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A B S T R A C T

Background: Oral anticoagulation (OAC) has been considered the standard of care for stroke prophylaxis for pa-
tients with nonvalvular atrial fibrillation; however, many individuals are unable or unwilling to take long-term
OAC. The safety and efficacy of percutaneous left atrial appendage closure (LAAC) have been controversial,
and new trial data have recently emerged. We therefore sought to perform an updated meta-analysis of ran-
domized clinical trials (RCTs) comparing OAC to percutaneous LAAC, focusing on individual clinical endpoints.
Methods: We performed a systematic search of the MEDLINE, EMBASE, and Cochrane Central Register of
Controlled Trials from January 2000 through December 2021 for all RCTs comparing percutaneous LAAC to OAC
in patients with nonvalvular atrial fibrillation. Fixed and random effects meta-analyses of hazard ratios (HRs)
were performed using the longest follow-up duration available by intention-to-treat. The prespecified primary
endpoint was all-cause mortality.
Results: Three RCTs enrolling 1516 patients were identified. The weighted mean follow-up was 54.7 months.
LAAC was associated with a reduced risk of all-cause mortality (HR 0.76; 95% confidence interval [CI], 0.59-0.96;
p ¼ 0.023), hemorrhagic stroke (HR 0.24; 95% CI, 0.09-0.61; p ¼ 0.003), and major nonprocedural bleeding (HR
0.52; 95% CI, 0.37-0.74; p < 0.001). There was no significant difference between LAAC and OAC for any other
endpoints.
Conclusions: The available evidence from RCTs suggests LAAC therapy is associated with reduced long-term risk of
death compared with OAC. This may be driven by reductions in hemorrhagic stroke and major nonprocedural
bleeding. There were no significant differences in the risk of all stroke. Further large-scale clinical trials are
needed to validate these findings.
A B B R E V I A T I O N S DOACs, direct oral anticoagulants; LAAC, left atrial appendage closure; NVAF, nonvalvular atrial fibrillation; OAC,
Oral anticoagulation; VKA, vitamin K antagonist.
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Introduction

Stroke prophylaxis is the most important consideration in the man-
agement of patients with nonvalvular atrial fibrillation (NVAF). Oral
anticoagulation (OAC) has traditionally been the standard of care, but
many patients are unable or unwilling to take long-term OAC, even with
the advent of direct oral anticoagulants (DOACs), which offer several po-
tential benefits over vitamin K antagonists (VKAs).1 Percutaneous left
atrial appendage closure (LAAC) emerged as an alternative toOAC andwas
initially compared with VKAs in randomized clinical trials (RCTs).2-6 The
safety and efficacy of percutaneous LAAC have remained controversial,
however, and the number of randomized LAAC trials is limited. With the
emergence of new trial data (including the first randomized comparison of
LAAC to DOACs7,8), there are now long-term follow-up data from 3 RCTs
available. We therefore sought to undertake a meta-analysis of the totality
of randomized data focusing on the long-term outcomes of individual
clinical endpoints rather than composite outcome measures, adding the
long-term results of Left Atrial Appendage Closure vs. Novel Anti-
coagulation Agents in Atrial Fibrillation (PRAGUE-17) to previously pub-
lished pooled data from WATCHMAN Left Atrial Appendage System for
Embolic Protection in Patients with Atrial Fibrillation (PROTECT-AF) and
Prospective Randomized Evaluation of the Watchman LAA Closure Device
In Patients With Atrial Fibrillation Versus Long Term Warfarin Therapy
(PREVAIL)6 using appropriate statistical methodology.

Methods

This analysis was conducted in accordance with the published PRISMA
guidance9 and was also prospectively registered with the PROSPERO in-
ternational prospective register of systematic reviews (CRD42020201642).
This is a study-levelmeta-analysis of published data and so ethical approval
was not required. YA had full access to all the data in the study and takes
responsibility for its integrity and the data analysis.
Search Strategy

Two independent authors performed the search (MMandYA)with any
disputes resolved by consensus. We performed a systematic search of the
MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials
from January 2000 through December 2021 for all randomized clinical
trials (RCTs) comparing percutaneous LAAC to OAC in patients with
Figure 1. Hazard of death. Top panel: all-cause. Bottom panel: cardiac death.
Abbreviations: CI, confidence intervals; LAAC, left atrial appendage closure.

