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Reviewing the latest literature, current devices, and procedural considerations for prevention 

of stroke in patients with nonvalvular atrial fibrillation. 

By Cameron McAlister, MD, FRACP, 
and Jacqueline Saw, MD, FRCPC, FACC, FAHA, FSCAI, FSCCT

Left Atrial Appendage 
Closure: An Update

Percutaneous left atrial appendage closure (LAAC) 
has become an important tool for stroke preven-
tion in patients with nonvalvular atrial fibrillation 
(AF). LAAC is an alternative to oral anticoagula-

tion (OAC) and thus, is a particularly attractive option 
for patients at high risk for bleeding. In the early days of 
LAAC, concerns were raised about the safety of the pro-
cedure and long-term efficacy. However, improvements 
in operator technique, pre- and periprocedural imag-
ing, and device development have improved safety and 
technical success rates. This article reviews the back-
ground of LAAC, provides an update on recent trial evi-
dence and reviews the devices and technical approach. 

BACKGROUND
AF is common, affecting 9% of patients aged 65 years 

or older in the United States and the prevalence is 
increasing.1 Data from the Framingham cohort sug-
gest a one in four lifetime risk of AF in those older than 
40 years.2 AF causes > 20% of all strokes and leads to 
more disabling symptoms, with higher mortality and 
higher health care costs compared to other causes of 
stroke.3 The mechanism of stroke in AF is most com-
monly related to embolism of thrombus formed in the 
left atrial appendage (LAA).4,5 Early data summarized 
in a 1990 meta-analysis, including 1,288 patients with 
nonvalvular AF, found 201 of 222 (91%) of left atrial 
thrombi resided in the LAA.4 A contemporary study that 
included 1,420 nonvalvular AF patients who underwent 
transesophageal echocardiography (TEE) prior to car-
dioversion found 87 patients with cardiac thrombi, with 
all 87 having LAA thrombi and only one had additional 
thrombus in the left atrium.5 Therefore, targeted local 
LAA mechanical therapy to remove the source of throm-
boembolism has been explored for decades.

Surgical obliteration of the LAA has been performed 
since the 1940s,6 particularly in the context of concur-
rent mitral valve intervention. The first percutaneous 
device (PLAATO, Appriva Medical Inc.) was implanted 
in 2001,7 and an early series showed promising results 
with successful deployment in 162 of 180 patients 
(90%) and lower than predicted stroke rate during 
follow-up (2.3% per year).8 Safety concerns were raised, 
with two deaths and six cases of pericardial tamponade, 
and the device was later taken off the market for finan-
cial reasons. 

The first, and only, device registered for use in 
the United States is the Watchman device (Boston 
Scientific Corporation). The Watchman 2.5 device 
received FDA approval in 2015 based on the results of 
two randomized trials, PROTECT AF9 and PREVAIL,10 
and their extended follow-up registries. PROTECT AF 
randomized 707 patients to Watchman or warfarin 
in a 2:1 ratio. After mean follow-up of 18 months, the 
Watchman device was noninferior to warfarin for the 
primary composite endpoint of stroke, systemic embo-
lism, and cardiac death. In the Watchman group, tech-
nical success was 88%, and there was a relatively high 
rate of complications (4.8% pericardial tamponade) in 
this early experience. The PREVAIL trial subsequently 
randomized 407 patients to Watchman or warfarin in 
a 2:1 ratio to address the early safety concerns. Rates of 
the primary endpoint were low, and although numeri-
cally similar in the two groups (0.064 vs 0.063 over 
18 months), the Watchman device did not meet the 
requirements for noninferiority. However, this study did 
show significant improvements in safety, with overall 
adverse event rates decreasing from 8.7% to 4.2% and 
pericardial effusions requiring surgical drainage decreas-
ing from 1.6% to 0.4%. More recently, a meta-analysis of 
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the two trials with 5-year follow-up data showed similar 
rates of all stroke and ischemic stroke, but significantly 
reduced rates of hemorrhagic stroke, disabling stroke, 
nonprocedure-related bleeding, and all-cause death 
with Watchman compared to warfarin.11 

Outside of the United States, commonly used LAAC 
devices are the Amplatzer cardiac plug (ACP, Abbott) 
and the Amplatzer Amulet (Abbott). Although there 
are no randomized trial data currently published, reg-
istry data showed reasonable efficacy and safety when 
compared to predicted stroke and bleeding rates based 
on the CHA2DS2-VASc and HASBLED scores. Tzikas 
et al collected data from 1,047 consecutive patients in 
22 centers and reported procedural success in 97.3%, 
with a 4.97% rate of procedural adverse events and an 
annual rate of stroke or systemic thromboembolism of 
2.3%—a 59% risk reduction compared with predicted 
rates.12 

The growing evidence for both the Watchman and 
Amplatzer devices resulted in societal guidelines giv-
ing a class IIb recommendation for LAAC in patients 
with contraindication to anticoagulation.13,14 However, 
questions have remained about procedural safety, post-
procedure antithrombotic regimen, and the efficacy of 
LAAC compared to direct OAC (DOAC). 

