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A b s t r a c t

Introduction: Left atrial appendage closure (LAAC) with Watchman device prevents thromboembolism in patients with atrial 
fibrillation (AF). However, thrombus may develop on the atrial surface of the device.

Aim: To investigate the incidence and predictors of device-related thrombus (DRT) in patients with AF who were treated with 
LAAC. 

Material and methods: Ninety-one consecutive patients with AF underwent LAAC procedure using first-generation Watchman 
2.5 device followed by antiplatelet therapy. In our analysis we have included all patients (n = 78) who had clinical follow-up visits 
with transesophageal echocardiography (TEE) after the procedure. 

Results: The median (IQR) CHA
2DS2-VASc score was 4 (4.0–6.0) and HAS-BLED score was 3 (3.0–4.0). DRTs were observed in 

5 (6.4%) patients. When compared with patients without DRT, those with DRT presented more often with lower median ejection 
fraction (40% (23.5–45.5) versus 55% (48.0–60.0); p = 0.005), lower emptying velocity of LAA (25 cm/s (17.5–27.0) versus 53 cm/s 
(26.5–78.0); p = 0.009), and with greater depth of implantation (18 mm (14.0–20.5) versus 8 mm (5.0–11.0); p < 0.001). Further-
more, patients with DRT had greater depth of LAA (35 mm (29.5–41.0) versus 29 mm (25.5–31.0); p = 0.003), greater mean (SD) 
dimension in 900 (22.4 mm (3.2) versus 19 mm (2.7); p = 0.02). Patients with DRT were also younger than those without DRT (67.4 
years (7) versus 75 years (8.3), p = 0.045). 

Conclusions: The DRT after Watchman device implantation remains a rare complication. Its formation was related to several 
patient and procedural characteristics, which need to be confirmed in larger studies. 
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S u m m a r y

Percutaneous left atrial appendage closure (LAAC) is an alternative option to permanent oral anticoagulation (OAC) ther-
apy for stroke prevention in patients with non-valvular atrial fibrillation and who are not a good candidate to lifelong OAC. 
However, LAAC devices are made of artificial material and initially after implantation they have potential to initiate thrombus 
formation on the atrial surface of the device. Despite the suggested post-procedural regimen we still observe device-related 
thrombus (DRT) during a follow-up visit, which becomes an even bigger issue in patients with initially high bleeding risk. In 
our study we showed that this is not a common complication after LAAC procedure with no further thromboembolic events 
in our population. Moreover, we were able to demonstrate several risk factors for DRT formation which can be helpful in iden-
tification of patients with a higher risk of DRT.

Introduction
Atrial fibrillation (AF) is the most common cardiac ar-

rhythmia and its most severe complication is ischemic 
stroke. Oral anticoagulation (OAC) therapy reduces the 
risk of stroke in patients with AF but simultaneously it 

increases the risk of bleeding complications [1]. Percu-
taneous left atrial appendage closure (LAAC) is an alter-
native option to permanent OAC for stroke prevention in 
patients with non-valvular AF and who are not a good 
candidate to lifelong OAC [2]. The main aim of the proce-
dure is to completely seal the left atrial appendage (LAA) 
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which is the main spot where the blood clots originate 
[3]. Thereby we eliminate the main source of emboli, thus 
we also eliminate the indication to OAC therapy [1]. The 
main evidence supporting LAAC procedure comes from 
the PROTECT AF (Watchman Left Atrial Appendage Sys-
tem for Embolic Protection in Patients with Atrial Fibril-
lation) and PREVAIL (Watchman LAA Closure Device in 
Patients with Atrial Fibrillation Versus Long Term Warfa-
rin Therapy) randomized trials [4, 5]. Large observational 
studies also support the safety and efficacy of percuta-
neous LAAC procedure [6–8]. However, LAAC devices are 
made of artificial material and until its fully endotheliali-
zation they have potential to initiate thrombus formation 
on the atrial surface of the device, by what they promote 
subsequent systemic embolization [9]. The device-relat-
ed thrombus (DRT) has been observed in 0% to 17.6% of 
the patients and it occurs mainly early after the proce-
dure [10]. We still do not know the clinical importance of 
DRT and whether it is associated with more frequent epi-
sodes of ischemic stroke [11]. Moreover, an optimal post-
procedural antithrombotic regimen remains unknown. In 
patients with a high bleeding risk who are not suitable 
to OAC therapy current guidelines recommend initiating 
dual antiplatelet therapy (DAPT) after successful LAAC 
procedure with Watchman device to prevent thrombus 
formation [2]. However, despite this regimen we still 
observe DRT during follow-up visits, which becomes an 
even bigger issue in patients with initially high bleeding 
risk. 

