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Abstract 1 

A significant proportion of patients who suffer from atrial fibrillation and are in need of 2 

thromboembolic protection are not treated with oral anticoagulation or discontinue this 3 

treatment shortly after its initiation. This undertreatment has not improved sufficiently 4 

despite the availability of direct oral anticoagulants which are associated with less major 5 

bleeding than vitamin K antagonists. Multiple reasons account for this, including bleeding 6 

events or ischaemic strokes whilst on anticoagulation, a serious risk of bleeding events, poor 7 

treatment compliance despite best educational attempts or aversion to drug therapy.  8 

An alternative interventional therapy, which is not associated with long-term bleeding and is 9 

as effective as vitamin K anticoagulation, was introduced over 20 years ago.  Because of 10 

significant improvements in procedural safety over the years left atrial appendage closure, 11 

predominantly achieved using a catheter-based, device implantation approach, is 12 

increasingly favoured for the prevention of thromboembolic events in patients who cannot 13 

achieve effective anticoagulation. 14 

This management strategy is well-known to the interventional 15 

cardiologist/electrophysiologist but is not more widely appreciated within cardiology or 16 

internal medicine.  This article introduces the devices and briefly explains the implantation 17 

technique. The indications and device follow-up are more comprehensively described.  18 

Almost all physicians who care for adult patients will have many with atrial fibrillation. This 19 

practical guide, written within guideline/guidance boundaries, is aimed at those non-20 

implanting physicians who may need to refer patients for consideration of this new therapy, 21 

which is becoming increasingly popular. 22 
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 1 

Central Illustration/Graphical Abstract 2 
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Acronyms and Abbreviations 5 

ABC: Atrial Fibrillation Better Care 6 

A3ICH: Avoiding Anticoagulation After 7 

IntraCerebral Haemorrhage 8 

ACP: Amplatzer Cardiac Plug 9 

ACS: acute coronary syndrome 10 

ACTIVE-A: Atrial Fibrillation Clopidogrel 11 

Trial With Irbesartan for Prevention of 12 

Vascular Events 13 

ADALA: Apixaban vs Dual Antiplatelet 14 

Therapy Study After Left Atrial 15 

Appendage Occlusion 16 

AFFIRMO: An integrated patient-centred 17 

holistic care pathway for the 18 

management of older patients with 19 

multimorbidity to enhance cooperation 20 

among different health disciplines and 21 

promote a shared decision-making 22 

process 23 

aMAZE: LAA Ligation Adjunctive to PVI 24 

for Persistent or Longstanding Persistent 25 

Atrial Fibrillation 26 

AMULET IDE: Amulet Investigational 27 

Device Exemption 28 

ANDES: Short-Term Anticoagulation 29 

Versus Antiplatelet Therapy for 30 

Preventing Device Thrombosis Following 31 

Left Atrial Appendage Closure 32 

APACHE-AF: Apixaban After 33 

Anticoagulation-associated Intracerebral 34 

Haemorrhage in patients with Atrial 35 

Fibrillation 36 

APTT: Activated partial thrombin clotting 37 

time 38 
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ARMYDA-AMULET: Head-to-head 39 

Comparison of Single Versus Dual 40 

Antiplatelet Treatment Strategy After 41 

Percutaneous Left Atrial Appendage 42 

Closure: a Multicenter, Randomized 43 

Study 44 

AS: aortic stenosis 45 

ASA: acetyl salicylic acid 46 

ASAP-TOO: ASA Plavix Feasibility Study 47 

With Watchman Left Atrial Appendage 48 

Closure Technology 49 

ASD: atrial septal defect 50 

ASPIRE: Anticoagulation in ICH Survivors 51 

for Stroke Prevention and Recovery 52 

AVERROES: A Phase III Study of Apixaban 53 

in Patients With Atrial Fibrillation 54 

AXADIA-AFNET: Compare Apixaban and 55 

Vitamin-K Antagonists in Patients With 56 

Atrial Fibrillation and End-Stage Kidney 57 

Disease 58 

AZALEA-TIMI 71: Safety and Tolerability 59 

of Abelacimab (MAA868) vs. Rivaroxaban 60 

in Patients With Atrial Fibrillation 61 

BAFTA: Birmingham Atrial Fibrillation 62 

Treatment of the Aged Study 63 

BELIEF-RCT: Effect of empirical left atrial 64 

appendage isolation on long-term 65 

procedure outcome in patients with 66 

persistent or longstanding persistent 67 

atrial fibrillation undergoing catheter 68 

ablation 69 

CABG: coronary artery bypass grafting 70 

CAP 2: Continued Access to PREVAIL 71 

CAP 1: Continued Access to PROTECT 72 

CATALYST: Amplatzer Amulet LAAO vs. 73 

NOAC 74 

CHA2DS2-VASc: Congestive heart failure, 75 

Hypertension, Age >75 years, Diabetes 76 

mellitus, Stroke, Vascular disease, Age 77 

65-74 years, Sex category (female) 78 

CHAMPION-AF: Watchman FLX versus 79 

NOAC for embolic protection in the 80 

management of patients with non-81 

valvular AF 82 

CLEARANCE: Comparison of left atrial 83 

appendage closure versus oral 84 

anticoagulation in patients with non-85 

valvular AF and status post intracranial 86 

bleeding 87 

CLOSURE-AF: Left atrial appendage 88 

closure in patients with AF compared to 89 

medical therapy 90 

COMBINE-AF: A Collaboration Between 91 

Multiple Institutions to Better Investigate 92 

Non-Vitamin K Antagonist Oral 93 

Anticoagulant Use in Atrial Fibrillation 94 

COMPARE-LAAO: COMPARing 95 

Effectiveness and safety of Left Atrial 96 

Appendage Occlusion to standard of care 97 

for atrial fibrillation patients at high 98 

stroke risk and ineligible to use oral 99 

anticoagulation therapy 100 

CKD: chronic kidney disease 101 

Cryo: cryotherapy 102 

CT: computed tomography 103 

CV: cardiovascular 104 

CVA: cerebrovascular accident 105 

DCCV: direct current cardioversion 106 

DIC: disseminated intravascular 107 

coagulation 108 

DOAC: direct oral anticoagulant 109 

DRT: device-related thrombosis 110 

ECG: electrocardiogram 111 

eGFR: estimated Glomerular Filtration 112 

Rate 113 

ELAPSE: Early Closure of Left Atrial 114 

Appendage for Patients With Atrial 115 

Fibrillation and Ischemic Stroke Despite 116 

Anticoagulation Therapy 117 

ENRICH-AF: EdoxabaN foR IntraCranial 118 

Hemorrhage Survivors With Atrial 119 

Fibrillation 120 

ESC: European Society of Cardiology 121 

ESKD: end stage kidney disease 122 

EWOLUTION: Registry on WATCHMAN 123 

Outcomes in Real-Life Utilization 124 

FDA: Food and Drug Administration 125 

GIB: gastro-intestinal bleeding 126 

HAS-BLED: Hypertension, Abnormal 127 

renal/liver function, Stroke, Bleeding 128 

history or predisposition, Labile INR, 129 

Elderly (>65 years), Drugs/alcohol 130 

concomitantly 131 

HD: haemodialysis 132 
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ICB: intracranial bleeding 133 

ICE: intracardiac echocardiology 134 

ICH: intracerebral haemorrhage 135 

INR: international normalised ratio 136 

INTERCEPT: Carotid Implants for 137 

PreveNtion of STrokE ReCurrEnce From 138 

Large Vessel Occlusion in Atrial 139 

Fibrillation Patients Treated With Oral 140 

Anticoagulation 141 

ISTH: International Society on 142 

Thrombosis and Haemostasis 143 

LAA: left atrial appendage 144 

LAAC: left atrial appendage closure 145 

LAA-KIDNEY: Left Atrial Appendage 146 

Closure in Patients With Non-valvular 147 

Atrial Fibrillation and End-stage Chronic 148 

KIDNEY Disease  149 

LAAO: left atrial appendage occlusion 150 

LAAOS III/LAAOS-4: third/fourth left 151 

atrial appendage occlusion study 152 

LAARGE: German left atrial appendage 153 

occlusion registry 154 

LIBREXIA-AF: A Study of Milvexian Versus 155 

Apixaban in Participants With Atrial 156 

Fibrillation 157 

LILAC-TIMI 76: Study to evaLuate the 158 

effIcacy and Safety of abeLacimab in 159 

High-risk Patients With Atrial Fibrillation 160 

Who Have Been Deemed Unsuitable for 161 

Oral antiCoagulation 162 

LMWH: low molecular weight heparin 163 

LPV: left pulmonary vein 164 

LVEF: left ventricular ejection fraction 165 

mAFA: mobile health (mHealth) 166 

technology for Improved screening and 167 

optimized Integrated care in atrial 168 

fibrillation 169 

MDT: multidisciplinary team 170 

MIRACLE-AF: A New Model of Integrated 171 

Care of Older Patients With Atrial 172 

Fibrillation in Rural China: a Cluster 173 

Randomization Trial 174 

NASPAF-ICH: Non-VKA Anticoagulants for 175 

Stroke Prevention in Patients with AF and 176 

Previous IntraCerebral Hemorrhage 177 

NCDR: National Cardiovascular Data 178 

Registry 179 

NOAC: non-vitamin K oral anticoagulant 180 

OAC: oral anticoagulant 181 

OCEANIC-AF: A Study to Learn How Well 182 

the Study Treatment Asundexian Works 183 

and How Safe it is Compared to Apixaban 184 

to Prevent Stroke or Systemic Embolism 185 

in People With Irregular and Often Rapid 186 

Heartbeat (Atrial Fibrillation), and at Risk 187 

for Stroke 188 

OCEANIC-AFINA: Oral faCtor Eleven A 189 

iNhibitor asundexIan as novel 190 

antithrombotiC - Atrial FIbrillation 191 

uNtreAted patients study 192 

OCCLUSION-AF: Left atrial appendage 193 

occlusion versus novel oral 194 

anticoagulation for stroke prevention in 195 

AF: atrial fibrillation  196 

OCEAN: Optimal Anticoagulation for 197 

Higher Risk Patients Post-Catheter 198 

Ablation for Atrial Fibrillation Trial 199 

OCEANIC-AF: A Study to Learn How Well 200 

the Study Treatment Asundexian Works 201 

and How Safe it is Compared to Apixaban 202 

to Prevent Stroke or Systemic Embolism 203 

in People With Irregular and Often Rapid 204 

Heartbeat (Atrial Fibrillation), and at Risk 205 

for Stroke 206 

OPTION: Comparison of anticoagulation 207 

with left atrial appendage closure after 208 

AF ablation 209 

PCI: percutaneous coronary intervention 210 

PDL: peri device leak 211 

PFO: patent foramen ovale 212 

PINNACLE-FLX: Protection against 213 

embolism for non-valvular AF subjects: 214 

Investigational device evaluation of the 215 

Watchman FLX LAA closure technology 216 

PINNACLE: Protection against embolism 217 

for non-valvular AF subjects 218 

PRAGUE-17: left atrial appendage closure 219 

versus novel anticoagulation agents in AF 220 

PRESTIGE-AF: PREvention of STroke in 221 

Intracerebral haemorrhaGE survivors 222 

with Atrial Fibrillation 223 

PREVAIL: Evaluation of the Watchman 224 

left atrial appendage closure device in 225 
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patients with AF versus long term 226 

warfarin therapy 227 

PROTECT-AF: Watchman left atrial 228 

appendage system for embolic protection 229 

in patients with AF 230 

PT: prothrombin time 231 

PVI: pulmonary vein isolation 232 

RCT: randomised controlled trial 233 

RENAL-AF: (RENal hemodialysis patients 234 

Allocated apixaban versus warfarin in 235 

Atrial Fibrillation 236 

RENO-EXTEND: Recurrent Ischemic 237 

Stroke and Bleeding in Patients With 238 

Atrial Fibrillation Who Suffered an Acute 239 

Stroke While on Treatment With 240 

Nonvitamin K Antagonist Oral 241 

Anticoagulants 242 

RESTART: Restart or Stop 243 

Antithrombotics Randomized Trial 244 

RF: radiofrequency 245 

SAFE LAAC CKD: Optimal antiplatelet 246 

therapy following left atrial appendage 247 

closure in dialyzed patients 248 

SE: systemic embolism 249 

SoSTART: Start or STop Anticoagulants 250 

Randomised Trial 251 

STABLED: STroke Secondary Prevention 252 

With Catheter ABLation and EDoxaban 253 

for Patients With Non-valvular Atrial 254 

Fibrillation 255 

STATICH: Study of Antithrombotic 256 

Treatment After IntraCerebral 257 

Haemorrhage 258 

STR-OAC: Stroke despite oral 259 

anticoagulation 260 

PRESTIGE-AF: PREvention of STroke in 261 

Intracerebral haemorrhaGE survivors 262 

with Atrial Fibrillation 263 

STOP-HARM: Strategy to Prevent 264 

Hemorrhage Associated With 265 

Anticoagulation in Renal Disease 266 

Management 267 

STR-OAC: Stroke despite OAC 268 

STROKE-CLOSE: Prevention of stroke by 269 

left atrial appendage closure in AF 270 

patients after intracerebral haemorrhage 271 

SURPASS: Surveillance Post-Approval 272 

Analysis 273 

SWISS-APERO: Comparison of Amulet 274 

Versus Watchman/FLX Device in Patients 275 

Undergoing Left Atrial Appendage 276 

Closure 277 

TAVI: transcatheter aortic valve 278 

replacement 279 

TEER: transcatheter mitral valve edge-to-280 

edge repair  281 

TIA: transient ischaemic attack 282 

TOE: trans oesophageal echocardiogram 283 

TTR: time in the therapeutic range 284 

UFH: unfractionated heparin 285 

USRDS: United States Renal Data System 286 

VKA: vitamin K antagonist 287 

VWD: von Willebrand disease 288 

VWF: von Willebrand factor 289 

WASP: WATCHMAN Asia Pacific (registry) 290 

WATCH-AF: WATCH bleeding episodes 291 

after left atrial appendage occlusion 292 

versus usual care in patients with Atrial 293 

Fibrillation and severe to end-stage 294 

Chronic Kidney Disease 295 

WATCH-HD: Left Atrial Appendage 296 

Occlusion With WATCHMAN® Device in 297 

Patients With Non-valvular Atrial 298 

Fibrillation and End-stage Chronic Kidney 299 

Disease on Hemodialysis 300 

WM/WM-FLX: WATCHMAN / 301 

WATCHMAN-FLX302 
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Introduction 304 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia in adults and is 305 

associated with increased morbidity and mortality, mainly caused by embolic strokes and 306 

the development of heart failure 1.  Due to longer life expectancy and better treatment of 307 

conditions associated with high AF risk, such as heart failure, the prevalence and incidence 308 

of AF have been continuously rising 2. 309 

There are multiple anticoagulant drugs, predominantly from two classes: vitamin K 310 

antagonists (VKAs), which reduce the synthesis of functional coagulation factors and direct 311 

oral anticoagulants (DOACs), which inhibit the action of certain coagulation factors.  Since 312 

these agents increase the risk of bleeding, doctors, patients and caregivers are sometimes 313 

reluctant to use them. 314 

Oral anticoagulation (OAC) is highly effective in preventing cardioembolic strokes in AF 315 

patients.  In the trials comparing VKAs with placebo, OAC reduced the risk of stroke by 64% 316 

and all-cause mortality by 26%3. However, in Europe and North America, VKAs have been 317 

almost entirely replaced by DOACs in the management of non-valvular AF patients. These 318 

drugs are comparable to VKAs in preventing ischaemic stroke, but superior in terms of 319 

bleeding risk. In a meta-analysis of trials comparing VKA with DOACs, with more than 70,000 320 

patients with AF, treatment with DOACs was associated with a significant reduction in all 321 

strokes by 19%, which was mainly driven by a significant reduction in haemorrhagic stroke 322 

