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Surgical left atrial appendage occlusion (LAAO) is being used increasingly in the setting of atrial fibrillation but
has been associated with procedural complications. This systematic review and meta-analysis compared the
outcomes of surgical LAAO with those of no LAAO and the use of direct oral anticoagulants (DOACs) and vitamin
K antagonists (VKAs) using the PRISMA guidelines. A literature search was undertaken for relevant studies
published between January 1, 2003, and August 15, 2021. Primary clinical outcomes were all-cause mortality,
embolic events, and stroke. Secondary clinical outcomes included major adverse cardiac events (MACE), post-
operative atrial fibrillation, postoperative complications, reoperation for bleeding, and major bleeding. There
was a statistically significant 34% reduction in incidence of embolic events (odds ratio [OR] 0.66, 95% confi-
dence interval [CI] 0.57-0.77, p < 0.001) and a significant 42% reduction in risk of MACE (OR 0.58, 95% CI
0.38-0.88, p = 0.01) in patients who underwent LAAO.Surgical LAAO has the potential to reduce embolic events
and MACE in patients undergoing cardiac surgery for atrial fibrillation. However, complete replacement of
DOACs and warfarin therapy with surgical LAAO is unlikely despite its non-inferiority in terms of minimizing all-
cause mortality, embolic events, MACE, major bleeding, and stroke in patients on oral anticoagulation therapies.

1. Introduction

Left atrial appendage occlusion (LAAO) is the treatment of choice for
patients with atrial fibrillation (AF) undergoing cardiac surgery and in
those on direct oral anticoagulants (DOACs) or vitamin K antagonists
(VKAs) [1]. LAAO is also recommended for patients with AF and known
contraindications to DOACs. LAAO begins with a fluoroscopically
guided atrial transseptal puncture and seals the left atrial appendage

(LAA) using well-positioned equipment [2]. LAAO is recommended in
scenarios where the risk of procedural complications outweighs the
possible incidence of ischemic/hemorrhagic stroke and transient
ischemic attack [1]. The contemporary evidence suggests that LAAO is
considered to be a safe and effective procedure for patients with non-
valvular AF [3]. However, the reported LAAO complications including
device-related embolism and pericardial effusion increase the risk of
cardiovascular mortality [4]. the current evidence in the literature does

Abbreviations: AF, atrial fibrillation; CI, confidence interval; DOACs, direct oral anticoagulants; LA, left atrium; LAA, left atrial appendage; LAAO, left atrial
appendage occlusion; MACE, major adverse cardiac events; NOACs, novel oral anticoagulants; OR, odds ratio; VKAs, vitamin K antagonists.
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not substantiate a net clinical benefit of surgical LAAO over pharma-
cotherapies and routine cardiac surgery [5]. Moreover, it is unclear in
the medical literature, whether or not antithrombotic pharmacotherapy
is necessary after LAAO [6]. Potential indications for surgical LAAO
include hospitalization, thromboembolism, transient ischemic attack,
ischemic stroke, and bleeding [7].

Recent evidence suggests that LAAO is an effective treatment for
resistant LAA thrombus in patients with AF [8]. The American Heart
Association (AHA) and American College of Cardiology (ACC) guide-
lines include a class IIB recommendation for use of percutaneous LAAO
in patients in whom prolonged DOAC/VKA therapy is contraindicated
and in those who are at increased risk of stroke [9]. The recently con-
ducted LAAOS III trial advocates the potential of surgical LAAO in
minimizing systemic embolism or systemic stroke events in AF patients
who continue with antithrombotic therapies after cardiac surgery [10].
This benefit, however, is not confirmed in patients with AF who do not
undergo cardiac surgeries. In addition, the PROTECT-AF trial demon-
strates the non-inferiority of LAAO over oral anticoagulants [11]. A
multicenter observational registry by Marroquin et al. indicates the lack
of periprocedural embolic complications and a high procedural success
rate in patients with LAA thrombus who received percutaneous LAA
closure [12].

A recent meta-analysis reported the incidence of device-related
thrombus that triggered ischemic events in 3.8% of patients who
received LAAO [13]. In addition, the PROTECT AF trial reported a 0.3%
incidence of device-related thrombotic stroke in LAA scenarios [14].
However, the current literature advocates WATCHMAN device-directed
LAAO in patients requiring ablation of AF [15]. Incorrect positioning of
the LAAO implant results in a patent LAA but does not significantly
increase the risk of all-cause mortality or cardiovascular death [16]. The
increasing global burden of AF and its association with stroke (4%),
stroke-related death (8%), and all-cause mortality (30%) are further
reasons for recommending LAAO in cardiac patients [17]. The benefit of
LAAO in stroke prevention is attributed to its ability to exclude throm-
bogenic LAA tissue [18]. However, appropriate training is necessary to
avoid the mechanical complications associated with LAAO that cause
trauma to the LAA/left atrium (LA) and pericardial effusion in 89% of
patients in whom perioperative/procedural mishaps are encountered
[19]. Accordingly, recent studies advocate transesophageal
echocardiography-guided LAAO to minimize the risk of procedural
complications and their cardiovascular consequences [20].

