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ABSTRACT
Objective: The thrombus formation in the left atrial appendage (LAA) can be challenging for operators and increases peri-
procedural complication risk. However, recent consensus documents discuss that left atrial appendage closure is a potential 
therapeutic option for malign left atrial appendage. This clinical study aimed to evaluate the procedural safety and early efficacy 
outcomes of left atrial appendage closure in patients with left atrial appendage thrombus.
Methods: This observational single-center clinical trial included 18 patients with left atrial appendage thrombus. Transesophageal 
echocardiography was performed before and during the left atrial appendage closure in all patients. All procedures were per-
formed using the Amplatzer Amulet left atrial appendage closure device (Abbott Medical Inc.).
Results: Ten of the patients were male (55.6%). The mean ages were 69.6 ± 7.5 years. CHA2DS2-VASc and HAS-BLED scores 
were calculated at 5 (2-8) and 3 (1-6), respectively. In 4 patients (22.2%), left atrial appendage occlusion was indicated due to 
malign left atrial appendage. The significant bleeding event under oral anticoagulant treatment was the main indication in 
12 patients (66.7%). All patients were referred to Transthoracic Echocardiography (TTE) and transesophageal echocardiography 
30 days after the procedure. There were no major or minor adverse clinical events during the first month of follow-up. Also, 
no patient faced ischemic cerebrovascular events, including transient ischemic attack, hospitalization due to heart failure, or 
significant bleeding events. Neither device-related thrombus nor peridevice leak was observed in the Transesophageal echo-
cardiography evaluation.
Conclusions: Left atrial appendage closure in patients with left atrial appendage thrombus is a feasible and effective method 
to reduce thromboembolic risk. It can be performed as an alternative therapy to oral anticoagulants (OACs) in patients with 
contraindications to OACs or malign left atrial appendage.
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INTRODUCTION
Left atrial appendage (LAA) closure is a feasible and effective 
therapy to prevent thromboembolic events in patients with non-
valvular atrial fibrillation (AF). Recent guidelines suggest the LAA 
closure (LAAC) for AF patients with oral anticoagulant contrain-
dication or high bleeding risk.1,2 On the other hand, recent trials 
showed that the outcomes of LAAC are non-inferior to NOACs.3 
Growing procedural experience and device technology improve-
ments expand the LAAC indications, and LAAC can be performed 
with the indication such as the patient's choice.

The thrombus formation in LAA can be challenging for opera-
tors and increases periprocedural complication risk. Even the 
challenges, case series, and multicenter observational studies 
showed that LAAC is a safe and effective procedure in patients 
with LAA thrombus.4-6 Although LAA thrombus was considered 

a contraindication for LAAC several years ago, recent consensus 
documents discuss that LAAC is a potential therapeutic option 
for malign LAA.7,8

This clinical study aimed to evaluate the procedural safety and 
early efficacy outcomes of LAAC in patients with LAA thrombus.

METHODS
Study Population
In this trial, the patients who were referred to percutaneous 
LAAC and had LAA thrombus in preprocedural transesopha-
geal echocardiography (TEE) were enrolled. One hundred fifty-
eight consecutive patients had undergone percutaneous LAAC 
in Hacettepe University Department of Cardiology between 
2015 and 2022. Thrombus formation in the LAA was observed 
in 20 patients in preprocedural assessment. In 2 patients, the 
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intravenous isoproterenol test showed that the thrombus image 
in preprocedural TEE was false positive for LAA thrombus. This 
observational single-center clinical trial included the rest of the 
18 patients. Patients with overflowing LAA thrombus (type 0), 
concomitant mechanic heart valve, false-positive LAA thrombus 
(according to intravenous isoproterenol test), and are younger 
than 18 years were excluded (Figure 1).

Their baseline characteristics, antithrombotic medication, LAAC 
indications, and adverse events, including intraprocedural and 
during follow-up, were recorded. The written informed consent 
was taken from all patients before the procedure. Hacettepe 
University  Ethics Committee approved the study (May 28, 2019, 
GO 19/483).