2

NVAF. Our search strings are shown in the Supplemental Table 1. Bibli-
ographies of selected studies and meta-analyses were hand-searched to
identify further eligible trials. Conference abstracts from AHA, ACC, ESC,
TCT, HRS, EHRA, and EuroPCR were also searched for eligible studies.

Inclusion and Exclusion Criteria

We considered all RCTs comparing LAAC to OAC, including both VKA
and DOAC. For inclusion, the trials had to report clinical outcomes after
randomization to LAAC or OAC. No observational studies or studies of
surgical left atrial appendage occlusion were considered.

Endpoints

The prespecified primary endpoint was all-cause mortality. Addi-
tional endpoints were cardiac death, ischemic stroke, hemorrhagic
stroke, all stroke, disabling stroke, major bleeding, and nonprocedural
major bleeding. Disabling stroke was defined as strokes with a modified
Rankin score of greater than 2 after the stroke, or a fatal stroke. Cardiac
death was defined as cardiovascular or unexplained death as defined and
adjudicated in each individual trial. In PRAGUE-17, major bleeding was
defined according to the International Society on Thrombosis and Hemo-
stasis criteria, as clinically overt bleeding accompanied by one or more of
the following: a decrease in hemoglobin level�2 g/l over a 24-hour period,
transfusion of 2 or more units of packed red cells, bleeding at a critical site
(intracranial, intraspinal, intraocular, pericardial, intramuscular with
compartment syndrome, or retroperitoneal), or fatal bleeding. In PROTECT-
AF and PREVAIL, major bleeding was defined as a bleeding event that
required at least 2 units of packed red blood cells or surgery to correct.

Data Extraction and Analysis

Three authors (M.B., C.d.N., Y.A.) independently extracted the data.
Any disputes were resolved by consensus. To account for time-to-event
data and for differing follow-up durations between included trials, the
principal investigators of each individual trial were contacted and the
results for each individual trial were provided as hazard ratios (HRs)
with respective 95% confidence intervals (CIs). A random-effects meta-
analysis was performed of the natural logarithm of the HRs and their
associated standard errors using the restricted maximum likelihood
estimator. The standard error was calculated by dividing the difference



Figure 2. Hazard of stroke. Top panel: all stroke. Second panel: ischemic stroke. Third panel: hemorrhagic stroke. Bottom panel: disabling stroke.
Abbreviations: CI, confidence intervals; LAAC, left atrial appendage closure.
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between the natural logarithms of the upper and lower 95% CIs by 2�
the appropriate normal score (1.96). Where the lower 95% CI
approached zero, the standard error was calculated using only the
difference between the natural logarithm of the upper 95% CI and the
natural logarithm of the point estimate. All outcomes were assessed by
the intention-to-treat principle. The latest follow-up data available
were used for all trials. The I2 statistic was used to assess heterogene-
ity.10 Fixed effect analyses were performed as a sensitivity analysis.

Subgroup analyses were performed for sex, age �75 years, diabetes,
prior stroke, renal dysfunction (estimated glomerular filtration rate �60
mL/min/1.73 m2 using the Modification of Diet in Renal Disease for-
mula), CHA2DS2-VASc11 score >4, and HAS-BLED12 score >2. In-
teractions between subgroups were assessed using a mixed effects
meta-analytical model, with both the trial and subgroup as moderators.

Included trials were assessed using the Cochrane risk of bias tool.13

Tests for publication bias would only be performed in the event of at least
10 trials being included for analysis.14 Mean values are expressed as
mean � SD unless otherwise stated. Statistical significance was set at p <
0.05. The statistical programming environment R15 with the metafor
package16 was used for all statistical analysis.

