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Abstract
For patients with atrial fibrillation with an increased risk of stroke and contrain-
dications to long-term anticoagulation, percutaneous left atrial appendage closure 
(LAAC) has become an important alternative to long-term oral anticoagulation. 
Incomplete closure of the LAAC during the procedure leads to faster blood flow 
in the interstitial space around the device, resulting in peri-device leak (PDL), 
which is not uncommon. Studies are still inconclusive in determining the 
incidence, long-term safety, and management of PDL. Therefore, this article 
reviewed the progress made in the research and treatment of PDL after LAAC.
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Core Tip: For patients with atrial fibrillation with an increased risk of stroke and 
contraindications to long-term anticoagulation, percutaneous left atrial appendage 
closure has become an important alternative to long-term oral anticoagulation. 
Incomplete closure of the left atrial appendage closure during the procedure leads to 
faster blood flow in the interstitial space around the device, resulting in peri-device leak. 
The incidence, long-term safety, and management of peri-device leak are still 
inconclusive.
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INTRODUCTION
As one of the most common type of arrhythmias, atrial fibrillation (AF) can lead to the development of atrial thrombi. 
After a thrombus detaches from the vessel wall, it travels with the blood to the brain and the whole body. In nonvalvular 
AF, 90% of thrombi are formed in the left atrial appendage (LAA)[1]. Therefore, LAA closure (LAAC) has become an 
effective alternative to long-term oral anticoagulation for the prevention of stroke in AF patients with increased stroke 
risk or contraindications to long-term anticoagulation therapy[2]. LAAC uses a catheter delivery system to transport and 
fix the prefabricated and preinstalled LAA occlusion device to plug or seal off the LAA to block the blood flow between 
the LAA and the left atrium. Variability in the anatomical morphology, size, and orientation of LAAs between patients 
can result in the failure of the occluder in sealing the LAA, causing high-velocity blood flow to pass through the gap 
around the occluder and can possibly cause peri-device leak (PDL). The clinical significance of PDL is now still a contro-
versial issue, while the main concern is its relationship to thromboembolic events.

CAUSES, ASSESSMENT METHODS, AND GRADING CRITERIA OF PDL
Causes of PDL
Plugs and cups are the two widely used occluders in clinical practice, and they can lead to PDL for slightly different 
reasons. PDL occurs with plug occluders when they cannot fully cover the LAA. PDL occurs with cup occluders mostly 
due to the gap under the blocking disc that does not fully cover the wall of the LAA[3].

Methods of PDL assessment
Methods to assess PDL include digital subtraction angiography (DSA), intracardiac echocardiography, transesophageal 
echocardiography (TEE), and cardiac computed tomography angiography (CCTA). A single-center observational study in 
Denmark studied 415 patients who underwent LAAC with the Amplatzer occluder between 2010 and 2018[4]. In total, 
346 patients who received CCTA and TEE at 8 wk postoperatively were included in the research. The results of the study 
showed that PDL was observed in 110 patients (32%) by TEE, of which 29 (8%) had PDL > 3 mm. PDL was present in 210 
patients (61%) by CCTA, of which 63 patients (18%) had PDL > 3 mm. This study suggested that CCTA is more sensitive 
than TEE in detecting PDL, which was similar to the findings from other studies[5,6].

In contrast, a study from Zhang et al[7] included a total of 208 patients with nonvalvular AF who underwent LAAC. 
Among them, 101 patients received standard surgery (intraoperative TEE confirmation required, retrospective cohort) 
and 107 patients with fluoroscopy alone (prospective cohort). The study analyzed individual occluder position, 
anchorage, compression, and PDL to assess clinical outcomes in both cohorts and found that both DSA angiography and 
TEE assessment intraoperatively showed better performance in assessing the occluder position and anchorage. However, 
no significant improvement in assessing PDL was observed (P = 0.304). Other data on intracardiac echocardiography and 
DSA are lacking, and further studies are needed.

Grading criteria
There are no well-recognized criteria for the assessment of PDL. For plugging occluders (e.g., Watchman[8]), a PDL ≤ 5 
mm is generally considered a mild PDL, and PDL > 5 mm is considered severe PDL. PDL in some studies of cap 
occluders (e.g., LAmbre, ACP/Amulet[9]) strictly defined PDL< 1 mm as mild, PDL between 1-3 mm as moderate, and 
PDL > 3 mm as severe. Most experts agree that PDL of 5 mm is recommended as a grading criterion for either plug or cap 
occluders (Figure 1).

