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Abstract 

Background Approximately 90% of intracardial thrombi originate from the left atrial appendage in non-valvular 
atrial fibrillation patients. Even with anticoagulant therapy, left atrial appendage thrombus (LAAT) still occurs in 8% 
of patients. While left atrial appendage closure (LAAC) could be a promising alternative, the current consensus consid-
ers LAAT a contraindication to LAAC. However, the feasibility and safety of LAAC in patients with LAAT have yet to be 
determined.

Methods This systematic review synthesizes published data to explore the feasibility and safety of LAAC for patients 
with LAAT.

Results This study included a total of 136 patients with LAATs who underwent successful LAAC. The Amulet 
Amplatzer device was the most frequently utilized device (48.5%). Among these patients, 77 (56.6%) had absolute 
contraindications to anticoagulation therapy. Cerebral protection devices were utilized by 47 patients (34.6%). 
Transesophageal echocardiography (TEE) is the primary imaging technique used during the procedure. Warfarin 
and novel oral anticoagulants were the main anticoagulant medications used prior to the procedure, while dual 
antiplatelet therapy was primarily used post-procedure. During a mean follow-up period of 13.2 ± 11.5 months, there 
was 1 case of fatality, 1 case of stroke, 3 major bleeding events, 3 instances of device-related thrombus, and 8 cases 
of peri-device leakage.

Conclusions This review highlights the preliminary effectiveness and safety of the LAAC procedure in patients 
with persistent LAAT. Future large-scale RCTs with varied LAAT characteristics and LAAC device types are essential 
for evidence-based decision-making in clinical practice.

Keywords Atrial fibrillation, Left atrial appendage thrombus, Left atrial appendage closure, Systematic review

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Cardiovascular Disorders

†Zixi Zhang and Jiabao Zhou contributed equally to this work and share first 
authorship.

*Correspondence:
Yichao Xiao
yichaoxiao@csu.edu.cn
Qiming Liu
qimingliu@csu.edu.cn
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-024-03843-w&domain=pdf


Page 2 of 17Zhang et al. BMC Cardiovascular Disorders          (2024) 24:175 

Introduction
Atrial fibrillation (AF) is a rapid supraventricular arrhyth-
mia characterized by irregular electrical activity and inef-
fective atrial contractions. The incidence of AF gradually 
increases with age and has emerged as a significant pub-
lic health concern [1]. Stroke, as one of the severe com-
plications of AF, often results in cardioembolic events 
that are not only severe but also have a high risk of recur-
rence. These strokes are frequently fatal or lead to perma-
nent disability [2]. AF is associated with a 4- to fivefold 
increased risk of ischemic stroke and accounts for 25% of 
the 700 000 cerebrovascular accidents that occur in the 
United States annually [3]. Finding effective strategies to 
mitigate the risk of stroke associated with AF has become 
a crucial concern for cardiovascular physicians.

In patients with nonvalvular AF, approximately 90% 
of intracardiac thrombi originate from the left atrial 
appendage (LAA). Existing evidence indicates that the 
majority of strokes in patients with AF result from embo-
lization of the left atrial appendage thrombus (LAAT) [4]. 
Oral anticoagulant (OAC) therapy is currently the pri-
mary approach for preventing and treating thrombosis 
associated with AF [5]. Despite anticoagulant treatment, 
LAAT still occurs in 8% of patients [6]. Moreover, a com-
prehensive assessment of the risk of drug-related bleed-
ing is crucial for patients with renal dysfunction or active 
bleeding before initiating anticoagulant therapy. These 
factors limit the utilization of OACs.

For patients contraindicated for OAC therapy, a 
dilemma arises owing to the increased bleeding risk asso-
ciated with OAC therapy and the consistently high risk of 
thrombosis resulting from LAAT. In such cases, the left 
atrial appendage closure (LAAC) procedure has emerged 
as a promising alternative. Recent clinical trials have 
established that LAAC procedure is not only noninferior 
to OAC therapy in terms of preventing thromboembolic 
events but also offers a significant reduction in bleed-
ing complications. Furthermore, it is important to note 
that studies, such as the one published in JAMA 2014, 
have demonstrated a survival benefit for LAAC patients. 
This benefit, which was initially observed to be non-
significant, became increasingly pronounced over the 
years, providing compelling evidence for the long-term 
efficacy of LAAC procedure over OAC therapy in cer-
tain patient populations [7, 8]. Previously, the presence 
of LAAT was considered a contraindication for LAAC, 
and landmark clinical trials on LAAC did not include 
this specific patient population [9–11]. The effectiveness 
and safety of LAAC in patients with LAAT have not been 
validated. However, recent studies have revealed that 
LAAC can effectively prevent stroke events in patients 
with LAAT, with minimal procedural complications [12, 
13]. These findings suggest that LAAT may not be an 

absolute contraindication for LAAC. Currently, there are 
limited available data on the use of LAAC for patients 
with LAATs [14]. This systematic review compiles the 
most recent relevant studies to explore the feasibility and 
safety of LAAC in patients with LAAT.

