
Trends in Cardiovascular Medicine 29 (2019) 228–236 

Contents lists available at ScienceDirect 

Trends in Cardiovascular Medicine 

journal homepage: www.elsevier.com/locate/tcm 

An overview of current and emerging devices for percutaneous left 

atrial appendage closure 

Danny H.F. Chow 

a , Yam-Hong Wong 

a , b , Jai-Wun Park 

c , Yat-Yin Lam 

d , Tom De Potter e , 
Josep Rodés-Cabau 

f , Lluis Asmarats f , Marcus Sandri g , Eleftherios Sideris h , Trevor McCaw 

i , 
Randall J. Lee 

j , Horst Sievert k , Lars Søndergaard 

a , Ole De Backer a , ∗

a The Heart Center, Rigshospitalet, Copenhagen, Denmark 
b Medicine and Geriatrics, Tuen Mun Hospital, Hong Kong 
c Charite University Hospital, Berlin, Germany 
d Wuhan University of Science and Technology, Wuhan, China 
e OLV Cardiac Center, Aalst, Belgium 

f Quebec Heart and Lung Institute, Laval University, Quebec City, Quebec, Canada 
g Heart Center University Hospital, Cardiology Division, Leipzig, Germany 
h The Athenian Institute of Pediatric Cardiology, Athens, Greece 
i Aegis Medical Innovations, Vancouver, Canada 
j Cardiovascular Research Institute, University of California San Francisco, San Francisco, USA 
k Anglia Ruskin University, Chelmsford, UK; CardioVascular Center Frankfurt CVC, Frankfurt, Germany; University California, San Francisco, USA; Yunnan 

Hospital Fuwai, Kunming, China 

a r t i c l e i n f o 

Keywords: 

Atrial fibrillation 

Stroke prevention 

Left atrial appendage closure 

Transcatheter 

a b s t r a c t 

Atrial fibrillation (AF) is common and is a prominent risk factor for ischemic stroke. Oral anticoagulant 

(OAC) therapy has been the main strategy for stroke prevention in AF patients; however, OAC therapy 

carries a bleeding risk and is not tolerated by all patients. Left atrial appendage (LAA) closure offers a 

non-pharmacological alternative for stroke prevention in patients with non-valvular AF. In this update, 

an overview of current and emerging LAA occluders is given – with special attention to the key design 

features of every single device and, if available, preclinical or clinical data. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Atrial fibrillation (AF) is the most common cardiac arrhythmia

encountered in clinical practice, affecting 2–3% of the population

and its prevalence increases with age [ 1 –4 ]. Around 20–35% of is-

chemic strokes are attributable to AF, and even more may be asso-

ciated with undiagnosed subclinical AF [ 5–9 ]. The main strategy for

prevention of ischemic stroke in patients with AF is oral anticoagu-

lant (OAC) therapy using vitamin K antagonists (VKA, e.g. warfarin)

or novel oral anticoagulants (NOACs) [ 10 ]. However, despite the ef-

ficacy of this pharmacotherapy, low patients’ compliance, complex

drug interactions and risk of bleeding limit their use in selected

patient groups [ 11,12 ]. Thus, a non-pharmacological alternative for

stroke prevention in patients with AF is warranted [ 13–16 ]. 

It has been reported that up to 90% of left atrial (LA) thrombi

are located in the left atrial appendage (LAA) among patients with
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on-valvular AF (NVAF) [ 17 ]. A device-based therapeutic strategy

hat has shown promise is percutaneous, transcatheter closure of

he LAA using dedicated occluders. Prior randomized trials have

hown that LAA closure (LAAC) is non-inferior to conventional VKA

herapy in non-valvular AF [ 18–20 ]. In terms of long-term results

ased on a patient-level meta-analysis, LAAC was shown to pro-

ide stroke reduction in non-valvular AF comparable to VKA with

dditional reductions in major bleeding and mortality [ 21 ]. 

Although the implant success rate has increased and compli-

ations have decreased over time [22] , there are still anatomi-

ally and technically complicated cases where novel LAA occlud-

rs may simplify the procedure and thus might potentially improve

he clinical outcome. This review aims to give an overview of the

urrent and emerging LAA occluders with special focus on device

esign, implantation technique, and – if available – preclinical or

linical data. 
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Fig. 1. The Watchman TM device has 10 active fixation anchors attached to a nitinol 

frame along with a polyethylene terephthalate (PET) membrane that covers up to 

half of the device to block emboli and promote healing. The new Watchman TM FLX 

has a shorter device length than the current Watchman TM device which should fa- 

cilitate treatment of complex shallow LAA anatomies and an atraumatic tip which 

should allow a safer advancement and – if needed, repositioning – of the device 

into the LAA. 
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Fig. 2. The AMPLATZER TM Amulet TM LAA occluder is made of a braided nitinol 

mesh with two polyester patches sewn on to a distal lobe and disc connected by 

a short waist. There are hooks on the lobe that anchors to the LAA and the disc 

covers the LAA ostium. 
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verview of different devices 

ATCHMAN 

TM LAA closure device 

The Watchman 

TM device (Boston Scientific, MA, USA) is the

ost studied LAA closure device currently in use. The device has

0 active fixation anchors attached to a nitinol frame along with

 160 μm polyethylene terephthalate (PET) membrane that cov-

rs up to half of the device to block emboli and promote healing

 Fig. 1 ). The device is delivered through a 14 Fr sheath and is fully

etrievable prior to release. The current device is FDA-approved for

se in patients with NVAF who are seeking an alternative to long-

erm warfarin anticoagulant therapy. 

