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ABSTRACT

Stroke continues to be a major cause of morbidity and mortality in atrial fibrillation (AF)
patients. Oral anticoagulation (OAC) provides protection against stroke and peripheral
embolization in AF but significant proportion of patients could not be started on
anticoagulation because of bleeding complications. Left atrial appendage harbors clot

in about 90% of nonvalvular AF. The advent of left atrial appendage occlusion (LAAO)
techniques has provided these patients with alternative to OAC for stroke prophylaxis.
Multiple LAAO devices are currently available with Watchman and Amulet being the most
commonly used in clinical practice. Randomized studies are available for Watchman device
only. Data on Amplatzer Cardiac Plug, Amulet and Lariat devices are limited by the paucity
of randomized data. Long-term data on different LAAO techniques are showing promising
results. Device related thrombosis continues to be a serious complication associated with
LAAO. Future studies should look into comparative effectiveness between different LAAO
techniques, optimal patient selection, risk of complications, and anticoagulant treatment
after LAAO. This article aims to provide current available evidence on efficacy and safety of
different LAAO devices and future prospective.

Keywords: Left atrial appendage occlusion; Atrial fibrillation; Watchman; Amulet; Lariat

INTRODUCTION

Atrial fibrillation (AF) is a very common medical issue, that is estimated to have affected
anywhere from 3 to 6 million Americans."” Projections indicate that the prevalence of AF
will triple in the United States by 2050, with similar increases expected in Europe.®) AF
significantly increases the risk of ischemic stroke, with varying degree depending on the
individual patient's stroke risk factors. Warfarin and novel oral anticoagulants (NOACs)
are used to prevent stroke and peripheral embolization in patient with nonvalvular AF.
Oral anticoagulation (OAC) decreases the risk of stroke by =64%. However, a significant
percentage of patients could not be started on anticoagulation because of bleeding issues.
Elderly patients are more likely to be not started on anticoagulation although studies have
indicated that they can also benefit from anticoagulants.”
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Left atrial appendage occlusion (LAAO) was introduced as an alternative for stroke prophylaxis
to AF patients who cannot take warfarin or NOACs. Left atrial appendage (LAA) harbors clots
in 57% valvular and 90% of nonvalvular AF which is the source of embolic disease.®” LAAO is
thus an appealing option for patients with nonvalvular AF for stroke prevention.”®

LEFT ATRIAL APPENDAGE OCCLUSION DEVICES

Watchman device

The Watchman device (Boston Scientific, Marlborough, MA, USA) is the most extensively
studied and the only device approved by Food and Drug Administration (FDA) in United
States (Figure 1). It is a self-expanding nitinol occlusion device and involves catheter-based
implantation into left atrium with the guidance of transesophageal echocardiography (TEE).
The device is inserted through femoral vein and is passed into left atrium through a small
interatrial puncture hole that usually disappears within 6 months. The device has been
implanted since 2002 in Europe and 2003 in the United States. U.S. FDA approved LAAO
with Watchman to reduce the risk of stroke in patients with nonvalvular AF in March 2015.”
Approval of Watchman was driven by 2 pivotal trials: PROTECT AF and PREVAIL.

In the PROTECT AF non-inferiority trial, 707 patients >18 years with nonvalvular AF with
CHADS, risk score of >1 were randomized to LAAO with Watchman implantation or dose-
adjusted warfarin in 2:1 fashion. The primary efficacy endpoint of stroke, cardiovascular
death and systemic embolism was not different between 2 groups (relative risk [RR], 0.62;
95% confidence interval [CI], 0.35-1.25). The probability of non-inferiority of the LAAO was
more than 99.9%. Primary safety events including major bleeding, pericardial effusion and
device embolization were more frequent in the LAAO group than in the warfarin group (7.4
per 100 patient years, 95% CI, 5.5-9.7 vs. 4.4 per 100 patient-years, 95% CI, 2.5-6.7; RR, 1.69,
1.01-3.19).19

Features Watchman ACP Lariat
Approach Endocardial Endocardial Endo and epicardial
Type Deployable Deployable Suture ligation
Hardware left in heart Yes Yes No
Retrievable Yes Yes No