Preprocedural and Intraprocedural Thrombus Evaluation
All patients were examined with TEE cardiography before and 
during the procedure. After 2021, if any thrombus formation 
was observed or any suspicion was present in preprocedural 
TEE, an intravenous isoproterenol test was performed in intra-
procedural TEE to confirm the presence of LAA thrombus. The 
intravenous isoproterenol test was done following the proto-
col (2 μg/min/kg over 3 min), previously described in the case 
report by Enomoto et al.9

All thrombus formations were defined according to the classifi-
cation (Type 0 (overflowing), 1 (proximal to distal), and 2 (distal)) 
that we described in our previous study.5

Procedure
The procedural technique of LAA occlusion in the patients with 
LAA thrombus was described in detail in our previous study.5 
All procedures were performed under general anesthesia and 
with fluoroscopy and TEE guidance. Amplatzer Amulet LAA 
closure device (Abbott Medical Inc.) was used in all patients. 
The inferoposterior septum was targeted for transseptal punc-
ture to align the LAA ostium optimally. The manipulations to 
engage LAA ostium were minimized to avoid interaction with 
thrombus. Measurements of LAA and decisions on device 
size were made based on intraprocedural TEE. After optimal 
engagement to the LAA ostium, the lobe of the device was 
opened. Then, the disc was opened at the ostium after settle-
ment of correctly placing the lobe in the LAA (Figure 2). The 
circumflex artery and mitral valve functions were evaluated 
with 3D-TEE. The device stability was tested before release. 
Intravenous heparin infusion was continued during the pro-
cedure, and dosage was adjusted with activated clotting time 
monitoring.

Procedural Success
After implantation, all patients were apprised of an effective 
occlusion (peridevice leak < 3 mm). Successful implantation is 
defined as the implantation that results in effective occlusion 
without migration of the device. MACE includes mortality, myo-
cardial infarction, urgent surgery requirement, and clinically sig-
nificant cerebrovascular ischemic or hemorrhagic events.

Postprocedural Follow-Up
The antiplatelet therapy was planned according to individual 
characteristics, including the indication of LAAC and each 
patient’s thromboembolism and bleeding risk. It was scheduled 
as dual-antiplatelet therapy (DAPT) or a continuation of antico-
agulant therapy.

The patients were examined with TTE and TEE in the first month 
after the procedure. Any adverse events were recorded, includ-
ing bleeding complications, thromboembolic events, and heart 
failure or myocardial infarction hospitalization.

Statistical Analysis
We used Statistical Package for the Social Sciences statistical 
software, version 20 for statistical analysis. Frequencies and per-
centages were used to present descriptive categorical variables. 
Mean values and standard deviation were used to give continu-
ous data with the Gaussian distribution. Quantitative variables 
with non-Gaussian distribution are expressed with median and 
range. The distribution of variables was evaluated with the 
Kolmogorov–Smirnov test.

RESULTS
Baseline Characteristics
Eighteen patients were enrolled in the study. Ten of the patients 
were male (55.6%). The mean ages were 69.6 ± 7.5 years. 
Hypertension (17; 94.4%) was the most common comorbidity 
in the study population. CHA2DS2-VASc and HAS-BLED scores 
were calculated at 5 (2-8) and 3 (1-6), respectively. In 4 patients 

Main Points

•	 The thrombus formation in left atrial appendage (LAA) is 
not a contraindication for percutaneous LAA closure.

•	 Percutaneous LAA closure can be used as a potential ther-
apy for LAA thrombus which is resistant to OACs. Further 
large-scale trials are needed.

•	 Left atrial appendage closure in patients with LAA throm-
bus should be performed carefully to avoid unnecessary 
manipulations by experienced operators.

Figure 1.  Flowchart of study. LAA, left atrial appendage; LAAC, 
LAA closure.
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(22.2%), LAA occlusion was indicated due to malign LAA. The sig-
nificant bleeding event under oral anticoagulant treatment was 
the main indication in 12 patients (66.7%). Baseline characteris-
tics are listed in Table 1.

