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Abstract

ay be associated with a lower risk of thromboembolism in patients
Background: Surgical left atrial appendage occlusion (SLAAO) m
with atrial fibrillation undergoing cardiac surgery. However, evidence regarding the effectiveness of SLAAO in patients undergoing
mechanical heart valve replacement (MHVR) is lacking. Therefore, we aimed to evaluate the association between SLAAO and the
cardiovascular outcomes in patients with atrial fibrillation undergoing MHVR.
Methods: We retrospectively analyzed data for 497 patients with atrial fibrillation; 27.6% of the patients underwent SLAAO, and
the remainder of the patients did not (No-SLAAO group). The primary outcome was a composite of ischemic stroke, systemic
embolism, and all-cause mortality. Cumulative event-free survival rates were estimated using Kaplan-Meier curves, and we
performed multivariate Cox analyses to evaluate the association between SLAAO and outcomes. We used one-to-one propensity
score matching to balance patients’ baseline characteristics, and analyzed 120 matching pairs.
Results: Five patients died within 30 days postoperatively, and there were no significant differences between the two groups
regarding in-hospital complications (all P> 0.05). After a median follow-up of 14 months, 14 primary events occurred. Kaplan-
Meier curves showed no difference in the cumulative incidence of freedom from the primary outcome (log-rank P= 0.830),
hemorrhagic events (log-rank P= 0.870), and the secondary outcome (log-rank P= 0.730), between the two groups. Multivariable
Cox proportional hazards regression analysis showed no association between SLAAO and any outcome (all P> 0.05). After
propensity score matching, cardiopulmonary bypass time and aortic cross-clamp time, and the postoperative length of stay were
significantly longer in the SLAAO group (all P< 0.05); results were similar to the unadjusted analyses.
Conclusions: Concomitant SLAAO and MHVR was associated with longer length of stay, and cardiopulmonary bypass time and
aortic cross-clamp time, but was not associated with additional protective effects against thromboembolic events and mortality
during the 14-month follow-up.
Keywords: Atrial fibrillation; Heart valve prosthesis implantation; Propensity score

Introduction or epicardial exclusion clips has also received widespread
attention.[5]
Hospital, National Clinical Research Center of Cardiovascular Diseases, National
Atrial fibrillation is the most common arrhythmia and is
expected to affect 33.5 million people worldwide.[1]

Studies report that the left atrial appendage (LAA) plays
a role in thrombus formation, and is considered the source
of 90% of the embolisms in non-valvular atrial fibrillation
and 57% of the embolisms in valvular atrial fibrilla-
tion.[2,3] Furthermore, atrial fibrillation is associated
with an estimated three- to five-fold increase in the risk
of stroke.[4] Therefore, in addition to conventional anti-
thrombotic therapy, the impact of concomitant surgical
LAA occlusion (SLAAO) through suture exclusion/
excision, stapler exclusion/excision, snares/suture loops,
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Theoretically, SLAAO may be associated with a reduced
risk of thromboembolism, but the procedure also comes
with risks such as prolonged operation time, damage to the
circumflex coronary arteries, and incomplete LAA occlu-
sion. However, data are limited regarding the effectiveness
of SLAAO in open cardiac surgery, which contributes to
its IIa or IIb recommendation in recent European and
American guidelines.[6-8] Several studies have examined
the relationship between concomitant SLAAO during
cardiac surgery and cardiovascular outcomes, but with
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divergent results. Recently, two large observational
studies[9,10] and several meta-analyses[11-13] comparing

years, sex category (CHA2DS2-VASc) score (range: 0–9) as
1 point each for heart failure, hypertension, diabetes,

Chinese Medical Journal 2020;133(16) www.cmj.org
patients who underwent SLAAO with those who did not,
demonstrated that SLAAO during cardiac surgery was
associated with a lower risk of thromboembolism, stroke,
and mortality. Conversely, other studies found that
concomitant SLAAO and cardiac surgery did not influence
the risk of stroke or mortality.[14-16]

Because of the relatively small percentage of patients
undergoing mechanical heart valve replacement (MHVR)
in previous studies,[9,10] limited information is available
regarding the effectiveness of SLAAO in patients undergo-
ing MHVR. Therefore, we performed this retrospective
observational study and enrolled patients with valve
disease and atrial fibrillation who underwent MHVR
with or without SLAAO in our center, to evaluate the
association between SLAAO and the risk of ischemic
stroke, systemic embolism, and mortality in patients with
atrial fibrillation undergoing MHVR.

Methods
Ethical approval

The study was performed in accordance with the principles
of the Declaration of Helsinki and was approved by our
Hospital Ethical Review Board (No. 2017-880). The
requirement for written informed consent was waived
because of the retrospective design.

