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Context

Ticagrelor was related to bradycardia in DISPERSE-II trial. This risk has been integrated into the European risk-management plan, and its use is warned in at-risk patients. Nevertheless, this risk was not systematically assessed nor measured.

Objectives

To estimate the risk of bradyarrhythmia associated with ticagrelor.

Study design

Systematic review and meta-analysis.

INTRODUCTION

Ticagrelor is a platelet inhibitor blocking the P2Y12 adenosine diphosphate receptor. It is similar to clopidogrel and prasugrel, but is a reversible inhibitor with a faster onset of action and a more potent antiplatelet effect [START_REF] Khayata | Comparison of Clopidogrel With Prasugrel and Ticagrelor in Patients With Acute Coronary Syndrome: Clinical Outcomes From the National Cardiovascular Database ACTION Registry[END_REF]. In 2010, ticagrelor received a market authorization in patients with secondary prevention of atherothrombotic events for adult patients with acute coronary syndrome (ACS), or history of myocardial infarction at high-risk of developing an atherothrombotic event [START_REF]European Medicines Agency, Committee for Medicinal Products for Human Use (CHMP)[END_REF][START_REF] Astrazeneca | Summary Of Product Characteristics[END_REF]. From 2012, it was recommended by the European Society of Cardiology as first-line therapy in association with aspirin for one year after an ACS [START_REF] Steg | ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation[END_REF].

Ticagrelor is usually initiated with a single loading dose at 180 mg, and then continued at 90 mg twice daily for at least 12 months. It could also be continued beyond the twelve firsts months up to two years at 60 mg twice a day [START_REF] Astrazeneca | Summary Of Product Characteristics[END_REF][START_REF]European Public Assessment Report. European Medicines Agency (EMA), Committee for Medicinal Products for Human Use (CHMP)[END_REF]. Ventricular pauses were observed in patients treated with ticagrelor in the DISPERSE-2 clinical trial [START_REF] Cannon | Safety, tolerability, and initial efficacy of AZD6140, the first reversible oral adenosine diphosphate receptor antagonist, compared with clopidogrel, in patients with non-ST-segment elevation acute coronary syndrome: primary results of the DISPERSE-2 trial[END_REF]. This finding led to the exclusion of patients at risk of bradyarrhythmia, i.e.

with previous bradycardia (sinus dysfunction syndrome without pacemaker, 2nd or 3rd degree atrioventricular block [AVB] or syncope associated with bradycardia) from the pivotal phase III studies, as PLATO or PEGASUS TIMI-54 [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF][START_REF] Wallentin | Ticagrelor versus clopidogrel in patients with acute coronary syndromes[END_REF]. Nevertheless, Holter recordings conducted in a subgroup of patients included in PLATO study showed that ventricular pauses of ≥ 3s occurred more frequently in patients treated with ticagrelor than in those treated with clopidogrel (5.8% vs. 3.6%, respectively) [START_REF] Scirica | The incidence of bradyarrhythmias and clinical bradyarrhythmic events in patients with acute coronary syndromes treated with ticagrelor or clopidogrel in the PLATO (Platelet Inhibition and Patient Outcomes) trial: results of the continuous electrocardiographic assessment substudy[END_REF]. For all these reasons, a general caution on use in patients with or at risk of bradycardia is reported in the Summary of Product Characteristics (SmPC) [START_REF] Astrazeneca | Summary Of Product Characteristics[END_REF]. In addition, caution should be exercised when administering ticagrelor concomitantly with medicinal products known to induce bradycardia (e.g. betablockers or anti-cholinesterase agents) [START_REF] Astrazeneca | Summary Of Product Characteristics[END_REF][START_REF] Raviele | Cardiac Arrhythmias[END_REF].

The European Medicines Agency (EMA) identified ticagrelor related bradyarrhythmias as a potential safety issue, as they could be frequent and have negative impact on patients and health systems [START_REF]European Public Assessment Report. European Medicines Agency (EMA), Committee for Medicinal Products for Human Use (CHMP)[END_REF]. This risk has also been included in the European Risk Management Plan in 2011 as an identified risk and upgraded as an important potential risk with missing information in 2015 [START_REF]European Public Assessment Report. European Medicines Agency (EMA), Committee for Medicinal Products for Human Use (CHMP)[END_REF][START_REF]European Public Assessment Report. European Medicines Agency (EMA), Committee for Medicinal Products for Human Use (CHMP)[END_REF].

Up to date, the risk of bradyarrhythmia in patients treated with ticagrelor is still incompletely evaluated, and only one systematic study evaluated the risk of bradyarrhythmia related to ticagrelor is available [START_REF] Guan | Choosing between ticagrelor and clopidogrel following percutaneous coronary intervention: A systematic review and Meta-Analysis (2007-2017[END_REF]. The meta-analysis was designed to appreciate efficacy and safety of ticagrelor and clopidogrel following a percutaneous coronary intervention. The authors selected for this analysis three studies [START_REF] Wallentin | Ticagrelor versus clopidogrel in patients with acute coronary syndromes[END_REF][START_REF] Goto | Ticagrelor vs. clopidogrel in Japanese, Korean and Taiwanese patients with acute coronary syndrome --randomized, double-blind, phase III PHILO study[END_REF][START_REF] Chen | Efficacy and safety of ticagrelor versus clopidogrel in acute coronary syndrome in Taiwan: A multicenter retrospective pilot study[END_REF], one of which was a pilot study [START_REF] Chen | Efficacy and safety of ticagrelor versus clopidogrel in acute coronary syndrome in Taiwan: A multicenter retrospective pilot study[END_REF], while they did not take into account other relevant studies, as DISPERSE-2 trial [START_REF] Cannon | Safety, tolerability, and initial efficacy of AZD6140, the first reversible oral adenosine diphosphate receptor antagonist, compared with clopidogrel, in patients with non-ST-segment elevation acute coronary syndrome: primary results of the DISPERSE-2 trial[END_REF], that was conversely selected for the analysis of other events, as bleeding or CV death [START_REF] Guan | Choosing between ticagrelor and clopidogrel following percutaneous coronary intervention: A systematic review and Meta-Analysis (2007-2017[END_REF]. Thus, the main objective of this systematic review was to estimate the risk of bradyarrhythmia (any types) associated with ticagrelor. The secondary objectives were to: i) assess this risk according to the inclusion of patients at risk of bradyarrhythmia at baseline in the selected RCTs, ii) assess the risk according the comparators, and iii) assess the risk of severe bradyarrhythmia.

