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Abstract
Thrombus formation on intracardiac devices remains a subject of importance, with rates in the 2-5% range. 
Device-related thrombus (DRT) following left atrial appendage occlusion (LAAO) is an area of particular 
concern considering its association with embolic events. DRT continues to present numerous questions, 
including the optimal definition, incidence, risk factors, monitoring, therapy, and clinical outcomes – all 
subjects of ongoing assessment. Herein, we discuss these considerations, building upon the relevant histori-
cal context and pathophysiologic insights while discussing the future considerations in this rapidly evolv-
ing field.
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Abbreviations
ACP Amplatzer Cardiac Plug
ASD atrial septal defect
CRI chronic renal insufficiency
CT computed tomography
DAPT dual antiplatelet therapy
DOAC direct oral anticoagulant
DRT device-related thrombus
EF ejection fraction
HAT hypoattenuated thickening
LAAO left atrial appendage occlusion
LMWH low molecular weight heparin
NVAF non-valvular atrial fibrillation
OAC oral anticoagulant
PDL peri-device leak
PFO patent foramen ovale
SEC spontaneous echo contrast
TIA transient ischaemic attack
TOE transoesophageal echocardiography

Introduction
Intracardiac device healing and thrombus formation is of consider-
able interest given the breadth of devices implanted and the sub-
sequent finding of associated thrombus1. In a large early series of 
1,000 patients where septal closure devices were used1, the aver-
age incidence of device-related thrombus (DRT) at 4 weeks post-
implant was 2.0% (range 0-7.1%). There is growing interest in the 
complications of DRT in patients undergoing left atrial appendage 
occlusion (LAAO). Despite its relatively low frequency (approxi-
mately 3-5%), its association with elevated rates of stroke and sys-
temic embolism raises continued concerns2-11. Fundamental issues 
surrounding DRT relate to the diagnostic criteria used, specific 
imaging technologies, incidence and timing, risk factors, treatment 
strategies, and its cause/effect on subsequent adverse events. This 
article focuses on these issues.

HISTORICAL CONTEXT AND DIAGNOSTIC STRATEGIES
DRT with LAAO was initially described in relation to the 
Watchman device in the first randomised controlled trial (RCT) - 
PROTECT AF. A transoesophageal echocardiography (TOE) core 
laboratory was implemented for assessment of both the initial pro-
cedural images and subsequent studies. Post-LAAO TOE studies 
obtained at 6-week follow-up were analysed in 485 patients12 with 
the intent to develop consensus echocardiographic diagnostic cri-
teria for DRT and determine its incidence. Investigators indepen-
dently scored each study as DRT present or absent. The definition 
of thrombus included: a filling defect that was either (1) “laminar”, 
if the basal length of the thrombus was greater than the height, or 
(2) “pedunculated”, if the height was greater than the basal length. 
The investigators also noted DRT position, particularly whether 
it covered the device connector pin site. Blinded consensus read-
ing and differences in final diagnosis were resolved. Thrombus 
was identified in 5.7% of patients; in these patients, the primary 

efficacy events (stroke, peripheral embolism, or cardiac/unex-
plained death) occurred at a rate of 3.4 per 100 patient-years of fol-
low-up. Since that initial description, TOE has been the standard 
modality of imaging diagnostic pre-, intra-, and post-procedure.

Another diagnostic strategy has subsequently been imple-
mented. Cardiac computed tomography (CT) has been utilised for 
preprocedural assessment planning since the early implementa-
tion of LAAO13,14. More recently, the role of CT has expanded 
to include post-procedural surveys of peri-device leaks (PDLs) 
and DRT. Standardised CT classification schemes for DRT have 
been developed which rely on documentation of hypoattenuated 
thickening (HAT) on the device surface cap, with HAT <3 mm 
defined as low grade (the clinical outcome of which is uncertain), 
and HAT >3 mm defined as high grade and diagnostic of DRT14.

The relative role each of these strategies may play remains 
unclear. Although no randomised studies directly compare the two 
modalities, Korsholm et al14 compared CT and TOE in 301 con-
secutive patients undergoing LAAO, with a blinded investigator 
evaluating images; 248 of the patients had imaging by CT and 
TOE at 8 weeks and 139 at 12 months. DRT was defined on TOE 
as an echo-dense mass attached to the device as per the initial 
PROTECT AF trial investigators. For CT, DRT included high-
grade HAT (>3 mm), while low-grade HAT was abnormal but not 
definite. At 8 weeks, DRT was identified in 5 (2%) patients on 
TOE, while CT revealed 6 (2.4%) high-grade HAT and 9 (3.6%) 
low-grade HAT cases. At 12 months, 2 (1.4%) patients had either 
DRT or high-grade HAT, while 13 (9.4%) had low-grade HAT. 
While both imaging techniques were similar for the diagnosis of 
DRT, low-grade HAT was encountered more frequently than high-
grade HAT. The clinical relevance of this finding will require more 
study. Indeed, developing standardised, modality-specific defini-
tions for DRT following LAAO remains the focus of ongoing con-
sensus efforts15.

RISK FACTORS
The evaluation of factors associated with DRT spans several domains: 
1) baseline characteristics; 2) anatomy; 3) specific device configu-
ration; 4) device size and implant position; and 5) post-procedure 
medications (Table 1, Central illustration). Evaluation is challenged 
by differing definitions of DRT and the impact of incidental detec-
tion on routine imaging versus clinically driven imaging, amongst 
other factors. An area with relative paucity of data is the impact of 
the physiology of left atrial appendage (LAA) and left atrial (LA) 
function on subsequent thrombus formation. Data from PROTECT, 
PREVAIL, CAP, and CAP2 trials5 were analysed to help under-
stand the effect of flow-related parameters, including LAA veloc-
ity, LA size, and the presence of spontaneous echo contrast (SEC). 
Similarly, Sedaghat et al16 suggested that reduced left ventricular 
ejection fraction (LVEF), SEC and reduced LAA peak emptying 
velocities were associated with subsequent DRT formation, sup-
porting the role of baseline physiologic factors on DRT formation.

