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Introduction

Atrial fibrillation (AF) is associated with significant morbid-
ity and mortality, attributed in part to an increased throm-
boembolic risk.1,2 Observational studies in patients with AF,
not necessarily with a history of thromboembolic compli-
cations, suggest the left atrial appendage (LAA) as the site
for the majority (�90%) of thrombus formation.3–5 If left
untreated, AF confers a significant stroke risk in all age
groups. This risk is often mitigated by anticoagulation
therapy using vitamin K antagonists (VKAs), or more re-
cently with non-vitamin K oral anticoagulants (NOACs).
However, the use of these medications results in an in-
creased risk of bleeding including serious ones like intra-
cranial haemorrhage. As such, they may not be suitable for
all patients. Therefore, alternative strategies such as LAA
occlusion which acts to isolate and prevent clot embolisa-
tion from this area have been developed.

The feasibility of this intervention was first tested by
surgical ligation or excision of the LAA during cardiac
surgeries. Over time, it has evolved to two different
approaches using either epicardial or endocardial sutures,
or excision with staples.6 However, as most patients with AF
do not require cardiac surgery, this method provides limited
clinical impact for the majority. Furthermore, studies evalu-
ating the efficacy of surgical LAA occlusion for prevention of
thromboembolic complications did not showa clear benefit.7

The observation was largely driven by high rates of incom-
plete closure which led to a higher risk of embolic events
post-surgery.8–10 Consequently, percutaneous LAA occlusion
was introduced as a potential solution to address some of
these issues (►Fig. 1). In this article, we will discuss the
various aspects of percutaneous LAA occlusion including the
available devices, indications, current recommendations,
post-procedural management and cost effectiveness.
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Abstract There are several situations whereby oral anticoagulation may be unsuitable for stroke
prevention in patients with atrial fibrillation (AF). Percutaneous left atrial appendage
(LAA) occlusion has received much attention in this area. Various devices have already
been developed and tested for this purpose. Data from registries and cohort studies
have indicated favourable short- and long-term outcomes with LAA occlusion, and
several international guidelines recommend its use in AF patients with contraindica-
tions to oral anticoagulation. However, prospective controlled trials in this very
population are lacking. Furthermore, while modelling studies on cost analyses have
suggested that LAA occlusionmay be a cost-effective strategy compared with standard
medical therapy, these have not been performed in high-risk patients who may have
limited survival in the medium to long term. Thus, while LAA occlusion offers promise,
there is a strong need for additional research to investigate its exact role, its long-term
outcomes and cost efficacy.
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Devices Available

Several devices have been designed to facilitate LAA occlusion.
Many of these have received CEmark (Amplatzer Cardiac Plug
[ACP], Amplatzer Amulet, Lariat, Watchman, WaveCrest, Atri-
clip, Occlutech, LAmbre and Ultraseal) while others were
recalled (Tiger Paw System) or discontinued (PLAATO).11 The
first procedure was performed using the PLAATO device
(Appriva Medical Inc., Sunnyvale, California, United States),
which was a self-expanding nitinol cage covered with a
polymeric membrane.12 Despite initial promising results,
the device was subsequently discontinued in 2007.

The Watchman device (Boston Scientific, Marlborough,
Massachusetts, United States) was introduced in 2005,13 and
to date, this remains the only devicewhich has been evaluated
in randomised controlled trials which enrolled patients with-
out contraindications to anticoagulation. The PROTECTAF trial
found that LAA occlusion was non-inferior compared with
warfarin for a composite endpoint of stroke, systemic embo-
lism and cardiovascular death.14 However, due to both meth-
odological limitations and safety concerns (high rate of
procedural adverseevents),UnitedStates regulatorsmandated
a second trial. At 5-year follow-up, the subsequent PREVAIL
trial and a meta-analysis with PROTECT AF found that LAA
occlusionmissednon-inferiority in itsfirstco-primaryefficacy
endpoint of stroke, systemic embolism and cardiovascular
death. Non-inferiority was met in the rate difference (but
not the more stringent rate ratio) in the second co-primary
endpoint of stroke, systemic embolism, or cardiovascular

death excluding the 7 days post-procedure.15,16 Non-inferior-
ity relative to warfarin was not met in the first co-primary
endpoint due to higher rates of ischemic stroke among
patients who received LAA occlusion. While safety improved
in PREVAIL relative to PROTECT AF, the average rate of serious
complications of the four Watchman studies (PROTECT AF,
PREVAIL, ASAP [ASA Plavix Feasibility Study with Watchman
Left Atrial Appendage Closure Technology] and CAP2 [Contin-
ued Access to PREVAIL]) was 6%.