Methods
Search strategy
This systematic review examined the available data on 
AF patients who underwent LAAT and LAAC proce-
dures. A comprehensive search covering the period from 
January 1, 2000, to June 1, 2023, was conducted in the 
PubMed, EMBASE, Google Scholar, and SpringerLink 
databases to identify all relevant abstracts or full-text 
cases of LAAC in patients with LAAT. The search terms 
"left atrial appendage occlusion" OR "LAAO" OR "left 
atrial appendage closure" OR "LAAC" OR "Watchman" 
OR "Watchman-Flex" OR "Amplatzer cardiac plug" OR 
"ACP" OR "Amulet" and "left atrial appendage thrombus" 
were used to identify relevant articles. A manual search 
of the selected articles and relevant references in pub-
lished reviews was performed to ensure comprehensive 
data collection.

Data extraction and statistical analysis
Studies and abstracts reporting cases of LAAC device 
placement in patients with LAAT were included in our 
analysis. We excluded articles lacking detailed proce-
dures and essential follow-up data. Non-English lan-
guage articles were also excluded. Clinical follow-up 
data, including thromboembolic events, major bleeding 
events, device-related thrombus (DRT), peri-device leak-
age (PDL), complications related to the closure device, 
transient ischemic attack, death and the use of antico-
agulation or antiplatelet therapies, were collected from 
each study. Following a successful LAAC procedure, the 
physician decided to discontinue anticoagulation therapy 
and switch to antiplatelet agents. Continuous data are 
expressed as the mean ± standard deviation (M ± SD) for 
normally distributed variables or as the median (25th, 
75th percentiles) for non-normally distributed variables. 
A statistical analysis using IBM SPSS version 26 was per-
formed to analyze the pooled data. The study selection 
process is represented in Fig. 1.

Definition of terms
Device success was defined as the deployment of the 
occluder in the correct position with < 5  mm of a PDL. 
Adverse clinical outcomes included a composite of death, 
stroke or other systemic thromboembolism, DRT, major 
bleeding, PDL, transient ischemic attack and device-
related complications during follow-up. Major bleed-
ing events included gastrointestinal bleeding, cerebral 
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hemorrhage, intramuscular bleeding, or active bleeding 
directly related to the OAC therapy. PDL refers to post-
procedural leakage exceeding 5 mm. A DRT was defined 
as a thrombus that formed on the LAAC device. Antico-
agulation therapy after the procedure includes warfarin 
or novel oral anticoagulants (NOACs).

Types of LAAC devices
The commonly used LAAC devices include Watchman, 
Watchman FLX, Amplatzer Cardiac Plug (ACP), Amulet 
Amplatzer, and Lambre devices. The Watchman device 
(Boston Scientific, MA) is the most extensively studied 
percutaneous LAAC device. It consists of a self-expand-
ing nitinol frame with fixation anchors and is covered 
with a polyethylene terephthalate fabric membrane on 
the proximal face [15]. The implantation procedure typi-
cally involves a standard transseptal puncture after femo-
ral vein access. Subsequently, the 14F Watchman Access 
Sheath is exchanged using a guidewire, and the pigtail 
catheter is used to deliver the device into the LAA. The 
release of the device must meet the "PASS" criteria [16].

The ACP is a dual-disc LAAC device that structurally 
resembles the Amplatzer atrial septal occluder. The distal 

disc is placed in the LAA to prevent displacement, while 
the proximal disc cap seals the orifice of the LAA. The 
Amulet Amplatzer device is a second-generation LAAC 
device based on the ACP design. Compared to the ACP, 
the Amulet Amplatzer device incorporates additional 
anchoring hooks, a deeper distal lobe, a longer waist, and 
a recessed distal screw to minimize exposed metal within 
the LAA and subsequently reduce the incidence of DRT 
[17].

Lifetech received CE Mark approval for the LAmbre 
closure system on 15 June 2016. The closure system has 
a double umbrella design with two layers of polyethyl-
ene terephthalate fabric in the cover and umbrella. The 
implant is a nitinol-based, self-expanding device com-
prising a hook-embedded umbrella with a short central 
waist. The waist acts as an articulating, compliant con-
nection between the cover and the umbrella, allowing the 
cover to self-orient the cardiac wall [18].

