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Abstract

Background: For patients with nonvalvular atrial fibrillation (NVAF), left atrial appendage closure (LAAC) is an alternative to oral
anticoagulants (OACs). However, incomplete device endothelialization (IDE) after LAAC has been linked to device-related thrombus
(DRT) and subsequent thromboembolic events. Here, the differences in device endothelialization between the Watchman plug device and
the LACBES pacifier occluder after implantation were investigated. Methods: Of 201 consecutive patients with indications for LAAC,
101 received a Watchman 2.5 device, and 100 received a LACBES occluder. IDE was defined as a residual flow of contrast agent inside
the left atrial appendage (LAA) on cardiac computed tomography angiography (CCTA) without peri-device leak (PDL) at the 3-month
and 6-month follow-ups. Results: There were no significant differences in DRT or PDL incidence between the two groups. However,
the IDE rate in the absence of PDL was higher in the LACBES group than in the Watchman group at 3 months (42.4% versus 25.8%; p
=0.025) and at the 6-month follow-up (24.7% versus 11.2%; p = 0.028) as determined by CCTA. Conclusions: Our findings indicated
that the LACBES occluder took longer to complete endothelialization than the Watchman device after successful LAAC therapy. CCTA
is a reliable imaging method for assessing the sealing of LAAC devices and confirming complete device endothelialization.
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1. Introduction sential for the healing process related to the implantation
of a LAAC device, it might have the potential to cause de-

Atrial fibrillation (AF) is the most common tach-
vice related thrombus (DRT) on the nonendothelialized sur-

yarrhythmia, and more than 90% of AF cases are nonva-
Ivular atrial fibrillation (NVAF). Since more than 90% of face, possibly resulting in thromboembolic events. Previ-
thrombi in NVAF patients originate from the left atrial ap- ~ ©OUS Meta-analyses have shown that pacifier occluders are
pendage (LAA) [1], percutaneous left atrial appendage clo- associated with increased rates of major procedure-related
sure (LAAC) has emerged as a valid therapeutic option for complications, while the plug occluders are linked to higher
significantly decreasing stroke risk by reducing the risk of ~ incidences of DRT and peri-device leakage (PDL) >5 mm

bleeding complications associated with long-term oral an- [6,7]. Studies have shown that the degree of endothelial-
ticoagulant (OAC) therapy [2]. ization on the occluder surface after LAAC is a key fac-

tor affecting DRT formation [8,9]. Animal studies indi-
cate that approximately 45 days after LAAC, the surface of
the plug occluder is covered by newly formed endothelial

Currently, two primary types of LAAC devices are
used in clinical practice: the plug occluder represented by
Watchman, and the pacifier occluder represented by Amulet

and LACBES. The Watchman 2.5 device, widely utilized cells, while complete endothelialization takes longer with
worldwide, features a 10-strut nitinol frame coated with  the pacifier occluder [4,10]. In fact, delayed endothelial-

a polyethylene terephthalate membrane on its atrial sur- ization of the device after implantation is frequently de-
face to enhance device endothelialization (Supplementary ~ Scribed in humans [11,12]. However, few studies hgve d}'
Table 1) [3]. The LACBES occluder is a new dual-seal rectly compared the Watchman and LACBES devices in
LAAC device constructed from a nitinol mesh, consist- terms of complete device endothelialization (CDE) after

ing of a distal anchoring lobe and a proximal sealing disc LAAC. Therefore, the purpose of this research was to inves-
(Supplementary Table 1) [4,5]. tigate the differences in device endothelialization between

the Watchman plug device and the LACBES pacifier oc-

Similar to other implanted cardiac devices, there ex- ‘ i
cluder after implantation.

ists a specific timeframe during the endothelialization pe-
riod in which the foreign metallic material of an LAAC de-
vice is exposed to blood on the atrial side, which can ac-
tivate the coagulation cascade. Although this step is es-
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2. Methods
2.1 Study Population and Design

