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Abstract

The left atrial appendage is well recognized as the site of thrombus formation in patients
with atrial fibrillation. However, in patients who are either unsuitable for long-term oral
anticoagulation or in whom this therapy is inefficient, left atrial occlusion has emerged as a
mechanical strategy option to diminish stroke risk. Minimally invasive percutaneous and
standalone surgical thoracoscopic techniques are appearing as viable options for left atrial
appendage exclusion, each with distinct procedural risk profiles and characteristics, as well
as evidence from trials or registers. We suggest that the choice between percutaneous and
thoracoscopic left atrial appendage occlusion should be individualized, ideally within the
multidisciplinary heart team, considering left atrial appendage anatomy, patient bleeding
and thromboembolic risk profile, comorbidities, prior cardiac interventions, and institu-
tional expertise and resources. We aim to present in this review the value of multimodality
imaging in patient selection for minimally invasive left atrial appendage occlusion to
minimize the possibility of complications, and to compare technical advancements and
indications for percutaneous and standalone thoracoscopic left atrial appendage occlusion.
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1. Introduction
Atrial fibrillation (AF) is the most frequently encountered arrhythmia, carrying with

it a substantially increased risk of stroke, up to five-fold, which significantly impacts
morbidity and mortality [1–4]. The left atrial appendage (LAA) is frequently identified
as the site of thrombus formation in nonvalvular atrial fibrillation patients [1]. Therefore,
occluding the left atrial appendage with the device has recently emerged as a strategy in
stroke prevention for individuals with atrial fibrillation, particularly those for whom long-
term anticoagulation is not a viable option [2,3]. Long-term anticoagulation therapy, while
effective, carries a significant risk, with bleeding as the most concerning complication [2,3].
Anticoagulant treatment for atrial fibrillation, and especially the introduction of new dual
anticoagulant drugs as a therapeutic option (DOACs), led to a new era of prevention
of stroke in AF patients [5]. However, DOAC therapy is also not free of complications;
therefore, there remains a subgroup of patients who have intolerance to or have experienced
ineffectiveness of anticoagulant therapy, which is an on-going challenge in managing
AF patients [5,6]. The pursuit of effective left atrial appendage occlusion has led to the
development of both percutaneous and surgical thoracoscopic techniques or surgical
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techniques in combination with other indications for cardiac surgery, each with its unique
set of advantages and disadvantages [3,4]. Percutaneous left atrial appendage occlusion
(pLAAO) involves the deployment of a device within the LAA via catheter, typically
introduced through the femoral vein. This minimally invasive approach offers the benefit
of avoiding major surgery, potentially leading to shorter recovery times and reduced
hospital stays. Percutaneous or minimally invasive standalone thoracoscopic method LAA
occlusion (tLAAO) can also be an alternative to anticoagulation in AF patients. Traditionally,
surgical LAAO is mostly additional procedure to other open heart surgery procedures or
as an addition to Cox Maze procedures for AF, and also serves for patient risk reduction
in ischemic stroke [7–12]. In that case of combined surgery, ACC/AHA/ACCP/HRS
(American College of Cardiology, American Heart Association, Heart Rhythm Society)
guidelines recommend percutaneous LAAO with the I class of recommendations [12].
On the other hand, percutaneous and standalone thoracoscopic LAAO is recommended
with the IIb class of recommendations for patients with AF and contraindication to long-
term anticoagulation in the current ESC (European Society of Cardiology) guidelines
developed in collaboration with the European Association for Cardio-Thoracic Surgery
(EACTS) [7,8,13]. Additionally, ACC/AHA/ACCP/HRS (American College of Cardiology,
American Heart Association, Heart Rhythm Society) guidelines recommend percutaneous
LAAO with the IIa class of recommendations [12]. It should be noted, AF accounts for
up to 25% of ischemic strokes; therefore, other factors, such as atherosclerosis, arterial
hypertension, and dyslipidemia, should always be considered and treated according to the
best of knowledge and current optimal medical therapy [8,13]. There is increasing evidence
of better prognosis after LAAO; however, potential downsides, such as incomplete sealing
of the LAA or device-related thrombus, remain a concern [8,13]. LAAO patient selection
needs to be guided by the best and most safe outcome for selected patients; therefore, in
this setting and this patient subgroup, multimodality imaging is paramount.

In presenting illustrative clinical cases, we aim to demonstrate the imaging-based
heart team patient selection for minimally invasive LAAO, and to compare technical
advancements and indications, as well as possible complications of percutaneous and
standalone thoracoscopic left atrial appendage occlusion.

