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BACKGROUND
Surgical occlusion of the left atrial appendage has been hypothesized to prevent 
ischemic stroke in patients with atrial fibrillation, but this has not been proved. The 
procedure can be performed during cardiac surgery undertaken for other reasons.

METHODS
We conducted a multicenter, randomized trial involving participants with atrial 
fibrillation and a CHA2DS2-VASc score of at least 2 (on a scale from 0 to 9, with 
higher scores indicating greater risk of stroke) who were scheduled to undergo 
cardiac surgery for another indication. The participants were randomly assigned 
to undergo or not undergo occlusion of the left atrial appendage during surgery; 
all the participants were expected to receive usual care, including oral anticoagula-
tion, during follow-up. The primary outcome was the occurrence of ischemic 
stroke (including transient ischemic attack with positive neuroimaging) or sys-
temic embolism. The participants, research personnel, and primary care physi-
cians (other than the surgeons) were unaware of the trial-group assignments.

RESULTS
The primary analysis population included 2379 participants in the occlusion group 
and 2391 in the no-occlusion group, with a mean age of 71 years and a mean 
CHA2DS2-VASc score of 4.2. The participants were followed for a mean of 3.8 years. 
A total of 92.1% of the participants received the assigned procedure, and at 3 years, 
76.8% of the participants continued to receive oral anticoagulation. Stroke or sys-
temic embolism occurred in 114 participants (4.8%) in the occlusion group and in 
168 (7.0%) in the no-occlusion group (hazard ratio, 0.67; 95% confidence interval, 
0.53 to 0.85; P = 0.001). The incidence of perioperative bleeding, heart failure, or 
death did not differ significantly between the trial groups.

CONCLUSIONS
Among participants with atrial fibrillation who had undergone cardiac surgery, 
most of whom continued to receive ongoing antithrombotic therapy, the risk of 
ischemic stroke or systemic embolism was lower with concomitant left atrial ap-
pendage occlusion performed during the surgery than without it. (Funded by the 
Canadian Institutes of Health Research and others; LAAOS III ClinicalTrials.gov 
number, NCT01561651.)
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A trial fibrillation is common in 
elderly patients1 and is responsible for 
approximately a quarter of ischemic 

strokes,2,3 many of which are cardioembolic4 and 
originate from the left atrial appendage.5 Oral 
anticoagulation most likely reduces thrombus 
formation in the left atrial appendage and has 
proven efficacy and safety in preventing isch-
emic stroke in patients with atrial fibrillation. 
However, oral anticoagulation is limited by non-
adherence to prescribed medications, drug dis-
continuation, underdosing, and, for patients 
treated with vitamin K antagonists, poor control 
of the international normalized ratio. Left atrial 
appendage occlusion is hypothesized to reduce 
the risk of stroke among patients with atrial fi-
brillation, but this has not been proved in a 
randomized trial.

When patients with atrial fibrillation undergo 
cardiac surgery, concomitant occlusion of the 
left atrial appendage may be performed as an 
adjunctive procedure. We hypothesized that con-
comitant occlusion performed at the time of 
cardiac surgery would reduce the risk of isch-
emic stroke among patients with a history of 
atrial fibrillation receiving usual care, including 
anticoagulation. If effective, concomitant occlu-
sion would provide protection against ischemic 
stroke in addition to the protection provided by 
anticoagulant therapy. Once performed, the ef-
fects of the procedure are permanent.

We conducted the Left Atrial Appendage Oc-
clusion Study (LAAOS III) to evaluate the effi-
cacy and safety of concomitant left atrial ap-
pendage occlusion in participants with a history 
of atrial fibrillation undergoing cardiac surgery 
for another indication. Specifically, we aimed to 
determine whether concomitant occlusion would 
prevent ischemic stroke or systemic embolism in 
participants who continued to receive usual care, 
including anticoagulation.

