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Left atrial appendage closure (LAAC) is an alternative to oral anticoagulation therapy in
patients with non-valvular atrial fibrillation for the prevention of embolic stroke and sys-
temic embolism. Although elderly patients (>75 years) have both higher ischemic and
bleeding risk as compared with younger patients, they benefit from optimal anticoagula-
tion. The subanalysis aimed to assess the indications, the safety, efficacy, and 1-year out-
comes of interventional LAAC in elderly patients (> 75 years) compared with younger (<
75 years) patients in clinical practice. We analyzed data from the prospective Left-
Atrium-Appendage Occluder Registry Germany. A total of 638 patients were included in
the registry, 402 (63%) were aged > 75 years. Compared with younger subjects, patients
aged >75 were more likely to have higher CHA2DS2-VASC and HAS-BLED scores. Pro-
cedural success rate was high und similar in both groups (97.6 %). Periprocedural adverse
events were not statistically significant in groups (11.9% in <75 years vs 12.9% in >75
years; p =0.80). At 1 year follow-up, all-cause mortality was higher in patients aged >75
compared withwith younger group (13.0% vs 7.8 %,p = 0.04), mainly due to non-cardio-
vascular causes (10.6% vs 6.0%). No significant differences in major bleeding, stroke, sys-
temic embolism were observed. In conclusion, LAAC is feasible and safe in patients with
AF at high stroke risk and with contraindications for OAC and should be considered as
candidates for LAA closure. Elderly patients often present these characteristics and could

benefit from this novel therapy. © 2020 Published by Elsevier Inc. (Am J Cardiol

2020;136:81—86)

Atrial fibrillation (AF) is associated with a five-fold
increased risk of ischemic stroke and becomes of special
importance when patients reach older age, with an increas-
ing incidence and prevalence of AF with advancing age.'"
Oral anticoagulation (OAC) is recommended for stroke pre-
vention in patients with non-valvular AF and CHA,DS,-
VASc score > 2 in men and > 3 in women, in all those who
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are eligible.” The left atrial appendage (LAA) seems to be
the source of more than 90% of thrombi in cases of stroke
in which the thrombus could be identified.* These data sup-
port that left atrial appendage closure (LAAC) may offer an
alternative mechanical approach’ to reduce cardioembolic
risk in AF patients.” Compared with OAC therapy, LAAC
reduced the risk of life-threatening bleeding events, such as
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intracranial bleeding.”* Multicenter randomized studies
found the treatment to be safe, effective, and noninferior to
vitamin K antagonists for stroke prevention,g’l() whereas
longer-term follow-up supports a potential for superiority
and lower mortality of LAAC.'" Elderly patients present a
cohort with a greater risk of ischemic and bleeding events.
The present study aimed to assess the indications, the 1-
year outcome, the safety and efficacy of LAAC in elderly
patients (>75 years) compared with younger patients in
clinical practice.

Methods

The German left atrial appendage occlusion registry
(LAARGE) is a prospective, nonrandomized, multicenter
real-world registry that encompasses consecutive patients
with the indication to receive a LAAC from 38 voluntary
participating centers. Recruitment into the registry started
in July 2014 and ended in December 2015. Patients should
have been treated according to current recommendations. '
Patients >18 years planned for LAAC with all 3 types of
non-valvular AF, a CHA,DS,-VASc score >2 and ineligi-
bility for long-term OAC (previous bleeding events, labile
INR, poor compliance, patient preferences, stroke/TIA
although anticoagulation therapy) were included. Partici-
pating centers were encouraged to include all patients con-
secutively to avoid recruitment bias. The study was carried
out according to the principles of the Declaration of Hel-
sinki and was approved by the Landesarztekammer Rhein-
land-Pfalz in Mainz. Written informed consent was
obtained from all study patients. The study is financed and
conducted by the Stiftung Institut fiir Herzinfarktforschung,
Ludwigshafen am Rhein, Germany.

The study aimed to assess the indications, the 1-year out-
come, the safety and efficacy of LAAC in elderly patients
(= 75 years) compared with younger (<75 years) patients
in clinical practice. As described previously,'*'® preproce-
dural screening, the conduction of the implantation proce-
dure as well as postprocedural management including the
antithrombotic treatment were at the discretion of the oper-
ating physician. Usually, suitable patients received a clini-
cal examination, an electrocardiogram, a blood analysis,
and a transesophageal echocardiography. After confirming
the indication and the technical feasibility of the LAA (i.e.,
size, absence of thrombus, or sludge), the procedure was
performed under conscious sedation or general anesthesia
for specific cases. transesophageal echocardiography guid-
ing or intracardiac echocardiography was used to rule out
an intracardiac thrombus intraprocedurally and to facilitate
transseptal puncture. Device implantation was performed
taking into consideration the specific manufacturer’s rec-
ommendations. After device releasing and sheath removal
the venous access site was sealed at the discretion of the
operator. All participating centers reported procedural data
and intrahospital complications as well as discharge medi-
cation for all successfully implanted patients. Patients were
prospectively followed until hospital discharge, and after 3-
and 12-month. Patients were contacted directly or via phone
call 1 year after the implantation procedure to assess sur-
vival and occurrence of complications. Furthermore, antith-
rombotic medication was registered. Distinctive scores, for

