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ABSTRACT
Exclusion of the left atrial appendage to reduce thromboembolic risk related to atrial fibrillation was first performed

surgically in 1949. Over the past 2 decades, the field of transcatheter endovascular left atrial appendage closure (LAAC)

has rapidly expanded, with a myriad of devices approved or in clinical development. The number of LAAC procedures

performed in the United States and worldwide has increased exponentially since the Food and Drug Administration

approval of the WATCHMAN (Boston Scientific) device in 2015. The Society for Cardiovascular Angiography &

Interventions (SCAI) has previously published statements in 2015 and 2016 providing societal overview of the technology

and institutional and operator requirements for LAAC. Since then, results from several important clinical trials and reg-

istries have been published, technical expertise and clinical practice have matured over time, and the device and imaging

technologies have evolved. Therefore, SCAI prioritized the development of an updated consensus statement to provide

recommendations on contemporary, evidence-based best practices for transcatheter LAAC focusing on endovascular

devices. (J Am Coll Cardiol Intv 2023;16:1384–1400) © 2023 Society for Cardiovascular Angiography and Interventions

Foundation, Heart Rhythm Society and American College of Cardiology, published by Elsevier Inc. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or

adaptations are made.
https://doi.org/10.1016/j.jcin.2023.01.011
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SUMMARY OF RECOMMENDATIONS

1. Transcatheter left atrial appendage closure (LAAC) is
appropriate for patients with nonvalvular atrial
fibrillation with high thromboembolic risk who are
not suited for long-term oral anticoagulation and who
have adequate life expectancy (minimum >1 year)
and quality of life to benefit from LAAC. There should
be patient-provider discussion for shared decision
making.

2.1. Physicians performing LAAC should have a prior
experience, including $50 prior left-sided ablations
or structural procedures and $25 transseptal punc-
tures (TSPs). Interventional imaging physicians
should have experience in guiding $25 TSPs before
supporting any LAAC procedures independently.
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2.2. For maintenance of skills, implanting physicians
should perform $25 TSPs and >12 LAACs over each
2-year period.

2.3. New programs and implanting physicians early in
their LAAC experience should have on-site cardio-
vascular surgery backup.

3. Baseline imaging with transesophageal echocardiog-
raphy (TEE) or cardiac computed tomography is rec-
ommended before LAAC.

4. Intraprocedural imaging guidance with TEE or intra-
cardiac echocardiography is recommended.

5. Technical aspects of the procedure, including venous
access, anticoagulation, transseptal puncture, de-
livery sheath selection and placement, left atrial
pressure measurement, and device deployment,
should be performed in accordance with the labeling
of each specific LAAC device.

6. Operators need to be familiar with avoidance,
recognition, and management of procedural compli-
cations associated with LAAC.

7. Predischarge imaging should be performed with 2-
dimensional transthoracic echocardiography to rule
out pericardial effusion and device embolization.
Same-day discharge may be appropriate after several
hours of observation demonstrating no complications
or pericardial effusion after LAAC.

8. Device-related thrombus should be treated with
anticoagulation. Repeat imaging at 45- to 90-day in-
tervals can be performed to assess for resolution with
eventual cessation of anticoagulation.

9. Routine closure of iatrogenic atrial septal defects
associated with LAAC should not be performed.

10. The clinical impact and management of peridevice leaks
are not fully understood, and all efforts should be made
to minimize such leaks at the time of implantation.

11. Patients should be prescribed antithrombotic therapy
with warfarin, direct oral anticoagulants, or dual anti-
platelet therapy after LAAC according to the studied
regimen and instructions for use for each specific device
and tailored to the bleeding risks of each patient.

12. TEE or cardiac computed tomography is recommended at
45 to 90 days after LAAC for device surveillance to assess
for peridevice leak and device-related thrombus.

13. Combined procedures with LAAC (eg, structural in-
terventions, pulmonary vein isolation) are not
routinely recommended, as data are pending from
ongoing randomized controlled trials.

METHODOLOGY

This statement has been developed according to the So-
ciety for Cardiovascular Angiography & Interventions
(SCAI) Publications Committee policies for writing group
composition, disclosure and management of relationships
with industry, internal and external review, and organi-
zational approval.1

The writing group has been organized to ensure di-
versity of perspectives and demographic characteristics,
multistakeholder representation, and appropriate balance
of relationships with industry. Relevant author disclo-
sures are included in Supplemental Appendix. Before
appointment, members of the writing group were asked to
disclose financial and intellectual relationships from the
12 months before their nomination. A majority of the
writing group disclosed no relevant, significant financial
relationships. Disclosures were periodically reviewed
during document development and updated as needed.
SCAI policy requires that writing group members with a
current, relevant financial interest are recused from
participating in related discussions or voting on related
recommendations. The work of the writing committee
was supported exclusively by SCAI, a nonprofit medical
specialty society, without commercial support. Writing
group members contributed to this effort on a volunteer
basis and did not receive payment from SCAI.

Literature searches were performed by group members
designated to lead each section, and initial section drafts
were authored primarily by the section leads in collabo-
ration with other members of the writing group. The
recommendations and supporting text for each section
were discussed and agreed upon by the full writing group.
All recommendations are supported by a short summary
of the evidence or specific rationale. The draft manuscript
was peer reviewed in August 2022, and the document was
revised to address pertinent comments. The writing
group unanimously approved the final version of the
document. The SCAI Publications Committee and Execu-
tive Committee endorsed the document as official society
guidance in December 2022.

The SCAI statements are primarily intended to help
clinicians make decisions about treatment alternatives.
Clinicians also must consider the clinical presentation,
setting, and preferences of individual patients to make
judgments about the optimal approach.

INTRODUCTION

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.2 Historically, the standard of care
for stroke prevention in AF has been oral anticoagulation
(OAC); however, there are many patient, prescriber, and
health care resource issues that limit OAC use in this
setting. Warfarin, the traditional oral anticoagulant, is
limited by dietary restrictions, and the need for routine
blood testing to maintain a narrow therapeutic window
can lead to patient nonadherence. The newer direct OAC

https://doi.org/10.1016/j.jcin.2023.01.011


FIGURE 1 Examples of Transcatheter LAAC Devices

(A) WATCHMAN FLX, (B) Amulet, (C) LAmbre, (D) Wavecrest, and (E) Conformal. LAAC, left atrial appendage closure.
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(DOAC) carries high costs, which are not uniformly
absorbed by third party payors. Despite ease of adminis-
tration, 30% of patients taking DOAC are nonadherent at 2
years.3 Other patients cannot tolerate long-term OAC
because of bleeding complications, cognitive impairment,
fall risk, and other factors (eg, drug allergy, drug in-
teractions, renal dysfunction). Older patients often have
unfavorable bleeding risk profiles for OAC, leading phy-
sicians not to offer or to discontinue OAC. This treatment
gap has created an unmet clinical need for an effective
and safe nonpharmacologic therapy for stroke prevention
TABLE 1 Ongoing Endovascular LAAC Randomized Controlled T

Trial

OAC-Eligible Patients

OPTION Trial:
WATCHMAN FLX
vs OAC After
PV Ablation

CHAMPION-AF Trial:
WATCHMAN
FLX vs DOAC

CA
Am

N 1,600 3,000

Postprocedural
antithrombotic
strategies

DOAC or warfarin
and aspirin for 3 mo

after LAAC

DOAC and aspirin or
DAPT for 3 mo
after LAAC

D

Control OAC DOAC

aStudy stopped prematurely (w500 patients enrolled).

DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulation; LAAC, left atrial appen
in patients with nonvalvular AF and has fueled the field of
LAAC.

In patients with nonvalvular AF, >90% of thrombi
observed on transesophageal echocardiography (TEE) or
on autopsy series come from the left atrial appendage
(LAA).4,5 This finding has stimulated development of
procedures to exclude the LAA, including endovascular
occlusion, surgical suturing, stapling, and amputation, as
a nonpharmacologic means to reduce stroke risk. The
LAAOS III trial showed that surgical LAA closure (LAAC)
using multiple techniques was associated with reduction
rials and Postprocedural Antithrombotic Strategies

OAC-Contraindicated Patients

TALYST Trial:
ulet vs DOAC

ASAP-TOO Trial:
WATCHMAN
vs Control

STROKE-CLOSE
Trial: Amulet
vs Control

CLOSURE-AF
Trial: LAAC

vs OAC

2,650 888a 750 1,512

APT for 3 mo
after LAAC

DAPT for 3 mo
after LAAC

Aspirin �
clopidogrel

for 45 d after
LAAC

DAPT after LAAC

DOAC Aspirin or none OAC, antiplatelet,
or none

DOAC or warfarin

dage closure; OAC, oral anticoagulation; PV, pulmonary vein.



TABLE 2
2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients With
Atrial Fibrillation

Recommendations
Class of

Recommendation
Level of
Evidence

After surgical occlusion or exclusion of the LAA, it is recommended to continue anticoagulation in at-risk patients
with AF for stroke prevention.

I B

LAA occlusion may be considered for stroke prevention in patients with AF and contraindications for long-term anticoagulant
treatment (eg, those with a previous life-threatening bleed without reversible cause).

IIb B

Surgical occlusion or exclusion of the LAA may be considered for stroke prevention in patients with AF undergoing cardiac surgery. IIb B

Surgical occlusion or exclusion of the LAA may be considered for stroke prevention in patients undergoing thoracoscopic AF surgery. IIb B

Adapted from January et al.19

ACC, American College of Cardiology; AF, atrial fibrillation; AHA, American Heart Association; HRS, Heart Rhythm Society; LAA, left atrial appendage.
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of ischemic stroke and systemic embolism in patients who
continued to receive chronic OAC.6 Whether LAA surgical
excision is effective in preventing ischemic stroke in pa-
tients not receiving OAC remains unproven. Trans-
catheter endocardial devices have been and are actively
being evaluated in clinical trials, and the WATCHMAN
(Boston Scientific) and Amulet (Abbott) devices have
received Food and Drug Administration (FDA) approval
for stroke prevention without long-term OAC. There are
several other devices at various stages of development
that can be anticipated to add to the procedural arma-
mentarium in the future (Figure 1).

Left atrial appendage closure has been compared with
OAC for stroke prevention in nonvalvular AF in 3 pro-
spective randomized controlled trials (RCTs) showing
noninferiority in reduction of stroke and systemic embo-
lism: (1) PROTECT AF (707 patients) (NCT001295457) and
(2) PREVAIL (407 patients) (NCT011824418) in which the
WATCHMAN device was compared with warfarin; and (3)
PRAGUE-17 (402 patients) (NCT024269449) in which
Amulet and WATCHMAN devices were compared to
DOAC, primarily apixaban.10-12 Several important DOAC vs
LAAC RCTs for patients eligible for OAC are ongoing,
including CHAMPION-AF (NCT0439454613), CATALYST
(NCT0422654714), and OPTION (NCT0379529815) (Table 1).
The ASAP-TOO study (NCT0292849716) (stopped prema-
turely due to slow enrollment after w500 patients),
STROKE-CLOSE (NCT0283015217), and CLOSURE-AF
(NCT0346331718) studies randomize OAC-ineligible pa-
tients, but enrollment has been challenged by competi-
tion from “off-label” use of LAAC in the
OAC-contraindicated population.
TABLE 3 2020 European Society of Cardiology Guidelines for th

Recommendations for Occlusion or Exclusion of the LAA

LAA occlusion may be considered for stroke prevention in patients with AF and contr
anticoagulant treatment (eg, intracranial bleeding without a reversible cause)

Surgical occlusion or exclusion of the LAA may be considered for stroke prevention in p

Adapted from Hindricks et al.20

AF, atrial fibrillation; LAA, left atrial appendage.
PATIENT SELECTION FOR LAAC

1. TRANSCATHETER LAAC IS APPROPRIATE FOR

PATIENTS WITH NONVALVULAR AF WITH HIGH

THROMBOEMBOLIC RISK WHO ARE NOT SUITED FOR

LONG-TERM OAC AND WHO HAVE ADEQUATE LIFE

EXPECTANCY (MINIMUM >1 YEAR) AND QUALITY OF

LIFE TO BENEFIT FROM LAAC. THERE SHOULD BE

PATIENT-PROVIDER DISCUSSION FOR SHARED

DECISION MAKING. Recent guidelines issued by the
United States and European professional societies19,20

have both made a IIb recommendation for LAAC in
those with AF and contraindication to long-term OAC
(Tables 2 and 3).11,20-23 Because the RCTs were designed to
demonstrate noninferiority of LAAC to long-term OAC,
they enrolled only patients eligible for long-term OAC.11,21

The mandate by the Centers for Medicare and Medicaid
Services (CMS) to perform LAAC for patients for whom
long-term OAC is not appropriate had a limited evidence
base at the time of the coverage decision. However, the
practice in both the United States and worldwide is to
treat patients with LAAC who are suboptimal candidates
for long-term OAC. CMS also added requirements applied
across a range of new technologies, including obligatory
registry enrollment and documentation of evidence-
based shared decision making with a nonimplanting
physician. The National Cardiovascular Data Registry
(NCDR) LAA Occlusion (LAAO) Registry reports prior
clinical bleeding in almost 70% of patients undergoing
LAAC, intracranial bleeding in nearly 12% (vs none in
RCTs), and significant rates of discharge without OAC
(7.9%) in the United States.24,25 In Europe, LAAC without
e Management of Atrial Fibrillation

