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Introduction
Atrial fibrillation (AFib) is the most common type of cardiac 

arrhythmia and its incidence rates are increasing1. The condition 
is associated with substantial morbidity and mortality. The most 
worrisome complications are stroke and TIA with an average increase 

in stroke risk of 4-5 fold2. Stroke resulting from afib is associated with 
worse outcomes including increased 1-year mortality and recurrence 
of stroke3, 4. The increasing incidence of afib has brought the discussion 
about management to the forefront of cardiology.

The risk of thromboembolism necessitates the use of anticoagulation. 
Oral anticoagulation with vitamin K antagonists (VKA) and 
non-vitamin K antagonist oral anticoagulants (NOACs) have 
shown a reduction in thromboembolic events in several trials. The 
CHA2DS2VASc (C: congestive heart failure, H: Hypertension, A: 
age ≥75, D: diabetes mellitus, S: stroke/TIA or thromboembolism, 
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Abstract
Background: Atrial fibrillation is the most frequent cardiac arrhythmia affecting 15 – 20% of all ischemic strokes.In patients who are at 

high risk of this stroke, oral anticoagulation has been used as a mode of treatment. For those who are at risk of bleeding and complications 
of anticoagulation, LAAC has been proven to be equally effective as greater than 90% of the thrombi are formed in the left atrial appendage.

Objectives: The purpose of this study was to report visible peri-device leak rates identified by either transesophageal echocardiography 
or cardiac CTA at a 45-day follow-up from device implantation. The data for each device was gathered by pooling data together from the 
available studies. 

Methods: We searched PubMed, AHA, JACC, and Science Direct and article references for randomized controlled trials of patients with 
LAAC devices and the rate of leaks on45-dayfollow-ups. With clear inclusion criteria, we identified ten studies eligible for this study. We 
carried out a meta-analysis of the relative odds based on a random-effects model using the Mantel-Haenszel method for the primary outcome 
of peri-device leaks identified by either transesophageal echocardiography or cardiac CTA at 45-day follow-up from device implantation. 
Heterogeneity was assessed using the I² test, Comprehensive Meta-Analysis Version 3 software was used for analysis. Can refer to the graphs 
showing the studies used in this meta-analysis with the total number of devices and their leak rates in Table A, B, and C. 

Results: The first comparison was performed between the Watchman 2.5 VS Watchman FLX (Table 1), which favored Watchman FLX P 
value of 0.02 and RR of 5 suggesting 5 times increased risk of the leak with Watchman 2.5.  Next, Amulet was compared to Watchman 
2.5 (Table 2) which favored Amulet with a P value of 0.01 and RR of 0.5 suggesting Amulet was associated with a 50% less rate of leaks 
in comparison. The last comparison was between Amulet vs Watchman FLX (Table 3), no statistically significant difference exists between 
these 2 devices with a P value of 0.2. I² tests indicated the presence of substantial to considerable heterogeneity in all 3 comparisons. 

Conclusion: Our study found that both Amulet and Watchman FLX are superior to Watchman 2.5 in terms of Peri device leak rate of any 
size and the leak rate between Amulet and Watchman FLX is not statistically significant at 45 daysfollow-up with either TEE or CCTA. There 
was significant heterogeneity in the results because of variation in sample sizes across the studies and the difference in study methodology. 
We need more studies focusing on PDL rates to better understand its complications
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V: vascular disease, A: age 65-74, Sc: female sex) score is a scoring 
system that takes into consideration common stroke risk factors. Each 
risk factor is worth 1 point except for age ≥75 and a history of stroke/
TIA/thromboembolism which are given 2 points. Anticoagulation is 
recommended in any patient with a score of 2 or greater; however, the 
recommendation is limited by the risks associated with anticoagulation.

Warfarin was first approved by the US Food and Drug Administration 
(FDA) in 19545. While VKAs reduce the risk of thromboembolic 
events they are associated with an increased risk of bleeding including 
intracranial hemorrhage and require close monitoring to maintain 
a narrow-therapeutic window6. In the United States, Warfarin was 
considered the standard of care for stroke prevention in afib until 
the introduction of DOACs (Direct Oral Anticoagulants)7 which, 
compared to Warfarin, lead to a reduction in strokes as well as a decrease 
in intracranial bleeding; however, there was no significant difference in 
major bleeding7. Despite these relatively recent advancements, there 
continues to be an increased risk of bleeding limiting their use in 
patients at high risk of bleeding complications.  This need for alternative 
modalities for stroke prevention has led to the development of device-
based therapeutic approaches.

