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Percutaneous Left Atrial Appendage Closure 
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 Patient: Male, 76-year-old
 Final Diagnosis: Left atrial appendage thrombus despite optimal anticoagulation
 Symptoms: Palpitations
 Medication: —
 Clinical Procedure:	 Cryoballoon-based	ablation	•	percutaneous	left	atrial	appendage	closure	•	transesopha-

geal echocardiogram
 Specialty: Cardiology

 Objective: Unusual clinical course
 Background: Despite use of optimal oral anticoagulation regimens, left atrial appendage (LAA) thrombus may develop and 

persist in patients with atrial fibrillation (AF). The therapeutic options in this population are limited. Percutaneous 
LAA closure (LAAC) is performed to reduce thrombus formation and the risk of thromboembolism. However, 
this approach is prohibited in patients with LAA thrombus. We report the case of a 76-year-old man with AF 
and persistent LAA thrombus who underwent percutaneous LAAC with the LAmbre device protected by the 
SENTINEL Cerebral Protection System (CPS).

 Case Report: A 76-year-old man with history of persistent AF treated with pulmonary veins and LAA isolation developed 
LAA thrombus resistant to different anticoagulation therapies, including apixaban and Phenprocoumon, with 
a target international normalized ratio (INR) of 3-3,5. Repeated follow-up transesophageal echocardiography 
showed a persistent LAA thrombus despite optimal INR values. Thus, we performed a percutaneous LAAC us-
ing a double-umbrella-designed appendage occluder and a CPS to minimize the risk of intraprocedural cere-
bral embolization. The procedure was guided by transesophageal echocardiography and fluoroscopy. No signs 
of systemic thromboembolism were noted, and the CPS filters showed no evidence of thrombotic material.

 Conclusions: This report shows that the use of a CPS during percutaneous LAAC may reduce the risk of procedural cerebral 
embolization and could be used as an alternative therapy for patients with contraindication or lack of effec-
tiveness of oral anticoagulation.
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Background

Atrial fibrillation (AF) is the most common sustained cardiac 
arrhythmia in adults and is associated with substantial mor-
bidity and mortality [1-3]. It is generally accepted that AF in-
creases the risk of ischemic stroke 3-5-fold, with significant 
variability between patients due to differences in specific 
stroke risk factors [2,4].

It has been demonstrated that the presence of left atrial ap-
pendage (LAA) thrombosis is associated with a higher risk of 
ischemic stroke and transient ischemic attack (TIA) [5-8]. The 
prevalence of LAA thrombus in non-anticoagulated or subop-
timal anticoagulated patients with AF is 5-27% [7]. In a re-
cent metanalysis, the prevalence of left atrial (LA) thrombus 
in patients with AF or atrial flutter under optimal anticoagu-
lation was 2.7%, with no significant difference between pa-
tients treated with non-vitamin K oral anticoagulants (NOACs) 
and those treated with vitamin K antagonists (VKA) [7,9]. The 
management of these patients can be challenging, and con-
sists of various therapeutic regiments, including a higher in-
ternational normalized ratio (INR) target (3-3,5) in those un-
der VKA or a switch to distinct anticoagulation therapy – VKA, 
NOACs, low-molecular-weight heparin (LMWH), or unfraction-
ated heparin (UFH) [2,7,10]. Even so, the overall effectiveness 
of a second anticoagulation approach for thrombus dissolu-
tion is only 42.6% [11]. The are limited therapeutic options for 
patients with LAA thrombus unresponsive to various antico-
agulation regimens [12].

Percutaneous LAA closure is accepted as a safe and effective 
treatment for patients with AF and contraindication to oral an-
ticoagulation [2]. The basis of this therapeutic approach is the 
ability to close the LAA, a remnant of the embryonic LA, which 
is considered the main source of left atrial thrombi in patients 
with non-valvular AF, thus limiting thrombus formation and fur-
ther embolization [13]. The LAmbre device (Lifetech Scientific 
[Shenzhen] Co. Ltd., Shenzhen, China) demonstrated excellent 
implantation success rates and follow-up results, while pro-
viding a design that might provide an important advantage in 
patients with difficult LAA anatomy [14,15].

