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ABSTRACT 
AIMS:  To evaluate the safety and efficacy of left atrial appendage occlusion (LAAO) with the Amplatzer™ Amulet™ occluder.
METHODS AND RESULTS:  Patients with atrial fibrillation (AF) eligible for LAAO were recruited to a prospective global study.  Implant procedures were undertaken with echocardiographic guidance.  Transoesophageal echocardiography (TOE) was undertaken 1-3 months post-LAAO.  Implant and follow-up TOEs were evaluated by a CoreLab.  The primary endpoint was a composite of ischemic stroke and cardiovascular death at 2 years. Serious adverse events were adjudicated by an independent clinical events committee. 1088 patients were enrolled, aged 75.2±8.5 years; 64.5% were male.  CHA2DS2-VASc and HAS-BLED scores were 4.2±1.6 and 3.3±1.1, respectively.  71.7% had prior major bleeding, and 82.8% had contraindications to oral anticoagulants.  Implant success was 99.1%.   Major adverse events (≤ 7 days post-procedure) occurred in 4.0%, including death (0.3%), stroke (0.4%), major vascular (1.3%), and device embolization (0.2%). 80.2% of patients were discharged on antiplatelet therapy alone. Peri-device flow was <3mm in 98.4% at follow-up TOE. Device-related thrombus was seen in 1.6% of cases. Cardiovascular death or ischaemic stroke occurred in 8.7% of patients at 2 years. The ischaemic stroke rate was 2.2%/year - a 67% reduction compared to the CHA2DS2-VASc predicted rate.  Major bleeding (BARC type ≥3) occurred at rates of 10.1%/year (year one) and 4.0%/year (year two).    
CONCLUSIONS:  Following left atrial appendage occlusion with the Amplatzer Amulet device, the ischaemic stroke rate was reduced by 67% compared to the predicted risk. Closure was complete in 98.4% of cases and device-related thrombus seen in only 1.6%.   
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Translational Perspective: 
The prospective Amulet Observational Study evaluated the safety and efficacy of LAAO with the Amplatzer™ Amulet™ occluder for ischaemic stroke prevention in 1088 AF patients.  Implants were technically successful in 99.1% of patients.  Peri-device flow was <3mm in 98.4% of patients 1-3 months post-implant.  The ischaemic stroke rate was 2.2%/year (95% CI: 1.6%/year, 2.9%/year) - a 67% reduction (95% CI: 57%, 76%) compared to the CHA2DS2-VASc predicted rate.  Major bleeding (BARC type ≥3) occurred at rates of 10.1%/year (year one) and 4.0%/year (year two).  LAAO with the Amplatzer™ Amulet™ is a safe and effective means to reduce the risk of thromboembolism from the LAA without the need for long-term anticoagulants.
Abbreviations:
AF=atrial fibrillation
APT=antiplatelet therapy
BARC=Bleeding Academic Research Consortium 
CEC=clinical events committee
CT=computed tomography
DRT=device-related thrombus
LAA=left atrial appendage
LAAO=left atrial appendage occlusion
OAC=oral anticoagulation
TOE=transoesophageal echocardiography