A total of 201 NVAF patients who underwent success-
ful LAAC treatment and completed a 6-month follow-up
at the Department of Cardiology at Shanghai Ninth Peo-
ple’s Hospital (Shanghai, China) between June 2021 and
September 2023 were included in this retrospective obser-
vational single-center study (Supplementary Fig. 1). The
procedures were performed using either the Watchman 2.5
device or the LACBES occluder. The participants in the
study were required to meet the following criteria: were
at least 18 years old, had a CHA3DS,-VASc score greater
than 2, and either had a HAS-BLED score of 2 or higher
or refused oral anticoagulant therapy. Patients with termi-
nal illnesses and a life expectancy of less than one year, as
well as those with echocardiographic evidence of throm-
bus in the left atrium or LAA, were excluded from LAAC
therapy. The data collected included patient demographics,
clinical characteristics, procedural data and follow-up clin-
ical events. This research complied with the Declaration of
Helsinki guidelines and was approved by our institution’s
ethics committee. All patients were fully informed about
the procedure and provided written informed consent.

2.2 LAAC Procedure

Cardiac computed tomography angiography (CCTA)
was performed before intervention to determine the vacuity
and anatomy of the LAA and ensure that the closure de-
vice was compatible with it [13]. Fluoroscopy and trans-
esophageal echocardiography (TEE) guided the LAAC un-
der general anesthesia. A Philips CX50 color Doppler
echocardiography system (Philips Ultrasound, Bothell,
WA, USA) was used for the TEE examinations according to
the manufacturer’s guidelines. The selection of the LAAC
occluder in each patient was based on the operator’s dis-
cretion. During implantation, guidance of the transseptal
puncture, evaluation of the correct position in the LAA,
assessment of the amount of protrusion, determination of
PDL (residual visible continuity of contrast between LA
and LAA along the side of the device), tug-testing to ensure
a stable position, and evaluation of spontaneous echocon-
trast, thrombi and pericardial effusion were performed us-
ing TEE as described previously [14]. Under continuous
pressure guidance, a transseptal puncture was performed
as low and posteriorly as possible based on TEE. All pa-
tients received intravenous heparin 100 IU/kg after the atrial
septum was punctured to maintain an activated clotting
time (ACT) greater than 250 seconds. In the context of
LAAC angiograms and TEE, the optimal device size was
determined. All device implantations fulfilled the Position-
Anchoring-Size-Seal (PASS) criteria for the Watchman de-
vice or the Proper Position-Absolute Anchor-Separate Seal-
Typical Tire (PAST) criteria for the LACBES device prior
to device release. Successful LAA closure was confirmed

by TEE and fluoroscopy, which was defined as the absence
of PDL or a PDL <5 mm [14].

2.3 Postprocedure Management

After the LAAC procedure, the patients were ob-
served overnight and discharged the next day following
the exclusion of patients with significant pericardial effu-
sion/tamponade, major bleeding related to the procedure,
or other severe periprocedural complications. During the
first 3 months post-procedure, the recommended antithrom-
botic regimen comprised OACs for the Watchman device
group and either OACs or dual antiplatelet therapy (DAPT)
for the LACBES occluder group. However, the specific
drug regimen after implantation was determined by the op-
erator based on factors such as bleeding risk, stroke risk,
and post-implantation echocardiography. At the 3-month
visit, OACs were discontinued, and the patients were given
DAPT if TEE showed adequate closure of the LAA with
no apparent residual PDL (<5 mm in width) or DRT. DRT
was identified as a clot that formed on the atrial surface of
the device during or after its implantation, as previously de-
scribed [14,15]. At the 6-month visit, clopidogrel was dis-
continued; aspirin was continued indefinitely. If inadequate
peri-device flow was obtained or DRT was detected, anti-
coagulation therapy was restarted with OACs until an ade-
quate seal or complete disappearance of the thrombus was
confirmed by a repeat TEE exam.

