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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common sustained arrhythmia and cur-
rently affects 5 million Americans.® AF is associated with a > 5-fold
increased risk of stroke.? The CHA,DS,-VASc score provides an assess-
ment of stroke risk® and ranges from O to 9, as shown in Table 1.

The risk of AF-associated stroke has been shown to be reduced
by 64% with anticoagulation, and thus this is the standard of care for
thromboembolic prophylaxis in the majority of AF patients.* Despite
the proven efficacy of anticoagulation with both warfarin and
recently available novel oral anticoagulants (NOACs), the use, effi-
cacy, and safety of chronic anticoagulation therapy is limited because
of bleeding complications. The HAS-BLED score is currently used for
formal assessment of bleeding risk in an AF patient being considered
for anticoagulation; its scoring also ranges from O to 9 (Table 1).

In nonvalvular AF patients, up to 91% of left atrial (LA) thrombi
have been localized to the left atrial appendage (LAA).>¢ The LAA has
a narrow orifice with a trabeculated structure that predisposes to
blood stasis and thrombus formation.” As a result, LAA occlusion with
surgical ligation or mechanical occlusion has emerged as a potential

alternative to oral anticoagulation (OAC) to decrease the risk of

Atrial fibrillation (AF) is a commonly sustained atrial arrhythmia with associated morbidity and
mortality. AF is associated with increased risk of thromboembolism and stroke, requiring use of
anticoagulation. Anticoagulation decreases the risk of stroke but is associated with a higher risk
of bleeding, necessitating discontinuation in some patients. The left atrial appendage is the
likely source of thrombus in the majority of patients with AF. This has led to the development
of left atrial appendage occlusion as a means to reduce stroke risk in patients who have a con-
traindication to long-term anticoagulation. Multiple implantable devices have surfaced in the
last few years, with some promising prospects. The main purpose of this review is to highlight

the indications and use of these devices for left atrial appendage occlusion.

Atrial Fibrillation, Left Atrial Appendage Occlusion, Stroke Prevention

stroke in patients with AF without producing a concomitant increase

in bleeding risk.®

2 | SURGICAL MANAGEMENT OF LAA

The Left Atrial Appendage Occlusion Study (LAAOS) was the first ran-
domized clinical trial designed to evaluate the feasibility, safety, and
efficacy of LAA occlusion for prevention of ischemic stroke in patients
undergoing coronary artery bypass grafting surgery.” A total of
77 patients undergoing the surgery who were deemed suitable for
occlusion based on their LAA anatomy were then randomized 2:1 to
undergo LAA occlusion or control. Complete occlusion of LAA was
achieved in 45% (5/11) of patients using sutures and 72% (24/33) using
a stapler (P = 0.14). There were perioperative thromboembolic events
in 2.6% of patients in the control group only. After surgery, patients
were followed for an average of 13 + 7 months, during which time no
additional patients had a stroke. Similarly, in a retrospective analysis,

Kanderian et al'®

sought to determine which surgical technique of LAA
closure is most successful as assessed by transesophageal echocardiog-

raphy (TEE). Of 137 patients included, 52 underwent excision and
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TABLE1 Stroke (CHA,DS,-VASc) and bleeding risk (HAS-BLED) assessment in AF patients
CHA,DS,-VASc Score HAS-BLED Score
CHF 1 HTN (SBP >160 mmHg) 1
HTN 1 Abnormal renal and liver function (1 point each) lor2
Age > 75y 2 Stroke 1
DM 1 Bleeding tendency/predisposition 1
Stroke/TIA/TE 2 Labile INRs (if on warfarin) 1
Vascular disease (prior MI, PAD, or aortic plaque) 1 Elderly (age > 56y) 1
Age 65-74y 1 Drugs or alcohol (1 point each) 1or2
Sex category (F) 1
Maximum score® 9 Maximum score 9

Abbreviations: CHF, congestive heart failure; DM, diabetes mellitus; F, female; HTN, hypertension; INR, international normalized ratio; MI, myocardial
infarction; PAD, peripheral arterial disease; SBP, systolic blood pressure; TE, thromboembolic event; TIA, transient ischemic attack.

