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A
trial fibrillation (AF) is one of the most common 
cardiac arrhythmia conditions. The estimated bur-
den of patients with AF in 2010 was 5.5 million in 
the United States and is projected to increase to 15 

million in the next 40 years.1,2 Nonvalvular AF increases the 
risk for stroke 5.6 times, while valvular heart disease is asso-
ciated with a 17-fold increased risk of stroke.3 Ninety-one 
percent of the emboli in nonvalvular AF originate in the left 
atrial appendage (LAA).4 The use of systemic anticoagula-
tion or antiplatelet agents based on the pre-existing risk 
factors has been shown to decrease the risk of thromboem-
bolism in studies.5 Noncompliance and bleeding from anti-
coagulation are the most common causes for discontinua-
tion of anticoagulation. Warfarin discontinuation is as high 
as 38% per year, whereas 14% to 44% of the patients have at 
least one contraindication to anticoagulation therapy.6 

There has been a growing interest in LAA exclusion 
techniques to offset the limitations of oral antico-
agulants in an effort to minimize the risk of stroke in 
patients with AF. Several LAA exclusion strategies and 
devices exist, including surgical ligation, the AtriClip 
(AtriCure, Inc., West Chester, OH), the Amplatzer cardiac 

plug (St. Jude Medical, Inc., St. Paul, MN), the Watchman 
LAAC device (Boston Scientific Corporation, Natick, 
MA), the Lariat (SentreHeart, Inc., Redwood City, CA), 
the WaveCrest (Coherex Medical, Inc., Salt Lake City, 
UT), and several others that are in the incubator. The 
Watchman device is an endovascular LAA closure device 
that is being studied extensively. The strategy of LAA clo-
sure has recently been included in the European Society 
of Cardiology guidelines for patients with a high risk of 
stroke and contraindications to oral anticoagulants.7 
In the United States, the Watchman device is currently 
under consideration for approval by the US Food and 
Drug Administration (FDA).

THE WATCHMAN LAAC DEVICE 
The Watchman is a parachute-shaped device that can 

be percutaneously implanted in the LAA. It is made up of 
a metallic frame that is covered by a polyester mesh mem-
brane.8 The metallic frame is made from nitinol, which is an 
alloy of nickel and titanium that has unique memory and 
superelastic properties. These properties of nitinol allow 
the Watchman device to configure to the contours of the 

LAA after deployment. The 
frame has 10 fixation anchors 
that allow it to anchor inside 
the LAA chamber.8 The mesh 
membrane covering the frame 
on the atrial side prevents clots 
from escaping into the left atri-
um (Figure 1). The Watchman 
device is currently available in 
five sizes: 21 mm, 24 mm, 27 
mm, 30 mm, and 33 mm.9 The 
delivery mechanism has three 
components: the Watchman 
device, the delivery catheter, 
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Figure 1.  Image of the Watchman device showing the parachute-like metal frame with 

fixation barbs and a polyester membrane covering the frame.
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and a transseptal access sheath. The Watchman device has 
been described to be MRI conditional.10 At present, the 
Watchman device is available for investigational use only in 
the United States.

IMPLANTATION TECHNIQUE
The Watchman device is implanted percutaneously into 

the LAA using fluoroscopy and transesophageal echocar-
diography (TEE) for guidance. The procedure can be done 
under local or general anesthesia.11 It is important to care-
fully select the appropriately sized device, which will allow 
adequate sealing of the LAA and prevent embolization 
of the device. It is recommended to select the size of the 
Watchman device such that after deployment, the device 
is compressed by approximately 8% to 20% of its original 
size.11 The size of the LAA is measured by TEE in four differ-
ent angles (0º, 45º, 90º, and 135º) to accurately assess the 
size of the LAA orifice and also to rule out thrombus in the 
LAA.