The largest data set currently is the LAAO DRT Registry, a mul-
ticentre collaboration with site-reported cases from 37 worldwide 
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institutions including 237 DRT patients and 474 controls11. 
Multivariable analysis identified 5 DRT risk factors: hypercoagu-
lopathy, iatrogenic pericardial effusion, chronic renal insufficiency 
(CRI), implantation depth >10 mm from the pulmonary vein lim-
bus, and non-paroxysmal atrial fibrillation. Of these, 3 might have 
affected procedural performance: pericardial effusion, renal insuf-
ficiency, and implantation depth >10 mm. For pericardial effusion, 
the procedure might have been aborted before the optimal position 
was obtained, while attenuated use of post-procedural anticoagu-
lation could have also been implicated. With CRI, contrast injec-
tions may have been limited, affecting the ability to assess optimal 
position, while deep implantation may reflect technical procedural 
challenges, though the pathophysiology by which this portends 
DRT remains obscure. Other variables including age, sex, ven-
tricular function, and post-LAAO medications were not predic-
tive. The presence of 1 major risk factor (hypercoagulable state 
or iatrogenic pericardial effusion) or 2 minor factors (deep LAAO 
implant, CRI, or non-paroxysmal atrial fibrillation) was associated 
with double the DRT risk.

Other studies have also evaluated factors associated with DRT. 
Of the initial Watchman RCTs and registries totalling 1,739 
patients, DRT was identified in 65 (3.74%)5 (Supplementary 

Table 1). DRT predictors included a history of transient ischae-
mic attack (TIA) or stroke, permanent atrial fibrillation, vascu-
lar disease, LAA diameter, and reduced ejection fraction (EF). 
Pracon et al evaluated8 102 patients who had undergone LAAO 
with either the Amplatzer Amulet/Cardiac Plug (Abbott; n=59) 
or WATCHMAN (Boston Scientific; n=43) device in a prospec-
tive registry with follow-up at 1.5, 3 to 6, and 12 months post-
implantation. DRT was diagnosed in 7 patients (7.1%; 5 TOE, 2 
CT) with no differences in post-implant dual antiplatelet therapy 
(DAPT) noted. Risk factors identified included history of thrombo-
embolism, reduced EF, larger device size, and deeper implant posi-
tion8. In the Amulet Observational Study4, in some DRT patients, 
the left upper pulmonary vein ridge was not covered by the disc, 
and the thrombus developed in the non-trabeculated area between 
the upper disc edge and the pulmonary vein ridge, indicating sub-
optimal position. Other studies have suggested that the lack of pul-
monary ridge coverage has an impact on subsequent DRT in disc 
and lobe devices, as does lack of complete LAAO16,17. The inter-
play between incomplete LAAO, residual leak size, and resultant 
risk of DRT remains an ongoing discussion in the transcatheter and 
surgical LAAO literature18,19. The recent Amulet IDE study dem-
onstrated that the Amulet occluder was non-inferior for prevention 

Table 1. Summary of risk factors identified in patients with DRT following LAAO.

Baseline characteristics Patient anatomy Device/procedural Post-procedural

Simard et al11 – CKD
– Hypercoagulable 

disorders
– Non-paroxysmal AF

– Iatrogenic pericardial 
effusion

– Deep device implant

Dukkipati et al5 – Prior TIA/stroke
– Permanent AF
– LV dysfunction
– Vascular disease

– LAA diameter

Fauchier et al6 – Age
– Prior stroke

– Lack of DAPT/OAC

Pracon et al8 – Prior VTE
– LV dysfunction

– Larger LAAO device size
– Deep device implant

Korsholm et al14 – Deep device implant

Sedaghat et al16 – Reduced LVEF
– History of LAA thrombus

– Spontaneous LAA echo 
contrast

– Reduced LAA peak 
emptying velocities

– Incomplete LAA sealing

AF: atrial fibrillation; CKD: chronic kidney disease; DAPT: dual antiplatelet therapy; DRT: device-related thrombus; LAA: left atrial appendage; 
LAAO: left atrial appendage occlusion; LV: left ventricle; LVEF: left ventricular ejection fraction; OAC: oral anticoagulant; TIA: transient ischaemic 
attack; VTE: venous thromboembolism.

EuroIntervention

CENTRAL ILLUSTRATION Factors influencing LAAO device-related thrombus formation.

Patient factors
Clinical characteristics

Anatomical characteristics

Procedural factors
Device specifications

Implant characteristics

Post-procedural factors
Device healing
Medical therapy

Device-related thrombus after left atrial appendage occlusion
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of stroke/embolisation compared to the first-generation Watchman 
device but with improved rates of LAA occlusion and similar rates 
of DRT (3.3% vs 4.5%)20. The SWISS APERRO study similarly 
randomised patients to Amulet or Watchman, with a higher propor-
tion (77%) of patients receiving the current-generation Watchman 
FLX device. This demonstrated more procedural complications 
but lower PDL rates with Amulet. DRT rates tended to be lower 
with Amulet, with CT detecting 0.9% with Amulet vs 3.0% with 
Watchman, while TOE reported DRT rates of 2.1% with the Amulet 
device vs 5.5% with the Watchman, though the distribution of 
Watchman 2.5 vs FLX within these groups remains undefined. The 
impact of post-procedural medications remains to be defined: while 
early Watchman studies mandated early anticoagulation, subsequent 
real-world registries (EWOLUTION) reported less stringent anti-
coagulation practices (25% on oral anticoagulants [OACs]), with 
DRT rates of 4.1%21. Comparatively, the Amulet Observational 
Study noted DRT rates of 1.7%/year, though, paradoxically, 
patients with DRT in this cohort were more likely to be discharged 
on OACs than those without DRT (DRT: 29% OAC vs no-DRT: 
17.5% OAC), highlighting the ongoing knowledge gap regarding 
the impact of post-implant anticoagulation on DRT formation22.

Collectively, numerous risk factors have been reported, span-
ning patient, anatomic, technical, and post-procedural aspects. Use 
of a DRT risk score may help identify those populations at greater 
risk and refine implant and management strategies; however, these 
are limited by the follow-up regimens from which they are gener-
ated. Protocol-driven follow-up studies are needed to standardise 
these observations and provide uniform insights, particularly con-
sidering that RCT data will be less relevant to the broader popula-
tions undergoing LAAO.

