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Introduction

Atrial fibrillation (AF) is the most common arrhyth-
mia and occurrences of this are expanding worldwide. 
Aging population and patients with chronic heart disease 
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are among the factors responsible for a rising prevalence 
of AF.1) Prevention or reduction of the following primary 
factors can reduce the risk of AF; cigarette smoking, 
sedentary life style, adverse dietary risk factors (e.g., salt 
intake, excess calorie consumption), and lowering blood 
pressure will reduce the incidence of AF.2) A total of 
1%–2% of the population in North America and Europe 
is affected with AF.3) Among Asian populations, the 
prevalence of AF increases with age, and there is great 
variability in different Asian countries. The overall annual 
incidence of AF in Asian countries is found to be 5.38 per 
1000 person-years and the community-based AF preva-
lence among Asian countries ranges from 0.03% to 3.75%. 
In China, the prevalence ranges from 0.37% to 3.56%.4) 
In the United States, the prevalence of patients with AF 
is likely to increase 2.5-fold by the year 2050, and it 
is estimated that 2.3 million US adults have AF. This is 
projected to increase by more than 5.6 million by the 
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year 2050, with most of the increase being the elderly 
population aged 80 years or older. The prevalence of AF 
increases from 0.1% in adults younger than 55 years old 
to 9% in adults aged 80 years or older.5)

Transcatheter left atrial appendage closure (LAAC) is 
used as a primary therapy for AF patients contraindi-
cated to chronic oral anticoagulation to prevent stroke.6) 
Contraindication to warfarin and new oral anticoagulants 
(NOAC) use had been mentioned elsewhere.7,8) Table 1, 
part A and part B, illustrates these contraindications.7,8)

Percutaneous Transcatheter Closure of the LAA

The primary source of thromboembolism in non- 
valvular atrial fibrillation (NVAF) patients is the LAA, 
with approximately 90% of thromboembolism occurring 
in the LAA.9) Surgical or percutaneous approaches with 
devices to close the LAA have been conducted with 
the aim to reduce the risk of thromboembolic events in 

NVAF patients. Several devices use a percutaneous 
approach to close the LAA, including the WATCHMAN 
LAA system (Atritech, Plymouth, MN, USA) shown in 
Fig. 1A, the Amplatzer Cardiac Plug (AGA Medical, 
MN, USA) shown in Fig. 1B, the PLAATO device shown 
in Fig. 1C6) (which is no longer produced and is off the 
market) and the Lariat system (SentreHEART, Palo Alto, 
CA, USA). This review will focus on the WATCHMAN 
device, as it remains the most rigorously examined and 
studied of all transcatheter-based devices in this space. 
The WATCHMAN device is the first LAA closure device 
tested in two randomized studies: the PREVAIL trial10) 
and the PROTECT-AF trial.11) These trials did not, how-
ever, include subjects contraindicated to OACs therapy. 
The WATCHMAN device from Boston Scientific was 
approved on March 13, 2015 by the United States Food 
and Drug Administration with the aim of reducing the 
risk of thromboembolic events from the LAA in patients 
with NVAF.12)

Table 1  Contraindication to oral anticoagulation. Part A: contraindication to warfarin; part B: contraindication to new 
oral anticoagulation7,8)

Contraindication to Warfarin therapy, part (A) Contraindication to new oral anticoagulation therapy, part (B)

Patients with history of hypersensitivity to the drug Patients with known history of hypersensitivity to the drugs
Patient with history of threatened abortion, eclampsia, and 
preeclampsia. Unsupervised or independently patients with 
senility or high fall risk

Patients with history of active significant bleeding, disorder of 
hemostasis, for example, von Willebrand disease or coagulation 

factor deficiency, prosthetic heart valve, liver disease with an 
alanine transaminase (ALT) > 2 times upper limit of normal