1.1. Percutaneous LAAO

Left atrial appendage (LAA) occlusion is indicated for several patient populations, par-
ticularly those with atrial fibrillation (AF). Key indications for percutaneous LAAO based
on the current ESC guidelines are indicated for patients with AF and contraindications for
long-term anticoagulant treatment to prevent ischemic stroke and thromboembolism, or
may be considered for stroke prevention in patients with AF who have contraindications
for long-term anticoagulation, particularly in those with a life expectancy greater than
12 months [7–9]. First devices for percutaneous LAAO were introduced in the 2000s, and
since then, studies as well as registries have shown the procedure to be successful and
safe even in low volume centers, leading to the conclusion that it could be the method of
treatment in selected patients [10–12,14]. Systems most used in Europe, as well as in our
institution, are Watchman FLX (Boston Scientific, Marlborough, MA, USA) and Amplatzer
Amulet (Abbott, Green Oaks, IL, USA). The Watchman device is shaped as a parachute
with 12 fixation anchors to secure the stability of the device [10]. The selected size should
be from 10 to 30% larger than the measured dimension of LAA. The Watchman FLX and
FLX Pro devices are available in sizes from 20 to 40 mm, respectively [10]. The Amplatzer
Amulet is a dual seal device where the disk is connected to the lobe, made of nitinol mesh,
and comes in sizes from 16 to 34 mm [14,15]. Because the morphology or anatomy of the
LAA is widely diversiform and variable, attempts were made to classify the morphology
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in different imaging modalities. The LAA has been classified by multimodality imaging
into four types based on its anatomy: cactus, cauliflower, windsock, and chicken wing [16].
Pre-interventional multimodality imaging is therefore crucial in deciding the interventional
plan [16]. Proper device-choosing and device-sizing, as well as excluding contraindi-
cations for implantation, are based on transesophageal (TEE) echocardiography, as the
standard method in assessing the patients for LAAO candidacy; however, morphology
assessment can prove to be challenging with TEE. Further expanding imaging by adding
the cardiac computed tomography (CCT) is allowing more accurate differentiation of LAA
morphological types as presented in illustrative case in Figure 1 [17].

 

Figure 1. (A) 3D TEE reconstruction of LAA, (B) 2D TEE measurements of LAA orifice mid esophageal
position 90◦ (orifice marked with a thin red line), (C) 2D TEE measurements of LAA orifice mid
esophageal position 135◦ (orifice marked with a thin red line), (D) CCT measurements of LAA orifice
(marked with a thin red line), (E) 3D TEE of device position in LAA (red arrow showing the device),
(F) small PDL before repositioning of the device (red arrow showing the device placed in the LAA
and to left PDL of 3 mm- marked with a thin red arrow).

For illustration of the screening process and LAAO strategy selection, we present the
case of a male patient with atrial fibrillation and a contraindication to long-term anticoag-
ulation because of recurrent severe urinary tract hemorrhages. Preprocedural evaluation
was performed using both transesophageal echocardiography (TEE) and CCT, enabling
comprehensive characterization of the LAA anatomy. In presented case, the LAA exhibited
a cauliflower morphology with multiple secondary lobes, visualized on three-dimensional
reconstruction (Figure 1A) and corresponding 2D TEE views (Figure 1B,C). Appropriate
device selection and procedural planning depends on the specific LAA morphology and
dimensions, therefore detailed anatomical assessment is essential. Measuring the LAA
orifice diameter and depth is crucial in the process of device selection. Sizing is done in
2D TEE in mid esophageal views at 0◦, 45◦, 90◦, and 135◦ (Figure 1B,C). If the quality of
images is sufficient, the quicker and easier method is the 3D reconstruction of the LAA
orifice and the landing zone for the device (Figure 1A). However, TEE has limited accuracy
in the visualization of the entire LAA anatomy and side lobes. Therefore, in planning
the procedure, CCT is of great value, particularly in assessing the anatomy of the LAA
and the sizing of the device (Figure 1D) [17]. The circumflex artery and the left superior
pulmonary vein are main landmarks necessary for proper orientation of the device in
relation to the surrounding structures. Although TEE is excellent imaging modality for
the detection of thrombus in LAA, possible false positive thrombus detections have been
reported. Therefore, CCT imaging provides crucial information, with high sensitivity and
negative predictive value [17,18]. Specificity of CCT can be further improved by completing
the diagnostic search adding delayed acquisition at a 6 min delayed phase to the angio-
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graphic phase [19]. CCT can be an alternative in patients with relative contraindication for
TEE, although it cannot guide the procedure. In this case, ICE (intracardiac echo) can be
used as an additional method of imaging [17,19,20]. During the procedure, TEE is also used
to guide septal puncture and guide the system towards LAA, as well as detecting possible
thrombus in real time [17,21]. In the case we present, based on the anatomy and sizing
(23.8 mm × 30.3 mm) of the LAA we finally decided to implant the Watchman device size
34 mm (Figure 1E), at the time of the intervention largest size of the device, with concerns
regarding the landing depth. After repositioning because of the small 3 mm PDL (peri-
device leak), the position was accepted (Figure 1F—red arrow showing the device placed
in the LAA and to left PDL of 3 mm), and in follow-up, there is no DRT (device-related
thrombus), which is known to be found if LAA has not been fully occluded [22]. Patient
is on reduced anticoagulation dose (apixaban 2.5 mg twice a day). Newly introduced
large devices (40 mm) can be an option for percutaneous LAAO; however, the concern of
acceptable depth for large device accommodation and unfavorable anatomy remains.