Me thods

Trial Design and Oversight

LAAOS III was a multicenter, randomized trial 
that was funded by peer-reviewed funding sourc-
es. The Population Health Research Institute was 
the sponsor, served as the coordinating center, 
and was responsible for the maintenance of the 
database, validation and analyses of the data, and 

trial coordination. The funders had no role in 
the design or conduct of the trial; the collection, 
analysis, or interpretation of the data; or the 
preparation of the manuscript. The trial was 
designed by the first and last authors, overseen 
by the steering committee, and carried out by the 
trial investigators (see the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org).6 The ethics committee at each par-
ticipating trial site approved the trial. The au-
thors vouch for the accuracy and completeness 
of the data and for the fidelity of the trial to the 
protocol, available at NEJM.org.

Participants

We enrolled patients 18 years of age or older 
who were scheduled to undergo cardiac surgery 
with cardiopulmonary bypass and had a history 
of atrial fibrillation and a score of at least 2 on 
the CHA2DS2-VASc scale. Scores on the CHA2DS2-
VASc scale reflect the risk of stroke among pa-
tients with atrial fibrillation; scores range from 
0 to 9, with higher scores indicating greater risk. 
We excluded patients undergoing off-pump sur-
gery, mechanical-valve implantation, heart trans-
plantation, surgery for complex congenital heart 
disease, or isolated implantation of a left ven-
tricular assist device; those with a previous sur-
gery that involved opening the pericardium; and 
those who had previously undergone implanta-
tion of a left atrial appendage closure device. 
Written informed consent was obtained from all 
the participants before enrollment.

Procedures

The participants were randomly assigned in a 
1:1 ratio, with the use of a Web-based random-
ization system, to undergo or not undergo occlu-
sion of the left atrial appendage at the time of 
cardiac surgery for another indication. Random-
ization was performed according to a computer-
generated randomization list, stratified accord-
ing to trial site, with varying block sizes of 2 and 
4. The participants, trial personnel, and clinicians 
caring for the participants (other than the sur-
geons) were unaware of the trial-group assign-
ments. A confidential email that indicated the 
assigned procedure for the participant was sent 
only to the surgeons just before surgery. In a 
follow-up email 24 hours after randomization, 
the surgeons provided information on whether 
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they had complied with performing the assigned 
procedure, the method used to perform the sur-
gical occlusion, and whether the occlusion was 
successful. Surgical reports indicated only that 
participants were enrolled in LAAOS III and may 
have undergone occlusion of the left atrial ap-
pendage. Surgeons and the intraoperative teams 
were not involved with ongoing management of 
antithrombotic therapy or further collection of 
the data.

Left atrial appendage occlusion was performed 
during cardiac surgery with the use of any of the 
following techniques: amputation and closure 
(preferred), stapler closure, double-layer linear 
closure from within the atrium in participants 
undergoing minithoracotomy (this approach re-
quired transesophageal echocardiographic confir-
mation of the occlusion), or closure with an ap-
proved surgical occlusion device (Fig. S1 in the 
Supplementary Appendix). Neither percutaneous 
closure nor purse-string closure was permitted. 
Intraoperative transesophageal echocardiography 
was recommended to confirm successful closure. 
If the initial closure had failed, additional ma-
neuvers were performed immediately to rectify the 
failure. If a participant had a thrombus identified 
in the appendage, the left atrium was opened to 
remove the thrombus before occlusion.

Participants were followed up by telephone or 
in person (primarily by telephone) by local trial 
personnel at 30 days and then every 6 months to 
a common trial end date (the date of the final 
visit was January 28, 2021). Physicians who over-
saw antithrombotic therapy were unaware of 
trial-group assignments. Participants were ex-
pected to receive guideline-directed stroke pre-
vention and other usual care. Trial personnel 
collected data on anticoagulation use and, if a 
participant was not receiving oral anticoagula-
tion during follow-up, on the specific reasons 
for not doing so. Every 6 months, the partici-
pants were questioned with the use of a vali-
dated stroke questionnaire7 to determine if 
symptoms indicating a possible stroke had oc-
curred. If such symptoms were reported, source 
documentation was obtained. Trial centers re-
ported strokes or systemic emboli with special-
ized report forms. An adjudication committee 
consisting of physicians trained in the protocol 
definitions reviewed all strokes, transient ische
mic attacks, and systemic emboli in a blinded 

manner; all strokes and transient ischemic at-
tacks were reviewed by stroke neurologists.