However, the use of appendage occluders in the presence of 
LAA thrombosis is prohibited due to the increased risk of intra-
procedural cerebral embolization [12]. A possible approach to 
limit this risk is the utilization of a cerebral protection system 
(SENTINEL, Boston Scientific, Minneapolis, Minnesota), which 
has been approved for use during transcatheter aortic valve re-
placement (TAVR) procedures [16]. A recent publication report-
ed the implantation of LAA occluders in patients with append-
age thrombosis using cerebral protection systems to minimize 
the risk of cerebral embolization. This approach showed excel-
lent results, but no LAmbre device was used in the study [12].

Therefore, this report presents the case of a 76-year-old man 
with AF and persistent thrombus of the LAA who underwent 
percutaneous LAA closure with the LAmbre device supported 
by the SENTINEL Cerebral Protection System.

Case Report

A 76-year-old man with history of non-valvular, persistent AF 
(CHA2DS2-VASc score=5, HAS-BLED score=3), LAA thrombo-
sis, and three-vessel coronary artery disease (CAD) treated 
with 1 drug-eluting stent (DES) on the left anterior descen-
dent (LAD) coronary artery presented to our department for 
a follow-up transesophageal echocardiography (TEE). The pa-
tient underwent cryoballon-based pulmonary vein (PV) and 
LAA isolation 10 months before the current presentation and 
since then has been in sinus rhythm (SR) with no antiarrhyth-
mic (AA) medication.

After ablation, the patient continued the previous anticoag-
ulation therapy with apixaban 5 mg b.i.d. until the first fol-
low-up TEE, at 1 month after the procedure, which revealed 
abundant LAA sludge and reduced LAA flow velocity, with no ev-
idence of an organized thrombus. Apixaban was then changed 
to Phenprocoumon, with a target INR of 3-3.5. TEE 3 and 6 
months after ablation revealed an LAA thrombus accompanied 
by abundant sludge despite optimal INR values (confirmed by 
multiple ambulatory determinations) (Figure 1). This was also 
confirmed at the 10-month visit.

Due to the unfavorable evolution under different oral antico-
agulation regimens during the 10 months of follow-up, we de-
cided to perform an LAA closure using the LAmbre (Lifetech 
Scientific [Shenzhen] Co. Ltd., Shenzhen, China) device and 

Figure 1.  Transesophageal echocardiography (TEE) image 
recorded before the procedure. TEE image showing the 
thrombus (white star) and abundant sludge inside the 
left atrial appendage.
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a cerebral protection system (SENTINEL, Boston Scientific, 
Minneapolis, Minnesota) to minimize the risk of intraproce-
dural cerebral embolization.

Written informed consent was obtained, and the patient was 
scheduled for the intervention. The procedure was performed 
under deep sedation utilizing midazolam, fentanyl, and a con-
tinuous infusion of propofol under TEE guidance. A right radi-
al artery access was obtained, and a 6 French (F) sheath was 
placed at this level. Then, 2 ultrasound-guided right femoral 
vein punctures were performed (8 F and 10 F LAmbre Sheath) 
and a multipolar catheter (Biosense Webster, Inc. Diamond Bar, 
CA, USA) was positioned into the coronary sinus (CS).

The angiography of the aortic arch, the brachiocephalic trunk, 
and the left common carotid artery was performed via a pigtail 
catheter placed in the ascending aorta through the radial artery 
sheath to describe the anatomy. Heparin was administered to 
maintain an activated clotting time (ACT) of ³300 s [17]. The 
SENTINEL system was inserted using the radial artery access. 
Firstly, the proximal filter was deployed in the brachiocephal-
ic trunk, then the distal filter was positioned in the left com-
mon carotid artery (Figure 2).

Figure 2.  Fluoroscopic view of the SENTINEL system after 
delivery. Fluoroscopy image showing the cerebral 
protection system in place, with the distal filter opened 
inside the left common carotid artery and the proximal 
filter inside the brachiocephalic artery.