A recent meta-analysis by Ibrahim et al. suggested a reduced inci-
dence of ischemic stroke and all-cause mortality in patients with surgical
LAAO compared to no LAAO [21]. The meta-analysis by Atti et al.
further confirmed the potential of LAAO to minimize the risk of stroke
and thromboembolic episodes in patients with AF and cardiac surgeries
[22]. The network meta-analysis by Hanif et al. also emphasized the
benefits of oral anticoagulation therapy in patients with AF who un-
dergo LAAO [23]. The meta-analysis by Li et al. similarly underscored
the benefits of LAAO in comparison with novel oral anticoagulant
(NOACQ) therapy in minimizing the incidence of hemorrhagic and
thromboembolic events [24]. However, the current evidence is not
sufficient to substantiate the complete replacement of DOACs and VKAs
with LAAO and its integration with cardiac surgery in patients with and
without AF. To the best of our knowledge, this is the first systematic
review and meta-analysis to compare the safety and efficacy outcomes in
patients who undergo LAAO during cardiac surgery with those in pa-
tients who do not receive LAAO or receive DOAC/NOAC/VKA therapies.

2. Methods
2.1. Search strategy
This systematic review and meta-analysis were performed according

to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) guidelines (Supplementary Fig. 1). On August 19, 2021,
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two authors searched the PubMed/Medline, Cochrane Central Register
of Controlled Trials, and JSTOR databases for relevant studies published
between January 1, 2003 and August 15, 2021. The following search
terms were used: “LAAO AND no-LAAO; LAAO AND cardiac surgeries”;
“LAA occlusion AND DOACs”; “LAAO AND VKAs”; “LAAO AND
warfarin”; “LAAO AND NOACs”; and “LAAO OR no-LAAO OR DOACs or
NOACs or VKAs AND cardiac surgeries”.

2.2. Study selection and data collection

Opinion papers, review articles, meta-analyses, systematic reviews,
and scientific correspondence articles were excluded. Two investigators
working independently analyzed the abstracts and titles of full-text
studies to identify potentially eligible retrospective cohort analyses,
randomized controlled trials, open-label randomized trials, randomized
non-inferiority trials, and retrospective, case-control, cross-sectional,
observational, prospective, and propensity score matching studies. In
the event of disagreement regarding data extraction, consensus was
reached by discussion.

2.3. Outcome variables

The meta-analysis was stratified as follows: LAAO vs no LAAO (14
studies); LAAO vs DOACs/NOACs (four studies); and LAAO vs VKA/
warfarin therapy (two studies). The primary clinical outcomes were all-
cause mortality, embolic events, and stroke. Secondary clinical out-
comes were as follows: major adverse cardiac events (MACE; composite
of death, cardiac perforation, myocardial infarction, air embolism, sys-
temic embolism, stroke, transient ischemic attack, major bleeding,
septicemia, pacemaker implantation, severe pericardial effusion, device
dislodgment, device embolization, and cardiac tamponade); post-
operative AF; postoperative complications; reoperation for bleeding;
and major bleeding.

2.4. Statistical analysis

Two authors independently performed the meta-analysis using
Cochrane Review Manager (version 5.4) [25]. The random-effects
approach was used to calculate odds ratios (ORs) with 95% confi-
dence intervals (CIs) [26]. A multivariate meta-regression was addi-
tionally performed to explore the potential confounding factors for each
comparison. The assessment of the risk differences (RDs) between out-
comes of interest, in addition to their odds ratios (ORs), strengthened
statistical comparisons between LAAO vs. no LAAO/DOACs/VKAs. The
meta-regression with RD calculation through random effects model
delineated the observed risk of events between the study groups. Study
heterogeneity was assessed by tau-squared, chi-squared, and I-squared
tests. The I-squared values determined low (0-25%), moderate
(26-50%), and high (51-100%) heterogeneity of findings. A two-tailed
p-value of < 0.05 was considered statistically significant for heteroge-
neity and outcome variables.

2.5. Risk of bias

The risks of selection, performance, detection, attrition, and report-
ing biases in the systematic review and meta-analysis outcomes were
determined using the Cochrane risk of bias graph and summary [27]
(Figs. 1 and 2a).