Results
Baseline characteristics
We conducted a comprehensive analysis of 136 patients 
from 26 publications. The median age was 64 years, and 

Fig. 1 Study selection flowchart
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86 (63.2%) of the patients were male. The most common 
comorbidities observed were hypertension (36%) and 
diabetes (36.8%). Permanent AF accounted for approxi-
mately 53.7% of the patients. A total of 47 patients 
(34.6%) received implantation of a cerebral protection 
device (CPD). The most frequently used device was the 
Amulet Amplatzer (48.5%), and Fig. 2 provides an over-
view of the types of LAAC devices used. Among the 
patients, 43.3% had absolute contraindications to antico-
agulation therapy due to the risk of major bleeding, while 
56.7% of patients had relative contraindications due to 
experienced thromboembolic events despite receiving 
OAC treatment or declining to adhere to anticoagulant 
medication. The detailed baseline characteristics of the 
patients are presented in Table 1.

Antiplatelet and anticoagulation therapy
Comparing the preprocedural and postprocedural anti-
platelet and anticoagulation strategies for LAAC, it was 
noted that NOACs (38.1%) and warfarin (31%) were the 
primary OACs used before the procedure. Although the 
current guidelines do not recommend the use of anti-
platelet drugs alone for the prevention or treatment of 
AF-related embolism, some patients still receive aspirin 
or clopidogrel as their OAC strategy. Dual antiplatelet 
therapy (DAPT) emerged as the most common postpro-
cedural treatment approach and accounted for 40.3% of 
the patients. Detailed information about antiplatelet and 
anticoagulation therapy is presented in Fig. 3.

Procedural characteristics
In all patients, the occluder was successfully positioned 
in the correct location. While the majority of procedures 
adhered to a standard protocol, modifications were made 
in some cases to enhance safety, particularly in the pres-
ence of LAAT. These included the utilization of the ’no-
touch technique’, which is especially critical in avoiding 
manipulation within the LAA using any sheath, catheter, 
or guidewire. It is also important to note that the cus-
tomary practice of employing a pigtail catheter for local 
injection in LAAC is contraindicated in these scenarios. 
This is due to the risks posed by retracting the pigtail 
catheter before the introduction of the LAAC device. 
Detailed descriptions of these procedural modifications 
are provided in Table 2.

Follow‑up and clinical outcomes
The mean follow-up duration was 13.2 ± 11.5  months. 
Seven studies reported 16 cases (11.8%) of adverse clini-
cal outcomes, and all patients who underwent CPD 

Fig. 2 Usage distribution of different LAAC devices. LAAC, left atrial 
appendage closure

Table 1 Baseline characteristics of the patients

ACP Amplatzer cardiac plug, AF atrial fibrillation,  CHA2DS2-VASc, congestive 
heart failure, hypertension, age ≥ 75 years, diabetes mellitus, stroke, vascular 
disease, age 65–74 years, sex category, HAS-BLED hypertension, abnormal renal/
liver function, stroke, bleeding history or predisposition, labile international 
normalized ratio, elderly, drugs/alcohol concomitantly, LAA left atrial 
appendage, LAAC  left atrial appendage closure

Continuous data are summarized as n (%) or median (interquartile range)

Age, years 70.5 (67–76)

Male, (%) 86 (63.2)

Previous stroke, (%) 53 (39.0)

Previous bleeding, (%) 64 (47.1)

Hypertension, (%) 49 (36.0)

Congenital heart disease, (%) 3 (2.2)

Diabetes mellitus, (%) 50 (36.8)

Cardiomyopathy, (%) 1 (0.7)

Heart failure, (%) 26 (19.1)

CHA2DS2-VASc score 4.4 (3.6–6)

HAS-BLED score 3 (3–4)

LAA electrical isolation, (%) 17 (12.5)

Electrical cardioversion, (%) 11 (8.1)

Embolic protection device, (%) 47 (34.6)

Types of AF

 Paroxysmal AF, (%) 20 (14.7)

 Persistent AF, (%) 43 (31.6)

 Permanent AF, (%) 73 (53.7)

Types of LAAC devices

 Watchman, (%) 12 (8.8)

 Watchman FLX, (%) 15 (11.0)

 ACP, (%) 29 (21.3)

 Amulet Amplatzer, (%) 66 (48.5)

 LAmbre, (%) 14 (10.3)
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implantation were free from stroke events during both 
hospitalization and follow-up. PDL was the most com-
mon adverse clinical outcome, occurring in 8 patients 
(5.9%). Of these, six patients exhibited PDL measure-
ments ≤ 3  mm, while two had measurements exceeding 
5  mm. None of these patients underwent a secondary 
LAAC. DRT was reported in three patients (2.2%), all 
of whom were successfully managed with OACs. Major 
bleeding events were also documented in three patients 
(2.2%). One patient (0.7%), a 54-year-old male with per-
sistent AF and a  CHA2DS2-VASC score of 3, underwent 
ACP implantation without the use of a CPD. Subse-
quently, the patient experienced a stroke during the fol-
low-up. Moreover, one patient (0.7%) died due to the 
progression of heart failure. The detailed data concern-
ing the follow-up and clinical outcomes are presented in 
Table 3.

