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Oral Anticoagulation (OAC) therapy is an effective medical therapy to reduce
the risk of cardioembolic strokes related to atrial fibrillation. However, OAC therapy
has limitations that include poor follow-up and pharmacotherapy monitoring, bleeding
complications, or a reluctance to continue with therapy because of concerns with the
potential risk of bleeding. The majority of strokes in atrial fibrillation are believed
to arise from thrombi originating within the Left Atrial Appendage (LAA). Therefore,
devices that occlude or ligate the LAA is one potential strategy to offer patients an
alternative to chronic OAC therapy. The focus of this review is on surgical techniques
and percutaneous methods for closing the LAA. Particular emphasize is the evidence of
efficacy of these procedures compared to dose-adjusted warfarin. The limitations of
the available evidence are critically reviewed.

ABBREVIATIONS
LAA: Left Atrial Appendage; AF: Atrial Fibrillation; OAC:
Oral Anticoagulation; FDA: Food and Drug Administration; TEE:
Transesophageal Echocardiogram

INTRODUCTION

Atrial Fibrillation (AF) is the most common arrhythmia and
currently affects about6 million people in the United States. The
prevalence of AF rises sharply with age increasing from under
1% in those between ages 55-59 years to over 10% among those
greater than 80 years [1]. Overall, the lifetime risk of developing
AF is about 25% for men and women 40 years of age or older
[2]. Other risk factors such as hypertension, diabetes, sleep
apnea, and left ventricular dysfunction can increase the odds of
developing AF.
The most devastating complication of AF is cardioembolic
stroke. The risk of stroke is increased 5-fold in patients with
nonvalvular AF and 17-fold in those with valvular AF [3]. Of the
estimated 800,000 strokes each year in the United States, the
percentage attributable to AF ranges from 1.5% in those under
the age of 59 years to 23% in those over the age of 80 years [4].
Cardioembolic strokes are generally more severe then other types
of ischemic strokes and are associated with higher 30 day and 1

year mortality [5,6]. Overall, stroke is the third leading cause of
death and the number one cause of major disability in the United
States and related healthcare costs are about 30 billion dollars
each year.

The majorities of AF-related strokes are embolic and are
believed to originate from thrombus formation within in the
Left Atrium Appendage (LAA) [7]. The LAA is a remnant of the
embryonic left atrium and forms a finger-like multi-lobulated blind
pouch. The surface of the LAA is irregular due to trabeculations
and the wall is paper-thin [8]. The LAA is separated from the main
body of the left atrium by an oval shaped orifice that averages
about 1.1 cm in diameter. In the setting of atrial fibrillation there
is progressive stretching and dilation of the appendage resulting
in increased tendency for blood to stagnant and form clots
around small crevices and trabeculations. In surgical pathology
studies, appendages removed from patients who underwent the
surgical MAZE procedure for AF ablation were larger and showed
evidence of inflammation and remodeling [9]. In addition, there
is growing evidence that AF can activate inflammatory processes
and produce a prothrombotic state [10].
Traditionally, Oral Anticoagulation Therapy (OAC) with
vitamin K antagonists has been the mainstay of reducing the risk of
cardioembolic stroke. In multiple clinical trials and meta-analysis
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dose adjusted warfarin has been shown to reduce AF-related
stroke by 65% [11]. More recently, several novel agents have
been shown to be superior or non-inferior to warfarin therapy,
are associated with fewer bleeding related events, and have the
advantage of not requiring INR monitoring [12-14]. Although
OAC is highly effective long-term therapy is not without risks; the
most important of which is bleeding. It is estimated that within
the first year of starting warfarin about 28% of patients will stop
because of bleeding or the perception of bleeding risk [15]. By
2 years nearly 50% of eligible patients will stop taking warfarin
because of bleeding, risk of bleeding, failure to control the INR, or
life-style issue related to the need for frequent monitoring of the
INR [16]. Another limitation is the narrow therapeutic window of
warfarin and the effect of other drugs on warfarin metabolism. As
a result patients who are treated with warfarin spend about half
the time outside the therapeutic range [17]. Lastly, the likelihood
of being prescribed OAC therapy or maintained on OAC therapy
decreases as the risk of stroke increases, primarily because of the
perception of higher risk for bleeding complications in this group
of patients [18].
Not all patients with AF have the same long-term risk of
stroke. As a result a number of algorithms have been developed
to help inform the decision-making regarding the benefits of
chronic OAC therapy. The best validated and most commonly
used is the CHADS2 score which assigns 1 point each for heart
failure (EF<35%), hypertension, age >75 years, diabetes, and 2
points for prior stroke/TIA [19]. A more recent scoring system is
the CHA2DS2-vasc which refines the stoke risk for patients at the
low end of the CHADS2 score who otherwise might not receive
chronic OAC therapy by adding points for age between 64-74
years and a history of vascular disease [20]. The most up to date
guideline recommends chronic OAC therapy for patients with a
CHADS2 score or CHA2DS2-vasc score of at least 2. Many patients
with a CHADS2 of 1 will have a CHA2DS2-vasc score of 2 and
qualify for chronic OAC therapy. Patients with a score of 1 can be
offered either aspirin or chronic OAC therapy, while patients with
a score 0 should be offered aspirin only [21].