1.2. Standalone Thoracoscopic LAAO

The surgical epicardial approach of LAAO can be achieved by excision, exclusion by
suture, or exclusion with a device. The family of AtriClip devices (AtriCure Inc., Mason,
OH, USA) is the most widely used LAAO device for surgical occlusion of the LAA [23].
In the recent guidelines, standalone thoracoscopic LAAO (tLAAO) is recommended with
the IIb class of recommendations for patients with AF and contraindication to long-term
anticoagulation [8,12]. Percutaneous LAAO holds an equal class of recommendation for
the same indication in current ESC (European Society of Cardiology) guidelines developed
in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS) [8].
Each of these approaches have their advantages and disadvantages.

Left atrial appendage with complex anatomy, large LAA with multiple lobes and
complex take-offs or proximal lobes, are not suitable for percutaneous LAAO [24–27]. These
anatomy variations can be associated with suboptimal positioning of the device, possibly
leading to DRT and PDL, as well as device embolization. In addition to the standard
patients with OAC contraindication, these patients unsuitable for percutaneous LAAO
can be candidates for minimally invasive (standalone) thoracoscopic LAAO. Anatomical
variations in the LAA are not a matter of concern for epicardial LAAO.

One of the main advantages of thoracoscopic over transcatheter LAAO is the epicardial
nature of the approach. Since the device is not placed in the bloodstream, it does not require
any antithrombotic prophylaxis. Due to its epicardial positioning, DRT is not a matter of
concern. Thoracoscopic standalone epicardial LAA closure in patients with a contraindi-
cation for anticoagulation therapy may take precedence over the percutaneous approach
because there is no need for post-procedure anticoagulation after epicardial closure due
to almost full exclusion of the LAA and thus lesser thromboembolic events [23,26–28].
Compared with conventional median sternotomy, the thoracoscopic approach offers the
advantages of reduced surgical trauma, faster recovery, and improved cosmetic outcomes.
However, thoracoscopic procedures are technically more demanding, require specialized
equipment and expertise, and may be associated with steeper learning curve, particularly
during the initial adoption phase.

Interestingly, placement of the AtriClip device also causes electrical disactivating of
the LAA in AF patients [23]. Data show that standalone LAA closing with an epicardial clip
is safe [27,29–31]. Safety data and experience in epicardial LAA closure originate mostly
from a single clipping device (AtriClip) [27]. There are no large RCTs directly comparing
percutaneous vs. thoracoscopic LAA occlusion; nevertheless, available observational data
suggest that thoracoscopic AtriClip may achieve more complete exclusion with fewer
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leaks; whereas, percutaneous devices have easier recovery but require at least short-term
anticoagulation [23,27,32–36].

We suggest that the heart team, consisting of an interventional or EP cardiologist,
clinical/imaging cardiologist, and cardiothoracic surgeon, should, therefore, choose be-
tween percutaneous or epicardial thoracoscopic exclusion by device. The decision should
be based on clinical features of the patient as well as the anatomy of LAA assessed by mul-
timodality imaging. The choice between percutaneous and thoracoscopic LAAO should be
individualized based on patient characteristics, including left atrial appendage anatomy, co-
morbidities, bleeding risk, surgical risk, and the presence of concomitant cardiac conditions
requiring surgery (Table 1).

Proper device sizing and excluding contraindications for implantation based on trans-
esophageal (TEE) and multimodality imaging, mainly cardiac computed tomography
(CCT), is crucial in procedure planning for percutaneous LAAO device placement. Herein,
we present illustrative case Figure 2. CCT (Figure 2A–C) and TEE (Figure 2D–F) 2D and
3D imaging for percutaneous LAAO procedure planning. The patient had a history of
cerebral hemorrhage, persistent AF, thus contraindication for oral anticoagulation. Both
imaging techniques have shown wide and shallow (42 mm × 37 mm) cauliflower-shaped
LAA. The heart team decided that the optimal and safest approach in this patient would
be thoracoscopic LAAO with the AtriClip device. Furthermore, after implantation, all
anticoagulation was stopped, and the patient is well and in follow-up.

 

Figure 2. (A,B) CCT showing wide and shallow LAA (LAA orifice marked with a thin red line).
(C) 3D CT reconstruction of LAA (red arrow pointing to the LAA). (D–F) 3D TEE reconstruction of
large and shallow LAA (dimension of orifice 42 mm × 37 mm) (LAA orifice marked with a thin red
line, red arrow marking the LAA).

1.3. LAAO Complication Management

While there are clear benefits of LAAO, there are still challenges with occlusion of
the LAA as a periprocedural complication, peri-device leak (PDL), device embolization,
and device-related thrombosis (DRT) [18,37]. The most common periprocedural compli-
cation is pericardial effusion, but air embolism and periprocedural stroke can also occur.
Device-related thrombosis (DRT) may occur due to device or procedure-related factors or
postprocedural antithrombotic [18,37]. Exclusion of the presence of thrombus is paramount
before implanting the device and is enabled by TEE in planning the procedure and during
the procedure. TEE is of great importance in decision-making in real time by imaging in
2D, 3D, as well as assessing the LAA with the Color Doppler in multiplanes. In case of
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inconclusive findings, the contrast opacification (Figure 3. Optison- Microspheres Injectable
Suspension, GE, USA) of LAA can exclude the presence of thrombus by opacification the left
atrial appendage as shown in Figure 3. Musculi pectinate, as varieties of anatomical forms
that can be found in the LAA, can sometimes differentially appear as thrombi [21,38–40].