@ Only 1 age category is counted in the total score, allowing a maximum of 9 points.

85 underwent exclusion (73 suture and 12 stapler). Only 55 of
137 (40%) of the closures were successful, more often with excision
(73%) than suture exclusion (23%) and stapler exclusion (0%).

The 2014 American Heart Association/American College of Car-
diology/Heart Rhythm Society Guidelines for the management of AF
provide a class 1IB/level of evidence C recommendation for surgical

excision of the LAA in patients undergoing cardiac surgery.'*

2.1 | Transvenous device closure of LAA
2.1.1 | PLAATO

The first transvascular LAA closure system developed was the Percuta-
neous Left Atrial Appendage Transcatheter Occlusion device (PLAATO;
Ev3 Endovascular, Plymouth, MN), which consisted of a polytetrafluoro-

ethylene membrane on a self-expanding nitinol cage (Figure 1A).
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FIGURE 1

The device was first tested in a canine model in 2002.? In sub-
sequent clinical testing in patients with nonrheumatic AF,*® percuta-
neous LAA occlusion was successful in 108 of 111 patients (97.3%;
95% confidence interval: 92.3%-99.4%). Of the 111 enrolled patients,
only 2 (1.8%; 95% confidence interval: 0.2%-6.4%) experienced a
stroke, at 173 and 215 days after the implant procedure, respectively.
Despite the success of these studies, the company withdrew the
device in 2007 for commercial reasons.

2.1.2 | Watchman
The Watchman device (Boston Scientific, Natick, MA), an umbrella-

shaped plug, uses a semispherical nitinol frame partially coated with a
160-pm-thick polyethylene terephthalate membrane (Figure 1B). The
polyethylene terephthalate faces into the body of the LA and creates a
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LAA closure devices. (A) PLAATO device illustrating (left) front surface and (right) lateral view, showing nitinol cage structure

covered with ePTFE. (B) Watchman device. (C) Amplatzer Cardiac Plug and Amplatzer Amulet device. (D) Lariat suture delivery system.
(E) AtriClip delivery system. (F) Aegis Sierra LAA capture and ligation system. Abbreviations: ePTFE, expanded polytetrafluoroethylene; LA, left
atrium; LAA, left atrial appendage; PLAATO, percutaneous left atrial appendage transcatheter occlusion
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permeable membrane to block embolization of thrombus while provid-
ing a scaffold on which re-endothelialization can occur. The base of the
device is anchored into the LAA by fixation barbs (see Supporting Infor-
mation, video clips 1 and 2, in the online version of this article). The
Watchman device is available in 5 sizes, ranging from 21 to 33 mm. The
device size needs to be 10% to 20% larger than the diameter of the
LAA orifice to ensure sufficient and stable positioning of the device (see
Supporting Information, video clip 3, in the online version of this article).
Shown in Figure 2 are computed tomography (CT) images of LAA with
an implanted Watchman device. The manufacturer recommends
follow-up TEE at 6 weeks. If TEE shows complete closure or a residual
leak with a jet width of <5 mm, warfarin is discontinued. Patients are
then treated with 4.5 months of clopidogrel and lifelong aspirin.

The Watchman Left Atrial Appendage System for Embolic Protec-
tion in Patients With Atrial Fibrillation (PROTECT-AF) trial was the first
trial to examine the efficacy of the Watchman device. The trial included
707 AF patients from 59 centers in the United States and Europe ran-
domized in a 2:1 fashion to device vs warfarin.'* Efficacy was deter-
mined as freedom from composite endpoint of stroke, thromboembolic
event, or cardiac death. The primary efficacy event rate was 3 per 100 -
patient-years in the Watchman group and 4.9 per 100 patient-years in
the control arm after 18 months. Embolic stroke was higher in the
intervention group, but hemorrhagic stroke was markedly higher in the
warfarin arm. The incidence of safety events was the highest early in
the trial, more frequently in the intervention group (7.4 vs 4.4 per 100 -
patient-years) and most commonly on the day of procedure (55%), but
this improved with increased operator experience. At 3.8 years of
follow-up, the primary efficacy event rate in the Watchman arm had
decreased to 2.3 per 100 patient-years (vs 3.8 per 100 patient-years

