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ABSTRACT

Objective: Left atrial appendage closure (LAAC) concomitant to heart surgery in
patients with underlying atrial fibrillation (AF) has gained attention because of
long-term reduction of thromboembolic complications. As of mortality benefits
in the setting of non-AF, data from both observational studies and randomized
controlled trials are conflicting.

Methods: On-line databases were screened for studies comparing LAAC versus no
LAAC concomitant to other heart surgery. End points assessed were all-cause mor-
tality and stroke at early and longest-available follow-up. Subgroup analyses strati-
fied on preoperative AF were performed. Risk ratios (RR) with 95% Cls served as
primary statistics.

Results: Electronic search yielded 25 studies (N = 660 [158 patients]). There was
no difference between LAAC and no LAAC in terms of early mortality. In the overall
population analysis, LAAC reduced long-term mortality (RR, 0.86;95% Cl, 0.74-1.00;
P = .o5; I = 88%), reduced early stroke risk by 19% (RR, 0.81; 95% Cl, 0.72-0.93;
P = .002; I = 57%), and reduced late stroke risk by 13% (RR, 0.87; 95% Cl, 0.84-
0.90; P <.007%; * = 58%). Subgroup analysis showed lower mortality (RR, 0.85; 95%
Cl, 0.72-1.01; P = .06; I* = 91%), short-, and long-term stroke risk reduction only in
patients with preoperative AF (RR, 0.81; 95% Cl, 0.71-0.93; P = .003; I = 71% and
RR, 0.87; 95% Cl, 0.84-0.91; P < .007; I = 70%, respectively). No benefit of LAAC in
patients without AF was found.

Conclusions: Concomitant LAAC was associated with reduced stroke rates at early
and long-term and possibly reduced all-cause mortality at the long-term follow-up
but the benefits were limited to patients with preoperative AF. There is not enough
evidence to support routine concomitant LAAC in non-AF settings. (JTCVS Open
2024;19:131-63)

LAAC reduces stroke incidence in patients with pre-
operative AF.

CENTRAL MESSAGE

This systematic review and meta-
analysis found LAAC was associ-
ated with reduced stroke rates,
both early and long-term, and
reduced long-term mortality.
These benefits were confined to
preoperative AF.

PERSPECTIVE

Left atrial appendage closure concomitant to
heart surgery in patients with underlying atrial
fibrillation has gained attention because of long-
term reduction of thromboembolic complica-
tions in the pivotal LAAOS Il trial. As of mortality
benefits of LAAC and efficacy in the setting of
non-AF, data from both observational studies
and randomized controlled trials are conflicting.
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Abbreviations and Acronyms

AF atrial fibrillation

CHA,-DS,-VASc = Congestive heart failure,
Hypertension, Age (>65 = 1
point, > 75 = 2 points),
Diabetes, previous Stroke/
transient ischemic attack (2
points)

LAA = left atrial appendage

LAAC = left atrial appendage closure

LAAOS = Left Atrial Appendage
Occlusion Study III

OAC = oral anticoagulation

POAF = postoperative atrial fibrillation

PRISMA = Preferred Reporting Items for
Systematic Reviews and Meta-
Analyses

RCTs = randomized controlled trials

Cardiovascular disease remains a leading cause of
morbidity and mortality worldwide, with atrial fibrillation
(AF) and stroke being significant contributors to this
burden."” The left atrial appendage (LAA) is a known
site for thrombus formation, especially in patients with
AF, with as little as only 0.07% of atrial clots found outside
the LAA in nonvalvular AF.>* The formation of blood clots
in the LAA poses a considerable risk for embolic events,
primarily strokes.” As a preventive strategy, the use of anti-
coagulants has been the gold standard for stroke prevention
in patients with AF.° In recent years, concomitant LAA
closure (LAAC) procedures during other heart surgeries
have emerged as a potential alternative approach to reduce
stroke risk in patients with AE*'" The Left Atrial
Appendage Occlusion Study III (LAAOS III) provided
definitive evidence supporting LAAC in patients with AF
and elevated Congestive heart failure, Hypertension, Age
(>65 = 1 point, > 75 = 2 points), Diabetes, previous
stroke/transient ischemic attack (2 points) (CHA,-DS,-
VASc) score undergoing cardiac surgery because it
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reduced the long-term incidence of stroke. Data regarding
mortality benefits remain inconclusive and derive primarily
from observational studies.''"?

Although studies have explored the benefits of LAAC in
patients with AF, there remains a paucity of evidence
regarding its efficacy in patients without underlying
AF.""'° This gap in knowledge is critical because many
patients undergoing cardiac surgery may not have
documented AF preoperatively, yet at the same time, may
have elevated CHA,-DS,-VASc score and
thromboembolic risk. It has been also speculated that
LAAC may serve as bailout for patients developing
postoperative AF (POAF) after cardiac surgery to reduce
embolic risk and POAF-related stroke burden.'”-'®

This systematic review and meta-analysis aimed to syn-
thesize the existing evidence on concomitant LAA closure
at the time of other heart surgery, with a specific focus on
its influence on mortality and stroke outcomes.

METHODS

Data Sources and Search Strategy

Established methods were used in compliance with the updated
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) in Health Care Interventions statement as well as the Meta-
analysis of Observational Studies in Epidemiology guidelines.'”*"
PRISMA and Meta-analysis of Observational Studies in Epidemiology
checklists are available in Tables E1 and E2, respectively. We conducted
a database screening for relevant studies up to May 31, 2023, through
PubMed, EMBASE (Table E3) the Cumulative Index of Nursing and Allied
Health Literature, the Web of Science, the Cochrane Register of Controlled
Clinical Trials, Clinical Key, and Google Scholar registries, as well as pub-
lished proceedings from major cardiac, thoracic, cardiothoracic, and cardi-
ology society meetings. Search terms included left atrial appendage
closure/, occlusion/, removal/, amputation/, ligation/, stapling/, clipping/,
occlusion/, exclusion/, and heart/cardiac surgery.

No language, publication date, or publication status restriction was
imposed. Both blinded and open-label trials were considered eligible.
The most updated or inclusive data for each study were used for abstrac-
tion. The references of original and review articles were cross-checked.

Selection Criteria and Quality Assessment

Studies were considered eligible when comparing concomitant LAAC
versus no LAAC at time of heart surgery for another indication. Citations
were screened at the title/abstract level and retrieved as full reports if they
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FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.

fulfilled the inclusion criteria: human studies, randomized controlled trials
(RCTs) or observational studies with a control group, and the reporting of a
prespecified outcome of mortality and/or stroke. We excluded studies in
which no data of interest were provided, there was no control group,
different techniques of LAAC at time of heart surgery were compared
but without a no-LAAC control group, LAAC was performed as standalone
procedure, and heart surgery with concomitant LAAC was compared with
transcatheter coronary or valve intervention with transcatheter LAAC.

We extracted data for the included studies using a prespecified data-
sheet. Variables in the prespecified datasheet included study characteris-
tics, demographic data, clinical characteristics, interventions, and
outcomes.

Two independent reviewers (M.S. and E.J.D.) selected the studies for in-
clusion and extracted studies and patient characteristics of interest and rele-
vant outcomes. Conflicts were resolved by consensus after discussion with
a third reviewer (M.K.). Two authors (M.S. and E.J.D.) independently as-
sessed the trials’ eligibility and risk of bias. The risk of bias for randomized
studies was assessed using the components recommended by the Cochrane
Collaboration,”" including random sequence generation and random allo-
cation; allocation concealment; blinding of participants, personnel, and
outcome assessors; incomplete outcome data; selective outcome reporting;
and other sources of bias.

For each selected observational study, the risk of bias was evaluated
independently by 2 authors (M.S. and E.J.D.) using the 7 domains (con-
founding, participant selection, intervention classification, intervention de-
viation, missing data, outcome measurement, and selective reporting) of
the Risk of Bias in Non-Randomized Studies of Interventions scale for
observational studies and risk of bias scale for randomized trials.”* Cer-
tainty of evidence was assessed by 4 main factors (risk of bias, inconsis-
tency, indirectness, and imprecision)”> using the Grading of
Recommendations Assessment, Development, and Evaluations approach.
The certainty of the evidence was rated from high (ie, we are very confident
that the true effect lies close to that of the effect estimate) to very low (ie,
we have very little confidence in the effect estimate: the true effect is likely
to be substantially different).”* Any discrepancies in bias assessment be-
tween the assessors were recorded.

Outcome Measures

The end points assessed were all-cause mortality and stroke at early (in-
hospital/30 days) and longest available follow-up. Definitions were adop-
ted as were in the included studies.

Statistical Analysis

Data were analyzed according to the intention-to-treat principle. Ran-
domized and observational studies providing any kind of adjustment
were assessed separately as sensitivity analysis. Risk ratios (RRs) and
95% ClIs were used as summary statistics. Heterogeneity was assessed
by the Cochran Q test.”” The statistical inconsistency test was P=[Q_
df)IQ] X 100%., where Q is the x? statistic and dfis its degrees of freedom.
Thresholds for the interpretation of P for low, moderate, and considerable
degree of heterogeneity were values of 25%, 50%, and 75%, respec-
tively.”® Pooled RRs were calculated using a random-effects model with
the DerSimonian-Laird method as the most conservative approach. Obser-
vational studies and RCTs were analyzed separately. Potential publication
bias was examined for the primary end point constructing a funnel plot in
which the SE of the log RR was plotted against the RR. The asymmetry of
the plot was estimated both visually and by a linear regression approach. To
better account for studies reporting O events, calculations were repeated
with log RR as primary statistics using Haldane continuity correction.”’
To account for differences in follow-up, events and person-years were
calculated and meta-analyses of long-term stroke and mortality reported
as rate ratios (RateRs) with corresponding 95% Cls. Analyses were primar-
ily carried out as subgroups analysis divided by presence of underlying AF
(<50% AF vs >50% AF in the study population). We addressed the influ-
ence of each study and potential publication bias by testing whether delet-
ing each study in turn would have significantly changed the pooled results
of the meta-analysis for the primary end point. Review Manager 5.4 (The
Nordic Cochrane Center) and Comprehensive Meta-Analysis, version 2
(Biostat) were used for statistical computations.

RESULTS

PRISMA flow diagram presenting the study selection
process is available in Figure 1. Electronic search returned
25 studies (N = 660 [158 patients])g’m’l5’18’28’35’}5"Eg to be
included in the systematic review. Seven studies were
RCTs! %15 183334E3E4, o the remaining, 8%122%32:35.E2E7
provided adjusted estimates. Table 1 lists baseline charac-
teristics of included studies. Of the totality of patients,
159% (67,238) underwent LAAC. Patients were
predominantly men older than age 70 years. Information
regarding CHA,_DS,_VASC and Hypertension, Abnormal
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TABLE 1. Studies baseline characteristics and bias analysis

Protocol
mandated
Follow-up OAC
Study Blinding LAAC method Index surgery (mo) Risk of bias postdischarge
RCTs
Gerdisch and colleagues'” No AtriClip (100%) CABG (83.27%) 12 Some According to
2022 [ATLAS] Mitral valve (5.34%) concerns patients’
Aortic valve (23.31%) individual
Other (6.23%)* situations
Healey and colleagues™ No Suturing (21.15%) CABG = valve surgery (100%) 13 High risk No
2005 [LAAOS] Stapling (63.46%)
Mixed (15.38%)
Jiang and colleagues54 Yes Suturing (100%) MVR (100%) 4+ AVR (14.92%)/ N/D High risk Yes
2020 Tricuspid valve surgery
(77.9%)/ICABG (7.73%)
Nagpal and colleagues™ Yes Suturing (100%) Isolated mitral valve surgery N/D High risk No
2009 (100%)
Park-Hansen and Yes Purse string and Isolated CABG (48.12%) 44.4 Low risk No
colleagues'® 2018 running suture AVR = other (41.71%)
[LAACS] recommended AVR + MVR (1.06%)
MVR = other (8.02%)
Tricuspid valve only (0.53%)
Aortic surgery only (0.53%)
Whitlock and colleagues™ Yes Stapling (3.85%) Isolated CABG (47.06%) 12 Low risk No
2013 [LAAOS 1I] Cut and sew (96.15%) Isolated valve (41.18%)
Other (11.76%)
Whitlock and colleagues'’ Yes Cut and sew (55.7%)  Isolated CABG (21.02%) 3.8 Low risk Yes
2021 [LAAOS I11] Stapling (11.2%) Isolated valve (22.91%)
Closure device (15.1%) Other (55.35%)
Closure from within Any valve surgery (66.65%) —
(13.8%) Mitral (35.53%)/Aortic
Other (4.1%) (35.53%)/Tricuspid (17.27%)/
Pulmonic (0.13%)
SA (32.75%)
Observational Adjustments
Abrich and colleagueszg No Ligation (52.7%) Mitral valve (100%) + CABG 47.16 Moderate risk No
2018 Excision (41%) (2.5%)/ISA (55.2%)
Stapling (9%)
Elbadawi and colleagues™ Yes N/D CABG (100%) N/D  Moderate risk No
2017
Elbadawi A and Yes N/D Valve (100%) N/D Moderate risk No
colleagues™ 2017
Enginoev and colleagues3 ! No Ligation (100%) OPCAB (100%) 41 Moderate risk No
2020
Friedman and colleagues8 No N/D Isolated CABG (35%) 31.2 Moderate risk No
2018 Mitral valve + CABG (30%)
Aortic valve + CABG (35%)
Hadaya and colleagues’” Yes N/D Isolated CABG (40.57%) 25.2 Moderate risk No
2022 Mitral valve + CABG (21.16%)
Aortic valve &= CABG (23.21%)
Other valve/multivalve = CABG
(15.06%)
(Continued)
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TABLE 1. Continued

