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The authors review the current status of percutaneous left atrial appendage (LAA) occlusion 
therapy in patients with atrial fibrillation with the goal to prevent ischemic stroke and systemic 
embolism and to reduce oral anticoagulation associated bleeding. While we cover the historical 
and also surgical background, and all tested devices, the main focus rests on the single currently 
U.S. Food and Drug Administration (FDA) approved LAA occluder, the WATCHMAN device, and its 
approval process. The authors also give a critical appraisal beyond the review of mere facts, try-
ing to put the current data into perspective.
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Introduction and background

“Quis custodiet ipsos custodes?“ (Who watches the Watchmen?, 
Juvenal, Roman Satirist, approximately 100 AD, Aquinum, Satire 
VI, Rhyme 347). Atrial fibrillation (AF) has a prevalence of 1% in 
the general population and therefore is the most frequent cardi-
ac rhythm disorder.1 Due to an increasing prevalence with in-
creasing age, the absolute number of affected patients is ex-
pected to double over the next 30 years. Atrial thrombus forma-
tion is caused by prothrombotic processes among these in-
creased adhesivity of the endocardium, stasis, and angiotensin-
mediated processes.2 The left atrial appendage (LAA) is an em-
bryological remnant developing in the third week of gestation, 
its shape being variable, typically being a long tubular and 
hooked structure with different lobes and variable anatomy.3 It 

functions during conditions of volume overload as a reservoir 
and mediator of adaptive responses to decrease circulating blood 
volume mainly via atrial natriuretic peptide secretion.4 In AF the 
LAA can oscillate at rates faster than 300/minute leading to a 
substantially reduced outflow and ultimately stasis. A systematic 
review by Blackshear and Odell5 analyzing 23 studies identified 
the LAA as source of embolic thrombi in more than 91% of pa-
tients with nonvalvular AF as opposed to 57% only in patients 
with rheumatic AF, establishing the rationale for LAA obliteration 
as a preventive strategy for stroke in nonvalvular AF. However, a 
more recent analysis showed that while in valvular AF more than 
half the thrombi were located in the left atrial cavity also in pa-
tients with nonvalvular AF and with a history of stroke, in cases 
of the lack of anticoagulation or ventricular dysfunction the 
chances of left atrial cavity as opposed to LAA thrombus were up 
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to 45%.6 Further trials established a correlation of varying shapes 
such as ‘chickenwing,’ ‘windsock,’ ‘cactus,’ and ‘cauliflower’ with 
embolic risk, the chickenwing configuration being associated 
with the lowest risk.3,7 Protagonists of left atrial appendage oc-
clusion (LAAO) have characterized the LAA as the ‘most lethal 
human attachment,’8 a term and assessment that has not been 
shared by everybody.

Therapeutic approaches

In AF, primary and secondary prevention of mainly cerebral and 
peripheral embolism is routinely achieved with vitamin K anta-
gonists (VKAs) such as warfarin or coumadin derivatives, or, 
more recently with a variety of non-VKA oral anticoagulant 
medications (NOACs) such as dabigatran, rivaroxaban, apixa-
ban, and edoxaban.9-11 Unanimously, NOACs have shown 
non-inferiority, in single instances even superiority for stroke 
prevention while having significantly less bleeding complica-
tions (intra- and extracranially). Despite the introduction of 
these new drugs for stroke prevention, many patients and phy-
sicians continue to seek alternatives for a variety of reasons, 
including contraindications, medication side effects, adherence 
and quality-of-life concerns.12 Based on the aforementioned 

assumption that over 90% of left atrial thrombi originate from 
the LAA, surgical LAA removal decades ago was a routinely 
used procedure in open heart surgery for other indications 
(comparable to preventive appendix removal in otherwise indi-
cated abdominal surgery) and first performed in 1948.13 Still, 
LAA removal was and is performed more recently, e.g., during 
mitral valve surgery or maze procedures (series of incisions ar-
ranged in a maze-like pattern in the atria).5 While the feasibili-
ty of surgical LAAO has been investigated,14,15 it has not been 
clarified whether the frequent incompleteness of LAAO during 
other cardiac surgery procedures does not ultimately lead to an 
even higher thrombogeneity and increasing rate of embolic 
complications.16 Furthermore, a primary surgical occlusion, 
even if performed via thoracoscopy, appears not to be justifia-
ble at the current stage of research.17

At least eight transcutaneous LAAO devices have been de-
veloped over the last 20 years.18 Some of these are not ap-
proved or Conformité Européene (CE)-marked, while others are 
currently under evaluation in clinical trials, or have very few 
data at present. All of them (except the LARIAT device named 
for a rope used as a lasso or for tethering) share some common 
features for the procedure. At first extensive transesophageal 
echocardiography workup is performed to exclude intraluminal 