METHODS

Study design

Systematic review and meta-analysis.

Eligibility criteria

Eligible studies were selected according to the PICOS reference method (15), as follows: (i) full studies performed in adult patients with an indication for antiplatelet treatment, irrespective to their baseline risk of bradyarrhythmia; (ii) investigating ticagrelor used at approved daily doses in clinical practice (between 60 mg/BID and 180 mg loading dose); (iii) controlled with placebo, non-users or active comparators as clopidogrel, prasugrel or aspirin;

(iv) randomized clinical trials (RCTs) or the following type of observational studies: prospective (cohorts and self-controlled case series) or retrospectives (case control or case cross-over); (v) and reporting the following events of interest: bradyarrhythmias (including bradycardia, bradyarrhythmia, sinus node dysfunction, bundle brunch block, AVB 1 st , 2 nd and 3 rd degree, bifascicular block, ventricular pauses > 2.5s, and pacemaker implantation) and/or severe bradyarrhythmias (i.e. ventricular pauses > 2.5s, AVB 3 rd degree, bifascicular block, and pacemaker implantation use as proxy for other severe bradyarrhythmias). No language restrictions were applied. Summaries in languages other than French and English were translated using Google Translate and, if the information was considered potentially relevant, authors were contacted to obtain more information. Once the studies identified, records were imported into the EndNote X8 reference management software (Thomson Reuters).

Data sources and search strategy

Study selection

The study selection was performed in two stages. Two authors independently screened all titles and abstracts of potentially eligible references. Then, they reviewed the full text to determine the final eligibility of the references. Disagreements were resolved by consensus, and a third reviewer made the final decision for study inclusion. If data of interest were missing in the full text, clinical trials registries were investigated (ClinicalTrial.gov and ClinicalTrialsRegister.eu). In case of absence of public available data on bradyarrhythmia, authors were contacted to obtain further information. A reminder concerning the data request was sent fifteen days or one month after the first request.

Data extraction

The following data were extracted using a standardized data collection form: study characteristics (study type and design; median follow-up), population (sizes of total study population, intervention and control groups; intended to be treated population or safety analysis population), patient characteristics (average age and sex of patients; adjustment and matching variables, if relevant), intervention and comparators of each study treatment; daily dose; duration of treatment; presence and associated dose(s) of aspirin; type of comparator; primary and secondary endpoints: event of interest definition, total number of subjects presenting the event by group for RCTs or adjusted risk estimate for observational studies.

If events of interest were reported through multiple events corresponding to bradyarrhythmias, they were summed to obtain the total number of bradyarrhythmias. In these studies, it was not possible to determine whether these events occurred in the same subject; therefore, pacemaker implantation, often concomitant with bradyarrhythmia, was not accounted for to avoid miscounting events. The data were extracted in the Microsoft Access database software (version 16, 2016, Microsoft, Redmond, Washington DC).

Quality assessment

The Cochrane Risk of Bias tool for randomized trials was used for quality assessment of included RCTs. The full text and, when available, the original protocol, were used as source documents for the quality assessment [START_REF] Higgins | The Cochrane Collaboration's tool for assessing risk of bias in randomised trials[END_REF]. Eight items were considered, seven that are classically evaluated using this tool (random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, other specific potential bias), and an eight one in which the presence of an industry fund was assessed. The risk of bias for each item was judged for bradyarrhythmias as low, high or unclear risk and documented in a support for judgement.

The studies were therefore classified into two groups: high risk of bias for studies with more than one item considered high risk (excluding item industry funded study) and low risk of bias without any high risk item.

The Newcastle-Ottawa Scale was used for assessing the quality of the observational studies [START_REF] Alexopoulos | Contemporary antiplatelet treatment in acute coronary syndrome patients undergoing percutaneous coronary intervention: 1-year outcomes from the GReek AntiPlatElet (GRAPE) Registry[END_REF]. This scale scores studies from zero to nine stars for the selection and the comparability of the groups, and for the ascertainment of either the exposure for case-control, or outcome of interest for cohort studies.

The GRADE framework was used to rate the overall quality of evidence of the meta-analysis.

We assessed items for both bradyarrhythmia and severe bradyarrhythmia risks, evaluating the following items: risk of bias, inconsistency, indirectness, imprecision, publication bias, large size effect, plausible confounding and dose response gradient. The overall certainty of evidence was classified in one of four grades: high, moderate, low, very low [START_REF] Guyatt | GRADE guidelines: a new series of articles in the Journal of Clinical Epidemiology[END_REF].

The systematic review and meta-analysis was described according to the PRISMA Harms guideline (see supplementary File B for the correspondent checklist) [START_REF] Zorzela | PRISMA harms checklist: improving harms reporting in systematic reviews[END_REF].

Statistical analysis

Two separate analyses were initially planned, distinguishing RCTs and observational studies.

As only one observational study was included in the systematic literature review [START_REF] Turgeon | Ticagrelor and bradycardia: a nested case-control study[END_REF], metaanalysis was conducted only on RCTs.

We calculated a relative risk (RR) and its 95% confidence interval (95%CI) for each study.