Outcomes

The primary outcome was the first occurrence of 
ischemic stroke (including transient ischemic 
attack with positive neuroimaging8) or noncere-
bral systemic embolism during follow-up. Strokes 
of undetermined cause were included as isch-
emic strokes in the primary analysis. Secondary 
outcomes included any stroke or noncerebral 
systemic embolism; ischemic stroke, noncerebral 
systemic embolism, or death from any cause; 
death from any cause; 30-day mortality; the vol-
ume of chest-tube drainage in the first 24 hours 
after surgery; reexploration for bleeding within 
the first 48 hours after surgery; hospitalization 
for heart failure; myocardial infarction; and ma-
jor bleeding.9 Definitions of trial outcomes are 
provided in the Supplementary Appendix.

Statistical Analyses

The primary hypothesis was that the risk of 
stroke or systemic embolism would be lower 
with surgical occlusion of the left atrial append-
age added to usual care than with no occlusion 
added to usual care. Assuming a rate of a primary-
outcome event of 2.5% per year in the no-occlu-
sion group and allowing for a rate of crossover 
of 7% and a rate of loss to follow-up due to 
nonstroke-related death of 2% per year, we esti-
mated that a sample size of 4700 participants, 
with a median follow-up of 4 years, would pro-
vide the trial 80% power to detect a 25% lower 
relative risk of a primary-outcome event in the 
occlusion group than in the no-occlusion group. 
The estimated rate of a primary-outcome event 
in the no-occlusion group was based on the as-
sumption that the mean CHA2DS2-VASc score 
would be at least 2.3 and that 65% of the partici-
pants would continue to receive anticoagulation 
(a vitamin K antagonist in 45% and a direct oral 
anticoagulant in 20%) over the follow-up period.

The primary analysis included all the partici-
pants who underwent cardiac surgery. All the 
participants were followed, irrespective of wheth-
er they had undergone surgery, as long as they 
did not withdraw consent. A time-to-event anal-
ysis was used to test the primary hypothesis with 
the use of Kaplan–Meier survival curves and 
log-rank testing. The treatment effect was esti-
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Table 1. Demographic and Clinical Characteristics of the Participants at Baseline, Antithrombotic Therapy, and Surgical 
Treatments.*

Variable
Occlusion 
(N = 2379)

No Occlusion 
(N = 2391)

Participants

Age — yr 71.3±8.4 71.1±8.3

Male sex — no. (%) 1617 (68.0) 1601 (67.0)

Type of atrial fibrillation — no. (%)

Permanent 692 (29.1) 707 (29.6)

Persistent 577 (24.3) 508 (21.3)

Paroxysmal 1110 (46.7) 1176 (49.2)

Medical history — no. (%)

Previous myocardial infarction 567 (23.8) 583 (24.4)

Previous stroke 214 (9.0) 219 (9.2)

Rheumatic heart disease 165 (6.9) 162 (6.8)

Peripheral arterial disease 236 (9.9) 256 (10.7)

History of heart failure 1348 (56.7) 1372 (57.4)

Diabetes mellitus 770 (32.4) 765 (32.0)

Aortic plaque 240 (10.1) 231 (9.7)

Smoking, former or current 1127 (47.4) 1173 (49.1)

Hypertension 1960 (82.4) 1941 (81.2)

CHA2DS2-VASc score†

Mean 4.2±1.5 4.2±1.5

Median (interquartile range) 4 (3–5) 4 (3–5)

Atrial fibrillation on baseline ECG — no. (%) 1392 (58.5) 1338 (56.0)

Left ventricular ejection fraction <50% — no./total no. (%) 671/2179 (30.8) 669/2188 (30.6)

Anticoagulant therapy within 7 days before surgery

Vitamin K antagonist — no. (%) 541 (22.7) 542 (22.7)

Direct oral anticoagulant — no. (%) 674 (28.3) 705 (29.5)

Neither direct oral anticoagulant nor vitamin K antagonist — no. 
(%)

1164 (48.9) 1144 (47.8)

Cardiac surgery

Surgical procedure performed — no. (%)

Isolated CABG 482 (20.3) 522 (21.8)

Isolated valve replacement 552 (23.2) 572 (23.9)

Other 1344 (56.5) 1296 (54.2)