Figure 1. Left atrial appendage (LAA) closure devices and schematics of their deployment. Different types of LAA closure devices are seen. Endocardial devices 
include (A) WATCHMAN™ (image provided courtesy of Boston Scientific, c2018 Boston Scientific Corporation or its affiliates, http://www.bostonscientific.com) 
and (B) AMPLATZER™ AMULET™ (reproduced with permission of St. Jude Medical, c2018, https://www.sjmglobal.com). (C) The hybrid (endocardial and epicar-
dial) LARIAT™ suture delivery system for LAA exclusion (reproduced with permission of SENTREHEART, c2018, http://www.sentreheart.com) and (D) AtriClip™ 
for surgical clipping (reproduced with permission of AtriCure, c2018, https://www.atricure.com). Devices are trademarks of their respective companies, all 
rights reserved. Adapted from Topcuoglu et al.22
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thrombi or other pathologies and characterize the anatomy of 
the LAA. The procedure itself involves anesthesia, catheteriza-
tion of the femoral vein and access to the LAA via the right 
atrium and a transseptal access, i.e., puncture and penetration 
of the septum with an e.g., 14 French (4.7 mm) catheter sys-
tem. Only newer systems such as the LAmbre system use 
smaller 8 to 10 French (2.7 to 3.3 mm) introducer sheaths. For 
more technical details the reader is referred to the following 
references.19-21

Figure 1 taken from Topcuoglu et al.22 in 2018 illustrates 
some of the devices and their anatomical relation to the LAA.

Devices outside randomized controlled 
trials

None of the devices except the WATCHMAN LAA occluder have 
been tested in a randomized fashion. Therefore the WATCH-
MAN data will be dealt with in more detail.

PLAATO (Percutaneous Left Atrial Appendage 
Transcatheter Occlusion) device
This first generation device was a self expanding nitinol cage 
with anchors to prevent embolization.23 Testing in a non-ran-
domized series of 111 patients with successful occlusion in 108 
patients with four severe complications achieved a reduction 
of stroke rates compared to Congestive heart failure, Hyperten-
sion, Age, Diabetes, Stroke history (CHADS2)-score predicted 
stroke rates.24 This was followed by a combined report of 180 
patients, the later trial being halted.25 After increasing reports 
of complications the device production was halted and never 
reached a commercial level for ‘marketing reasons,’ a coura-
geous decision considering that it was the company´s only 
product at that time in this market.

Amplatzer cardiac plug and Amulet device
For the amplatzer cardiac plug (ACP) device only case series26 
and a ‘post marketing observational study’ were performed.27 A 
truly randomized trial was planned (as for PLAATO) according 
to ClinicalTrials.gov but never recruited any patients. In the lat-
ter series by Tzikas et al.,27 1,047 patients were collected in 22 
centers with self reported (non-adjudicated) procedure success 
in 97.3% and 52 (4.97%) major adverse events. Again the ex-
pected stroke rate according to CHADS2-scores was approxi-
mately 5% and then reduced to 2.1%. The Amplatzer Amulet 
device has succeeded the ACP in most instances28 and is tested 
in two randomized trials (Amulet Investigational Device Ex-
emption [IDE] against WATCHMAN device; Prevention of Stro-
ke by Left Atrial Appendage Closure in Atrial Fibrillation Pati-

ents After Intracerebral Hemorrhage [STROKECLOSE] trial 
against best medical treatment after intracerebral hemorrha-
ge). The most recent data come from a large prospective regis-
try published by Landmesser et al.,29 where 1,088 patients have 
been included. A new aspect in this registry was that average 
Congestive heart failure, Hypertension, Age, Diabetes, Stroke 
history, Vascular disease, Age, Sex category (CHA2DS2-VASc) 
scores were relatively high at 4.2 points and that 83% of pati-
ents had contraindications to oral anticoagulant (OAC) plus 
72% had a history of major bleeding. There was no residual 
flow in 98.4% of patients and the observed ischaemic stroke 
rate was 2.9% per year. A device-related thrombus was noted 
in 1.7% of patients. In the first year, major bleeding occurred 
at an annualised rate of 10.3% and all-cause mortality was 
8.4%. As there was no active comparator we are not able to 
say whether that is good or not in terms of efficacy or safety. 
In a propensity matched comparison of patients with AF and a 
history of intracranial hemorrhage (ICH), treated with Amplat-
zer LAAOs compared to similar patients treated with standard 
therapy, the composite outcome of mortality, ischemic stroke, 
and major hemorrhage was reduced for all patients (151 pati-
ents per group) and for those on OAC (103 patients per group). 
Percutaneous LAA closure was associated with a significant 
84% reduction in the risk of the composite outcome compared 
to standard therapy and 74% in those on OAC therapy within 
180 days after the index ICH.30

Next generation devices
Newer devices include the CE-marked WaveCrest Left Atrial Ap-
pendage Occlusion System (Coherex Medical, Salt Lake City, UT, 
USA), the ultrasept LAA closure device, the LAmbre LAA Closure 
system (Lifetech Scientific, Shenzhen, China), and the Occlutech 
LAA occluder (the latter two also CE-marked; Occlutech, Hel-
singborg, Sweden).18,31,32 For the Occlutech and LAmbre devices 
small series with 30 and 60 patients respectively have been pu-
blished, showing results generally in line with the other publica-
tions.33,34 The TigerPaw II System (Laax, Livermore, CA, USA) has 
had a major U.S. Food and Drug Administration (FDA) recall in 
2015 and to our knowledge is not further developed. The AtriClip 
device (AtriCure, Mason, OH, USA) is used during open heart 
surgery and therefore not within the scope of this review.