with warfarin) and met criteria for superiority.*®

FIGURE 2 CT images of LAA with implanted Watchman device.
Abbreviations: CT, computed tomography; LAA, left atrial appendage
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The Prospective Randomized Evaluation of the Watchman Left
Atrial Appendage Closure Device in Patients With Atrial Fibrillation
vs Long-Term Warfarin Therapy (PREVAIL) study randomized
407 patients in 2:1 fashion to device vs warfarin.*® PREVAIL did not
achieve noninferiority for its primary efficacy endpoint, apparently
due to the low rate of stroke in the control arm. Procedural complica-
tions decreased to 4.2% in PREVAIL, compared with 8.7% in
PROTECT-AF (P = 0.004). Post-implantation statistical noninferiority
was achieved for events occurring >7 days after device implantation.

A patient-level meta-analysis combined the results from
PROTECT-AF, PREVAIL, and the trial registries CAP1 and CAP2 (the
Continued Access to PREVAIL).Y” When compared with warfarin,
Watchman resulted in fewer hemorrhagic strokes (P = 0.004), lower
rates of nonprocedural bleeding (P = 0.006), and lower incidence of
cardiac or unexplained deaths (P = 0.006). The Watchman group had
more ischemic strokes (P = 0.05); however, after excluding procedural
ischemic strokes, there was no difference in the rate of ischemic
strokes between the 2 groups (P = 0.21).

The Watchman device was approved on the basis of the above
data by the US Food and Drug Administration (FDA) in 2015 for non-
valvular AF patients at risk for stroke without contraindication to
anticoagulation. The ASA Plavix Feasibility Study With Watchman
Left Atrial Appendage Closure Technology (ASAP) study, a nonrando-
mized study including 150 patients, was carried out to assess the
safety of Watchman in patients with contraindication to anticoagula-
tion. These patients were treated with 6 months of aspirin and clopi-
dogrel, followed by lifelong aspirin. At 14 months of follow-up,
embolism or all-cause stroke occurred in 4 patients (2.3% per year),
less than predicted based on CHADS, score (7.3%).18

A recent analysis was performed to evaluate acute procedural
performance and complication rates for all cases performed in the
United States since FDA approval.l? A total of 3822 consecutive
patients underwent device implantation between March 2015 and
May 2016 by 382 operating physicians at 169 US centers. Seventy-
one percent of implanting physicians were new who performed 50%
of the procedures, and the procedure was performed successfully in
95.6% patients. Complication rates were favorable, with pericardial
tamponade, procedure-related stroke, and mortality rates of approxi-
mately 1%, 0.08%, and 0.08%, respectively.

The feasibility and safety of NOACs as an alternative to warfarin
in the periprocedural and postprocedural settings after Watchman
implantation have been assessed in a retrospective analysis of a series
of prospective LAAC registries at 5 participating centers.?® After
implantation, 214 patients received NOACs (apixaban 46%, rivaroxa-
ban 46%, dabigatran 7%, and edoxaban 1%). The control group of
212 patients received warfarin. Device-related thrombosis and bleed-
ing events were comparable between the 2 groups. Thus, the use of
NOACs, peri- and postprocedurally, was a feasible and safe alternative
to warfarin to prevent early thromboembolic complications following

