troponin-I by optic biosensors with immobilized anti-cardiac troponin-I monoclonal antibody[END_REF] or turbidity measurements [START_REF] Mori | Detection of Loop-Mediated Isothermal Amplification Reaction by Turbidity Derived from Magnesium Pyrophosphate Formation[END_REF] allow the quantification of analytes in a complex medium but they are not as widely used as the previous ones. Indeed, these latter techniques are generally not sensitive enough and are more difficult to implement in a POC or handheld device for emergency use. An increasing number of devices are becoming available that rely on common wireless standards. Smartphones, for example, enable the control and automation of the detection performed in a portable device. Both the device and the smartphone can be connected by Bluetooth [START_REF] Liang | Smartphone-app based point-of-care testing for myocardial infarction biomarker cTnI using an autonomous capillary microfluidic chip with selfaligned on-chip focusing (SOF) lenses[END_REF]. Such platforms are low-cost and thus could be used in developing countries. POC devices are often based on microfluidics to handle sample and reagents. Therefore, researchers are working on new designs to achieve better performances, in particular with regard to processing time. For instance, more and more experimental devices are using a disc shape and the centrifugal force in order to sequence the reactions [START_REF] Lutz | A fully integrated microfluidic platform for highly sensitive analysis of immunochemical parameters[END_REF]. Lutz et al. have developed a microfluidic platform that is able to detect cTnT in only 30 µL of sample and within 11 minutes, with better performances (LoD of 7.5 ng/L with a CV < 10%) than some laboratory analysers (Elecsys 2010: 14 ng/L and CV at 10% [172]).

Besides this, two serious issues remain. First, the lack of specificity of actual cardiac biomarkers that can induce false positive results and thus misdiagnosis [START_REF] Chen | Rapid detection of acute myocardial infarction-related miRNA based on a Capture-interCalation-electroCatalysis (3C) strategy[END_REF][START_REF] Shirvani Samani | microRNA assays for acute coronary syndromes[END_REF], and secondly, the use of antibodies, which have numerous disadvantages (variability, production cost and time, stability). Different solutions are emerging to address these problems.

Multiplexing assays for a better specificity

In order to improve the specificity of actual assays for AMI diagnosis, the first solution is the combination of multiple cardiac biomarkers analysis. Indeed, multiplexed assays provide more information than measurement of a single biomarker, and thus can substantially help for diagnosis [START_REF] Sinha | An integrated microfluidic system with field-effect-transistor sensor arrays for detecting multiple cardiovascular biomarkers from clinical samples[END_REF][START_REF] Lu | Multiplex Detection of B-Type Natriuretic Peptide, Cardiac Troponin I and C-Reactive Protein with Photonic Suspension Array[END_REF][START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF][START_REF] Yang | Electrogenerated chemiluminescence biosensor array for the detection of multiple AMI biomarkers[END_REF][START_REF] Lee | Pre-Clinical Tests of an Integrated CMOS Biomolecular Sensor for Cardiac Diseases Diagnosis[END_REF][START_REF] Regan | Evaluation of Molecularly Imprinted Polymers for Point-of-Care Testing for Cardiovascular Disease[END_REF]. For instance, a study conducted by Wang et al., shows that parallel measurements of high-sensitivity cTnI (hs-cTnI) and NT-proBNP are more reliable for AMI diagnosis than a hs-cTnI assay alone [START_REF] Wang | Rapid rule out of acute myocardial infarction in the observe zone using a combination of presentation N-terminal pro-B-type natriuretic peptide and high-sensitivity cardiac troponin I[END_REF]. Such assays have other significant advantages including lower sample volume, economical use of reagents, short time-to-result, and can be less expensive [START_REF] Lu | Multiplex Detection of B-Type Natriuretic Peptide, Cardiac Troponin I and C-Reactive Protein with Photonic Suspension Array[END_REF]. Therefore, different multiplexed assays based on various detection methods for cTn and BNP detection are under investigation [START_REF] Lu | Multiplex Detection of B-Type Natriuretic Peptide, Cardiac Troponin I and C-Reactive Protein with Photonic Suspension Array[END_REF][START_REF] Shanmugam | Multiplexed electrochemical detection of three cardiac biomarkers cTnI, cTnT and BNP using nanostructured ZnO-sensing platform[END_REF].