 

Figure 3. (A) TEE suspected thrombus in LAA (red arrow marking the thrombus), (B) TEE with Color
Doppler showing poor function of LAA (red arrow), (C) contrast opacification of LAA for thrombus
exclusion (red arrow pointing to LAA).

A peri-device leak (PDL) is described in epi and endocardial LAAO, therefore, it is
paramount to address modifiable risk factors, as device-sizing and compression, as well as
device orientation in the LAA. One of the most serious complications is device embolization
(Figure 4). Data from the registries report the incidence from 0.07 to 0.7% [37,41–43].

 

Figure 4. (A) TTE (PLAX view) showing embolization of the device (red arrow) at the level of the
mitral valve, (B) embolization of the device in the apex of the left ventricle (red arrow marking the
device), (C) embolization of the device in the apex of the left ventricle in 3D TTE (focus 4CH view)
(red arrow).

Here, we present a case of device embolization in a female patient with paroxysmal AF
and a contraindication to oral anticoagulation due to a previous cerebral hemorrhage, who
underwent pLAAO (device type Amplatzer Amulet LAAO, Abbott Medical Inc., North
Chicago, IL, USA). Perioperatively, at the last assessment of the completed procedure, the
tug-test for anchoring on TEE, as well as DSA (digital substraction angiography), confirmed
adequate device positioning and compression. However, approximately 10 h after the
procedure, significant ventricular extrasystole had occurred. The patient was asymptomatic.
Transthoracic echocardiography (TTE) showed the device in the position of the mitral valve
traveling to the apex of the left ventricle (Figure 4A–C, Videos S1 and S2). The patient
was referred to surgery for device extraction and endocardial LAAO and is doing fine in
follow-up.
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Table 1. Main characteristics of percutaneous and standalone thoracoscopic LAAO ap-
proaches (pLAAO—percutaneous; tLAAO—standalone thoracoscopic LAAO; LAAO—left atrial
appendage occlusion; TEE—transesophageal echocardiography; RTC—randomized controlled
trial) [7–14,19,23,26,27,31–37,41,44].

Parameters pLAAO tLAAO

Approach Transseptal catheter via femoral vein Video-assisted
thoracoscopic surgery

Typical Candidates Unable to tolerate long-term
anticoagulation

Unable to tolerate long-term
anticoagulation

Preferred When Minimally invasiveness and rapid
recovery are priorities

Anatomy unsuitable for
percutaneous approach

Procedural success 95–98% (experienced
operators)

>95% with proper
technique

Stroke Prevention Non-inferior to warfarin (PROTECT AF,
PREVAIL)

Effective; supported mainly by
observational studies

Residual Leak Small leaks possible; (>5mm leak <1% Rare; usually complete exclusion

Periprocedural Stroke Very low Very low

Pericardial
Effusion/Tamponade 1–2% <1–2%

Device Embolization Rare (<1%) Not applicable

Bleeding Lower overall risk Higher immediate
surgical risk

Infection Very low Possible surgical-site infection

Post-Procedure
Antithrombotic Therapy

Short-term anticoagulation or
antiplatelet therapy usually

Often unnecessary if complete
exclusion achieved

Long-Term
Anticoagulation

Mostly not required
after device endothelization

Not required if exclusion remains
complete

Advantages Minimally invasive, short
recovery

No need for anticoagulation;
complete appendage exclusion

Limitations
Not suitable for all anatomies; may
require temporary
anticoagulation

