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Introduction

On March 13th 2015, the approval of the Watchman 
left atrial appendage (LAA) closure device (Boston 
Scientific, Marlborough, MA, USA) by the Food and Drug 
Administration (FDA) introduced an important tool for 
stroke prevention for patients with atrial fibrillation (AF) in 
the United States (1). AF is the most common arrhythmia 
in clinical practice and afflicts approximately 33.5 million 
people worldwide (2). Stroke is a feared complication of AF, 
and systemic anticoagulation is a standard of care for stroke 
prevention in AF. However, systemic anticoagulation is 
fraught with potential disadvantages, such as bleeding, need 
for compliance with medication, compliance with a regular 
diet in case of warfarin, medication interactions, and need 
for temporary interruption during surgical procedures. 

The Watchman device is a self-expanding nitinol 
structure with a porous covering that can percutaneously 
occlude the LAA. Its efficacy for stroke prevention was 
tested in randomized clinical trials PROTECT AF and 
PREVAIL (3-5). In the December 2015 edition of JACC 
Interventions, Wiebe et al. report long-term single center 
outcomes with the Watchman device (6). Before judging the 
efficacy of the Watchman device for stroke prevention, it is 
important to take a step back and understand the etiology of 
stroke in AF. Is stroke in AF due to thromboembolism from 
the LAA, or is AF a marker of elevated stroke risk from 
multiple systemic causes? Local therapy such as appendage 
exclusion cannot be expected to treat a potentially systemic 
pathophysiology. In this article we: (I) review the literature 
implicating the LAA in stroke in AF; (II) summarize the 
experience with surgical appendage exclusion; (III) discuss 

the article by Wiebe et al. in context of the PROTECT AF 
and PREVAIL AF trials; and (IV) provide the reader with a 
snapshot of future directions in appendage occlusion.

Is AF and stroke an association or causation?

While the association of stroke in patients with AF and 
rheumatic heart disease, especially mitral stenosis, was 
widely accepted, the association of non-valvular AF 
with stroke was established around 30 years ago by the 
Framingham study (7). The LAA was implicated in the 
pathogenesis of stroke in non-valvular AF by autopsy data. 
Davies et al. demonstrated in 1972 that 62% patients with 
long-term AF had thrombi in the LAA compared to 12% 
with short-term AF (8). In 1996, Blackshear et al. reviewed 
23 studies and reported that thrombi, when present, 
extended to the left atrial cavity in 10% patients with non-
valvular AF compared to 43% of patients with valvular 
AF (9). A previous autopsy study had also highlighted the 
difference in anatomical distribution of atrial thrombi 
between valvular and non-valvular AF patients. Among 
patients with atrial thrombi, valvular AF patients had 
left atrial main wall thrombi in 26.5% cases compared to 
13.5% cases in the non-valvular AF group (10). This body 
of literature led to the hypothesis that stasis in the LAA 
leads to thrombus formation in this location and systemic 
embolization resulting in stroke. 

Two challenges in attributing ischemic strokes in AF 
to LAA thrombi alone are: (I) patients with absence of 
left atrial thrombus after a recent stroke and (II) lack of 
temporal association between AF and stroke. Manning et al.  
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reported absence of LAA thrombus in 57% after recent 
stroke (11). The possible explanations include embolization 
of the entire thrombus mass into the brain, thrombolysis 
from natural causes or anticoagulation, and etiology of 
stroke other than AF-related embolism. The reality is likely 
a combination of these explanations. Etiologies of stroke 
other than embolism are reported in AF. An analysis from 
SPAF I–III reported 68% strokes in AF were secondary to 
cardioembolism. Warfarin reduced cardioembolic stroke, 
while aspirin reduced non-cardioembolic stroke (12). An 
autopsy study by Yamanouchi et al. is consistent with this 
observation with 64% cardioembolic strokes in AF patients 
compared to 3.6% cardioembolic strokes in patients without 
AF (Figure 1) (13). Thus, stroke in AF is a combination of 
local causes (LAA thrombosis) and systemic factors. Some 
strokes that can be prevented by medical therapy might not 
be prevented by left atrial occlusion strategies. 

