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Current Endocardial Approaches for Left 
Atrial Appendage Closure

Percutaneous left atrial appendage (LAA) closure represents an attractive alternative to oral anticoagulation for stroke prophylaxis in 
patients with non-valvular atrial fibrillation. A growing body of evidence on the Amplatzer™ Cardiac Plug, the Amplatzer™ Amulet 
Device and the Watchman™ device appears to confirm the safety and effectiveness of device-based strategies for stroke prevention. 

However, several questions still remain unanswered, mainly regarding patient and device selection, and post-procedural antithrombotic 
treatment. The present review summarises the rationale for LAA closure and presents the current device landscape for percutaneous  
LAA occlusion.
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Atrial fibrillation (AF) is the most commonly encountered sustained arrhythmia and its prevalence 

and incidence are on the rise as the aging of the population increases.1 AF has been described as 

an emerging epidemic of cardiovascular disease, with significant effects on estimated disability 

and mortality, and is rapidly turning into a major public health concern. This may be partially 

explained by the ageing of the population, the improved survival of patients with coronary artery 

disease and heart failure, and finally the increased capacity of clinicians to diagnose it.2 The overall 

prevalence of AF in the general population is around 2%,3 with elderly patients showing an even 

higher prevalence (approximately 5.0% in patients >65 years and up to 8.8% among those aged 

80 or older).

AF causes relevant clinical morbidity and represents an independent risk factor for mortality. 

The Framingham Heart Study, a longitudinal study conducted on 5,209 American adults for 

40 years, demonstrated that AF predicts an increase in mortality with an odds ratio (OR) of 1.5 (95% 

confidence interval [CI], 1.2–1.8) in men and 1.9 (95% CI, 1.5–2.2) in women.4 The Marshfield 

Epidemiologic Study Area (MESA) showed a greater mortality among 577 patients with either AF or 

atrial flutter, when compared with controls, with a hazard ratio (HR) of 2.5 (95% CI, 1.9–3.3) over a 

mean of 3.6 years of follow-up.5

AF is strongly associated with cardiovascular disease, acting as an independent risk factor for 

stroke, heart failure and mortality. Cardioembolic stroke accounts for 20% of all ischaemic strokes 

and in 90% of cases is associated with AF, regardless of the type of AF.2

Atrial fibrillation, left atrial appendage and stroke risk
Stroke is a major cause of morbidity and mortality in the elderly, as well as one of the most 

common causes of disability in patients with AF. In the Framingham Heart Study, the annual risk 

of stroke attributable to AF was found to be around 1.5% among patients aged 50 to 59 years, 

rising up to 23.5% among those older than 80 years during a follow-up period of 34 years.6 Stroke 

patients with AF also display a twofold risk of mortality and a threefold risk of recurrent stroke 

within 1 year compared to patients without AF.7 Additionally, AF-related strokes tend to have higher 

mortality rates and be more incapacitating; therefore they lead to substantially higher healthcare 

costs than those not related to AF.8 In 2005, the total cost of AF care in the USA amounted to 

$6.65 billion.9 Nearly two-thirds of the total economic burden of AF is represented by direct 

and indirect costs associated with hospitalisation, as well as the monitoring of pharmacological 

treatment and its adverse events.9 For these reasons, the use of new treatment strategies could 

help address the predicted epidemic of AF and its associated events, containing the estimated rise 

in healthcare costs. Stroke prevention strategies are of the utmost importance in AF management, 
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and account for a significant proportion of health expenditure. The left 

atrial appendage (LAA) has been demonstrated to be the source of more 

than 90% of thrombi among patients with non-valvular AF presenting 

with stroke in whom a thrombus could be identified.10

The LAA derives from the primordial left atrium, formed by the adsorption 

of the primordial pulmonary veins and their branches.11 In a normally 

functioning heart, with intact contractility and adequate blood flow within 

the LAA, the risk of thrombus formation in the appendage is extremely 

low. Thrombi are more likely to form in the case of impaired contractility, 

with subsequent reduced blood flow velocity and stasis. AF determines 

ineffective atrial contractility and reduced heart function,12,13 with 

secondary remodelling of the LAA. Therefore, the appendage becomes 

dilatated and acts as a static pouch where blood stagnates, predisposing 

to thrombus formation.12 LAA morphology has been extensively studied 

via cardiac computed tomography and magnetic resonance imaging. 