2.4 Follow-up TEE Imaging

TEE was performed at the 3-month follow-up to eval-
uate the correct device position and the degree of PDL,
with an additional TEE scheduled at the 6-month visit if
a residual PDL >5 mm or DRT was detected. Both two-
dimensional (2D) and three-dimensional (3D) TEE were
performed according to standard guidelines, and views of
the LAA were obtained at 0°, 45°, 90°, and 135° at the
mid-esophageal level. The PDL Doppler imaging was per-
formed in each view by an echocardiographer blinded to the
procedure and CCTA results and trained in device follow-

up.

2.5 Follow-up CCTA Imaging

After a successful LAAC procedure, all patients were
required to undergo CCTA at least twice: at 3 months and
6 months. The CCTA protocol has been described previ-
ously [16]. In brief, contrast-enhanced electrocardiogram
(ECG)-gated CCTA imaging was performed on a 64-slice
SOMATOM definition flash dual-source computed tomog-
raphy (CT) scanner (Siemens, Forchheim, Germany) with
multiphasic acquisition in the arterial and venous phases.
The temporal resolution was 330 ms, and the detector colli-
mation was 64 x 0.6 mm. A 100 mL bolus of iodixanol was
injected through the elbow vein at a rate of 5 mL/s as the
contrast agent. Following injection, the delayed scan (ve-
nous phase) was executed 60 seconds after the beginning
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Table 1. Baseline demographic and clinical characteristics.

Patient characteristics Watchman (n=101) LACBES (n=100)  p value
Age (year), mean (SD) 723 +£83 73.4+6.8 0.326
Male gender, n (%) 63 (62.4) 59 (59.0) 0.666
BMI (kg/m?), median (IQR) 25.7 (23.9-27.3) 24.9 (23.0-26.8) 0.066
Paroxysmal AF, n (%) 60 (59.4) 54 (54.0) 0.478
Hypertension, n (%) 76 (75.3) 77 (77.0) 0.869
Diabetes, n (%) 30 (29.7) 33 (33.0) 0.650
Previous stroke/TIA, n (%) 28 (27.7) 28 (28.0) >0.999
CAD, n (%) 35(34.7) 40 (40.0) 0.468
CHF, n (%) 34 (33.7) 28 (28.0) 0.382
CKD, n (%) 22 (21.8) 16 (16.0) 0.368
Liver dysfunction, n (%) 4 (4.0) 7(7.0) 0.373
Prior major bleeding or predisposition to bleeding, n (%) 12 (11.9) 8 (8.0) 0.481
CHA2DS2-VASc score, median (IQR) 4 (2-5) 4 (3-5) 0.679
HAS-BLED score, median (IQR) 2 (2-3) 2 (2-3) 0.286
EF (%), median (IQR) 58 (55-62) 59 (55-64) 0.644
GFR (mL/min), mean (SD) 753 +£20.4 74.6 + 18.6 0.820
LA dimension (mm), median (IQR) 43 (40-47) 43 (38-48) 0.664
Maximum diameter of LAA orifice (TEE mm), mean (SD) 22.6+29 22.8+4.0 0.707
Antithrombotic therapy at 3 months <0.0001

OACs, n (%) 92 (91.1) 67 (67.0)

DAPT, n (%) 0(0.0) 28 (28.0)

Other, n (%) 9(8.9) 5(5.0)
Antithrombotic therapy at 6 months 0.547

OACs, n (%) 14 (13.9) 12 (12.0)

DAPT, n (%) 81 (80.2) 78 (78.0)

Other, n (%) 6(5.9) 10 (10.0)

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; CHF, chronic heart failure;

CKD, chronic kidney disease; DAPT, dual antiplatelet therapy; EF, ejection fraction; GFR, glomerular filtration rate;

IQR, interquartile range; LA, left atrium; LAA, left atrial appendage; OACs, oral anticoagulations; SD, standard devia-

tion; TEE, transesophageal echocardiography; TIA, transient ischemic attack.

of the standard scan to allow contrast equilibration within
the blood pool. Incomplete endothelialization of LAAC de-
vices was assessed by measuring the Hounsfield unit (HU)
in the left atrium (LA) and the LAA as described previ-
ously [16,17]. An LAA density of <100 HU and <25%
of that of the LA was considered complete occlusion, as
previously suggested [18,19]. Any LAA exhibiting a local
density >100 HU or <25% of that of the LA was consid-
ered patent, indicating incomplete device endothelialization
(IDE).

