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ORIGINAL ARTICLE

Prognostic Impact of Left Atrial Appendage 
Patency After Device Closure
Mu Chen , MD*; Peng-Cheng Yao , MD*; Zhen-Tao Fei, MD; Qun-Shan Wang , MD; Yi-Chi Yu , MD; Peng-Pai Zhang, MD; 
Wei Li , MD; Rui Zhang , MD; Bin-Feng Mo , MD; Ming-Zhe Zhao , MD; Yi Yu , MD; Mei Yang, MD; Yan Zhao, MD;  
Chang-Qi Gong , MD; Jian Sun, MD; Yi-Gang Li , MD

BACKGROUND: The prognostic impact of left atrial appendage (LAA) patency, including those with and without visible peri-
device leak (PDL), post–LAA closure in patients with atrial fibrillation, remains elusive.

METHODS: Patients with atrial fibrillation implanted with the WATCHMAN 2.5 device were prospectively enrolled. The device 
surveillance by cardiac computed tomography angiography was performed at 3 months post-procedure. Adverse events, 
including stroke/transient ischemic attack (TIA), major bleeding, cardiovascular death, all-cause death, and the combined 
major adverse events (MAEs), were compared between patients with complete closure and LAA patency.

RESULTS: Among 519 patients with cardiac computed tomography angiography surveillance at 3 months post–LAA closure, 
271 (52.2%) showed complete closure, and LAA patency was detected in 248 (47.8%) patients, including 196 (37.8%) with 
visible PDL and 52 (10.0%) without visible PDL. During a median of 1193 (787–1543) days follow-up, the presence of LAA 
patency was associated with increased risks of stroke/TIA (adjusted hazard ratio for baseline differences, 3.22 [95% CI, 
1.17–8.83]; P=0.023) and MAEs (adjusted hazard ratio, 1.12 [95% CI, 1.06–1.17]; P=0.003). Specifically, LAA patency with 
visible PDL was associated with increased risks of stroke/TIA (hazard ratio, 3.66 [95% CI, 1.29–10.42]; P=0.015) and MAEs 
(hazard ratio, 3.71 [95% CI, 1.71–8.07]; P=0.001), although LAA patency without visible PDL showed higher risks of MAEs 
(hazard ratio, 3.59 [95% CI, 1.28–10.09]; P=0.015). Incidences of stroke/TIA (2.8% versus 3.0% versus 6.7% versus 22.2%; 
P=0.010), cardiovascular death (0.9% versus 0% versus 1.7% versus 11.1%; P=0.005), and MAEs (4.6% versus 9.0% versus 
11.7% versus 22.2%; P=0.017) increased with larger PDL (0, >0 to ≤3, >3 to ≤5, or >5 mm). Older age and discontinuing 
antiplatelet therapy at 6 months were independent predictors of stroke/TIA and MAEs in patients with LAA patency.

CONCLUSIONS: LAA patency detected by cardiac computed tomography angiography at 3 months post–LAA closure is 
associated with unfavorable prognosis in patients with atrial fibrillation implanted with WATCHMAN 2.5 device.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT03788941.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: atrial fibrillation ◼ cardiac computed tomography angiography ◼ incomplete device endothelialization ◼ left atrial appendage closure  
◼ peri-device leak

Atrial fibrillation (AF) is increasingly prevalent with 
population aging and causes nearly 13% to 26% 
of ischemic stroke.1,2 Oral anticoagulation can 

effectively reduce the risk of AF-related stroke, while 
is also associated with increased bleeding risks.3 Left 
atrial appendage (LAA) closure (LAAC) prevents 
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LAA-derived thromboembolism, serving as a valuable 
alternative therapy to long-term oral anticoagulation in 
patients vulnerable to both stroke and bleeding.4 How-
ever, residual risks of stroke, as well as other adverse 
outcomes, still exist after LAAC device implantation.5 
Although with controversy, risks of adverse events post-
LAAC might be associated with LAA patency, including 
those with and without visible peri-device leak (PDL).6–8 
The latter is caused either by incomplete device endo-
thelialization (IDE) in which residual LAA permeability 
could be assessed by continuous contrast enhance-
ment from left atrium to LAA through the fabric mem-
brane on cardiac computed tomography angiography 
(CCTA), or invisible microleaks in the circumference of 
the device.7,8

A postimplantation PDL<5 mm detected by a trans-
esophageal echocardiogram (TEE) is empirically consid-
ered as sufficient LAA closure, which was supported by 
the initial results from the PROTECT-AF study (Percuta-
neous Closure of the Left Atrial Appendage Versus War-
farin Therapy for Prevention of Stroke in Patients With 
Atrial Fibrillation) suggesting minimal correlation between 
PDL and later thromboembolic events.9,10 However, the 
recently updated data combining PROTECT-AF, PRE-
VAIL (Evaluation of the Watchman Left Atrial Appendage 
LAA Closure Device in Patients With Atrial Fibrillation 
vs Long Term Warfarin Therapy), and CAP2 (Continued 
Access to PREVAIL) studies demonstrated that PDL<5 
mm at 1-year TEE surveillance was still associated with 
increased stroke risk during the 5-year follow-up, sug-
gesting complete LAA closure, rather than sufficient 
closure, is wished for LAAC.10 It is thus of important to 
monitor device closure status post-LAAC. In real-world 
practice, however, the compliance of TEE follow-up was 
limited due to the invasive feature and patients’ accep-
tance.11 The noninvasive CCTA is widely accepted as an 
alternative modality to TEE for post-LAAC device sur-
veillance and might even be more sensitive in detecting 
PDL.12 Whether PDL, assessed by CCTA is correlated 
with post-LAAC adverse events remains unclear. Besides, 
LAA patency without visible PDL might only be accu-
rately detected by CCTA rather than TEE.12,13 There have 
been cases reported in which delayed endothelialization 
was observed in patients who had a transient ischemic 
attack (TIA).14,15 However, the clinical consequences of 
LAA patency without visible PDL (or termed as IDE in 
previous literature) on subsequent thromboembolism are 
poorly characterized to date. Herein, we sought to explore 
the prognostic impacts and risk factors of LAA patency 
detected by CCTA, including those with and without vis-
ible PDL, in a prospective cohort of patients with AF who 
underwent WATCHMAN LAAC device implantation.