Four major morphologies have been described, with each subtype 

bearing a different cardioembolic risk.14 The prevalence of different 

LAA morphologies was ‘cactus’ in 30% of cases, ‘chicken wing’ (48%), 

‘windsock’ (19%) and ‘cauliflower’ (3%). After adjusting for the CHADS2 

score, gender and AF types in a multivariable logistic model, ‘chicken 

wing’ morphology was found to be 79% less likely to be associated with 

a history of stroke/transient ischaemic attack (TIA). When considering 

‘chicken wing’ as the reference group, ‘cactus’ was 4.08 times (p=0.046), 

‘windsock’ was 4.50 times (p=0.038), and ‘cauliflower’ was 8.00 times 

(p=0.056) more likely to have had a stroke/TIA.

Thromboembolic prophylaxis
The traditional strategy for stroke prevention in patients with AF is oral 

anticoagulation (OAC), which provides a valuable protection against 

cerebral and peripheral thromboembolism. OAC therapy is currently 

recommended to reduce the risk of thromboembolic events in patients 

with AF with a CHA2DS2-VASc score ≥2 in males and ≥3 in females.1 

OAC should be considered in male patients with CHA2DS2-VASc 

score ≥1 and female patients with a score ≥2.1

For over 60 years, vitamin K antagonists (VKAs) have represented 

the standard of care inpatients with non-valvular AF. Although VKAs 

are highly effective in thromboembolic prevention, providing a 64% 

reduction of cerebrovascular accidents,15 they are also responsible for 

an increased risk of bleeding, which can sometimes be fatal.16 VKAs 

cannot be offered to all patients; warfarin is in fact contraindicated in 

around 10% of patients with non-valvular AF.17 In recent years, novel 

oral anticoagulants (NOACs) have proven to be superior to VKAs in 

terms of safety and efficacy, providing an additional 19% reduction 

of the combined risk of stroke and systemic embolic events and an 

additional 10% reduction of the overall risk of death.15 NOACs are also 

associated with lower rates of major or clinically relevant non-major 

bleeding events and provide a 52% reduction in the rate of intracranial 

bleedings compared to warfarin.18 Even though NOACs require less 

complicated management, with no need for frequent monitoring and  

less drug–drug or drug–food interactions, it has been reported that 

adherence to NOACs is still poor, with up to one out of five patients 

discontinuing anticoagulant therapy.18 The optimal treatment plan for 

patients with AF should be based on a balanced assessment of benefits 

(e.g. stroke prevention) and risks (e.g. bleeding events).

Of note, up to 40% of patients with AF do not receive appropriate 

anticoagulation due to poor pharmacological adherence or the presence 

of contraindications, and they are at high risk for stroke.19 With this 

in mind, non-pharmacological therapies have been proposed as an 

alternative for stroke prophylaxis to address this unfilled therapeutic 

gap. Specifically, mounting evidence has shown that LAA exclusion 

procedures are an appealing and effective option in patients who cannot 

take VKAs and NOACs. The 2019 Focused Update of the 2014 American 

Heart Association/American College of Cardiology/Heart Rhythm Society 

(AHA/ACC/HRS) Guideline for the Management of Patients with Atrial 

Fibrillation1 recommends considering percutaneous LAA occlusion for 

stroke prevention in patients with AF at increased risk of stroke who 

have contraindications to long-term anticoagulation (recommendation 

class: IIb, level of evidence: B). However, important differences exist 

between the US Food and Drug Administration (FDA) indications and 

the Centers for Medicare & Medicaid Services (CMS) approval. In the 

FDA approval, LAA occlusion may be considered in patients with an 

appropriate rationale for a non-pharmacological alternative to OAC. In 

the CMS approval, the occlusion device may be taken into consideration 

only in patients who are unsuitable for long-term OAC and have a 

CHADS2 score ≥2 or a CHA2DS2-VASc score ≥3.

