Featured Article

Rationale and design of the Left Atrial Appendage Occlusion Study
(LAAOS) III
Richard Whitlock1,2, Jeff Healey2,3, Jessica Vincent2, Kate Brady2, Kevin Teoh1,4, Alistair Royse5,
Pallav Shah6, Yingqiang Guo7, Marco Alings8, Richard J. Folkeringa9, Domenico Paparella10, Andrea
Colli11, Steven R. Meyer12, Jean-François Legare13, François Lamontagne14, Wilko Reents15, Andreas
Böning16, Stuart Connolly2,3
1

Department of Surgery, McMaster University, Hamilton, Canada; 2Population Health Research Institute, McMaster University and

Hamilton Health Sciences, Hamilton, Canada; 3Department of Medicine, McMaster University, Hamilton, Canada; 4Department of Surgery,
Southlake Regional Health Centre, Newmarket, Canada; 5Department of Surgery, Royal Melbourne Hospital, The University of Melbourne,
Melbourne, Australia; 6Department of Cardiothoracic Surgery, Princess Alexandra Hospital, University of Queensland, Brisbane, Australia;
7

Department of Cardiovascular Surgery, West China Hospital, Sichuan University, Chengdu, China; 8Department of Cardiology and

Electrophysiology, Amphia Ziekenhuis, Breda, the Netherlands; 9Department of Cardiology, Medical Center Leeuwarden, Leeuwarden, the
Netherlands; 10Division of Cardiac Surgery, Department of Emergency and Organ Transplant (DETO), University of Bari Aldo Moro, Bari,
Italy; 11Department of Cardiology, Thoracic and Vascular Sciences, University of Padova, Padova, Italy; 12Department of Surgery, University
of Alberta, Edmonton, Canada; 13Division of Cardiac Surgery, Dalhousie University, Halifax, Canada; 14Centre de recherché Clinique ÉtienneLebel and Faculté de Médecine et des Sciences de la Santé, Univesité de Sherbrooke, Sherbrooke, Canada; 15Department of Cardiac Surgery,
Cardiovascular Clinic Bad Neustadt, Bad Neustadt, Germany;

16

Department of Cardiovascular Surgery, University of Giessen, Giessen,

Germany
Corresponding to: Richard Whitlock, MD, PhD. Population Health Research Institute, Hamilton, Ontario, Canada; Hamilton General Hospital,
DBCVSRI room C1-114, 237 Barton Street East, Hamilton, ON, Canada, L8L 2X2. Email: richard.whitlock@phri.ca.
Background: Occlusion of the left atrial appendage (LAA) is a promising approach to stroke prevention in

atrial fibrillation (AF). However, evidence of its efficacy and safety to date is lacking. We herein describe the
rationale and design of a definitive LAA occlusion trial in cardiac surgical patients with AF.
Methods: We plan to randomize 4,700 patients with AF in whom on-pump cardiac surgical procedure

is planned to undergo LAA occlusion or no LAA occlusion. The primary outcome is the first occurrence
of stroke or systemic arterial embolism over a mean follow-up of four years. Other outcomes include
total mortality, operative safety outcomes (chest tube output in the first post-operative 24 hours, rate
of post-operative re-exploration for bleeding in the first 48 hours post-surgery and 30-day mortality),
re-hospitalization for heart failure, major bleed, and myocardial infarction.
Results: Left Atrial Appendage Occlusion Study (LAAOS) III is funded in a vanguard phase by

the Canadian Institutes for Health Research (CIHR), the Canadian Network and Centre for Trials
Internationally, and the McMaster University Surgical Associates. As of September 9, 2013, 162 patients
have been recruited into the study.
Conclusions: LAAOS III will be the largest trial to explore the efficacy of LAA occlusion for stroke