METHODS
Study Population
Among 1055 patients with AF enrolled in the LAACablation reg-
istry (NCT03788941), 519 who underwent post-LAAC device 
surveillance by CCTA at 3 months were prospectively included 
in this study (Figure S1). The LAACablation registry, as a  
physician-initiated prospective observational study, is continuously 
recruiting patients undergoing the LAAC procedures with the 
WATCHMAN 2.5 device (Boston Scientific Corporation, Natick, 
MA) following catheter ablation in Xinhua Hospital, Shanghai, 
China.14 The study was approved by the Ethics Committee of 
Xinhua Hospital Affiliated with Shanghai Jiao Tong University 
School of Medicine (approval number: XH-18-015) and complies 
with the Declaration of Helsinki. Written informed consent was 
provided by all participants. The detailed inclusion and exclusion 
criteria of the LAACablation registry are shown in Table S1. The 
data that support the findings of this study are available from the 
corresponding author upon reasonable request.

WHAT IS KNOWN
•	 Peri-device leak detected by transesophageal 

echocardiogram is correlated with thromboembolic 
events post–left atrial appendage (LAA) closure.

•	 Cardiac computed tomography angiography, rather 
than transesophageal echocardiogram, might more 
accurately detect LAA patency, especially those 
without visible peri-device leak.

WHAT THE STUDY ADDS
•	 LAA patency detected by cardiac computed tomog-

raphy angiography at 3 months, even without visible 
peri-device leak, increases the risks of stroke/tran-
sient ischemic attack and major adverse events.

•	 A dose-response relationship between peri-device 
leak severity and major adverse events is detected, 
emphasizing the importance of pursuing complete 
closure at the time of implantation.

•	 Continuing antiplatelet therapy post–LAA closure 
reduces the risks of stroke/transient ischemic 
attack and major adverse events in patients with 
LAA patency.

Nonstandard Abbreviations and Acronyms

AF	 atrial fibrillation
aHR	 adjusted hazard ratio
CCTA	� cardiac computed tomography 

angiography
HR	 hazard ratio
IDE	 incomplete device endothelialization
LAA	 left atrial appendage
LAAC	 left atrial appendage closure
MAE	 major adverse event
PDL	 peri-device leak
TEE	 transesophageal echocardiogram
TIA	 transient ischemic attack
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LAAC Procedure
LAAC implantation of the WATCHMAN 2.5 device was per-
formed under light sedation, following catheter ablation during 
the same procedure. The device size was decided according to 
the intraprocedural LAA angiography. The device was released 
only when the position-anchor-size-seal principle was achieved 
and evaluated by intraoperative TEE and angiography. The pro-
cedural details were described in our previous report.11

Device Surveillance by CCTA at 3-Month 
Post-LAAC
Patients underwent device surveillance by CCTA (Somatom 
Definition, Siemens Medical Solutions, Forchheim, Germany) 
at 3 months post-LAAC, with 100 mL of loversol injected with 
50-mL saline flush followed via elbow vein at a rate of 5 mL/s. 
An end-systolic image acquisition was applied for device surveil-
lance independently from the heart rate to acquire the image 
data during the maximum distension of the left atrium and LAA, 
similar to previously reported.15 Imaging of the left atrium, LAA, 
and adjacent structures were obtained (Figure S2). The temporal 
resolution was 330 ms, with a detector collimation of 64×0.6 
mm, the tube voltage of 120 kV, and the tube current of 380 mA.

Image analyses were performed by the Extended Brilliance 
Workspace version 4.5 (Philips Healthcare Cleveland, OH). 
Images were analyzed by 2 experienced physicians indepen-
dently, who were blinded to patients’ clinical characteristics. The 
measurement results should be confirmed by both physicians. 
In case of disagreement in the evaluation, a third physician 
was invited to review the image, and the final consensus was 
achieved based on the opinions of at least 2 physicians.

LAA patency, either with or without visible PDL, was evalu-
ated. The CT workspace was applied to reconstruct the original 
CCTA images in 3-dimensional multiplanar, and the axial plane 
should be at the level of the left atrium. Analyses were performed 
in the following sequence: (1) observing the position of the niti-
nol skeleton of the device; (2) moving the coronal axis within the 
transverse window perpendicular to the coves of the parachute 
of the device; (3) aligning the axes on the 2 other viewers also 
perpendicular to the coves of the parachute of the device; and (4) 
placing the center of the axes to the center of the screw-hub.15

Quantitative contrast assessment of LAA postimplantation was 
carried out by measuring the average linear attenuation coefficient 
(Hounsfield Units [HU]) in the LAA distal to the WATCHMAN 
device, using a 3-mm diameter circle for the region of interest. 
According to the 3-month results of the contrast assessment, 
patients were divided into the complete closure (Figure S2B) and 
LAA patency groups, which were further divided into 2 forms, that 
is, the LAA patency with visible PDL (Figure S2C) and that without 
visible PDL (Figure S2D). Complete closure was defined as the 
average linear attenuation coefficient of LAA <100 HU, while the 
average linear attenuation coefficient of LAA in LAA patency was 
>100 HU. Continuous contrast enhancement could be observed 
from left atrium to LAA alongside the device (LAA patency with 
visible PDL) and through the fabric of the device (LAA patency 
without visible PDL).7 The width of the visible PDL was defined as 
the maximum diameter of the contrast gap adjacent to the device 
on a reconstructed plane parallel to the LAA orifice. Therefore, 
the visible PDL was further divided into 3 types according to the 
severity of the PDL width, that is, mild PDL (>0 to ≤3 mm), moder-
ate PDL (>3 to ≤5 mm), and severe PDL (>5 mm).