INCIDENCE OF PDL
Most LAAC-related studies have statistically analyzed the incidence of PDL (Table 1). The PROTECT AF study was the 
first randomized controlled study of LAAC in which 468 patients successfully underwent LAAC (Watchman) with their 
PDL assessed by TEE[8]. If TEE found no thrombus on the surface of the occluder and the LAA was effectively occluded 
(complete occlusion or PDL < 5 mm), then the TEE criteria were met. Then, warfarin could be discontinued in favor of 
aspirin and clopidogrel for continued antithrombotic therapy. However, only 349 patients in this study met the TEE 
criteria at the 45-d follow-up, with the initial results of the study showing that the incidence of occluder surface 
thrombosis and PDL at 45 d (14%) might be higher than expected. In the subsequent PROTECT AF 2study, it was shown 
that during the follow-up after LAAC, 30 patients (7.5%), 14 patients (3.6%), and 10 patients (2.7%) continued warfarin 
after PDL (> 5 mm) was detected by TEE at 45 d, 6 mo, and 1 year after the procedure, respectively[10]. In contrast, the 
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Table 1 Studies reporting the peri-device leak after left atrial appendage closure

Ref. Study 
population Type of study Type of LAA 

closure Incidence of PDL Findings

Holmes et al
[8]

485 Randomized 
controlled study

Watchman 14%: ≥ 5 mm No difference between patients with any PDL in terms 
of primary effectiveness

Dukkipati et 
al[12]

1205 Randomized 
controlled study

Watchman 0.7%: > 5 mm; 27.7%: 
1-5 mm; and 71.6%: no 
PDL

PDL ≤ 5 mm was associated with an increased risk of 
stroke, systemic embolism, cardiovascular, 
unexplained death, or all-cause mortality

Korsholm et 
al[13]

153 Retrospective 
study

Amplatzer Amulet, 
Amplatzer Cardiac 
Plug

61% PDL did not increase the incidence of events related to 
thromboembolism.

Wang et al
[14]

152 Retrospective 
study

LAmbre 15.7%: > 3 mm PDL was not associated with an increased risk for 
thromboembolic events

Alkhouli et 
al[15]

51333 Retrospective 
studies

Watchman, ACP 73.4%: no PDL; 25.8%: 
moderate; and 0.7%: 
severe

Patients with PDL at 1 yr had a 2-fold increase in 
ischemic stroke/SE at 5 yr compared with patients 
without PDL

Miller et al
[17]

43 Retrospective 
study

Watchman FLX More than 40% 3 TIAs (6.98%) and 3 strokes (6.98%) were documented 
each within the 6-mo to 1-yr period

TIA: Transient ischemic attack; PDL: Peri-device leak; SE: Systemic embolization; LAA: Left atrial appendage.

Figure 1 Different grades of peri-device leak using transesophageal echocardiographic imaging. A: No peri-device leak (PDL); B: 0-3 mm PDL; C: 
3-5 mm PDL; D: > 5 mm PDL.

early PROTECT-AF study showed that the incidence of any degree of PDL was 40.9%, 33.8%, and 32.1% at 45 d, 6 mo, 
and 12 mo postoperatively, respectively[11]. Of these, mild (1 mm), moderate (1-3 mm), and severe (≥ 3 mm) PDL 
accounted for 7.7% of patients, 59.9% of patients, and 32.4% of patients, respectively.

A total of 1205 patients who were implanted with Watchman occluders from three studies, PROTECT-AF, PREVAIL, 
and CAP2, were included in another 5-year follow-up study[12]. By TEE at 45 d, 634 patients (60.2%) had no PDL, 404 
patients (38.3%) had PDL < 5 mm, and 16 patients (1.5%) had PDL > 5 mm (TEE information was missing for the 
remaining 151 patients). Of the 404 patients with PDL < 5 mm, 255 patients (63.1%) had PDL ≤ 3 mm, and 149 patients 
(36.9%) had 3 mm < PDL ≤ 5 mm. At the 1-year TEE follow-up, a total of 983 patients reported PDL, of which 704 patients 
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(71.6%) had no PDL, 272 patients (27.7%) had PDL ≤ 5 mm, and 7 patients (0.7%) had PDL > 5 mm.
A study from Denmark on the Amplatzer occluder included 153 patients who received LAAC and underwent 2-mo 

and 12-mo cardiac computed tomography at a single center between 2010 and 2017[13]. The Amplatzer Cardiac Plug 
Occluder was implanted in 43 patients (28%). The 2-mo and 12-mo follow-ups showed PDL in 103 patients (67%) and 93 
patients (61%), respectively (P = 0.08). The mean PDL size at 2 mo and 12 mo was 2.9 ± 1.7 and 2.4 ± 1.4 mm, respectively (
P = 0.07).