Used in prior open heart surgery Yes Yes Yes
Approval CE and FDA CE CE

\ iy 2
\ns 4

Watchman device
Image courtesy of Boston Scientific

ACP device Lariat device
Image courtesy of St. Jude Medical Image courtesy of SentreHEART

Figure 1. Major features and images of most commonly used LAAO devices.
ACP = Amplatzer Cardiac Plug; CE = Conformite Europeenne; FDA = Food and Drug Administration; LAAO = left atrial appendage occlusion.
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Table 1. Major studies for different types of LAAO devices: Watchman

Characteristics PROTECT AFT® PREVAILT CAP registry™ CAP 2 registry™™ EWOLUTION™ UK registry'®
Study types Randomized trial Randomized trial Prospective registry  Prospective registry  Prospective registry Retrospective
Population 463/244 269/138 460 579 1,021 371
(watchman=234,
ACP=129, Lariat=6,
Coherex Wavecrest =2)
Implantation success 91 95.1 95 94.8 98.5 92.5
rate (%)
CHA,DS,-Vasc 21" Mean 3.8" Mean 2.4 2.7 4.5 4.2
HAS-BLED score >1in 97% 2.3 &3
Anticoagulation used  Warfarin for 45days ~ Warfarin for 45 days ~ Warfarin for 45 days ~ Warfarin for 45 days ~ 27% treated with OAC-20%, DAPT 50%,

post implantation
followed by aspirin

post implantation
followed by aspirin

post implantation
followed by aspirin

post implantation
followed by aspirin

and Plavix x 6 months and Plavix x 6 months and Plavix x 6 months and Plavix x 6 months

0AC, 59% on dual
antiplatelets, 7%
single APT, 6%

OAC plus single APT-
20%, single APT-10%

then aspirin alone then aspirin alone then aspirin alone then aspirin alone without any therapy

Ischemic stroke (%) 2.2/1.6 1.9/0.7 - - - 0.1
Hemorrhagic stroke (%) 0.1/1.6 0.4/0 - - - 0.5
Major bleeding (%) 3.5/4.1 0.4/NA 0.7 - 0.7 0.5
Pericardial effusion/ 4.8/0 0.4/0 2.2 2.4 0.5 0.8
tamponade (%)

Device embolization (%) 0.6/0 0.7/0 0 0 0.2 1.3
Procedure-related 1/0 0.4/0 0 - - -

stroke (%)
ACP = Amplatzer Cardiac Plug; APT = antiplatelet therapy; DAPT = dual antiplatelet therapy; LAAO = left atrial appendage occlusion; NA = not available; OAC =

oral anticoagulation.
*CHADS,; TRandomized studies, n/n=LAAO/warfarin arms.

Compared to the PROTECT AF trial in the follow up PREVAIL trial, 407 patients with higher
mean CHADS, score were randomized in 2:1 ratio to Watchman and warfarin. Designed

to show non-inferiority the PREVAIL met the safety endpoint of a composite of cardiac
perforation, pericardial effusion with tamponade, ischemic stroke, device embolization,
and other vascular complications occurring in the first 7 days after implant. It met non-
inferiority for one efficacy endpoint of late-ischemic efficacy endpoint of stroke or systemic
embolization >7 days post-randomization.") Procedural complications decreased from 8.7%
in PROTECT AF to 4.2% in PREVAIL (p=0.004).

Since the FDA approval of Watchman, the reported rate of procedure-related complications
has been relatively low, including an approximately 1% rate of pericardial tamponade

even though 70% of physicians implanting the device were previously inexperienced with

the procedure. This initial post-FDA approval U.S. clinical experience with LAAO using

the Watchman device in 3,822 consecutive patients implanted by 382 physicians revealed
excellent procedural success rate (95.6%) and favorable complication rates with pericardial
tamponade, procedure-related stroke, and mortality rates of only approximately 1%, 0.08%,
and 0.08%, respectively.’ More recent data from CAP,”® CAP 2,2*) EWOLUTION™ and UK'®
registries show improved procedural safety (Table 1). In addition, the device has been found
to result in improved quality of life.'”) Cost-effectiveness analysis of LAAO with Watchman
device has shown it to be more cost-effective and cost-saving solution than warfarin or newer
oral anticoagulants for stroke risk reduction in patients with nonvalvular AF who are at risk of
stroke but have contraindications to warfarin.*®"