Postprocedural Management and Events 
Evaluation
Patients were generally followed every 3 months. For the initial 
3 months, oral anticoagulants were prescribed if there were 
no contraindications. Anticoagulants were switched to dual 
antiplatelet agents (aspirin 100 mg+clopidogrel 75 mg) until 
6 months, if no PDL>5 mm or device-related thrombus, other-
wise, anticoagulants were prescribed until the repeated device 
surveillance. After 6 months, aspirin monotherapy was recom-
mended. In addition, ECG and Holter monitoring were advised 
at every follow-up visit to detect recurrence of atrial tachyar-
rhythmias. Clinical adverse events were evaluated during every 
follow-up visit.

The outcome events evaluated were as follows: (1) stroke 
or TIA; (2) major bleeding, which meets at least 1 of the follow-
ing criteria: a drop in the hemoglobin level of at least 30 g/L; 
requiring transfusion of 2 or 3 units of whole blood/red blood 
cells; causing hospitalization or permanent injury, or requiring 
surgery; (3) cardiovascular death; (4) all-cause death; and (5) 
major adverse events (MAEs), including stroke, TIA, major bleed-
ing, and all-cause death. The definitions of events followed the 
Munich consensus document for LAAC procedures.16 Events 
occurring before the postoperative CCTA were censored dur-
ing analyses. Strokes were confirmed by neuroimaging. Stroke 
severity was determined by comparing the modified Rankin 
Scale score at 3 months after the stroke with that at baseline 
and was classified as nondisabling (score <2 points) and dis-
abling or fatal strokes (score ≥2 points). Death was treated as 
a competing event if other adverse events occurred during the 
period between the operation and death.

Statistical Analyses
Data were shown as n (%) for categoric variables and as 
mean±SD (n) or median (25th–75th quartiles) for continuous 
variables. Intergroup comparisons were made by χ2 test for cat-
egorical variables, Student t test or Mann-Whitney U test for 
continuous variables, as appropriate. Time to adverse events 
were assessed by Kaplan-Meier estimates and log-rank tests. 
Unadjusted hazard ratios (HRs) between complete closure and 
LAA patency groups were calculated using a Cox proportional 
hazard regression model without covariate. They were further 
adjusted hazard ratios (aHRs) using a Cox proportional hazard 
regression model that included patients’ baseline characteris-
tics. Bonferroni correction was used for multiple comparisons 
among groups. Univariate and multivariable analyses of pre-
dictors of adverse events were assessed using a Cox hazard 
regression model for the following variables: age, sex, paroxys-
mal AF (versus nonparoxysmal AF), hypertension, diabetes, cor-
onary artery disease, history of stroke or TIA, congestive heart 
failure, NT-proBNP (N-terminal pro-B-type natriuretic peptide, 
pg/mL), left atrial diameter (LAD, mm), left ventricular ejec-
tion fraction (LVEF, %), size of the WATCHMAN device (mm), 
antiplatelet therapy or not at 6 months, recurrence of atrial 
tachyarrhythmia after ablation, and the width of PDL if any (mil-
limeter). The threshold for entry of independent variables into 
the multivariable model was set at 0.10. Age and sex were also 
included in the multivariable model. To evaluate the degrees of 
PDL on outcomes, clinical outcomes were also assessed by 
severity of PDL, that is, no PDL, mild PDL, moderate PDL, and 
severe PDL, using a Cox hazard regression. Besides, logistic 
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regression analyses were used to assess the predictors of 
device patency. Statistical analyses were performed by SPSS 
V22.0 (IBM Software, Armonk, NY). A 2-sided P<0.05 was 
considered statistically significant unless otherwise noted.

RESULTS
A total of 519 patients (mean age, 70.4±7.8 years, 275 
males, and 238 with paroxysmal AF) from LAACabla-
tion registry with 3-month post-LAAC CCTA imaging 
evaluation were included. The mean CHA2DS2-VASc 
score was 3.7±1.5 and HAS-BLED score was 2.1±0.9. 
The CCTA imaging showed 271 (52.2%) with complete 
closure and 248 (47.8%) with LAA patency, including 
196 (37.8%) with visible PDL and 52 (10.0%) without 
visible PDL. The median follow-up duration was 1193 
days (interquartile range, 787–1543 days), which were 
comparable between groups (1195 days [interquartile 
range, 787–1596 days] in the complete closure group 
and 1188 days [interquartile range, 784–1527 days] 
in the LAA patency group). Age was the only base-
line difference between the complete closure and LAA 
patency groups, while the other baseline features were 
similar. The detailed clinical characteristics are listed 
in Table 1.