Figure X.  Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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Figure 3.  Echocardiographic images of the LAmbre device after implantation. (A) Transesophageal echocardiography (TEE) image of the 
sealed left atrial appendage (LAA) after occluder (white arrow) implantation; (B) Three-dimensional (3D) echocardiographic 
image of the LAA occluder (bordered by dashed lines) after implantation.
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The LA access was obtained via a single transseptal approach 
via the right femoral vein under fluoroscopic guidance, us-
ing a modified Brockenbrough technique and an 8.5 F trans-
septal sheath (SL1 sheath, St. Jude Medical, Inc., St. Paul, MN, 
USA), which was continuously irrigated with heparinized sa-
line [17]. After selective PV and LAA angiography, a spiral cath-
eter (Lasso, Biosense Webster Corp., CA, USA) was placed in 
the LA and the electrical isolation of all PVs as well as of the 
LAA was confirmed. Subsequently, the SL1 sheath was changed 
over a guidewire with the LAmbre sheath. A pigtail catheter 
was advanced in the LA and a selective appendage angiogra-
phy was performed to assess the landing zone diameter. Deep 
placement of the pigtail catheter inside the LAA was avoided to 
minimize the risk of thrombus dislodgement. The device land-
ing zone diameter was measured by TEE and biplane angiogra-
phy. The corresponding device was loaded on the delivery sys-
tem and then advanced in the LA through the LAmbre sheath. 
To avoid intraprocedural systemic embolization, the LAmbre 
umbrella was partially opened at the LAA ostium, pushed in-
side, and afterwards completely delivered. The adequate po-
sitioning of the device was confirmed by bi- and three-dimen-
sional TEE (Figure 3A, 3B). No evidence of peri-device leaks 

was noted. The Tug-test showed no change in the position of 
the umbrella and the device was then successfully released 
(Figure 4). The transseptal sheath and the CS catheter were 
withdrawn. A figure-eight suture and a pressure bandage were 
used to prevent femoral bleeding.

Subsequently, the 2 filters of the SENTINEL system were closed, 
and the device was removed. A radial compression band (TR 
Band®, Terumo, Japan) was utilized to halt the radial artery 
bleeding. After the procedure, the filters of the cerebral pro-
tection device were analyzed, showing no evidence of throm-
botic material or other tissue debris. No signs of systemic em-
bolization, including ischemic stroke, were noted.

Treatment with apixaban 5 mg b.i.d. was initiated after the 
procedure, lasting for at least 3 months.

Discussion

The main finding of the present report is that in patients with 
AF-related LAA thrombus and contraindications or lack of re-
sponse to oral anticoagulation, LAA closure supported by a 
cerebral protection system to minimize the risk of cerebral 
ischemic lesions represents an efficient alternative treatment. 
Moreover, the double-umbrella design of the LAmbre device 
could constitute an advantage for these patients, allowing min-
imal LAA manipulation during implantation [15].

The pathogenesis of AF is a complex and incompletely eluci-
dated, with many data suggesting that electrical abnormali-
ties, as well as atrial fibrosis, are important substrates for AF 
initiation and progression [18]. Recent publications reported 
the use of circulating micro RNAs (miRNAs) as potential blood-
based biomarkers, since they were correlated with the 2 main 
pathophysiological processes involved in AF, as well as with the 
evolution after catheter ablation, suggesting the importance of 
epigenetic modulation in the initiation and progression of this 
pathology [18]. Among the electrical abnormalities involved in 
AF pathogenesis, the alteration in the regulation of intracellu-
lar calcium (Ca2+) plays a central role. A recent study demon-
strated that the responders to epicardial PV isolation (PVI) had 
significantly increased Sarcoplasmic Endoplasmic Reticulum 
Ca2+ ATPase (SERCA) levels in peripheral lymphocytes as com-
pared to nonresponders. Moreover, the SERCA levels correlat-
ed with AF recurrence after epicardial ablation, suggesting that 
targeting SERCA might be an effective therapeutic approach 
in addition to catheter ablation [19]. It has also been suggest-
ed that inflammation might influence AF progression and re-
currence after catheter ablation [20]. It has been demonstrat-
ed that intracellular oxidative stress in atrial myocytes leads 
to intracellular Ca2+ leak, thus contributing to the pathogene-
sis of AF [20]. However, the use of alpha lipoic acid as an oral 

Figure 4.  Fluoroscopic view of the LAmbre device and the 
SENTINEL system after delivery. Fluoroscopy image 
showing the left atrial appendage occluder after 
delivery (black star) and the cerebral protection device 
(black arrow) in place.
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antioxidant treatment in patients undergoing catheter abla-
tion for AF significatively reduced the common markers of in-
flammation after 1-year follow-up, but with no effect on the 
AF recurrence rate [21]. Another important aspect in AF pa-
thology is the presence of autonomic disfunction. This aspect 
was studied in diabetic patients, and it has been demonstrat-
ed that the autonomic disfunction has a strong relationship 
with silent AF episodes in type 2 diabetes [22].