Because of these concerns there has been interest in
developing alternative methods of reducing the long-term
risk of thromboembolic events and exposure to chronic OAC
therapy in patients with AF and high CHADS2 scores. Since it is
believed that the vast majority of emboli originate in the LAA
one potential strategy for accomplishing this is mechanical
closure of the LAA. A variety of methods have been developed,
including surgical closure at the time of open-heart surgery and
percutaneous methods that plug the LAA with a filter-type device
or ligate the LAA orifice using a percutaneous pericardial snare
and loop. Before these devices can routinely be recommended,
several questions need to be addressed. First, is LAA closure
noninferior to chronic OAC therapy? Specifically, is LAA closure
an acceptable alternative to OAC therapy for reducing the risk of
ischemic strokes? If not what are the trade-offs between efficacy
and bleeding? Second, can mechanical closure of the LAA be
predictable, reproducible, and safe? Third, will the procedure be
cost effective and result in improved health status?
J Cardiol Clin Res 2(3): 1031 (2014)

Open-Chest Surgical Ligation of the Left Atrial
Appendage
In 1949, Madden described resection of the LAA in 2 patients
with recurrent arterial emboli [22]. Left atrial appendage
obliteration was then performed sporadically in high-risk
patients primarily at the time of mitral valve surgery. However, a
review article published in 1970 concluded that LAA obliteration
was not effective in reducing embolic events and as a result
the procedure was largely abandoned [23]. However, since
the early1990s there has been growing interest in developing
surgical and percutaneous techniques for excising or closing the
LAA. A variety of surgical techniques have been developed. This
includes suturing the LAA orifice from the from the endocardial
surface, over-sewing the orifice from the epicardial surface,
mechanically stapling across the orifice, or excision of the LAA
followed by stabling, and more recently an atraumatic clipping
technique for sealing the LAA orifice.
The results of surgical excision of the LAA have been
previously reviewed [24]. The majority of surgical studies are
nonrandomized case series. The selection of patients, methods
of closure, assessment of closure success, and follow-up varied
between all the studies. Because of this variation it is not possible
to systematically analyze the data in any statistically meaningful
way. However, the data can be summarized as follows. First,
suturing or stapling methods frequently do not achieve high
closure rates. Second, tears and lacerations requiring additional
repair are not uncommon. Third efficacy with respect to
preventing thromboembolic risk cannot be determined. Indeed,
in several of the reports the risk of embolic events was actually
higher because of incomplete LAA closure.

There have been two randomized trials of surgical LAA
closure. The LAAOS I trial randomized 77 patients in a 2:1 ratio
to LAA occlusion or no occlusion [25]. Initially, a suturing method
was used but because of persistent leaks a stapling method was
subsequently adopted. Mechanisms of failure included persistent
flow across suture lines, or residual stump length >1 mm when
staples were used. Complete closure was achieved in only 66%
of the patients. Intraoperative tears of the LAA or the atrium
were not uncommon and in all cases additional suturing was
necessary. In the 30-day post-operative period there were 2
thromboembolic events in the closure group, corresponding to
an event rate of 3.8% at 30 days, and none in the control group.
After hospital discharge, randomized patients were followed for
an average of 13 months during which time no additional patients
experienced a thromboembolic event. No information regarding
chronic OAC therapy or the prevalence of atrial fibrillation in
either the closure or the control group is available, so it is not
possible to reach a conclusion about the efficacy of LAA closure.
The LAAOS II trial randomized 52 patients with AF and at
least one additional risk factor for stroke to LAA closure or to
no closure [26]. Closure success determined by intraoperative
Transesophageal Echocardiography (TEE) was 100%. There was
nonsignificant trend toward higher reoperation for bleeding in
the closure group compared to the control group (8% vs. 3.9%,
NS). At 1 year there was no difference in the primary composite

2/7

Kupfer (2014)
Email:

Central
efficacy outcome of death, MI, stroke, non-CNS embolism, or
major bleeding. Importantly, between 50-60% of the patients
were being treated with dose adjusted warfarin therapy.
More recently specially designed clips have been developed
specifically for the purpose of LAA closure under direct surgical
visualization. The AtriClip system (AtriCure-USA, West Chester,
Ohio), and the Tigerpaw system (Maquet, Rastatt, Germany) have
FDA 510K clearance for marketing in the United States [27,28].
The Atriclip was evaluated in the EXCLUDE registry in which
the LAA was closed under direct visualization in 70 patients at
the time of open-heart surgery [28]. Successful exclusion of the
LAA was accomplished in 96% of the patients. The reason for
device failure was the presence of a residual stump in 3 patients.
During the follow-up period CT scanning showed the device to
be stable and there were no late leaks or complications related
to the device. At 1 year 3.1% of the patients had a stroke or TIA
and 30% were on dose adjusted warfarin therapy. Thus while the
device appears safe its efficacy with respect to reducing the risk
of thromboembolic events cannot be determined.

The broad application of surgical LAA closure is limited
because the majority of patients with atrial fibrillation do not
require open-heart surgery. In addition the results of surgical
closure are highly variable primarily because of failure to
completely exclude the LAA. Stapling and suturing methods are
clearly inadequate and should be abandoned. Clipping devices
offer an advantage because they can be deployed when the heart
is beating, and real-time TEE guidance can be used to check the
position of the clip before final deployment. While LAA clipping
is technically feasible and appears safe very limited conclusions
can be drawn about efficacy because there are no randomized
controlled trials. Until such time routine surgical closure of the
LAA is probably not recommended, except in patients who have
contraindications to chronic oral anticoagulation therapy.

Percutaneous Methods of LAA Closure

Percutaneous techniques for LAA closure have the potential
to be less invasive and more broadly applicable. Development
and demonstration of clinical efficacy and safety of these devices
could offer patients a choice between OAC, and device based
treatment that is not currently available. Several devices and
techniques have been developed. This includes filter like devices
that sit in the orifice of the LAA and prevents clots from moving
from the LAA into the atrium. These devices use a percutaneous
transeptal delivery system. A second technique uses a pericardial
approach to slip a pre-tied polyester suture incorporated into
a nitinol loop catheter-based delivery system over the LAA and
down around the neck of the orifice. In both methods, real time
TEE guidance is used to exclude any pre-existing clots in the left
atrium or the LAA and to confirm complete closure of the LAA
before final deployment.
One of the first such devices was the PLAATO (percutaneous
left atrial appendage transcatheter occlusion) system which,
consisted of a self-expanding, retrievable nitinol cage covered
with an expanded polytetrafluoroethylene (ePTFE) membrane
laminated directly to its outer frame so that it is in direct contact
with the wall of the LAA [29]. The PLAATO device is no longer in
development or production but experience with the device has
J Cardiol Clin Res 2(3): 1031 (2014)

been insightful because it showed that a filter type device could
be safely implanted in patients. The most frequent complication
was procedural related pericardial effusion. Importantly, late
device complications, such as embolization or pericardial
effusion were not common. Moreover, the device appeared to
be effective in reducing the risk of stroke compared to historical
controls. However, certain design features of the PLAATO device
such as its rigid nature and the need for significant oversizing of
the device to achieve stability limited its use.
The Watchman LAA occlusion device (Boston Scientific,
Natick Massachusetts) also consists of a self-expanding nitinol
frame with fixation barbs and a permeable polyester fabric that
covers the atrial facing surface of the device. This device is more
flexible and has a flatter profile, which reduces the need for
oversizing. As a result the device can be used in a wider range of
LAA sizes and shapes. One potential limitation of the Watchman
system is the need for oral anticoagulation for a minimum of 45
days to allow for endothelialization and sealing of any residual
leaks.

Initial worldwide experience with the Watchman device was
reported in 2007 [30]. In this study, 75 patients at 3 centers in
Europe and 4 centers in the United States underwent device
implantation. Successful device deployment was achieved in 88%
of the patients. The majority of device related failures were due
to unsuitable LAA anatomy. Of the patients who had follow-up
93% were considered to satisfy the primary efficacy endpoint
of complete closure of the LAA without significant flow around
the device. However, there were a significant number of adverse
events: device embolization (n=2), significant pericardial
effusions requiring intervention (n=2), and minor pericardial
effusions not requiring treatment (n=4). There were no device
related mortalities. During the follow-up period thrombus
formation was noted on the surface of several of the devices
that required continuation of dose-adjusted warfarin. There
have been 3 major clinical trials using the Watchman device. The
Protect AF study was a randomized controlled multicenter trial
comparing the Watchman LAA closure device with chronic dose
adjusted warfarin therapy in patients with AF and risk factors
for stroke [31]. The Continue Access Protocol registry (CAP)
was a nonrandomized registry that began at the conclusion of
Protect AF study [32]. Under this protocol the US Food and Drug
Administration (FDA) allowed continued access to the Watchman
device for a subset of the Protect AF investigators to gain further
safety data. The Prevail study is a randomized controlled trial
requested by the FDA and sponsored by the device manufacturer
to address concerns regarding the safety and efficacy of the
device [33].