Further comparisons were made among the complete 
closure group and the 2 forms of LAA patency, that is, 
LAA patency with and without visible PDL groups, show-
ing similar baseline characteristics (Table S2). The anti-
thrombotic therapy at each follow-up time point was 
further listed in Table S3. Besides, of patients with PDL, 
67 (34.2%) had mild PDL, 120 (61.2%) had moderate 
PDL, and 9 (4.6%) had severe PDL. Baseline charac-
teristics were similar among patients with different PDL 
severity (Table S4).

Adverse Events Post-LAAC Procedures
Time-to-events curves of the complete closure and the 
LAA patency groups are shown in Figure 1. Compared 
with subjects with complete closure, patients with LAA 
patency showed increased risks of ischemic stroke/
TIA (6.5% versus 1.8%; log-rank P=0.005), all-cause 
death (3.6% versus 1.1%; log-rank P=0.048), and MAEs 
(11.3% versus 3.3%; log-rank P<0.001). The Cox haz-
ard regression analyses showed HRs for stroke/TIA and 
MAEs were 3.80 ([95% CI, 1.39–10.40]; P=0.009) and 
3.68 ([95% CI, 1.74–7.81]; P=0.001), but that for all-
cause death was 3.45 ([95% CI, 0.93–12.74]; P=0.063). 
After adjustment for the baseline age differences, 
aHRs for stroke/TIA and MAEs were 3.22 ([95% CI, 
1.17–8.83]; P=0.023) and 1.12 ([95% CI, 1.06–1.17]; 
P=0.003). The rates for all-cause death (aHR, 2.76 
[95% CI, 0.74–10.23]; P=0.130), major bleeding (aHR, 
2.26 [95% CI, 0.41–12.49]; P=0.348), and cardiovas-
cular death (aHR, 0.98 [95% CI, 0.20–4.90]; P=0.983) 

did not differ between the complete closure and the LAA 
patency groups (Table 2).

Further comparisons of adverse events among the 
complete closure and the LAA patency with and with-
out visible PDL groups were shown in Figure 2. Com-
pared with the complete closure group, patients in the 
LAA patency without visible PDL group were associ-
ated with increased risks of ischemic stroke/TIA (5.8% 
versus 1.8%; log-rank P=0.016) and MAEs (9.6% ver-
sus 3.3%; log-rank P=0.010). The Cox hazard regres-
sion analyses showed HRs for stroke/TIA and MAEs 
were 4.38 ([95% CI, 1.17–16.34]; P=0.028) and 3.59 
([95% CI, 1.28–10.09]; P=0.015). The rates of major 
bleeding (1.9% versus 0.7%; P=0.417), cardiovas-
cular death (0.0% versus 1.1%), and all-cause death 
(1.9% versus 1.1%; P=0.637) did not differ between 
the complete closure and the LAA patency without 
visible PDL groups (Table S5). Compared with the 
complete closure group, patients in the LAA patency 
with visible PDL group were associated with increased 
risk of subsequent stroke/TIA (6.1% versus 1.8%; 
log-rank P=0.009) and MAEs (11.2% versus 3.3%; 
log-rank P<0.001), respectively with HRs of 3.66 
([95% CI, 1.29–10.42]; P=0.015) and 3.71 ([95% CI, 
1.71–8.07]; P=0.001). The rates of major bleeding 
(1.5% versus 0.7%; P=0.329), cardiovascular death 
(1.5% versus 1.1%; P=0.602), and all-cause death 
(4.1% versus 1.1%, log-rank P=0.028) were similar 
between the complete closure and the LAA patency 
with visible PDL groups, respectively with HRs of 
2.38 ([95% CI, 0.40–14.26]; P=0.344) and 1.53 
([95% CI, 0.31–7.57]; P=0.604), and 3.96 ([95% CI, 
1.05–14.94]; P=0.042; Table S6). It appeared to be 
no prognostic difference between the 2 forms of LAA 
patency, including stroke/TIA (6.1% versus 5.8%; haz-
ard ratio [HR], 1.21 [95% CI, 0.39–3.74]; P=0.747), 
major bleeding (1.5% versus 1.9%; HR, 1.20 [95% CI, 
0.12–11.51]; P=0.876), all-cause death (4.1% versus 
1.9%; HR, 0.46 [95% CI, 0.06–3.66]; P=0.461), and 
MAEs (11.2% versus 9.6%; HR, 0.99 [95% CI, 0.40–
2.44]; P=0.982; Table S7).

The influence of PDL, compared with that of no PDL 
(combining complete closure and LAA patency without 
visible PDL), on stroke severity was determined (Figure 
S3). Compared with no PDL, mild or moderate PDL (≤5 
mm) was associated with a higher incidence of disabling/
fatal stroke (0.6% versus 3.2%; P=0.036), but there was 
no difference in the rates of nondisabling stroke (2.2% 
versus 2.1%; P=0.913) between patients with no PDL 
and those with mild or moderate PDL. Again, compared 
with no PDL, severe PDL (>5 mm) markedly increased 
the rate of disabling/fatal stroke (0.6% versus 22.2%; 
P<0.001).