In our department we showed that DAPT seems to 
be safe and efficient after successful LAAC, while there is 
still a risk for DRT formation [12]. 

Aim
Thus, we decided to conduct this study to character-

ize the incidence and predictor of DRT after LAAC proce-
dure with first-generation Watchman 2.5 device. 

Material and methods
Study population
The flow chart of this study is presented in Figure 1.  

Retrospectively we have reviewed 91 consecutive pa-
tients who were qualified to LAAC procedure with 
first-generation Watchman 2.5 device from March 2015 
to September 2019 in the single cardiological depart-
ment (First Department of Cardiology, University Clinical 
Center, Warsaw, Poland). All patients were diagnosed 
with non-valvular AF and were at high thromboembolic 
risk assessed in CHA

2DS2-VASc score. Moreover, they also 
fulfilled at least one of the following inclusion criteria: 
contraindication for oral anticoagulation, history of the 
bleeding complication while using oral anticoagulation, 
inability to maintain the INR level within therapeutic 
range, history of a stroke while using oral anticoagula-
tion. All patients did not meet any of the following ex-

clusion criteria: presence of the thrombus in left atrial 
appendage, too small or too big left atrial appendage in 
qualifying transesophageal echocardiography (TEE), lack 
of patient’s consent. All operators who performed the 
procedures attended an appropriate training and certifi-
cation program to minimize the risk of the procedure. In 
our analysis we have included all patients (n = 78) who 
had clinical follow-up visits with TEE. 

LAAC procedure and postimplantation therapy 
regimen
The procedure was performed under general anes-

thesia with TEE and fluoroscopic guidance. Left atrial 
access was obtained through a  transseptal puncture 
at the inferior and posterior part of the fossa. Unfrac-
tionated heparin was administered to achieve activat-
ed clotting time > 250 s. Several views from 0° to 135° 
were used initially to assess the LAA to choose the most 
suitable size of the device. The final deployment of the 
device was done under TEE and fluoroscopic guidance. 
After device implantation, a stability test was performed 
before its final release. Contrast angiography and col-
or-Doppler in TEE were used to eliminate the peri-device 
leaks. If needed, recapturing and reimplantation were 
performed. All patients were treated with DAPT (aspirin 
75 mg and clopidogrel 75 mg once a day) or with single 
antiplatelet therapy (SAPT) (aspirin 75 mg or clopidogrel 
75 mg once a day). A decision on the therapy regimen 
was made according to the implanting physician’s judge-
ment and was continued until control examination. The 

Figure 1. Study flowchart
DRT – device-related thrombus, LAAC – left atrial appendage closure, 
TEE – transesophageal echocardiography.

LACC procedure (n = 91)

Clinical follow-up with 
TEE (n = 78)

Patients without DRT  
(n = 73)

Patients with DRT  
(n = 5)

Repeated clinical  
follow-up with TEE (n = 5)

Complete DRT resolution 
(n = 5)

1 unsuccessful implantation
2 periprocedural deaths
3 deaths
7 refused to have TEE
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decision was based on patients’ medical history, espe-
cially history of bleeding or ischemic event, bleeding and 
thromboembolic risk scores, patients’ comorbidities, 
and procedure outcomes. 

Follow-up
The follow-up visit was planned to be perform- 

ed approximately 3 months after successful LAAC pro-
cedure. During the follow-up visit clinical data were ob-
tained and all patients had TEE examination to evaluate 
the device position and the presence of DRT. TEE imag-
ing was performed in 4 planes (0°, 45°, 90°, and 135°) 
as recommended and was evaluated by an experienced 
specialist. 

DRT was defined as an echo density on the left atrial 
aspect of the device: (1) not explained by the imaging 
artifact; (2) inconsistency with normal healing/device in-
corporation; (3) visible in multiple TEE planes; (4) in con-
tact with the Watchman device; and (5) exhibiting inde-
pendent motion [13]. In all patients during TEE, color-flow 
Doppler was used to detect a peri-device leak and mea-
surements were taken in different planes to identify the 
maximal jet dimension. Non-significant peri-device leak 
was defined as a jet into the LAA < 5 mm. We also eval-
uate the depth of the implanted Watchman device. We 
measured the distance between the left atrial appendage 
occluder and the ridge of the upper left pulmonary vein, 
so the distance of the uncovered rim was measured. 

Study endpoint
The main endpoint of the study was DRT. 