To implant the device, a transseptal catheter is advanced 
into the right atrium from the femoral vein. The trans-
septal puncture is made, and access to the left atrium is 
achieved under TEE guidance. The transseptal catheter is 
then exchanged with the Watchman access sheath over the 
guidewire, and a pigtail catheter is advanced through this 
access sheath into the left atrium. The access sheath is then 
advanced into the LAA over the pigtail catheter. The size 
of the LAA is again confirmed under TEE and fluoroscopic 
guidance. The pigtail catheter is then removed, and an 
appropriately sized Watchman delivery system (consisting 
of a delivery catheter and a preloaded Watchman device) 
is advanced into the LAA via the access sheath. The access 
sheath and delivery catheter are then withdrawn, and the 
device is deployed in the LAA.12

The position, anchoring, size, and seal (PASS) of 
the device are then checked. The ideal position of the 
Watchman device should be at or slightly distal to the 
orifice of the LAA (Figure 2).12 The interventionist must be 

cautious not to deploy it too proximal or too distal to the 
orifice (Figure 3). The device should be properly secured in 
the LAA, and it should move in unison with the LAA.12 Eight 
percent to 20% device compression is confirmed with TEE 
measurements. There should be adequate sealing of the 
device with no leaks around it. A leak of ≤ 3 mm is accept-
able, and such leaks are almost always eccentric in location 
(Figure 4). The delivery catheter is subsequently detached 
from the Watchman device and withdrawn. At this point, 
the PASS device release criteria should be met (Table 1), 
confirmed by both TEE and fluoroscopy. Endothelialization 
of the surface of the Watchman device typically takes 45 to 
60 days; until that time, oral anticoagulation is continued.12 

CLINICAL STUDIES INVOLVING THE 
WATCHMAN LAA CLOSURE DEVICE

In the United States, the FDA currently has classified the 
Watchman device for investigational use only. It is currently 
available only to select physicians at select centers who are 
conducting clinical trials/registries with the device.

Figure 2.  Diagram illustrating the optimal position for Watchman device deployment in the LAA (center). TEE images illustrat-

ing the optimal position of the Watchman device in the LAA (right and left). LA, left atrium; WM, Watchman device.

Figure 3.  TEE images illustrating proximal deployment of the 

Watchman device. The device is located proximal to the ori-

fice of the LAA and is projecting into the LA chamber. LA, left 

atrium; LAA, left atrial appendage; WM, Watchman device.
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PROTECT-AF
PROTECT-AF is a prospective, multicenter, randomized 

clinical study done across 59 centers in the United States 
and Europe.13 A total of 707 patients with a CHADS2 score 
≥ 1 were enrolled in a 2:1 ratio to a Watchman device arm 
and a control arm. Successful implantation of the device 
was seen in 89.5% of the subjects.14 After implantation, 
subjects were continued on oral anticoagulation therapy 
for 45 days. If adequate sealing (peri-device leak ≤ 5 mm) 
was noted on TEE at 45 days, they were switched to a 
combination of aspirin and clopidogrel for 6 months, after 
which only aspirin was continued. The cumulative follow-
up period was 1,588.4 years. The primary efficacy endpoint 
(comprising stroke, thromboembolism, and death) showed 
that the Watchman device was noninferior to anticoagula-
tion with warfarin (3% and 4.3%/100 patient-years; RR ratio, 
0.7%). The primary procedure-related 7-day (safety event 
rate) event rate was higher in the Watchman group (5.5% vs 
3.6% per year).13 The higher safety event rate in this group 
was due to a higher occurrence of periprocedural events 

in the first half of the study, such as pericardial effusion 
and stroke and was attributed to the learning curve of the 
operators.15 In addition to noninferiority to warfarin, it was 
shown at 1 year that the quality of life was better in the 
Watchman group.16 

More recently, the PROTECT-AF investigators have 
presented the long-term follow-up results from this study 
at the Heart Rhythm Society 2013 meeting. After a mean 
follow-up period of 45 months and an aggregate of 2,578 
patient-years, the primary endpoints were 2.3 and 3.8 per 
100 patient-years for the Watchman and the control group, 
respectively.17 More interestingly, all-cause mortality (3.2 vs 
4.9 per 100 patient-years), cardiovascular mortality (1 vs 2.4 
per 100 patient-years), and hemorrhagic stroke (0.2 vs 1 per 
100 patient-years) were lower in the Watchman group.17 
The relative risk reduction of 40% in primary endpoints, a 
60% reduction in cardiovascular mortality, and a 34% reduc-
tion in all-cause mortality in the Watchman group make it 
superior to warfarin.17

The CAP Registry
Because of the higher rate of periprocedural events noted 

during the PROTECT-AF study, the FDA has allowed a 
subset of the PROTECT-AF investigators to gain additional 
information with regard to the safety and efficacy of the 
Watchman device. In this nonrandomized study of 460 
patients with a protocol similar to that of PROTECT-AF, 
successful implantation was seen in 95% of the subjects.14 
The safety event rates were remarkably lower in the CAP 
registry and had decreased to 3.7% from 7.7% in the 
PROTECT-AF study.14