Lariat suture device
Another transcatheter but combined endo-/epicardial LAA clo-
sure device is the Lariat Suture Delivery System (SentreHEART, 
Redwood City, CA, USA), which is used to ligate the LAA placing 
a knot around the ostium of the LAA and then removes the 
LAA.18 After percutaneous epicardial access and alignment with 
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a magnet tipped wire delivered endocardially with a transseptal 
approach, an appendage grabber with embedded electrodes wi-
thin the jaws permits electrical navigation and identification of 
the LAA, and finally after placing the loop and suture allows 
confirmation of firm closure by the elimination of LAA electrical 
activity.21 The current literature is sparse; however, recent com-
parative data to the WATCHMAN device were promising. A 
multicenter registry published by Lakkireddy et al.35 with 712 
consecutive patients undergoing LAA ligation with LARIAT at 18 
United States hospitals showed successful deployment in 682 
patients (95.5%) and complete closure in 669 patients (98%). 
The two main complications were perforations in 3.5% neces-
sitating surgery in 1.44%, and pericarditis in 4.78%.35 A recent 
publication assessed the safety of WATCHMAN (n=5,849) and 
LARIAT (n=4,889) devices by analysis of surveillance data from 
the FDA Manufacturer and User Facility Device Experience 
(MAUDE) database.36 Interestingly, the cumulative incidence of 
safety events (composite outcome of stroke/transient ischemic 
attack [TIA], pericardiocentesis, cardiac surgery, and death) oc-
curred more frequently with WATCHMAN (cumulative inciden-
ce, 1.93% vs. 1.15%; P=0.001).36 Another device, the Sierra Li-
gation System (Aegis Medical Innovations, Vancouver, BC, Ca-
nada) is completely extravascular/epicardial, and therefore not 
covered in this report.

The WATCHMAN trials

The WATCHMAN LAAO device was tested in two randomized 
trials, the “WATCHMAN Left Atrial Appendage System for Em-
bolic Protection in Patients With Atrial Fibrillation” (PRO-
TECT-AF) trial and the “Evaluation of the WATCHMAN LAA 
Closure Device in Patients With Atrial Fibrillation Versus Long 
Term Warfarin Therapy” (PREVAIL) study,37,38 a prospective re-
gistry (continued access protocol [CAP]),39 a German/Swiss re-
gistry (efficacy and safety of left atrial appendage closure with 
WATCHMAN in patients with or without contraindication to 
oral anticoagulation [EWOLUTION])12,40 and several follow-up 
analyses of PROTECT-AF39,41 (Table 1). The only randomized evi-
dence (with a few caveats) is derived from the original PRO-
TECT-AF trial and its longterm follow-up analyses.

PROTECT-AF
PROTECT-AF assessed the efficacy and safety of percutaneous 
closure of the LAA for prevention of stroke compared with war-
farin treatment in adult patients with AF in a multicentre, ran-
domised non-inferiority trial. Inclusion criteria were a CHADS2 
score of at least 1 point, exclusion criteria were contraindica-
tions to warfarin, necessity of chronic warfarin use, LAA throm-
bus, patent foramen ovale with atrial septal aneurysm (ASA), 
and symptomatic carotid artery disease. Seven hundred and se-
ven patients were randomized 2:1 (intervention, n=463; cont-

Table 1. Summary of clinical studies for the WATCHMAN left atrial appendage occluder

