Supplementary Tables
Supplementary Table 1. Literature Search Strategy.
	Database
	Search Strategy

	PubMed
	("Left Atrial Appendage Closure"[MeSH] OR "LAAC"[tiab] OR "Left Atrial Appendage Occlusion"[tiab] OR "LAAO"[tiab])AND (("Direct Oral Anticoagulants"[MeSH] OR "DOAC"[tiab] OR "NOAC"[tiab] OR "non-vitamin K antagonist oral anticoagulant"[tiab] OR "novel oral anticoagulant"[tiab] OR "rivaroxaban"[tiab] OR "apixaban"[tiab] OR "edoxaban"[tiab] OR "dabigatran"[tiab])OR ("Warfarin"[MeSH] OR "VKA"[tiab] OR "Vitamin K Antagonists"[MeSH] OR "vitamin K antagonist"[tiab]))

	Embase
	('Left Atrial Appendage Closure'/exp OR 'Left Atrial Appendage Occlusion'/exp OR ('LAAC'/ti,ab OR 'Left Atrial Appendage Closure'/ti,ab OR 'LAAO'/ti,ab OR 'Left Atrial Appendage Occlusion'/ti,ab))
AND
('Non-vitamin K Antagonist Oral Anticoagulants'/exp OR 'Direct Oral Anticoagulant'/exp OR ('DOAC'/ti,ab OR 'NOAC'/ti,ab OR 'Direct Oral Anticoagulant'/ti,ab OR 'Non-vitamin K Antagonist Oral Anticoagulant'/ti,ab OR 'Novel Oral Anticoagulants'/ti,ab OR 'Rivaroxaban'/ti,ab OR 'Apixaban'/ti,ab OR 'Edoxaban'/ti,ab OR 'Dabigatran'/ti,ab))
OR ('Warfarin'/exp OR 'Warfarin'/ti,ab OR 'VKA'/ti,ab OR 'Vitamin K Antagonists'/exp OR 'Vitamin K Antagonist'/ti,ab)

	Cochrane Library
	("Left Atrial Appendage Closure" OR "LAAC" OR "Left Atrial Appendage Occlusion" OR "LAAO")
AND
("Direct Oral Anticoagulants" OR "DOAC" OR "Non-vitamin K Antagonist Oral Anticoagulant" OR "Novel Oral Anticoagulants" OR "Rivaroxaban" OR "Apixaban" OR "Edoxaban" OR "Dabigatran")
OR ("Warfarin" OR "VKA" OR "Vitamin K Antagonists")
AND
("Postoperative" OR "Post-surgery" OR "Post-procedure")

	Web of Science
	TS=("Left Atrial Appendage Closure" OR "LAAC" OR "Left Atrial Appendage Occlusion" OR "LAAO")
AND
TS=("Direct Oral Anticoagulants" OR "DOAC" OR "Non-vitamin K Antagonist Oral Anticoagulant" OR "Novel Oral Anticoagulants" OR "Rivaroxaban" OR "Apixaban" OR "Edoxaban" OR "Dabigatran")
OR TS=("Warfarin" OR "VKA" OR "Vitamin K Antagonists")
AND
TS=("Postoperative" OR "Post-surgery" OR "Post-procedure")




Supplementary Table 2. Definitions of Major Bleeding Used Across Studies	Comment by ThinkBook 14 Plus: Reviewer 1

Comment 4
Outcome definitions and harmonization
“Major bleeding” likely varies across studies (BARC vs ISTH vs site-defined). Please report the definitions used per study and perform sensitivity analyses limited to uniform definitions (e.g., ISTH major). Similarly, define “any major adverse event” explicitly or remove it from primary outcomes to avoid construct heterogeneity.