The Protect AF study was designed as a non-inferiority trial
in which 707 patients were randomized 2:1 to closure of the LAA
or warfarin therapy [31]. The non-inferiority margin was set at
2, meaning that events in the Watchman group could be twice
the events in the control group and still satisfy non-inferiority.
Patients were required to have paroxysmal, persistent, or
permanent AF with a CHADS2 score of at least 1. Those in the
device group were treated with warfarin for 45 days. TEE imaging
was done at 45 days and if there complete closure or a residual
leak of < 5 mm in width warfarin was discontinued. Patients
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were then treated with aspirin and clopidogrel for 6 months after
which aspirin was continued indefinitely. Patients assigned to
the control group received warfarin to maintain the INR between
2-3. The primary efficacy composite end-point consisted of any
stroke, any death, or systemic embolism. The composite safety
endpoint consisted of excessive bleeding or procedural-related
complications (serious pericardial effusion, device embolization,
or procedure-related stroke).

The primary efficacy event rate was 3 per 100 patient-years
in the intervention group and 4.9 per 100 patient-years in the
control group. The rate ratio was 0.62 with an upper limit of 1.25
satisfying the non-inferiority margin of 2. At a mean of 3.8 years of
follow-up (2621 pt-yrs) the primary event rate in the Watchman
group was 2.3% and 3.8% in the control group [34]. The rate
ratio is 0.60 and the probability of non-inferiority is 0.999. While
all-cause strokes were lower in the Watchman group, the rate
of ischemic strokes favored the control group. There were 15
ischemic strokes in the device group: one before the scheduled
procedure, 5 related to the procedure, and 9 during the follow-up
period. There were 6 ischemic strokes in the control group (rate
ratio of 1.34, CI: 0.6-4.29, likelihood of non-inferiority of 71%). At
the end of 3.8 years of follow-up the rate of ischemic strokes in
the intervention still exceeded that in the control group.
Besides the issue of ischemic stroke there were other concerns
about the safety of the device, in particular the high rate of cardiac
perforation (1.7%) and pericardial effusion with tamponade
(3%). To address these safety concerns the FDA allowed
continued access to the device in certain select centers. Data
from the CAP registry demonstrated the importance of operator
experience for decreasing the likelihood of complications, in
particular pericardial effusion and procedural strokes [32].
One concern with the Protect AF study was that the patient
population was not representative of a warfarin eligible
population. Between 27-34% of the patients enrolled in Protect
AF had a CHADS2 score of 1 and could have been treated with
aspirin. Another issue was the ongoing use of warfarin therapy in
the device group and the discretionary use of antiplatelet agents
like aspirin and clopidogrel. These confounding factors make it
difficult to interpret the clinical significance of non-inferiority
and the added value of the Watchman device in low risk patients
being treated with aspirin or clopidogrel.

The Prevail trial was designed to address these and other
concerns. For example, in Prevail patients were required to have
a CHADS2 of at least 2 or a CHADS2 score of 1 plus an additional
risk factor. To address the issue of antiplatelet therapy, post
implant patients received 45 days of adjusted-dose warfarin plus
81 mg of aspirin. If the TEE at 45 days showed complete closure
the warfarin was discontinued and patients were changed over to
325 mg of aspirin plus 75 mg of clopidogrel. The clopidogrel was
stopped at six months and aspirin was continued indefinitely.
Patients who had another indication for chronic clopidogrel
were excluded from the trial. In addition a secondary primary
composite endpoint, which excluded device related strokes in
the first 7 days after implantation, was specifically developed to
evaluate the mechanism of action of LAA closure.
The results of the Prevail trial have not published but are
available through the FDA website [33]. The Prevail trial was
J Cardiol Clin Res 2(3): 1031 (2014)

designed as a non-inferiority trial using Bayesian statistics. By
using a Bayesian design investigators are able to include the
data from prior studies (prior probability) in the analysis of
the new data to reach a posterior probability of non-inferiority.
For the Prevail trial the FDA approved this approach but the
Protect AF data was discounted by 50%. A total of 138 patients
were randomized to dose-adjusted warfarin and 269 patients
to Watchman plus short-term warfarin. The mean CHADS2
score was 2.6. For the 265 patients in which Watchman implant
was attempted the success rate was 95.1%. At 45 days postimplantation 92.3% of the patients were able to discontinue
warfarin.

