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Prevention in Nonvalvular Atrial Fibrillation
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ABSTRACT: The majority of embolic strokes in patients with nonvalvular atrial fibrillation are caused by thrombi in the left atrial
appendage. It is projected that strokes related to atrial fibrillation will markedly increase in the future unless effective mitiga-
tion strategies are implemented. Systemic anticoagulation has been known to be highly effective in reducing stroke risk in
patients with atrial fibrillation. However, bleeding complications and nonadherence are barriers to effective anticoagulation
therapy. Surgical and percutaneous left atrial appendage occlusion devices are nonpharmacologic strategies to mitigate
the challenges of drug therapy. We present a contemporary review of left atrial appendage occlusion for stroke prevention
in nonvalvular atrial fibrillation. A thorough review of the history of surgical and percutaneous left atrial appendage occlusion
devices, recent trials, and US Food and Drug Administration milestones of current left atrial appendage occlusion devices are

discussed.
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“most lethal human attachment,” is responsible

for >90% of embolic strokes." In 2020, stroke was
the fifth leading cause of death in the United States
after heart disease, cancer, COVID-19, and uninten-
tional injury.? Atrial fibrillation (AF) is associated with
a 4- to 5-fold increased risk of ischemic stroke and
accounts for 25% of the 700 000 cerebrovascular
accidents that occur in the United States annually.®#
This translates to an average of $351.2 billion direct
and indirect costs in the United States alone.® It is pro-
jected that strokes related to AF will markedly increase
in the future unless effective mitigation strategies are
implemented. Historically, the mainstay of treatment for
stroke prevention in AF has been oral anticoagulation
(OAC). Large, randomized, controlled clinical studies
of vitamin K antagonists (VKA), direct thrombin inhib-
itors, and factor-Xa inhibitors have established OACs
as the standard of care for stroke prevention in AF.56
Although systemic anticoagulation has been known to

The left atrial appendage (LAA), described as the

be highly effective in mitigating stroke risk in patients
with AF, there are patient, physician, and systemic
barriers that make it difficult for many patients to sus-
tain OAC therapy over time.8 These challenges led to
a quest for alternative nonpharmacologic strategies
particularly for high-risk patients who are intolerant to
standard therapy.

For decades, OAC therapy for AF was limited to
VKAs. Because of its dietary restrictions and need for
routine blood monitoring, VKA therapy often leads to
poor compliance and frequent measurements outside
the therapeutic window. It was hoped that newer direct
oral anticoagulants (DOACs) and predictable levels of
anticoagulation without blood-level monitoring would
address issues of nonadherence. However, limitations
with anticoagulation therapy are present even with
DOACs. Significant bleeding, high medication costs,
and patient noncompliance are some of the barriers
that prevent patients from receiving optimal therapeu-
tic benefit. Although many patients are able to tolerate
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Nonstandard Abbreviations and Acronyms

3D 3-dimensional
ACP Amplatzer Cardiac Plug

DAPT dual antiplatelet therapy
DOAC direct oral anticoagulant

DRT device-related thrombus

FDA Food and Drug Administration
GA general anesthesia

ICE intracardiac echocardiogram
LAA left atrial appendage

LAAO left atrial appendage occlusion
OAC oral anticoagulation

TEE transesophageal echocardiogram
VKA vitamin K antagonists

OACs, there is a large subset of patients who cannot
tolerate long-term anticoagulation. Elderly patients
often have unfavorable risk profiles for anticoagula-
tion and high Hypertension, Abnormal Renal/Liver
Function, Stroke, Bleeding History or Predisposition,
Labile INR, Elderly, Drugs/Alcohol Concomitantly
scores. Interestingly, this is the same subset of patients
who benefit the most from OAC in terms of stroke risk
reduction. This treatment gap has been the impetus for
finding an effective and safe nonpharmacologic alter-
native therapy for stroke prevention.

HISTORY OF LAA CLOSURE

The history of LAA occlusion (LAAQO) or excision can be
traced back to the mid-20th century when cardiac sur-
gical techniques specifically involving the mitral valve
were developed. Rheumatic mitral stenosis is notorious
for causing embolic strokes especially with concomi-
tant AF. Unsurprisingly, the earliest documented LAA
excision procedures were in patients with rheumatic
mitral stenosis undergoing cardiac surgery. In 1949,
Madden described 2 patients who underwent LAA ex-
cision as prophylaxis for recurring atrial thrombi.®

A meta-analysis of 23 studies noted that 57% of pa-
tients with valvular AF had thrombi localized in the LAA
and extended into the left atrial cavity.'® In contrast, in
patients with nonrheumatic AF, 91% of thrombi were
localized in the LAA only (P<0.0001). This pivotal ob-
servation differentiated the management of rheumatic
(valvular) and nonrheumatic (nonvalvular) AF attributed
to the site-specific location of the thrombus that led
to embolic stroke. Valvular AF is defined as AF in the
setting of moderate to severe mitral valve stenosis from
rheumatic heart disease or a mechanical valve."" With
>90% of thrombi located in the LAA in nonvalvular AF,
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attention has focused on occlusion or exclusion of the
LAA for the prevention of embolic stroke.

MORPHOLOGY AND FUNCTION OF
THE LAA

The LAA is a finger-like projection contiguous with
the main body of the left atrium (LA). It is generally re-
garded as a vestigial remnant of the primordial LA."?
Knowledge of the LAA shape, size, and spatial rela-
tionship with contiguous cardiac structures is vital es-
pecially during structural procedures. The LAA has a
wide variability in size and shape. In most hearts, the
LAA extends between the anterior and lateral walls with
its tip pointed antero-superiorly. In a small percentage
of hearts, the LAA is directed laterally and posteriorly
or sits in the transverse pericardial sinus.'

A large study of postmortem hearts examined the
variations of LAA lobes. The study demonstrated that
54% of hearts had 2 lobes, 23% had 3 lobes, 20%
had 1 lobe, and only 3% had 4 lobes.'* No significant
correlation between sex and age differences in LAA
morphologies were found. However, there is a strong
association with the number of lobes and the presence
of LAA thrombus. In their cohort of patients with AF,
most patients with LAA thrombus had >3 lobes. In
contrast, thrombus was only seen in 0.7% (n=296) with
1 or 2 lobes."”