PROTECT-AF CAP registry PREVAIL EWOLUTION

Enrollment 2005–2008 2008–2010 2010–2012 2013–2015

Study design Randomized Registry Randomized Registry

Randomization 2:1 NA 2:1 NA

Control Warfarin NA Warfarin NA

Number of patients 707 460 407 1,025

Age 72±8.9 74±8.3 74±7.4 73.4±9

CHADS2 2.2±1.2 2.5±1.2 2.6±1.0 2.8±1.3

CHA2DS2-VASc 3.3±1.4 3.7±1.4 3.8±1.2 4.5±1.6

Stroke/TIA (%) 18 30 28 30.5

Age ≥75 yr (%) 43 52 54 50.8

Follow-up (patient-yr) 2,621 1,328 400 1 yr

Mean duration (yr) 3.8* 2.4 0.98 NA

Implant success (%) 91 94 95 98.5

7-Day procedure related SAEs (%) 8.7 4.1 4.2 2.7

PROTECT-AF, WATCHMAN Left Atrial Appendage System for Embolic Protection in Patients With Atrial Fibrillation; CAP, continued access protocol; PREVAIL, 
Evaluation of the WATCHMAN LAA Closure Device in Patients With Atrial Fibrillation Versus Long Term Warfarin Therapy; EWOLUTION, efficacy and safety of 
left atrial appendage closure with WATCHMAN in patients with or without contraindication to oral anticoagulation; NA, not available; CHADS2, Congestive 
heart failure, Hypertension, Age, Diabetes, Stroke (doubled); CHA2DS2-VASc, Congestive heart failure, Hypertension, Age, Diabetes, Stroke history, Vascular dis-
ease, Age, Sex category; TIA, transient ischemic attack; SAE, serious adverse event.
*Longterm follow-up, initial publication 2009.
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rol, n=244) for LAAO versus warfarin with a target international 
normalized ratio (INR) of 2 to 3. Patients with LAAO were trea-
ted with warfarin for 45 days, followed by clopidogrel and as-
pirin for 6 months and if possible ASA alone after 7.5 months. 
Efficacy was assessed by a primary composite endpoint of stro-
ke, cardiovascular death, and systemic embolism. For this end-
point a >99.9% probability of non-inferiority was achieved al-
beit not for superiority. It needs to be mentioned that primary 
safety events were more frequent in the intervention group 
than in the control group (7.4 per 100 patient-years [95% con-
fidence interval (CI), 5.5 to 9.7] vs. 4.4 per 100 patient-years 
[95% CI, 2.5 to 6.7]; rate ratio [RR], 1.69, 1.01 to 3.19). Also, 
the prevention of ischemic strokes was not non-inferior (proba-
blity of 71.8%), periprocedural strokes occured in 1.1%, ICH ra-
tes in the warfarin arm were surprisingly high with 2.5%, and 
pericardiac tamponade requiring surgical or percutaneous tre-
atment occurred in 4.8%. 

A 4-year follow-up through October 2012 was published in 
2014 by Reddy et al.41 At a mean follow-up of 3.8±1.7 years 
(2,621 patient-years), there were 39 events among 463 patients 
(8.4%) in the device group for a primary event rate of 2.3 events 
per 100 patient-years, compared with 34 events among 244 pa-
tients (13.9%) for a primary event rate of 3.8 events per 100 pa-
tient-years with warfarin (RR, 0.60; 95% CI, 0.41 to 1.05), mee-
ting prespecified criteria for both noninferiority (posterior proba-
bility, >99.9%) and superiority (posterior probability, 96.0%).41 
This was accompanied by a significant reduction of both cardio-
vascular mortality (3.7% vs. 9.0%; hazard ratio, 0.40; 95% CI, 
0.21 to 0.75; P=0.005), and all-cause mortality. The authors con-
cluded that percutaneous LAA closure with the WATCHMAN de-
vice met criteria for both noninferiority and superiority, compa-
red with warfarin, for preventing the combined outcome of stro-
ke, systemic embolism, and cardiovascular death, as well as su-
periority for cardiovascular and all-cause mortality.41

Several aspects of PROTECT-AF were critically discussed.42-45 
The results could be put into perspective in a different way. For 
100 patient-years, the ischemic stroke rate with WATCHMAN 
was non-significantly increased (2.2% vs. 1.6%) and severe 
complications were significantly more frequent (7.4 vs. 4.4 per 
100 patient-years), only intracranial bleedings being less fre-
quent in the WATCHMAN arm (0.1 vs. 1.6 per 100 patient-ye-
ars). However, the rate of ICH in the warfarin arm was subs-
tantially higher (2.5%) than in the warfarin arms of the recent 
NOAC trials (0.4% to 0.75%) with comparable CHADS2-sco-
res.9-11 Also, bleeding rates are not different anymore, when 
procedure associated bleedings are incorporated (and not 
counted starting after day 7). Less than 20% of patients were 
included in a secondary prophylactic indication, i.e., with a his-

tory of TIA or stroke (68% of patients were low risk patients 
with a CHADS2 score of 1 or 2), and of the 408 ‘successful’ tre-
atments warfarin could be terminated in only 355 patients af-
ter day 45 because of peridevice leakage (76.6%). The latter is 
equal to an incomplete occlusion of the LAA, which again po-
tentially does not reduce or may even increase thrombogeneity 
of the LAA. The number needed to harm was 20 for pericardial 
effusion, 50 for emergency open heart surgery, and 100 for pe-
riprocedural stroke. Also after 3 years, non-inferiority was 
shown for the primary endpoint only, but neither ischemic 
stroke alone nor safety. The FDA decision regarding approval of 
the WATCHMAN device at that point (see below) necessitated 
further research.