Response 
We appreciate the reviewer’s comment on the heterogeneity of outcome definitions and agree that standardizing these definitions is essential for clarity and consistency. In response, we have made the following revisions:
Major Bleeding: We have clarified the definitions of major bleeding used across studies, including BARC, ISTH, and site-specific definitions. Additionally, we have conducted sensitivity analyses limiting the analysis to studies using the ISTH major bleeding definition to ensure consistency and minimize construct heterogeneity. The definitions used in each study are now reported in Supplementary Table 2.
Any Major Adverse Event: We have explicitly defined any major adverse event as the combination of major bleeding, stroke, systemic embolism, device-related thrombosis, and all-cause mortality. Studies that did not report these outcomes consistently were excluded from the analysis. If the definition of any major adverse event was unclear, the study was excluded from the primary outcome analysis.
	Definition of Major Bleeding
	Source

	ISTH Major Bleeding
	International Society on Thrombosis and Haemostasis (ISTH)

	BARC Major Bleeding
	Bleeding Academic Research Consortium (BARC)

	Site-defined (Details in study)
	Site-specific criteria (Details provided in the original study)

	ISTH Major Bleeding
	International Society on Thrombosis and Haemostasis (ISTH)

	Site-defined (Details in study)
	Site-specific criteria (Details provided in the original study)

	BARC Major Bleeding
	Bleeding Academic Research Consortium (BARC)

	ISTH Major Bleeding
	International Society on Thrombosis and Haemostasis (ISTH)

	Site-defined (Details in study)
	Site-specific criteria (Details provided in the original study)

	BARC Major Bleeding
	Bleeding Academic Research Consortium (BARC)

	ISTH Major Bleeding
	International Society on Thrombosis and Haemostasis (ISTH)






Supplementary Table 3	Comment by ThinkBook 14 Plus: Editor Comments


Comment 2
“Any major adverse event” remains a heterogeneous composite; reduce construct ambiguity Even with the definition provided, this composite is highly dependent on which components were reported and how completely they were captured across studies. Please: Provide a table mapping which studies contribute to this composite and which component endpoints were actually reported, consider presenting this composite as secondary/exploratory rather than a co-primary endpoint, emphasize that the certainty for this composite is lower than for major bleeding and stroke/SE/TIA.

Response 
We thank the reviewer for this insightful comment and agree that the “any major adverse event” composite outcome is inherently dependent on the availability and completeness of its component endpoints across studies.

To address this concern, we have made three revisions. First, we added a new supplementary table detailing which studies contributed to the composite outcome and specifying the individual component endpoints reported by each study (major bleeding, stroke/SE/TIA, device-related thrombosis, and all-cause mortality). This improves transparency regarding the construction of the composite endpoint.
Second, we reclassified “any major adverse event” from a primary outcome to a secondary exploratory outcome throughout the manuscript. The primary outcomes are now limited to stroke/SE/TIA and major bleeding, which were more consistently reported across studies.
Third, we revised the Results, Discussion, and GRADE assessment sections to emphasize that the certainty of evidence for the composite outcome is lower than that for major bleeding and stroke/SE/TIA. We also explicitly acknowledge that variability in component reporting may introduce construct heterogeneity and therefore the findings for this composite outcome should be interpreted with caution.
Components contributing to the exploratory “any major adverse event” composite outcome by study
	Study
	Major bleeding
	Stroke/SE/TIA
	Device-related thrombosis
	All-cause mortality
	Included in exploratory composite