Amplatzer Cardiac Plug and Amulet

Amplatzer Cardiac Plug (ACP; St. Jude Medical, St. Paul, MN, USA) is a self-expanding double-
disc device that is implanted via femoral access into LAA via transseptal puncture (Figure 1).
The Amulet device is the second generation of ACP with improvements in the implantation
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Table 2. Major studies for different types of LAAO devices: Amplatzer Cardiac Plug and Amulet

Characteristics

Tzikas et al.??

Lépez Minguez

Koskinas et al.?® Berti et al.?? Kleinecke et al.?® Urena et al.®®

etal.”
Study type/device used Retrospective/ Prospective/ Prospective/ Prospective/ Retrospective/ Retrospective/
ACP ACP 408, Amulet 92  ACP 91, Amulet 17 ACP Amulet ACP
Population 1,047 500 108 167 50 52
Implantation success rate (%) 97.3 97.8 100 94.6 98 98.1
CHA,DS,-Vasc score 4.5 4.3 4.3 4 5.2 5 (median)
HAS-BLED score 3.1 2.9 3.4 3 & 4 (median)
Anticoagulation used 16% treated DAPT with aspirin DAPT with asprin DAPT with DAPT or single
with warfarin, for 5 months plus and clopidogrel. clopidogrel APT for 1-6 months
otherwith variable clopidogrel for 1-6 Aspirin for 6-12 x 3 months and followed by
combinations of months months and aspirin for at least single APT
aspirin, clopidogrel, clopidogrel for 6 months
LMWH 3-6 months
Annual Ischemic stroke (%) - 2.2 3.9 6.1 1.9
Annual hemorrhagic stroke (%) - 11 - - -
Major bleeding (%) 3.2 0.9 5.7 4 3.8
Pericardial effusion/ 3.2 2.7 1.2 4 1.9
tamponade (%)
Device embolization (%) 2 0 - 2 1.9
Procedure related stroke (%) 1 - 1.2 - 0

ACP = Amplatzer Cardiac Plug; APT = antiplatelet therapy; DAPT = dual antiplatelet therapy; LAAO = left atrial appendage occlusion; LMWH = low molecular

weight heparin.

*Hemodynamically significant pericardial effusion.

https://e-kcj.org

apparatus. Data from large multicenter ACP study consisting of 1,047 patients with an average
follow up of 13 months showed annual rate of systemic thromboembolism of 2.3% (59% risk
reduction based on patient stroke risk scores) and major bleeding of 2.1% (representing 61%
risk reduction).? Long-term data from cumulative experience of 2 Italian centers obtained
from a relatively large cohort treated with LAAO using the ACP device with a follow up period
of up to 4 years had demonstrated similar reduced annual rate of systemic thromboembolism
and major bleeding (2.5% and 1.3%) respectively.? A recent global prospective registry of large
cohort of AF patients (n=1,088) at high risk for ischemic stroke as well as bleeding, implanted
with the Amulet device demonstrated a high implantation success (99.0%) and adequate LAAO
in almost all patients who received a device (99.8%). The clinically relevant major adverse
events during implantation and subsequent hospitalization was 3.2%.?? Major findings from
the other ACP and Amulet registries”?” are shown in Table 2. Comparative studies have shown
similar results obtained with the ACP and Amulet devices in terms of safety, implantation
success and appropriate closure of the LAA.2%)