prevention. Its results will lead to a better understanding of stroke in AF and the safety and efficacy of
surgical LAA occlusion.
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Introduction
Atrial fibrillation (AF) is an important cause of stroke. It is
well established that most strokes in patients with AF are
cardio-embolic, originating from the left atrial appendage
(LAA). Three main approaches to stroke prevention in AF
are: (I) elimination of AF; (II) prevention of clot formation
with antiplatelet or anticoagulant agents; and (III) physical
elimination of the LAA which excludes the site of clot
formation. Since no AF therapy is able to suppress AF
episodes completely, elimination or suppression of AF has
not been effective against stroke. Antithrombotic medical
therapy has been effective, but is limited by the risk of
serious bleeding and by problems with maintenance therapy,
including non-issuance of prescriptions, poor compliance,
sub-optimal anticoagulation control and physician treatment
termination. Accordingly, anticoagulation is suboptimal in
many patients and contra-indicated in others. Occlusion or
removal of the LAA is logical and recent positive results from
a small trial of device closure are promising. However, LAA
occlusion or removal has not been thoroughly investigated,
and has not been assessed in combination with concomitant
procedures. AF is common in patients requiring cardiac
surgery and concomitant LAA removal is a small additional
procedure with a low intrinsic likelihood of complications.
A large randomized trial to test the hypothesis that
opportunistic surgical removal of the LAA at the time
of other routine cardiac surgery can reduce long term
stroke in patients with AF is important. The implications
of a sufficiently powered study, if positive, are to provide
conclusive evidence of the efficacy for a logical approach
to AF-related stroke and to greatly stimulate the agenda
for further research in this promising area. Since the
procedure is simple and rapid, procedure specific morbidity
is important if large-scale uptake were to occur.
Rationale
Evidence that LAA clot in AF causes embolic stroke
Clinical and diagnostic imaging evidence indicates that at least
70% of all strokes in patients with AF are cardio-embolic from
the left atrium (1) and 90% of these arise from the LAA in
data from echocardiographic and autopsy studies (2). The
LAA has pulsatile flow in sinus rhythm which prevents stasis
and thus prevents clot formation. However this function
is lacking in AF patients and results in greatly reduced
appendage emptying. This stasis, together with increased
atrial fibrosis and dilatation typical of AF, and activation
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of blood coagulation, underlie thrombus formation in AF
(Virchow’s triad). Removal or occlusion of the LAA excludes
the appendage from the circulation, thus preventing
thrombus formation and so prevents embolization (3).
Although the atrial appendage is the main source of atrial
natriuretic peptide, which plays a role in salt and water
homeostasis, a small randomized study (n=77) suggested no
adverse effects from LAA removal (4).
There is currently no adequately powered randomized
trial of LAA removal or occlusion has been published. The
PROTECT AF (n=707) trial was reported last year. The
Watchman device, which is designed to occlude the LAA by
delivery of an occluding device through a trans-septal approach,
was compared to warfarin in an unblinded non-inferiority
trial using a composite outcome that included bleeding,
thrombotic and fatal outcomes (5). The results showed
non-inferiority to warfarin, but due to design criticisms
(small size, unconventional primary outcome and wide noninferiority margins), regulatory approval has been slow to
follow. A follow-up study, PREVAIL (n=407), has been
reported but not yet published. It demonstrated increased
safety of device implantation compared to the PROTECT
AF experience, but failed to meet criteria for non-inferiority
with respect to efficacy outcomes. These trials have provided
some proof-of-concept to the occlusion approach but will
continue to be limited by the complexity of the non-inferiority
design against effective active therapy (warfarin). Recent noninferiority trials of new oral anticoagulants (OACs) against
warfarin have required enrolments of between 14,000 and
20,000 patients to demonstrate non-inferiority. The rationale
for device closure of the LAA as an isolated procedure, with its
attendant procedural risks, may be reasonably argued to have
comparable risks to warfarin therapy. However, if the LAA
occlusion can be performed at the same time of routine cardiac
surgery, then this procedure can be performed with almost no
additional risk. Thus it is reasonable in AF patients undergoing
routine cardiac surgery to occlude the LAA and continue
with postoperative oral anticoagulation. LAA occlusion and
antithrombotic therapy have completely different mechanisms
of stroke prevention; occlusion removes the anatomic location
for most potential cardiac thrombi, while antithrombotic
therapy reduces the tendency for thrombi formation. Even
the most effective antithrombotic therapy needs to be taken
once or twice every day over years (even decades) to be fully
beneficial; a challenge even to the most compliant patient.