The Watchman 

TM device is the only LAA occluder to date that

as been studied in two randomized controlled trials comparing

he LAA occluder with VKA therapy in patients with NVAF and

 CHADS2-score ≥ 1 (PROTECT-AF trial) [ 18 ] or ≥ 2 (PREVAIL trial)

 23 ]. Combined five-year results from the PROTECT-AF and PREVAIL

rials demonstrated that LAA closure with Watchman 

TM provides

troke prevention comparable to VKA, with additional reductions

n major bleeding – particularly hemorrhagic stroke – and even all-

ause mortality [ 21 ]. The prospective, randomized ASAP-TOO trial,
nvestigating the use of the Watchman 

TM device in patients with

VAF who are deemed not suitable for OAC therapy, is currently

ngoing. 

The company is currently working on a new generation Watch-

an device – the Watchman 

TM FLX LAA closure device. The

atchman 

TM FLX device is approximately 20% shorter in length,

llowing treatment of LAAs with less depth, and should also allow

overage of a wider range of LAA Ostia measuring 15 to 32 mm

n diameter. The closed distal end design implicates that the de-

ice may be partially deployed and advanced into the LAA with

ess risk of LAA perforation and this should also make a partial

ecapture and repositioning of the device more feasible and safe

 Fig. 1 ). After initial experience with the new Watchman 

TM FLX in

ome selected sites, the company paused the program due to some

eported device embolizations. The device has currently undergone

 re-design and is expected to enter a new clinical trial in the sec-

nd half of 2018. 

MPLATZER 

TM Amulet TM LAA occluder 

The AMPLATZER 

TM Amulet TM LAA occluder (Abbott, MN, USA)

s a self-expanding device made of a braided nitinol mesh with

wo polyester patches sewn on to a distal lobe and proximal disc

onnected by a short waist ( Fig. 2 ). The flexible nitinol braid al-

ows the device to conform to different types of LAA anatomy and

he device covers ‘landing zones’ from 11 to 31 mm in diameter.

he proximal device positioning allows for placement regardless of

istal anatomy or existence of multiple lobes. The device is deliv-

red through sheaths of 12 or 14 Fr in size. The device adopts an

anchor and seal” approach, with the lobe anchoring in the LAA

nd the disc sealing the LAA ostium. 

In a prospective, observational study including 1088 patients

mplanted with the Amulet TM device, procedural success was re-

orted to be 99.0%. Major adverse events were observed in 3.2%

f patients within the index hospitalization, including 26 ma-

or bleeding events (2.4%), 2 strokes (0.2%), and 2 deaths (0.2%).

ess than one-fifth of patients were discharged on anticoagu-

ants (18.9%). Adequate sealings ( < 3 mm peri–device leak) were
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Fig. 3. The LAmbre TM LAA closure system is a self-expanding, nitinol-based mesh- 

work that consists of a hook-embedded umbrella connected to a fabric cover 

through a short central waist. The device has two configurations: a ‘standard’ one 

targeting single-lobe LAA and a ‘special’ one targeting multi-lobe LAA anatomy. 
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observed in 98.2% of patients at follow-up transesophageal

echocardiography (TEE). Device thrombus was found in 10 patients

(1.5%). Long-term clinical outcome data are anticipated in the fu-

ture [ 24 ]. 

In some countries, the previous version of the device, the

AMPLATZER 

TM cardiac plug (ACP), is still available with its use

backed-up by an earlier registry comprising 1047 patients from 22

centers [ 25 ]. Compared with the Amulet TM device, the ACP has less

stabilizing wires and does not come with the inverted end-screw

at the disc – which is believed to reduce the risk of device throm-

bosis. 

The currently ongoing Amulet TM IDE trial is a worldwide,

prospective, randomized controlled trial, designed to evaluate the

safety and effectiveness of the Amulet TM LAA occluder as com-

pared to the Watchman 

TM closure device in patients at increased

bleeding risk during OAC. Results of this trial are expected in

2020–2021. 

L Ambre TM L AA closure system 

The LAmbre TM LAA closure system (LifeTech Scientific Co. Ltd.)

is a self-expanding, nitinol-based meshwork that consists of a

hook-embedded umbrella connected to a fabric cover through a

short central waist. The device comes in sizes between 16–36 mm

and is delivered through sheaths of 8 or 10 Fr in size. The device

has two configurations: a ‘standard’ one targeting single-lobe LAAs

and a ‘special’ one targeting multi-lobe LAA anatomies. The lat-

ter configuration has a much smaller umbrella size relative to the

fabric cover allowing the umbrella to anchor deeply into one of

the lobes while adequately sealing the LAA with the larger-sized

cover. There are 8 stabilizing double-hook systems with big hooks

(or folded barbs) catching the pectinate muscles in the LAA while

the small shoulder hooks engage into the appendage wall to lower

the risk of device migration/embolization ( Fig. 3 ). 

