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Efficacy and safety of left atrial
appendage closure compared
with oral anticoagulation in atrial
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randomized controlled trials and
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Backgrounds: Two recent randomized controlled trials (RCTs), the PROTECT-AF
and the PREVAIL, showed that in atrial fibrillation (AF) patients, left atrial
appendage closure (LAAC) is comparable to oral anticoagulants (OAC) in the
prevention of stroke and could also possibly reduce mortality. Nevertheless, this
net clinical benefit was not confirmed in the most recent RCT comparing LAAC
vs. OAC, the PRAGUE-17 trial.
Aim: aim of the present study was to evaluate the efficacy and safety of LAAC
compared with OAC among available high-quality studies.
Methods: A systematic search of electronic databases (Medline, Scopus, Embase
and the Cochrane Library) was performed to identify eligible RCTs and
observational studies with propensity score matching (PSM) analysis. PRISMA
guidelines were used for abstracting data and assessing data quality and validity.
Outcomes of interest were the occurrence of cardiovascular death (CVD), all-
cause death, all-type stroke, and major bleedings.
Results: A total of 3 RCTs and 7 PMS studies involving 25,700patientswere identified.
12,961 patients received LAAC while 12,739 received OAC therapy. After a median
follow-up of 2.6 years (IQR 2–4.4), patients who received LAAC had lower risk of
CVD (RR=0.62; 95%CI, 0.51–0.74, I2= 0%), all-cause death (RR =0.67; 95% CI,
0.57–0.78, I2 68%) and major bleedings (RR =0.68; 95%CI, 0.48–0.95 I2= 87%)
compared with patients on OAC. No difference was found between the two groups
regarding strokes incidence (RR =0.94; 95% CI, 0.77–1.15, I2= 0%).
Conclusions: According to this meta-analysis, LAAC has comparable efficacy in the
prevention of stroke compared with OAC and a reduced risk of major bleedings, all-
cause death and CVD that may be even larger with longer follow-up.
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Introduction

The therapeutic mainstay for stroke prophylaxis in non-

valvular atrial fibrillation (AF) is represented by oral

anticoagulation, historically with vitamin K antagonist (VKA)

and nowadays with direct oral anticoagulants (DOACs) due to

their safer profile risk. Several studies have shown that the left

atrial appendage is the most common site of intracardiac

thrombi (1, 2) even in patients with sinus rhythm (3). In this

regard, transcatheter left atrial appendage closure (LAAC) has

been growingly considered as a therapeutic alternative in high

bleeding risk patients with AF not suitable for lifelong

anticoagulation therapy (4, 5). In the last decade, two

randomized controlled trials (RCTs), the Percutaneous left atrial

appendage closure vs. warfarin for atrial fibrillation a randomized

clinical trial (PROTECT-AF) and the Percutaneous closure of the

left atrial appendage vs. warfarin therapy for prevention of stroke

in patients with atrial fibrillation: a randomised non-inferiority

trial (PREVAIL) (6, 7) demonstrated the non-inferiority of this

treatment compared with oral anticoagulants (OAC) in the

prevention of stroke. The long-term follow-up data of the

PROTECT-AF trial showed even a statistically significant

improvement in the reduction of cardiovascular death (CVD)

rate in the LAAC arm compared with OAC (6). Nevertheless,

this net clinical benefit was not confirmed in the most recent

RCT comparing these two strategies, the Left Atrial Appendage

Closure vs. Novel Anticoagulation Agents in High-Risk Atrial

Fibrillation Patients (PRAGUE-17) trial (8). Giving these

conflicting findings, the role of LAAC in patients with AF is

still a matter of debate. Accordingly, the aim of this meta-

analysis was to compare the safety and efficacy of LAAC vs.