Class of
Recommendation

Level of
Evidence

aindications for long-term IIb B

atients with AF undergoing cardiac surgery IIb C
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the use of OAC after procedure is more widespread: in the
EWOLUTION Registry (N ¼ 1021), 61.8% were ineligible for
OAC.26 In the Amulet Post-Marketing Registry, 82.8% of
1088 patients were contraindicated to OAC.27

Patients suitable for LAAC should fit the definition of
nonvalvular AF and should be at increased risk of stroke
with CHA2DS2-VASc of $2 (men) or $3 (women) as per the
ESC 2020 and American College of Cardiology (ACC)/
American Heart Association (AHA) 2019 updated AF
guidelines for Class I indication for OAC for stroke pre-
vention.19,20 Patients should have increased bleeding
risks (eg, high HAS-BLED score $3) or OAC intolerance,
including prior bleeding, fall risk, uncontrolled hyper-
tension, renal or liver failure, alcohol use, concomitant
antiplatelet or nonsteroidal agents, high-risk occupations,
noncompliance, labile international normalized ratio,
OAC intolerance/allergy, and drug interactions. Patients
should have an adequate life expectancy (minimum >1
year) and quality of life to benefit from LAAC. In ques-
tionable cases, frailty markers may help guide decision
making. There should be patient-provider discussion for
shared decision making. LAAC is generally contra-
indicated in patients with known LAA thrombus; im-
plantation in such patients using embolic protection
devices is reported but is inconsistent with published
indications.28

PHYSICIAN AND INSTITUTIONAL REQUIREMENTS

2.1. PHYSICIAN INITIAL REQUIREMENTS. $50 prior left-
sided ablations or structural procedures and $25 trans-
septal punctures

2.2. SKILL MAINTENANCE. $25 transseptal punctures
and >12 LAACs over 2 years

2.3. INSTITUTIONAL REQUIREMENTS. on-site cardiovas-
cular surgery (CVS) program backup during implanter’s
early learning curve

The SCAI/ACC/Heart Rhythm Society (HRS) LAAC
institutional and operator requirements were published
in 2015,29,30 which outlined standards for the operator
knowledge base and procedural skill sets, as well as
institutional requirements required for LAAC. Physicians’
educational requirements should include the following:
knowledge of AF, its clinical course and medical thera-
pies, comprehension of the CHA2DS2-VASc and HAS-BLED
scoring systems for risk stratification of patients with AF
using OAC, indications and management of OAC agents,
indications and risks of various invasive surgical and
catheter techniques for LAAC, and awareness of patient
shared decision making.

For procedural skills, physicians should have knowl-
edge of transseptal puncture (TSP), LA/interatrial fossa/
LAA anatomy and associated intraprocedural imaging
requirements, and prior experience with other percuta-
neous endovascular procedures such as, but not limited
to, transcatheter mitral valve interventions, atrial septal
defect (ASD)/patent foramen ovale closure, or pulmonary
vein isolation (PVI) ablation. This should include 50 prior
left-sided ablations or structural procedures and at least
25 TSPs. Industry-sponsored device-specific training
(including proctoring) is an expectation as a mechanism
for introducing new technologies at the operator’s insti-
tution. For maintenance, $25 TSPs and >12 LAAOs over 2
years were suggested. Knowledge and management
experience of complications such as tamponade and de-
vice retrieval is required. Educational and procedural skill
sets have also been reviewed in the 2015 electrophysi-
ology advanced training statement.31

Institutional requirements include availability of TEE
or intracardiac echocardiography (ICE) operators, a
multidisciplinary team, and an on-site CVS program,
although a recent 2020 European Heart Rhythm Associa-
tion/European Association of Percutaneous Cardiovascu-
lar Interventions document suggested on-site CVS as
optional if transfer within an hour is feasible.32 It is rec-
ommended that physicians in their early learning curve
and starting a program should have on-site CVS. A he-
modynamic recording system is necessary for pressure
assessment. An active institutional quality registry pro-
gram in the United States is mandatory. It is recom-
mended that interventional imaging physicians have
experience in guiding $25 TSPs before supporting any
LAAC procedures independently.33

PREPROCEDURAL IMAGING

3. BASELINE PREPROCEDURAL IMAGING WITH TEE OR

CARDIAC COMPUTED TOMOGRAPHY ANGIOGRAPHY IS

RECOMMENDED BEFORE LAAC. Baseline preprocedural
imaging with TEE or cardiac computed tomography (CT)
angiography (cardiac CT) is recommended before
embarking on the LAAC procedure. The most commonly
employed preprocedural LAA imaging is TEE. Some expe-
rienced centers have evolved to performing the baseline
TEE at the beginning of the LAAC procedure. This practice
may be acceptable but should be discouraged with new
programs and inexperienced operators. Furthermore, this
approach will necessitate periodically cancelling a case
with the patient on the table secondary to technical issues
such as a lipomatous or aneurysmal septum, LAA
thrombus, or unanticipated technical challenges second-
ary to LAA size/morphology. Two-dimensional (2D) images
of the LAA are recommended to be obtained at 0�, 45�, 90�,
and 135� along the axis of the circumflex artery to identify
the maximal width of the LAA landing zone.34 Depth di-
mensions are obtained from the centroid of the landing
zone as a straight line to the main body of the LAA



FIGURE 2 Transesophageal Echocardiogram (TEE) and Computed Tomography Angiography (CTA) Images of the Left Atrial Appendage (LAA)

Landing Zone and Definition of Optimal LAA Length Measurements

(A) TEE images demonstrate the multilobed LAA that emanates from a larger body of the main lobe of the LAA. The landing zone is depicted by an

orange line measured at the level of the circumflex artery. The length of the main lobe of the LAA is depicted by the blue linemeasured from the centroid of

the LAA landing zone (orange line) to the center of the periapical region of the main body of the LAA. Care is taken to avoid measuring lengths to accessory

LAA lobes as this may not accurately mimic the ability of current generation LAA occlusion (LAAO) devices to fully expand within very narrow portions of the

distal lobes of the LAA. (B) CTA images demonstrate the multilobed LAA that emanates from a larger body of the main lobe of the LAA. The landing zone is

depicted by a red line measured from the centroid of the LAA landing zone (demarcated by solid orange line), to the center of the periapical region of the

main body of the LAA. Care is taken to avoid measuring lengths to accessory LAA lobes as this may not accurately mimic the ability of current generation