CAP (and PROTECT-AF)
In addition to the PROTECT-AF data more information regar-
ding safety events and the potential for improving procedural 
safety were required, which is the basis for the ongoing CAP 
registry.39 For this analysis, patients from the PROTECT-AF tri-
al who underwent attempted LAA closure (n=542 patients) 
and from the CAP (n=460 patients) were included (Table 1). 
The authors observed a significant decline in the rate of pro-
cedure- or device-related safety events within 7 days of the 
procedure across the two studies, with 7.7% and 3.7% of pa-
tients, respectively, experiencing events (P=0.007), and bet-
ween the first and second halves of PROTECT-AF and CAP re-
gistry, with 10.0%, 5.5%, and 3.7% of patients, respectively, 
experiencing events (P=0.006). Also, the rate of serious peri-
cardial effusion within 7 days of implantation, which had 
made up >50% of the safety events in PROTECT-AF, was lo-
wer in the CAP registry (5.0% vs. 2.2%, respectively; 
P=0.019).39 These results were put into another perspective 
by arbitrarily defining a net clinical benefit formula and in-
clude patients from the PROTECT-AF trial and another 566 
patients in the CAP registry in a post hoc analysis of outco-
mes.46 The outcomes ischemic stroke, intracranial haemorrha-
ge, major bleeding, pericardial effusion, and death were 
weighted to reflect the relative impact in terms of death and 
disability. Thereby the authors calculated a net clinical bene-
fit as the sum of annualized rates of 1.73% per year for the 
trial (95% CI, –0.54% to 4.39% per year) and 4.97% per year 
for the CAP (95% CI, 3.07% to 7.15% per year). Interestingly, 
among patients with a history of ischemic stroke, the net cli-
nical benefit was larger in the registry (8.68% per year; 95% 
CI, 2.82% to 14.92% per year) than the trial (4.30% per year; 
95% CI, –2.07% to 11.25% per year). Also the net clinical be-
nefit was larger in patients with higher CHADS2-scores.46
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ASAP registry 
The aspirin and plavix (ASAP) registry prospectively collected 
patients with contraindications for, or inability to tolerate 
warfarin therapy (n=150 patients). Based on the “Atrial Fi-
brillation Clopidogrel Trial with Irbesartan for Prevention of 
Vascular Events (ACTIVE) A” trial47 a combination of clopido-
grel and aspirin may have minimal preventive effect (0.8% 
absolute) over aspirin alone for AF patients coming with a 
low level recommendation in European Society of Cardiology 
(ESC) guidelines due to similar bleeding risk as VKA but a 
much lower efficacy in preventing ischemic stroke or syste-
mic embolism. ASAP was non-randomized and performed in 
four European centers.48 History of hemorrhagic/bleeding 
tendencies (93%) was the most common reason for warfarin 
ineligibility. Mean duration of follow-up was 14.4±8.6 
months. The average CHADS2-score was 2.8, and clopidogrel 
was taken for 6 months while aspirin was taken for an inde-
finite amount of time after the LAAO procedure. The device 
was implanted succcessfully in 94.7% (142/150 patients), 
and the observed stroke rate was 1.7%. Serious procedure- or 
device-related safety events occurred in 8.7% of patients 
(13/150 patients).48

PREVAIL
The PREVAIL study was performed to confirm the results of the 
PROTECT-AF study also with regard to concerns raised with 
that trial.38 The design was similar (Table 1) to PROTECT-AF, and 
a total of 407 patients (intervention group, n=269; control 
group, n=138) were recruited, also in a 2:1 randomization fas-
hion versus warfarin. Mildly higher implantation success rates 
were found (95.1% vs. 90.9%) with a lower complication rate. 
Two efficacy and one safety endpoints were assessed. The effi-
cacy coprimary endpoints were (1) composite of stroke, syste-
mic embolism, and cardiovascular/unexplained death, and (2) 
stroke or systemic embolism >7 days postrandomization. For 
the first coprimary endpoint, non-inferiority could not be de-
monstrated, for the second endpoint only non-inferiority but 
no superiority was shown. Procedure- or device-related com-
plications (safety endpoint) within 7 days occurred in 4.5% in 
PREVAIL compared to 8.7% in PROTECT-AF. Also pericardial ef-
fusions requiring surgical repair were significantly less frequent 
(0.4% vs. 1.6% in PROTECT-AF).38

EWOLUTION
The EWOLUTION registry was another prospective registry to 
provide data in a routine clinical practice setting.12,40 A total of 
1,025 patients scheduled for a WATCHMAN implant were pro-
spectively enrolled; the indication for LAAO was based on cur-

rent ESC guidelines. The population differed from the PRO-
TECT-AF trial in terms of history of stroke/TIA and bleedings 
(Table 1). The 15.1% of patients had previous hemorrhagic 
stroke, and 320 (31.3%) had a history of major bleeding; and 
750 (73%) were deemed unsuitable for oral anticoagulation 
therapy. At 1 year, mortality was 9.8%, reflecting the advanced 
age and comorbidities of this population. Interestingly, compa-
red to the other trials, complication rates during the first 7 
days were low at 2.7% compared to 8.7% in PROTECT-AF. 
Ischemic stroke rate was 1.1% (relative risk reduction of 84% 
vs. estimated historical data esimated at 7.2%). Major blee-
dings were reduced by 50% from 5% to 2.5% according to ex-
pected rates from Hypertension, Abnormal renal and liver fun-
ction, Stroke, Bleeding, Labile INR, Elderly, Drugs or alcohol 
(HASBLED) scores.40 Again the authors conclude that with more 
experience, standardization, training, and establishment of the 
procedure, previously worrisome implantation success and 
even more worrisome complication rates improve significantly 
making the procedure a viable alternative to medical preventi-
on of stroke, systemic embolism, and extra- as well as intracra-
nial bleedings.