MAEs were further assessed by PDL severity to 
determine whether larger PDL was associated with 
poorer prognosis. When pooled, the complete closure 
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and LAA patency without visible PDL as no PDL, 
larger PDL (no versus mild versus moderate versus 
severe PDL) was associated with a higher incidence 
of stroke/TIA (2.8% versus 3.0% versus 6.7% ver-
sus 22.2%; P=0.010), cardiovascular death (0.9% 
versus 0% versus 1.7% versus 11.1%; P=0.005), 
and MAEs (4.6% versus 9.0% versus 11.7% versus 
22.2%; P=0.017, Figure 3), showing a dose-response 
relationship. Major bleeding and all-cause death were 

comparable among groups (0.9% versus 3.0% versus 
0.8% versus 0%; P=0.508; 1.2% versus 3.0% versus 
4.2% versus 11.1%; P=0.080; respectively). Specifi-
cally, the comparisons between no PDL and each PDL 
severity group were further shown in Table S8. The 
incidences of adverse events were similar between the 
no PDL versus mild PDL groups. MAEs were higher 
in the moderate PDL group than in the no PDL group 
(11.7% versus 4.6%; HR, 2.53 [95% CI, 1.22–5.25]; 

Table 1.  Clinical Characteristics of Patients With Complete Closure and With LAA Patency

Characteristics 
Overall  
(N=519) 

Complete closure 
(n=271) 

LAA patency  
(n=248) P value 

Age, y 70.4±7.8 69.7±7.7 71.1±7.9 0.047

Male 275 (53.0) 145 (53.5) 130 (52.4) 0.804

Paroxysmal AF 238 (45.9) 126 (46.5) 112 (45.2) 0.761

Hypertension 394 (75.9) 200 (73.8) 194 (78.2) 0.239

Diabetes 131 (25.2) 62 (22.9) 69 (27.8) 0.195

Coronary artery disease 234 (45.1) 117 (43.2) 117 (47.2) 0.360

History of stroke/TIA 127 (24.5) 63 (23.2) 64 (25.8) 0.498

Heart failure 264 (50.9) 138 (50.9) 126 (50.8) 0.979

CHA2DS2-VASc score 3.7±1.5 3.6±1.4 3.9±1.6 0.089

HAS-BLED score 2.1±0.9 2.1±0.9 2.0±0.9 0.128

NT-proBNP, pg/mL 578.2 (189.4, 1147.8) 523.4 (163.1, 1057.7) 655.4 (221.5, 1293.0) 0.576

LAD, mm 42.6±6.0 42.5±6.4 42.8±5.6 0.615

LVEF (%) 62.3±7.5 62.5±7.3 62.1±7.8 0.563

Device sizes, mm

 � 21 45 (8.7) 27 (10.0) 18 (7.3) 0.718

 � 24 107 (20.6) 56 (20.7) 51 (20.6)

 � 27 141 (27.2) 73 (26.9) 68 (27.4)

 � 30 123 (23.7) 66 (24.4) 57 (23.0)

 � 33 103 (19.8) 49 (18.1) 54 (21.8)

Lesion sets of catheter ablation

 � Pulmonary vein isolation only 162 (31.2) 83 (30.7) 79 (31.9) 0.767

 � Left atrial roof line 198 (38.2) 100 (37.0) 98 (39.5) 0.378

 � Left atrial posterior and inferior lines 100 (19.3) 56 (20.7) 44 (17.7) 0.611

 � Posterior wall isolation 33 (6.4) 19 (7.0) 14 (5.6) 0.783

 � Anterior septal line 173 (33.3) 93 (34.4) 80 (32.3) 0.322

 � Mitral isthmus line 135 (26.0) 78 (28.9) 57 (23.0) 0.260

 � CS and great vein musculature 
ablation

60 (11.6) 37 (13.7) 23 (9.3) 0.271

 � Vein of Marshall ethanol infusion 38 (7.3) 23 (8.5) 15 (6.0) 0.538

 � Left atrial appendage electrical 
isolation

14 (2.7) 10 (3.7) 4 (1.6) 0.336

 � Cavo-tricuspid line 192 (37.0) 109 (40.4) 83 (33.5) 0.199

 � Superior vena cava isolation 59 (11.4) 33 (12.2) 26 (10.5) 0.773

 � CFAE ablation 42 (8.1) 23 (8.5) 19 (7.7) 0.898

 � Intracardiac cardioversion 140 (27.0) 73 (27.0) 67 (27.0) 0.831

Discontinued antiplatelet therapy 
at 6 mo

123 (23.7) 63 (23.3) 60 (24.4) 0.197

Values are mean±SD, median (25th–75th quartiles) or n (%). AF indicates atrial fibrillation; CFAE, complex fractionated atrial elec-
trogram; CS, coronary sinus; LAA, left atrial appendage; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; NT-proBNP, 
N-terminal pro-B-type natriuretic peptide; and TIA, transient ischemic attack.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCINTERVENTIONS.123.013579
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P=0.013). Patients with severe PDL, compared with 
no PDL, had markedly heightened risks of ischemic 
stroke/TIA (22.2% versus 2.8%; HR, 10.97 [95% CI, 
2.32–51.94]; P=0.003), cardiovascular death (11.1% 
versus 0.9%; HR, 14.78 [95% CI, 1.53–142.49]; 
P=0.020), all-cause death (11.1% versus 1.2%; HR, 

10.69 [95% CI, 1.19–95.88]; P=0.034), and MAEs 
(22.2% versus 4.6%; HR, 6.23 [95% CI, 1.41–27.48]; 
P=0.016). When compared with the combined no-to-
mild-PDL (no PDL or PDL≤3 mm) groups, the mod-
erate PDL group showed increased MAE risks (5.4% 
versus 11.7%; P=0.031) while the severe PDL group 

Figure 1. Kaplan-Meier curves of adverse events between patients with complete closure and left atrial appendage (LAA) 
patency.
Kaplan-Meier curves of ischemic stroke or transient ischemic attack (TIA; A), major bleeding (B), cardiovascular (CV) death (C), all-cause death 
(D), and major adverse events (MAEs; E). aHR indicates adjusted hazard ratio.
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showed significantly higher risks of stroke/TIA (2.8% 
versus 22.2%; P=0.003), cardiovascular death (0.8% 
versus 11.1%; P=0.014), all-cause death (1.5% ver-
sus 11.1%; P=0.049), and MAEs (5.4% versus 22.2%; 
P=0.026). Similar results were noticed when separat-
ing the complete closure and LAA patency without vis-
ible PDL and comparing them with different levels of 
visible PDL (Figure S4).