Any valve procedure 1565 (65.8) 1614 (67.5)

Mitral 856 (36.0) 880 (36.8)

Aortic 837 (35.2) 858 (35.9)

Tricuspid 397 (16.7) 427 (17.9)

Pulmonic 2 (0.1) 4 (0.2)

Any aortic procedure 146 (6.1) 134 (5.6)

Concomitant surgical ablation of atrial fibrillation — no. (%) 809 (34.0) 753 (31.5)

Received assigned procedure — no. (%) 2131 (89.6) 2262 (94.6)
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mated as a hazard ratio with a 95% confidence 
interval, which was derived with the use of a Cox 
proportional-hazards model. The proportional-
hazards assumption was tested with the use of 
a graphical method (Fig. S3). An independent 
data and safety monitoring board reviewed the 
unblinded data and performed two prespecified 
interim analyses of efficacy when 50% and 75% 
of expected primary-outcome events had oc-
curred. The trial could be stopped if the between-
group difference in the incidence of a primary-
outcome event was at least 4 standard deviations 
at the first interim analysis or at least 3 standard 
deviations at the second. These boundaries need-
ed to be crossed in two consecutive analyses 
performed at least 3 months apart. Because these 
boundaries were extreme, we did not adjust the 
final significance level. We performed a land-
mark analysis of the primary outcome beyond 
30 days. Additional Cox models were used to 
evaluate interactions between trial-group assign-
ment and subgroups of interest.

R esult s

Participant Characteristics

From July 2012 through October 2018, a total of 
4811 participants from 105 centers in 27 coun-

tries were randomly assigned to undergo (2400 
participants) or not undergo (2411 participants) 
left atrial appendage occlusion at the time of 
cardiac surgery for another indication. On Janu-
ary 28, 2021, after the second formal interim 
analysis of efficacy, the data and safety monitor-
ing board recommended that the trial be stopped 
and the results reported. Final follow-up visits 
occurred between January 28, 2021, and March 
11, 2021. The mean duration of follow-up was 
3.8 years, and follow-up was completed by 97.9% 
of the participants; 50 participants (1.1%) had 
withdrawn consent and 49 (1.0%) had been lost 
to follow-up (Fig. S2).

The primary analysis population included 
2379 participants in the occlusion group and 
2391 in the no-occlusion group. The trial groups 
were balanced with respect to baseline charac-
teristics (Table 1). The mean age of the partici-
pants was 71 years, and 67.5% were men. The 
mean CHA2DS2-VASc score was 4.2, and approxi-
mately half the participants were receiving oral 
anticoagulation at baseline. The median time 
from randomization to surgery was 0.6 days in 
both groups. The mean cross-clamp time was 
86 minutes in the occlusion group and 82 min-
utes in the no-occlusion group, and the mean 
cardiopulmonary bypass time was 119 minutes 

Variable
Occlusion 
(N = 2379)

No Occlusion 
(N = 2391)

Left atrial appendage occlusion‡

Occlusion attempted — no. (%) 2131 (89.6) NA

Occlusion method — no./total no. (%)§

Cut and sew 939/1685 (55.7) NA

Stapler 189/1685 (11.2) NA

Closure device 255/1685 (15.1) NA

Closure from within 233/1685 (13.8) NA

Other approved techniques 69/1685 (4.1) NA

*	�Plus–minus values are means ±SD. The participants in the occlusion group underwent left atrial appendage occlusion 
at the time of cardiac surgery for another indication, and those in the no-occlusion group did not undergo left atrial ap‑
pendage occlusion at the time of cardiac surgery; all participants were expected to receive usual care. Percentages may 
not total 100 because of rounding. CABG denotes coronary-artery bypass grafting, ECG electrocardiogram, and NA not 
applicable.

†	�Scores on the CHA2DS2-VASc scale reflect the risk of stroke among patients with atrial fibrillation; scores range from  
0 to 9, with higher scores indicating greater risk.

‡	�Illustrations depicting the main approved techniques for left atrial appendage occlusion are provided in Figure S1 in 
the Supplementary Appendix.

§	� Information on the method of left atrial appendage occlusion was collected from the surgeon for 1685 of 2379 patients 
(70.8%).