Study

Blinding

LAAC method

Index surgery

Follow-up
(mo)

Risk of bias

Protocol

mandated

OAC

postdischarge

Johnsrud and colleagues™
2018

Juo and colleagues™ 2018

Kato and colleagues”' 2015

Kim and colleagues™ 2013

Lee and colleagues™ 2014

Mahmood and colleagues''
2020

Mehaffey and colleagues'”
2023

Melduni and colleagues'”
2017

Wilbring and colleagues™
2016

Yao and colleagues’ 2018

Zapolanski and

colleagues™® 2013

Zheng and colleagues™’
2020

Yes

Yes

Yes

Yes

No

Yes

Yes

Ligation (71%)
Amputation (29%)

Ligation (100%)

Suturing (N/D)
Ligation (N/D)

Ligation (N/D)
Excision (N/D)
Stapling (N/D)

N/D
N/D

N/D

Suturing (N/D)
Amputation (N/D)
Ligation (N/D)
Stapling (N/D)

Ligation (65.8%)
Amputation (34.2%)

N/D

Ligation (100%)

Ligation (N/D)
Suturing (N/D)

Amputation (minority)

Isolated CABG (4.03%)
CABG + valve (14.52%)

CABG -+ valve + other (13.71%)

Isolated valve (16.94%)
Valve + other (33.87%)
Other (7.26%)

Isolated CABG (73.52%)
CABG + valve (26.48%)
Isolated CABG (43.53%)
Valve (43.26%)

CABG + valve (13.16%)
Isolated CABG (82.1%)
Isolated valve (8.8%)
CABG + valve (8.6%)
Other (0.5%)

Mitral valve + other (100%)

Isolated CABG (100%)

Open atrial (Mitral/tricuspid
valve = CABG) — 16.6%

Closed atrial (Aortic valve/
CABG) - 83.4%

Mitral valve (62.26%)

CABG + valve/other (20.5%)

Aortic valve (11.39%)

Isolated CABG (3.36%)

Tricuspid valve (2.49%)

Mitral valve (62.8%)

Aortic valve (26%)

Tricuspid valve (18.3%)

CABG (41%)

Atrial septal defect closure
(10.8%)*

CABG (45.75%)

Valve (71.73%)

CABG + valve (17.49%)

Aortic (28.22%)

Mitral (43.51%)

Tricuspid or pulmonary (9.94%)
Both mitral and aortic (2.95%)*

Isolated CABG (49.18%)
Isolated valve (14.63%)
CABG + valve (15.31%)

CABG + valve + other (4.45%)

Other (16.43%)
Isolated MVR (67%)
DVR (27.16%)

Tricuspid valve surgery (82.69%)

Concurrent CABG (9.86%)

68.4

N/D

62.6

36

109.2

25

Low risk

Serious risk

Serious risk

Moderate risk

Moderate risk
Serious risk

Serious risk

Low risk

Serious risk

Moderate risk

Serious risk

Moderate risk

No

No

Yes

No

Yes

No

No

Yes

No

No

Yes

LAAC, Left atrial appendage closure; OAC, oral anticoagulation; RCT, randomized clinical trial; ATLAS, AtriClip® Left Atrial Appendage Exclusion Concomitant to Structural
Heart Procedures; CABG, coronary artery bypass grafting; LAAOS, Left Atrial Appendage Occlusion Study; MVR, mitral valve replacement; AVR, aortic valve replacement; N/D,
no data; LAACS, The Left Atrial Appendage Closure by Surgery; SA, surgical ablation; DVR, double valve replacement. *Multiple procedures were permitted. Patients may be

represented more than once.
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TABLE 2. Patients’ baseline characteristics
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OAC at AAD at OAC
No. of Preoperative POAF Male DM CKD CHA,-DS;- baseline baseline postdischarge
Study Group  patients Age LVEF (%) AF (%) (%) (%) (%) (%) VASC HAS-BLED (%) (%) (%)
Abrich and LAAC 188 70 <40EF-4.3 100 N/D 511 8 N/D 2.6 N/D 82.4 N/D N/D
colleagues®
2018
No-LAAC 93 70.1 <40 EF -3.2 100 37.6 215 N/D 2.9 85
Elbadawi and LAAC 2520 71.3 N/D 100 N/D 7771 59.6 17.9% 4 N/D N/D N/D N/D
colleagues®’
2017
No-LAAC 12,595 70.6 100 69.2 60 12.6* 4
Elbadawi and LAAC 652 70.8 N/D 100 N/D 59 3.1 N/D N/D N/D N/D N/D N/D
colleagues™
2017
No-LAAC 652 71.2 100 49.7 3.9
Enginoev and LAAC 57 63.5 55 100 N/D 895 263 N/D 3 2 N/D N/D 19.3
colleagues’’
2020
No-LAAC 68 61 55 100 838 147 2 2 27.9
Friedman and LAAC 3892 75 <30EF-5.1 100 N/D 598 30.1 35.4 3.9 N/D N/D N/D 68.9
colleagues®
2018
No-LAAC 6632 76.4 <30EF-7.3 100 624 364 39.5 4.1 60.3
Gerdisch and LAAC 376 69.2 57.3 0f 473 699 N/D N/D 34 2.8 N/D N/D 23.7
colleagues'”
2022 [ATLAS]
No-LAAC 186 68.9 58.7 0t 382 699 N/D N/D 3.4 2.9 16.1
Hadaya and LAAC 8792 69.8 N/D 21 N/D 679 333 4.7* N/D N/D N/D N/D N/D
colleagues®”
2022
No-LAAC 9642 69.1 70.6 427 AO%
Healey and LAAC 52 72 N/D 17 442 73 N/D N/D N/D N/D N/D N/D N/D
colleagues™”
2005 [LAAOS]
No-LAAC 25 71 8 52 72
Jiang and LAAC 521 53 59 68.1 N/D 438 8.3 N/D N/D N/D N/D N/D 100%
colleagues™
2020
No-LAAC 339 52 60 53.7 54.9 8.3 N/D

(Continued)
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TABLE 2. Continued

OAC at AAD at OAC
No. of Preoperative POAF Male DM CKD CHA,-DS;- baseline baseline postdischarge
Study Group  patients Age LVEF (%) AF (%) %) (%) (%) (%) VASC HAS-BLED (%) (%) (%)
Johnsrud and LAAC 62 71.9 N/D 100 N/D 60 79 N/D N/D N/D 37 N/D 90
colleagues™
2018
No-LAAC 62 75.9 100 63 79 45 81
Juo and LAAC 20,664 72 N/D 100 N/D 752 65.1 84.2 3 N/D N/D N/D N/D
colleagues™
2018
No-LAAC 213,978 70.4 100 763 67.8 86.2 3
Kato and LAAC 369 65.4 60.9 25.5 493 577 182 N/D >2-79.6 N/D N/D N/D N/D
colleagues”’
2015
No-LAAC 1462 67.1 57.6 9.1 39.1 721 39.1
Kim and LAAC 1405 66.6 N/D N/D 23 679 341 N/D N/D N/D N/D N/D N/D
colleagues™®
2013
No-LAAC 662 65.8 184 67.52 353
Lee and LAAC 187 55.98 56.3 100 N/D 326 11.8 0.5 N/D N/D N/D N/D 100
colleagues™
2014
No-LAAC 192 50.7 56.1 100 38.5 5.7 0 100
Mahmood and LAAC 17,763  65-74 — 40.8 N/D 100 ND 779 422 2.4 N/D N/D N/D N/D N/D
colleagues'’
2020
No-LAAC 235,524 65-74-39.2 100 758 433 24
Mehaffey and LAAC 23,338 69.78 N/D 100 N/D 656 342 24.6 N/D N/D N/D N/D N/D
colleagues'”
2023
No-LAAC 80,044 70.81 100 634 379 28.4
Melduni and LAAC 461 67.4 58.4 45 68.6 61 13 N/D N/D N/D N/D 8 N/D
colleagues'?
2017
No-LAAC 461 67.6 58.3 47 319 63 13 9

(Continued)
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TABLE 2. Continued

OAC at AAD at OAC
No. of Preoperative POAF Male DM CKD CHA,-DS;- baseline baseline postdischarge
Study Group  patients Age LVEF (%) AF (%) (%) (%) (%) (%) VASC HAS-BLED (%) (%) (%)
Nagpal and LAAC 22 57.8 N/D 18.2 18 50 4.5 N/D N/D N/D N/D N/D N/D
colleagues™
2009
No-LAAC 21 59.2 19 29 57.1 0
Park-Hansen and ~ LAAC 101 67.6 N/D 12.8 60.5 832 307 14.9% 2.9 N/D 37.62 17.8 N/D
colleagues'®
2018 [LAACS]
No-LAAC 86 69.3 16.8 50 872 221 16.3% 29 32.56 26.7
Whitlock and LAAC 26 77.4 <50 EF -26.92 100 N/D 7692 2692 N/D N/D N/D 65.38 N/D 68
colleagues™
2013 [LAAOS
1]
No-LAAC 25 74.6 <50 EF —40 100 76 28 68 50
Whitlock and LAAC 2379 71.3 <50 EF - 30.8 100 N/D 68 32.4 N/D 42 N/D 51.1 N/D 83.4
colleagues '’
2021 [LAAOS
1]
No-LAAC 2391 71.1 <50 EF - 30.6 100 67 32 42 522 81
Wilbring and LAAC 240 68.45 51.65 100 N/D  51.67 3625 17.5 3.43 N/D N/D N/D 100
colleagues™
2016
No-LAAC 87 70 54 100 483  39.1 13.8 3.6 100
Yao and LAAC 4295 68.2 N/D 74.9 N/D 649 351 139 >2-89.3 >3-63.6 30.5 1.7 N/D
colleagues’
2018
No-LAAC 4295 68.4 74.9 64.7 358 14 >2-893 >3-654 30.5 1.7
Zapolanski and LAAC 808 >75-347% <35EF-144 19.9 194 738 349 7.4 N/D N/D N/D N/D N/D
colleagues™°
2013
No-LAAC 969 >75-383% <35EF-94 10.7 229 738 283 6%
Zheng and LAAC 137 55.3 60.4 100 N/D 387 5.1 15.3 2.2 N/D N/D N/D 100
colleagues®’
2020
No-LAAC 360 56.2 61.2 100 38.1 9.4 17.8 22 100

LVEF, Left ventricle ejection fraction; AF, atrial fibrillation; POAF, postoperative atrial fibrillation; DM, diabetes mellitus; CKD, chronic kidney disease; CHA,-DS»-VASC, Congestive heart failure, Hypertension, Age (>65 = 1 point,
> 75 = 2 points), Diabetes, previous Stroke/transient ischemic attack (2 points); HAS-BLED, Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile INR, Elderly, Drugs/alcohol concom-
itantly; OAC, oral anticoagulation; AAD, antiarrythmic drugs; LAAC, left atrial appendage closure; N/D, no data; CABG, coronary artery bypass graft; ATLAS, AtriClip® Left Atrial Appendage Exclusion Concomitant to Structural
Heart Procedures; LAAOS, Left Atrial Appendage Occlusion Study; LAACS, The Left Atrial Appendage Closure by Surgery. *End-stage renal disease. {Documented preoperative AF.
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Renal/Liver Function, Stroke, Bleeding History or Predis-
position, Labile INR, Elderly, Drugs/Alcohol Concomi-
tantly scores were seldom reported, as was information on
background baseline medication. The prevalence of AF
varied across studies and ranged from 0% to
100% 310111328313 E2EAESET v and colleagues® pro-
vide outcome data for patients with AF and those without
separately. In studies labeled as predominantly AF, 99.7%
of patients had preoperative AF. Preoperative AF frequency
in the predominantly non-AF group was 32.5%. Table 2
lists patient and procedure-related characteristics.

LAA ligation was preferred method for LAAC across the
included studies,”®*'**3%-F3+E3E0 gtapling and amputation
together with device closure were adopted as well. The At-
riClip device (AtriCure) was used exclusively in 1 study.'
However, data of LAAC technique and associated outcomes
were largely missing.

Bias analysis revealed that most observational studies
were of moderate quality driven by excess in selection
bias; signs of reporting bias were seen across included
RCTs (Table 1). Detailed bias assessment is available as
Tables E4 and ES5. Follow-up of the included studies ranged
from in-hospital/30 days to 109 months.'”

