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Introduction

Atrial fibrillation (AF) affects more than 30 million people 
worldwide (1,2), and according to European studies, this 
number is expected to double by 2050 (3). Non-valvular 
AF (NVAF) is associated with a five-fold increased risk of 
ischemic stroke and systemic embolism, and is responsible 
for around 40% of all ischemic strokes in the elderly, 

accounting for very high morbidity in developed countries 
and representing a significant social and economic 
burden (4-6). Moreover, AF is frequently silent, and it 
is diagnosed only after the patient has presented with 
a thromboembolic event. Several studies demonstrated 
that patients who experienced an AF-related stroke 
usually have more severe functional deficits and increased 
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complication rates, translating into higher mortality and 
more extended hospital stays that correspond to higher 
direct costs (7,8). The left atrial appendage (LAA) has been 
labeled as the significant embolic source in patients with 
AF, containing up to 90% of left atrial (LA) thrombi (9). 
Its increased thrombogenicity has a twofold explanation: 
a narrow entrance orifice and trabeculated muscle 
walls, which predispose to blood stasis and thrombus  
formation (10). Prevention of stroke is based on oral 
anticoagulation (OAC) with direct oral anticoagulants 
(DOACs), or vitamin K antagonists (VKAs), which is associated 
with a two-thirds risk reduction of embolism (11-14). 
However, OAC is associated with an increased risk of 
bleeding, and several patients are non-compliant with long-
lasting therapies (15,16).

On this basis, surgical or percutaneous LAA occlusion 
(LAAO) has been proposed as an adjunctive therapy to 
reduce the risk of thromboembolism in patients with AF. 
Currently, percutaneous LAAO may be reasonable (class 
IIB) in patients with NVAF who have contraindications to 
long-term OAC to prevent stroke (17,18). According to the 
recent LAAOS III study, surgical LAAO on top of OAC 
brings a 33% reduction in the risk of stroke in patients 
with AF who underwent cardiac surgery at five years (19). 
However, the real benefit of isolated surgical LAAO as first-
line therapy to prevent stroke is still to be demonstrated. 
We therefore developed the Minimally Invasive Left 
Atrial Appendage Occlusion Plus REduced Dose DOAC 
To Prevent Stroke In Patients With Atrial Fibrillation 
Randomized Clinical Trial (LAAO-PlusRE). This manuscript 
aims to explain why a randomized clinical trial (RCT) to 
assess the safety and efficacy of thoracoscopic/robotic-assisted 
isolated LAAO associated with a reduced dose of DOAC 
in patients with persistent or paroxysmal AF is necessary 
(rationale) and how it should be carried on (design).

Why LAAO-PlusRE?

Morpho-functional association between the LAA and AF

LA morphology and function are directly related to the risk 
of developing AF and even stroke (20). A systematic review 
including 67,875 patients showed that an increased LA size 
is associated with an increased risk of stroke in patients with 
sinus rhythm (21). When LA enlargement is associated with 
altered reservoir function, the risk of AF is even higher; in a 
study involving 574 patients without arrhythmia, combining 
these two echocardiographic features led to an increased 

risk of developing AF or atrial flutter at two years (22). LA 
dilatation is associated with increased tissue fibrosis affecting 
atrial myocardial contractility. Strain and strain-rate 
imaging enable the assessment of myocardial deformation 
through the cardiac cycle. Prospective studies showed 
that reduced LA strain relates to wall fibrosis, usually 
found in patients with AF (20,23). In particular, peak atrial 
longitudinal strain (PALS) can predict AF development 
and is superior to other morphologic parameters to predict 
thromboembolic events (20). Alhakak et al. (24) found that 
in a low-risk general population of 400 patients, PALS was 
a univariable risk factor of AF [per 5% decrease: hazard 
ratio (HR) 1.42; 95% confidence interval (CI): 1.19–1.69, 
P<0.001] and an independent risk factor for AF in patients 
aged less than 65 years (per 5% decrease: HR 1.46; 95% 
CI: 1.06–2.02, P=0.021). PALS also resulted in a predictor 
of the combined endpoint of AF and stroke independently 
from age. Mannina et al. (25) showed that reduced values 
of LA strain and LA strain rate brought an increased risk of 
ischemic stroke in patients with average LA size and non-
AF at a median follow-up of 10 years (HR 4.64; 95% CI: 
1.55–13.89 and HR, 11.02; 95% CI: 3.51–34.62).