Endocardial approaches for left atrial 
appendage occlusion
Watchman and Watchman FLX left atrial appendage 
devices
The Watchman™ device (Boston Scientific, Marlborough, MA, USA) is a 

parachute-shaped device,20 based on a nitinol metal frame covered by 

a porous 160-micron polyester membrane (polyethylene terephthalate 

[PET]) that faces the atrial surface (Table 1). The device is self-expanding 

and presents 10 active fixation barbs radially positioned around the 

middle portion of the frame. The barbs anchor it to the LAA walls, 

preventing dislodgement and migration following deployment. The 

permeable membrane acts as a filter, catching emboli that might be 

generated within the pouch, and promotes endothelialisation over 

the device. After femoral venous access and transseptal puncture, the 

device is deployed via a 14-Fr sheath and a 12-Fr delivery catheter 

under transoesophageal echocardiography (TEE) guidance. Watchman is 

manufactured in five different sizes, ranging from 21 to 33 mm (3 mm 

increments). Selection is based on the largest ostial diameter of the LAA; 

an oversizing resulting in a 9–25% device compression is desirable and 

recommended to ensure adequate stability.

The Watchman FLX was introduced in Europe in November 2015, 

and presented several new features compared to the previous generation. 

Similar to the previous generation, the Watchman FLX was a self-expanding 

nitinol frame structure with a polyester membrane, presenting some new 

features: 10–20% shorter device length, flat proximal face, atraumatic 

closed distal end with fluoroscopic marker, increased number of struts 

(18 versus 10) and barbs (12 in two rows). However, the device was 

withdrawn in March 2016 due to a higher than expected embolisation rate.  

A new version of the Watchman FLX has been developed and was 

released in 2018. Beginning in May 2018, a new clinical trial has been 

enrolling patients from several US centres aiming at assessing the safety 

and effectiveness of the new Watchman FLX.21 To date, the Watchman 

device has been the most extensively studied device for LAA occlusion.

A consistent body of clinical evidence derives from two large trials: 

PROTECT-AF (Watchman Left Atrial Appendage System for Embolic 

Protection in Patients with Atrial Fibrillation)22 and PREVAIL (Prospective 

Randomized Evaluation of the Watchman LAA Closure Device In 

Patients With Atrial Fibrillation Versus Long Term Warfarin Therapy).23 

PROTECT-AF22 is a prospective, open-label, randomised trial of  

non-inferiority of the Watchman device versus warfarin in  

patients with non-valvular AF with a high stroke risk, who are eligible for 
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long-term VKA therapy. The primary efficacy endpoint was a composite 

of stroke, cardiovascular death and systemic embolism. The primary 

efficacy endpoint included major bleeding, pericardial effusion and 

device embolisation.

The trial enrolled 707 patients, who were randomised in a 2:1 fashion. 

Device closure of the LAA achieved non-inferiority at 18 months of 

follow-up with a probability of 99.9% (3.0% per 100-patient/years in 

the device group versus 4.3% per 100-patient/years in the warfarin 

group; rate ratio [RR] 0.62, 95% credible interval [CrI], 0.35–1.25). A 

higher rate of adverse events was reported in the device group (7.4 per  

100 patient-years, 95% CrI, 5.5–9.7, versus 4.4 per 100 patient-years, 

95% CrI, 2.5–6.7; RR 1.69, 95% Crl, 1.01–3.19), the most common adverse 

event being pericardial effusion. A 4.8% rate of pericardial effusion 

requiring drainage was reported in the Watchman group.22 Of note, a 

time-dependent distribution of safety events was observed in the trial: 

after a high initial rate of procedure-related complications, a reduction 

in adverse events was observed over time as a result of the increasing 

operator experience. Similar findings were confirmed in the registry that 

followed the trial,24 in which a large event rate that occurred during the 

initial procedures was followed by a progressive, significant reduction of 

safety events over the remaining study period.