Mortality

Seventeen studies (403,691 patients) were included in the
analysis of early mortality. Overall, 8150 (2.02%) patients
died in-hospital or within 30-days postoperative with mor-
tality rates of 2.04% and 2.02% for LAAC and no
LAAC, respectively. In random effects model, there was
no difference between LAAC and no LAAC in terms of
mortality (RR, 0.94; 95% CI, 0.73-1.21; P = .61;
I? = 84%). Similarly, no differences were seen when strat-
ified according to preoperative AF (P value for subgroup
differences = .27) (Figure 2). Twenty-five studies
(432,318 patients) were included in the analysis of longest
available follow-up. Mean weighted follow-up duration
was 14.7 months; 24,918 patients accounting for 5.8% of
the total population died: 6.52% versus 5.64% in the
LAAC and no LAAC groups, respectively. Statistically,
there was a borderline statistical significance in favor of
LAAC in the overall analysis (RR, 0.86; 95% ClIs, 0.74-
1.00; P = .05, > = 88%), which was driven by lower mor-
tality in subgroup of patients with underlying preoperative
AF (RR, 0.85; 95% CI, 0.72-1.01; P = .06; I* = 91%)
(Figure 3). When adjusted for the duration of follow-up,
the magnitude and direction of the estimates were main-
tained in the analysis of RateRs (RateR, 0.83; 95% ClI,
0.71-0.97; P = .02; I* = 89%), again driven by the benefit
in patients with preoperative AF (RateR, 0.85; 95% CI,
0.71-1.01; P = .07; I* = 90%) (Figure El).

Stroke

Seventeen studies (634,774 patients) were included in the
analysis of early stroke. Overall, 27,197 (4.28%) patients
experienced in-hospital or within 30-days postoperative
stroke with corresponding rates of 3.00% and 4.46% for
LAAC and no LAAC, respectively. In the random effects
model, this was associated with statistically significant,
nearly 20% reduction of stroke risk with LAAC compared
with no LAAC (RR, 0.81; 95% CI, 0.72-0.93; P = .002;
PP = 57%). LAAC was associated with reduced risk of
stroke in patients with underlying AF (RR, 0.81; 95% CI,
0.71-0.93; P = .003; P = 71%), whereas such a benefit
was absent in patients without previously diagnosed AF
(RR, 0.81; 95% CI, 0.54-1.20; P = .45; I* = 0%) (P for
subgroup differences = .11) (Figure 4). For the analysis
of longest available follow-up for stroke, 24 studies
(640,100 patients) provided data of interest. Analysis of
publication bias is available as Figure 5, A, and revealed
no big-study effect. Egger test returned at P = .005. At
weighted mean follow-up of 9.47 months, 29,887 patients
(4.66%) experienced a stroke: 3.77% versus 4.80% in
the LAAC and no LAAC groups, respectively, which trans-
lated to statistically significant benefit of 13% RR (RR,
0.87; 95% CI, 0.84-0.90; P <.00001; I* = 58%). When pa-
tients were analyzed according to AF status before surgery;
in those who had preoperative AF, the benefit was sustained
(RR, 0.87; 95% CI, 0.84-0.91; P < .00001; I* = 70%),
whereas there was no statistical significance in the subgroup
of patients without prior AF (RR, 0.83; 95% CI, 0.63-1.09;
P=17; P = 0%) (Figure 5, B). When adjusted for the
duration of follow-up, the magnitude and direction of the
estimates were maintained in the analysis of RateRs
(RateR, 0.79; 95% CI, 0.70-0.88; P < .0001; I* = 56%),
again driven by the benefit in patients with preoperative
AF (RateR, 0.78; 95% CI, 0.69-0.88; P < .0001;
I? = 68%) (Figure E2).

Sensitivity Analyses

Meta-analyses limited to RCTs and propensity score-
matched studies showed no difference in the direction and
magnitude of the estimates; LAAC was associated with
significantly reduced all-cause mortality at longest avail-
able follow-up (RR, 0.83; 95% CI, 0.70-0.98; P = .03;
P = 57%) with marked differences between estimates in
preoperative AF and no preoperative AF subgroups (RR,
0.76; 95% CI, 0.60-0.95; P = .02; I* = 67% vs RR, 0.99;
95% CI, 0.83-1.19; P = .95; I = 1%) (Psubgroups = -07)
(Figure E3). LAAC was further associated with signifi-
cantly reduced (by 36%) risk of stroke at longest available
follow-up (RR, 0.64; 95% CI, 0.53-0.77; P < .00001;
P = 21%) with marked differences between estimates in
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LAAC no-LAAC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight [V, Random, 95% CI IV, Random, 95% ClI
1.1.1 RCTs in predominantly AF
Jiang S et al. 2020 9 364 2 179 2.9% 2.21[0.48, 10.14] e I —
Whitlock RP et al. 2021 [LAAOS 1] 89 2379 95 2391 15.3% 0.94[0.71, 1.25] e
Subtotal (95% CI) 2743 2570 18.2% 1.03 [0.62, 1.70] <P
Total events 98 97
Heterogeneity: Tau2 = 0.05; Chi2 =1.17, df =1 (P=.28); I2=15%
Test for overall effect: Z=0.10 (P = .92)
1.1.2 Observational studies in predominantly AF
Elbadawi A et al. 2017 (CABG) 40 2519 35 12,595 12.4% 5.71[3.64, 8.98] —
Elbadawi A et al. 2017 (VALVE) 10 652 32 652 8.6% 0.31[0.15, 0.63] -
Enginoev S et al. 2020 0 57 3 68  0.9% 0.17[0.01, 3.22]
Hadaya J et al. 2022 247 8792 351 9642 17.0% 0.77 [0.66, 0.91] -
Lee CH etal. 2014 0 187 1 192 0.8% 0.34[0.01, 8.35]
Mahmood E et al. 2020 387 17,763 5129 235524 17.6% 1.00{0.90, 1.11] *
Mehaffey JH et al. 2023 363 23,338 1213 80,044 17.5% 1.03[0.91, 1.15] r
Wilbring M et al. 2016 13 240 5 87 5.6% 0.94[0.35, 2.57] —
Zheng Y et al. 2020 1 137 4 360 1.5% 0.66 [0.07, 5.83]
Subtotal (95% Cl) 53,685 339,164 81.8% 1.05 [0.75, 1.46] 4
Total events 1061 6773
Heterogeneity: Tau? = 0.13; Chi2 = 79.89, df = 8 (P < .00001); 12 = 90%
Test for overall effect: Z=0.29 (P =.78)
Total (95% ClI) 56,428 341,734 100.0% 1.06 [0.80, 1.41] &
Total events 1159 6870
Heterogeneity: Tau2 = 0.12; Chi2 = 81.09, df = 10 (P < .00001); 12 = 88%
Test for overall effect: Z=0.39 (P =.70)
Test for subgroup differences: Chi2 = 0.00, df = 1 (P=.94), 12=0%
1.1.3 RCTs in predominantly non-AF
Gerdisch MW et al. 2022 [ATLAS] 10 376 3 186 13.8% 1.65[0.46, 5.92] e
Healey JS et al. 2005 [LAAOS] 0 52 0 25 Not estimable
Jiang S et al. 2020 2 157 4 160 8.9% 0.51[0.09, 2.74] —_—
Nagpal AD et al. 2009 0 22 0 21 Not estimable
Subtotal (95% CI) 607 392 22.6% 1.05 [0.34, 3.21] —~—
Total events 12 7
Heterogeneity: Tau2 = 0.11; Chi2 = 1.19, df = 1 (P=.28); 2= 16%
Test for overall effect: Z=0.08 (P = .94)
1.1.4 Observational studies in predominantly non-AF
Kato TS et al. 2015 7 369 29 1462  24.9% 0.96 [0.42, 2.17] ——
Melduni RM et al. 2017 12 461 24 461 30.0% 0.50 [0.25, 0.99] —a—
Zapolanski A et al. 2013 6 808 24 969 22.5% 0.30[0.12, 0.73] —
Subtotal (95% Cl) 1638 2892 77.4% 0.53 [0.29, 0.98] o
Total events 25 77
Heterogeneity: Tau2 = 0.13; Chi2 = 3.61, df =2 (P = .16); I2 = 45%
Test for overall effect: Z=2.03 (P = .04)
Total (95% CI) 2245 3284 100.0% 0.62 [0.36, 1.07] P
Total events 37 84
Heterogeneity: Tau? = 0.14; Chi2 = 6.30, df =4 (P =.18); 12=37%
Test for overall effect: Z=1.73 (P = .08)
Test for subgroup differences: Chi2 = 1.09, df = 1 (P =.30), 12=7.9%
Total (95% CI) 58,673 345,018 100.0% 0.94[0.73, 1.21]
Total events 1196 6954
Heterogeneity: Tau2 = 0.12; Chi2 = 92.90, df = 15 (P < .00001); 12 = 84% T T 1 T 1
Test for overall effect: Z=0.51 (P = .61) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 = 3.92, df = 3 (P =.27), 12=23.5%

Favours LAAC Favours no-LAAC

FIGURE 2. Meta analysis of early (in-hospital/30-day) mortality for the comparison of left atrial appendage closure (LAAC) versus no-LAAC stratified by
presence or not of preoperative atrial fibrillation (AF). Blue squares correspond to single studies’ point estimates with 95% CI; red diamonds are the risk
ratios (RRs) results of meta-analysis for subgroups of randomized controlled trials and observational studies; blue squares represent the LAAC effect in the
subgroups of AF and non-AF, whereas red square is the overall result. IV, Inverse variance; CI, confidence interval; RCT, randomized clinical trial; LAAOS,
Left Atrial Appendage Occlusion Study; CABG, coronary artery bypass grafting.
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Heterogeneity: Tau? = 0.06; Chi2 = 132.13, df = 12 (P < .00001); 12 = 91%
Test for overall effect: Z=2.10 (P = .04)

LAAC no-LAAC Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 RCTs in predominantly AF
Jiang S et al. 2020 9 364 2 179 1.1% 2.21[0.48,10.14] —
Whitlock RP et al. 2013 [LAAOS 1] 2 26 3 25 0.9% 0.64[0.12, 3.52] B
Whitlock RP et al. 2021 [LAAOS 1] 538 2379 537 2391 11.1% 1.01[0.91, 1.12] T
Subtotal (95% CI) 2769 2595 13.2% 1.01[0.91, 1.12]
Total events 549 542
Heterogeneity: Tau? = 0.00; Chi2 = 1.30, df =2 (P = .52); 2= 0%
Test for overall effect: Z=0.17 (P = .87)
1.2.2 Observational studies in predominantly AF
Abrich VA et al. 2018 22 188 13 93 4.4% 0.84 [0.44, 1.59] —
Elbadawi A et al. 2017 (CABG) 40 2519 35 12,595 6.4% 5.71[3.64, 8.98] —_—
Elbadawi A et al. 2017 (VALVE) 10 652 32 652 3.9% 0.31[0.15, 0.63] —_—
Enginoev S et al. 2020 3 57 11 68 1.6% 0.33[0.10, 1.11] s —
Friedman DJ et al. 2018 651 3892 1531 6632 11.3% 0.72[0.67, 0.79] -
Hadaya J et al. 2022 247 8792 351 9642 10.5% 0.77 [0.66, 0.91] -
Johnsrud DO et al. 2018 24 62 32 62 71% 0.75[0.51, 1.11] -
Lee CH et al. 2014 6 187 10 192 2.3% 0.62[0.23, 1.66] —
Mahmood E et al. 2020 387 17,763 5129 235,524 11.2% 1.00[0.90, 1.11] *
Mehaffey JH et al. 2023 2000 23,338 9992 80,044 11.5% 0.69 [0.66, 0.72] -
Wilbring M et al. 2016 30 240 19 87 5.6% 0.57 [0.34, 0.96] —
Yao X et al. 2018 199 3219 285 3219  10.4% 0.70[0.59, 0.83] -
Zheng Y et al. 2020 2 137 7 360 0.5% 0.88[0.09, 8.35]
Subtotal (95% CI) 61,046 349,170 86.8% 0.82 [0.69, 0.99] ¢
Total events 3621 17,447

9

Total (95% Cl) 63,815

Total events 4169 17,985
Heterogeneity: Tau? = 0.06; Chi2 = 164.47, df = 15 (P < .00001); 12 =91%
Test for overall effect: Z = 1.88 (P = .06)

Test for subgroup differences: Chi2 = 3.60, df = 1 (P =.06), I12=72.2%

351,765 100.0%

1.2.3 RCTs in predominantly non-AF

Gerdisch MW et al. 2022 [ATLAS] 20 376 4 186 6.9%
Healey JS et al. 2005 [LAAOS] 0 52 0 25

Jiang S et al. 2020 2 157 4 160 3.1%
Nagpal AD et al. 2009 0 22 0 21
Park-Hansen J et al. 2018 [LAACS] 12 101 12 86 11.8%
Subtotal (95% CI) 708 478 21.8%
Total events 34 20

Heterogeneity: Tau? = 0.23; Chi2 = 3.50, df =2 (P =.17); 12 = 43%

Test for overall effect: Z =0.26 (P = .80)

1.2.4 Observational studies in predominantly non-AF

Kato TS et al. 2015 7 369 29 1462 10.3%
Melduni RM et al. 2017 128 469 2480 9323 35.3%
Yao X et al. 2018 44 1076 50 1076 23.5%
Zapolanski A et al. 2013 6 808 24 969 9.1%
Subtotal (95% CI) 2722 12,830 78.2%
Total events 185 2583

Heterogeneity: Tau2 = 0.07; Chi2 = 7.44, df = 3 (P = .06); 12 = 60%
Test for overall effect: Z = 0.98 (P = .33)

Total (95% CI)

Total events 219 2603
Heterogeneity: Tau2 = 0.06; Chi2 = 11.10, df = 6 (P =.09); I2 = 46%
Test for overall effect: Z=0.72 (P = .47)

Test for subgroup differences: Chi2 = 0.39, df = 1 (P=.53), I2=0%

3430 13,308 100.0%

Total (95% Cl) 67,245

Total events 4388 20,588
Heterogeneity: Tau? = 0.06; Chi2 = 188.74, df = 22 (P < .00001); 12 = 88%
Test for overall effect: Z = 1.99 (P = .05)