(HR 0.49, 95% CI 0.38-0.64)4.  However, there remains a residual risk of stroke 0.8 per 323 

hundred patient-years5. 324 

Notwithstanding the impressive reduction in the risk of intracerebral bleeding with DOACs, 325 

the risk of major bleeding in the gastrointestinal tract is not much reduced in comparison to 326 

VKAs, and may actually be increased as compared to VKAs with some DOACs 4.  However, 327 

DOACs do not inhibit coagulation factor VII which is fundamentally important for 328 

haemostasis but not so relevant for thrombosis 6.  Although the balance between stroke 329 

prevention and major bleeding is improved with DOACs, the bleeding problem is not 330 

eliminated 7. The major bleeding rate remains between 1 and 3 per 100 patient-years, but 331 
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over a 3-year period it was 11% in the LAAC/OAC meta-analysis and in the DOAC vs VKA pre-332 

approval trials it was 5.9% with DOACs over 32 months 8. In AF patients with a GI bleed 333 

whilst taking anticoagulant there is a very high risk of a recurrent bleed (27 per 100 patient-334 

years) 9.  335 

In patients who have suffered serious bleeding and/or are at high risk of bleeding or in 336 

whom VKA/DOAC treatment has failed to prevent AF-related stroke an interventional 337 

technique may be considered.  The use of non-pharmacological thromboprophylaxis would 338 

also significantly reduce the long-term anticoagulant drug burden.  Amongst these 339 

techniques, closure or occlusion of the left atrial (LA) appendage 10, the intra-cardiac site at 340 

which most thrombi form in patients with AF, can be achieved by a reasonably safe 341 

catheter-based procedure known as LA appendage closure (LAAC) or LA appendage 342 

occlusion (LAAO). 343 

This procedure is being increasingly offered in developed countries as a robust alternative to 344 

OAC)for those in need, but the knowledge of LAAC is often modest outside the 345 

interventional cardiology and electrophysiology communities.  On the other hand, the 346 

patients who might benefit from this therapeutic approach are often under the care of a 347 

general cardiologist, general or primary care physician, gerontologist, nephrologist, 348 

gastroenterologist, neurologist or stroke physician, etc.  An understanding and appreciation 349 

of the value and applicability of LAAC are needed by all of those who care for patients with 350 

AF at risk of stroke but with a medical history, comorbidity or lifestyle that prevents 351 

adequate anticoagulation. 352 

This Practical Guide, written by an international multidisciplinary group consisting of 353 

members of the European Society of Cardiology Stroke Council and cardiologists and 354 

physicians from other interested specialties, aims to provide an overview of the principles, 355 

patient selection, follow-up and limitations of LAAC.  The scope is to provide practical 356 

information about LAAC to the general medical community dealing with such AF patients, 357 

and not a manual for those who implant the device. 358 

Evidence base for LAAC 359 
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The efficacy and safety of LAAC were first shown in the randomised PROTECT-AF (data 360 

collection from 2005) and PREVAIL (data collection from 2010) clinical trials in which AF 361 

patients without obvious contraindications to warfarin were randomized to either LAAC 362 

with Watchman (with warfarin and aspirin for at least 45 days after the procedure) or 363 

warfarin aiming at an INR of 2-3 (n=1114).  After a 5-year follow-up, LAAC provided stroke 364 

prevention comparable to VKA with a significant reduction in major bleeding, haemorrhagic 365 

stroke, disabling/fatal stroke, cardiovascular death and all-cause death 11. 366 

The PRAGUE-17 randomized trial (data collection from 2015) compared LAAC (Amulet or 367 

Watchman) with DOAC, mainly Apixaban, (n=402) showing non-inferiority for LAAC in the 368 

prevention of stroke/TIA, cardiovascular death, clinically-relevant bleeding and superiority 369 

in preventing non-procedural bleeding over 4 years 12. 370 

Figure 1 shows clinical outcomes from the three RCTs comparing LAAC vs. VKA/DOAC 13. It 371 

can be seen that the point estimate for the ischaemic stroke rate is 5.6% with LAAC 372 

compared with 3.6% with OAC.  This adverse trend is not significant but is a concern that 373 

detracts from a more fulsome acceptance of LAAC therapy as a legitimate alternative to 374 

OAC prophylaxis. However, a propensity-matched analysis has suggested that strokes in 375 

patients with LAAC are less disabling than those seen in patients receiving DOAC therapy 14. 376 

Figure 1: 377 

There are multiple observational studies and registries of AF patients undergoing LAAC with 378 

various devices (ACP, Amulet, Watchman, Watchman FLX) mostly showing a 60-80% 379 

reduction in the rate of ischaemic stroke and major bleeding compared with predicted rates 380 

based on the CHA2DS2-VASc and HAS-BLED score values (e.g. ACP registry 15, Amulet 381 

Observational Study 16, EWOLUTION 17, NCDR-LAAO registry 18, 19, PINNACLE FLX 20). 382 

A recent meta-analysis of studies comparing LAAC to DOAC (n=4411) showed the risk of 383 

stroke/TIA to be similar with LAAC and DOAC, whereas LAAC was superior in reducing 384 

cardiovascular mortality, major and non-major bleeding 21.  In the randomized LAAOS-III 385 

study (n=4770), surgical LAAC in addition to DOAC (continued in about 70% of all study 386 
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patients) was associated with a 33% reduction in the risk of stroke/TIA after 3 years 22.  387 

Factor XI inhibitors are currently being investigated for thromboprophylaxis in AF patients 388 

with a high risk of thromboembolic events.  Ongoing trials include OCEANIC-AF  and 389 

OCEANIC-AFINA with asundexian23, AZALEA-TIMI 71 24, LILAC-TIMI 76 with abelacimab 25, 390 

and LIBREXIA-AF with milvexian and compare Factor XI inhibitors against DOACs or placebo 391 

26.  If these new drugs can prevent thromboembolism without a substantial bleeding risk a 392 

comparison with LAAC will be needed. However, OCEANIC-AF has been terminated 393 

prematurely for lack of asundexian efficacy when compared with apixaban.  On the other 394 

hand, the AZALEA trial was also terminated prematurely but because there was substantially 395 

less bleeding with abelacimab than with rivaroxaban. Even if Factor XI inhibitors are not as 396 

effective as DOACs but more effective than placebo with a substantial reduction in bleeding 397 

when compared with conventional anticoagulation there might still be an important role for 398 

these agents in patients who cannot use standard agents.  399 

Currently, there is no RCT-based data on LAAC in patients who are intolerant of or 400 

contraindicated for OAC.  Data on such patients is very much needed because this is actually 401 

the subgroup of AF patients that is treated with LAAC in clinical practice today and the 402 

subgroup that would likely have the greatest benefit from LAAC (Table 1).  However, patient 403 

recruitment has been slow into these trials, e.g., ASAP-TOO 27, CLOSURE-AF 28, 404 

STROKECLOSE 29, CLEARANCE 30, COMPARE-LAAO 31, 32, and LAA-KIDNEY 33 among others. 405 

The ASAP-TOO trial was terminated prematurely due to slow enrolment but patient follow-406 

up is still active. 407 

Table 1 408 

Based on the currently available evidence and clinical experience, LAAC is now being 409 

investigated in broad populations of AF patients in large-scale trials.  In the OPTION trial 34, 410 

35, AF patients undergoing catheter ablation for AF were randomized to LAAC or DOAC after 411 

ablation.  In the CHAMPION-AF trial 36 and CATALYST trial 37, AF patients with no 412 

contraindications to DOACs and CHA2DS2-VASc of ≥ 2 for men and CHA2DS2-VASc of ≥ 3 for 413 

women are randomized to LAAC or DOAC (Table 2).  In the OCCLUSION-AF trial 38 AF 414 

patients with a recent ischaemic stroke are randomized to either LAAC or DOAC 39. 415 
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Table 2 416 

There are also several observational studies on special AF patient subpopulations 417 

undergoing LAAC (i.e., patients with prior ICH, prior ischaemic stroke, renal failure, stroke 418 

despite anticoagulation) suggesting a net benefit of LAAC in the prevention of stroke and 419 

bleeding.  Some of those studies are propensity score matched comparing LAAC in AF 420 

patients with a prior ICH to standard therapy 40 or LAAC to DOAC 41. 421 

Indications for LAAC 422 

Stroke reduction in patients with AF requires more than thromboprophylaxis, hence the 423 

move towards a holistic or integrated care approach to AF management.  This is 424 

recommended in guidelines as the Atrial fibrillation Better Care (ABC) pathway42. Adherence 425 

with this evidence-based strategy is associated with a 31% reduction in stroke, as well as 426 

lower mortality and bleeding, and is supported by various retrospective and prospective 427 

cohort studies from different parts of the world 43, post-hoc analysis from adjudicated 428 

outcomes from clinical trials 44, 45. 429 

Transcatheter LAAC has been increasingly used as an antithrombotic approach in patients 430 

with AF, especially in the United States of America 18, 46.  While contemporary European AF 431 

registry-based studies reported a <1% use of LAAC in clinical practice 47, 48, a trend towards 432 

increasing use of LAAC in Europe has been recently observed, including the changing profile 433 

of AF patients undergoing the procedure (i.e., less frail and generally less comorbid 434 

patients)49. 435 

Guideline recommendations and consensus statements considering the use of transcatheter 436 

LAAC for the prevention of stroke and systemic thromboembolism in patients with AF are 437 

summarized in Tables 3 and 4 and Figure 2. 438 

Figure 2 439 

Formal guideline documents have consistently recommended percutaneous LAAC for AF 440 

patients with contraindications to long-term OAC, using a low class of recommendation and 441 

low level of evidence, although the 2023 ACC/AHA/ACCP/HRS guidelines have recently 442 
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upgraded this to a level IIa recommendation and have added a IIb recommendation for 443 

LAAO as an alternative to oral anticoagulation (Table 3) 50-57.  Consensus documents explain 444 

the recommendations in more detail and extend the implications (Table 4) 58, 59, thus also 445 

including AF patients who: 446 

• suffer major bleeding events during anticoagulant therapy 447 

• have a high risk of non-modifiable anticoagulant bleeding 448 

• had a thromboembolic event or LAA thrombosis while on optimal OAC 60 449 

• refuse or are non-compliant to long-term OAC 450 

• undergo catheter ablation with electrical isolation of the LAA 451 

• have a procedure involving transseptal puncture and need long-term 452 

thromboembolic protection 453 

Both guideline and consensus documents/position papers aim to inform clinical practice.  454 

Methodological differences (rigid interpretation of the evidence base, particularly clinical 455 

trials for guidelines, and a less formal process also utilising observational data for consensus 456 

documents) result in official professional society recommendations in guidelines and 457 

broader non-official advice, in consensus documents 61. 458 

The most recent consensus documents addressing the use of transcatheter LAAC for the 459 

prevention of stroke and systemic embolism in patients with AF emphasize that LAAC should 460 

not be routinely offered to patients unwilling to take OAC therapy or who are simply non-461 

compliant with their anticoagulation medication, before providing them with detailed 462 

counselling.  Careful individual risk-benefit assessment and shared decision-making should 463 

be undertaken in each patient 62. 464 

Table 3 465 

Table 4 466 

Practical Box 1 467 

 468 
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Referral considerations 469 

Responsibility of the referring physician 470 

All patients with AF who are being considered for any cardiac intervention must be assessed 471 

by taking a cardiac history relating to the presence of AF, major structural or functional 472 

heart disease, potentially reversible causes of bleeding, or alternative causes of stroke 473 

besides AF.  Routine investigations including 12-lead surface electrocardiogram (ECG) and 474 

basic laboratory tests will have been performed before a patient is considered for LAAC 475 

therapy. 476 

The need for thromboembolic protection in patients with AF must be firmly established 477 

utilising risk scores such as CHA2DS2-VASc.  Their bleeding risk should also be assessed using 478 

a validated structured bleeding risk assessment that addresses modifiable and non-479 

modifiable bleeding risks, such as the HAS-BLED score.  Any additional factor leading to an 480 

increased thromboembolic or bleeding risk should also be documented.   481 

Responsibility of the implanting physician 482 

The first responsibility of the interventional specialist is to confirm the indication for LAAC. 483 

There is a practical value of holding a MDT meeting to assess patients who have been or are 484 

to be referred for LAAC.  As the indication is often for non-cardiac problems (neurological, 485 

gastrointestinal, haematological, renal, etc.) such an MDT can assess patient data at an early 486 

stage and achieve consensus on the management plan. 487 

In some healthcare systems (e.g., National Institute for Health and Care Excellence [NICE]) 488 

an “MDT” is mandatory for selecting patients for LAAC since it helps reduce selection bias, 489 

streamlines referrals and facilitates optimal patient management. 63  490 

Pre-procedural diagnostic workup usually includes trans-oesophageal echocardiography 491 

