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ABSTRACT

Background and While surgical left atrial appendage occlusion (SLAAO) reduces stroke in atrial fibrillation (AF) patients, its efficacy in patients

Aims without pre-operative AF but with CHA,DS,-VASc >2 remains uncertain despite their high post-operative AF risk (15—
54%). The aim of this study was to evaluate whether prophylactic SLAAO reduces post-operative thrombo-embolic events
in valvular surgery patients.

Methods The OPINION was a multicentre, open-label, randomized, superiority trial conducted at three cardiac surgery centres in
China. Eligible non-AF patients with CHA,DS,-VASc >2 and an indication for valve repair or replacement due to mitral
or aortic valve lesions were randomly assigned (1:1) to undergo SLAAO (intervention arm) or not undergo SLAAO (control
arm) during surgery. The primary outcome was a composite of ischaemic stroke, transient ischaemic attack (TIA), or car-
diovascular mortality assessed at 1 year. The primary analysis was done in the intention-to-treat population.

Results Between April 2021 and June 2024, a total of 2157 patients were enrolled and randomized. After exclusion of 39 patients
who withdrew informed consent, 2118 participants were included in the intention-to-treat population (1062 in the SLAAO
group and 1056 in the control group). Baseline characteristics were well-balanced between the SLAAO group and control
group (mean age 55.5 [11.4] vs 55.6 [11.5] years, P = .65; female 32.9% vs 32.3%, P = .78; CHA,;DS,-VASc score 2.88 [0.98]
vs 2.87 [0.96], P =.83; median EuroSCORE Il 1.58% [1.42%] vs 1.56% [1.28%], P =.74). The 1-year primary endpoint oc-
curred in 73 (6.9%) patients in the SLAAO group and in 87 (8.2%) patients in the control group (hazard ratio 0.83; 95%
confidence interval 0.61-1.14; P =.25).

Conclusions For valvular surgery patients with CHA,DS,-VASc scores >2 but no pre-operative AF, routine prophylactic left atrial ap-
pendage closure did not significantly reduce the incidence of the primary composite endpoint (ischaemic stroke, TIA,
and cardiovascular mortality) at 1-year follow-up.
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Structured Graphical Abstract

Key Question

Does prophylactic surgical left atrial appendage occlusion (SLAAO) reduce thromboembolic events in valvular surgery patients with

CHA,DS,-VASc scores 22 but no preoperative atrial fibrillation?

Key Finding

In this multicentre, open-label, randomized, superiority trial SLAAO did not significantly reduce the composite endpoint of ischaemic
stroke, transient ischaemic attack, or cardiovascular mortality compared to controls, at one-year follow-up.

Take Home Message

Prophylactic SLAAO shows no clinical benefit in this population, suggesting individualized assessment over routine use.

Study population

Multicentre, open-label,
randomized, superiority trial

y

Valvular heart disease

* No history of atrial fibrillation
* High thromboembolic risk
(CHA:DS2-VASc 22)

l

2118 patients were randomized to the
SLAAO group or the control group

y

Valvular surgery with or without
SLAAO

SLAAO, Surgical left atrial appendage occlusion; TIA, transient ischaemic attack

Yuan X, et al. European Heart Journal.

Primary outcomes: 1 year follow-up

Ischaemic stroke/TIA/cardiovascular mortality

12.0
10.0

Cumulative 80
event rate (%) 6.0

4.0

HR 0.83 (0.61-1.14), P = 0.25

== SLAAO
=== Control
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HR, hazard ratio; SLAAO, surgical left atrial appendage occlusion; TIA, transient ischaemic attack.

Keywords Valvular heart disease * Atrial fibrillation « CHA,DS,-VASc score * Surgical left atrial appendage occlusion ¢

Thromboembolism

Introduction

Atrial fibrillation (AF) is a well-established risk factor for thrombo-
embolic events and mortality following cardiac surgery,'® with the
left atrial appendage (LAA) serving as the predominant source of
thrombus formation.”'® Substantial evidence from multiple studies
has demonstrated that surgical LAA occlusion (SLAAO) significantly re-
duces long-term stroke risks in AF patients."”

Based on this evidence, the 2020 American College of Cardiology
(ACC)/American Heart Association (AHA) valvular heart disease guide-
lines recommended that for patients with AF or atrial flutter who are

Months since surgery

undergoing valve surgery, LAA ligation/excision is reasonable to reduce
the risk of thrombo-embolic events (Class 2a recommendation).12
However, the clinical benefits of prophylactic SLAAO remain uncer-
tain for patients without pre-operative AF but with elevated thrombo-
embolic risk (CHA,DS,-VASc score >2). This population demonstrates
a significantly increased incidence of post-operative AF (POAF) which is
related to both short- and long-term prognosis, with reported
rates ranging from 15% to 54%.">7'® While theoretically SLAAO
might reduce long-term thrombo-embolic events in these patients,
existing studies have produced conflicting results—some suggesting

potential benefits,

17-19

whereas others have shown no significant
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differences.2%?" Importantly, high-quality randomized controlled trial
evidence remains lacking. In summary, current evidence regarding the
efficacy of SLAAQ in this population remains inconclusive, with no con-
sensus on its net clinical benefit when weighing thrombo-embolic pre-
vention against procedural risks.

To address these evidence gaps, we conducted a multicentre rando-
mized controlled trial to evaluate whether prophylactic SLAAO re-
duces post-operative thrombo-embolic events in valvular surgery
patients without AF but with CHA,DS,-VASc scores >2, while simul-
taneously exploring potential beneficiary subgroups.

Methods

Trial design and oversight

The OPINION study was a multicentre, open-label, randomized, superior-
ity trial. Three cardiovascular surgery centres in Beijing, China, participated
in the study, including Fuwai Hospital, Beijing Anzhen Hospital, and Beijing
Chaoyang Hospital. The ethics committee of Fuwai Hospital and the ethics
committee of each participating site approved the trial. Prof. Sun and Prof.
Yuan designed the trial and were responsible for the data quality assurance,
data analysis, manuscript writing, and manuscript publication. The steering
committee oversaw the conduct, and participants safety of the trial. An in-
dependent data monitoring committee supervise the data quality and statis-
tics. Outcome adjudication committee were blinded to treatment
assignment, adjudicated all clinical events. The first three authors wrote
the initial draft of the manuscript. All the authors edited the drafts of the
manuscript and approved the submission of the manuscript. The principal
investigators vouch for the accuracy and completeness of the data and
for the fidelity of the trial to the protocol. The trial investigators and com-
mittees are listed in Supplementary data online, Appendix S1. The study
protocol has been published elsewhere.?? The trial was registered on
Chictr.org (ChiCTR2100042238).

