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Abstract 

Objective:  

Left atrial appendage closure (LAAC) is recommended to decrease the stroke risk in patients 

with atrial fibrillation and contraindications to anticoagulation. However, age-stratified data 

are scarce. The aim of this study was to provide information on the safety and efficacy of 

LAAC, with emphasis on the oldest patients.  

Methods:  

A nationwide, prospective, multicentre, observational registry was established by 53 French 

cardiology centres in 2018-2021. The composite primary endpoint included ischaemic stroke, 

systemic embolism, and unexplained or cardiovascular death. Separate analyses were done in 

the groups <80 years and ≥80 years.  

Results:  

Among the 1053 patients included, median age was 79.7 (73.6-84.3) years; 512 patients 

(48.6%) were aged ≥80 years. Procedure-related serious adverse events were non-

significantly more common in octogenarians (7.0% vs 4.4% in patients aged <80 years, 

respectively; p=0.07). Despite a higher mean CHA2DS2-VASc score in octogenarians, the rate 

of thromboembolic events during the study was similar in both groups (3.0 vs 3.1/100 patient-

years; p=0.85). By contrast, all-cause mortality was significantly higher in octogenarians 

(15.3 vs 10.1/100 patient-years, p<0.015), due to a higher rate of non-cardiovascular deaths 

(8.2 vs 4.9/100 patient-years, p=0.034). The rate of the primary endpoint was 8.1/100 patient-

years overall with no statistically significant difference between age groups (9.4 and 7.0/100 

patient-years; p=0.19).  

Conclusion:  

Despite a higher mean CHA2DS2-VASc score in octogenarians, the rate of thromboembolic 

events after LAAC in this age group was similar to that in patients aged <80 years.  

Trial registration number:  

ClinicalTrials.gov Registry (NCT03434015).  

  

http://clinicaltrials.gov/show/NCT03434015


INTRODUCTION 
 

 

The number of patients with atrial fibrillation (AF) is expected to double by 2030 due to the 

improved survival of patients with cardiovascular disease, intensified search for undiagnosed 

AF and ageing of the general population.1 The proportion of patients with AF who are given 

appropriate anticoagulant therapy has expanded markedly in recent years, due mainly to more 

widespread prescription of direct oral anticoagulants.2 In several studies, benefits from 

anticoagulant agents outweighed the bleeding risk in elderly patients, creating a favourable 

risk/ benefit ratio.3 4 Nonetheless, around 20% of elderly patients with AF receive 

insufficient or, more rarely, excessive anticoagulant doses.5 

 

Left atrial appendage closure (LAAC) has emerged as an option to reduce the 

thromboembolic risk in patients with AF. Several propensity-matched studies and a 

randomised trial have reported a reduction of all-cause mortality with LAAC compared with 

anticoagulation, at least in some groups of patients.6–8 This may be due to a reduction in the 

bleeding risk. Furthermore, LAAC is a structural intervention, and its effects are not 

dependent on patient compliance as for anticoagulation.9 

 

The French National Authority for Health approved LAAC devices in 2016 for patients with 

definitive contraindications to long-term anticoagulation and a high thromboembolic risk. Of 

note, the authority required the enrolment of these patients in a national, prospective, post-

approval registry (French Left Atrial Appendage Closure Registry, FLAAC-2). 

 

Most registry studies published to date included heterogeneous populations and failed to 

stratify outcomes on patient age.10 11 More specifically, data on patients aged 80 years or 

over are scarce.12 13 Such data are of considerable interest since very elderly patients may be 

at greater risk of both thromboembolic events and bleeding and represent a substantial 

proportion of patients with AF with contraindications to anticoagulants. 

 

The objective of this study was to provide safety and efficacy data on LAAC by analysing the 

French nationwide prospective post-approval registry of LAAC devices. We also compared 

outcomes in patients younger than 80 years vs aged 80 years or over. 

 

 

METHODS 
 

Study design 

 

This nationwide, prospective, multicentre, observational study was conducted in all centres 

(n=53) that performed LAAC in France during the period of inclusion (August 2018–

December 2019). Inclusion criteria were as follows: patients referred for LAAC and aged 18 

years or older. 