Meta-analyses

The most updated meta-analysis evaluating the safety and 
technical success of percutaneous LAAO using different de-
vices included 49 studies involving 12,415 patients. The me-
dian age was 73.5 years (interquartile range [IQR], 72 to 75) 
and 43% were men. The median CHADS2 score was 2.9 (IQR, 
2.6 to 3.3) and the median HASBLED score was 3.3 (IQR, 3 to 
4). LAAO implantation was successful in 96.3% of patients 
(95% CI, 95.40 to 97.08; I2=76.1%). The pooled proportion of 
all-cause mortality was 0.28% (95% CI, 0.19 to 0.38; I2=0%). 
The pooled proportion of all-cause stroke was 0.31% (95% 
CI, 0.22 to 0.42; I2=9.4%), major bleeding requiring transfusi-
on was 1.71% (95% CI, 1.13 to 2.41; I2=73.2%), and pericar-
dial effusion was 3.25% (95% CI, 2.46 to 4.14; I2=79%).49 
Another systematic review and meta-analysis sought to com-
pare LAAO to medical therapy using randomized controlled 
trial (RCT) data. This meta-analysis included five RCTs (three 
with surgical and two with percutaneous occlusion) and a 
total of 1,285 patients. LAAO failed to prevent stroke (RR, 
0.78; 95% CI, 0.47 to 1.29), but a significant reduction in 
mortality (RR, 0.71; 95% CI, 0.51 to 0.99) was documented 
with LAAO. Notably, the quality of the included RCTs was as-
sessed using the Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) system and was 
evaluated as poor.50
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The FDA process

In 2015, Waksman and Pendyala45 published the overview of 
the FDA circulatory system devices panel meetings on WATCH-
MAN LAAO. The authors of this review strongly recommend the 
original reference for detailed reading on the approval process 
(and its inconsistencies) of the WATCHMAN device, the only 
FDA approved LAA occluder to date. This panel is an advisory 
board for the FDA and not deliberate to force decisions, albeit 
in general FDA is said to follow recommendations of such pa-
nels. The first review of the premarket approval application of 
the WATCHMAN based on the PROTECT-AF results took place 
in April 2009. Short term efficacy was accepted by the board 
but based on the short term periprocedural complication rates 
and safety issues with lacking longterm efficacy data the FDA 
issued a ‘not approvable’ letter. The next panel meeting took 
place in July 2010. ‘Homework’ for the sponsor besides the ac-
cumulation of registry and real life data (CAP registry) consis-
ted of design and performance of a second randomized trial, 
i.e., the PREVAIL study. FDA recommended a Bayesian design 
which allows the borrowing of data from PROTECT-AF, a trial 
they deemed not sufficient for general approval of the WATCH-
MAN LAAO but still containing valuable information. This me-
ans that the closer the trial population of PREVAIL would fit 
that of PROTECT-AF, the more data could be borrowed and the 
more these data can be weighted.

Major concerns of the panel consisted of a low risk patient 
population (33% had a CHADS2 score of 1), the mix of antipla-
telet (combination) regimes, and their confounding effect, pri-
mary device associated safety events occurring on day one wi-
thout this being formally tested as an outcome. All of these is-
sues were addressed in the design of PREVAIL. PREVAIL was a 
small trial with 269 subjects randomized to the device group–
originally a trial with more than 1,000 patients was expected to 
be done. PROTECT-AF data were incorporated with a weight of 
50%. PREVAIL failed to meet the non-inferiority criterion for 
the first primary endpoint and several panel members expressed 
their ongoing concerns, although overall the panel was mostly 
“in favor of using the totality of the data.” The second endpoint 
in PREVAIL addressed longterm efficacy, i.e., 7 days (post-inter-
vention) to 18 months rate of ischemic stroke and systemic em-
bolism as a measure of mechanism of action. The positive test 
for non-inferiority “mitigated concerns about ischemic stroke 
rates.” The sponsor proposed in the December 2013 panel mee-
ting an indication for use as follows: “WATCHMAN LAA closure 
therapy is indicated to prevent thromboembolism from the LAA. 
It may be considered for use in patients with nonvalvular AF 
who are eligible for warfarin therapy to reduce the risk of stroke 

and systemic embolism based on CHADS2 or CHA2DS2-VASc 
scores.” The panel members in contrast put an emphasis on 
warfarin therapy eligibility, CHA2DS2-VASc scores, and a perso-
nalized approach, including consideration of patient preference 
regarding long-term anticoagulation therapy. The panel also 
suggested adding the statement, “and who have reason not to 
remain on chronic warfarin therapy,” to the end of the current 
indications for use. Furthermore, the panel believed that the 
following aspects should be included in the labelling (1) a cont-
raindication for those ineligible for anticoagulation therapy, (2) 
a statement that there should be a reasonable expectation of 
patient survival, (3) consistency with clinical trial medication 
guidelines regarding use of antiplatelet therapy and anticoagu-
lation therapy, and (4) a detailed characterization of attributes 
for success from experienced centers and implanters.45 At the 
end the panel voted 13:1 in favor of the device.