The implantation technique is different from the other two

commercially available LAA occluders in the way that the deliv-

ery sheath is positioned at the very proximal portion of the LAA
nd the umbrella is deployed at the landing zone by pushing for-

ard the delivery cable. The cover is then released to cover the

AA ostium by unsheathing. The device can be fully recaptured and

edeployed if the device position is considered suboptimal. Clini-

al experiences in 153 patients demonstrated successful LAA oc-

lusion in 152 patients, and serious complications in 5 patients.

uring the 12-month follow-up, ischemic stroke occurred in 2 pa-

ients, 1 patient had incomplete LAA sealing, and there was no de-

ice embolization [ 26 ]. The device obtained CE mark approval in

une 2016. A head-to-head comparison between the LAmbre TM and

atchman 

TM device in order to obtain FDA-approval is currently in

rotocol review process, and is expected to start early 2019. 

aveCrest TM LAA occlusion system 

The WaveCrest TM LAA occlusion system (Coherex Medical,

iosense Webster Inc., CA, USA) consists of a nitinol frame with

etractable coils and anchors at the distal edge to enable opti-

al device positioning and anchoring. A polytetrafluoroethylene

PTFE) layer covers the LA side of the device without any metal

ub to minimize the risk of thrombus formation and the device

lso includes a foam “cuff” at its distal edge to minimize resid-

al leak ( Fig. 4 ). The device comes in three sizes (22, 27, 32 mm)

overing appendage ostial diameters from 14 mm to 32 mm. The

evice can be fully recaptured and repositioned prior to release.

he WaveCrest TM guiding sheath has a 15 Fr inner lumen diameter

nd comes in four different shapes with different angles (60 °, 75 °,
0 °, 90 °-S-curve) facilitating to obtain a coaxial position of the oc-

luder into the appendage during implantation. The WaveCrest TM 

ystem was designed to be implanted in an ostial position at the

AA orifice, without requiring significant implant depth. It has two

nique features: ( 1 ) the system allows contrast injection within

he LAA distal of the device for assessment of leakage after de-

ice deployment and before final release, thereby also allowing

ngiographic verification of complete seal during tug testing; ( 2 )

ince the device-unsheathing phase is uncoupled from the anchor-

ng phase, it is possible to fine-tune the final position of the de-

loyed device before unrolling, and thus engaging, the tissue an-

hors. 

The Coherex WaveCrest I trial assessed device implantation

afety and closure efficacy in 73 patients. Three of the implants

ere unsuccessful due to unfavorable anatomy and device mal-

unctioning. TEE at 45 days post-procedure showed 97% success-

ul LAA closure with no residual flow > 3 mm. Two patients (2.7%)

eveloped pericardial effusion, whereas there was no device em-

olization or stroke throughout the 45 days follow-up period [ 27 ].

he WaveCrest TM LAA occlusion system received CE-mark approval

n 2013. The WaveCrest II trial, comparing the device in a 1:1 ratio

o the Watchman 

TM device, is currently ongoing. 

ltraSeal TM LAA closure device 

The UltraSeal TM LAA closure device (Cardia Inc., USA) has two

omponents. The distal part is a soft, cylindrical-shaped nitinol

ulb with six pairs of hooks for anchoring of the device; this bulb

s made of loops to adjust to the shape of the LAA and limit the

jump-out’ of the catheter for precise placement. The second com-

onent is a proximal sail, which is 6 mm larger than the distal bulb

nd is made of three leaflets to adjust maximally to the shape

f the LAA ostium. The bulb and sail are connected with a flexi-

le articulating center-post (or “joint” ) made of titanium that al-

ows the device to conform to the most complex LAA morphologies

 Fig. 5 A ). There are nine sizes for the distal bulb ranging from 16

o 32 mm. The UltraSeal TM LAA closure device is delivered by a 10

r 12 Fr sheath and can be retrieved and redeployed to ensure ac-

urate placement. 
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Fig. 4. The WaveCrest TM LAA occlusion system consists of a nitinol frame with retractable coils and anchors at the distal edge. A polytetrafluoroethylene (PTFE) layer at the 

left atrial side should minimize the risk of thrombus formation, while a foam “cuff” at its distal edge should minimize the risk of residual leak. 
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A multicenter observational study, involving 80 patients with

 high CHADS-VASc and HAS-BLED score, showed high procedural

uccess (99%), one device embolization, and residual leaks ≥ 5 mm

n 4% of cases. There were no pericardial effusions or in-hospital

ortality reported. At 45–90 days TEE follow-up, 2 devices were

eported with device-related thrombus and 2 cases had significant

eri–device leak ≥ 3 mm. The Ultraseal TM device received CE mark

pproval in 2016 and a large IDE trial to obtain FDA-approval is

nderway. 

eaL A 

TM L AA occluder 

The SeaLA 

TM LAA occluder is a self-expanding, nitinol-based de-

ice, which consists of two parts: a distal anchoring part and a

ore proximal ‘plate’ to obtain sealing. The nitinol braiding mesh

or both components helps to adapt to different LAA morphologies.