(TOE) or cardiac computed tomography (CT) to delineate LAA anatomy and suitability for 492 

closure, and to rule out LAA thrombosis. LAA thrombosis can also be excluded using TOE or 493 

intracardiac echocardiography (ICE) at the beginning of the procedure 64. In general, the 494 

presence of LAA thrombus is considered as a contraindication to LAAC.  Nonetheless, several 495 
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case series of LAAC have been reported in patients with a thrombus present only in the 496 

distal part of the LAA 65 – see below. 497 

The selection of a specific LAA closure device and its size will depend on the operator’s 498 

experience and the LAA anatomy as assessed by pre-procedural CT or TOE and by peri-499 

procedural TOE or ICE and selective LAA angiography.  Cardiac CT offers a better 500 

understanding of LAA anatomy and the most accurate measurements 66, 67. There are 501 

several dedicated software packages for planning a LAAC procedure based on cardiac CT.  502 

If the patient is on a DOAC, the treatment may be stopped one day before the procedure 503 

(i.e., last dose of rivaroxaban or edoxaban in the morning, or apixaban and dabigatran in the 504 

evening before the procedure) without bridging. 505 

Practical Box 2 506 

Current methods of percutaneous LAA closure 507 

Procedural steps 508 

LAAC is a standardized procedure, that requires specific training of the implanter and 509 

interventional team.  It is most often undertaken under general anaesthesia and is guided 510 

by TOE, but ICE or micro/mini TOE is increasingly used making it possible to perform the 511 

procedure with local analgesia and light sedation. 512 

Femoral venous puncture 513 

Femoral venous access is usually obtained under ultrasound guidance to reduce the risks of 514 

vascular complications 68-72. 515 

Transseptal access 516 

Transseptal puncture is a crucial step to safely access the left atrium and successfully deploy 517 

a LAAC device (Video: https://clipchamp.com/watch/4SaJbCrWTed).  This technique 518 

requires specific training and has a learning curve. 519 
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Deployment of the occluder inside the LAA 520 

Procedural imaging is of crucial importance for a successful LAAC.  The procedure is guided 521 

by TOE or ICE, depending on the operator’s experience.  Device deployment is additionally 522 

controlled by fluoroscopy and fusion of preprocedural CT images with fluoroscopy is 523 

occasionally used (Figure 3).  TOE/ICE is also crucial to confirm the optimal placement of the 524 

device and complete sealing of the LAA. 525 

Infective Endocarditis prophylaxis 526 

Periprocedural antibiotic prophylaxis and surgical standard aseptic measures in the catheter 527 

laboratory environment are recommended during the LAA implant procedure (ESC 528 

guidelines). Elimination of potential sources of sepsis (including of dental origin) should be 529 

considered two or more weeks before implantation 73. 530 

LAAC devices 531 

A range of devices has been developed in order to provide safe and efficient LAAC (Table 5) 532 

74-79.  Of these the Watchman FLX, Amulet and LAmbre devices have been extensively 533 

studied (Figure 4, Panels A, B and C). Another form of LA occlusion may be achieved using a 534 

noose inserted epicardially around the os of the LAAC – the LARIAT device (Table 3 and 535 

Figure 5). 536 

Table 5 537 

Since the LAAC technique is becoming increasingly popular many other devices are under 538 

development. 539 

Figure 3 540 

Figure 4 Panel A 541 

Figure 4 Panel B 542 

Figure 4 Panel C 543 
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Figure 5 544 

Management of acute and early post-implantation complications 545 

LAAC has become a relatively low-risk procedure (Table 6)80-83.  Some complications may 546 

occur over the longer term, such as late pericardial effusions or device-related thrombosis 547 

(DRT) and all physicians following patients post-procedure must be aware of these.  548 

Complications occur more commonly in patients with a higher CHA2DS2-VASc score 84. 549 

Table 6 550 

Pericardial tamponade 551 

Pericardial effusion or tamponade represents a serious complication.  Its incidence has 552 

decreased from the initially reported rate of 4.3% in the PROTECT AF trial 85, to 0.3% in the 553 

SURPASS study that included 16,048 Watchman FLX implants 81. 554 

Most tamponades/effusions occur during the procedure or within 24 hours.  To minimise 555 

their occurrence, imaging guidance with TOE/ICE is essential for all procedural phases, from 556 

a transseptal puncture to device placement and release. 557 

LAA perforation can sometimes be managed just by finalizing the LAA device implantation.  558 

For significant active pericardial bleeding, autotransfusion is possible to minimise blood loss 559 

and the need for transfusion. Reversal of anticoagulation should be considered only in cases 560 

with severe haemodynamic deterioration.  Surgical intervention is rarely needed. (Table 7)  561 

Table 7 562 

Although most pericardial effusions occur within 24 hours of LAAC, late pericardial effusions 563 

can rarely occur. If a pericardial effusion is suspected, the patient should be immediately 564 

referred to the implanting centre or the nearest cardiology site for echocardiography and 565 

possible pericardiocentesis. 566 
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While acute pericardial effusion/tamponade is related to trauma to the left atrium, 567 

pulmonary veins, or the LAA that may occur during the procedure, it is often difficult to 568 

identify the mechanism of late effusions and other common causes of pericardial effusion 569 

should also be considered. 570 

Device embolisation 571 

Device embolisation has become a rare complication with the most recent LAAC devices 572 

(0.01% with WATCHMAN-FLX in SURPASS).  The risk of embolisation is increased with device 573 

under-sizing, very proximal implantation, misalignment of the device to the axis of the LAA, 574 

and sinus rhythm (Table 8).  Device embolization can to a large extent be prevented by 575 

adequate preprocedural and intra-procedural imaging. Smaller LAAC devices that embolise 576 

will most often travel through the left heart and aortic valve to the descending aorta, 577 

whereas larger devices will remain in the LA or LV.  Device embolisation is rarely associated 578 

with haemodynamic deterioration.  Percutaneous retrieval is usually successful with a snare 579 

catheter or retrieval forceps. (Figure 6) If the device becomes entangled in the mitral valve 580 

apparatus, percutaneous snaring can potentially damage the valve and acute surgery might 581 

be required. 582 

Figure 6 583 

Table 8 584 

Device-related thrombosis 585 

The incidence of DRT varies from 2-4%, although recent data with newer devices have 586 

reported a lower incidence of 1-2% per year (Figure 7) 86-95.  DRT is most frequently detected 587 

by routine imaging at scheduled follow-up visits after the procedure.  It can be diagnosed 588 

with TOE or cardiac CT and it is associated with a 4-5 times higher risk of stroke/TIA 96.  589 

Besides patient-related risk factors, the risk of DRT can be increased by device implantation 590 

that is too deep resulting in incomplete LAA sealing.97  Hypercoagulability disorders, 591 

iatrogenic pericardial effusion, renal failure and permanent AF are other risk factors for DRT 592 

96.  However, as new devices coated with thromboresistant fluorinated polymers are 593 
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introduced DRT should become rare and post-implant antithrombotic therapy may be 594 

simplified or eliminated 98. 595 

Figure 7 596 

Management of DRT usually implies escalation of antithrombotic therapy (low molecular 597 

weight heparin [LMWH] or DOACs), but this may be challenging or even harmful in patients 598 

who are at high bleeding risk.  The common practice is to minimize time on anticoagulants 599 

until thrombus resolution is verified by imaging (Figure 9). 600 

Figure 8 601 

Figure 9 602 

Procedure-related stroke 603 

During early experience, periprocedural stroke occurred occasionally and mainly due to air 604 

embolism. However, nowadays periprocedural stroke is a very rare event. In the SURPASS 605 

registry, the rate of all-cause stroke was 0.09% in hospital and 0.38% at 45 days 81.  606 

Procedural stroke/TIA may be related to the presence of thrombus/smoke in the LAA or LA, 607 

air embolisation during the procedure, or development of thrombi on the delivery system or 608 

implanted device.   609 

Peri-device leak (PDL) 610 

The anatomy of the LAA is highly variable and can be very complex, including the landing 611 

zone for the LAA device, which is most often non-circular.  Consequently, there is a risk of 612 

peri-device leak after implantation or in some cases, a smaller lobe of the appendage may 613 

not have been occluded by the device 99. PDL can be diagnosed by TOE or even better with 614 

CT.  With current procedural techniques and devices, small PDLs are rather frequent, 615 

whereas moderate leaks (3-5 mm) are less common and severe leaks (>5 mm) very rare.  616 

Medical therapy is usually needed and is chosen according to bleeding risk.  For PDL >5 mm 617 

interventional leak closure with plugs, occluders, coils, or radiofrequency ablation may be 618 

considered but medical therapy may also be sufficient (Figure 11) 100. 619 
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Figure 10 620 

Figure 11 621 

Practical Box 3 622 

Special populations 623 

There is a large range of medical circumstances in which LAAC therapy may offer an 624 

advantage over OAC (Figure 12).  Many of these conditions may be associated with severe 625 

bleeding complications, ineffectiveness of anticoagulants against thromboembolism or 626 

patient adherence difficulties. Even minor bleeding may have severe effects, as for example, 627 

patients suffering from cerebral amyloid angiopathy.  628 

Some ‘high risk’ cardiovascular diseases may require the long -term use of antiplatelet 629 

therapy in addition to using an anticoagulant, to prevent new cardiovascular events such as 630 

re-infarction or stent-thrombosis, but this comes at the expense of bleeding complications.  631 

If the use of OAC could be substituted by LAAC, the bleeding risk is mitigated while stroke 632 

prevention is retained.  Nonetheless, robust long-term data on this population group are 633 

lacking. 634 

There are also patients that suffer a stroke or systemic thrombo-embolic event, or exhibit 635 

thrombus formation in the LAA despite using optimal anticoagulation therapy with an 636 

adequate INR or good drug compliance. 637 

Figure 12 638 

Life-threatening or major gastrointestinal bleeding 639 

Patients with AF and a high risk of stroke and embolism (CHA2DS2-VASc ≥2) who have a 640 

major bleeding event represent a highly challenging scenario, since effective chronic 641 

anticoagulation can be associated with a high or very high risk of recurrent bleeding.  Hence, 642 

transcatheter LAAC was initially developed as an alternative mode for stroke prevention 101.  643 

One recent study suggested that only about 50% of patients with AF, admitted after a major 644 
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or life-threatening bleeding are discharged with a plan for stroke prevention strategy, with 645 

only 10% being considered for LAAC 102. 646 

Nonetheless, a systematic review and metanalysis found that restarting OAC therapy after a 647 

major bleeding event in AF was mostly associated with a positive clinical benefit when 648 

compared to not restarting OAC, with a significant reduction in any thromboembolism and 649 

all-cause mortality when resuming therapy no more than two weeks after gastrointestinal 650 

bleeding (GIB) 103. For example, one study found that restarting OAC at discharge after GIB 651 

was associated with fewer thromboembolic events without a significantly increased risk of 652 

recurrent GIB at 90 days 104. Similar observations for reduced mortality and 653 

thromboembolism were seen in the Danish registries, although bleeding was higher in the 654 

long term 105. Nonetheless, the latter study was in the warfarin era, and contemporary 655 

studies with some DOACs suggest better GIB safety compared to warfarin 106. Hence, for 656 

many patients, the benefits of continuing anticoagulation (especially with DOAC) may 657 

outweigh the risks of recurrent GIB.  Also, proton pump inhibitors may be protective in such 658 

patients 107. However, when GIB is associated with angiodysplasia continuation of 659 

anticoagulation therapy may be such a high risk as to warrant consideration of other 660 

therapies such as LAAC 108. 661 

Clinical registry studies have reported promising results in patients with AF and a high 662 

bleeding risk after LAAC 16, 109.  In the case of GIB, largely single-centre reports of LAAC have 663 

suggested its use as an alternative to OAC in patients presenting with major, recurrent or 664 

potentially unresolvable GIB (Figure 13) 108, 110.  The multicentre ACP registry reported their 665 

subgroup of patients with AF and previous major GIB, where LAAC was associated with a 666 

low annual rate of stroke/transient ischemic attack, although periprocedural major bleeding 667 

events were more frequent 111.  Again, many of these studies were in the warfarin era, 668 

rather than with DOACs. 669 

An important consideration in patients undergoing LAAC following a major or life-670 

threatening bleed (especially from GIB) is the antithrombotic treatment regimen after LAA 671 

device implantation 112.  This requires individualized decision-making, taking into account 672 

the patient’s subsequent bleeding risk and the risk of device-associated thrombi, a 673 

recognised complication after LAA.  In some clinical situations, particularly in patients with 674 
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diffuse angiodysplasia, even a single antiplatelet drug may be enough to trigger recurrences 675 

of major haemorrhage.  Given the greater biocompatibility of recent LAAC devices, earlier 676 

de-escalation of antithrombotic therapy is frequently performed in patients after major or 677 

life-threatening bleeding to avoid recurrent bleeding events. 678 

Figure 13 679 

Cirrhosis and hepatic failure 680 

Anticoagulants were contraindicated in patients with cirrhosis owing to concerns about 681 

bleeding risks, but recent studies have shown that patients with cirrhosis are not naturally 682 

anticoagulated and are at increased risk of prothrombotic events.  Anticoagulant therapy 683 

may reduce the progression of hepatic fibrosis and be independently associated with 684 

increased survival and decreased decompensation 113. 685 

A higher incidence of AF has been observed in patients with cirrhosis, regardless of the 686 

underlying cause114. There has been a 10% increase in the prescription of anticoagulants, 687 

primarily DOACs, for AF in patients with cirrhosis.  The use of DOACs was associated with a 688 

lower risk of bleeding compared to warfarin 115. However, most available data are based on 689 

retrospective analyses and most studies included only a minimal number of patients with 690 

decompensated cirrhosis. 691 

In cirrhotics with portal vein thrombosis, anticoagulation is associated with 9% bleeding 692 

complications in men 116, mostly not severe.  However, the presence of severe 693 

thrombocytopenia < 50.000 u/L (which is present in about 7% of patients) has been 694 

associated with increased bleeding complications with warfarin.  Decompensated liver 695 

disease could be associated with more bleeding complications with OAC outside the 696 

indication for the treatment of PVT 117. 697 

Patients with severe portal hypertension can be more at risk of GI bleeding complications 698 

independently from variceal bleeding and often in this clinical setting, decompression of the 699 

portal system by intrahepatic portosystemic shunting is contraindicated by impaired cardiac 700 

function. 701 
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In cirrhosis, LAAC implantation has been associated with an increased cardiac tamponade 702 

and readmission rate compared to non-cirrhotic patients and GI bleeding seems to be 703 

responsible for this difference 118, 119Readmissions after the LAAC procedure are partially 704 

due to the prescription of antiplatelet therapy associated with concomitant chronic renal 705 

failure in about one-third of patients.  Liver cirrhosis is a complex pathology, increasing both 706 

bleeding and thromboembolic risk.  Careful patient selection and shared decision-making 707 

are critical for LAAO in cirrhotics due to increased complications and mortality.  Pre-708 

procedural optimisation of haemostasis is necessary due to the increased bleeding risk. 709 