Then we estimated pooled RR and 95%CI, using a fixed-effects model with inverse of variance weighting method [START_REF] Greenland | Quantitative methods in the review of epidemiologic literature[END_REF][START_REF] Olkin | Comparison of meta-analysis versus analysis of variance of individual patient data[END_REF]. In case of statistically significant heterogeneity, a randomized effect model was used [START_REF] Dersimonian | Meta-analysis in clinical trials[END_REF]. Heterogeneity between studies was assessed by the Cochran Q test (with p-value < 0.10 considered statistically significant) [START_REF] Cochran | The comparison of percentages in matched samples[END_REF], and quantified by indicator I² considered low if I 2 ≤ 25%; moderate if I 2 > 25% and < 50%] and high if I 2 >50% [START_REF] Higgins | Measuring inconsistency in metaanalyses[END_REF].

The main analysis concerned all studies reporting bradyarrhythmias (any types), while the secondary one focused on severe bradyarrhythmias. We conducted sensitivity analyses by excluding studies that could yield a different a priori estimate (e.g. placebo-controlled studies), studies excessively heavy in the combined RR, or studies with a high risk of bias. In order to identify potential sources of heterogeneity, subgroup analyses were conducted, stratifying on: ticagrelor dose, duration of follow-up (< 12 months vs ≥ 12 months), RCTs including patients with previous bradycardia (yes or no), and the type of reported severe bradyarrhythmia (ventricular pauses, pace-maker implantation, complete block).

Publication bias was graphically investigated by plotting a funnel plot [START_REF] Sterne | Funnel plots for detecting bias in meta-analysis: guidelines on choice of axis[END_REF] and statistically by applying the Egger's test (with p-value < 0.05 considered statistically significant) [START_REF] Egger | Bias in meta-analysis detected by a simple, graphical test[END_REF]. The forest plots for risk estimates were generated using Review Manager RevMan® software (version 5.4, The Cochrane Collaboration). The R® software (version 3.1,3) was used to perform the Egger test. The study protocol is available in the Prospero register (N° CRD420180938100).

RESULTS

Study selection

The database search identified 2,877 records, 1,119 of which were duplicates, and were thus removed. One record was identified through supplementary research on clinicaltrial.gov [START_REF] Gurbel | Response to ticagrelor in clopidogrel nonresponders and responders and effect of switching therapies: the RESPOND study[END_REF].

The title and abstract of 1,758 individual study records were assessed, 1,584 of which were irrelevant and therefore excluded. The remaining 173 records underwent full text examination (details for excluding reasons available in supplementary file C). Among the 82 studies excluded as they did not report any events of interest, the absence of bradyarrhythmia was confirmed in 26 studies (29-54), while for the other 56 studies the information on events was missing (i.e. there was no confirmation of zero events), even after two contacts with concerned authors or with the patent owner. Fifteen RCTs (6-8, 13, 28, 55-64) and one observational study [START_REF] Turgeon | Ticagrelor and bradycardia: a nested case-control study[END_REF] were included in the qualitative analysis, while only the selected RCTs were included in the quantitative analyses (fig 1).

Fig 1. Flow diagram of study identification, selection and inclusion.

*Among the 82 studies excluded because they did not report any events of interest, absence of bradyarrhythmia was confirmed for nine studies, while for the other 56 studies the information on events was missing, even after two contacts with concerned authors or with the patent owner.

Study characteristics

One observational study, a case-control nested in a cohort of elderly patients with ACS in Ontario, was retrieved. A total of 140 cases of bradyarrhythmia (eight exposed to ticagrelor, and 132 exposed to clopidogrel) and 560 controls (34 exposed to ticagrelor, 526 exposed to clopidogrel) were analyzed. This study did not found an increased risk of bradyarrhythmia associated with ticagrelor in either of the two adjustment models used by the authors (adjusted OR 1.06; 95%CI 0.65-2.21, or 1.07; 0.44-2.61) [START_REF] Turgeon | Ticagrelor and bradycardia: a nested case-control study[END_REF].