2.6 Statistical Analysis

Standard descriptive statistical methods were used:
absolute and relative frequencies were reported for cate-
gorical data, and the median (interquartile range, IQR) or
mean =+ standard deviation (SD) were reported for continu-
ous data. Continuous variables were analyzed for a normal
distribution using the Shapiro-Wilk test. To assess the dif-
ferences between two continuous variables, the Student’s #-
test (for normally distributed values) or the Mann-Whitney
U test (for nonnormally distributed values) was used. Cat-
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egorical variables were assessed using Fisher’s exact test.
Statistical analysis was performed with GraphPad Prism 9.0
software (GraphPad Software, San Diego, CA, USA). A
two-sided p value <0.05 was considered to indicate statis-
tical significance.

3. Results

3.1 Baseline Demographic and Clinical Characteristics

Between June 2021 and September 2023, LAAC pro-
cedures were performed in 201 patients: the Watchman de-
vice was implanted in 101 patients, while the LACBES de-
vice was utilized in 100 patients. The two groups exhib-
ited almost no significant differences, except for the aver-
age device size. The mean patient age was 72.9 years, and
79 (39.3%) patients were women. The mean CHA5DSs-
VASc score was 4, and the mean HAS-BLED score was
2. A history of stroke or transient ischemic attack (TIA)
was present in more than 25% of patients. At the 3-month
follow-up visit, most (91.1%) patients who received the
Watchman device were on OACs. Sixty-seven percent of
patients with the LACBES occluder were on OACs, and
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Table 2. Periprocedural and 6-month follow-up clinical events after LAAC.

Watchman (n=101) LACBES (n=100) p value
Periprocedural clinical events
Failure of implantation, n (%) 0(0.0) 0(0.0) /
Cardiac tamponade, n (%) 0(0.0) 0(0.0) /
Stroke or TIA, n (%) 0(0.0) 0(0.0) /
Device embolization, n (%) 0(0.0) 0(0.0) /
Peripheral vascular complication, n (%) 4 (4.0) 5(5.0) 0.748
6-month follow-up clinical events
Stroke or TIA, n (%) 0(0.0) 0(0.0) /
Other systemic embolism, n (%) 0(0.0) 0(0.0) /
Bleeding complication, n (%) 3(2.9) 2(2.0) >0.999
Peripheral vascular complication, n (%) 0(0.0) 0(0.0) /
6-month mortality, n (%) 0(0.0) 0(0.0) /

Abbreviations: LAAC, left atrial appendage closure; TIA, transient ischemic attack.

28% were on DAPT. However, antithrombotic therapy was
not significantly different between the two groups at the 6-
month follow-up visit. The baseline demographic and clin-
ical characteristics are summarized in Table 1. The LAA
shape based on preprocedural CCTA analysis is given in
Supplementary Table 2.

3.2 Periprocedural and 6-Month Follow-up Clinical
Events after LAAC

The perioperative period and follow-up clinical events
at 6 months after LAAC are presented in Table 2. The
implantation procedure was successful in all patients in
both groups, without any observed periprocedural compli-
cations, such as cardiac tamponade, stroke or TIA, or device
embolization. There were no statistically significant dif-
ferences in peripheral vascular complications between the
Watchman group (4.0%) and the LACBES group (5.0%).
No occurrences of stroke or TIA, other systemic embolism,
peripheral vascular complications or deaths were observed
in either group during the 6-month follow-up after hospital
discharge. Bleeding complications occurred at comparable
rates between the two groups (2.9% versus 2.0%).