Participants
We enrolled patients who met the inclusion criteria: (i) over 18 years of age; (ii)
at least undergoing mitral valve or aortic valve surgery; (iii) without baseline AF
and atrial flutter; (iv) with CHA;DS,-VASc score >2; (v) agreed to participate
in the clinical study and provided written consent for telephone follow-ups.

We excluded patients who met any of the following exclusion criteria: (i)
undergoing heart transplantation, complex congenital heart surgery or ven-
tricular assist device implantation; (ii) redo cardiovascular surgery; (iii) left
atrial diameter >6 cm; (iv) presence of thrombus in the left atrium or
LAA; (v) with a history of stroke/cerebrovascular accident within 1 month
before surgery.

Written informed consent was obtained from all the participants before
enrolment.

Procedures

The patients were randomly assigned in a 1:1 ratio, using a central random-
ization system, to undergo or not undergo SLAAO at the time of mitral or
aortic valve surgery. A unique web-based central randomization system was
developed specifically tailored for the three hospitals participating in the
trial. This system ensured that randomization was conducted independently
for each hospital, thereby eliminating any potential selection bias. The ran-
domization plan was established by research staff not directly involved in
the study. The surgeon team was not informed of the grouping until anaes-
thesia was administered.

In the SLAAO group, suture excision of the LAA was performed during
the operation in addition to the index surgery. The LAA was amputated and
its opening was sutured in two layers of polypropylene suture from the out-
side of the heart (see Supplementary data online, Appendix Supplementary
data online, Video ST). LAA stump over one cm by intraoperative transoe-
sophageal echocardiography (TEE) was defined as SLAAO failure.

Intraoperative TEE was routinely performed to ensure the success of the
occlusion. Additional manoeuvres were performed, during the index pro-
cedure, to rectify SLAAO failure. In the control group, the operation was
performed according to the surgery plan without any LAA intervention.
All surgical procedures were carried out by senior cardiac surgeons with
volume more than 100 annual cases. All participants were required to ad-
here to the post-operative anticoagulation protocol after valve surgery (de-
tails see the protocol of Supplementary data online, Appendix).

Patients discharged alive were followed up by telephone or face-to-face
interview at the time point of 1 month, 3 months, and 1 year. If the patients
reported adverse events, the patient’s medical records in the outpatient
clinic were double checked. If the patients visit other hospitals, patients
were required to send paper copies of medical records by mail or photo-
copies through the Internet.

Outcomes

The primary outcome was a composite of newly occurred ischaemic stroke,
transient ischaemic attack (TIA), and cardiovascular mortality during 1-year
follow-up.

Secondary outcomes included POAF, cardiovascular mortality, newly oc-
curred ischaemic stroke, newly occurred TIA, newly occurred haemorrhagic
stroke, bleeding events of Bleeding Academic Research Consortium (BARC)
type lll, IV and V, and AF-associated healthcare utilization.

All the definitions of outcomes are provided in Supplementary data
online, Appendix $2).

Statistical analyses

The primary hypothesis of the OPINION trial was that SLAAO added to
usual care would reduce the risk of the composite primary outcome (is-
chaemic stroke, TIA, or cardiovascular mortality within 1 year) compared
to usual care alone. Based on prior registries and clinical trials, the estimated
event rate for the primary outcome in the control group (no SLAAO) was
6.8 per 100 person-years, accounting for variations in anticoagulant therapy
and CHA,DS,-VASc scores. Assuming a 40% relative risk reduction in the
SLAAO group, with 80% power at a one-sided significance level of 0.025
(equivalent to a two-sided 95% confidence interval [Cl]), a total of 2118
participants (1059 per group) were required. This calculation incorporated
potential loss-to-follow-up and heterogeneity in valvular surgery types
(mechanical vs bioprosthetic/repair) and POAF incidence.

Data were collected and analysed according to the predefined statistical
analysis plan. The main analysis was performed in accordance with the prin-
ciples of intention-to-treat (ITT), which included all the randomized pa-
tients regardless of any occurrence of protocol deviation. Descriptive
analysis was reported as frequencies (percentage [%]) for categorical vari-
ables and mean (standard deviation [SD]) or median (interquartile ranges
[IQRY]) for continuous variables. Categorical variables were compared be-
tween the two groups using the likelihood ratio y” test or Fisher’s exact
test. Continuous variables with normal distributions were compared using
two sample t-tests, and non-normal continuous data were compared with
the Wilcoxon rank-sum test. The 95% Cls of the difference between two
treatment arms were calculated by normal approximation for continuous
variables and by the Wald asymptotic method for binary variables. The
event count and percentage of prespecified primary outcome and second-
ary outcomes were provided. The person-year rate for primary outcome
was calculated and corresponding 95% Cl was calculated by normal ap-
proximation method based on Poisson distribution. The time-to-first event
rates for each group were estimated using Kaplan—Meier methods and were
compared by the log-rank test. Proportional hazards assumptions of pre-
specified primary and secondary outcomes were examined by Schoenfeld
residual test. Once proportional hazards assumption holds, between-group
differences would be estimated by hazard ratios (HRs) with 95% Cls using a
Cox proportional hazards model. If a patient experienced the same type of
clinical event more than once, only the first one was used in the analysis.
Superiority would be concluded if upper limit of the two-sided 95% CI
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Patients screened

—

N=2215)

Patients rando
(N=2157)

Patients allocated to SLAAO group
(N=1079)

Patients withdrew informed consent
(N=17)

Patients included in ITT
(N=1062)

Patients undergo operation without valve surgery (ITT)|,

‘ Patients died prior to 30 days after surgery

Eligible for 1-year follow-up
(N=1058)

Patients died prior to 1-year after surgery (N=11)
Patients lost to followup (N=17)