LAA Shapes

One of the peculiar features of the LAA is the wide vari-
ation of shapes and sizes. In a study using multidetector
computed tomography (CT) and cardiac magnetic res-
onance, LAA morphology was classified into 4 shapes
(Figure 1)."® The most common shape is the “chicken
wing.” A prominent bend in the proximal or middle part
of the dominant lobe defines this shape. The cactus
shape is the next most common LAA morphology. It is
characterized by a dominant central lobe with second-
ary lobes outpouching both superiorly and inferiorly.
The third most common is the windsock shape with
1 dominant lobe as the primary structure. Lastly, the
cauliflower shape is the least common morphology.
It has a variable number of lobes without a dominant
lobe. It also has a short length with an irregular orifice.
Most importantly, the cauliflower shape is most often
associated with embolic events and strokes.'®

LAA Function

The LAA has neurohormonal and reservoir functions.
It contains specialized endothelial cells involved in the
production of natriuretic peptides (ANP [atrial natriu-
retic peptide] and BNP [B-type natriuretic peptide]).
Compared with the LA, the LAA is more distensible
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Figure 1.

Explanted hearts showing different left atrial appendage morphology.

(A) chicken wing, (B) windsock, (C) cauliflower, (D) cactus. Reprinted from Beigel et al'® with permission.

Copyright ©2014, Elsevier.

and contains a high concentration of ANP granules.
These features allow the LAA to be an ideal decom-
pression chamber when LA pressure increases. The
ANP granules also regulate fluid balance. In some
studies of surgical removal of the LAA, excision
was thought to cause fluid retention in the immedi-
ate postoperative period. This observation was ap-
parent in the surgical removal of both the LAA and
right atrial appendage during the “cut and sew” Maze
procedure.'"'® A current iteration of the procedure
only excises the LAA and ameliorates this complica-
tion. Experimental studies also demonstrated that
mechanical activity of the LAA has no apparent ef-
fect on cardiac output, thus closure or excision of
the LAA will not have any significant hemodynamic
consequence.'®

When the LA undergoes remodeling in patients with
chronic AF, the LAA becomes a static pouch. During
AF, Doppler flow velocity is reduced and propensity
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for thrombus formation increases.”” The pathogen-
esis of thrombus formation in the LAA has not been
fully elucidated. However; the shape of the LAA, rela-
tive stasis, and trabeculations appear to play a major
role. Several mechanisms occur during AF that pro-
mote thrombogenesis as a fulfillment of the Virchow’s
triad. Endocardial damage occurs by atrial dilatation,
endocardial denudation, and fibroelastic infiltration of
the extracellular matrix.'® Hemostatic and platelet acti-
vation, in addition to growth factor changes during AF,
promote a hypercoagulable state. Lastly, stasis in the
LAA, especially during AF, completes the triad.

SURGICAL LAA LIGATION AND
OCCLUSION

The evidence behind surgical closure of the LAA con-
sists mainly of case reports and retrospective case
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series (Table). Madden published one of the first re-
ports of LAA removal in 2 patients that was later re-
peated by others.?® The practice was later abandoned
after LAA excision in 8 patients reported a high com-
plication rate that included 3 deaths, 1 paraplegia, and
3 peripheral emboli.?!

In the 1990s, interest in surgical LAA excision or
exclusion resurfaced coincident with the development
of the Maze procedure for the treatment AF and the
widespread use of transesophageal echocardiogram
(TEE).?? Different techniques of LAA ligation or excision
have been developed. Current surgical techniques to
exclude the LAA include resection, epicardial stapling,
clip application, or endoatrial double-layer longitudi-
nal suture closure.>® A surgical stapler for LAA exci-
sion was first used at the time of mitral valve surgery.
The technique was later supplemented with pericardial
buttressing strips in 2005. During the same year, the
results of the pilot study LAAOS (Left Atrial Appendage
Occlusion Study) were released. This study randomly
assigned 77 patients undergoing coronary artery by-
pass grafting at increased risk for stroke to LAA exclu-
sion using epicardial suture ligation or stapler (n=52)
versus control (no LAA exclusion; n=25).?* TEE was
performed after 14 months. Success in the LAA exclu-
sion arm was defined as residual Doppler flow into the
appendage or residual “neck” of <1 cm. In the suture
exclusion arm, persistent Doppler flow suggested inad-
equate technical closure. In the staple exclusion arm,
the number of subsequent neurological events was
attributed to the large residual remnant size (>1 cm) in-
herent to the surgical technique. However, the stroke
rate in both exclusion groups (suture or stapler) was
lower than the control group (2.7% versus 5.6%), sug-
gesting benefit despite the differences in technique.

Certain conclusions may be derived from the
LAAQOS pilot study and other observational studies: (1)
successful closure immediately post operation com-
pares well to long-term observations, suggesting that
failure is most likely derived from surgical technique
rather than gradual suture/staple dehiscence,? (2) in-
complete occlusion carries a higher risk than no occlu-
sion in relation to long-term thromboembolic events,?®
and (3) the LAA orifice is 3-dimensional (3D) instead of
circular, and prosthetic mitral valve material can limit
the reach to the most distal edge of the LAA, leading
to a large remnant. Other procedural caveats such as
shallow suture bites to avoid the left circumflex must
be considered. Large remnant sizes >1 cm are inher-
ent to staplers.?”

In response to the multiple difficulties associated
with various surgical LAAO techniques, a number
of newer surgical devices have been developed.
Despite the fact that excision appeared to be more
favorable than occlusion, most new devices are de-
signed to occlude rather than excise the LAA. The
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devices have the ability to sustain a high occlusion
pressure compared with suture ligation and stapling.
The AtriClip device (Atricure, Dayton, OH; Figure 2),
holds the strongest evidence available. This parallel,
self-closing clamp is designed with a cloth covering
that exerts uniform pressure at the base of the LAA.
The goal is to exert a high occlusion pressure that
results in atrophy of the LAA. The AtriClip has the
following theoretical advantages over traditional sur-
gical excision: (1) ability to reposition the device, (2)
lower risk for tears and bleeding, and (3) decreased
left circumflex artery injury. On short-term follow-up
(8 months), >98% of patients undergoing TEE or CT
imaging had complete LAA occlusion after AtriClip.
No device-related adverse events or perioperative
mortalities occurred.?®

Other surgical LAAO technologies such as the
Cardioblate Closure Device (Medtronic, Fridley, MN)
and Sierra Ligation System (Aegis Medical Innovations,
Inc., Vancouver, BC) are currently investigational.?® The
Tiger Paw System (Maquet Medical Systems, Wayne,
NJ) was recalled in 2015 after reports of LAA tears
leading to adverse events and death.

A meta-analysis of patients undergoing surgi-
cal LAAO showed significant reductions in stroke at
30 days (0.95% versus 1.9%; P=0.005) and at fol-
low-up (1.4% versus 4.1%; P=0.01) in patients with AF
undergoing surgical LAAO compared with matched
controls. In addition, a significant reduction in all-cause
mortality (1.9% versus 5%; P=0.0003) in those who un-
derwent surgical LAAO was observed.®°

Because of the current limited data on surgical
LAAO, the 2017 Society of Thoracic Surgeons gave a
Class lla recommendation (Level of Evidence C, “lim-
ited data”) for the excision or exclusion of the LAA in
concomitant cardiac operations in patients with AF for
the prevention of thromboembolism.?® The recent re-
sults of the LAAOS Il (Left Atrial Appendage Occlusion
During Cardiac Surgery to Prevent Stroke) study may
change the recommendation for surgical LAAQO in the
future.