In the early 2010s, good performance was demonstrated in a multiplexed immunoassay for the detection of BNP, cTnI and C-reactive protein (CRP) based on photonic suspension array showed [START_REF] Lu | Multiplex Detection of B-Type Natriuretic Peptide, Cardiac Troponin I and C-Reactive Protein with Photonic Suspension Array[END_REF]. Instead of classical 2D sensors substrates, the assay relies on crystal beads as solid supports for the immobilization of probe molecules. This strategy improves the diffusion of molecules and thus accelerates the reaction. It also reduces the sample consumption and consequently the cost.

Different electrochemical platforms for the detection of multiple cardiac biomarkers have also been developed. Shanmugan et al. demonstrated the possible parallel detection of cTnT, cTnI and BNP in human serum with a limit of detection close to the relevant concentration for an application in a clinical setting [START_REF] Shanmugam | Multiplexed electrochemical detection of three cardiac biomarkers cTnI, cTnT and BNP using nanostructured ZnO-sensing platform[END_REF]. Thanks to nanostructuration of the sensing surfaces, and thus an increased surface area, they succeeded in amplifying the signal so that the sensitivity was enhanced. Grabrowska et al. managed to develop another electrochemical sensor that can quantify cTnI and BNP without any labelling step. The technology of screen-printed electrodes has allowed the parallel sensitive detection of cTnI and BNP at the low level of 1 pg/mL in serum [START_REF] Grabowska | Electrochemical Aptamer-Based Biosensors for the Detection of Cardiac Biomarkers[END_REF].

Yang et al. have built the first biosensor based on electrogenerated chemiluminescence (ECL) for multiplex detection of AMI biomarkers. device can simultaneously detect myoglobin, cTnI and cTnT with detection limits of 31 pg/mL, 0.79 pg/mL and 0.30 ng/mL, respectively [START_REF] Yang | Electrogenerated chemiluminescence biosensor array for the detection of multiple AMI biomarkers[END_REF]. This assay has the benefits of being sensitive, stable in storage and requires small samples volumes to process the analysis. Two years later, Zhao et al. have developed another ECL immunoassay for the detection of BNP and cTnI on the same electrode surface. This assay reached low detection limits: 3.3 pg/mL for cTnI and 3.8 pg/mL for BNP [START_REF] Zhao | A novel potential-resolved electrochemiluminescence immunosensor for the simultaneous determination of brain natriuretic peptide and cardiac troponin I[END_REF].

Lee and coworkers have published a study demonstrating for the first time the capacity of a field-effect complementary-metalosSemiconductor (CMOS) biosensor to detect several cardiac biomarkers in clinical settings. This device enables the quantification of cTnI, BNP and interleukin-6 (IL-6) with the limits of detection of 32 pM for the first two biomarkers and 45 pM for IL-6, and could thus be implemented for AMI diagnosis [START_REF] Lee | Pre-Clinical Tests of an Integrated CMOS Biomolecular Sensor for Cardiac Diseases Diagnosis[END_REF]. Another example based on a Field-Effect Transistor (FET) was described as a multiplexing biosensor technology for cardiac biomarkers. This technology has several advantages including rapidity, high sensitivity, reliability, small size and low-energy consumption that make it idealfor POC diagnosis. This portable system, based on a microfluidic platform and a FET sensor, can process an automated detection of cTnI, NT-proBNP, CRP and fibrinogen in 4 µL of clinical samples in 5 min [START_REF] Sinha | An integrated microfluidic system with field-effect-transistor sensor arrays for detecting multiple cardiovascular biomarkers from clinical samples[END_REF].