LAAO devices to fully expand within very narrow portions of the distal lobes of the LAA.
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(Figure 2). To ensure that maximal dimensions are ob-
tained, measurements should be taken during maximal
filling of the LAA (left ventricular systole), typically at a
mean LA pressure >12 mmHg.35,36 Three-dimensional (3D)
TEE imaging of the LAA evaluated using double-oblique
multiplanar reformatting can provide improved accuracy
for sizing measurements.
Cardiac CT is increasingly recognized as an excellent 3D
primary imaging tool for LAAC procedural planning and is a
superior alternative to TEE for spatial resolution. Cardiac
CT–gated scans should be obtained utilizing previously
described methodologies to ensure maximal contrast
opacification of the LAA and landing zone while mini-
mizing motion artifacts.36,37 A late-pass delayed scan is



FIGURE 3 Corresponding Images on Fluoroscopy (Showing Intracardiac Echocardiography [ICE] Probe Position), ICE Views, and Corresponding

Transesophageal Echocardiography (TEE) Views in the Same Patient

(A) Fluoroscopy showing ICE probe in the retroflex position in the LA (also showing the VersaCross wire in the left atrium [LA]), (B) image from the ICE probe

in the retroflex LA position, (C) image from TEE at 45� view. (D) Fluoroscopy showing ICE probe in the supramitral position in the LA, (E) image from the ICE

probe in the supramitral LA position, (F) image from TEE at 0� view. (G) Fluoroscopy showing ICE probe in the left upper pulmonary vein, (H) image from the

ICE probe in the left upper pulmonary vein, (I) image from TEE at 90o view.
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recommended to allow adequate contrast mixing to avoid
overinterpretation of the thrombus in the LAA. Recon-
structive segmentation and analysis for device size should
be performed at scan increments ideally between 0.5- to
1.5-mm slice thickness with delayed imaging to ensure the
absence of LAA thrombus.36 Cardiac CT measurements of
the LAA’s landing zone should be performed utilizing 3D
multiplanar reformat images of the LAA at the level of the
circumflex artery in the mid-to-late systolic phase of the
cardiac cycle to ensure maximal LAA contrast opacifica-
tion.38,39 Device sizing should take into account that LAA
measurements on cardiac CT tend to be 2- to 3-mm larger
than TEE measurements,37,40 given that CT measurements
are performed in 3D and patients are not fasting (and often
administered fluid) before scanning. The addition of 3D
printing and computer simulation to gauge how different
device sizes can fit in individual patient anatomies may be
helpful, especially with challenging anatomies.

INTRAPROCEDURAL IMAGING

4. INTRAPROCEDURAL IMAGING GUIDANCE WITH TEE

OR ICE AND CONTRAST ANGIOGRAPHY IS STRONGLY

RECOMMENDED. It is strongly recommended that
intraprocedural imaging guidance be utilized for all
LAAC procedures. Intraprocedural imaging is essential
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for ruling out LAA thrombus; monitoring for pericardial
effusion; guidance of TSP; visualization of device im-
plantation, stability, compression, and PDL; and
assessment of iatrogenic ASD.41,42 Fluoroscopy alone
without TEE/ICE is not recommended. TEE guidance by
a dedicated experienced interventional imaging physi-
cian with standardized views as described above has
been the traditional intraprocedural imaging modality
for LAAC. It is recommended that new programs and
proceduralists early in their LAAC experience utilize 2D
and 3D TEE to become comfortable with imaging for
LAAC. Intracardiac echocardiography is evolving as an
additive imaging modality to guide LAAC. The 2D and
emerging 3D ICE technology with availability of pre-
procedural cardiac CT case planning is an emerging
acceptable alternative to TEE for intraprocedural guid-
ance for LAAC. There is the increased expense of the
ICE probe that needs to be considered, as well as the
increased complexity of the procedure associated with
ICE probe placement in the left atrium (LA). ICE im-
aging of the LAA can be performed from the right
atrium but is usually suboptimal for procedural guid-
ance. Ideally, the ICE probe needs to be placed in the
LA. This can be performed through a separate trans-
septal puncture or through the same puncture used for
LAAC device delivery sheath. ICE views (with probe in
the LA in the retroflex, supramitral, and left upper
pulmonary vein positions) that simulate standard TEE
views may be achievable (Figure 3); however, in most
cases, TEE still provides superior imaging and operator
reproducibility than ICE for the LAA. The RCTs leading to
approval of the commercially available LAAC devices both
required intraprocedural TEE guidance. Although small
studies suggest that an ICE-guided approach may be safe
and effective, further data in larger cohorts are needed to
confirm these early findings. Therefore, ICE guidance for
LAAC, currently, should be reserved for experienced pro-
grams/implanters/interventional imaging physicians. In
addition, when beginning ICE guidance for LAAC, a period
of utilizing combined TEE and ICE is recommended until
comfort with the ICE catheter and image acquisition
workflow by the interventional imaging and implanting
team is achieved. Furthermore, when using ICE, baseline
preprocedure day imaging with cardiac CT or TEE is rec-
ommended to provide detailed information regarding LAA
morphology.41,42 Fluoroscopy alone without TEE/ICE is
not recommended.

TECHNICAL ASPECTS FOR SAFE AND

EFFECTIVE PROCEDURE PERFORMANCE

5. PROCEDURAL VENOUS ACCESS, ANTICOAGULATION,

TRANSSEPTAL PUNCTURE, DELIVERY SHEATH SELECTION

AND PLACEMENT, LAPRESSUREMEASUREMENT,ANDDEVICE
DEPLOYMENT SHOULD BE PERFORMED IN ACCORDANCE

WITH THE TESTING AND LABELING OF EACH SPECIFIC

LAAC DEVICE. LAAC implantat ion step-by-step.
A detailed description of procedural steps for LAAC is
beyond the scope of this article. Rather, certain points
requiring clarification will be highlighted.
Venous access. The LAAC procedure should generally be
performed through the right femoral vein whenever
possible. Micropuncture technique and ultrasound guid-
ance can be helpful and should be strongly considered.
The left femoral vein may be utilized; however, trans-
septal puncture and subsequent sheath manipulation can
be more challenging. After completion of the procedure,
hemostasis can be achieved through any number of
techniques including manual compression, suture-
mediated closure, or figure-of-8 suture with equal
efficacy in accordance with operator comfort.
Administration of protamine may be considered if
hemostasis is not achieved by standard techniques.
Anticoagulation. Unfractionated heparin (UFH) is used to
achieve therapeutic anticoagulation during the proced-
ure, with a goal activated clotting time (ACT) of at least
250 to 300 seconds. UFH may be administered before or
after TSP, at the discretion of the operator. ACT should be
monitored frequently to ensure appropriate anti-
coagulation for the duration of the procedure.
TSP location. For the commercially available LAAC de-
vices, the TSP site should be located inferiorly and pos-
teriorly. This approach typically orients the access sheath
coaxially with the LAA. The location of the LAA can be
confirmed on TEE or preprocedural cardiac CT. For a su-
periorly directed LAA, an inferior puncture is desired. In
mid-to-inferiorly directed LAA, a less inferior TSP can be
performed. Most appendages are directed anteriorly;
therefore, a posterior puncture is desired in most cases.
On TEE, the 90� view of the LAA helps gauge the
direction of the LAA.
Delivery sheath selection. Each commercially available
device comes with manufacturer’s recommendations for
specific delivery sheaths. For example, the WATCHMAN
device can be delivered through 2 different 14F sheaths:
single-curve or double-curve. The double-curve sheath is
sufficient to provide coaxial orientation with the LAA in
most cases where the LAA is directed both superiorly
and anteriorly. The single-curve sheath is advantageous
when there is an inferiorly directed appendage. The
Amulet device can be delivered through an inner
diameter 12F (for devices #25 mm) or 14F (for
devices $28 mm) TorqueVue 45 � 45 degree sheath or
the 14F steerable sheath (outer diameter 19F).
Advancement of delivery sheath into the LAA. Once TSP is
completed, the delivery sheath is introduced into the LA
either by anchoring a stiff support wire in the pulmonary
vein or over a “pigtail” type wire positioned in the LA.