LAA occlusion once adequately performed will never reform and thus will provide un-interrupted protection against
thrombus formation, and potentially stroke, for life. It is a
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strong hypothesis that the two approaches will be additive or
synergistic against stroke.
Evidence that oral anticoagulation reduces embolic stroke
OAC therapy reduces the risk of stroke in AF and is
recommended for stroke prevention in patients with AF
who have risk factors (6). A Cochrane meta-analysis that
included 29 trials and 28,044 patients (7,8) reported that
warfarin reduced the relative risk of stroke by 64% (95%
CI, 49% to 74%) compared to no treatment and by 37%
(95% CI, 23% to 48%) compared to aspirin. Aspirin is also
effective, reducing the relative risk of stroke in AF by 20%.
Anticoagulation is now recommended for all higher risk
patients with AF. However, there are still many patients who
receive antiplatelet therapy alone. Administrative database
surveys indicate that only about two-thirds of patients who
might benefit from anticoagulant therapy actually receive
OAC, and discontinuation rates of warfarin approach 50%
by three years (9).
New OACs are being introduced which also reduce
stroke in AF, including the direct thrombin inhibitor,
dabigatran, and the Factor Xa inhibitors rivaroxaban
and apixaban. These agents have been evaluated in large
clinical trials and have been shown to be non-inferior, and
in some cases superior, to warfarin for stroke reduction;
with similar or less bleeding. Dabigatran 110 mg, apixaban
and rivaroxaban all showed very similar rates of ischemic
stroke relative to warfarin, whereas dabigatran 150 mg
showed a significant 25% relative risk reduction (RRR)
compared to warfarin. Both Factor Xa inhibitors and both
dabigatran doses showed a large reduction in hemorrhagic
strokes compared to warfarin. Major bleeding rates on all
these agents, however, exceeded 3% per year, and minor
bleeding rates were over 10% per year. Thus hemorrhage
remains a significant limitation of both old and new OACs.
One advantage of the new agents is that they do not require
monitoring, which makes them easier to take than warfarin;
but this paradoxically limits the physician’s ability to ensure
patient compliance.
Limitations of OAC which LAA occlusion may mitigate
There are many limitations to OAC therapy: (I) increased
risk of bleeding; (II) need for monitoring of coagulation
(International Normalized Ratio, INR) for warfarin; (III)
patient non-compliance; (IV) physician reluctance to
prescribe, especially to elderly patients; and (V) frequent
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need for therapy discontinuations for surgery, procedures
and diagnostic tests.
Increased bleeding, both major and minor, is inherent
in all antithrombotic therapy. For example, in the recent
RE-LY trial, the annual rates of major bleeding were 3.4%,
2.7% and 3.1% for dabigatran 110 mg BID, 150 mg BID
and warfarin, respectively; and minor bleeding rates were
13%, 15% and 16% per year. In both ACTIVE and RE-LY
trials, major bleeding increased the adjusted risk of death
compared to those without bleeding [hazard ratio (HR),
4.60 (4.16-5.09)] (10). Even minor bleeding may lead to
discontinuation of antithrombotic therapy and exposure to
stroke risk. LAA occlusion could provide some protection
during OAC discontinuance.
Patient dissatisfaction with the need for monitoring
of warfarin therapy is a major limitation of this therapy.
Approximately two thirds of patients are reliably maintained
within the target INR range at all times, even in clinical
trials (11). In typical community practice, the time in
therapeutic range falls to about 50% as demonstrated by
a recent overview of studies (12,13). A low proportion of
time spent in the target INR range is strongly associated
with an increased risk of both stroke and bleeding (14).
Thus, a concurrent therapy such as LAA occlusion that
independently reduces stroke and is continuously effective,
is likely to be beneficial in patients receiving warfarin. LAA
occlusion would theoretically provide protection to patients
when their INR is non-therapeutic.
The lack of INR control may relate significantly to
patient non-compliance, which is a major limitation
inherent to OAC therapy. In a major review of medication
compliance for cardiovascular disease, Ho and colleagues
estimated that 25-55% of patients do not take their
chronic cardiac medications as prescribed (15). Medication
adherence for asymptomatic or chronic conditions
is typically lower than that for acute or symptomatic
conditions, and drops substantially after the initial
months of therapy (15-18). The reasons for this include
patient-related factors (e.g., health illiteracy, forgetfulness,
socio-economic barriers), medication-related factors
(e.g., cost, complexity of the regimen, side effects) and
provider-related factors (e.g., a lack of coordinated care
and follow-up) (18-21). Non-adherence is strongly skewed
towards under- rather than over-dosing, and is associated
with an increased risk of death, disability, hospitalization,
and avoidable health care costs (15,22-25). A recent study
of point-of-care testing in 53 Australian general practices
is instructive. The study included patients who required
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OAC, and only 43% of patients on anticoagulants reported