More invasive, higher cost,
limited expertise availability

2. Discussion
LAA is well recognized as the site of thrombus formation in patients with non-

valvular atrial fibrillation (AF), accounting for over 90% of cardiac emboli in this
population [1–4,31,32]. LAA occlusion, as a mechanical strategy to diminish stroke risk, has
emerged as a therapeutic option in patients who are either unsuitable for or intolerant to
long-term oral anticoagulation. Both percutaneous and surgical thoracoscopic techniques
have emerged as viable options for LAA exclusion, each with distinct procedural risk
profiles and characteristics, as well as evidence from trials or registers [8–14,23,27,32–36].
The percutaneous approach is now a well-established method, following multiple random-
ized controlled trials. The PROTECT AF trial, conducted between 2005 and 2008, was the
first pivotal randomized study to establish percutaneous LAAO as a viable alternative to
long-term warfarin therapy, leading towards broader clinical adoption of the technique.
The Watchman device in the PROTECT AF trial was shown to be non-inferior to warfarin
for the composite endpoint of stroke, systemic embolism, and cardiovascular death, but
with a higher rate of periprocedural complications, notably pericardial effusion, and device
embolization [31]. Subsequent studies, including PREVAIL (2010–2012), ASAP (2009–2011),
and Amulet IDE (2016–2020), further refined patient selection, procedural safety, and
post-procedural antithrombotic management, expanding role of percutaneous LAAO in
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contemporary stroke prevention strategies [32–34]. The PREVAIL trial demonstrated
improved procedural safety and confirmed non-inferiority with updated implantation
techniques [32]. Additionally, the data provided in ASAP registry evidence supported
off-label use of the Watchman device in patients with contraindications to oral anticoagula-
tion, using dual antiplatelet therapy post-procedure in stroke risk reduction [33]. Direct
comparison between the two most used devices (Amulet IDE trial) demonstrated com-
parable efficacy in stroke prevention, with the Amulet device showing fewer peri-device
leaks but a higher rate of procedure-related complications [34]. Advanced techniques are
also emerging, such as the introduction of a steerable delivery sheath, resulting in a lower
incidence of residual patent LAA, off-axis device position, and PDL due to better LAA
sealing [35,36]. Furthermore, new emerging evidence are showing (OPTION trial) that,
among patients who underwent catheter-based atrial fibrillation ablation, LAAO can lower
risk of non-procedure related major or clinically relevant nonmajor bleeding compared
to oral anticoagulation and showing noninferiority to oral anticoagulation regarding a
composite of death from any cause, stroke, or systemic embolism; therefore, this will
probably lead to more trials and data in the near future [44–47]. Recent evidence from the
OPTION Trial has renewed interest in the broader role of left atrial appendage occlusion
(LAAO) as an alternative to long-term oral anticoagulation in selected patients with atrial
fibrillation [44]. By demonstrating that LAAO performed in conjunction with catheter
ablation can provide comparable protection against thromboembolic events while reducing
bleeding risk, the trial has strengthened the rationale for integrating stroke prevention
strategies directly into rhythm control interventions. This concept may be particularly rele-
vant in patients in whom lifelong anticoagulation is associated with substantial risk, such
as frail elderly patients. Although frailty is not currently incorporated into conventional
stroke-risk scores, it can frequently influence clinical decision making. Frail individuals
often have a high thromboembolic risk and are exposed to increased risks of falls, bleeding,
polypharmacy, and treatment nonadherence. Future studies should investigate whether
an imaging-guided intervention combined with risk stratification approach can identify
frail patients who may benefit more from LAAO than from continued anticoagulation,
especially considering quality of life and functional independence. Patients with a history
of intracranial hemorrhage, as in our case, constitute another subpopulation of frail pa-
tients. Robust randomized data in this subpopulation remain limited; however, LAAO
offers an attractive non-pharmacological strategy for stroke prevention. This strategy may
reduce cumulative procedural burden, and potentially minimize long term exposure to
anticoagulation. Therefore, advances in preprocedural imaging, three-dimensional imaging
reconstruction and patient specific anatomical and clinical assessment may facilitate more
individualized selection of patients suitable for concomitant intervention [44–48].

Thoracoscopic access LAA exclusion (mainly AtriClip device) provides an alternative
pathway with certain anatomical and clinical advantages. The procedure allows direct visu-
alization and mechanical closure of the LAA at its base, which has been shown to result in
durable and complete exclusion with minimal risk of residual flow [29,30]. Thoracoscopic
LAA exclusion has been increasingly adopted as a standalone procedure in patients with
contraindications to anticoagulation or previous failed percutaneous closure. In addition,
surgical left atrial appendage occlusion is performed concomitantly with cardiac surgery for
other indications, such as valve or coronary artery procedures, in the majority of patients.
However, standalone thoracoscopic intervention in selected patients may be limited by the
availability of specialized equipment and expertise, as well as operating room availability.
Observational studies and multicenter registries have shown high procedural success rates,
often exceeding 95%, with low complication rates and residual leaks (with AtriClip typically
complete exclusion) when performed in experienced centers [30,31,37]. Unlike percuta-
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neous devices, the AtriClip does not reside within the cardiac chamber, eliminating the risk
of device-related thrombosis and avoiding the need for post-procedure anticoagulation in
many cases [27]. The data support the stroke reduction benefit of surgical LAA closure as a
class I recommendation, at the time of cardiac surgery, significantly reducing the risk of
stroke or systemic embolism compared to no occlusion, without increasing perioperative
risk (LAAOS III trial) [12,29,43]. However, regardless of conventional cardiac surgery,
stand-alone thoracoscopic LAAO is recommended with the IIb class of recommendations
for patients with AF and contraindication to long-term anticoagulation [8,12,43]. Neverthe-
less, thoracoscopic stand-alone LAA occlusion is more invasive compared to percutaneous,
typically requiring general anesthesia and thoracic access, which may be contraindicated
in patients with severe pulmonary disease, prior thoracic surgery, or significant pleural
adhesions [12,20,43]. The requirement for surgical expertise and dedicated resources may
also limit its availability in some centers. Percutaneous techniques offer the advantage
of being minimally invasive, with most procedures performed under conscious sedation.
Recovery is generally swift, making the procedure suitable for elderly or frail patients.
However, successful device deployment is highly dependent on LAA morphology, residual
peri-device leaks are not uncommon, and most protocols necessitate short-term antithrom-
botic therapy, which may be challenging in patients with absolute contraindications to any
form of anticoagulation or antiplatelet therapy [37,47,49].