Results

Three trials3,4,7 randomizing 1516 patients were eligible; 933 pa-
tients were randomized to LAAC and 583 patients to OAC. The source of
3

the included trials is shown in Supplemental Figure 1. The characteristics
of the included trials are shown in Supplemental Table 2. The risk of bias
assessment is shown in Supplemental Table 3. The PRISMA checklist is
shown in Supplemental Table 4. In 2 trials (PROTECT-AF and PREVAIL),
the OAC used was VKA, and in one trial (PRAGUE-17), the OAC used
was DOAC. In 2 trials, the LAAC device used was the Watchman, while
in the PRAGUE-17 trial, 61.3% of LAAC patients received the Amulet
device, 35.9% received the Watchman, and 2.8% received the
Watchman-FLX. In PROTECT-AF and PREVAIL, postprocedure antith-
rombotic therapy was VKA for 45 days followed by dual antiplatelet
therapy with aspirin and clopidogrel for 6 months and then aspirin
monotherapy long-term. In PRAGUE-17, the postprocedure antith-
rombotic therapy was left to physician discretion, with most (81.8%)
receiving dual antiplatelet therapy. The weighted mean follow-up
duration was 54.7 months, ranging from 40 months in 1 trial to 60
months in 2 trials.

Mortality

Mortality outcomes are summarized in Figure 1. At the longest follow-
up, 148 of the 933 patients randomized to LAAC and 126 of the 583
patients randomized to OAC died. LAAC was associated with a lower
hazard of all-cause mortality (HR, 0.76; 95% CI, 0.59-0.96; p ¼ 0.023).
There was no heterogeneity between studies (I2 ¼ 0.0%). This result was
unchanged in a fixed effect analysis (Supplemental Figure 2).
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At the longest follow-up, cardiac death occurred in 60 of the 933
patients randomized to LAAC and 63 of the 583 patients randomized to
OAC (HR, 0.64; 95% CI, 0.43-0.95; p ¼ 0.028). There was low hetero-
geneity (I2 ¼ 17.7%). This result was unchanged in a fixed effect analysis
(Supplemental Figure 3).

Stroke

Stroke outcomes are summarized in Figure 2. At the longest follow-
up, 60 of the 933 patients randomized to LAAC and 38 of the 583 pa-
tients randomized to OAC had experienced a stroke (HR, 1.05; 95% CI,
0.62-1.77; p ¼ 0.868). There was moderate heterogeneity (I2 ¼ 34.7%).
This result was unchanged when analyzed by fixed effect (Supplemental
Figure 4).

At the longest follow-up, 55 of the 933 patients randomized to LAAC
and 24 of the 583 patients randomized to OAC had an ischemic stroke
(HR, 1.52; 95% CI, 0.93-2.50; p¼ 0.095). There was no heterogeneity (I2

¼ 0.0%). This result was unchanged when analyzed by fixed effect
(Supplemental Figure 5).

At the longest follow-up, 6 of the 933 patients randomized to LAAC
and 15 of the 583 patients randomized to OAC had a hemorrhagic stroke
(HR, 0.24; 95% CI, 0.09-0.61; p¼ 0.003). There was no heterogeneity (I2

¼ 0.0%). This result was unchanged when analyzed by fixed effect
(Supplemental Figure 6).

At the longest follow-up, 18 of the 933 patients randomized to LAAC
and 18 of the 583 patients randomized to OAC had a disabling or fatal
stroke (HR, 0.72; 95% CI, 0.24-2.23; p ¼ 0.575). There was moderate
heterogeneity (I2¼ 60.7%). This result was unchanged when analyzed by
fixed effect (Supplemental Figure 7).

Bleeding

Bleeding outcomes are summarized in Figure 3. At the longest follow-
up, 101 of the 933 patients randomized to LAAC and 70 of the 583 pa-
tients randomized to OAC had suffered major bleeding (HR, 0.88; 95%
CI, 0.65-1.20; p ¼ 0.421). There was no heterogeneity (I2 ¼ 0.0%). This
result was unchanged when analyzed by fixed effect (Supplemental
Figure 8).