RECENT TRIAL EVIDENCE
Watchman

Aside from the randomized trials, large interna-
tional registries have shown excellent results with the 
Watchman device. The 2-year outcomes from the 
EWOLUTION registry, a prospective cohort of 1,020 
patients who underwent Watchman implantation in 
47 European centers, were recently reported.15 In con-
trast to the randomized PREVAIL and PROTECT AF 
trials, only 27% of these patients were discharged on 
OAC. After 2 years, the observed stroke rate was 1.3 per 
100 patient-years (83% reduction vs historic data), and 
nonprocedural major bleeding was 2.7 per 100 patient-
years (46% reduction vs historic data). The National 
Cardiovascular Data Registry LAAO registry has collect-
ed data from 38,158 Watchman procedures performed 
by 1,318 physicians in the United States. Device deploy-
ment was successful in 93% and major in-hospital 
adverse events occurred in 2.16%, including pericardial 
effusion requiring intervention in 1.39% and major 
bleeding in 1.25%.16

Amulet
The Amulet is a second-generation Amplatzer LAAC 

device. Compared to the ACP, the Amulet device has 
more anchoring hooks, a deeper distal lobe, a more 

overriding disc, a longer waist, and a recessed end-
screw to reduce exposed metal in the left atrium. 
Recent results from a global observation study includ-
ing 1,088 patients were promising.17 Importantly, 
patients enrolled in this study had high bleeding risk 
or contraindication to anticoagulation and as such, 
80.2% of patients were discharged with antiplate-
let therapy and 61.8% were on single antiplatelet by 
3 months. Implantation and follow-up TEE performed 
at 1 to 3 months were evaluated by a core laboratory. 
Implantation success was 99.1%, the procedural major 
adverse events rate was 4%, ischemic stroke rate was 
2.2% per year (67% reduction compared to predicted 
from CHA2DS2-VASc score), and device-related throm-
bus (DRT) seen in only 1.6%.

Watchman Versus ACP/Amulet
A few observational studies were published compar-

ing the Watchman to the ACP and Amulet devices. 
A meta-analysis of six studies including 614 patients 
showed overall low complication rates that were 
similar between the devices.18 Overall, higher rates of 
peridevice leak (PDL) were reported with Watchman 
on follow-up TEE, however, there were no differences 
in clinically significant PDL. A direct comparison of 
the two devices was also made from the multicenter 
LAARGE registry including 641 patients from 38 centers 
in Germany.19 In this study, procedural success was 
slightly lower with Watchman (96% vs 99%), but the 
rates of procedural complications, PDL, and stroke were 
similar. The Amulet IDE study, a large randomized trial 
comparing Watchman to Amulet, completed enroll-
ment of 1,800 patients and the results are anticipated 
later this year.

Watchman FLX 
The Watchman FLX (Boston Scientific Corporation) 

is the latest iteration of the Watchman device 
(Figure 1). It includes a number of modifications that, at 
least in theory, should improve both safety and efficacy. 
Compared to Watchman 2.5, the FLX has a closed distal 
end to lessen the likelihood of perforation and is fully 
recapturable. It covers a greater size range (five device 
sizes ranging from 20-35 mm) as well as more overlap 
between sizes, allowing for deployment in LAA ostia 
ranging from 14 to 31.5 mm. The FLX has 50% more 
anchors, which are now J-shaped rather than straight, 
resulting in three times greater holding strength 
according to the manufacturer. The new FLX is less 
tapered, allowing greater apposition with the LAA wall, 
and also has reduced metal exposure that may poten-
tially reduce risk of DRT. 
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Early evidence for the Watchman FLX appears favor-
able. The PINNACLE FLX study enrolled 400 patients 
at 29 sites.20 Patients received a DOAC plus aspirin for 
45 days, followed by clopidogrel plus aspirin through 
6 months, and then aspirin indefinitely. The device was 
successfully deployed in 98.8% of cases and 100% of these 
were shown to have effective closure at 1 year. The rate 
of all-cause death, ischemic stroke, systemic embolism, or 
device/procedure-related events requiring open cardiac 
surgery or major endovascular intervention between 
implantation and either 7 days or discharge was 0.5%, 
and the rate of pericardial effusion was 1%. There were 
no cases of device embolization. At 1 year, there was a 
6.6% rate of all-cause death and a 2.6% rate of stroke. 