Intracranial haemorrhage 710 

Stopping OAC and antagonizing the anticoagulant effect in patients with acute ICH)is 711 

needed to reduce ICH-associated morbidity and mortality regardless of the presence of AF 712 

and the associated thromboembolic risk.  In addition, surgical or catheter -based 713 

intervention may be needed in selected ICH patients.  The residual risk of ischaemic stroke 714 

in non-anticoagulated AF patients is up to 15% per year, and about 80% of all ICH patients 715 

with AF are at high risk of ischaemic stroke.  This underscores the need to manage 716 

thromboembolic stroke prevention after ICH. 717 

Current evidence for the re-starting of OAC after intracranial bleeding (ICB) is mainly based 718 

on prospective cohort studies and three RCTs, APACHE-AF 120, SoSTART 121, NASPAF-ICH 122, 719 

including no more than 340 patients in total 123.  Taking these three RCTs together, re-720 

starting OAC was associated with reduced risk of ischaemic stroke on the one hand but 721 

increased risk (of borderline significance) for recurrent ICH 124.  The threat of ICH recurrence 722 

is daunting but many physicians will consider restarting anti thrombotic therapy at least 30 723 

days after the ICH 125.  The results of ongoing RCTs focussing on OAC vs. no anticoagulation 724 

(without considering LAAC) in ICB patients with AF (such as ENRICH-AF 126, PRESTIGE-AF 127, 725 

A3ICH 128, STATICH 129, and ASPIRE are awaited 130. 726 

Despite the fact that there is no proven benefit of LAAC in ICH patients according to a RCT so 727 

far, LAAC is recommended by AF guidelines 53, 131 and consensus papers worldwide 132.  728 

Publications based on propensity-score matched analyses in AF patients with ICH 729 

undergoing LAAC vs. medical treatment conclude a benefit of LAAC regarding the composite 730 
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of ischaemic stroke, major bleeding and all-cause mortality 40, 41.  At present, moderate sized 731 

RCTs comparing LAAC to OAC/best medical treatment exclusively including ICH patients 732 

such as CLEARANCE 30, and STROKECLOSE 29, or patients at very high risk of bleeding 733 

including ICH patients, such as CLOSURE-AF 28 are ongoing.  Special attention has to be paid 734 

to ICH patients with (suspected) cerebral amyloid angiopathy, refractory hypertension or 735 

concomitant chronic renal failure (including those on dialysis), who might benefit most from 736 

LAAC and such studies are underway (SAFE LAAC CKD 133, LAA-Kidney 33). 737 

In clinical practice, LAAC after ICH has “an acceptable peri-procedural and post-procedure 738 

risk” according to expert consensus 134. Of note, restarting of antiplatelet therapy (as 739 

needed after LAAC) is safe after ICH as demonstrated in the RESTART study, randomizing 740 

patients on antithrombotic therapy for the prevention of occlusive vascular disease at the 741 

time of ICB to restarting or avoiding antiplatelet therapy 134. However, it remains to be 742 

established in RCTs such as CLOSURE-AF whether stopping antiplatelet(s) several months 743 

after LAAC is safe or associated with increased risk of thrombus formation and (subsequent) 744 

stroke in AF patients and prior ICH.  745 

Ischaemic stroke in atrial fibrillation patients while on an oral anticoagulant 746 

There is a surprising shortage of evidence of evidence regarding efficacy and safety of LAAC 747 

compared to OAC in secondary stroke prevention.  The RCTs focusing on LAAC vs. medical 748 

therapy (such as PROTECT-AF, PREVAIL and PRAGUE-17) and even large prospective LAAC-749 

registries (such as LAARGE, Ewolution, AMULET observational registry) did not focus on AF 750 

patients after ischaemic stroke.  However, residual stroke risk in anticoagulated AF patients 751 

is about 1-2% per year in RCTs and may be even higher in clinical practice and in secondary 752 

stroke prevention. In the prospective Berlin AF Registry, about 60% of all registry patients 753 

with known AF were on OAC at the time of the index-stroke or TIA 135, 136.  Of note, under-754 

dosing of DOAC/VKA or a competing stroke aetiology (besides AF) is a frequent finding in AF 755 

patients with acute ischaemic stroke or TIA 136, 137.  However, a pooled observational cohort 756 

study underlines that about half of all AF patients with ischaemic stroke while taking an OAC 757 

are neither under-dosed nor have a competing stroke mechanism 137. 758 
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As demonstrated by the COMBINE-AF investigators 138, and by multi-centre observational 759 

RENO-EXTEND study 139, there is a relevant recurrent stroke risk and a rather high mortality 760 

rate after ischaemic stroke while on OAC.  Interestingly, a pooled analysis of observational 761 

cohort studies did not demonstrate a benefit of changing the type of OAC 140 or changing 762 

DOAC treatment in secondary stroke prevention or adding an antiplatelet on top of OAC 137. 763 

Therefore, AF patients suffering an ischaemic stroke while on DOAC therapy (properly dosed 764 

and taken adherently) are a call to A-C-T-I-O-N, (Figure 14) referring to A - Aetiology of 765 

stroke revisited?, C - Compliance to oral anticoagulation optimised?, T - Therapeutic options 766 

in secondary stroke prevention personalized?, I - Intake and interactions of present 767 

medication checked?, O - Other risk factors for stroke or death treated? and N - Novel stroke 768 

prevention strategies available? 141. 769 

Figure 14 770 

Because of a significant residual risk of stroke under anticoagulation (that may be estimated 771 

to be 7% at 1 year and 10% at 2 years) novel stroke prevention strategies may include 772 

LAAC.138 In an international collaboration of LAAO registries (STR-OAC) a propensity score-773 

matched comparison between those treated with LAAC compared to those managed by the 774 

standard of care, the LAAC cohort was associated with fewer subsequent ischaemic strokes 775 

142.  LAAC on top of OAC therapy may also be worth considering in light of the results of the 776 

randomized LAAOS III trial demonstrating risk reduction of stroke and systemic embolism 777 

after surgical LAAC in AF patients undergoing heart surgery and continuing OAC afterwards 778 

22.  Prospective RCTs using catheter-based LAAC on top of OAC vs. OAC are underway and 779 

will hopefully start enrolment soon (LAAOS-4;143; ELAPSE 144). 780 

Further novel prevention strategies may include early rhythm-control therapy in addition to 781 

OAC 145, left atrial catheter ablation on top of DOAC treatment (as in the ongoing 782 

randomized STABLED trial 146, bilateral permanent percutaneous carotid artery filter 147 on 783 

top of DOAC treatment (as in the planned randomized INTERCEPT trial 148 or, if and when 784 

approved, a factor XIa inhibitor form of OAC. 785 

  786 
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LAA thrombus despite optimal OAC  787 

Despite optimal OAC treatment, thrombus formation may be detected in the LAA in patients 788 

with AF. The current recommendations suggest that LAAC should not be performed, 789 

because of the high risk of promoting dislodgement of the thrombus and, thus potential 790 

cerebral and systemic embolism.  Therefore, the therapeutic options in this category of 791 

patients are limited.  On the other hand, the presence of thrombus in the LAA per se is 792 

considered at high risk of favouring ischaemic stroke and TIA 149-151.  In a recent meta-793 

analysis, the prevalence of left atrial thrombus in patients with AF or atrial flutter during 794 

optimal anticoagulation was 2.7%, regardless of whether patients were treated with a VKA 795 

or DOAC 152. 796 

The management of these patients is usually challenging, ranging from reaching a higher INR 797 

in patients treated with a VKA, switching one DOAC drug to another, to adding antiplatelet 798 

medication to VKA or DOAC treatment.  Alternatively, also using LMWH or unfractionated 799 

heparin (UFH) in combination with aspirin or clopidogrel was reported 53, 151-153.  Notably, 800 

these approaches result in the dissolution of thrombus only in 42.6% of cases 154. This 801 

indicates the need to devise alternative modalities of treatment for patients with resistant 802 

LAA thrombus 155, particularly after LAAC electrical isolation 156. 803 

The use of LAAC in case of thrombus formation in the LAA is anecdotal 157, 158 and even if 804 

formally contraindicated by the current guidelines, there is neither any formal agreement 805 

nor technical indication.  One of the main aspects is the differentiation between fresh and 806 

old thrombus, the latter being more manageable.  The anatomic location is also important 807 

since an old thrombus deep in the LAA might be more organized and considered less prone 808 

to be dislodged and provoke an ischaemic event during LAAC.  If LAAC is considered in a 809 

patient with LA thrombus, the first crucial step is to ensure cerebral protection during the 810 

procedure, e.g. using Sentinel (Boston Scientific, Marlborough, Massachusetts, USA), to 811 

minimize the risk of intraprocedural ischaemic events (Figure 15). 812 

Figure 15 813 

  814 
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Coagulation disorders 815 

Disorders of haemostasis have a double-sided relation with LAAC: as an increased risk for 816 

bleeding, they may represent an indication for LAAC -- at the same time they also represent 817 

a bleeding risk during implantation and during subsequent antithrombotic treatment. 818 

Haemorrhagic disturbances occur due to: 819 

• Impaired number or function of platelets 820 

• Deficiencies of coagulation factors 821 

• Vasculopathy such as angiodysplasias or increased capillary fragility 822 

All of these may be either congenital or acquired.  Some of those patients may develop a 823 

thromboembolic risk in spite of their coagulation disorder, particularly with increasing age, 824 

which then may necessitate stroke prevention if AF develops (see below). 825 

If a relevant bleeding disorder is identified, a treatment plan for LAAC and the subsequent 826 

antithrombotic treatment should be provided by a coagulation expert working with a LAAC 827 

implant specialist. Most mild bleeding disorders respond to desmopressin and/or 828 

antifibrinolytic drugs, regardless of aetiology.  Platelet function disorders also require 829 

specialist management 159. 830 

Important practical issues: 831 

Von Willebrand’s disease (VWD) is the most common congenital haemorrhagic disorder. 832 

Acquired VWD can be due to consumption/destruction of von Willebrand factor (VWF) in 833 

patients with valvular stenosis or artificial valves, also in patients with myeloproliferative 834 

neoplasia.  VWD cannot be excluded by an APTT and PT test.  Thromboembolic 835 

complications may occur in VWD, particularly in mild VWD and/or because VWF generally 836 

increases with age. The indication for anticoagulation should be discussed within an MDT 837 

appreciating the overall risks, including bleeding history, relevant bleeding scores, 838 

laboratory findings and CHA2DS2-VASc score. 839 

Indication for LAAC implantation in haemostatic disorders 840 

VWF typically increases with age in type 1 VWD, so that these patients may require 841 

thromboembolic protection in case of AF.  Anticoagulation could be considered, if VWF has 842 
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returned to the normal range and the bleeding history has been negative for at least the last 843 

decade.  In other types of VWD, or low VWF or a positive bleeding history, LAAC can be 844 

considered. This may also apply to myeloproliferative disorders, which can lead to acquired 845 

VWD and/or impaired platelet function.  The same considerations apply to patients with a 846 

reduction of single coagulation factors, in which the therapeutic decisions between 847 

anticoagulation and LAAC should also be made by an MDT with cardiology and 848 

haemostaseology expertise. 849 

Patients with vasculopathies such as Rendu-Osler-Weber hereditary telangiectasia suffer 850 

from repetitive bleeding, most prominently from the nasopharyngeal tract, and although 851 

this may sometimes be acutely solvable by cauterization, it is often recurring and 852 

exacerbated using platelet-inhibitors and anticoagulants.  More severe arterio-venous 853 

malformations may exist in the lungs, intestine, bladder, and brain, which may also lead to 854 

major bleeding events and may not be solved so easily without an arterial coil or endoscopic 855 

cauterization operation that carries substantial risk.  Although the bleeding impact may not 856 

always be severe, its repetitive nature bringing discomfort to the patient is justification 857 

enough to not make it worse by using long-term anticoagulation, if indicated otherwise. 858 

Severely reduced glomerular filtration rate and kidney failure  859 

The prevalence of AF is high in patients with an estimated glomerular filtration rate (eGFR) 860 

between 15-29 ml/min (stage chronic kidney disease, CKD, G4) and <15 ml/min not on 861 

dialysis (stage CKD G5) or undergoing dialysis (stage CKD G5D).  The United States Renal 862 

Data System (USRDS) reports that about one out of four CKD G4-5 and G5D have AF 160.  The 863 

finding is probably underestimated, particularly in the haemodialysis (HD) population, 864 

because of the high rate of intra-dialytic AF episodes that often remain undiagnosed 161.  An 865 

HD session can also trigger arrhythmia because of the often large and abrupt intra-dialytic 866 

volume and electrolyte changes 162. 867 

Thromboembolic and haemorrhagic risks are elevated in patients with very low eGFR. Both 868 

pro-thrombotic factors (the presence of endothelial dysfunction and hypercoagulability 869 

(Figure 16 Panel A) and factors promoting bleeding (abnormal platelet adhesion and 870 
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aggregation and abnormal platelet release reaction (Figure 16, Panel B) are simultaneously 871 

present 163. 872 

Figure 16 873 

AF is associated with a worse prognosis in terms of all-cause and cardiovascular death in 874 

patients with reduced eGFR and kidney failure, as in the general population 164, 165. USRDS 875 

reports adjusted 2-year survival probabilities of 55.1% in HD patients with AF and of  72.1% 876 

in those without AF 160. 877 

There are several uncertainties and difficulties in treating these patients.  RCTs 878 

demonstrating the efficacy of VKA for thromboembolic prevention are lacking and 879 

observational studies in HD patients have yielded uncertain results on VKA efficacy and 880 

negative results on safety 166. As eGFR worsens, the INR time in the therapeutic range (TTR) 881 

decreases, leading to an increased risk of bleeding 167, 168.  VKAs are also known to increase 882 

the risk of vascular calcifications 169, which is an important issue in uraemic patients, already 883 

particularly prone to this cardiovascular complication.  The presence of eGFR < 25-30 884 

ml/min was an exclusion criterion for recruitment in DOAC versus VKA phase III RCTs 170-173. 885 