OAC for the prevention of cardiovascular events in patients

with AF.
Methods

A systematic search of electronic databases (Medline, Scopus,

Embase and The Cochrane Library) was performed to identify

eligible RCTs and observational studies with propensity score

matching (PSM) analysis from database inception to February

2023. The query used was: “((OAC)or(NOAC)or(DOAC)or

(warfarin)or(rivaroxaban)or(dabigatran)or(edoxaban)or(apixaban))

AND((appendage occlusion)or(watchman)or(appendage closure)

or(amulet)or(lambre))”. The search was limited to English

papers. Reference letters, reviews, meta-analyses and editorials

were also checked to identify potentially eligible studies. The

process was performed according to the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) and
02
Meta-analysis Of Observational Studies in Epidemiology

(MOOSE) statement (9–11). The original study protocol was

registered on the PROSPERO platform (CRD42021269768). To

be eligible for inclusion, studies had to report baseline

characteristics of patients, procedural features and at least one of

the outcomes of interest, only studies with a minimum follow-up

of twelve months were appraised. When different studies covered

the same population, only the article with the longest follow-up

was considered. Two independent investigators (FP, LF) reviewed

all titles and abstracts and selected the potentially eligible papers.

For each eligible study, full texts were thoroughly examined to

assess inclusion and exclusion criteria and discrepancies were

resolved by consensus. Flowchart of the study selection process

may be found in Figure 1.

The co-primary endpoints of interest were the rate of all-cause

death, CVD, all-type stroke and major bleedings at the longest

follow-up. The secondary endpoints were the rate of ischemic

and hemorrhagic stroke at the longest follow-up. Statistical

pooling was performed according to a random-effect model with

Mantel-Haenszel weighting method, computing risk ratios with

95% confidence intervals (CI), using Review Manager 5.4.1 (The

Cochrane Collaboration, the Nordic Cochrane Centre,

Copenhagen, Denmark). A two-sided p-value <0.05 was

considered significant. Risk Ratio (RR) with 95% confidence

intervals (CIs) were reported. Heterogeneity was assessed using

Cochrane Q test and I2 index, which describes the percentage of

total variation across the studies that is due to heterogeneity

rather than chance (12). I2 values of 25%, 50%, and 75%

represented small, moderate and large amounts of heterogeneity,

respectively. A leave-one-out sensitivity analysis and a subgroup

analysis based of study design (RCTs vs. PSM) were performed

to evaluate whether the results were largely affected by single

studies or type of the study. Meta-regression analysis was

performed to assess the impact of main baseline features on

stroke and major bleeding risk with Comprehensive Meta-

analysis software (Biostat, Inc., Englewood, U.S.A).

The presence of eventual publication bias was assessed by

funnel plot visual inspection. Quality of study assessment was

performed by two independent investigators (RM, FP) by means

of the ROB2 tool for RCTs (13) and ROBINS-I tool (14)

conflicts were resolved by consensus.
Results

Overall, 679 titles and abstracts were identified through

database searching from inception to February 28th, 2023; after

exclusion according to pre-specified criteria, 10 studies were

included in the present analysis (Figure 1).
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FIGURE 1

Flowchart of study selection process.

Franchin et al. 10.3389/fcvm.2023.1212161
A total of 10 studies [3 RCTs (6, 8, 15) and 7 PSM studies

16–22] involving 25,700 patients were identified. 12,961 patients

received LAAC while 12,739 received OAC therapy. The

patients had a median age of 74 years (IQR 71–75) and

34% were women. The median CHA2DS2-VASc and HASBLED

were 4.3 and 3.3 respectively. The baseline and main

characteristics of the studies and relative populations are

reported in Tables 1, 2. After a median follow-up of 2.6 years

(IQR 2–4.5) patients who received LAAC had a lower risk of

CVD (RR = 0.62; 95% CI, 0.51–0.74, I2 = 0%, Figure 2A), all

cause death (RR 0.67; 95% CI, 0.57–0.78, I2 = 68%, Figure 2B)

and major bleedings (RR = 0.68; 95%CI, 0.48–0.95 I2 = 87%,

Figure 2C) compared with patients on OAC. Regarding the

occurrence of stroke, no differences were found between the

two groups (RR = 0.94; 95%CI, 0.76–1.16, I2 = 0%, Figure 2D),

regardless of the type of stroke considered (RR 1.01;95%CI,
Frontiers in Cardiovascular Medicine 03
0.76–1.35, I2 = 24% for ischemic stroke) (Figure 3A) (RR

0.58;95%CI, 0.17–1.96, I2 = 74% for hemorrhagic stroke)

(Figure 3B). Results remained consistent at the leave-one-out

analysis for all the co-primary outcomes. Subgroup analysis for

study design were consistent for all the co-primary outcomes

except for major bleedings where the protective role of LAAC

compared with OAC reached the statistical significance only in

PSM subgroup analysis.