Pregnant women except in those pregnant women with 
mechanical heart valves

Patients with concomitant medication known to affect pharma-
cokinetics, for example, concomitant warfarin therapy

Patients with history of pathologic condition of the blood 
(blood dyscrasias)

Patients with history of pregnancy  or breast feeding

Patients with history of hemorrhagic tendencies, for example, 
active peptic ulcers or patients with history of obvious 
bleeding of the gastrointestinal, genitourinary, or respiratory 
tract, central nervous system hemorrhage, cerebral aneu-
risms, dissecting aorta, pericarditis, pericardial effusions, or 
bacterial endocarditis

Patients with history of poor renal function, for example, dab-
igatran is contraindicated in severe renal impairment creatinine 
clearance (CrCL) <30 mL/min, edoxaban is contraindicated in 
patients with CrCL >95 mL/min, rivaroxaban and apixaban are 

contraindicated in patients with CrCL <15 mL/min

Fig. 1  LAAC devices. (A) Watchman device, (B) Amplatzer cardiac plug device, and (C) PLAATO 
device. Adapted from Möbius-Winkler et al.6) LAAC: left atrial appendage closure; PLAATO: 
percutaneous left atrial appendage transcatheter occlusion 
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WATCHMAN Device Description

The Watchman device consists of three main compo-
nents:13) the WATCHMAN LAAC device, the WATCH-
MAN delivery system, and the WATCHMAN access 
system. The WATCHMAN LAAC device contains a niti-
nol (nickel/titanium alloy) frame structure with 10 fixation 
anchors and a device cap that contains a fabric polyeth-
ylene terephthalate which acts as a protective filter. The 
device is available in five sizes: 21, 24, 27, 30, and 33 mm. 
The WATCHMAN Transseptal Access system comprises 
of a single curve or double curve styles. The WATCHMAN 
device is preloaded within the 12F delivery catheter ready 
to be released within the LAA after all criteria for device 
release are met. The measurement of LAA size before 
implantation is necessary to match with the specific size 
of the Watchman device as illustrated in Fig. 2A and 2B).6)

Trials and Studies Looking at Efficacy and  
Safety of Watchman Device

The EWOLUTION trial14) was a very large published 
Watchman registry performed in Europe by Boersma 
et al. entitled “Efficacy and Safety of Left Atrial Append-
age Closure with Watchman in Patients with or without 
Contraindication to Oral anticoagulation: 1-year follow- 
up outcome data.” This was a multicenter prospective, 
nonrandomized cohort study designed to provide data 
in routine practice from multicenter registry. About 
1025 patients were planned for a Watchman LAAC in 
47 centers between October 2013 and May 2015. High-
risk population included in the registry was mostly 

contraindicated to OACs with an average CHADS2 score: 
2.8 ± 1.3, CHA2DS2-VASc: 4.5 ± 1.6, and HAS-BLED 
score of 2.3 ± 1.2. About 40% of patients had HAS-BLED 
score ≥3, their mean age was 73.4 ± 8.9 years and 30.5% 
of patients had prior ischemic stroke/transient ischemic 
attack (TIA). 15.1% had previously had a hemorrhagic 
stroke, 31.3% of patients had a history of major bleeding, 
and 73.3% of patients were deemed ineligible for antico-
agulation. According to Boersma et al., the Watchman 
device implantation was successful in 98.5% with no 
residual flow in 99.8% of patients. After the procedure, 
dual antiplatelet therapy (DAPT) was used in 60% of 
patients for 6 months, vitamin K antagonist (VKA) in 
16%, NOAC in 11%, single antiplatelet therapy (SAPT) 
in 7%, and nothing in 6.4% of patients. This registry 
reported initial 7 days EWOLUTION report14,15) on proce-
dural outcomes as follows: procedure- or device-related 
serious adverse events was 2.8% (which is lower than 
8.7% in PROTECT-AF)16) and the mortality rate was 
0.3%. Major adverse cardiac events within 7 days reported 
one death which occurred due to cerebral air embolism 
during the procedure, systemic embolism, procedure- 
related stroke, and myocardial infarction (MI) did not 
occur. Serious adverse events occurred within 30 days 
were significantly lower for patient’s ineligible to OACs 
therapy (6.5%) compared to (10.2%) of patients eligible 
to OACs therapy (p = 0.042). The total mortality rate 
within 30 days was 0.7%. Boersma et al.14) provided 
1-year follow-up results in which the Watchman device 
was observed to be safe and effective in NVAF patients, 
of which 73% were deemed ineligible for oral anticoagu-
lation therapy. The registry reported a calculated stroke 