We propose that the choice between percutaneous and thoracoscopic standalone
LAAO should be individualized, ideally within the multidisciplinary heart team, consider-
ing LAA anatomy, patient bleeding and thromboembolic risk profile, comorbidities, prior
cardiac interventions, and institutional expertise and resources (Table 1). Percutaneous
LAAO may be preferred in patients at high surgical risk or with favorable appendage
anatomy; whereas, thoracoscopic LAAO may be considered in patients unsuitable for
transcatheter closure, those seeking complete epicardial exclusion, or when concomitant
surgical treatment is planned. Future research should also evaluate whether integrated
ablation and LAAO strategies improve long-term outcomes in high-risk populations,
particularly those with elevated bleeding risk, frailty, or prior intracranial hemorrhage. Ul-
timately, the future of LAAO is likely to move beyond a simple alternative for patients with
contraindications to anticoagulation toward a personalized, imaging guided therapeutic
strategy, incorporating risk profiling, for more precise identification of patients who will
derive the benefit from either percutaneous or thoracoscopic LAAO.

3. Conclusions
Percutaneous and thoracoscopic standalone LAA occlusion techniques are both vi-

able; however, there is a lack of direct comparative studies between the two and direct
comparative data are limited. Percutaneous devices are supported by multiple randomized
controlled trials and have become the standard of care for most patients with AF who
are poor candidates for anticoagulation. On the other hand, thoracoscopic LAA occlusion
offers superior anatomical exclusion and likely no need for post-procedure antithrombotic
or anticoagulation therapy, although it involves a more complex process. It is important to
note that the best approach for individual patients in clinical contexts, as is yet to be defined
in randomized comparison, for now should be made within the multidisciplinary heart
team in order to achieve maximum safety and reduce complications in these subgroups
of patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm15145587/s1. Video S1. TTE PLAX (parasternal long axis)
view of device embolization at mitral position (supplement). Video S2. TTE 4CH view of device
embolization at apex of the left ventricle (supplement).
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27. Święczkowski, M.; Dąbrowski, E.J.; Muszyński, P.; Pogorzelski, P.; Jemielita, P.; Dudzik, J.M.; Januszko, T.; Duzinkiewicz, M.;
Poludniewski, M. A Comprehensive Review of Percutaneous and Surgical Left Atrial Appendage Occlusion. J. Cardiovasc. Dev.
Dis. 2024, 11, 234. [CrossRef] [PubMed]

28. Whitlock, R.P.; Belley-Cote, E.P.; Paparella, D.; Haely, J.S.; Brady, K.; Sharma, M.; Reents, W.; Budera, P.; Baddour, A.J.; Fila, P.
Left Atrial Appendage Occlusion during Cardiac Surgery to Prevent Stroke. N. Engl. J. Med. 2021, 384, 2081–2091. [CrossRef]
[PubMed]

29. Salzberg, S.P.; Plass, A.; Emmert, M.Y.; Desbiolles, L.; Alkadhi, H.; Grunenfelder, J.; Genoni, M. Left atrial appendage clip
occlusion: Early clinical results. J. Thorac. Cardiovasc. Surg. 2010, 139, 1269–1274. [CrossRef] [PubMed]

30. Lee, R.; Vassallo, P.; Kruse, J.; Malaisrie, S.C.; Rigolin, V.; Andrei, A.C.; McCarthy, P. A randomized, prospective pilot comparison
of 3 atrial appendage elimination techniques: Internal ligation, stapled excision, and surgical excision. J. Thorac. Cardiovasc. Surg.
2016, 152, 1075–1080. [CrossRef] [PubMed]

31. Holmes, D.R.; Reddy, V.Y.; Turi, Z.G.; Doshi, S.K.; Sievert, H.; Buchbinder, M.; Doshi, S.D.; Sievert, H.; Buchbinder, M.; Mullin,
C.M.; et al. Percutaneous closure of the left atrial appendage versus warfarin therapy for prevention of stroke in patients with
atrial fibrillation: A randomized non-inferiority trial. Lancet 2009, 374, 534–542. [CrossRef] [PubMed]

32. Holmes, D.R.; Kar, S.; Price, M.J.; Whisenant, B.; Sievert, H.; Doshi, S.K.; Whisenant, B.; Sievert, H.; Doshi, S.K.; Huber, K.; et al.
Prospective randomized evaluation of the Watchman Left Atrial Appendage Closure device in patients with atrial fibrillation
versus long-term warfarin therapy: The PREVAIL trial. J. Am. Coll. Cardiol. 2014, 64, 1–12. [CrossRef] [PubMed]

33. Reddy, V.Y.; Möbius-Winkler, S.; Miller, M.A.; Neuzil, P.; Schuler, G.; Wiebe, J.; Neuzil, P.; Schuler, G.; Wiebe, J.; Sick, P.; et al. Left
atrial appendage closure with the Watchman device in patients with a contraindication for oral anticoagulation: The ASAP study.
J. Am. Coll. Cardiol. 2013, 61, 2551–2556. [CrossRef] [PubMed]

34. Lakkireddy, D.; Thaler, D.; Ellis, C.R.; Swarup, V.; Sondergaard, L.; Carroll, J.; Gold, M.R.; Hermiller, J.; Diener, H.C.; Schmidt, B.
Amplatzer Amulet Left Atrial Appendage Occluder versus Watchman Device for Stroke Prophylaxis (Amulet IDE): A randomized,
controlled trial. Circulation 2021, 144, 1543–1552. [CrossRef] [PubMed]