PATHOPHYSIOLOGY
The pathophysiology of DRT remains largely unknown. Potential 
contributing factors include both patient factors (atrial and 
appendage flow based on anatomy or function; coagulopathy pro-
file) and device factors (shape, profile, fabric cap, anchor screw, 
and even the material used). Prior studies have assessed coagula-
tion changes post-LAAO, with significant activation of the coagu-
lation system signalled by elevation of prothrombin fragment 1 
and 2 and thrombin-antithrombin III. In contrast, factors identify-
ing platelet activation-soluble P-selectin and soluble CD40 ligand 
did not change23. Considering that prior hypercoagulable state was 
identified as a risk factor for DRT, clinical biomarkers of coagu-
lopathy may also serve to identify patients at high risk for devel-
oping DRT or to identify DRT diagnosis and/or monitor resolution 
with therapy. The presumption remains that thrombus is the final 
common pathway and event, with layers of thrombus laid down 
over differing time intervals as part of the normal healing process.

The role of endothelial cell monolayers has been emphasised 
for preventing thrombus formation via inhibiting smooth muscle 
cell proliferation and platelet adhesion24. The healing of LAAO 
devices (Watchman) has been studied in animal models and 
selected human surgical or necropsy specimens25-27. In canines, at 

2 days post-implant, organised thrombus covered the atrial surface 
and filled the gaps between the device and LAA wall. At 45 days, 
the fabric membrane had an organised neo-endocardial surface, 
covering all the exposed surfaces. Finally, at 90 days, a fibrous 
tissue pannus encapsulated the atrial surface of the woven fabric. 
This study also included 4 human autopsy hearts, with time from 
implant to specimen evaluation ranging from 139 to 852 days 
and variability in the surface coverage of the fibrin thrombus or 
organised neo-endocardial growth (Figure 1). The authors con-
cluded that the healing reactions were similar between animals 
and humans, though more rapid in animals25. There have been 
other anecdotal cases. Recently, a case report was published of 
a Watchman device that was removed at the time of cardiac sur-
gery; despite having been implanted 36 months previously it was 
not yet endothelialised, though neither DRT nor embolic events 
had been documented27 (Figure 2). This anecdotal case highlights 
the numerous factors that may be involved in the formation of 
DRT and device healing. This variability may be attributed to 
patient, procedural and device-related factors with incomplete re-
endothelialisation serving as a nidus for thrombus formation.

Other data of healing have become available with both the 
Watchman device and the Amplatzer Cardiac Plug (ACP)26, assess-
ing 6 canine and 19 post mortem hearts. In the Watchman canine 
specimens, there was complete coverage of the atrial surface of the 
device as well as the connector screw hub by neo-endocardial tis-
sue at 28 days. In contrast, at 28 days with the ACP, the upper edge 
of the disc impinged on the lateral ridge between the LAA ostium 
and the left superior pulmonary vein, and only a small portion 

Figure 1. Left atrial appendage occlusion device healing. A. Canine 
heart post mortem without device implanted. B. Illustration of legacy 
Watchman LAAO device anchored within the LAA. C. Canine 
autopsy specimen 28 days post-LAAO demonstrating tissue covered 
left atrial device surface, with successful LAA occlusion and device 
re-endothelialisation noted (D). Reproduced with permission from 
Schwartz et al, JACC-CI 201025. LAA: left atrial appendage; 
LAAO: left atrial appendage occlusion
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of the disc was covered by neo-endocardial tissue, without signi-
ficant coverage of the inferior disc edge. Overall, the Watchman 
device was associated with a greater extent of healing, with less 
fibrin deposition and inflammation compared with the ACP device.

Specific device structural issues may also affect DRT; the bare 
and protuberant connector pin has been highlighted as a nidus for 
thrombus. Whether that pin is endothelialised or not, or whether 
flow patterns around it may contribute to DRT, is uncertain. CT 
modelling of flow dynamics has shown some signs of identify-
ing high-risk scenarios for DRT prediction following LAAO28,29. 
However, the complex interplay between device endothelialisation 
and DRT remains incompletely understood, with numerous reports 
describing incomplete endothelialisation at long-term follow-up 
that, paradoxically, still do not demonstrate marked DRT forma-
tion30-33. The most recent device, the FLX, has minimised the con-
nector pin protuberance, and the current evidence at 1 and 2 years 
based on 400 consecutive US pilot patients has identified a DRT 
incidence of only 1.7%34; a promising early finding that will require 
ongoing study. At present, two randomised studies are assessing 
direct-acting oral anticoagulants versus DAPT following LAAO 
for 8-week (ANDES trial, ClinicalTrials.gov: NCT03568890) or 
12-week durations (ADALA trial, EudraCT 2018-001013-32).

These and other studies may be very challenging, given the 
large number of patients that will be required considering the 
low incidence of DRT, and multiple factors impacting DRT for-
mation. With the ACP, and now the Amulet device, the impor-
tance of disc coverage and variable healing patterns remains to be 

discerned. Device-specific refinements including coatings to facil-
itate endothelialisation may provide some improvements.

INCIDENCE
DRT incidence has varied across several studies (Supplementary 
Table 1). In the largest composite of Watchman studies, which 
included 3,181 patients from 4 datasets, the incidence ranged from 
3.7% to 5.5%5. Selection bias challenges all these findings as there 
are no well-controlled studies of consecutive large series of patients 
who have undergone routine surveillance studies. Amplatzer devices 
may demonstrate greater variability, with DRT rates ranging from 
16.7%16 to 3.2%10 without association with embolic events demon-
strated. Later analysis of the Global Amplatzer Observational Study 
of 1,078 patients identified 18 DRTs in 17 patients (1.7% per year)4. 
Here, DRT was associated with increased TIA/stroke rates, though 
most of the DRT patients (82%) did not experience a clinical neu-
rological event but may have had subclinical emboli. A direct sci-
entifically controlled head-to-head comparative analysis of the 
specific incidence of DRT with either the Watchman or Amplatzer 
device is not available. Alkhouli et al2 performed a meta-analysis of 
66 studies and 12,033 patients with pooled DRT incidence of 3.8% 
and no difference between the Amplatzer and Watchman devices. 
DRT diagnosis timing varied with differing patterns observed, but 
a general trend of a bimodal distribution with both early and late 
DRTs was observed2,11 (Figure 3). Certainly, the timing of diagno-
sis is inherently linked to the imaging regimen pursued, with the 
empirical concept of early and late imaging appearing justified, and 