Fig. 2  Measurement of the LAA during implantation of Watchman device. (A) After angiography 
(RAO: 25°, caudal: 20°), ostium size measurement (22 mm) and depth (28 mm); (B) mea-
surement using echocardiography at around 135° of ostium size (20 mm) and depth 
(25 mm). Adapted from Möbius-Winkler et al.6) LAA: left atrial appendage; RAO: right 
anterior oblique
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rate of 7.2% with no anticoagulation use and a similar 
CHA2DS2-VASc score. The annual ischemic stroke rate 
was 1.1%, which is very low considering the majority 
used DAPT medication. This rate translates to an 84% risk 
reduction. Also there was a 48% risk reduction in major 
bleeding events, based on an observed small rate of annual 
major bleeding of 2.6%, and the expected rate based on 
HAS-BLED score was 5.0%. Authors in this registry 
compared the annual ischemic stroke rate of 1.1% in the 
EWOLUTION study with an observed ischemic stroke 
rate of 1.7% after 2 years and 1.8% after 5 years of fol-
low-up of the ASA plavix feasibility study with watchman 
left atrial appendage closure technology (ASAP) study17) 
a similar pattern was found. The mortality rate in the 
EWOLUTION registry after 1 year was 9.8%. The possi-
ble explanation of this from the authors was that most of 
patients included in the study had high CHA2DS2-VASc 
and HAS-BLED scores compared to previous large trials 
on Watchman device and had a higher comorbidity profile 
with an age more than 75 years. Bergmann et al.18) also 
reported Watchman device implantation to be safe in all 
subjects eligible and ineligible to OACs. After implanta-
tion, the following medications were prescribed NOAC, 
DAPT, or VKA. They report ischemic stroke in subjects 
who received DAPT (0.5%) and SAPT (1.4%) but no 
ischemic stroke observed in subjects who received NOAC, 
VKA, or no medication (p = 0.5108). Therefore, in future, 
randomized trials comparing efficacy and the safety of the 
Watchman device, implantation without anticoagulation 
or antiplatelet therapy is needed.

The ASAP study was conducted by Reddy et al.7) 

between January 2009 and November 2011. It was a 
multicenter, prospective nonrandomized observational 
registry assessing the safety and efficacy of LAAC in 
NVAF patients specifically ineligible for warfarin ther-
apy. A total of 150 patients with NVAF, CHADS2 score 
≥1, and who were ineligible for warfarin therapy were 
included in the study. These patients were managed 
with 6 months of DAPT and then lifelong aspirin with-
out warfarin therapy after LAAC with Watchman device. 
The primary efficacy endpoint in this registry consisted 
of the occurrence of stroke (ischemic or hemorrhagic), 
cardiovascular or unexplained death and systemic 
embolism. Watchman device implantation was success-
ful in 94.7% of patients. The mean CHADS2 score and 
CHA2DS2-VASc score were 2.8 and 4.4, respectively, 
history of hemorrhagic/bleeding was present in 93% 
of cases and was the commonest reason for warfarin 
contraindication. The mean duration of follow-up was 