Statistical analysis
Categorical variables, presented as frequencies/

counts and percentages, were compared using c2 test of 
Fisher’s exact test, as appropriate. Continuous variables, 

presented as mean with standard deviation (SD) if nor-
mally distributed or by median and interquartile range 
(IQR) if not, were compared using a Student’s t test or 
a Mann-Whitney U test, as appropriate. Univariate anal-
ysis was performed to evaluate the predictors of DRT in 
the overall cohort.  Results are presented as odds ratio 
(OR) with 95% confidence intervals (CI). P-value of < 0.05 
was considered statistically significant. All statistical 
analyses were conducted with SPSS Statistics, version 22 
(IBM SPSS Statistics, New York, USA).

Results
Incidence of DRT
Ninety-one patients underwent the procedure of 

LAAC in our clinic in the defined period. A  clinical fol-
low-up with imaging was available in 78 (85.7%) patients 
in our study. Thirteen patients were excluded from fur-
ther analysis because of one unsuccessful implantation, 
2 periprocedural deaths, 3 patients died during follow-up 
(2 non-cardiovascular death and 1 caused by exacerba-
tion of heart failure), and 7 patients refused to have TEE. 
The median (IQR) follow-up time for the entire group was 
68 (51.75–82.25) days. Among these patients, the diag-
nosis of DRT was made in 6.4% (5/78) after the median 
time of 76 (68–302) days. All patients with DRT received 
DAPT after the procedure. 

Patients with and without DRT
Comparison of clinical baseline characteristics 

of patients with and without DRT is presented in  
Table I. No significant differences were noted regarding 
gender (male: 60% versus 52.1%, p = 1), but it was ob-
served that patients with DRT were significantly younger 
than patients without DRT with a mean (SD) age of 67.4 
years (7) versus 75 years (8.3) (p = 0.045). The medi-

Table I. Baseline characteristics

Variable All (n = 78) DRT (n = 5) No DRT (n = 73) P-value

Male 41 (52.6%) 3 (60%) 38 (52.1%) 1

Age [years] 74.5 (8.4) 67.4 (7) 75 (8.3) 0.045

Hypertension 68 (87.2%) 4 (80%) 64 (87.7%) 0.51

Diabetes 28 (35.9%) 1 (20%) 27 (37%) 0.65

Permanent AF 29 (37.2%) 4 (80%) 25 (34.2%) 0.06

Heart failure 39 (50%) 3 (60%) 36 (49.3%) 1

Prior thromboembolism 20 (25.6%) 2 (40%) 18 (24.7%) 0.6

History of CAD 44 (56.4%) 4 (80%) 40 (54.8%) 0.38

CHA
2
DS

2
-VASc 5 (4.0–6.0) 4 (4.0–5.0) 5 (4.0–6.0) 0.62

HAS-BLED 3 (3.0–4.0) 3 (3.0–4.0) 3 (3.0–4.0) 0.49

ATRIA 4 (2.0–7.0) 2 (1.5–3.5) 4 (2.0–7.0) 0.07

PLT [× 109/l] 200 (161.25–244.5) 162 (150.0–196.5) 200 (164.0–248.5) 0.14

GFR [ml/min/1.73 m2] (SD) 52.6 (39.0–75.5) 64 (39.5 – 77.0) 52.5 (38.5–76.0) 0.57

Unless indicated otherwise, data are given as the mean (standard deviation), median (interquartile range) or as n (%). AF – atrial fibrillation, CAD – coronary artery 
disease, PLT – platelets, GFR – glomerular filtration rate.
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an thromboembolic risk assessed with CHA2DS2-VASc 
score were similar in both groups (4 (4.0–5.0) versus  
5 (4.0–6.0), p = 0.62). Furthermore, the median bleeding 
risk assessed with HAS BLED was also similar in both 
groups (3 (3.0–4.0) versus 3 (3.0–4.0), p = 0.49), but we 
have observed a  trend of lower bleeding risk assessed 
with ATRIA in patients with DRT than in patients with-
out, but it did not meet criteria for statistical significance  
(2 (1.5–3.5) versus 4 (2.0–7.0), p = 0.07). Permanent 
AF had a  tendency to be more often diagnosed in pa-
tients with DRT than the other group, but it was also not 
a statistically significant difference (80% versus 34.2%, 
p = 0.06). The prevalence of hypertension (80% versus 
87.8%, p = 0.51), diabetes (20% versus 37%, p = 0.65), 
and history of prior thromboembolism (40% versus 
24.7%, p = 0.6) did not differ significantly between both 
groups. The glomerular filtration rate (GFR) was similar 
in both groups (64 ml/min/1.73 m2 (39.5–77.0) versus 
52.5 ml/min/1.73 m2 (38.5–76.0), p = 0.57), and plate-
let count was not significantly different in studied pop-
ulations (162 × 109/l (150.0–196.5) versus 200 × 109/l 
(164.0–248.5), p = 0.14). 