INTRODUCTION
Atrial fibrillation (AF) is a highly prevalent arrhythmia. There will be 13 million adults with AF in the European Union by 2030.1  It is estimated that 10-40% of AF patients are hospitalized each year.2  AF increases the risk of ischaemic stroke by 3-5 times,3 and these AF-related strokes are twice as likely to be fatal.4  
The use of oral anticoagulants (OAC) to prevent thromboembolism in patients with AF has a Class I Recommendation in international guidelines,2, 5  with direct or novel oral anticoagulants widely used in the prevention of AF-related stroke.6  However, a portion of AF patients at high-risk for stroke are not suitable for long-term OAC due to previous major bleeding, risk of major bleeding, poor compliance or personal preference.   
Percutaneous left atrial appendage occlusion (LAAO) is increasingly performed in AF patients contraindicated to OAC.    The WATCHMAN™ LAA closure device (Boston Scientific, Marlborough, MA, USA) was shown to be non-inferior to warfarin in randomized controlled trials7, 8, and reduced the risk of thromboembolic events as compared to predicted rates in a registry of patients largely contraindicated to OAC.9  
The first generation Amplatzer™ LAAO occluder, the Amplatzer™ Cardiac Plug™, was evaluated in a retrospective registry, with good safety and efficacy.10  The Amulet Observational Study prospectively enrolled patients prior to implant attempt with the Amulet™ occluder - the second generation Amplatzer™ LAAO device.  Landmesser et al. previously detailed the periprocedural and interim 1-year results.11, 12  We now report the primary endpoint results of the Amulet Observational Study, according to pre-specified study objectives, in a large all-comer population of AF patients undergoing implant attempt in standard clinical practice.   
METHODS
Study objectives
The Amulet Observational Study specified four primary reporting objectives: the rate of ischaemic stroke, systemic embolism and cardiovascular death at 2 years; the rate of major bleeding events at 2 years; the assessment of acute (0-7 days) serious adverse events and the assessment of late (>7 days – 2 years) serious adverse events. The study further specified three secondary reporting objectives: the rates of technical and procedural success (defined in the Supplementary Appendix) and the rate of patients taking OAC and antiplatelet drugs through two years.  Sites were encouraged to enroll patients consecutively in an all-comers manner.
Implant procedure
LAAO was performed following the manufacturer’s instructions for use.  Physicians were trained on the procedure through didactic and hands-on sessions prior to study implants.  Baseline imaging was performed to exclude the presence of intracardiac thrombus and to assess LAA size and shape.  Enrollment in the study was defined as introduction of the device delivery system to the vasculature following informed consent.  Operators could use intracardiac echocardiography (ICE) instead of transoesophageal echocardiography (TOE) if they met pre-specified experience criteria. 
Follow-up
Follow-up assessments occurred at discharge, 1-3 months, 6 months, 1 year, and 2 years (±3 months) post-procedure. A TOE was required per the protocol at the 1-3 month visit. Patients not implanted were followed for seven days and then withdrawn per protocol.  Antithrombotic medication and adverse event assessments were performed at each visit. The 1-3 month TOE was reviewed by a CoreLab (MedStar Health Research Institute, Washington DC).
Safety events
[bookmark: _Hlk26539172]Safety reporting began when the device delivery system entered the vasculature and continued through study completion or patient withdrawal.  Reporting of serious adverse events followed the ISO 141555 definition (Supplementary Appendix). Sites were instructed to submit notification of adverse events to the Sponsor as they occurred, and monitor events until resolution.  Serious adverse events were defined as acute if ≤7 days post-procedure, and late if >7 days post-procedure.  Major adverse events defining procedural success are provided in the Supplementary Appendix.  An independent clinical events committee (CEC) reviewed site-reported source documentation to adjudicate all serious adverse events, including relatedness to the procedure or device and mode of death.  The CEC relied upon site interpretations of brain imaging.  The CEC classified deaths as resulting from cardiovascular, non-cardiovascular, or unknown causes (defined in the Supplementary Appendix).  
Imaging
Cardiac computed tomography (CT) may have been utilized for procedural planning, but was not mandatory per the study protocol.  The procedure was guided by echocardiography and fluoroscopy. A transthoracic echocardiogram was obtained before discharge to assess adverse events.  Residual flow around the device was assessed by the CoreLab from the implant and follow-up TOEs, and was defined as: none, small (jet <3mm), medium (3-5mm jet), or large (jet >5mm).  LAAO was considered clinically good if residual flow was absent or <3mm.  
	
Statistical analysis
Baseline demographic and clinical characteristics were summarized using descriptive statistics.  Categorical variables were summarized with percentages, and continuous variables summarized by mean ± standard deviation (SD).  The Kaplan-Meier method was used to calculate event rates at two years post-procedure for mortality, the composite of ischaemic stroke, systemic embolism, and cardiovascular death, and device-related thrombus (DRT).  The incidence rates of other clinical events are presented as annualized rates (events / patient-years of follow-up) unless otherwise noted.  
The study complied with the Declaration of Helsinki and patients provided informed consent.  The authors had access to the data and final authority over this publication.  The study was entered on ClinicalTrials.gov (NCT02447081).

RESULTS
A total of 1088 patients were enrolled between June 2015 and September 2016 and underwent an implant attempt. Cases were performed by 93 implanters at 61 centres in 17 countries.  Forty implanters performed ≥10 cases in the study.  Figure 1 details subject follow-up.  The follow-up rate at 2 years was 94.2%, with 864 of the 917 expected 2-year visits performed.  The 40 patients who withdrew their consent were followed for an average of 167±210 days, while the 15 patients lost to follow-up were followed for an average of 743±227 days.  