he device adopts the “anchor and seal” principle. The distal part

as nine hooks to assure anchoring and the proximal plate has a

mall tapered waist that should optimize wall apposition with the

A(A) wall and, hence, provide better sealing ( Fig. 5 B ). The device

s designed to be fully retrievable and repositionable, and is de-

ivered through 9 or 12 Fr sheaths. As the device does not need

 deep LAA implantation, a proximal implant position allows for

lacement regardless of distal anatomy, depth or lobe morphology.
Initial experience with 11 human implants between Dec 2016

nd Oct 2017 in Argentina and China were all successful. No com-

lications or residual leak were reported. A worldwide, combined

FDA/FDA/CE Mark approval clinical study is planned. 

mega TM LAA occlusion device 

The Omega TM LAA occlusion device (Vascular Innovations, Thai-

and) is a self-expanding platinum-coated nitinol, dual-layered

disc-and-cup” combination. Unique features of the device are: ( 1 )

he “self-retaining inverted cup (SRIC)” with 8 circumferentially in-

erspersed hooks, which promotes device stability into the neck of

he LAA; ( 2 ) a very flexible ‘waist’ which allows the device to con-

orm to the most complex LAA morphologies; and ( 3 ) a platinum

oating which should provide favourable biocompatibility ( Fig. 5 C ).

nimal studies were successfully completed in Q2 2018, demon-

trating easy device deployment, satisfactory device repositionabil-

ty and retention, and adequate LAA sealing. A human clinical trial

s planned for 2018–2019. 

cclutech TM LAA occluder 

The Occlutech 

TM LAA occluder (Occlutech Int. AB, Sweden) is a

elf-expanding, nitinol-based, tapered cylindrical shape mesh with
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Fig. 5. (A) The UltraSeal TM LAA closure device consists of a distal bulb with 6 pairs 

of hooks and a proximal sail. The two components are connected with a flexible ar- 

ticulating center-post allowing the device to conform to different LAA morphologies 

and occlude LAAs with a short landing zone. (B) The SeaLA TM LAA occluder also 

adopts the “anchor and seal” principle. The distal part has nine hooks to assure 

anchoring and the proximal plate has a small tapered waist that should optimize 

wall apposition and hence provide better sealing. (C) The Omega TM LAA occluder is 

a self-expanding, platinum-coated nitinol, dual-layered “disc-and-cup” combination 

with 8 circumferentially interspersed hooks, which promotes device stability, and a 

very flexible waist which allows the device to conform to the most complex LAA 

morphologies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. (A) The Occlutech TM LAA occluder has rounded loops instead of hooks at 

its distal end to increase stiffness and stability at the distal end of the device; 

it also makes the device fully recapturable. It has recently been re-designed with 

the addition of 8 pairs of anchors at the mid section. (B) The Acoredis TM LAA oc- 

cluder consists of a proximal disc and distal lobe. A flexible membrane improves 

the adaptability of the device. The flexible design of the waist should facilitate self- 

orientation of the disc. The plain surface of the disc should shorten the endothelial- 

ization period. (C) The Prolipsis TM device consists of a polyurethane patch surround- 

ing a compliant detachable balloon, both bio-absorbable. During the procedure, the 

balloon is inflated under echocardiographic guidance until no residual LAA flow is 

seen. 
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rounded loops instead of hooks at its distal end to increase stiff-

ness and stability at the distal end of the device. The occluder is

covered with a non-woven, polyurethane layer, which allows im-

mediate occlusion of the appendage and improves endothelializa-

tion. The flex hub – which initially attaches to the delivery system

– is round, aiming to keep the risk of device-related thrombus for-

mation as low as possible. Due to reported device embolizations

during the initial clinical studies, the Occlutech LAA occluder was

voluntarily withdrawn in August 2016, and re-designed with the

addition of 8 pairs of anchors to the mid-section ( Fig. 6 A ). The oc-

cluder comes in sizes between 18–33 mm and is delivered through

sheaths of 12 or 14 Fr in size. The delivery sheath is steerable and

has the flexibility to bend 180 ° to adapt to the axis of the LAA. This

feature should be useful in case of complex LAA morphologies –
.g., reversed chicken wing – or in cases in which the transseptal

uncture is challenging (or suboptimal) [ 28 ]. 

Animal implants with the re-designed Occlutech 

TM LAA oc-

luder were performed in Q1-2018 and a CE Mark trial is antic-

pated in 2018–2019, with an expected commercial re-launch by

he company in 2020. 

coredis TM LAA occlude 

The Acoredis TM LAA occluder is a self-expanding, nitinol-based

evice with a proximal disc and distal lobe with fixation barbs

round the perimeter of the lobe. A flexible membrane improves

he adaptability of the device to the morphology of the LAA. The

itinol frame of the distal lobe is designed in such way that there

s reduced radial force and increased X-ray visibility. The flexible

esign of the waist should facilitate self-orientation of the disc. The

lain surface of the disc should shorten the endothelialization pe-

iod ( Fig. 6 B ). 

Initial experiments in pigs demonstrated good device endothe-

ialization after approximately 12 weeks. First-in-human implants

re planned, and a clinical trial is anticipated in 2019. 

rolipsis TM 

The Prolipsis TM device consists of a polyurethane patch sur-

ounding a compliant detachable balloon; both components are

io-absorbable ( Fig. 6 C ). The balloon is compliant and is designed
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Table 1 

Relevance, approval status and number of devices implanted since commercial launch. 