Left atrial appendage occlusion (LAAO) devices are implanted in the 
heart and prevent left atrial appendage (LAA) thrombus from entering 
systemic circulation by mechanically occluding the appendage8. The 
first left atrial appendage occlusion device was the Percutaneous Left 
Atrial Appendage Transcatheter Occlusion (PLAATO) system. This 
device has since been taken off the market. Current endovascular 
LAAO devices approved in the United States include the Watchman 
FLX (WMFLX) and Amulet8. Watchman 2.5 has been discontinued 
since this study was conducted. Several trials have looked to determine 
the efficacy and safety of these devices. PROTECT AF, a multi-center 
randomized clinical trial demonstrated that the Watchman device was 
non-inferior to warfarin therapy alone in preventing stroke, systemic 
embolism, and cardiovascular death9. The subsequent PREVAIL trial 
was a follow-up to PROTECT AF to assess the safety and efficacy10. 
Both PROTECT AF and the PREVAIL trial were limited to 
comparing the Watchman device to warfarin therapy. PRAGUE-17, 
a randomized non-inferiority trial, compared the LAAC devices to 
DOACs11. In the studied patient population, LAAC was non-inferior 
to DOAC in preventing cardiovascular, bleeding, and neurological 
events11.

To our knowledge, there have not been many head-to-head studies 
comparing LAAC devices. Our study aims to compare peridevice leak 
(PDL) rates among three common LAAC devices: Amulet (fig.A), 
Watchman FLX(fig.B), and Watchman 2.5 (fig.C).  

Methods
Study selection

We searched PubMed, AHA, JACC, and Science Direct “article 
reference” for randomized clinical trials (RCTs) reporting a peridevice 
leak identified by either cardiac CTA (CCTA) or transesophageal 
echocardiography (TEE) at 45-day follow-up. A total of 20 studies 
meeting our criteria were identified. 

Figure A: Amulet Amplatzer device

Figure B: Watchman FLX device

Figure C: Watchman 2.5
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Specific inclusion and exclusion criteria were established. The 
following criteria were used to select studies for inclusion: Visible 
PDL identified by TTE or CCTA at 45-day follow-up post device 
placement. Studies that had older devices were excluded from our study. 
After exclusion, a total of 10 studies were included. Studies included 
can be found in Table A, B, and C. Device type, the number of devices 

placed, and PDL rates were extracted from each study. Can refer to the 
graphs showing the studies used in this meta-analysis with the total 
number of devices and their leak rates in Table A, B, and C. 

Data analysis
Three separate comparisons were made: Watchman 2.5 vs. Watchman 

FLX, Amulet vs. Watchman 2.5, and Amulet vs. Watchman FLX. We 
carried out a meta-analysis of the relative odds based on a random-
effects model using the Mantel-Haenszel method to compare the 
primary outcome of the peridevice leak. Percentages of variability in 
effect estimates due to heterogeneity were assessed using the I² test. 
Analysis was carried out using the Comprehensive Meta-Analysis 
(CMA) software Version 3. 

Results
WATCHMAN 2.5. vs. WATCHMAN FLX (Table 1)

A total of 1044 Watchman 2.5 device placements were identified 
with a total of 389 leaks of any size identified (leak rate of 37.3%). A 
total of 729 Watchman FLX device placements were identified with 
a total of 70 leaks of any size (leak rate of 9.6%). Results favored the 
Watchman FLX with a risk ratio of 5.0 (interval: 1.2-50.5, p=0.02)  
suggesting 5 times increased risk of the leak with Watchman 2.5. The 
I² value was approximately 92% indicating considerable heterogeneity 
could potentially be present.

Amulet vs. WATCHMAN 2.5 (Table 2)
A total of 1091 Amulet device placements with a total of 364 leaks 

of any size (leak rate 33.4%) were compared to 1027 Watchman 2.5 
device placements with a total of 532 leaks of any size (leak rate 51.8%). 
The Amulet device was favored over the Watchman 2.5 in terms of the 
primary endpoint of device leak rate with a risk ratio of 0.5 (interval: 
0.3-0.9, p=0.01) suggesting Amulet was associated with a 50% less rate 
of leaks in comparison. The I² value was approximately 64% indicating 
substantial heterogeneity could potentially be present.  

Amulet vs. WATCHMAN FLX (Table 3)
A total of 1093 Amulet device placements with a total of 361 leaks 

of any size (leak rate 33.0%) were compared to 759 Watchman FLX 
device placements with a total of 70 leaks of any size (leak rate 9.2%).
Though the trend appeared to favor Watchman FLX, with a P value 
of 0.2 and RR of 2.4,  it is not statistically significant. The I² value was 
about 94% indicating considerable heterogeneity could potentially be 
present.