All procedural and echocardiographic characteristics 
are shown in Table II. In transthoracic echocardiography 
(TTE) evaluation, patients with DRT had significantly low-
er ejection fraction (EF) (40% (23.5–45.5) versus 55% 
(48.0–60.0), p = 0.005). Regarding preprocedural TEE pa-
rameters, patients with DRT showed a significantly larg-
er LAA diameter assessed in 900 plane (22.4 mm (3.2) 
versus 19 mm (2.7), p = 0.02), and in 1350 plane (23 mm 
(3.2) versus 19.9 mm (2.5), p = 0.03). We also observed 
a  significantly larger depth of LAA (35 mm (29.5–41.0) 
versus 29 mm (25.5–31.0), p = 0.03), and significantly 
lower emptying velocity of the LAA (25 cm/s (17.5–27.0) 
versus 53 cm/s (26.5–78.0), p = 0.009). Both groups did 
not differ significantly with respect to the LAA diameter 

in any other plane and to the dimension of the left atrium 
(51 mm (46.0–52.0) versus 44 mm (40.0–52.0), p = 0.24). 
The rate of spontaneous echo contrast (SEC) in TEE and 
presence of non-significant peri-device leak was almost 
equal in both groups (Table II). In follow-up TEE the device 
compression was comparable in both groups (16.67% 
(14.07–18.33) versus 16.67% (14.81–20.83), p = 0.42), but 
the depth of the device implantation, measured as a dis-
tance between the surface of the device and the edge of 
the pulmonary ridge, was significantly greater in patients 
with DRT (18 mm (14.0–20.5) versus 8 mm (5.0–11.0),  
p < 0.001) (Figure 2). 

Univariate regression analysis was performed to eval-
uate predictors of DRT (Table III). This analysis showed 
that the deeper device implantation (OR = 1.25, 95% CI: 
1.04–1.51, p = 0.02) and the bigger dimension of LAA in 
900 plane (OR = 1.47, 95% CI: 1.0–2.1, p = 0.02), the high-
er the risk of DRT development. Moreover, it has been 
shown that the lower the emptying velocity of the LAA 
(OR = 0.94, 95% CI: 0.8–0.99, p = 0.046), and EF (OR = 
0.89, 95% CI: 0.81–0.96, p = 0.005), the higher the risk 
of DRT. 

During the follow-up period only one stroke was diag-
nosed, and no DRT was found in this patient. 

Follow-up and management after DRT 
diagnosis
All patients diagnosed with DRT were prescribed 

to have OAC therapy. Four of them had low molecular 
weighted heparin (LMWH) at a therapeutic dose adjust-
ed to the kidney function and 1 patient was treated with 
warfarin. The vitamin K antagonist (VKA) was prescribed 
because the patient refused to have subcutaneous injec-
tions with LMWH and refused to have new oral antico-
agulants (NOAC) because of their high price. All patients 

Table II. Procedural and echocardiographic characteristics

Variable All (n = 78) DRT (n = 5) No DRT (n = 73) P-value

EF, % 55 (45.0–60.0) 40 (23.5–45.5) 55 (48.0–60.0) 0.005

LA dimension in TTE [mm] 44 (41.0–52.0) 51 (46.0–52.0) 44 (40.0–52.0) 0.24

Emptying velocity of LAA [cm/s] 52.5 (25.75–73.75) 25 (17.5–27.0) 53 (26.5–78.0) 0.009

LAA depth [mm] 29 (26.0–31.25) 35 (29.5–41.0) 29 (25.5–31.0) 0.03

Dimension in 0° [mm] 19.8 (3.1) 22 (2.5) 19.7 (3.1) 0.08

Dimension in 45° [mm] 19.4 (2.4) 21.2 (1.8) 19.3 (2.4) 0.06

Dimension in 90° [mm] 19.2 (2.9) 22.4 (3.2) 19 (2.7) 0.02

Dimension in 135° [mm] 20.1 (2.6) 23 (3.2) 19.9 (2.5) 0.03

SEC 15 (19.2%) 1 (20%) 14 (19.2%) 1

Device size [mm] 27 (24.0–27.75) 30 (25.5–30.0) 27 (24.0–27.0) 0.11

Compression, % 16.67 (14.81–20.21) 16.67 (14.07–18.33) 16.67 (14.81–20.83) 0.42

Depth of implantation [mm]* 9 (5.0–12.0) 18 (14.0–20.5) 8 (5.0–11.0) < 0.001

Non-significant peri-device leak** 16 (20.5%) 1 (20%) 15 (20.5%) 1

Unless indicated otherwise, data are given as the mean (standard deviation), median (interquartile range) or as n (%). EF – ejection fraction, LA – left atrium, LAA – 
left atrium appendage, SEC – spontaneous echo contrast, TTE – transthoracic echocardiography. *Depth of the implantation was measured as a distance between 
the surface of the device and the edge of the pulmonary ridge. **Non-significant leak is defined as the jet < 5 mm observed in color-Doppler TEE.
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DC