In Tables 5 and 6 of the Waksman and Pendyala45 new data 
since the December 2013 panel meeting are presented. Here, 
13 new ischemic strokes in the device group (all >1 year post 
procedure) versus one new stroke in the control group shifted 
the efficacy outcomes towards inefficacy. Specifically, there 
were 24 primary end point events in the device group (13 
ischemic strokes, two hemorrhagic strokes, one embolism, 
eight cardiovascular/unexplained deaths) and nine events in 
the control group (one ischemic stroke, two hemorrhagic stro-
kes, and six cardiovascular or unexplained deaths). This caused 
a further divergence of PROTECT-AF and PREVAIL data, and 
even with incorporated (50% discounted) PROTECT-AF data, 
non-inferiority could not be shown for either of the two end-
points. In other words, and the ischemic stroke rate control/de-
vice was 0.15 (P=0.044) in favor of control, and the ischemic 
stroke and systemic embolism rate was 0.14 (P=0.027), also in 
favor of control. After several meetings and discussions, and 
taking registry data into account, the panel finally voted as 
follows: 12 to 0 that the WATCHMAN LAA closure device is 
safe; 6 to 7 that it is not effective; and 6 to 5, with 1 abstenti-
on, that its benefits outweigh its risks.

The FDA conditionally approved the WATCHMAN March 
2015 with the following label. This device is indicated to re-
duce the risk of thromboembolism from the LAA in patients 
with nonvalvular AF who: (1) are at increased risk for stroke 
and systemic embolism based on CHADS2 or CHA2DS2-VASc 
scores and are recommended for anticoagulation therapy; (2) 
are deemed by their physicians to be suitable for warfarin; and 
(3) have an appropriate rationale to seek a non-pharmacologic 
alternative to warfarin, taking into account the safety and ef-
fectiveness of the device compared to warfarin. The final panel 
vote in May 2016 was 15 to 1 that the WATCHMAN LAAO de-
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vice is safe; 9 to 7 that it is effective; and 11 to 5, that its be-
nefits outweigh its risks.

Critical appraisal

First of all, the authors strongly believe that, e.g., therapeutic 
interventional, alternative to OAC, longterm options for pa-
tients with AF are dearly needed and development of these is 
absolutely justified. There is no need to throw the baby out 
with the bathwater. Unfortunately, the development process of 
LAA occluder devices is overshadowed by inconsistent data 
from randomized trials and registries for one device, i.e., the 
WATCHMAN, whereas actually several others are used without 
a label (or randomized data), e.g., ACP, Amulet, Lariat, or oth-
ers. Favourable results based on lower than expected stroke 
rates according to CHADS2 or CHA2DS2-VAsc scores do not at 
all suffice as surrogate proof for efficacy and safety. Besides of 
all the issues discussed above and within the FDA panel re-
port45 with the PROTECT-AF trial, the two major issues coming 
to our minds are: (1) the fact that even with borrowed data 
from PROTECT-AF, non-inferiority of the WATCHMAN could not 
be established for both coprimary endpoints in PREVAIL. To our 
understanding, not being able to prove the alternate hypothe-
sis (of non-inferiority) in a one-sided test actually shows that 
the experimental arm (i.e., device) is actually inferior in terms 
of efficacy (the null hypothesis). Even if safety issues were sub-
stantially reduced over time with device improvement and 
training etc., the substantial doubt regarding efficacy raises the 
questing regarding whether the device should be used in the 
given label/indication; (2) a point also raised in the Waksman 
manuscript is the fact that to date no trial has compared a LAA 
occluder to oral anticoagulation with a NOAC. NOACs are as-
sociated with equal (better to say non-inferior) or higher pre-
ventive efficacy and a substantially lower bleeding rate in AF 
patients. This has been even shown compared to aspirin, in pa-
tients who are ineligible for VKAs.51 Even the FDA concluded 
that “WATCHMAN is better than no therapy or ineffective 
therapy,” is “recommended as second line therapy,” and may be 
“safe but not effective,”45 therefore limited the actual labelling.

While registries may serve to illustrate real life experiences, 
they cannot substitute a randomized comparison and indepen-
dently adjudicated safety and efficacy endpoints of a randomi-
zed trial. Introducing an arbitrary net benefit formula does not 
help in gaining trust.46,52 However, the sequential and substan-
tial reduction in procedure related complications throughout 
CAP, PREVAIL, and EWOLUTION is plausible and encouraging. 
In our opinion, therefore the indication and contraindication as 
per approval should be carefully reviewed before patients un-

dergo or are referred to a LAA closure procedure. While on 
many occasions LAAO is considered for patients not able to 
receive OAC (whether with VKA or NOACs), the current FDA 
approval reads differently, i.e., to the opposite. Only patients 
eligible for OAC should receive LAA closure. For all these rea-
sons device-based therapies have been developed for stroke 
prevention in bleeding-prone, high-risk, patients with non-val-
vular AF and for those patients who cannot take or have subs-
tantial reason not to take oral anticoagulation therapies as 
well as patients having issues with adherence.