Discussion
The most commonly used LAAC devices are Amulet (fig.A), 

Watchman FLX (fig.B), and Watchman 2.5 (fig.C).  All three devices 
have been proven to be effective in preventing thromboembolism in 
nonvalvular atrial fibrillation; however, procedure complications, post-
procedure LAA patency, peridevice leaks (PDL), and device-related 
thrombi vary between them. Post implantation PDLs have become a 
topic of discussion and the literature is limited. The increased risk of 
thromboembolism in patients with PDLs and the limited information 
guided our decision in selecting periprocedural leak identified by either 
TEE or cardiac CTA at 45 days follow-up as our primary outcome. 
Patients with PDLs often remain on anticoagulation or undergo 

Table A: Amulet Peridevice Leak Rate

Table B: Watchman 2.5 Peridevice Leak Rate

Table C: Watchman FLX Peridevice Leak Rate
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Table 1: Data comparing Watchman 2.5 and Watchman FLX
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Table 2: Data comparing Amulet and Watchman 2.5
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Table 3: Data comparing Amulet and Watchman FLX
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and repeat imaging in 6-12 months, if the leak persists as >3mm, 
consider secondary closure methods

Recent data is suggesting that a leak of any size is of clinical 
significance. A study by Alkhouli et al. and a separate post-ad hoc 
analysis led by Dukkipati et al. found that leaks ≤ 5 mm in size were 
associated with a higher risk of the thromboembolic event15, 17. We 
aimed our meta-analysis based on the data that stroke risk is high with 
any size of the leak. 

Both Amulet IDE and SWISS APERO stated that Amulets are 
associated with intradevice leaks; whereas Watchman is associated 
with per-device or mixed leaks12, 13. We currently do not have data on 
stroke risk based on the type of leak. 

At TCT 2021, Lakkireddy et al’s presentation of the Amulet IDE 
trial at a 12-month closure follow-up, reported that leaks fluctuated 
from 45 days to 12 months18. A recent study by Afzal et al stated that 
newly identified PDL during follow-up imaging from 45 to 90 day 
period after Watchman device implantation occurred in a significant 
number of patients and is associated with a higher incidence of TIA or 
stroke, irrespective of leak size19. These 2 studies raise the concern, is a 
limited follow-up at 45 days with either TEE or CCTA sufficient to 
rule out stroke risk and stop anticoagulation or should we continue to 
follow up with a 6-month and one-year TEE in all device implanted 
patients? We currently do not have data for more than 45 days of 
follow-up, with new follow-up data from all the clinical trials, there is 
possibility of metaanalys is for 6 months, 12 months, and 5 year PDL 
rates in near future. 

A few significant factors that can contribute to complication rates or 
PDL rates are appendage anatomies and the experience of implanting 
physicians. There was no standardized protocol followed in regards to 
implanting physicians’ experience with either the Watchman devices or 
the newly approved Amulet in the majority of studies. All the physicians 
underwent company-specific training for implanting devices.  In our 
view, the implanting physicians’ understanding of different appendage 
anatomies and immense experience in implanting different devices can 
change the complications and peridevice leak rate. Since Amulet was 
fairly new to the market at the time of these studies, the experience 
could have played a role in complications and PDL rates. Glassy et al 
commented on the variation of appendage anatomies; however, did 
not comment on leak rates in comparison to appendage anatomy. A 
study led by Afzal et al on Watchman device outcomes reported the 
highest leak rate in broccoli (91%)  followed by chicken wing (72%), 
cauliflower (66%), and windsock (50%). This variation is significant and 
requires further investigation to identify PDL rates based on appendage 
anatomy. 

Almost all procedures were done using TEE and fluoroscopy, some 
of them used intracardiac echocardiography. Turagam et al implanted 
30 watchman FLX devices using intracardiac echocardiography (ICE) 
and had shown no major leak >5 mm at a 45-dayfollow-up 20. Based 
on this, using ICE might be helpful for proper implantation thereby 
reducing the PDL rates. 

The smaller SWISS-APERO trial, presented by Roberto Galea 

other closure procedures such as endovascular coils, plugs, or a second 
occluder.  Management of these patients is complicated by the fact 
that many of them undergo the procedure because they are unable to 
tolerate anticoagulation. Any leak is important when the primary goal 
is to seal the appendage completely.