Patient characteristics
Patient demographics and clinical characteristics are shown in Table 1.  Patients were aged 75.2±8.5 years; 64.5% were male. The study population was at high-risk for thromboembolic events, with a CHA2DS2-VASc score of 4.2±1.6 and a 27.5% incidence of prior stroke. Most patients were at high-risk for major bleeding events, with a HAS-BLED score of 3.3±1.1. 71.7% of patients had prior major bleeding and 82.8% had contraindications to OAC.  Contraindicated patients included 42.1% with known bleeding risk and 40.7% with classic clinical cautioning conditions for OAC, such as intracranial haemorrhage, major bleeding, oesophageal varices, liver disease or severe renal impairment. The CHA2DS2-VASc and HAS-BLED scores corresponded to a predicted ischaemic stroke rate of 6.7%/year without anticoagulation, and a predicted 6.7%/year rate of major bleeding while on warfarin.13, 14  
Technical and procedural success
Technical implant success was achieved in 99.1% of patients (1078/1088).  Of the 10 unsuccessful implant attempts, seven were due to LAA anatomy not accommodating an Amulet occluder.  Procedural success was defined as technical success and the absence of a major adverse event during the index hospitalization. 39 patients had a major adverse event prior to discharge, resulting in a procedural success rate of 95.5% (1039/1088).
Echocardiography
The procedure was guided by TOE in 955 patients (88%) of cases and by ICE in 130 patients (12%).  It is unknown what proportion of procedures were preceded by cardiac CT.  Good LAAO, as assessed by the CoreLab, was achieved in 99.3% of patients following implant.  No residual flow was observed in 89.4% of patients, while minimal flow (<3mm) was seen in 9.9%.  TOE was acquired in 797 of 1018 subjects completing a 1-3 month follow-up visit.  763 TOEs were analyzed by the CoreLab, with 98.4% of patients exhibiting clinically good occlusion (no flow or flow <3mm).
Ischaemic stroke, systemic embolism, and cardiovascular death
Clinical events rates are shown in Table 2.  The annualized rate of ischaemic stroke was 2.2%/year (95% CI 1.6%, 2.9%) with 42 strokes in 39 patients - a 67% reduction (95% CI 57%, 76%) in the risk of ischaemic stroke compared to the predicted rate (Take Home Figure).  Four ischaemic strokes occurred ≤7 days of the procedure and were adjudicated as procedure- or device-related.  Two further late (days 71 and 161) ischaemic strokes were also adjudicated device-related in the context of DRT. The CEC adjudicated six deaths from stroke. No systemic embolisms were reported.  Death due to cardiovascular causes occurred in 55 patients, a rate of 5.5% at 2 years.  The rate of ischaemic stroke, systemic embolism, or cardiovascular death at 2 years was 8.7%. 
Major bleeding events
The annualized rate of major bleeding was 7.2%/year, with 140 events observed in 110 patients.  Thirty major bleeds occurred ≤7 days of the procedure, with an additional 20 bleeds between days 8 and 30 post-procedure. The annualized rate (events / patient-years follow-up) of major bleeding decreased from 10.1%/year (103 events per 1,016 patient-years) over the first year of follow-up to an annualized rate of 4.0%/year (37 events per 917 patient-years) over the second year.  The proportion of patients experiencing a major bleeding event followed a similar trend and decreased from 8.0% (87/1088 patients) over the first year to 3.2% (31/958 patients) over the second year of follow-up (Table 3).
Most (77%) major bleeding events were adjudicated as unrelated to the procedure or the device.  Sixteen major bleeds were due to pericardial effusions, with 12 resulting in tamponade.  Four events required surgical repair, and one led to death. Ten hemorrhagic strokes were reported, an annualized rate of 0.5%/year.  Gastrointestinal bleeds accounted for 47.9% (67/140) of major bleeding events, with most gastrointestinal bleeds (n=52; 77.6%) occurring in patients with a history of gastrointestinal bleeding.  The rate of major bleeding was greater in the 708 patients with a history of major bleeding, than in the 308 patients without a history of major bleeding (8.7%/year vs. 3.5%/year).  The antithrombotic medication regimen at the time of major bleeding was anticoagulation in 13.6%, dual antiplatelet therapy in 35.7%, single antiplatelet therapy in 37.1%, and no medications in 13.6%.  At the time of gastrointestinal bleeding the regimen was anticoagulation (oral or injectable) in 10.5%, dual antiplatelet therapy in 41.8%, single antiplatelet therapy in 34.3%, and no medications in 13.4%. 
Acute serious adverse events
Major adverse events, consisting of death, stroke, embolism, major bleeds, device embolization, and major vascular complications occurred in 4.0% of patients ≤7 days of the procedure.  All three deaths occurring ≤7 days of the procedure were adjudicated as cardiovascular deaths, and two as device- or procedure-related.  One patient had recurrent episodes of post-procedural hypotension and bradycardia, temporarily controlled with inotropic agents.  A TOE showed no pericardial effusion.  A hypotensive episode resulted in cardiorespiratory arrest resistant to resuscitation.  The second patient suffered cardiogenic shock secondary to a 3mm perforation at the LAA ostium – a surgical pericardial patch was placed but the patient died two days later.  The third patient collapsed and was found pulseless as an inpatient two days after implant.  After over 90 minutes of resuscitation efforts were ended.  An autopsy attributed death to acute myocardial infarction due to severe atherosclerosis of the main stem of the left coronary artery, unrelated to the procedure or the device. 
Major bleeding was the most frequent major adverse event occurring during the first seven days (n=30 bleeds; 2.8% of patients).  Procedure-related vascular complications ≤7days were reported in 1.3% of patients, with hematomas, arteriovenous fistulas, and pseudoaneurysms the most common complications.  
Device embolisation occurred in two patients. In the first patient, a 25mm device was implanted, but embolised to the aortic arch.  The device was snared and removed via the right common femoral artery. The patient returned 3 months later, and a 22mm device was implanted.  In the second patient, a 28mm device was implanted, but embolised and entangled in the mitral valve.  The device was surgically removed, a bioprosthetic valve implanted, and the LAA surgically excluded.    
Late serious adverse events
One-hundred sixty-one (161) patients died over the course of study follow-up, a rate of 15.2% at two-years.  The number of deaths occurring over the 1st and 2nd years of follow-up were 91 and 70, respectively.  Deaths were due to CV, non-CV, and unknown causes in 55, 71, and 35 patients, respectively.  
A total of 19 DRT episodes occurred in 17 patients, a rate of 1.6% at 2-years.  Patients with DRT were discharged on single APT in 11.8%, dual APT in 58.8%, and anticoagulants in 29.4% of cases, while patients without DRT were discharged on single APT in 22.7%, dual APT in 57.6%, and anticoagulants in 17.5%.   Most (87%) of the DRTs were located at the superior edge of the disc, in the untrabeculated area of the LAA ostium between the PV ridge and the upper edge of the disc.15  Following DRT diagnosis, patients received anticoagulant treatment in 83% of cases (often times longer than 3 months).  No major bleeding events occurred in patients following DRT, despite anticoagulant use to resolve the DRT.
Twenty TIAs occurred in 16 patients, an annualized rate of 1.0%/year.  All TIAs occurred ≥7 days of the procedure, with nine over the first year of follow-up and 11 over the second year of follow-up.  Two of 16 patients with a TIA also suffered an ischaemic stroke during the study.  
Antithrombotic medications
Most patients received antiplatelets alone following LAAO, as shown in Figure 2 (detailed in the Supplementary Appendix).  Patients were usually discharged on dual (57.7%) or single (22.4%) APT, while 11.2% of patients received OAC and 6.6% injectable anticoagulants.  The proportion of patients on single APT was 52.3%, 61.8%, 64.6% and 62.8% at 3-months, 6-months, 1-year, and 2-years, respectively. A rise in the proportion of patients without antithrombotic medications was observed: 7.5%, 14.6%, 19.2%, and 21.5% at 3-months, 6-months, 1-year, and 2-years, respectively.