Left Atrial Appendage Thrombus Features
Type 1 and type 2 LAA thrombus were observed in 5 (27.8%) and 
13 (72.2%) patients, respectively. Amplatzer Amulet Device was 
used in all patients. In 6 patients (33.3%) who had performed 
LAAC after 2021, intravenous isoproterenol was given to confirm 
LAA thrombus presence and its localization.

Procedural and Follow-up Outcomes
The LAA was occluded successfully in all 18 patients. All patients 
were discharged after the procedure and applied for 1  month 
after discharge. The median postprocedural hospitalization 
duration was 1 day (1-3). No MACE was observed during 
hospitalization.

All patients were referred to TTE and TEE 30 days after the pro-
cedure. There were no major or minor adverse clinical events 
during the first month of follow-up. Also, no patient faced 
ischemic cerebrovascular events, including transient ischemic 
attack, hospitalization due to heart failure, or significant bleed-
ing events. Neither device-related thrombus nor peridevice leak 
was observed in the TEE evaluation.

Postprocedural antiplatelet treatment was decided on clopido-
grel, DAPT, or oral anticoagulant plus clopidogrel in 4, 10, and 
4 patients, respectively. Procedural and follow-up outcomes are 
stated in Table 2.

DISCUSSION
The main finding of this trial is that percutaneous LAAC can be 
performed effectively and safely in patients with LAA thrombus. 
Procedural feasibility is independent of the LAA occlusion indica-
tion. Left atrial appendage occlusion could be an alternative and 
effective treatment for patients with LAA thrombus resistant to 
effective oral anticoagulation therapy.

The LAA is the primary location in the heart for thrombus forma-
tion in non-valvular AF. It is responsible for 90% of the thrombus 

Figure 2.  (A-B) Thrombus formation in LAA (type 1). (C) Implanted Amulet device. LAA, left atrial appendage.

Table 1.  Baseline Characteristics

Age (years) 69.6 ± 7.5

Male sex 10 (55.6%) 

Permanent atrial fibrillation 18 (100%) 

Hypertension 14 (77.8%) 

Heart failure 7 (39%) 

Diabetes mellitus 7 (39%) 

Coronary heart disease 12 (66.7%) 

Chronic kidney disease 8 (44.4%) 

Ischemic stroke 6 (33.3%) 

CHA2DS2-VASc score 5 (2-8) 

HAS-BLED score 3 (1-6) 

LAA closure indication

•	 Bleeding 12 (66.7%)

•	 High bleeding risk 2 (11.1%)

•	 Malign LAA 4 (22.2%)

LAA, left atrial appendage.

Table 2.  Outcomes

Procedural outcomes (n = 18) 

General anesthesia 18 (100%) 

Amplatzer Amulet device 18 (100%) 

Implantation at first attempt 16 (92%) 

Procedural success 18 (100%) 

Periprocedural bleeding 0 (0%) 

Length of stay at hospital (days) 1 (1-3) 

One month follow-up outcomes (n = 18) 

Ischemic events 0 (0%) 

Bleeding events 0 (0%) 

Thrombus on device at 1-month follow-up 0 (0%) 

Peridevice leak at 1-month follow-up 0 (0%) 
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in the left atrium.10 First-line therapy for preventing thromboem-
bolic events in AF is oral anticoagulants. Non-vitamin K oral anti-
coagulants are safe and effective in non-valvular AF.1 However, 
many non-valvular AF patients have a contraindication for oral 
anticoagulation or significant bleeding history under oral anti-
coagulant treatment. In addition, thrombus formation can be 
observed with TEE in patients who use the effective dosage of 
oral anticoagulants. The recent guidelines suggest LAA occlu-
sion for AF patients with an oral anticoagulant contraindication 
or high bleeding risk.1,2 On the other hand, optimal therapy for 
LAA thrombus resistant to OACs is not clear. In addition, there 
is no consensus on managing the patients with high bleeding 
risk and LAA thrombus. Consequently, we aimed to evaluate the 
feasibility of LAAC in our study group, which is the patients with 
LAA thrombus with or without OACs contraindication.