A B

Figure 2. Transesophageal echocardiography follow-up imaging after left atrial appendage closure with the 
Watchman device. A, B – optimal Watchman 30 mm device placement without deep implantation and de-
vice-related thrombus (DRT). C, D – deep implantation of Watchman 27 mm device with DRT indicated with 
a thick arrow. Thin arrows indicate the pulmonary ridge

Table III. Univariate analysis evaluating most im-
portant predictors of DRT.

Variable Odds radio (95% CI) P-value

Depth of implantation [mm] 1.25 (1.04, 1.51) 0.02

Dimension in 90° [mm] 1.47 (1.07, 2.1) 0.02

Emptying velocity of LAA [cm/s] 0.94 (0.8, 0.99) 0.046

EF, % 0.89 (0.81, 0.96) 0.005

EF – ejection fraction, LAA – left atrium appendage.

have repeated clinical follow-up with TEE after a median 
time of 63 (54.5–99.0) days. Resolution of DRT was con-
firmed by follow-up TEE in all patients. 

In all patients with a confirmed thrombus at first fol-
low-up imaging, there were no reports of ischemic com-
plications such as a stroke, TIA, or peripheral embolism 
during the period following DRT detection. Moreover, no 
one experienced any bleeding complication after the 
change of the anticoagulation regimen. 
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Discussion
Device-related thrombus remains one of the most 

concerning complications after the successful LAAC pro-
cedure with Watchman device which can be confirmed 
by control imaging methods [14]. Initially, the presence 
of DRT varied from 0% to even up to 17.6% of the cases 
[10, 15], while currently available data show that the inci-
dence of DRT has dropped, and varies from 2 to 4% [16]. 
Thus, we may suspect that clinical and echocardiographic, 
as well as procedure- and device-related factors contrib-
ute to the formation of DRT. 

In our single center study, thrombus formation follow-
ing LAAC with Watchman device was observed in 6.4% 
of the patients after the median time of 76 (68–302) 
days. In the sub-analysis of the EWOLUTION registry, 
Sedaghat et al. showed that more than 91% of the DRTs 
were detected relatively early after the procedure after 
the median of 54 days [17]. Moreover, one of the larg-
est trials regarding DRT has shown that almost 64% of 
DRT diagnoses were made within the first 180 days after 
the procedure [18]. Our rate of thrombus incidents with 
this nitinol cage device is slightly higher than of these 
observed in PROTECT AF with an incidence of 5.7% [13]. 
In the ASAP study, 6 out of 142 patients with a success-
fully implanted Watchman device have developed DRT, 
with a rate of 4.2% [19]. Dukkipati et al. evaluated the 
incidence of DRT among the patients who underwent 
Watchman device implantation as a  part of PROTECT 
AF or PREVAIL randomized trials, as well as CAP or CAP2 
registries and revealed that the rate of DRT was 3.74% 
[9]. However, 252 patients included into the PREVAIL trial 
were not assessed for DRT, thus the incidence of DRT in 
this population remains unknown [5]. Our study reflects 
data obtained in everyday clinical practice where we en-
counter patients who probably have more comorbidities, 
are older and have higher CHA

2DS2-VASc score than these 
included in randomized clinical trials or big registries.

Optimal post-procedural treatment after LAAC for 
the occurrence of DRT is still controversial. Previously 
mentioned randomized trials PROTECT AF and PREVAIL 
used warfarin for the first 45 days after implantation but 
these studies included patients who did not have abso-
lute contraindications to OAC. The largest multicenter, 
prospective registry of Watchman device implantation, 
EWOLUTION registry, assessed patients with a  variable 
post implantation treatment regimen. Single or dual 
antiplatelet therapy was used in 67% of patients, direct 
oral anticoagulants in 11%, VKA in 16%, and 6% did not 
receive any form of antithrombotic treatment [20]. Com-
paring all these different post-procedure treatment reg-
imens, no significant differences were noted in the rate 
of DRT frequency and in the overall event rate. Bergmann 
et al. in a subsequent analysis of a group of patients from 
the EWOLUTION trial, who were treated with DAPT, re-
vealed that the rate of DRT was 4.0% without any ad-

verse consequences using this antithrombotic regimen at  
12 months [21]. However, in 2019, Søndergaard et al. per-
formed cumulative analysis including several studies of 
Watchman device and reported that there is an increased 
risk of DRT in patients without post-procedure OAC [22]. 
In our study, all patients in whom DRT was detected were 
on DAPT. It is worth underlying that thrombus formation 
in patients treated with DAPT may be due to their clopi-
dogrel resistance [23]. However, there are some studies 
that have proven safety and efficacy of the single anti-
platelet therapy without any negative influence on isch-
emic events [24, 25]. 