Device Approval status Number of patients treated Others 

1. Watchman CE 2005 

FDA 2015 

∼50,0 0 0 New generation (Watchman FLX) withdrawn in 2016 – Redesign 

currently underway 

2. Amulet CE 2013 – Old generation (ACP) 

CE marked since 2008 

Not disclosed, several 

thousands 

3. LAmbre CE 2016 ∼20 0 0 FDA trials anticipated in early 2019 

4. WaveCrest CE 2013 ∼400 Further clinical trials currently underway 

5. UltraSeal CE 2016 ∼500 FDA trials being planned, aiming for a study population of around 

10 0 0 patients 

6. SeaLA Nil Not yet for clinical use Clinical trials in USA, Europe and China being planned 

7. Omega Nil Not yet for clinical use Animal trials completed. Clinical trials being planned 

8. Occlutech Nil – CE mark approved once 

in June 2016. Voluntary recall 

in August 2016 

500 before recall – Commercial 

re-launch expected in 2019 

Clinical trials with re-designed device anticipated in Q3 2018 

9. Acoredis Nil Not yet for clinical use Animal trials currently underway 

10. Prolipsis Nil Not yet for clinical use Clinical trials currently underway. Additional larger European 

and/or US clinical trials planned 

11. Lariat CE 2015 ∼7,0 0 0 Further trials currently underway 

FDA 2006 

12. Sierra Nil Not yet for clinical use Early feasibility study protocol trials in USA and Canada currently 

underway. Clinical trials anticipated in early 2019. 
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Fig. 7. The Lariat TM RS device consists of three components: ( 1 ) a 15 mm compli- 

ant occlusion balloon catheter (EndoCATH); ( 2 ) 0.025-inch and 0.035-inch magnet- 

tipped guidewires (FindrWIRZ); and ( 3 ) a suture delivery device (Lariat). The proce- 

dure involves both a pericardial and transseptal access, connection of the epicardial 

and endocardial magnet-tipped guidewires, and snare capture of the LAA with clo- 

sure confirmation and release of the pre-tied suture for LAA ligation. 

b  

c  

o  

fi  

n  

p  
o take the shape of the LAA with sizes between 12 and 25 mm.

he device is delivered through a 13 Fr sheath. The procedure

s performed with TEE guidance and the balloon is inflated un-

il there is ‘no flow’ around the device. An elastic valve maintains

alloon inflation, which in turn ensures that the device remains se-

urely in position. The polyurethane patch takes two weeks to be

ompletely endothelialized. The aim is to seal the LAA acutely with

his polyurethane patch and that the LAA remains occluded af-

er both the balloon and patch eventually disappear (or get biode-

raded). 

There is another approach to deploy the polyurethane patch

sing surgical adhesives, known as the “Transcatheter Patch (TP)

pproach” (in contrast to the “Immediate Release Patch (IRP)

pproach” using the Prolipsis TM described above). This approach

nvolves use of a pH-activated polyethylene glycol based surgical

dhesive, which is inactive under acidic conditions and can be

ctivated by being exposed to alkaline solution after the device

as been positioned and inflated. Compared with the IRP ap-

roach, this process takes 45 min of waiting time, and IV contrast

se may be contraindicated due to changes in pH with contrast

dministration. 

Initial clinical experience involving 30 patients was successful

n all 10 implantations using the IRP approach with Prolipsis TM de-

ice, and in 17 out of 20 implantations using the TP approach with

urgical adhesives (the patch failed to attach in the remaining 3

ases). Full LAA occlusion and no complications were reported in

he IRP group with a follow-up of up to five years. There was 1

ase of residual opening and 1 other case of device-related throm-

osis in the TP group [ 29,30 ]. Safety and efficacy of the device is

o be further evaluated with ongoing human implants and further

ollection of long-term follow-up data. Additional larger EU and/or

S clinical trials are also anticipated. 

ariat TM suture delivery device 

The Lariat TM RS device (SentreHEART, CA, USA) consists of

hree components: ( 1 ) a 15 mm compliant occlusion balloon

atheter (EndoCATH); ( 2 ) 0.025 inch and 0.035 inch magnet-tipped

uidewires (FindrWIRZ); and ( 3 ) a 12 Fr compatible suture deliv-

ry device (Lariat TM ) ( Fig. 7 ). The procedure involves four basic

teps: ( 1 ) pericardial and transseptal access; ( 2 ) placement of the

ndocardial magnet-tipped guidewire in the apex of the LAA with
alloon identification of the LAA ostium; ( 3 ) connection of the epi-

ardial and endocardial magnet-tipped guidewires for stabilization

f the LAA; and ( 4 ) snare capture of the LAA with closure con-

rmation and release of the pre-tied suture for LAA ligation. The

ew Lariat TM RS facilitates retraction of the snare post-suture de-

loyment and tightening. After the procedure, the patient will only
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Fig. 8. The Sierra TM ligation system performs LAA closure using a percutaneous pericardial approach. There are two main components to the Sierra TM Ligation System: an 

Appendage Stabilizer and a Ligating Device. The Stabilizer is used to find the LAA using fluoroscopic and ultrasound imaging, and by reading the ECG signals from the surface 

of the heart. The Ligating Device consists of a suture-like loop that gets positioned around the LAA. 
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have a suture left and, therefore, suffers no risk of device em-

bolization or device erosion. 