example, the Bleeding Academic Research Consortium
(BARC) score,'” were used to grade event severity. Statisti-
cal analyses were performed with SAS version 9.4 (SAS
Institute, Cary, North Carolina). Continuous data are pre-
sented as medians with interquartile ranges (25th and 75th
percentiles), or as means with standard deviation, and cate-
gorical data as frequencies with group-related percentages.

Categorical variables were compared between the
patient groups using the Pearson’s chi-squared test, or by
the Mann-Whitney-Wilcoxon test, as indicated in the tables.
Metrical or ordinal variables were compared using the
Mann-Whitney-Wilcoxon test. One-year mortality after the
implantation procedure and the incidence of the combined
event of death or stroke were evaluated by means of sur-
vival analysis. p-values <0.05 (two-tailed) were considered
significant.

Results

A total 638 patients were included in the registry. Of
them 402 (63%) were aged > 75 years at the time of the
procedure. Baseline characteristics of the study population
stratified according to age group are presented in Table I.
Compared with patients < 75 years, patients aged >75 had
a lower proportion of structural heart disease, a higher prev-
alence of coronary artery disease, higher prevalence of per-
manent atrial fibrillation, and higher CHA,DS,-VASC and
HAS-BLED scores. There were no significant differences
between groups in the prevalence of diabetes mellitus or
previous cerebrovascular events.

The most common indication for LAAC was previous
bleeding, as shown in Table 2. Patients aged >75 years had
a higher prevalence of previous bleeding and labile INR
(Table 2).

As presented in Table 3, LAAC has been successfully
performed in 623 patients (97.6%).

Table 1
Baseline characteristics of the study population
p Value > 75 years <75 years Variables
(n=402) (n=236)
Age (years) 68.0+ 6.6 80.6+ 3.8 <0.001
Female 84 (35.6%) 164 (40.8%) 0.19
Coronary artery disease 77 (32.6%) 215 (53.5%) < 0.001
Diabetes mellitus 79 (33.5%) 138 (34.3%) 0.83
Valvular disease 38 (16.1%) 94 (23.4%) 0.028
No structural heart disease 74 (31.4%) 54 (13.4%) < 0.001
Prior PVI 8 (3.4%) 9 (2.2%) 0.38
Prior pacemaker 15 (6.4%) 29 (7.2%) 0.68
Prior cerebrovascular event
TIA 25 (10.6%) 27 (6.7%) 0.084
Stroke 61 (25.8%) 76 (19.0%) 0.041
CHA,DS,-VASc score 3.6+1.5 5.1+1.3 <0.001
HAS-BLED score 3.5+1.2 4.1+1.0 < 0.001
HAS-BLED score > 3 191 (82.3%) 382 (95.5%) < 0.001
Type of AF paroxysmal 113 (47.9%) 161 (40.0%) 0.054
Persistent 48 (20.3%) 67 (16.7%) 0.24
permanent 75 (31.8%) 174 (43.3%) 0.004