The meta-regression demonstrated no evidence of treatment

effect modification by patient characteristics (Age, Sex, HASBLED,

VKA, CHA2DS2-VASc) (see Supplementary Table 1, 2).

According to the Cochrane risk-of-bias tool for RCTs (ROB 2),

all the RCTs appraised were classified as low risk for every

co-primary outcome appraised (see Supplementary Figures 1–4).

ROBINS-I tool (14) demonstrated an overall moderate bias (See

Supplementary Tables 3, 4).
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TABLE 1 Baseline characteristics.

Study name Total patients LAAC patients OAC patients Age (%) Female (%) CHA2DS2VASC HASBLED OAC
Patients

DOAC VKA
PRAGUE 17 402 201 201 73.3 34.3 4,7 3.1 100% 0%

PREVAIL 407 269 138 74.5 28.9 3.9 – 0 100%

PROTECT AF 707 463 244 72.2 29.8 – – 0 100%

APPLY 1,000 500 500 74 31 4.3 3 53.6% 25.2%

Nielsen-Kudsk 2021 2,255 1,071 1,184 75.1 37,2 4.3 3.4 100% 0

Godino 2020 192 96 96 74.5 33 4.3 3.5 100% 0

Ding 2022 1,322 661 661 69.5 34 – – 100% 0

Korsholm 2022 587 286 301 76.2 33.2 5.3 4 100% 0

Falasconi 2021 52 26 26 70.8 26.9 4.3 3 100% 0

Zeitler 2023 18,776 9,388 9,388 75.5 48 5 – 52% 48%

DOAC, direct oral anticoagulants; FU, follow-up; LAAC, left atrial appendage closure; OAC, oral anticoagulation; VKA, vitamin K antagonist.

Franchin et al. 10.3389/fcvm.2023.1212161
Discussion

To date, the present meta-analysis is the largest evaluating the

efficacy and safety of LAAC compared with OAC in AF patients

without an absolute contraindication to OAC. The main findings

can be summarized as follows:

• LAAC demonstrated a similar efficacy in stroke reduction,

compared to OAC, in AF patients.

• Patients after LAAC showed a reduction in all-cause death, CVD

and major bleeding compared with OAC.

• No difference was found in the rate of ischemic or hemorrhagic

stroke between the two strategies.

In line with previous findings (23, 24), this meta-analysis

confirmed that in non-valvular AF patients without an absolute

contraindication to OAC, LAAC shows similar efficacy in the

prevention of stroke compared with OAC, even at longer

follow-up. This result, mainly based on high quality data, is

further strengthen by the fact that it maintained consistency both

in the leave-one-out sensitivity analysis and in the subgroup

analysis according to study design. Moreover, these studies,

including patients with a relatively high median CHA2DS2-VASc

score, confirmed that LAAC can be considered a safe and

feasible therapeutic option even in populations with high-risk

profile for systemic embolism. All the RCTs evaluated in this

analysis randomized an overall population that could afford long-

term OAC. On the other hand, if we consider a real-world

cohort of patients with contraindications to OAC, that do not

have a therapeutic alternative, the protective role of LAAC might

be even greater (25), especially in end-stage renal disease

populations where relevant bleeding events were about 10-fold

more frequent than stroke or systemic embolism (26).

Surprisingly, in our meta-analysis, regardless of stroke type

(hemorrhagic or ischemic), no difference was found between the

two strategies. Generally, after LAAC implantation, the incidence

of ischemic stroke could be even higher compared with medical

therapy, and this is mostly due to periprocedural complications

or to device malposition that could compromise full long-term

protection (27). On the other hand, OAC is usually associated
Frontiers in Cardiovascular Medicine 04
with a major incidence of hemorrhagic stroke that is mostly

unraveled by the continuous exposition to the intrinsic bleeding

risk carried by OAC. The reason behind this result could be

explained by the fact that almost all patients enrolled were on

DOACs which, as known, present a safer profile to VKA,

especially in elderly populations (28). Subgroup analysis

comprising trials with only VKA patients (i.e., PREVAIL +

PROTECT AF) (29) further supports this consideration since the

risk of hemorrhagic stroke was significantly higher in the OAC

arm (see Figure 3B).