Finally, paper-based biosensors have recently attracted the interest of the scientific community. Indeed, this low-cost technology allows the development of affordable and environmentallyfriendly lab-on-chip devices that could be used as diagnostic tools for many diseases including AMI [START_REF] Vasantham | Paper based point of care immunosensor for the impedimetric detection of cardiac troponin I biomarker[END_REF]. Lim et al. team have recently developed two microfluidic paper-based biosensors to detect multiple cardiac biomarkers. The first is based on a colorimetric sandwich immunoassay using gold nanoparticles for glycogen phosphorylase isoenzyme BB (GPBB), creatine kinase-MB (CK-MB) and cTnT multiplex analysis [START_REF] Lim | Paper microfluidic device for early diagnosis and prognosis of acute myocardial infarction via quantitative multiplex cardiac biomarker detection[END_REF]. The sensitivity of this low-cost sensor, requiring only a smartphone camera, has since been improved by utilizing Surface Enhanced Raman Scattering (SERS). The multiplex quantification of the same three biomarkers thus reached limits of detection that are below the classical cut-off values [START_REF] Lim | Using SERS-based microfluidic paperbased device (μPAD) for calibration-free quantitative measurement of AMI cardiac biomarkers[END_REF]. Go et al. have created another paper-based biosensor for the simultaneous and rapid detection of heat-type fatty acid binding protein (FABP), myoglobin and cTnI. This portable fluorescence immunoassay uses zinc oxide nanowires to improve the fluorescence signal and so increase the sensitivity [START_REF] Guo | Signal-Enhanced Detection of Multiplexed Cardiac Biomarkers by a Paper-Based Fluorogenic Immunodevice Integrated with Zinc Oxide Nanowires[END_REF]. We can also cite the work of Li et al. based on chemiluminescence [START_REF] Li | Multiplexed chemiluminescence determination of three acute myocardial infarction biomarkers based on microfluidic paper-based immunodevice dual amplified by multifunctionalized gold nanoparticles[END_REF], the paper-based lateral flow assay of Han et al. [START_REF] Han | Automated, Universal, and Mass-Producible Paper-Based Lateral Flow Biosensing Platform for High-Performance Point-of-Care Testing[END_REF], and the technology of Guo's team [START_REF] Guo | Paper-based cascade cationic isotachophoresis: Multiplex detection of cardiac markers[END_REF], each of which use paper technology for multiplexed analysis of cardiac biomarkers.

miRNAs: novel biomarkers for a better care

Another solution to improve the AMI diagnosis sensitivity is the use of novel biomarkers [START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF]. As mentioned previously, miRNAs might be promising biomarkers to enable specific and rapid diagnosis of AMI [START_REF] Shirvani Samani | microRNA assays for acute coronary syndromes[END_REF][START_REF] Robinson | Chip-based digital PCR as a novel detection method for quantifying microRNAs in acute myocardial infarction patients[END_REF]. Their stability, specificity and early rise in serum and plasma after AMI are arguments in favor of their emerging use in AMI diagnosis [START_REF] Li | Early diagnostic value of circulating microRNAs in patients with suspected acute myocardial infarction[END_REF]. Shi, Sun and Mi have worked on chemiluminescent detection of cardiac miRNA. Thanks to an amplification assay performed by a spherical nucleic acid enzyme (SNAzyme) and a smartphone for the detection, they proposed a portable biosensor capableof optically detecting a miRNA concentration variation of 10 fM in human serum [START_REF] Sun | Spherical Nucleic Acid Enzyme (SNAzyme) Boosted Chemiluminescence miRNA Imaging Using a Smartphone[END_REF][START_REF] Shi | Target-Catalyzed Self-Growing Spherical Nucleic Acid Enzyme (SNAzyme) as a Double Amplifier for Ultrasensitive Chemiluminescence MicroRNA Detection[END_REF]. They have recently improved the sensitivity of the assay by a factor of 10 by using G-quadruplex DNAzymes on a metal-organic framework [START_REF] Mi | Hemin-Bridged MOF Interface with Double Amplification of G-Quadruplex Payload and DNAzyme Catalysis: Ultrasensitive Lasting Chemiluminescence MicroRNA Imaging[END_REF].

Chen et al. have set themselves the aim of reducing the miRNA detection time in order to accelerate AMI diagnosis. To achieve this, they have developed the "Capture-interCalation-electroCatalysis 3C" strategy that requires 35 minutes instead of several hours as is typical for such a test [START_REF] Chen | Rapid detection of acute myocardial infarction-related miRNA based on a Capture-interCalation-electroCatalysis (3C) strategy[END_REF]. This electrochemical method is based on the miRNA capture by a DNA probe, followed by the incorporation of an active probe in the helix, and finally a final amplification based on horseradish peroxidase (HRP).