3.3 Device Endothelialization on Follow-up TEE and
CC14

TEE was performed 3 months after LAAC (a rep-
resentative example is shown in Fig. 1). DRT was de-
tected in 2 patients with the Watchman device and in 6
patients with the LACBES occluder. The rate of DRT in
the Watchman group was marginally lower than that in the
LACBES group, although this difference did not reach sta-
tistical significance (2.0% versus 6.0%, p = 0.170). Further-
more, CCTA was performed at 3 months and 6 months after
LAAC (a representative example is shown in Fig. 1). The
rate of PDL occurrence was also comparable between the
two groups at 3 months according to TEE and CCTA, with
rates 0 9.9% and 9.0%, respectively. CCTA at the 3-month
follow-up revealed contrast leakage in the LAA without

PDL in 23/91 patients (25.8%) in the Watchman group, sug-
gesting the occurrence of IDE. In contrast, 36/85 patients
(42.4%) in the LACBES group had residual flow inside the
LAA in the absence of PDL, which was significantly higher
than that in the Watchman group (p = 0.025). Moreover,
the incidence of IDE without PDL in the LACBES group
remained significantly greater than that in the Watchman
group at the 6-month follow-up (24.7% versus 11.2%; p =
0.028), as determined by CCTA. The aforementioned find-
ings are summarized in Fig. 2.

4. Discussion

In this study, we combined TEE and CCTA for follow-
up of LAAC to investigate the differences in device en-
dothelialization between the Watchman plug device and the
LACBES pacifier occluder. TEE is more suitable for ob-
serving the PDL and less sensitive to IDE, while CCTA
is more objective and accurate for evaluating endothelial-
ization on the device surface [16]. We observed that the
rate of DRT was not significantly different between the two
groups, as determined by TEE and CCTA. In addition, the
PDL rate was also comparable between the two groups at 3
months. However, the IDE rate in the absence of PDL was
considerably greater in the LACBES group compared to
the Watchman group at the 3-month follow-up. Moreover,
the incidence of IDE without PDL in the LACBES group
remained significantly higher than that in the Watchman
group at the 6-month follow-up, as determined by CCTA.

Device endothelialization is considered the most ef-
fective factor in reducing DRT. In theory, a complete en-
dothelial layer covering the interface between the device
and blood provides a smooth and clot-resistant surface. Ini-
tial animal studies have suggested that near-complete en-
dothelialization can be achieved within 45 days after LAAC
[10]. However, these studies involved healthy young an-
imals with intracardiac anatomy and physiology distinct
from those observed in elderly patients with NVAF. The
Watchman device has been shown to remain porous 6 weeks
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Fig. 1. Analysis of device implantation on follow-up TEE and CCTA images. (A) shows representative examples of CDE, DRT and
PDL in patients with Watchman 2.5 or LACBES devices as determined by TEE. (B) shows representative examples of CDE, IDE w/o PDL,
DRT (red arrow) and PDL (blue arrow) in patients with Watchman or LACBES devices as determined by CCTA. Abbreviations: CCTA,
cardiac computed tomography angiography; CDE, complete device endothelialization; DRT, device related thrombus; IDE, incomplete

device endothelialization; PDL, peri-device leak; TEE, transesophageal echocardiography; w/o, without.
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Fig. 2. Comparative analysis of DRT, PDL and device endothelialization during postprocedure follow-up. The rates of DRT,
PDL, and IDE without PDL were compared between the Watchman 2.5 group and the LACBES group, respectively. * p < 0.05 vs the

Watchman group. Abbreviations: DRT, device related thrombus; IDE, incomplete device endothelialization; PDL, peri-device leak; w/o,

without.