LAAOS Il is a multicenter trial that randomly as-
signed patients with AF with CHA,D,-VASC scores
>2 who were undergoing cardiac surgery for another

» e ¥ ¢
A ————— —

Figure 2. The AtriClip device. Copyright Atricure 2021.
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Figure 3. Percutaneous left atrial appendage occlusion devices.

(A) Watchman, (B) Watchman FLX, (C) fluoroscopic image of the Watchman, (D) TEE image showing a deployed Watchman, (E)
Amplatzer Cardiac Plug (ACP), (F) Amulet, (G) Fluoroscopic image of the ACP device, (H) transesophageal echocardiogram image
showing a deployed Amulet device, (I) PLAATO, (J) WaveCrest, (K) Occlutech, (L) LAmbre, (M) Sideris Patch, (N) Ultraseal, (O) Pfm, (P)
LARIAT, (Q) Sierra Ligation System. Reprinted from Asmarats and Rodés-Cabau™ with permission. Copyright ©2017 American Heart
Association, Inc. ACP indicates Amplatzer Cardiac Plug; and PLAATO, percutaneous left atrial appendage transcatheter occlusion.

indication to surgical LAAO (occlusion group) or no
LAAO (no-occlusion group). All patients received the
usual postoperative care including oral anticoagula-
tion. At 3 years, 76.8% of the participants continued to
receive oral anticoagulation for AF. Stroke or systemic
embolism (primary outcome) occurred in 4.8% in the
occlusion group and in 7.0% in the no-occlusion group
(hazard ratio, 0.67; 95% ClI, 0.53-0.85; P=0.001).%'
The benefit of surgical LAAO on stroke prevention ap-
peared to be an adjunct to oral anticoagulation therapy.

J Am Heart Assoc. 2021;10:e022274. DOI: 10.1161/JAHA.121.022274

However, the study does not support surgical LAAO
as a replacement for oral anticoagulation therapy. In
contrast to percutaneous LAAO trials, there are still
no studies available that randomized surgical closure
against oral anticoagulation for stroke prevention.

PERCUTANEOUS LAAO DEVICES

Several percutaneous devices for LAAO are being
developed and tested in clinical trials, including the
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Figure 4. The Watchman (A) and the Watchman FLX device (B).
Image provided courtesy of Boston Scientific ©2021 Boston Scientif

LARIAT device (SentreHeart, Redwood City, CA), the
Amulet device (St. Jude Medical, St. Paul, MN), and
the WaveCrest device (Biosense Webster, Diamond
Bar, CA). The redesigned next-generation Watchman
FLX 2.5 (Boston Scientific, Marlborough, MA), which
has been recently approved, is currently available for
commercial use. Examples of historical and contem-
porary percutaneous LAAO devices are shown in
Figure 3.

Percutaneous Left Atrial Appendage
Transcatheter Occlusion

The first percutaneous LAAO device implanted in hu-
mans was the Percutaneous Left Atrial Appendage
Transcatheter Occlusion (PLAATO) device (ev3 en-
dovascular, Plymouth, MN) (Figure 3I).%> The device
consisted of a self-expanding nitinol cage enclosed
by polytetrafluoroethylene membrane. Early safety
and feasibility study were demonstrated in 15 patients
with chronic AF at high risk for stroke who were poor
candidates for long-term warfarin therapy. Device de-
ployment was successful in 100% of the patients. No
significant adverse events were noted.®? The European
PLAATO study evaluated the safety and efficacy of
the device in 180 patients with nonvalvular AF and
contraindication to warfarin therapy.®® The primary
end point was LAA closure as determined by TEE
after 2 months post procedure and stroke rate at 150
patient-years. LAA occlusion was successful in 90% of
the patients (95% ClI, 83.1%-92.9%). However, the trial
was inundated with complications, including 2 deaths
within 24 hours, 6 cardiac tamponades, and 1 device
embolization. The follow-up phase was halted, and the

J Am Heart Assoc. 2021;10:e022274. DOI: 10.1161/JAHA.121.022274

ic Corporation or its affiliates. All rights reserved.

trial was prematurely discontinued because of financial
issues. The PLAATO device is no longer commercially
available.

Watchman and Watchman FLX 2.5

The Watchman and Watchman FLX devices (Figure 4)
are currently the only US Food and Drug Administration
(FDA) approved devices for LAAO in the United
States.®* The Watchman FLX is the next-generation
and current iteration of the Watchman device that
gained Conformité Européene marked approval in
Europe in March 2019 and US FDA approval in July
21, 2020.

The first-in-man Watchman device implantation
was performed on August 12, 2002, in Europe. The
Watchman device consisted of a self-expanding nitinol
10-strut frame with a 160-pm polyethylene terephthal-
ate fabric mesh cap (Figure 4A). The polyethylene tere-
phthalate membrane covers 50% of the proximal outer
nitinol frame. This membrane was designed to prevent
thrombus embolization from the LAA and to promote
endothelialization. The selected device should be larger
than the diameter of the LAA ostium to ensure device
stability and sufficient compression (8%-20%) against
the LAA wall. The length of the device is approximately
equal to its width. Fixation anchors, located distal to
the distal end of the polyester fabric cap, secure the
device within the LAA trabeculae.

The Watchman FLX device (Figure 4B) is the next-
generation Watchman device. This redesigned itera-
tion is fully recapturable and repositionable. It has a
shorter device length, 18 struts (versus 10 struts) and
an atraumatic closed distal end (versus open end).
The Watchman FLX device also has a broader size
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range (20-35 mm) compared with its predecessor
(21-33 mm). This would provide a wider range to ac-
commodate different LAA anatomies. A significant re-
design of the device also includes dual row anchors
to reduce the risk of embolization and reduced metal
exposure. The closed distal end design compared with
the open-ended design of the first Watchman device
should theoretically lessen the likelihood of perforation,
pericardial effusion, and tamponade.

Amplatzer Cardiac Plug and Amplatzer
Amulet Device

Amplatzer Cardiac Plug (ACP; Abbott Vascular, Santa
Clara, CA) is a self-expanding, double-disc device con-
sisting of a nitinol mesh with polyester fabric (Figure 3E).
The length of the device is shorter than the diameter,
thereby allowing its use in cases of shorter LAA anat-
omy. Device size ranges from 16 mm to 30 mm, allow-
ing broader options for different LAA sizes.