Clinical experience in 139 patients showed a 99% procedural

success rate, but there was a concern of procedure-related peri-

carditis. Over a mean follow-up of 2.9 years, the annual event rate

of stroke and systemic embolism was 1.0% vs. an expected event

rate of 6.2% in the study population [ 31 ]. Apart from the bene-

fits of the mechanical isolation of the LAA, Lakkireddy et al. also

demonstrated that the Lariat TM system can lower the recurrence

rate of AF in patients undergoing AF ablation plus Lariat TM pro-

cedure as compared to AF ablation alone (35% vs 61% p = 0.028),

presumably due to its additional benefit in terms of electrical iso-

lation of the LAA [ 32 ]. The prospective, multicenter US IDE aMAZE

trial assessing the benefit of LAA ligation in the prevention of

AF in persistent and long-standing persistent AF is on-going with

the first interim analysis of 400 patients expected by the end

of 2018 [ 33 ]. FDA and CE mark approvals for this device are in

place. 
ierra TM ligation system 

The Sierra TM ligation system (Aegis Medical) is a minimally in-

asive solution for LAA closure using a percutaneous pericardial

pproach. The Sierra TM ligation system performs LAA closure in

he closed pericardial space through one small puncture through

he skin of the chest. There are two main components to the

ierra TM Ligation System: an Appendage Stabilizer and a Ligating

evice ( Fig. 8 ). The Stabilizer is used to find the LAA using fluo-

oscopic and ultrasound imaging, and by reading the ECG signals

rom the surface of the heart. Once the LAA is identified, the Sta-

ilizer guides the Ligating Device to the appendage. The Ligating

evice consists of a suture-like loop that gets positioned around

he LAA. Once in place, the loop is cinched down and locked in

lace to stop the blood flow to the LAA. 

Unlike other endocardial LAA closure devices, this epicardial de-

ice allows the physician to close the LAA without entering the

ascular system or the cavities of the heart. The Sierra TM Ligation
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ystem is an investigational device, not yet approved for commer-

ial use. 

onclusions 

Despite the growing interest in percutaneous LAA closure for

troke prevention in patients with NVAF, there is still need for bet-

er LAA closure device designs to obtain consistently acceptable

ow peri–procedural complication rates and improve clinical out-

omes. 

To date, the PROTECT-AF and PREVAIL trials remain the land-

ark studies in the field of percutaneous LAA closure therapy, and

hese are all studies involving the Watchman 

TM device. However,

ven these landmark trials have their controversies. E.g. 15% of pa-

ients in the Watchman 

TM arm of the PROTECT-AF trial remained

n VKA therapy, while the first co-primary efficacy endpoint (com-

osite of stroke, systemic embolism, and cardiovascular /unex-

lained death) in the PREVAIL trial did not achieve non-inferiority

f the device to warfarin – although, numerically, the event rates

ere actually similar. This failure to meet the pre-specified criteria

f non-inferiority in the PREVAIL study has been associated with

he low incidence of ischemic strokes/systemic embolism in the

KA arm (only 1 in 138 patients) and the relatively short follow-up

ime. 

Evidence in terms of large scale randomized control trials con-

erning other LAAC devices, or comparison between LAAC and

OAC are still lacking. Yet, data is available showing that LAAC

herapy can serve as a viable, if not the only, option for patients

ho are at high risk of ischemic stroke but cannot tolerate long-

erm OAC therapy. 

Therefore, it has become important not only to provide evi-

ence on safety and efficacy of different LAAC devices, but also to

nderstand the technical details and specific differences of the dif-

erent available or emerging LAA closure devices. In this update, an

verview of current and emerging LAA occluders are given – with

pecial attention to the key design features of every single device

nd, if available, preclinical or clinical data. ( Table 1 ) 

eclarations of interest 

- Jai-Wun Park is a clinical proctor for LAmbre TM LAA closure

system, AMPLATZER 

TM Amulet TM LAA occlude, and UltraSeal TM 

LAA closure device. 

- Yat-Yin Lam is a clinical proctor for LAmbre TM LAA closure sys-

tem and consultant for Lifetech Scientific Inc. 

- Tom De Potter has received institutional research grants from

Boston Scientific. 

- Josep Rodés-Cabau has received institutional research grants

from Cardia Inc. 

- Marcus Sandri is a consultant for Acoredis TM LAA occluder. 

- Eleftherios Sideris is a consultant for the Prolipsis TM device. 

- Trevor McCaw is an equity holder in Aegis Medial. 

- Randall J. Lee is a consultant with equity in SentreHEART, Inc. 

- Horst Sievert is a consultant and has received grants and hon-

orarium from Boston Scientific, Lifetech Scientific Inc., and Oc-

clutech international AB. 

- Lars Søndergaard is a consultant for and has received institu-

tional research grants from Abbott and Boston Scientific. 

