Five years of keeping a watch on the left atrial appendage —how
has the WATCHMAN fared?
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Abstract: Left atrial appendage closure (LAAC) is a promising site-directed therapy for stroke prevention
in patients with non-valvular atrial fibrillation (AF) who are ineligible or contraindicated for long-term oral
anticoagulation. A variety of LAAC modalities are available, including percutaneous endocardial occluder
devices such as WATCHMAN™ (Boston Scientific Corp., Marlborough, MA, USA), and an ever-increasing
body of evidence is helping to define the optimal use of each technique. Similarly increased experience with
LAAC has revealed challenges such as device-related thrombi and peri-device leaks for which the long-term
significance and appropriate management are areas of active investigation. We review the evolution and
long-term outcomes with the WATCHMAN™ device with particular emphasis on the nuances of its use and

its role in the broader landscape of appendageology.
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Atrial fibrillation (AF) & stroke prevention

AF is the most common cardiac arrhythmia in the United
States, affecting approximately 6—7 million individuals
nationally, with a projected increase in prevalence to nearly
16 million patients by the year 2050 (1,2). Among the
most effective cardiovascular therapies has been systemic
anticoagulation with vitamin K antagonists (VKA) such as
warfarin, which has been shown to reduce stroke risk in
non-valvular AF by 64%, with an absolute risk reduction
of 2.7% per year in patients with no history of stroke or
TIA (3). Current AF management guidelines from the
American College of Cardiology (ACC) and American
Heart Association (AHA) provide a Class I recommendation
for systemic anticoagulation with either warfarin (Level
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of Evidence, A) or one of a number of non-VKA oral
anticoagulants (NOAC:s), including dabigatran, rivaroxaban,
and apixaban (Level of Evidence, B) in those patients with a
prior history of stroke or transient ischemic attack (TIA), as
well as those with a CHA,DS,VASc score of >2 (4-7).
Despite the widespread availability of these therapies,
there remain significant barriers to providing adequate
stroke prophylaxis for many patients with AF (8). In a
systematic review of studies examining current treatment
practices for stroke prevention in AF, Ogilvie et 4l. found
that in over two-thirds of studies of AF patients with prior
stroke or TTA, anticoagulation treatment was prescribed
in less than 60% of eligible patients (9). This concerning
trend stems from a variety of factors such as perceived
contraindication to anticoagulation or low stroke risk (10-13),
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older age and frailty (14,15), AF classification (15,16),
sex (14), narrow therapeutic window (12), significant drug-
drug and drug-diet interactions, and patient compliance
(12,13). Moreover, even in recent large, randomized
control trial settings, the time in the therapeutic range
for warfarin has been measured between 55-66%, and
20-27% of patients ultimately discontinued their systemic
anticoagulation therapy over a follow-up of approximately
2 years (4,5,7).

The “most lethal” appendage: site-directed
therapy

These limitations in effective stroke prevention for
patients with AF have prompted a search for alternative
solutions. The left atrial appendage (LAA) has long been
thought to serve as the major nidus for AF-related cardiac
thromboemboli and has been implicated in over 90% of
cases of non-valvular AF (17). Rooted in this principle, a
number of therapies have emerged for mechanical closure of
the LAA (LAAC), including surgical ligation and clipping,
as well as percutaneous techniques featuring endocardial
and epicardial approaches to the LAA (18-21). Consensus
statements from both the American College of Cardiology
(ACC)/Heart Rhythm Society (HRS)/Society for
Cardiovascular Angiography and Interventions (SCAI) (22),
as well as the European Heart Rhythm Association (EHRA)/
European Association of Percutaneous Cardiovascular
Interventions (EAPCI) (23), now provide some guidance
regarding consideration of LAAC therapy for stroke
prevention in AF, in addition to a set of institutional and
operator requirements for a successful LAAC program (24).