The most noteworthy finding of this meta-analysis is the

significant reduction of all-cause mortality and CVD in the

LAAC group compared with OAC patients. Nonetheless, it must

be acknowledged that these findings were mainly driven by the

two combined RTCs, (PREVAIL and PROTECT AF) (29) and

the largest PMS study (Nielsen-Kudsk et al.) (16). The reason

behind the difference in the lower incidence of mortality between

this pooled analysis and the PRAGUE 17 may be related to the

duration of follow-up. As a matter of fact, in both PROTECT AF

and PREVAIL, this net clinical benefit in mortality was not

manifest when their results had been published with sensibly

shorter follow-up (6, 7). Accordingly, the most convincing

hypothesis is that in high bleeding risk individuals, the long-term

exposition to OAC, although giving protection from cerebral

ischemic events, it exposes to a proportional and progressive

increased incidence of serious bleeding complications that may

be related to mortality. Therefore, it seems plausible that only the

study with the longest follow-up (29) and the one with the

largest population appraised (16) were able to show a significant

reduction in stronger but rarer endpoints such as death, which

usually need longer follow-up to enlighten substantial difference

in the treating groups. Moreover, as suggested by previous

findings, this net benefit in mortality may be also related to the

more favorable neurological outcomes after ischemic

cerebrovascular event in LAAC patients rather than patients on

OAC (30). Similar conclusions could be made regarding the

reduction of major bleedings shown in our metanalysis in the

LAAC group. It must be noted that after LAAC, a medical

therapy consisting of an antithrombotic regimen of

anticoagulation or dual antiplatelet therapy from 1 or 3 to even 6
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months (depending on the study protocol) was warranted to

protect the patient from periprocedural ischemic complications.

The need of this temporary antithrombotic regimen, associated

with bleedings related to the intervention, increased initially the

risk of major bleedings in the earlier phase of the LAAC strategy,

but this risk tended to be progressively counterbalanced in the

subsequent months thanks to the cessation of OAC. This aspect

is well described in the PRAGUE 17 trial where the superiority

of LAAC in reducing the incidence of nonprocedural bleedings

became significantly evident only at four years follow-up (31)

and not in the early stage (8).

In conclusion, LAAC in non-valvular AF patients is safe and

effective in the prevention of stroke and demonstrated a better
FIGURE 2

(A) Forest plot reporting risk ratios for cardiovascular mortality in LAAC patients
cause death in LAAC patients compared with patients on OAC. (C) Forest plot
patients on OAC. (D) Forest plot reporting risk ratios for stroke in LAAC patien
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profile in term of all-cause mortality, CVD and major bleedings

compared with OAC, especially after longer follow-up. These

findings should stimulate discussion about the role of LAAC as

the preferred treatment for the prevention of cardiovascular

events in high bleeding risk patients since nowadays, LAAC is

often only proposed to patients with an absolute contraindication

to OAC (4). However, whether LAAC maintains its protective

role throughout life is still unknown. Besides, no standard post-

implantation antithrombotic regimen exists to date. Further

studies aimed to explore shorter or weaker post LAAC exposure

to antithrombotic medication are warranted since might translate

into fewer bleeding events, especially during the first 6 months

after implantation.
compared with patients on OAC. (B) Forest plot reporting risk ratios for all-
reporting risk ratios for major bleedings in LAAC patients compared with
ts compared with patients on OAC.
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FIGURE 2 (Continued).
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Limitations

This study has some limitations. Firstly, as inherent to any

meta-analysis, this analysis carries the limitations of the original

studies. Studies with different OAC strategies were included,

considering trials with only VKA patients, DOAC and VKA or

just DOAC patients, which may influence the safety and efficacy

of results, so a unique interpretation purposely for patients either

receiving VKA or a specific DOAC cannot be made.

Furthermore, different bleeding definitions were used across all

the studies limiting the interpretability of the treatment effect

estimates. In older RCTs, LAAC patients were treated early after

the procedure with vitamin K antagonist for the first 45 days,
Frontiers in Cardiovascular Medicine 07
then dual antiplatelet therapy for 6 months, and lastly single

antiplatelet regimen thereafter, which is a well-known

confounding factor in estimating bleeding risk, especially in early

days after LAAC. Noteworthy, the antithrombotic regimen on

discharge was not standardized throughout the studies and it was

tailored mainly according to the clinical characteristics of each

patient and the device used potentially affecting the results.