 

In France, LAAC is approved since 2016 for patients with a CHA2DS2-VASc score ≥4 and a 

definitive contraindication to anticoagulant agents validated by dedicated multidisciplinary 

staff. Inclusion in this registry did not affect the choice of the device, procedural process, 

antithrombotic treatment or follow-up imaging. Patients were followed from baseline to the 

12-month visit. 



 

This investigator-driven study was funded by a research grant from Abbott and Boston 

Scientific. The device manufacturers had no role in the design, conduct or reporting of this 

study. 

 

 

Patient and public involvement 

 

Neither the patients nor the public were involved in the research. 

 

 

Data management and monitoring 

 

Demographic and clinical data were obtained by physical examination and medical record 

review. Patients unreachable were considered as lost to follow-up after a minimum of five 

unsuccessful contact attempts. 

 

CT scan and echocardiography were analysed by the investigators, without centralised 

reading. 

 

Events of interest were reviewed by an independent adjudication committee to ensure that the 

same criteria (Valve Academic Research Consortium 2 classification) were used to identify 

each event. Abnormal renal function was defined using the definition described in the HAS-

BLED score. 

 

Outcomes 

 

The primary efficacy outcome measure was a composite of ischaemic stroke, systemic 

embolism, and unexplained or cardiovascular death. 

 

The main secondary efficacy outcome measures were the annual rates of ischaemic stroke, 

systemic embolism, transient ischaemic attack, unexplained or cardiovascular death, and all-

cause death. The safety outcome measures were the rates of device-related thrombus (DRT), 

other adverse events related or possibly related to the device or procedure, and bleeding 

events. Adverse events were considered during two periods, the periprocedural period (from 

the start of the intervention until patient discharge or day 7 after the procedure, whichever 

came last) and the subsequent follow-up period (until the date of the last visit). The data are 

reported for the overall cohort and the subgroups defined based on age younger than 80 years 

or 80 years or over (octogenarian group). 

 

 

Statistics 

 

Continuous variables are described as mean±SD or median (IQR), depending on distribution, 

and categorical variables as number (%). Mortality and the cumulative incidence of 

thromboembolism were compared using the Kaplan-Meier method for censored data during 

the overall follow-up. For each endpoint, the data were censored after the first event in 

patients who experienced more than one event. 

 

 



Baseline features in the subgroups with versus without clinical events (primary endpoint: 

stroke or systemic embolism) were compared using Cox proportional hazards regression 

models with estimation of the HRs and their 95% CIs. Variables associated with p values 

lower than 0.15 were selected as candidate variables to be entered in multivariable analysis. 

Final model selection was based on a stepwise variable selection procedure with bidirectional 

elimination method using Akaike’s information criterion. The CHA2DS2-VASc score was 

not included in the multivariable analysis since it was redundant with other parameters tested. 

Two-sided p values lower than 0.05 were considered statistically significant. The statistical 

analyses were conducted using Stata V.16.0 (StataCorp, College Station, Texas, USA) for 

descriptive analyses and R V.4.0.3 (R Foundation, Vienna, Austria) for the multivariable 

analyses using the StepReg package. 

 

 

RESULTS 
 

Patient characteristics 

 

Between August 2018 and December 2019, 1053 patients were included in the FLAAC-2 

registry by 53 centres in France. These patients represented 92.8% of the 1135 patients treated 

with LAAC in France during the same period. 

 

Table 1 reports the main patient characteristics. Median age was 79.7 (73.6–84.3) years, and 

512 (48.6%) patients were 80 years of age or over at inclusion. Cardiovascular and non-

cardiovascular comorbidities were common in both groups, but their nature differed 

significantly: prevalences were higher for heart failure, coronary artery disease, and prior 

valvular surgery in octogenarians and for cirrhosis, smoking and diabetes in patients aged <80 

years. 

 

The risk of stroke predicted by the CHA2DS2-VASc score was significantly higher in 

octogenarians (5.1±1.2 vs 4.5±1.3 in patients aged <80 years, p<0.0001). The number of 

points assigned for comorbidities and sex (female) was similar in both groups. The higher 

value of the CHA2DS2-VASc score in octogenarians was due to the additional points 

assigned for age. 