Study population
This was a single-center, retrospective, observational
study. We consecutively enrolled adult patients with atrial
fibrillation who underwent MHVR with or without
coronary artery bypass grafting (CABG) from July 1,
2017 to June 30, 2018 at our center. Patients were
excluded if they had undergone prior open-heart valve
surgery, CABG, or atrial fibrillation ablation procedures.

Baseline data
892
Patients’ clinical data, namely age, height, weight, blood
pressure, smoking status, and history of comorbidity were
obtained by experienced physicians and nurses when
patients were first hospitalized. We obtained all variables
by database review or from the electronic medical record
system in our center, which contained detailed baseline
demographic information, comorbidities, surgical proce-
dures, and medication records at discharge for all enrolled
patients. Body mass index (BMI) was calculated as weight
in kilograms divided by the square of height in meters.
Estimated glomerular filtration rate (eGFR) was calculated
according to the Chronic Kidney Disease Epidemiology
Collaboration equation,[17] as follows: eGFR = 141�min
(Scr/k, 1)a � max(Scr/k, 1)�1.209 � 0.993Age� 1.018 (if
female), where Scr is serum creatinine, k is 0.7 for women
and 0.9 for men, a is �0.329 for women and �0.411 for
men, min indicates the minimum Scr/k or 1, and max
indicates the maximum Scr/k or 1. We also calculated the
congestive heart failure, hypertension, age ≥75 years,
diabetes mellitus, stroke, vascular disease, age 65 to 74
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vascular disease, age 65 to 74 years, and female sex; and 2
points for ≥75 years, and prior stroke, transient ischemic
attack, or thromboembolism.

Surgical techniques
All surgeries were performed through a median sternot-
omy under cardiopulmonary bypass with SLAAO
performed simultaneously in 137 (27.6%) patients using
one of three surgical techniques, at the surgeon’s
discretion. When LAA occlusion was performed, the
LAA ostium was oversewn in two layers of polypropylene
suture from inside the left atrium or the LAA was ligated
epicardially with suture. In a minority of patients, the
LAA was amputated and its opening was oversewn with
two layers of polypropylene suture, epicardially. The
completeness of SLAAO was assessed by surgeons
visually.

Follow-up and outcomes
Patients were encouraged to return for a routine outpatient
visit 3 months and 1 year after surgery. Those who were
not assessed in-person were interviewed by telephone or
mail 1 year after surgery according to our standard
institutional procedure. Follow-up began the day after
surgery and continued for 1 year after surgery, or death,
whichever occurred first. All related prognostic informa-
tion was collected.

The primary outcome was a composite of thromboembolic
events (ischemic stroke and systemic embolism) and all-
cause mortality. Ischemic stroke and systemic embolism
were defined as a primary or secondary diagnosis during an
emergency department visit or an inpatient stay (diagnosis
codes: International Classification of Diseases-9 codes 433,
434, and 444; and International Classification of Diseases-
10 codes I63 and I74). We identified mortality according to
telephone interviews or discharge status. Hemorrhagic
events constituted major bleeding, which was diagnosed
as requiring treatment during an emergency department
visit or an inpatient stay, and minor bleeding identified
according to self-reported patient data. The secondary
outcome was defined as a composite of ischemic
stroke, systemic embolism, major bleeding, and all-cause
mortality.

We also compared in-hospital complication rates by
treatment group, which included 30-day mortality,
re-exploration, length of stay after surgery, red blood cell
transfusion, acute kidney injury, and the composite in-
hospital events of death, re-exploration, and cerebrovascu-
lar accidents. Acute kidney injurywas defined as an increase
in serum creatinine of ≥0.3 mg/dL (≥26.4 mmol/L) or an
increaseof≥150%to200%(1.5- to two-fold) frombaseline
(stage 1); an increase in serum creatinine of >200% to
300% (>two- to three-fold) from baseline (stage 2); or an
increase in serum creatinine of >300% (>three-fold) from
baseline (or serum creatinine ≥4.0 mg/dL [≥354 mmol/L]
with an acute increase of at least 0.5 mg/dL [44 mmol/L])
(stage 3).[18]
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Statistical analysis other procedures). Most patients underwent mitral valve
replacement or double-valve replacement because of

Primary and secondary outcomes
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Continuous data were expressed as mean ± standard
deviation or median (interquartile range), and categorical
variables were presented as counts with percentages.
Differences between groups were tested using the t test or
Wilcoxon rank-sum test for continuous variables and the
Chi-squared test or Fisher exact test for categorical
variables, depending on the nature of the distribution.