Test for subgroup differences: Chi2 = 4.28, df = 3 (P =.23), 12=29.9%

365,073 100.0%

0.85 [0.72, 1.01]

2.47[0.86, 7.13]
Not estimable
0.51[0.09, 2.74]
Not estimable
0.85[0.40, 1.80]
1.11 [0.49, 2.56]

0.96 [0.42, 2.17
1.03[0.88, 1.19
0.88[0.59, 1.31
0.30[0.12, 0.73
0.83 [0.58, 1.20]

0.89 [0.66, 1.22]

0.86 [0.74, 1.00]

I
0.01

T T 1
0.1 1 10 100
Favours LAAC Favours no-LAAC

FIGURE 3. Meta analysis of longest available follow-up mortality for the comparison of LAAC versus no-LAAC stratified by presence- or no of preop-
erative atrial fibrillation. Remaining information as in the Figure 2 legend. LAAC, Left atrial appendage closure; IV, inverse variance; CI, confidence interval;
RCT, randomized clinical trial; LAAOS, Left Atrial Appendage Occlusion Study; CABG, coronary artery bypass grafting.
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LAAC no-LAAC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 RCTs in predominantly AF
Jiang S et al. 2020 1 364 8 179 0.4% 0.06 [0.01, 0.49] _—
Subtotal (95% CI) 364 179 0.4% 0.06 [0.01, 0.49] e
Total events 1 8

Heterogeneity: Not applicable
Test for overall effect: Z = 2.64 (P = .008)

1.3.2 Observational studies in predominantly AF

Abrich VA et al. 2018 1 188 4 93  0.4% 0.12[0.01, 1.09]

Elbadawi A et al. 2017 (CABG) 50 2519 396 12,595 11.9% 0.63[0.47, 0.84] -
Elbadawi A et al. 2017 (VALVE) 16 652 30 652  4.4% 0.53[0.29, 0.97] —
Enginoev S et al. 2020 0 57 4 68 0.2% 0.13[0.01, 2.40]

Hadaya J et al. 2022 141 8792 225 9642 16.0% 0.69 [0.56, 0.85] -
Juo YY et al. 2018 198 20,664 1969 213,978 19.7% 1.04 [0.90, 1.20] r
Lee CH et al. 2014 1 187 1 192 0.2%  1.03[0.06, 16.30]

Mahmood E et al. 2020 1407 17,763 20,254 235,524 24.3% 0.92[0.87, 0.97] n
Mehaffey JH et al. 2023 488 23,338 1885 80,044 22.3% 0.89 [0.80, 0.98] L
Subtotal (95% CI) 74,160 552,788 99.6% 0.83 [0.73, 0.94] ¢
Total events 2302 24,768

Heterogeneity: Tau2 = 0.01; Chi2 = 24.64, df = 8 (P = .002); 12 = 68%

Test for overall effect: Z = 2.88 (P = .004)

Total (95% CI) 74,524 552,967 100.0% 0.81[0.71, 0.93] ¢

Total events 2303 24,776
Heterogeneity: Tau? = 0.02; Chi2 = 31.11, df = 9 (P = .0003); 12 = 71%
Test for overall effect: Z =2.92 (P = .003)

Test for subgroup differences: Chi2 = 6.06, df = 1 (P=.01), I2=83.5%

1.3.3 RCTs in predominantly non-AF

Gerdisch MW et al. 2022 [ATLAS] 0 178 2 71 1.7% 0.08[0.00, 1.66] <=

Healey JS et al. 2005 [LAAOS] 1 52 0 25 1.5%  1.47[0.06, 34.90]

Jiang S et al. 2020 2 157 1 160 2.7% 2.04 [0.19, 22.25] —
Nagpal AD et al. 2009 0 22 0 21 Not estimable

Subtotal (95% Cl) 409 277 6.0%  0.70[0.10, 5.06] —_— T
Total events 3 3

Heterogeneity: Tau2 = 0.99; Chi2 = 2.94, df =2 (P = .23); I2 = 32%

Test for overall effect: Z=0.36 (P =.72)

1.3.4 Observational studies in predominantly non-AF

Kato TS et al. 2015 13 369 44 1462  42.0% 1.17 [0.64, 2.15] -
Kim R et al. 2013 13 1405 10 662 23.1% 0.61[0.27, 1.39] —a
Melduni RM et al. 2017 4 461 5 461 9.1% 0.80[0.22, 2.96] —
Zapolanski A et al. 2013 7 808 16 969 19.9% 0.52[0.22, 1.27] —
Subtotal (95% CI) 3043 3554 94.0% 0.81 [0.54, 1.22] <&

Total events 37 75

Heterogeneity: Tau? = 0.00; Chi2 = 2.78, df = 3 (P = .43); 12=0%

Test for overall effect: Z =1.00 (P =.32)

Total (95% Cl) 3452 3831 100.0% 0.81 [0.54, 1.20] <&

Total events 40 78

Heterogeneity: Tau? = 0.00; Chi2 = 5.73, df =6 (P = .45); 12=0%

Test for overall effect: Z=1.06 (P = .29)

Test for subgroup differences: Chi2 = 0.02, df =1 (P=.88), 12=0%

Total (95% Cl) 77,976 556,798 100.0% 0.81 [0.72, 0.93]

Total events 2343 24,854

Heterogeneity: Tau2 = 0.02; Chi2 = 37.13, df = 16 (P =.002); |12 = 57% T T T 1
Test for overall effect: Z = 3.14 (P = .002) 0.005 0.1 1 10 200

Test for subgroup differences: Chi2 = 6.09, df = 3 (P=.11), 12 =50.7%

Favours LAAC Favours no-LAAC

FIGURE 4. Meta analysis of early (in-hospital/30-day) stroke for the comparison of left atrial appendage closure (LAAC) versus no-LAAC stratified by
presence- or not of preoperative atrial fibrillation. Remaining information as in the Figure 2 legend. IV, Inverse variance; CI, confidence interval; RCT, ran-

domized clinical trial; CABG, coronary artery bypass grafting; LAAOS, Left Atrial Appendage Occlusion Study.

preoperative AF and no preoperative AF subgroups (RR,
0.58; 95% CI, 0.47-0.71; P < .00001; I* = 20% vs RR,
0.87; 95% CI, 0.64-1.17; P = .63; I = 0%)
(Psubgroups = -03) (Figure E4). Estimates of log RR to

142 JTCVS Open * June 2024

account for studies reporting 0 events are available in
Figures E5-ES8 for all-cause mortality and stroke at early-
and long-term follow-up, respectively; these reflect the find-
ings of RRs of the meta-analyses in full. Removing single
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FIGURE 5. A, Funnel plot for the assessment of publication bias. B, Meta-analysis of longest available follow-up stroke for the comparison of left atrial
appendage closure (LAAC) versus no-LAAC stratified by presence or not of preoperative atrial fibrillation. Remaining information as in the Figure 2 legend.
SE, standard error; RR, risk ratios; AF, atrial fibrillation; IV, inverse variance; CI, confidence interval; RCT, randomized clinical trial; LAAOS, Left Atrial

Appendage Occlusion Study; CABG, coronary artery bypass grafting.

studies, 1 at a time, and repeating the calculations did not
alter the direction of the estimates.

DISCUSSION

The current systematic review and meta-analysis has
investigated the associations between concomitant LAAC
with all-cause mortality and stroke in patients undergoing
cardiac surgery for another indication with or without pre-
operative AF. Its main findings are as follows: concomitant
LAAC was associated with borderline statistically signifi-
cant reductions in long-term mortality that were limited to
patients with underlying AF, early mortality was unaltered,
and both 30-day/in-hospital and long-term stroke rates were
significantly reduced with the strategy of LAAC but these
were limited to patients with preoperative AF (Figure 6).

Pathophysiology Beyond Clot Formation and
Rationale Behind LAAC

The LAA is a small, pouch-like extension located in the
left atrium of the heart. It is a remnant of the embryonic left
atrium and has a complex internal structure with trabecula-
tions and recesses.”' This complex structure provides an
ideal environment for blood stasis and turbulence, facili-
tating the formation of blood clots or thrombi.”*'""*'> On
the other hand, LAA has, indeed, reservoir, contractile,
and endocrine functions as well, and its occlusion at the
time of cardiac surgery is not without consequences.

Because the LAA is a more distensible chamber than the
left atrium,El3 it serves as a decompression chamber for
the LA and protects it from acute pressure increases.

Factors that influence rates of surgical LAAC include the
type of performed procedure, geographic region and associ-
ated reimbursement policies.”'* Recently, knowing the
encouraging results in patients with preoperative AF,
LAAC is becoming of interest also in patients without AF
for prevention of thromboembolic events early after surgery
and in case POAF develops in the long-term. LAAOS was
the first study to address LAAC for patients with high risk
of developing postoperative stroke rather than those who
had preoperative AE.>? Although limited in sample size
and underpowered for events assessment, it paved the way
for the future studies.

LAAC and Mortality

The current meta-analysis found that LAAC was associ-
ated with borderline significant reduction in all-cause mor-
tality observed at longest available follow-up. Furthermore,
although this benefit was solely present in patients with un-
derlying AF, there were no differences between LAAC and
no LAAC within the first 30 days postoperatively. One plau-
sible explanation for the observed reduction in long-term
all-cause mortality associated with concomitant LAAC in
patients with preexisting AF is the potential role of throm-
boembolic events burden. By closing off the LAA,
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LAAC no-LAAC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 RCTs in predominantly AF
Jiang S et al. 2020 1 364 8 179 0.3% 0.06 [0.01, 0.49]
Whitlock RP et al. 2013 [LAAOS I1] 1 26 3 25 0.3% 0.32[0.04, 2.88] —
Whitlock RP et al. 2021 [LAAOS 1] 109 2379 164 2391  11.5% 0.67 [0.53, 0.85] -
Subtotal (95% CI) 2769 2595 12.2% 0.31[0.07, 1.30] -
Total events 111 175
Heterogeneity: Tau? = 1.03; Chi2 = 5.42, df =2 (P=.07); 2= 63%
Test for overall effect: Z = 1.60 (P=.11)
1.4.2 Observational studies in predominantly AF
Abrich VA et al. 2018 7 188 8 93 1.4% 0.43[0.16, 1.16] —
Elbadawi A et al. 2017 (CABG) 50 2519 396 12,595 9.4% 0.63[0.47, 0.84] -
Elbadawi A et al. 2017 (VALVE) 16 652 30 652 3.5% 0.53[0.29, 0.97] —
Enginoev S et al. 2020 0 57 9 68 0.2% 0.06 [0.00, 1.05]
Hadaya J et al. 2022 323 8792 433 9642 15.8% 0.82[0.71, 0.94] -
Johnsrud DO et al. 2018 4 62 9 62 1.1% 0.44[0.14,1.37] —
Juo YY et al. 2018 198 20,664 1969 213,978 15.6% 1.04 [0.90, 1.20] *
Lee CH et al. 2014 2 187 3 192 0.5% 0.68[0.12, 4.05]
Mahmood E et al. 2020 1407 17,763 20,254 235,524 19.4% 0.92[0.87, 0.97] L
Mehaffey JH et al. 2023 813 23,338 3428 80,044 18.6% 0.81[0.75, 0.88] n
Wilbring M et al. 2016 8 240 10 87 1.7% 0.29[0.12, 0.71] —_—
Zheng Y et al. 2020 2 137 6 360 0.6% 0.88[0.18, 4.29] —_—
Subtotal (95% CI) 74,599 553,297 87.8% 0.81[0.72, 0.91] ¢
Total events 2830 26,555
Heterogeneity: Tau? = 0.01; Chi2 = 33.82, df = 11 (P =.0004); I2 = 67%
Test for overall effect: Z = 3.46 (P = .0005)
Total (95% Cl) 77,368 555,892 100.0% 0.78 [0.69, 0.88] ¢
Total events 2941 26,730
Heterogeneity: Tau? = 0.02; Chi2 = 45.98, df = 14 (P < .0001); I2 = 70%
Test for overall effect: Z = 4.07 (P < .0001)
Test for subgroup differences: Chi2 =1.72, df = 1 (P=.19), I2 = 42.0%
1.4.3 RCTs in predominantly non-AF
Gerdisch MW et al. 2022 [ATLAS] 3 178 2 71 2.4% 0.60[0.10, 3.51] —
Healey JS et al. 2005 [LAAOS] 1 52 0 25 0.7% 1.47 [0.06, 34.90]
Jiang S et al. 2020 2 157 1 160 1.3% 2.04[0.19, 22.25] _—
Nagpal AD et al. 2009 0 22 0 21 Not estimable
Park-Hansen J et al. 2018 [LAACS] 3 101 8 86 4.5% 0.32[0.09, 1.17] L
Subtotal (95% ClI) 510 363 8.9% 0.56 [0.23, 1.41] P
Total events 9 11
Heterogeneity: Tau? = 0.00; Chi2 = 2.21, df =3 (P =.53); 12 = 0%
Test for overall effect: Z =1.22 (P = .22)
1.4.4 Observational studies in predominantly non-AF
Kato TS et al. 2015 13 369 44 1462 20.2% 1.17 [0.64, 2.15] ——
Kim R et al. 2013 13 1405 10 662 11.1% 0.61[0.27, 1.39] —
Melduni RM et al. 2017 44 461 49 461  50.2% 0.90[0.61, 1.32]
Zapolanski A et al. 2013 7 808 16 969 9.6% 0.52[0.22, 1.27] %
Subtotal (95% CI) 3043 3554 91.1% 0.86 [0.64, 1.14]
Total events 77 119
Heterogeneity: Tau? = 0.00; Chi2 = 2.90, df =3 (P = .41); 12=0%
Test for overall effect: Z = 1.04 (P = .30)
Total (95% CI) 3553 3917 100.0% 0.83[0.63, 1.09] <&
Total events 86 130
Heterogeneity: Tau? = 0.00; Chi2 = 5.84, df =7 (P = .56); 12=0%
Test for overall effect: Z=1.36 (P=.17)
Test for subgroup differences: Chi2 = 0.74, df =1 (P=.39), 12=0%
Total (95% CI) 80,921 559,809 100.0% 0.78 [0.70, 0.88]
Total events 3027 26,860
Heterogeneity: Tau? = 0.02; Chi2 = 51.95, df = 22 (P = .0003); |12 = 58% ! ! ! '

0.005 0.1 1 10 200

Test for overall effect: Z = 4.33 (P < .0001)
Test for subgroup differences: Chi2 = 2.49, df = 3 (P=.48), 12=0%

B

FIGURE 5. (Continued).
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In the systematic review and meta-analysis, concomitant LAAC was associated with reduced all-cause mortality and

stroke rates but the benefit was limited to patients with preoperative AF. There is not enough evidence to

support routine concomitant LAAC in non-AF setting but these data are highly anticipated.