DISCUSSION
	The Amulet Observational Study prospectively evaluated safety and efficacy of the Amplatzer™ Amulet™ LAA occluder in an all-comer population of AF patients at high-risk of cardioembolic events.  In this large cohort of patients, the CEC-adjudicated ischaemic stroke rate was 67% lower than the rate for AF patients without OAC predicted by the baseline CHA2DS2-VASc score.  Annual rates of TIA and systemic embolism were 1.0% and 0.0%, respectively.  The high rate of Amulet implant technical success, and high degree of LAA sealing as adjudicated by the independent CoreLab on procedural and 1-3 month follow-up TOEs, are postulated to have reduced the risk for ischaemic stroke without the need for long-term OAC in this group.
	Periprocedural outcomes of the Amulet Observational Study were previously detailed.11  In this study, among a diverse group of implanters, ranging from 1 to 54 (median 8) enrollments per operator, a high degree of technical success (1078 of 1088 attempts; 99.1%).  Major adverse events during the procedure and index hospitalization occurred in 3.6% of patients, a rate comparable to those reported in the registries of WATCHMAN (2.8%) and ACP (4.9%) devices.9, 10  In our population at high-risk of bleeding, major bleeds accounted for most periprocedural adverse events.      
	 Device-related thrombus was seen in 1.6% of patients. This is comparable to previous reports of Amplatzer LAAO devices.  110 consecutive Amplatzer LAAO patients receiving aspirin monotherapy were prospectively followed for a median of 2.3 years, with a 1.9% DRT rate observed.16  Similarly, a DRT rate of 1.8% was reported in the 218 Amplatzer occluder patients undergoing a 6-month TOE in the Italian LAAO registry.17  Aminian and colleagues recently detailed the incidence, characterization, and clinical impact of DRT observed within the first year post-implantation, noting that the left upper pulmonary vein ridge was not covered by the Amulet occluder disc in 82% of patients with a DRT, suggesting suboptimal implantation as a contributing factor to DRT development.15  While no peri-device leak of any size was observed in subjects with DRT, further investigations using more sensitive CT are warranted to evaluate this relationship.  DRT was associated with an increased risk of ischaemic stroke or TIA (hazard ratio 5.27, 95% confidence interval: 1.58 – 17.55, p<0.01).15  A similar association between the presence of DRT and an increased rate of clinical events has been reported in patients implanted with the WATCHMAN device.  Of 1,739 WATCHMAN patients followed for 7,159 patient-years, DRT was seen in 3.7%, and was associated with a 3.2 times increased risk for ischemic stroke or systemic embolism.18  While DRT is an infrequent event post-LAAO, its presence is concerning and seems to have associated risks.  Refinements in implant technique and device sizing may improve Amulet-LAA sealing, potentially reducing the risk of DRT formation.
The favourable clinical results seen in this study were achieved with only 11% of patients discharged on OAC.  Nearly 60% of patients were on single APT or no antithrombotic medications at 1-3 months after implant, and this proportion increased to 84% at 2 years.  In this population at high-risk for bleeding, 83% of whom had contraindications to anticoagulants, our study suggests that LAAO is an attractive therapy to reduce the ongoing risk of ischaemic stroke.   
	Several factors limit comparison to the lower rates of ischaemic stroke reported in large registries of WATCHMAN9 (1.1%/year) and ACP10 (1.3%/year) devices.  The WATCHMAN population had a lower risk of major bleeding events, and utilized a more intense antithrombotic regimen following implant.  Oral anticoagulants were prescribed in 27% of patients at discharge, with therapy continued up to 3 months post-implant.  The average time to discontinuation of dual APT was 6 months.  By comparison, in the current study, only 11% of patients were discharged on OAC, and dual APT was only taken by 31% and 16% of patients at the 1-3 month and 6-month visits, respectively.  While the ACP registry replied upon retrospective self-reporting of clinical events without independent adjudication, the current study prospectively followed patients with required visits to ascertain if clinical events had occurred, with events adjudicated by a CEC independent of the Sponsor.
The current Amulet study enrolled a population at higher risk for major bleeding events than prior registries of similar size.  A history of major bleeding was present in 72% of Amulet patients compared to 47% and 31% of patients in the ACP and EWOLUTION registries.  The average HAS-BLED score was elevated at 3.3 in this Amulet study, compared to 3.1 and 2.3, respectively. The EWOLUTION registry reports a major bleeding rate of 4.2%/year in subjects with HAS-BLED score ≥3 (40% of population).  This rate is similar to the long-term rate (4.0%/year) in the current study, where 78% of patients had a HAS-BLED score ≥3.  In patients at high-risk for bleeding, events unrelated to the LAAO procedure or device are still prevalent and future investigations optimizing antithrombotic regimen post-LAAO are warranted.  
	Following patients for 2 years in the current study allowed for characterization of longer-term benefits.  As with other interventional therapies, LAAO is associated with procedure- or device-related complications that must be outweighed by long-term clinical benefit.  We observed reductions in both the rates of ischaemic stroke (2.9%/year to 1.4%/year) and major bleeding (10.1%/year to 4.0%/year) in the 2nd year of follow-up.  Events within the 1st year post-implant are largely driven by procedural complications and post-implant antithrombotic medications, and the benefit of LAAO therapy is best appreciated over the longer-term.  Unlike anticoagulants, where the non-compliance rate is about 25% over a few years19, LAAO provides long-term protection against cardioembolic events.  In an elderly population with many comorbidities, the majority of patient deaths (n=71) were attributed to non-CV causes. 
A number of factors may have contributed to the increased bleeding rate over the 1st year of follow-up compared to the HAS-BLED predicted rate. First, in a population at high-risk for major bleeding (71.7% with a history), intense antithrombotic medications of dual APT or anticoagulation were prescribed at discharge in 75.5% of subjects.  The majority of first-year bleeding events (77/103 events) occurred within 3 months of implant, prior to when most patients transitioned to aspirin monotherapy.  Peri-procedural major bleeding events contributed 3.1% to the first-year rate of 10.1%.  Lastly, more than one bleed occurred in some patients – the total proportion of patients who had a bleed in the first year was 8.0%.
	In addition to most events occurring early in follow-up, we noticed other major bleeding trends.  Many major bleeds, 67 of 140 (47.9%), were adjudicated as gastrointestinal in nature.  Gastrointestinal bleeds occurred despite modest levels of antithrombotic medication, with 41.8% of bleeds on dual APT, 34.3% on single APT, and 10.4% while on anticoagulants.  Similar results were reported during Iberian Registry II long-term follow-up of OAC contraindicated patients.  In the 598 patients followed for an average of 22.9 months, the primary driver of the 3.9%/year major bleeding rate was a gastrointestinal bleeding rate of 3.2%/year.20  A history of gastrointestinal bleeding was the main predictor of gastrointestinal bleeding following LAAO in the Iberian Registry (hazard ratio 4.27, 95% confidence interval 1.87-9.73).  In our study, patients with prior major bleeding had a higher risk of post-LAAO bleeding, with rates of 8.7% (previous bleeding) and 3.5% (no previous bleeding) respectively.   Finally, it is worth noting that 12.9% of major bleeds in this study met the BARC ≥3 definition due to pre-existing anaemia resulting in a hemoglobin decrease, despite no definitive site of bleeding being found.  Anaemic events may have been less prevalent in prior studies of LAAO without independent adjudication.