consistent adherence to therapy during the study (26).
There is also substantial evidence that physicians underestimate the degree of medication non-compliance even
in patients who they ‘know well’ (27). Compliance issues
continue to be a problem with all medications and may
be more of a problem with new anticoagulants than with
warfarin, due to short half-lives and lack of need for regular
monitoring. LAA occlusion could benefit for many patients
on medical therapy who are sometimes non-compliant.
The avoidance or under-use of anticoagulants is widely
documented in virtually every country where this has been
studied (28-34). Many patients (up to 50%) are unsuitable
for warfarin for a variety of reasons and some will remain
unsuitable for the new anticoagulants. In the CCORT AF
study, using prescription claims databases in Alberta, British
Columbia and Ontario from 1997 to 2000, less than one-half of
AF patients filled a prescription for warfarin within 90 days
of discharge for an AF hospitalization (32). After initiation
of warfarin, discontinuation is very common. In one large
administrative database registry from the United Kingdom,
Gallagher et al. reported warfarin discontinuation rates of
50% within a 4-year follow-up period (9). A very recent
analysis of Ontario Drug Benefit claims data in 125,195
patients >65 years with AF who initiated warfarin therapy,
found that almost one third (31.8%) discontinued warfarin
within one year of initiation, and the median time to
discontinuation was 2.9 years (35). The main limitation of
warfarin is concern about bleeding, and this often prevents
its use in otherwise suitable patients (36,37). This suggests
that even with the new anticoagulants, non-use and
discontinuation of anticoagulants will be a problem; one
that can be mitigated potentially by LAA occlusion.
Interruption of anticoagulant therapy for surgery,
procedures and diagnostic tests is very common in patients
with AF (38). This creates a window of risk to patients, in
addition to the risk of failure of re-initiation of therapy
after discontinuation. LAA occlusion can potentially be very
useful in this situation.
AF is associated with a systemic hypercoagulable state,
where platelet function is enhanced with increased plasma
levels of thromboglobulin and platelet factor 4. Systemic
markers of activation of the coagulation cascade, such as
thrombin-antithrombin II complex, D-dimers, fibrinogen,
and prothrombin fragments 1 and 2, are also increased.
Although most thrombi form in the LAA, some likely come
from aortic plaque, the left ventricle and elsewhere. Thus
a systemic antithrombotic therapy is likely a very good
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complement to a focused surgical intervention that targets
only one source of embolism, albeit the most important one.
Miscellaneous evidence regarding LAA occlusion
Prior to the publication of PROTECT AF, the literature was
dominated by observational studies and formed the basis of
the American Heart Association recommendation to occlude
the LAA in AF patients undergoing mitral valve surgery
(39,40). In a retrospective study examining 205 patients
post mitral valve surgery, the success rate of LAA closure
approached 90%. Multivariate analysis demonstrated the
absence of LAA ligation as an independent predictor of
occurrence of an embolic event [odds ratio (OR) 6.7; 95%
CI, 1.5-31.0]. Results from case series of ablation procedure
patients are also often cited to support the amputation of
the LAA (41). The Maze procedure attempts to eliminate
AF through a series of cuts in the right and left atria,
suturing them closed, and excising both atrial appendages in
a similar fashion. Cox et al. published a case series of 306 patients
who underwent a “cut and sew” Maze procedure (42). Rates of
stroke were low but the majority of patients (n=162) were
very low risk. Furthermore, from this study it is impossible
to determine whether the stroke protection, if real, was
from rhythm control or LAA exclusion.
Conversely, some investigators have reported unfavorable
outcomes after surgical LAA exclusion. One such study
by Almahameed et al., involving 136 patients undergoing
LAA amputation at the time of mitral valve surgery (43)
demonstrated that during a mean follow up period of 3.6 years,
15% of the patients who underwent LAA amputation, but
did not receive warfarin, had thromboembolic events. In
the group that underwent LAA amputation and received
warfarin at discharge, only 10% had thromboembolic
events. A regression analysis on this cohort revealed that
warfarin, not LAA amputation, resulted in reduced stroke
risk. Another paper by Bando et al. (n=812) investigating
the risk factors for stroke in patients undergoing mitral
valve surgery, demonstrated in subgroup analysis that
closure of the LAA (n=47) did not have a significant effect
on the incidence of stroke in patients with AF (P=0.69) (44).
Additionally, the group performed a univariate analysis
on 812 patients (78% with AF), which showed that LAA
closure was not significant for preventing late (eight years)
stroke.
It is emphasized that these and several other small
observational studies do not have sufficient power or
freedom from sample bias to provide the level of evidence
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needed to clearly answer this important question.