The Amulet device is the latest generation of the
ACP (Figure 3F). It is based on a design similar to the
ACP while incorporating some modifications to allow
for easier implantation and reduce periprocedural

LAAO for Stroke Prevention in Nonvalvular AF

complications. Long-term clinical outcomes of the
first-generation and second-generation Amplatzer de-
vices were similar in terms of safety, efficacy, and clin-
ical benefit.%® The ACP and Amulet devices received
Conformité Européene mark approval in 2008 and
2013, respectively. At this time, the device is for inves-
tigational use only in the United States. Several ran-
domized clinical trials evaluating the Amulet device are
underway and US FDA approval may be upcoming.
The AMULET Investigational Device Exemption
(IDE) trial is a prospective, randomized, multinational
trial that is currently ongoing. It is designed to evaluate
the safety and effectiveness of the Amplatzer Amulet
device in comparison with the Watchman device for
stroke prevention in patients with nonvalvular AF. The
trial is the first head-to-head trial comparing 2 different
LAAQ devices. A total of 1878 patients will be randomly
assigned 1:1 between the Amulet and the Watchman
LAAQO devices. The 3 primary end points of the trial
are the following: (1) composite of procedure-related
complications, or all-cause death, or major bleeding
through 12 months; (2) a composite of ischemic stroke
or systemic embolism through 18 months; and (3) ef-
fective device LAAQO, defined as residual jet around the
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device <5 mm at the 45-day visit.®8 Initial data from the
roll-in phase appear promising with a low rate of com-
plications and a high procedural success rate. Results
from this trial will be helpful in broadening the options
available for patients with AF who are high risk for
stroke and bleeding. Another upcoming trial (Clinical
Trial of Atrial Fibrillation Patients Comparing Left Atrial
Appendage Occlusion Therapy to Non-vitamin K
Antagonist Oral Anticoagulants) will randomly assign
~2650 patients 1:1 to the Amulet device and DOACs
at 150 sites worldwide. This trial aims to evaluate the
safety and effectiveness of the Amulet device as a vi-
able alternative to DOACs in patients with nonvalvular
AF who are at high risk for stroke. Expected comple-
tion date of this trial will be in 202457

LARIAT

The LARIAT is a LAAQO ligation system that uses a
unique technique of combining epicardial and endo-
cardial approaches (Figure 3P). After obtaining percu-
taneous pericardial access, a magnet-tipped wire is
inserted into the pericardial space. Transseptal access
is then performed and a proprietary 20-mm compli-
ant occlusion balloon catheter with a second magnet-
tipped wire is introduced into the LAA. After the 2
magnets are connected, the LARIAT snare delivery
system is advanced over the LAA. This maneuver is
guided by the endocardial balloon catheter inside the
LAA. The snare is closed and the suture is tightened
to ligate the LAA. The US FDA approved the LARIAT in
June 2006 for soft tissue approximation but not spe-
cifically for prevention of thromboembolism by occlud-
ing the LAA.

Aside from the approach, the LARIAT system is
unique to other LAAO devices because there is no
device left in the endocardial surface of the LAA.
Thus, theoretically, anticoagulation is not required
post procedure. In large (>40 mm) LAA, which may
be prohibitive for both the Watchman or ACP devices,
the placement of the LARIAT system may be con-
sidered as long as it is anatomically suitable for the
device (up to 45 mm [width], 20 mm [height], 70 mm
[length]).

In the initial multicenter experience of the device,
the rate of acute closure was high (94% device suc-
cess, defined as suture deployment and <5 mm leak
on TEE).®® However, in the same retrospective study,
procedural success (86%) was limited by significant
bleeding. There were 14 patients (9.1%) with major
bleeds and 16 patients (10.4%) with significant peri-
cardial effusion.®® Inherent to the technique, the major
limitation of the LARIAT device is the need for epicar-
dial access. Most of the complications are related to
the pericardial puncture including pericardial effusion,
cardiac perforation, and severe pericarditis. Reports
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of death and major complications including complete
LAA detachment and cardiac perforation prompted the
US FDA to issue a safety communication in July 2015.
Currently, the LARIAT system is generally considered
for patients who have LAA anatomy that precludes en-
dovascular LAAO or with absolute contraindications to
anticoagulation.

The aMAZE (LAA Ligation Adjunctive to PVI for
Persistent or Longstanding Persistent Atrial Fibrillation)
study is an ongoing prospective, multicenter, random-
ized study. The study evaluates the safety and effec-
tiveness of the LARIAT system to ligate the LAA as
an adjunct to planned pulmonary vein isolation for the
treatment of AF.%° It is hypothesized that the combina-
tion of pulmonary vein isolation and LAA ligation can
safely and effectively reduce the incidence of recurrent
AF compared with pulmonary vein isolation alone. It
is a unique trial because it combines 2 percutane-
ous procedures with different indications. Enroliment
is already completed, and the results are expected in
December 2021.

Percutaneous LAAO Device Trials

The LAAQO devices have endured a long and arduous
journey that culminated with the US FDA approval of
the Watchman device in 2015 and the next-generation
Watchman FLX in 2020 (Figure 5). Several other LAAO
devices are currently being evaluated in randomized
clinical trials and are awaiting US FDA approval. Two pro-
spective, randomized clinical trials evaluating the safety
and efficacy of LAAO using the Watchman device were
conducted in 2014. PROTECT AF (Watchman Left Atrial
Appendage System for Embolic Protection in Patients
With Atrial Fibrillation) was the first trial followed by the
PREVAIL (Evaluation of the Watchman LAA Closure
Device in Patients With Atrial Fibrillation Versus Long-
Term Warfarin Therapy) trial. In both trials, patients were
randomized 2:1 to either LAAQO using the Watchman de-
vice or warfarin. All analyses were by intention to treat.
Patients in the LAAO arm used aspirin (81 mg) and war-
farin for 45 days, then dual antiplatelet therapy (DAPT)
with clopidogrel 75 mg until 6 months, then indefinite
aspirin therapy (325 mg). The results of PROTECT AF
were ultimately in favor of LAAO, demonstrating both
noninferiority and superiority compared with warfarin in
the primary end point of stroke, systemic embolism, or
cardiovascular mortality.*%4! However, the PROTECT AF
trial identified a periprocedural safety hazard particularly
cardiac tamponade, pericardial effusion, and procedure-
related strokes. The PREVAIL trial was conducted spe-
cifically to further evaluate the safety end point of the
Watchman device. This trial mandated at least 25% of
new operators be included to further assess the effect
of procedural performance. Noninferiority was achieved
for a secondary coprimary end point of postprocedure
ischemic stroke but did not achieve noninferiority for the
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first composite coprimary end point of stroke, systemic
embolism, or cardiovascular mortality (the same primary
end points as PROTECT AF).*243 Interestingly, there was
an unusually low ischemic stroke rate in the warfarin arm
(0.73%) in the PREVAIL trial.