LIMITATIONS
The current large observational study enrolled an all-comer population.  It is unknown to what degree potential study patients were enrolled consecutively.  There was no control group, and while the use of CHA2DS2-VASc and HAS-BLED Scores to compare observed to predicted event rates is a common practice for standard clinical practice LAAO studies, the methodology is imperfect.  The independent CEC relied upon study sites to identify clinical events; some events may have not been reported.  The independent CoreLab did not evaluate LAA sealing in all patients, as some did not undergo follow-up imaging, while technical issues prevented transfer of some studies.  Finally, the current study only evaluated a single LAAO device, and results may not be applicable to other devices, in other patient populations, or with other post-implant antithrombotic medication regimens.

CONCLUSIONS
This large study prospectively followed AF patients at high-risk for both ischaemic stroke and major bleeding for 2-years after LAAO with the Amplatzer™ Amulet™ occluder, and utilized an independent clinical events committee and echo CoreLab for data consistency and validity.  The annual rates of ischaemic stroke, TIA, and systemic embolism were low, at 2.2%, 1.0%, and 0.0%, respectively.  The Amulet occluder allows for prevention of AF-related thromboembolic events without the need for long-term OAC. 
FUNDING
This work was supported by Abbott.
ACKNOWLEDGEMENTS
The authors thank Ryan Gage, MS, and Hong Zhao, PhD, from Abbott for their contributions to data analysis.
CONFLICTS OF INTEREST
	D.H-S. has served as a proctor and consultant for Abbott. U.L. has served as an advisor to and received fees from Abbott, Biotronik, Rewa, and Bayer.  A.J.C. has served on advisory boards and received speaker fees from Bayer, Boehringer Ingelheim, Daiichi Sankyo, Pfizer / BMS, Abbott, and Boston Scientific.  H-C.D., over the last 3 years, received honoraria for participation in clinical trials, contribution to advisory boards or oral presentations from: Abbott, Allergan, AstraZeneca, Bayer Vital, BMS, Boehringer Ingelheim, Daiichi-Sankyo, Johnson & Johnson, MSD, Medtronic, Novartis, Pfizer, Portola, Sanofi-Aventis, Servier, St. Jude and WebMD. Financial support for research projects was provided by Boehringer Ingelheim. The Department of Neurology at the University Duisburg-Essen received research grants from the German Research Council (DFG), German Ministry of Education and Research (BMBF), European Union, NIH, Bertelsmann Foundation and Heinz-Nixdorf Foundation. HCD has no ownership interest and does not own stocks of any pharmaceutical company.