Watchman placement without increasing the risk of bleeding.2°

213
The Amplatzer Cardiac Plug (ACP; St. Jude Medical, Minneapolis,

MN; Figure 1C), a self-expandable device, is made from nitinol

| Amplatzer Cardiac Plug and Amulet
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and Dacron and consists of 3 parts: the lobe, the disk, and the middle.
The distal lobe and proximal disk are connected by an articulating
waist. The ACP comes in 8 sizes to accommodate varying LAA anat-
omy. The ACP and the second-generation Amplatzer Amulet device
are widely used outside the United States. ACP is the second most
commonly used LAAC (after Watchman) in Europe; however, it has
not received FDA approval for use in the United States. Most of the
data for the ACP devices is derived from small registries maintained
at centers outside the United States.?1-24

The largest observational trial included 1047 patients demonstrat-
ing both safety and efficacy for stroke prevention using the ACP.°
Maijor procedural adverse events occurred in 5%. All-cause mortality
at 1 year was 4.2%. On TEE, 4.4% had device thrombus; however,
none of these patients developed stroke or transient ischemic attack.

The prospective, multicenter, international Amplatzer Amulet
observational study, the largest registry of the 2 devices, enrolled 1073
patients, of which 1060 patients had device implantation with a suc-
cess rate of 98.8%.2¢ Major adverse events within 7 days after the pro-
cedure occurred in 2.7% of 1073 patients, including ischemic stroke in
0.3%, embolization in 0.1%, bleeding in 0.9%, and pericardial effusion
in 0.5%. At 1- to 3-month follow-up, the majority of patients were on
antiplatelet therapy only and TEE showed an LAA closure rate of 99%.

The Amplatzer Amulet LAA Occluder trial is a prospective, rando-
mized, multicenter active control trial to be carried out in 150 coun-
tries with estimated enrollment of 1600 patients. The investigational
device exemption (IDE) trial is designed to evaluate the safety and
effectiveness of the Amplatzer Amulet LAA Occluder (http://www.
clinicaltrials.gov NCT 02879448).

22 |

221 |

The Lariat system (SentreHEART, Palo Alto, CA; Figure 1D) consists
of 3 components: a balloon catheter, magnet-tipped guidewires, and

Minimally invasive external occlusion of LAA

Lariat

an epicardially placed 12-F suture delivery device.?” The Lariat sys-
tem requires both epicardial and endocardial approaches to occlude
the LAA. Using a transseptal approach, the LA is entered, and the
endocardial magnet-tipped guidewire is placed in the apex of the
LAA, over which the balloon catheter is advanced to the neck of the
LAA (see Supporting Information, video clips 4 and 5, in the online
version of this article). A second magnetic wire is advanced through
the pericardial space to the epicardial surface opposing the tip of the
LAA (see Supporting Information, video clip 6, in the online version of
this article). When the 2 magnetic wires are opposed, a suture can be
guided over the rail formed by the 2 magnet-tipped guidewires and
positioned basal to the balloon inflated in the neck of the LAA (see
Supporting Information, video clip 7, in the online version of this arti-
cle). Once adequate placement is confirmed with imaging, the epicar-
dial suture can be secured and the LAA ligated.

Because the Lariat system leaves no hardware inside the LA after
the LAA is occluded, there is no clear need for postprocedure antic-
oagulation. As a result, the Lariat device is being used in clinical prac-
tice for LAA occlusion in the United States in patients who have
contraindications or failed oral anticoagulation. The Lariat device

received 510(k) clearance by the FDA as a suture for tissue

approximation, but not specifically for LAA exclusion or stroke pre-
vention. The feasibility and safety of Lariat use have been shown in
smaller studies.?®? Although approximately 4000 procedures have
been performed so far in the United States, the largest safety report
included only 154 patients from 8 centers. In this multicenter study,
major complications occurred in 9.7%, including 14 major bleeds and
16 significant pericardial effusions. Death, MI, or stroke occurred in
4 patients over 3.7 months of follow-up. Out of the 63 patients who
underwent TEE, 13 had residual leak and 3 had LA thrombi.