Evaluation of the WATCHMAN™ device in clinical
trials

The WATCHMAN device (Boston Scientific Corp.,
Marlborough, MA, USA) represents the first Food and
Drug Administration (FDA)-approved percutaneous LAAC
device indicated for reducing the risk of thromboembolism
from the LAA in patients with non-valvular AF who: (I)
are at increased risk for stroke and systemic embolism
based on CHADS, or CHA,DS,VASc scores and are
recommended for anticoagulation therapy; (II) are deemed
by their physicians to be suitable for warfarin; and (III)
have an appropriate rationale to seek a non-pharmacologic
alternative to warfarin, taking into account the safety and
efficacy of the device compared to warfarin. This approval
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was granted by the FDA in March 2015 following a
prolonged pre-market approval pathway process featuring
two randomized control trials (PROTECT AF and
PREVAIL) to study its non-inferiority to warfarin and
two prospective registries (CAP and CAP2) to monitor
safety and efficacy of the device over time (25-28). In
PROTECT AF (Watchman Left Atrial Appendage System
for Embolic Protection in Patients with Atrial Fibrillation),
despite achieving non-inferiority versus warfarin in the
combined efficacy endpoint of ischemic or hemorrhagic
stroke, systemic thromboembolism, and cardiovascular or
unexplained death (3 vs. 4.9 events per 100 patient-years,
RR 0.62; 95% CI: 0.35-1.25), the WATCHMAN device
raised concerns with a higher rate of primary safety events
(7.4 vs. 4.4 events per 100 patient-years, RR 1.69; 95% CI:
1.01-3.19) mainly related to periprocedural complications
such as pericardial effusion (4.8%), major bleeding (3.5%),
and procedure-related stroke (1.1%) (20).

Further study of the device in the PREVAIL (Prospective
Randomized Evaluation of the Watchman Left Atrial
Appendage Closure Device In Patients With Atrial
Fibrillation Versus Long Term Warfarin Therapy) trial
failed to demonstrate achievement of a pre-specified,
composite efficacy endpoint of stroke, systemic embolism,
and cardiovascular/unexplained death (the same composite
endpoint used in PROTECT AF; 0.064 in device group vs.
0.063 in warfarin group, RR 1.07; 95% CI: 0.57-1.89) (26).
The device, however, did meet its second co-primary
efficacy endpoint (referred to as the “late ischemic efficacy”
endpoint) defined as occurrence of ischemic stroke and
systemic embolism beyond 7 days post-randomization
and over the follow-up period of 18 months, effectively
excluding peri-procedural events given the unique
nature of comparison between a device and a drug. The
WATCHMAN device similarly met its safety co-primary
endpoint in PREVAIL. In a subsequent meeting of the
FDA Circulatory Systems Advisory Panel in October 2014,
newly available data including eight ischemic strokes in the
WATCHMAN group resulted in the reassessment that the
device did not meet its second pre-specified co-primary
endpoint and failed to demonstrate non-inferiority to
warfarin in PREVAIL (22,29). It has been noted, however,
that the rate of ischemic strokes in the warfarin control
group of PREVAIL was less than half that observed in three
recent major trials of NOACs (4,5,7,26), fueling controversy
surrounding interpretation of data from yet another
WATCHMAN randomized control trial. Ultimately FDA
approval was granted in March 2015 for the nuanced
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indication noted previously. Incorporation of all available
trial and registry data in a patient-level meta-analysis
has since supported a statistically significant reduction
in hemorrhagic stroke, non-procedure-related bleeding,
and cardiovascular death with the WATCHMAN (25).
However, the PREVAIL findings and FDA concerns
surrounding overall efficacy as compared to warfarin,
particularly in the case of ischemic stroke, have emphasized the
need for rigorous post-marketing surveillance and long-term

follow-up of patients receiving the WATCHMAN device.