Two recent meta-analyses of studies performed in severely reduced eGFR and kidney failure 886 

populations were unable to demonstrate that OAC therapy (both VKAs and DOACs) was 887 

associated with a reduced risk of thromboembolism 174, 175. 888 

Neither cardiology nor nephrology guidelines have been able to provide clear guidance on 889 

what is the best treatment for a patient with AF and eGFR < 15 ml/min 132, 176.  Therefore, 890 

nephrologists often decide not to prescribe OAC therapy to their patients or discontinue the 891 

drug after major bleeding 177. 892 

LAAC may be a valuable alternative for treating these patients. Limited data, derived largely 893 

from retrospective registry studies, are available in CKD G4-5 and G5D patients undergoing 894 

the procedure.  Overall, these studies show an increased in-hospital and long-term mortality 895 

risk in patients with severely reduced eGFR and kidney failure compared with those with 896 

preserved renal function who underwent the procedure. However, no significant differences 897 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/europace/advance-article/doi/10.1093/europace/euae035/7593802 by St G

eorge's, U
niversity of London user on 07 February 2024



33 

were reported between the two populations in terms of thromboembolic and bleeding 898 

events incidence 178-183.  WATCH-HD which employed both retrospective a d prospective 899 

registry data demonstrated that LAAC was a safe and effective therapy for carefully selected 900 

haemodialysis patients.184. 901 

Data comparing the efficacy and safety of LACC versus OAC therapy are very few in patients 902 

with stage CKD G4-G5D.Two RCTs evaluating the safety of LAAC vs. OAC therapy in patients 903 

with eGFR <30 ml/min WATCH AFIB 185, and STOP-HARM 186, were terminated prematurely 904 

due to failure to recruit patients 187.  However, another RCT, LAA-KIDNEY 33, recently started 905 

and recruitment is ongoing.  The only prospective study that included a fair-sized sample of 906 

dialysis patients showed a reduction in thromboembolic events in patients undergoing LAAC 907 

with respect to the events observed in both a cohort of dialysis patients with AF not taking 908 

OAC therapy and a cohort of patients taking warfarin. The risk of bleeding in the LAAC 909 

cohort was lower compared to the Warfarin cohort, while there were no significant 910 

differences between the LAAC and the cohort not taking any therapy. Nearly half of the 911 

bleedings occurred in the first three months after the procedure, when most patients were 912 

taking dual antiplatelet therapy188.  Post-LAAC antithrombotic therapy is also currently being 913 

investigated in the SAFE LAAC CKD trial 133. 914 

Whilst awaiting the results of further studies in CKD G4 and G5D patients with a high risk of 915 

AF-related stroke it is reasonable to evaluate the use of anti-thrombotic therapies in the 916 

context of the individual’s stroke and bleeding risk.  Certainly, for those patients who have a 917 

high bleeding risk, especially if they have already sustained a major or life-threatening 918 

bleed, or are incapable of taking OAC, LAAC therapy is a possible therapy (Figure 17). 919 

Similarly, for those who have a low bleeding risk and can take OAC without difficulty, OAC is 920 

the therapy of choice and LAAC is inappropriate.  In other situations, the choice between 921 

LAAC and OAC is less clear and highly patient-dependent. 922 

Figure 17 923 

  924 
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Prolonged dual antiplatelet therapy 925 

A previous history of cardiovascular disease and myocardial infarction is prevalent in about 926 

10% of patients with AF189, 190. Incident myocardial infarction increases the risk of 927 

mortality191.  In order to prevent arterial thrombotic events, patients with complex coronary 928 

artery disease, e.g. acute coronary syndrome (ACS) and PCI require antiplatelet therapy.  In 929 

the acute phase, intensified inhibition of platelet function, commonly as dual antiplatelet 930 

therapy including aspirin and a P2Y12 inhibitor is most effective. In combination with OAC in 931 

AF patients bleeding risk remains very high even with DOAC therapy 192-195.  With a single 932 

antiplatelet therapy in combination with DOAC, the risk of stent thrombosis is mildly 933 

elevated 196, 197. Therefore, patients with high ischaemic risk, e.g. recurrent coronary events, 934 

multivessel or complex stenting, prior stent thrombosis may require prolonged dual 935 

antiplatelet therapy. 936 

The relevance of dual antiplatelet therapy has been shown in a sub-analysis of the 937 

AUGUSTUS trial: maintaining aspirin in the antithrombotic regimen as triple therapy for one 938 

month after PCI or ACS is beneficial to reduce ischaemic events at a high risk of bleeding 939 

(7.45%) 198. In addition, timely de-escalation in the ambulatory setting is often not 940 

performed 199.  Previous ESC/EACTS guidelines stated that percutaneous LAAC may be 941 

considered in patients at high stroke risk and contraindication for long-term combined 942 

antiplatelet and OAC therapy (class IIb, level of evidence B)200. 943 

The choice of LAAC rather than OAC in high bleeding risk patients needing prolonged 944 

therapy with antiplatelet therapy may offer the opportunity to reduce or stop OAC.  First, 945 

small studies have examined LAAC in combination with PCI 201, 202.  Performing the 946 

procedures in 24 ACS patients with AF in the same session may be feasible 201.  In a Korean 947 

cohort study that compared 41 AF patients undergoing drug-eluting stent implantation with 948 

LAAC and dual antiplatelet therapy with 434 patients on dual pathway inhibition could show 949 

better net clinical outcomes for cerebrovascular and major bleeding events in the occluder 950 

group.  Two ongoing studies are investigating the role of LAAC in patients with complex 951 

coronary artery disease and PCI in comparison with DOAC-based antithrombotic regimens 952 

203, 204. 953 
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LAA closure during/after other cardiac interventions 954 

Since LAAC is a preventive intervention, it may be considered when another procedure is 955 

performed in the left atrium, thereby offsetting procedural complications of a seperate 956 

intervention.  In addition, workflow and cost-effectiveness optimisation may be improved in 957 

this context.  The argument for combining interventions is analogous to the rationale 958 

studied in the LAAOS III trial where patients undergoing cardiac surgery (and thus exposed 959 

to the risks of surgery anyway) experienced a clear stroke risk reduction without an increase 960 

in undesirable outcomes if surgical LAAC was performed during the procedure 22.  On the 961 

other hand, both procedures must be independently indicated, and LAAC is not indicated 962 

simply because another procedure is taking place. 963 

The very favourable evolution of contemporary LAAC complication risks, as outlined 964 

elsewhere in this document, makes this argument viable in the setting of several other 965 

routine cardiac interventions.  Specific considerations may exist for specific procedure types 966 

as outlined below. 967 

Left atrial ablation 968 

A high rate of OAC discontinuation after AF ablation is seen in several studies, despite an 969 

increased stroke risk associated with discontinuation after 3 months in patients with 970 

CHA2DS2-VASc ≥ 2 205.  Current guidelines, therefore, recommend continuing OAC 971 

indefinitely in these high-risk groups. A strategy combining AF ablation and LAAC for the 972 

purpose of allowing OAC cessation appears attractive and has been shown to be safe and 973 

efficient without interference when a repeat ablation is needed 206, 207.  A small proof-of-974 

concept RCT comparing LAAC to warfarin post-ablation showed no events in either group 975 

208.  Whether there is a net clinical benefit of such a strategy as compared to contemporary 976 

DOAC continuation as per current guidelines is the subject of the OPTION randomised 977 

controlled trial 35. 978 

Conversely, arguments can be made for a staged approach to ablation and LAAC (typically in 979 

that order although not necessarily so).  First and foremost, an apparently successful AF 980 

ablation may reduce stroke risk although existing evidence for this is sparse.  Formal testing 981 

of OAC versus aspirin alone is being conducted in the OCEAN trial 209.  In addition, concerns 982 

exist regarding the location of the transseptal puncture site, which may be suboptimal for 983 
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LAAC in the typical PVI positions.  The presence of ablation-induced oedema at the LAA-LPV 984 

ridge immediately after ablation may occasionally lead to sizing errors and to suboptimal 985 

occlusion during follow-up 210. 986 

Left atrial appendage electrical isolation 987 

There is conflicting evidence for electrical isolation of the LAA to improve catheter ablation 988 

outcomes. The aMAZE randomized trial failed to show a rhythm control benefit of LAA 989 

exclusion and isolation over PVI alone 211. However, the BELIEF RCT and several 990 

observational studies showed improved rhythm control 212.  For the latter, strategies of LAA 991 

isolation without LAA exclusion (i.e. not using surgery or the LARIAT device), there is an 992 

additional concern regarding increased stroke risk after LAA isolation (intentional or not) 993 

even for patients on OAC, due to loss of LAA mechanical function 213.  Firm 994 

recommendations on the usefulness of LAA isolation are not available at this point, although 995 

there does appear to be growing consensus to recommend LAAC in case of electrical 996 

isolation 214. 997 

Transcatheter aortic valve replacement and LAAC  998 

Transcatheter aortic valve implantation (TAVI) has emerged as the standard treatment 999 

modality for patients with severe aortic stenosis across the full risk spectrum.  AF occurs in 1000 

more than 10% of octogenarians and is the most common arrhythmia in the TAVI 1001 

population, being present in about 30-40%.  Typically, TAVI patients are older than 75 years 1002 

with multiple comorbidities.  In patients with AF undergoing TAVI, bleeding complications 1003 

were reported to be as high as 50%, and in those who experience bleeding complications 1004 

during the first year, 1-year mortality is doubled 215, 216.  LAA closure-obviating the need for 1005 

OAC may therefore be an attractive treatment for the AF TAVI population. 1006 

Current evidence remains limited to only a handful of observational and prospective studies 1007 

217, 218.  Limited data indicate that a combined TAVI-LAA closure intervention is a feasible and 1008 

potentially effective approach for stroke prevention in patients with symptomatic, severe AS 1009 

and AF with a high bleeding risk.  Larger randomized trials with longer follow-up are needed 1010 

to confirm safety and to further show the efficacy of combining these two increasingly 1011 

common interventions. 1012 
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Transcatheter mitral valve edge-to-edge repair and LAAC 1013 

Patients undergoing Transcatheter Mitral Valve Edge-to-Edge Repair (TEER) are frequently 1014 

affected by AF and are at high risk for major bleeding due to comorbidities or concomitant 1015 

indications for antithrombotic therapy.  From a procedural aspect, there are similarities.  1016 

TEER and LAAC are performed via the femoral venous route and both require a similar 1017 

transseptal crossing, hence it seems reasonable to combine them.  Currently, available 1018 

evidence on simultaneous or successive TEER and LAAC is very limited, derived from case 1019 

reports and very small case series 219-224, with short follow-up, showing high immediate 1020 

technical success and an acceptable rate of major complications as well as in the long -term 1021 

comparable efficacy (stroke, death) and safety (major bleeding).  With TEER becoming more 1022 

and more mainstream therapy, there is a need for larger prospective studies to address the 1023 

potential of these therapies to be performed simultaneously or successively. 1024 

LAA Closure and Other Concomitant Cardiac Interventions (PCI, ASD, PFO closures)  1025 

There is very limited reporting of LAAC performed as a simultaneous procedure with PCI and 1026 

also with atrial septal defect closures 201, 225.  Similar procedural outcomes were reported for 1027 

isolated LAA closure procedures and the combined procedure 226.  At the current state of 1028 

knowledge, such interventions should only be carried out on an individual basis with prior 1029 

careful assessment by the structural heart team.  To be applied more widely, validation in 1030 

larger studies is needed. 1031 

Patient refusal/non-adherence/non-compliance 1032 

Physicians may decide not to prescribe OAC to patients who fall or are frail or instead they 1033 

may offer treatment with OAC at doses less than those that are effective 227.  Patients may 1034 

refuse OAC because of relatively mild bleeding or because they hear from their friends and 1035 

neighbours that the therapy is dangerous.  Others may be completely averse to taking 1036 

regular medication especially when it is preventive rather than directed at symptoms which 1037 

are troubling the patients.  Even when patients receive and accept appropriate 1038 

prescriptions, evidence suggests that a high proportion of patients no longer persist with 1039 

their medication or frequently lapse from their therapy, leaving them at risk for stroke 228. A 1040 

recent meta-analysis on adherence showed that adherence/persistence to DOAC was 1041 

particularly poor: one third of AF patients starting DOAC stopped the drug by 1 year, and 1042 
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another third of patients were taking the DOAC less than 80% of the time 229. Elderly 1043 

patients, especially those with physical disabilities or mental illness, may need to rely on 1044 

others to ensure optimal adherence and such a supportive social framework is often not 1045 

readily available.  In these patients LAAC may provide an alternative treatment that is not 1046 

limited by such compliance issues. 1047 

For patients treated with VKA, regular assessment of the INR easily reveals those whose 1048 

therapy is inadequate but for those taking DOACs prescription monitoring, pill counting, and 1049 

the recollections of patients or their carers is usually all there is to assess how well the oral 1050 

anticoagulation regimen is being followed.  A counselling programme might be started to 1051 

help the patient understand the value of the treatment and how important it is to follow the 1052 

prescription.  When patients cannot be relied on to take their medications regularly, a LAAC 1053 

device may be preferable (Figure 18). 1054 

Also, if the patient is rigidly drug therapy averse, LAAC therapy can be considered, provided 1055 

that the patient is willing to use antithrombotic medication for a limited period after 1056 

implantation of the device.  It is also relevant to be sure that the patient has no other life-1057 

threatening comorbidities that require continuous drug therapy which might be refused. 1058 

Patients may learn about LAAC therapy and simply prefer this option to taking regular 1059 

anticoagulant drugs.  This is often the case when the patient has been referred for 1060 

consideration of LAAC implantation and has been informed about some of the advantages 1061 

of this therapy.  It may then be very difficult to re-align the patient towards anticoagulant 1062 

therapy.  However, this should be attempted because there is still only limited evidence that 1063 

LAAC is as beneficial as DOAC therapy.  The 2023 ACC/AHA/ACCP/HRS guidelines do accept 1064 

that patient preferences may be considered (a level IIb recommendation – see above)57.  1065 

Figure: 18 1066 

  1067 
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Anticoagulant/antiplatelet therapy regimens after left atrial 1068 

appendage closure 1069 

Antithrombotic therapy is required after LAAC in order to prevent device-related thrombus 1070 

and this is of special importance in the initial phase, before device endothelization (Figure 1071 