OAC for stroke prevention

OAC, either with conventional VKA or new DOAC, is the 
mainstay in AF medical management, reducing the risk of 
ischemic stroke, systemic embolism, and all-cause mortality 
(11-14,26). Warfarin was associated with a 67% reduction 
in the risk of stroke in a large meta-analysis including  
28,044 patients concerning no therapy and a 37% reduction 
when compared to aspirin therapy (27). DOAC proved 
to be non-inferior or superior to warfarin for stroke 
prevention with reduced bleeding events (12,14). Significant 
bleeding rates were, however, 3%. Thus, hemorrhage is 
still a limitation of VKA and DOAC (16). According to 
international guidelines, OAC is indicated in all patients 
with a high CHA2DS2-VASc score (≥2 for men and ≥3 for 
women).

Apart from the bleeding risk, the necessity to constantly 
monitor the international normalized ratio (INR) represents 
a vital limitation reducing the patient’s compliance to the 
therapy. Approximately less than 60% of patients on VKA 
maintain the INR in the desired range because of scarce 
adherence to INR monitoring, enormously increasing 
the risk of stroke and bleeding. In several cases, patients 
underestimate the importance of VKA therapy, affecting 
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their compliance, in particular when they receive it on 
a chronic base. Although the introduction of DOAC 
has overcome some of the limitations of VKA therapy, 
persistent barriers, including costs and ongoing bleeding 
risks with no reversal agent for most DOAC, might 
preclude a broader use of OAC in clinical practice (28) in 
elderly patients, which are at the highest risk of developing 
AF. Noncompliance and discontinuation due to other 
medical conditions are observed in 33% of patients and are 
responsible for a significantly higher risk of embolic events 
(15,16). According to a large study including more than 
6,000 patients admitted for ischemic stroke, less than 50% 
of those who had a known history of AF were on OAC (29).  
In a systematic review and meta-analysis of 39 studies and 
593,863 patients, one-year compliance with a DOAC was 
<80% (30). The possibility to reduce or avoid OAC would, 
therefore, provide an important improvement in managing 
patients with persistent AF.

Evidence regarding percutaneous LAAO

Percutaneous LAAO is now a class IIB indication in Europe 
and the US in patients with NVAF at increased risk of 
stroke who have contraindication to long-standing OAC 
(17,18). The Watchman 2.5 and the Watchman FLX (Boston 
Scientific, Marlborough, MA, USA) are plug-designed 
percutaneous occluders, while the Amplatz and the Amulet 
are pacifier-shaped. Watchman FLX and Amulet are the 
second generation devices currently in use. Both devices 
are designed to be introduced percutaneously in the LAA 
orifice, isolating the appendage from the atrial cavity. RCTs 
demonstrated that percutaneous LAAO is not inferior to 
VKA and DOAC in patients with AF (31,32). The Continued 
Access to PROTECT AF (CAP) and the Continued Access 
to PREVAIL (CAP2) registries that continued to enroll 
patients in the original Watchman RCTs showed an essential 
reduction in ischaemic stroke in each registry compared to 
what had been expected with the CHA2DS2-VASc score (1.30 
and 2.20 respectively, per 100 patient-years for CAP and 
CAP2, respectively) as well as a reduction of hemorrhagic 
stroke (33). The Amulet IDE Trial randomized patients 
either to LAAO with Amulet or Watchman 2.5 and showed 
that at 12 months Amulet was not inferior to Watchman 2.5 
in terms of mortality and stroke (34).

Evidence regarding reduced dose DOAC

A significant proportion of patients is treated with reduced 

dose of DOAC independently from the presence of correct 
indications such as advanced age, low body weight or 
impaired renal function (35). However, only dabigatran 
was tested as a reduced dose, confirming its effectiveness 
in reducing the risk of stroke with lower bleeding risk 
compared to a full dose (11). A recent study (36) including 
40,564 patients with newly initiated DOAC (apixaban, 
dabigatran, or rivaroxaban) (11,083 patients) or warfarin 
treatment (29,481 patients) compared the effectiveness 
and safety of reduced dose DOAC vs. warfarin. It showed 
that DOACs are associated with lower risk of all-cause 
stroke (HR 0.87, 95% CI: 0.76–0.99), major bleeding (HR 
0.85, 95% CI: 0.78–0.93), intracranial bleeding (HR 0.64, 
95% CI: 0.51–0.80), hemorrhagic stroke (HR 0.68, 95% 
CI: 0.50–0.92) and gastrointestinal bleeding (HR 0.81, 
95% CI: 0.69–0.96) than high-quality warfarin treatment. 
Combining surgical LAAO with a reduced dose of DOAC 
would provide an enhanced protective effect against stroke 
and thromboembolic events while reducing the risk of 
bleeding derived from the lower dose of administered 
anticoagulant. If a sufficiently powered RCT confirmed 
this hypothesis, isolated surgical LAAO would become a 
valuable option for all patients with NVAF independently 
from their coagulation profile.