Among the fifteen included RCTs, ten were phase III trials (6-8, 13, 55-57, 59, 60, 62), four phase IV trials [START_REF] Wu | Clinical efficacy of ticagrelor in patients undergoing emergency intervention for acute myocardial infarction and its impact on platelet aggregation rate[END_REF][START_REF] Gu | Comparison of ticagrelor and high-dose clopidogrel on the platelet functions in patients with inadequate response to clopidogrel[END_REF][START_REF] Ren | Ticagrelor vs. clopidogrel in non-STelevation acute coronary syndromes[END_REF][START_REF] Malinova | High on-treatment after aspirin loading dose platelet reactivity as a modifiable risk factor to tailor antiplatelet therapy in acute coronary syndrome[END_REF] , and one was a phase II trial [START_REF] Gurbel | Response to ticagrelor in clopidogrel nonresponders and responders and effect of switching therapies: the RESPOND study[END_REF]. Nine studies were doubleblind (6-8, 13, 28, 55, 56, 59, 60, 62), 14 studies were parallel studies (6-8, 13, 55-64), one cross-over study [START_REF] Gurbel | Response to ticagrelor in clopidogrel nonresponders and responders and effect of switching therapies: the RESPOND study[END_REF]. Four studies had a follow-up period of less than 12 months (between 1 month and 6 months) [START_REF] Cannon | Safety, tolerability, and initial efficacy of AZD6140, the first reversible oral adenosine diphosphate receptor antagonist, compared with clopidogrel, in patients with non-ST-segment elevation acute coronary syndrome: primary results of the DISPERSE-2 trial[END_REF][START_REF] Wong | Efficacy and safety of ticagrelor in relation to prior aspirin usage in the SOCRATES trial[END_REF][START_REF] Gu | Comparison of ticagrelor and high-dose clopidogrel on the platelet functions in patients with inadequate response to clopidogrel[END_REF][START_REF] Wang | Safety and efficacy of ticagrelor with emergency percutaneous coronary intervention in senile patients with ST-segment elevation myocardial infarction and dementia[END_REF], while the other eleven studies had a follow-up period comprised between twelve and 48 months (7, 8, 13, 28, 55-58, 60, 63, 64). Two studies were placebo-controlled [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF][START_REF] Bhatt | Ticagrelor in patients with diabetes and stable coronary artery disease with a history of previous percutaneous coronary intervention (THEMIS-PCI): a phase 3, placebo-controlled, randomised trial[END_REF], while the others were active comparator-controlled, eleven with clopidogrel [START_REF] Cannon | Safety, tolerability, and initial efficacy of AZD6140, the first reversible oral adenosine diphosphate receptor antagonist, compared with clopidogrel, in patients with non-ST-segment elevation acute coronary syndrome: primary results of the DISPERSE-2 trial[END_REF][START_REF] Wallentin | Ticagrelor versus clopidogrel in patients with acute coronary syndromes[END_REF][START_REF] Goto | Ticagrelor vs. clopidogrel in Japanese, Korean and Taiwanese patients with acute coronary syndrome --randomized, double-blind, phase III PHILO study[END_REF][START_REF] Gurbel | Response to ticagrelor in clopidogrel nonresponders and responders and effect of switching therapies: the RESPOND study[END_REF][START_REF] Berwanger | Ticagrelor Versus Clopidogrel in Patients With STEMI Treated With Fibrinolysis: TREAT Trial[END_REF][START_REF] Wu | Clinical efficacy of ticagrelor in patients undergoing emergency intervention for acute myocardial infarction and its impact on platelet aggregation rate[END_REF][START_REF] Hiatt | Ticagrelor versus Clopidogrel in Symptomatic Peripheral Artery Disease[END_REF][START_REF] Gu | Comparison of ticagrelor and high-dose clopidogrel on the platelet functions in patients with inadequate response to clopidogrel[END_REF][START_REF] Wang | Safety and efficacy of ticagrelor with emergency percutaneous coronary intervention in senile patients with ST-segment elevation myocardial infarction and dementia[END_REF][START_REF] Ren | Ticagrelor vs. clopidogrel in non-STelevation acute coronary syndromes[END_REF][START_REF] Malinova | High on-treatment after aspirin loading dose platelet reactivity as a modifiable risk factor to tailor antiplatelet therapy in acute coronary syndrome[END_REF], and two with aspirin [START_REF] Schunkert | Randomized trial of ticagrelor vs. aspirin in patients after coronary artery bypass grafting: The TiCAB trial[END_REF][START_REF] Wong | Efficacy and safety of ticagrelor in relation to prior aspirin usage in the SOCRATES trial[END_REF]. Six studies did not included patients at-risk with previous bradycardia [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF][START_REF] Wallentin | Ticagrelor versus clopidogrel in patients with acute coronary syndromes[END_REF][START_REF] Goto | Ticagrelor vs. clopidogrel in Japanese, Korean and Taiwanese patients with acute coronary syndrome --randomized, double-blind, phase III PHILO study[END_REF][START_REF] Schunkert | Randomized trial of ticagrelor vs. aspirin in patients after coronary artery bypass grafting: The TiCAB trial[END_REF][START_REF] Berwanger | Ticagrelor Versus Clopidogrel in Patients With STEMI Treated With Fibrinolysis: TREAT Trial[END_REF][START_REF] Wang | Safety and efficacy of ticagrelor with emergency percutaneous coronary intervention in senile patients with ST-segment elevation myocardial infarction and dementia[END_REF]. Included patients were mainly males, and women represent more than 40% in just two studies [START_REF] Wong | Efficacy and safety of ticagrelor in relation to prior aspirin usage in the SOCRATES trial[END_REF][START_REF] Wang | Safety and efficacy of ticagrelor with emergency percutaneous coronary intervention in senile patients with ST-segment elevation myocardial infarction and dementia[END_REF]. The mean age of included patients ranged between 55.5 to 66.7 years. Fourteen RCTs studied ticagrelor at 90 mg/BID, while the dose of 60 mg/BID was studied twice [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF][START_REF] Bhatt | Ticagrelor in patients with diabetes and stable coronary artery disease with a history of previous percutaneous coronary intervention (THEMIS-PCI): a phase 3, placebo-controlled, randomised trial[END_REF] 

Quality assessment

Concerning quality of the retrieved case-control study [START_REF] Turgeon | Ticagrelor and bradycardia: a nested case-control study[END_REF], four on nine stars were attributed.

In particular, the authors did not provided the case definition, but the just the codes that the used. Moreover, the cases were considered as non-representative as the authors included only patients treated in an emergency department or admitted for bradycardia. Indeed the patients with a short-term bradycardia, occurred during the same hospitalization for ACS or MI, were not considered. This could lead to consider this study at high risk of selection bias.

Concerning controls, the authors did not mention any form of validation of the absence of bradycardia. Finally, the prescription of ticagrelor was considered as a proxy for exposure, but there was any form of control about at least its delivery or its actual reimbursement.