Continuous data are presented as mean =+ standard deviation. Categori-
cal variables are presented as number (percentage). AF= atrial fibrillation;
PVI= pulmonary vein isolation; TIA= transitory ischemic attack.
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Table 2 Table 3
Indications for left atrial appendage closure Procedural data
Variables <75 years > 75 years p Value Variables > 75 years <75 years p Value
(n=236) (n=402) (n=402) (n=236)
Prior bleeding 173 (73.4%) 334 (82.9%) 0.003 Procedural success rates 229 (97.0%) 394 (98.0%) 0.43
Severe bleeding 103 (59.5%) 149 (44.6%) Type of device, each
Moderate bleeding 47 (27.2%) 148 (44.3%) Amplatzer cardiac plug 50 (21.3%) 127 (31.6%) 0.005
Mild bleeding 23 (13.3%) 37 (11.1%) Amplatzer Amulet™ 74 (31.5%) 89 (22.1%) 0.009
Cerebrovascular event 77 (32.6%) 96 (23.9%) 0.016 Watchman 101 (43.0%) 177 (44.0%) 0.80
Stroke 61 (25.8%) 76 (18.9%) 0.039 Other 10 (4.3%) 9 (2.2%) 0.15
TIA 25 (10.6%) 27 (6.7%) 0.084 Sedation type
Labile INR 11 (4.7%) 43 (10.7%) 0.008 Conscious sedation 186 (79.1%) 350 (87.1%) 0.008
Contraindication for OAC 53 (22.5%) 68 (16.9%) 0.085 General anesthesia 35 (14.9%) 38 (9.5%) 0.038
Non-compliance with OAC 13 (5.5%) 20 (5.0%) 0.77 Total duration [min] 55 (42-75) 60 (44-82) 0.10
Patient’s preference 62 (26.3%) 99 (24.6%) 0.64 Fluoroscopy time [min] 10 (7-14) 10 (7-15) 0.42
Others 24 (10.2%) 34 (8.5%) 0.47 TEE 231 (97.9%) 399 (99.3%) 0.13
Categorical variables are presented as presented in numbers (percent- Periprocedural anticoagulation
. . . o _ . . UFH 223 (94.9%) 385 (95.8%) 0.61
age). INR= international normalized ratio; OAC= oral anticoagulation;
other abbreviations as in Table 1. LMWH 7(3.0%) 6 (1.5%) 0.20
VKA 1 (0.4%) 2 (0.5%) 0.90
NOAC 2 (0.9%) 1(0.2%) 0.28

There were no significant differences between groups in
the procedural duration time or fluoroscopy time. Indeed,
the periprocedural anticoagulation strategy was similar in
groups.

The periprocedural adverse events were not statistically
different in groups (Table 4). During the hospital stay 2
deaths occurred, 1 in each group (in the <75 group due to
cardiovascular cause and in the > 75 group, non-cardiovas-
cular death). Severe bleeding events occurred in 6 and 1
patients (aged >75 and <75 years respectively) but none of
these was fatal.

As presented in Table 5, at 1 year of follow-up, the all-
cause mortality was higher in patients aged >75 compared
with younger group (p=0.04), mainly due to non-cardio-
vascular causes. No significant differences between groups

Continuous data are presented as mean =+ standard deviation or median
(interquartile range). LMWH= low-molecular weight heparin; NOAC=
non-vitamin K dependent oral anticoagulant; TEE= transesophageal echo-
cardiography; UFH= unfractionated heparin; VKA= vitamin K antagonist.

in stroke and significant bleeding were observed. The same
was seen for the rate of device complications and pericar-
dial effusion.

The antithrombotic strategy is provided in Figure 1.
Overall, the majority of patients were discharged on dual
antiplatelet therapy in both groups. At 1-year follow-up,
monotherapy antiplatelet was the main therapy in both
groups. Only a few patients were without any antithrom-
botic therapy at 1 year.

Table 4.

Periprocedural adverse events

Variables < 75 years (n=236) > 75 years (n =402) p Value

Mean hospital stay, days 2(1-3) 2(2-4) 0.004

Total complications 28 (11.9) 52 (12.9) 0.80

Major complication 11 (4.7%) 18 (4.5%) 1.00
MACCE 2 (0.85%) 1(0.25%) 0.56
Death 1 (0.42%) 1(0.25%) 1.00
Stroke 1(0.42%) 0 (0.0%) 0.37
Myocardial infarction 1 (0.42%) 0 (0.0%) 0.37
Severe bleeding 1 (0.42%) 6 (1.49%) 0.27
AV fistula or pseudoaneurysm 3(1.27%) 3 (0.75%) 0.68
Pericardial effusion requiring action surgical 1 (0.42%) 1(0.25%) 1.00

interventional 4 (1.69%) 9 (2.24%) 0.78
Device- dislodgement requiring action surgical 0 (0.0%) 0 (0.0%) -
interventional 1 (0.43%) 1(0.25%) 1.00

Moderate complication 22 (9.3%) 40 (10.0%) 0.89
Successful CPR 2 (0.85%) 1(0.25%) 0.56
TIA 0 (0.0%) 0 (0.0%) -
Moderate bleeding 3 (1.27%) 9 (2.24%) 0.55
Access-site infection 1 (0.42%) 0 (0.0%) 0.37
Groin hematoma 7 (2.97%) 11 (2.74%) 1.00
Pericardial effusion — conservative treatment 3(1.27%) 8 (1.99%) 0.75
Device-dislodgment — retraction during the same intervention 3 (1.28%) 4 (1.0%) 0.71

CPR= Cardiopulmonary resuscitation; MACCE= Major adverse cardiac and cerebrovascular event.
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Table 5