The original protocols for antithrombotic therapy 
after percutaneous LAAO consisted of aspirin 100 mg 
plus warfarin for 45 days, followed by dual antiplatelet 
therapy (DAPT) if no peri-device leak (PDL) or device-
related thrombosis is detected at follow-up transesophageal 
echocardiography (TEE). After six months of DAPT, 
patients were maintained on aspirin-only, lifelong. Recent 
studies showed that endocardial LAAO is superior to full-
dose OAC alone to prevent stroke, even when followed 
by a reduced dose of OAC. In a recent study, Della Rocca  
et al. (37) showed that in patients with LAAO with 
Watchman device, a lifelong standing reduced dose of 
NOAC was superior to the standard antithrombotic 
regiment (DOAC plus aspirin 81 mg for 45 days, aspirin 
81 mg and clopidogrel 75 mg for six months, and then 
indefinite aspirin 81 mg monotherapy after that) with 
fewer thrombotic and bleeding complications over about 
one year of follow-up. Authors found a HR of 9.8% (95% 
CI: 2.3–40.7%) for the primary composite endpoint of 
thromboembolic events [ischemic stroke, transient ischemic 
attack (TIA), peripheral thromboembolism], device-related 
thrombosis, and major bleeding events in favor of reduced-
dose DOAC. 

Experimental studies demonstrated that implantable 
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occluders are more thrombogenic within the first 
30–90 days from implantation, due to the incomplete 
endothelialisation of the atrial surface of the device that 
activates the coagulation system. OAC was associated with 
an increased reduction of the biomarkers of coagulation 
activation with respect to DAPT during the initial weeks 
after implantation (38,39). As demonstrated by recent 
retrospective studies, the presence of PDL, particularly 
when more significant than 3–5 mm, is associated with an 
increased risk of new thromboembolic events. Dukkipati  
et al. (40) analyzed 1,054 patients enrolled in the two pivotal 
Watchman device trials and their nested registries and 
found that patients with persistent small PDL at one year 
had a two-fold increase in the adjusted risk of ischemic 
stroke or systemic embolization at five years (HR: 1.94; 
95% CI: 1.15–3.29), driven by an increase in non-disabling 
stroke (HR: 1.97; 95% CI: 1.03–3.78). Similarly, a sub-
analysis of the Amulet IDE trial (41) showed that the 
primary endpoint (18-month rates of ischemic stroke or 
systemic embolization) was higher in patients with PDL 
≥3 mm compared with those with PDL <3 mm [3.6% vs. 
1.8%; unadjusted HR: 2.03 (95% CI: 0.96–4.29); adjusted 
HR: 1.98 (95% CI: 0.93–4.19)] and the secondary endpoint 
(18-month rates of ischemic stroke, systemic embolization, 
or cardiovascular death) was also significantly higher in 
patients with PDL ≥3 mm [8.1% vs. 4.7%; unadjusted 
HR: 1.75 (95% CI: 1.08–2.83); adjusted HR: 1.66 (95% 
CI: 1.02–2.69)]. In our opinion, to maximize the effect of 
LAAO against stroke occurrence, a procedure is needed to 
occlude the LAAO with low risk of PDL and no blood flow 
contact.

Evidence in favor of surgical LAAO

Surgical LAAO during cardiac surgery in patients with 
pre-existing AF is quick and inexpensive and does not 
significantly increase surgical time or risk, as demonstrated 
by LAAOS II results (42). Until publication of the LAAOS 
III in 2021, only retrospective underpowered studies 
evaluated the effect of surgical LAAO suggesting its 
additional effect with OAC to prevent stroke in patients 
undergoing cardiac surgery (43,44). Based on recent 
reports of the LAAOS III, LAAO is now recommended 
during cardiac heart surgery procedures because it sensibly 
decreases, with a long-lasting effect, the risk of stroke or 
systemic embolism on top of usual OAC (19). According 
to the authors, patients who had LAAO had a reduced 
risk of stroke or systemic embolism (HR 0.68, 95% CI: 

0.53–0.86, P=0.001) at five years. LAAO also protected 
against thromboembolic events in patients who were not 
consistently taking OAC therapy during follow-up. Patients 
randomized to occlusion were treated with different 
techniques, but in all cases, complete occlusion, defined as 
a residual stump ≤1 mm with no evidence of residual flow 
across the suture line, was confirmed with intraoperative 
TEE and when not reached, adjunctive manoeuvres 
were performed. In case of appendage thrombosis, the 
appendage was opened to remove the thrombus before 
being occluded.