A new technique for miRNA detection, chip-based digital PCR, has been described recently. This method allows the direct and absolute quantification of miRNA with more accuracy and reproducibility in patient samples than classical quantitative real-time PCR [START_REF] Robinson | Chip-based digital PCR as a novel detection method for quantifying microRNAs in acute myocardial infarction patients[END_REF].

Finally, Mabbott et al. have combined the technologies of paper-based microfluidics, colorimetry and SERS to a miRNA. This strategy meets the REASSURED (i.e. Real-time connectivity, Ease of specimen collection and environmental friendliness, Affordable, Sensitive, Specific, User-friendly, Rapid and robust, Equipment-free, and Deliverable to end users) standards of POC according to the WHO definition , but quantification of analytes is not yet possible with this method [START_REF] Mabbott | Detection of cardiovascular disease associated miR-29a using paper-based microfluidics and surface enhanced Raman scattering[END_REF].

Aptamers: a relevant alternative to antibodies

All these examples, summarised in figure 9, show promising results towards increasing performance of POC devices for AMI diagnosis. However, the vast majority of the assays are using antibodies as probes for capturing target biomarkers. These recognition proteins present several drawbacks. Their stability is low [START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF][START_REF] Phonklam | A novel molecularly imprinted polymer PMB/MWCNTs sensor for highly-sensitive cardiac troponin T detection[END_REF] resulting in a short storage life, they are fragile and subject to denaturation as a result of temperature variations [START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF]. In addition, they cannot be synthetically produced [START_REF] Yang | Electrogenerated chemiluminescence biosensor array for the detection of multiple AMI biomarkers[END_REF], leading to high costs [START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF][START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF][START_REF] Phonklam | A novel molecularly imprinted polymer PMB/MWCNTs sensor for highly-sensitive cardiac troponin T detection[END_REF] and batch-to-batch variability [START_REF] Gopinathan | Optimization of an enzyme linked DNA aptamer assay for cardiac troponin I detection: synchronous multiple sample analysis on an integrated microfluidic platform[END_REF]. They could thus be responsible for the divergence in measured cTnI values between assays of actual POC devices [START_REF] Gopinathan | Optimization of an enzyme linked DNA aptamer assay for cardiac troponin I detection: synchronous multiple sample analysis on an integrated microfluidic platform[END_REF]. Therefore, alternative methods to immunoassays are emerging.

One such exciting alternative is the use of aptamers [START_REF] Szunerits | Electrochemical cardiovascular platforms: Current state of the art and beyond[END_REF]. These short nucleic-acid sequences (either RNA or DNA) are selected through the famous systematic evolution of ligands by exponential enrichment (SELEX) procedure to be specific to a target molecule [START_REF] Liu | A novel fluorescent aptasensor for the highly sensitive and selective detection of cardiac troponin I based on a graphene oxide platform[END_REF][START_REF] Gopinathan | Optimization of an enzyme linked DNA aptamer assay for cardiac troponin I detection: synchronous multiple sample analysis on an integrated microfluidic platform[END_REF][START_REF] Qiao | Novel electrochemical sensing platform for ultrasensitive detection of cardiac troponin I based on aptamer-MoS2 nanoconjugates[END_REF]. They can bind proteins, nucleic acids, small molecules, and ions with an affinity usually comparable to antibodies. They are cheaply and rapidly chemically synthesized [START_REF] Lopa | Simple, low-cost, sensitive and label-free aptasensor for the detection of cardiac troponin I based on a gold nanoparticles modified titanium foil[END_REF], and can be easily modified or functionalized. This synthetic method of production allows for high reproducibility [START_REF] Sinha | An integrated microfluidic system with field-effect-transistor sensor arrays for detecting multiple cardiovascular biomarkers from clinical samples[END_REF] and good yields [START_REF] Grabowska | Electrochemical Aptamer-Based Biosensors for the Detection of Cardiac Biomarkers[END_REF]. Compared to antibodies, they are more stable over time and less sensitive to high temperature. The reversibility of their denaturation -enabling the recovery of their folding shape afterward -is also a big advantage [START_REF] Sinha | An integrated microfluidic system with field-effect-transistor sensor arrays for detecting multiple cardiovascular biomarkers from clinical samples[END_REF][START_REF] Qiao | Novel electrochemical sensing platform for ultrasensitive detection of cardiac troponin I based on aptamer-MoS2 nanoconjugates[END_REF]. Their storage, transport, and manipulation are thus easier [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF]. Hence, an increasing number of aptamers are used as specific and sensitive probes to replace unstable and expensive antibodies in biosensors known as 'aptasensors' [START_REF] Sinha | An integrated microfluidic system with field-effect-transistor sensor arrays for detecting multiple cardiovascular biomarkers from clinical samples[END_REF][START_REF] Liu | A novel fluorescent aptasensor for the highly sensitive and selective detection of cardiac troponin I based on a graphene oxide platform[END_REF][START_REF] Yang | Electrogenerated chemiluminescence biosensor array for the detection of multiple AMI biomarkers[END_REF][START_REF] Qiao | Novel electrochemical sensing platform for ultrasensitive detection of cardiac troponin I based on aptamer-MoS2 nanoconjugates[END_REF].