Concerning the 15 included RCTs, the risk of random sequence generation bias, attrition bias and other bias was judged low in more than 70% of all studies, unlike the risk of allocation concealment bias, detection bias and reporting bias was assessed as unclear in almost more than 50% of the studies (details the risk of bias assessment are available in supplementary file D). The risk of performance bias was judged low in less than ½ studies. The risk of attrition bias was high in three studies [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF][START_REF] Wu | Clinical efficacy of ticagrelor in patients undergoing emergency intervention for acute myocardial infarction and its impact on platelet aggregation rate[END_REF][START_REF] Hiatt | Ticagrelor versus Clopidogrel in Symptomatic Peripheral Artery Disease[END_REF]; two trials were judged as at high risk of performance bias [START_REF] Berwanger | Ticagrelor Versus Clopidogrel in Patients With STEMI Treated With Fibrinolysis: TREAT Trial[END_REF][START_REF] Wu | Clinical efficacy of ticagrelor in patients undergoing emergency intervention for acute myocardial infarction and its impact on platelet aggregation rate[END_REF] and one trial was judged as at high risk of selection bias [START_REF] Wong | Efficacy and safety of ticagrelor in relation to prior aspirin usage in the SOCRATES trial[END_REF]. The cross-over trial did not report any wash-out period, thus with a high risk of persistence of the pharmacological effects [START_REF] Gurbel | Response to ticagrelor in clopidogrel nonresponders and responders and effect of switching therapies: the RESPOND study[END_REF]; thus it was judged as a high risk for other bias. Another study was judged as unclear risk of other bias it was reported only via a congress proceeding [START_REF] Malinova | High on-treatment after aspirin loading dose platelet reactivity as a modifiable risk factor to tailor antiplatelet therapy in acute coronary syndrome[END_REF] (fig 2). More than 60% of the studies were funded by industries (6-8, 13, 28, 59, 60), while funding statement was not mentioned or unclear in four study [START_REF] Gu | Comparison of ticagrelor and high-dose clopidogrel on the platelet functions in patients with inadequate response to clopidogrel[END_REF][START_REF] Wang | Safety and efficacy of ticagrelor with emergency percutaneous coronary intervention in senile patients with ST-segment elevation myocardial infarction and dementia[END_REF][START_REF] Ren | Ticagrelor vs. clopidogrel in non-STelevation acute coronary syndromes[END_REF][START_REF] Malinova | High on-treatment after aspirin loading dose platelet reactivity as a modifiable risk factor to tailor antiplatelet therapy in acute coronary syndrome[END_REF]. 

Meta-analysis

Bradyarrhythmia

For the main analysis on the ticagrelor-related risk of bradyarrhythmia, the 15 included RCT comprised a total of 86,895 participants, of whom 43,406 received ticagrelor and 43,489 received comparator(s). A total of 1,488 bradyarrhythmias were reported, 759 in ticagrelor 90 mg/BID group, and 729 in comparator(s) groups. For seven studies bradyarrhythmia events were directly extracted from the full text article, for four studies were extracted from clinicaltrial.gov [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF][START_REF] Gurbel | Response to ticagrelor in clopidogrel nonresponders and responders and effect of switching therapies: the RESPOND study[END_REF][START_REF] Bhatt | Ticagrelor in patients with diabetes and stable coronary artery disease with a history of previous percutaneous coronary intervention (THEMIS-PCI): a phase 3, placebo-controlled, randomised trial[END_REF][START_REF] Wong | Efficacy and safety of ticagrelor in relation to prior aspirin usage in the SOCRATES trial[END_REF][START_REF] Hiatt | Ticagrelor versus Clopidogrel in Symptomatic Peripheral Artery Disease[END_REF], while for one study they were directly provided by the principal author [START_REF] Malinova | High on-treatment after aspirin loading dose platelet reactivity as a modifiable risk factor to tailor antiplatelet therapy in acute coronary syndrome[END_REF]. For three studies, the number of bradyarrhythmias was calculated by adding different safety events (e.g. sinus bradycardia and complete AVB; details available in supplementary file E) [START_REF] Wong | Efficacy and safety of ticagrelor in relation to prior aspirin usage in the SOCRATES trial[END_REF][START_REF] Hiatt | Ticagrelor versus Clopidogrel in Symptomatic Peripheral Artery Disease[END_REF][START_REF] Wang | Safety and efficacy of ticagrelor with emergency percutaneous coronary intervention in senile patients with ST-segment elevation myocardial infarction and dementia[END_REF]. Three study reported only severe bradyarrhythmias, and they were included both in the main analysis and in the secondary ones [START_REF] Cannon | Safety, tolerability, and initial efficacy of AZD6140, the first reversible oral adenosine diphosphate receptor antagonist, compared with clopidogrel, in patients with non-ST-segment elevation acute coronary syndrome: primary results of the DISPERSE-2 trial[END_REF][START_REF] Schunkert | Randomized trial of ticagrelor vs. aspirin in patients after coronary artery bypass grafting: The TiCAB trial[END_REF][START_REF] Berwanger | Ticagrelor Versus Clopidogrel in Patients With STEMI Treated With Fibrinolysis: TREAT Trial[END_REF].

The RR of bradyarrhythmia associated was 1.15 (95%CI The visual inspection of the funnel plot showed that the most precise studies have a tendency to be on the right side of the plot, while the less precise ones on the left one. Nevertheless, the Egger test showed no asymmetry (t=1.30; p=0.21; fig S4).

The strength of evidence of this meta-analysis was evaluated as low according to GRADE, (table 2). This was due mainly to a serious of bias of the present meta-analysis as, among other bias, it is affected by missing outcome data in 2/3 of eligible studies. Moreover, this meta-analysis was imprecise as the RR for bradyarrhythmia was 1.15 (95%CI 1.05-1.26), lower than the GRADE suggested cut off for considering results as precise (RR = 1.25) [START_REF] Guyatt | GRADE guidelines: a new series of articles in the Journal of Clinical Epidemiology[END_REF]. One study was judged to have a high risk of selection bias; three studies were judged to have a high risk of attrition bias. Two studies were judged as at high risk of performance bias and only one to have a high risk of other bias. Nevertheless, when these studies were excluded from analysis, the results did not change substantially.