TABLE 4 Procedural and Late Postprocedural Complications of Left Atrial Appendage Occlusion

Periprocedural Complications Postprocedural Complications

Death (<0.2%)

Stroke (<0.2%):

Ischemic: air or thromboembolism
Hemorrhagic

Systemic embolism (rare)

Pericardial tamponade (w1%)

Device embolization (w0.2%)

Vascular complications: retroperitoneal bleed, arteriovenous
fistula, pseudoaneurysm

Other: major bleeding, renal failure, respiratory failure, sepsis, MI,
endotracheal/esophageal damage, interfering surrounding
structures, device/contrast allergy, pericarditis

Late pericardial effusion & tamponade (w1%)

Peridevice leak:

>5 mm on TEE: 1%-3%
>3 mm on TEE: 10%-25%

Device-related thrombus (3%-5%)

Late device migration/embolization (infrequent)

Device erosion (rare)

Iatrogenic atrial septal defects (rare to require intervention)

MI, myocardial infarction; TEE, transesophageal echocardiography.
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Each technique has advantages and disadvantages. A stiff
support wire anchored in the left upper pulmonary vein
provides an excellent support platform for introducing
the device delivery sheath into the LA but runs a greater
risk of wire perforation of the pulmonary vein. The stiff
wire should be placed in the pulmonary vein through a
previously placed exchange catheter positioned in the
pulmonary vein using a soft tipped guide wire. A “pigtail”
type wire is technically easy and safe to place in the LA
through the transseptal assembly but does not provide as
much support for introduction of the device delivery
sheath through the TSP. If difficulty is encountered
introducing the device delivery sheath into the LA, one
can predilate the atrial septum using a 14F Inoue dilator
or by performing atrial septostomy using a 5.0-mm or
larger balloon. Once in the LA, the delivery sheath
should be carefully deaired and flushed with saline. The
device delivery sheath is advanced into the LAA over a
5F to 6F straight pigtail catheter positioned deep in the
LAA. Commercially available “tight curve” pigtail
catheters allow for deeper placement in the LAA, a right
anterior oblique/caudal projection can be helpful in
profiling the LAA for sheath advancement.
LA pressure measurement. Measuring LA pressure can be
helpful in confirming position in the LA during TSP and
ensuring that the LA pressure is high enough to properly
measure LAA dimension during the procedure to ensure
proper device size selection and to avoid choosing a de-
vice too small and risking embolization. A mean LA
pressure of $12 mm Hg is recommended for proper LAA
measurements and device size selection.43 Intravenous
fluid should be administered when patients arrive for the
procedure unless contraindicated, and hydration should
be administered until the goal LA pressure is achieved.
Deployment of LAAC device. Operators should refer to the
manufacturer’s instructions for use for proper device
deployment for each commercially available device and
should adhere to established criteria to ensure proper
positioning before device release. Care should be taken to
ensure proper device sizing, anchoring, positioning
within the LAA, and absence of significant PDLs.

AVOIDANCE, RECOGNITION, AND TREATMENT

OF INTRAPROCEDURAL COMPLICATIONS

6. OPERATORS NEED TO BE FAMILIAR WITH

AVOIDANCE, RECOGNITION, AND MANAGEMENT OF

COMPLICATIONS ASSOCIATED WITH LAAC.

WATCHMAN, the first LAAC device approved for general
use, underwent a lengthy, multistepped approval con-
sisting of 2 randomized clinical trials, 2 continued access
registries, and an unprecedented 3 FDA panel hearings
spanning 2 decades before approval for commercializa-
tion was obtained. This was largely due to safety concerns
surrounding the LAAC procedure. In the PROTECT AF
RCT, there was an 8.7% complication rate driven largely
by a 4.8% serious pericardial effusion, as well as 0.6%
device embolization, 0.6% air embolism, 0.9% procedure-
related stroke, and 0.6% access-site bleeding.21 Following
procedure refinements and increasing operator experi-
ence, the complication rates have dropped significantly.
Contemporary clinical data suggest that serious compli-
cation rates and pericardial effusions/tamponade are
well <2%. Despite this, it is essential that all implanters be
skilled in the recognition and treatment of procedural
complications and be attentive to the details necessary to
prevent such events (Table 4).
Per icard ia l ef fus ion . Imaging of the pericardial space
should be performed at the beginning and end of every
LAAC procedure to assess for pericardial effusion. Sys-
temic blood pressure should be monitored throughout the
procedure with a manual cuff or arterial line to aid prompt
diagnosis of tamponade. Pericardial effusion is typically
caused by perforation of the LAA and can result in tam-
ponade, requiring urgent pericardiocentesis and, rarely,
urgent surgery. Pericardial effusion may also be related to
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the TSP or damage to other cardiac structures. Increasing
experience with LAAC, preprocedural imaging and plan-
ning, the use of intraprocedural echocardiographic guid-
ance, and utilization of less traumatic guide wires and
pigtail catheters have resulted in a marked decrease in
pericardial effusion. In particular, the mandated use of a
pigtail catheter for entry into the LAA allowed advance-
ment of the large sheathmore safely, preventing damage to
the thin LAA wall. LAAC has seen a stepwise decrease in
serious pericardial effusion from 5.0% to the current level
of <1.5%. In the NCDR LAAO Registry of 38,158 patients
treatedwith the commercialWATCHMANdevice from 2016
to 2018, pericardial effusion requiring intervention was
documented in 528 (1.39%) patients, of which 437 (83%)
were treated with percutaneous drainage, primarily for
tamponade. There were 91 (17%) patients who required
open cardiac surgery.24