Figure 2. Delayed left atrial appendage occlusion (LAAO) device healing. Operative findings of incomplete endothelialisation in a patient 
who had undergone LAAO with a WATCHMAN device 37 months prior to subsequent mitral valve replacement. A. Post-Watchman device 
implantation TOE at 12 months showing a well-seated Watchman device without any peri-device leak or thrombus; B. Pre-Watchman device 
implantation TOE showing a moderate mitral regurgitation with eccentrically directed jet; C. Pre-mitral valve replacement TOE showing 
a severe mitral regurgitation with eccentrically directed jet; D, E. A failure of complete endothelialisation of the Watchman device at 
37 months post-implantation. Reproduced with permission from Batnyam et al, JACC: Case Reports 202127. TOE: transoesophageal 
echocardiogram
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clinically-driven imaging (i.e., following an embolic event) most 
likely leading to further DRT detection. Indeed, the frequency with 
which imaging is performed will invariably be associated with the 
rate of DRT detected35. Implementing unbiased standardised surveil-
lance protocols and core laboratory evaluation of cases based upon 
specific modalities and definitions would be beneficial to obtain 
insights into DRT timing, device-specific considerations, optimal 
follow-up regimens, and into DRT persistence or recurrence. Going 
forward, particularly with studies now comparing LAAO to medi-
cal therapy, the considerations of standardised LAA imaging proto-
cols in both device and medical therapy cohorts will be of similar 
importance.

TREATMENT
The optimal treatment of DRT is an area of ongoing debate2,8,21,36-38. 
Recommendations for the initial treatment of newly diagnosed 
DRT vary36 (Table 2). Although literature suggests that antico-
agulation re-initiation is effective in resolving DRT in >90% of 
patients, concerns remain about (1) the candidacy of these patients 
to resume anticoagulation, (2) the duration of treatment needed, 
and (3) the risk of DRT recurrence upon cessation of anticoagula-
tion. This latter issue is particularly concerning given that up to 
50% of patients with DRT may suffer a recurrence once the antico-
agulation course for the index DRT is completed37. DRT treatment 
recommendations vary considerably, with incidental versus clini-
cally-driven diagnoses contributing to some extent, while specific 
DRT patterns may require different care approaches. Re-initiation 
of an OAC is often employed and continued for 2-3 months with 
important implications. Given that many patients are referred for 
LAAO because of relative or even “absolute” contraindications for 
anticoagulants, the identification of DRT, and subsequent require-
ment for OAC, may have significant implications, particularly for 

gastrointestinal (GI) bleeding39. Accordingly, if DRT is identified 
and OAC treatment initiated, the treatment duration should be lim-
ited, with serial imaging to assess resolution. Alternative strategies 
in high-risk patients include a short 2-3 week course of low molec-
ular weight heparin (LMWH) or addition of a second antiplate-
let agent, in addition to GI prophylaxis. DRT treatment, of which 
there is considerable variability in practice patterns reported, leads 
to resolution in 75% of cases, with the remainder reflecting DRT 
persistence or recurrence – factors that remain to be discerned11.

CLINICAL OUTCOMES
The association of DRT with clinical events has been a focus of 
great interest. Observer bias is a major limitation of studies that 
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Table 2. Recommended DRT management.

Treatment 
options

Duration Comments

VKA 8-12 weeks  – Aim for INR of 2-3
 – For patients already on warfarin, target 
INR of 2.5-3.5
 – Consider combination with ASA

NOAC 8-12 weeks  – Full dose direct OAC, limited experience
 – Apixaban, rivaroxaban (avoid dabigatran)
 – Consider combination with ASA

LMWH 2-4 weeks  – Consider in cases of large thrombi
 – IVH is an alternative to LMWH in renal 
failure
 – Consider combination with ASA

Surgical 
excision

 – Consider if therapy failure, recurrent 
embolisation, or very large thrombi

ASA: acetylsalicylic acid; DRT: device-related thrombus; INR: international 
normalised ratio; IVH: intravenous heparin; LMWH: low molecular weight 
heparin; NOAC: novel oral anticoagulant; OAC: oral anticoagulant; 
VKA: vitamin K antagonist. Reproduced with permission from Saw et al 
JACC: CI 201937
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do not have standardised protocols, with clinically-driven imaging 
biasing event rates, highlighting the need for dedicated registries. In 
the initial Watchman RCTs5, during follow-up, 16/65 (25%) patients 
with DRT experienced an ischaemic stroke or systemic embolism 
compared with 114/1,674 (6.8%) patients without a DRT (p<0.001). 
Both unadjusted and adjusted rates of ischaemic stroke, as well as 
all stroke and systemic embolism, were higher in DRT patients, 
without a difference in mortality (Supplementary Table 2)5. Strokes 
in DRT patients accounted for approximately 10% of all strokes, but 
75% of patients with DRT did not develop a stroke (although this 
needs to be substantiated with longer-term follow-up) (Figure  4). 
In the EWOLUTION European trial of 1,020 patients treated 
with a Watchman device, despite an incidence of 4.1% of DRT, 
there was no difference in cardiac event rates of death, ischaemic 
stroke or the composite of death/ischaemic stroke/TIA21. With the 
Amplatzer Cardiac Plug, there was also heterogeneity in a study of 
1,078 patients, in which DRT was associated with a greater risk of 
ischaemic stroke or TIA compared with those without DRT (HR 
5.27, 95% CI: 1.58-17.55; p=0.007)4. Conversely, Saw et al10 did 
not note an association between DRT and adverse cardiac events. In 
the meta-analysis of 66 studies2, the pooled incidence of ischaemic 
events of patients with and those without DRT was 13.2% (with) 
and 3.8% (without) (95% CI: 3.66-7.59; p<0.001). Sensitivity anal-
ysis including only randomised trials and prospective multicentre 
registries demonstrated a DRT incidence of 3.7% and an association 
with ischaemic events (13.5% [with] versus 4.4% [without DRT]) 
(95% CI: 2.77-6.22; p<0.001).

Discussion and future directions
To date, only 3 LAAO RCTs have been completed, with sev-
eral more in progress comparing LAAO to oral anticoagulants 
(Supplementary Table 3). They will evaluate specific clinical sce-
narios (i.e., Watchman FLX and Amulet compared with direct-
acting oral anticoagulants [DOACs], patients undergoing atrial 
fibrillation ablation, and patients who have a contraindication to 
OACs) and will answer many important questions. Continued 
data accumulation in multiple registries supports the safety and 
efficacy of LAAO. DRT has an incidence of 3-5% and potential 
association with elevated embolic risk. When identified, it leads 
to considerable patient and physician concern, with varying thera-
peutic regimens and follow-up protocols pursued. Taken together, 
DRT has been the focus of intense interest.