14.4 months and the observed stroke/systemic embolism 
rate was 2.3% per year and the expected rate was 7.3% 
per year. They concluded implantation using the Watch-
man device to be safe without Warfarin therapy but rather 
aspirin and clopidogrel were prescribed after the proce-
dure, as there was an approximate of 64%–77% reduc-
tion in risk of stroke based upon their CHADS2 score. 
There is an ongoing randomized controlled trial, “The 
Assessment of the Watchman Device in Patients Unsuit-
able for Oral Anticoagulation (ASAP-TOO)”.19)

The Canadian multicenter experience with Watchman 
for percutaneous LAAC conducted by Saw et al. reported 
pooled consecutive series of patients who underwent 
Watchman LAAC at four major Canadian centers. In this 
study,20) they included 106 patients who had the Watch-
man implant starting from May 2013 up to October 2015. 
The primary objective of the study was to evaluate the 
safety and efficacy of the Watchman device. Patients 
reported in this study were contraindicated or had failure 
to or intolerance to OACs therapy. Mean follow-up of the 
study was 210 ± 182 days and the indication for Watch-
man device implantation was CHADS2 ≥ 1 or CHA2DS2-
VASc ≥ 2 and patients who were ineligible for oral 
anticoagulation therapy. About 0.9% of patients had his-
tory of recurrent strokes on warfarin therapy, and 9.4% of 
cases had history of bleeding. Meanwhile, 89.6% of cases 
had prior bleeding history. The mean CHADS2 and 
CHA2DS2-VASc scores were 2.8 ± 1.2 and 4.3 ± 1.5, 
respectively, with mean age 74.8 ± 7.7, and HAS-BLED 
scores reported as 3.2 ± 1.2. In this Canadian multicenter 
study, implantation was successful in 103 cases (97.2%). 
This aligns with other studies like the EWOLUTION 
study,14) of which 98.5% of patients had the Watchman 
device implanted successfully and the ASAP study7) 
which had 94.7% successfully implanted with the device. 
Procedure experience had been improving with time as a 
higher rate of successful implantation had been achieved 
in recent studies compared to previous Watchman stud-
ies. After implantation, DAPT was used in 76 patients 
(73.8%), OACs therapy utilized by 21 patients (20.4%), 
and aspirin alone in three patients (2.9%). Observed 
annual thromboembolic events were 3.3% which aligns 
with the expected thromboembolic events based on 
CHADS2 score of 9.6% (66% reduction) and CHA2DS2-
VASc score 8.1% (59% reduction). Therefore, Watchman 
device implantation for LAAC was concluded to be safe 
and effective in patients contraindicated to oral anticoag-
ulation, but authors insisted to confirm the results in large 
registries and randomized trials.
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Disadvantages of the percutaneous transcatheter clo-
sure of the LAA are as follows: In general, guiding 
catheters, stiff wires manipulation, the Watchman device 
itself, and transseptal puncture procedure can cause peri-
cardial effusions/tamponade during occlusion of the 
LAA.6,21,22) Air embolism and device embolization are 
also procedural complications related to transseptal punc-
ture and device implantation. Five out of 449 patients 
who had Watchman device implantation, as reported by 
Holmes et al.21) had periprocedural stroke secondary to 
air embolism, and about 0.2% of cases had device embo-
lization. Other possible outcomes of the procedure can be 
cardiac arrest, stroke, hypotension, acute coronary isch-
emia, and death. Device embolization can occur early 
or late; however, proper measurements of the LAA 
morphology and appropriate device sizing can prevent 
embolization. Routine transthoracic echocardiography 
on day 1 or 2 after the procedure was used to rule out 
device embolization and pericardial effusion.6,23) Proper 
management and prevention of complications, as well as 
increased procedure experience with time, all can aid in 
minimization of the procedural-related complications.