Surgical occlusion provides very high rates of complete 
appendage exclusion thanks to the direct vision of the 
anatomy, thus eliminating the risk of PDL-related 
embolic events (19,43). Occlusion can be carried out from 
inside the left atrium or from the epicardium, either by 
amputating the appendage and hand-sewing the cut line 
or using epicardial closure devices. There are currently 
two available devices on the market to perform epicardial 
LAAO: AtriClip (AtriClip Pro, AtriCure, Inc., Cincinnati, 
OH, USA) and LARIAT (SentreHeart, Redwood City, CA, 
USA); both are used to perform LAAO with a thoracotomy 
or thoracoscopic approach, minimizing surgical invasiveness 
in patients with persistent NVAF with a contraindication 
to OAC. Studies showed that isolated thoracoscopic/
thoracotomy LAAO with the AtriClip device is safe and 
provides a high rate of successful LAA exclusion with a 
very low rate of thromboembolic events at five years (45). 
According to the literature, epicardial occlusion is superior 
to endocardial occlusion in terms of residual leaks (25) 
that might be associated with increased device-related 
thrombogenicity. The evidence in favor of epicardial LAAO 
and the high economic and social burden associated with 
AF-related stroke supports the necessity of a trial assessing 
the safety and effectiveness of isolated epicardial LAAO 
as first-line therapy to prevent stroke in NVAF patients. 
As OAC is associated with an increased risk of bleeding, 
there is also the need for strong evidence supporting the 
reduction of the dose of OAC in patients treated with 
epicardial LAAO. On the basis of these considerations, we 
propose a randomized trial (RT) aiming to assess the safety 
and efficacy of isolated epicardial LAAO plus halved dose of 
DOAC to prevent stroke in patients affected with NVAF.

LAAO-PlusRE design

We plan to perform a multicentre non-inferiority RT 
with a 1:1 randomization between isolated minimally 
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invasive epicardial LAAO plus full-dose DOAC vs. isolated 
minimally invasive epicardial LAAO plus half dose DOAC 
in patients with NVAF and increased thromboembolic 
risk. Patient crossover is allowed considering possible 
treatment dose changes performed independently by 
external physicians, the onset of ischemic/thromboembolic 
events, or modifications in the patient’s renal function 
requiring dose adjustments. We will follow an intention-
to-treat protocol for outcomes analysis, including all 
patients in their assignment group independently from 
the actual DOAC dose. The target population size is  
200 patients. Our primary hypothesis is that the association 
of half-dose DOAC plus LAAO is not inferior to full-dose 
DOAC plus LAAO regarding safety and efficacy to prevent 
ischemic stroke. Randomization of the enrolled patients 
will be performed at the leading centre with an interactive 
web randomization system (IWRS), and each patient will 
be blindly assigned to one group, full-dose (FDOA) or half-
dose oral anticoagulant (HDOA). IWRS is a web-based 
service that enables on-site randomization by adding the 
selected patient to an online system. This method provides 
stratified randomization of each patient added by the Site 
principal investigator, who immediately receives an e-mail 
assigning the patient to one of the two study arms.

Hypothesis

We suggest that isolated minimally invasive epicardial 
LAAO followed by reduced-dose DOAC is not inferior to 
epicardial LAAO plus full-dose DOAC to prevent stroke and 
thromboembolic events in patients with NVAF and increased 
thromboembolic risk calculated based on the CHA2DS2-
VASc score and LA echocardiographic parameters. 
Furthermore, we hypothesize that minimally invasive 
epicardial LAAO plus half-dose DOAC is as safe as full-dose 
DOAC. If our hypothesis should turn out to be correct, it 
would have a significant impact on the clinical management 
of patients with NVAF and an increased risk of stroke.

Patient selection

To be enrolled, patients must be: (I) ≥18 years; (II) have 
a history of persistent or paroxysmal NVAF; (III) have a 
CHA2DS2-VASc ≥2 for women and ≥3 for men; (IV) at 
least one of the two following echocardiographic criteria, an 
indexed left atrial volume (iLAV) ≥38 mL/m2 and a PALS 
≤40; (V) provided written informed consent. The patient 
will be excluded if: (I) presenting appendage thrombus; 

(II) presenting significant carotid or intracranial arteries 
atherosclerosis or severe thrombophilic conditions; (III) 
presenting criteria for receiving a reduced dose DOAC 
(e.g., weight, renal function); (IV) having contraindications 
to thoracoscopic/thoracotomic approach; (V) if they 
had previous percutaneous LAAO. Finally, patients with 
incomplete exclusion of the LAAO at intraoperative 
TEE will be excluded. Patients accessing Cardiology, 
Arrhythmology, Electrophysiology and Cardiac Surgery 
outpatient and inpatient clinics will be screened for possible 
inclusion in the present study. Patients who accept the 
enrollment and meet all the inclusion and exclusion criteria 
will be added for randomization.