Currently, the Watchman and the Amulet are the most commonly implanted devices

for catheter-based LAAO, with a higher penetration of the Amulet device within Europe
compared with non-European geographies.?) They are increasingly being tried in different
subset of population. Recent preliminary study of LAAO with ACP and Watchman has shown
promising result in hemodialysis patients with high CHA,DS,-VASCs and HASBLED scores
were 4.0 (1.5) and 4.4 (0.9), over short term follow up.>® A recent Korean multicenter registry
in nonvalvular AF patients with LAA thrombus found Watchman and ACP devices may be a
safe and feasible alternative to anticoagulation in select patients at a high risk of bleeding or
contraindication to anticoagulation, or in whom anticoagulation failed to prevent stroke.>)

Lariat device

Alternative epicardial approaches for LAAO have also been studied and are of particular value
in patients who cannot tolerate any anticoagulation and do not have suitable LAA anatomy for
endocardial occlusion. The procedure is characterized by delivery of a pre-tied suture loop over
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Table 3. Major studies for different types of LAAO devices: Lariat

Characteristics Lakkireddy et al.*? Price et al.*¥ Bartus et al.®®
Study type Prospective registry Retrospective Prospective
Population 72 154 89
Ligation success rate (%) 98 94 96
CHA,DS,-Vasc score 3.9 4 2.8
HAS-BLED 3.4 3 2.4
Anticoagulation used 21% OAC, 80% on 24% OAC, 24% DAPT, 61% on OAC at 1-year

single antiplatelet, 20% aspirin alone 31%, no follow up

on DAPT therapy 21%
Annual ischemic stroke (%) - - -
Hemorrhagic stroke (%) - - 1.1
Major bleeding (%) 0 9.1 -
Pericardial effusion/tamponade (%) - 10.4 -
Device embolization (%) - - 0
Procedure related stroke (%) 0 0 0

DAPT = dual antiplatelet therapy; LAAO = left atrial appendage occlusion; OAC = oral anticoagulation.

the LAA by means of guidance from dual-wire access from femoral and epicardial approach.
The largest experience is with the LARIAT device (SentreHEART, Redwood, CA, USA) which
is a hybrid procedure with transseptal endocardial and pericardial access used to place a
ligature around the LAA (Figure 1). Recent studies also suggest LAA as a non-pulmonary vein
focus of origin of AF. Epicardial based exclusion procedures can electrically isolate the LAA
and there might be a benefit of reducing AF burden in addition to stroke prevention especially
in nonparoxysmal AF. The largest prospective registry on Lariat showed the success rate of
>95% with low risk of procedure-related mortality (0.14%).3? The most common serious
complication was found to be cardiac perforation related to epicardial access which was
significantly reduced with the use of micropuncture needle for pericardial access. Similarly,
use of micropuncture needle was associated with lower rate of bleeding complications.*?
Table 3 show the details of other 2 available large studies®®?* on Lariat device.

OTHER METHODS OF LEFT ATRIAL APPENDAGE
OCCLUSION

Articlip system

The Atriclip LAA occlusion devices (Articure Inc., Mason, OH, USA) (Figure 2A) have

been evaluated for LAA closure at the time of concomitant open heart surgery under direct
visualization. High closure success was demonstrated in the Exclusion of the Left Atrial
Appendage with a Novel Device: Early Results of a Multicenter Trial (EXCLUDE) trial by TEE
or computed tomographic angiography (CTA) at 90-day follow up. With 95.7% implantation
success rate the trial met its safety (major bleeding) and efficacy endpoint (ischemic stroke).>

Ultraseal left atrial appendage device

The Ultraseal LAA device (Cardia, Inc., Eagan, MN, USA) is a percutaneous, transcatheter
device (Figure 2B) that consists of a distal soft bulb and a proximal sail attached by an
articulating joint that allows a high degree of device conformability to the different
variations of the LAA anatomy. The device can be retrieved and redeployed multiple times

in a single procedure without replacing the device or delivery sheath. Initial experience of
Ultraseal device from Canada showed successful implantations in all patients (n=12) without
periprocedural complications. No episodes of bleeding, stroke, pericardial effusion or device
embolization were noted at 45-day follow up.>

https://doi.org/10.4070/kcj.2018.0231 696
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Articlip device Ultraseal device Wavecrest device

Image courtesy of Articure Inc. Image courtesy of Cardia, Inc. Image courtesy of
Coherex medical Inc.