Improving our understanding of the prevention and treatment of 
DRT will be challenged by the multiple contributing factors and 
low incidence rate. Alternatively, new devices with improved coat-
ings and recessed pin connectors may be employed in larger post-
approval studies. Polymer coatings have been widely used with 
coronary stents previously and have been widely exposed to regu-
latory bodies. Accordingly, addition of these polymers to the sur-
face of an LAAO device, as proposed in the novel Watchman FLX 
good laboratory practice (GLP), may not be viewed by the United 
States Food and Drug Administration (FDA) as a significant 
change in the device (Figure 5). If so, this would facilitate imple-
mentation of post-approval studies to ensure no adverse clinical 
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Figure 4. Comparison of ischaemic stroke rates – expected versus 
observed in LAAO cohort. Patients with device-related thrombus 
(DRT) represented 10.2% of all ischaemic strokes noted in follow-up. 
Comparison to expected stroke rates calculated based on CHA2DS2-
VASc score of the cohort if untreated or following oral anticoagulant 
therapy. Reproduced with permission from Dukkipati et al 
Circulation 20185. LAAO: left atrial appendage occlusion; 
OAC: oral anticoagulant; Tx: treatment/therapy

Figure 5. Novel Watchman FLX GLP polymeric device coating. 
Demonstration of device healing with polymeric coatings of atrial 
aspect of device intended to facilitate endothelialisation with 
preliminary canine post mortem assessments at 45 days (A) and 
90 days (B) demonstrating excellent endothelialisation. Image 
provided courtesy of Boston Scientific. ©2021 Boston Scientific 
Corporation or its affiliates. All rights reserved.
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outcomes while avoiding the need for larger studies. In theory, 
these could be incorporated into the larger multicentre RCTs such 
as CHAMPION or CATALYST, with a subset of patients that 
could be enrolled in a surveillance study using routine CT or TOE 
to document the incidence of DRT compared with the information 
from the larger meta-analysis, to confirm at least non-inferiority, 
and possibly, superiority. Moreover, ongoing trials of medical ver-
sus device therapy for stroke prevention raise the question of the 
role for standardised LAA imaging in both cohorts to empirically 
assess the rates of intracardiac thrombus.

Conclusions
DRT following LAAO is a significant clinical safety issue. 
Although relatively infrequent at 3-5%, it is often associated 
with an increased risk of stroke/systemic embolisation events. 
Information on the issue of association versus causation is not 
available. Notable concerns are related to the lack of standard-
ised imaging protocols that would shed significant light on the 
incidence, risk factors, and association between various imaging 
abnormalities and subsequent clinical events. This information 
would enable optimisation of strategies to prevent and treat DRT. 
The implementation of a dedicated registry as part of one of the 
large RCTs, or a separate smaller focused registry, would help to 
guide the field toward resolution of the issues involved.

Conflict of interest statement
T. Simard received consulting fees from Boston Scientific. B. Hibbert 
participates in clinical trials with Boston Scientific, Abbott, Edwards 
Lifesciences, and NXT. M. Alkhouli is on the CHAMPION trial 
steering committee and advisory boards for Boston Scientific and 
Philips, and declares consulting fees from Boston Scientific and 
Philips. The other authors have no conflicts of interest to declare.

References
1. Krumsdorf U, Ostermayer S, Billinger K, Trepels T, Zadan E, Horvath K, Sievert H. 
Incidence and clinical course of thrombus formation on atrial septal defect and patient 
foramen ovale closure devices in 1,000 consecutive patients. J Am Coll Cardiol. 2004; 
43:302-9.
2. Alkhouli M, Busu T, Shah K, Osman M, Alqahtani F, Raybuck B. Incidence and 
Clinical Impact of Device-Related Thrombus Following Percutaneous Left Atrial 
Appendage Occlusion: A Meta-Analysis. JACC Clin Electrophysiol. 2018;4:1629-37.
3. Alkhouli M, Holmes DR. Remaining Challenges With Transcatheter Left Atrial 
Appendage Closure. Mayo Clin Proc. 2020;95:2244-8.
4. Aminian A, Schmidt B, Mazzone P, Berti S, Fischer S, Montorfano M, Lam SCC, 
Lund J, Asch FM, Gage R, Cruz-Gonzalez I, Omran H, Tarantini G, Nielsen-Kudsk JE. 
Incidence, Characterization, and Clinical Impact of Device-Related Thrombus 
Following Left Atrial Appendage Occlusion in the Prospective Global AMPLATZER 
Amulet Observational Study. JACC Cardiovasc Interv. 2019;12:1003-14.
5. Dukkipati SR, Kar S, Holmes DR, Doshi SK, Swarup V, Gibson DN, Maini B, 
Gordon NT, Main ML, Reddy VY. Device-Related Thrombus After Left Atrial 
Appendage Closure: Incidence, Predictors, and Outcomes. Circulation. 2018;138: 
874-85.
6. Fauchier L, Cinaud A, Brigadeau F, Lepillier A, Pierre B, Abbey S, Fatemi M, 
Franceschi F, Guedeney P, Jacon P, Paziaud O, Venier S, Deharo JC, Gras D, Klug D, 
Mansourati J, Montalescot G, Piot O, Defaye P. Device-Related Thrombosis After 
Percutaneous Left Atrial Appendage Occlusion for Atrial Fibrillation. J Am Coll 
Cardiol. 2018;71:1528-36.
7. Kaneko H, Neuss M, Weissenborn J, Butter C. Predictors of thrombus formation 
after percutaneous left atrial appendage closure using the WATCHMAN device. Heart 
Vessels. 2017;32:1137-43.

8. Pracon R, Bangalore S, Dzielinska Z, Konka M, Kepka C, Kruk M, Kaczmarska-
Dyrda E, Petryka-Mazurkiewicz J, Bujak S, Solecki M, Pskit A, Dabrowska A, 
Sieradzki B, Plonski A, Ruzyllo W, Witkowski A, Demkow M. Device Thrombosis 
After Percutaneous Left Atrial Appendage Occlusion Is Related to Patient and 
Procedural Characteristics but Not to Duration of Postimplantation Dual Antiplatelet 
Therapy. Circ Cardiovasc Interv. 2018;11:e005997.