	Ajmal M et al. (2022) [18]
	Reported
	Reported
	NR
	NR
	Yes

	Apte N.M. et al. (2019) [19]
	Reported
	NR
	Reported
	NR
	Yes

	Bergmann M.W. et al. (2017) [20]
	Reported
	Reported
	Reported
	Reported
	Yes

	Chen Y et al. (2021) [21]
	Reported
	Reported
	Reported
	NR
	Yes

	Cohen J.A. et al. (2019) [22]
	Reported
	Reported
	Reported
	NR
	Yes

	Enomoto Y et al. (2017) [23]
	Reported
	Reported
	Reported
	NR
	Yes

	Freeman J.V. et al. (2022) [24]
	Reported
	Reported
	Reported
	Reported
	Yes

	Fry E et al. (2021) [25]
	Reported
	Reported
	Reported
	NR
	Yes

	Fu G et al. (2022) [26]
	Reported
	Reported
	Reported
	NR
	Yes

	Fu G. et al. (2019) [27]
	NR
	NR
	Reported
	NR
	No

	Ge H et al. (2022) [28]
	Reported
	Reported
	Reported
	NR
	Yes

	Preda A et al. (2025) [29]
	Reported
	Reported
	Reported
	Reported
	Yes

	Qiao Z. et al. (2018) [30]
	NR
	NR
	Reported
	NR
	No

	Reinhardt S.W. et al. (2024) [31]
	Reported
	Reported
	Reported
	Reported
	Yes

	Su F et al. (2022) [32]
	Reported
	Reported
	Reported
	Reported
	Yes

	Tan B.E.-X. et al. (2020) [33]
	NR
	NR
	NR
	NR
	No

	Tan B.E. et al. (2022) [34]
	Reported
	Reported
	Reported
	NR
	Yes

	Tjoe B. et al. (2021) [35]
	Reported
	Reported
	Reported
	NR
	Yes

	Yao Y et al. (2025) [36]
	Reported
	Reported
	Reported
	Reported
	Yes

	Zhou X.D. et al. (2023) [37]
	Reported
	Reported
	Reported
	NR
	Yes

	Zhu J et al. (2021) [38]
	Reported
	Reported
	Reported
	NR
	Yes


Abbreviations: SE, systemic embolism; TIA, transient ischemic attack; NR, not reported.
Note: The composite outcome was analyzed as exploratory because not all studies reported all component endpoints consistently.













Supplementary Table 4. GRADE Certainty of Evidence for Key Outcomes	Comment by ThinkBook 14 Plus: Reviewer 1

Comment 5
Risk of bias and certainty of evidence
NOS ratings are mostly “high,” yet ROBINS-I shows many serious risks (confounding/selection). Please reconcile these and add GRADE certainty ratings for each key outcome, reflecting non-randomized design, potential confounding, and publication bias. Avoid “high quality” phrasing in the Abstract.

Response 
Thank you for your valuable feedback regarding the risk of bias and certainty of evidence in our meta-analysis. We appreciate your insight into the need for clarity on the relationship between the NOS ratings and the findings from the ROBINS-I tool.
To address this, we have reconciled the high NOS ratings with the serious risk of bias identified by ROBINS-I. While the majority of studies had high NOS ratings, the ROBINS-I tool identified serious risks related to confounding and participant selection, particularly in the non-randomized studies. These risks were considered in the overall evaluation of the evidence.
Furthermore, we have added GRADE certainty ratings for each of the key outcomes (major bleeding, stroke/SE/TIA, and any major adverse events). The certainty of evidence was rated as moderate for major bleeding, moderate for stroke/SE/TIA, and low for any major adverse event, considering the non-randomized design, confounding, inconsistencies, and publication bias across studies. These ratings reflect the challenges posed by the non-randomized design and the potential biases identified in the analysis.
In response to your suggestion, we have also removed the "high quality" phrasing from the Abstract, as the overall certainty of evidence for the key outcomes is moderate to low, especially due to confounding, selection bias, and publication bias.

	Outcome
	Certainty of Evidence
	Rationale

	Major Bleeding
	Moderate
	Serious risk of bias (confounding/selection bias), moderate inconsistency (I² = 28-29%)

	Stroke/SE/TIA
	Moderate
	Risk of bias, low imprecision, but some inconsistency (I² = 4.1%)

	Any Major Adverse Event
	Low
	High risk of bias (selection/confounding), publication bias









Supplementary Table 25. Assessment of quality of studies.
	Study
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Total Score
	Overall Rating