The Munich consensus document on LAAC emphasized that LAA 
thrombus, resistant to OACs, is one of the indications of LAAC.7 
More recent consensus documents stated that LAAC in patients 
with malign LAA is considerable.8 We had published the first case 
report, which reported LAAC in a patient with high bleeding 
risk and LAA thrombus.4 In addition, recent studies showed that 
LAAC in patients with LAA thrombus is feasible.11

Tarantini et  al.11 published the multicenter case series, which 
included 32 patients with or without high bleeding risk. In this 
multicenter case series, there were 3 patients with malign LAA. 
There was no thromboembolic event during the 1-year follow-
up after the procedure. Sharma et  al.6 evaluated the patients 
from Tarantini et al’s case series and 26 patients from other case 
reports. Their findings also supported that LAAC in patients with 
LAA thrombus is feasible and safe. The findings from our trial 
were similar to the previous studies and showed that short-term 
results of LAAC in this patient group are excellent for thrombo-
embolic prevention.

Cerebral protection devices (CPD) are designed to reduce the risk 
of cardiovascular event (CVE) during cardiovascular procedures, 
but their role and effect in LAAC are unclear. The case series by 
Boccuzziet al12, which included 27 patients, reported that using 
CPD during LAAC is safe and effective. Limite et al13 supported 
these findings with another case series, which enrolled 14 
patients. However, they were not designed as controlled stud-
ies evaluating CPDs’ efficacy in LAAC. In contrast, CPD was used 
according to the operators’ discretion in Marroquin et al’s14 mul-
ticenter registry. Although they observed macroscopic embolic 
material in 19.4% of the cases in which CPD was used, no intra-
procedural stroke was observed in patients in which CPD was 
not used. In our study, CPD was not used in any cases, and we 
had not attended who had any intraprocedural thromboembolic 
event.

Bellmann et al15 defined a fish ball technique to trap thrombus in 
LAA using an amulet device. Jalal et al16 reported the thrombus 
trapping technique in 3 patients. Each technique was similar and 
performed using an amulet device. The authors of these papers 
emphasized the importance of minimal manipulation and avoid-
ing interaction with thrombus. We used the same principle, 

and we believe that this principle should be the cornerstone 
of the procedure for the operators. Consequently, we preferred 
to define this technique as a “no-touch technique,” previously 
described in Tarantini et al.’s11 paper.

Medical treatment for LAA thrombus was compared with LAAC 
in patients referred to LAAC in Luis Marroquin et al’s trial.14 They 
performed LAAC on 53 patients, and intensive antiplatelet ther-
apy was decided for 73 patients. Luis Marroquin et al14 reported 
that thrombus did not change in 18 of 73 patients and partially 
resolved in 11 patients. Even though there was no statistical 
significance, LAAC was feasible with device-related thrombus, 
and intensified antiplatelet treatment resulted in resolution 
with higher bleeding events in 60% of the patients. In our study 
group, we think it is not optimal to intensify the antiplatelet 
regimen in patients with high bleeding risk. However, LAAC was 
performed in 4 patients with resistant LAA thrombus after inten-
sifying or changing the anticoagulant regimen. Combining the 
intensifying antiplatelet treatment and LAAC seems to be the 
most appropriate therapeutic decision.

Although our study is the clinical trial with the highest volume 
that enrolled the patient who had undergone LAAC with a sin-
gle device, it has several significant limitations. First, this study 
is observational, and the study population is small. Second, the 
follow-up duration is short. Third, the indications of LAAC are 
not homogenous in the study group. We think that indication of 
LAAC may affect the outcomes of LAAC.

Left atrial appendage closure in patients with LAA thrombus is a 
feasible and effective method to reduce thromboembolic risk. It 
can be performed as an alternative therapy to OACs in patients 
with contraindications to OACs or malign LAA.
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