19) 62, 230, 231. 1072 

Figure 19 1073 

Published data on antithrombotic regimens were derived from studies performed on 1074 

patients who were eligible for anticoagulation (who received VKA or DOAC), as well as from 1075 

studies performed on patients with intolerance or relative contraindications to 1076 

anticoagulation, mainly related to prior major bleeding complications (who received 1077 

antiplatelet therapy) 230. 1078 

Clinical RCT data on patients without LAAC have shown that dual antiplatelet therapy with 1079 

aspirin-clopidogrel had similar major bleeding and ICH rates to warfarin (ACTIVE-W) 232.  1080 

When aspirin was compared to apixaban in AF patients who refused or were deemed 1081 

ineligible for warfarin, there was clear superiority of apixaban for the reduction of stroke/SE 1082 

but the rates of major bleeding and ICH were similar (AVERROES) 233.  In the BAFTA trial of 1083 

elderly (age ≥75 years) AF patients managed in primary care, aspirin monotherapy had 1084 

similar rates of major bleeding or ICH as warfarin 234.  In elderly AF patients with high-risk 1085 

features for bleeding, low dose edoxaban 15mg was superior for stroke risk reduction, with 1086 

a nonsignificant difference in major bleeding or ICH to placebo, although major GI bleeding 1087 

was increased with edoxaban (ELDERCARE-AF) 235. 1088 

In practice, after LAAC there is a need to tailor the antithrombosis regimen according to the 1089 

patient. The best antithrombotic therapy after LAAC needs to provide a balance between 1090 

the prevention of DRT and the occurrence of major bleeding. The rationale for choosing 1091 

between the available options (Table 9 and Figure 20) should be based on physician 1092 

assessment of individual patient characteristics, such as bleeding risk and stroke risk, an 1093 

overall clinical evaluation of the patient’s condition, comorbidities and preference, as well 1094 
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as an evaluation of the reasons for LAAC 61, 62, 236.  As reported in Table 9, discontinuations of 1095 

OAC or antiplatelet therapy after LAAC is subject to the absence of other clinical indications 1096 

for that medication and an assessment, including proper imaging (TOE or CT), 1097 

demonstrating that there are no significant peri-device leaks (>5mm), thrombus on the 1098 

device or recent history of clinical events.  Currently accepted antithrombotic regimens are 1099 

illustrated in Figure 20. 1100 

Table 9: List of main antithrombotic schemes used after LAAC. DOAC: direct oral 1101 

anticoagulation; INR: International normalized ratio; LAAC: left atrial appendage closure; 1102 

VKA: vitamin K antagonist. *OAC schemes are not recommended with the Amulet device 1103 

unless residual flow around the device is >5 mm. 1104 

In a pooled analysis of data on patients from the PROTECT-AF, PREVAIL, CAP, CAP2, ASAP 1105 

and EWOLUTION studies patients receiving either oral anticoagulants or antiplatelets post-1106 

LAAC implant were matched and compared with regard to the occurrence of non-1107 

procedural bleeding and stroke/systemic thromboembolism over 6 months following 1108 

implantation Although DRT was more frequently observed with antiplatelet therapy, the 1109 

occurrence of major bleeding and of stroke/systemic thromboembolism was similar 1110 

between regimens based on antiplatelets or OAC 237. Figure 20 shows various manufacturer 1111 

recommendations and less “official” strategies for thrombotic therapy post implant 238-251.  1112 

Figure 20 1113 

Upper panel: Manufacturer-recommended antithrombotic regimens after LAAC (adapted 1114 

and updated 238, 239). LAAC: left atrial appendage closure; OAC: oral anticoagulant.  1115 

Lower panel: Emerging strategies for antithrombotic regimens after LAAC (limited evidence 1116 

and some ongoing studies): initial anticoagulant without concomitant aspirin ( 240-242) 1117 

followed by a DAPT or SAPT period; single antiplatelet (243-246); low-dose DOAC (247-251). 1118 

LAAC: left atrial appendage closure; (D)OAC: (direct) oral anticoagulant.  1119 

Hatching indicates variable adoption depending on benefit-risk. 1120 
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Observational data from the years 2016-2018 in the United States highlighted how the 1121 

antithrombotic regimen approved by the FDA for use of the Watchman device was rarely 1122 

applied 240.  In particular, discharge after implantation on VKA or DOAC without concomitant 1123 

aspirin was common and associated with lower risk of adverse outcomes. Updated data 1124 

were presented at the HRS conference in 2023, confirming this finding 241.  In a recent meta-1125 

analysis comparing initial antithrombotic therapy following LAAO, monotherapy with DOAC 1126 

had the highest likelihood of lower thromboembolic events and major bleeding.242 1127 

A simplified regimen with a short period (2-4 weeks) of a single antiplatelet (ASA or 1128 

clopidogrel) has also been applied to very selected patients with an extremely high bleeding 1129 

risk on the basis of expert consensus 62, and reported in observational studies 243-245. 1130 

Additional data on this approach may become available from the CLOSURE-AF 28 and the 1131 

ARMYDA-Amulet 246 ongoing studies. 1132 

Limited but promising observational data are available on post LAAC treatment with low 1133 

dose DOACs, showing reduction of DRT, thromboembolism and major bleeding events 1134 

compared with a standard, antiplatelet-based, antithrombotic therapy 247, 248, however 1135 

further controlled data are required to assess the value of this strategy. The small 1136 

randomized ADALA trial 249 aimed to compare long-term low dose DOAC therapy (apixaban 1137 

2.5 mg BID) to a standard dual antiplatelet therapy scheme. The study was terminated after 1138 

a planned interim analysis showed a significant reduction of bleedings and DRT at 3 months 1139 

post-implant in the low dose DOAC arm 250. The larger ongoing randomized ANDES trial 251 1140 

may confirm these preliminary findings. 1141 

Future randomized studies should better define which antiplatelet and antithrombotic 1142 

regimens are indicated after LAAC implant, in terms of safety and net outcomes, specifically 1143 

focusing on patients who have contraindications to long-term therapy with OAC 1144 

Post discharge LAAC patient follow-up 1145 

In clinical studies, assessment of the patient’s clinical status as well as of the antithrombotic 1146 

medication was performed 6 months after the implant. In clinical routine, this is less 1147 
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common. Depending on the antithrombotic treatment regimen, however, it may be 1148 

appropriate to schedule a counselling appointment. 1149 

One year after LAAC, the large majority of patients reduce the antithrombotic regimen to a 1150 

single agent or stop this therapy. In controlled clinical studies TOE imaging was mandatory 1151 

at the 12-month follow-up visit, although this is rarely done in clinical practice. It was noted, 1152 

that depending on the device type and the medication used, not uncommonly DRT may 1153 

occur late after implantation 252. This may be associated with an increased risk for stroke 1154 

during long-term follow-up 253.  1155 

Similarly, the presence of PDL at the 12-month imaging contributes to an increased rate of 1156 

stroke 254, 255.  Both scenarios, DRT as well as PDL, have an impact on the future medical 1157 

management of the patient. Therefore, it may be advisable to incorporate routine imaging 1158 

at the 12-month follow-up visit into clinical routine but it is not a common practice in many 1159 

centres. 1160 

In clinical studies with long-term follow-up, patient management beyond one year was 1161 

usually limited to routine clinical assessment. Depending on co-morbidities, it seems 1162 

appropriate to tailor the individual follow-up schedule to the individual risk profile 1163 

depending on co-existing medical conditions (e.g. every 6-12 months).  Specific device-1164 

related imaging is not recommended. 1165 

In case of adverse clinical events such as stroke, unscheduled visits including imaging for 1166 

DRT or PDL should be considered. 1167 

Practical Box 4 1168 

Other cardiac procedures after left atrial appendage closure 1169 

Direct current cardioversion 1170 

Direct current cardioversion (DCCV) is frequently used in AF patients as part of a rhythm 1171 

control strategy.  According to current guidelines, patients should be treated by 1172 

anticoagulation at least 3 weeks before DCCV (AF duration >48 hours) and 4 weeks after to 1173 
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prevent thromboembolic complications.  However, patients after LAAC are often at high 1174 

bleeding risk and therefore unsuitable for anticoagulation before and after DCCV.  In two 1175 

prospectively enrolled patient cohorts with a total of 242 LAAC patients, DCCV was used 1176 

effectively without thromboembolic events despite the majority of patients being without 1177 

anticoagulation before and after DCCV 256, 257. In those studies, the majority of patients 1178 

underwent TOE before DCCV to rule out device-related thrombus (DRT), large peri-device 1179 

leaks, device malposition and other cardiac thrombi.  1180 

Currently, the recommendations below can be used as a guide for DCCV in this patient 1181 

group. There are no specific precautions for pharmacological cardioversion in LAAC patients.  1182 

• DCCV Should be avoided the first 3 weeks after LAAC unless there is an acute 1183 

indication, e.g. acute cardiac decompensation considered to be related to AF. 1184 

• TOE should always be performed before to rule out DRT, large PDL, device 1185 

malposition, other cardiac thrombi.  CT can be used as an alternative to TOE. 1186 

• DCCV can be performed without anticoagulation before and after.  1187 

• Anticoagulation can be considered before and after in patients with a predicted very 1188 

high risk of thromboembolic events (severe left atrial dilatation, pronounced 1189 

spontaneous contrast or sludge in the left atrium, LVEF<25%, high CHA2DS2-VASc 1190 

score etc.) depending on an individual assessment of bleeding risk. Recent 1191 

ACC/AHA/ACCP/HRS Guidelines recommend (CoR: IIb, LOE: N-BR) pre-cardioversion 1192 

imaging for LAAO patients who are not anticoagulated, and anticoagulation peri -1193 

cardioversion if there is a device-related thrombus or peri device leak 57. 1194 

Atrial fibrillation catheter ablation  1195 

AF catheter ablation and all other types of transcatheter cardiac ablation using various 1196 

energy delivery sources (RF, cryo or pulsed-field) can be performed in patients after LAAC.  1197 

TOE should be performed before AF ablation to rule out DRT and elective ablation should 1198 

not be performed before the first follow-up imaging after LAAC which is typically done after 1199 

45 days or later.  Anticoagulation post-ablation is recommended but adjusted according to 1200 

the predicted bleeding risk for the individual patient. 1201 
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Transcatheter mitral interventions, TAVI and PCI 1202 

Transcatheter mitral interventions, TAVI and PCI can all be performed in LAAC patients. 1203 

Elective mitral intervention or TAVI should be planned not earlier than 45 days after LAAC or 1204 

later, if possible.  TOE should be performed before mitral intervention to rule out DRT or 1205 

malposition of the device. For PCI, there are no specific LAAC-related precautions. 1206 

Summary 1207 

The summary points for this practical guide are displayed in an unusual format.  Those 1208 

physicians who are considering referring a patient for an LAAC will often be asked by the 1209 

patient a series of questions about the procedure, the necessary preparation and follow-up.  1210 

The basis for answering these common questions has formed the content of this practical 1211 

guide and the rationale and evidence base for the answers have been fully described in the 1212 

guide for the benefit of the physician.  The document is now summarised by proposing brief 1213 

and accurate responses, in lay language, to these important questions. 1214 

What is the left atrial appendage (LAA) and why do we need to close it? 1215 

The LAA is a 2–6 cm-long, blind-ended, finger-like, extension of the left atrium of the 1216 

heart. It is a remnant of the development of the heart and does not have a 1217 

significant role in the body. It is the place where most clots form in patients with 1218 

atrial fibrillation (AF), and if they detach these clots can cause a stroke. 1219 

Am I a candidate for left atrial appendage closure (LAAC)? 1220 

LAAC is offered to patients who have AF, are at high risk for stroke and cannot take 1221 

oral anticoagulants (OACs – also known as blood thinners) for a prolonged period. 1222 

The main reason for recommending the LAAC is because of serious bleeding 1223 

complications of OACs. Also, LAAC may be offered to patients who had a stroke 1224 

while they were optimally treated with OAC. 1225 

How is LAAC done? 1226 

The LAAC device is introduced into the heart using a catheter (long and thin tube) 1227 

inserted through the veins in the groin.  The collapsed device is expanded when it 1228 
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emerges from the tube when in the correct place within the heart to block the 1229 

entrance to the left atrial appendage. 1230 

Does it work? 1231 

According to the current information, for those patients able to take blood thinners 1232 

(anticoagulants), LAAC may be equally effective to OAC drug therapy for stroke 1233 

prevention,  but does not cause  long-term bleeding complications. 1234 

Is it safe? 1235 

Yes. There is a small immediate risk related to the procedure. However, in 1236 

experienced hands, this is considered a safe procedure, similar to other routine 1237 

catheterization procedures. 1238 

How about the long-term safety? 1239 

Late complications are very rare. The most common is device-related thrombosis, 1240 

(clotting on the LAAC device) which is typically treated with a short period of OAC 1241 

therapy. 1242 

Is LAAC a lifelong solution? 1243 

Yes. A device will achieve lifelong closure of the LAA. Over months, the surface of the 1244 

device will be covered by the patient's own tissue forming a smooth layer in 1245 

continuation with the inner surface of the heart.  This greatly reduces the likelihood 1246 

of blood clotting on the device. 1247 

Is there enough scientific evidence? 1248 

A few randomized clinical trials and many large registries have shown positive 1249 

results. Larger clinical trials comparing the device to other medicines in a wider 1250 

variety of patients are currently underway. 1251 

Do I need to have any pre-procedural exams? 1252 

Often, a transoesophageal echocardiogram (TOE) or a cardiac computed tomography 1253 

(CT X-ray) is required before the procedure. 1254 

Is AF going to stop after LAAC? 1255 

No. LAAC is a stroke prevention therapy and does not cure AF. 1256 
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Do I need to be hospitalized for the procedure?  1257 

In most centres, the patient needs to stay overnight but same-day discharge is 1258 

sometimes offered.  1259 

Do I have to undergo general anaesthesia? 1260 

General anaesthesia is commonly used but some centres perform the procedure 1261 

under light sedation or local anaesthesia.  1262 

Is the procedure painful? 1263 

The procedure is not painful. It is performed through catheters, with a 4-5 mm 1264 

incision of the skin in the groin. Pain after the procedure is unlikely, but a few days of 1265 

avoiding vigorous activities is recommended to allow this small incision to heal.  1266 

Will I stop taking blood thinners? 1267 

Yes. A few weeks after LAAC, the majority of patients may stop blood thinners. 1268 