HCD served as editor of Aktuelle Neurologie, Arzneimitteltherapie, as co-editor of Cephalalgia and on the editorial board of Lancet Neurology, Stroke, European Neurology and Cerebrovascular Disorders. HCD chairs the Treatment Guidelines Committee of the German Society of Neurology and contributed to the EHRA and ESC guidelines for the treatment of AF. V.P. has served on an advisory board and received teaching fees from Medtronic and has served as a proctor for Abbott.  B.S. has served on advisory boards and received speaker fees from Abbott and Boston Scientific.  M.S. has served as a proctor and on advisory boards for Abbott, Medtronic, Boston Scientific, and W.L. gore.  E.T. has served as a proctor for Abbott.  J.E.N-K. has served as a proctor for Abbott.  C.T.  has served on an advisory board for Boston Scientific and received lecture and proctor fees from Abbott.




















REFERENCES
1.	Krijthe BP, Kunst A, Benjamin EJ, Lip GY, Franco OH, Hofman A, Witteman JC, Stricker BH, Heeringa J. Projections on the number of individuals with atrial fibrillation in the European Union, from 2000 to 2060. Eur Heart J 2013;34(35):2746-51.
2.	Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M, Diener HC, Heidbuchel H, Hendriks J, Hindricks G, Manolis AS, Oldgren J, Popescu BA, Schotten U, Van Putte B, Vardas P, Group ESCSD. 2016 ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Eur Heart J 2016;37(38):2893-2962.
3.	Ball J, Carrington MJ, McMurray JJ, Stewart S. Atrial fibrillation: profile and burden of an evolving epidemic in the 21st century. Int J Cardiol 2013;167(5):1807-24.
4.	Lin HJ, Wolf PA, Kelly-Hayes M, Beiser AS, Kase CS, Benjamin EJ, D'Agostino RB. Stroke severity in atrial fibrillation. The Framingham Study. Stroke 1996;27(10):1760-4.
5.	January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC, Jr., Ellinor PT, Ezekowitz MD, Field ME, Furie KL, Heidenreich PA, Murray KT, Shea JB, Tracy CM, Yancy CW. 2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients With Atrial Fibrillation: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. J Am Coll Cardiol 2019.
6.	Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD, Camm AJ, Weitz JI, Lewis BS, Parkhomenko A, Yamashita T, Antman EM. Comparison of the efficacy and safety of new oral anticoagulants with warfarin in patients with atrial fibrillation: a meta-analysis of randomised trials. Lancet 2014;383(9921):955-62.
7.	Holmes DR, Jr., Kar S, Price MJ, Whisenant B, Sievert H, Doshi SK, Huber K, Reddy VY. Prospective randomized evaluation of the Watchman Left Atrial Appendage Closure device in patients with atrial fibrillation versus long-term warfarin therapy: the PREVAIL trial. J Am Coll Cardiol 2014;64(1):1-12.
8.	Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H, Buchbinder M, Mullin CM, Sick P, Investigators PA. Percutaneous closure of the left atrial appendage versus warfarin therapy for prevention of stroke in patients with atrial fibrillation: a randomised non-inferiority trial. Lancet 2009;374(9689):534-42.
9.	Boersma LV, Ince H, Kische S, Pokushalov E, Schmitz T, Schmidt B, Gori T, Meincke F, Protopopov AV, Betts T, Foley D, Sievert H, Mazzone P, De Potter T, Vireca E, Stein K, Bergmann MW, Investigators E. Efficacy and safety of left atrial appendage closure with WATCHMAN in patients with or without contraindication to oral anticoagulation: 1-Year follow-up outcome data of the EWOLUTION trial. Heart Rhythm 2017;14(9):1302-1308.