are excluded.

Trial design

Study intervention

Left Atrial Appendage Occlusion Study (LAAOS) III is
a prospective, double-blind, international multicenter,
randomized blinded trial with adjudicated outcome
assessments, comparing concomitant surgical LAA
occlusion to no occlusion in patients with AF/flutter
who are undergoing routine cardiac surgery. The target
recruitment is 4,700 patients. The primary hypothesis is
that LAA occlusion will reduce stroke or systemic embolic
events compared to no occlusion over the period of
follow-up (mean four years), with OAC therapy
recommended in both arms.
Eligible and consenting patients will be randomized via
the central interactive web randomization system (IWRS)
at the Population Health Research Institute, Canada. Each
patient will be assigned in a blinded fashion to one of two
groups (LAA occlusion or no LAA occlusion) according to
a computer generated randomization list. Patients will be
considered randomized when the intervention allocation
has been provided through the IWRS. The confidential
allocation email will be sent to the participating surgeon (and
not to the research team) to maintain blinding of all others
associated with the study.
A ll p a t ie n t s w i l l b e fo l l o w ed fro m the time of
randomization until the final follow-up visit. Following
randomization and baseline data collection, visits will
occur at hospital discharge, 30 days, one year and annually
thereafter until the common study end date (approximately
five years after the first patient randomized). Interim
telephone calls will be held at the 6-month intervals to
maintain contact with the patients.

The intervention under investigation is surgical occlusion
of the LAA compared to no LAA occlusion. The trial will
permit the following techniques of LAA occlusion: (I)
amputation of the LAA and closure; and (II) stapler closure
of the LAA. The preferred technique is amputation and
closure as demonstrated by the video found at http://www.
youtube.com/watch?v=aPoeoAhIjGw. Surgical devices to
close the appendage will be considered for use in the trial by
the steering committee, based upon the available evidence
for the successful occlusion of the LAA.
Intraoperative transesophageal echocardiography
(TEE) is encouraged to determine successful closure of the
appendage. Successful occlusion is defined as TEE Doppler
assessment demonstrating an absence of flow across the
suture line and a stump of <1 cm from the LA wall. If
the closure is not successful by this definition, additional
maneuvers should be performed to rectify (e.g., additional
sutures, additional staple line) as long as the surgeon
feels that it is safe to do so. In patients with pre-operative
appendage thrombus who are randomized to occlusion, the
LAA must be opened to surgically remove the thrombus
prior to the occlusion. If thrombus is present and the
patient is randomized to no occlusion, the management is
left to the surgeon’s discretion. An atrial ablation procedure
can be performed, however, if randomized to non-occlusion
the LAA must not be occluded.