However, a short period of  low-dose aspirin and/or clopidogrel therapy is required 1269 

for  some weeks, until the closure device is covered with the patient’s own body 1270 

tissue  and healed. If you also have a reason other than AF for taking the OAC or 1271 

antiplatelet therapy, you may have to continue the treatment.  1272 

Do I need to have any exams after the procedure? 1273 

Yes. A TOE or CT is required, usually 6 weeks to 4 months after the procedure to 1274 

check that everything is satisfactory. 1275 

Can I feel the device in my chest? 1276 

There have been no reports of discomfort due to the device, nor any need for device 1277 

removal for this reason. 1278 

Can I have a magnetic resonance exam (MRI) if needed in the future? How 1279 

about airport security? 1280 

Yes. LAAC devices are compatible with up to 3 Tesla (strength of scanner) MRI 1281 

scanners. Also, there are no special requirements for metal detectors at airport 1282 

security checks. 1283 

Do I need antibiotic treatment to prevent device infection? 1284 
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During the implantation, a single dose of antibiotics is administered. After the 1285 

procedure antibiotic prophylaxis (for more invasive dental procedures, etc.) is 1286 

recommended for a period of 6 months.  After that antibiotics are not needed.  1287 

Can I continue to play tennis, golf and other sports after insertion of the 1288 

device 1289 

Yes. You should avoid vigorous exercise for a few days after the procedure, but after 1290 

that there is no  reason to avoid sports or other vigorous activities. In fact, stopping 1291 

OAC therapy reduces the risk of serious bleeding in case of any injury related to such 1292 

activities. 1293 

Is it possible for the device to dislodge? 1294 

This complication is very rare and it is manageable. A dislodgement after the healing 1295 

phase is highly unlikely. 1296 

Can the device be removed from the LAA? 1297 

The device becomes firmly attached to the tissue after it is inserted. The only way to 1298 

remove it is by (minimally invasive) heart surgery, although this is rarely needed. 1299 

 1300 

Please note that these Q&A’s are written in order to help a referral physician to aid 1301 

discussion with the patient being referred for placement of an LAAC device.  Detailed 1302 

explanations, such as those that might be given by the implanting physician are not 1303 

provided.  The answers are not written primarily for the patient although some words and 1304 

phrases are chosen when they are more easily understood by the patient.  1305 

Conclusions 1306 

The advice provided is fully in line with current guidelines and guidance documents provided 1307 

by professional societies such as the European Society of Cardiology.  1308 

Research investigating the value of LAAC in comparison to approved alternatives is being 1309 

rapidly conducted.  For patients with high AF-related stroke risk who cannot be treated with 1310 

anticoagulants to prevent stroke and other systemic emboli, LAAC is the only option and is 1311 

often considered in such circumstances. These patients include those with anticoagulant-1312 
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related major or life-threatening bleeding, a substantial threat of such bleeding in the 1313 

presence of anticoagulants, failure of anticoagulants to prevent an embolic ischaemic 1314 

stroke, or inability to comply sufficiently with anticoagulation treatment regimens, etc.  1315 

LAAC has been shown to be almost as effective and safer than VKA therapy but data 1316 

comparing DOACs and LAAC are still insufficient to justify considering LAAC as a valid 1317 

alternative to DOAC for treatment unless anticoagulation is contra-indicated.  For the time 1318 

being LAAC is a second-line therapy.  However, many patients may qualify for LAAC 1319 

treatment.  These patients are spread throughout the full range of clinical specialties and 1320 

care settings.  For that reason this Practical Guide for the referral of patients for 1321 

consideration for LAAC therapy is necessary. 1322 
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 10 

 11 

Figure legends 12 

Central Illustration or Graphical Abstract: no legend is needed 13 

Figure 1: Clinical outcomes from the PROTECT, PREVAIL and PRAGUE-17 randomized clinical 14 

trials. Adapted with permission from 13. LAAC: left atrial appendage closure; OAC: oral 15 

anticoagulation; SE: systemic embolism 16 

Figure 2: Possible candidates for LAAC.  ASD: atrial septal defect; CHA2DS2-VASc: Congestive 17 

heart failure, Hypertension, Age ≥75years, Diabetes mellitus, Stroke, Vascular disease, Age 18 

65-74 years, Sex category (female); LAA: left atrial appendage; LAAC: left atrial appendage 19 

closure; OAC: oral anticoagulation. 20 

Figure 3: Fluoroscopy image with a 3-D reconstructed CT-scan image fusion in order to guide 21 

LAA occluder positioning and deployment.  A: Tracheal landmark used for the fusion 22 

between the CT-Scan image (blue and red colours) and the fluoroscopy system; B: 23 

Transesophageal echocardiography probe used to guide the LAA occluder positioning; C: 24 

Quadripolar catheter placed inside the coronary sinus in order to guide the transseptal 25 

puncture (optional); D: Transseptal puncture area; E: Left Atrial Appendage (LAA) in right 26 

anterior projection; F: Catheter positioned in front of the LAA entrance before occluder 27 

release. 28 
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Figure 4 Panel A: Watchman FLX (Boston Scientific). The Watchman FLX is deployed at the 1 

proximal part of the LAA, at the level of the circumflex artery and the ridge. There are two 2 

rows of anchors distributed across the distal half of the device. Small arrow: circumflex 3 

artery; large arrow Watchman FLX; **: distal part of the LAA; LA: left atria; LV: left ventricle.  4 

Figure 4 Panel B: Amulet (Abbott). The Amulet is deployed at the proximal part of the LAA, 5 

at the level of the circumflex artery, and the ridge. Amulet is a dual -seal technology 6 

consisting of a lobe to anchor in the neck of the LAA and a disc to close off the opening into 7 

the LAA. Small arrow: circumflex artery; large arrow: the lobe of the Amulet; ** : distal part 8 

of the LAA; LA: left atrium. 9 

Figure 4 Panel C: LAmbre (Lifetech) offers a design very similar to the Amulet, with a distal 10 

anchoring umbrella and a proximal disc.  11 

Figure 5: Lariat Suture Delivery Device (SentreHeart). After proper alignment, the Lariat 12 

suture is tightened from the epicardium, providing a ligature of the LAA at its neck.  13 

Figure 6: Embolisation of an ACP device (Abbott) to the LA due to inappropriate sizing (A) 14 

Effective device retrieval with a goose neck snare (B). 15 

Figure 7: Incidence per 100 patient-years of DRT in LAAC registries with more than 100 16 

patients.86-95 17 

Figure 8: Device-related thrombosis (DRT) after LAA occlusion in a patient implanted with an  18 

Amulet device.  The 3-month follow-up CT scan shows the Amulet device in a good position 19 

(yellow arrow) with a large thrombus on the device disk (red arrow). 20 

Figure 9: Flowchart showing an algorithm for treatment of DRT. DAPT: dual antiplatelet 21 

therapy; DOAC: direct oral anticoagulant; DRT: device related thrombus; OAC: oral 22 

anticoagulant; FU: follow up; LMWH: low molecular weight heparin; CT: computed 23 

tomography; TOE: transoesophageal echocardiogram; VKA: vitamin K antagonist. 24 
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Figure 10: Follow-up CT scan (6 months) of a Watchman Flex device that is not positioned 1 

correctly (yellow arrow) showing a severe leak (white arrow). A 3D-segmented model 2 

demonstrates that the device is rotated by 90° causing the leak at the inferior site of the 3 

device. CT: computed tomogram; TOE: transoesophageal echocardiogram 4 

Figure 11: Flowchart showing a therapeutic approach when a peri device leak is detected 5 

during follow-up. DAPT: dual antiplatelet therapy; DOAC: direct oral anticoagulants; TOE: 6 

transoesophageal echocardiogram. 7 

Figure 12: Clinical populations where LAAC may be considered for patients with AF at-risk of 8 

stroke but refractory to or contraindicated for anticoagulation and when no otherwise 9 

satisfactory management is available. 10 

Figure 13: Management of (recurrent) major gastrointestinal bleeds. DOAC: direct oral 11 

anticoagulant; GI: gastrointestinal; INR: International Normalised Ratio; LAAC: left atrial 12 

appendage closure; PPI: proton pump inhibitor; TTR: time in therapeutic range; VKA: vitamin 13 

K antagonist. 14 

Figure 14: A-C-T-I-O-N items that should be considered in atrial fibrillation (AF) patients 15 

suffering an ischaemic stroke whilst on an anticoagulant 141.  A-C-T-I-O-N items that should 16 

be considered in atrial fibrillation (AF) patients suffering an ischaemic stroke.   17 

Figure 15: Diagram illustrating positioning of the Sentinel Cerebral Protection Filter 18 

System (CPS) (Boston Scientific, Marlborough, Massachusetts, USA). The System is designed 19 

to protect the cerebral vasculature from embolic events and remove debris/thrombus 20 

during interventional procedures, such as TAVI, but it has been used for LAAC in patients 21 

with thrombus formation in LAA. The device comprises dual-filter embolic protection and is 22 

percutaneously placed in the aortic arch. The two self-expandable filters directed into the 23 

carotid arteries can adapt to a wide variety of anatomies and have the ability to block even 24 

debris of less than 0.5 mm in size. 25 
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Figure 16: Diagrams illustrating the prothrombotic (Panel A) and pro-haemorrhagic (Panel B) 1 

tendences seen in severe chronic kidney disease. CKD: chronic kidney disease; G4-G5D: 2 

grade of severity of CKD (Modified from 163) 3 

Figure 17: Proposed algorithm for treatment choice in patients with severely reduced 4 

glomerular filtration rate and kidney failure.  OAC: oral anticoagulant therapy; DOAC: Direct 5 

oral anticoagulant, GFR: Glomerular filtration rate; LAAC: Left atrial appendage closure TTR: 6 

Time in therapeutic range, VKA: Vitamin K antagonist. 7 

Figure: 18: Management of refusal/non-compliance/non-persistence with OAC therapy and 8 

use of LAAC. The patient may be averse to oral anticoagulant therapy, non-compliant or 9 

simply prefer LAAC therapy. In these cases, the physician and other health care 10 

professionals are expected to educate the patient, the family and/or carers and friends. The 11 

patient may resume or improve compliance in which case anticoagulant therapy should 12 

continue, but if best efforts fail a LAAC device may be the best solution. OAC: oral 13 

anticoagulant, LAAC: left atrial appendage closure device. 14 

Figure 19: 3-D echocardiogram, demonstrating endothelium growing over the device which 15 

was implanted 7 weeks previously 16 

Figure 20 17 

Upper panel: Manufacturer-recommended antithrombotic regimens after LAAC (adapted 18 

and updated 238, 239). LAAC: left atrial appendage closure; OAC: oral anticoagulant.  19 

Lower panel: Emerging strategies for antithrombotic regimens after LAAC (limited evidence 20 

and some ongoing studies): initial anticoagulant without concomitant aspirin ( 240-242) 21 

followed by a DAPT or SAPT period; single antiplatelet (243-246); low-dose DOAC (247-251). 22 

LAAC: left atrial appendage closure; (D)OAC: (direct) oral anticoagulant.  23 

Hatching indicates variable adoption depending on benefit-risk. 24 

Table Legends 25 
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Table 1: Ongoing randomized trials comparing LAAC vs. best medical care in AF patients 1 

with contraindications for long-term anticoagulation. APT: antiplatelet therapy; CV: 2 

cardiovascular; CHA2DS2-VASc: Congestive heart failure, Hypertension, Age ≥75years, 3 

Diabetes mellitus, Stroke, Vascular disease, Age 65-74 years, Sex category (female); ICH: 4 

intracerebral bleeding; LAAC: left atrial appendage closure; SE: systemic embolism; TIA: 5 

transient ischaemic attack. 6 

Table 2: Ongoing large-scale randomized trials comparing LAAC vs. DOAC.  CV: 7 

cardiovascular; CHA2DS2-VASc: Congestive heart failure, Hypertension, Age ≥75years, 8 

Diabetes mellitus, Stroke, Vascular disease, Age 65-74 years, Sex category (female); DOAC: 9 

Direct oral anticoagulant; WM FLX: Watchman FLX; SE: systemic embolus. 10 

Table 3: Recommendations for the use of LAA closure in the international guideline 11 

documents. LAA: left atrial appendage; ACCP: American College of Chest Physicians; OAC, 12 

oral anticoagulant; ICH: intracerebral haemorrhage; CSANZ: Cardiac Society of Australia and 13 

New Zealand; ACC/AHA/HRS: American College of Cardiology/American Heart 14 

Association/Heart Rhythm Society; ESC: European Society of Cardiology; CCS: Canadian 15 

Cardiovascular Society; APHRS: Asia Pacific Heart Rhythm Society; INR: International 16 

Normalized Ratio; B-NR: level of evidence B according to non-randomised data; B-R: level of 17 

evidence B according to randomised data). 18 

Table 4: Recommendations for the use of LAA closure in consensus statements.  CHA2DS2-19 

VASc: Congestive heart failure, Hypertension, Age ≥75years, Diabetes mellitus, Stroke, 20 

Vascular disease, Age 65-74 years, Sex category (female); EAPCI: European Association of 21 

Percutaneous Coronary Intervention; EHRA: European Heart Rhythm Association; ICH: 22 

intracranial haemorrhage; INR: International Normalized Ratio); LAA: left atrial appendage; 23 

LAAC: left atrial appendage closure; OAC: oral anticoagulant. 24 

Table 5: Different types of occluders currently in use and their characteristics.  LAA: left arial 25 

appendage; OAC: oral anticoagulant. 26 
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Table 6: Incidence of periprocedural LAAC complications. Data were derived from the 1 

SURPASS registry of 66.894 Watchman FLX implants performed in the US from August 2020 2 

to March 2022 and from 915 Amulet implants in the randomized Amulet IDE trial 2016-3 

2020.  81; 82, 83 4 

Table 7: Mechanisms of pericardial effusion and tamponade and their prevention and 5 

treatment.  The table lists the most frequent mechanisms of pericardial effusion and actions 6 

to prevent and to manage them. ICE: intracardiac echocardiography; TOE: transoesophageal 7 

echocardiogram; CT: computed tomography. 8 

Table 8: Mechanisms of device embolisation and its treatment. 9 

Table 9: List of main antithrombotic schemes used after LAAC. DOAC: direct oral 10 

anticoagulation; INR: International normalized ratio; LAAC: left atrial appendage closure; 11 

VKA: vitamin K antagonist. *OAC schemes are not recommended with the Amulet device 12 

unless residual flow around the device is >5 mm. 13 

Tables 14 

Table 1: 15 

 16 

 
CLOSURE-

AF 28 

STROKE-

CLOSE 29 

CLEARANCE 
30 

LAA-

KIDNEY 33 

 

COMPARE 

LAAO 
31, 32 

Patient 

population 

AF and high 

bleeding risk 

(HAS-BLED 

≥3; prior 

major 

bleeding; 

CRF) 

AF and ICH 

within 12 

months 

AF and ICH 

or 

intracerebral 

amyloid 

vasculopathy 

AF and end-

stage kidney 

disease 

NVAF pts 

with 

CHA₂DS₂-

VASc ≥ 2 and 

absolute 

contra-

indication to 

(D)OAC 

Number of 1000 600 530 430 609 
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patients 

Random-

isation 

LAAC vs. 

best medical 

care 

Amulet vs. 

best medical 

care (2:1) 

Watchman 

FLX vs. best 

medical care 

Amulet vs. 

best medical 

care 

Amulet or 

Watchman 

FLX vs. 

nothing +/- 

APT (2:1) 

Primary 

endpoint 

Stroke, SE, 

major 

bleeding or 

CV death at 

2 years 

Stroke, SE, 

major 

bleeding or 

all-cause 

mortality at 

2 years 

Stroke, SE, 

major 

bleeding or 

CV death at 

3 years 

Time to first 

stroke, SE, 

CV death or 

major 

bleeding 

1. Any 

stroke. 