FIGURE 6. Graphical Abstract. SE, standard error; RR, risk ratios; AF, atrial fibrillation; LAAC, left atrial appendage closure.

concomitant LAAC effectively mitigates the risk of embolic
events, including stroke, which in turn could contribute to
improved long-term survival rates in these patients. The
LAAOS III study found that, at 3.8 years, all-cause mortal-
ity was unchanged with either approach. Another explana-
tion of mortality reductions beyond LAAC in long-term
seems to be oral anticoagulation (OAC) compliance;
indeed, 1 interesting finding available from Yao and col-
leagues’ and addressing relationship between OAC, AF,
LAAO, and long-term mortality rates found gradient rates
of 1.42, 2.55, 2.75, and 3.69 for no AF and OAC, no AF
and no OAC, AF and OAC, and AF and no OAC, respec-
tively, in the LAAC group; in patients in whom LAAC
was not performed, the corresponding rates were 1.30,
2.77,4.53, and 5.32, suggesting mortality differences favor
OAC regardless of AF status and higher mortality reduc-
tions with LAAC in patients with underlying AF were
even higher when OAC was continued; of note, 77% of
LAAOS III patients had their OAC maintained throughout
the study period, which may have contributed to the neutral
findings on mortality.

Melduni and colleagues'” reported on the first propensity
score-matched analysis and demonstrated that survival was
not different between patients who underwent surgical

exclusion of the LAA during non—AF-related cardiac sur-
gery and those who did not. However, the decision
regarding long-term anticoagulation following LAA
closure was left to the discretion of the treating physicians
in this study and whether it was safe to discontinue OAC
in patients without AF after LAAC regardless their high
CHA,DS,VASc indices remains to be elucidated.

LAAC and Stroke

The main rationale behind LAAC is stroke-risk reduc-
tion. Although the results are overall inconsistent, the ma-
jority of observational studies reported a reduction in
stroke incidence, and the recently published results of the
landmark LAAOS III trial confirmed that occlusion of
LAA is safe and results in reduction of thromboembolic
burden in patients with AF.'*"'> Our study confirmed that
LAAC reduces the risk of early and late stroke by 19%
and 13%, respectively. However, similarly to the mortality
analysis, the benefit was mainly driven by the group of pa-
tients with preoperative AF because the reduction in stroke
incidence was not apparent nor statistically significant in
patients without AF.

Due to the fact that the concept of LAAC is well
grounded in patients with AF and recent studies have
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brought evidence of its efficacy and safety, clinicians started
to advocate for the addition of the procedure to the overall
group of patients undergoing cardiac surgery. Justification
of such an approach includes the fact that postoperative
AF may occur in up to one-third of patients undergoing
heart surgery and, concurrently, introduce significantly
increased risk of future AF and cerebral infarction.”'**"’
The Left Atrial Appendage Closure by Surgery trial, which
investigated the addition of LAAC to the concomitant sur-
gery, reported the significant reduction of composite end
point rates, including ischemic stroke, transient ischemic
attack, or imaging abnormalities. However, the stroke-
alone rate difference between the 2 groups in this study
was only numerical.'® Recently, the AtriClip Left Atrial
Appendage Exclusion Concomitant to Structural Heart Pro-
cedures trial confirmed the high success and low complica-
tion rates of LAAC performance with the AtriClip device in
patients with CHA,DS,VASc score > 2 and no history of
AF."” Once again, no significant reduction in stroke inci-
dence was reported. The benefit of LAAC addition was
confirmed by Kim and colleagues™ and Endo and collea-
gues™'® in the corresponding subgroup analysis. Both
studies confirmed that LAAC decreases the risk of stroke,
but only in patients who developed POAF. Hopefully, the
currently ongoing The Left Atrial Appendage Exclusion
for Prophylactic Stroke Reduction trial will shed more light
on the issue of prophylactic LAAC in patients without a his-
tory of AF."'? Similarly the randomized prospective multi-
center trial for stroke prevention by prophylactic surgical
closure of the left atrial appendage in patients undergoing
bioprosthetic aortic valve surgery (LAA-CLOSURE trial),
aims to investigate outcomes of prophylactic surgical
LAAC in patients undergoing surgical aortic valve replace-
ment.”*’ The study’s secondary end points include hospital-
ization for decompensated heart failure, which will shed
more light on the controversies regarding decrease in natri-
uretic peptide concertation, leading to fluid retention and
heart failure decompensation.”"”

In terms of stroke reduction in patients with AF, our re-
sults confirm previous findings by Gutierrez and collea-
gues.”"” The authors showed that the benefit of LAAC
was only reported in studies that enrolled >70% of patients
with AF and no effect was seen in studies with <30% rate of
preoperative AEF! Although the reduction in embolism
risk in patients with AF after surgical LAAC is apparent,
the question regarding optimal technique remains unan-
swered. Concerns remain regarding the risk of incomplete
occlusion and residual flow making the procedure ineffec-
tive. According to Jang and colleagues,”™' the incidence
of unsuccessful LAAC varies from 0% with the epicardial
clipping device up to 30% with the surgical ligation tech-
nique. With this fact is related the problem of the anticoagu-
lation regimen. Currently the data on the safety of OAC
cessation after surgical LAAC are inconclusive.
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Limitations

The current analysis shares and reflects the limitations of
the included single studies. There was a high proportion of
observational studies in which the selection bias cannot be
ruled out; some studies report on in-hospital outcomes only.
We observed high degree of heterogeneity in both the ana-
lyses of stroke and mortality. Although we accounted for
between- and within-study variability with random effects
models employed in the meta-analysis that assigns wider
CIs to final point estimates, certain differences between
studies remain and therefore the results cannot be general-
ized to the entire population; that is, the presence of under-
lying AF, protocol-mandated OAC, history of prior
cerebrovascular events, heart failure status, and type of sur-
gical procedures. None of the studies reported on outcomes
depending on LAAC technique in case more than 1 was
adopted, making inferences about recanalization with sim-
ple purse string suture impossible. Moreover, only 8 out of
25 included studies reported rates of POAF. Finally, patients
at different risks for developing stroke were included in the
single studies and thus the meta-analysis; only half of the
studies provided CHA,DS,VASc score, 6 studies provided
information regarding OAC at baseline, 12 provided infor-
mation regarding OAC at discharge, and 3 provided infor-
mation on OAC compliance at follow-up, making the
associations of LAAC with reduced mortality limited.
On the other hand, we conducted a series of sensitivity
analyses, including those accounting for durations of
follow-up and excluding observational nonadjusted
studies,ml’ﬁﬂ and found the direction and magnitude of
estimates to support the main results.

CONCLUSIONS

Concomitant LAAC was associated with reduced stroke
rates at early, long-term, and possibly reduced all-cause
mortality, but the benefits were limited to patients with pre-
operative AF. There is not enough evidence to support
routine concomitant LAAC in non-AF settings.
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Adult: Arrhythmias

Kowalewski et al

no-LAAC

LAAC Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 predominantly AF
Abrich VA et al. 2018 —0.17774937 0.34982513 188 93 3.3% 0.84 [0.42, 1.66] —
Elbadawi A et al. 2017 (CABG) 1.7429693 0.23145503 2519 12,595 5.0% 5.71[3.63, 8.99] _
Elbadawi A et al. 2017 (VALVE) -1.16315081 0.36228442 652 652 3.1% 0.31[0.15, 0.64] —_—
Enginoev S et al. 2020 —1.12282655 0.65133895 57 68 1.3% 0.33[0.09, 1.17] I
Friedman DJ et al. 2018 —0.3221835 0.0467896 3892 6632 8.3% 0.72[0.66, 0.79] -
Hadaya J et al. 2022 -0.25911155 0.08305171 8792 9642 7.8% 0.77 [0.66, 0.91] -
Jiang S et al. 2020 0.7943203 0.781736 364 179 0.9% 2.21[0.48, 10.24] —
Johnsrud DO et al. 2018 —0.28768207 0.27003086 62 62 4.3% 0.75[0.44, 1.27] —
Lee CH et al. 2014 —0.48443887 0.51639778 187 192 1.9% 0.62[0.22, 1.69] —
Mahmood E et al. 2020 0.00045388 0.05271574 17,763 235,524 8.3% 1.00[0.90, 1.11]
Mehaffey JH et al. 2023 —0.37614404 0.02449653 23,338 80,044 8.5% 0.69 [0.65, 0.72]
Whitlock RP et al. 2013 [LAAOS Il] —0.44468582 0.91287093 26 25 0.7% 0.64 [0.11, 3.84] —
Whitlock RP et al. 2021 [LAAOS lll]  0.00689192 0.06099946 2379 2391 8.2% 1.01[0.89, 1.13]
Wilbring M et al. 2016 —0.5579724 0.29319774 240 87 4.0% 0.57[0.32, 1.02] —
Yao X et al. 2018 —0.4242956  0.0923791 3219 3219 7.7% 0.65 [0.55, 0.78] -
Zheng Y et al. 2020 —-0.13248918 1.15470054 137 360 0.5% 0.88[0.09, 8.42]
Subtotal (95% ClI) 63,815 351,765 73.7% 0.85[0.71,1.01] 4
Heterogeneity: Tau? = 0.07; Chi2 = 156.18, df = 15 (P < .00001); 12 = 90%
Test for overall effect: Z = 1.81 (P =.07)
1.1.2 predominantly non-AF
Gerdisch MW et al. 2022 [ATLAS] 0.90559544 0.54772256 376 186 1.7% 2.47 [0.85, 7.24] T
Jiang S et al. 2020 -0.6742192  0.8660254 157 160 0.8% 0.51[0.09, 2.78] —
Kato TS et al. 2015 —0.04462169 0.42111744 369 1462 2.5% 0.96 [0.42, 2.18] —
Melduni RM et al. 2017 0.0256534 0.09064064 469 9323 7.7% 1.03[0.86, 1.23] T
Park-Hansen J et al. 2018 [LAACS] —0.16077322 0.40824829 101 86 2.7% 0.85[0.38, 1.90] —T
Yao X et al. 2018 —0.0778485 0.2067058 1076 1076 5.5% 0.93[0.62, 1.39] -
Zapolanski A et al. 2013 —1.2045918  0.2083333 808 969 5.4% 0.30 [0.20, 0.45] —
Subtotal (95% CI) 3356 13,262 26.3% 0.82 [0.50, 1.32] <
Heterogeneity: Tau2 = 0.28; Chi2 = 33.62, df = 6 (P < .00001); |12 = 82%
Test for overall effect: Z = 0.83 (P = .40)
Total (95% CI) 67,171 365,027 100.0% 0.83[0.71, 0.97] ¢
Heterogeneity: Tau? = 0.08; Chi2 = 193.10, df = 22 (P < .00001); 12 = 89% I . . .
Test for overall effect: Z =2.29 (P =.02) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 = 0.02, df =1 (P =.88), 2= 0%

Favours LAAC Favours no-LAAC

FIGURE El1. Morality at longest follow-up adjusted for the duration of follow-up. LAAC, Left atrial appendage closure; SE, standard error; /V, inverse
variance; CI, confidence interval; AF, atrial fibrillation; CABG, coronary artery bypass grafting; LAAOS, Left Atrial Appendage Occlusion Study; ATLAS,
AtriClip® Left Atrial Appendage Exclusion Concomitant to Structural Heart Procedures; LAACS, The Left Atrial Appendage Closure by Surgery.
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Adult: Arrhythmias