For the first primary endpoint the margin of non-inferiority
was not met. Using the prior discounted data, the 18-month
posterior event rate in the Watchman group was 0.064 versus
0.063 for the control group. The upper bound of the rate ratio
was 1.88, which exceeded the noninferiority margin of 1.75.
When only the Prevail data are used the 18-month rate ratio is
2.01 (95% confidence interval: 0.56-6.02). Events rates for the
first primary endpoint all favored the control group. The rate of
ischemic stroke in the Watchman group was 1.94 versus 0.71 in
the control group. For the second primary endpoint (ischemic
events after the 7th post-procedural day) non-inferiority was not
met, using the rate ratio but was satisfied when noninferiority
was tested on the basis of the 18-month rate difference. Event
rates including ischemic stroke favored the control group. The
third primary endpoint evaluating safety of Watchman was
achieved. However, major bleeding occurred more frequently in
the Watchman group then in the control group.

When viewed critically the Prevail trial is largely a negative
trial because it did not meet the most important goal of noninferiority compared to dose adjusted warfarin. Not only did
the Watchman device fail to reduce ischemic strokes there were
fewer bleeding complications in the control group. The failure
to reduce ischemic strokes is especially troublesome given
the proposed mechanism of action of the Watchman device by
excluding thrombus formation in the LAA. Based on the available
date it would be difficult to justify Watchman implantation over
warfarin in AF-patients who are otherwise good candidates for
chronic OAC therapy. The requirement for warfarin therapy after
device implantation is also a limitation because it increases the
risk of post procedural bleeding and it excludes patients who
can’t tolerate warfarin therapy from alternative therapy.
To address some of these concerns a nonrandomized
multicenter prospective study was done to determine the
feasibility of substituting 6 months of theinopyridine therapy
(ticlopidine or clopidogrel) and life-long aspirin for warfarin
in patients with contraindications to OAC therapy [35]. 150
patients were enrolled in this study. Procedural or device related
complications occurred in 13 (8.7%) patients. At 177 patientyears of follow-up (about 1 year) the ischemic stroke rate was
1.7% compared to an expected ischemic stroke rate of 7.3% for
similar patients treated only with aspirin. The data suggest that
warfarin can be safely eliminated from the Watchman implant
protocol perhaps reducing bleeding complications and opening
an alternative therapy for high risk patients who cannot tolerate
chronic OAC therapy.
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The Lariat device (SentreHeart, Inc., Redwood City, California)
received 510(K) clearance for soft tissue approximation and/
or ligation with a pretied polyester suture. Early pre-clinical
work demonstrated the feasibility of using the Lariat device to
close the orifice of the LAA [36]. Initial clinical experience was
reported in 2011 when 13 patients underwent LAA ligation using
this device [37]. 11 of these patients underwent percutaneous
LAA ligation following atrial fibrillation ablation and 2 had open
chested ligation following mitral valve repair.