Discussion
This is a comprehensive systematic review of publica-
tions detailing LAAC procedures in patients present-
ing with LAAT. The main findings of this study were 
as follows: (i) The Amulet Amplatzer is currently the 
most commonly used LAAC device in patients with 
LAATs. (ii) Preprocedural OAC therapy and postpro-
cedural DAPT are the main anticoagulation strategies 
for LAAT patients undergoing LAAC procedures, as 
these patients have a low rate of postprocedural stroke 
and DRT. (iii) The use of a no-touch technique, avoid-
ing additional probing within the LAA, contributes to 
the safety of LAAC procedures. (iv) PDL is the most 
common adverse clinical outcome after LAAC proce-
dures in LAAT patients; however, the overall incidence 
of adverse events is low. (v) While the combination of 

CPD with the LAAC procedure is associated with a 
low incidence of postprocedural stroke, the currently 
widespread implementation of CPD remains limited. 
In conclusion, the LAAC procedure is associated with 
preliminary effectiveness and safety in patients with 
persistent LAATs (Fig. 4).

AF is associated with a 4- to fivefold increased risk 
of ischemic stroke. The annual stroke risk in patients 
with AF ranges from 0.5% to 9.3%, and approximately 
15% of ischemic strokes are attributed to AF [43, 44]. 
Chronic AF often remains asymptomatic and can go 
undetected in clinical practice, resulting in an underes-
timation of stroke risk. OAC therapy is regarded as the 
cornerstone for stroke prevention in patients with AF, 
and these agents are commonly prescribed prior to the 
LAAC procedure. To date, the specific treatment effect 
of NOACs on the formation of intracardiac thrombi 
has not been extensively investigated in large-scale 
randomized controlled trials (RCTs). However, pre-
liminary evidence from case series and reports suggests 
that NOACs may represent a safe and effective option 
for treating intracardiac thrombus, particularly in 
cases where warfarin has been shown to be ineffective 
[45]. Furthermore, Nelles et al. [46] conducted a study 
that demonstrated LAAT resolution rates comparable 
between warfarin and NOACs, with NOACs result-
ing in a shorter time to thrombus resolution. Never-
theless, it is crucial to acknowledge that OACs cannot 
entirely eliminate LAAT [19]. For patients with per-
sistent LAAT despite OAC therapy or those with con-
traindications to OAC therapy, the LAAC procedure 
emerges as a potential and viable alternative. Tradition-
ally, LAAT has been considered a contraindication for 
LAAC. However, studies by Sharma et al. [14] indicate 

Fig. 3 Regimens for antiplatelet and anticoagulation therapy before and after the LAAC procedure. DAPT, dual antiplatelet therapy; LAAC, left atrial 
appendage closure; LMWH, low-molecular-weight heparin; NOACs, novel oral anticoagulants; SAPT, single antiplatelet therapy
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Table 2 Procedural characteristics

Study Device LAA 
electrical 
isolation

Cardioversion CPD Device 
success

Procedural imaging Procedural perform Reference

Bordignon 2019 Amulet Amplatzer = 9 6 N/A N/A 9 TEE Modified Brock-
enbrough tech-
nique and no LAA 
angiography. Under 
60° to 75° TEE 
view, the device 
was advanced 
in the LAA 
until the proximal 
edge of the par-
tially opened 
lobe was in line 
with the circumflex 
coronary artery. 
Under the counter-
clockwise torque 
of the sheath, 
the lobe was then 
fully opened 
in the proximal LAA

 [12]

Jin 2022 Lambre = 7 N/A N/A 2 7 TEE Transseptal access 
was obtained 
via the right femoral 
vein under fluoro-
scopic guidance, 
and a guidewire 
was slowly advanced 
into the left atrium. 
Turned the Swartz 
sheath clock-
wise to facilitate 
the advancement 
of the guidewire 
into the left superior 
pulmonary vein. 
Then, replaced 
the Swartz sheath 
with a delivery 
sheath and then 
delivered the pigtail 
catheter in the left 
superior pulmonary 
vein and dropped 
the pigtail catheter 
to the LAA ostium 
by slowly pulling 
the sheath and cath-
eter back

 [13]

Marroquin 2022 Watchman = 1
Watchman FLX = 4
ACP = 3
Amulet 
Amplatzer = 41
Lambre = 4

N/A N/A 18 53 TEE Standard deploy-
ment techniques 
and no-touch 
technique (involves 
avoiding guidewire 
or catheter manipu-
lation within the LAA 
by loading 
the closure device 
with the delivery 
sheath in the left 
superior pulmonary 
vein)

 [19]
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Table 2 (continued)