 

The overall bleeding risk predicted by the HAS-BLED score was similar in the two age 

groups. However, a history of gastrointestinal bleeding was more common in octogenarians. 

 

Patients’ history of cardiac rhythm disorders is summarised in table 1. The proportion of 

patients with permanent AF or a paced rhythm was higher in octogenarians. 

 

All these results suggest age-driven differences in the profile of patients offered LAAC. 

 

 

Outcomes of the procedure 

 

The procedural success rate was high (99.0%), with no difference between age groups (table 

2). Table 3 reports the serious adverse events (SAEs) related or possibly related to the 

procedure or device. Pericardial effusion requiring pericardiocentesis was the most common 

periprocedural SAE. The proportion of patients with any SAE was 5.7% (n=60) overall and 

was non-significantly higher in octogenarians (7.0% (n=36) vs 4.4% (n=24), p=0.07). This 



difference was chiefly ascribable to higher frequencies of tamponade, periprocedural stroke/ 

systemic embolism, and vascular or bleeding complications in octogenarians. 

 

 
 

Antithrombotic treatment at discharge 

 

Table 4 reports the antithrombotic treatments prescribed at discharge. In octogenarians, 

therapeutic-dose anticoagulation was used significantly less often (n=50, 9.9% vs n=95, 

17.8% in patients aged <80 years; p<0.001) and antiplatelet therapy without anticoagulation 

significantly more often (n=417, 82.9% vs n=409, 76.6% in patients aged <80 years; 

p=0.012).  

 

 

 

 



Device-related thrombus 

 

After hospital discharge, CT scan or transoesophageal echocardiography were performed in 

350 octogenarians (69.0%) and 389 patients aged <80 years (72.7%, p=0.19). A DRT 

developed in 36 (3.5%) patients. This event was not more common in octogenarians (n=18, 

3.6% vs n=18, 3.4% in patients aged <80 years; p=0.87). DRT was associated with an 

eightfold increase in the occurrence of thromboembolism overall (19.4% vs 2.5%; HR 8.95; 

95% CI 3.9 to 20.8; p<0.0001). The increased risk of stroke and/or systemic embolism was 

observed in both age groups (HR 11.9; 95% CI 3.7 to 38.1; p<0.0001 in octogenarians; and 

HR 6.7; 95% CI 1.9 to 23.6; p<0.001 in patients aged <80 years). 

 

Data per device family are presented in online supplemental table 1. DRT occurred in 6.1% of 

patients with Watchman vs only 0.8% with Amulet. 

 

 
 

Follow-up 

 

Median follow-up after successful LAAC was 374 (352–415) days. Only five patients were 

lost to follow-up. The primary endpoint occurred in 85 patients (8.1/100 patient-years) 

including 47 patients in the octogenarian group and 38 patients aged <80 years (9.4 vs 7.0/100 

patient-years, respectively; p=0.19) (figure 1A and online supplemental table 2). Predictors of 

the primary endpoint identified by univariate analysis are reported in online supplemental 

tables 3 and 4. A multivariable analysis is presented in table 5. 

 



 
 

During the overall study period, ischaemic stroke occurred in 24 patients (26 events) and 

systemic embolism in 8 patients (9 events), yielding a thromboembolism rate of 3.1/100 

patient-years. Transient ischaemic attack was observed in four additional patients and an 

asymptomatic ischaemic lesion was discovered by routine imaging in another patient (figure 

1B,C). While the mean CHA2DS2-VASc score was significantly higher in octogenarians than 

in patients aged <80 years (5.1±1.2 vs 4.5±1.3, p<0.0001), the annual rate of thromboembolic 

events (stroke/ systemic embolism) was similar in the two groups (octogenarians: 3.0/100 

patient-years; patients aged <80 years: 3.1/100 patient-years, p=0.85). 

 

Online supplemental tables 5 and 6 list the predictors of stroke/systemic embolism identified 

by univariate Cox regression analysis. By multivariable analysis, a history of thromboembolic 

event was associated with a higher risk of stroke/systemic embolism after LAAC in the 

overall cohort and the younger group (table 5). 