3. Results

The search of the PubMed/Medline and Cochrane Central Register of
Controlled Trials databases yielded 1546 articles of interest (Fig. 2b). A
further 1291 articles of interest were retrieved from the JSTOR data-
base. A total of 875 articles remained after removal of duplicates, 524 of
which were potentially relevant studies. After elimination of 351 articles
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Fig. 1. Risk of bias graph.

that were published only in abstract form and studies that were not
comparable, 35 full-text articles were assessed for eligibility. Subsequent
elimination of six meta-analyses, three systematic reviews, two literature
reviews, one opinion paper, and three scientific correspondence articles,
left 20 studies for systematic review and meta-analysis. The search re-
sults were finalized after 100% agreement was reached between the
investigators.

3.1. Study characteristics

Supplementary Table 1 summarizes the background characteristics
of patients in the included studies. A total of 45,736 patients were
included and comprised 26,878 who underwent LAAO, 1723 who
received DOACs/NOACs, 382 who were treated with warfarin, and
16,753 who underwent cardiac surgery without LAAO. The mean pa-
tient age in the studies ranged from 50 years to 82 years. Supplementary
Table 2 summarizes the sample size, publication year, design, and out-
comes of the included studies [11,28-46]. Supplementary Table 3
summarizes the procedure-related complications, while Supplementary
Table 4 elaborates on antithrombotic therapies between the study
groups.

3.2. Clinical outcomes

3.2.1. LAAO vs no LAAO

Eight studies demonstrated a reduced risk of all-cause mortality in
patients who underwent LAAO [28,33-37,39,40]. One study indicated a
higher incidence of all-cause mortality in patients who underwent car-
diac surgery without LAAO [38]. There was a 58% reduction in all-cause
mortality in patients who underwent LAAO (OR 0.75, 95% CI 0.47 —
1.18, p = 0.21; Fig. 2c). However, this finding was not statistically sig-
nificant. The multivariate meta-regression finding (RD: —0.02 [95% CI
—0.05, 0.01, p = 0.15]) confirmed the statistically insignificant RD for
all-cause mortality between LAAO and non-LAAO groups (Supplemen-
tary Fig. 2).

Seven studies [28,30,32-35,40] found a lower incidence of embolic
events in patients who received LAAO and one [29] reported a higher
risk of embolic episodes in patients who did not undergo LAAO. There
was a statistically significant reduction (34%) in the incidence of
embolic events in the LAAO group (OR 066, 95% CI 0.57-0.77, p <
0.001; Fig. 2d). The multivariate meta-regression findings confirmed the
initial outcome with a statistically significant RD (-0.01, 95% CI —0.03,
—0.00, p = 0.02) for embolic events between patients who underwent
LAAO versus those who did not receive LAAO (Supplementary Fig. 3).

Seven studies [28,33,35-39] found that patients who underwent
LAAO were less prone to stroke events and two [29,31] reported a
higher incidence of stroke in patients who did not receive LAAO [34].
The incidence of stroke events was 48% lower in the LAAO group (OR

0.52, 95% CI 0.24-1.12, p = 0.09; Fig. 2e). This finding was not sta-
tistically significant. In addition, the meta-regression further confirmed
this outcome by revealing a statistically insignificant RD (-0.02, 95% CI
—0.06, 0.01, p = 0.14) for stroke between LAAO and no-LAAO patients
(Supplementary Fig. 4).

Three studies [33,37,40] found a statistically significant reduction
(42%) in risk of MACE in patients who underwent LAAO during cardiac
surgery in comparison with those who did not (OR 0.58, 95% CI
0.38-0.88, p = 0.01; Fig. 2f). The meta-regression finding further
revealed a statistically significant RD (-0.08, 95% CI —0.10, —0.06, p <
0.001) for MACE between patients who received LAAO versus those who
were devoid of LAAO (Supplementary Fig. 5).

The incidence of postoperative AF was lower in patients who un-
derwent LAAO in two studies [32,35] and higher in patients who did not
undergo LAAO in four studies [28,29,31,36]. Overall, there was a 38%
increase in postoperative AF events in patients who underwent cardiac
surgery without LAAO (OR 1.38, 95% CI 0.89-2.13, p = 0.15; Fig. 3).
This increase was not statistically significant. In addition, the finding
from meta-regression confirmed a statistically insignificant RD (0.07,
95% CI —0.02, 0.16, p = 0.13) for postoperative AF among LAAO versus
no-LAAO groups (Supplementary Fig. 6).

Three studies reported a higher incidence of postoperative compli-
cations in patients who underwent cardiac surgery that included LAAO
[29,32,39] whereas two [33,35] found that these patients were less
prone to complications. There was a significant higher risk (28%) of
postoperative complications in patients who did not undergo LAAO (OR
1.28, 95% CI 1.15-1.42, p < 0.001; Fig. 4a). The meta-regression
finding; however, negated this result since the RD (0.02, 95% CI —0.03,
0.07, p = 0.39) for postoperative complications between LAAO and non-
LAAO groups was found to be insignificant (Supplementary Fig. 7).