In addition, post-procedural clinical, procedural and 
echocardiography-related factors have a  big impact of 
the occurrence of DRT. Patients in whom DRTs were di-
agnosed had lower EF, deeper LAA, and a bigger dimen-
sion of LAA especially when assessed in 90° and 135° 
planes. That may indicate a  greater LA dimension in 
a  group with DRT, which would be in line with results 
from other larger studies, but our results did not show 
statistical significance in terms of the dimension of LA. 
Additionally, we have proved that lower emptying veloc-
ity of LAA, which reflects impaired left atrial function, is 
strongly connected with further DRT formation. Surpris-
ingly, it is not associated with SEC detection, which is 
a known risk factor for thrombus formation inside of LAA 
[26]. SEC was observed with a similar rate in our popu-
lation (20% versus 19.2%). Referring to the impairment 
of LA function, it is proved that remodeling leading to 
atrial fibrosis is a known risk factor for a thromboembolic 
complication [27]. The study of Daccarett et al. revealed 
bigger remodeling of the LA detected in cardiac magnetic 
resonance, especially in patients with permanent AF [28]. 
In our patients with DRT, we saw a greater prevalence of 
permanent AF rather than paroxysmal, but the difference 
did not reach statistical significance. Finally, we were able 
to demonstrate that the deep Watchman device implan-
tation is associated with a higher risk of DRT. In compar-
ison to DRT-free patients, the distance between the pul-
monary ridge and the device was significantly greater in 
the DRT population. This observation of deep implanta-
tion has been described previously claiming that residual 
LAA has adequate blood stasis promoting thrombus for-
mation [29]. Simard et al. confirmed this finding in their 
larger, multicenter study and they claimed that due to 
varying anatomies, anatomical landmarks, and different 
device types, the depth measurement can be challenging 
[18]. However, it can be helpful in standardizing the eval-
uation of the occluder as it relates to prediction of DRT. 

In comparison to other studies, the presence of DRT 
in our group was not linked with an increasing risk of 
thromboembolic complications, which goes along with 
results of the large EWOLUTION registry [17]. We have 
not observed any stroke or TIA in patients with diagnosed 
DRT. Dukkipati et al. in the previously mentioned analysis 
of 4 prospective FDA approved trials, have reported an 
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increased rate of ischemic stroke and systemic embolism 
incidence [9]. Other studies also concluded that DRT is 
strongly associated with a higher risk of stroke and TIA 
during follow-up [11, 18]. In our population we have not 
observed many DRTs and all of them were diagnosed af-
ter the median time of 76 days after the procedure, so 
the appropriate treatment was initiated relatively quickly. 
One patient received VKA with warfarin and the rest of 
the patients received LMWH after DRT diagnosis. This an-
tithrombotic therapy was continued until next follow-up 
imaging. Sedaghat et al. showed that different treatment 
regimens, including NOAC, VKA, or heparin have similar 
resolution rates [27]. Thus, considering high bleeding 
risk in our population our first choice was LMWH. Finally, 
we achieved complete resolution of DRT, with no subse-
quent bleeding complications associated with treatment 
change.

Until the present day the TEE has remained gold stan-
dard in DRT detection. Nevertheless, cardiac computed to-
mography (CT) has also good clinical value for detection 
of DRT, and it is a good diagnostic method in patients who 
cannot tolerate or who have contraindications to TEE. 
Korsholm et al. demonstrated that cardiac CT seems to 
be equally good as TEE for DRT diagnosis [30]. It has also 
the ability to detect the presence of low-grade hypoatten-
uated thickening (HAT) on the device, but no thrombo-
embolic events were present in a group diagnosed with 
low-grade HAT. However, performing a cardiac CT involves 
exposure to radiation and the contrast agent. Further-
more, patients with a  rapid, irregular heart rate are not 
a good candidate for CT due to lower scan resolution. 

On the basis of our study as well as previous ones we 
may conclude that DRT remains an issue after first-gen-
eration Watchman device implantation and this problem 
needs further evaluation. Furthermore, a study evaluat-
ing the optimal post-procedural drug regimen with re-
gard to DRT risk factors is needed.