 

Life-threatening or major bleeding events unrelated to LAAC occurred in 54 patients, 

including 14 patients (16 events) with intracranial bleeds. The proportion of patients with 

these events was not higher in the group of octogenarians (5.5% vs 4.9% in patients aged <80 

years, p=0.63). 

 

Among the 1042 patients with successful LAAC, 133 died during the study, yielding a 

mortality rate of 12.6/100 patient-years. Of these 133 patients, 7 died before day 7 or 

discharge. Ischaemic stroke or systemic embolism was the direct cause of death in 12 patients. 

The risk of all-cause death was significantly higher in octogenarians (15.3 vs 10.1/100 

patient-years; p<0.015; HR 1.04; 95% CI 1.01 to 1.06; p=0.002). This higher mortality in 

octogenarians was related to a significantly higher rate of non-cardiovascular death (8.2 vs 

4.9/100 patient-years, p=0.034) (figure 1F) and to a non-significantly higher rate of death due 

to unknown or cardiovascular causes (7.1 vs 5.1/100 patient-years, p=0.19) (figure 1E). 

 

Prognosis factors of all-cause mortality are presented in table 5 and online supplemental 

tables 7 and 8. In both subgroups, we observed a stepwise increase in mortality with the 

number of risk factors (online supplemental table 9). 



 

 

DISCUSSION 
 

 

This analysis of a prospective, nationwide registry provides a picture of LAAC in France. 

Most patients (84%) were at very high risk of stroke, with a CHA2DS2-VASc score of 4 or 

higher. The large sample size allowed a detailed comparison of patients aged 80 years or 

older, who contributed nearly half the cohort, with their younger counterparts. The outcomes 

collected over the study support LAAC for preventing thromboembolism in patients with AF, 

a high thromboembolic risk and a contraindication to long-term anticoagulation, notably those 

aged 80 years or over. The likelihood of experiencing any SAE was slightly greater in 

octogenarians, but the difference was not statistically significant. Thromboembolic events, 

serious bleeding events and DRT were not more common in the older patients. Although all-

cause mortality was significantly higher in octogenarians, the main reason for this difference 

was a higher frequency of non-cardiovascular deaths. 

 

Very elderly patients were under-represented in key randomised controlled trials assessing the 

efficacy of LAAC in preventing thromboembolism in patients with AF. In the PROTECT-AF 

and PREVAIL trials, mean age in the intervention group was 71.7 and 74.0 years, 

respectively.14 15 The population in the PRAGUE-17 trial demonstrating the non-inferiority 

of LAAC compared with direct oral anticoagulant therapy had a mean age of 73.4 years.16 

Similarly, the mean age of the populations in the EWOLUTION registry, Amulet IDE trial 

and US National Cardiovascular Data Registry ranged from 73 to 76 years.10 17 18 These 

studies grouped therefore patients with very different ages and clinical conditions and were 

not stratified on age. 

 

Few stratified studies have compared the clinical outcomes after LAAC in different classes of 

age.12 13 19–23 Two prospective studies demonstrated similar thromboembolic event rates in 

patients younger than 75 years and aged 75 years or over.20 22 Data in older patients are 

sparse. Ischaemic stroke was not more common in the group aged 80 years or over in the 

Amplatzer Amulet Occluder observational study.12 In contrast, a combined analysis of two 

real-world LAAC registries demonstrated a smaller decrease in the predicted stroke rate in 

patients aged 80 years or over (41%) compared with younger patients (53%).13 The raw 

number of ischaemic stroke was higher in the elderly group in the PROTECT-AF/ PREVAIL 

trials.23 These studies are summarised in online supplemental table 10. In our cohort, annual 

rate of thromboembolic event was similar in the two groups (3.0% in octogenarians, 3.1 in 

patients aged <80 years, p=0.85). Moreover, by multivariable analysis, older age was not 

significantly associated with thromboembolism, although the CHA2DS2-VASc score was 

higher due to the additional points assigned for age. Of note, compared with a cohort of 

patients with AF and no anticoagulation previously reported in the literature,24 the risk of 

stroke, systemic embolism or transient ischaemic attack was considerably lower in both our 

subgroups (65% in octogenarians and 61% in patients aged <80 years). 