Another confounding question referenced above is the 
temporal relationship of AF with stroke, or lack thereof. 
Multiple studies have demonstrated that subclinical AF 
lasting as little as 6 minutes is a risk factor for stroke (14,15). 
A substudy from the ASSERT trial reported that only 4/26 
(15%) patients had AF in the month prior to the stroke, and 
only 1/26 was in AF at the time of stroke (16). One explanation 
is that this study included only patients with >6 minutes  
of AF and could have missed shorter AF episodes that 
might predispose to stroke. Another explanation is that 

atrial rhythm by surface electrocardiogram (ECG) is a poor 
predictor of left atrial mechanical function as assessed by 
Doppler echocardiography. Warraich et al. reported one 
fourth of patients with paroxysmal AF had evidence of low 
LAA ejection velocity even when surface ECG showed 
sinus rhythm (17). Although temporal association of AF and 
stroke is unclear, studies are limited by current investigative 
modalities in terms of detection of brief episodes of AF and 
poor LAA function despite sinus rhythm on surface ECG. 

Surgical LAA exclusion

Recognition of the LAA as a nidus of thrombus formation 
in non-valvular AF patients led to the practice of appendage 
ligation and excision in patients undergoing cardiac surgery. 
Retrospective studies have reported reduction in stroke 
after complete LAA ligation (18,19). Randomized data 
regarding efficacy of surgical appendage ligation or excision 
are lacking. A small randomized pilot study, LAAOS II, 
reported 1/25 strokes in patients with occlusion compared 
to 3/25 without occlusion (20). A large RCT (LAAOS III) 
is currently enrolling 4,700 patients to answer this question, 
and results are expected in 2020 (21).

The inability to completely exclude or excise the LAA 
is the Achilles heel of surgical removal of the LAA. In the 
study by García-Fernández et al., risk of embolic events 
actually increased in patients with incomplete appendage 
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Figure 1 Autopsy specimens from 136 consecutive nonrheumatic AF patients without anticoagulation compared with 231 age-matched 
controls without AF. Data from Yamanouchi et al. (13). AF, atrial fibrillation.
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ligation (18). Another small study reported a 22% risk of 
embolic events at follow-up in patients with incomplete 
appendage ligation (22). Incomplete occlusion might 
increase stroke risk by impending flow of blood resulting in 
stasis. As many as 36–100% patients may have incomplete 
surgical LAA exclusion, and surgical technique and operator 
experience both have a major impact on the ability to 
completely exclude the LAA (22,23).

PROTECT AF, PREVAIL AF and study by Wiebe et al. 

The efficacy of the Watchman device for stroke prevention 
in AF was assessed by the PROTECT AF and PREVAIL 
trials. The PROTECT AF trial, published in 2009, 
included 707 patients randomly assigned in a 2:1 ratio 
to percutaneous appendage closure with the Watchman 
device or warfarin (4). Percutaneous appendage closure 
was non-inferior to warfarin, with a primary efficacy rate 
(stroke, cardiovascular death, systemic embolism) of 3.0 
per 100 patient-years in the intervention arm and 4.9 per 
100 patient-years in the control arm. Primary safety events 
including major bleeding, hemorrhagic stroke, pericardial 

effusion, and procedure-related ischemic stroke were more 
common in the intervention arm (7.4 per 100 patient-
years vs. 4.4 per 100 patient-years). A notable finding in 
the PROTECT AF study is the high rate of intracerebral 
hemorrhage in the warfarin arm compared to contemporary 
trials of anticoagulation with novel oral anticoagulants 
(NOACs) (Figure 2).

Due to concerns raised by the FDA related to acute 
safety events in the PROTECT AF trial, the PREVAIL 
trial was designed collaboratively with the FDA by the study 
sponsor and published in 2014 (3). Enrolling 407 patients in 
a 2:1 ratio to intervention and control arms, this study failed 
to demonstrate statistical noninferiority of percutaneous 
appendage closure. The 18-month rate ratio of primary 
efficacy endpoint for the intervention to control arm was 
1.07, with 95% upper credible interval 0.57 to 1.89, which 
exceeded the pre-specified noninferiority margin of 1.75. 
However, the study met the noninferiority criteria for the 
late-ischemic primary efficacy endpoint (stroke or systemic 
embolism >7 days after randomization) and the early 
primary safety endpoint for the intervention arm (6/269 
safety events). 