Three studies [32,35,36] found a lower incidence of reoperation for
bleeding in patients who underwent LAAO during cardiac surgery and
two studies [33,34] did not. There was a 7% reduction in the risk of
reoperation for bleeding in the LAAO group (OR 0.93, 95% CI
0.61-1.42, p = 0.74; Fig. 4b), which was not statistically significant. The
meta-regression finding also did not produce statistically significant RD
(-0.01, 95% CI 0.02, 0.01, p = 0.47) concerning reoperation for bleeding
between patients with and without LAAO (Supplementary Fig. 8).

3.2.2. LAAO vs NOACs/DOACs

Three studies [43-45] reported a lower incidence of all-cause mor-
tality in patients who underwent LAAO and one found a higher inci-
dence in those who did not receive a NOAC or DOAC [42]. The incidence
of all-cause mortality events was 31% lower in patients who underwent
cardiac surgery with LAAO (OR 0.78, 95% CI 0.38-1.59, p = 0.49;
Fig. 4c). The reduction was not statistically significant. The meta-
regression supported the initial finding by confirming a non-significant
RD (-0.03, 95% CI —0.12, 0.05, p = 0.48) for all-cause mortality
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between patients who received LAAO and those with NOACs/DOACs
(Supplementary Fig. 9).

One study [43] found a lower incidence of embolic events in an
LAAO group and another [42] found a higher incidence in a DOAC/
NOAC group. Overall, there was a 54% increase in embolic episodes in
patients who received DOAC therapy (OR 1.11, 95% CI 0.84-1.45, p =
0.46; Fig. 4d); this was not statistically significant. The meta-regression
finding further ascertained a non-significant RD (-0.00, 95% CI —0.01,
0.01, p = 0.88) for embolic events between patients with LAA and
NOACs/DOACs (Supplementary Fig. 10).

Three studies [42-44] found that neither LAAO nor DOAC therapy
had an impact on stroke events. One study confirmed a lower incidence
of stroke events in a LAAO group [45]. Overall, there was a 32% increase
in stroke events in patients treated with a DOAC/NOAC (OR 1.08, 95%
CI 0.74-1.59, p = 0.68; Fig. 4e). This finding was not statistically sig-
nificant. The finding from meta-regression confirmed the initial result
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with a statistically insignificant RD (0.00, 95% CI —0.01, 0.01, p = 0.84)
for stroke between the study groups (Supplementary Fig. 11).

There was a lower incidence of MACE in the LAAO group in two
studies [43,44] and a higher incidence in the DOAC/NOAC group in
another study [42]. Patients who underwent LAA showed a 24%
reduction in MACE (OR 0.76, 95% CI 0.43-1.37, p = 0.37; Fig. 4f),
which was statistically insignificant. The finding from meta-regression
further negated RD (-0.05, 95% CI —0.18, 0.07, p = 0.39) for MACE
between LAAO and NOAC/DOAC groups (Supplementary Fig. 12).

Major bleeding episodes were less common in the LAAO group in
three studies [43-45] and more common in the DOAC/NOAC group in
another study [42]. The finding of a 33% reduction in major bleeding
episodes in patients who underwent LAAO (OR 0.67, 95% CI 0.47-0.96,
p = 0.03; Fig. 5) was statistically significant. The meta-regression anal-
ysis; however, negated this outcome based on a statistically insignificant
RD (-0.02, 95% CI —0.06, 0.01, p = 0.21) for major bleeding between
the study groups (Supplementary Fig. 13).

3.2.3. LAAO vs VKAs

One study indicated no impact of LAAO or VKA therapy on all-cause
mortality [46] and another found a lower incidence of all-cause mor-
tality in the LAAO group [11]. Although there was a 42% decline in all-
cause mortality in patients who underwent LAAO (OR: 0.58, 95% CI
0.20, 1.68, p = 0.31) (Fig. 6a); the decrease was not significant. This
result was reconfirmed by a statistically insignificant RD (-0.02, 95% CI
—0.09, 0.04, p = 0.47) through meta-regression (Supplementary
Fig. 14).

Two studies indicated a higher incidence of embolic events in pa-
tients who received a VKA [11,46]. There was a 148% increase in
embolic episodes in the VKA group (OR 2.48, 95% CI 0.28-21.91, p =
0.41; Fig. 6b); the increase was not significant. In addition, the RD (0.01,
95% —0.00, 0.01) for embolic events between the study groups was also
found to be insignificant (p = 0.17) (Supplementary Fig. 15).