Recurrent atrial tachyarrhythmias after the procedure 
were observed in 124 patients during the follow-up, the 
rates of which were similar among groups (Figure S5; 
Table S9).

Predictors of Adverse Events
The risk factors of post-LAAC adverse events were 
explored. No predictor was found related to adverse 
events in the complete closure group. In the LAA patency 
group (combining those with and without visible PDL), 
multivariable regression analyses showed that older age 
(HR, 1.11 [95% CI, 1.05–1.18]; P=0.001), hypertension 
(HR, 0.37 [95% CI, 0.15–0.88]; P=0.024), and anti-
platelet therapy relative to no therapy at 6 months (HR, 
0.32 [95% CI, 0.13–0.76]; P=0.010) were independent 
predictors of ischemic stroke/TIA (Table 3); older age 
(HR, 1.11 [95% CI, 1.06–1.17]; P<0.001) and antiplate-
let therapy relative to no therapy at 6 months (HR, 0.28 
[95% CI, 0.14–0.54]; P<0.001) were independent pre-
dictors of MAEs (Table 4).

Further multivariable regression analyses were per-
formed in the LAA patency with and without visible PDL 
groups. In the LAA patency with visible PDL group, older 
age (HR, 1.10 [95% CI, 1.01–1.21]; P=0.032) and the 
width of PDL (HR, 1.94 [95% CI, 1.30–2.90]; P=0.001) 
were independent risk factors of ischemic stroke/TIA, 
while antiplatelet therapy (relative to no therapy) at 6 
months was the protective factor (HR, 0.27 [95% CI, 
0.08–0.91]; P=0.034; Table S10). Age (HR, 1.12 [95% 
CI, 1.05–1.20]; P=0.001), antiplatelet therapy (HR, 0.22 
[95% CI, 0.08–0.55]; P=0.001), and the width of PDL 
(HR, 1.80 [95% CI, 1.34–2.41]; P<0.001) were that 
of MAEs (Table S11). In the LAA patency without vis-
ible PDL group, no independent predictor of MAEs was 
found (Table S12).

We further evaluated potential clinical variables to 
predict the occurrence of LAA patency and its 2 forms. 
Of the presence of LAA patency, the only predictor found 
was older age (OR, 1.02 [95% CI, 1.00–1.05]; P=0.050; 
Table 5). No associated factor could be defined for the 
presence of LAA patency with or without visible PDL 
(Tables S13 and S14).

DISCUSSION
Results from this large prospective registry showed 
that the incidence of LAA patency, detected by CCTA 
at 3 months after WATCHMAN device implantation, was 
47.8%, including 79.0% LAA patency with visible PDL 
and 21.0% LAA patency without visible PDL, respectively. 
With a median 39.8 months follow-up, LAA patency pre-
sented at 3 months was associated with ischemic stroke/
TIA and MAEs. Specifically, any visible PDL was asso-
ciated with increased risks of ischemic stroke/TIA and 
MAEs. Both mild-to-moderate PDL (≤5 mm) and severe 
PDL (>5 mm) markedly increased the rate of disabling or 
fatal stroke. In addition, the incidence of ischemic stroke/
TIA, cardiovascular death, and MAEs increased in propor-
tion to the increasing width of the PDL, and the width of 
PDL independently predicted ischemic stroke/TIA and 
MAEs. Similar to PDL, LAA patency without visible PDL 
(or termed as IDE) at 3 months was also associated with 
a heightened risk of stroke/TIA and MAEs. Our results 
thus highlighted the clinical importance of both forms 
of LAA patency surveilled by CCTA, either with or with-
out visible PDL. Patients with LAA patency should be 
intensively monitored and managed, such as detachable 
embolization coils, vascular plugs, radiofrequency abla-
tion, and prolonged antithrombotic therapy, to improve 
the outcomes.17

Both forms of LAA patency, that is, LAA patency with or 
without visible PDL, were not rare following LAAC device 
implantation.12,18,19 The association between PDL and 
clinical outcomes, especially ischemic stroke, has been 
observed, but with controversies. The initial results from 
the PROTECT-AF trial reported the correlations between 
PDL by TEE and ischemic stroke and cardiovascular 
death were minimal,9 which have recently been unveiled 
by the pooled analyses of PROTECT AF, PREVEIL, and 

Table 2.  Relative Risks of Clinical End Points for Patients With LAA Patency

Outcomes 
Complete closure 
(n=271) 

LAA patency 
(n=248) 

Unadjusted HR 
(95% CI) P value 

Adjusted HR*  
(95% CI) P value 

Ischemic stroke/TIA 5 (1.8) 16 (6.5) 3.80 (1.39–10.40) 0.009 3.22 (1.17–8.83) 0.023

Major bleeding 2 (0.7) 4 (1.6) 2.48 (0.45–13.55) 0.295 2.26 (0.41–12.49) 0.348

CV death 3 (1.1) 3 (1.2) 1.19 (0.24–5.88) 0.834 0.98 (0.20–4.90) 0.983

All-cause death 3 (1.1) 9 (3.6) 3.45 (0.93–12.74) 0.063 2.76 (0.74–10.23) 0.130

MAEs 9 (3.3) 28 (11.3) 3.68 (1.74–7.81) 0.001 1.12 (1.06–1.17) 0.003

Values are presented as n (%). CV indicates cardiovascular; HR, hazard ratio; LAA, left atrial appendage; MAE, major adverse event; and TIA, 
transient ischemic attack.