Figure 2 Comparison of ischemic and hemorrhagic stroke risk between Watchman trials and NOAC trials. *, events per 100 patient-years; ¶, 
updated PREVAIL data from Waksman et al. (24), references for PROTECT AF [2009] (4), PROTECT AF [2014] (5), ARISTOTLE (25), 
ROCKET-AF (26), RE-LY (27); AF, atrial fibrillation; ICH, intracranial hemorrhage.
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Around the same time as the results of PREVAIL 
were published, long-term follow-up of PROTECT AF 
were reported (5). After mean 2.3±1.1 years of follow-up, 
the primary efficacy event rates were 3.0% vs. 4.3% per  
100 patient-years for the intervention vs. control arm, which 
met the noninferiority criteria. There were numerically more 
primary safety events in the intervention arm (5.5% vs. 3.6% 
per year; relative risk 1.52; 95% confidence interval 0.95–2.70). 

On the basis of the results of the PREVAIL and the 
long-term follow-up data from PROTECT AF, an FDA 
panel voted 13:1 in December 2013 that the intervention 
is safe, effective, and that the benefits of the intervention 
exceed the risks in the enrolled trial population (24). 
However, the results available to the panel and published in 
PREVAIL AF were locked in January 2013. The sponsor 
updated the PREVAIL AF data in June 2014. There were 
13 additional ischemic strokes in the intervention arm 
compared with one in the control arm. The intervention 
no longer met the noninferiority criteria for the primary 
efficacy endpoint, even after including long-term follow-up  
from the PROTECT AF cohort. Hence, another FDA 
panel meeting was convened in 2014. The FDA voted 12 to 
0 that the intervention is safe, 6 to 7 that it is not effective 
and 6 to 5 (with one member abstaining) that its benefits 
outweigh the risk (24). Overall, the panel suggested that the 
device has a role as second line therapy to anticoagulation 
for stroke prevention in appropriately selected AF patients. 
Ultimately, the FDA approved the Watchman device in 
2015 for patients with non-valvular AF with elevated risk of 
stroke based on CHADS2 or CHADS2-VASc scores who 
are eligible for warfarin but have an appropriate rationale 
for a nonpharmacological alternative to warfarin (1).

Lack of long-term outcomes is a valid concern with the 
Watchman device given the increase in ischemic strokes 
upon follow-up of the PREVAIL cohort. The study by 
Wiebe et al. in 2015 in JACC Interventions is a timely study 
addressing these concerns (6). The authors reported results 
up to 5 years follow-up from a cohort of 96 patients who 
underwent percutaneous appendage closure using the 
Watchman device at a single center. Over mean 3.0±1.6 years  
of follow-up, stroke/transient ischemic attack (TIA), 
intracranial hemorrhage (ICH), and death occurred in 1.4%, 
1.1%, and 3.5% of the trial population respectively. Among 
the four patients with ischemic stroke/TIA at follow-up,  
three events occurred more than 1 year after device 
implantation. Overall, these data compare favorably to the 
results of the PROTECT AF and PREVAIL trial (Table 1). 
There continues to be concerns regarding the long-term 
efficacy of the Watchman device with regards to ischemic 
stroke prevention, and results of the post-approval studies 
mandated by the FDA will be valuable in informing patients 
and providers. 

Weighing the risks and benefits of stroke 
prevention strategies in AF

The success of any therapy must be judged by assessing the 
risks and benefits of the therapy against the alternatives. 

Anticoagulation vs. appendage exclusion

Patient compliance and the ability to tolerate long-term 
medical therapy are major barriers to long-term systemic 
anticoagulation in patients receiving warfarin or NOACs. 

Table 1 Comparison of PROTECT AF (5,24), PREVAIL (24) and study by Wiebe et al. (6)

PROTECT AF [2014] PREVAIL AF Wiebe et al.