Study Device LAA 
electrical 
isolation

Cardioversion CPD Device 
success

Procedural imaging Procedural perform Reference

Beneduce 2019 Watchman FLX = 1 N/A N/A 1 1 3D TEE and fluoros-
copy

No-touch tech-
nique. After trans-
septal puncture, 
the delivery sheath 
was pulled back 
from the left upper 
pulmonary vein 
over a stiff guide-
wire. The device 
was unsheathed 
to obtain a ball 
conformation 
of its closed distal 
end, advanced 
toward the LAA 
ostium, and suc-
cessfully deployed 
under TEE and fluor-
oscopic monitoring

 [20]

Lange 2016 ACP = 1 N/A N/A N/A 1 TEE and fluoroscopy No-touch technique. 
After placing delivery 
sheath near proximal 
LAA, slow injection 
of contrast followed 
by advance-
ment of partially 
open Amulet 
until the diameter 
of LAAC exceeded 
midportion LAA 
diameter

 [21]

Saccà 2017 Amulet Amplatzer = 1 N/A N/A 1 1 TEE and fluoroscopy Standard endocardial 
LAAC procedure

 [22]

Jalal 2016 ACP = 1
Amulet Amplatzer = 2

N/A N/A N/A 3 3D TEE and fluoros-
copy

No-touch technique. 
Transseptal sheath 
was advanced 
into LSPV and over-
the-wire exchange 
was performed 
with delivery sheath. 
The delivery sheath 
was pulled back 
slightly from the vein 
and was advanced 
toward LAA ostium 
without engaging

 [23]

Lee 2018 Watchman = 3
ACP = 6
Amulet Amplatzer = 1

N/A N/A N/A 10 TEE and fluoroscopy Delivery sheath 
was retracted 
in front of LAA, 
and the device 
was carefully 
pushed into LAA 
to avoid touching 
the thrombus in 4 
cases with ACP 
or Amulet. In 3 
cases each with ACP 
and Watchman, 
the sheath was gen-
tly introduced 
before the thrombus, 
and devices were 
deployed

 [24]
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Table 2 (continued)

Study Device LAA 
electrical 
isolation

Cardioversion CPD Device 
success

Procedural imaging Procedural perform Reference

Popescu 2022 Lambre = 1 N/A N/A 1 1 TEE and fluoroscopy Modified Brocken-
brough technique 
and selective PV 
and LAA angiog-
raphy. The SL1 
sheath was changed 
over a guidewire 
with the LAm-
bre sheath 
and the device 
landing zone diam-
eter was measured 
by TEE and biplane 
angiography. The 
corresponding 
device was loaded 
on the delivery 
system and then 
advanced in the LA 
through the LAmbre 
sheath

 [25]

Tan 2021 Watchman = 2 N/A N/A 1 2 TEE The Sentinel CPS 
device was placed 
using stand-
ard practices 
via the right radial 
artery with the two 
filters successfully 
deployed in the bra-
chiocephalic and left 
common carotid 
artery. Using a 14 Fr 
double curve Watch-
man access sheath, 
a 30 mm Watchman 
device was suc-
cessfully deployed 
at the ostium

 [26]
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Table 2 (continued)

Study Device LAA 
electrical 
isolation

Cardioversion CPD Device 
success

Procedural imaging Procedural perform Reference

Tsai 2023 Watchman = 2
Amulet Amplatzer = 8

10 10 9 10 TEE No-touch tech-
nique. Put the wire 
in the left superior 
pulmonary vein 
and introduced 
the large LAAC 
sheath into the left 
superior pulmonary 
vein. Then, the wire 
was withdrawn, 
and the sheath 
tip was manipu-
lated and guided 
to the vicinity 
of the LAA ostium 
under the TEE guid-
ance. Then, the Amu-
let lobe was partially 
deployed here 
and then slowly 
moved into the LAA 
neck or landing 
zone under the TEE 
guidance and then 
the lobe and disk 
were fully deployed 
in 8 cases with Amu-
let. In 2 cases each 
with Watchman, 
put the Watchman 
sheath system 
in the left superior 
pulmonary vein, 
and gently guided 
and advanced 
the sheath system 
into the LAA 
by counterclockwise 
rotation

 [27]

Bellmann 2017 ACP = 1 N/A N/A N/A 1 TEE and fluoroscopy No LAA angiography 
and fishball tech-
nique (device lobe 
is partially deployed 
until a small lobe). 
Transseptal sheath 
was advanced 
into LSPV and over-
the-wire exchange 
was performed 
with delivery sheath. 
Partial deployment 
of the device takes 
place in the ori-
fice of the LSPV, 
then delivery 
sheath is pulled 
out and device 
advanced into LAA

 [28]
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Table 2 (continued)