Moreover, ten studies were funded by patent owner. Because of an important missing outcome data (56 studies without information on event), the risk of bias of this meta-analysis was considered as serious.

b. No heterogeneity was found in any analysis concerning the risk of bradyarrhythmia. c. The risk of indirectness was considered not serious. 1) No major differences in study population were found. Randomized trials of ticagrelor selected for this study corresponded to the real-life treated population. Some studies excluded patients at risk of bradyarrhythmia, but subgroup analysis showed results globally coherent with principal analysis. 2) The selected intervention concerned directly ticagrelor. 3) The selected outcome was directly found in the selected studies, thus indirectness of the outcome did not affect this meta-analysis. 4) This is a direct meta-analysis in which ticagrelor was compared to any comparators (both active and placebo).

d. RR for bradyarrhythmia was 1.15 (1.05 to 1.26), lower than suggested cut off for considering results as precise (RR = 1.25). e. One study was judged to have a high risk of selection bias. Two studies were judged to have a high risk of detection bias. One study was judged as at high risk of performance bias. Nevertheless, when these studies were excluded from analysis, the result did not change substantially. Moreover, 73% of the studies (8 on 11) were funded by patent owner. When these studies were excluded from the analysis, the RR not changed substantially (four studies left). But because of an important reporting bias (56 studies with missing information on event), the risk of bias of this meta-analysis was considered as serious.

f. No heterogeneity was found in the most part of the analyses concerning severe bradyarrhythmias. The sub-group analysis related to the exclusion of at-risk patients showed presence of heterogeneity between estimates, but only four studies constituted this subgroup. For all these reasons, the authors considered this meta-analysis as a low-risk of inconsistency.

g. Sample size is large (n=69,958), number of events high (n=272), and confidence interval of pooled risk ratio do not cross the line of no effect. Moreover, RR for bradyarrhythmia was 1.29 (1.02 to 1.65), higher than suggested cut off for precisions (RR = 1.25).

Severe bradyarrhythmia

For this analysis, the eleven included RCTs comprised a total of 69,958 participants, of whom 34,923 received ticagrelor and 35,035 received comparator(s). A total of 272 severe bradyarrhythmias was reported, 153 under ticagrelor 90 mg/BID and 119 under comparator(s). The following severe bradyarrhythmia events were reported: ventricular pauses >2.5 seconds in five studies [START_REF] Cannon | Safety, tolerability, and initial efficacy of AZD6140, the first reversible oral adenosine diphosphate receptor antagonist, compared with clopidogrel, in patients with non-ST-segment elevation acute coronary syndrome: primary results of the DISPERSE-2 trial[END_REF][START_REF] Wallentin | Ticagrelor versus clopidogrel in patients with acute coronary syndromes[END_REF][START_REF] Goto | Ticagrelor vs. clopidogrel in Japanese, Korean and Taiwanese patients with acute coronary syndrome --randomized, double-blind, phase III PHILO study[END_REF][START_REF] Berwanger | Ticagrelor Versus Clopidogrel in Patients With STEMI Treated With Fibrinolysis: TREAT Trial[END_REF][START_REF] Malinova | High on-treatment after aspirin loading dose platelet reactivity as a modifiable risk factor to tailor antiplatelet therapy in acute coronary syndrome[END_REF] , complete AVB in six studies [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF][START_REF] Bhatt | Ticagrelor in patients with diabetes and stable coronary artery disease with a history of previous percutaneous coronary intervention (THEMIS-PCI): a phase 3, placebo-controlled, randomised trial[END_REF][START_REF] Wong | Efficacy and safety of ticagrelor in relation to prior aspirin usage in the SOCRATES trial[END_REF][START_REF] Hiatt | Ticagrelor versus Clopidogrel in Symptomatic Peripheral Artery Disease[END_REF][START_REF] Wang | Safety and efficacy of ticagrelor with emergency percutaneous coronary intervention in senile patients with ST-segment elevation myocardial infarction and dementia[END_REF][START_REF] Malinova | High on-treatment after aspirin loading dose platelet reactivity as a modifiable risk factor to tailor antiplatelet therapy in acute coronary syndrome[END_REF] and pacemaker insertion in four studies [START_REF] Wallentin | Ticagrelor versus clopidogrel in patients with acute coronary syndromes[END_REF][START_REF] Schunkert | Randomized trial of ticagrelor vs. aspirin in patients after coronary artery bypass grafting: The TiCAB trial[END_REF][START_REF] Wang | Safety and efficacy of ticagrelor with emergency percutaneous coronary intervention in senile patients with ST-segment elevation myocardial infarction and dementia[END_REF][START_REF] Malinova | High on-treatment after aspirin loading dose platelet reactivity as a modifiable risk factor to tailor antiplatelet therapy in acute coronary syndrome[END_REF]. In one study, the number of severe bradyarrhythmia was calculated by adding different safety events (complete AVB and bi-fascicular block) [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF].

The RR of severe bradyarrhythmia was 1.29 (95%CI 1.02-1.65), with no evidence of heterogeneity across estimates (p=0.24, I²=22%; fig 4). The exclusion of the two placebocontrolled studies [START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF][START_REF] Bhatt | Ticagrelor in patients with diabetes and stable coronary artery disease with a history of previous percutaneous coronary intervention (THEMIS-PCI): a phase 3, placebo-controlled, randomised trial[END_REF] did not change the results (RR 1.49; 1.04-1.94). When RCTs with a high risk of bias were excluded from the analysis the pooled RR was comparable with the primary analysis (RR 1.36; 1.06-1.75). Nevertheless, the exclusion of the study that weighted for 2/3 of the estimate (8) led to a non-significant result (RR 1.04; 0.74-1.47).

A dose-dependent effect was found, as at 60 mg/BID the risk was not significant (RR 0.72; CI95% 0.41-1.25), it was increased at 90 mg/BID (RR 1.41; 1.12-1.78) and it was even higher at 180 mg/BID (RR 2.26; 1.20-4.28); moreover, the pooled estimates of these subgroups showed a high heterogeneity (p=0.02; I²=73.9%; fig S5) suggesting an actual differences among these doses.

Subgroup analysis by severe bradyarrhythmias type showed a significantly increased risk for ventricular pauses > 2.5 seconds with a RR 1.67 (1.25-2.24), and this risk was confirmed (RR The strength of evidence of this meta-analysis was evaluated as moderate according to GRADE (table 2), because the risk of bias of the present meta-analysis was considered serious as, among other bias, it is affected by missing outcome data in 2/3 of eligible studies. 