In 2012, results of a single center nonrandomized study
(PLACE II) were reported in abstract form at the Heart Rhythm
Society and subsequently published in 2013 [38]. Patients aged
35 to 81 years were identified and enrolled between December
2009 and December 2010. Inclusion criteria included 1) age >18
years, 2) nonvalvular atrial fibrillation, 3) at least one risk factor
for embolic stroke (CHADS2 >1), 4) a poor candidate or ineligible
for warfarin therapy, and 5) life expectancy greater than 1 year.
Patients were excluded for the following reasons: 1) history of
pericarditis, 2) history of cardiac surgery, 3) pectus excavatum,
4) recent myocardial infarction, 5) embolic stroke within the
previous 30 days, 6) history of chest radiation, 7) New York
Heart Association class IV, and 8) left ventricular function <30%,
9) presence of a clot in the LA or LAA.
Overall, 119 patients satisfied the clinical inclusion criteria.
Of these 16 were excluded after CT scanning showed the left
atrial appendage was too large to be snared by the Lariat device.
An additional 11 patients were excluded due to presence of a
thrombus on the pre-procedure TEE. Therefore, 92 patients went
on to LAA ligation. Technical success, defined as complete closure
or the presence of a <1mm jet by color Doppler was achieved in 85
cases (92.3%). Technical failure was due to persistent jet on color
Doppler, inability to perform transeptal puncture, and pericardial
access complications related to puncture or laceration of the
right ventricle. Transesophageal Echocardiography (TEE) done
at 1-year showed persistent closure, and no new or increasing
jet leaks in the LAA. In fact several of the procedures that were
deemed to be technical failures because of jets greater than 1 mm
demonstrated subsequent closure 1 year later. There is no longterm efficacy data and no control group.
As with any procedure there is always the potential for
complications. The most common complications are related
to pericardial access including right ventricular perforation,
pericarditis, and pericardial effusion. More recently, there have
been several reports of LAA laceration occurring immediately
after successful closure or during removal of the Lariat device
[39]. The mechanism of this is not understood but might be due
to traction placed on friable left atrial tissue, or entrapment of a
small portion of a small nonligated lobe during knot tightening.
This appears to be a relatively uncommon complication but can
be life threatening when it does occur.
Currently, the Lariat suture delivery system is the only
commercially available device in the United States that is used to
exclude the LAA through a percutaneous closed chest approach.
There is no efficacy data and the Lariat device is used off-label
primarily to close the LAA in patients with AF who are at very
high risk for embolic events and have contraindications to
chronic OAC therapy. These patients would otherwise be left
J Cardiol Clin Res 2(3): 1031 (2014)

unprotected. Over the past 3 years experience with this device
has increased and now there are many centers offering this
procedure to high-risk patients.
It is helpful to place all this data in context. First, there are no
prospective randomized surgical studies demonstrating efficacy
of LAA closure at the time of open-heart surgery. While the AtriClip
and Tigerpaw devices do have FDA clearance for LAA closure
the efficacy of these devices compared to oral anticoagulation
therapy is unknown. The Lariat pericardial device does not have
FDA clearance for LAA ligation and there is no efficacy data.

Second, the Protect AF is the only published randomized
control trial demonstrating non-inferiority of LAA closure
compared to dose adjusted warfarin. However, the device did
not receive FDA approval because of concerns about efficacy and
safety. Unfortunately, the Prevail and Protect AF trials realized
divergent results making it very hard to reach any strong
conclusions. In the both studies the rates of ischemic strokes
favored the control group. This raises serious questions about the
mechanism of action of LAA closure and whether the procedure
really is non-inferior to warfarin.

Third, since the Protect AF and Prevail studies were carried
out, new oral anticoagulation agents with greater efficacy and
safety profiles have been introduced. These newer agents do
not require dose adjustments and are less likely to result in
hemorrhagic cerebral bleeding. To address this issue, the recently
launched ACP (Amplatzer Cardiac Plug Clinical Trial) using the
Amplatzer occluder (St. Jude Medical, St. Paul, Minnesota) will
include control patients on newer oral agents.
A final issue is whether patients with AF are still at risk for clot
formation even after the LAA is closed. In the original Watchman
studies the rate of thrombus formation on the device is between
4-6%. In the Prevail study 5% of patients with successful device
implantation had layered thrombus on the device, although none
of them experienced an ischemic event. Recently, thrombus
formation after Lariat LAA closure has also been reported [40].
These data suggest that clot formation outside of the LAA may
still present a risk to patients with AF.

As of yet no LAA closure device has received FDA approval
for stroke prevention. Only a single randomized trial has
demonstrated non-inferiority to warfarin. One problem is the
interpretation of non-inferiority trials since the device can be
non-inferior and inferior to chronic OAC therapy. This can happen
if the margin of non-inferiority is satisfied but the event rate is
higher in the device group. For example, in the Prevail study the
rate difference for the secondary primary end-point favored the
control group but the noninferiority margin was still satisfied.
This suggests that there might be a trade-off between lower risks
of bleeding for less protection against ischemic strokes. Certainly,
device based therapy would give patients an option that is not
currently available. In particular patients with high CHADS2
scores and contraindications to OAC therapy would likely benefit
from LAA closure. Whether, all patients with AF would fare better
with device based therapy is unknown and further clinical trials
will need to be completed to answer this question.

REFERENCES

1. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, et al.

5/7

Kupfer (2014)
Email:

Central
Executive summary: heart disease and stroke statistics--2014 update:
a report from the American Heart Association. Circulation. 2014; 129:
399-410.

2. Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Levy D, Vasan RS, et al.
Lifetime risk for development of atrial fibrillation: the Framingham
Heart Study. Circulation. 2004; 110: 1042-1046.

3. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation: a major contributor
to stroke in the elderly. The Framingham Study. Arch Intern Med.
1987; 147: 1561-1564.

4. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent
risk factor for stroke: the Framingham Study. Stroke. 1991; 22: 983988.
5. McGrath ER, Kapral MK, Fang J, Eikelboom JW, O’Conghaile A, Canavan
M, et al. Association of atrial fibrillation with mortality and disability
after ischemic stroke. Neurology. 2013; 81: 825-832.

6. Marini C, De Santis F, Sacco S, Russo T, Olivieri L, Totaro R, et al.
Contribution of atrial fibrillation to incidence and outcome of ischemic
stroke: results from a population-based study. Stroke. 2005; 36: 11151119.
7. Blackshear JL, Odell JA. Appendage obliteration to reduce stroke in
cardiac surgical patients with atrial fibrillation. Ann Thorac Surg.
1996; 61: 755-759.
8. Veinot JP, Harrity PJ, Gentile F, Khandheria BK, Bailey KR, Eickholt
JT, et al. Anatomy of the normal left atrial appendage: a quantitative
study of age-related changes in 500 autopsy hearts: implications for
echocardiographic examination. Circulation. 1997; 96: 3112-3115.

9. Castonguay MC, Wang Y, Gerhart JL, Miller DV, Stulak JM, Edwards
WD, et al. Surgical pathology of atrial appendages removed during
the cox-maze procedure: a review of 86 cases (2004 to 2005) with
implications for prognosis. Am J Surg Pathol. 2013; 37: 890-897.
10. Guo Y, Lip GY, Apostolakis S. Inflammation in atrial fibrillation. J Am
Coll Cardiol. 2012; 60: 2263-2270.

11. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy
to prevent stroke in patients who have nonvalvular atrial fibrillation.
Ann Intern Med. 2007; 146: 857-867.
12. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A,
et al. Dabigatran versus warfarin in patients with atrial fibrillation. N
Engl J Med. 2009; 361: 1139-1151.

13. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna
M, et al. Apixaban versus warfarin in patients with atrial fibrillation. N
Engl J Med. 2011; 365: 981-992.
14. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl
J Med. 2011; 365: 883-891.

15. Hylek EM, Evans-Molina C, Shea C, Henault LE, Regan S. Major
hemorrhage and tolerability of warfarin in the first year of therapy
among elderly patients with atrial fibrillation. Circulation. 2007; 115:
2689-2696.

19. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford
MJ. Validation of clinical classification schemes for predicting stroke:
results from the National Registry of Atrial Fibrillation. JAMA. 2001;
285: 2864-2870.
20. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk
stratification for predicting stroke and thromboembolism in atrial
fibrillation using a novel risk factor-based approach: the euro heart
survey on atrial fibrillation. Chest. 2010; 137: 263-272.
21. Wann LS, Curtis AB, January CT, Ellenbogen KA, Lowe JE, Estes NAM,
et al. 2011 ACCF/AHA/HRS focused update on the management of
patients with atrial fibrillation (updating the 2006 guideline). J Am
Coll Cardiol. 2011; 123: 104-123.

22. madden JL. Resection of the left auricular appendix; a prophylaxis for
recurrent arterial emboli. J Am Med Assoc. 1949; 140: 769-772.
23. Coulshed N, Epstein EJ, McKendrick CS, Galloway RW, Walker E.
Systemic embolism in mitral valve disease. Br Heart J. 1970; 32: 26-34.

24. Chatterjee S, Alexander JC, Pearson PJ, Feldman T. Left atrial
appendage occlusion: lessons learned from surgical and transcatheter
experiences. Ann Thorac Surg. 2011; 92: 2283-2292.
25. Healey JS, Crystal E, Lamy A, Teoh K, Semelhago L, Hohnloser SH,
et al. Left Atrial Appendage Occlusion Study (LAAOS): results of a
randomized controlled pilot study of left atrial appendage occlusion
during coronary bypass surgery in patients at risk for stroke. Am
Heart J. 2005; 150: 288-293.
26. Whitlock RP, Vincent J, Blackall MH, Hirsh J, Fremes S, Novick R,
Devereaux PJ. Left Atrial Appendage Occlusion Study II (LAAOS II).
Can J Cardiol. 2013; 29: 1443-1447.

27. Ailawadi G, Gerdisch MW, Harvey RL, Hooker RL, Damiano RJ Jr,
Salamon T, et al. Exclusion of the left atrial appendage with a novel
device: early results of a multicenter trial. J Thorac Cardiovasc Surg.
2011; 142: 1002-1009, 1009.
28. Slater AD, Tatooles AJ, Coffey A, Pappas PS, Bresticker M, Greason K, et
al. Prospective clinical study of a novel left atrial appendage occlusion
device. Ann Thorac Surg. 2012; 93: 2035-2038.