" Patients completed 1-year follow-up
(N=1034)

Patients excluded (N=58)
Not willing to participate trial (N=33)
Withdrew informed consent before randomization (N=25)

Patients allocated to control group
(N=1078)

Patients withdrew informed consent
(N=22)

Patients included in ITT
(N=1058)

. Patients undergo operation without valve surgery [ITF]‘

Patients died prior to 30 days after surgery

Eligible for 1-year follow-up
(N=1055)

Patients died prior to 1-year after surgery (N=9)
Patients lost to followup (N=12)

Patients completed 1-year followup
(N=1035)

| Patients analyzed at 1-year follow-up
(N=1062)

Patients analyzed at 1-year follow-up
(N=1058)

Figure 1 Flow diagram of the study. SLAAO, surgical left atrial appendage occlusion; ITT, intention-to-treat

of the HR in primary endpoint between groups was less than one. Sensitivity
analysis of the primary outcome was done by multivariable Cox propor-
tional hazards model with participating centres as a fixed effect. A landmark
analysis was performed using 6 months as the landmark time point. Patients
who remained event-free at 6 months was included in the subsequent ana-
lysis. The treatment effect would then be evaluated using a Cox proportion-
al hazards model from the landmark time onward, and the HR with 95% CI
were reported. Prespecified subgroup analyses were done with Cox pro-
portional hazards regression models, presented as HRs with 95% Cls
with P-values, and incorporated an interaction term. All analyses were per-
formed with SAS software, version 9.4 (SAS Institute, Cary, NC). A two-
sided P-value of <.05 was considered to indicate statistical significance.

Results

Participant characteristics

Between April 2021 and June 2024, a total of 2157 participants from
three centres were randomized to either undergo LAA occlusion
(SLAAQO: n=1079) or no occlusion (control: n = 1078). After exclu-
sion of 39 patients who withdrew informed consent, 2118 participants
were included in the ITT population (1062 in the SLAAO group and
1056 in the control group). Final follow-up visits occurred from April
2022 to June 2025, with a mean follow-up duration of 1 year.
Follow-up was completed by 98.6% of participants, and 1.4% (n =29)
were lost to follow-up (Figure 1).

Baseline characteristics were well-balanced between groups
(Table 1). The mean age of participants was 55.6 (11.5) years, and
32.6% were female. The mean CHA,DS,-VASc score was 2.87
(0.97), and the mean EuroSCORE Il was 1.57 (1.35)%. Intraoperative
metrics were comparable: mean cross-clamp time was 92.4 min
(SLAAO) vs 91.1 min (control) and mean cardiopulmonary bypass
time was 124.0 vs 122.1 min. Reoperation for bleeding occurred in
1.1% (n=12) of the SLAAO group and 1.7% (n=18) of controls.
Thirty-day mortality was 0.4% (n=4) in the SLAAO group and 0.1%
(n=1) in controls (Table 2). Our analysis revealed no differences in an-
ticoagulation and antiplatelet regimens between the two groups (see
Supplementary data online, Table 54.1).

Primary outcome

The primary composite endpoint occurred in 6.9% (n=73) of the
SLAAQ group and 8.2% (n = 87) of controls (HR 0.83, 95% Cl 0.61—
1.14; P =.25) (Table 2). Kaplan—Meier analysis showed no significant dif-
ference in event-free survival between groups (log-rank P=.24;
Figure 2). Landmark analyses at 6 months and 6—12 months showed re-
sults consistent with the overall findings (see Supplementary data
online, Table $4.2).

Secondary outcomes

During the 1-year follow-up, the incidence of newly occurred ischaemic
stroke was identical in both groups (2.5% [n=26] in SLAAO vs 2.5%
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Table 1 Demographic and clinical characteristics of the participants at baseline and surgical treatments
Variables SLAAO (n=1062) Control (n = 1056) P-value
. Part |c. Pants .......................................................................................................................................................................
Age (years), mean (SD) 555 (11.4) 55.6 (11.5) .65
Female sex 349 (32.9%) 341 (32.3%) .78
Smoking, former, or current 383 (36.1%) 383 (36.3%) 92
Hypertension 492 (46.3%) 466 (44.1%) 31
Hyperlipidaemia 170 (16.0%) 169 (16.0%) 1.00
Diabetes mellitus 139 (13.1%) 142 (13.4%) 81
Previous stroke 130 (12.2%) 117 (11.1%) 40
Transient ischaemic attack 218 (20.5%) 228 (21.6%) .55
Previous myocardial infarction 102 (9.6%) 99 (9.4%) .86
Peripheral arterial disease 146 (13.7%) 128 (12.1%) 26
Aortic plaque 315 (29.7%) 317 (30.0%) 86
History of heart failure 677 (63.7%) 683 (64.7%) .66
Vascular disease 445 (41.9%) 433 (41.0%) 67
Rheumatic heart disease 110 (10.4%) 110 (10.4%) 96
CHA,DS,-VASc score, mean (SD)? 2.88 (0.98) 2.87 (0.96) .83
EuroSCORE Il (%), mean (SD) 1.58 (1.42) 1.56 (1.28) 74
Cardiac surgery

Valvular surgery type A7

No valvular surgery 3 (0.3%) 6 (0.6%)

Valve repair 322 (30.3%) 294 (27.8%)

Mechanical valve replacement 576 (54.2%) 564 (53.4%)

Bioprosthetic valve replacement 161 (15.2%) 192 (18.2%)
Valvular disease 29

Neither 3(0.3%) 6 (0.6%)

Aortic 527 (49.6%) 560 (53.0%)

Mitral 414 (39.0%) 382 (36.2%)

Aortic + Mitral 118 (11.1%) 108 (10.2%)
Concomitant coronary artery bypass 271 (25.5%) 272 (25.8%) .90
Any aortic procedure 165 (15.5%) 172 (16.3%) 64

Data are numbers (%) unless stated otherwise. Baseline characteristics are presented for ITT population (n =2118).
Scores on the CHA,DS,-VASc scale reflect the risk of stroke and thrombo-embolism; scores range from 0 to 9, with higher scores indicating greater risk.
SLAAO, surgical left atrial appendage occlusion; SD, standard deviation; EuroSCORE, European System for Cardiac Operative Risk Evaluation; ITT, intention-to-treat.