Experimental Control Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random,95%Cl IV, Random, 95% CI
1.1.1 predominantly AF
Abrich VA et al. 2018 —0.8373739 0.51754917 188 93 1.1%  0.43[0.16, 1.19] —
Elbadawi A et al. 2017 (CABG) —0.4599533 0.15008415 2519 12,595 8.0%  0.63[0.47,0.85] -
Elbadawi A et al. 2017 (VALVE) —0.6286087 0.30956959 652 652 2.8%  0.53[0.29, 0.98] —
Enginoev S et al. 2020 —2.7679825 1.4509525 57 68 0.1%  0.06[0.00,1.08] «——
Hadaya J et al. 2022 —0.2007991 0.07352173 8792 9642 14.0%  0.82[0.71, 0.94] -
Jiang S et al. 2020 —2.7892096 1.06066017 364 179 0.3%  0.06[0.01,0.49] «———
Johnsrud DO et al. 2018 —0.8109302 0.60092521 62 62 0.8%  0.44[0.14, 1.44] —
Juo YY et al. 2018 0.0404661 0.07455452 20,664 213,978 13.9% 1.04[0.90, 1.21] r
Lee CH et al. 2014 —0.3790784 0.91287093 187 192 0.4% 0.68[0.11, 4.10]
Mahmood E et al. 2020 —-0.0821973 0.02757 17,763 235,524 17.6%  0.92[0.87,0.97] L
Mehaffey JH et al. 2023 —0.2065076 0.03900933 23,338 80,044 16.9%  0.81[0.75, 0.88] =
Whitlock RP et al. 2013 [LAAOS I1] —1.137833 1.15470054 26 25 0.2%  0.32[0.03, 3.08] —
Whitlock RP et al. 2021 [LAAOS Ill]  -0.4034871 0.12357942 2379 2391 9.7%  0.67[0.52, 0.85] -
Wilbring M et al. 2016 —1.2378744 0.47434165 240 87 1.3%  0.29[0.11, 0.73] e
Zheng Y et al. 2020 —0.1324892 0.81649658 137 360 0.5%  0.88[0.18, 4.34] Y E—
Subtotal (95% Cl) 77,368 555,892 87.7%  0.78[0.69, 0.88] ¢
Heterogeneity: Tau? = 0.02; Chi2 = 44.18, df = 14 (P < .0001); I2 = 68%
Test for overall effect: Z = 4.01 (P < .0001)
1.1.2 predominantly non-AF
Gerdisch MW et al. 2022 [ATLAS]  —0.5136386 0.91287093 178 71 0.4%  0.60[0.10, 3.58] —
Healey JS et al. 2005 [LAAOS] 0.36624439 1.63299316 52 25 0.1% 1.44[0.06, 35.40]
Jiang S et al. 2020 0.71207519 1.22474487 157 160 0.2% 2.04[0.18, 22.48] —]
Kato TS et al. 2015 0.15752372 0.31567444 369 1462 2.7% 1.17[0.63, 2.17] b
Kim R et al. 2013 —0.4901628 0.42062225 1405 662 1.6%  0.61[0.27, 1.40] —
Melduni RM et al. 2017 —0.1076307 0.20769072 461 461 5.2%  0.90[0.60, 1.35] -
Park-Hansen J et al. 2018 [LAACS] -1.1416025 0.6770032 101 86 0.7%  0.32[0.08, 1.20] F
Zapolanski A et al. 2013 —0.644976 0.45316348 808 969 1.4%  0.52[0.22, 1.28] —
Subtotal (95% CI) 3531 3896 12.3%  0.82[0.62, 1.09] &
Heterogeneity: Tau? = 0.00; Chi2 = 5.65, df =7 (P = .58); 2= 0%
Test for overall effect: Z = 1.34 (P=.18)
Total (95% Cl) 80,899 559,788 100.0%  0.79 [0.70, 0.88] ¢
Heterogeneity: Tau? = 0.02; Chi2 = 49.96, df = 22 (P = .0006); I2 = 56%
Test for overall effect: Z = 4.27 (P < .0001) T T T |
Test for subgroup differences: Chi2 = 0.13, df =1 (P=.72), 2= 0% 0.01 0.1 1 10 100

Favours LAAC Favours no-LAAC

FIGURE E2. Stroke at longest follow-up adjusted for the duration of follow-up. SE, standard error; IV, inverse variance; CI, confidence interval; AF, atrial
fibrillation; CABG, coronary artery bypass grafting; LAAOS, Left Atrial Appendage Occlusion Study; ATLAS, AtriClip® Left Atrial Appendage Exclusion
Concomitant to Structural Heart Procedures; LAACS, The Left Atrial Appendage Closure by Surgery.
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Kowalewski et al

LAAC no-LAAC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 predominantly AF
Elbadawi A et al. 2017 (VALVE) 10 652 32 652 4.4% 0.31[0.15, 0.63] —
Hadaya J et al. 2022 79 2326 86 2326 11.6% 0.92[0.68, 1.24] -
Jiang S et al. 2020 9 364 2 179 1.1% 2.21[0.48, 10.14] —
Johnsrud DO et al. 2018 24 62 32 62 9.1% 0.75[0.51, 1.11] —
Lee CH et al. 2014 6 119 10 119 25% 0.60 [0.23, 1.60] — 1
Nagpal AD et al. 2009 0 22 0 21 Not estimable
Whitlock RP et al. 2013 [LAAOS Il] 2 26 3 25  0.9% 0.64 [0.12, 3.52] —
Whitlock RP et al. 2021 [LAAOS Il1] 538 2379 537 2391 17.3% 1.01[0.91,1.12] *
Wilbring M et al. 2016 30 240 19 87 6.7% 0.57 [0.34, 0.96] —
Yao X et al. 2018 199 3219 285 3219 15.5% 0.70[0.59, 0.83]
Zheng Y et al. 2020 1 120 0 120 0.3% 3.00[0.12,72.91]
Subtotal (95% Cl) 9529 9201 69.5% 0.76 [0.60, 0.95] L 2
Total events 898 1006
Heterogeneity: Tau2 = 0.06; Chi2 = 27.46, df =9 (P =.001); I12=67%
Test for overall effect: Z =2.40 (P = .02)
1.1.2 predominantly non-AF
Gerdisch MW et al. 2022 [ATLAS] 20 376 4 186 2.2% 2.47[0.86, 7.13] b
Healey JS et al. 2005 [LAAOS] 0 52 0 25 Not estimable
Jiang S et al. 2020 2 157 4 160 0.9% 0.51[0.09, 2.74] —
Melduni RM et al. 2017 125 461 123 461 14.3% 1.02[0.82, 1.26] +
Park-Hansen J et al. 2018 [LAACS] 12 101 12 86 4.0% 0.85[0.40, 1.80] —
Yao X et al. 2018 44 1076 50 1076 9.1% 0.88[0.59, 1.31] —
Subtotal (95% CI) 2223 1994 30.5%  0.99[0.83, 1.19] [ 3
Total events 203 193
Heterogeneity: Tau2 = 0.00; Chi2 = 4.02, df =4 (P =.40); 12=1%
Test for overall effect: Z=0.06 (P = .95)
Total (95% CI) 11,752 11,195 100.0%  0.83 [0.70, 0.98] ¢
Total events 1101 1199
Heterogeneity: Tau2 = 0.04; Chi2 = 32.92, df = 14 (P = .003); 12 = 57%
Test for overall effect: Z=2.17 (P = .03) 0.01 01 1 10 100

Test for subgroup differences: Chi2 = 3.38, df = 1 (P=.07), I2=70.4%
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Favours LAAC Favours no-LAAC

FIGURE E3. Mortality at longest follow-up. Randomized controlled trials and propensity score-matched studies only. LAAC, Left atrial appendage
closure; IV, inverse variance; CI, confidence interval; AF, atrial fibrillation; LAAOS, Left Atrial Appendage Occlusion Study; ATLAS, AtriClip® Left Atrial
Appendage Exclusion Concomitant to Structural Heart Procedures; LAACS, The Left Atrial Appendage Closure by Surgery.



Kowalewski et al Adult: Arrhythmias

LAAC no-LAAC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
1.1.1 predominantly AF
Elbadawi A et al. 2017 (VALVE) 16 652 30 652 7.8% 0.53[0.29, 0.97] ——
Hadaya J et al. 2022 33 2326 64 2326 13.2%  0.52[0.34, 0.78] ——
Jiang S et al. 2020 1 364 8 179 0.8% 0.06[0.01,049] «——
Johnsrud DO et al. 2018 4 62 9 62 2.6% 0.44[0.14,1.37] s
Lee CH et al. 2014 2 119 3 119 1.1% 0.67[0.11, 3.92] —_—T
Nagpal AD et al. 2009 0 22 0 21 Not estimable
Whitlock RP et al. 2013 [LAAOS II] 1 26 3 25 0.7% 0.32[0.04,2.88] —_—T
Whitlock RP et al. 2021 [LAAOS lll] 109 2379 164 2391 23.8% 0.67[0.53, 0.85] -
Wilbring M et al. 2016 8 240 10 87 3.9% 0.29[0.12,0.71]
Yao X et al. 2018 67 3219 97 3219 18.8% 0.69[0.51, 0.94] -
Subtotal (95% CI) 9409 9081 72.8% 0.58[0.47,0.71] L 2
Total events 241 388
Heterogeneity: Tau2 = 0.02; Chi2 = 10.02, df = 8 (P = .26); I2 = 20%
Test for overall effect: Z=5.15 (P < .00001)
1.1.2 predominantly non-AF
Gerdisch MW et al. 2022 [ATLAS] 3 178 2 71 1.1% 0.60[0.10, 3.51] —_—
Healey JS et al. 2005 [LAAOS] 2 52 0 25 04% 245[0.12,49.26]
Jiang S et al. 2020 2 157 1 160 0.6% 2.04[0.19,22.25]
Melduni RM et al. 2017 44 461 49 461 145% 0.90[0.61, 1.32] —=
Park-Hansen J et al. 2018 [LAACS] 3 101 8 86 2.0% 0.32[0.09, 1.17] r
Yao X et al. 2018 23 1076 25 1076 8.6% 0.92[0.53, 1.61] —
Subtotal (95% CI) 2025 1879 27.2% 0.87[0.64,1.17] L 3
Total events 77 85
Heterogeneity: Tau2 = 0.00; Chi2 = 3.48, df =5 (P = .63); 12=0%
Test for overall effect: Z=0.95 (P = .34)
Total (95% CI) 11,434 10,960 100.0% 0.64 [0.53, 0.77]
Total events 318 473
Heterogeneity: Tau2 = 0.02; Chi2 = 17.70, df = 14 (P = .22); 12=21%
Test for overall effect: Z = 4.72 (P < .00001)

Test for subgroup differences: Chi2 = 4.69, df = 1 (P =.03), I2=78.7% 0.01 0.1 1 10 100
Favours LAAC Favours no-LAAC

FIGURE E4. Stroke at longest follow-up. Randomized controlled trials and propensity score-matched studies only. LAAC, Left atrial appendage closure;
1V, inverse variance; CI, confidence interval; AF, atrial fibrillation; LAAOS, Left Atrial Appendage Occlusion Study; ATLAS, AtriClip® Left Atrial
Appendage Exclusion Concomitant to Structural Heart Procedures; LAACS, The Left Atrial Appendage Closure by Surgery.
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Adult: Arrhythmias Kowalewski et al

Treatment Control Log risk-ratio = Weight
Study Yes No Yes No with 95% ClI (%)
predominantly AF
Elbadawi A et al. 2017 (CABG) 40 2519 35 12,595 E 3 1.73[1.28,2.18] 9.52
Elbadawi A et al. 2017 (VALVE) 10 652 32 652 - -1.13[-1.83,-0.43] 6.58
Enginoev S et al. 2020 0 57 3 68 -1.73[-4.67,1.21] 0.67
Hadaya J et al. 2022 247 8792 351 9642 B -0.25[-0.41,-0.09] 13.16
Jiang S et al. 2020 9 364 2 179 —a— 0.78 [-0.74,2.30] 2.23
Lee CH et al. 2014 0 187 1 192 -1.07 [-4.26,2.13] 0.58
Mahmood E et al. 2020 387 17,763 5129 235,524 B 0.00 [-0.10, 0.10] 13.61
Mehaffey JH et al. 2023 363 23,338 1213 80,044 [ | 0.03[-0.09, 0.14] 13.52
Nagpal AD et al. 2009 0 22 0 21 -0.04 [-3.92,3.83] 0.40
Whitlock RP et al. 2021 [LAAOS IIl] 89 2379 95 2391 [ | —0.06 [-0.34, 0.23] 11.78
Wilbring M et al. 2016 13 240 5 87 —— -0.06 [-1.06, 0.95] 4.24
Zheng Y et al. 2020 1 137 4 360 -0.42[-2.60,1.77] 1.18
Heterogeneity: 12 = 0.11, 12 = 86.06%, H2 = 7.17 ¢ 0.06 [-0.22, 0.34]

Test of 6;=6;: Q(11) =78.91, P=.00
Testof 6=0:z=0.42, P= .67

predominantly non-AF

Gerdisch MW et al. 2022 [ATLAS] 10 376 3 186 —a— 0.49[-0.79, 1.77] 2.96
Healey JS et al. 2005 [LAAOS] 0 52 0 25 -0.71 [-4.60, 3.18] 0.39
Jiang S et al. 2020 2 157 4 160 —a— -0.66 [-2.35,1.02] 1.88
Kato TS et al. 2015 7 369 29 1462 —— —0.04[-0.86,0.77] 5.54
Melduni RM et al. 2017 12 461 24 461 - -0.67 [-1.35,0.01] 6.79
Zapolanski A et al. 2013 6 808 24 969 —— -1.19[-2.08, -0.30] 4.98
Heterogeneity: 12 = 0.06, 12 = 17.68%, H2 = 1.21 L 2 —0.49 [-0.96, —0.01]
Test of ;= 6;: Q(5) = 6.07, P=.30
Testof 6=0:z=-2.00, P=.05
Overall ¢ —0.06 [-0.31, 0.19]
Heterogeneity: 12 = 0.11, 12 = 81.19%, H2 = 5.32
Test of 6;= 6;: Q(17) = 90.36, P =.00
Testof 6=0:z=-0.49, P= .63
Test of group differences: Q,(1) =3.77, P=.05