29. Sievert H, Lesh MD, Trepels T, Omran H, Bartorelli A, Della Bella P,
et al. Percutaneous left atrial appendage transcatheter occlusion
to prevent stroke in high-risk patients with atrial fibrillation: Early
clinical experience. Circulation. 2002; 105: 1887-1889.
30. Sick PB, Schuler G, Hauptmann KE, Grube E, Yakubov S, Turi ZG, et
al. Initial worldwide experience with the WATCHMAN left atrial
appendage system for stroke prevention in atrial fibrillation. J Am Coll
Cardiol. 2007; 49: 1490-1495.
31. Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H, Buchbinder M, et
al. Percutaneous closure of the left atrial appendage versus warfarin
therapy for prevention of stroke in patients with atrial fibrillation: a
randomised non-inferiority trial. Lancet. 2009; 374: 534-542.

16. Glader EL, Sjölander M, Eriksson M, Lundberg M. Persistent use of
secondary preventive drugs declines rapidly during the first 2 years
after stroke. Stroke. 2010; 41: 397-401.

32. Reddy VY, Holmes D, Doshi SK, Neuzil P, Kar S. Safety of percutaneous
left atrial appendage closure: results from the Watchman Left
Atrial Appendage System for Embolic Protection in Patients with
AF (PROTECT AF) clinical trial and the Continued Access Registry.
Circulation. 2011; 123: 417-424.

18. Bungard TJ, Ghali WA, Teo KK, McAlister FA, Tsuyuki RT. Why do
patients with atrial fibrillation not receive warfarin? Arch Intern Med.
2000; 160: 41-46.

34. Reddy VY, Doshi SK, Sievert H, Buchbinder M, Neuzil P, Huber K, et al.
Percutaneous left atrial appendage closure for stroke prophylaxis in
patients with atrial fibrillation: 2.3-Year Follow-up of the PROTECT
AF (Watchman Left Atrial Appendage System for Embolic Protection
in Patients with Atrial Fibrillation) Trial. Circulation. 2013; 127: 720729.

17. Agarwal S, Hachamovitch R, Menon V. Current trial-associated
outcomes with warfarin in prevention of stroke in patients with
nonvalvular atrial fibrillation: a meta-analysis. Arch Intern Med. 2012;
172: 623-631.

J Cardiol Clin Res 2(3): 1031 (2014)

33. Watchman Left Atrial Appendage Closure (LAAC) Therpy. 2013.

6/7

Kupfer (2014)
Email:

Central
35. Reddy VY, Möbius-Winkler S, Miller MA, Neuzil P, Schuler G, Wiebe J, et
al. Left atrial appendage closure with the Watchman device in patients
with a contraindication for oral anticoagulation: the ASAP study
(ASA Plavix Feasibility Study With Watchman Left Atrial Appendage
Closure Technology). J Am Coll Cardiol. 2013; 61: 2551-2556.
36. Lee RJ, Bartus K, Yakubov SJ. Catheter-based left atrial appendage
(LAA) ligation for the prevention of embolic events arising from the
LAA: initial experience in a canine model. Circ Cardiovasc Interv.
2010; 3: 224-229.
37. Bartus K, Bednarek J, Myc J, Kapelak B, Sadowski J, Lelakowski J, et
al. Feasibility of closed-chest ligation of the left atrial appendage in

humans. Heart Rhythm. 2011; 8: 188-193.

38. Bartus K, Han FT, Bednarek J, Myc J, Kapelak B, Sadowski J, et al.
Percutaneous left atrial appendage suture ligation using the LARIAT
device in patients with atrial fibrillation: initial clinical experience. J
Am Coll Cardiol. 2013; 62: 108-118.

39. Keating VP, Kolibash CP, Khandheria BK, Bajwa T, Sra J, Kress DC.
Left Atrial Laceration With Epicardial Ligation Device. Ann Thorac
Cardiovasc Surg. 2013;.
40. Giedrimas E, Lin AC, Knight BP. Left atrial thrombus after appendage
closure using LARIAT. Circ Arrhythm Electrophysiol. 2013; 6: e52-53.

Cite this article
Kupfer JM (2014) The Comparative Effectiveness of Left Atrial Appendage Closure for the Prevention of Cardioembolic Strokes in Atrial Fibrillation. J Cardiol Clin
Res 2(3): 1031.

J Cardiol Clin Res 2(3): 1031 (2014)

7/7