One study [46] found a higher incidence of stroke events in patients
who received a VKA and another study [11] reported a lower incidence
of these events in patients who underwent LAAO. There was a 42% in-
crease in stroke episodes in patients receiving VKA therapy (OR 1.42,
95% CI 0.26-7.81, p = 0.68; Fig. 6¢). However, this finding lacked
statistical significance. The statistically insignificant RD (0.00, 95% CI
—0.01, 0.02, p = 0.78) for stroke between LAA and VKA therapy groups
reconfirmed the initial result (Supplementary Fig. 16).

3.3. Assessment of heterogeneity

3.3.1. LAAO vs no LAAO

The findings for all-cause mortality, postoperative AF, and stroke
were highly heterogenous (I-squared value, 51-100%) whereas those for
embolic events, MACE, postoperative complications, and reoperation for
bleeding showed low heterogeneity (I-squared value, 0-25%).

3.3.2. LAAO vs NOACs/DOACs

The findings for all-cause mortality and MACE showed high het-
erogeneity (I-squared value, 51-100%) whereas those for embolic
events, major bleeding, and stroke showed low heterogeneity (I-squared
value, 0-25%).

3.3.3. LAAO vs VKAs

Heterogeneity was high for all-cause mortality (I-squared value,
51-100%) and low for embolic events and stroke (I-squared value,
0-25%).

3.4. Risk of bias
The risk of bias was 65% for random sequence generation, 45% for

allocation concealment, 55% for blinding of participants, and 30% for
blinding of outcome assessment (Fig. 2a). However, the risk of bias
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Fig. 2d. Embolic events (Forest plot).

LAAO No-LAAO Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% CI
Elbadawi et al., {(2017)-STUDY-1 50 2519 396 2595 13.2% 0.11[0.08,0.15) -
Elbadawi et al., 2017-STUDY-2 16 652 30 652 124% 0.52[0.28,0.97] —
Healey et al. (2005)/LAAOS Study 1 52 0 25 39% 1.49[0.06, 37.76]
Kim etal. (2013) 13 63 10 631 11.6% 1.31[0.57, 3.00] -
Lee etal. (2014) 1 119 1 119  48% 1.00[0.06, 16.18]
Melduni et al. (2017) 4 461 5 461 9.6% 0.80([0.21,2.99] E—— —
Nagpal et al. (2009) 1 22 1 21 47% 0.95 [0.06, 16.28]
Park-Hansen et al. (2018)/LAACS study 3 10 8 86 9.4% 0.30[0.08,1.16) I
Whitlock et al. (2013)/LAAOS |l Study 1 26 3 25 6.0% 0.29[0.03,3.03) S E—
Yao etal. (2018) 90 4295 122 4295 13.3% 0.73[0.56, 0.96) -
Zapolanski et al. (2013) 6 808 14 969 11.1% 0.51[0.20,1.33] T
Total (95% Cl) 9686 9879 100.0% 0.52[0.24, 1.12] <
Total events 186 590
Heterogeneity: Tau*=1.12; Chi*=101.21, df=10 (P < 0.00001); F= 90% :0 o 011 1=0 100:
Test for overall effect: Z=1.67 (P =0.09) : : LAAO No-LAAO

Fig. 2e. Stroke (Forest plot).

LAAO No-LAAO Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% CI
Friedman et al. (2018) 773 3892 1846 6632 78.7% 0.64 [0.58,0.71]
Park-Hansen et al. (2018)/LAACS study 5 101 14 86 13.4% 0.27 [0.09,0.78]
Whitlock et al. (2013)/LAAOS |l Study 4 26 5 25 7.9% 0.73[017,3.09 I E—
Total (95% CI) 4019 6743 100.0% 0.58[0.38, 0.88] <>
Total events 782 1865
Heterogeneity: Tau?= 0.06; Chi*= 2.60, df= 2 (P = 0.27); F= 23% 40 01 051 150 1005
Test for overall effect: Z=2.52 (P=0.01) : ) LAAO No-LAAO

Fig. 2f. MACE (Forest plot).
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LAAO No-LAAO 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Deshmukh et al. (2019) 13 36 23 66 10.3% 1.06 [0.45, 2.47) .
Healey et al. (2005)/LAAOS Study 12 52 4 25 71% 1.57 [0.45, 5.49) I E—
Kim et al. (2013) 145 631 115 631 157% 1.34[1.02,1.76) =
Lee etal. (2014) 27 119 28 119 127% 0.95(0.52,1.74) —
Melduni et al. (2017) 316 461 147 481 157% 4.66(3.53,6.14) -
Nagpal et al. (2009) 4 22 6 21 5.9% 0.56 [0.13, 2.34] —_—T
Yao etal. (2018) 1190 4295 868 4295 16.6% 1.51 [1.37,1.67) -
Zapolanski et al. (2013) 157 808 222 969 16.0% 0.81[0.64,1.02) -
Total (95% CI) 6424 6587 100.0% 1.38[0.89, 2.13] <>
Total events 1864 1413
Heterogeneity: Tau®= 0.29; Chi*= 96.78, df= 7 (P < 0.00001), F= 93% '0 01 051 150 1005
Test for overall effect: Z=1.44 (P=0.15) : | LAAO No-LAAO
Fig. 3. Postoperative atrial fibrillation (Forest plot).