-5 0 5

Random-effects DerSimonian—Laird model

FIGURE ES. Mortality at early follow-up. Log risk ratio. CI, confidence interval; AF, atrial fibrillation; CABG, coronary artery bypass grafting; LAAOS,
Left Atrial Appendage Occlusion Study; ATLAS, AtriClip® Left Atrial Appendage Exclusion Concomitant to Structural Heart Procedures.
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Kowalewski et al

Adult: Arrhythmias

Treatment Control Log risk-ratio Weight
Study Yes No Yes No with 95% ClI (%)
predominantly AF
Abrich VA et al. 2018 22 188 13 93 —— -0.16 [-0.80, 0.49] 3.17
Elbadawi A et al. 2017 (CABG) 40 2519 35 12,595 e 1.73[1.28,2.18] 4.78
Elbadawi A et al. 2017 (VALVE) 10 652 32 652 —-— -1.13[-1.83,-0.43] 2.83
Enginoev S et al. 2020 3 57 11 68 — -1.02[-2.26,0.21] 1.15
Friedman DJ et al. 2018 651 3892 1531 6632 [ | —-0.27 [-0.35,-0.18] 9.06
Hadaya J et al. 2022 247 8792 351 9642 [ | —0.25[-0.41,-0.09] 8.35
Jiang S et al. 2020 9 364 2 179 0.78 [-0.74,2.30] 0.79
Johnsrud DO et al. 2018 24 62 32 62 e —0.20 [-0.64,0.24] 4.89
Lee CH et al. 2014 6 187 10 192 —a— —0.47 [-1.46,0.53] 1.67
Mahmood E et al. 2020 387 17,763 5129 235,524 [ | 0.00 [-0.10, 0.10] 8.92
Mehaffey JH et al. 2023 2000 23,338 9992 80,044 [ | —0.34 [-0.39, -0.29] 9.27
Nagpal AD et al. 2009 0 22 0 21 —0.04 [-3.92,3.83] 0.13
Whitlock RP et al. 2013 [LAAOS 1] 2 26 3 25 -0.41[-2.12,1.31] 0.64
Whitlock RP et al. 2021 [LAAOS Ill] 538 2379 537 2391 [ | 0.01[-0.10,0.11] 8.87
Wilbring M et al. 2016 30 240 19 87 S —0.48 [-1.01,0.05] 4.05
Yao X et al. 2018 199 3219 285 3219 [ | -0.33[-0.51,-0.16] 8.19
Zheng Y et al. 2020 1 137 3 360 -0.13[-2.39,2.12] 0.38
Heterogeneity: 12 = 0.06, 12 = 88.95%, H2 = 9.05 ) —-0.13 [-0.30, 0.03]
Test of 6;= 6 Q(16) = 144.79, P= .00
Testof 0=0:z=-1.62, P=.10
predominantly non-AF
Gerdisch MW et al. 2022 [ATLAS] 20 376 4 186 —a— 0.88[-0.18,1.93] 1.49
Healey JS et al. 2005 [LAAOS] 0 52 0 25 —-0.71 [-4.60, 3.18] 0.13
Jiang S et al. 2020 2 157 4 160 —-0.66 [-2.35, 1.02] 0.66
Kato TS et al. 2015 7 369 29 1462 —a— —-0.04 [-0.86, 0.77] 2.26
Melduni RM et al. 2017 128 469 2480 9323 [ | 0.02 [-0.14,0.18] 8.38
Park-Hansen J et al. 2018 [LAACS] 12 101 12 86 —-— —-0.14[-0.90, 0.61] 2.56
Yao X et al. 2018 44 1076 50 1076 R 5 -0.12[-0.52,0.27] 5.39
Zapolanski A et al. 2013 6 808 24 969 —— -1.19[-2.08, -0.30] 1.99
Heterogeneity: 12 = 0.05, 12 = 34.23%, H2 = 1.52 ¢ —-0.10 [-0.39, 0.18]
Test of 6;= 6;: Q(7) = 10.64, P= .15
Testof 6=0:z=-0.73, P= .46
Overall () —-0.13[-0.27, 0.01]
Heterogeneity: 12 = 0.06, |12 = 85.43%, H2 = 6.86
Test of 6;= 6;: Q(24) = 164.68, P = .00
Testof 6=0:z=-1.79, P= .07
Test of group differences: Q,(1) = 0.03, P= .86

2 0 2 4

Random-effects DerSimonian—Laird model

FIGURE E6. Mortality at long-term follow-up. Log risk ratio. CI, confidence interval; AF, atrial fibrillation; CABG, coronary artery bypass grafting;
LAAOS, Left Atrial Appendage Occlusion Study; ATLAS, AtriClip® Left Atrial Appendage Exclusion Concomitant to Structural Heart Procedures.
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Adult: Arrhythmias Kowalewski et al

Treatment Control Log risk-ratio =~ Weight
Study Yes No  Yes No with 95% ClI (%)
predominantly AF
Abrich VA et al. 2018 1 188 4 93 —2.05[-4.23,0.12] 0.32
Elbadawi A et al. 2017 (CABG) 50 2519 396 12,595 L —0.45[-0.74,-0.16] 10.28
Elbadawi A et al. 2017 (VALVE) 16 652 30 652 - -0.61[-1.21,-0.01] 3.63
Enginoev S et al. 2020 0 57 4 68 -1.97[-4.87,0.93] 0.18
Hadaya J et al. 2022 141 8792 225 9642 [ | —0.37 [-0.58, -0.16] 14.25
Jiang S et al. 2020 1 364 8 179 —2.75[-4.82,-0.68] 0.35
Juo YY et al. 2018 198 20,664 1969 213,978 [ | 0.04 [-0.11,0.19] 18.01
Lee CH et al. 2014 1 187 1 192 0.03[-2.74,2.79] 0.20
Mahmood E et al. 2020 1407 17,763 20,254 235,524 B —-0.08 [-0.13, -0.02] 23.03
Mehaffey JH et al. 2023 488 23,338 1885 80,044 [ | -0.12[-0.21,-0.02] 20.83
Nagpal AD et al. 2009 0 22 0 21 —0.04 [-3.92,3.83] 0.10
Heterogeneity: 12 = 0.02, 12 = 66.76%, H2 = 3.01 [} —0.20 [-0.33, —0.06]
Test of 6; = 6;: Q(10) = 30.08, P=.00
Testof 6=0:z=-2.87, P=.00
predominantly non-AF
Gerdisch MW et al. 2022 [ATLAS] 0 178 2 71— -2.49[-5.52,0.53] 0.17
Healey JS et al. 2005 [LAAOS] 1 52 0 25 _— 0.37[-2.80,3.53] 0.15
Jiang S et al. 2020 2 157 1 160 _— 0.71[-1.68,3.10] 0.26
Kato TS et al. 2015 13 369 44 1462 - 0.15[-0.46,0.76] 3.51
Kim R et al. 2013 13 1405 10 662 —— -0.48[-1.30,0.33] 2.07
Melduni RM et al. 2017 4 461 5 461 —_— —0.22[-1.53,1.09] 0.86
Zapolanski A et al. 2013 7 808 16 969 —a— -0.64 [-1.52,0.25] 1.81
Heterogeneity: t2 = 0.00, 12 = 0.00%, H2 = 1.00 L 2 -0.21 [-0.61, 0.18]
Test of 0;= 6;: Q(6) = 5.57, P= .47
Testof 6=0:z=-1.06, P=.29
Overall ) —-0.19 [-0.32, —0.07]
Heterogeneity: t2 = 0.02, 12 = 52.74%, H2 = 2.12
Test of 6;= 0;: Q(17) = 35.97, P=.00
Testof 6=0:z=-3.09, P=.00
Test of group differences: Q,(1) = 0.01, P= .94
Random-effects DerSimonian—Laird model —I5 (I) é

FIGURE E7. Stroke at early follow-up. Log risk ratio. CI, confidence interval; AF, atrial fibrillation; CABG, coronary artery bypass grafting; LAAOS, Left
Atrial Appendage Occlusion Study; ATLAS, AtriClip® Left Atrial Appendage Exclusion Concomitant to Structural Heart Procedures.
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Kowalewski et al Adult: Arrhythmias

Treatment Control Log risk-ratio Weight

Study Yes No Yes No with 95% ClI (%)
predominantly AF

Abrich VA et al. 2018 7 188 8 93 —— —0.79 [-1.78, 0.19] 1.06
Elbadawi A et al. 2017 (CABG) 50 2519 396 12,595 = —0.45 [-0.74, -0.16] 7.67
Elbadawi A et al. 2017 (VALVE) 16 652 30 652 —-— —-0.61 [-1.21, -0.01] 2.63
Enginoev S et al. 2020 0 57 9 68 ——m— —2.65[-5.47,0.18] 0.14
Hadaya J et al. 2022 323 8792 433 9642 [ | -0.19 [-0.33,-0.05] 14.13
Jiang S et al. 2020 1 364 8 179 _— —2.75 [-4.82, —0.68] 0.25
Johnsrud DO et al. 2018 4 62 9 62 — —0.74 [-1.87, 0.39] 0.82
Juo YY et al. 2018 198 20,664 1969 213,978 | 0.04 [-0.11,0.19] 13.92
Lee CH et al. 2014 2 187 3 192 —0.37 [-2.15, 1.40] 0.34

Mahmood E et al. 2020 1407 17,763 20,254 235,524 [ | —-0.08 [-0.13,-0.02] 18.23
Mehaffey JH et al. 2023 813 23,338 3428 80,044 [ | -0.20 [-0.27,-0.12] 17.37
Nagpal AD et al. 2009 0 22 0 21 —0.04 [-3.92, 3.83] 0.07
Whitlock RP et al. 2013 [LAAOS II] 1 26 3 25 _— -1.06 [-3.26, 1.14] 0.22
Whitlock RP et al. 2021 [LAAQOS Ill] 109 2379 164 2391 | —0.38 [-0.62, —0.15] 9.66
Wilbring M et al. 2016 8 240 10 87 —— -1.16 [-2.06, —0.26] 1.25
Zheng Y et al. 2020 2 137 6 360 —_— —0.13[-1.72,1.46]  0.42
Heterogeneity: 12 = 0.02, 12 = 64.87%, H2 = 2.85 ' —-0.23 [-0.35, -0.12]

Test of ;= 6;: Q(15) = 42.69, P=.00
Testof 6=0:z=-3.96, P=.00

predominantly non-AF

Gerdisch MW et al. 2022 [ATLAS] 3 178 2 71 e -0.50 [-2.27, 1.27] 0.34
Healey JS et al. 2005 [LAAOS] 1 52 0 25 _— 0.37 [-2.80, 3.53] 0.11
Jiang S et al. 2020 2 157 1 160 _— 0.71[-1.68, 3.10] 0.19
Kato TS et al. 2015 13 369 44 1462 —- 0.15[-0.46, 0.76] 2.54
Kim R et al. 2013 13 1405 10 662 —a— —-0.48 [-1.30, 0.33] 1.49
Melduni RM et al. 2017 44 461 49 461 = —0.10 [-0.49, 0.29] 5.24
Park-Hansen J et al. 2018 [LAACS] 3 101 8 86 —_— —1.08 [-2.38, 0.22] 0.62
Zapolanski A et al. 2013 7 808 16 969 —a— —-0.64 [-1.52, 0.25] 1.30
Heterogeneity: 12 = 0.00, 12 = 0.00%, H2 = 1.00 ¢ -0.18 [-0.46, 0.09]

Test of 6;=0;: Q(7) = 5.51, P=.60
Testof 6=0:z2=-1.30, P=.19

Overall ' —-0.22 [-0.33, -0.12]
Heterogeneity: 12 = 0.01, 12 = 52.41%, H2 = 2.10

Test of 6; = 6;: Q(23) = 48.33, P=.00

Testof 0=0:z=-4.22, P=.00

Test of group differences: Q,(1) =0.12, P=.73

Random-effects DerSimonian—Laird model -5 0 5

FIGURE ES8. Stroke at long-term follow-up. Log risk ratio. CI, confidence interval; AF, atrial fibrillation; CABG, coronary artery bypass grafting; LAAOS,
Left Atrial Appendage Occlusion Study; ATLAS, AtriClip® Left Atrial Appendage Exclusion Concomitant to Structural Heart Procedures.
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Adult: Arrhythmias