Operators and other members of the procedure team
should be adept in recognition and prompt peri-
cardiocentesis for effusions associated with any signs of
hemodynamic compromise. Pericardiocentesis trays
should be in the room, and surgical teams should be
immediately available, should surgical intervention
become necessary. If bleeding is still brisk into the peri-
cardium after pericardiocentesis pigtail insertion and
draining, protamine may be considered. Autotransfusion
and surgical intervention are the immediate next man-
agement steps. Occasionally, pericarditis may result from
pericardial drainage, which is conventionally managed
with a short course of colchicine and/or anti-
inflammatory agents.
Per iprocedura l s troke . The second major complication
identified in the PROTECT AF trial was periprocedural
stroke, which has decreased substantially with experi-
ence. In the NCDR LAAO Registry, an ischemic stroke was
documented in 0.12%, whereas hemorrhagic stroke was
identified in 0.01%.24 Several potential causes of stroke
have been identified: (1) preprocedural presence of
thrombus or sludge; (2) air embolization, typically the
result of inadequate purging and flushing of equipment;
and (3) development of thrombus on equipment during
the procedure. Rigorous screening to rule out LAA
thrombus before procedure and meticulous flushing to
avoid air embolization are essential. The incidence of air
embolism is extremely rare in contemporary practice with
careful preparation of equipment. In the presence of
spontaneous echo contrast, operators should proceed
with caution after ruling out the presence of thrombus.
Administering intravenous UFH during the procedure
aiming for ACT 250 to 300 seconds is necessary to reduce
the risk of thrombus formation on catheters, wires, de-
vices, and so forth. Inadequate procedural anti-
coagulation, prolonged procedure duration, or excessive
recaptures of the device (resulting in tissue trauma) may
promote thrombus formation. Once thrombus is identi-
fied, additional heparin should be administered, and a
prompt decision should be made whether to continue the
procedure after documenting successful resolution of the
thrombus or to abort and remove the equipment with
adherent thrombus.
Device embol izat ion . This complication is uncommon.
In the NCDR LAAO Registry, 30 (0.07%) embolizations
were reported.24 A systematic review of cases reported
with both the WATCHMAN device and Amplatzer Cardiac
Plug identified 31 cases.44 Two-thirds occurred during the
implant, whereas the others occurred later, sometimes
detected at follow-up TEE or cardiac CT angiography as
incidental findings in patients who were asymptomatic.
Embolized devices may be lodged in the aorta, LA, or left
ventricle. In 21 of the cases for which information was
available, percutaneous removal was attempted in 17 and
a surgical approach attempted in 10 to retrieve the
embolized devices. The retrieval approach was in large
part dependent on the location of the embolized device;
surgery was typically the first choice if the device had
embolized to the left ventricle and was entangled in the
mitral apparatus and associated with hemodynamic
deterioration. LAAC devices that had embolized to the
descending aorta or LA were often successfully retrieved
percutaneously. Although the case numbers were small,
potential mechanisms for embolization included device
undersizing or oversizing. Implanters should be skilled in
the use of large sheaths and snares for retrieving devices
from the LA or aorta.

Other compl i cat ions . The NCDR LAAO Registry docu-
mented other important procedural complications,
namely in-hospital major bleeding that occurred in 1.25%
and major vascular complications in 0.15%.24 In this re-
gard, 70% of the patients had a history of prior bleeding,
including 42% with prior gastrointestinal bleeding.
Venous bleeding with the large sheath size may occur.
Access-site bleeding can be avoided by practicing good
technique for gaining access and achieving hemostasis.
Using ultrasound-guided venous puncture with micro-
puncture needle/catheter may enhance safety. Using
suture-mediated preclosure or figure-of-8 suture or
combining the 2 ensures complete hemostasis and mini-
mizes the possibility of late access-site bleeding. Avoid-
ance of excessive anticoagulation and adherence to
standard hemostasis techniques can help prevent
bleeding.

7. PREDISCHARGE IMAGING SHOULD BE PERFORMED

WITH 2D TRANSTHORACIC ECHOCARDIOGRAPHY TO

RULE OUT PERICARDIAL EFFUSION AND DEVICE

EMBOLIZATION. SAME-DAY DISCHARGE MAY BE

APPROPRIATE AFTER SEVERAL HOURS OF OBSERVATION,

DEMONSTRATING NO COMPLICATIONS OR PERICARDIAL



FIGURE 4 Device-Related Thrombus (TEE)

TEE, transesophageal echocardiography.
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EFFUSION AFTER LAAC. Imaging with 2D transthoracic
echocardiogram is recommended before hospital
discharge to evaluate for new pericardial effusion and
rule out device embolization. After LAAC, patients were
observed overnight in-hospital in the US pivotal trials of
the WATCHMAN device, and this is currently common
practice after LAAC. “Inpatient status” is mandated by
CMS for reimbursement.23 Several small case series have
evaluated the feasibility of same-day discharge after
endocardial LAAC and found that in selected patients
without procedural complications, same-day discharge
can be done without an associated increase in adverse
events.45,46 More data should be collected before same-
day discharge can be routinely advocated, although that
practice is increasing in frequency and may be appro-
priate after several hours of observation, demonstrating
no complications or pericardial effusion.

RECOGNITION AND MANAGEMENT OF

LATE ADVERSE EVENTS

8. DEVICE-RELATED THROMBUS SHOULD BE TREATED

WITH ANTICOAGULATION. REPEAT IMAGING AT 45- TO

90-DAY INTERVALS CAN BE PERFORMED TO ASSESS

FOR RESOLUTION WITH EVENTUAL CESSATION OF

ANTICOAGULATION. Device- re la ted thrombos i s .
Device-related thrombosis (DRT) (Figure 4) has been re-
ported after 3% to 5% of LAAC procedures in large clinical
trial and registry experiences.10,11,24 DRT has been shown
to be more likely in patients with prior stroke, large LAA
dimensions, those with permanent AF, and those
with previous LA thrombus.11,47-49 The relationship
between DRT and long-term adverse cardiovascular
events is unclear, but registry-based analyses have found
an association between DRT and stroke/transient
ischemic attack (TIA) during short-term follow-up.10,47

However, most strokes after LAAC occur in patients
without DRT; thus, the clinical importance of DRT is not
well understood.11,46 If DRT is diagnosed on post-LAAC
imaging, anticoagulation should be continued. For pa-
tients on dual antiplatelet therapy (DAPT), OAC should be
started and DAPT should be discontinued.50 Repeat im-
aging at 45- to 90-day intervals can be performed to
assess for resolution with eventual cessation of anti-
coagulation. Both cardiac CT and TEE have comparable
accuracy for DRT detection51,52 and should be chosen ac-
cording to site experience and patient’s preference and
clinical profile.