At the longest follow-up, 61 of the 933 patients randomized to LAAC
and 70 of the 583 patients randomized to OAC had nonprocedural major
bleeding (HR, 0.52; 95% CI, 0.37-0.74; p < 0.001). There was no
Figure 3. Hazard of bleeding outcomes. Top panel: all major bleeding. Bottom pa
Abbreviations: CI, confidence intervals; LAAC, left atrial appendage closure.
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heterogeneity (I2 ¼ 0.0%). This result was unchanged when analyzed by
fixed effect (Supplemental Figure 9).

Procedure-Related Adverse Events

In total, 25 of the 933 patients (2.7%) randomized to LAAC had a
pericardial effusion, and 6 patients (0.6%) had device embolization.
Procedure-related strokes occurred in 6 patients (0.6%) randomized to
LAAC. Overall procedure-related complications (including pericardial
effusion, device embolization, stroke, vascular complications, and major
bleeding) occurred in 64 (6.8%) patients.

Subgroup Analyses

There were no significant interactions between treatment arm and
any of the subgroups tested (sex, age �75 years, diabetes, prior stroke,
renal dysfunction, CHA2DS2-VASc score>4, and HAS-BLED score>2) on
the hazard of all-cause mortality, ischemic stroke, or hemorrhagic stroke
(P¼NS for all subgroups and all outcomes, see Supplemental Tables 5-7).

Discussion

Approximately 40,000 patients have been treated with LAAC within
the first 3 years of the commercial availability of the Watchman device in
the United States, with increasing year-over-year usage.17 Characterizing
the relative risk and effectiveness of LAAC compared with OAC is
therefore of paramount importance. The present analysis is, to our
knowledge, the most comprehensive synthesis of the available RCT
evidence-base for LAAC treatment of NVAF to date, and is the first
analysis to include the long-term follow-up of the PRAGUE-17 trial. As
summarized in the Graphical Abstract, the principal findings of this study
are 1) compared to patients randomized to OAC, patients randomized to
LAAC had a 24% lower risk of all-cause mortality; 2) the risk of hemor-
rhagic stroke was 76% lower with LAAC; 3) the risk of nonprocedural
major bleeding was 48% lower with LAAC; 4) there were no significant
differences in the risks of all stroke, ischemic stroke, or overall major
bleeding; and 5) there was minimal or no heterogeneity between studies
for these endpoints, nor among subgroups examined. The statistically
significant survival benefit at a weighted mean follow-up of 55 months is
of relevance for patients and clinicians when evaluating potential can-
didacy for LAAC. It may be that further benefits of LAAC accrue over time
nel: nonprocedural major bleeding.
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with even longer-term follow-up, since the procedural risks of LAAC are
up-front but the hemorrhagic risks of OAC persist lifelong.

The present study is distinct from prior meta-analytic reports of
LAAC in several ways.18 First, the latest follow-up data from all 3
available RCTs have been included; this is the first analysis to include
the long-term follow-up data from PRAGUE-17, and therefore is the
only analysis to capture the totality of the randomized data with
increased accrual of events and provides a true summary of the
long-term clinical impact of LAAC compared to OAC. Second, we were
able to perform a meta-analysis of HRs, as all PIs of included trials
contributed data in the form of HRs and their 95% CIs. This is distinct
from prior meta-analyses, and HRs are the most appropriate method-
ology for analyzing time-to-event data, taking into account the varying
follow-up durations of included trials and individual patients within
those trials. Furthermore, data on individual endpoints were collected
from principal investigators and sponsors of respective trials, allowing
for inclusion and presentation of endpoints which were not previously
assessed across studies. This includes data on disabling strokes, which
has not been previously reported and shows a trend to benefit with
LAAC. This is consistent with some other observational data that LAAC
reduces stroke severity compared to OAC.19-21 Potential mechanisms
for this include a reduction in hemorrhagic stroke, which is frequently
disabling or fatal, and potentially a reduction in the size of thrombi
causing ischemic stroke after LAAC. These findings warrant further
study. Our analysis also includes detailed subgroup analyses across
included trials, which have not been collectively reported previously,
and are included in this report.