Extending the follow-up on WATCHMAN

The longest reported follow-up with WATCHMAN to date
has been the 4-year PROTECT AF experience reported by
Reddy et al. with a mean follow-up duration of 3.8+1.7 years (28).
For the composite efficacy endpoint of stroke, systemic
embolism, and cardiovascular death, the WATCHMAN
group had 39 events among 463 patients (8.4%) vs.
34 events in 244 patients (13.9%) in the warfarin group
(event rate, 2.3 vs. 3.8 per 100 patient-years; RR 0.60; 95%
CI: 0.41-1.05), meeting the trial’s non-inferiority criteria
and demonstrating significant reductions in cardiovascular
and all-cause mortality in secondary analyses. The
beneficial outcome demonstrated with the WATCHMAN
device was attributed largely to reductions in hemorrhagic
stroke and cardiovascular death. Ischemic stroke rates in
the two groups were not significantly different, though
again this result must be interpreted in the context of
the subsequent PREVAIL trial, which though it enrolled
fewer patients [device group, 463 (PROTECT AF)
vs. 269 (PREVAIL)], did not demonstrate the non-inferiority
of the WATCHMAN as assessed by its two co-primary
efficacy endpoints.

With respect to safety, the four-year PROTECT AF
data demonstrated a time-dependent distribution of safety
events with the WATCHMAN device, consisting of
peri-procedural (up to 7 days) serious pericardial effusion
in 22/463 (4.8%), procedure-related ischemic stroke in
5 (1.1%), and device embolization in 3 (0.6%). The number of
events beyond 7 days post-implantation was considerably less,
with major bleeding in 19 (4.1%) compared with 18 (7.4%)
in the warfarin group, procedure-related ischemic stroke in
1 (0.2%), and hemorrhagic stroke in 3 (0.6%) compared to
9 (3.7%) in the warfarin group (28). In an intention-to-treat
analysis combining all safety events, there was no significant
difference between the two groups. In PREVAIL, primary
safety events occurred in 6/269 (2.2%) WATCHMAN

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Jazayeri et al. Keeping a watch on the LAA

patients over 18 months follow-up. Due to the unique
comparison of a device versus a medication, safety events
were not reported for the warfarin group separately, using
instead a Bayesian model incorporating data from the prior
PROTECT AF study and CAP Registry to compute a
performance goal of 2.67% for the WATCHMAN group
in PREVAIL. The “early safety” primary endpoint was
a composite of all-cause death, ischemic stroke, systemic
embolism, or device-/procedure-related events requiring
open cardiovascular surgery or major endovascular
intervention between randomization and 7 days after
the procedure or during the index hospitalization. It was
met with the upper bound of the one-sided 95% credible
interval computed at 2.652% for the WATCHMAN group.

Recently, Wiebe et al. described a relatively large single-
center experience of 102 AF patients treated with the
WATCHMAN device with up to 5 years follow-up (30).
Patients had mean CHA,DS,VASc and HAS-BLED scores
of 4.3+1.7 and 2.9£1.2, respectively. Procedural success
was 96.1% (98/102), exceeding the 91% reported in
PROTECT AF and in line with previously published trial
and registry data from PREVAIL, CAP (Continued Access
Protocol) registry, and the ASAP (ASA Plavix Feasibility
Study With Watchman Left Atrial Appendage Closure
Technology) registry (26,27,31).

During a mean follow-up of 3.0£1.6 years, second in
duration only to the PROTECT AF four-year follow-up
experience (28), two patients (0.7 per 100 patient-years) had
ischemic strokes, as compared to 1.4 per 100 patient-years
in PROTECT AF and less than the study group’s
CHA,DS,VASc-predicted stroke risk of 4-6.7% annually.
Two patients had TTAs—one at one month and the other
beyond 12 months post-implantation. Three patients
suffered intracranial bleeding events for a rate of 1.1 per
100 patient-years, which exceeded the rate in PROTECT
AF by nearly six-fold (0.2 per 100 patient-years), though
it is not reported what percentage of patients continued
warfarin long-term, which may explain some portion of
the bleeding events. Severe bleeding events occurred in six
patients (6.3%) compared to 4.8% in PROTECT AF (28).
Freedom from all-cause mortality at 60 months was just less
than 82.5%, while this figure was approximately 86% in the
PROTECT AF device group at the same point in time.