Lastly, the relative effect of the device type used in LAAC

remains a substantial bias, especially considering the possible

differences between WATCHMAN (Boston Scientific,

Marlborough, MA, USA) and Amplatzer Cardiac Plug/Amulet

device (Abbott, Chicago, IL, USA). Nevertheless, heterogeneity in

our study design was very low with scarce variability in patient
frontiersin.org
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FIGURE 3

(A) Forest plot reporting risk ratios for ischemic stroke in patients LAAC patients compared with patients on OAC. (B) Forest plot reporting risk ratios for
hemorrhagic stroke in patients LAAC patients compared with patients on OAC.
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characteristics variability. At meta-regression analysis, baseline

characteristics of the studied cohorts had no impact on the

outcomes, finally strengthening the quality of the results.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

FP, LF, PD, FU, RM, and MI were involved in the conception

and design of the study and in the drafting of the manuscript. FD,

FM, FF, and FM were involved in the analysis and interpretation of
Frontiers in Cardiovascular Medicine 08
data. AN and GB revised critically the manuscrput improving it

with intellectual content. They also performed the final approval

of the manuscript. All authors contributed to the article and

approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1212161
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Franchin et al. 10.3389/fcvm.2023.1212161
affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the

publisher.
Frontiers in Cardiovascular Medicine 09
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.

1212161/full#supplementary-material
References
1. Blackshear JL, Odell JA. Appendage obliteration to reduce stroke in cardiac
surgical patients with atrial fibrillation. Ann Thorac Surg. (1996) 61(2):755–9.
doi: 10.1016/0003-4975(95)00887-X

2. Mahajan R, Brooks AG, Sullivan T, Lim HS, Alasady M, Abed HS, et al.
Importance of the underlying substrate in determining thrombus location in atrial
fibrillation: implications for left atrial appendage closure. Heart. (2012) 98
(15):1120–6. doi: 10.1136/HEARTJNL-2012-301799

3. Parashar A, Sud K, Devgun J, Agarwal S, Bassi M, Tuzcu EM, et al. Feasibility of
LAA closure for left atrial thrombus in patients with aortic stenosis and AF. J Am Coll
Cardiol. (2016) 68(7):770–1. doi: 10.1016/J.JACC.2016.05.069

4. Glikson M, Wolff R, Hindricks G, Mandrola J, Camm AJ, Lip GYH, et al. EHRA/
EAPCI expert consensus statement on catheter-based left atrial appendage occlusion—
an update. Europace. (2020) 22(2):184. doi: 10.1093/EUROPACE/EUZ258

5. Turagam MK, Velagapudi P, Kar S, Holmes D, Reddy VY, Refaat MM, et al.
Cardiovascular therapies targeting left atrial appendage. J Am Coll Cardiol. (2018)
72(4):448–63. doi: 10.1016/J.JACC.2018.05.048

6. Reddy VY, Sievert H, Halperin J, Doshi SK, Buchbinder M, Neuzil P, et al.
Percutaneous left atrial appendage closure vs warfarin for atrial fibrillation a
randomized clinical trial. JAMA. (2014) 312(19):1988–98. doi: 10.1001/jama.2014.15192

7. Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H, Buchbinder M, 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(9689):534–42. doi: 10.1016/S0140-6736(09)61343-X

8. Osmancik P, Herman D, Neuzil P, Hala P, Taborsky M, Kala P, et al. Left atrial
appendage closure versus direct oral anticoagulants in high-risk patients with atrial
fibrillation. J Am Coll Cardiol. (2020) 75(25):3122–35. doi: 10.1016/j.jacc.2020.04.067

9. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: explanation and elaboration. Br Med J. (2009)
339:b2700. doi: 10.1136/bmj.b2700

10. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal for reporting.
J Am Med Assoc. (2000) 283(15):2008–12. doi: 10.1001/jama.283.15.2008

11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. (2021):372:n71. doi: 10.1136/bmj.n71

12. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. Br Med J. (2003) 327(7414):557–60. doi: 10.1136/bmj.327.7414.557

13. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. Rob 2:
a revised tool for assessing risk of bias in randomised trials. Br Med J. (2019) 366:
l4898. doi: 10.1136/BMJ.L4898