[n =26] in controls; HR 1.00, 95% CI 0.58-1.72), while TIAs were nu-
merically lower in the SLAAO group (3.9% [n=40] vs 5.2% [n = 54];
HR 0.74, 95% Cl 0.49-1.11). Cardiovascular mortality rates were simi-
lar (0.9% [n=9] vs 0.8% [n=28]; HR 1.13, 95% CI 0.43-2.92).

POAF occurred in 29.2% (n = 310) of SLAAO patients compared to
32.3% (n = 341) of controls (P =.12), and AF-related healthcare utiliza-
tion was marginally reduced with SLAAO (8.8% [n=91] vs 9.6% [n =
100]; HR 0.91, 95% CI 0.68—1.20). No significant differences were ob-
served in haemorrhagic stroke (0% vs 0.3%, P =.12), bleeding events of

BARC type IV (1.1% vs 1.7%, P = .26), or bleeding events of BARC types
llland V (0.1% vs 0.3%, P =.34) (Table 2).

Subgroup and sensitivity analyses

Subgroup analyses revealed no significant interaction effects (all P for inter-
action >0.05; Supplementary data online, Table $4.3 and Figure 3). The pri-
mary outcome rate is 7.3 per 100 person-years in the SLAAO group and
8.7 per 100 person-years in the control group (see Supplementary data
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Table 2 Trial outcomes

Outcome SLAAO (n=1062) Control (n=1056) Comparison P-value
Prmary ...........................................................................................................................................................................

Newly occurred ischaemic stroke/TIA and cardiovascular mortality 73 (6.9%) 87 (8.2%) 0.83 (0.61, 1.14) .25

Secondary
Cardiovascular mortality 9 (0.9%) 8 (0.8%) 1.13 (043, 2.92) 81
Newly occurred ischaemic stroke 26 (2.5%) 26 (2.5%) 1.00 (0.58, 1.72) 99
Newly occurred TIA 40 (3.9%) 54 (5.2%) 0.74 (049, 1.11) 14
Newly occurred haemorrhagic stroke 0 (0.0%) 3 (0.3%) NA (NA, NA) NA
Bleeding events of BARC type IV® 12 (1.1%) 18 (1.7%) —0.58 (—1.68, 0.53) 26
Bleeding events of BARC type Il and V 1(0.1%) 3 (0.3%) 0.33 (0.04, 3.20) .34
Post-operative atrial fibrillation® 310 (29.2%) 341 (32.3%) -3.10 (=712, 0.92) 12
AF-associated health utilization 91 (8.8%) 100 (9.6%) 0.91 (0.68, 1.20) .50

Operative
Bypass time—min® 124.0 (52.8) 122.1 (51.1) 1.90 (—2.53, 6.34) 40
Cross-clamp time—min® 9241 (41.8) 91.08 (40.9) 1.33 (=2.20, 4.86) 46

Post-operative
Ventilation time—hour® 17.2 (37.8) 16.9 (32.7) 0.24 (-2.77, 3.25) .88
Length of post-operative hospital stay (day)® 7.72 (3.7) 7.87 (3.5) —0.15 (-0.46, 0.16) 33
Post-operative acute kidney injury® 29 (2.7%) 25 (2.4%) 0.36 (—1.07, 1.80) .60
Post-operative newly occurred ischaemic stroke® 3 (1.2%) 9 (0.9%) 0.37 (-0.59, 1.33) 40
Reoperation for bleeding® 12 (1.1%) 18 (1.7%) —0.58 (—1.68, 0.53) 26
Perioperative IABP implantation® 4 (0.4%) 2 (0.2%) 0.19 (-0.36,0.74) .69
Perioperative ECMO implantation® 2 (0.2%) 0 (0.0%) 0.19 (-0.17,0.54) .50
Death within 30 days® 4 (0.4%) 1(0.1%) 0.28 (—0.23,0.79) 37

Data are numbers (%) unless stated otherwise. All values are hazard ratios with 95% confidence intervals unless otherwise noted.

?Data are means (SD).
®This value is the difference with 95% confidence interval.

SLAAO, surgical left atrial appendage occlusion; TIA, transient ischaemic attack; NA, not available; AF, atrial fibrillation; IABP, intra-aortic balloon pump; ECMO, extra-corporeal

membrane oxygenation; SD, standard deviation.

online, Table $4.4). Sensitivity analyses of primary outcomes adjusting for
centre effects yielded consistent results (HR 0.83, 95% Cl 0.61-1.14) (see
Supplementary data online, Table S4.5). Proportional hazards assumption
test of outcomes also revealed no significance (all P > .05; Supplementary
data online, Table $4.6).

Safety outcomes

No significant differences were observed in death within 30 days (0.4%
vs 0.1%, P =.37), haemorrhagic stroke (0% vs 0.3%, P =.12), bleeding
events of BARC type IV (1.1% vs 1.7%, P = .26), or bleeding events of
BARC type Ill and V (0.1% vs 0.3%, P =.34) (see Supplementary data
online, Table S3).

Discussion

This randomized controlled trial evaluated the clinical value of prophylactic
SLAAO during valvular surgery in patients with CHA,DS,-VASc scores

>2 but no pre-operative AF. Our primary findings demonstrated no sig-
nificant difference in the incidence of the composite primary endpoint
(newly occurred ischaemic stroke/TIA and cardiovascular mortality) be-
tween the SLAAO group and control group at 1-year follow-up (6.9%
vs 82%, HR 0.83 [95% ClI: 0.61-1.14], P=.25) (Structured Graphical
Abstract). This key finding carries important clinical implications, suggesting
that routine SLAAO may not reduce thrombo-embolic risk in this specific
population at 1 year and that clinical decision-making requires more
nuanced, individualized assessment.