Study intervention

The investigated procedure is minimally invasive epicardial 
LAAO coupled with full-dose DOAC versus reduced-dose 
DOAC. All patients in the trial will undergo LAAO with 
one of the available epicardial devices (AtriClip). Procedures 
will be performed with minimally invasive access through 
a small anterolateral thoracotomy, or thoracoscopically 
with an endoscopic or robot-assisted procedure. In either 
case, the procedure is performed in a standard operating 
room under general anesthesia and with a double-lumen 
endotracheal tube. For totally endoscopic and robot-assisted 
surgery, instruments and cameras are inserted through 
three to four ports. A small incision in the pericardium is 
performed above the phrenic nerve, and the LAA is exposed, 
measured, and occluded with the dedicated device. Successful 
occlusion, obtained when a residual stump of <10 mm is 
obtained, is checked intraoperatively using TEE. In case 
of incomplete occlusion, adequate adjustments should be 
performed to achieve the target stump length; otherwise, 
the patient is excluded from the study. After surgery, 
patients are 1:1 randomized to full-dose DOAC or half-dose 
DOAC. The accepted DOACs are apixaban, dabigatran, 
edoxaban, and rivaroxaban at a dosages of 2.5 mg BID,  
75 mg BID, 30 mg QD, and 10 mg QD, respectively, for half 
dosage, and 5 mg BID, 150 mg BID, 60 mg QD and 20 mg  
QD, respectively, for full dosage. Patients with absolute 
contraindications to OAC will be enrolled in the present 
trial but not randomized to one arm. These patients will 
undergo LAAO but will receive antiplatelet therapy with 
acetylsalicylic acid 100 mg QD and no anticoagulation and 
will be included in a side arm of the registry. This arm will 
also include all patients who had to discontinue DOAC 
after LAAO for any reason.
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Study endpoints

The efficacy primary endpoint is the composite of (I) any 
ischemic stroke; (II) any thromboembolic event; and (III) 
cardiovascular death. The efficacy endpoint will be assessed 
at five-year follow-up. The primary safety endpoint is 
the composite of (I) perioperative death; and (II) major 
bleeding. The safety endpoint will be assessed at 30 days 
and five years. Secondary endpoints are (I) incomplete 
appendage occlusion confirmed at intraoperative TEE 
not amenable of rectification; (II) ischemic stroke; (III) 
thromboembolic events; (IV) cardiovascular death; (V) 
overall death; (VI) any bleeding; (VII) major bleeding; 
(VIII) intraoperative complications (cardiac arrest requiring 
resuscitation, uncontrollable bleeding, circumflex artery 
injury, cardiac injuries, lung injuries, pneumothorax and 
need of conversion to sternotomy). Follow-up phone 
calls will be completed at 6, 12 months, and then yearly. 
Thereafter, for up to five years, the participating centers 
will perform FU to assess for endpoints. The occurrence 
of stroke and TIA will be investigated using a validated 
stroke questionnaire to determine if symptoms indicating 
a possible embolic event had occurred. If symptoms 
occur, a dedicated physician will obtain and review source 
documentation to confirm the actual event occurrence.

Sample size determination and outcome analysis

The study is a randomized non-inferiority trial for 
occlusion with HDOA vs. occlusion with FDOA. The study 
design is a full Bayesian design following the approach of 
Chen et al. (46), borrowing from the literature. Historical 
information can be borrowed from previously conducted 
OAC and occlusion trials. Data are taken from Della Rocca 
et al. (37) and Cepas-Guillen et al. (47). Table 1 summarizes 
the historical data.

A non-inferiority margin has been pre-specified at 1%. 
From the computation of the posterior probability for the 
difference between the two expected endpoint rates (in 
the treatment and control group), a per-group sample size 

greater than 50 is required to achieve a power of at least 
0.8 when the degree of borrowing α0>0.10 (Figure S1, with 
details in Appendix 1). Notice that an α0=0 coincides with 
non-informative prior and α0=1 with entire borrowing. 
The design was tailored to have a higher reliance on the 
historical data, choosing a degree of borrowing slightly 
higher than that recommended by the Food and Drug 
Administration (FDA) (α0=0.05). It was decided to increase 
study efficiency given the consistency of the historical data 
with the actual study design. Moreover, to achieve a slightly 
greater power, a sample size of 100 patients per group was 
chosen, also given feasibility of recruitment in the center 
and to account for potential loss at follow-up.