Figure 2. Images of (A) Articlip, (B) Ultraseal and (C) Wavecrest devices.

Wavecrest device

Wavecrest LAAO system (Coherex medical Inc., Salt Lake City, UT, USA) is the latest
development in LAAO devices. It consists of a nitinol frame with retractable coils and
anchors to enable optimal device positioning (Figure 2C). The device is relatively short
and is designed for more proximal deployment in the LAA. Coherex WAVECREST I trial, a
prospective observational study to establish the safety and efficacy of Coherex Wavecrest
device for LAA closure has been completed and results are awaited.”

SURGICAL REMOVAL WITH OTHER CARDIAC
PROCEDURES

The LAA can also be surgically removed simultaneously with other cardiac procedures. Meta-
analysis of 2 randomized trials and five observational studies of surgical LAA closure in the
setting of cardiac arterial bypass grafting or mitral valve surgery (n=3,653 patients) suggests
that LAA closure is associated with a lower incidence of stroke at 30-day follow up (0.95% vs.
1.9%; odds ratio [OR], 0.46; p=0.005).3®

ANTICOAGULATION MANAGEMENT DURING LEFT
ATRIAL APPENDAGE OCCLUSION

Despite these favorable results with LAAO, some serious side effects, such as device-
associated strokes, are described. A recently published prospective registry from 8 French
centers with 469 patients with AF undergoing LAAO (272 Watchman and 197 Amplatzer
devices) with mean follow up of 13 months found an annual incidence of device-related
thrombus at 7.2% per year.> In particular, the first 45 days after implantation are a critical
transition period. Anticoagulation with coumadin is warranted for 45 days post-implantation
after which complete endothelization of the device is expected.’®® Once the device is
completely endothelized (no gaps around the device larger than 5 mm with communication
to the appendage) anticoagulation is stopped and patients are started on aspirin and
clopidogrel for 6 months. At 6 months post-implantation, aspirin is recommended
indefinitely. However, endothelization might take more time in some patients; consequently
they can develop device related thrombus after discontinuation of anticoagulation.*)

https://doi.org/10.4070/kcj.2018.0231 697
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In PROTECT trial warfarin was prescribed for at least 45 days after successful device
implantation. In subsequent studies with Watchman device dual antiplatelet therapy
(DAPT) for at least 6 months after implantation was shown to be safe in patients with
contraindications for OAC.*?%) DAPT was shown to be safe and effective in one study with
regard to the ACP device as well.”®) Newer studies are showing the feasibility of NOACs in
LAAO. A pilot study from Germany found LAAO with NOACs compared to DAPT shows
similar rate of all-cause mortality, major adverse cardiac and cerebrovascular events and
major bleeding at 45-day follow up.*¥ A recently published retrospective multicenter study
found the use of NOACs in the post-WATCHMAN period to be feasible alternative with similar
rates of bleeding events (0.5% vs. 0.9%, p=0.6) and composite of device-related thrombosis or
thromboembolism (1.4% vs. 0.9%, p=1) compared with uninterrupted warfarin.*)

LONG-TERM DATA AND HEAD TO HEAD STUDIES

Patient level meta-analysis from 5-year follow up of PROTECT and PREVAIL trials showed
beneficial effect of LAAO watchman device over coumadin for nonvalvular AF with similar
stroke reduction but significant reduction in major bleeding including hemorrhagic stroke
and mortality.*® Similarly a recently published results of the Iberian registry of LAAO with

a total of 598 patients (1,093 patient-years) with a contraindication for anticoagulants

and mean follow up of 23 months showed significantly reduced rate of stroke and bleeding
events.*) The rate of ischemic stroke was 1.6% (vs. 8.5% expected according to CHA,DS,-VASc;
p<0.001); intracranial hemorrhage 0.8%; gastrointestinal bleeding 3.2%; severe bleeding
3.9% (vs. 6.3% expected by HAS-BLED, p=0.002). Further improvement in the outcomes were
demonstrated in the subgroup of 176 patients with follow up >24 months (mean follow up
46.6 months, 683 patient-years). LAAO using the ACP device in 134 patients from 2 Italian
centers had demonstrated favorable outcome with annual rate of systemic thromboembolism
and major bleeding (2.5% and 1.3%) at 4-year follow up.? A single center study with 10-year
experience of LAAO with ACP with a mean follow up of about 3-year showed 7% incidence