When compared with prior research, our results demonstrate both
consistencies and divergences. The landmark study using administrative
data and involving 75782 patients reported no significant thrombo-
embolic reduction with LAA closure in non-AF subgroups.®’ Another
study demonstrated, in 1050 patients with sinus rhythm undergoing mi-
tral valve repair for leaflet prolapse, that SLAAQO did not significantly re-
duce the 5-year risk of TIA/stroke compared to leaving the LAA open,
suggesting the need for further large-scale studies to clarify its role.2°
However, Gercek et al’s propensity score-matched study (n = 243)
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Figure 2 Cumulative incidence of newly occurred ischaemic stroke or transient ischaemic attack or cardiovascular mortality. SLAAO, surgical left

atrial appendage occlusion

suggested a 67% stroke risk reduction in high CHA,DS,-VASc pa-
tients."” These discrepancies likely arise from key methodological dif-
ferences such as study design, surgical population, and unbalanced
antithrombotic management protocols.

The relationship between SLAAO and POAF risk remains contro-
versial in current literature."””'®*372% |n a recent meta-analysis of six eli-
gible studies, three investigations (total n = 1290) specifically evaluating
POAF risk were pooled for analysis.19 These studies encompassed vari-
ous occlusion techniques including direct suture, surgical amputation,
and clip application. The combined results demonstrated no significant
increase in POAF risk (pooled risk ratio 1.05, 95% Cl 0.86—1.28;
P = .63), with moderate heterogeneity observed (I*=44.2%)."” Our
findings corroborate this evidence, showing comparable POAF inci-
dence between intervention and control arms.

Notably, despite the elevated incidence of POAF in high
CHA,DS,-VASc score patients (30.7% in our cohort), consistent with
the established range of 15%-54% reported in literature,''¢2
SLAAQ failed to demonstrate the anticipated protective effect against
thromboembolism in the current study. This result, coupled with the
comparable POAF rates between SLAAO and control groups (29.2%
vs 32.3%, P=.12), suggests that POAF-related mechanisms may not
be the primary driver of thromboembolism in this specific population.

This finding may be explained by several pathophysiological
mechanisms:

First, cardiac surgery itself induces endothelial injury and inflamma-
tion,27 while valve prostheses create flow turbulence,28 both promot-
ing thrombosis independent of AF presence/absence. Second, emerging
evidence suggested that early post-operative AF primarily reflects sys-
temic inflammatory responses,”” where platelet activation and hyper-
coagulability play more prominent roles than atrial mechanical
dysfunction in thromboembolism pathogenesis. Third, the LAA’s endo-
crine role is critical, as it serves as a major reservoir of atrial natriuretic
peptide (ANP)® Its exclusion during procedures (eg Maze

procedure) has been linked to significant ANP reduction,®” which
may disrupt sodium-water homeostasis and vascular tone regulation,
potentially contributing to a prothrombotic state. 3233

The methodological strengths of this study include exceptional
follow-up rates (98.6% completion), comprehensive quality control
measures featuring systematic pre-operative, and post-operative trans-
oesophageal echocardiographic evaluation with protocol-mandated
surgical revision for residual LAA stumps >1 cm, and procedure stand-
ardization through exclusive involvement of high-volume surgeons
(>100 annual cases).

However, several limitations should be acknowledged. First, the 1-year
follow-up period represents a limitation. The observed divergence of
event curves beyond 6 months suggests possible late effects that would
require longer assessment, particularly in non-AF patients. Our ongoing
prespecified 3- and 5-year follow-up evaluations will better characterize
the intervention’s clinical effects over time. Second, the study’s power cal-
culation assumed a 40% risk reduction based on registry data, but the ob-
served 17% effect suggests SLAAO’s benefit may be more modest in
broader valvular surgery populations than previously estimated. The high-
er control-group event rate (8.2% vs projected 6.8%) further indicates
our original assumptions may not fully account for real-world thrombo-
embolic risks in these patients. Third, over half of the enrolled patients
underwent mechanical valve replacement, necessitating lifelong warfarin
therapy, which may have attenuated the potential benefits of SLAAO by
independently reducing thromboembolic risk. Although sensitivity ana-
lysis did not reveal a statistically significant interaction between valve
type (bioprosthetic vs mechanical) and SLAAQ efficacy, the widespread
use of anticoagulation in this subgroup could have obscured a true treat-
ment effect. This underscores the need for further investigation in popu-
lations with limited or time-bound anticoagulation regimens, such as
those receiving bioprosthetic valves or valve repairs. Fourth, uneven pa-
tient enrolment distribution (99.5% from a single centre), which was mi-
tigated by uniform inclusion/exclusion criteria, standardized operative
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Subgroup SLAAO Control Hazard Ratio(95 %Cl) Interaction P-value
no.of participants with eventitotal no (%)
Center 098
Fuwai hospital 73/1057 (6.9) 85/1051 (8.1) - 0.85(0.62, 1.17)
Other hospitals 0/5 (0.0) 2/5(40.0) NA (NA NA)
Age 0.36
<65 49/818 (6.0) 63/803 (7.8) et 0.76 (0.52,1.11)
>65 24/244 (9.8) 24/253 (9.5) —p | 1.04 (0.59, 1.84)
Gender 0.66
Female 26/349 (7.4) 28/341(8.2) [ —— 0.92 (0.54, 1.57)
Male 471713 (6.6) 59/715(8.3) el I 0.79 (0.54, 1.16)
Previous stroke or TIA 0.66
Stroke 111130 (8.5) 11117 (9.4) el 0.89 (0.39, 2.06)
TIA 12/1218 (5.5) 20/228 (8.8) i [ 0.62 (0.30, 1.26)
Neither 50/714 (7.0) 56/711(7.9) a 0.89 (0.61, 1.31)
CHA2DS2-VASc score 0.80
=2 21/436 (4.8) 24/439 (5.5) I 0.89 (0.49, 1.59)
>3 52/626 (8.3) 63/617 (10.2) . 0.81(0.56,1.17)
Valvular surgery type 0.97
No 0/3 (0.0) 1/6 (16.7) NA (NANA)
Mechanical valve replacement 35/576 (6.1) 39/564 (6.9) . 0.88 (0.56, 1.39)
Valve repair or Bioprosthetic valve replacement 38/483 (7.9) 47/486 (9.7) —at 081(053,124)
Rheumatic heart disease 0.35
Yes 8/110(7.3) 6/110 (5.5) —_——— 1.35(0.47, 3.88)
No 65/952 (6.8) 81/946 (8.6) ae__ 0.80(0.57, 1.10)
History of heart failure 0.45
Yes 52/677 (7.7) 58/683 (8.5) —a—t 0.91(0.62,1.32)
No 21/385 (5.5) 29/373 (7.8) e 0.70 (0.40, 1.22)
Hypertension 0.16
Yes 36/492 (7.3) 50/466 (10.7) = 0.67 (0.44, 1.03)
No 37/570 (6.5) 37/590 (6.3) ——t 1.05 (0.67, 1.66)
Diabetes mellitus 0.77
Yes 17/139 (12.2) 19/142 (13.4) —a— 0.91(0.47,1.75)
No 56/923 (6.1) 68/914 (7.4) - 0.82 (0.57,1.16)
Vascular disease 0.56
Yes 30/445 (6.7) 39/433 (9.0) — 0.75(0.46, 1.20)
No 43/617 (7.0) 48/623 (7.7) —a— 0.90 (0.60, 1.36)
All participants 731062 (6.9) 87/1056 (8.2) o 0.83(061,1.14)
L] 1 2 3 4
—_—
SLAAO better  Control better