Current Evidence Derived from Surgical 
LAA Occlusion

Until recently, various surgical treatment strategies or 
percutaneous techniques with different types of devices 
for LAAC are available.24,25) Surgical LAAC is divided 
into two categories: exclusion or excision.26,27) Epicar-
dial surface exclusion includes running or mattress 
sutures with or without felt pledgets, purse-string sutures 
from the epicardial surface, or running sutures or purse-
string sutures from the endocardial surface, and single 
ligation techniques. Excision procedures include a sta-
pled excision, or oversew, and removal techniques. 2016 
European Society of cardiology (ESC) guidelines devel-
oped in collaboration with the European Association for 
Cardio-Thoracic Surgery (EACTS)28) recommended sur-
gical LAAC in patients with AF undergoing cardiac sur-
gery or thoracoscopic AF surgery (class II b, level of 
evidence B). A study conducted by Kanderian et al.29) 
included 137 patients from a cohort study (level IIIb) 
because follow-up data were available to these patients, 
and 52 out of these 137 patients had LAA excision 
(11 patients by the use of an amputating stapling device 
and 41 patients by using scissors), and 85 (62%) patients 
had exclusion using the following techniques; 73 (86%) 
had suture exclusion and 12 (14%) had stapler exclusion 

leaving LAA attached in place. They reported success 
rate of LAAC of about only 55 (40%) out of 137 patients. 
During transesophageal echocardiography (TEE) follow- 
up examinations after their previous surgery, a total of 
55 patients had successful LAAC but among them only 
six patients (11%) had stroke/TIA compared with 12 
patients (15%) of 82 patients with unsuccessful LAAC 
who also had stroke/TIA (p = 0.61). Overall, a total of 18 
patients (13%) suffered stroke/TIA; stapler exclusion 
(n = 1) patient, suture exclusion (n = 11) patients, and 
LAA excision (n = 6) patients. LAA thrombus occurred 
in (41%) of unsuccessful LAAC. Excision of the LAA 
was more successfully achieved (73%) compared to 
suture exclusion (23%), and stapler exclusion (0%) 
(p <0.001). Furthermore, their study reported that exci-
sion of the LAA using scissors is the most reliable 
method, and incidence of stroke/TIA decreased in 
patients with complete LAAC although it was not signif-
icant. A study conducted by Healey et al.30) included 77 
patients, out of which 52 patients received LAAC while 
25 patients acted as controls. In this study, five out of 11 
patients (45%) had complete occlusion of LAA using 
sutures and also 24 out of 33 patients (72%) had com-
plete LAAC using a stapler without difference observed 
between the control group and the LAAC side in terms 
of neurologic events risk reduction, Katz et al.31) involved 
50 patients who underwent mitral valve surgery and 
LAAC which was performed by endocardial double- 
row running sutures. A total of 18 patients (36%) had 
incomplete occlusion with thrombus observed in nine 
patients (50%) with subsequent thromboembolic events 
in four patients. They concluded that inadequate LAA 
may increase the risk of thromboembolism. A study 
conducted by García-Fernández et al.32) aims to assess 
whether ligation of the LAA in patients undergoing 
mitral valve replacement is associated with the risk of 
embolism in future. About 58 patients had LAA ligation 
performed by double suture (a purse-string suture and 
running suture), among them six patients had an incom-
plete ligation (10.3%) but only one suffered embolic 
event and 52 patients had complete ligation (89.7%) of 
the LAA. During follow-up period from valve replace-
ment surgery to echocardiography study (69.4 months), 
27 patients had peripheral arterial embolism (19 suffered 
an ischemic stroke, 3 suffered TIA, and five patients suf-
fered peripheral embolism). They showed that ligation of 
the LAA during mitral valve replacement surgery con-
ducted in a population with high-risk can aid in a reduc-
tion of the risk of late embolism. However, they insisted 
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that further randomized trials will validate their results. 
Starck et al.33) involved 10 patients with paroxysmal AF 
who underwent coronary artery bypass grafting (CABG) 
with bilateral pulmonary vein isolation together with 
LAA new AtriClip occlusion device (AtriClip, Atricure 
Inc., West Chester, OH, USA), the clip was successfully 
applied without any complication, and complete electri-
cal isolation of the LAA achieved in all 10 patients. 
It was an interesting observation from the AtriClip 
device, whereby the epicardial LAA clip occlusion leads 
to the electrical isolation of the LAA which offers more 
advantage of the device not only offering stroke preven-
tion but also reduce the chance of AF to recur again. The 
following are the advantages of the AtriClip device 
enabled epicardial LAAC:24) after implantation and com-
plete closure of the LAA using AtriClip, it is not neces-
sary to continue short-term or long-term OACs or 
antiplatelet treatment, therefore for those patients con-
traindicated to OACs can acquire benefit from this 
device. Periprocedural safety events, peridevice flow, 
and operator-dependent learning curve are in favor of 
surgical LAAC using clipping when compared to inter-
ventional approaches, and the AtriClip device implanta-
tion is cost-effective than interventional implantation of 
devices. The only two devices which can be used for 
minimally invasive stand-alone LAA are the stapler and 
the newest generation of the AtriClip. The AtriClip is 
available for video-assisted thoracoscopic surgery while 
the Stapling has been used as a clinical standard for all 
thoracosopic approaches.34,35) A study conducted by 
Whitlock et al.36) entitled “Left Atrial Appendage Occlu-
sion Study II (LAAOS II),” randomized 51 patients who 
had AF and increased stroke risk as follows: LAAC (n = 
26) versus no LAAC and no OACs (n = 25), they aim to 
assess recruitment rate and LAA amputation safety. 
After a follow-up period of 1 year, only four patients 
(15.4%) died, experienced MI, stroke, major bleeding, 
and non-cerebral systemic embolism in the LAAC side 
compared to five patients (20.0%) in the none occlusion 
side. They conclude it is safe to perform LAAC during 
cardiac surgery and call upon for larger trials to validate 
their clinical efficacy for LAAC during cardiac surgery. 
A study conducted by Whitlock et al.37) (LAAOS) III 
(Clinical Trials.gov NCT01561651) plans to randomize 
4700 patients with AF undergoing on-pump cardiac sur-
gical procedures with or without LAAC. It will be the 
largest trial to provide the efficacy of LAAC for stroke 
prevention and the safety and efficacy of surgical LAAC 
will be clearly explored.