Patient selection
Patients undergoing cardiac surgery requiring the use of
cardiopulmonary bypass are included if they: (I) ≥18 years;
(II) have a documented history of AF or flutter; (III) have
a CHA 2 DS 2 -VASc score ≥2; and (IV) provide written
informed consent.
Patients are excluded if they are undergoing (I)
off-pump cardiac surgery; (II) heart transplant; (II) complex
congenital heart surgery; (IV) isolated ventricular assist
device insertion; (V) redo cardiac surgery; (VI) mechanical
valve implantation. Furthmore, patients who have had a
previous placement of a percutaneous LAA closure device
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Study outcomes
The primary outcome is the first occurrence of stroke or
systemic arterial embolism over the duration of follow-up.
The secondary outcomes over the duration of followup (unless otherwise specified) are: (I) total mortality;
(II) operative safety outcomes (chest tube output in the
first post-operative 24 hours, rate of post-operative reexploration for bleeding in the first 48 hours post-surgery
and 30-day mortality); (III) re-hospitalization for heart
failure; (IV) major bleeding; and (V) myocardial infarction.
Definitions of study outcomes can be found on the
online supplement.
Sample size and statistical considerations
This study will enroll 4,700 patients with a mean follow-up
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of four years, which will allow us to detect a 25% RRR in
the primary outcome with an expected control event rate of
2.5% per year. This trial would have 80% power, accounting
for a 2%/year loss of patients due to competing death. This
sample size is contingent on reasonable assumptions about
the patient risk and the types of antithrombotic therapy that
patients will receive during follow up. If the event rates are
lower than expected, follow-up can be extended with this
study design.
The enrollment requirement of this trial depends
primarily on two parameters: the expected event rate in
the control arm and the treatment effect expected from
LAA occlusion. We have estimated the event rate in the
control arm from the event rates on various antithrombotic
treatments in recent trials (Table 1) with similar CHADS2
score to what is expected. We have performed a registry of

Table 1 Annual rate of stroke or systemic embolism in current
antithrombotic trials
Stroke or systemic
Agent, Trial, [n of arm]

embolism (annual
rate) (%)

Aspirin, ACTIVE A (45) [3,782]

3.7

Aspirin, AVERROES (46) [2,791]

3.5

Aspirin and Plavix, ACTIVE A (45) [3,772] 2.8
Apixaban, ARISTOTLE (47) [9,120]

1.3

Apixaban, AVERROES (46) [2,808]

1.6

Warfarin, ACTIVE W (48) [3,371]

1.5

Warfarin, RELY (49) [6,022]

1.7

Warfarin, ARISTOTLE (47) [9,081]

1.6

Dabigatran 150 mg, RELY (49) [6,076]

1.1

Dabigatran 110 mg, RELY (49) [6,015]

1.5

1,886 patients in which we observed that the mean CHADS2
score of patients with AF coming to cardiac surgery was 2.3.
Table 2 shows the expected treatment effects of LAA
occlusion in different sub-groups of patients expected to
be enrolled into the study. As can be appreciated from
Table 2, to properly estimate the control event rate we also
need to estimate the rate of use of different antithrombotic
medications during follow-up. Numerous surveys indicate
that OACs are used in approximately 50% to 60% of
high-risk patients with AF due to difficulties with
controlling INR, bleeding risk, patient reluctance and
physician behavior. The use of OACs will tend to increase
over the next few years as the new anticoagulants are
introduced; however, there will still remain a substantial
number of patients who either take aspirin or no therapy
due to refusal to take an anticoagulant, difficulty with
INR management, high cost of new anticoagulants, and/
or development of renal failure which increases the risk of
anticoagulation. Therefore we estimate that the number of
patient-years of follow on antiplatelet or no antithrombotic
therapy will be 35%±5%. We have very good estimates of
the rate of stroke or systemic embolism for these patients
from ACTIVE A and AVERROES (3.7% per year on
aspirin and 5.1% on no antithrombotic therapy). Because
of cost issues and familiarity, we estimate that warfarin and
other Vitamin K antagonists will remain the most common
OACs used (45% of patient-years of follow up). There will
be gradually increasing use of dabigatran and the Factor
10a inhibitors over the next five years. It is estimated that
20% of patient years of follow-up will be on dabigatran,
rivaroxaban, or apixaban. We estimate, based on the recent
large trials, that the primary event rate in control patients
taking warfarin will be 1.7% per year, and in those taking
one of the new anticoagulants it will be 1.5% per year. Thus
the overall annual event rate in the control arm without

Table 2 Expected event rates for primary outcome and relative risk reduction with LAA occlusion on top of usual care
Treatment rate of

Therapy component of

% patients years on

Control rate of primary

Expected relative risk reduction

usual care

therapy component

outcome per year

with LAA occlusion (%)