Kowalewski et al

TABLE El. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRSMA) checklist

Location
where item
Section and topic Item # Checklist item is reported
Title
Title 1 Identify the report as a systematic review. 1
Abstract
Abstract 2 See the PRISMA 2020 for Abstracts checklist. 2
Introduction
Rationale 3 Describe the rationale for the review in the context of existing knowledge. 4
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review 5
addresses.
Methods
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were 5
grouped for the syntheses.
Information sources 6 Specify all databases, registers, websites, organisations, reference lists and other 5
sources searched or consulted to identify studies. Specify the date when each
source was last searched or consulted.
Search strategy 7 Present the full search strategies for all databases, registers and websites, 5
including any filters and limits used.
Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of 6
the review, including how many reviewers screened each record and each
report retrieved, whether they worked independently, and if applicable,
details of automation tools used in the process.
Data collection process 9 Specify the methods used to collect data from reports, including how many 6
reviewers collected data from each report, whether they worked
independently, any processes for obtaining or confirming data from study
investigators, and if applicable, details of automation tools used in the
process.
Data items 10a List and define all outcomes for which data were sought. Specify whether all 5-6
results that were compatible with each outcome domain in each study were
sought (eg, for all measures, time points, analyses), and if not, the methods
used to decide which results to collect.
10b List and define all other variables for which data were sought (eg, participant 5-6
and intervention characteristics, funding sources). Describe any assumptions
made about any missing or unclear information.
Study risk of bias 11 Specify the methods used to assess risk of bias in the included studies, including 6-7
assessment details of the tool(s) used, how many reviewers assessed each study and
whether they worked independently, and if applicable, details of automation
tools used in the process.
Effect measures 12 Specify for each outcome the effect measure(s) (eg, risk ratio, mean difference) 7
used in the synthesis or presentation of results.
Synthesis methods 13a Describe the processes used to decide which studies were eligible for each 5
synthesis (eg, tabulating the study intervention characteristics and comparing
against the planned groups for each synthesis (item #5)).
13b Describe any methods required to prepare the data for presentation or synthesis, 5-7
such as handling of missing summary statistics, or data conversions.
13c Describe any methods used to tabulate or visually display results of individual 5-7
studies and syntheses.
13d Describe any methods used to synthesize results and provide a rationale for the 5-7
choice(s). If meta-analysis was performed, describe the model(s), method(s)
to identify the presence and extent of statistical heterogeneity, and software
package(s) used.
13e Describe any methods used to explore possible causes of heterogeneity among 5-7
study results (eg, subgroup analysis, meta-regression).
(Continued)
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Kowalewski et al

Adult: Arrhythmias

TABLE E1. Continued

Location
where item
Section and topic Item # Checklist item is reported
13f Describe any sensitivity analyses conducted to assess robustness of the 5-7
synthesized results.
Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a 5-7
assessment synthesis (arising from reporting biases).
Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of 5-7
evidence for an outcome.
Results
Study selection 16a Describe the results of the search and selection process, from the number of 8, Figure 1
records identified in the search to the number of studies included in the
review, ideally using a flow diagram.
16b Cite studies that might appear to meet the inclusion criteria, but which were Supplementary References
excluded, and explain why they were excluded.
Study characteristics 17 Cite each included study and present its characteristics. 8, Supplementary Table 2
Risk of bias in studies 18 Present assessments of risk of bias for each included study. 8, Supplementary Table 3
Results of individual 19 For all outcomes, present, for each study: (a) summary statistics for each group Figures 2, 3,4 5
studies (where appropriate) and (b) an effect estimate and its precision (eg,
confidence/credible interval), ideally using structured tables or plots.
Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among Table 1
contributing studies.
20b Present results of all statistical syntheses conducted. If meta-analysis was done, 8-10
present for each the summary estimate and its precision (eg, confidence/
credible interval) and measures of statistical heterogeneity. If comparing
groups, describe the direction of the effect.
20c Present results of all investigations of possible causes of heterogeneity among 8-10
study results.
20d Present results of all sensitivity analyses conducted to assess the robustness of 11-12, Supplementary
the synthesized results. Figures 4-6
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting Supplementary
biases) for each synthesis assessed. Table 4 and 5
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each 9-12, Figures 2-4, 5b,
outcome assessed. Supplementary Figures 1-6
Discussion
Discussion 23a Provide a general interpretation of the results in the context of other evidence. 10-15
23b Discuss any limitations of the evidence included in the review. 15-16
23c Discuss any limitations of the review processes used. 15-16
23d Discuss implications of the results for practice, policy, and future research. 10-15
Other information
Registration and 24a Provide registration information for the review, including register name and N/A
protocol registration number, or state that the review was not registered.
24b Indicate where the review protocol can be accessed, or state that a protocol was N/A
not prepared.
24c Describe and explain any amendments to information provided at registration or N/A
in the protocol.
Support 25 Describe sources of financial or non-financial support for the review, and the 16
role of the funders or sponsors in the review.
Competing interests 26 Declare any competing interests of review authors. 16
Availability of data, 27 Report which of the following are publicly available and where they can be 16

code and other
materials

found: template data collection forms; data extracted from included studies;
data used for all analyses; analytic code; any other materials used in the
review.
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Adult: Arrhythmias

Kowalewski et al

TABLE E2. Meta-analysis of observational studies in epidemiology checklist

Reported
Item No. Recommendation on page No.
Reporting of background should include
1 Problem definition
2 Hypothesis statement 5-6
3 Description of study outcome(s) 5
4 Type of exposure or intervention used 5-6
5 Type of study designs used 5-6
6 Study population 5-6
Reporting of search strategy should include
7 Qualifications of searchers (eg, librarians and investigators) 7
8 Search strategy, including time period included in the synthesis and key words 6-7
9 Effort to include all available studies, including contact with authors 6-7
10 Databases and registries searched 6-7
11 Search software used, name and version, including special features used (eg, explosion) N/A
12 Use of hand searching (eg, reference lists of obtained articles) 6-7
13 List of citations located and those excluded, including justification Table 1,
References E21-E54
14 Method of addressing articles published in languages other than English 6
15 Method of handling abstracts and unpublished studies 6
16 Description of any contact with authors N/A
Reporting of methods should include
17 Description of relevance or appropriateness of studies assembled for assessing the hypothesis to be 7-8
tested
18 Rationale for the selection and coding of data (eg, sound clinical principles or convenience) 7-8
19 Documentation of how data were classified and coded (eg, multiple raters, blinding and interrater 7-8
reliability)
20 Assessment of confounding (eg, comparability of cases and controls in studies where appropriate) 7-8, Table 1,
Tables E4 and ES
21 Assessment of study quality, including blinding of quality assessors, stratification or regression on 7-8
possible predictors of study results
22 Assessment of heterogeneity 8
23 Description of statistical methods (eg, complete description of fixed or random effects models, 8-9

justification of whether the chosen models account for predictors of study results, dose-response
models, or cumulative meta-analysis) in sufficient detail to be replicated
24 Provision of appropriate tables and graphics

Reporting of results should include

25 Graphic summarizing individual study estimates and overall estimate
26 Table giving descriptive information for each study included

27 Results of sensitivity testing (eg, subgroup analysis)

28 Indication of statistical uncertainty of findings

Reporting of discussion should include

29 Quantitative assessment of bias (eg, publication bias)
30 Justification for exclusion (eg, exclusion of non-English language citations)
31 Assessment of quality of included studies

Reporting of conclusions should include

32 Consideration of alternative explanations for observed results

33 Generalization of the conclusions (ie, appropriate for the data presented and within the domain of the
literature review)

34 Guidelines for future research

35 Disclosure of funding source

6-9; Figure 1, Table E3

Figure 5, B
Tables 1-2
Figures 2-5, A, Figures E1-E6
NA

Figure 5, A
Figure 1, 7-8
Table E4

13-16
17

13-17
17
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Kowalewski et al

Adult: Arrhythmias

TABLE E3. Search strategy

No. Search Results
PubMed
1. left atrial appendage* closure [Title/Abstract] OR left atrial appendage* occlusion [Title/Abstract] OR left atrial appendage* 2698
removal [Title/Abstract] OR left atrial appendage* amputation [Title/Abstract] OR left atrial appendage* ligation [Title/
Abstract] OR left atrial appendage™ stapling [Title/Abstract] OR left atrial appendage* clipping [Title/Abstract] OR left atrial
appendage* occlusion [Title/Abstract] OR left atrial appendage* exclusion [Title/Abstract]
2. left atrial appendage™ [Title/Abstract] AND ((cardiac [Title/Abstract] OR heart [Title/Abstract]) AND surgery [Title/Abstract]) 581
3. #1 AND #2 232
Medline
1. (left atrial appendage* closure or left atrial appendage* occlusion or left atrial appendage* removal or left atrial appendage™ 1844
amputation or left atrial appendage* ligation or left atrial appendage™ stapling or left atrial appendage* clipping or left atrial
appendage™* occlusion or left atrial appendage* exclusion).ab.
. ((cardiac or heart) and surgery).ab. 171,115
3. #1 AND #2 176
TABLE E4. ROB risk of bias analysis in the randomized controlled trials
Missing Outcome Selective
Study Randomization = Deviation data assessment reporting Overall
Gerdisch and colleagues15 2022 [ATLAS] Low risk Low risk Low risk  Low risk Some concerns  Some concerns
Healey and colleagues™ 2005 [LAAOS] Low risk High risk Low risk ~ High risk Some concerns  High risk
Jiang S and colleagues® 2020 Some concerns Low risk Low risk  High risk Some concerns  High risk
Nagpal and colleagues™ 2009 Low risk High risk Low risk ~ Some concerns ~ Some concerns  High risk
Park-Hansen and colleagues' 82018 [LAACS] Low risk Low risk Low risk  Low risk Low risk Low risk
Whitlock and colleaguesE4 2013 [LAAOS I1] Low risk Low risk Low risk  Low risk Low risk Low risk
Whitlock and colleagues'“ 2021 [LAAOS I1I] Low risk Low risk Low risk  Low risk Low risk Low risk
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TABLE E5. ROBINS I risk of bias analysis in the observational studies

Study

Confounding

Participant
selection

Intervention
classification

Intervention
deviation

Missing data

Outcome
measurement

Selective
reporting

Overall

Abrich and
colleagues”® 2018

Elbadawi and
colleagues”’ 2017

Elbadawi and
colleagues’® 2017

Enginoev and
colleagues’' 2020

Friedman and
colleagues® 2018

Hadaya and
colleagues’” 2022

Johnsrud and
colleagues™ 2018

Juo and colleagues™
2018

Kato and colleagues”’
2015

Kim and colleagues™®
2013

Lee and colleagues®
2014

Mahmood and
colleagues'' 2020

Mehaffey and
colleagues'” 2023

Melduni and
colleagues'” 2017

Wilbring and
colleagues™ 2016

Moderate risk of
bias

Moderate risk of
bias

Moderate risk of
bias

Low risk of bias

Moderate risk of
bias

Moderate risk of
bias

Low risk of bias

Serious risk of bias

Moderate risk of
bias

Moderate risk of
bias

Moderate risk of
bias

Serious risk of bias

Serious risk of bias

Low risk of bias

Serious risk of bias

Low risk of bias

Moderate risk of
bias

Moderate risk of
bias

Low risk of bias

Moderate risk of

bias

Low risk of bias

Low risk of bias

Serious risk of bias

Low risk of bias

Low risk of bias

Moderate risk of

bias

Moderate risk of

bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Moderate risk of
bias

Moderate risk of
bias

Low risk of bias

Moderate risk of

bias

Moderate risk of

bias

Low risk of bias

Moderate risk of

bias

Serious risk of bias

Moderate risk of

bias

Low risk of bias

Low risk of bias

Serious risk of bias

Low risk of bias

Serious risk of bias

Moderate risk of
bias

Low risk of bias

Low risk of bias

Low risk of bias

Moderate risk of

bias

No information

No information

Moderate risk of

bias

No information

Moderate risk of

bias

Low risk of bias

Low risk of bias

No information

Low risk of bias

Serious risk of bias

Low risk of bias

Moderate risk of
bias

Moderate risk of

bias

Moderate risk of
bias

Low risk of bias

Low risk of bias

Low risk of bias

Serious risk of bias

Moderate risk of

bias

Moderate risk of
bias

Moderate risk of
bias

Serious risk of bias

Low risk of bias

Low risk of bias

Moderate risk of
bias

Moderate risk of
bias
Moderate risk of

bias

Moderate risk of
bias

Moderate risk of

bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Moderate risk of

bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Moderate risk of
bias

Moderate risk of

bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Moderate risk of

bias

Moderate risk of
bias

Moderate risk of

bias

Low risk of bias

Low risk of bias

Low risk of bias

Low risk of bias

Moderate risk of
bias

Moderate risk of
bias

Moderate risk of
bias

Moderate risk of
bias

Moderate risk of
bias

Moderate risk of
bias

Moderate risk of
bias

Low risk of bias

Serious risk of bias

Serious risk of bias

Moderate risk of

bias

Moderate risk of

bias

Serious risk of bias

Serious risk of bias

Low risk of bias

Serious risk of bias
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TABLE ES5. Continued

Participant
selection

Intervention
classification

Intervention
deviation

Missing data

Outcome
measurement

Selective
reporting

Overall

Study Confounding
Yao and colleagues’ Moderate risk of
2018 bias
Zapolanski and Serious risk of bias
colleagues™® 2013
Zheng and Moderate risk of
colleagues™ 2020 bias

Low risk of bias

Moderate risk of
bias

Low risk of bias

Moderate risk of
bias

Serious risk of bias

Low risk of bias

Low risk of bias

Serious risk of bias

Low risk of bias

Low risk of bias

Serious risk of bias

Moderate risk of
bias

Low risk of bias

Moderate risk of
bias

Low risk of bias

Low risk of bias

Moderate risk of
bias

Low risk of bias

Moderate risk of
bias

Serious risk of bias

Moderate risk of
bias
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