Figure 3 Forest of primary outcome during 1 year. Subgroup analysis of the effect of surgical left atrial appendage occlusion on primary outcome.
SLAAQ, surgical left atrial appendage occlusion; Cl, confidence interval; TIA, transient ischaemic attack; Scores on the CHA,DS,-VASc scale reflect the
risk of stroke and thrombo-embolism; scores range from O to 9, with higher scores indicating greater risk

protocols, and centralized endpoint adjudication. Fifth, although anticoa-
gulation status was not included as a prespecified subgroup in this trial,
we plan to conduct post hoc analyses examining potential interactions be-
tween SLAAO and different antithrombotic regimens, which may gener-
ate hypotheses for future research. Finally, the potential impacts of
SLAAO on cardiac function and neuroendocrine regulation remain un-
characterized and warrant future investigation.

Conclusion

For valvular surgery patients with CHA,DS,-VASc scores >2 but no
pre-operative AF, prophylactic SLAAO did not significantly reduce
the incidence of the primary composite endpoint (ischaemic stroke,
TIA, and cardiovascular mortality) at 1-year follow-up.

Acknowledgements

The authors thank Professor Yan Zhang, Jun Feng, and Tao Yang,
Department of Cardiac Surgery, Fuwai Hospital, Beijing, who adjudi-
cated the outcomes. We thank all the patients who participated in
the study and the clinical and research staff at all the trial sites for their
assistance.

Supplementary data

Supplementary data are available at European Heart Journal online.

Declarations

Disclosure of interest

All authors have completed the ICMJE uniform disclosure form at
www.icmje.org/disclosure-of-interest/and  declare: support from
Beijing Science and Technology Planning Project for the submitted
work; no financial relationships with any organizations that might
have an interest in the submitted work in the previous 3 years; no other
relationships or activities that could appear to have influenced the sub-
mitted work.

Data Availability

The research data and statistical code will be available on http:/www.
medresman.org.cn/login.aspx in 6 months after the publication of the
research results. To access the materials, authorization is required by
contacting the study leader at drsunhs@sina.com.

920z AIne 10 U0 1s8NnB Aq LOvYHZ8/0%2Z/0Z/ L7/910e/ [esyINa/woo"dno-olwapeoe//:sdpy Lol Papeojumod


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf674#supplementary-data
https://www.icmje.org/disclosure-of-interest/
http://www.medresman.org.cn/login.aspx
http://www.medresman.org.cn/login.aspx
mailto:drsunhs@sina.com

2448

Yuan et al.

Funding

This study is funded by the Beijing Science and Technology Planning
Project (Grant Number Z201100005520033). The study design, data
collection, analysis, and interpretation, as well as the writing of the re-
port and the decision to submit the article for publication, were all con-
ducted independently of the sponsors.

Ethical Approval

The Ethics Committee in Fuwai Hospital approved this study. After the
primary centre obtained the ethical review permit, the two subsidiary
centres were granted permission to conduct research through expe-
dited ethical approval access. All participants provided written in-
formed consent to participate in the trial.

Pre-registered Clinical Trial Number

Left atrial appendage occlusion for patients with valvular diseases and
without atrial fibrillation: a randomized controlled trial
(ChiCTR2100042238, 2021-01-17, https:/www.chictr.org.cn/).