of safety events. However, the study found excellent intermediate-term outcome once the
procedural risk is overcome.*®) A recent study involving high risk elderly population (average
age 76) with CHA,DS,-VASc of 5 and HAS-BLED of 4 followed for 4 years showed stroke rate
0f 6.9%. The reported long-term mortality rate was high in the study at 33.7%.%")

Comparative studies between different LAAO devices is sparse. In a multicenter
observational study with a total of 479 patients (Watchman=219, Lariat=259) and 12-month
of follow up, the Watchman group was found to have statistically higher incidence (21% vs.
13%, p=0.01) and mean leak size (3.10+1.1 mm vs. 2.15+1.4 mm; p<0.001) than did the Lariat
group.” However, there was similar rate of thromboembolism (3.7% vs. 1.6%, p=0.23) and
stroke rate (1.3% vs. 1.1%, p=0.99) between Watchman and Lariat.

CURRENT GUIDELINES BY PROFESSIONAL SOCIETIES

The latest American Heart Association/American College of Cardiology guidelines from 2014
suggest that surgical excision of the LAA may be considered in patients undergoing cardiac
surgery or thoracoscopic AF surgery (grade IIB).>Y However, the guideline does not make
any recommendation regarding use of LAAO devices for stroke prevention citing the lack

of clinical trials. This guideline was released prior to Watchman's approval by FDA. On the

https://doi.org/10.4070/kcj.2018.0231 698


https://e-kcj.org

ke

Left Atrial Appendages Occlusion: Current Status and Prospective Korean Circulation Journal

other hand, the current European Society of Cardiology Guidelines recommend that LAAO
may be considered for stroke prevention in patients with AF and contraindications for long-
term OAC (e.g., those with a previous life-threatening bleed without a reversible cause) (IIb,
LOE B) despite the lack of randomized data on safety and efficacy of LAAO in patients with
contraindications to OAC.*? We believe that it is time to revise these guidelines to make LAA
occlusion a class I indication.

FUTURE STUDIES AND NEWER APPLICATIONS OF LEFT
ATRIAL APPENDAGE EXCLUSION

Since the first LAAO device in 2002, rapidly growing studies have supported the strategy

and it is gaining popularity. The only randomized controlled trials on LAAO (on Watchman)
available until now have excluded patients with contraindications to OAC therapy. However,
current data stemming from numerous registry studies may seem to justify LAAO in patients
with nonvalvular AF who have contraindications to OAC. On the other hand, evidence for
ACP, Amulet and Lariat device are driven by non-randomized retrospective and prospective
studies only which has limited its impact. Furthermore, there were several other exclusion
criteria in these randomized and non-randomized studies restricting generalization to whole
spectrum of AF patients. Thus, randomized studies involving different subsets of AF patients
might be warranted in the future.

Emerging data highlight the impact of various LAAO approaches in different physiological
functions (Figure 3). Although LAA is considered to be a cardiac vestige, its influence on
various physiologic aspects of cardiac vascular systems seems to be pretty broad. LAA may
have impact on the neurohormonal, left atrial function and even be a potential source

of cardiac arrhythmias. Previous surgical data showed that LAA is a rich source of atrial
natriuretic peptide (ANP) which is important for fluid and sodium balance in the body.
Elimination of the same may result in significant fluid retention. There are also questions
whether LAA functions as a reservoir chamber to accommodate volume changes in the
human body. Endocardial ablation of the LAA was shown to significantly improve the overall
success rates in non-paroxysmal AF patients.