No antithrombotic

5

5.1

63

1.9

Antiplatelet

30

3.7

63

1.4

Warfarin

45

1.7

25

1.3

Novel anticoagulant

20

1.5

25

1.1

Overall usual care

100

2.5

36

1.6

primary outcome
per year

LAA, left atrial appendage.
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LAA occlusion is estimated at 2.5% per year.
This study is 80% powered to detect a 25% RRR. A
25% treatment effect is reasonable because the PROTECT
AF trial of device closure suggests that the effect of LAA
occlusion is similar to that of warfarin, although the
mechanism is obviously different and the effect of LAA
occlusion will be additive to that of medical therapy.
Table 2 shows that the largest effect will likely occur in
those receiving no therapy or aspirin. The most recent
data comparing an OAC to aspirin in AF patients comes
from AVERROES, where the reduction in ischemic stroke
with apixaban compared to aspirin was 63% [HR, 0.37;
95% CI, 0.25-0.55] P<0.001. For patients prescribed an
OAC, the treatment effect of LAA occlusion will be more
modest but not trivial. The benefit of surgical removal of
the LAA will occur during warfarin therapy, when patients
are out of target therapeutic range (30-50% of time)
and during therapy with any OACs, when there is noncompliance (which is very common) and interruptions for
procedures and surgery, which are also common. Based on
these considerations, a 25% relative reduction in stroke
or systemic embolism with LAA occlusion in patients
prescribed with OACs is reasonable. The overall treatment
effect of LAA occlusion on top of usual care is the blended
total of these rates, which is a 36% RRR.
Outcome analysis
The intention-to-treat principle, in which all participants
will be included in their assigned treatment groups
regardless of actual surgical procedure performed, will guide
all analyses. A time-to-event analysis will be used to test the
primary outcome variable. The primary outcome (stroke or
systemic arterial embolism) will be presented using KaplanMeier survival curves, and the treatment effect as measured
by the HR and 95% confidence interval will be derived by
the Cox proportional hazards model. A P-value of <0.05
for the proportional hazards model will be considered
as significant. The proportional hazards assumption will
also be tested by graphical means. This analysis will also
be performed on the secondary outcomes of ‘death and
primary outcome’. All other secondary outcomes will be
compared via a t-test, chi-square test, or non-parametric
tests where appropriate. The primary outcome will be
analyzed at a mean follow-up of four years.
Planned subgroup analyses
Additional Cox models will be used to evaluate
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interactions between treatment and subgroups of interest:
antithrombotic used, CHA 2DS 2-VASc score, left atrial
(LA) dimension, rheumatic heart disease, and atrial
ablation procedure. The primary analysis will be repeated
secondarily as a per protocol analysis.
Data safety monitoring board (DSMB)
The independent DSMB will undertake two formal interim
analyses when 50% (188 events) and 75% (282 events) of
the expected events have occurred. Conservative statistical
guidelines for data monitoring have been developed and
will follow the modified Haybittle-Peto rule. For efficacy,
reductions in events of ≥4 SD in the first interim analysis
and ≥3 SD in the second will be used. The DSMB in
making a recommendation for early stopping will also
consider the consistency of the secondary endpoints and any
relevant external data.
Vanguard phase
The study has begun with a vanguard phase that is funded
by the Canadian Institutes for Health Research (CIHR).
The vanguard phase has an identical design to the full trial
and is planned to validate both general feasibility and key
design assumptions. Specifically, blinded analysis after 300
patients have been recruited will be performed to validate
(I) feasibility of recruiting two patients per month in each
of 12 centers globally; (II) the assumption that in the year
following surgery, 30% of randomized patients will be
managed on antiplatelet therapy alone and 65% will be
on oral anticoagulation; and (III) the assumption that the
rate of successful surgical LAA occlusion will be ≥90%.
Enrolment of 300 patients will provide the following
estimates within the listed margin of error, 95% of the time:
(I) antiplatelet therapy alone will be used in 30%±5.2%
and OAC use in 65%±5.4%; (II) the rate of successful
conclusion is at least 90%±3.4%; (III) the rate of successful
recruitment will be achieved in 90%±16% of sites.
Discussion
Despite the first description of surgical LAA occlusion
for prevention of arterial emboli in AF being published
over half a century ago (50), the field of cardiac surgery
has yet to provide definitive evidence that this approach
is an effective strategy for stroke prevention. There is a
great need to explore non-medical approaches to stroke
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prevention in AF that are likely to be complementary to
antithrombotic therapy, or which could, in some patients,
replace medical therapy. The present trial addresses the
potential of LAA occlusion at the time of cardiac surgery
to reduce stroke from AF as an adjunctive therapy, over
and above the antithrombotic therapy that the patient will
continue to receive. This study will be the only study which
is sufficiently powered and prospectively randomized to
consider this hypothesis. AF is a major health concern and
continues to grow in its burden. AF is present in about one
sixth of patients admitted with stroke and is seen in 10% of
patients coming to cardiac surgery, during which time it is
safe to remove this documented site of thrombus formation.
There are in excess of two million cardiac surgical
procedures performed annually world-wide, and the impact
of this minimal-cost, low-risk procedure could be immense.
We have chosen the proposed design for the following
reasons: (I) the proposed trial answers the most relevant
clinical question for the surgeon operating on a patients
who happens to have AF; (II) a blinded superiority trial
will provide a more compelling answer to the question of
whether LAA occlusion prevents stroke than an unblinded
non-inferiority trial; (III) compared to a trial of LAA
occlusion versus warfarin, the proposed trial will be much
less challenging to execute; (IV) patients are more likely
to enroll as they do not have to forgo a proven effective
therapy if randomized to LAA occlusion; (V) surgeons
will find the trial less burdensome as the intervention
is completed quickly, follow-up is easy and there are no
compliance issues; (VI) compliance to no anticoagulant
therapy in the LAA occlusion arm would be very difficult
given the massive density of information about the merits
of OACs in the literature, in the National Guidelines, from
the pharmaceutical industry and in the lay press; and (VII)
the trial of LAA occlusion versus could only be blinded with
great difficulty and cost. A properly designed non-inferiority
trial of LAA occlusion versus warfarin would be very large
and expensive (15,000 patients). LAAOS III will be a
definitive trial, answering whether occlusion of the LAA
provides protection against stroke.
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Supplement: study outcome definitions