LAAC Versus DOAC
The initial randomized trials compared Watchman 

with warfarin, which was the standard OAC at the time. 
However, since then, DOACs were shown to be superior 
to warfarin and now have a class I indication for use in 
nonvalvular AF.13,14 A network meta-analysis that included 
19 randomized controlled trials (RCTs) with a total of 
87,831 AF patients receiving anticoagulants (warfarin or 
DOACs), antiplatelet therapy, placebo, or LAAC (specifi-
cally the Watchman device), showed that LAAC was supe-
rior to antiplatelet therapy or placebo, and comparable 

to DOACs in preventing mortality and stroke or systemic 
embolism.21 Although these results were encouraging, 
stronger evidence from a randomized trial was eagerly 
awaited. The PRAGUE-17 trial randomized 402 patients 
with high stroke risk (mean CHA2DS2-VASc, 4.7) to either 
LAAC or DOAC (95.5% apixaban).22 Choice of device 
was at the operator’s discretion; Amulet was implanted 
in 61.3%, Watchman 2.5 in 35.9%, and Watchman FLX 
in 2.8%. The recommended postprocedure antithrom-
botic regimen was aspirin plus clopidogrel for 3 months 
followed by aspirin monotherapy. Successful LAAC 
was achieved in 90% of those randomized and 96.8% of 
patients in whom implantation was attempted. At median 
follow-up of 19.9 months, the annual rates of the primary 
outcome (composite of stroke, transient ischemic attack 
[TIA], systemic embolism, cardiovascular death, clinically 
relevant bleeding, or procedure-related complications) 
were 10.99% with LAAC and 13.42% with DOAC. The rate 
of procedure-related adverse events was 4.5% and there 
were no differences in the rates of stroke/TIA, bleeding, or 
cardiovascular death. Thus, clinical outcomes with LAAC 
appear comparable to DOACs, however, larger random-
ized trials with longer follow-up are warranted. Both the 
CATALYST and CHAMPION AF studies were recently 
launched, comparing Amulet and Watchman, respectively, 
to DOAC in patients eligible for OAC.

Figure 1.  Illustration of the Watchman FLX device. Watchman FLX Device (A). Deployment of device within LAA (B). Delivery 
sheath with device shown in “FLX Ball” for positioning within LAA (C). Five different Watchman FLX sizes (D).
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PROCEDURAL CONSIDERATIONS
Both pre- and periprocedural cardiac imaging 

are of paramount importance in LAAC (Figure 2). 
Traditionally, the imaging technique of choice has been 
TEE due to its ability to obtain high-quality images of 
the LAA in real-time. However, there are some down-
sides to TEE, including the need for sedation or general 
anesthesia and more recently, reluctance to perform 
aerosolizing procedures during the COVID-19 pan-
demic. Cardiac CT has emerged as a reasonable or even 
preferable alternative to TEE in pre-LAAC planning. In 
fact, a number of studies have shown that LAA sizing 
on CT is more accurate23-25 and is exceptionally good 
at ruling out preexisting LAA thrombus.26,27 During the 
procedure, imaging guidance with intracardiac echo-
cardiography (ICE) is increasingly used instead of TEE 
because general anesthesia can be avoided. Although 
manipulation of the ICE catheter to obtain good 
images may be difficult at times, overall success rates, 
laboratory time, and cost appear similar to TEE-guided 
procedures.28,29 

A successful, efficient, and safe LAAC procedure often 
depends on the transseptal puncture, which is usually 
performed inferior and posterior at the fossa ovalis. 
Radiofrequency (RF) transseptal puncture needles have 
been available for some time and have been shown to 
improve rates of successful crossing with shorter time 
and with fewer adverse events than mechanical needle 
puncture.30-32 More recently, the VersaCross RF wire 

(Baylis Medical Company, Inc.) has provided further 
efficiency, serving as both a transseptal RF tip and an 
exchange wire rail.33

The specific steps of device deployment vary accord-
ing to the device used and each manufacturer has 
specific implantation criteria for optimal deployment 
before release of the device (eg, PASS for Watchman, 
and CLOSE for Amulet). For the Watchman FLX device, 
after femoral venous access and transseptal puncture, 
the prepared access sheath is advanced over a support-
ive wire (eg, VersaCross or super-stiff wire) into the left 
atrium. A pigtail is inserted within the access sheath 
and used to navigate the sheath safely into the LAA. 
A “FLX Ball” is then created by retracting the access 
sheath over the deployment knob such that the self-
expanding Watchman FLX device is twice the width of 
the access sheath. The whole device system can then be 
safely advanced or retracted and rotated either coun-
terclockwise or clockwise to optimize position in the 
landing zone. Further deployment of the remainder of 
the Watchman FLX device is achieved by a combina-
tion of unsheathing (retracting) the access sheath and 
advancing the deployment knob. Satisfactory position is 
determined by the PASS criteria: position (device shoul-
der at or just distal to LAA ostium, without protruding 
by more than 50% of device height); anchor (stability of 
device checked by tug test); size (device is compressed 
by 10%-30%); seal (complete coverage of all lobes with 
no residual leak > 5 mm). If one of these criteria is not 