LAAO No-LAAO Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% CI
Elbadawi et al,, (2017)-STUDY-1 1030 2519 903 2595 89.4% 1.30[1.16, 1.45]
Elbadawi et al., 2017-STUDY-2 17 652 9 652 1.7% 1.91[0.85, 4.32] I
Healey et al. (2005)/LAAOS Study 8 52 1 25 0.3% 4.36 [0.51, 37.00)
Lee etal. (2014) 22 19 22 119 27% 1.00[0.52,1.92] T
Melduni et al. (2017) 32 461 32 461 4.4% 1.00[0.60, 1.66] -1
Nagpal et al. (2009) 14 22 11 21 08% 1.59[0.47,5.39] [ Eae—
Whitlock et al. (2013)/LAAOS Il Study 1 26 2 25 0.2% 0.46 [0.04,5.42] —
Zapolanski et al. (2013) 3 808 5 969 0.6% 0.72[0.17,3.02] —
Total (95% CI) 4659 4867 100.0% 1.28[1.15, 1.42] ‘
Total events 1127 985
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Test for overall effect: Z= 4.52 (P < 0.00001) . . LAAO  No-LAAO

Fig. 4a. Postoperative complications (Forest plot).

LAAO No-LAAO Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% CI
Lee etal. (2014) 13 119 6 119 156% 2.31[0.85, 6.30] b
Melduni et al. (2017) 14 461 18 461 27.7% 0.77[0.38,1.57] —-—
Nagpal et al. (2009) 9 22 9 21 111% 0.92([0.27,3.10] . —
Whitlock et al. {2013)/LAAOS |l Study 2 26 1 25 2.9% 2.00[0.17, 23.56]
Zapolanski et al. {2013) 23 808 38 969 428% 0.72[0.42,1.22] —
Total (95% CI) 1436 1595 100.0% 0.93[0.61, 1.42] L 2
Total events 61 72
Heterogeneity: Tau = 0.04; Chi*=4.69,df=4 (P=0.32); F=15% N0t oh n 700
Testfor overall effect: Z=0.34 (P=0.74) LAAO No-LAAO

Fig. 4b. Reoperation for bleeding (Forest plot).
LAAO NOACs/DOACs [Non-VKAs] 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H,R 95% CI M-H, 95% CI
Godino et al. (2020) 36 193 20 189 257% 1.94[1.08,3.49] —
Nielsen-Kudsk et al. (2021) 155 1071 308 1184 30.3% 0.48[0.39, 0.60] -
Osmancik et al. (2020)/PRAGUE-17 Trial 1 20 15 201 22.4% 0.72[0.32,1.60] T
Paiva et al. (2021) 8 91 22 149 21.6% 0.56[0.24,1.31] T
Total (95% CI) 1556 1723 100.0% 0.78[0.38, 1.59] -
Total events 210 365
Heterogeneity: Tau®= 0.43; Chi*= 19.34, df= 3 (P = 0.0002); F= 84% :0 01 051 + 100=

Testfor overall effect: Z= 0.69 (P = 0.49)

10
LAAO NOACS/DOACS [Non-VKA

Fig. 4c. All-cause mortality (Forest plot).

assessment revealed a low risk of attrition and reporting bias in the

outcomes data.

4. Discussion

This meta-analysis found a 34% reduction in embolic events
[25,27,29-32,37] and a 42% decrease in MACE [30,34,37] in patients
who underwent cardiac surgery and received LAAO compared with their
counterparts who did not. Our findings negated the RD for all-cause