We compared observed event rates between the groups
(SLAAO group and No-SLAAO group) and used a logistic
regression model to calculate event rates. Comparisons of
Kaplan-Meier curveswere performedwith the log-rank test.
Additionally, univariate andmultivariate Cox proportional
hazards regression models were used to test for the
association between SLAAO and the risk of primary and
second outcomes and to estimate the corresponding relative
hazard ratios (HRs) with 95% confidence intervals (CIs).
The assumption of proportional hazard for the final models
was checked using Schoenfeld residuals.

Propensity score matching (PSM) was used to balance
differences in patients’baseline characteristics usingmultiple
logistic regression analysis. All pre-specified covariates were
included in the final models for the SLAAO vs. No-SLAAO
groups [Table 1 and Supplementary Table 1, http://links.
lww.com/CM9/A257].One-to-onenearest-neighbormatch-
ing was used to match patients according to the propensity
score, without replacement, using a variable-width caliper
matching algorithm (5:1 digit matching). The standardized
differences were used to compare balance in baseline
covariates between groups, and an absolute standardized
difference of <10% was considered acceptable.

Subgroup analyses for thromboembolism events and
mortality were stratified by sex, BMI, CHA2DS2-VASc
score, coronary artery disease, and left atrial dimension.
Likelihood ratio tests were performed for interactions.
Statistical significance was set at P< 0.05, and all
statistical analyses were performed using SAS software,
version 9.4 (SAS Institute Inc., Cary, NC, USA) and SPSS
software (version 24; IBM Corp., Armonk, NY, USA).

Results
893
Baseline characteristics

Between July 1, 2017 and June 30, 2018, 623 consecutive
patients with atrial fibrillation underwent MHVR. After
excludingpatientswhounderwent prior open-heart valve or
CABG procedures (n= 32), or concomitant atrial fibrilla-
tion ablation procedures (n= 94), 497 patients met the
study criteria [Supplementary Figure 1, http://links.lww.
com/CM9/A258]. Patients’ baseline characteristics and
detailed surgical information for the overall cohort appear
in Table 1. The mean (standard deviation) age of the study
cohort was 55.9 (8.6) years; 307 (61.8%) patients were
women; 379 (76.3%) patients had a New York Heart
Association score of III or IV; and 47 (9.5%) patients had
undergone prior cardiac intervention (24 underwent prior
percutaneous balloon mitral valvuloplasty, ten underwent
prior closed mitral commissurotomy, and 13 underwent
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rheumatic heart disease. Concomitant SLAAO was per-
formed in 137 patients (27.6%), with ligation performed in
62patients, intra-atrial oversewing in61, andamputation in
14,while 49 (9.9%) underwent concomitantCABG, and 90
(18.1%) had an atrial thrombus. Compared with the No-
SLAAO group, patients who underwent SLAAO had a
lower incidence of hypertension (13.9% vs. 22.8%,
P= 0.027) but were more likely to have an atrial thrombus
(38.0% vs. 10.6%, P< 0.001), rheumatic mitral valve
disease (94.0% vs. 88.0%, P= 0.043), and mitral stenosis
(91.2% vs. 78.3%, P= 0.001), and to have undergone
mitral valve surgery (97.8% vs. 92.8%, P= 0.032) (all
comparison: SLAAO vs. No-SLAAO, respectively). As
shown in Table 1, medication at discharge showed non-
statistical differences between the SLAAO group and the
No-SLAAO group other than for angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers (0.7%
vs. 5.0%, respectively; P= 0.027). All patients were
prescribed warfarin after surgery, and the target interna-
tional normalized ratio range was 1.8 to 2.5.

Surgical complications
In the overall study cohort, five patients died within 30
days after surgery (one cardiac death, one neurogenic
death, and three multiple organ system failures). Although
cardiopulmonary bypass (CPB) time and aortic cross-
clamp time were significantly longer in the SLAAO group,
the length of stay after surgery was similar between the
groups (8.6 ± 5.0 days in the SLAAO group vs. 8.0± 4.1
days in the No-SLAAO group; P= 0.297) [Table 1]. The
rate of postoperative complications, including the inci-
dence of postoperative surgical re-exploration, postopera-
tive red blood cell transfusion, and acute kidney injury did
not differ between patients in the SLAAO and No-SLAAO
groups. In the unadjusted logistic regression analyses,
SLAAO was not associated with 30-day mortality (odds
ratio [OR], 0.65; 95% CI, 0.07–5.91; P = 0.706). Similar
results were observed between the groups regarding the
other in-hospital complications [Table 2].
After a median follow-up of 14 months (13–16 months),
eight patients were lost to follow-up, and 117 (24.2%)
eventsoccurredamong the remaining484patients. Ischemic
stroke occurred in 1.7% of the patients, systemic embolism
in 0.4%, all-cause deaths constituted 0.8% of the patients,
hemorrhagic events occurred in 21.9% (major bleeding in
1.3%, minor bleeding in 20.6%), and 3.9% of the patients
experienced the secondary outcome. Kaplan-Meier curves
showed no differences in the cumulative incidence of the
primary outcome, thromboembolic events, all-cause mor-
tality, hemorrhagic events, and the secondary outcome
between groups (all log-rank, P> 0.05) [Figure 1]. The
results of the univariate and multivariate COX analyses are
presented in Table 3. Compared with No-SLAAO, SLAAO
was not associated with lower risks of the primary outcome
(HR, 1.03; 95% CI, 0.32–3.27; P= 0.965), hemorrhagic
events (HR, 0.94; 95% CI, 0.61–1.46; P= 0.796), and the
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Table 1: Baseline patients’ characteristics, detailed surgical information, and medication at discharge before and after propensity score
matching.