All analyses are performed as an intention-to-treat 
protocol where patients are included in the assigned 
randomization arm independently of the treatment dosage 
received. The composite primary efficacy and safety 
endpoints analysis will be performed as a time-to-event 
analysis. It will be calculated using Kaplan-Meier survival 
curves. Cox proportional-hazard models will calculate HR 
for the treatment effects with a 95% CI and P value of 
<0.05. The same analysis is also planned for the secondary 
outcomes of ischemic stroke, thromboembolic events, 
cardiovascular death, and overall death. As appropriate, 
the remaining secondary outcomes will be compared using 
a t-test, chi-square test, or non-parametric tests. The 
institution of a Data Safety Monitoring Board (DSMB) 
composed of external independent expert members is 
planned. It will periodically supervise and confirm all 
adverse events reported by the participating centers. Safety 
will be monitored after developing prespecified stopping 
rules based on the Bayesian beta-binomial method. Official 
analysis will be performed when 50% and 75% of the 
expected events are observed and carried out by the DSMB.

Discussion

LAAO is now reserved for patients with NVAF who have 
contraindications for OAC because of increased bleeding 
risk or pre-existing bleeding events. In this condition, a 
class IIB indication is given for LAAO (17,18). In most 
cases, the procedure is performed percutaneously; despite 
the promising results provided by randomized and non-
randomized trials, percutaneous LAAO might be associated 
with a significantly increased risk of thromboembolic 
events due to the exposure of the device surface to blood, 
in particular when a significant PDL is present. LAAOS 

Table 1 Previous studies

Study 
Composite, %  
(# of events/sample size)

Della Rocca 2021, (37) 9.5 (34/357)

Cepas-Guillen 2021, (47) 11 (13/119)

https://cdn.amegroups.cn/static/public/ACS-2023-AFM-18-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ACS-2023-AFM-18-Supplementary.pdf
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III (19) demonstrated that surgical LAAO can reduce the 
risk of stroke on top of standard OAC in patients with AF 
undergoing cardiac surgery. Still, no evidence is available 
in support of isolated LAAO for all patients with NVAF. 
When the procedure is performed with an epicardial device 
and though a minimally invasive approach it could provide 
the important benefits of surgical occlusion (24,25) with low 
surgical risk (24). 

The opportunity to pair a reduced dose of DOAC 
to LAAO would provide a further improvement in the 
management of patients with NVAF, offering an effective 
prevention over ischemic stroke with a lower risk of 
haemorrhagic events. The results of the proposed study 
would determine a significant reduction in healthcare 
costs since stroke is related to a very substantial economic 
and social burden. Being safe and performed through a 
minimally invasive procedure, LAAO with an epicardial 
device can protect against cardio-embolic events. It would 
also demonstrate that a reduced dose of DOAC provides the 
same protection as a full dose of DOAC when associated 
with LAAO, reducing the risk of bleeding, and providing a 
significant improvement for elderly and high bleeding-risk 
patients. These patients represent a particularly challenging 
clinical scenario in which the thromboembolic event is 
accepted only because their bleeding risk is too high. 
Finally, the inclusion in a side-arm of patients with absolute 
contraindication for OAC, therefore being treated only 
with antiplatelets therapy, will provide further important 
safety and efficacy information about LAAO as the only 
treatment to prevent stroke in patients with NVAF and 
high risk of stroke. In case these preliminary findings are in 
favor of the safety and efficacy of LAAO alone to prevent 
stroke, it would provide sufficiently strong support to justify 
a dedicated RT where patients with NVAF are randomized 
to LAAO alone vs. OAC alone.
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Supplementary

Outcomes definition

Stroke

New focal neurological symptoms lasting at least 24 hours 
with or without CT scan confirmation.

Thromboembolic event

Local clinical signs of persistent tor transient ischemia (acute 
loss of blood flow in a peripheral artery) supported by 
objective evidence of embolism.

Major bleed

Perioperative major bleed is classified according to VARC 
criteria as:

A)	 Major Overt bleeding is either associated with a 
drop in the hemoglobin of ≥3.0 g/dL or requiring 
transfusion of ≥3 U of whole blood or packed RBCs 
AND does not meet the criteria of life-threatening 
or extensive bleeding.