mortality, postoperative AF, postoperative complications, reoperation
for bleeding, and stroke in patients who underwent LAAO group than in
those who did not [26,29,36]. They also ruled out RD for all-cause
mortality, embolic events, MACE, major bleeding, and stroke in pa-
tients who underwent LAAO group compared with those who received
DOAC/NOAC therapy [40-42]. No statistically significant difference in
all-cause mortality, embolic events, or stroke was found between pa-
tients who underwent LAAO and those who received VKA/warfarin
therapy, which confirms the non-inferiority of LAAO to VKAs. The
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LAAO NOACs/DOACs [Non-VKAs] 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,R 95% CI M-H, 95% CI
Godino et al. (2020) 14 193 12 189 11.6% 1.15[0.52, 2.56]
Nielsen-Kudsk et al. (2021) 96 1071 96 1184 84.8% 1.12[0.83,1.50]
Osmancik et al. (2020)/PRAGUE-17 Trial o 20 1 201 0.7% 0.33([0.01,8.19]
Paiva et al. (2021) 3 100 3 100 28% 1.00[0.20,5.08] e
Total (95% Cl) 1565 1674 100.0% 1.11[0.84, 1.45] L 2
Total events 113 112
Heterogeneity: Tau®= 0.00; Chi*= 0.57, df= 3 (P = 0.90); F= 0% :0 01 051 y 1005
Test for overall effect: Z= 0.73 (P = 0.46) : : LAAO NOACS/DOACS [Non-VKA
Fig. 4d. Embolic events (Forest plot).
LAAO NOACs/DOACs [Non-VKAs] 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,R 95% CI M-H, 95% CI
Godino et al. (2020) 6 193 6 189 11.0% 0.98[0.31,3.09]
Nielsen-Kudsk et al. (2021) 39 1071 37 1184 69.7% 1.17[0.74,1.85)
Osmancik et al. (2020)/PRAGUE-17 Trial 9 2;m 9 201 16.3% 1.00(0.39, 2.57] . S
Paiva et al. (2021) 1 91 4 149 3.0% 0.40[0.04, 3.66) —
Total (95% Cl) 1556 1723 100.0% 1.08 [0.74, 1.59] <
Total events 55 56
Heterogeneity: Tau®= 0.00; Chi*= 0.94, df=3 (P = 0.81), F=0% :0 01 0:1 v 100:
Test for overall effect: Z= 0.41 (P = 0.68) : : LAAO NOACS/DOACS [Non-VKA
Fig. 4e. Stroke (Forest plot).
LAAO NOACs/DOACs [Non-VKAs] 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, 95% CI
Osmancik et al. (2020)/PRAGUE-17 Trial 35 201 41 201 31.7% 0.82[0.50, 1.36) —.
Nielsen-Kudsk et al. (2021) 256 1071 461 1184 39.7% 0.49[0.41,0.59] -
Godino et al. (2020) 27 193 21 189 28.5% 1.30(0.71,2.39] B
Total (95% Cl) 1465 1574 100.0% 0.76 [0.43, 1.37] -
Total events 318 523
Heterogeneity: Tau®= 0.22; Chi*= 11.52, df = 2 (P = 0.003); F= 83% 50 01 011 t 1005
Test for overall effect: Z=0.90 (P = 0.37) : : LAAO NOACS/DOACS [Non-VKA
Fig. 4f. MACE (Forest plot).
LAAO NOACs/DOACs [Non-VKAs] 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,R 95% CI M-H, 95% CI
Godino et al. (2020) 13 193 9 189 14.2% 1.44 [0.60, 3.46) T
Nielsen-Kudsk et al. (2021) 108 1071 183 1184 64.4% 0.61[0.48,0.79) | g
Osmancik et al. (2020)/PRAGUE-17 Trial 12 201 22 201 19.0% 0.52(0.25,1.07] I
Paiva et al. (2021) 1 91 3 149 2.4% 0.54 [0.06, 5.28] —
Total (95% Cl) 1556 1723 100.0% 0.67 [0.47, 0.96] L 2
Total events 134 217
Heterogeneity: Tau®= 0.03; Chi*= 3.78, df = 3 (P = 0.29); F= 21% :0 01 051 1'0 1005
Test for overall effect: Z=2.21 (P = 0.03) : : LAAO NOACS/DOACS [Non-VKA
Fig. 5. Major bleeding (Forest plot).
LAAO Warfarin VKA Therapy Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, 95% CI
Holmes et al. (2014)/The PREVAIL Trial 7 269 3 138 355% 1.20[0.31,4.72)
Reddy et al. (2014)/PROTECT-AF 17 463 22 244 64.5% 0.38(0.20,0.74) ——
Total (95% Cl) 732 382 100.0% 0.58 [0.20, 1.68]
Total events 24 25
Heterogeneity: Tau*= 0.35; Chi*= 217, df=1 (P=0.14); F=54% 0o oh 1 n 700

Test for overall effect. Z=1.01 (P=0.31)

results of this meta-analysis were statistically insignificant for differ-
ences in all-cause mortality, stroke, postoperative AF, postoperative
complications, and reoperation for bleeding between LAAO and no
LAAO. Furthermore, there was no statistically significant difference in
all-cause mortality, embolic events, major bleeding, stroke, or MACE
between patients who underwent LAAO and those who were treated
These outcomes further confirm the non-
inferiority of LAAO to no LAAO and DOAC/NOAC therapy.