Aftermultiple unsuccessful reviews, the United States Food
and Drug Administration approved the Watchman device in
2015. The device is nowwidely used. Recently published post-
market findings from the National Cardiovascular Data Regis-
try (NCDR) LAA occlusion registry of 38,158 procedures per-
formed between January 2016 to December 2018 were
interpreted as favourable.17 The authors reported that deploy-
ment of the devicewas associatedwith a success rate of 98.1%
to achieve a less than 5mm leak. Additionally, the incidence of
major in-hospital adverse events was low (2.2%), with the two
most common complications recorded as pericardial effusion
requiring intervention (1.4%) and major bleeding (1.3%).
The U.S. NCDR registry uses an adjudication process based
on site-reported events and is potentially subject to under-
reporting or misclassification bias.

The ACP (Abbott Vascular, Chicago, Illinois, United States) is
another self-expanding nitinol device that is used in clinical
practice. It was shown to be associated with high procedural
success and favourable outcomes for the prevention of AF-
related thromboembolism.18 The Amulet (Abbott Vascular,

Fig. 1 Principles of left atrial appendage occlusion. LAA, left atrial appendage.
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Chicago, Illinois, United States) is a second-generation device
fromAmplatzer that consisted of incremental design enhance-
ments to facilitate implantation and reduce device-related
leaks and embolisation. Observational studies of this device
were generally positive in terms of successful implantation and
clinical outcomes.19,20Acomparative analysis between theACP
and Amulet found that both provided similar long-term effica-
cy, safety and net clinical benefit.21 Furthermore, Koskinas et al
also demonstrated the feasibility of deploying these devices
across the spectrum of LAA anatomies.22

The Lariat device (SentreHEART Inc., Palo Alto, California,
United States) offers an alternative technique to LAA occlu-
sion by utilising both epicardial and trans-septal access. An
advantage of this approach is that no foreign material is left
within the circulation on completion of the procedure.
Implantation of the device involves placement and connec-
tion of epicardial and endocardial magnet-tipped guidewires
to stabilise the LAA. A snare capture is then used to confirm
the final position before deployment of a pre-tied suture for
LAA ligation. The Lariat device was associated with high
procedural success but with potentially higher rates of
complications compared with other devices.23–25 A compar-
ison of the commonly used percutaneous LAA occlusion
devices is shown in ►Table 1.

Indications and Recommendations

There are several situations where an alternative to oral
anticoagulants (OACs) in patients with AF may be desirable
(►Fig. 2). First, the use of OACs is not without risk. As
mentioned above, patients are exposed to higher rates of
bleeding while taking these medications. Therefore, there
are certain situations whereby this may be deemed an
inappropriate treatment option by physicians and patients
alike (e.g., recent intracranial haemorrhage, cerebral berry
aneurysm, end-stage renal failure).26 In addition, some
patients may suffer from resistant stroke that occurs despite
appropriate guideline-directed anticoagulation therapy.27

The commonly used strategy of switching or implementing

higher doses of OAC in such patients is not supported by trial
evidence. There is also an issue of compliance which may be
suboptimal with these medications.28 In the landmark
studies of NOACs, discontinuation rates were between 21
and 27%.29–32 This may be more significant with the use of
VKAs,33 especially in younger patients where lifelong treat-
ment and monitoring may be viewed as imposing significant
lifestyle restrictions. Given the lack of options in the afore-
mentioned situations, percutaneous LAA occlusion has been
receivedwithmuch enthusiasm. However, it should be noted
that at present there is a stark discrepancy between indica-
tions for LAA occlusion in clinical practice and trial-proven
indications. It may be worth exercising caution when
extrapolating results from clinical trials and those obtained
from registry-type data. After all, LAA occlusion is an inva-
sive procedurewith potential risks (►Table 2). Some of these
may necessitate blood transfusion, pericardiocentesis or
surgery, and peri-procedural mortality has been described.
Furthermore, patients who are deemed unsuitable for VKA
may do well with NOACs,34 and the latter have never been
directly tested against LAA occlusion.

Thus far, there are no prospective controlled studies that
have evaluated LAA occlusion in patients with an absolute
contraindicationtoanticoagulation.Currentevidence isderived
fromregistriesandcohort studies.TheEWOLUTION(Evaluating
Real-Life Clinical Outcomes in Atrial Fibrillation Patients
Receiving the WATCHMAN Left Atrial Appendage Closure
Technology) study was a prospective observational registry of
LAAocclusion involving a total of 1,025patients,where72%had
a documented contraindication to anticoagulation.35 At 2-year
follow-up, the rates of stroke andmajor non-procedural bleed-
ingwere reducedby 83 and 46% comparedwithpredicted rates
basedon theCHA2DS2-VAScandHAS-BLEDscores, respectively.
Caution isnecessary in interpretationofEWOLUTIONgiventhat
inclusionwas at the discretion of investigators. The ASAP study
enrolled AF patients who were ineligible for warfarin.36 The
authors cited that haemorrhagic tendency was the most com-
mon (93%) reason for warfarin ineligibility and found that the
rate of ischemic stroke was 1.7% per year with LAA occlusion