Limitations
These results are based on the retrospective registry 

with all limitations associated with this study design. Fur-
ther randomized trials are needed to confirm study find-
ings. The population was relatively small. The follow-up 
imaging was not available in all cases with Watchman 
implantation and the follow-up time was limited. There-
fore the actual rate of DRT may be overestimated or un-
derestimated. Finally, DRT was diagnosed by the physi-
cian not blind to primary implantation results, without 
a  central evaluation of images in a  core-lab. Results of 
the study included first-generation Watchman device for 
LAAC procedure, so our outcomes not necessarily con-
cern other devices, such as last generation of Watchman 
Flex device or Amulet device.

Conclusions
The DRT after Watchman device implantation re-

mains a rare complication and, in our population, it was 
not associated with an increased risk for ischemic stroke 
or any other thromboembolic event. We were able to 
demonstrate several risk factors for DRT formation which 
can be helpful in identification of patients with a higher 
risk of DRT. In general, we do not have any influence on 
most of the risk factors like age, and LAA dimension, but 
to minimize the risk of DRT, the deep implantation should 
be avoided if possible. 

Funding
No external funding.

Ethical approval
Not applicable.

Conflict of interest
The authors declare no conflict of interest.

References

1.	Li SY, Wang J, Hui X, et al. Meta-analysis of postoperative anti-
thrombotic therapy after left atrial appendage occlusion. J Int 
Med Res 2020; 48: 300060520966478.

2.	Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for 
the diagnosis and management of atrial fibrillation developed in 
collaboration with the European Association for Cardio-Thoracic 
Surgery (EACTS): The Task Force for the diagnosis and manage-
ment of atrial fibrillation of the European Society of Cardiology 
(ESC) Developed with the special contribution of the European 
Heart Rhythm Association (EHRA) of the ESC. Eur Heart J 2021; 
42: 373-498.

3.	Holmes DR Jr, Alkhouli M, Reddy V. Left atrial appendage occlu-
sion for the unmet clinical needs of stroke prevention in nonval-
vular atrial fibrillation. Mayo Clin Proc 2019; 94: 864-74.

4.	Reddy VY, Sievert H, Halperin J, et al. Percutaneous left atrial ap-
pendage closure vs warfarin for atrial fibrillation: a randomized 
clinical trial. JAMA 2014; 312: 1988-98.

5.	Holmes DR Jr, Kar S, Price MJ, et al. Prospective randomized eval-
uation of the Watchman Left Atrial Appendage Closure device in 
patients with atrial fibrillation versus long-term warfarin thera-
py: the PREVAIL trial. J Am Coll Cardiol 2014; 64: 1-12.

6.	Boersma LV, Schmidt B, Betts TR, et al. Implant success and safe-
ty of left atrial appendage closure with the WATCHMAN device: 
peri-procedural outcomes from the EWOLUTION registry. Eur 
Heart J 2016; 37: 2465-74.

7.	Tzikas A, Shakir S, Gafoor S, et al. Left atrial appendage occlu-
sion for stroke prevention in atrial fibrillation: multicentre ex-
perience with the AMPLATZER Cardiac Plug. EuroIntervention 
2016; 11: 1170-9.

8.	 López Mínguez JR, Asensio JM, Costa M, et al. Two-year clinical 
outcome from the Iberian registry patients after left atrial ap-
pendage closure. Heart 2015; 101: 877-83.

9.	Dukkipati SR, Kar S, Holmes DR, et al. Device-related thrombus 
after left atrial appendage closure: incidence, predictors, and 
outcomes. Circulation 2018; 138: 874-85.



Jakub Maksym et al. Device-related thrombus after LAA closure 

171Advances in Interventional Cardiology 2024; 20, 2 (76)

10.	Lempereur M, Aminian A, Freixa X, et  al. Device-associated 
thrombus formation after left atrial appendage occlusion: a sys-
tematic review of events reported with the Watchman, the Am-
platzer Cardiac Plug and the Amulet. Catheter Cardiovasc Interv 
2017; 90: E111-21.

11.	Fauchier L, Cinaud A, Brigadeau F, et al. Device-related thrombo-
sis after percutaneous left atrial appendage occlusion for atri-
al fibrillation. J Am Coll Cardiol 2018; 71: 1528-36.

12.	Maksym J, Kapłon-Cieślicka A, Scisło P, et al. Safety and efficacy 
of percutaneous atrial appendage closure followed by antiplate-
let therapy in a high-risk population: single-center experience 
with a WATCHMAN device. Adv Interv Cardiol 2023; 19: 262-9.

13.	Main ML, Fan D, Reddy VY, et  al. Assessment of device-re-
lated thrombus and associated clinical outcomes with the  
WATCHMAN left atrial appendage closure device for em-
bolic protection in patients with atrial fibrillation (from the  
PROTECT-AF Trial). Am J Cardiol 2016; 117: 1127-34.