DISCUSSION

This systematic review was the first to globally gather the evidence on the risk of bradyarrhythmia related to ticagrelor; among the 81 potentially eligible studies only 15 RCTs and one observational study did provide information on the events of interest. The present meta-analysis of RCTs found an increased risk of both bradyarrhythmia and severe bradyarrhythmia; the latter seems mostly due to ventricular pauses > 2.5s. No heterogeneity was identified in the main analysis, and this slightly increased risk remained consistent when studies suspected to generate heterogeneity or weighing excessively on the outcome were excluded. A trend for a dose-effect gradient was observed, especially for the risk of severe bradyarrhythmia.

Bradyarrhythmia is a serious adverse event which can lead to hospitalization, treatment management or pacemaker insertion, and all-cause mortality [START_REF] Benjamin | Heart Disease and Stroke Statistics-2017 Update[END_REF][START_REF] Murano | Evaluation of Bradycardia in the Emergency Department[END_REF]. The prevalence of 3rd degree AVB is estimated between 0.02% and 0.04% in general population and their management consists mainly on pacemaker insertion [START_REF] Benjamin | Heart Disease and Stroke Statistics-2017 Update[END_REF]. Across the European Society of Cardiology (ESC) member coutries, a mean of 524 pacemakers implantations per million inhabitants was estimated for 2016 [START_REF] Raatikainen | A Decade of Information on the Use of Cardiac Implantable Electronic Devices and Interventional Electrophysiological Procedures in the European Society of Cardiology Countries: 2017 Report from the European Heart Rhythm Association. Europace : European pacing, arrhythmias, and cardiac electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the[END_REF]. In Australia, the prevalence of pacemaker insertion rose to 1 in 50 patients aged 75 or older in 2005 [START_REF] Bradshaw | Trends in the incidence and prevalence of cardiac pacemaker insertions in an ageing population[END_REF]; and according to French data, indication for pacemaker reached 40% in patients with AVB (all types combined), while it was 10% in patients with bi-fascicular branch blocks [START_REF]Stimulateurs cardiaques et conventionnels: : place respective des stimulateurs simple et double chambre Haute Autorité de Santé -Service Evaluation des Dispositifs Février[END_REF]. The potential occurrence of bradyarrhythmia related to ticagrelor was raised by EMA and integrated into the European Risk Management Plan of this drug as it could relate with an important potential risk [START_REF]European Public Assessment Report. European Medicines Agency (EMA), Committee for Medicinal Products for Human Use (CHMP)[END_REF]. Four of the eleven RCTs included in the meta-analysis excluded subjects with history of bradycardia. This strategy appears to be effective in minimizing the risk of both bradyarrhythmia and severe bradyarrhythmia. Up to date, the SmPC of ticagrelor states that the drug should be used with caution in i) patients at risk of bradycardic events, and ii) patients using medications known to induce bradycardia such as beta-blockers, calcium channel blockers diltiazem and verapamil, digoxin. These general precautions should be reinforced with specific warnings helping a more cautious prescription of ticagrelor in at-risk patients, in particular to elderly poly-treated ones.

The quality of each study included was assessed according to Cochrane collaboration tool; four of the eleven studies presented a high risk of bias, but the pooled estimates were still high and significant when they were excluded. Nevertheless, the risk of bias in this metaanalysis was considered as serious when the GRADE framework was applied, and this led to a low or moderate global quality of evidence provided by the present study. This gradation was due mainly to a strong reporting bias of the events of interest. Indeed, among the 82 studies excluded because they did not provide information on events of interested, the authors confirmed this absence (i.e., zero events) in less than 1/3 of cases. For the most part of the studies the information was thus not retrieved, even after multiple contacts with authors and/or patent owner. The availability of this information is thus crucial to confirm this risk, more precisely quantify its extent, and even measure the effectiveness of risk reduction measures, as avoiding the ticagrelor use in at-risk patients. However, even in presence of a reporting bias, this meta-analysis is based on more than 85,000 patients, the analyses are free from heterogeneity, and the magnitude of the final estimates does not depend from any study.

The study Wallentin et al. study weighted considerably on the meta-analyses, but when this study was removed from the analyses, the increased risk remained significant. Since the metaanalysis was designed to include also use of real world data, the inverse variance weighting method was chosen a priori. In meta-analysis on RCT only, Mantel-Haenszel method is shown statistically superior when the included studies report few events [START_REF] Deeks | Analysing data and undertaking meta-analyses: The Cochrane Collaboration[END_REF]. Additional analyses were carried out using Mantel Haenszel's method did not change the results (data not shown).

Only one observational study evaluating the risk of bradyarrhythmia was found. As it is not recommended to mix observational and experimental studies when performing meta-analyses, it was not finally included in the pooled analysis but only discussed qualitatively. Moreover, this study presents some methodological issues and it was considered as at risk of selection bias. Moreover, it was clearly underpowered to evaluate correctly the risk of bradyarrhythmia related to ticagrelor: on a total of 140 cases of bradyarrhythmia, only eight were exposed to ticagrelor [START_REF] Turgeon | Ticagrelor and bradycardia: a nested case-control study[END_REF]. As a consequence, the imprecision of risk estimates hampers any meaningful conclusion.

The dose-effect gradient support a biologic role of the ticagrelor in the risk of bradyarrhythmia but is important to underline that respectively for the 60mg/BID and 180mg/BID dosages, only two and one estimate were available. If the potential risk related to the higher dose concerns only a short period of time (loading dose before angioplasty), the absence of a risk at 60 mg/BID need to be confirmed as ticagrelor could be used at this dose beyond the initials months of treatment, and up to two years after its initiation (3).

The mechanism of bradyarrhythmia under ticagrelor is currently poorly understood. A first hypothesis suggests a direct effect of ticagrelor on automaticity and cardiac conduction [START_REF] Scirica | The incidence of bradyarrhythmias and clinical bradyarrhythmic events in patients with acute coronary syndromes treated with ticagrelor or clopidogrel in the PLATO (Platelet Inhibition and Patient Outcomes) trial: results of the continuous electrocardiographic assessment substudy[END_REF].