35. Amabile, N.; Belfekih, A.; Balmette, V.; Mahmoudi, K.; Mignot, N.; Roig, C. Steerable Delivery Sheath for Left Atrial Appendage
Closure in Patients with Severely Enlarged Left Atria. J. Soc. Cardiovasc. Angiogr. Interv. 2024, 3, 101290. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15145587

https://doi.org/10.1371/journal.pone.0118822
https://www.ncbi.nlm.nih.gov/pubmed/25751618
https://doi.org/10.1016/j.hrthm.2023.01.007
https://www.ncbi.nlm.nih.gov/pubmed/36990925
https://doi.org/10.1080/24748706.2019.1643957
https://doi.org/10.1007/s00330-020-07172-2
https://www.ncbi.nlm.nih.gov/pubmed/32886202
https://doi.org/10.1002/clc.23956
https://www.ncbi.nlm.nih.gov/pubmed/36448417
https://doi.org/10.31083/RCM26841
https://www.ncbi.nlm.nih.gov/pubmed/40351669
https://doi.org/10.1016/j.jcmg.2014.08.009
https://www.ncbi.nlm.nih.gov/pubmed/25496544
https://doi.org/10.1093/icvts/ivab334
https://www.ncbi.nlm.nih.gov/pubmed/34871377
https://doi.org/10.1016/j.hrthm.2024.01.046
https://www.ncbi.nlm.nih.gov/pubmed/38296011
https://doi.org/10.1177/1556984520960116
https://www.ncbi.nlm.nih.gov/pubmed/33048625
https://doi.org/10.1016/j.athoracsur.2018.07.046
https://www.ncbi.nlm.nih.gov/pubmed/30240767
https://doi.org/10.1093/icvts/ivz156
https://www.ncbi.nlm.nih.gov/pubmed/31292605
https://doi.org/10.3390/jcdd11080234
https://www.ncbi.nlm.nih.gov/pubmed/39195142
https://doi.org/10.1056/NEJMoa2101897
https://www.ncbi.nlm.nih.gov/pubmed/33999547
https://doi.org/10.1016/j.jtcvs.2009.06.033
https://www.ncbi.nlm.nih.gov/pubmed/19880144
https://doi.org/10.1016/j.jtcvs.2016.06.009
https://www.ncbi.nlm.nih.gov/pubmed/27422360
https://doi.org/10.1016/S0140-6736(09)61343-X
https://www.ncbi.nlm.nih.gov/pubmed/19683639
https://doi.org/10.1016/j.jacc.2014.04.029
https://www.ncbi.nlm.nih.gov/pubmed/24998121
https://doi.org/10.1016/j.jacc.2013.03.035
https://www.ncbi.nlm.nih.gov/pubmed/23583249
https://doi.org/10.1161/circulationaha.121.057063
https://www.ncbi.nlm.nih.gov/pubmed/34459659
https://doi.org/10.1016/j.jscai.2023.101290
https://www.ncbi.nlm.nih.gov/pubmed/39130174
https://doi.org/10.3390/jcm15145587


J. Clin. Med. 2026, 15, 5587 12 of 12

36. Wazni, O.M.; Saliba, W.I.; Nair, D.G.; Marijon, E.; Schmidt, B.; Hounshell, T.; Ebelt, H.; Skurk, C.; Oza, S.; Patel, C. Left Atrial
Appendage Closure after Ablation for Atrial Fibrillation. N. Engl. J. Med. 2025, 392, 1277–1287. [CrossRef] [PubMed]

37. Freeman, J.V.; Varosy, P.; Price, M.J.; Slotwiner, D.; Kusumoto, F.M.; Rammohan, C.; Kavinsky, C.J.; Turi, Z.G.; Akar, J.; Koutras, C.
The NCDR Left Atrial Appendage Occlusion Registry. J. Am. Coll. Cardiol. 2020, 75, 1503–1518. [CrossRef] [PubMed]

38. Sahin, T.; Ural, D.; Kilic, T.; Bildirici, U.; Kozdag, G.; Agacdiken, A.; Urlat, E. Evaluation of left atrial appendage functions accord-
ing to different etiologies of atrial fibrillation with a tissue Doppler imaging technique by using transesophageal echocardiography.
Echocardiography 2009, 26, 171–181. [CrossRef] [PubMed]

39. Wunderlich, N.C.; Beigel, R.; Swaans, M.J.; Ho, S.Y.; Siegel, R.J. Percutaneous interventions for left atrial appendage exclusion:
Options, assessment, and imaging using 2D and 3D echocardiography. JACC Cardiovasc. Imaging 2015, 8, 472–488. [CrossRef]
[PubMed]

40. Hagendorff, A.; Stöbe, S.; Helfen, A.; Knebel, F.; Altiok, E.; Backmann, S.; Bekfani, T.; Binder, T.; Ewers, A.; Hamadachi, A.
Echocardiographic assessment of left atrial appendage morphology and function—An expert proposal by the German Working
Group of Cardiovascular Ultrasound. Clin. Res. Cardiol. 2025, 114, 25–40. [CrossRef] [PubMed]