In a study from Wuhan University People’s Hospital, 152 AF patients were implanted with LAmbre occluders[14]. At 
the 3-mo follow-up, 123 patients underwent TEE, of whom 21 patients (17%) had PDL, 19 patients (15.4%) had mild PDL 
(1-3 mm), and 2 patients (1.6%) had moderate PDL (> 3 and ≤ 5 mm). Of the 121 patients who underwent TEE at the 12-
mo follow-up, 19 patients (15.7%) had PDL (> 3 mm).

Another retrospective study through the NCDR-LAAO registry included all patients who underwent LAAO between 
January 1, 2016 and December 31, 2019[15]. Patients were classified according to PDL size on a 45-d echocardiogram: 
PDL= 0 mm, no PDL; PDL > 0-5 mm, moderate PDL; and PDL > 5 mm, severe PDL. A total of 51333 patients were 
included, of whom 37696 patients (73.4%) had no PDL, 13258 patients (25.8%) had moderate PDL, and 379 patients (0.7%) 
had severe PDL.

In the Amulet IDE study published in 2021, a head-to-head comparison of the safety and efficacy of the plug occluder 
(Watchman) vs the cap occluder (Amulet) was performed[16]. The study was randomized to the Amulet or Watchman 
groups, with 934 patients in the Amulet group and 944 patients in the Watchman group. It was discovered that the 
occluder blocking rate was better in the Amulet group than in the Watchman group at 45 d postoperatively (the 
proportion of those with PDL ≥ 3 mm was significantly lower in the Amulet group than in the Watchman group, 11% and 
26%, respectively; P < 0.001) and lasted until 1 year postoperatively (9% and 22% in the Amulet group compared with the 
Watchman group for PDL ≥ 3 mm, respectively; P < 0.001). As seen in this study, the incidence of PDL was lower with the 
cap occluder than with the plug occluder.

However, the conclusion was different in another recent single-center retrospective study[17]. Miller et al[17] included 
43 patients who underwent Watchman FLX implantation from July 2020 to September 2021, and the final results showed 
that more than 40% of patients (17/43) implanted with Watchman FLX had PDL. Only 53% of patients (23/43) had 
complete closure of the LAA. In this study, the incidence of PDL was not low for the Watchman FLX implantation group 
and still requires a long follow-up.

It can be easily seen from the above studies that the incidence of PDL ranges from 9% to 40%, and the incidence of PDL 
with different grades also differs. The incidence of PDL may be lower with a cap occluder than with a plug occluder.

PROGNOSTIC IMPACT OF PDL
The prognostic impact of PDL is currently the focus of attention in related studies. Data from the early PROTECT AF 
study suggested that patients without PDL were not statistically different than patients with any PDL in terms of primary 
effectiveness (P = 0.572) or ischemic stroke or systemic embolism (P = 0.669)[11]. In addition, further analysis found no 
statistically significant relationship between PDL severity and the primary endpoint [hazard ratio (HR): 0.84; P = 0.256].

Similarly, the aforementioned study on the Amplatzer occluder noted that with continued follow-up after completion 
of cardiac computed tomography at 12 mo and a median follow-up at 2.1 years, 52 patients (34%) had a composite 
endpoint of ischemic stroke, systemic embolism, transient ischemic attack, or all-cause death between the 12-mo visit and 
the last known follow-up[13]. The study divided PDL into four different grades: no PDL; grade 1; grade 2; and grade 3. 
The risk of the composite endpoint was 63% higher in the PDL group than in the no-PDL group, yet no statistical 
significance was found [HR: 1.63, 95% confidence interval: 0.90-2.93; P = 0.11]. The study further noted that PDL did not 
increase the incidence of events related to thromboembolism.

Although the two studies showed that PDL after Watchman and Amplatzer implantation did not increase the 
incidence of thromboembolic events, small sample sizes, small number of thromboembolic events, and short follow-up 
periods of both studies may undermine the statistical efficacy.