*Adjusted for age, which was the only different variable at baseline between complete closure and LAA patency groups.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCINTERVENTIONS.123.013579
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CAP2 studies with extended follow-up periods.10 Other 
studies also favored that PDL was associated with worse 
prognoses.20,21 TEE served as the evaluation tool for PDL 
in all the abovementioned studies, the compliance of 
which, however, was low in the Asian population due to 
patients’ intolerance.11 CCTA thus served as an alterna-
tive imaging modality for post-LAAC device surveillance. 
A previous study compared the diagnostic performance 
for PDL between TEE and CCTA at 3 months and dem-
onstrated that CCTA was a more sensitive way to assess 
PDL than TEE and what’s more, LAA patency without 
PDL (referred to IDE to some extent) could be detected 

by CCTA, but not by TEE per definition.12 This was sup-
ported by the recently published meta-analysis showing 
more frequent LAA patency detected by CCTA, however, 
failed to show prognostic significance probably due to 
the limited sample sizes.22 Whether both forms of LAA 
patency evaluated by CCTA were correlated with adverse 
events after the implantation of the WATCHMAN device 
has not been investigated by previous studies yet.

In the present study, we found the presence of LAA 
patency and its both forms at 3 months by CCTA nega-
tively affected the prognosis by increasing the risks 
of stroke/TIA and MAEs, thus heightening the clinical 

Figure 2. Kaplan-Meier curves of adverse events among the groups of complete closure and left atrial appendage (LAA) 
patency with and without visible peri-device leak (PDL).
Kaplan-Meier curves of ischemic stroke or transient ischemic attack (TIA; A), major bleeding (B), cardiovascular (CV) death (C), all-cause death 
(D), and major adverse events (MAEs; E). For multiple comparisons, the Bonferroni corrected critical P value was set as 0.05/3 to 0.017.
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importance of post-LAAC CCTA device surveillance. The 
timing of the post-LAAC device surveillance also mat-
ters. The previous study demonstrated that PDL detected 
by TEE at 1 year, but not 45 days, was associated with 
increased thromboembolism.10 Therefore, the results of 
the present study potentially suggest device surveillance 
by CCTA, compared with TEE, might favor early recogni-
tion of patients with high residual risks of stroke/TIA and 
other adverse events (3 months versus 1 year). Never-
theless, determining the optimal timing for CCTA device 
surveillance still warrants further investigations.

Opinions also diverge when it comes to how clini-
cal outcomes are affected by PDL severity. In a retro-
spective case-control study, PDL<5 mm by TEE was 

associated with a higher incidence of stroke/TIA com-
pared with no PDL, but the impact of PDL≥5 mm was 
not discussed.21 Results from both the NCDR LAAO 
registry and the pooled analyses of PROTECT AF, PRE-
VEIL, and CAP2 studies showed PDL≤5 mm was asso-
ciated with a higher incidence of stroke compared with 
no PDL, while PDL>5 mm was not.10,20 Our research 
agreed to the point that mild-to-moderate PDL (≤5 
mm) was associated with a higher incidence of stroke 
compared with no PDL, and severe PDL (>5 mm) was 
associated with markedly higher incidence of stroke/
TIA, cardiovascular death, all-cause death and MAEs. In 
addition, the dose-response relationship was revealed 
between leak severity and clinical events including 

Figure 3. Peri-device leak (PDL) 
severity and incidences of adverse 
events.
PDL severity (no PDL, mild PDL [>0 to 
≤3 mm], moderate PDL [>3 to ≤5 mm], 
or severe PDL [>5 mm]) and incidence of 
adverse events post-left atrial appendage 
closure, including ischemic stroke or 
transient ischemic attack (TIA; A), major 
bleeding (B), cardiovascular (CV) death 
(C), all-cause death (D), and major 
adverse events (MAEs; E). Of note, no 
PDL includes both complete closure and 
left atrial appendage patency without 
visible PDL. 
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stroke/TIA, cardiovascular death, and MAEs. Even mod-
erate PDL could increase the MAEs compared with no-
to-mild PDL, which was not observed by the previous 
study using TEE evaluation.10 Considering the PDL at 3 
months might be correlated with initial intraprocedural 
leaks, it suggests the necessity of striving for perfection 
to minimize PDL during the LAAC device implantation 
procedure. When further reviewing the data of patients 

who suffered a stroke, we found that among patients 
with adverse events, the 2 with severe PDL both dis-
continued antithrombotic (anticoagulation or antiplate-
let) therapy without doctors’ permission, and one of the 
2 died of stroke. No death was found due to bleeding in 
patients with residual leaks>5 mm. In contrast, patients 
with PDL>5 mm in the NCDR LAAO registry tended to 
keep anticoagulation therapy.20 Therefore, these results 