9. Reddy VY, Gibson DN, Kar S, O'Neill W, Doshi SK, Horton RP, Buchbinder M, 
Gordon NT, Holmes DR. Post-Approval U.S. Experience With Left Atrial Appendage 
Closure for Stroke Prevention in Atrial Fibrillation. J Am Coll Cardiol. 2017;69: 
253-61.

10. Saw J, Tzikas A, Shakir S, Gafoor S, Omran H, Nielsen-Kudsk JE, Kefer J, 
Aminian A, Berti S, Santoro G, Nietlispach F, Moschovitis A, Cruz-Gonzalez I, 
Stammen F, Tichelbäcker T, Freixa X, Ibrahim R, Schillinger W, Meier B, Sievert H, 
Gloekler S. Incidence and Clinical Impact of Device-Associated Thrombus and Peri-
Device Leak Following Left Atrial Appendage Closure With the Amplatzer Cardiac 
Plug. JACC Cardiovasc Interv. 2017;10:391-9.

11. Simard  T,  Jung  RG,  Lehenbauer  K,  Piayda  K,  Pracoń  R,  Jackson  GG,  Flores-
Umanzor E, Faroux L, Korsholm K, Chun JKR, Chen S, Maarse M, Montrella K, 
Chaker Z, Spoon JN, Pastormerlo LE, Meincke F, Sawant AC, Moldovan CM, 
Qintar M, Aktas MK, Branca L, Radinovic A, Ram P, El-Zein RS, Flautt T, Ding WY, 
Sayegh B, Benito-González T, Lee OH, Badejoko SO, Paitazoglou C, Karim N, 
Zaghloul AM, Agrawal H, Kaplan RM, Alli O, Ahmed A, Suradi HS, Knight BP, 
Alla VM, Panaich SS, Wong T, Bergmann MW, Chothia R, Kim JS, Pérez de Prado A, 
Bazaz R, Gupta D, Valderrabano M, Sanchez CE, El Chami MF, Mazzone P, Adamo M, 
Ling F, Wang DD, O'Neill W, Wojakowski W, Pershad A, Berti S, Spoon D, Kawsara A, 
Jabbour G, Boersma LVA, Schmidt B, Nielsen-Kudsk JE, Rodés-Cabau J, Freixa X, 
Ellis CR, Fauchier L, Demkow M, Sievert H, Main ML, Hibbert B, Holmes DR Jr, 
Alkhouli M. Predictors of Device-Related Thrombus Following Percutaneous Left 
Atrial Appendage Occlusion. J Am Coll Cardiol. 2021;78:297-313.

12. Main ML, Fan D, Reddy VY, Holmes DR, Gordon NT, Coggins TR, House JA, 
Liao L, Rabineau D, Latus GG, Huber KC, Sievert H, Wright RF, Doshi SK, 
Douglas PS. Assessment of Device-Related Thrombus and Associated Clinical 
Outcomes With the WATCHMAN Left Atrial Appendage Closure Device for Embolic 
Protection in Patients With Atrial Fibrillation (from the PROTECT-AF Trial). Am J 
Cardiol. 2016;117:1127-34.

13. Agudelo VH, Millán X, Li CH, Moustafa AH, Asmarats L, Serra A, Arzamendi D. 
Prevalence, mechanisms and impact of residual patency and device-related thrombosis 
following left atrial appendage occlusion: a computed tomography analysis. 
EuroIntervention. 2021;17:e944-52.

14. Korsholm K, Jensen JM, Nørgaard BL, Nielsen-Kudsk JE. Detection of Device-
Related Thrombosis Following Left Atrial Appendage Occlusion: A Comparison 
Between Cardiac Computed Tomography and Transesophageal Echocardiography. 
Circ Cardiovasc Interv. 2019;12:e008112.

15. Tzikas A, Holmes DR Jr, Gafoor S, Ruiz CE, Blomström-Lundqvist C, Diener HC, 
Cappato R, Kar S, Lee RJ, Byrne RA, Ibrahim R, Lakkireddy D, Soliman OI, 
Näbauer M, Schneider S, Brachman J, Saver JL, Tiemann K, Sievert H, Camm AJ, 
Lewalter T. Percutaneous left atrial appendage occlusion: the Munich consensus docu-
ment on definitions, endpoints and data collection requirements for clinical studies. 
EuroIntervention. 2016;12:103-11.

16. Sedaghat A, Schrickel JW, Andrié R, Schueler R, Nickenig G, Hammerstingl C. 
Thrombus Formation After Left Atrial Appendage Occlusion With the Amplatzer 
Amulet Device. JACC Clin Electrophysiol. 2017;3:71-5.

17. Freixa X, Cepas-Guillen P, Flores-Umanzor E, Regueiro A, Sanchis L, Fernandez-
Valledor A, Brugaletta S, Carretero MJ, Vidal B, Masotti M, Martin-Yuste V, Roqué M, 
Sitges M, Sabaté M. Pulmonary ridge coverage and device-related thrombosis after left 
atrial appendage occlusion. EuroIntervention. 2021;16:e1288-94.

18. Briceno DF, Fernando RR, Laing ST. Left atrial appendage thrombus post LARIAT 
closure device. Heart Rhythm. 2014;11:1600-1.

19. Alkhouli M. Management of Peridevice Leak After LAAO: Coils, Plugs, 
Occluders, or Better Understanding of the Problem? JACC Cardiovasc Interv. 2020; 
13:320-2.

20. Lakkireddy D, Thaler D, Ellis CR, Swarup V, Sondergaard L, Carroll J, Gold MR, 
Hermiller J, Diener HC, Schmidt B, MacDonald L, Mansour M, Maini B, O’Brien L, 
Windecker S. Amplatzer Amulet Left Atrial Appendage Occluder Versus Watchman 
Device for Stroke Prophylaxis (Amulet IDE): A Randomized, Controlled Trial. 
Circulation. 2021;144:1543-52.

21. Sedaghat A, Nickenig G, Schrickel JW, Ince H, Schmidt B, Protopopov AV, 
Betts TR, Gori T, Sievert H, Mazzone P, Grygier M, Wald C, Vireca E, Allocco D, 
Boersma LVA; EWOLUTION study group. Incidence, predictors and outcomes of 
device-related thrombus after left atrial appendage closure with the WATCHMAN 
device-Insights from the EWOLUTION real world registry. Catheter Cardiovasc 
Interv. 2021;97:E1019-24.