On a second thought, NOACs have not been compared to 
LAA occluders yet (trials are underway). A recent network me-
taanalysis53 found that “in the cluster analyses assessing safety 
and efficacy, apixaban, edoxaban and dabigatran ranked best 
followed by VKAs and rivaroxaban, whereas the WATCHMAN 
LAA closure device ranked last.” Successful LAA occluder im-
plantation converts the need for OAC to longterm antithrom-
botic treatment with aspirin and/or clopidogrel. For exactly this 
target group, there is a RCT that was prematurely stopped 
because of overwhelming superiority of apixaban in prevention 
of ischemic strokes with similar bleeding rates.51 One could 
consider LAAO with all periprocedural risks, lack of non-inferi-
ority compared to VKA, followed by VKA plus aspirin for 45 
days or just dual antiplatelet regimen consisting of clopidogrel 
plus aspirin for 6 months followed by aspirin alone (if the pro-
cedure is successful, likely in 98% of cases with experienced 
interventionalist). One could consider directly taking a NOAC, 
which is non-inferior, and in some instances superior to VKA, 
which again (VKA) may theoretically represent a more fa-
vourable option than a LAA occluder, since the non-inferiority 
of WATCHMAN device compared to warfarin in long-term fol-
low-up has not been established.

In any case, future trials should also systematically assess 
complications such as periprocedural strokes with magnetic 
resonance imaging,54 efficacy issues in patients with persistent 
leakage, endocrinological aspects among others. Finally, pa-
tients not fitting the current approval such as patients with re-
nal failure, previous intracranial bleedings, contraindications 
for OAC, and cerebral amyloid angiopathy should be recruited 
into future trials.

Outlook and perspective

On clinicaltrials.gov a search with condition as ‘atrial fibrilla-
tion’ and other keyword ‘left atrial appendage’ rendered 139 
hits. Focussing on randomized trials, and excluding surgical or 
suture/clipping device trials, trials with additionally treated 
conditions such as coronary artery disease and registries or 
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single arm studies, only a few relevant trials for the scope of 
this review remain. We found five trials in varying countries re-
cruiting into trials comparing NOACs with LAA occluders, one 
of these for patients with hemorrhages, one for occluders ver-
sus VKA, one Chinese trial (WATCHMAN for Second Prevention 
of Stroke [WASPS]) comparing any antithrombotic regimen 
versus LAAO in 400 patients (not truly randomised). Two trials 
deserve a brief description.

(1) The Left Atrial Appendage CLOSURE in Patients With 
Atrial Fibrillation at High Risk of Stroke and Bleeding Com-
pared to Medical Therapy: a Prospective Randomized Clinical 
Trial (CLOSURE AF trial) is an investigator initiated interven-
tional randomised controlled trial aiming for 1,512 patients. 
The primary endpoint is net clinical benefit, which is a compos-
ite endpoint. It uses an event-driven group-sequential design, 
non-inferiority test, if this is significant it is followed by a su-
periority test. The trial compares CE marked LAA occluder de-
vices versus standard (N)OAC/VKA treatments. The CHA2DS2‐
VASc score has to be larger than 2. CLOSURE AF just started 
recruitment and plans completion in 2023.

(2) Another trial (industry sponsored) named “Assessment of 
the WATCHMAN™ Device in Patients Unsuitable for Oral Anti-
coagulation (ASAP-TOO)” aims to establish the safety and ef-
fectiveness of the WATCHMAN including the post-implant 
medication regimen, for subjects with non-valvular AF who are 
deemed not to be eligible for anti-coagulation therapy to re-
duce the risk of stroke. It plans for recruitment of 888 patients 
until 2,023 randomized to WATCHMAN with modified postim-
plant regimen versus single antiplatelet or no therapy. Primary 
safety endpoint is a combined 7-day rate of death, ischemic 
stroke, systemic embolism, and complications requiring major 
cardiovascular or endovascular intervention. Primary efficacy 
endpoint is time to first event of ischemic stroke or systemic 
embolism with a maximum time frame of 5 years.

In conclusion, there appears to be merit and by now an estab-
lished reasonable safety profile for device based (preferably 
WATCHMAN) occlusion of the LAA in patients with AF. While 
there is a somewhat restricted label and approval in some coun-
tries, several questions remain and ongoing trials have the 
chance to clarify these outstanding issues. The results of ran-
domized trials, especially comparisons against NOACs—in keep-
ing with the times—are dearly awaited. Until then we recom-
mend either a restrictive indication of this procedure with FDA 
approved devices following the wording in the FDA approval, or 
recruitment into ongoing clinical trials. Off label use may be 
warranted in situations, where other therapeutic options are not 
feasible; however, this should follow an interdisciplinary decision 
process and very clear informative consent of the patients.
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