Study Device LAA 
electrical 
isolation

Cardioversion CPD Device 
success

Procedural imaging Procedural perform Reference

Aytemir 2016 Amulet Amplatzer = 1 N/A N/A N/A 1 3D TEE and fluoros-
copy

No LAA angiography. 
The delivery cath-
eter was advanced 
up to the LAA 
ostium and the lobe 
of the device 
was pushed 
to obtain 
a “ballshape” allowing 
for better TEE visuali-
zation of the device 
position. Under TEE 
guidance, the lobe 
of the Amulet 
was then care-
fully advanced 
up to the landing 
zone, proximal 
to the LAA throm-
bus, and deployed 
at that level followed 
by deployment 
of the disc

 [29]

Dugo 2016 Amulet Amplatzer = 1 N/A N/A N/A 1 TEE No LAA angiog-
raphy. Device 
was advanced 
into landing zone 
under TEE

 [30]

Lee 2017 ACP = 1 N/A N/A N/A 1 TEE and fluoroscopy No-touch tech-
nique. Made 
a ball with a lobe 
of the device 
by retracting 
the sheath in front 
of LAA. Sheath 
with device 
was pushed cau-
tiously to the landing 
zone not to touch 
the LAA thrombus 
under guidance 
of transesophageal 
echocardiog-
raphy, the lobe 
was deployed 
at position of land-
ing zone followed 
by deployment 
of the disc

 [31]

De Roeck 2019 Amulet Amplatzer = 1 1 1 1 1 TEE No LAA angiography. 
The LAA closure 
device was success-
fully implanted solely 
under TEE guidance

 [32]

Chang 2023 Watchman FLX = 2 N/A N/A 2 2 TEE Device 
was advanced 
into landing zone 
under TEE

 [33]
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Table 2 (continued)

Study Device LAA 
electrical 
isolation

Cardioversion CPD Device 
success

Procedural imaging Procedural perform Reference

Mohandes 2020 Lambre = 1 N/A N/A 1 1 TEE No LAA angiography. 
A partial umbrella 
delivery of a LAm-
bre 24/30 mm 
was done in front 
of LAA ostium 
and the whole sys-
tem was advanced 
up to the point 
immediately 
before thrombus 
in LAA superior lobe

 [34]

Kaczmarek 2021 Watchman = 2
Watchman FLX = 2
ACP = 13

N/A N/A N/A 17 TEE and fluoroscopy No LAA angiogra-
phy in 8 cases. 5 
cases underwent 
LAA angiographies 
with gentle hand 
contrast injections 
through pigtail 
catheters

 [35]

Marcon 2023 Watchman FLX = 6 N/A N/A 6 6 TEE or ICE “One shot technique” 
and a stepwise 
approach based 
on continuous 
ICE monitoring 
(It consists of ICE 
guided trans-septal 
puncture and guide-
wire advancement 
within the left supe-
rior pulmonary vein; 
exchange with long 
delivery sheath; 
trans-septal crossing 
with the ICE probe, 
reaching the point 
allowing the best 
LAA view (usually 
at the LSPV ostium); 
LAA occluder sizing 
based on landing 
zone measurement 
and LAA occluder 
deploy under ICE 
monitoring)

 [36]

Cruz-Gonzalez 2017 Lambre = 1 N/A N/A 1 1 TEE and fluoroscopy Partial deploy-
ment of device 
at the LAA ostium 
and it was advanced 
under simultaneous 
counterclockwise 
rotation

 [37]

Cammalleri 2016 ACP = 1 N/A N/A 1 1 TEE Standard endocardial 
LAAC procedure

 [38]
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that LAAC may be a feasible option for patients with 
LAAT. By challenging traditional contraindications, 
LAAC offers additional treatment options for patients 
with persistent LAAT.

Procedural embolization is a severe complication that 
can occur during LAAC in patients with LAAT. Catheter 
manipulation within the LAA can potentially dislodge or 
detach the LAAT, leading to stroke or peripheral embo-
lization events. For patients with LAATs, the combina-
tion of the no-touch technique can greatly enhance the 
safety of the procedure in addition to standard deploy-
ment techniques [20]. The no-touch technique involves 
minimizing guidewire or catheter manipulation within 
the LAA by loading the closure device with the delivery 
sheath in the left superior pulmonary vein [19]. Lange 
et  al. [21]  proposed using transesophageal echocardi-
ography (TEE) to measure the diameter of the partially 
opened occluder and compared it to the size of the mid-
dle part of the LAA. The release of the device was con-
tinued until the diameter of the opened corpus of the 

occluder was greater than the measured value. This 
approach helps prevent deeper protrusion of the device 
into the LAA and reduces the risk of procedure-related 
thrombus dislodgement. While the "no-touch" tech-
nique has demonstrated encouraging outcomes in certain 
patients, its intricate procedure requires a sophisticated 
understanding of the LAA anatomy and highly skilled 
maneuvering of the devices. This complex procedure 
restricts its wide implementation, making it seemingly 
impractical for novice operators. Despite the promise of 
reduced complications and increased closure efficacy, the 
technical difficulty lies in delicate navigation and precise 
device placement within the complex and highly variable 
anatomy of the LAA.