9. ROUTINE CLOSURE OF IATROGENIC ATRIAL SEPTAL

DEFECTS ASSOCIATED WITH LAAC SHOULD NOT BE

PERFORMED. Res idual ia t rogen ic ASD. Endovascular
LAAC requires traversal of the interatrial septum with a
large sheath; subsequent removal of the sheath may
result in left-to-right or even bidirectional shunting,
which typically resolves by 6 months in most cases.53

There has been very little study of the clinical signifi-
cance of iatrogenic ASD from the LAAC procedure. Small
randomized trials have not shown any clinical benefit in
closure of the iatrogenic ASD after transcatheter edge-to-
edge repair of the mitral valve or transcatheter mitral
valve replacement, which require >20F sheaths/
devices.54 At present, there is no clear indication for
closure of the iatrogenic ASD associated with LAAC unless
there is significant right ventricular dilation and/
or dysfunction.

10. THE CLINICAL IMPACT AND MANAGEMENT OF PDLs

ARE NOT FULLY UNDERSTOOD AND ALL EFFORTS

SHOULD BE MADE TO MINIMIZE SUCH LEAKS AT THE

TIME OF IMPLANTATION. Per idev ice leak . Peridevice
leaks (PDLs) are common and are reported in 11% to 57%
of transcatheter LAAC procedures depending on the
implanted device and imaging modality used.55-58 A
relatively small secondary analysis of the PROTECT AF
trial showed no difference in adverse event rates between
leak sizes of <1, 1 to 3, and >3 mm but did not evaluate
larger leaks with the WATCHMAN device. Subsequent
studies have corroborated these results, although these
were small and may have been underpowered to detect
differences in outcomes.58,59 An analysis of 51,333 pa-
tients in the NCDR LAAO Registry found that a small leak
(<5 mm) was associated with a slightly higher rate of
stroke, TIA, and systemic embolism over 1 year (adjusted
hazard ratio, 1.152; 95% CI, 1.025-1.294).60

There are limited data and no consensus on the man-
agement of PDL. PDLs of >5 mm are believed to be sig-
nificant, and current practice is generally to continue
OAC. Case reports and small case series have
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demonstrated the feasibility of closing leaks using inter-
ventional approaches including placement of occlusion or
plug devices or coiling, but data are lacking on the long-
term impact of these approaches including adverse
event rates and the safety of discontinuing OAC.61-64

Late per icard ia l ef fus ion . Late pericardial effusion has
been reported infrequently via case reports and in 1% of
patients in the PRAGUE-17 trial.12,65 These may be related
to the hooks of the devices penetrating through the LAA
wall. Management is similar to periprocedural pericardial
effusion.
Rare compl i cat ions (dev ice eros ion , infect ion ,
n icke l a l lergy) . Left atrial appendage closure may be
associated with device erosion in rare cases. Erosion can
result in damage to the pulmonary artery or late pericar-
dial effusion.15,66 Infection is exceedingly rare with
LAAC67; nevertheless, the instructions for use for both the
WATCHMAN and Amulet devices recommend appropriate
endocarditis prophylaxis for 6 months after device im-
plantation. Treatment for device infection may require
antibiotics and surgical removal of the device.13 Devices
available for LAAC in the United States are predominantly
made of nitinol, an alloy of roughly equal parts nickel and
titanium. Allergic reactions to nickel have been reported
in patients undergoing patent foramen ovale/ASD closure
and usually present as dermatitis, although reports of
uncomplicated implantation in patients with documented
nickel allergies have also been published.14,68 In general,
manufacturer indications for use recommend against
implantation of nitinol devices in patients with a docu-
mented significant nickel allergy.

11. PATIENTS SHOULD BE PRESCRIBED ANTITHROMBOTIC

THERAPY WITHWARFARIN, DIRECT ORAL ANTICOAGULANTS,

OR DAPT AFTER LAAC ACCORDING TO THE STUDIED REGIMEN

AND INSTRUCTIONS FOR USE FOR EACH SPECIFIC DEVICE

AND TAILORED TO BLEEDING RISKS OF EACH PATIENT.

The FDA approved the WATCHMAN device based on the
PROTECT AF and PREVAIL trials, in which warfarin and
aspirin were administered for 45 days, and if no DRT or
PDL of >5 mm was observed on TEE, patients transitioned
to DAPT with aspirin and clopidogrel until 6 months after
implant and to aspirin alone afterward.12,24,69,70 However,
following FDA approval, the NCDR LAAO Registry showed
utilization of varied antithrombotic regimens after LAAC
in the United States. In this Registry, discharge after LAAC
with WATCHMAN device on DOAC and aspirin was asso-
ciated with similar outcomes compared with warfarin and
aspirin at 45 days and 6 months. Furthermore, discharge
on either warfarin or DOAC alone without aspirin was
associated with a lower risk of adverse events, largely due
to lower rates of bleeding.24 In the PINNACLE FLX study,
patients were discharged on DOAC and aspirin for 45 days
and then transitioned to DAPT; there are similar or
favorable outcomes in other studies compared with the
older pivotal trials.71 The WATCHMAN FLX FDA label
initially allowed for either warfarin or DOAC in addition to
aspirin for the initial 45 days after device implantation
before transitioning to DAPT. The revised FDA labeling
now allows the use of DAPT for 45 days after WATCHMAN
FLX implantation, following a recent propensity-matched
study comparing DAPT versus either a DOAC or warfarin
plus aspirin after WATCHMAN FLX in the NCDR LAAO
Registry, which showed no difference in the rate of
composite death, stroke, or major bleeding, and device-
related thrombus.72

The use of postprocedural DAPT (without OAC) after
LAAC is common practice in Europe and other parts of the
world, as most patients treated with LAAC have contra-
indications to OAC.68 In the Amulet IDE study, 75.7% of
patients were discharged on DAPT after Amulet implan-
tation, and the rate of DRT was not different from the
WATCHMAN arm, in which 95.8% were on OAC at
discharge.73 Other small trials and single/multicenter
prospective observational registries using the
WATCHMAN and Amplatzer/Amulet devices have shown
similar results.26,49,55,74 The EWOLUTION registry of
WATCHMAN procedures performed in Europe reported
that 60% of patients were discharged on DAPT, with an
adverse events rate comparable with that published in the
pivotal WATCHMAN trials.26,49 The NCDR LAAO Registry
showed that discharge on DAPT after WATCHMAN
implant was relatively uncommon (5% of implants) but
was associated with a similar risk of adverse events
compared with warfarin and aspirin at 45 days and 6
months.24 A large meta-analysis of 83 studies including
12,326 LAAC patients (7900 on antiplatelet, and 4151 on
OAC) showed no difference in stroke, DRT, bleeding, or
overall mortality with antiplatelet versus OAC after
LAAC.75 Currently enrolling randomized trials will
continue to evaluate optimal postprocedural antith-
rombotic strategies (Table 1).