Table 1 Comparison of percutaneous left atrial appendage occlusion devices

Watchman FLX Amplatzer Amulet Lariat WaveCrest

Manufacturer Boston Scientific
Corporation

Abbott Vascular SentreHeart Biosense Webster

Design Single lobe Double lobe and disc Magnet-tipped
guidewires, and snare

Single lobe

Description Self-expanding nitinol
18-strut frame with fix-
ation anchors and a
permeable polyester
fabric cover

Self-expanding nitinol
with a distal lobe and
proximal disc con-
nected by a flexible
waist; secured with
stabilising wires

Transvenous and epicardi-
al balloon catheters used
to deliver magnet-tipped
guidewires and a pre-tied
suture made of Teflon-
coated, braided polyester

Self-expanding nitinol
frame covered by a left
atrial-facing expanded
polytetrafluoroethylene
layer and left atrial
appendage-facing foam
layer with anchors

Approach Endocardial Endocardial Endoepicardial Endocardial

Sheath size 14F 12–14F 12F 12F

Device
sizes (mm)

20, 24, 27, 31, 35 16, 18, 20, 22, 25, 28,
31, 34

40mm suture loop 22, 27, 32
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comparedwiththeexpected7.3%per yearbasedontheCHADS2
score. More recently, a prospective global study of 1,088
patients, where 83% had contraindications to anticoagulation,
foundthatLAAocclusionwith theAmuletdevicewasassociated
with a 67% reduction in ischemic stroke rates compared with
predicted risk by the CHA2DS2-VASc score.37

Only a single study has specifically investigated the use of
LAA occlusion in AF patients with resistant stroke despite OAC
therapy. Data from the ACP multicentre registry showed that
LAA occlusion was associated with a 65% risk reduction in
annual rates of stroke or transient ischemic attack, and a 100%
risk reduction inannual rates ofmajor bleeding, comparedwith
predicted rates based on the CHA2DS2-VASc and HAS-BLED
scores, respectively.27 At present, there are no studies with
directcomparisonofLAAocclusiontostandardmedical therapy
inpatientswith resistant stroke.With regards to compliance, an
observational study by Zhai et al which included 338 (total
n¼ 658; 51.4%) patients with non-compliance suggested that

Table 2 Potential complications of left atrial appendageocclusion

Acute complications Late complications

Femoral vascular
complications

Device-related thrombosis

Pericardial effusion Device embolisation

Cardiac tamponade Major/minor peri-device leak(s)

Stroke or transient
ischemic attack

Peripheral embolism

Major bleeding

Device embolisation
requiring urgent
open surgery

Failed implant due to LAA
anatomy or large size

Death

Abbreviation: LAA, left atrial appendage.

Fig. 2 Potential indications for left atrial appendage occlusion. AF, atrial fibrillation; OAC, oral anticoagulation.
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LAA occlusion may be feasible for this indication due to low
rates of procedural complications.38

Electrical isolation of the LAA has been shown to improve
long-term freedom from atrial arrhythmias in some patients
undergoing AF ablation. The BELIEF (Effect of Empirical Left
Atrial Appendage Isolation on Long-term Procedure Outcome
in Patients with Persistent or Long-standing Persistent Atrial
Fibrillation Undergoing Catheter Ablation) trial found that
patients with long-standing persistent AF who were random-
ised to empirical electrical LAA isolation along with extensive
ablation had significantly lower recurrence of atrial arrhyth-
mias compared with those who received extensive ablation
alone.39 The findings were supported in two subsequent
independent meta-analyses which demonstrated that the
rates of arrhythmia recurrence were reduced by 56 to 62%
with the addition of LAA electrical isolation to standard AF
ablation.40,41 However, small studies have suggested that this
technique was associated with increased thromboembolic
risk.42–44 Therefore, LAA occlusion may have a potential role
for prevention of thromboembolic complications following
electrical LAA isolation to facilitate improvement in long-
term success with AF ablation. Nonetheless, the evidence in
this area is lacking and warrants further research.