CPD was originally proposed and developed in tran-
scatheter aortic valve replacement (TAVR) and has 
been linked to a notable reduction in cerebral ischemic 
burden [47]. Although the PROTECTED TAVR study 
[48]  revealed that the use of the Sentinel device (the 
first TAVR intraoperative CPD approved by the United 

Table 2 (continued)

Study Device LAA 
electrical 
isolation

Cardioversion CPD Device 
success

Procedural imaging Procedural perform Reference

Pak 2013 ACP = 1 N/A N/A N/A 1 TEE Transseptal sheath 
was advanced 
into LSPV and over-
the-wire exchange 
was performed 
with delivery sheath 
Then, the sheath 
was gently rotated 
to LAA direction. 
With cautious 
LAA angiography 
with minimal 
touching, device 
was deployed

 [39]

Yadav 2017 Watchman = 2 N/A N/A N/A 2 TEE After standard trans-
septal puncture, 
nonselective angio-
gram of the LAA 
was performed 
and shallow intuba-
tion of the append-
age, the pigtail 
catheter positioned 
to enable telescop-
ing of the delivery 
sheath into the LAA

 [40]

Martins 2018 Amulet Amplatzer = 1 N/A N/A 1 1 ICE Standard endocardial 
LAAC procedure

 [41]

Del Furia 2017 ACP = 1 N/A N/A 1 1 3D TEE Standard endocardial 
LAAC procedure

 [42]

ACP Amplatzer cardiac plug, CPD cerebral protection device, ICE intracardiac echocardiography, LAA left atrial appendage, LAAC  left atrial appendage closure, LSPV left 
superior pulmonary vein, TEE transesophageal echocardiography, 3D three dimensions

Continuous data are summarized as n (%). N/A represents unavailable data. Device success was defined as deployment of the occluder in the correct position 
with < 5 mm of a PDL
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States Food and Drug Administration) did not decrease 
the incidence of clinical stroke during the TAVR peripro-
cedural period, it did report a decreased occurrence of 
disabling strokes. Recent prospective studies and case 
reports have indicated that the combined use of LAAC 
and cerebral protection systems is a safe and effective 
treatment option for patients with LAAT [22, 49, 50]. 
It is important to highlight that the majority of the cur-
rent research involved organized and securely attached 
LAATs within the fundus of the LAA. This finding under-
lines a key limitation in the current literature and prac-
tice. Significantly, even with the use of CPDs, an LAAT 
protruding out of the LAA remains a strict contraindi-
cation for LAAC due to the high risk associated with its 
potential mobility. Furthermore, we address complex sce-
narios involving thrombi located at the neck of the LAA. 
When these thrombi exhibit any degree of mobility, they 
present a considerable challenge, leading most interven-
tional cardiologists to prudently avoid attempting LAAC 

in such cases. In the future, large-scale RCTs investigat-
ing the use of LAAC in combination with cerebral pro-
tection systems for stroke prevention in LAAT patients 
may provide further clinical evidence.

Cardiac imaging plays a crucial role in LAAC proce-
dures. The data presented in this systematic review indi-
cate that TEE is the most frequently utilized modality for 
procedural imaging. TEE is considered the gold stand-
ard for diagnosing LAATs [51], with a positive predic-
tive value of 100%, a negative predictive value of 98.9%, 
and a diagnostic accuracy of 99.1% [52]. Traditional 2D 
TEE has limitations in accurately assessing LAA func-
tion. Real-time 3D TEE is a valuable tool that minimizes 
artifact interference and enables a more precise analysis 
of the association between LAA functional parameters 
and LAAT [53]. However, 3D technology is limited by 
its lower spatial and temporal resolution than 2D TEE 
[54]. Intracardiac echocardiography (ICE) is an efficient 
alternative to TEE for visualizing cardiac structures [55]. 

Table 3 Follow-up and clinical outcomes

DRT device-related thrombus, PDL peri-device leakage

N/A indicates data not available. Adverse clinical outcomes included a composite of death, stroke or other systemic thromboembolism, DRT, major bleeding, 
PDL, transient ischemic attack and device-related complications during follow-up. Major bleeding was defined as gastrointestinal bleeding, cerebral hemorrhage, 
intramuscular bleeding, etc.