In summary, the studies till date are insufficient to
define an optimal postprocedural antithrombotic
regimen following LAAC. Discharge on anticoagulation
with anticoagulant plus aspirin is well established for
WATCHMAN based on the PROTECT AF, PREVAIL, and
PINNACLE FLX studies. Discharge on DAPT appears well
established for the Amulet device based on the Amulet
IDE study and real-world registries. There is also an
increasing body of registry evidence supporting DAPT
with WATCHMAN. At this juncture, the choice and
duration of antithrombotic regimen after LAAC should
be made according to the studied regimen for each
specific device, potentially individualized based on the
patient’s bleeding/thrombotic risk, and potentially
modified if PDL or DRT is seen on post-LAAC imaging
surveillance.



TABLE 5 Imaging Surveillance Modality and Optimal Imaging at Different Postdevice Implantation Time Points

Imaging Timing
Immediate

Postdevice Implant
Prehospital
Discharge 45-d Follow-Up

1-y Follow-Up
(optional)

Transthoracic echocardiogram � þþþ � �
Transesophageal echocardiogram þþþ � þþ þþ
CCTA � � þþþ þþþ
Complication surveillance Pericardial effusion Device embolization Peridevice leak Device-related thrombus

Transthoracic echocardiogram þþþ þ � �
Transesophageal echocardiogram þþþ þþþ þþ þþþ
CCTA þþþ þþþ þþþ þþþ

þþþ, strongly recommended; þþ, less strongly recommended; þ, recommended; �, not required.

CCTA, cardiac computed tomography angiography.
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12. TEE OR CARDIAC CT IS RECOMMENDED AT 45 TO 90

DAYS AFTER LAAC FOR DEVICE SURVEILLANCE TO

ASSESS FOR PDL AND DRT. There is variability in clinical
practice on postprocedural imaging modality and timing.
Typically, imaging surveillance after LAAC device im-
plantation is recommended at 3 time points:

1. Immediately after LAAC implant to evaluate for peri-
cardial effusion, device stability, and PDL (with TEE or
ICE)

2. Prehospital discharge to evaluate for new pericardial
effusion and device embolization (with 2D trans-
thoracic echocardiography)

3. At 45 days after LAAO device implant to evaluate for
sealing of the LAAC device or continued presence of
PDL.

Common imaging modalities utilized at these specific
time points are depicted in Table 5.

Of note, some centers delay the 45-day imaging to 90
days, and some centers routinely perform a second TEE/
cardiac CT at 1 year as per the PROTECT AF trial pro-
tocol. The instructions for use for WATCHMAN recom-
mends both 45-day and 1-year device surveillance.
During the COVID-19 pandemic, some physicians
migrated away from TEE, which generates aero-
solization, to less invasive surveillance imaging with the
use of cardiac CT.76 There appears to be greater sensi-
tivity and reproducibility of cardiac CT for the evalua-
tion of LAAC PDL and similar rate of detection of DRT
compared with TEE.51,52 These reasons together with the
noninvasiveness led to many preferring cardiac CT over
TEE for device surveillance (Table 5). However, imaging
surveillance after LAAC is an evolving topic and more
comparative and prospective data are required.51 We
recommend device surveillance with TEE/CT angiog-
raphy at 45 to 90 days after LAAC, and a second im-
aging at 1 year should be considered if a PDL is there at
prior imaging or if there are concerns for DRT risk.
13. COMBINED PROCEDURES WITH LAAC (EG,

STRUCTURAL INTERVENTIONS, PVI) ARE NOT

ROUTINELY RECOMMENDED PENDING DATA FROM

ONGOING RCTs. Left atrial appendage closure is
increasingly performed simultaneously with PVI ablation
and other structural heart procedures. In a report of 139
patients from 10 European centers who underwent AF
ablation (chiefly PVI) followed by WATCHMAN LAAC in
the same setting,77 a high degree of LAAC success (100%)
with excellent periprocedural safety and an early (28
days) 98% freedom from PDL of >5 mm was shown. There
were, however, leaks of <5 mm, potentially the result of
small device migration with resolution of tissue edema
from PVI. Good results were confirmed at the 2-year
follow-up, with 92% off OAC and a relative 84% cerebro-
vascular accident/TIA reduction compared with predicted
in patients with similar risk scores not treated with OAC.78

The OPTION trial randomized w1600 patients 1:1 to either
OAC or WATCHMAN FLX following AF ablation, with
approximately one-third of the WATCHMAN devices be-
ing placed concomitantly immediately after ablation.
Results are anticipated in 2023. The aMAZE study
(NCT0251379779) prospectively randomized patients 2:1 to
percutaneous suture closure of the LAA (LARIAT, Sen-
treHEART) as an adjunct to PVI ablation in patients with
symptomatic or longstanding persistent AF. This study
showed that although performing LAA ligation together
with PVI was safe, there was no reduction in recurrent AF
compared with PVI alone.80

The WATCH-TAVR trial (NCT0317353481) randomized
350 patients with aortic stenosis and AF to transcatheter
aortic valve replacement and medical therapy vs trans-
catheter aortic valve replacement with concomitant
WATCHMAN LAAC with a primary end point of all-cause
mortality, stroke, or major bleeding. Results are antici-
pated in 2023. Until these RCT results are available,
combined procedures with LAAC should not be routinely
performed.



Saw et al J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 6 , N O . 1 1 , 2 0 2 3

SCAI/HRS Expert Consensus Statement on Transcatheter LAAC J U N E 1 2 , 2 0 2 3 : 1 3 8 4 – 1 4 0 0

1398
FUTURE DIRECTIONS AND LANDSCAPE OF LAAC

The field of transcatheter LAAC has evolved tremen-
dously in its first 2 decades, with marked improvements
in safety, efficacy, and device iterations. Ongoing trials
and evolving practices indicate significant future ad-
vancements to come. The FDA approval of WATCHMAN
FLX and Amulet devices, in-progress RCTs evaluating
new devices, and an array of other technologies in the
development and approval queue will mean a larger
toolbox for LAAC. Several RCTs comparing LAAC to con-
trols in OAC-ineligible patients and RCTs comparing
DOAC to LAAC in OAC-eligible patients are ongoing and
are anticipated to broaden the clinical indications and
strengthen societal recommendations for this device
therapy. Advancements in periprocedural imaging have
also improved the safety and efficiency of the procedure,
and novel imaging technologies are continuing to be
explored. This document provides the current evidence-
based best practices of endovascular LAAC by consensus
of the established expert panel with multisocietal sup-
port. Given the rapid developments in this field, this
consensus document acknowledges important areas
where further evidence is needed to be developed
including but not restricted to the type and duration of
post-LAAC antithrombotic therapy, standardization of
post-LAAC imaging surveillance and time points; duration
of OAC after DRT detection and follow-up imaging;
management of PDL; and head-to-head comparison of
LAAC vs DOAC in OAC-eligible patients.
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