10.	Tzikas A, Shakir S, Gafoor S, Omran H, Berti S, Santoro G, Kefer J, Landmesser U, Nielsen-Kudsk JE, Cruz-Gonzalez I, Sievert H, Tichelbacker T, Kanagaratnam P, Nietlispach F, Aminian A, Kasch F, Freixa X, Danna P, Rezzaghi M, Vermeersch P, Stock F, Stolcova M, Costa M, Ibrahim R, Schillinger W, Meier B, Park JW. Left atrial appendage occlusion for stroke prevention in atrial fibrillation: multicentre experience with the AMPLATZER Cardiac Plug. EuroIntervention 2016;11(10):1170-9.
11.	Landmesser U, Schmidt B, Nielsen-Kudsk JE, Lam SCC, Park JW, Tarantini G, Cruz-Gonzalez I, Geist V, Della Bella P, Colombo A, Zeus T, Omran H, Piorkowski C, Lund J, Tondo C, Hildick-Smith D. Left atrial appendage occlusion with the AMPLATZER Amulet device: periprocedural and early clinical/echocardiographic data from a global prospective observational study. EuroIntervention 2017;13(7):867-876.
12.	Landmesser U, Tondo C, Camm J, Diener HC, Paul V, Schmidt B, Settergren M, Teiger E, Nielsen-Kudsk JE, Hildick-Smith D. Left atrial appendage occlusion with the AMPLATZER Amulet device: one-year follow-up from the prospective global Amulet observational registry. EuroIntervention 2018;14(5):e590-e597.
13.	Friberg L, Rosenqvist M, Lip GY. Evaluation of risk stratification schemes for ischaemic stroke and bleeding in 182 678 patients with atrial fibrillation: the Swedish Atrial Fibrillation cohort study. Eur Heart J 2012;33(12):1500-10.
14.	Lip GY, Frison L, Halperin JL, Lane DA. Comparative validation of a novel risk score for predicting bleeding risk in anticoagulated patients with atrial fibrillation: the HAS-BLED (Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding History or Predisposition, Labile INR, Elderly, Drugs/Alcohol Concomitantly) score. J Am Coll Cardiol 2011;57(2):173-80.
15.	Aminian A, Schmidt B, Mazzone P, Berti S, Fischer S, Montorfano M, Lam SCC, Lund J, Asch FM, Gage R, Cruz-Gonzalez I, Omran H, Tarantini G, Nielsen-Kudsk JE. Incidence, Characterization, and Clinical Impact of Device-Related Thrombus Following Left Atrial Appendage Occlusion in the Prospective Global AMPLATZER Amulet Observational Study. JACC Cardiovasc Interv 2019;12(11):1003-1014.
16.	Korsholm K, Nielsen KM, Jensen JM, Jensen HK, Andersen G, Nielsen-Kudsk JE. Transcatheter left atrial appendage occlusion in patients with atrial fibrillation and a high bleeding risk using aspirin alone for post-implant antithrombotic therapy. EuroIntervention 2017;12(17):2075-2082.
17.	Berti S, Santoro G, Brscic E, Montorfano M, Vignali L, Danna P, Tondo C, D'Amico G, Stabile A, Sacca S, Patti G, Rapacciuolo A, Poli A, Golino P, Magnavacchi P, De Caterina A, Meucci F, Pezzulich B, Rezzaghi M, Stolcova M, Tarantini G. Left atrial appendage closure using AMPLATZER devices: A large, multicenter, Italian registry. Int J Cardiol 2017;248:103-107.
18.	Dukkipati SR, Kar S, Holmes DR, Doshi SK, Swarup V, Gibson DN, Maini B, Gordon NT, Main ML, Reddy VY. Device-Related Thrombus After Left Atrial Appendage Closure. Circulation 2018;138(9):874-885.
19.	Nerini E, Grip L, Camm AJ, Giugliano RP. Atrial fibrillation and the 'other drug problem': reducing non-adherence with technology. Eur Heart J 2013;34(27):2031-3.
20.	Lopez-Minguez JR, Nogales-Asensio JM, Infante De Oliveira E, De Gama Ribeiro V, Ruiz-Salmeron R, Arzamendi-Aizpurua D, Costa M, Gutierrez-Garcia H, Fernandez-Diaz JA, Martin-Yuste V, Rama-Merchan JC, Moreno-Gomez R, Benedicto-Buendia A, Iniguez-Romo A. Long-term Event Reduction After Left Atrial Appendage Closure. Results of the Iberian Registry II. Rev Esp Cardiol (Engl Ed) 2018.