PREVAIL
PREVAIL is a prospective, randomized study with a trial 

design similar to that of PROTECT-AF and was done to con-
firm the safety and efficacy results of PROTECT-AF and the 
CAP registry. PREVAIL enrolled 407 patients in 41 centers 
in the United States. The primary safety endpoint of death, 
stroke, thromboembolism, and device- or procedure-related 
complication requiring major endovascular or cardiovas-
cular intervention at 7 days was 2.2%.18 The occurrence of 
all serious device-related vascular complications was also 
similar to the results from the CAP registry (4.4% and 4.1%, 
respectively) and was approximately half the complication 
rates seen in PROTECT-AF.18 Additionally, the number of 
patients with cardiac perforations needing surgical repair 
was also low in the PREVAIL study at 0.4% compared to 
1.6% in PROTECT-AF.18

The ASAP Study 
The ASAP study was done to evaluate the safety and 

efficacy of the Watchman device in patients who have 

Table 1.  The PASS LAA exclusion device 
release criteria using endocardial 

deployment

Feature Details

Position Device is distal to or at the ostium of the LAA

Anchor Fixation of barbs engaged/device is stable with 
initial tug test

Size Device is compressed 8% to 20% of original size

Seal Device spans ostium, all lobes of LAA are cov-
ered; a ≤ 3 mm peri-device leak is acceptable

Figure 4.  TEE image demonstrating eccentrically located 

peri-device leak (yellow arrow) around the Watchman device. 

Color Doppler demonstrates flow across the leak. LA, left 

atrium; WM, Watchman device.
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contraindications to anticoagulation therapy.19 ASAP was 
a multicenter, nonrandomized study and included patients 
with nonvalvular AF and a CHADS2 score ≥ 1. After device 
implantation, patients were continued on aspirin and either 
clopidogrel or ticlopidine for 6 months, after which only 
aspirin was continued. After a cumulative follow-up period 
of 176.9 patient years, the ischemic stroke rate was observed 
to be 1.7%.19 The ASAP study demonstrated that patients 
could be safely transitioned to antiplatelet therapy without 
being bridged with warfarin immediately after the proce-
dure. 

PERIPROCEDURAL COMPLICATIONS
The Watchman device has demonstrated noninferior-

ity to warfarin in decreasing stroke risk in patients with AF; 
however, it does have short- and long-term complications.

Periprocedural Stroke
In the PROTECT-AF study, 0.9% of the subjects were 

noted to have a periprocedural stroke.14 Of the five patients 
observed with this complication, three were confirmed to 
have had a stroke due to air embolism from air escaping 
through the transseptal access sheath. The stroke manifesta-
tion in all of these patients was within the first 48 hours of 
the procedure. Subsequently, in the CAP registry and ASAP 
studies, this complication was not observed, likely due to 
improved operator experience and adeptness at handling 
the catheters and sheaths.14,19

Pericardial Effusion
In the PROTECT-AF study, 5.2% of the subjects were 

noted to have pericardial effusion, and this complication 
rate decreased to 2.2% in the CAP registry.14 The cumulative 
rate of occurrence of pericardial effusion for both studies 
was 3.8% (34 patients had hemodynamic compromise, and 
four patients had their hospital stays prolonged by 4 days).14 
In the ASAP study, pericardial effusion was noted in 2%, and 
tamponade was observed in 1.3% of the subjects.19

Incomplete Sealing of the LAA 
The LAA has a variable size and shape; therefore, using 

an endovascular device with a fixed size and shape place-
ment can become tricky and may result in incomplete 
sealing of the LAA. In the PROTECT-AF study, peri-
device flow leak was noted in 40.9%, 33.8%, and 32.1% 
of the subjects at 45 days, 6 months, and 12 months, 
respectively.20 In PROTECT-AF, the investigators did not 
observe a difference in the primary endpoints of stroke, 
systemic embolism, or cardiovascular or unexplained 
death in patients with and without peri-device leaks.20 
Furthermore, they also did not find any association 
between the severity of peri-device leaks and the primary 

endpoints, and the occurrence of primary endpoints was 
also not different if patients were on or off anticoagula-
tion 45 days after implantation.20 Due to continued 
remodeling of the LAA and the tissue around the device, 
the location and size of the peri-device leak continues 
to evolve even 12 months after implantation. Some 
leaks improve, and some worsen. Therefore, appropriate 
follow-up TEE is important to assess the leaks from time 
to time.21 One hundred percent exclusion of the LAA 
may not be possible with any of the existing technologies 
unless it is excised and oversewn. Because these small 
leaks do not have any major impact on the risk of stroke, 
it may still be an acceptable end result. 