Sample size 707 407 102

Age (y, ± SD) 72.5±7.4 74±7.4 71.6±8.8

CHADS2 score (± SD) 2.2±1.2 2.6±1.0 2.7±1.3

Follow-up duration (y, ± SD) 2.3±1.1 1.0±0.5 3.0±1.6

h/o prior stroke (%) 17.70 27.50 17.60

Ischemic stroke/TIA (events per 100 patient-years, %) 1.90 2.30 1.40

ICH or hemorrhagic stroke (events per 100 patient-years, %) 0.30 0.35 1.10

Death (events per 100-patient years, %) 3.20 1.38 3.50

AF, atrial fibrillation; TIA, transient ischemic attack.
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Less than 50% of patients with risk factors for stroke and 
AF are prescribed or fill prescriptions for warfarin after AF 
presentation (28,29). Even if treatment is initiated, 40% 
of patients cease to use warfarin at 4-year follow-up (30). 
Warfarin is inconvenient to patients due to the need for 
regular international normalized ratio (INR) monitoring, 
interactions with medications, and diet. Only 60% of patients 
have an INR in the target range of 2.0 to 3.0, even in closely 
monitored clinical trial settings (31). NOACs offer more 
convenience compared to warfarin; however, NOACs also 
need to be stopped for major surgeries and bleeding episodes. 
Appendage exclusion will continue to provide benefit in these 
circumstances while systemic therapy may not. 

Surgical vs. endocardial vs. epicardial appendage exclusion

The LAA can be excluded in a variety of methods including 
surgical methods discussed previously and minimally 
invasive epicardial and percutaneous endocardial methods. 
Some of the ischemic stroke risk in endocardial occlusion 
is from thrombus formation on the device. For this reason, 
warfarin and clopidogrel are recommended for 3–6 months 
after endocardial LAA occlusion. Epicardial devices have 
the benefit of avoiding this issue. There is cessation of LAA 
electrical activity after epicardial ligation, but it is unclear 
whether this translates to a reduction in AF burden (32,33). 
However, epicardial devices require pericardial access, 
which is a difficult skill to master. Additionally, randomized 
controlled trials supporting the role of epicardial ligation 
are lacking compared to endocardial occlusion (Table 2).

Future directions in appendage exclusion

Apart from the Watchman device, there are several other 

epicardial and endocardial LAA exclusion devices under 
development (34). The LARIAT system offers a hybrid and 
endocardial and epicardial approach to LAA ligation and 
was effective in appendage ligation in observational studies 
(35,36). The Aegis system is a completely intrapericardial 
ligation approach utilizing a grabber with embedded 
electrodes to recognize LAA signals and deliver a preformed 
suture to ligate the appendage. This approach is feasible in 
humans, and larger randomized trials are awaited (37). Other 
surgical epicardial ligation approaches under development 
include the AtriClip Pro and the Tigerpaw system II, which 
are feasible according to first-in-human studies; further 
clinical trials are awaited (38,39).

The Plaato device was the first device designed specifically 
for endocardial appendage exclusion but is no longer 
under development due to financial considerations (40).  
Small retrospective studies support the efficacy and safety 
of the Amplatzer cardiac plug for appendage exclusion 
(41-44). However, randomized data are not available, and 
a randomized clinical trial was designed but could not be 
conducted due to failure to obtain the investigational device 
exemption from the FDA (45). A percutaneously delivered 
transcatheter patch utilizing surgical adhesives was effective 
in atrial appendage exclusion, but further studies are not 
available (46). An animal study has demonstrated feasibility 
of appendage exclusion with the LAmbre device (47).

Conclusions

Similar to several clinical conundrums in medicine, there is 
no “one-size-fits-all” approach for stroke prevention in AF. 
Patient characteristics, preferences, cost considerations, and 
provider expertise must all be taken into account. What is 
clear is that AF predisposes to strokes that are larger, more 

Table 2 Comparison of surgical, endocardial and epicardial LAA exclusion techniques

Surgical exclusion Endocardial exclusion Epicardial occlusion

Devices Manual ligation, manual excision, 
AtriClip Pro, Tigerpaw

Watchman, Plaato, Amplatzer cardiac 
plug, Transcatheter patch, Lambre

LARIAT, Aegis

Availability of large RCTs LAAOS III expected 2020 Yes, for Watchman No

Prothrombotic effects Yes, due to incomplete occlusion Yes, due to formation of thrombus on 
device

Less likely if complete 
exclusion achieved

Electrical LAA isolation Yes, depending on completeness of 
exclusion

No Yes

LAA, left atrial appendage; RCTs, randomized controlled trials.
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disabling, and deadlier than strokes from other causes. 
Prevention by either anticoagulation or LAA exclusion is 
essential. 
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