Before PSM After PSM

Variables
SLAAO

(N= 137)
No-SLAAO
(N= 360) Statistics P

SLAAO
(N= 120)

No-SLAAO
(N= 120) Statistics P

Age (years) 55.3± 9.2 56.2± 8.4 1.050
∗

0.294 55.1± 9.2 55.1± 9.1 �0.013
∗

0.989
Female 84 (61.3) 223 (61.9) 0.017† 0.897 76 (63.3) 74 (61.7) 0.071† 0.790
Current smoking 38 (27.7) 84 (23.3) 1.039† 0.308 31 (25.8) 32 (26.7) 0.022† 0.883
BMI (kg/m2) 22.8± 2.9 23.3± 3.3 �1.688‡ 0.091 22.8± 3.0 22.8± 3.3 �0.183

∗
0.855

Ejection fraction (%) 60.4± 5.5 61.2± 5.5 �1.016‡ 0.310 60.9± 5.1 61.1± 4.9 0.285
∗

0.776
LVEDD (mm) 49.2± 7.6 50.8± 8.8 �1.595‡ 0.111 49.4± 7.3 50.9± 8.1 1.530

∗
0.127

LAD (mm) 56.3± 10.3 56.3± 11.3 �0.538‡ 0.590 56.1± 10.3 57.5± 10.4 1.054
∗

0.293
COPD 5 (3.6) 10 (2.8) – 0.570x 4 (3.3) 2 (1.7) – 0.684x

NYHA class 3 or 4 103 (75.2) 276 (76.7) 0.121† 0.728 91 (75.8) 84 (70.0) 1.034† 0.309
Hypertension 19 (13.9) 82 (22.8) 4.864† 0.027 16 (13.3) 17 (14.2) 0.035† 0.851
Dyslipidemia 68 (49.6) 195 (54.2) 0.818† 0.366 62 (51.7) 50 (41.7) 2.411† 0.121
Diabetes 7 (5.1) 34 (9.4) 2.464† 0.116 6 (5.0) 4 (3.3) 0.417† 0.518
eGFR < 60mL/min/1.73 m2 21 (15.3) 64 (17.8) 0.420† 0.517 17 (14.2) 15 (12.5) 0.144† 0.704
CAD 14 (10.2) 54 (15.0) 1.921† 0.166 12 (10.0) 11 (9.2) 0.048† 0.826
PAD 6 (4.4) 13 (3.6) 0.159† 0.690 5 (4.2) 4 (3.3) – 0.999x

Ischemic stroke or systemic
embolism

25 (18.2) 47 (13.1) 2.160† 0.142 19 (15.8) 19 (15.8) 0† 0.999

Carotid disease 21 (15.3) 69 (19.2) 0.986† 0.321 20 (16.7) 18 (15.0) 0.125† 0.724
Prior cardiac intervention 10 (7.3) 37 (10.3) 1.028† 0.311 9 (7.5) 7 (5.8) 0.268† 0.605
Prior PCI 1 (0.7) 5 (1.4) – 0.999x 1 (0.8) 1 (0.8) – 0.999x

Prior closed mitral
commissurotomy

1 (0.7) 9 (2.5) – 0.298x 1 (0.8) 0 – 0.999x

Prior PBMV 8 (5.8) 16 (4.4) 0.420† 0.517 7 (5.8) 6 (5.0) 0.081† 0.776
CHA2DS2-VASc score 2.2± 1.4 2.2± 1.2 �0.916x 0.360 2.1± 1.3 2.0± 1.2 �0.559