Device Embolization 
Embolization of the device was observed in 0.6% of 

subjects in the PROTECT-AF study, and no embolization 
was noted in the CAP registry.14 In one patient, emboliza-
tion was noticed immediately during the procedure and 
required cardiac surgery for explantation. In another two 
patients, embolization was noticed at 45-day follow-up; 
one patient required surgery, and in the other patient, 
the device was explanted percutaneously via a femoral 
approach.14 In one of these patients who had device embo-
lization, the device migrated to the aortic valve and caused 
extensive damage to the aortic valve needing replacement 
with a prosthetic valve.22 The embolization rate in the ASAP 
study was slightly higher at 1.3%.19

Device Thrombus Formation
Thrombus formation on the device was noted in 4.2% 

and 4% of the subjects in the PROTECT-AF and ASAP 
studies, respectively.14,19 The estimated risk of stroke 
from device-associated thrombus was 0.3% per 100 
patient-years.14 The long-term implications of thrombus 
on the device are not clear. However, appropriate anti-
coagulation, if not contraindicated, will help address this 
problem.

The relative risk reduction of 40% 

in primary endpoints, a 60% reduc-

tion in cardiovascular mortality, 

and a 34% reduction in all-cause 

mortality in the Watchman group 

make it superior to warfarin.
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Device Infection
There has been one case report of Watchman device 

infection.23 The patient was noted to have vegetation on 
the atrial side of the device and needed surgical explanta-
tion followed by a prolonged course of antibiotics. 

Other Complications
Additional complications include those that are proce-

dure-related, such as hematoma formation, pseudoaneu-
rysms, arteriovenous fistula, esophageal tear, and hemoperi-
cardium. Despite the number of complications associated 
with this procedure, the overall disability and death rates 
were favorable in the Watchman group.14

CONCLUSION
The science of LAA exclusion for stroke prophylaxis is 

new and is evolving with the emergence of both endovascu-
lar and epicardial approaches. The results from clinical stud-
ies evaluating the Watchman device appear to be promis-
ing. Some concerns remain regarding the safety of the 
procedure and the long-term complications related to the 
device. However, it is becoming clear that with improved 
operator experience, the rate of complications is decreasing. 

Operator experience and expertise continue to improve 
with time and seem to significantly minimize periprocedural 
complications and success of implantation. FDA clearance 
of the Watchman device will begin a new chapter in the sci-
ence of LAA and will allow access to a therapeutic tool that 
is much needed in addressing the risk of stroke in patients 
with AF. Currently, a next-generation Watchman device, 
which, unlike the current device, can be fully recaptured 
and redeployed, is being studied. This device is designed to 
allay some of the concerns regarding peri-device leaks and 
embolization.  n 

Arun Kanmanthareddy, MD, is with the Division of 
Cardiovascular Medicine, Mid America Cardiology, University 
of Kansas Hospital in Kansas City, Kansas. He has stated that 
he has no financial interests related to this article.

Yeruva Madhu Reddy, MD, is Assistant Professor of 
Medicine, Division of Cardiovascular Medicine, Mid America 
Cardiology, University of Kansas Hospital in Kansas City, 
Kansas. He has stated that he has no financial interests related 
to this article.

Jayasree Pillarisetti, MD, is with the Division of 
Cardiovascular Medicine, Mid America Cardiology, University 
of Kansas Hospital in Kansas City, Kansas. She has stated that 
she has no financial interests related to this article. 

Vijay Swarup, MD, is with the Arizona Heart Rhythm 
Center in Phoenix, Arizona. He has disclosed that he receives 
modest consulting fees from Boston Scientific, Biosense 
Webster, and St. Jude Medical.

Dhanunjaya Lakkireddy, MD, is Professor of Medicine 
and Director, Center for Excellence in Atrial Fibrillation & 
Electrophysiology Research, Bloch Heart Rhythm Center—Mid 
America Cardiology, KU Cardiovascular Research Institute, 
University of Kansas Hospital & Medical Center in Kansas City, 
Kansas. He has disclosed that he receives speaker honoraria 
from Jansen, Pfizer, Bristol Meyer Squibb, and St. Jude Medical, 
and receives modest consulting fees from St. Jude Medical. Dr. 
Lakkireddy may be reached at (913) 588-6951; dlakkireddy@
kumc.edu. 