Negahdary et al. have worked on the development of electrochemical aptasensors for the detection of cTnI [START_REF] Negahdary | An Aptamer-based Biosensor for Troponin I Detection in Diagnosis of Myocardial Infarction[END_REF]. Another example is the aptamer-based POC system designed by Jo et al. A sandwich of two aptamers is able to detect cTnI with good performances [START_REF] Jo | Highly sensitive amperometric detection of cardiac troponin I using sandwich aptamers and screen-printed carbon electrodes[END_REF]. Another biosensor based on fluorescent troponin aptamer was designed and tested by Liu et al [START_REF] Liu | A novel fluorescent aptasensor for the highly sensitive and selective detection of cardiac troponin I based on a graphene oxide platform[END_REF]. First, the binding between graphene oxide platform and fluorescent aptamer leads to the quenching of the aptamer fluorescence. Then, when cTnI binds the specific aptamer, their high affinity results in the release of the aptamer from graphene oxide and consequently the recovery of its fluorescence. The combination of graphene oxide and fluorescent aptamers shows good performance for detection of troponin with high sensitivity. Qiao and co-workers have reported the development of another novel electrochemical aptasensor using the semiconducting nanomaterial molybdenum disulphide (MoS2). A limit of detection of cTnI in human blood serum below 1 pM was achieved [START_REF] Qiao | Novel electrochemical sensing platform for ultrasensitive detection of cardiac troponin I based on aptamer-MoS2 nanoconjugates[END_REF]. In 2020, Negahdary et al. reviewed the use of nanostructures -nanoparticles with optimized materials -in aptasensors that allow for a troponin detection below 1 pg/mL. Such a remarkably low LoD is due to the increased detection surface area of immobilized aptamer probes that the nanostructuration induces [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF]. With such sensitivity, these sensors could be efficient tools for cardiac biomarkers analysis. Therefore, they can be expected to be shortly integrated into commercial POC devices [START_REF] Negahdary | Aptamers in nanostructure-based electrochemical biosensors for cardiac biomarkers and cancer biomarkers: A review[END_REF].

Multiplex technologies that have been cited above may also utilize aptamers as biorecognition elements. For instance, the electrochemical biosensors of Grabrowska et al. is in fact an aptasensor for BNP and cTnI [START_REF] Grabowska | Electrochemical Aptamer-Based Biosensors for the Detection of Cardiac Biomarkers[END_REF]. It is also the case for the ECL sensor able to detect cTnI, cTnT and myoglobin [START_REF] Yang | Electrogenerated chemiluminescence biosensor array for the detection of multiple AMI biomarkers[END_REF]. A further notable example is that of the FET sensor of Sinha et al. that uses four aptamers to bind four cardiac biomarkers [START_REF] Sinha | An integrated microfluidic system with field-effect-transistor sensor arrays for detecting multiple cardiovascular biomarkers from clinical samples[END_REF].

All these examples, summarized in figure 10, support the conclusion that aptamers seem well-positioned as appropriate affinity reagents for cardiac biomarkers assays and then constitute powerful alternatives to antibodies.

Molecularly imprinted polymers: a future AMI diagnostic tool?