Table 3.  Predictors of Stroke/TIA in Patients With LAA Patency

Variables 

Univariate Multivariable

HR (95% CI) P value HR (95% CI) P value 

Age, y 1.12 (1.05–1.19) 0.001 1.11 (1.05–1.19) 0.001

Male 0.77 (0.33–1.82) 0.558 0.75 (0.32–1.79) 0.521

Paroxysmal AF 0.78 (0.32–1.88) 0.578

Hypertension 0.43 (0.18–1.02) 0.056 0.37 (0.15–0.88) 0.024

Diabetes 1.57 (0.63–3.90) 0.328

Coronary artery disease 1.36 (0.58–3.21) 0.479

History of stroke/TIA 1.27 (0.49–3.28) 0.618

Heart failure 0.99 (0.42–2.33) 0.975

NT-proBNP, pg/mL 1.00 (1.00–1.00) 0.434

LAD, mm 1.04 (0.97–1.12) 0.238

LVEF (%) 1.00 (0.94–1.06) 0.931

Device size, mm 1.04 (0.92–1.17) 0.545

Post-LAAC antiplatelet therapy 0.32 (0.13–0.75) 0.009 0.32 (0.13–0.76) 0.010

Recurrence of atrial  
tachyarrhythmias

1.93 (0.81–4.62) 0.141

AF indicates atrial fibrillation; HR, hazard ratio; LAA, left atrial appendage; LAAC, left atrial appendage closure; LAD, 
left atrial diameter; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and 
TIA, transient ischemic attack.

Table 4.  Predictors of MAEs in Patients With LAA Patency

Variables 

Univariate Multivariable

HR (95% CI) P value HR (95% CI) P value 

Age, y 1.13 (1.07–1.18) <0.001 1.11 (1.06–1.17) <0.001

Male 0.73 (0.38–1.38) 0.330 0.72 (0.37–1.39) 0.328

Paroxysmal AF 0.67 (0.34–1.32) 0.250

Hypertension 0.59 (0.30–1.16) 0.125

Diabetes 1.16 (0.56–2.39) 0.696

Coronary artery disease 1.44 (0.76–2.75) 0.268

History of stroke/TIA 1.94 (1.00–3.77) 0.050 1.81 (0.92–3.53) 0.085

Heart failure 1.89 (0.95–3.77) 0.070 1.12 (0.51–2.02) 0.962

NT-proBNP, pg/mL 1.00 (1.00–1.00) 0.060 1.00 (1.00–1.00) 0.264

LAD, mm 1.01 (0.96–1.07) 0.603

LVEF (%) 1.02 (0.97–1.07) 0.510

Device size, mm 0.97 (0.89–1.06) 0.472

Post-LAAC antiplatelet 
therapy

0.28 (0.15–0.53) <0.001 0.28 (0.14–0.54) <0.001

Recurrence of atrial 
tachyarrhythmias

1.27 (0.64–2.55) 0.496

AF indicates atrial fibrillation; HR, hazard ratio; LAA, left atrial appendage; LAAC, left atrial appendage 
closure; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; MAE, major adverse event; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; and TIA, transient ischemic attack.
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confirmed the importance of continuing antithrombotic 
therapy postprocedure in patients with larger PDL. Fur-
thermore, antiplatelet was found to be protective of isch-
emic stroke/TIA and MAEs in patients with LAA patency, 
including both with and without visible PDL. Taken 
together, these findings hinted that antiplatelet therapy 
should be continued in patients with LAA patency at 6 
months, especially in those with larger PDL.

The exact mechanism for LAA patency without visible 
PDL was not entirely clear. IDE (as known as intrade-
vice or transfabric leak), which refers to the continuous 
contrast enhancement through the incomplete endothe-
lialized fabric membrane, might be the most common 
mechanism.23 However, microgaps or microleaks in the 
circumference of the device (due to the device frame 
architecture), which could not be seen on CCTA, might 
be another potential explanation. Therefore, we used 
the term LAA patency without visible PDL instead of 
IDE under such consideration. As TEE has limited value 
in detecting IDE, little was known about the relation-
ship between LAA patency without visible PDL (IDE in 
most cases) and long-term clinical outcomes by previ-
ous studies. There was only one short-term (6 months) 
study showing that delayed endothelialization conferred 
an increased risk for device-related thrombus, but not for 
stroke and other clinical adverse events.23 In this study 
with a larger sample size and long-term follow-up, LAA 
patency without visible PDL detected by 3-month CCTA 
increased the risks of stroke and MAEs, therefore, for 
the first time suggesting IDE also resulted in unfavorable 
long-term prognosis. Ways, both clinical- and materials-
wise, should be explored to accelerate the process of 
device endothelialization.

Limitations
First, this prospective observational study only included 
patients with the WATCHMAN device. Whether LAA 
patency of other types of LAAC device is correlated with 
post-LAAC adverse events remained outside the scope 
of the current study. Second, dynamic CCTA observa-
tions are needed to see whether CCTA at the 3 months 
post-procedure is the optimal time point to evaluate LAA 
patency. Third, the sample size of this study, especially 
that of LAA patency without visible PDL group, which 
was only 52, might lead to unavoidable bias. Last, it 
remains elusive what strategies could be helpful to 
reduce the rates of LAA patency post the procedure, and 
future studies are needed to address this issue.

Conclusions
LAA patency evaluated by 3-month CCTA, whether with 
or without visible PDL, resulted in an unfavorable long-
term prognosis. PDL was associated with increased risks 
of stroke/TIA and MAEs, and there was a dose-response 
relationship between leak severity and MAEs. Similarly, the 
occurrence of LAA patency without visible PDL (or termed 
as IDE) heightened the risks of stroke/TIA and MAEs. 
These findings therefore emphasize the importance of 
aiming for complete closure at the time of implantation. 
In addition, patients should undergo CCTA surveillance at 
3 months post-LAAC and those with both forms of LAA 
patency need to be carefully monitored and managed. The 
continuous use of antiplatelet therapy beyond 6 months 
post-LAAC should be considered for patients with LAA 
patency to improve long-term outcomes.
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