Device-related thrombi and the anticoagulation
conundrum

Importantly, in the study by Wiebe er 4l., a significant
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Figure 1 Two-dimensional transesophageal echocardiogram image
acquired at 140 degrees rotation showing device-related thrombus
(DRT) adherent to the WATCHMAN (WM) device. Inset image
was acquired at 145 degrees rotation and magnifies the DRT,

showing its dimensions to be 1.9 cm x 1.5 cm.

portion of patients (41/98) were exclusively administered
dual antiplatelet therapy (DAPT) post-implantation,
while the remaining 57 (58.2%) received the usual VKA
for 45 days followed by 6 months of DAPT (30). This
was a notable deviation from the protocol utilized in the
WATCHMAN trials to treat patients with VKA for the
first 45 days post-implantation, followed by DAPT for
6 months. The authors reported that 25 patients were
not eligible for anticoagulation. Despite this difference in
management, there were device-related thrombi (DRT)
in only two cases (4.9%), in addition to one ischemic
event, in the DAPT group (Figure I). It is difficult to draw
conclusions given the overall low event rate, however in the
ASAP Study of 150 warfarin ineligible patients, there were
a total of 6 (4%) device-related thrombi and one thought
to be implicated in an ischemic stroke (31). This trend of
foregoing post-procedural anticoagulation with VKA is
more representative of European practice patterns given
guideline recommendations to consider LAAC in patients
in whom anticoagulation is contraindicated, though it is
important to note there are no randomized control trial
data studying LAAC in this scenario, as these patients were
excluded from the WATCHMAN trials. Nevertheless, it
is a key patient population which is in need of a safe and
effective alternative for stroke prevention.

In a post hoc analysis of the PROTECT AF study
population, Main et /. found that in 35/485 (7.2%) patients
receiving a WATCHMAN device who were suspected by
the site investigator and/or the echocardiography core
laboratory to have a DRT, 27 were ultimately adjudicated
by a panel of three echocardiographers to have had a DRT
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in one of their post-procedure studies (32). In addition to
illustrating the challenge of making the diagnosis, 19 of
33 (56.7%) with an available TEE study had a thrombus
detected at the 6-month post-implantation follow-up, while
12/27 (44.4%) with an available TEE study at 12 months
post-implantation had a DRT. The primary composite
efficacy endpoint of PROTECT AF (stroke, systemic
thromboembolism, cardiovascular/unexplained death)
was detected in patients with DRT at a rate of 3.4 per
100 patient-years, intermediate in frequency between the
device in and warfarin groups in the PROTECT AF study (32).

These findings highlight one of the major challenges
and areas for further investigation with the WATCHMAN
device vis-a-vis peri-procedural and post-procedural
management of LAAC patients. The significance of DRTs
and their prevention remain poorly understood. Some
considerations include: (I) the possibility that the duration of
current anticoagulation/antiplatelet protocols is inadequate
in some patients for proper endothelialization over the
LAA ostium; (IT) the combination of DAPT is insufficient
in protecting against thrombus formation; or (III) there
are device- and/or patient-related factors which predispose
some individuals to thrombus formation (e.g., threaded
insert of the device). Furthermore, despite the arbitrary yet
commonly employed de-escalation protocol—{rom aspirin
and VKA to DAPT at 45 days and subsequently to aspirin
monotherapy after six additional months—a substantial
number of patients are not able to be liberated from VKA
therapy at 12-month follow-up. This number approaches
7% in the PROTECT AF study population of carefully
selected patients treated by experienced operators and is
likely to be greater in a “real world” population (28).