At 4 years of follow-up,25 39 events among 463 patients (8.4%) in the 

device group and 34 events among 244 patients (13.9%) in the warfarin 

group were documented, meeting pre-specified criteria for both  

non-inferiority (posterior probability, >99.9%) and superiority  

(posterior probability, 96.0%). The Watchman implant led to a 

significant decrease in both cardiovascular mortality (HR, 0.40; 

95% CI, 0.21–0.75; p=0.005) and all-cause mortality (HR, 0.66; 95%  

CI, 0.45–0.98; p=0.04).

The following PREVAIL trial23 enrolled 407 patients randomised to 

Watchman or warfarin in a 2:1 fashion. A co-primary endpoint of 

procedural safety was included, as a pre-defined safety criterion set 

by the FDA. A 2.2% procedural complication rate was observed in the 

trial, which was significantly lower than the that of the PROTECT AF 

trial22 and allowed to meet the pre-specified performance criterion. 

In a recent patient-level meta-analysis of the 5-year outcomes 

of PROTECT AF and PREVAIL trials,26 the composite endpoint and  

all-stroke/systemic embolism rate were similar between groups 

 (HR, 0.820; p=0.27 and HR, 0.961; p=0.87, respectively). The incidence 

of ischaemic stroke/systemic embolism were higher in the device 

group; however, this difference was not statistically significant (HR, 

1.71; p=0.080). Conversely, haemorrhagic stroke, disabling/fatal 

stroke, cardiovascular/unexplained death, all-cause death, and  

post-procedure bleeding were significantly lower with the Watchman 

device (haemorrhagic stroke HR, 0.20; p=0.0022; disabling/fatal 

stroke HR, 0.45; p=0.03; cardiovascular/unexplained death HR, 0.59;  

p=0.027; all-cause death HR, 0.73; p=0.035;  post-procedure bleeding 

HR, 0.48; p=0.0003).

The EWOLUTION (Registry on Watchman Outcomes in Real-Life  

Utilization) registry evaluated the safety and procedural success of 1,025 

patients undergoing commercial LAA closure with a Watchman device.27 

The registry included patients with high stroke risk (mean CHA2DS2-VASc 

Score 4.5 ± 1.6) and moderate-to-high bleeding risk (mean HAS-BLED 

[Hypertension, abnormal renal and liver function, stroke, bleeding, labile 

INR, elderly, drugs or alcohol] score 2.3 ± 1.2). The reported procedure 

success was 98.5% and the incidence of serious adverse events (SAEs) 

within 30 days was lower than that observed in the previous randomised 

trials, and significantly lower for patients judged ineligible for OAC 

compared to those without OAC contraindications (6.5% versus 10.2%, 

p=0.042). The most frequent SAE was major bleeding requiring blood 

transfusion (0.6%). Pericardial effusion, vascular damage, procedural 

air embolism and device embolisation occurred in 0.2–0.4% of cases. 

The overall rate of stroke, TIA or systemic embolism was 1.5 per 100  

patient-years, which is 84% lower than that expected on the basis of 

the CHA2DS2-VASc score. Data from the EWOLUTION registry and other 

recent registries (Table 2)22–24,27–30 have shown a better procedural success 

and safety profile compared to that observed in the PROTECT AF22 and 

PREVAIL23 trials. Specifically, the incidence of procedure- and device-related 

adverse events was 2.8% in the EWOLUTION registry,27 8.7% in the PROTECT 

AF trial,22 4.1% in the Continued Access Protocol registry24 and 4.2% in the 

PREVAIL trial.23 Device deployment was successful in 98.5% of cases, with 

a median number of devices used of only 1.07. Overall, 92.7% of patients 

needed only one device, which was properly positioned at the first attempt 

in 71.1% of cases. Device deployment fulfilled the criteria for LAA closure 

in 99.3% of cases.

Those observations suggest a significant improvement in implant 

techniques with better operator training over the years, which 

contributed to a higher success rate with lower complications.