B)	 Extensive Overt source of bleeding with a drop in 
hemoglobin of ≥4 g/dL or whole blood or packed 
RBC transfusion ≥4 U within any 24-h period, or 
bleeding with a drop in hemoglobin of ≥6 g/dL or 
whole blood or packed RBC transfusion ≥4 U (BARC 
type 3b) within 30 days of the procedure.

C)	 Life-threatening Bleeding in a critical organ, 
such as intracranial, intraspinal, intraocular, or 
pericardial, necessitating surgery or intervention, 
or intramuscular with compartment syndrome OR 
bleeding causing hypovolemic shock or hypotension 
(systolic blood pressure <90 mmHg lasting >30 min  
and not responding to volume resuscitation) or 
requiring significant doses of vasopressors or surgery.

D)	 Fatal Bleeding adjudicated as being a proximate 
cause of death. Severe bleeding adjudicated as being 
a major contributing cause of a subsequent fatal 
complication, such as MI or cardiac arrest, is also 
considered fatal bleeding.

During FU, major bleed is defined as type 3a, 3b, 3c, 5a, 
and 5b as per BARC criteria.

Hospitalization with heart failure

Admission to the inpatient unit or ward in the hospital 
for 24 hours, including an emergency department stay. 
Hospitalizations planned for pre-existing conditions are 
excluded unless the baseline condition worsens. Symptoms, 
signs and laboratory evidence of worsening heart failure 
must be reported.

Sample size determination

The study is a randomized non-inferiority trial for occlusion 
with half-dose oral anticoagulant (HDOA) vs. occlusion 
with full-dose oral anticoagulant (FDOA).
	 Primary endpoint (efficacy): composite endpoint 

of ischemic stroke,  thromboembolic events, 
cardiovascular death.

	 Primary endpoint (safety): composite endpoint of 
perioperative death, major bleeding.

	 Secondary endpoint :  incomplete appendage 
occlusion, ischemic stroke, thromboembolic events, 
cardiovascular death, overall death.

For two group models (i.e., HDOA as treatment and 
FDOA as control group with no covariates), we denote the 
parameter for the treatment group by μt and the parameter 
for the control group by μc. The default null and alternative 
hypotheses are given by

H0:μt−μc≥δ

and

H1:μt−μc<δ,

where δ is a prespecified constant.
Let Θ0 and Θ1 denote the parameter spaces corresponding 

to H0and H1. Let y(n) denote the simulated current data 
associated with a sample size of n and let θ=(μt,μc,τc) denote 
the model parameters. Let π(s)(θ) denote the sampling prior 
and let π(f)(θ) denote the fitting prior. The sampling prior 
is used to generate the hypothetical data while the fitting 
prior is used to fit the model after the data is generated. Let 
π0

(s)(θ) denote a sampling prior that only puts mass in the 
null region, i.e., θ⊂Θ0. Let π1

(s)(θ) denote a sampling prior 

Appendix 1
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that only puts mass in the alternative region, i.e., θ⊂Θ1. 
To determine the Bayesian sample size, we estimate the 
quantity

βsj
(n) = Es[I{P(μt−μc<δ|y(n),π(f))≥γ}]

where j=0 or 1, corresponding to the expectation taken 
with respect to π0

(s) (θ) or π1
(s)(θ). The constant γ>0 is a 

prespecified posterior probability threshold for rejecting 
the null hypothesis (e.g., 0.975). The probability is 
computed with respect to the posterior distribution 
given the simulated data y(n), and the fitting prior π(f)(θ), 
and the expectation is taken with respect to the marginal 
distribution of y(n) defined based on the sampling prior π(s)

(θ). Then β(n)
s0 corresponding to π(s)(θ)=π0

(s)(θ) is the Bayesian 
type I error rate, while β(n)

s1corresponding to π(s)(θ)=π1
(s)(θ) is 

the Bayesian power.

1. Primary endpoint (composite endpoint of ischemic 
stroke, thromboembolic events, cardiovascular death)
The basic model targets composite rates (a binary outcome) 
for treatment and control groups with no covariates. 
Patients with atrial fibrillation and CHA2DS2-VASc ≥3 
with left auricle closed in thoracoscopy are randomized 
on the first day half-dose postoperative anticoagulant vs. 
continue full dose anticoagulant, annual telephone FU for 
various endpoints.

We consider the non-inferiority design application of 
Chen et al. (46).

Historical information can be borrowed from previously 
conducted OA and occlusion trials. Data are taken from 
Della Rocca et al. (37) and Cepas-Guillen et al. (47). Table 1 
summarizes the historical data.

Let yt
(nt)=(yt1,...,ytnt) and yc(nc)=(yc1,...,ycnc) denote the 

responses from the current trial for HDOA and the FDOA, 
respectively. The total sample size is n=nt+nc.