2. composite 

of stroke, 

TIA and SE 

 1 

Table 2: 2 

 3 

 OPTION 35 CHAMPION-AF 36 CATALYST 37 

Patient 

population  

CHA2DS2-VASc2 

(men) 

CHA2DS2-VASc3 

(women) 

CHA2DS2-VASc2 

(men) 

CHA2DS2-VASc3 

(women) 

CHA2DS2-VASc3 

initially , now updated 

to CHA2DS2-VASc2 

(men) 

CHA2DS2-VASc3 

(women) 

Number of 

patients 
1600 3000 2650 

Randomization WM FLX vs OAC WM FLX vs DOAC Amulet vs DOAC 

Primary 

endpoint 

 

Stroke, SE or death at 

3 years (non-

inferiority) 

 

Major or clinically 

relevant bleeding 

at 3 years (superiority) 

Stroke, SE or CV death 

at 3 years (non-

inferiority) 

Major or clinically 

relevant bleeding 

at 3 years 

(superiority) 

Stroke, SE or CV 

at 2 years (non-

inferiority) 

Major or clinically 

relevant bleeding 

at 2 years 

(superiority) 

Enrolment 

status 
Completed Completed Enrolling 

 4 
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 1 

Table 3: 2 

Guideline recommendations for transcatheter LAAC for stroke prevention in patients 

with AF at increased (moderate to high) risk of stroke  

Society Wording of 

recommend-
ation 

AF patient group(s) for which 

LAA closure is recommended 

Class / 

Strength 

Level of 

evidence 

ACCP 2018 50
  

We suggest 
 
We suggest 

With absolute 
contraindications for OAC 
In ICH survivors at high risk of 
recurrent ICH (e.g., those 
with probable cerebral 
amyloid angiopathy) 

Weak 
Ungraded 

Low 

CSANZ 2018 51  
May be 
considered 

With contraindications to 
OAC 

Strong Low 

ESC 2020 53 
May be 
considered 

With contraindications for 
long-term OAC (e.g., ICH 

without a reversible cause)  
IIb B 

CCS 2020 54 We suggest 
With absolute 
contraindications to OAC 

Weak Low 

APHRS 2021 55 
May be 

considered 

With clear contraindications 
for long-term OAC (e.g., ICH 
without a reversible cause) 

NA NA 

SCAI/HRS 56 
May be 
considered 

With contraindications for 
long-term anticoagulant 

treatment (e.g., those with a 
previous life-threatening 
bleed without reversible 
cause). 

IIb B 

ACC/HRS/ 
ACCP/HRS 57 

Is reasonable 

With a moderate to high risk 

of stroke (CHA2DS2-VASc 
score ≥2), and a contra-

indication to long-term oral 
anticoagulation due to a non-

reversible cause 

IIa B-NR 

May be 
reasonable 

With AF and a moderate to 

high risk of stroke and a high 
risk of major bleeding on oral 

anticoagulation, LAAO may 

IIb B-R 
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be a reasonable alternative 
to oral anticoagulation based 
on patient preference, with 
careful consideration of 
procedural risk and with the 
understanding that the 
evidence for 
oral anticoagulation is more 
extensive 

 1 

Table 4: 2 

Consensus statements for percutaneous LAAC for stroke prevention in 
patients with AF at increased (or moderate to high) risk of stroke  

Group 
Wording of 
the statement 

Consensus statement 

EHRA/EAPCI 
2020 58 

May receive / 
be considered 

for 

PATIENTS ELIGIBLE FOR LONG-TERM OAC 
Patients who are eligible for long-term OAC may receive 

an LAAC instead of long-term OAC only if they refuse 
OAC despite explanation. 

May receive / 
be considered 
for 

PATIENTS AT HIGH RISK OF BLEEDING WITH LONG-TERM 
OAC 

In patients with an elevated bleeding risk during long-
term OAC, LAAC may be considered. 

May receive / 
be considered 

for 

PATIENTS NON-COMPLIANT TO OAC 
In patients with documented noncompliance, LAAC can 
be discussed as a therapeutic alternative after attempts 

to resolve the reasons for noncompliance. 

Should 

AF patients with CHA2DS2-VASc score ≥ 2 (3 in females) 

who have absolute contraindications for long-term OAC 
may be considered for LAAC if a minimum period (2-4 
weeks) of a single antiaggregant can be given. 
In patients with an elevated bleeding risk during long-

term OAC (e.g., post-ICH) an individual risk-benefit 
assessment needs to be carried out between OAC and 
LAAC. 
Any AF patients with an increased risk for stroke and 
embolism and no contraindication for OAC should 
receive personal and detailed advice that according to 
current evidence long-term OAC treatment is the 
preferred prophylactic strategy. 
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Should not 
In patients who are opposed to chronic drug intake, 
LAAC is currently not offered as an equally effective 
treatment alternative. 

The Munich 
consensus 

document 
2017 59 

Potential 

indications 

Patient not eligible for long-term OAC therapy (absolute 
or relative contraindications to OAC), including:  

I. High risk of bleeding (ICH or gastrointestinal 

bleeding),  
II. History of major or minor bleeding with or 

without OAC (symptomatic bleeding in 
critical organ, i.e. ocular, pericardial, spinal 

cord, or recurrent epistaxis needing medical 
attention),  

III. Increased risk of bleeding due to a physical 
condition and/or comorbidities (i.e., 
recurrent falls with head trauma and 
significant musculoskeletal injury, need for 
additional dual antiplatelet therapy for 
coronary artery disease/stenting, diffuse 
intracranial amyloid angiopathy, bowel 

angiodysplasia, severe renal 
insufficiency/haemodialysis, blood cell 
dyscrasia), or  

IV. Inability to take OAC for reasons other than 
high risk of bleeding (intolerance, 
documented poor adherence, documented 
variability in the INR on VKA, high-risk 
occupation with increased injury potential, 

patient’s choice). 
Thromboembolic event or documented presence of 

thrombus in the LAA despite adequate OAC therapy.  

 1 

  2 
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Table 5: 1 

 2 

 Company Structure Features Limitations 

Watchman 

FLX 
(Figure 5A) 
74-76 

Boston 

Scientific, 
Marlborough, 

Massachusetts, 
USA 

Endocardial 
Single 

component 

High degree of  
conformability,  

sealing and safety 

Shallow LAAs with 
proximal bifurcation 

AMPLATZER 
Amulet-ACP 
(Figure 5B) 
77 

Abbott, 

St Paul, 
Minnesota, USA 

Endocardial 

Dual 
component 

Possible to seal 

complex LAA 
anatomies 

More complex to 
manoeuvre 

LAmbre 
(Figure 5C) 
78 

Lifetech 
Scientific, 
Shenzhen, 

China 

Endocardial 
Dual 

component 

Possible to seal 
complex LAA 

anatomies 

More complex to 
manoeuvre 

LARIAT 
(Figure 

5D)79 SentreHeart, 

Redwood City, 
California, USA 

Epicardial 
suture 

Adjustable size  

No need for post-
procedural OAC 

Both epicardial and 
endocardial access 

Postprocedural 

pericardial pain 
Not suitable when prior 

cardiac surgery or 
thoracic radiation 

 3 

  4 
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Table 6: 1 

 2 

Complication SURPASS registry Amulet IDE 

Pericardial tamponade/effusion 0.32%  2.4% 

Device embolisation 0.01%  0.7% 

Stroke 0.09 %  0% 

Death 0.07% 0% 

Device-related thrombosis at 45 
days 

0.23%  
2.2% 

Peri-device leaks at 45 days 
12.9% (<3 mm) 
3.7% (3-5 mm)  

0.4% (>5 mm) 

27% (<3 mm) 
9% (3-5 mm) 

1% (>5 mm) 

 3 

  4 
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Table 7: 1 

 2 

Most frequent mechanisms of pericardial 
effusion/tamponade 

Transseptal puncture 

Manipulation of a stiff guidewire 

Recurrent repositioning of the device 

Deep positioning of the device 

How to prevent effusion/tamponade 

CT scan/TOE pre-procedure 

TOE/ICE intra-procedure 

Angio intra-procedure 

Pericardial effusion/tamponade – what to do? 

Percutaneous drainage in the catheter laboratory 

Blood transfusion 

Intensive care unit 

Surgical drainage as backup 

 3 

  4 
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Table 8: 1 

 2 

 3 

Most frequent mechanism of device embolisation 

Device under-sizing 

Too proximal implantation of the device 

Inadequate coaxial placement of the device within LAA 

Sinus rhythm 

Device embolisation – what to do? 

Catheter-based retrieval of devices 

Surgical removal of the device (rarely needed) 

 4 

  5 
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Table 9: 1 

 2 

Antithrombotic 
regimen 

Supporting studies Main scheme 

VKA* 
PROTECT-AF, 
PREVAIL, Amulet IDE 

1. Aspirin + VKA (INR 2.0-3.0) for at least 45 
days post-implant  

2. Aspirin + clopidogrel from 45 days until 3 
months post-implant 

3. Then aspirin alone until 12 months post 

implant 

DOAC* 
PINNACLE-FLX, 

EWOLUTION;  

1. Aspirin + DOAC for at least 45 days post-

implant  
2. Aspirin + clopidogrel from 45 days until 3 

months post-implant 
3. Then aspirin alone until 12 months post 

implant 

Dual antiplatelet  
ASAP, EWOLUTION, 
AMULET Registry, 
Amulet IDE 

1. Aspirin + clopidogrel until 3 months 
(WATCHMAN FLX) or 6 months (Amulet) 
post-implant 

2. Then aspirin alone until 12 months post 
implant 

 3 
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Practical Boxes 1 

 2 

Practical Box 1: 3 

 4 

When to consider referral for LAAC: 
AF and significant risk of stroke CHA2DS2VASc ≥2 (men) 

CHA2DS2VASc ≥3 (women) and: 

• History of recurrent or irremediable major bleeding  

• Recurrent non-major bleeding  

• Predicted high risk of bleeding (HAS-BLED ≥3) 

• Bleeding disorder (coagulopathy or angiodysplasia) 

• Indication for long-term antiplatelet therapy  

• Cerebral microbleeds/amyloid cerebral vasculopathy 

• Advanced renal failure including dialysis 

• Hepatic failure 

• Stroke despite appropriate OAC 

• Non-adherence to OAC despite attempts to educate the 
patient 

• Electrically isolated LAA after ablation 

 5 

 6 

Practical Box 2: 7 

 8 

Before LAAC at implanting center: 
Clinical examination and biochemistry: rule out infection; 

assess renal function 
TTE: LV function, valves, pericardium 

Cardiac CT or TEE: LAA anatomy; device selection and size; 

rule out LAA thrombus 
Stop OAC; loading dose of anti-platelets 

Intravenous prophylactic antibiotics 
 9 
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 1 

Practical Box 3: 2 

 3 

LAAC: benefits, procedure and periprocedural risk 

Stroke prevention similar to OAC  
No need for long-term OAC; reduced risk of bleeding 

Procedure carried out in local analgesia/light sedation guided by ICE 
or micro/mini-TEE 

Procedure carried out in sedation/general anaesthesia guided by TEE 

Duration of procedure: 30-60 min 
Procedural risks: 

Pericardial tamponade/effusion: 0.32-2.4% 
Device embolisation: 0.01-0.7% 

Stroke: 0.09%  

Death: 0.07% 
 4 

 5 

Practical Box 4: 6 

 7 

After LAAC: postprocedural risk, medication and follow-up 

Same-day procedure or short hospitalisation stay 

TTE before discharge: Device position and screening for pericardial 
effusion 

Cardiac CT or TEE: 45 days to 3 months; screening for DRT and PDL 
Device-related thrombosis (DRT): 0.23-2.2% 

Peri-device leak (PDL): <3 mm: 12.9-27%; 3-5 mm: 3.7-9%; >5 mm: 0.4-

1% 

Post-procedural medication to reduce risk of DRT: DAPT or OAC 1-3 
months, SAPT 6-12 months, reduced-dose DOAC 3-12 months 

(depending on risk for DRT and bleeding) 
Endocarditis prophylaxis 6 months 

 8 

  9 
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Figures 1 

Figure 1: 2 

 3 

 4 

Figure 2: 5 

 6 

  7 
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Figure 3: 1 

 2 

  3 
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Figure 4 Panel A: 1 

 2 

Figure 4 Panel B: 3 

 4 

Figure 4 Panel C: 5 

 6 
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Figure 5 1 

 2 

 3 

Figure 6 4 

 5 
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Figure 7: 1 

 2 

  3 
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Figure 8: 1 
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Figure 9: 1 

 2 

 3 

Figure 10: 4 

 5 
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Figure 11: 1 

 2 

 3 

Figure 12: 4 

 5 
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 1 

Figure 13: 2 

 3 

  4 
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Figure 14: 1 
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Figure 15: 1 
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Figure 16: 1 
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Figure 19: 8 
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Figure 20 Upper Panel: 1 
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Figure 20 Lower Panel: 3 
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