∗
0.577

CHA2DS2-VASc score ≥ 2 89 (65.0) 257 (71.4) 1.937† 0.164 77 (64.2) 80 (66.7) 0.166† 0.684
Atrial thrombus 52 (38.0) 38 (10.6) 50.242† <0.001 36 (30.0) 34 (28.3) 0.081† 0.776
Mitral stenosis 125 (91.2) 282 (78.3) 11.149† 0.001 108 (90.0) 107 (89.2) 0.045† 0.833
Moderate or more MR 69 (50.4) 203 (56.4) 1.453† 0.228 61 (50.8) 65 (54.2) 0.267† 0.605
Surgery
Isolate MVR 94 (68.6) 239 (66.4) 0.222† 0.637 83 (69.2) 80 (66.7) 0.172† 0.678
DVR 40 (29.2) 95 (26.4) 0.396† 0.529 34 (28.3) 40 (33.3) 0.703† 0.402
MVR/DVR 134 (97.8) 334 (92.8) 4.574† 0.032 117 (97.5) 120 (100) – 0.247x

TVS 119 (86.9) 292 (81.1) 2.096† 0.148 104 (86.7) 100 (83.3) 0.523† 0.470
Rheumatic MVDjj 126 (94) 300 (88.0) 4.078† 0.043 109 (93.2) 107 (89.2) 1.171† 0.279
Concurrent CABG 11 (8) 38 (10.6) 0.713† 0.399 9 (7.5) 8 (6.7) 0.063† 0.801
CPB time (min) 130.4± 59.7 116.8± 62.3 �2.963‡ 0.003 132.2± 62.3 112.9± 38.7 �2.890

∗
0.004

Aortic cross-clamp time (min) 96.7± 43.8 83.9± 41.3 �3.485‡ <0.001 98.3± 45.4 83.9± 34.9 �2.767
∗

0.006
Length of postop stay (day) 8.6± 5.0 7.98± 4.06 �1.042‡ 0.297 8.6± 5.3 7.5± 2.6 �2.143

∗
0.033

Medication at discharge
Warfarin 137 (100) 360 (100) – 0.999 120 (100) 120 (100) – 0.999
Anti-platelet drugs 14 (10.2) 45 (12.5) 0.494† 0.482 12 (10) 10 (8.3) 0.200† 0.655
Aspirin 14 (10.2) 44 (12.2) 0.386† 0.534 12 (10) 10 (8.3) 0.200† 0.655
Clopidogrel 0 (0) 5 (1.4) – 0.329x – – – –

Beta blocker 48 (35.0) 149 (41.4) 1.674† 0.196 43 (35.8) 44 (36.7) 0.018† 0.893
ACEI/ARB 1 (0.7) 18 (5.0) 4.921† 0.027 1 (0.8) 7 (5.8) – 0.066x

Statin 15 (10.9) 52 (14.4) 1.040† 0.308 12 (10.0) 11 (9.2) 0.048† 0.826
Digoxin 80 (58.4) 178 (49.4) 3.184† 0.074 68 (56.7) 61 (50.8 0.821† 0.365
Amiodarone 9 (6.6) 21 (5.8) 0.095† 0.758 9 (7.5) 6 (5.0) 0.640† 0.424

Data are expressed asmean± standard deviation or n (%).
∗
T value. †x2 value. ‡Z value. xP value from Fisher exact test. jj Proportions calculated among

patients who underwent mitral valve replacement. SLAAO: Surgical left atrial appendage occlusion; BMI: Body mass index (calculated as weight in
kilograms divided by height in meters squared); LVEDD: Left ventricular end-diastolic dimension; LAD: Left atrial dimension; COPD: Chronic
obstructive pulmonary disease; eGFR: Estimated glomerular filtration rate; CAD: Coronary artery disease; PAD: Peripheral artery disease; MI:
Myocardial infarction; PCI: Percutaneous coronary intervention; PBMV: Percutaneous balloon mitral valvuloplasty; MVD: Mitral valve disease; MR:
Mitral regurgitation; MVR: Mitral valve replacement; AVR: Aortic valve replacement; DVR: Double-valve replacement; TVS: Tricuspid valve surgery;
CABG: Coronary artery bypass grafting; CPB: Cardiopulmonary bypass; ACEI/ARB: Angiotensin-converting enzyme inhibitors or angiotensin receptor
blocker.
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secondary outcome (HR, 1.19; 95% CI, 0.45–3.12;
P= 0.730). Similar results were found when we adjusted

formation leading to thromboembolic events. With
these concerns, surgical LAA occlusion has interested

Table 2: Unadjusted associations between SLAAO vs. No-SLAAO and in-hospital outcomes before and after PSM.