The recent Left Atrial Appendage Occlusion Study (LAAOS) III trial22

highlighted the importance of the left atrial appendage as a source of
stroke in patients with AF. In this trial, patients who were scheduled to
undergo cardiac surgery for another indication who also had AF were
randomized to undergo or not undergo left atrial appendage occlusion at
the time of surgery. The primary outcome was the occurrence of stroke or
systemic embolism, and this was significantly reduced in the occlusion
group (HR, 0.67; 95% CI, 0.53-0.85; p ¼ 0.001). This finding was despite
the fact that at 3 years 76.8% of patients were on OAC, and provides
evidence that the benefit of left atrial appendage occlusion is additive to
OAC. Whether this benefit would also extend to percutaneous LAAC re-
mains to be seen, and this is a hypothesis that would need to be tested in a
randomized trial of percutaneous LAAC vs. no LAAC in patients
continuing on background OAC.

The reduction in all-cause mortality noted in the present analysis is
broadly consistent with a recent propensity-matched analysis of over
2000 patients,23 and another propensity-matched analysis of 1000 pa-
tients comparing LAAC with Amplatzer occluders to OAC.24 One poten-
tial mechanism for the mortality benefit of LAAC compared with OAC is
reductions in hemorrhagic stroke (HR, 0.24 in this study), an event that is
known to be fatal in over 50% of occurrences.25-27 This reduction in
mortality seen in association with reductions in hemorrhagic stroke has
also been identified in DOAC trials where a mortality benefit of DOACs
over VKAs was observed andwas driven by a reduced risk of hemorrhagic
stroke.28 Other potential mechanisms underpinning this mortality
reduction are reduced nonprocedural major bleeding, which has been
consistently shown to be associated with increased mortality in cardio-
vascular trials,29-31 either from direct effects of hemorrhage, adverse
impact of blood product transfusion, or potentially from cessation of
cardioprotective antithrombotic therapies (which could be the result of
either patient or physician driven factors).

These major findings were consistent across included trials, with
minimal or no heterogeneity present between studies. However, het-
erogeneity testing may be underpowered, and LAAC was compared to
DOACs in only one of the 3 trials in the present meta-analysis. Additional
large-scale trials of LAAC vs. DOACs are necessary to address the relative
risks and benefits of these alternatives.

Although nonprocedural major bleeding was significantly reduced
with LAAC, due to procedural complications, the overall rates of
5

major bleeding were not. Major procedural complications after LAAC
were infrequent with only 2.7% of patients suffering a pericardial
effusion requiring intervention. The majority of the procedural
complications were observed in the earlier PROTECT-AF trial (uti-
lizing the legacy WATCHMAN device), which is consistent with a
learning curve phenomenon that has been reported in some obser-
vational studies.32 In this regard, a recent large-scale US registry
including 38,158 patients demonstrated reassuringly low overall
complication (2.16%) and pericardial tamponade (1.39%) rates, as
well as high procedural success (98.3%), despite including
lower-volume centers and operators.17

Alongside increasing operator experience, there have also been
technical advancements in device design. TheWATCHMAN FLX device is
a next-generation LAAC device with a closed distal end, designed to be
atraumatic to the appendage. The Protection Against Embolism for
Nonvalvular AF Patients: Investigational Device Evaluation of the
Watchman FLX LAA Closure Technology (PINNACLE-FLX) study using
this device demonstrated no procedural pericardial effusions and no
device embolizations across the 400 studied patients; implantation suc-
cess was also 98.8%.33 Newer randomized trials will clarify whether this
procedural advancement will translate into improved clinical outcomes,
and will be inherently more generalizable to contemporary clinical
practice.