Conclusion

Different authors suggested similar conclusions regard-
ing Watchman device implantation for NVAF patients 
contraindicated to OAC, as this device was suggested to be 
effective and safe to be implanted in the LAA despite the 
fact that the majority of patients were prescribed DAPT 
after implantation. The Watchman device was approved to 
be used in America, Europe, and some countries in Asia, 
the Middle East, and North Africa. This device is commer-
cially available in more than 55 countries, with more than 
7000 implants performed worldwide. The updated 2016 
ESC Guidelines,28) developed in collaboration with the 
EACTS, recommended percutaneous LAAC for patients at 
high stroke risk with contraindications to long-term oral 
anticoagulation, and surgical LAA occlusion in patients 
with AF undergoing cardiac surgery or thoracoscopic AF 
surgery (class II b, level of evidence B). Patients with a 
contraindication to OACs and those with a high risk of 
bleeding while on OACs therapy or patients who have had 
major bleeding while using OACs therapy are likely to 
benefit most from Watchman device implantation as well 
as a stand-alone or an adjunct surgical LAA occlusion pro-
cedure. Randomized clinical trials comparing Watchman 
for LAAC versus no anticoagulation therapy postproce-
dural are needed to balance with the worldwide expansion 
of Watchman device implantation for LAAC in patients 
contraindicated to OACs. Furthermore, future larger ran-
domized trials are needed to provide the efficacy and safety 
of routine surgical LAAC to prevent stroke in patients con-
traindicated to OACs while undergoing cardiac surgery. 
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