Additionally, a cost-effectiveness analysis of LAA closure with Watchman 

showed that the NOACs and the Watchman implant were cost effective 

compared to VKAs, and the Watchman implant was cost effective relative 

to NOACs.31,32

Amplatzer™ Cardiac Plug and Amplatzer 
Amulet Device
The Amplatzer™ Cardiac Plug (Abbott Vascular, formerly St Jude 

Medical, St Paul, MN, USA) is a self-expanding nitinol device with a 

distal lobe and a proximal lobe connected by an articulated waist (Table 1).  

Table 1: Main feature of the most common devices for left atrial appendage closure

Watchman Amulet LAmbre WaveCrest LARIAT

Design Parachute-shaped Lobe and disk Cover and umbrella 

connected via a 

central articulating 

waist

Umbrella-shaped Epicardial ligation system guided by 

an endocardial magnetic-tipped wire

Sizes 5 sizes (21, 24, 27, 30,  

33 mm)

8 sizes (16, 18, 20, 22, 

25, 28, 31, 34 mm)

11 sizes (16, 18, 20, 22, 

24, 26, 28, 30, 32, 34, 

36 mm)

3 sizes (22, 27, 32 mm) W40 x H20 x L70

(LARIAT+: W45)

Sheath 14F 12–4F 8–10F 12F 12F
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Table 2: Main studies on Watchman left atrial appendage device

PROTECT AF22 PREVAIL23 CAP Registry24 CAP 2 Registry29 EWOLUTION27 UK Registry30

Study type Randomised trial Randomised trial Prospective registry Prospective registry Prospective registry Retrospective

Population (n) 463/244 269/138 460 579 1,021 371

Success rate, % 91.0 95.1 95.0 94.8 98.5 92.5

Pericardial effusion/

tamponade, %

4.8/0 0.4/0 2.2 2.4 0.5 0.8

Device embolisation, % 0.6/0 0.7/0 0 0 0.2 1.3

Ischaemic stroke, % 2.2/1.6 1.9/0.7 - - - 0.1

Haemorrhagic stroke, % 0.1/1.6 0.4/0 - - - 0.5

Major bleeding, % 3.5/4.1 0.4 0.7 - 0.7 0.5

For the randomised trials, the figures represent intervention/control. Hyphens used where there is no available data.

The Amplatzer™ Amulet Device is the second generation of the 

device and presents the following improvements: eight different sizes 

(14–34 mm), which are suitable for LAA sizes ranging from 11 mm to  

31 mm, a larger proximal lobe (6–7 mm more than the distal one compared 

to 4–6 mm of the previous generation), a longer distal lobe (7.5–10.0 mm) 

with more stabilising wires (6–10 pairs versus 6 pairs of the ACP). Size 

selection is based on the largest diameter at 10–12 mm from the LAA 

ostium; an oversizing of 2–4 mm is desirable to ensure adequate stability.

The ACP and Amplatzer Amulet devices received CE Mark approval 

in 2008 and 2013, respectively, but are not available for commercial 

use in the USA yet. However, the ongoing international multicentre 

randomised Amulet investigational device exemption trial will randomise 

approximately 1,800 patients in a 1:1 fashion to either Amplatzer Amulet 

or Watchman over a 5-year follow-up period.33

A recent multicentre experience with the ACP involved 22 European 

centres and 1,047 patients, reporting a high rate of procedural success 

(97.0%), with a 4.9% rate of periprocedural adverse events.34 The global, 

prospective Amplatzer Amulet observational study is a real-world registry 

enrolling a large cohort (n=1,088) of patients who received the Amplatzer 

Amulet device.35 Successful implantation was reported in 99.0% of 

patients, whereas major adverse events occurred in 3.2% of cases during 

the procedure and the index hospitalisation. An effective LAA closure, 

represented by the absence of a significant (≥3 mm) peri-device leak, 

was documented in 98.2% of patients via TEE. Major findings from other 

registries are reported in Table 3.34,36–40

Other endocardial/percutaneous devices
The LAmbre™ LAA closure system (Lifetech Scientific Co, Ltd, 