EuroIntervention 2
0

2
2

;1
8

:2
24

-2
3

2

232

22. Aminian A, Schmidt B, Mazzone P, Berti S, Fischer S, Montorfano M, Lam SCC, 
Lund J, Asch FM, Gage R, Cruz-Gonzalez I, Omran H, Tarantini G, Nielsen-Kudsk JE. 
Incidence, Characterization, and Clinical Impact of Device-Related Thrombus 
Following Left Atrial Appendage Occlusion in the Prospective Global AMPLATZER 
Amulet Observational Study. JACC Cardiovasc Interv. 2019;12:1003-14.
23. Rodés-Cabau J, O'Hara G, Paradis JM, Bernier M, Rodriguez-Gabella T, 
Regueiro A, O'Connor K, Beaudoin J, Puri R, Côté M, Champagne J. Changes in 
Coagulation and Platelet Activation Markers Following Transcatheter Left Atrial 
Appendage Closure. Am J Cardiol. 2017;120:87-91.
24. Jana S. Endothelialization of cardiovascular devices. Acta Biomater. 2019;99: 
53-71.
25. Schwartz RS, Holmes DR, Van Tassel RA, Hauser R, Henry TD, Mooney M, 
Matthews R, Doshi S, Jones RM, Virmani R. Left atrial appendage obliteration: mech-
anisms of healing and intracardiac integration. JACC Cardiovasc Interv. 2010;3: 
870-7.
26. Kar S, Hou D, Jones R, Werner D, Swanson L, Tischler B, Stein K, Huibregtse B, 
Ladich E, Kutys R, Virmani R. Impact of Watchman and Amplatzer devices on left 
atrial appendage adjacent structures and healing response in a canine model. JACC 
Cardiovasc Interv. 2014;7:801-9.
27. Batnyam U, Tuluca A, Witzke CF, Greenspan AM, Mainigi SK. Failure of 
Complete Endothelialization of a Watchman Device 3 Years Post-Implantation. JACC 
Case Rep. 2021;3:319-21.
28. Mill J, Olivares AL, Arzamendi D, Agudelo V, Regueiro A, Camara O, Freixa X. 
Impact of Flow Dynamics on Device-Related Thrombosis After Left Atrial Appendage 
Occlusion. Can J Cardiol. 2020;36:968.
29. Mill J, Agudelo V, Li CH, Freixa X, Camara O, Arzamendi D. Patient-specific flow 
simulation analysis to predict device-related thrombosis in left atrial appendage 
occluders. [Article in Spanish]. REC Interv Cardiol. 2021;3:278-85.
30. Massarenti L, Yilmaz A. Incomplete endothelialization of left atrial appendage 
occlusion device 10 months after implantation. J Cardiovasc Electrophysiol. 2012; 
23:1384-5.
31. McIvor F, Wall D. Who watches the WATCHMAN™? A case of incomplete 
endothelialization at 3 years after device implantation. Eur J Cardiothorac Surg. 
2019;56:1194-5.
32. Ribeyrolles S, Zannis K, Lefèvre M, Paul JF, Amabile N. Delayed Left Atrial 
Appendage Closure Following Percutaneous Intervention: Correlations Between 
Imaging, Macroscopic Examination, and Pathology. JACC Cardiovasc Interv. 2019; 
12:e181-2.
33. Sharma SP, Singh D, Nakamura D, Gopinathannair R, Lakkireddy D. Incomplete 
endothelialization of WatchmanTM Device: Predictors and Implications from Two 
Cases. J Atr Fibrillation. 2019;11:2162.
34. Kar S, Doshi SK, Sadhu A, Horton R, Osorio J, Ellis C, Stone J Jr, Shah M, 
Dukkipati SR, Adler S, Nair DG, Kim J, Wazni O, Price MJ, Asch FM, Holmes DR Jr, 
Shipley RD, Gordon NT, Allocco DJ, Reddy VY: PINNACLE FLX Investigators. 
Primary Outcome Evaluation of a Next-Generation Left Atrial Appendage Closure 
Device: Results From the PINNACLE FLX Trial. Circulation. 2021;143:1754-62.

35. López-Mínguez JR, Eldoayen-Gragera J, González-Fernández R, Fernández-
Vegas C, Fuentes-Cañamero ME, Millán-Nuñez V, Nogales-Asensio JM, Martínez-
Naharro A, Sánchez-Giralt S, Doblado-Calatrava M, Merchán-Herrera A. Immediate 
and one-year results in 35 consecutive patients after closure of left atrial appendage 
with the Amplatzer cardiac plug. Rev Esp Cardiol (Engl Ed). 2013;66:90-7.
36. Saw J, Nielsen-Kudsk JE, Bergmann M, Daniels MJ, Tzikas A, Reisman M, 
Rana BS. Antithrombotic Therapy and Device-Related Thrombosis Following 
Endovascular Left Atrial Appendage Closure. JACC Cardiovasc Interv. 2019;12: 
1067-76.
37. Asmarats L, Cruz-González I, Nombela-Franco L, Arzamendi D, Peral V, 
Nietlispach F, Latib A, Maffeo D, González-Ferreiro R, Rodríguez-Gabella T, 
Agudelo V, Alamar M, Ghenzi RA, Mangieri A, Bernier M, Rodés-Cabau J. Recurrence 
of Device-Related Thrombus After Percutaneous Left Atrial Appendage Closure. 
Circulation. 2019;140:1441-3.
38. Sedaghat A, Vij V, Al-Kassou B, Gloekler S, Galea R, Fürholz M, Meier B, 
Valgimigli M, O'Hara G, Arzamendi D, Agudelo V, Asmarats L, Freixa X, Flores-
Umanzor E, De Backer O, Søndergaard L, Nombela-Franco L, McInerney A, 
Korsholm K, Nielsen-Kudsk JE, Afzal S, Zeus T, Operhalski F, Schmidt B, 
Montalescot G, Guedeney P, Iriart X, Miton N, Saw J, Gilhofer T, Fauchier L, Veliqi E, 
Meincke F, Petri N, Nordbeck P, Rycerz S, Ognerubov D, Merkulov E, Cruz-
González I, Gonzalez-Ferreiro R, Bhatt DL, Laricchia A, Mangieri A, Omran H, 
Schrickel JW, Rodes-Cabau J, Nickenig G. Device-Related Thrombus After Left Atrial 
Appendage Closure: Data on Thrombus Characteristics, Treatment Strategies, and 
Clinical Outcomes From the EUROC-DRT-Registry. Circ Cardiovasc Interv. 2021; 
14:e010195.
39. Bergmann MW, Betts TR, Sievert H, Schmidt B, Pokushalov E, Kische S, 
Schmitz T, Meincke F, Stein KM, Boersma LVA, Ince H. Safety and efficacy of early 
anticoagulation drug regimens after WATCHMAN left atrial appendage closure: three-
month data from the EWOLUTION prospective, multicentre, monitored international 
WATCHMAN LAA closure registry. EuroIntervention. 2017;13:877-84.