- Ole De Backer has been consultant for Abbott and Boston Sci-

entific. 

eferences 

[1] Wolf PA , Abbott RD , Kannel WB . Atrial fibrillation as an independent risk factor
for stroke: the Framingham study. Stroke 1991;22:983–8 . 

[2] Furberg CD , Psaty BM , Manolio TA , Gardin JM , Smith VE , Rautaharju PM . Preva-
lence of atrial fibrillation in elderly subjects—The cardiovascular health study.

Am J Cardiol 1994;74:236–41 . 
[3] Go AS , Hylek EM , Philips KA , Chang Y , Henault LE , Selby JV , et al. Prevalence
of diagnosed atrial fibrillation in adults: national implications for rhythm man-

agement and stroke prevention: the AnTicoagulation and Risk Factors in Atrial
Fibrillation (ATRIA) Study. JAMA 2001;285:2370–5 . 

[4] Feinberg WM , Blackshear JL , Laupacis A , Kronmal R , Hart RG . Prevalence, age
distribution, and gender of patients with atrial fibrillation. Anal Implic Arch

Intern Med 1995;155:469–73 . 
[5] (No authors listed) Risk factors for stroke and efficacy of antithrombotic ther-

apy in atrial fibrillation. Analysis of pooled data from five randomized con-

trolled trials. Arch Intern Med 1994;154:1449–57 . 
[6] Benjamin EJ , Wolf PA , D’Agostino RB , Silbershatz H , Kannel WB , Levy D . Im-

pact of atrial fibrillation on the risk of death: the Framingham Heart Study.
Circulation 1998;98:946–52 . 

[7] Sandercock P , Bamford J , Dennis M , Burn J , Slattery J , Jones L , et al. Atrial fib-
rillation and stroke: prevalence in different types of stroke and influence on

early and long term prognosis. BMJ 1992;305:1460–5 . 

[8] Wolf PA , Benjamin EJ , Belanger AJ , Kannel WB , Levy D , D’Agostino RB . Secular
trends in the prevalence of atrial fibrillation: the Framingham study. Am Heart

J 1996;131:790–5 . 
[9] Kannel WB , Wolf PA , Benjamin EJ , Levy D . Prevalence, incidence, prognosis,

and predisposing conditions for atrial fibrillation: population-based estimates.
Am J Cardiol 1998;82(8A):2N–9N . 

[10] Camm AJ , Lip GY , De Caterina R , Savelieva I , Atar D , Hohnloser SH , et al. 2012

focused update of the ESC guidelines for the management of atrial fibrillation:
an update of the 2010 ESC guidelines for the management of atrial fibrilla-

tion–Developed with the special contribution of the European Heart Rhythm
Association. Europace 2012;14:1385–413 . 

[11] Glader EL , Sjolander M , Eriksson M , Lundberget M . Persistent use of secondary
prevention drugs declines rapidly during the first 2 years after stroke. Stroke

2010;41:397–401 . 

[12] Landmesser U , Holmes DRJ . Left atrial appendage closure: a percutaneous
transcatheter approach for stroke prevention in atrial fibrillation. Eur Heart J

2012;33:698–704 . 
[13] Lewalter T , Ibrahim R , Albers B , Camm AJ . An update and current expert opin-

ions on percutaneous left atrial appendage occlusion for stroke prevention in
atrial fibrillation. Europace 2013;15:652–6 . 

[14] Connolly SJ , Ezekowitz MD , Yusuf S , Eikelboom J , Oldgren J , Parekh A ,

et al. Dabigatran versus warfarin in patients with atrial fibrillation. N Engl J
Med 2009;361:1139–51 . 

[15] Patel MR , Mahaffey KW , Garg J , Pan G , Singer DE , Hacke W , et al. Ri-
varoxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med

2011;365:883–91 . 
[16] Granger CB , Alexander JH , McMurray JJ , Lopes RD , Hylek EM , Hanna M ,

et al. Apixaban versus warfarin in patients with atrial fibrillation. N Engl J Med

2011;365:981–92 . 
[17] Blackshear JL , Odell JA . Appendage obliteration to reduce stroke in car-

diac surgical patients with atrial fibrillation. Ann Thorac Surg 1996;61:755–
759 . 

[18] Fountain RB , Holmes DR , Chandrasekaran K , Packer D , Asirvatham S , Van
Tassel R , et al. The protect AF (WATCHMAN left atrial appendage system

for embolic protection in patients with atrial fibrillation) trial. Am Heart J
2006;151:956–61 . 

[19] Reddy V , Sievert H , Halperin J , Doshi S , Buchbinder M , Neuzil P , et al. Percuta-

neous left atrial appendage closure vs warfarin for atrial fibrillation a random-
ized clinical trial. JAMA 2014;312(19):1988–98 . 

20] Wiebe J , Franke J , Lhn K , Hofmann I , Vaskelyte L , Bertog S , et al. Percutaneous
left atrial appendage closure with the Watchman device long-term results up

to 5 years. J Am Coll Cardiol 2015;15:1915–21 . 
[21] Reddy VY , Doshi SK , Kar S , Gibson DN , Price MJ , Huber K , et al. 5-year out-

comes after left atrial appendage closure: from the prevail and protect AF tri-

als. J Am Coll Cardiol 2017;70(24):2964–75 . 
22] Asmarats L. Rodés-Cabau. Percutaneous LAAC: current devices and clin-

ical outcomes. Circ Cardiovasc Interv 2017;10(11):e005359. doi: 10.1161/
CIRCINTERVENTIONS.117.005359 . 