References
1. Kaw R, Hernandez AV, Masood |, Gillinov AM, Saliba W, Blackstone EH. Short- and
long-term mortality associated with new-onset atrial fibrillation after coronary artery
bypass grafting: a systematic review and meta-analysis. | Thorac Cardiovasc Surg 2011;
141:1305-12. https:/doi.org/10.1016/}.jtcvs.2010.10.040
2. Megens MR, Churilov L, Thijs V. New-onset atrial fibrillation after coronary artery by-
pass graft and long-term risk of stroke: a meta-analysis. | Am Heart Assoc 2017;6:
e007558. https:/doi.org/10.1161/jaha.117.007558
3. Lin MH, Kamel H, Singer DE, Wu YL, Lee M, Ovbiagele B. Perioperative/postoperative
atrial fibrillation and risk of subsequent stroke and/or mortality. Stroke 2019;50:
1364-71. https://doi.org/10.1161/strokeaha.118.023921
4. Thorén E, Wernroth ML, Christersson C, Grinnemo KH, Jidéus L, Stahle E. Compared
with matched controls, patients with postoperative atrial fibrillation (POAF) have in-
creased long-term AF after CABG, and POAF is further associated with increased ische-
mic stroke, heart failure and mortality even after adjustment for AF. Clin Res Cardiol
2020;109:1232-42. https:/doi.org/10.1007/s00392-020-01614-z
5. Patel BM, Reinert NJ, Al-Robaidi K, Gao X, Fabio A, Esper SA, et al. Independent pre-
dictors of perioperative stroke-related mortality after cardiac surgery. | Stroke
Cerebrovasc Dis 2020;29:104711. https:/doi.org/10.1016/jjstrokecerebrovasdis.2020.
104711
6. Caldonazo T, Kirov H, Rahouma M, Robinson NB, Demetres M, Gaudino M, et al. Atrial
fibrillation after cardiac surgery: a systematic review and meta-analysis. | Thorac
Cardiovasc Surg 2023;165:94-103.e24. https:/doi.org/10.1016/j.jtcvs.2021.03.077
7. Eikelboom R, Sanjanwala R, Le ML, Yamashita MH, Arora RC. Postoperative atrial fib-
rillation after cardiac surgery: a systematic review and meta-analysis. Ann Thorac Surg
2021;111:544-54. https:/doi.org/10.1016/j.athoracsur.2020.05.104
8. Hart RG, Diener HC, Coutts SB, Easton D, Granger CB, O’'Donnell M}, et al. Embolic
strokes of undetermined source: the case for a new clinical construct. Lancet Neurol
2014;13:429-38. https:/doi.org/10.1016/s1474-4422(13)70310-7
9. Mahajan R, Brooks AG, Sullivan T, Lim HS, Alasady M, Abed HS, et al. Importance of the
underlying substrate in determining thrombus location in atrial fibrillation: implications
for left atrial appendage closure. Heart 2012;98:1120-6. https:/doi.org/10.1136/
heartjnl-2012-301799
10. Algarawi W, Grose E, Ramirez FD, Sikora L, Golian M, Nair GM, et al. Prevalence of left
atrial appendage thrombus in patients anticoagulated with direct oral anticoagulants:
systematic review and meta-analysis. (JC Open 2020;3:658-65. https://doi.org/10.
1016/}.¢jc0.2020.12.012
11. Landmesser U, Skurk C, Tzikas A, Falk V, Reddy VY, Windecker S. Left atrial appendage
closure for stroke prevention in atrial fibrillation: current status and perspectives. Eur
Heart | 2024;45:2914-32. https:/doi.org/10.1093/eurheartj/ehae398
12. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP 3rd, Gentile F, et al. 2020
ACC/AHA guideline for the management of patients with valvular heart disease: a re-
port of the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. Circulation 2021;143:e72-227. https:/doi.
org/10.1161/cir.0000000000000923
13. Chua SK, Shyu KG, Lu M, Lien LM, Lin CH, Chao HH, et al. Clinical utility of CHADS2
and CHA2DS2-VASc scoring systems for predicting postoperative atrial fibrillation

14.

15.

16.

17.

18.

19.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

after cardiac surgery. | Thorac Cardiovasc Surg 2013;146:919-26.e1. https:/doi.org/10.
1016/j.jtcvs.2013.03.040

YinL, Ling X, Zhang Y, Shen H, Min |, Xi W, et al. CHADS2 and CHA2DS2-VASc scoring
systems for predicting atrial fibrillation following cardiac valve surgery. PLoS One 2015;
10:e0123858. https:/doi.org/10.1371/journal.pone.0123858

Kashani RG, Sareh S, Genovese B, Hershey C, Rezentes C, Shemin R, et al. Predicting
postoperative atrial fibrillation using CHA2DS2-VASc scores. | Surg Res 2015;198:
267-72. https:/doi.org/10.1016/j.,js5.2015.04.047

Chen YL, Zeng M, Liu Y, Xu Y, Bai Y, Cao L, et al. CHA(2)DS(2)-VASc score for iden-
tifying patients at high risk of postoperative atrial fibrillation after cardiac surgery: a
meta-analysis. Ann Thorac Surg 2020;109:1210-6. https://doi.org/10.1016/j.athoracsur.
2019.07.084

Gergek M, Bérgermann |, Gergek M, Gummert ). Left atrial appendage amputation con-
comitant with cardiac surgery in patients with sinus rhythm. Eur | Cardiothorac Surg 2023;
63:ezad088. https:/doi.org/10.1093/ejcts/ezad088

Madsen CV, Park-Hansen J, Holme S}V, Irmukhamedov A, Carranza CL, Greve AM, et al.
Randomized trial of surgical left atrial appendage closure: protection against cerebrovas-
cular events. Semin Thorac Cardiovasc Surg 2023;35:664—72. https:/doi.org/10.1053/j.
semtcvs.2022.06.012

Baudo M, Sicouri S, Yamashita Y, Senzai M, McCarthy PM, Gerdisch MWV, et al. Stroke
prevention with prophylactic left atrial appendage occlusion in cardiac surgery patients
without atrial fibrillation: a meta-analysis of randomized and propensity-score studies.
Circ Cardiovasc Interv 2024;17:e014296. https:/doi.org/10.1161/circinterventions.124.
014296

Ascaso M, David CM, Fan CS, Saha S, David TE. Closure of left atrial appendage has no
effect on thromboembolic rates after mitral valve repair in patients in sinus rhythm.
Semin Thorac Cardiovasc Surg 2024;36:150—7. https:/doi.org/10.1053/j.semtcvs.2022.
10.008

Yao X, Gersh BJ, Holmes DR, Melduni RM, Johnsrud DO, Sangaralingham LR, et al.
Association of surgical left atrial appendage occlusion with subsequent stroke and mor-
tality among patients undergoing cardiac surgery. JAMA 2018;319:2116-26. http:/doi.
org/10.1001/jama.2018.6024

. JuF, Yuan X, Sun H. Left atrial appendage occlusion for patients with valvular diseases

without atrial fibrillation (the OPINION study): study protocol for a multicentre, ran-
domised controlled trial. BMJ Open 2024;14:e076688. https:/doi.org/10.1136/
bmjopen-2023-076688

Endo D, Kinoshita T, Lee J, Machida Y, Nishida K, Sato Y, et al. Left atrial appendage clos-
ure during coronary bypass surgery in patients on hemodialysis. Circ | 2023;87:982-9.
https:/doi.org/10.1253/circ}.CJ-22-0573

Gerdisch MW, Garrett HE Jr., Mumtaz MA, Grehan JF, Castillo-Sang M, Miller S, et al.
Prophylactic left atrial appendage exclusion in cardiac surgery patients with elevated
CHA(2)DS(2)-VASc score: results of the randomized ATLAS trial. Innovations (Phila)
2022;17:463-70. https:/doi.org/10.1177/15569845221123796