FIGURE LEGENDS
Figure 1. Flow chart of patient follow-up
Legend: Patients were considered enrolled when an Amulet occluder implant was attempted.  The follow-up rate at two years was 94.2%.  

Figure 2. Utilization of antithrombotic therapy through two years
Legend: Patients were often discharged on dual (57.7%) or single (22.4%) antiplatelet therapy.  Oral anticoagulation was prescribed in 11.2% of patients at discharge.  Patients often received single antiplatelet therapy or no antithrombotic medications beginning 1-3 months post-implant, and were maintained on this regimen over long-term follow-up.

Take Home Figure
Legend: Patients were prospectively enrolled and followed for 2 years, with clinical events independently adjudicated by a Clinical Events Committee.  In a population of AF patients mostly on antiplatelet therapy alone, the observed ischaemic stroke rate of 2.2%/year (95% CI 1.6%, 2.9%) was reduced 67% (95% CI 57%, 76%) compared to the 6.7%/year predicted by baseline CHA2DS2-VASc score for AF patients without anticoagulants.





Table 1. Patient demographics and clinical characteristics
	Characteristic
	All enrolled (N=1088)

	Age (years)
	75.2±8.5 (40.1, 94.0)

	Male gender
	702 (64.5%)

	AF at time of implant
	647 (59.5%)

	Hypertension
	913 (83.9%)

	Abnormal renal function*
	156 (14.3%)

	Abnormal liver function†
	56 (5.1%)

	Previous stroke
	299 (27.5%)

	Previous TIA
	115 (10.6%)

	Previous major bleed event
	780 (71.7%)

	Previous PCI or CABG
	277 (25.5%)

	CHA2DS2-VASc Score
	4.2±1.6 (1.0, 9.0)

	HAS-BLED Score
	3.3±1.1 (1.0, 8.0)

	Contraindicated to OAC
	901 (82.8%)


Data presented as mean±SD (min, max) or count (%). 
AF: atrial fibrillation; CABG: coronary artery bypass grafting; OAC: oral anticoagulation; PCI: percutaneous coronary intervention; TIA: transient ischemic attack
*Abnormal renal function defined as chronic dialysis, renal transplant, or serum creatinine ≥200 umol/L.
†Abnormal liver function defined as chronic hepatic disease (e.g., cirrhosis) or biochemical evidence of significant hepatic derangement (e.g., bilirubin >2x upper limit of normal, in association with aspartate transaminase/alanine transaminase/alkaline phosphateatase >3x upper limit normal).





Table 2.  Pre-Specified Primary and Secondary Study Objectives
	Primary Objectives

	Major adverse events ≤7 days
     Patients with pericardial effusion or tamponade
     Patients with a major vascular complication
	4.0% (3.0%, 5.4%)
1.4% (1.0%, 2.3%)
1.3% (1.0%, 2.1%)

	Late serious adverse events
     Patients with a procedure or device related event
     Device-related thrombus rate (@ 2-years)
	
2.4% (1.6%, 3.5%)
1.6% (1.0%, 2.6%)

	Cardiovascular events
     Ischemic stroke
     Systemic embolism
     Cardiovascular death (@ 2-years)
	
2.2%/year (1.6%, 2.9%)
0.0%/year
5.5% (4.3%, 7.1%)

	Major bleeding events
     Related to the procedure or device
	7.2%/year (6.1%, 8.5%)
1.7%/year (1.1%, 2.3%)

	Secondary Objectives

	Technical success
	99.1% (98.3%, 99.6%)

	Procedural success
	95.5% (94.1%, 96.6%)

	OAC usage
     Discharge
     1-year
     2-years
	
11.2% (9.4%, 13.2%)
5.9% (4.5%, 7.6%)
6.6% (5.0%, 8.5%)

	Adequate LAA sealing (residual flow absent or <3mm)
     Procedure
     1-3m following implant
	
99.3% (98.2%, 99.8%)
98.4% (97.2%, 99.2%)


Data presented as estimated rate (95% CI)
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	All Enrolled
(N=1088)

	
	Bleeding Rate
(N patients with events / N patients at risk)
	Annualized Rate
(N events / patient-years)

	Year One
	8.0 (87/1088)
	10.1 (103/1016)

	Year Two
	3.2 (31/958)
	4.0 (37/917)


























Supplementary Appendix
A. Glossary of Terms
The clinical events committee categorized mode of death according to the following definitions:
Cardiovascular: Death resulting from an acute myocardial infarction, sudden cardiac death, death due to heart failure, death due to stroke, death due to cardiovascular procedures, death due to cardiovascular hemorrhage, and death due to other cardiovascular causes.
Non-cardiovascular: Defined as not originating from, caused by, or associated with the heart.
Unknown: No cause of death can be determined from source applied. 

The following definitions were used to define technical success and procedural success:
Technical success: Successful implantation of the Amulet device in the LAA.
Procedural success: Technical success and the absence of major adverse events during hospitalization.  Major adverse events include death, stroke, embolism, pericardial or other major bleeding requiring intervention, device embolization, and major vascular complications.

Sites were instructed to report serious adverse events following the ISO 141555 definition, including events that resulted in: death, life-threatening illness or injury, a permanent bodily impairment, an in-patient or prolonged hospitalization, or a medical intervention to prevent life-threatening illness or injury.












B. Table - Antithrombotic medication usage through 2 years post-implant
	Antithrombotic Medication
	Discharge
N=1074
	1-3 Month
N=1018
	6 Month
N=1009
	1 Year
N=950
	2 Years
N=865

	Dual APT only
	620
(57.7%)
	318
(31.2%)
	159
(15.8%)
	79
(8.3%)
	66
(7.6%)

	Single APT only

	241
(22.4%)
	532
(52.3%)
	624
(61.8%)
	614
(64.6%)
	543
(62.8%)

	OAC
	with APT (single/dual)
	71
45 NOAC
(6.6%)
	34
21 NOAC
(3.3%)
	23
12 NOAC
(2.3%)
	21
15 NOAC
(2.2%)
	19
13 NOAC
(2.2%)

	
	without APT (only)
	49
31 NOAC
(4.6%)
	29
18 NOAC
(2.8%)
	33
23 NOAC
(3.3%)
	35
23 NOAC
(3.7%)
	38
28 NOAC
(4.4%)

	Injectable anticoagulants
	71
(6.6%)
	29
(2.8%)
	23
(2.3%)
	19
(2.0%)
	13
(1.5%)

	No antithrombotic therapy
	22
(2.0%)
	76
(7.5%)
	147
(14.6%)
	182
(19.2%)
	186
(21.5%)


Data presented as count (%) of all patients (per time point).
APT: antiplatelet therapy; NOAC: novel oral anticoagulation; OAC: oral anticoagulation
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