41. Kapadia, S.R.; Yeh, R.W.; Price, M.J.; Piccini, J.P.; Nair, D.G.; Bansal, A.; Hsu, J.C.; Freeman, V.J.; Christen, T.; Allocco, D.J.
Outcomes with the WATCHMAN FLX in Everyday Clinical Practice from the NCDR Left Atrial Appendage Occlusion Registry.
Circ. Cardiovasc. Interv. 2024, 17, e013750. [CrossRef] [PubMed]

42. Ito, T.; Suwa, M. Left atrial spontaneous echo contrast: Relationship with clinical and echocardiographic parameters. Echo Res.
Pract. 2019, 6, R65–R73. [CrossRef] [PubMed]

43. Goldsweig, A.M.; Glikson, M.; Joza, J.; Kavinsky, C.J.; Khalique, O.; Lakkireddy, D.; Mackensen, G.B.; Naccarelli, G.V.; Nair,
D.G.; Saw, J. 2025 SCAI/HRS clinical practice guidelines on transcatheter left atrial appendage occlusion. Heart Rhythm 2025, 22,
e1048–e1063. [CrossRef] [PubMed]

44. Gosvig, K.; Goller, J.; Hansson, N.H.; Brandes, A.; Modrau, I.; Rasmussen, L.F.; Eskesen, K.; Jensen, A.K.G.; Belley-Côté, E.;
Whitlock, R. Rationale and design of the anticoagulant therapy after left atrial appendage closure (ATLAAC) trial. Am. Heart J.
2025, 287, 86–93. [CrossRef] [PubMed]

45. Lerman, T.T.; Hershenson, R.; Greenberg, N.; Kheifets, M.; Talmor-Barkan, Y.; Codner, P.; Perl, L.; Witberg, G.; Rotholz, A.; Vons, S.
Comparison of left atrial appendage occlusion with medical treatment for non-valvular atrial fibrillation: Systematic review,
network and reconstructed individual patient data meta-analysis. Clin. Res. Cardiol. 2026, 115, 955–964. [CrossRef] [PubMed]

46. Tönnis, T.; Birkemeyer, R.; Duncker, D.; Eckardt, L.; Groschel, K.; Linz, D.; Meyer, C.; Richter, S.; Straube, F.; Sultan, A.
DGK-Positionspapier zum Umgang mit Device-detektiertem Vorhofflimmern (DDAF). Kardiologie 2025, 19, 270–284. [CrossRef]

47. Garg, J.; Kabra, R.; Lakkireddy, D. Reply: Introducing the Fourth Left Atrial Appendage Occlusion Study. J. Am. Coll. Cardiol. EP
2025, 11, 1042. [CrossRef] [PubMed]

48. Hayes, D.E.; Bamira, D.; Vainrib, A.F.; Freedberg, R.S.; Aizer, A.; Chinitz, L.A.; Saric, M. Left Atrial Appendage Tilt-Up-and-Turn-
Left Maneuver: A Novel Three-Dimensional Transesophageal Echocardiography Imaging Maneuver to Characterize the Left
Atrial Appendage and to Improve Transcatheter Closure Guidance. CASE 2023, 7, 391–395. [CrossRef] [PubMed]

49. Brankovic, M.; Tsangaris, A.; Petrovic, L.; Sharma, A. Intracardiac Echocardiography to Guide Left Atrial Appendage Occlusion:
An Update. Rev. Cardiovasc. Med. 2025, 26, 28189. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15145587

https://doi.org/10.1056/NEJMoa2408308
https://www.ncbi.nlm.nih.gov/pubmed/39555822
https://doi.org/10.1016/j.jacc.2019.12.040
https://www.ncbi.nlm.nih.gov/pubmed/32238316
https://doi.org/10.1111/j.1540-8175.2008.00794.x
https://www.ncbi.nlm.nih.gov/pubmed/19207995
https://doi.org/10.1016/j.jcmg.2015.02.002
https://www.ncbi.nlm.nih.gov/pubmed/25882576
https://doi.org/10.1007/s00392-024-02492-5
https://www.ncbi.nlm.nih.gov/pubmed/39196343
https://doi.org/10.1161/CIRCINTERVENTIONS.123.013750
https://www.ncbi.nlm.nih.gov/pubmed/39056187
https://doi.org/10.1530/ERP-18-0083
https://www.ncbi.nlm.nih.gov/pubmed/30959476
https://doi.org/10.1016/j.hrthm.2025.05.048
https://www.ncbi.nlm.nih.gov/pubmed/40758072
https://doi.org/10.1016/j.ahj.2025.04.015
https://www.ncbi.nlm.nih.gov/pubmed/40246048
https://doi.org/10.1007/s00392-025-02697-2
https://www.ncbi.nlm.nih.gov/pubmed/40549033
https://doi.org/10.1007/s12181-025-00750-y
https://doi.org/10.1016/j.jacep.2025.04.010
https://www.ncbi.nlm.nih.gov/pubmed/40436473
https://doi.org/10.1016/j.case.2023.05.009
https://www.ncbi.nlm.nih.gov/pubmed/37970485
https://doi.org/10.31083/RCM28189
https://www.ncbi.nlm.nih.gov/pubmed/40351673
https://doi.org/10.3390/jcm15145587

	Introduction 
	Percutaneous LAAO 
	Standalone Thoracoscopic LAAO 
	LAAO Complication Management 

	Discussion 
	Conclusions 
	References