Melduni RM, Schaff HV, Lee HC, Gersh BJ, Noseworthy PA, Bailey KR, et al. Impact of
left atrial appendage closure during cardiac surgery on the occurrence of early post-
operative atrial fibrillation, stroke, and mortality: a propensity score-matched analysis
of 10633 patients. Circulation 2017;135:366—78. https:/doi.org/10.1161/circulationaha.
116.021952

Sareh S, Toppen W, Mukdad L, Satou N, Shemin R, Buch E, et al. CHADS?2 score pre-
dicts atrial fibrillation following cardiac surgery. | Surg Res 2014;190:407-12. https:/doi.
org/10.1016/j.,jss.2014.02.007

Maisat W, Yuki K. Narrative review of systemic inflammatory response mechanisms in
cardiac surgery and immunomodulatory role of anesthetic agents. Ann Card Anaesth
2023;26:133-42. https:/doi.org/10.4103/aca.aca_147_22

Catalano C, Crasci F, Puleo S, Scuoppo R, Pasta S, Raffa GM. Computational fluid dy-
namics in cardiac surgery and perfusion: a review. Perfusion 2025;40:362—70. https:/
doi.org/10.1177/02676591241239277

Staicu RE, Cozlac AR, Sintean ME, Negru AG, Gorun F, Ciurescu S, et al. Inflammatory
biomarkers for predicting postoperative atrial fibrillation in cardiac surgery. | Med Life
2025;18:494-508. https:/doi.org/10.25122/jml-2025-0085

Al-Saady NM, Obel OA, Camm A. Left atrial appendage: structure, function, and role in
thromboembolism. Heart 1999;82:547-54. https:/doi.org/10.1136/hrt.82.5.547

Kim KB, Lee CH, Kim CH, Cha Y. Effect of the Cox maze procedure on the secretion of
atrial natriuretic peptide. | Thorac Cardiovasc Surg 1998;115:139—-46. discussion 146-7.
http://doi.org/10.1016/s0022-5223(98)70452-0

Lee CH, Kim JB, Jung SH, Choo SJ, Chung CH, Lee JW. Left atrial appendage resection
versus preservation during the surgical ablation of atrial fibrillation. Ann Thorac Surg
2014;97:124-32. https:/doi.org/10.1016/j.athoracsur.2013.07.073

Kim R, Baumgartner N, Clements J. Routine left atrial appendage ligation during cardiac
surgery may prevent postoperative atrial fibrillation-related cerebrovascular accident. |
Thorac Cardiovasc Surg 2013;145:582-9; discussion 589. https:/doi.org/10.1016/j jtcvs.
2012.10.016

920z AIne 10 U0 1s8NnB Aq LOvYHZ8/0%2Z/0Z/ L7/910e/ [esyINa/woo"dno-olwapeoe//:sdpy Lol Papeojumod


https://www.chictr.org.cn/
https://doi.org/10.1016/j.jtcvs.2010.10.040
https://doi.org/10.1161/jaha.117.007558
https://doi.org/10.1161/strokeaha.118.023921
https://doi.org/10.1007/s00392-020-01614-z
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104711
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104711
https://doi.org/10.1016/j.jtcvs.2021.03.077
https://doi.org/10.1016/j.athoracsur.2020.05.104
https://doi.org/10.1016/s1474-4422(13)70310-7
https://doi.org/10.1136/heartjnl-2012-301799
https://doi.org/10.1136/heartjnl-2012-301799
https://doi.org/10.1016/j.cjco.2020.12.012
https://doi.org/10.1016/j.cjco.2020.12.012
https://doi.org/10.1093/eurheartj/ehae398
https://doi.org/10.1161/cir.0000000000000923
https://doi.org/10.1161/cir.0000000000000923
https://doi.org/10.1016/j.jtcvs.2013.03.040
https://doi.org/10.1016/j.jtcvs.2013.03.040
https://doi.org/10.1371/journal.pone.0123858
https://doi.org/10.1016/j.jss.2015.04.047
https://doi.org/10.1016/j.athoracsur.2019.07.084
https://doi.org/10.1016/j.athoracsur.2019.07.084
https://doi.org/10.1093/ejcts/ezad088
https://doi.org/10.1053/j.semtcvs.2022.06.012
https://doi.org/10.1053/j.semtcvs.2022.06.012
https://doi.org/10.1161/circinterventions.124.014296
https://doi.org/10.1161/circinterventions.124.014296
https://doi.org/10.1053/j.semtcvs.2022.10.008
https://doi.org/10.1053/j.semtcvs.2022.10.008
https://doi.org/http://doi.org/10.1001/jama.2018.6024
https://doi.org/http://doi.org/10.1001/jama.2018.6024
https://doi.org/10.1136/bmjopen-2023-076688
https://doi.org/10.1136/bmjopen-2023-076688
https://doi.org/10.1253/circj.CJ-22-0573
https://doi.org/10.1177/15569845221123796
https://doi.org/10.1161/circulationaha.116.021952
https://doi.org/10.1161/circulationaha.116.021952
https://doi.org/10.1016/j.jss.2014.02.007
https://doi.org/10.1016/j.jss.2014.02.007
https://doi.org/10.4103/aca.aca_147_22
https://doi.org/10.1177/02676591241239277
https://doi.org/10.1177/02676591241239277
https://doi.org/10.25122/jml-2025-0085
https://doi.org/10.1136/hrt.82.5.547
https://doi.org/discussion 146-7. http://doi.org/10.1016/s0022-5223(98)70452-0
https://doi.org/discussion 146-7. http://doi.org/10.1016/s0022-5223(98)70452-0
https://doi.org/10.1016/j.athoracsur.2013.07.073
https://doi.org/10.1016/j.jtcvs.2012.10.016
https://doi.org/10.1016/j.jtcvs.2012.10.016

	Surgical left atrial appendage occlusion in valvular heart disease without atrial fibrillation: the OPINION trial
	Introduction
	Methods
	Trial design and oversight
	Participants
	Procedures
	Outcomes
	Statistical analyses

	Results
	Participant characteristics
	Primary outcome
	Secondary outcomes
	Subgroup and sensitivity analyses
	Safety outcomes

	Discussion
	Conclusion
	Acknowledgements
	Supplementary data
	Declarations
	Disclosure of interest
	Data Availability
	Funding
	Ethical Approval
	Pre-registered Clinical Trial Number

	References