There were numerically more ischemic strokes with LAAC compared
to OAC in this analysis (albeit not reaching statistical significance), which
may in part be related to air embolization at the time of implant,
incomplete occlusion of the appendage, or device-related thrombosis.
Further studies are required to determine whether device enhancements
have improved the effectiveness of LAAC and its safety, and whether
adjustments to postprocedure antithrombotic regimens can have an
impact on reducing device-related thrombosis.

Current American College of Cardiology/American Heart Associa-
tion/Heart Rhythm Society and European Society of Cardiology
guidelines34,35 provide LAAC a Class IIb, Level of Evidence B recom-
mendation, and specify that LAAC should be considered in patients with
contraindications to long-term OAC (rather than specifically in the
populations studied in the foundational trials). The present
meta-analysis should further inform these recommendations. In addi-
tion, several ongoing or planned RCTs will inform the relative safety
and effectiveness of LAAC in patients with NVAF compared with DOACs
or alternative therapies. The WATCHMAN FLX Versus NOAC for
Embolic ProtectION in in the Management of Patients With Non--
Valvular Atrial Fibrillation (CHAMPION-AF) trial (NCT04394546) is
randomizing 3000 patients at high risk for stroke to the newer
WATCHMAN FLX device vs. DOAC. Similarly, the Clinical Trial of Atrial
Fibrillation Patients Comparing Left Atrial Appendage Occlusion
Therapy to Non-vitamin K Antagonist Oral Anticoagulants (CATALYST)
trial (NCT04226547) is randomizing the Amulet LAAC device vs.
DOACs in 2650 NVAF patients. The Left Atrial Appendage CLOSURE in
Patients With Atrial Fibrillation at High Risk of Stroke and Bleeding
Compared to Medical Therapy: a Prospective Randomized Clinical Trial
(CLOSURE-AF) trial (NCT03463317) is randomizing 1512 NVAF pa-
tients at high risk of bleeding to either Watchman or physician-directed
best medical therapy. The Assessment of the WATCHMAN™ Device in
Patients Unsuitable for Oral Anticoagulation (ASAP-TOO) trial
(NCT02928497) was planned to randomize 482 NVAF patients deemed
ineligible for OAC to LAAC with Watchman or single antiplatelet
therapy (but this trial has now been closed for low enrollment). The
Prevention of Stroke by Left Atrial Appendage Closure in Atrial Fibril-
lation Patients After Intracerebral Hemorrhage: A Multicenter Ran-
domized Clinical Trial (STROKECLOSE) trial (NCT02830152) is
randomizing 750 AF patients after intracranial hemorrhage to either
Amulet or physician-directed best medical therapy. Until the results of
these trials become available, the present meta-analysis represents the
most up to date and comprehensive summary of the evidence for LAAC
as an alternative to OAC in NVAF patients.
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Limitations

This was a study-level meta-analysis with the attendant limitations of
the included trials. The OAC in the control armwas VKAs in approximately
two-thirds of patients and DOACs in the remainder. DOAC use, rather than
VKA, is more reflective of current clinical practice. The postprocedure
antithrombotic regimens in the LAAC groups were not uniform across
trials, and the definitions of clinical outcomes varied slightly between
studies. Despite this, between-study heterogeneity was low or absent for
most analyses. Our primary endpoint was all-cause mortality which of all
endpoints is the least prone to issues with definitions, bias, or adjudication,
and there was no heterogeneity between studies for this outcome. Lack of
access to individual patient level data limited the detail of the subgroup
analyses and the ability to examine temporal relationships of outcomes.
Finally, to avoid bias from measured and unmeasured confounders we
limited our study to RCTs which limits generalizability.

Conclusions

The available data from 3 RCTs with long-term follow-up (weighted
mean follow-up duration of 55months) suggest that LAAC is associatedwith
a reduced hazard of death compared with OAC, a difference apparently
driven by substantial reductions in hemorrhagic stroke and nonprocedural
major bleeding. There were no significant differences in the hazard of
ischemic stroke or all-stroke between groups. Further large-scale RCTs are
needed to validate these findings (especially compared with DOACs), and to
evaluate the role of LAAC in comparison to other control groups.
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