The initial Watchman 2.5 device (Fig.C) came in sizes of 21mm, 
24mm, 27mm, 30mm, and 33mm12. The Watchman FLX device comes 
in 5 different sizes: 20mm, 24mm, 27mm, 31mm, and 35mm13. These 5 
sizes can treat Ostia ranging from 14mm to 31.5mm13. The Watchman 
FLX (Fig.B) has some important design changes, includinga greater 
number of hooks, from 10 to 18, distributed in 2 different rows. These 
changes provide improved device engagement. Ellis et al. stated that 
the Watchman FLX, compared to the Watchman 2.5, was preferred 
in difficult anatomies14. Their study placed the Watchman FLX in a 
cohort of patients who had a prior failed Watchman 2.5 attempt or 
anatomy prohibitive to use of the Watchman 2.5. The Watchman FLX 
is a shorter device and only requires an LAA depth half that of the 
width of the Ostia. 

The Amulet (Fig.A) is a second-generation Amplatzer device that 
was FDA approved on August 16, 2021. It is now a common left atrial 
appendage occlusion device used to treat patients with afib who are at 
risk of thromboembolic complications. Compared to the Amplatzer 
Cardiac Plug, the Amulet has several improved features such as a 
larger disc diameter, longer lobe length, long waist length, double seal 
technology, and stronger stabilizing wires. The inner lobe allows the 
device to better conform to the LAA anatomy and the disc further 
seals blood flow around the device by covering the LAA opening15. 
The Amulet device offers greater variability in sizes, coming in a total 
of 8 sizes: 16mm, 18mm, 20mm, 22mm, 25mm, 28mm, 31mm, and 
34 mm. These 8 sizes can treat ostium diameters ranging from 11mm 
to 31mm15. The greater range of device sizes and the differences in 
design may explain the difference in PDL rates between the Amulet 
and Watchman devices.

Per FDA recommendations a leak of < 5mm was deemed successful 
implantation. The Amulet IDE trial looked at the incidence of a 
residual jet ≤5 mm around the Amulet and Watchman devices12. They 
found that the Amulet had a 98.8% leak rate and Watchman had a 
96.8% leak rate12. They also noted that at a 12-month follow up the 
Amulet had a 10% moderate to severe PDL rate, whereas Watchman 
had a 22% PDL rate12. In our meta-analysis Amulet and Watchman 
FLX are superior to Watchman 2.5 in terms of PDL rates of any size 
jet, we are unable to favor either Amulet or watchman FLX which are 
currently available in the market  in regards to PDL given statistically 
nonsignificant p-value (refer to Table 1,2 and 3)

PDL is graded as mild (0-3 mm), moderate (3-5 mm), and severe 
(>5mm).  The implications of PDL aren’t fully known; however, there is 
a presumed risk of stroke16. At this juncture, we do follow-up imaging 
for PDLs at 45 days, no follow-ups are required at 6 months or 1 year if 
no leak was identified at the first follow-up. Per data, so far management 
for PDL is as follows, at 45 days follow-up with either TEE or CCTA, 
if a <3 mm leak was identified, may stop anticoagulation and repeat 
imaging in 6 - 12 months for regression. No, follow-up is recommended 
if it regresses to < 3mm. If >3mm leak, continue or start anticoagulation 
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In this meta-analysis of Amulet and Watchman, FLX is superior 
to Watchman 2.5 in terms of PDL rates only, we are unable to favor 
either Amulet or watchman FLX which are currently available in the 
market in regards to PDL given statistically non significant p-value 
(refer to table 1,2 and 3).  In any case, we would like to stress that the 
focus should be on minimizing the leak rate and aggressively following 
up for identified leaks at 45 days follow up and a second follow-up at 
6 months to a year may benefit in the detection of delayed leaks to 
minimize the stroke complications. As mentioned earlier, the amulet 
is fairly new to the market, with increasing physician experience future 
studies PDL outcome rates might differ. Increased understanding of 
PDL complications and management in future studies is necessary. 

Conclusion
PDLs are associated with a higher incidence of post-device 

implantation strokes 12 and with the increasing utilization of left atrial 
appendage occlusion devices, information on differences in PDL rates 
between devices can guide operators in choosing the appropriate device 
for their patients.

In this study, we performed a meta-analysis examining the rate 
of visible peridevice leaks of any size identified by either cardiac 
CTA or transesophageal echocardiography at a 45-day follow-up. 
Three different devices were included in the study: Watchman 2.5, 
Watchman FLX, and Amplatzer Amulet. A head-to-head comparison 
was performed between each of the devices. By pooling PDL rates 
from the included studies we concluded that the Amulet device and 
Watchman FLX are superior to Watchman 2.5  in terms of per device 
leak rate. There is no statistically significant difference between Amulet 
and Watchman FLX. There was significant heterogeneity in the results 
because of variation in sample sizes across the studies and the difference 
in study methodology. We need more studies focusing on PDL rates to 
understand their significance and complications better.
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