A final alternative to immunosensors is the use of molecularly imprinted polymers (MIPs). These new molecular probes have recently experienced increasing interest in the domain of biomimetic sensors [START_REF] Regan | Evaluation of Molecularly Imprinted Polymers for Point-of-Care Testing for Cardiovascular Disease[END_REF]. In contrast to the biosensors presented above, MIPs are based on artificial recognition polymeric elements. They consist of synthetic functional monomers that polymerize in the presence of the target analyte. When the latter is removed, the polymer contains specific cavities, which have the size and shape matching the properties of the depleted analyte. Such structure can thus selectively bind the same target. The synthesis process is easy [START_REF] Silva | An ultrasensitive human cardiac troponin T graphene screen-printed electrode based on electropolymerizedmolecularly imprinted conducting polymer[END_REF] and the polymers produced are stable, at low cost and can even be reused [START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF][START_REF] Phonklam | A novel molecularly imprinted polymer PMB/MWCNTs sensor for highly-sensitive cardiac troponin T detection[END_REF][START_REF] Baldoneschi | Norepinephrine as new functional monomer for molecular imprinting: An applicative study for the optical sensing of cardiac biomarkers[END_REF].

Several MIPs have been designed in recent years to selectively detect cardiac troponin. Scarano, Minunni and Palladino have been working to develop antibody-free optical biosensors for cTnT and cTnI based on such MIPs. They first managed to prove the specific detection of the protein with a polydopamine-based MIP and SPR transduction, but the limit of detection was above cut-off values [START_REF] Palladino | Cardiac Troponin T capture and detection in real-time via epitope-imprinted polymer and optical biosensing[END_REF]. Through the exploration of another material called norepinephrine that was never used before for MIP biosensors applications, they recently reported promising results for the detection of cTnI in human serum [START_REF] Baldoneschi | Norepinephrine as new functional monomer for molecular imprinting: An applicative study for the optical sensing of cardiac biomarkers[END_REF].

Two other examples of MIP-based biosensors for cTnT have been developed. Unlike the previous platforms using the optical technique SPR, both MIP-based biosensors use electrochemical detection on screen-printed electrodes (SPE). The first such sensor, proposed by Silva et al., utilizes a nanostructured-MIP. Pyrrole monomers, electropolymerized on a reduced graphene oxide SPE, enable high conductivity and increase the number of available biomimetic sites. This strategy allowed a limit of detection of 6 pg/mL [START_REF] Silva | An ultrasensitive human cardiac troponin T graphene screen-printed electrode based on electropolymerizedmolecularly imprinted conducting polymer[END_REF]. The second sensor, developed more rencently, uses multi-walled carbon nanotubes (MWCNTs) in addition to MIP in order to increase both the surface area of the electrode and its electrical conductivity. In that way, a limit of detection of 0.04 pg/mL was reached [START_REF] Phonklam | A novel molecularly imprinted polymer PMB/MWCNTs sensor for highly-sensitive cardiac troponin T detection[END_REF].

Although the application of MIPs for cardiac biomarkers detection is not yet widespread, the proofs-of-concept cited above are very encouraging for the use of MIPs as suitable alternatives to antibodies in POC devices for AMI diagnosis. 

CONCLUSIONS AND PERSPECTIVES

As myocardial infarction is one of the major causes of death worldwide, public authorities encourage clinicians to improve and accelerate AMI diagnosis. This has motivated extensive research in recent years in both academia and industry, resulting in a range of innovations, successfully commercialized products, and avenues for further investigation. Thus, this review aims at describing the most promising advances of cardiac biomarker detection for AMI diagnosis.

Two biomarkers for AMI, namely cardiac troponin I and brain natriuretic peptides are the most widely used. Emerging biomarkers, such as miRNAs, are not yet exploited in commercial POC devices but present a huge potential. Shorter analysis time, better sensitivity, and the demand for portable POC devices are the requirements for a better diagnosis and an earlier triage of patients in the ED. It appears that several currently available commercial products are already capable to meet some of these criteria. Some limitations of these methods could be overcame using new advanced technologies. It is clear that they represent a promising potential innovation in clinical care. These methods are currently under development and still at an experimental stage. They seem to show that multiplexed analysis of several cardiac biomarkers and implementation of novel ones -such as miRNAs -are required to improve AMI diagnosis and patient care. In addition, it is important to note that alternatives to antibodies -such as aptamers or MIPs -are almost essential to improve the performances, reduce the cost, and allow the use of the current POC devices, especially in resourcelimited settings.
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 2 Figure 2: Evolution of troponin levels with time. Adapted from[START_REF]VIDAS® High sensitive Troponin I -Diagnostic Clinique | bioMérieux France[END_REF][START_REF] Hua | Systèmes et dispositifs d'immunoessai combiné et d'immunoessai magnétique pour une plage de sensibilité étendue[END_REF].