Shenzhen, China) is a self-expanding, nitinol-based device, which 

obtained the CE mark in June 2016 (Table 1). The device presents 

a proximal, PET-filled cover, connected via a central, articulating 

waist to a distal umbrella presenting eight claws and an additional 

PET cover. Fifteen different sizes are available (16–36 mm), as 

well as two different designs based on the cover size (4–6 mm or  

12–14 mm larger than the umbrella). On the basis of the measured 

LAA orifice, an oversizing of 4–8 mm is suggested to achieve adequate 

stability. A recent prospective, multicentre experience reported 

procedural and follow-up data from 153 patients who received LAmbre 

implantation in 12 Chinese centres.41 The authors reported a successful 

deployment in 99.4% of patients, 3.3% periprocedural major adverse 

events, and the absence of a significant (≥3 mm) residual peri-device 

leak in 99% of patients after 12 months of follow-up.

The WaveCrest® LAA occlusion system (Biosense Webster, Inc.,  

[a Johnson and Johnson company], Irwindale, CA, USA) is a single 

lobe device with an umbrella shape (Table 1), covered by expanded 

polytetrafluoroethylene (ePTFE). Three sizes are currently available and 20 

circumferentially distributed micro-tines are present at the distal margin 

to ensure anchorage. Preliminary data from the Coherex WAVECREST I 

Left Atrial Appendage Occlusion Study showed a 2.7% periprocedural 

complication rate and a primary efficacy of 92% for the intention-to-treat 

protocol and 97% for the as-treated protocol.42

Table 3: Main studies on the Amplatzer Cardiac Plug and Amplatzer Amulet Device

Tzikas et al.34 Koskinas et al.36 Berti et al.37 Urena et al.38 Lopez Minguez et al.39 Kleinecke et al.40

Study type Retrospective Prospective Prospective Retrospective Prospective Retrospective

Device type ACP ACP 408, Amulet 92 ACP 91, Amulet 17 ACP ACP Amulet

Population (n) 1,047 500 108 52 167 50

Success rate, % 97.3 97.8 100.0 98.1 94.6 98.0

Pericardial effusion/

tamponade, %

1.2 3.2 2.7 1.9 1.2 4.0 

Device embolisation, % 0.7 2.0 0 1.9 - 2.0

Ischaemic stroke, % 2.3 - 2.2 1.9 3.9 6.1

Haemorrhagic stroke, % 2 - 1.1 - - -

Major bleeding, % 1.2 3.2 0.9 3.8 5.7 4.0

For the randomised trials, the figures represent intervention/control. Hyphens used where there is no available data. 
ACP = Amplatzer Cardiac Plug.
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The Ultraseal LAA closure device (Cardia, Inc., Eagan, MN, USA) is a 

self-expandable device that consists of a proximal sail, a distal bulb with 

12 hooks and an articulating joint that connects previous sections and 

promotes high device conformability to different LAA morphologies. 

There are nine available sizes (16–32 mm), the seal being 6 mm larger 

than the distal bulb. Size selection is based on the largest diameter at 

10–12 mm from the LAA ostium; an oversizing of 25–33% of the bulb is 

desirable to ensure adequate stability. Two small studies reported a high 

success rate without any major periprocedural complications.43,44

The LARIAT® system (SentreHEART, Redwood City, CA, USA) is a hybrid 

percutaneous/epicardial device (Table 1), consisting of a pre-tied suture 

loop guided by an endocardial magnetic-tipped wire delivered over 

the LAA. This device should be considered in patients with absolute 

contraindication to OAC and/or antiplatelet therapy, since there is no 

need for further antithrombotic therapy after implantation. This system 

also should be considered in patients with a very large LAA (the upper 

limit of the LARIAT is 40 mm, larger than any other available device). 

Additionally, the suture can achieve LAA electrical isolation; therefore the 

AF, in addition to stroke prevention, is potentially reduced.