Ligation of the LAA using the Lariat system may also create elec-
trical isolation of the LAA and reduce the recurrence of AF after pul-
monary vein isolation (PVI) in patients with persistent AF. A
prospective observational study of 138 patients with persistent AF
referred for AF ablation was performed. Sixty-nine patients under-
went LAA ligation with the Lariat procedure before undergoing PVI
(Lariat group). The primary outcome of freedom from AF at 1 year off
antiarrhythmic therapy after 1 ablation procedure was higher in the
Lariat group than in those who underwent PVI alone (45 [65%)] vs
27 [39%], respectively; P = 0.002).3! A multicenter randomized trial
called LAA Ligation Adjunctive to PVI for Persistent or Longstanding
Persistent Atrial Fibrillation (the aMAZE Study) has been designed to
study this prospectively and is currently enrolling patients (http://
www.clinicaltrials.gov NCT02513797). This study is a departure from
others in that it will test the hypothesis that LAA closure reduces AF
itself rather than stroke or thromboembolism.

2.2.2 | AtriClip
AtriClip (AtriCure, West Chester, OH) is a self-closing external rectan-

gular LAA occluder (Figure 1E). It is available in 4 sizes, from 35 mm to
50 mm, in 5-mm increments. It consists of 2 nitinol springs joined with
2 titanium members covered with Dacron polyester fabric. The parallel
compression planes symmetrically exert a pressure of 2 to 8 psi over
the entire contact area, effectively forming a surgically implanted
clamp across the base of the LAA. It is applied epicardially via a median
sternotomy or video-assisted thorascopic surgical approach. The FDA
510(k) approval of the device states that it is indicated for LAA occlu-
sion under direct visualization, in conjunction with other open cardiac
surgical procedures. The Exclusion of Left Atrial Appendage with Atri-
Clip Exclusion Device in Patients Undergoing Concomitant Cardiac
Surgery (EXCLUDE) study, a nonrandomized prospective study con-
ducted at 7 US centers, demonstrated the efficacy of the AtriClip
device.3? A total of 71 patients were enrolled, of which 70 had suc-
cessful placement of the AtriClip device. Although significant adverse
events occurred in 34 of 70 patients, no adverse events were related
to the device. Of the patients who underwent imaging by CT angiogra-
phy or TEE, 60 of 61 patients (98.4%) had successful LAA exclusion.
The efficacy of the AtriClip as a stroke-prevention device has not been
tested in randomized clinical trials.
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Deployment techniques and anticoagulation for some of the devices
are outlined in Table 2. The Watchman, ACP, Amulet, and LAmbre

devices all are deployed endovascularly. The Lariat requires an endo-

Device deployment and anticoagulation

epicardial approach. The Watchman is implanted using a catheter-
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TABLE2 LAAO devices, FDA-approved indication, deployment technique, and anticoagulation recommednation

FDA
LAAO Approval Date of Indication/Equivalent Recommended
Device Applicant Type Approval Device Access/Deployment Anticoagulation
Watchman Atritech PMA March Stroke prevention Endovascular Warfarin for 45 days, then
2015 DAPT for 4.5 months
Lariat SentreHEART 510(k) May 2006  Suture for soft-tissue  Endo-epicardial None
closure

AtriClip AtriCure 510(k) June 2010  Ligating clip Epicardial None
ACP/Amulet St. Jude - - Endovascular DAPT

Medical
LAmbre LifeTech — - Endovascular None

Scientific

Abbreviations: ACP, Amplatzer Cardiac Plug; DAPT, dual antiplatelet therapy; FDA, US Food and Drug Administration; LAAO, left atrial appendage occlu-

sion; PMA, Premarket Approval.

based delivery system via a transseptal approach, guided by fluoros-
copy and TEE to verify positioning and stability. Post-implantation
patients are anticoagulated for 45 days, followed by 6 months of
daily aspirin and clopidogrel and then lifelong aspirin.}* The ACP also
is deployed endovascularly using a transseptal approach. Anticoagula-
tion is stopped immediately after the procedure, with requirements
to take aspirin and clopidogrel for 1 to 6 months.?! The Lariat uses
an endo-epicardial approach with magnet-tipped guidewires for LAA
stabilization, followed by release of pre-tied suture for LAA ligation.