Table 1. (Continued.)
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and 113 minutes, respectively (Table 2). The me-
dian chest-tube output was 520 ml in the occlu-
sion group and 500 ml in the no-occlusion group. 
Reexploration for bleeding within the first 48 
hours after surgery occurred in 94 participants 
(4.0%) in the occlusion group and in 95 (4.0%) 
in the no-occlusion group. The 30-day mortality 

was 3.7% in the occlusion group and 4.0% in the 
no-occlusion group.

At hospital discharge, 83.4% of the partici-
pants in the occlusion group and 81.0% of those 
in the no-occlusion group were receiving oral 
anticoagulation, and the corresponding values 
were 79.6% and 78.9% at the 1-year visit and 

Table 2. Trial Outcomes.*

Outcome
Occlusion 
(N = 2379)

No Occlusion 
(N = 2391) Comparison†

no. of participants (%)

Primary

Ischemic stroke or systemic embolism 114 (4.8) 168 (7.0) 0.67 (0.53 to 0.85)‡

Ischemic stroke 109 (4.6) 164 (6.9) 0.66 (0.52 to 0.84)

Systemic embolism 6 (0.3) 7 (0.3) 0.86 (0.29 to 2.55)

Secondary

Any stroke or systemic embolism 127 (5.3) 187 (7.8) 0.67 (0.54 to 0.84)

Any stroke 113 (4.7) 176 (7.4) 0.63 (0.50 to 0.80)

Ischemic stroke, systemic embolism, or death from any cause 601 (25.3) 639 (26.7) 0.93 (0.83 to 1.04)

Death from any cause 538 (22.6) 537 (22.5) 1.00 (0.89 to 1.13)

Hospitalization for heart failure§ 183 (7.7) 162 (6.8) 1.13 (0.92 to 1.40)

Major bleeding event 248 (10.4) 267 (11.2) 0.93 (0.78 to 1.11)

Myocardial infarction 49 (2.1) 56 (2.3) 0.87 (0.59 to 1.28)

Ischemic stroke or systemic embolism within the first 30 days 
after surgery

53 (2.2) 65 (2.7) 0.82 (0.57 to 1.18)

Ischemic stroke or systemic embolism beyond 30 days after  
surgery¶

61 (2.7) 103 (4.6) 0.58 (0.42 to 0.80)

Operative

Bypass time — min 119±48 113±47 5 (3 to 8)‖

Cross-clamp time — min 86±37 82±37 4 (1 to 6)‖

Median chest-tube output (IQR) — ml 520 (350 to 790) 500 (340 to 760) 20 (−2 to 42)**

Reoperation for bleeding within 48 hours after surgery — no. (%) 94 (4.0) 95 (4.0) 0.99 (0.75 to 1.32)††

Prolongation of index hospitalization due to heart failure — no. (%) 5 (0.2) 14 (0.6) 0.36 (0.13 to 0.99)††

Death within 30 days — no. (%) 89 (3.7) 95 (4.0) 0.94 (0.71 to 1.25)††

*	� Plus–minus values are means ±SD. All outcomes that do not include death as a component were also analyzed with the use of the Fine 
and Gray model for competing risk of death, which produced virtually identical effect estimates. Ischemic stroke includes transient ische
mic attack with positive neuroimaging and stroke of unknown cause, and any stroke includes definite ischemic stroke, definite hemor‑
rhagic stroke, or uncertain type of stroke.

†	� All values are hazard ratios with 95% confidence intervals unless otherwise noted. Except in the case of the primary outcome of ischemic 
stroke or systemic embolism, the widths of the 95% confidence intervals have not been adjusted, and therefore inferences drawn from 
this interval may not be reproducible.

‡	� P = 0.001.
§	� Hospitalization for heart failure includes new hospitalization and prolongation of index hospitalization.
¶	� The category of ischemic stroke or systemic embolism after 30 days includes only participants who did not have an event or ended follow-

up before the cutoff at 30 days (2238 participants in the occlusion group and 2242 in the no-occlusion group).
‖	� This value is the difference with 95% confidence interval.
**	� This value is the difference with interquartile range (IQR).
††	� This value is the relative risk with 95% confidence interval.
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75.3% and 78.2% at the 3-year visit. More infor-
mation regarding the use of vitamin K antago-
nists and direct oral anticoagulants during fol-
low-up is provided in Table S1.