The PROTECT AF trial had a median follow-up of about
4 years; however, the PREVAIL trial had a rather short
follow-up period with a median of 10 months. Meta-
analysis of patients in both trials followed for 5 years
showed that the composite end-point between groups
was similar. Despite ischemic stroke/systemic emboli-
zation being numerically higher in LAAO, the difference
was not statistically significant (P=0.87). Of note, hemor-
rhagic stroke, disabling stroke, postprocedure bleeding,
and even all-cause death favored LAAQ.*®

Because of the safety concerns from the Watchman
trials, the US FDA mandated the continued access
registries CAP (Continued Access to PROTECT AF)
and CAP2 (Continued Access to PREVAIL). Both are
US FDA investigational devices exemption registries
that were designed to gain further safety and efficacy
data on the Watchman device in both trials. The reg-
istries have the same inclusion and exclusion criteria
and treatment protocol as PROTECT AF and PREVAIL.
The CAP registry included 566 patients with an aver-
age follow-up of 50.1 months, whereas CAP2 included
578 patients with an average of 50.3 months. Both
demonstrated similar procedural success rates (94%).
The primary end point (composite of stroke, systemic
embolism, cardiovascular/unexplained death, and
safety) occurred at a rate of 3.05 per 100 patient-years
in CAP, and 4.80 per 100 patient-years in CAP2. Total
stroke rates were significantly lower in both registries
(CAP, 78% reduction; CAP2, 69% reduction).** Both
registries contain the largest follow-up data of patients
with the Watchman device. They reaffirm the safety
and effective therapy of LAAO for patients with non-
valvular AF.

A rigid anticoagulation protocol (VKA for 45 days,
then DAPT for 6 months, and then lifelong aspirin) was
part of the trial design in PROTECT AF and PREVAIL.
Patients with contraindication to warfarin were excluded
in these trials. However, in real-world populations, many
patients cannot tolerate any anticoagulation because
of bleeding. After LAAQO, these patients end up using
only DAPT, single antiplatelet therapy, or nothing at all.
EWOLUTION (Evaluating Real-World Clinical Outcomes
in Atrial Fibrillation Patients Receiving the WATCHMAN
Left Atrial Appendage Closure Technology) is the larg-
est prospective real-world registry on Watchman. The
study showed that at hospital discharge after device
implant, patients were using VKA (16%), DOAC (11%),
DAPT (60%), single antiplatelet therapy (7%), or no anti-
coagulation (6%) at all. After a 2 year follow-up, the pa-
tients (85%) who discontinued their DAPT and DOAC
not surprisingly showed a 46% lower major bleeding
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rate compared with historic controls. However, the
overall stroke rate remained low and in line with the
results of the PROTECT AF, PREVAIL, and the CAP
registries.*®

The next-generation Watchman FLX device was
evaluated in a prospective, nonrandomized mul-
ticenter trial to establish safety and effectiveness.
PINNACLE FLX (The Protection Against Embolism for
Non-valvular AF Subjects: Investigational Evaluation
of the WATCHMAN FLX™ LAA Closure Technology)
is a single-arm investigational device exemption trial
that eventually enrolled 400 patients.*® The primary
effectiveness end point (100%; P<0.0001) was the in-
cidence of effective closure (peridevice flow of <5 mm)
at 12 months assessed by TEE. The primary safety end
point (0.5%; P<0.0001) was the occurrence of death,
ischemic stroke, systemic embolism, or device-related
or procedure-related events requiring cardiac surgery
within 7 days post procedure. Moreover, there were no
device embolizations or pericardial effusions requiring
cardiac surgery.*

Several devices are also currently being evaluated
in randomized trials in comparison with the Watchman
device. A randomized, multicenter clinical trial
(AMPLATZER Amulet LAA Occluder Investigational
Device Exemption Trial) comparing the Amulet device
to Watchman device (1:1) is set to be completed in
2024.%8 The WAVECREST 2 (WaveCrest Vs. Watchman
TranssEptal LAA Closure to Reduce AF-Mediated
Stroke 2) is a prospective, multicenter, randomized
trial designed to demonstrate the safety and effective-
ness of the WaveCrest device in comparison to the
Watchman device (control arm).*® The target comple-
tion date will be in 2028.

Preprocedural Imaging
The success of the LAAO procedure hinges on the
3D appreciation of LAA anatomy and its surrounding
structures. Multimodality imaging is essential in as-
sessing LAA anatomy, site-specific transseptal punc-
ture, device selection, and positioning.>® A thorough
preprocedure analysis of LAA dimensions and poten-
tial anatomical pitfalls is mandatory. This can be ac-
complished by cardiac CT or TEE. Recently, adjunctive
measures such as 3D printing of the LAA provide ad-
ditional information to the operators.®°

TEE has remained the gold standard in LAAO pre-
procedural assessment. The presence of LAA or LA
thrombus, determination of LAA dimensions and mor-
phology, and feasibility of LAAO implant are the pri-
mary objectives of preprocedural imaging. The LAA is
evaluated by using different TEE omni plane angles (0°,
45°, 90° and 135°). Based on these views, the max-
imal and minimal diameters of the ostium, depth of
the LAA, and perimeter are noted. The device size is
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Figure 6. Contrast injection using a pigtail catheter and
Watchman access sheath showing a multilobed left atrial
appendage (LAA).

chosen based on the manufacturer’s sizing guide of
the selected device.

The oval-shaped ostium of the LAA exposes a
major flaw of TEE in LAAO procedures. The use of pre-
procedural TEE systematically underestimates the LAA
ostium. This underestimation may lead to erroneous
device size selection. Experience from transcatheter
aortic valve replacement showed that the aortic annu-
lus sizing by echocardiography resulted in underesti-
mation of the diameter of the annulus. CT-based sizing
provides a more accurate assessment of aortic annu-
lus size and is now standard in selecting transcatheter
aortic valve replacement valve sizes.5' Compared with
the aortic annulus, the LAA is an even more complex
structure. Despite a thorough evaluation using multiple
TEE omni plane angles, the true LAA diameter may
still be underestimated.5> Moreover, TEE requires a
skilled echocardiographer and has a wide interoper-
ator variability.

CT is widely used for preprocedural assessment in
LAAQ. It is less invasive than TEE with less interoper-
ator variability. A standard CT analysis includes an as-
sessment of the LAA anatomy in the sagittal, axial, and
coronal planes. The perimeter, maximal, and minimal
diameters of the LAA ostium and landing zone are stan-
dard measurements in cardiac CT analysis of the LAA.