	Ajmal M et al.(2022)
	0
	1
	1
	1
	1
	1
	1
	0
	6
	Moderate quality

	Apte N.M. et al.(2019)
	1
	0
	1
	1
	1
	1
	1
	0
	6
	Moderate quality

	Bergmann MW et al.(2017)
	1
	1
	1
	1
	2
	1
	1
	1
	9
	High quality

	Chen Y et al.(2021)
	1
	1
	1
	1
	2
	1
	1
	1
	9
	High quality

	Cohen JA et al.(2019)
	1
	1
	1
	1
	1
	1
	1
	1
	8
	High quality

	Enomoto Y et al.(2017)
	1
	1
	1
	1
	2
	1
	1
	1
	9
	High quality

	Freeman JV et al.(2022)
	1
	1
	1
	1
	2
	1
	1
	1
	9
	High quality

	Fry E et al.(2021)
	1
	1
	1
	1
	1
	1
	1
	1
	8
	High quality

	Fu G et al.(2022)
	1
	1
	1
	1
	1
	1
	1
	1
	8
	High quality

	Fu G. et al.(2019)
	1
	1
	1
	1
	1
	1
	1
	1
	8
	High quality

	Ge H et al.(2022)
	1
	1
	1
	1
	1
	1
	1
	0
	7
	High quality

	Preda A et al.(2025)
	1
	1
	1
	1
	1
	1
	1
	0
	7
	High quality

	Qiao Z. et al.(2018)
	1
	0
	1
	1
	1
	1
	0
	1
	6
	Moderate quality

	Reinhardt SW et al.(2024)
	1
	1
	1
	1
	1
	1
	1
	0
	7
	High quality

	Su F et al.(2022)
	1
	0
	1
	1
	1
	1
	1
	1
	7
	High quality

	Tan B.E.-X. et al.(2020)
	1
	1
	1
	1
	2
	1
	1
	1
	9
	High quality

	Tan BE et al.(2022)
	1
	1
	1
	1
	2
	1
	1
	1
	9
	High quality

	Tjoe B. et al.(2021)
	1
	1
	1
	1
	2
	1
	1
	1
	9
	High quality

	Yao Y et al.(2025)
	1
	1
	1
	1
	2
	1
	1
	1
	9
	High quality

	Zhou XD et al.(2023)
	1
	1
	1
	1
	1
	1
	1
	0
	7
	High quality

	Zhu J et al.(2021)
	1
	1
	1
	1
	1
	1
	1
	1
	8
	High quality


Notes: Quality assessment was performed using the Newcastle–Ottawa Scale (NOS). Q1: Was the exposed cohort truly representative of the general population? Q2: Was the selection of the non-exposed cohort appropriate? Q3: Was the ascertainment of exposure reliable? Q4: Was it demonstrated that the outcome of interest was not present at the start of the study? Q5: Were appropriate controls for comparability implemented in the study design or analysis? Q6: Was the assessment of outcomes adequate? Q7: Was the follow-up period sufficiently long for outcomes to occur? Q8: Was the follow-up of cohorts adequate? Scoring: Each question was answered with a score.Total scores range from 0 to 9, with higher scores indicating better quality. Studies scoring 7-9 were considered high quality, 4-6 moderate quality, and 0-3 low quality. Of the included studies, three were rated as moderate quality and eighteen as high quality.


Supplementary Table 6	Comment by ThinkBook 14 Plus: Editor Comments

Comment 1
This systematic review and meta-analysis aimed to evaluate the effectiveness and safety of direct oral anticoagulants (DOACs) compared to vitamin K antagonists (VKAs) in patients undergoing Left Atrial Appendage Occlusion (LAAO) procedures. The study found that while both DOACs and VKAs were effective in preventing major adverse events, DOACs demonstrated a significantly lower risk of major bleeding and other adverse outcomes. The analysis included 21 studies published from 2015, synthesizing data on stroke, systemic embolism (SE), transient ischemic attack (TIA), major bleeding, and device-related thrombosis. The results suggest that DOACs are a safer alternative to VKAs in post-LAAO anticoagulation therapy, although further large-scale studies are needed. Major Comments: 1) Clarify and standardize model choice and heterogeneity language The current text still contains internal inconsistencies (e.g., describing I² ~28–29% as “considerable heterogeneity” while using fixed effects in some places). Please: State one prespecified rule for fixed vs random effects (or use random-effects throughout given clinical heterogeneity), Apply it consistently in all outcomes/subgroups, Report the same core outputs for each primary endpoint (OR, 95% CI, I², τ², and—if used—prediction interval).