While both endocardial and epicardial approaches reduce stroke risk and improve left atrial
reservoir function its role in neurohormonal regulation and arrhythmia burden reduction has

Complete elimination of LAA
from systemic circulation
(epicardial approach,
surgical excision) Occlusion only with
functionally active LAA
(endocardial-based
approach)

Figure 3. Physiological impact of different LAAO approaches.
LAA = left atrial appendage; LAAO = left atrial appendage occlusion.
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been elucidated in studies with epicardial suture delivery approach brain natriuretic peptides
(BNPs) and ANP levels were shown to decrease after epicardial LAA isolation.”®*¥ The impact
of such neurohormonal changes in hemodynamics was tested in the LAA HOMEOSTASIS
study which demonstrated that epicardial LAAO results in significant decrease in blood
pressure at 24 hour and 3 months.> Similarly, recent studies also suggest LAA as a non-
pulmonary vein focus of origin of AF. Epicardial based exclusion procedures can electrically
isolate the LAA and there might be a benefit of reducing AF burden in addition to stroke
prevention especially in nonparoxysmal AF.**® The ongoing a MAZE trial (NCT02513797)
will give further data regarding the benefit of such a strategy in persistent AF.> This sets

the foundation for a large body of research that needs to happen in this space that was once
thought to be irrelevant to cardiac function.

Optimizing safety and efficacy in the real world

LAA has a highly variable anatomical structure and may offer various procedural challenges.
Newer studies are showing promising results with increased operator experience and lower rate
of complications in the real-world setting. However, comprehensive patient assessment prior to
undergoing LAA closure should be encouraged. This should be able to identify patients at high
risk of procedural complications and overall prognosis. Besides, future registries and clinical
studies should continue to contribute to further design improvement of LAA closure devices.

Data on usefulness of NOACs is sparse. Future studies should look into the role of NOACs in
LAAO. Clinical studies should be undertaken not only to compare LAAO versus NOACs but to
explore the superiority of different types of NOACs in LAAO for stroke prevention.

There is clear evidence to show the long-term cost-effectiveness of the Watchman device.
The LAAO surpasses NOACs in their cost effectiveness after a 4-year mark. Robust clinical
and financial models that would help us understand the long-term economic impact of these
devices should be undertaken as their use increases.

Currently, there are a few important undergoing studies that can potentially change the
practice and utilization of LAAO. The Amplatzer Amulet LAA Occluder trial (Amulet IDE) is a
prospective randomized multicenter worldwide trial that started enrolling patients in August
2016, randomizing patients in a 1:1 fashion to either the Amulet device or the Watchman
device. The Amulet device will be evaluated for safety and efficacy by demonstrating its
performance is non-inferior to Watchman LAA closure device in patients with nonvalvular
AF (NCT02879448).%) The primary safety endpoint is a composite of procedure-related
complications or all-cause death or major bleeding through 12 months, and the primary
efficacy endpoint is a composite of ischemic stroke or systemic embolism through 18 months.

Another important study that is recruiting patient is Interventional Left Atrial Appendage
Closure vs. Novel Anticoagulation Agents in High-risk Patients with Atrial Fibrillation
(PRAGUE-17 Study, NCT02426944). This randomized multicenter open label trial is
recruiting a total of 400 patients into LAAO (Watchman or Amulet) and NOAC group. The
primary endpoint is the combination of stroke, other systemic cardiovascular event, clinically
significant bleeding, cardiovascular death or procedure or device-related complications. The
trial is expected to be completed by May 2020.%Y

A randomized clinical trial Assessment of the Watchman Device in Patients Unsuitable
for Oral Anticoagulation (ASAP-TOO; NCT02928497) of patients with nonvalvular AF at
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increased risk of stroke but who are not candidates for any anticoagulation has been initiated,
randomizing patients to either Watchman and aspirin/clopidogrel or conservative medical
therapy alone with aspirin and/or clopidogrel. With estimated enrollment of 888 patients the
study seeks to evaluate the primary safety endpoint (7-day combined rate of death, ischemic
stroke, systemic embolism and complications requiring major cardiovascular or endovascular
intervention) and efficacy endpoint (comparison of time to first event of ischemic stroke and
systemic embolism).®?

Finally, as more data on LAAO becomes available expert consensus document from
professional societies on both sides of the Atlantic is anticipated for best practice guidelines.
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