Supplementary data
Supplementary Table 1. DRT patterns across multiple Watchman 
studies.
Supplementary Table 2. Event rates in those with or without 
device-related thrombus.
Supplementary Table 3. Summary of randomised clinical trials 
comparing LAAO to OAC.

The supplementary data are published online at: 
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-21-01010
 

https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-21-01010


Supplementary data 

Supplementary Table 1. DRT patterns across multiple Watchman studies.  

 US clinical studies 

(PROTECT AF, 

CAP, PREVAIL, 

CAP2) [5] 

(n=1,739) 

EWOLUTION [21] 

(n=1,020) 

WATCHMAN [6] 

(n=272) 

Baseline characteristics    

Age, yrs 73.8±8.4 73.0±9.0 74.6±9.2 

Male (%) 66.0% 59.9% 62.1% 

CHA2DS2-VASC score 4.0±1.5 4.5±1.6 4.4±1.5 

HAS-BLED score 2.0±1.0 2.4±1.2 3.7±1.0 

TOE imaging available  >90% 87% 87.5% 

Contraindications to OAC 0.0% 73.0% 74.8% 

Results    

DRT incidence (n) 3.7% (65/1,739) 4.1% 5.5% 

DRT and stroke incidence (n) <1% (17/1,739) 0% Not reported 

Overall ischaemic stroke rate (rate 

per 100 pts-yrs) 

1.78  

at 5-year follow-up 

1.30 

at 2-year follow-up 

3.70  

at 13-month follow-

up 

Expected ischaemic stroke risk 

without treatment (rate per 100 yrs) 

6.0 7.0 6.8 

DRT: device-related thrombus; OAC: oral anticoagulants; TOE; transoesophageal 

echocardiography 

 

 



 

Supplementary Table 2. Event rates in those with or without device-related thrombus.  

Reproduced with permission from Dukkipati et al Circulation 2018 [5]. 

 

 

 

 

 

 

 

 

Event 

Device-related thrombus Unadjusted  Adjusted  

No (n=1,674) Yes (n=65) Rate ratio 

(95% CI) 

p-  

value 

Rate ratio 

(95% CI) 

p-

value 

All stroke or systemic embolism >0 

days post-implant 

1.78 

(123/6,904.8) 

7.46 (19/245.7) 4.15 (2.55-6.75) <0.001 3.55 (2.18-5.79) <0.001 

Ischaemic stroke or systemic 

embolism >0 days post-implant 

1.65 

(114/6,904.8) 

6.28 (16/254.7) 3.75 (2.22-6.35) <0.001 3.22 (1.90-5.45) <0.001 

Ischaemic stroke >0 days post-

implant 

1.65 

(114/6,904.8) 

5.10 (13/254.7) 3.05 (1.71-5.43) <0.001 2.60 (1.46-4.64) 0.001 

Haemorrhagic stroke >0 days post-

implant 

0.13 (9/6,904.8) 1.18 (3/254.7) 9.04 (2.44-33.40) 0.001 7.98 (2.12-

29.94) 

0.002 

Disabling or fatal stroke >0 days 

post-implant 

0.31 (21/6,847.5) 1.22 (3/246.0) 3.78 (1.12-12.72) 0.032 3.14 (0.93-

10.62) 

0.066 

Cardiovascular/unknown cause 

death 

1.78 

(123/6,904.8) 

2.75 (7/254.7) 1.53 (0.71-3.28) 0.278 1.31 (0.61-2.82) 0.486 

All-cause death 4.43 

(306/6,904.8) 

5.89 (15/254.7) 1.34 (0.80-2.25) 0.272 1.13 (0.67-1.90) 0.649 

Major bleeds 4.11 

(284/6,904.8) 

7.85 (20/254.7) 1.95 (1.24-3.08) 0.004 1.78 (1.13-2.81) 0.013 



Supplementary Table 3. Summary of randomised clinical trials comparing LAAO to OAC. 

Study name N Key inclusion 

criteria 

Intervention Control Primary endpoint FU 

CHAMPION 

AF 

3,000 NVAF who are high 

risk for stroke 

(CHA2DS2-VASC≥2 

for men, ≥3 for 

women) & are 

suitable for DOAC 

LAAO with 

WATCHMAN/FLX 

DOAC 1.Composite of 

ischaemic stroke, 

SE, or CV death 

(n1) 

2.Non-procedural 

bleeding (ISTH 

major bleeding and 

clinical relevant 

non-major bleeding) 

3 yrs 

CATALYST 2,650 Pts with NVAF who 

are high risk for 

stroke (CHA2DS2-

VASc≥3) & who are 

also suitable for 

DOAC 

LAA with Amulet DOAC 1. Composite of 

ischaemic stroke, 

SE, or CV death 

(n1) 

2. Major bleeding or 

clinically relevant 

non-major bleeding 

excluding 

procedural bleeding 

3.Composite 

ischaemic stroke/SE 

2 yrs 

CLOSURE-AF 1,512 Pts NVAF who are 

high risk for stroke 

(CHA2DS2-VASc 

≥2) & at risk of 

bleeding or have 

contraindication to 

OAC 

CE-mark/approved 

LAAO device 

DOAC 

or VKA 

Composite of 

stroke, SE, BARC, 

type 3-5 bleeding, 

CV or unexplained 

death 

2 yrs 

 

AF: atrial fibrillation; BARC: Bleeding Academic Research Consortium; CV: cardiovascular; DOAC: 

direct oral anticoagulant; FU: follow-up; ISTH: International Society on Thrombosis and Haemostasis; 

LAA: left atrial appendage; LAAO: left atrial appendage occlusion; NVAF: non-valvular atrial 

fibrillation; SE: systemic embolism; VKA: vitamin K antangonist 