Primary Outcome

The validity of the proportional-hazards as-
sumption was assessed with the use of a log–log 
plot (Fig. S3). Ischemic stroke or systemic embo-
lism occurred in 114 participants (4.8%) in the 
occlusion group and in 168 (7.0%) in the no-
occlusion group (hazard ratio, 0.67; 95% confi-
dence interval [CI], 0.53 to 0.85; P = 0.001) (Ta-
ble 2 and Fig. 1). During the first 30 days after 
surgery, a primary-outcome event occurred in 53 
participants (2.2%) in the occlusion group and 
in 65 (2.7%) in the no-occlusion group (hazard 
ratio, 0.82; 95% CI, 0.57 to 1.18). After 30 days, 
a primary-outcome event occurred in 61 partici-
pants (2.7%) in the occlusion group and in 103 
(4.6%) in the no-occlusion group (hazard ratio, 
0.58; 95% CI, 0.42 to 0.80).

Secondary and Safety Outcomes

Ischemic stroke occurred in 109 participants 
(4.6%) in the occlusion group and in 164 (6.9%) 
in the no-occlusion group (hazard ratio, 0.66; 

95% CI, 0.52 to 0.84). Death occurred in 538 
participants in the occlusion group (22.6%) and 
in 537 (22.5%) in the no-occlusion group (haz-
ard ratio, 1.00; 95% CI, 0.89 to 1.13). The cause 
of death was attributed to stroke in 1.3% of the 
trial participants (Table S2). Hospitalization for 
heart failure (either prolongation of index hos-
pitalization or new hospitalization) occurred in 
183 participants (7.7%) in the occlusion group 
and in 162 (6.8%) in the no-occlusion group 
(hazard ratio, 1.13; 95% CI, 0.92 to 1.40). The 
incidence of major bleeding or myocardial in-
farction was similar in the trial groups (Ta-
ble 2).

Additional Analyses

The effect of left atrial appendage occlusion on 
the risk of ischemic stroke or systemic embolism 
was consistent across subgroups (Fig. 2). The re-
sults of the primary-outcome analysis were also 
consistent with those of the per-protocol, as-
treated, and intention-to-treat analyses and with 
those of the analysis that considered death as a 
competing risk (Table S3). The intention-to-treat 
analysis included the participants who did not 
undergo surgery in addition to those in the pri-
mary analysis population.

Figure 1. Cumulative Incidence of Stroke or Systemic Arterial Embolism.

The participants in the occlusion group underwent left atrial appendage occlusion at the time of cardiac surgery for 
another indication, and those in the no-occlusion did not undergo left atrial appendage occlusion at the time of car‑
diac surgery; all participants were expected to receive usual care. The inset shows the same data on an enlarged y axis.
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Discussion

In LAAOS III, among participants with atrial 
fibrillation and risk factors for stroke, the risk of 
the composite outcome of ischemic stroke or 
systemic thromboembolism was lower with con-
comitant left atrial appendage occlusion per-

formed during cardiac surgery than without it. 
On the basis of the Kaplan–Meier estimates, the 
number of participants — with characteristics 
similar to those enrolled in the current trial — 
needed to undergo concomitant left atrial ap-
pendage occlusion during cardiac surgery to 
prevent one stroke over the period of 5 years was 

Figure 2. Subgroup Analysis of the Effect of Left Atrial Appendage Occlusion or No Occlusion on Stroke or Systemic Arterial Embolism.

The sizes of the squares are proportional to the precision of the estimates. The widths of the 95% confidence intervals have not been 
adjusted for multiplicity, and therefore inferences drawn from these intervals may not be reproducible. Atrial fibrillation or flutter is 
based on the rhythm at baseline electrocardiography, and the comparator is any other rhythm. Scores on the CHA2DS2-VASc scale re‑
flect the risk of stroke among patients with atrial fibrillation; scores range from 0 to 9, with higher scores indicating greater risk. TIA de‑
notes transient ischemic attack.