Preprocedural cardiac CT may also be used in eval-
uating for the presence or absence of LAA thrombus.
However, filling defects in the LAA may just represent
slow contrast mixing attributed to low flow velocities
and may be mistaken for an LAA thrombus.%® This
usually triggers a confirmatory secondary imaging ei-
ther with TEE or ICE. A delayed imaging acquisition,
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in which a second scan is acquired after a time delay,
has been studied to increase the diagnostic accuracy
(sensitivity 100% and specificity 99%) in detecting LAA
thrombus.%*

A study was done comparing preprocedural
TEE and multislice CT in aiding device selection for
LAAO. The use of multislice CT resulted in 83% cor-
rect LAAO device selection compared with 57%
using TEE (P<0.01).52 The study also showed that the
best parameter to guide Amulet and Watchman FLX
(closed-ended devices) is the perimeter-derived mean
diameter. On the other hand, maximal diameter was
the best parameter when using an open-ended device
such as the Watchman.

A small case-control study demonstrated the po-
tential value of 3D printing of the LAA for device sizing.
It also demonstrated the potential impact on reduc-
ing device leak. Patient-specific 3D printed models
of the LAA were made from preoperative CT images.
Proposed device sizing based on 3D modeling was
compared with the size of the device that was implanted
using a standard approach. The results demonstrated
that there was an agreement of device size in 35%
of the time. However, compared with the 3D printed
model, 55% of the devices were underestimated. In
addition, there was a significantly higher prevalence of
device leak in the subset of patients where the device
size was underestimated (P=0.019).%°

Procedural Techniques

Although the procedural techniques for most LAAO
devices are similar (except for the LARIAT), the steps
for the Watchman procedure will be primarily dis-
cussed here. The LAAO procedure is performed via a

Watchman
FLX

St

<«—— Access
Sheath

Figure 7. Fluoroscopic image of a Watchman FLX device
released using intracardiac echo guidance (ICE).
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femoral venous approach using standard transseptal
techniques. Right femoral venous access is preferred
because it facilitates transseptal access. Hemostasis
is commonly achieved with either manual compres-
sion, “figure-of-8” suture, or preclosure technique
using the 6-F Perclose ProGlide Suture-Mediated
Closure System (Abbott Vascular, Temecula, CA). An
8-French transseptal needle, dilator, and sheath as-
sembly are advanced via the femoral vein to access
the LA. Transseptal puncture is carried out in the usual
manner (details of transseptal puncture are available
elsewhere).%® The long axis of the LAA is oriented an-
teriorly, and its ostium is perpendicular to this axis.
Successful engagement of the LAAO device access
sheath will therefore be facilitated by a posterior and
inferior puncture in the fossa ovalis.%” Bi-caval (90°)
and short-axis (45°) TEE views are used for obtain-
ing an optimal site-specific transseptal puncture.
Intracardiac echocardiogram (ICE) may also be used
to guide transseptal access. Anatomic landmarks on
fluoroscopy alone can also sometimes be used by
experienced operators for transseptal access; how-
ever, echo guidance is strongly recommended to
ensure safe site-specific puncture and access to the
LA. Intravenous heparin is administered before or im-
mediately following transseptal puncture to maintain
an activated clotting time of >300 seconds. There are
no large studies available on specific activated clotting
time goals for transseptal puncture. However, data on
patients undergoing LA ablation demonstrated that an
increased intensity of anticoagulation (activated clot-
ting time >300 seconds) prevented thrombus forma-
tion.5"%8 LAA size is dependent on preload and volume
status of the patient. Patients are fasting before LAAO
procedures, thus intraprocedural measurements may
differ from preprocedural imaging measurements (TEE
or CT). Intraprocedural volume loading (LA pressure
>12 mm Hg) with a saline bolus may be considered to
accurately measure the LAA before final device size
selection.%®

Once transseptal access is obtained, LA access is
secured with a long (260-cm) J-tipped stiff 0.035-inch
wire after which the transseptal sheath is exchanged
for the 14-French device access sheath (for the
Watchman and Watchman FLX devices). The access
sheath is available in a variety of curves. The double
curve configuration is the most commonly used as it
allows easier access to superiorly directed distal lobes.
A 5-French or 6-French pigtail is positioned inside the
LAA thru the access sheath. Cine angiograms are per-
formed in multiple projections to ascertain the LAA
anatomy and measurements to guide precise device
sizing (Figure 6). Caudal projections allow better visual-
ization of the mid-distal LAA for the Watchman device,
whereas the right anterior oblique and cranial projec-
tions are better in visualizing the ostium and proximal
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Figure 8. Intracardiac echocardiogramimage of adeployed
Watchman FLX device (27 mm).

LAA for the ACP.?® Watchman device sizing is deter-
mined by the maximum LAA ostium diameter (mea-
sured from the left circumflex artery to 1-2 cm within
the pulmonary vein ridge at 0°, 45°, 90°, and 135°
TEE angles) and depth (from ostium to the tip of LAA).
After appropriate device size selection, the device and
device delivery catheter ensemble are prepped and
meticulously deaired before insertion into the access
sheath. After locking the access sheath and delivery
system together, the device is ready to be deployed.
Preferably under apnea for enhanced stability, device
deployment is accomplished by slowly unsheathing the
device under fluoroscopy. TEE and cine-angiographic
evaluations are then performed to assess for ade-
quate compression, seal, and stability of the device.
The Watchman FLX device can be partially or fully re-
captured and redeployed if the initial deployment is not
acceptable. The device is then released by using the
deployment knob under fluoroscopy (Figure 7).

The ACP and Amulet devices are implanted through
9-French to 13-French and 12-French to 14-French
sheaths, respectively. There are 3 ACP/Amulet delivery
sheaths available, of which the TorqVue 45°x45° is used
most often (>95% of cases). It has a 3D distal tip, al-
lowing anterior and superior angulation for coaxial po-
sitioning at the landing zone. The procedural steps are
similar to those previously described for the Watchman
device. Device sizing is based on the widest diameter of
the landing zone. An oversizing of 3 to 5 mm for the ACP
and 2 to 4 mm for the Amulet is generally recommmended.
TEE measurements at both the short axis (30°-60°) and
long axis (120°-150°) of the landing zone and orifice
(from the left circumflex artery to the pulmonary vein
ridge) are used for LAA evaluation. The landing zone is
measured at 10 mm and 12 to 15 mm from the orifice for
the ACP and Amulet devices, respectively. A right ante-
rior oblique (30°) and cranial (10°-20°) angiographic view
is recommended during device deployment.?®
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Intraprocedural Imaging
Intraprocedural echo imaging guidance is essential for
a successful LAAO device implant.