In the present case, the failure of various optimal anticoagula-
tion regimens to produce thrombus dissolution left the patient 
with limited therapeutic options. It has been suggested that 
long-standing thrombi may become fixed and organized, thus 
decreasing the risk of subsequent embolization [2]. However, 
the presence of LAA sludge has been independently associated 
with an increased risk of thromboembolic events [23]. In con-
sequence, the TEE aspect in our patient suggested a high risk 
of embolic events and a watchful-waiting approach seemed 
inappropriate. It is also important to note that the patient has 
been in SR since the ablation procedure. The electrical isola-
tion of LAA leads to loss of mechanical function in this terri-
tory and might increase the risk of LAA thrombosis [24,25]. 
A recent publication reported the presence of LAA thrombi in 
23.4% of patients with AF and history of appendage electrical 
isolation despite oral anticoagulation [26]. Thus, the throm-
bus formation in this case was most likely the consequence 
of LAA electrical isolation, and the presence of SR may further 
increase the risk of embolic events [26].

LAA closure is an alternative treatment for patients with AF 
and contraindication to long-term oral anticoagulation [2]. The 
non-inferiority of this treatment compared to both VKAs and 
NOACs in preventing AF-related ischemic stroke has been dem-
onstrated by randomized controlled trials [27,28]. However, LAA 
closure in the presence of appendage thrombus may have cat-
astrophic consequences in case of intraprocedural thrombus 
dislodgement and cerebral embolization [29].

The SENTINEL cerebral protection systems proved to be safe 
and effective for embolic protection during TAVR and has 
been approved by the US Food and Drug Administration for 
this purpose [30,31]. The use of cerebral protection devices 
during LAA closure procedures in the presence of LAA throm-
bus has been reported previously [12,32,33]. Boccuzzi et al 
reported the largest study, which included 27 patients treat-
ed with LAA closure supported by the SENTINEL cerebral pro-
tection system [12]. In that study, most of the patients were 
treated as mentioned due to contraindications of oral antico-
agulation, with only 18.5% of them presenting anticoagula-
tion failure. Eight (29.2%) patients presented macroscopic de-
bris visible in the cerebral protection system filters at the end 
of the procedure. In that report, the technical and procedur-
al success was achieved in all cases, with no periprocedural 

adverse events reported and no evidence of embolic stroke. 
It is, however, important to note that none of the patients re-
ceived a LAmbre device [12]. Similar to this report, we were 
able to obtain procedural success with no procedure-related 
complications. Moreover, our patient had no evidence of mac-
roscopic debris in the SENTINEL filters, a finding also observed 
in most of the patients in the previously mentioned study [12].

Only 1 paper has reported the use of the LAmbre device in 
this setting so far [34]. In that paper, the authors presented 
the case of a 79-year-old woman in permanent AF who was 
referred for LAA closure due to oral anticoagulation contrain-
dication, after having a hemorrhagic cerebrovascular accident. 
The preprocedural TEE showed the presence of a thrombus in 
the LAA. The procedure was performed using a SENTINEL de-
vice to minimize the procedural cerebral embolization risk, 
and successful LAA sealing was achieved, with no complica-
tions [34]. The main difference from our case is that our pa-
tient did not have a contraindication for oral anticoagulation, 
yet the treatment was ineffective in obtaining thrombus dis-
solution. Moreover, our patient received LAA electrical isola-
tion and was in SR since then. Similar to the present report, 
the SENTINEL filters showed no evidence of any debris [34].

Our paper is the first to report a thrombosed LAA closure pro-
cedure secondary to LAA electrical isolation using the LAmbre 
device and the SENTINEL system.

It is also important to note that this approach comes with certain 
limitations. The 2 arterial-delivered filters of the SENTINEL system 
do not protect the left vertebral and subclavian arteries or the de-
scending aorta and coronary arteries [17]. Thus, intraprocedur-
al systemic embolization can still have serios consequences and 
cautious manipulation of the LAA closure device is recommend-
ed. The double-umbrella design of the LAmbre device might be 
a substantial advantage in preventing intraprocedural thrombus 
migration, allowing for partial device deployment at the LAA osti-
um, followed by complete delivery inside the appendage [15,29].

Conclusions

This report shows that the use of a cerebral protection sys-
tem during percutaneous LAA closure can reduce the risk of 
procedural cerebral embolization and could be used as an al-
ternative therapy for patients with contraindication or when 
oral anticoagulation is ineffective.
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