Response 
We thank the reviewer for this valuable comment. We have revised the statistical methods and standardized the analytical approach throughout the manuscript. Specifically, a random-effects model was consistently applied to all pooled analyses given the anticipated clinical and methodological heterogeneity among included studies. We also corrected the description of heterogeneity and removed inconsistent terminology. Furthermore, reporting has been standardized across all primary outcomes to include the odds ratio (OR), 95% confidence interval (CI), I² statistic, and τ² (between-study variance), with prediction intervals reported where applicable. These revisions improve the consistency and transparency of the meta-analysis.
Components Contributing to the Exploratory Composite Outcome of Any Major Adverse Event
	Study
	Major bleeding
	Stroke/SE/TIA
	Device-related thrombosis
	All-cause mortality
	Included in composite

	Ajmal et al., 2022
	Reported
	Reported
	Not reported
	Not reported
	Yes

	Apte et al., 2019
	Reported
	Not reported
	Reported
	Not reported
	Yes

	Bergmann et al., 2017
	Reported
	Reported
	Reported
	Reported
	Yes

	Chen et al., 2021
	Reported
	Reported
	Reported
	Not reported
	Yes

	Cohen et al., 2019
	Reported
	Reported
	Reported
	Not reported
	Yes

	Enomoto et al., 2017
	Reported
	Reported
	Reported
	Not reported
	Yes

	Freeman et al., 2022
	Reported
	Reported
	Reported
	Reported
	Yes

	Fry et al., 2021
	Reported
	Reported
	Reported
	Not reported
	Yes

	Fu et al., 2022
	Reported
	Reported
	Reported
	Not reported
	Yes

	Ge et al., 2022
	Reported
	Reported
	Reported
	Not reported
	Yes

	Preda et al., 2025
	Reported
	Reported
	Reported
	Reported
	Yes

	Reinhardt et al., 2024
	Reported
	Reported
	Reported
	Reported
	Yes

	Su et al., 2022
	Reported
	Reported
	Reported
	Reported
	Yes

	Tan et al., 2022
	Reported
	Reported
	Reported
	Not reported
	Yes

	Tjoe et al., 2021
	Reported
	Reported
	Reported
	Not reported
	Yes

	Yao et al., 2025
	Reported
	Reported
	Reported
	Reported
	Yes

	Zhou et al., 2023
	Reported
	Reported
	Reported
	Not reported
	Yes

	Zhu et al., 2021
	Reported
	Reported
	Reported
	Not reported
	Yes


Abbreviations: SE, systemic embolism; TIA, transient ischemic attack.
Note: The composite outcome was considered exploratory because component endpoints were not reported uniformly across all studies. The certainty of evidence for this composite was therefore lower than that for major bleeding and stroke/SE/TIA.


Supplementary figure
[image: ]	Comment by ThinkBook 14 Plus: Editor Comments

Comment 4
Exposure heterogeneity: ensure the effect-modifier strategy is visible and not buried Given major clinical variation (DOAC alone vs DOAC+SAPT; different devices; different follow-up protocols), readers need to see clearly: Which comparisons are pooled together in the primary analysis, Which are separated (stratified primary analyses), What the meta-regression actually tested (and whether it has enough studies per covariate to be credible). A compact “analysis architecture” paragraph (or figure) would make this much easier to interpret.

Response 
We thank the reviewer for this valuable comment. We have revised the statistical methods and standardized the analytical approach throughout the manuscript. Specifically, a random-effects model was consistently applied to all pooled analyses given the anticipated clinical and methodological heterogeneity among included studies. We also corrected the description of heterogeneity and removed inconsistent terminology. Furthermore, reporting has been standardized across all primary outcomes to include the odds ratio (OR), 95% confidence interval (CI), I² statistic, and τ² (between-study variance), with prediction intervals reported where applicable. These revisions improve the consistency and transparency of the meta-analysis.

Figure S1 Analysis Workflow and Effect-Modifier Strategy.
image1.png
Figure S1. Analysis Workflow and Effect-Mox r Strategy
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* Prediction intervals reported when calculable.
Abbreviations: DOACS, Direct Oral Anticoagulants; VKAs, Vitamin K Antagonists; LAAO, Left Atrial Appendage Occlusion;
SAPT, Single Antiplatelet Therapy; SE, Systemic Embolism; TIA, Transient Ischemic Attack; Cl, Confidence Interval.