14. Sterne JA, Hernán MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ. (2016) 355:i4919. doi: 10.1136/bmj.i4919

15. Holmes DR, Kar S, Price MJ, Whisenant B, Sievert H, Doshi SK, et al.
Prospective randomized evaluation of the watchman left atrial appendage closure
device in patients with atrial fibrillation versus long-term warfarin therapy: the
PREVAIL trial. J Am Coll Cardiol. (2014) 64(1):1–12. doi: 10.1016/j.jacc.2014.04.029

16. Nielsen-Kudsk JE, Korsholm K, Damgaard D, Valentin JB, Diener HC, Camm
AJ, et al. Clinical outcomes associated with left atrial appendage occlusion versus direct
oral anticoagulation in atrial fibrillation. JACC Cardiovasc Interv. (2021) 14(1):69–78.
doi: 10.1016/j.jcin.2020.09.051

17. Godino C, Melillo F, Bellini B, Mazzucca M, Pivato CA, Rubino F, et al.
Percutaneous left atrial appendage closure versus nonvitamin K oral anticoagulants
in patients with non-valvular atrial fibrillation and high bleeding risk.
EuroIntervention. (2020) 15(17):1548–54. doi: 10.4244/EIJ-D-19-00507
18. Gloekler S, Fürholz M, de Marchi S, Kleinecke C, Streit SR, Buffle E, et al.
Left atrial appendage closure versus medical therapy in patients with atrial
fibrillation: the APPLY study. EuroIntervention. (2021) 16(9):E767–74. doi: 10.4244/
eij-d-20-00201

19. Zeitler EP, Kearing S, Coylewright M, Nair D, Hsu JC, Darden D, et al.
Comparative effectiveness of left atrial appendage occlusion versus oral
anticoagulation by sex. Circulation. (2023) 147(7):586–96. doi: 10.1161/
CIRCULATIONAHA.122.062765

20. Ding WY, Rivera-Caravaca JM, Fazio-Eynullayeva E, Underhill P, Gupta D,
Marín F, et al. Outcomes of left atrial appendage occlusion vs. non-vitamin K
antagonist oral anticoagulants in atrial fibrillation. Clin Res Cardiol. (2022) 111
(9):1040–7. doi: 10.1007/s00392-021-01983-z

21. Korsholm K, Valentin JB, Damgaard D, Diener HC, Camm AJ, Landmesser U,
et al. Clinical outcomes of left atrial appendage occlusion versus direct oral
anticoagulation in patients with atrial fibrillation and prior ischemic stroke: a
propensity-score matched study. Int J Cardiol. (2022) 363:56–63. doi: 10.1016/j.
ijcard.2022.06.065

22. Falasconi G, Gaspardone C, Godino C, Gaspardone A, Radinovic A, Pannone L,
et al. Left atrial appendage closure: a new strategy for cardioembolic events despite oral
anticoagulation. Panminerva Med. (2023) 65(2):227–33. doi: 10.23736/S0031-0808.21.
04446-3

23. Kheiri B, Kumar K, Simpson TF, Osman M, Dalouk K, Beitinjaneh B, et al.
Meta-analysis of left atrial appendage closure versus anticoagulation in patients with
atrial fibrillation. Am J Cardiol. (2020) 132:181–2. doi: 10.1016/J.AMJCARD.2020.
07.022

24. Turagam MK, Osmancik P, Neuzil P, Dukkipati SR, Reddy VY. Left atrial
appendage closure versus oral anticoagulants in atrial fibrillation: a meta-analysis of
randomized trials. J Am Coll Cardiol. (2020) 76(23):2795–7. doi: 10.1016/J.JACC.
2020.08.089

25. Willits I, Keltie K, Linker N, de Belder M, Henderson R, Patrick H, et al. Left
atrial appendage occlusion in the UK: prospective registry and data linkage to
hospital episode statistics. Eur Heart J Qual Care Clin Outcomes. (2021) 7
(5):468–75. doi: 10.1093/EHJQCCO/QCAB042

26. Pokorney SD, Chertow GM, Al-Khalidi HR, Gallup D, Dignaco P, Mussina K,
et al. Apixaban for patients with atrial fibrillation on hemodialysis: a multicenter
randomized controlled trial. Circulation. (2022) 146(23):1735–45. doi: 10.1161/
circulationaha.121.054990