The retrospective NCDR-LAAO registry study also showed a trend toward increased ischemic stroke or systemic 
embolism in patients with any PDL at 45 d (5-year incidence 9.2% vs 6.6%), but this was not statistically significant (P = 
0.14)[15]. However, patients with PDL at 1 year had a 2-fold increase in ischemic stroke/systemic embolism at 5 years 
compared with patients with no PDL (9.9% vs 5.1%; P = 0.008). This study is the first to show a correlation between PDL 
(although only detected at 1 year) and subsequent adverse ischemic events.

A similar view was shared in the 5-year follow-up study[12]. Compared with the no-PDL group, a 45-d TEE showing 
PDL ≤ 5 mm was not associated with an increased risk of ischemic stroke or systemic embolism (9.2% vs 6.6%; P = 0.141), 
cardiovascular or unexplained death (8.8% vs 10.3%; P = 0.547), or all-cause death (18.5% vs 21.5%; P = 0.350). However, 1-
year TEE showing PDL ≤ 5 mm was associated with an increased risk of subsequent ischemic stroke or systemic 
embolism (9.9% vs 5.1%) with an unadjusted HR of 1.92 (95% confidence interval: 1.14-3.25; P = 0.0149), but 1-year TEE 
showed that PDL ≤ 5 mm was not associated with an increase in cardiovascular or unexplained death (10.1% vs 8.6%; P = 
0.382) or all-cause mortality (16.2% vs 18.3%; P = 0.515).

A prospective observational registry study enrolled 1047 patients and classified PDL as < 1 mm, 1-3 mm, and > 3 mm
[18]. After a mean follow-up period of 13 mo, the incidence of PDL at all levels was found to be 4.3%, 5.4% and 1.9%, 
respectively. There were nine strokes (0.9%) and nine transient ischemic attack (0.9%) during follow-up, which was not 
related to different grades of PDL.
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Although the conclusions on the prognostic impact of PDL are mixed, the current findings favor that PDL can increase 
the risk of ischemic stroke or systemic embolism, especially in severe (≥ 5 mm) PDL.

CURRENT TREATMENT FOR PDL
PDL of more than 5 mm detected after LAAC will be considered a failure of occlusion, and TEE or CCTA are important 
follow-up tools to assess the PDL. Current treatment options for PDL include anticoagulation, spring-ring embolization, 
and radiofrequency ablation.

A study from the United States treated PDL by releasing a spring coil into the LAA[18]. The study included 30 patients 
with PDL after LAAC, of whom 10 patients (33.3%) had severe PDL (≥ 5 mm) and 20 patients (66.7%) had moderate PDL 
(3-4 mm). The immediate procedural success rate was 100%, and immediate angiographic and TEE results showed 
complete occlusion in 25 patients (83.3%), very mild PDL (1-2 mm) in 3 patients (10.0%), and partial occlusion with 
moderate PDL (3-4 mm) in 2 patients (6.7%). All patients underwent follow-up TEE after a median of 52 d (43–90 d). The 
majority of patients [n = 23 (76.7%)] showed complete occlusion, except for 2 patients (6.6%) with minor PDL (1-2 mm) 
and 5 patients (16.7%) with moderate PDL (3-4 mm), where spring coil placement resulted in a mean reduction in leak 
size of 86.3% (P < 0.001). This study provided a new means of treating PDL.

Another study shed light on the effectiveness of radiofrequency ablation for PDL management[19]. This study included 
43 patients (PDL ≥ 4 mm) who underwent radiofrequency ablation of atrial tissue at the site of the PDL, and TEE was 
performed 48 ± 12 d after the procedure. The study found that 23 patients (53.5%) had complete occlusion of the LAA, 15 
patients (34.9%) had mild or very mild (1-2 mm) PDL, and 5 patients (11.6%) had moderate (3-4 mm) PDL. The long-term 
success rate was 88.4% (n = 38). This study suggested that radiofrequency ablation may be effective in the treatment of 
PDL.

However, anticoagulation is still used clinically as the primary solution to treat large PDL. Although the small-sample 
study mentioned above has provided a new insight into the treatment of PDL, a large-scale clinical study is still needed to 
validate the results.

CONCLUSION
Since PDL after LAAC is not uncommon, it should be taken seriously by clinicians through achieving complete occlusion 
in LAA as much as possible. Both TEE and CCTA are powerful tools to assess PDLs after LAAC, with CCTA being more 
sensitive. With longer follow-up and larger sample sizes, it has been found that PDL may increase the risk of 
thromboembolic events, even though the overall incidence is low. Management of PDL includes anticoagulation, spring-
ring embolization, and radiofrequency ablation, but further studies are needed to validate their safety and efficacy.
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