0.50 1.00.70 1.2 1.5

No Occlusion
Better

Occlusion
Better

Sex
Female
Male

Age
<72 yr
≥72 yr

Rheumatic heart disease
No
Yes

Type of oral anticoagulation at baseline
Direct oral anticoagulation
Vitamin K antagonist
Neither

CHA2DS2-VASc score
≤4
>4

Surgery type
Any valve procedure
All other procedures

Ablation of atrial fibrillation
No
Yes

History of hypertension
No
Yes

History of heart failure
No
Yes

Left ventricular ejection fraction
≥50%
<50%

Previous stroke, TIA, or systemic embolism
No
Yes

Atrial fibrillation or flutter
No
Yes

Overall

Occlusion Hazard Ratio (95% CI)No OcclusionSubgroup

0.75 (0.52–1.10)
0.63 (0.47–0.86)

0.67 (0.45–1.00)
0.66 (0.49–0.89)

0.71 (0.55–0.90)
0.28 (0.09–0.87)

0.54 (0.34–0.86)
0.62 (0.39–1.00)
0.79 (0.56–1.12)

0.57 (0.40–0.82)
0.77 (0.56–1.06)

0.66 (0.50–0.86)
0.76 (0.46–1.26)

0.71 (0.54–0.95)
0.60 (0.39–0.92)

0.51 (0.28–0.93)
0.71 (0.55–0.92)

0.67 (0.45–1.02)
0.68 (0.51–0.90)

0.68 (0.51–0.92)
0.72 (0.46–1.13)

0.67 (0.51–0.89)
0.67 (0.42–1.09)

0.76 (0.51–1.14)
0.63 (0.47–0.85)
0.67 (0.53–0.85)

0.40

46/762 (6.0)
  68/1617 (4.2)

  40/1075 (3.7)
  74/1304 (5.7)

110/2214 (5.0)
  4/165 (2.4)

27/674 (4.0)
28/541 (5.2)

  59/1164 (5.1)

  45/1417 (3.2)
69/962 (7.2)

  87/1565 (5.6)
27/814 (3.3)

  80/1570 (5.1)
34/809 (4.2)

16/419 (3.8)
  98/1960 (5.0)

  38/1031 (3.7)
  76/1348 (5.6)

  74/1508 (4.9)
32/671 (4.8)

  86/1988 (4.3)
28/391 (7.2)

40/904 (4.4)
 74/1470 (4.4)
114/2379 (4.8)

63/790 (8.0)
105/1601 (6.6)

  62/1137 (5.5)
106/1254 (8.5)

155/2229 (7.0)
13/162 (8.0)

 51/705 (7.2)
44/542 (8.1)

  73/1144 (6.4)

  77/1403 (5.5)
91/988 (9.2)

134/1614 (8.3)
34/777 (4.4)

117/1638 (7.1)
51/753 (6.8)

33/450 (7.3)
135/1941 (7.0)

  55/1019 (5.4)
113/1372 (8.2)

107/1519 (7.0)
44/669 (6.6)

126/1998 (6.3)
  42/393 (10.7)

 55/958 (5.7) 
112/1429 (7.8)
168/2391 (7.0)

no. of participants with event/total no. (%)

The New England Journal of Medicine 
Downloaded from nejm.org at QUEEN MARY AND WESTFIELD COLLEGES on November 22, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



n engl j med 384;22  nejm.org  June 3, 2021 2089

Left Atrial Appendage Occlusion during Cardiac Surgery

37 (95% CI, 22 to 111). Several methods were 
used to perform concomitant occlusion during 
cardiac surgery, most of which incurred mini-
mal additional cost and were performed without 
perioperative complications. No significant in-
crease in the risk of heart failure or major bleed-
ing was observed with the procedure.

The left atrial appendage is a source of atrial 
natriuretic peptide, and it has been hypothesized 
that removal of the appendage might impair re-
nal clearance of salt and water, thereby increas-
ing the risk of heart failure.10,11 A recent nonran-
domized study has supported this hypothesis.12 
In our trial, we did not observe an increase in 
hospitalization for heart failure, either early af-
ter surgery or during long-term follow-up.