1.  Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in adults: national implications for rhythm 
management and stroke prevention: the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA. 
2001;285:2370-2375.
2.  Miyasaka Y, et al. Secular trends in incidence of atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000, and implications 
on the projections for future prevalence. Circulation, 2006. 114(2): p. 119-125.
3.  Wolf PA, Dawber TR, Thomas HE Jr, Kannel WB. Epidemiologic assessment of chronic atrial fibrillation and risk of stroke: the 
Framingham study. Neurology. 1978;28:973-977.
4.  Blackshear JL, Odell JA. Appendage obliteration to reduce stroke in cardiac surgical patients with atrial fibrillation. Ann Thorac 
Surg. 1996;61:755-759.
5.  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.
6.  Onalan O, Lashevsky I, Hamad A, Crystal E. Nonpharmacologic stroke prevention in atrial fibrillation. Expert Rev Cardiovasc 
Ther. 2005;3:619-633.
7.  Camm AJ, Lip GY, De Caterina R, et al, ESC Committee for Practice Guidelines-CPG, Document Reviewers. 2012 focused update 
of the ESC Guidelines for the management of atrial fibrillation: an update of the 2010 ESC Guidelines for the management of atrial 
fibrillation--developed with the special contribution of the European Heart Rhythm Association. Europace. 2012;14:1385-1413.
8.  Watchman Technology. Boston Scientific Inc. Available from: http://www.bostonscientific.com/watchman-eu/index.
html?%5D. Accessed August 5, 2013.
9.  Sick PB, Schuler G, Hauptmann KE, 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.
10.  Hong SN, Rahimi A, Kissinger KV, et al. Cardiac magnetic resonance imaging and the WATCHMAN device. J Am Coll Cardiol. 
2010;55:2785.
11.  Fountain RB, Holmes DR, Chandrasekaran K, et al. The PROTECT AF (WATCHMAN Left Atrial Appendage System for Embolic 
PROTECTion in Patients with Atrial Fibrillation) trial. Am Heart J. 2006;151:956-961.
12.  Mobius-Winkler S, Sandri M, Mangner N, et al. The WATCHMAN left atrial appendage closure device for atrial fibrillation. J 
Vis Exp. 2012(60).
13.  Reddy VY, Doshi SK, Sievert H, 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;127:720-729.
14.  Reddy VY, Holmes D, Doshi SK, et al. 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.
15.  Holmes DR, Reddy VY, Turi ZG, 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.  Alli O, Doshi S, Kar S, et al. Quality of life assessment in the randomized PROTECT AF (Percutaneous Closure of the Left Atrial 
Appendage Versus Warfarin Therapy for Prevention of Stroke in Patients With Atrial Fibrillation) trial of patients at risk for stroke 
with nonvalvular atrial fibrillation. J Am Coll Cardiol. 2013;61:1790-1798.
17.  Reddy V. Long term results of Protect AF: the mortality effects of left atrial appendage closure versus warfarin for stroke 
prophylaxis in AF. Heart Rhythm. 2013;10:1411-1415.
18.  Hughes S. PREVAIL yanked from ACC program; Watchman device meets safety end point. http://www.theheart.org/
article/1515107.do. Accessed September 5, 2013.
19.  Reddy VY, Mobius-Winkler S, Miller MA, 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.
20.  Viles-Gonzalez JF, et al. The clinical impact of incomplete left atrial appendage closure with the Watchman Device in patients 
with atrial fibrillation: a PROTECT AF (Percutaneous Closure of the Left Atrial Appendage Versus Warfarin Therapy for Prevention 
of Stroke in Patients With Atrial Fibrillation) substudy. J Am Coll Cardiol. 2012;59:923-929.
21.  Bai R, Horton RP, Di Biase L, et al. Intraprocedural and long-term incomplete occlusion of the left atrial appendage following 
placement of the WATCHMAN device: a single center experience. J Cardiovasc Electrophysiol. 2012;23:455-461.
22.  Stollberger C, Schneider B, Finsterer J. Serious complications from dislocation of a Watchman left atrial appendage occluder. J 
Cardiovasc Electrophysiol. 2007;18:880-881.
23.  Khumri TM, Thibodeau JB, Main ML. Transesophageal echocardiographic diagnosis of left atrial appendage occluder device 
infection. Eur J Echocardiogr. 2008;9:565-566.