after implantation in a substantial percentage of patients,
suggesting delayed endothelialization of the device from a
small-sample study. Specifically, complete occlusion was
observed in only 18 out of 46 patients (41%) at the 45-
day follow-up [11]. In a recent study, CCTA images re-
vealed IDE without a visible PDL in 7 out of 51 AF pa-
tients (14%) post Watchman LAAC at 6 months postproce-
dure [20]. The same CCTA method was used in our study
to assess IDE, yielding comparable findings. The results
from a LACBES LAAC prospective study showed that the
percentage of CDE was 39.7%, and the incidence of DRT
was 4.2%, as detected by CCTA at 3 months after implanta-
tion [21]. Our findings showed a greater proportion of CDE
and a similar occurrence of DRT in those who received the
LACBES device compared to the above study. Moreover,
the higher ratio of IDE observed with the LACBES occluder
compared to the Watchman device in our study may be at-
tributed to differences in conceptual device design as well
as device size. The SWISS APERO trial revealed a simi-
lar percentage of patients with a patent LAA between the
Amulet pacifier occluder (67.6%) and the Watchman 2.5 or
FLX plug devices (70%) in patients who underwent CCTA

at 45 days after LAAC [14]. The Amulet-IDE trial revealed
a higher incidence of PDL with the Watchman 2.5 than with
the Amulet device, as assessed by TEE at 45 days. How-
ever, CCTA was not employed in this study to compare the
occurrence of IDE between the Amulet and Watchman 2.5
devices [22]. Due to the limited follow-up period for the
IDE and PDL compared between plug- and pacifier-type
devices in these two studies, it is difficult to draw valuable
conclusions regarding device endothelialization. The inci-
dence of IDE in our cohort was relatively low because most
previous studies were conducted within a timeframe shorter
than 6 months, unlike our study.

Recently, complete LAA occlusion was significantly
greater with Watchman FLX, the new generation of Watch-
man device, compared to the Amulet device at 2-month
CCTA follow-up [23]. The higher rate of complete occlu-
sion with the Watchman FLX device may indicate enhanced
device endothelialization. Furthermore, fluoropolymer-
coated Watchman FLX (FP-WM), the latest LAAC product,
was shown to have less thrombogenicity and superior en-
dothelial coverage than conventional uncoated Watchman
FLX in a canine model [24]. This novel device design may
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accelerate endothelialization and lower the risk of DRT.
Another study used an endothelium-mimicking nanomatrix
ona LAAC device membrane to deliver nitric oxide for im-
proved endothelialization, which could reduce the need for
anticoagulation treatments for patients [25].

Current imaging techniques for the detection of LAAC
endothelialization include CCTA, TEE, and intracardiac ul-
trasound. However, there is still a need for a more precise
method to evaluate device endothelialization. Recently,
CCTA combined with the UNet neural network model
(deep learning) has facilitated the quantitative assessment
of Watchman device endothelialization. The endothelial-
ization ratio was automatically determined when the in-
vestigators identified hypoattenuated thickening (HAT) re-
gions, and a HAT/LA attenuation ratio higher than 0.2 was
considered to indicate endothelialization [26]. However,
the clinical significance of this method warrants further
scrutiny in the various types of LAAC devices.

5. Limitations

Here, we acknowledge the inherent limitations of our
study. Firstly, the study was limited by a small sample size
and a retrospective analysis conducted at a single center,
which may introduce some degree of selection bias that can-
not be completely eliminated. Furthermore, there are cur-
rently no established guidelines or expert consensuses re-
garding the selection of the optimal LAAC device for pa-
tients with varying LAA anatomical morphologies. Hence,
reducing device selection bias during the LAAC procedure
may present challenges. Secondly, the limited number of
patients and the short duration of clinical follow-up re-
stricted our ability to fully assess the long-term outcomes
of patients with IDE and to determine the superiority of one
device over another. Thirdly, the association between IDE
and embolic stroke, as well as its impact on patient out-
comes, remains uncertain.

6. Conclusions

In conclusion, our findings indicated that the
LACBES occluder took longer to complete endothe-
lialization than the Watchman device after a successful
LAAC procedure during the 6-months of follow-up. The
incidences of DRT and PDL were similar between the
two groups. The differences in conceptual device design
complicate the interpretation of these results, highlighting
the need for further randomized head-to-head studies
with clinical outcomes. Additionally, CCTA is a reliable
imaging method for assessing the sealing of LAAC devices
and confirming CDE.
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