Anticoagulation is the mainstay of stroke 
prevention in patients with atrial fibrillation13 
because it is highly effective. Vitamin K antago-
nists reduce the risk of stroke by two thirds, and 
direct oral anticoagulants are even more effec-
tive.14 Although anticoagulation is limited by the 
increased risk of bleeding, guidelines conclude 
that the risk–benefit analysis strongly favors 
lifetime use of oral anticoagulation in the major-
ity of higher-risk patients. Despite these well-
established benefits, anticoagulation is limited 
by problems that include incorrect dosing, tem-
porary interruptions for medical reasons, non-
adherence to the prescribed therapy, and, for 
vitamin K antagonists, poor control of the inter-
national normalized ratio.15 Surgical occlusion 
of the left atrial appendage reduces the risk of 
stroke by means of a different mechanism from 
that of anticoagulants, and its effects appear to 
be additive to those of oral anticoagulation. 
These additive effects are at least partly due to 
the continuous and permanent protection 
against embolic stroke provided by the proce-
dure, which addresses some of the limitations of 
long-term anticoagulation.

We observed a high rate of stroke in the first 
30 days after surgery as compared with the rest 
of follow-up. This finding is consistent with 
observations in other studies examining the risk 
of stroke among patients undergoing cardiac 
surgery.16 Analyses of the primary outcome in 
our trial suggested a larger difference between 
the trial groups after 30 days than during the 
first 30 days (with hazard ratios of 0.82 [95% CI, 
0.57 to 1.18] during the first 30 days after surgery 

and 0.58 [95% CI, 0.42 to 0.80] after 30 days). 
Early after surgery, some strokes are probably 
related to the surgery itself (e.g., aortic and in-
tracardiac manipulation), factors against which 
occlusion is not likely to be effective. After the 
perioperative period, a greater proportion of 
strokes are caused by cardiac thromboembolism 
related to atrial fibrillation, for which occlusion 
is effective.

LAAOS III did not compare left atrial append-
age occlusion with anticoagulation, and it would 
be incorrect to conclude that occlusion at the 
time of surgery should be considered as a replace-
ment for anticoagulation. Whereas anticoagula-
tion reduces the risk of stroke by approximately 
two thirds,17 in LAAOS III, concomitant occlusion 
reduced the risk of stroke by approximately one 
third. A factor that offsets the possibly smaller 
reduction in the risk of ischemic stroke with left 
atrial appendage occlusion is the anticoagulant-
related risk of hemorrhagic stroke, a risk that is 
not present in patients who undergo surgical oc-
clusion and do not receive oral anticoagulants. 
Without a trial that directly compares oral anti-
coagulation with left atrial appendage occlusion, 
it remains uncertain whether occlusion can re-
place anticoagulation. Our trial therefore does 
not support concomitant surgical occlusion as a 
replacement for oral anticoagulation.

The results of LAAOS III have important im-
plications for the use of nonpharmacologic 
therapies to prevent embolic stroke. In our trial, 
surgical occlusion of the left atrial appendage 
provided additional protection against stroke 
when added to anticoagulation. Percutaneous 
endovascular occlusion devices may also be ef-
fective as a complement to anticoagulation rath-
er than as a replacement, but this would require 
testing. There are notable differences between 
surgical occlusion of the left atrial appendage 
and occlusion performed with a percutaneous 
endovascular device. Surgical occlusion is an 
extravascular procedure, whereas occlusion with 
an endovascular device may increase the risk of 
thrombus formation and embolism.

Limitations of our trial include the lack of 
information about the relative efficacy of left 
atrial appendage occlusion as compared with 
oral anticoagulation. Furthermore, the findings 
from LAAOS III apply primarily to surgical oc-
clusion of the appendage performed as a con-
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comitant procedure and not to stand-alone sur-
gical or endovascular occlusion. We cannot 
discern from our results whether all surgical 
closure methods are comparable, and we did not 
examine whether occlusion was sustained over 
follow-up.

This trial showed that among patients with 
atrial fibrillation who had undergone cardiac 
surgery, most of whom continued to receive on-
going antithrombotic therapy, the risk of stroke 
or systemic embolism was lower with concomi-
tant left atrial appendage occlusion performed 
during the surgery than without it.
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