Figure 3 :

 3 Figure 3: A. Immunoassay steps of Minicare (1) filling of the microchamber, magnetic beads capture the analytes; (2) magnetic pulsing to improve the binding process; (3) magnetic wash to remove unbound beads[START_REF] Bruls | Rapid integrated biosensor for multiplexed immunoassays based on actuated magnetic nanoparticles[END_REF]. B. f-TIR scheme of magnetic nanoparticles bound to the sensor surface[START_REF] Bruls | Rapid integrated biosensor for multiplexed immunoassays based on actuated magnetic nanoparticles[END_REF].

Figure 5 :

 5 Figure 5: Pylon assay with two layers of Cy5-SA branched polysaccharide [138].
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 6 Figure 6: Detection procedure in the i-STAT of Abbott. Adapted from [95].
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 8 Figure 8: Scheme of an example assay used in Quidel devices. Adapted from [152].

Figure 9 :

 9 Figure 9: Multiplex platforms for cardiac biomarkers detection and biosensors for cardiac miRNAs detection. Both categories could improve the specificity of actual AMI POC devices.

Figure 10 :

 10 Figure 10: Platforms using two different alternatives to antibodies: aptamers and MIPs [69,70].

  

  

  

Table 1 :

 1 Specifications of cTnI detection assays.

	Sample	Blood /	Plasma	30 µL	Blood	2 mL	Blood /	Plasma	40 µL		Blood /	Plasma	175 µL			Blood /	Plasma	17 µL	Blood /	Plasma	100 µL
	Detection method		f-TIR		Fluorescence		Fluorescence				Fluorescence				Electrochemistry	Chemiluminescence
	Time of	detection	(min)	10		<19		20				NA				<10	17
	Range of	detection		NA		NA		NA				0.1-1000 ng/L				0.00-50.00	ng/mL	2.33-50,000	ng/L
	99 th	percentile		43 ng/L		23 ng/L		26 ng/L				20.5 ng/L				80 ng/L	Woman: 24.2	ng/L	Man: 27 ng/L
	LoQ		38 ng/L		NA		2 ng/L		Plasma: 2.1	ng/L	Whole	blood: 1.7	ng/L		NA	15 ng/L (for	CV at 10%)
	LoB		8.5 ng/L		NA	0.7-0.8	ng/L	Plasma: 0.0-	0.4 ng/L	Whole	blood:	0.5-0.8	ng/L	20 ng/L	1.23 ng/L
	LoD		18 ng/L		10 ng/L	1.2-1.4	ng/L		0.7-1.6	ng/L			NA	2.3 ng/L
	Platform / Company	Minicare / Philips [128,159]		AQT90 FLEX / Radiometer [137,159]	(460 x 480 x 450 mm; 35 kg)	Pylon / ET Healthcare [139,159]					TriageTrue / Quidel [151,159]	(8.5" x 6.25" x2 .74" ; 1.5 pounds)					I-STAT cTnI / Abbott [141,159]	(209 x 52 x 64 mm; 520 g)	PATHFAST / LSI Medience [145,159]	(343 x 569 x475 mm; 28 kg)
	Biomarker										cTnI						

[START_REF] Shah | Comparability of Results Between a Point-of-Care and an Automated Instrument to Measure of B-Type Natriuretic Peptide[END_REF][START_REF]IFCC Committee on Clinical Applications of Cardiac Bio-Markers (C-CB), BNP, NT-proBNP, and MR-proANp Assays: Analytical Characteristic Designated by Manufacturer[END_REF] 

Cobas h232 / Roche

[START_REF]cobas h 232 POC system[END_REF][START_REF]IFCC Committee on Clinical Applications of Cardiac Bio-Markers (C-CB), BNP, NT-proBNP, and MR-proANp Assays: Analytical Characteristic Designated by Manufacturer[END_REF] 

Biomarker BNP, proBNP, NT-proBNP

Table 2 :

 2 Specifications of BNP and NT-proBNP detection assays

Table 3 :

 3 Specifications of cTnT assays.
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