Study Follow‑Up Adverse Clinical Outcomes Reference

Bordignon 2019 4.6 mos 1 major bleeding  [12]

Jin 2022 12.8 mos 1 DRT, 3 PDL  [13]

Marroquin 2022 18 mos 1PDL, 1 major bleeding  [19]

Beneduce 2019 1 mo N/A  [20]

Lange 2016 1.5 mos N/A  [21]

Saccà 2017 until discharge N/A  [22]

Jalal 2016 8.6 ± 2 mos 1PDL  [23]

Lee 2018 27.1 ± 20.3 mos 1 stroke, 1 DRT, 2 PDL  [24]

Popescu 2022 3 mos N/A  [25]

Tan 2021 3.75 mos 1 major bleeding  [26]

Tsai 2023 20.4 mos N/A  [27]

Bellmann 2017 3 mos N/A  [28]

Aytemir 2016 48 h N/A  [29]

Dugo 2016 1.5 mos N/A  [30]

Lee 2017 4 d N/A  [31]

De Roeck 2019 9 mos N/A  [32]

Chang 2023 5 mos N/A  [33]

Mohandes 2020 until discharge N/A  [34]

Kaczmarek 2021 10 mos 1 DRT, 1 PDL, 1 death  [35]

Marcon 2023 6 mos N/A  [36]

Cruz-Gonzalez 2017 until discharge N/A  [37]

Cammalleri 2016 until discharge N/A  [38]

Pak 2013 1.5 mos N/A  [39]

Yadav 2017 1.5 mos N/A  [40]

Martins 2018 1 mo N/A  [41]

Del Furia 2017 until discharge N/A  [42]
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A study conducted by Nielsen-Kudsk et al. demonstrated 
the successful utilization of ICE as a guide for LAAC with 
the Watchman FLX device. The study reported excellent 
procedural success, a high rate of effective LAAC, and 
minimal periprocedural complications [56]. In a porcine 
model, both ICE and TEE demonstrated similar imaging 
capabilities for visualizing LAAT. However, in patients 
with AF, ICE imaging showed lower sensitivity in detect-
ing LAAT than did TEE [57, 58]. Considering the poten-
tial interaction between ICE and the LAAC sheath during 
the procedure and its typical supplementation with LAA 
angiography [14], the use of ICE in patients with LAAT 
should be performed by experienced operators who have 
conducted a minimum of 20 LAAC procedures per year.

Limitations
This study has several limitations. 1) The retrospec-
tive design of this study introduces inherent known and 
unknown selection biases. Additionally, publication bias 

and outcome reporting bias may significantly influence 
the conclusions of our review. 2) The purpose of this 
study was primarily to assess the feasibility of LAAC in 
patients with LAAT. The applicability of these findings 
may be limited to experienced operators. 3) A notable 
limitation is the lack of detailed descriptions of LAAT 
characteristics in the included reports. The size, location, 
morphology, or mobility of LAATs significantly impacts 
the implantation and efficacy of LAAC devices. This gap 
underscores the need for more detailed investigations 
into LAAT characteristics in future RCTs. 4) The absence 
of long-term follow-up data in our study limits the abil-
ity to assess the extended-term effectiveness and safety of 
LAAC in patients with LAATs.

Future directions
Targeted investigations are crucial for advancing the 
understanding of LAAC in patients with LAAT. Sub-
sequent research should delve into detailed analyses of 

Fig. 4 Graphical abstract for LAAC in the treatment of LAAT. ACP, Amplatzer cardiac plug; DAPT, dual antiplatelet therapy; LAAC, left atrial 
appendage closure; LAAT, left atrial appendage thrombus; LMWH, low-molecular-weight heparin; NOACs, novel oral anticoagulants; SAPT, single 
antiplatelet therapy; TEE, transesophageal echocardiography; VKA, vitamin K antagonist
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LAAT characteristics, including size or location, aiming 
to enhance procedural considerations. Long-term follow-
up studies are needed to evaluate the efficacy of LAAC 
therapy. Moreover, there is a pressing need for compara-
tive studies among different LAAC devices and well-
designed RCTs to establish a higher level of evidence, 
offering clarity on the optimal approach for patients with 
LAATs. These future directions are geared toward refin-
ing clinical strategies and contributing to evidence-based 
decision-making in this specific patient population.

Conclusion
In conclusion, this comprehensive systematic review elu-
cidates the prospects of LAAC procedures in patients 
with LAATs. The Amulet Amplatzer is the most com-
monly used LAAC device in LAAT patients, and it 
achieves procedural effectiveness and safety through the 
combination of preprocedural OAC therapy and postpro-
cedural DAPT. The no-touch technique has emerged as a 
crucial measure for enhancing the overall safety of LAAC 
procedures. Despite PDL being the primary adverse out-
come, the overall incidence of adverse events remains 
low. Additionally, the incidence of postprocedural stroke 
is lower in LAAT patients with implanted CPDs, and 
CPD implementation is not widespread in this patient 
population. Our findings underscore the potential utility 
of LAAC in patients with LAAT. Future large-scale RCTs 
with long-term follow-up focusing on different LAAT 
characteristics and various LAAC device types may pro-
vide higher-quality clinical evidence for patients, guiding 
evidence-based decision-making in clinical practice.
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