Figure 2.  Procedural imaging—TEE and fluoroscopy. Crossing the interatrial septum using the VersaCross RF wire (A). 
Contrast injection of the LAA with pigtail catheter (B). Measurement of the LAA on TEE (C). Advancing the Watchman FLX 
into position (D). Measurement of the Watchman FLX at maximal diameter after deployment; should have 10%-30% com-
pression (E). Color flow Doppler to rule out significant peridevice leak (F). Deployment of Watchman FLX in the LAA (G). 
Three-dimensional imaging on TEE (H).
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met, the device can be recaptured and repositioned an 
infinite number of times, or replaced with a different 
size if necessary.

DEVICE-RELATED THROMBUS
Aside from procedural complications, one issue that 

has caused some concern for LAAC is the occurrence 
of DRT after LAAC. Reported rates of DRT in registries 
were low, however, these studies were not subject to 
the same rigorous follow-up as randomized trials and 
may underestimate the true rate. The largest and most 
complete study of DRT assessed 1,739 patients from the 
device arms of the PROTECT AF and PREVAIL trials, as 
well as their continued access registries.34 All patients 
had TEE performed at 45 days and 12 months, and also 
at 6 months in the RCTs. Over a mean follow-up of 
4.1 years, the rate of DRT was 3.74%. Patients with DRT 
had higher CHA2DS2-VASc scores, were more likely 
to be in permanent AF, and also had larger LAAs. In 
patients in whom DRT was identified, 26.2% had stroke 
or systemic embolism. The relative risk of stroke in 
patients with DRT compared to those without was 3.55. 
However, because it was such an uncommon finding, 
the majority (86.6%) of strokes in the study occurred in 
patients without DRT. This suggests that many strokes 
in patients after LAAC were caused by mechanisms 
other than left atrial thromboembolism. Nevertheless, 
the finding of DRT, though uncommon, should prompt 
clinicians to consider reintroducing anticoagulation,35 
and designs of newer devices should aim to reduce the 
risk of DRT. 

ANTITHROMBOTIC REGIMEN AFTER LAAC
The original randomized trials of Watchman versus 

warfarin prescribed a 45-day course of warfarin after 
LAAC, followed by 6 months of dual antiplatelet thera-
py (DAPT) and this remains the recommended regimen 
per the FDA. However, because many patients who 
undergo LAAC have an OAC contraindication, most 
real-world patients received a variable length of DAPT 
followed by single antiplatelet therapy (SAPT). In the 
ASAP study, 150 patients received 6 months of DAPT, 
the rate of DRT was 4%, and the thromboembolic 
event rate was 2.3% per year.36 In the EWOLUTION 
registry, 60.2% received DAPT and DRT rate was 2.3%, 
with no significant difference between antithrombotic 
regimens.15 In the retrospective ACP multicenter study 
(N = 1,047), 62.4% received DAPT and the DRT rate was 
3.2%.12 In the prospective multicenter Amulet registry 
(N = 1,088), 54.3% received DAPT and the incidence 
of DRT was only 1.5%.17 In a large meta-analysis of 
66 studies including 12,033 LAAC procedures, there 

was no difference in DRT incidence between patients 
who received short-term OAC and those treated with 
antiplatelet therapy after LAAC.37 Although less com-
mon, some patients received only SAPT after LAAC. 
Although data are limited, one study of 487 consecu-
tive patients in eight centers in France included 171 
patients treated with SAPT. Both OAC and DAPT 
exhibited lower hazard ratios for the incidence of 
DRT.38 A recent propensity-matched analysis of post-
LAAC antithrombotic therapy compared patients from 
the PROTECT AF, PREVAIL, EWOLUTION, and ASAP 
studies.39 Although the rates of DRT were higher in 
patients on antiplatelet therapy compared with OAC 
(3.1% vs 1.4%), the rates of major nonprocedural bleed-
ing and thromboembolism beyond 7 days were similar. 
To date, there are no randomized trials that have inves-
tigated the optimal antithrombotic strategy in LAAC 
patients. 

CONCLUSION 
With advancement in technology and operator expe-

rience, LAAC is an increasingly safe and effective tool 
in the prevention of stroke and systemic embolism in 
patients with nonvalvular AF. Currently, LAAC is pri-
marily performed in patients at high risk of bleeding or 
with contraindications to OAC. Ongoing randomized 
trials comparing LAAC to DOAC will clarify if LAAC is 
efficacious in patients suited for OAC. New devices and 
design iterations should further refine this therapy, tar-
geting the remaining challenges of PDL and DRT.  n
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