The LARIAT system has been investigated only in small studies  

(Table 4).45–7 The larges study on the LARIAT system reported a success 

rate >95% and a procedure-related mortality of 0.14%. Further studies 

and, in particular, randomised, controlled trials are necessary to assess 

the safety profile and efficacy in the stroke prevention of this implant. A 

list of all the ongoing registered clinical trials on LAA closure is reported  

in Table 5.

Oral anticoagulation following left atrial 
appendage closure
The proposed antithrombotic regimen after Watchman device implantation 

is extremely contorted. It consists of 6 weeks of warfarin (international 

normalised ratio 2.0–3.0) plus aspirin (81–100 mg/day), followed by aspirin 

(up to 300–325 mg/day) plus clopidogrel (75 mg/day) for 6 months if  

follow-up  TEE shows no significant peri-device leaks. After 6 months, 

patients can switch to aspirin alone at a dosage of 300–325 mg/day.

If TEE at 6 weeks shows incomplete occlusion of the LAA, the patient 

should continue OAC and repeat TEE after 6 weeks.

According to the findings of the ASAP trial (ASA Plavix Feasibility Study 

with WATCHMAN Left Atrial Appendage Closure Technology), LAA 

closure with the Watchman device can be safely performed without 

the 6-week  warfarin bridging; dual antiplatelet therapy with aspirin and  

6 months of clopidogrel has proven to be a safe  alternative to the 45-day 

warfarin regimen.48 The EWOLUTION registry supported these results by  

demonstrating no significant difference in rates of stroke, thrombus  

formation on device or major bleeding in patients treated with dual 

antiplatelet therapy compared to warfarin alone or NOACs following 

Watchman implantation.27 Given the low thrombogenic profile of the 

ACP device, 6 months of post-procedural dual antiplatelet therapy  

appears reasonable.49

Left atrial appendage closure-related issues
Device-related thrombus (DRT) and incomplete LAA closure resulting in 

a significant leak represent the two main limitations/complications after 

percutaneous LAA closure. In a recent report on 344 patients with an ACP, 

DRT was observed in 3.2% and was not associated with an increased risk 

of cardiovascular events.50 Independent predictors of DRT were smoking 

(OR, 5.79; p=0.017) and female sex (OR, 4.22; p=0.027).

However, in a larger series of 1,739 Watchman patients,51 the prevalence 

of DRT was 3.74% and the rate of stroke and system thromboembolism 

was significantly higher among those with a documented DRT (7.46 and 

1.78 per 100 patient-years; adjusted RR, 3.55; 95% CI, 2.18–5.79; p<0.001).

Clopidogrel is used after a Watchman implant to prevent DRT,  

which might occur before endothelialisation is complete. However, 

loss-of-function polymorphisms of the cytochrome P450 2C19 

(CYP2C19) gene are associated with reduced hepatic bioactivation of 

clopidogrel and may lead to potential consequences. In our practice, 

all Watchman patients are genotyped for CYP2C19 polymorphisms 

with an assay using a polymerase chain reaction with allele-specific 

primer extension. Patients are classified as having normal, reduced or 

increased clopidogrel metabolism. Patients with reduced metabolism 

are considered resistant to clopidogrel and, if no contraindications exist, 

prasugrel or a half-dose of a novel OAC during the dual antiplatelet 

therapy (DAPT) phase following Watchman FLX implant is prescribed.

Another drawback associated with LAA procedure is the presence of 

incomplete LAA closure resulting in a significant leak. A residual LAA 

patency after endocardial procedures generally results from incomplete 

contact between the plug and the LAA wall; therefore, leaks can be 

observed at the edge of the device. Conversely, leaks after LARIAT 

procedures are centrally located, as a result of incomplete suture 

tightening and/or tissue necrosis. Whether or not incomplete LAA 

closure is associated with an increased risk of thromboembolic events  

is still unclear. An association between incomplete LAA closure and 

stroke/systemic embolisation was observed after surgical ligation.52

Similar findings were not confirmed in patients with percutaneous 

LAA closure.50,53 However, the rate of thromboembolic events was 

considerably low in these studies, potentially jeopardising the overall 

power of the results. An additional limitation is represented by the  

imaging technique utilised to assess the presence of leaks.  