No anticoagulation is used in patients with contraindications.2”

3 | NEW LAA OCCLUSION DEVICES IN
DEVELOPMENT

New LAA occlusion devices in development include the Sierra Ligation
System (Aegis Medical, Vancouver, BC), which is an epicardial
electrocardiogram-guided LAA capture and ligation system. It has
been studied in canine models®® (Figure 1F), and a feasibility study is
on the way (http://www.clinicaltrials.gov NCT 02583178). LAmbre
(LifeTech Scientific Corp., China) is a self-expanding nitinol device with
high success rates in canines.3* WaveCrest (Coherex Medical, Salt
Lake City, UT; CE Mark approved) and Occlutech (Occlutech; Jena,
Germany) are other LAA occlusion devices currently in development.

4 | CURRENT GUIDELINES

The 2016 European Society of Cardiology guidelines recommend that a
percutaneous LAA closure device may be considered in patients with high
risk of stroke and contraindication for long-term anticoagulation, class llb
(level of evidence B).>®> The 2014 AHA/ACC/HRS guidelines have no
recommendations for LAAO devices, as there was no FDA-approved
device at the time of the guidelines. With the recent FDA approval of

Watchman, we anticipate recommendations in upcoming guidelines.

5 | PATIENT AND PROCEDURE SELECTION
FOR LAA OCCLUSION

At our institution, patients with a CHADS, score = 2 or CHA,DS,-

VASc score = 3 and contraindication to long-term anticoagulation are

Decision Tree

[ CHADS = 2 or CHADS-VASc 2 3 |

[ Can tolerate long-term anticoagulation? |

yes" no
] Warfarin or NOAC \

| Can tolerate short-term anticoagulation? |

yesl no
v

Watchman [ Prior cardiac surgery? |

l yesl 1 no
Warfarin (or NOAC) x 6 wk +
ASA, then Clopidogrel x 4.5 mo ?
and ASA indefinitely

Lariat or
Atriclip (VATS)

FIGURE 3 Schematic diagram of decision tree outlining our
approach to patient selection for LAA occlusion. Abbreviations: ASA,
acetylsalicylic acid (aspirin); LAA, left atrial appendage; NOAC, novel
oral anticoagulant; VATS, video-assisted thoracoscopic surgery

screened and evaluated for LAA occlusion procedures. Those who
can tolerate short-term anticoagulation and have a feasible LAA anat-
omy are candidates for a Watchman device. We use cardiac CT angi-
ography for evaluation of anatomy and LAA measurements before
the procedure. For short-term anticoagulation after implantation of
the Watchman device, we prefer warfarin, but we are increasingly
making use of NOACs, particularly in those patients not already on
warfarin or with a history of labile international normalized ratio on
warfarin. The directions for use also suggest administration of aspirin
in the early post-implantation period, although we sometimes avoid
the addition of aspirin in patients who have already had a major
bleed. Those who cannot tolerate short-term anticoagulation and
have no prior cardiac surgery are candidates for the Lariat procedure
if the anatomy is suitable; otherwise, we use the AtriClip device. A
schematic outline of our decision tree is presented in Figure 3.

6 | CONCLUSION

For the majority of patients with AF and increased risk of stroke,

OAC with vitamin K antagonist or NOAC remains the mainstay of
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therapy. However, roughly 1 in 10 of these patients has a contraindi-

cation to anticoagulation due to a prior major bleeding episode or risk

of such an event.3® Furthermore, among patients who initially toler-

ate OAC, subsequent trauma or bleeding events lead to interruption

of

anticoagulation use. For these patients, LAA occlusion has

emerged as an alternative strategy for stroke prevention. Randomized

clinical trials are ongoing for several emerging systems. Despite the

reduction in stroke and improvement in survival, more studies are

required to further determine optimal patient-selection criteria.
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