Plugging the dike and patient-occluder mismatch

Contributing to the issue is the fact that our understanding
of the significance and future ramifications of peri-device
leaks remains incomplete, particularly in those cases where
the leak exceeds 5 millimeters (Figure 2). In a sub-study
of the PROTECT AF device group limited by low power
and post hoc analysis, it was noted that 32% of patients had
some residual peri-device flow at 12-month follow-up, but
that neither the severity of the leak nor the administration
of VKA therapy seemed to correlate with the primary
combined efficacy endpoint of that trial (33). Closely
related to the issue of leaks are the challenges posed by
the anatomical variation of the LAA and the elliptical
morphology of the LAA ostium (34,35). With the advent
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Figure 2 Echocardiographic assessment of residual peri-device leak following WATCHMAN LAAC. (A) Three-dimensional transesophageal

echocardiogram (TEE) image acquired at 100 degrees rotation demonstrating a two chamber view with the WATCHMAN device (dotted

line) occluding the left atrial appendage (LAA) ostium and its relation to the mitral valvular (MV) apparatus; (B) three-dimensional TEE

image acquired at 75 degrees rotation showing an en face view of the WATCHMAN occluding the LAA ostium (dotted line) with Doppler

demonstration of a medially located eccentric peri-device leak (arrow); (C) two-dimensional Doppler TEE image acquired at 121 degrees

rotation showing the WATCHMAN (WM) seated in the LAA with an eccentrically directed jet (arrow) indicating a peri-device leak.

of new technologies for closure of the LAA, it is hoped that
many of these obstacles can be overcome.

Occluder devices featuring a “disc and lobe”
configuration such as the AMPLATZER™ Amulet™
(St. Jude Medical, St. Paul, MN, USA), which carries the
Conformité Européenne (CE) mark and is widely used in
Europe, show promise in offering greater versatility for a
variety of LAA morphologies (36,37), though in a small
canine study some concern was raised regarding potential
interference of the disc with surrounding structures,
including the left superior pulmonary vein and the mitral
valve apparatus (38). Another CE-marked and also FDA-
approved option, the LARIAT® Suture Delivery Device
(SentreHEART, Redwood City, CA, USA), features
an entirely unique, hybrid (endocardial and epicardial)
approach to closing the LAA (21,39). The latter two
devices are each currently the subject of a randomized
control trial (ClinicalTrials.gov Identifiers: NCT02879448,
NCT02513797) (40). Additional LAAC devices, including
the WaveCrest (Coherex Medical, Salt Lake City, UT,
USA) device, the Occlutech LAA Occluder (Occlutech
International AB, Helsingborg, Sweden) (41), and the
LAmbre (Lifetech Scientific, Shenzhen, China) device (42),

are in various stages of development.
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Conclusions and future considerations for
LAA-directed therapies

The development and approval of the WATCHMAN
device heralds a new era in “appendage-ology” in which
it is conceivable that emerging therapies will equip LAAC
specialists with an armamentarium capable of providing the
right LAAC therapy for the right patient (Figure 3). The
WATCHMAN has laid the groundwork for this exciting
prospect and has confirmed the significance of the LAA
in AF-related stroke mechanisms. Despite the need for
further study to understand its proper role in the overall
approach to stroke prophylaxis, particularly with respect to
preventing ischemic stroke, it has also shown a significant
reduction in the rate of hemorrhagic stroke, non-procedure-
related bleeding, and cardiovascular death. Furthermore,
the importance of the LAA in arrhythmia propagation and
neurohormonal regulation has been established (43-45),
and it would be remiss to avoid their consideration in a
comprehensive approach to appendage closure. These
aspects of LAAC therapy warrant further investigation, as
they may shed additional light on the significance of this
most lethal appendage, as well as how its successful closure
may confer pleiotropic effects to AF patients.
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Figure 3 Left atrial appendage closure (LAAC) devices currently in various phases of development, including: (A) WaveCrest (Coherex
Medical, Salt Lake City, UT, USA); (B) Aegis Sentinel Ligation System (Aegis Medical Innovations, Inc., Vancouver, BC, Canada); (C)
LAmbre (Lifetech Scientific, Shenzhen, China); (D) Occlutech LAA Occluder (Occlutech International AB, Helsingborg, Sweden); and (E)

WATCHMAN FLX (Boston Scientific Corp., Marlborough, MA, USA).
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