Before PSM After PSM

Outcomes SLAAO No-SLAAO OR (95% CI) P SLAAO No-SLAAO OR (95% CI) P

30 days mortality (%) 1 (0.7) 4 (1.1) 0.65 (0.07–5.91) 0.706 1 (0.8) 0 – 0.999
Surgical re-exploration 7 (5.1) 9 (2.5) 2.1 (0.77–5.75) 0.149 6 (5.0) 2 (1.7) 3.11 (0.61–15.71) 0.281
Composite in-hospital events 8 (5.8) 11 (3.1) 1.97 (0.77–5.00) 0.155 7 (5.8) 2 (1.7) 3.66 (0.74–17.97) 0.171
RBC utilization 34 (24.8) 73 (20.3) 0.77 (0.48–1.23) 0.272 29 (24.2) 24 (20.0) 0.78 (0.43–1.45) 0.437
Acute kidney injury 7 (5.1) 26 (7.2) 0.69 (0.29–1.63) 0.400 7 (5.8) 7 (5.8) 1.0 (0.34–2.94) 0.999

Data are expressed as n (%). Composite in-hospital events included death, re-exploration, and cerebrovascular accidents. SLAAO: Surgical left atrial
appendage occlusion; RBC: Red blood cell; PSM: Propensity score matching; OR: Odds ratio; CI: Confidence interval.

Chinese Medical Journal 2020;133(16) www.cmj.org

895
for age, sex, comorbidities, type of surgery, and prescrip-
tions at discharge.

Propensity score matching

PSM matched 120 patients at a ratio of 1:1 between the
SLAAO and No-SLAAO groups according to similar
propensity scores. The performance of the PSMmodel was
assessed using the C statistic (0.725) and the Hosmer-
Lemeshow goodness-of-fit test (P= 0.520), which indicat-
ed good discrimination between the two groups. The
baseline characteristics of the propensity-matched pairs
between the groups were identical [Table 1].

After PSM, CPB time and aortic cross-clamp time were
significantly longer in the SLAAO group (both compar-
isons, P< 0.05), and the postoperative length of stay was
longer. The results were similar to the unadjusted analyses,
and SLAAO was not associated with any in-hospital
complications or follow-up outcomes [Tables 2 and 3].

Subgroup analyses

As presented in Figures 2 and 3, we also performed
subgroup analyses stratified by sex, BMI, CHA2DS2-VASc
score, coronary arterydisease, peripheral artery disease, and
anti-platelet drug use. The results of the subgroup analyses
were consistent with the main findings before and after
PSM. P values for the interactions were non-significant for
sex, BMI, CHA2DS2-VASc score, coronary artery disease,
left atrial dimension, and anti-platelet drug use.

Discussion

In this retrospective study, we sought to evaluate the
impact of concomitant SLAAO during MHVR on
cardiovascular outcomes in patients with atrial fibrillation.
We found that SLAAO was not associated with a lower
incidence of in-hospital complications, or with primary or
secondary outcomes observed during follow-up. However,
the data showed that concomitant SLAAO significantly
increased CPB time, aortic cross-clamp time, and length of
stay compared with patients not undergoing SLAAO, in
the propensity-matched cohort.

Emerging studies suggest that patients with atrial fibrilla-
tion have a higher risk of stroke or thromboembolism,[4]

and LAA was reported to be the main source of thrombus

1

cardiac surgeons for decades, to reduce thromboembolic
events.[5,19] However, there is no conclusive evidence that
SLAAOreduces stroke risk in patientswith atrialfibrillation
undergoing cardiac surgery. Recently, several retrospective
studies[9,10,20] andmeta-analyses[11-13] showed that SLAAO
is associated with a lower incidence of ischemic stroke or
systemic embolism and mortality in patients undergoing
cardiac surgery. Friedman et al[10] published a retrospective
study involving 10,524 patients aged ≥65 years with atrial
fibrillation undergoing cardiac surgery and found that
SLAAO was associated with a significantly lower risk of
readmission for thromboembolism and all-cause mortality
during a 3-year follow-up. Later, Yao et al[9] used a large
administrative database from the United States containing
data for 75,782 adults who underwent cardiac surgery, to
evaluate the association between SLAAO during cardiac
surgery and the risk of ischemic stroke, systemic embolism,
and mortality. The authors demonstrated similar results to
those from Friedman et al in patients with atrial fibrillation
duringamean follow-upof2.1years.More recently, ameta-
analysis of 22 studies involving 280,585 patients showed
that stroke/embolic events and mortality in the mid- and
long-term follow-up were all significantly lower in patients
with preoperative atrial fibrillation who underwent
SLAAO.[11] However, a recent study from the Mayo
Clinic[14] using a propensity-matched analysis did not
demonstrate that SLAAO significantly influenced the risk of
stroke or long-term mortality. Furthermore, Johnsrud
et al,[15] also from the Mayo Clinic, published a PSM
analysis and stated that SLAAOdidnot appear to reduce the
incidence of early or late stroke.