Two-dimensional TEE is generally the strategy of choice to assess 

for a persistent LAA patency during follow-up. However, several 

reports have confirmed the inferiority of this technique compared  

to three-dimensional TEE or computerised tomography, which may 

potentially underestimate the presence and size of residual leaks.

Nevertheless, it is common practice not to discontinue OAC in patients with 

leaks ≥5 mm, unless contraindicated. Further studies are necessary to 

assess the clinical significance of incomplete LAA closure.

Table 4: Main studies on the LARIAT device

Lakkireddy et al.45 Bartus et al.46 Price et al.47

Study type Prospective Retrospective Retrospective

Population (n) 712 89 154

Success rate, % 98 96 94

Pericardial effusion/

tamponade, %

- - 10.4

Ischaemic stroke, % - - -

Haemorrhagic stroke, % - 1.1 1.1

Major bleeding, % 0 9.1 -

For the randomised trials, the figures represent intervention/control.
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Table 5: Ongoing registered clinical trials on left atrial appendage closure

Trial name Estimated enrolment Completion date ClinicalTrials.gov identifier

A Pilot Study of Edoxaban in Patients With Non-Valvular Atrial Fibrillation and Left Atrial 

Appendage Closure

75 2019 NCT03088072

LAmbre™ Left Atrial Appendage Closure System Follow-Up Study 156 2020 NCT03693092

Left Atrial Appendage Occlusion and Biomarker Evaluation (LABEL) 200 2020 NCT02985463

Left Atrial Appendage Closure vs. Novel Anticoagulation Agents in Atrial Fibrillation 

(PRAGUE-17)

400 2020 NCT02426944

WAVECREST Post Market Clinical Follow-Up (PMCF) Study 65 2020 NCT03204695

Post-approval Study of Percutaneous Left Atrial Appendage Closure (FLAAC-2) 1,020 2021 NCT03434015

Left Atrial Appendage Occlusion With WATCHMAN™ Device in Patients With Non-valvular 

Atrial Fibrillation and End-stage Chronic Kidney Disease on Hemodialysis (WATCH-HD)

150 2021 NCT03446794

Watchman FLX Left Atrial Appendage Closure Device Post Approval Study 300 2022 NCT02654470

Optimal Antiplatelet Therapy Following Left Atrial Appendage Closure (SAFE-LAAC) 160 2022 NCT03445949

Lifetech LAmbre™ Left Atrial Appendage (LAA) Closure System Post-Market Clinical 

Follow-up

500 2022 NCT03666780

Left Atrial Appendage CLOSURE in Patients With Atrial Fibrillation Compared to Medical 

Therapy (CLOSURE-AF)

1,512 2023 NCT03463317

WATCHMAN for Concomitant Left Atrial Appendage Electrical Isolation and Occlusion to 

Treat Persistent Atrial Fibrillation Rhythm (WATCH-Rhythm)

258 2023 NCT03835338

WAveCrest Vs Watchman TranssEptal LAA Closure to REduce AF-Mediated STroke 2 

(WAVECREST2)

1,250 2025 NCT03302494

Comparison of Amplatzer Amulet and Watchman Device in Patients Undergoing Left Atrial 

Appendage Closure (SWISS-APERO)

200 2025 NCT03399851

Short-Term Anticoagulation Versus Antiplatelet Therapy for Preventing Device Thrombosis 

Following Left Atrial Appendage Closure (ANDES)

350 2025 NCT03568890

Left Atrial Appendage Occlusion Registry (LAAO Registry) 3,000 2026 NCT02699957

Left Atrial Appendage Occlusion Versus Novel Oral Anticoagulation for Stroke Prevention in 

Atrial Fibrillation (Occlusion-AF)

750 2030 NCT03642509

Left Atrial Appendage Occlusion Versus New Oral Anticoagulants for Stroke Prevention in 

Patients With Non-valvular Atrial Fibrillation

300 - NCT03108872

Source: ClinicalTrials.gov
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