Previous meta-analyses confirmed the potential of LAAO to minimize

Fig. 6a. All-cause mortality (Forest plot).

setting of AF. The add
affirm the non-inferio

stroke, or reoperation

LAAO Warfarin VKA Therapy

all-cause mortality, stroke, thromboembolic episodes, and hemorrhagic
events in patients undergoing cardiac surgery [21-24]. The findings of
the present meta-analysis expand these outcomes in favor of LAAO in the

ed benefits of LAAO in patients with AF include a

reduced risk of embolic events and MACE. The pooled results further

rity of LAAO to DOAC/warfarin or no LAA mea-

sures for embolic events, all-cause mortality, MACE, postoperative AF,

for bleeding.

LAAO effectively improves the reservoir expansion index, volume,
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LAAO Warfarin VKA Therapy Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Ri 95% CI
Holmes et al. (2014)iThe PREVAIL Trial 1 269 0 138 46.1% 1.55[0.06, 38.24] L
Reddy et al. (2014)/PROTECT-AF 3 463 1] 244 539% 3.72(019,72.24) i
Total (95% CI) 732 382 100.0%  2.48[0.28,21.91] e ——
Total events 4 0
Heterogeneity: Tau®= 0.00; Chi*=0.16, df=1 (P = 0.69), F= 0% 0o oh nn 700

Test for overall effect. Z=0.82 (P =0.41)

LAAO Warfarin VKA Therapy

Fig. 6b. Embolic events (Forest plot).

LAAO Warfarin VKA Therapy Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Ri 95% CI
Holmes et al. (2014)The PREVAIL Trial 5 269 1 138 62.4% 2,59 [0.30, 22.43) —
Reddy et al. (2014)/PROTECT-AF 1 463 1 244 376% 0.53[0.03, 8.45) L
Total (95% CI) 732 382 100.0% 1.42[0.26,7.81] e —
Total events 6 2
Heterogeneity: Tau®= 0.00; Chi*= 0.80, df=1 (P=0.37); F=0% 0o oh nn 700

Test for overall effect. Z=0.41 (P = 0.68)

LAAO Warfarin VKA Therapy

Fig. 6¢. Stroke (Forest plot).

and function of the LA [47]. Enhancement of the contractile function of
the LA after LAAO helps to improve peak atrial contraction strain of the
LA and left ventricular ejection fraction in patients with sinus rhythm.
LAAO further impacts the Frank-Starling effect, which enhances the
mechanical function of the LA. The LAA is a major risk site for devel-
opment of thrombus in patients with non-valvular AF. Accordingly,
exclusion of the LAA reduces the risk of thromboembolic events,
particularly in patients who are poorly tolerant of oral anticoagulation
[48]. Percutaneous or surgical LAAO minimizes the contractility of the
LAA, which eventually reduces the risk of clot formation. Patients with
non-valvular AF also have a 10% risk of intramural thrombus, which
increases the need for modification of the LAA [49]. Patients with AF
and a known history of atrial fibrosis have a high propensity for
ischemic/hemorrhagic stroke and transient ischemic attacks. The
thromboembolic risk in patients with AF is due to the complex interplay
between anatomical factors involving the LAA, left atrial fibrosis, and
atrial myopathy. The protective role of LAAO in preventing cardiovas-
cular events can be attributed to a reduction in atrial myocardial stretch,
left atrial volume, and left atrial filling pressures. Closure of the LAA
requires either an epicardial suture via surgery or a self-expanding
nitinol implant through a transseptal puncture across the base/orifice
of the LAA [50]. However, the current guidelines recommend continu-
ation of oral anticoagulation therapy despite LAAO during cardiac
surgery.

4.1. Limitations

First, the high percentage of studies with selection and performance
bias limits the generalizability of the findings of this study. Second, the
limited availability of randomized controlled studies and lack of allo-
cation concealment (i.e., blinding of participants) further limit the
reliability of our findings concerning the benefits of LAAO in cardiac
surgery. Third, our results were not stratified according to whether
LAAO was surgery-based or percutaneously administered. Fourth, the
limited number of studies available for evaluation of LAAO vs DOACs
and VKAs might have produced weak results concerning the potential to
replace DOAC/VKA therapy with LAAO. Finally, the findings of this
meta-analysis hold limited validity for young adults.

4.2. Conclusions

LAAO is potentially superior to no LAAO in terms of reducing the
incidence of embolic events and MACE in patients with AF. The thera-
peutic safety and efficacy of LAAO is equivalent to NOACs/DOACs in
reducing the incidence of all-cause mortality, embolic events, MACE,

major bleeding, and stroke in AF scenarios. In addition, LAAO is non-
inferior to VKAs in reducing the incidence of all-cause mortality,
stroke, and embolic events. It is also equivalent to no-LAAO in reducing
the incidence of all-cause mortality, postoperative AF, postoperative
complications, reoperation for bleeding, and stroke in patients with AF.
However, it remains debatable whether it is possible to completely
replace DOAC/NOAC/warfarin therapy with LAAO in patients with AF.
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