We assume the i-th observation from the test group yti 
follows Bern(μt), and the i-th observation from the control 
group yci follows Bern(μc).

A Bayesian sample size determination (SSD) approach 
incorporates historical data using the power prior with fixed 
α0and the normalized power for α0modeled as random.

The hypotheses for non-inferiority testing are

H0: μt−μc≥δ

and

H1: μt−μc<δ,

where δ is a prespecified non-inferiority margin. We set 

δ=1%.
We choose beta(10−4,10−4) for the initial prior for μc, 

which performs similarly to the uniform improper initial 
prior for log(μc1−μc) used in Chen et al. (46) in terms of 
operating characteristics.

Power is computed under the assumption that μt=μc and 
type I error rate is calculated under the assumption that 
μt=μc+δ.

For sampling priors, a point mass prior at μc=1% is 
used for π(s)(μc) where 1% is the pooled proportion for the 
historical control datasets, and a point mass prior at μt=μc is 
used for π(s)(μt).

We use  N=10,000,  n t/n c=1,  and γ=0.95 for  a l l 
computations.
1.1 Power prior with fixed α0
When α0 is fixed, the historical matrix is fixed, each row 
represents a historical dataset, and the three columns 
represent the sum of responses, sample size and α0, 
respectively, of the historical control data. The FDA 
2010 Guidance recommends α0=0.05 but this needs to be 
explored further. In a sensitivity analysis we evaluated a 
range of α0 values, from 0 to 0.4 by 0.05. Note that α0=0 
coincides with non-informative prior and α0=1 with full 
borrowing.

We consider nt values ranging from 50 to 100 to achieve 
the desired power of 0.8.

Since point mass sampling priors are used for μt and μc, 
samp.prior.mu.t and samp.prior.mu.c are both scalars.

For Bernoulli outcomes, beta initial priors are used for μt 
and μc, with hyperparameters specified by prior.mu.t.shape1, 
prior.mu.t.shape2, prior.mu.c.shape1 and prior.mu.c.shape2.

We can see that a sample size (test group) greater than 50 
is required to achieve a power of at least 0.8 when α0>0.10 
(Figure S1).

We then compute the type I error rate for these sample 
sizes.

Since the type I error rate is computed under the 
assumption that μt=μc+δ, we use a point mass at μc=1% for 
the sampling prior for μc, and a point mass at μt=1%+1% for 
the sampling prior for μt (Figure S2).

2. Secondary endpoint: incomplete appendage occlusion, 
ischemic stroke, thromboembolic events, cardiovascular 
death, overall death
We will conduct a Bayesian analysis for the secondary 
endpoint if non-inferiority between devices is established 
for the primary endpoint. A Bayesian approach to compare 
proportions of incomplete appendage occlusion, ischemic 



© Annals of Cardiothoracic Surgery. All rights reserved. https://dx.doi.org/10.21037/acs-2023-afm-18

stroke, thromboembolic events, cardiovascular death, 
overall death between the test group and the control group 
is adopted. The observed data consists of the sample sizes 
(nt=100 and nc=100) and the number of migraine episodes 
(stand xc) in the test and control groups, respectively.

The parameters  sec t ion  def ines  the  unknown 
probabilities pt and pc for the test and control groups. These 
probabilities are assumed to follow a beta distribution 
with hyperparameters (0.001, 0.001), representing non-
informative diffuse priors.

The model section specifies the likelihood of the 
observed data given the parameters. The binomial 
distribution models the number of successes out of the 
corresponding sample sizes for the test and control groups. 
The difference in proportions is calculated as the difference 

between pt and pc.
Four separate Markov chains will be run with a total 

number of iterations set to N=10,000 and 1,000 iterations 
used for warm-up or burn-in.

Instead of controlling the Type I error rate, Bayesian 
analysis allows us to assess the posterior probabilities of 
hypotheses and make decisions based on those probabilities. 
Figure S3 shows the posterior distribution of the difference 
corresponding to the scenario in which the observed 
migraine rates xt/nt=xc/nc are both set at 15% according to 
the historical information.

The Bayesian model is specified using the Stan modeling 
language through R software v4.3.0 (R Core Team. 2023. 
R: A Language and Environment for Statistical Computing. 
Vienna, Austria: R Foundation for Statistical Computing).

Figure S1 Power curve for sample sizes ranging from 50 to 400.
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Figure S2 Type I error curve for sample sizes ranging from 50 to 400.

Figure S3 Curve showing the posterior distribution of the difference for observed rates xt/nt=xc/nc set at 15%. 