TEE traditionally has been the gold standard for im-
aging guidance during LAAQO. Familiarity of structural
proceduralists with imaging views has made TEE the
imaging modality of choice in LAAO procedures. The
TEE probe is reusable and thus defrays the cost of the
procedure. However, a major disadvantage of using
TEE is the requirement for general anesthesia (GA). The
patient is exposed not only to the risks of GA but also
to the risks (albeit small) of the TEE procedure itself.
Esophageal perforation is a very rare but catastrophic
and potentially fatal complication of TEE. A recent pro-
spective study investigated injuries during TEE-guided
structural cardiac interventions.?® An esophagogas-
troduodenoscopy was performed before and after the
structural procedures to evaluate new esophageal le-
sions. The study demonstrated that 86% of patients
have new injuries, with 40% of them labeled as complex
lesions. Longer procedure time (for each 10-minute in-
crement in procedure time; odds ratio [OR], 1.27; 95%
Cl, 1.01-1.59) and suboptimal image quality (OR, 4.93;
95% ClI, 1.10-22.02) were identified as independent
factors associated with an increased risk of complex
lesions. Despite TEE being the gold standard during
LAAQO closures, imagers should be aware of the po-
tential complications and take necessary precautions.

ICE is the mainstay of intraprocedural imaging guid-
ance for congenital heart disease interventions, spe-
cifically atrial septal defect and patent foramen ovale
closure. ICE is an alternative imaging technique that may
obviate some of the disadvantages of TEE. ICE is a viable
and safe alternative for intraprocedural imaging during
LAAQO given its simplicity, single-operator use, and avoid-
ance of GA. The steep learning curve in using ICE on top
of the already complex LAAO procedure prolongs pro-
cedure time for the early adaptor. Also, deploying during
induced apnea may be impossible if the patient is not
under GA. However, the procedure length is attenuated
by the faster turnover of the catheterization laboratory
mostly because of faster anesthesia recovery.?’

There is no significant difference in LAAO device
complications whether TEE or ICE is used.®? However,
additional venous access is required for the ICE cathe-
ter, which potentially increases vascular complications.
Also, unlike the TEE probe, most ICE systems are single-
use catheters that add to the cost of the procedure. The
ICE catheter can be positioned in the right atrium, LA,
right ventricular outflow tract, left upper pulmonary vein,
or left puimonary artery.5® The right atrial position of the
ICE catheter is ideal for transseptal puncture but is often
inadequate for visualization of the LAA because of the
distance from the transducer. A single or double trans-
septal puncture is required to enter the LA for optimal
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imaging of the LAA. Once inside the LA, imaging of the
LAA is comparable or may even be superior to TEE
(Figure 8). Technical success with ICE compared with
TEE was also comparable. LAA ostium size and landing
zone measurements by ICE correlated well with TEE in
a study using the ACP device.®*

COMPLICATIONS OF LAAO

In general, complications from LAAO are related to (1)
vascular access, (2) device implantation, (3) and an-
tithrombotic therapy. Complications related to vascular
access and antithrombotic therapy are common but
are not unique to the LAAQO procedure. Intraprocedural
complications, specifically related to device implanta-
tion, will be focused here. Although the PROTECT AF
trial established noninferiority of the Watchman device
compared with warfarin therapy for the prevention of
stroke, systemic embolism and cardiovascular death
were significantly higher compared with warfarin.
Although ischemic stroke and bleeding were also pre-
sent, the safety events noted in the Watchman group in
the PROTECT AF trial were largely procedure-related
events. However, subsequent analysis of both the
PROTECT AF and CAP demonstrated that these safety
events decrease with greater operator experience.%®

Pericardial Effusion

Postprocedural pericardial effusion with tamponade
physiology was a significant safety event in the PROTECT
AF trial. Pericardial effusion was noted to be serious if
patient hospitalization was extended or hemodynamic
compromise was present.®® Serious pericardial effusions
were seen in 5.2% (28/542) in PROTECT AF, whereas
only 2.2% (10/460) in CAP. This was a relative reduction of
58% (P=0.014).%° In the PROTECT AF cohort, the major-
ity of the effusions were considered serious and required
either percutaneous or surgical drainage. Effusions were
detected within 24 hours in 89% of the cases. The exact
mechanism of pericardial effusion has yet to be eluci-
dated. A root cause analysis showed that the majority
of effusions had no single definitive cause identified and
are likely multifactorial.?> Several notable steps or ma-
neuvers during the procedure have been hypothesized
to cause effusions. These include the device deployment
process, manipulation of the delivery system in the LAA,
a guidewire or adjunctive device in the LAA, and initial
transseptal puncture.®® However, with increasing opera-
tor experience and procedural changes, such as requir-
ing the use of a pigtail catheter inside the LAA to position
the access sheath, the rate of pericardial effusions has
dramatically decreased. Early detection is key so that
prompt percutaneous or surgical intervention can be
initiated. It remains unclear if a routine echocardiogram
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post procedure is needed to detect pericardial effusions.
Further studies are needed to mandate the necessity
of routine echocardiograms, until then, postprocedure
echocardiography is at the operator’s discretion. In addi-
tion, the next-generation Watchman FLX device with its
innovative closed design may offer a greater safety mar-
gin during the implantation procedure, resulting in fewer
pericardial effusions and tamponade.

Procedure-Related Stroke

Procedure-related stroke is a known complication of
any left-sided cardiac procedure. This occurs presum-
ably because of thrombus formation and emboliza-
tion (thrombus or air) to the cerebral circulation. In the
PROTECT AF trial, a low incidence of stroke was seen
(n=5, 0.9%). On the other hand, no strokes were seenin
the CAP registry (P=0.039).%° Interestingly, the cause of
the strokes was clearly identified as air embolism from
the transseptal access sheath as opposed to thrombus
formation. Prevention of procedure-related stroke can
be mitigated by judicious flushing, meticulous inspec-
tion of any air bubbles in the system, and confirmation
of therapeutic anticoagulation during the procedure.
There is no standard procedural anticoagulation strat-
egy during LAAO. Some operators administer (1) full
anticoagulation (100 units/kg of heparin) upfront after
vascular access, (2) full anticoagulation (100 units/kg
of heparin) after successful transseptal puncture, or (3)
50% of the heparin dose after vascular access then
50% after successful transseptal puncture.

Device Embolization

Device embolization is a rare but catastrophic com-
plication of LAAO. An incidence of 0.6% and 0.7% of
patients enrolled were noted in the PROTECT AF and
PREVAIL trials, respectively.*>4" In the CAP registry,
0.2% of patients had a reported device embolization.
There were no Watchman device embolizations noted
in the CAP2 registry.*+6% A systematic review from 20
studies reporting device embolization of the Watchman
device and the ACP noted 31 cases of emboliza-
tion (13 Watchman devices and 18 ACP devices).?®
Embolization was noted acutely or periprocedurally in
65% of the cases reported. Late device embolization
was noted to be rare. The devices embolized into the
aorta, left atrial cavity, and left ventricle. The embo-
lized devices in the left ventricle were associated with a
higher rate of surgical retrieval compared with percuta-
neous retrieval (88% versus 17%; P=0.0019). Embolized
devices in the aorta and LA can be retrieved success-
fully by percutaneous techniques via snares but with
much difficulty. After Conformité Européene marked
approval in Europe, the initial roll out of the Watchman
FLX was halted because of unexplained high rates (6
of 207 implants) of device embolization.” The current
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iteration of the Watchman FLX has dual row anchors,
which was designed for optimal device engagement
to reduce the risk of embolization. The PINNACLE FLX
study showed no cases of device embolization using
the Watchman FLX device.*’