At present, international guidelines pertaining to the use of
percutaneous LAA occlusion in patients with AF are broadly
similar. Current American College of Cardiology/American
Heart Association/Heart Rhythm Society and European Society
of Cardiology guidelines recommend that percutaneous LAA
occlusion may be considered in patients with AF at increased
stroke risk andwith contraindications to long-term anticoagu-
lation (class of recommendation: IIb; level of evidence: B).45,46

This recommendation was largely based on observational
registry data.36,47 The National Heart Foundation of Australia
andtheCardiacSocietyofAustralia andNewZealandguidelines
advocate that LAAocclusionmaybeconsidered inpatientswith
non-valvular AFwith contraindications to OAC (GRADE quality
of evidence: low; GRADE strength of recommendation:
strong).48 The Canadian Cardiovascular Society suggests that
non-approvedLAAclosuredevices shouldnot beusedexcept in
research protocols or in AF patients with high risk of stroke for
whom antithrombotic is contraindicated (conditional recom-
mendation; quality of evidence: low).49

Post-procedural Management

Despite increasing evidence to support the use of LAA occlu-
sion for stroke prevention in AF, there is a lack of consensus on
the optimal post-procedural management and long-term
antithrombotic strategies. Different antithrombotic regimes
have been prescribed in various studies. For example, the
PROTECT AF and PREVAIL trials used warfarin for 45 days
followed by dual antiplatelet therapy (DAPT) with aspirin and
clopidogrelupto6months, thenaspirin alone indefinitely.14,16

In the prospective ASAP study, patients received 6 months of
DAPT followed by lifelong aspirin.36 Patients from the study by
Kleinecke et al were treated with DAPT for 3 months and
aspirin for at least 6 months.19 Data from the real-world
EWOLUTION study found that there were different rates of

antithrombotic use following device implantation: DAPT in
60%, VKA in 16%, NOAC in 11%, SAPT in 7% and no antithrom-
botic in 6%.47Overall, there is a strong need for an assessment
of the optimal antithrombotic regime post-LAA occlusion in
adequately powered clinical trials.

The European Heart Rhythm Association and European
Association of Percutaneous Cardiovascular Interventions
updated guidelines recommend that AF patients with low
bleeding risk who receive a Watchman device should be
givenwarfarin (or NOAC) for 45 days, followed by clopidogrel
for 6 months.50 Meanwhile, OAC may be omitted for those
with high bleeding risk. In contrast, DAPT including clopi-
dogrel may be prescribed for 1 to 6months in patients with a
Watchman devicewhowere not suitable for anticoagulation,
or those who received the ACP or Amulet devices.50

Long-term surveillance of patients following successful
LAA occlusion remains ill-defined. Many operators perform
imaging assessment to assess for leak or device-related
thrombus (DRT) at 6 to 12 weeks post-procedure. More
recently, the recognition of very late DRT has also prompted
repeat imaging during long-term follow-up.51

Cost Effectiveness

In this current era of constrained health care resources, the
potential benefits of LAA occlusion needs to be balanced
against procedural-related expenses. Several cost analyses
have been performed demonstrating superior cost effective-
ness with LAA occlusion compared with warfarin or
NOACs.15,52,53 It was estimated that the cost benefits of LAA
occlusionwould be realisedwithin 10 years following success-
ful implantation. Nevertheless, these studies were performed
from the perspective of insurance-based health care systems
in the United States. In a publicly funded health care system in
the United Kingdom, LAA occlusion was forecasted to be cost
neutral comparedwithdabigatran andwarfarinwithin4.9 and
8.4 years, respectively.54 The study by Panikker et al estimated
that LAAO may be cost-saving by up to £7,194 at 10 years
comparedwith other therapies. Similar results were obtained
in a cost-analysis study conducted from a German health care
payerperspective.55Overall, LAAocclusionmay indeedbe cost
effective with higher upfront costs that is subsequently bal-
anced by improved outcomes and quality-of-life scores, and
reduced medication. However, without long-term outcome
data and a consensus on post-procedural management, it is
extremely difficult to estimate cost-efficacy. What’s more, a
recent observational study has suggested themortality rate in
patients with LAA occlusion may be higher by 1.5- to 2.5-fold
compared with those reported in randomised trials.14,16,56

This questions the applicability of prior cost-effectiveness
modelling to real-world practice.

Unanswered Questions

Despite the increased uptake of LAA occlusion in clinical
practice, there remain many unanswered questions such as
‘HowdoesLAAocclusioncomparewithconservativetreatment
in AF patients with contraindications to anticoagulation?’,
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‘What are the outcomes of LAA occlusion compared with
standard medical therapy in AF patients with relative contra-
indications due to high risk of bleeding?’, ‘How does LAA
occlusion compare with NOACs for stroke prevention in AF?’,
‘Are all the devices comparable in terms of efficacy and safety
profile?’, and ‘What is the optimal antithrombotic regimepost-
procedure?’. Thankfully,many studies are underway to provide
some answers (►Table 3).

Conclusion

LAA occlusion might offer an alternative to OACs in selected
patients with AF. Given the risks of this invasive procedure,
the requirement for continued anti-thrombotic therapy to
prevent DRT and the improved safety profile of NOAC agents,
there is a strong need for additional controlled clinical trials
to investigate its role and define the long-term outcomes
associated with a successful procedure.
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