23] Holmes DR , Kar S , Price MJ . Prospective randomized evaluation of the Watch-
man left atrial appendage closure device in patients with atrial fibrilla-

tion versus long-term warfarin therapy: the PREVAIL trial. J Am Coll Cardiol

2014;64:1–12 . 
24] Landmesser U , Schmidt B , Nielsen-Kudsk JE , Lam SCC , Park JW , Taran-

tini G , et al. Left atrial appendage occlusion with the AMPLATZER Amulet
device: periprocedural and early clinical/echocardiographic data from a

global prospective observational study. EuroIntervention 2017;13(7):867–
876 . 

25] Tzikas A1 , Shakir S , Gafoor S , Omran H , Berti S , Santoro G , et al. Left

atrial appendage occlusion for stroke prevention in atrial fibrillation: mul-
ticentre experience with the AMPLATZER cardiac plug. EuroIntervention

2016;11(10):1170–9 . 
26] Huang H , Liu Y , Xu Y , Wang Z , Li Y , Cao K , et al. Percutaneous left atrial

appendage closure with the lambre device for stroke prevention in atrial
fibrillation: a prospective, multicenter clinical study. JACC Cardiovasc Interv

2017;10(21):2188–94 . 

[27] Franzen O , Reddy V , Worthley S , et al. Clinical experience with the Coherex
WaveCrest TM LAA occlusion system. In: Proceedings of the Paris: Scientific Ses-

sion at EuroPCR; 2013 . 
28] Park JW , Sherif MA , Zintl K , Lam YY , Goedde M , Scharnweber T , et al. Percu-

http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0021
https://doi.org/10.1161/CIRCINTERVENTIONS.117.005359
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0025
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0025
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0025
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0025
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0025
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0025
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0025
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0025
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0026
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0026
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0026
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0026
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0026
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0026
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0026
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0026
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0027
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0027
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0027
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0027
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0027
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028


236 D.H.F. Chow et al. / Trends in Cardiovascular Medicine 29 (2019) 228–236 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

taneous left atrial appendage closure with a novel self-modelizing device: a
pre-clinical feasibility study. Int J Cardiol 2014;177:957–63 . 

[29] Toumanides S , Sideris E , Agricola T , Moulopoulos S . The Transcatheter Patch: a
wireless absorbable device for left atrial appendage obliteration – Advantages

and disadvantages of the different models. In: Atrial fibrillation: causes, diag-
nosis and treatment options, 22. Hauppauge: Nova Publishers; 2013. p. 325–

334 . 
[30] Toumanides S , Sideris E , Agricola T , Moulopoulos S . Transcatheter Patch occlu-

sion of the left atrial appendage using surgical adhesives in high-risk patients

with atrial fibrillation. J Am Coll Cardiol 2011;58(21):2236–46 . 
[31] Sievert H , Rasekh A , Bartus K , Morelli RL , Fang Q , Kuropka J , et al. Left atrial
appendage ligation in nonvalvular atrial fibrillation patients at high risk for

embolic events with ineligibility for oral anticoagulation: initial report of clin-
ical outcomes. J Am Coll Cardiol 2015;1:465–74 . 

32] Lakkireddy DR , Mahankali AS , Kanmanthareddy A , Lee RA , Badhwar N ,
Bartu ́s K . Left atrial appendage ligation and ablation for persistent atrial fib-

rillation (LAALA-AF Registry). J Am Coll Cardiol 2015;1:153–60 . 
[33] Lee RJ , Lakkireddy D , Mittal S , Ellis C , Wilber D . Percutaneous alternative

to the Maze procedure for the treatment of persistent or long-standing per-

sistent atrial fibrillation (aMAZE trial): rationale and design. Am Heart J
2015;170(6):1184–94 . 

http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0028
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0029
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0029
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0029
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0029
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0029
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0030
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0030
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0030
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0030
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0030
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0031
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0031
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0031
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0031
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0031
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0031
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0031
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0031
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0032
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0032
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0032
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0032
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0032
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0032
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0032
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0033
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0033
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0033
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0033
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0033
http://refhub.elsevier.com/S1050-1738(18)30174-9/sbref0033

	An overview of current and emerging devices for percutaneous left atrial appendage closure
	 Introduction
	 Overview of different devices
	 WATCHMAN&#x2122; LAA closure device
	 AMPLATZER&#x2122; Amulet&#x2122; LAA occluder
	 LAmbre&#x2122; LAA closure system
	 WaveCrest&#x2122; LAA occlusion system
	 UltraSeal&#x2122; LAA closure device
	 SeaLA&#x2122; LAA occluder
	 Omega&#x2122; LAA occlusion device
	 Occlutech&#x2122; LAA occluder
	 Acoredis&#x2122; LAA occlude
	 Prolipsis&#x2122;
	 Lariat&#x2122; suture delivery device
	 Sierra&#x2122; ligation system

	 Conclusions
	 Declarations of interest
	 References