The second is that ticagrelor increase adenosine concentration in plasma through inhibition of adenosine reuptake by erythrocytes. The effect of adenosine on cardiac rhythm is based on activation of purinergic receptors 1, responsible for slowing down cardiac conduction by actions on both sinoatrial and atrioventricular nodes, causing bradycardia and heart block [START_REF] Olsson | Cardiovascular purinoceptors[END_REF].

To our knowledge, bradycardic events are not related to classical comparators of ticagrelor, as clopidogrel. Conversely, a number of studies inform about bradycardic events in patients treated with ticagrelor, which occurred most frequently in the acute phase of ACS [START_REF] Scirica | The Incidence of Bradyarrhythmias and Clinical Bradyarrhythmic Events in Patients With Acute Coronary Syndromes Treated With Ticagrelor or Clopidogrel in the PLATO (Platelet Inhibition and Patient Outcomes) Trial Results of the Continuous Electrocardiographic Assessment Substudy[END_REF]. This evidence is also supported by case reports available in the literature. Waldmann et al. [START_REF] Waldmann | Cyclical sinus bradycardia and atrioventricular block induced by ticagrelor[END_REF], reported a case occurring few hours after receiving the loading dose of 180 mg ticagrelor and percutaneous coronary angioplasty. It concerned a 75 years old woman with no history of bradycardia that developed a severe sinus bradycardia < 30 beats/min, with a complete AVB with up to 5-second pauses. Ticagrelor was discontinued and a notable improvement was observed within 24 hours, with no sign of AVB at one month. Li et al. [START_REF] Li | A Case of Atrioventricular Block Potentially Associated with Right Coronary Artery Lesion and Ticagrelor Therapy Mediated by the Increasing Adenosine Plasma Concentration[END_REF], reported an AVB in a 65 years old women, the second day after receiving ticagrelor at loading dose, with a drastic improvement four days after ticagrelor withdrawal and no AVB occurrence in the three-month follow-up. Minner et al. [START_REF] Minner | Successful Reversal of Bradycardia and Dyspnea With Aminophylline After Ticagrelor Load[END_REF], reported reversible sinus bradycardia in a 65 years old woman, four hours after the loading dose. Aminophylline was administrated and ticagrelor discontinued, the patient remained in normal sinus rhythm and was discharged 2 days later without any further complications. All these patients were switched to clopidogrel, with no signs of occurrence of bradycardia.

Taken together, the results of the meta-analysis are affected from a reporting bias and call for individual patient-level meta-analysis of all existing RCTs related to ticagrelor in secondary prevention of ACS.

CONCLUSIONS

This meta-analysis confirmed the risk of bradyarrhythmia and severe bradyarrhythmia related to ticagrelor use. Restricting its use in patients at-risk of bradycardia was effective in preventing this risk. The evidence coming from this meta-analysis was low to moderate due to missing outcome data in 2/3 of eligible studies. Waiting for the public access to these data, the use of ticagrelor in patients with risk factors of bradycardias should be avoided.

  Eligible studies were searched on March 5, 2018 and then updated on February 20, 2020 in four databases: MEDLINE, Scopus, Cochrane Central Register of Controlled Trials (CENTRAL) and ISI web of Science databases. Clinical trial registries were also investigated for studies that were completed but not yet published: ClinicalTrial.gov and ClinicalTrialsRegister.eu. The systematic search covered the period from January 1, 2005 to February 20, 2020. The start date of the research period corresponds to the year preceding the publication of the first results of the phase II DISPERSE-2 trial (6). The research strategy used keywords regarding the risk of ticagrelor-related bradyarrhythmia in RCTs and observational studies (see details of MEDLINE search strategy used in supplementary file A).
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 2 Fig 2. Risk of bias graph. Review authors' judgments for each "Risk of bias" item presented as percentages across all included studies. The risk of bias of the included studies is presented
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 3 Fig 3. Forest plot of bradyarrhythmia associated with ticagrelor at 90 mg/bid, versus placebo or active comparator. Risk Ratio (RR) calculated for individual randomized controlled trials (RCTs) with 95% confidence interval (CI) is presented; arrows indicate the CI exceeding the limits of the graph. An estimate of the weight of each RCT on pooled RRs is reported as a percentage and graphically (black square size); pooled RR is presented in black diamonds;statistical heterogeneity among studies was evaluated using Q statistic (p<0.10 considered significant), and the proportion of total variation contributed by between-study variance was estimated using I 2 index. The risk of bias for each included study is presented as different coloured circles: green represents a low risk of bias, red represents a high risk of bias, yellow represent an unclear risk of bias.
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 4 Fig 4. Forest plot of severe bradyarrhythmia associated with ticagrelor at 90 mg/bid, versus placebo or active comparator. Risk Ratio (RR) calculated for individual randomized controlled trials (RCTs) with 95% confidence interval (CI) is presented; arrows indicate the CI exceeding the limits of the graph. An estimate of the weight of each RCT on pooled RRs isreported as a percentage and graphically (black square size); pooled RR is presented in black diamonds; statistical heterogeneity among studies was evaluated using Q statistic (p<0.10 considered significant), and the proportion of total variation contributed by between-study variance was estimated using I 2 index. The risk of bias for each included study is presented as different coloured circles: green represents a low risk of bias, red represents a high risk of bias, yellow represent an unclear risk of bias.

  

Table 1 . Characteristics of included RCTs.

 1 BID= bis in die: twice a day; CO= cross-over; DB= double blind; R=randomized NR=Not reported *Data relating to the population of the safety analysis † When the average age was reported by group, the estimate is calculated as a weighted average (in years)
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Table 2 . Summary of findings in eleven randomized controlled trials of bradyarrhythmia according to GRADE framework.
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