Device-Related Thrombus

Device-related thrombus (DRT) is a known compli-
cation detected by TEE after implantation of a LAAO
device. The overall incidence of DRT is 3.9% in an
analysis of 30 studies.®® Despite the potential clinical
impact of DRT, it only carries a small risk of stroke. In
the PROTECT-AF cohort, DRT was found in 4.2% (20 of
478) of the patients but only 3 developed an ischemic
stroke. This translates to an annual stroke rate of only
0.3% per 100 patient-years.®® A prospective analysis
after implantation of the ACP or Watchman device after
a 12-month follow-up showed that varying durations
of DAPT were not shown to be associated with DRT
rates.®® Several patient-related and procedure-related
factors were noted to be associated with DRT. Low
ejection fraction, history of thromboembolism, deep
implantation of the LAAO device, and large occluders
were noted to increase the rates of DRT.%% Treatment
consists of anticoagulation with either low-molecular-
weight heparin or OAC. Complete resolution of the
thrombus was achieved in 95% of cases using low-
molecular-weight heparin or OAC with a varied treat-
ment duration (median 45 days).%®

FUTURE DIRECTIONS

As operators become more adept in ICE and LAAO,
eliminating GA would shift the paradigm to an even
more minimally invasive approach. This is parallel to
the early experience in transcatheter aortic valve re-
placement wherein GA was first exclusively used and
then shifted rapidly to moderate sedation. Avoidance
of GA may dramatically lessen turnover time, TEE-
related complications, and hospital stay while acceler-
ating patient recovery.

Despite the advancements of periprocedural imag-
ing, device size selection remains a challenge mostly
because of the marked variability of the size and
shape of the LAA. Accurate device size is critical in
preventing residual leaks and avoiding complications.
The current iteration of LAAO devices adapts to the
variable LAA sizes by having a wide selection of de-
vice sizes. However, the LAA shape remains a variable
that is not addressed by existing devices, although the
Watchman FLX partially compensates for the variable
LAA morphologies by avoiding a deep implantation.
A device specifically tailored to the size and shape of
the LAA via 3D printing may be the future of LAAO
procedures.
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Three-dimensional printing technology can offer a
vital advantage by allowing the implanters to physically
“deploy” the LAAO device in the patient’s simulated
LAA before the procedure. This facilitates not only pre-
cise device size selection but also aid in selection of
catheters that will successfully navigate the patient’s
unique LAA anatomy. The completeness of LAA oc-
clusion by the device can be inspected beforehand to
minimize device leak. In addition, 3D printed models
allow implanters to visualize the fossa ovalis and as-
sess the ideal transseptal puncture. This information
is crucial especially in patients with septal occluders
and patent foramen ovale.”® Three-dimensional print-
ing technology may also provide an impact on training
new and aspiring implanters and optimizing the tech-
niques of current implanters.

Currently, only the Watchman and Watchman FLX
devices are approved by the US FDA for LAAO. The
LARIAT, Amulet, and WaveCrest devices are currently
undergoing clinical trials. Once these devices are ap-
proved by the US FDA, the LAAQ registry will most prob-
ably initiate the evaluation of the safety and effectiveness
of these newer devices over time. Once these are com-
mercially available, there will be broader treatment op-
tions to accommodate a wider range of LAA anatomy.

All of the early trials compared LAAO devices with
a vitamin K antagonist. DOACs are now widely used
as anticoagulation therapy for AF. Upcoming trials are
now comparing LAAQO devices with DOACs for the pre-
vention of stroke. The Left Atrial Appendage Closure
Versus Direct Oral Anticoagulants in High-Risk Patients
With Atrial Fibrillation trial compared the use of DOACs
versus LAAQO in patients with nonvalvular AF who are
at high risk for stroke and increased risk of bleeding.
These patients had a history of bleeding requiring hos-
pitalization or intervention, cardioembolic event while
on oral anticoagulant, and/or a CHA,D,-VASc score
of >3, and a Hypertension, Abnormal Renal/Liver
Function, Stroke, Bleeding History or Predisposition,
Labile INR, Elderly, Drugs/Alcohol Concomitantly score
of >2."" LAAO demonstrated noninferiority to OACs in
preventing AF-related cardiovascular, neurological,
and bleeding events. However, the trial highlighted
persistent safety concerns regarding LAAO. A com-
plication rate of 4.5% were noted in the trial including
a procedure-related death and device-related death.

The results of the pivotal trials were conclusive; how-
ever, the increased adverse event rates have diluted
their initial impact. The recurring theme of the safety
with LAAO mandates the refinement in both the device
technology and operator skills. As with any invasive
procedure, increased operator experience significantly
improves the safety of the procedure.®® The NCDR
(National Cardiovascular Data Registry) LAAO regis-
try enrolled >38 000 patients with a higher stroke and
bleeding risk compared with patients in the landmark
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trials. It is hopeful that despite having an older cohort
with more comorbidities, the registry showed lower ad-
verse event rates compared with the early trials.”

As with any emerging transcatheter therapy, cost
and reimbursement is also a significant issue in LAAO
procedures. Despite the encouraging results from re-
cent trial data, reimbursement for LAAO can be chal-
lenging. The cost-effectiveness of LAAO (Watchman) in
comparison with OAC and warfarin for stroke preven-
tion has recently been demonstrated.”® Professional
societies should continue to engage third-party pay-
ers to recognize the clinical and economic benefits
of LAAO. Cost-effective data analysis should also be
considered when formulating policy and clinical prac-
tice guidelines for stroke prevention in AF.

Meticulous screening is mandatory before proceed-
ing to LAAO. LAAO is unique to other structural heart
interventions because it is performed prophylactically
in patients who are stable and “asymptomatic.” Thus,
the patient would not have any relief or noticeable
symptomatic benefit after undergoing LAAO. Serious
complications from an elective and prophylactic pro-
cedure including death, tamponade, and stroke are
therefore unacceptable and cannot be tolerated.
Further analysis of the registry data may help guide the
selection criteria for patients who would benefit from
LAAO or anticoagulation alone.

Data from the early pivotal trials were initially concern-
ing because of safety events. Encouraging safety and ef-
ficacy data from subsequent trials, replicated by registries
in real-world populations, have allayed these concerns.
Increasing operator experience, evolving device technol-
ogy, and upcoming trials of new LAAQO devices are reas-
suring aspects of the future of LAAO. These will ensure
the delivery of a safe and effective nonpharmacologic
strategy to prevent stroke in patients with nonvalvular AF.
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