14.	Maksym J, Grabowski M, Mazurek T. Percutaneous left atrial ap-
pendage closure with the Watchman device: a  systematic re-
view. Adv Interv Cardiol 2024; 20: 18-29.

15.	Plicht B, Konorza TF, Kahlert P, et al. Risk factors for thrombus 
formation on the Amplatzer Cardiac Plug after left atrial ap-
pendage occlusion. JACC Cardiovasc Interv 2013; 6: 606-13.

16.	Potpara T, Grygier M, Häusler KG, et al. Practical guide on left 
atrial appendage closure for the non-implanting physician: an 
international consensus paper. Europace 2024; 26: euae035.

17.	Sedaghat A, Nickenig G, Schrickel JW, et al. Incidence, predic-
tors and outcomes of device-related thrombus after left atrial 
appendage closure with the WATCHMAN device-Insights from 
the EWOLUTION real world registry. Catheter Cardiovasc Interv 
2021; 97: E1019-24.

18.	Simard T, Jung RG, Lehenbauer K, et al. Predictors of device-relat-
ed thrombus following percutaneous left atrial appendage oc-
clusion. J Am Coll Cardiol 2021; 78: 297-313. 

19.	Reddy VY, Möbius-Winkler S, Miller MA, et  al. Left atrial ap-
pendage closure with the Watchman device in patients with 
a contraindication for oral anticoagulation: the ASAP study (ASA 
Plavix Feasibility Study With Watchman Left Atrial Appendage 
Closure Technology). J Am Coll Cardiol 2013; 61: 2551-6.

20.	Boersma LV, Ince H, Kische S, et al. Efficacy and safety of left 
atrial appendage closure with WATCHMAN in patients with or 
without contraindication to oral anticoagulation: 1-year fol-
low-up outcome data of the EWOLUTION trial. Heart Rhythm 
2017; 14: 1302-8.

21.	Bergmann MW, Ince H, Kische S, et  al. Real-world safety and 
efficacy of WATCHMAN LAA closure at one year in patients on 
dual antiplatelet therapy: results of the DAPT subgroup from 
the EWOLUTION all-comers study. EuroIntervention 2018; 13: 
2003-11.

22.	Søndergaard L, Wong YH, Reddy VY, et al. Propensity-matched 
comparison of oral anticoagulation versus antiplatelet therapy 
after left atrial appendage closure with WATCHMAN. JACC Car-
diovasc Interv 2019; 12: 1055-63.

23.	Ketterer U, D’Ancona G, Siegel I, et al. Percutaneous left atrial 
appendage occlusion: device thrombosis in clopidogrel non-re-
sponders. Int J Cardiol 2016; 204: 196-7.

24.	Patti G, Sticchi A, Verolino G, et al. Safety and efficacy of single 
versus dual antiplatelet therapy after left atrial appendage oc-
clusion. Am J Cardiol 2020; 134: 83-90.

25.	Korsholm K, Nielsen KM, Jensen JM, et al. Transcatheter left atri-
al appendage occlusion in patients with atrial fibrillation and 

a high bleeding risk using aspirin alone for post-implant anti-
thrombotic therapy. EuroIntervention 2017; 12: 2075-82.

26.	Lowe BS, Kusunose K, Motoki H, et al. Prognostic significance of 
left atrial appendage “sludge” in patients with atrial fibrillation: 
a new transesophageal echocardiographic thromboembolic risk 
factor. J Am Soc Echocardiogr 2014; 27: 1176-83.

27.	Sedaghat A, Vij V, Al-Kassou B, et al. Device-related thrombus 
after left atrial appendage closure: data on thrombus charac-
teristics, treatment strategies, and clinical outcomes from the 
EUROC-DRT-Registry. Circ Cardiovasc Interv 2021; 14: e010195.

28.	Daccarett M, Badger TJ, Akoum N, et al. Association of left atrial 
fibrosis detected by delayed-enhancement magnetic resonance 
imaging and the risk of stroke in patients with atrial fibrillation. 
J Am Coll Cardiol 2011; 57: 831-8.

29.	Pracon R, Bangalore S, Dzielinska Z, et al. Device thrombosis af-
ter percutaneous left atrial appendage occlusion is related to 
patient and procedural characteristics but not to duration of 
postimplantation dual antiplatelet therapy. Circ Cardiovasc In-
terv 2018; 11: e005997. 

30.	Korsholm K, Jensen JM, Nørgaard BL, et  al. Detection of de-
vice-related thrombosis following left atrial appendage occlu-
sion: a comparison between cardiac computed tomography and 
transesophageal echocardiography. Circ Cardiovasc Interv 2019; 
12: e008112.