Despite this evidence, limited data are available to support
the efficacy of SLAAO to reduce events in patients
undergoing MHVR. Garcia-Fernandez et al[21] claimed
that SLAAO was associated with a lower risk of late
embolism in a retrospective study involving 205 patients
(91.2% received a mechanical prosthesis). The different
conclusions reached by this study and our study may relate
to the quality of anti-coagulant therapy and the success rate
of SLAAO. For example, studies[22,23] have reported that
high warfarin treatment quality was associated with better
outcomes (including thromboembolic events, major bleed-
ing complications, and death) after MHVR. Furthermore,
several studies[21,24,25] raised concerns that incomplete
SLAAOmay be associatedwith subsequent thromboembol-
ic sequelae. However, the fact that transient ischemic attack

http://www.cmj.org


was not included as a thromboembolic event in the current
study may also have played a role in the different results

we performed subgroup and PSM analyses, the results were
similar in the different subgroups and after PSM. Neverthe-

Figure 1: Kaplan-Meier curves for the cumulative event-free survival analyses. Primary outcome (A), thromboembolism event (B), all-cause mortality (C), major bleeding (D), secondary
outcome (E), hemorrhagic events (F), and total event (G) among those with or without concomitant SLAAO. SLAAO: Surgical left atrial appendage occlusion.
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between our study and previous studies. It is important to
note that the Kaplan-Meier curves crossed each other
regarding cardiovascular outcomes, indicating that the
results might be influenced by other risk factors. Although

1

less, further studies are needed to verify our results.

Notably, a common conclusion in previous studies was
that SLAAO was not associated with thromboembolic
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events in patients discharged with oral anti-coagulant
therapy.[9,10,14] However, one retrospective study of 136

reduction from SLAAOwas insignificant. Thus, our findings
are consistent with the 2016 European Society of Cardiology

Table 3: Association between SLAAO vs. No-SLAAO and follow-up outcomes before and after PSM.

Before PSM

After PSM
Outcomes

SLAAO
(n= 134)

No-SLAAO
(n= 350)

Crude Model
HR (95% CI)

Model 1
HR (95% CI)

Model 2
HR (95% CI) HR (95% CI)

Primary outcome 4 (3.0) 10 (2.9) 1.03 (0.32–3.27) 1.06 (0.33–3.4) 1.51 (0.43–5.36) 0.49 (0.09–2.69)
All-cause mortality 1 (0.7) 3 (0.9) 0.83 (0.09–7.98) 0.87 (0.09–8.45) 1.79 (0.13–25.5) 0.50 (0.05–5.5)
Thromboembolism 3 (2.2) 7 (2.0) 1.12 (0.29–4.31) 1.16 (0.30–4.50) 1.48 (0.33–6.66) 0.49 (0.05–5.42)
Ischemic stroke 2 (1.5) 6 (1.7) 0.87 (0.18–4.29) 0.88 (0.18–4.40) 2.07 (0.35–12.24) 0.99 (0.06–15.78)
Systemic embolism 1 (0.7) 1 (0.3) 2.61 (0.16–41.65) 2.52 (0.16–40.77) 0.28 (0.01–10.05) –

Hemorrhagic events 28 (20.9) 77 (22.0) 0.94 (0.61–1.46) 0.96 (0.63–1.49) 1.02 (0.64–1.63) 1.00 (0.58–1.74)
Major bleeding 2 (1.5) 4 (1.1) 1.28 (0.23–6.99) 1.3 (0.23–7.22) 1.34 (0.16–11.11) –

Minor bleeding 26 (19.4) 73 (20.9) 0.92 (0.59–1.44) 0.93 (0.60–1.46) 0.97 (0.60–1.58) 0.91 (0.52–1.6)
Secondary endpoint 6 (4.5) 13 (3.7) 1.19 (0.45–3.12) 1.23 (0.47–3.26) 1.6 (0.55–4.65) 0.99 (0.25–3.97)
Total events 32 (23.9) 85 (24.3) 0.97 (0.65–1.46) 1 (0.67–1.50) 1.07 (0.69–1.66) 0.92 (0.55–1.56)

Data are expressed as n (%). Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, hypertension, dyslipidemia, diabetes mellitus, NYHA
class 3/4, coronary artery disease, eGFR <60 mL/min/1.73 m2, prior ischemic stroke or systemic embolism, left atrial dimension, mitral stenosis,
moderate or more mitral regurgitation, atrial thrombus, any mitral valve replacement, coronary artery bypass grafting, anti-platelet drugs, and statin.
SLAAO: Surgical left atrial appendage occlusion; RBC: Red blood cell; PSM: Propensity score matching; HR: hazard ratio; CI: Confidence interval;
eGFR: Estimated glomerular filtration rate.