 

Adherence to follow-up imaging after LAAC was not significantly different between the two 

age groups and the rate of diagnosed DRT was similar. These imaging data confirm the 

favourable safety profile of LAAC devices in very elderly patients. DRT appeared to be more 

frequent in patients treated with a Watchman device. Of note, the rates of thromboembolic 

events were similar with the two device families. In the Amulet IDE or SWISS-APERO 



Studies, there were no statistically significant differences in the incidence of DRT between 

device families.17 25 The discrepancies between these studies may be explained by 

differences in the antithrombotic treatment prescribed after LAAC (table 4). 

 

 

 

 
 

 



 

 
 

 

The association between advanced age and periprocedural complications was evaluated in the 

US National In-patient Sample Database.26 In the unadjusted analysis, major in-hospital 

complications were significantly more common in the group aged 80 years or over (6.7% vs 

5.7% in patients aged <80 years, p<0.01). Hospital mortality was also higher in the older 

patients. Adjustment on comorbidities eliminated the difference in major complications, 

although not in hospital mortality. Thus, the burden of age-related diseases, rather than age 

itself, may influence the risk/benefit ratio. Similarly, in the US Readmissions Database, a 

modest increase in early readmission during the first post-procedural month has been reported 

in very elderly patients (9.9% vs 8.4%, p=0.004).27 Our results are consistent with these 

findings, with a non-significant increase in procedure-related SAEs in octogenarians, the main 

events being pericardial effusion and vascular complications. In all these studies, the between-

group differences were limited, supporting LAAC as reasonably safe in very elderly patients 

selected based on an individualised assessment of the risk/benefit ratio. 

 

As most of the patients referred for LAAC have a history of bleeding, an important issue is 

whether older age is associated with a higher post-procedural bleeding risk. In our FLAAC-2 

registry, non-procedure- related bleeding events occurred in similar proportions of patients in 

the two age groups. The data from previous studies are conflicting. In the Amplatzer Cardiac 

Plug multicentre registry and the LAARGE registry, no significant differences in major 

bleeding rates were observed between patients aged <75 or ≥75 years.20 22 By contrast, other 

studies evidenced higher rates of bleeding events in the oldest patients.12 13 21 These 

apparent discrepancies may be ascribable to differences across countries in the clinical profile 

of patients selected for LAAC. In our registry, the baseline bleeding risk as assessed by the 



HAS-BLED score was similar in the two age groups. Of note, the proportion of patients 

prescribed anticoagulant therapy at discharge was lower in octogenarians. A propensity-

adjusted analysis of the EWOLUTION Study suggested that antithrombotic treatment 

duration may be associated with the risk of bleeding.28 Identification of the best post-

procedural antithrombotic treatment for patients at high risk of bleeding awaits further studies. 

 

Making decisions about interventional procedures in very elderly patients can be complex.29 

30 For LAAC, it may be difficult to convince elderly patients of the justification of a 

preventive intervention that is not without risk. The fact that stroke, if it occurs, may 

jeopardise their quality of life, must be explained to these patients. This requires an optimal 

physician–patient relationship. 

 

 

Limitations 

 

This registry is one of the largest prospective registries reported to date. However, a few 

patients referred for LAAC during the inclusion period were not included. As for all 

registries, caution is needed when generalising results to a broader population, particularly in 

patients with multiple comorbidities. In addition, this study had no control group. The clinical 

outcomes after LAAC were therefore compared with previously published data.24 

Furthermore, the analysis of CT scan and echocardiography images was not centralised. The 

size of DRT was not taken into account. Therefore, we cannot exclude a centre effect on the 

rate of DRT. Finally, patients were categorised by chronological age and not based on 

comprehensive geriatric assessments. 

 

 

CONCLUSION 
 

 

Our analysis of data from a nationwide post-approval registry suggests a favourable 

risk/benefit ratio of LAAC even in the very elderly. A small, non-significant increase in 

procedure-related adverse events was noted in the patients aged 80 years or over. LAAC 

should be considered in very elderly patients and decisions made on a case-by- case basis, 

according to the findings from a comprehensive and individualised clinical assessment. 
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