27. Dukkipati SR, Holmes DR, Doshi SK, Kar S, Singh SM, Gibson D, et al. Impact
of peridevice leak on 5-year outcomes after left atrial appendage closure. J Am Coll
Cardiol. (2022) 80(5):469–83. doi: 10.1016/J.JACC.2022.04.062

28. Silverio A, di Maio M, Prota C, de Angelis E, Radano I, Citro R, et al. Safety and
efficacy of non-vitamin K antagonist oral anticoagulants in elderly patients with atrial
fibrillation: systematic review and meta-analysis of 22 studies and 440 281 patients.
Eur Heart J Cardiovasc Pharmacother. (2021) 7(FI1):F20–9. doi: 10.1093/EHJCVP/
PVZ073

29. Reddy VY, Doshi SK, Kar S, Gibson DN, Price MJ, Huber K, et al.
5-year outcomes after left atrial appendage closure: from the PREVAIL and
PROTECT AF trials. J Am Coll Cardiol. (2017) 70(24):2964–75. doi: 10.1016/J.
JACC.2017.10.021

30. Lee OH, Kim YD, Kim JS, Son NH, Pak HN, Joung B, et al. Percutaneous left
atrial appendage occlusion yields favorable neurological outcomes in patients with
non-valvular atrial fibrillation. Korean Circ J. (2021) 51(7):626–38. doi: 10.4070/
KCJ.2020.0527

31. Osmancik P, Herman D, Neuzil P, Hala P, Taborsky M, Kala P, et al. 4-Year
Outcomes after left atrial appendage closure versus nonwarfarin oral
anticoagulation for atrial fibrillation. J Am Coll Cardiol. (2022) 79(1):1–14. doi: 10.
1016/j.jacc.2021.10.023
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2023.1212161/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1212161/full#supplementary-material
https://doi.org/10.1016/0003-4975(95)00887-X
https://doi.org/10.1136/HEARTJNL-2012-301799
https://doi.org/10.1016/J.JACC.2016.05.069
https://doi.org/10.1093/EUROPACE/EUZ258
https://doi.org/10.1016/J.JACC.2018.05.048
https://doi.org/10.1001/jama.2014.15192
https://doi.org/10.1016/S0140-6736(09)61343-X
https://doi.org/10.1016/j.jacc.2020.04.067
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/BMJ.L4898
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1016/j.jacc.2014.04.029
https://doi.org/10.1016/j.jcin.2020.09.051
https://doi.org/10.4244/EIJ-D-19-00507
https://doi.org/10.4244/eij-d-20-00201
https://doi.org/10.4244/eij-d-20-00201
https://doi.org/10.1161/CIRCULATIONAHA.122.062765
https://doi.org/10.1161/CIRCULATIONAHA.122.062765
https://doi.org/10.1007/s00392-021-01983-z
https://doi.org/10.1016/j.ijcard.2022.06.065
https://doi.org/10.1016/j.ijcard.2022.06.065
https://doi.org/10.23736/S0031-0808.21.04446-3
https://doi.org/10.23736/S0031-0808.21.04446-3
https://doi.org/10.1016/J.AMJCARD.2020.07.022
https://doi.org/10.1016/J.AMJCARD.2020.07.022
https://doi.org/10.1016/J.JACC.2020.08.089
https://doi.org/10.1016/J.JACC.2020.08.089
https://doi.org/10.1093/EHJQCCO/QCAB042
https://doi.org/10.1161/circulationaha.121.054990
https://doi.org/10.1161/circulationaha.121.054990
https://doi.org/10.1016/J.JACC.2022.04.062
https://doi.org/10.1093/EHJCVP/PVZ073
https://doi.org/10.1093/EHJCVP/PVZ073
https://doi.org/10.1016/J.JACC.2017.10.021
https://doi.org/10.1016/J.JACC.2017.10.021
https://doi.org/10.4070/KCJ.2020.0527
https://doi.org/10.4070/KCJ.2020.0527
https://doi.org/10.1016/j.jacc.2021.10.023
https://doi.org/10.1016/j.jacc.2021.10.023
https://doi.org/10.3389/fcvm.2023.1212161
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Efficacy and safety of left atrial appendage closure compared with oral anticoagulation in atrial fibrillation: a meta-analysis of randomized controlled trials and propensity-matched studies
	Introduction
	Methods
	Results
	Discussion
	Limitations

	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