Stroke
Diagnosis of stroke will require new focal neurological
symptoms with rapid onset, lasting at least 24 hours. All
strokes will be classified as definite ischemic, definite
hemorrhagic or type uncertain.
Systemic arterial embolism
Systemic arterial embolism will be judged to occur where
there is a clinical history consistent with an acute loss of
blood flow to a peripheral artery (or arteries), which is
supported by objective evidence of embolism.

whole blood or red cells.
Hospitalization with heart failure
Re-hospitalization with an overnight stay or prolongation
of an existing hospitalization due to heart failure which
requires both clinical (i.e., any of the following signs:
elevated jugular venous pressure, respiratory rates,
crepitations, or presence of S3) and radiographic evidence
(e.g., vascular redistribution, interstitial pulmonary edema,
or frank alveolar pulmonary edema).
Myocardial infarction (MI)

Major bleed
Major bleeding within the first 48 hours of surgery is
defined as per BARC Type 4: (I) perioperative intracranial
bleeding within 48 hours; and/or (II) reoperation after
closure of sternotomy for the purpose of controlling
bleeding; and/or (III) transfusion of ≥5 units whole blood
or packed red blood cells within a 48 hour period (note:
cell saver products are not counted); and/or (IV) chest tube
output ≥2 L within a 24-hour period.
Major bleeding after 48 hours of surgery is defined as per
ISTH: (I) fatal bleeding; and/or (II) symptomatic bleeding
in a critical area or organ, such as intracranial, intraspinal,
intraocular, retroperitoneal, intra-articular or pericardial,
or intramuscular with compartment syndrome; and/or (III)
bleeding causing a fall in hemoglobin level of 2.0 g/dL or
more, or leading to transfusion of two or more units of

Perioperative MI (<48 hours post-operatively) is defined as
the presence of new Q-waves or a new left bundle branch
block (LBBB) on electrocardiogram, combined with a
biomarker (CK-MB or troponin) elevation of at least five
times the upper reference limit. Late MI (>48 hours) is
defined as ischemic symptoms; ECG changes consistent
with myocardial infarction (new significant Q waves in
two contiguous leads) or evolving ST-segment or T-wave
changes in two contiguous leads signifying ischemia or
new LBBB; or ST segment elevation and elevated cardiac
markers (troponins or CK-MB) in the necrosis range.
Myocardial injury occurring after a percutaneous coronary
intervention (PCI) is included in the late perioperative MI
group but is defined as elevation of cardiac markers at least
three times upper limit of normal (ULN) within 24 hours of
PCI , or the characteristic evolution of new ECG changes.