Figure 2: Subgroup analysis for the primary outcome in all patients. SLAAO: Surgical left atrial appendage occlusion; BMI: Body mass index (calculated as weight in kilograms divided by
height in meters squared); CAD: Coronary artery disease; LAD: Left atrial dimension; HR: Hazard ratio; CI: Confidence interval.
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patients who underwent SLAAO duringmitral valve surgery
reported a high incidence of thromboembolic events among
patients not receiving anti-coagulant therapy on hospital
discharge.[26] Studies have reported that SLAAO was
associated with a significantly lower rate of thromboembo-
lism in patients discharged without oral anti-coagulation
therapy.[9,10] Consequently,we speculate that anti-coagulant
therapy may have already reduced the incidence of
thromboembolic events, and that the additional risk

1

guidelines stating that SLAAO might not be needed in
patientswithatrialfibrillationundergoingMHVR, if theyare
able to receive full anti-coagulation therapy with warfarin.[6]

We did not identify any differences between the groups
regarding in-hospital complications, similar to previous
studies.[11,13,27] However, our results showed that SLAAO
was associated with longer length of stay, and longer CPB
and aortic cross-clamp times, suggesting that this tech-
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nique may still increase the burden of perioperative
complications, to some extent.

Therefore, the results may not be generalizable to individu-
als undergoing atrial fibrillation ablation or those with less

Figure 3: Subgroup analysis for the primary outcome in propensity-score matched patients. SLAAO: Surgical left atrial appendage occlusion; BMI: Body mass index (calculated as weight in
kilograms divided by height in meters squared); LAD: Left atrial dimension; HR: Hazard ratio; CI: Confidence interval.
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Studies and guidelines have verified that anti-coagulation
therapy could effectively reduce the risk of thromboembo-
lism and mortality in patients with atrial fibrillation
undergoing MHVR.[7,28,29] Therefore, the clinical efficacy
of SLAAO in reducing thromboembolic events remains
unclear, especially in patients requiring lifelong anti-
coagulant therapy, although complete LAA occlusion
should theoretically reduce the risk of thrombus formation.
Additionally, studies have identified several roles that LAA
plays in maintaining systemic homeostasis, such as its
electrical, mechanical/reservoir, and neurohormonal prop-
erties.[30-32] Furthermore, studies have reported that
SLAAOwas associated with a higher burden of subsequent
atrial fibrillation because of increased left atrial filling
pressures, inflammation, and sympathovagal imbalance
after the procedure.[9,14] With these considerations, con-
comitant SLAAOmaybe safe butmaynot effectively reduce
the incidenceof thromboembolic eventswhile increasing the
burden of subsequent atrial fibrillation, and SLAAO may
also affect systemic homeostasis. Therefore, careful consid-
eration is necessary before deciding to perform this
additional procedure, and further studies are needed to
evaluate whether SLAAO can be performed routinely in
patients requiring lifelong anti-coagulant therapy.

Limitations
898
This study has several limitations. First, treatment (SLAAO
vs. No-SLAAO) was not randomly assigned, and therefore,
selection bias and uncontrolled confounding are possible.
To address these issues, we performed a comprehensive
PSManalysis to balance differences between groups, but the
potential for residual and unmeasured confounding cannot
be ruled out. Second, this study may be underpowered for
the outcome because of the small number of events, and
the fact that patients were enrolled from a single center.
Therefore, we cannot exclude the possibility of type II error.
Third, the study population included only adults with atrial
fibrillation who underwent MHVR; we excluded patients
who underwent atrial fibrillation ablation procedures.

1

risk of thromboembolic events. Fourth, since this is a
retrospective study, the type of atrial fibrillation cannot be
accurately distinguished by electronic medical records. So,
we cannot rule out that different types of atrial fibrillation
may have different outcomes. Fifth, patients in this study
were all instructedby experienced anti-coagulant physicians
or nurses to take life-long warfarin, but we did not capture
information regarding adherence to the therapy or
international normalized ratio values during the follow-
up, which may have influenced outcomes. Finally, although
we performed multivariable Cox regression analyses and
included several confounding variables, the possibility of
residual confounding cannot be ruled out. Larger sample-
size studies with long-term follow-up are necessary to
validate our findings.

Conclusions

This single-center retrospective analysis demonstrated that
in patients with atrial fibrillation undergoing MHVR,
concomitant SLAAO was associated with longer length of
stay, and longer CPB and aortic cross-clamp times, but was
not associated with additional protective effects against
thromboembolic events and mortality 1 year after surgery.
This study focusing on patients undergoing MHVR
suggested that SLAAO might not be needed in patients
with atrial fibrillation treated with lifelong anti-coagulant
therapy. Further studies are needed to confirm our results.
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