One-year outcomes

Variables <75 years > 75 years p Value
(n=236) (n=402)

Death 18 (7.8%) 51 (13.0%) 0.04

Cardiovascular 4 (1.8%) 8(2.4%) 0.41

Non-cardiovascular 14 (6.0%) 43 (10.6%) 0.12

Non-fatal Stroke 3(1.3%) 3(0.7%) 0.67

Systemic embolism 1 (0.5%) 0 (0.0%) 0.40

Severe bleeding 3(1.3%) 11 (2.7%) 0.27

Moderate bleeding 8 (3.4%) 23 (5.7%) 0.25

Myocardial infarction 2 (0.9%) 4 (1.0%) 1.00

Device dislocation 5(2.1%) 10 (2.5%) 0.78

Discussion

The main findings of the present analysis are (1) the
identical LAAC procedural success rates in patients aged
>75 and <75 years, (2) similar rates of stroke and signifi-
cant bleeding in both groups after 1 year, (3) a higher all-
cause mortality triggered by a higher non-cardiovascular
mortality rate in the elderly.

In PCI an age older than or equal to 75 years of age con-
stitutes an independent high-risk variable (Bauer et al)'®
and the higher prevalence of cardiac and noncardiac dis-
eases contribute to higher adverse event rates with advanc-
ing age. The risk of thromboembolism in AF increases
sharply with age over 65 years, with the relative risk
increasing approximately 1.45-fold per decade.'” Although
increasing age as a risk factor for AF and stroke is continu-
ous, age >75 years is arbitrarily used to dichotomize risk in
cohort analyses and systematic reviews.'”

In the randomized controlled trials patients aged >75
were represented to a lesser extent. Although in the PRO-
TECT-AF trial the mean age was 72 years (190/463, 41.0%
aged >75) and approximately two-thirds of the patients had
a CHADS, score of 1 or 2, the PREVAIL study had more
patients >75 years (140/269, 52%) and the Patients had
higher CHADS, and CHA,DS,-VASc scores.”'

Previous studies of LAAC procedure have included
patients under 75 years old, but few examined the safety
and efficacy of LAAC in patients over 75 years old.”"~ >
There is 1 subanalysis showing higher bleeding events in
patients >75 years after LAA occluder implantation com-
pared with a younger group (4.4% vs 1.4%).”*

NOAC:s have been introduced in the past few years and
evaluated in large phase III randomized trials also in partic-
ipants >75 years old and provide substantial evidence for
their efficacy in this age group. Both doses of dabigatran in
RE-LY were associated with a lower risk of major hemor-
rhage in patients <75 years, but this was not the case in
those aged >75 years. The risk of major hemorrhage and
extracranial hemorrhage rose more steeply with dabigatran
than warfarin with increasing age.”” In ROCKET AF, there
was an increased risk of nonmajor clinically relevant bleed-
ing in patients aged >75 years treated with rivaroxaban
compared with warfarin.”® In ARISTOTLE, apixaban was
more effective in reducing strokes and all-cause mortality
and had a lower risk of major bleeding with no significant
age interaction when compared against warfarin.”’ When
compared with aspirin, apixaban was superior in preventing
stroke or systemic embolism in patients with AF, including
those aged 75 years. There was no significant increase in
risk of major bleeding in patients >75 years in the AVER-
ROES study.”®

Compared with previous studies, our results are remark-
able for a few reasons. Firstly, we are the largest and first to
present results of the LAAC procedure using a variety of
endocardial devices, except Freixa X, et al’!, but they
showed the results of 1 device (Amplatzer Cardiac Plug,St
Jude, Minneapolis, Minnesota). Secondly, we present a mor-
tality difference at 1-year follow-up between groups; this dif-
ference was not shown in previous studies. Importantly, there
was no significant difference in bleeding rates in patients
aged >75 and <75 years despite a greater HAS-BLED score
in the older group, as study by Freixa X et al, showed.

In our registry, patients aged >75 years presented
increased all-cause mortality, mainly a consequence of a
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Figure 1. Antithrombotic therapy at discharge and at 1-Year follow-up. APT = antiplatlet therapy; DAPT = dual antiplatlet therapy; OAC = oral anticoagulation.
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higher incidence of non-cardiovascular death. This finding
is not unexpected and probably strengthens the power of
our results as it exposes a natural outcome such as the
higher risk of death in older patients. A meta-analysis of
pooled, patient-level data from long-term follow-up of
PROTECT-AF and the PREVAIL further assessed the out-
comes of LAA closure with the Watchman compared with
warfarin in AF patients suitable for long-term warfarin.”’
The rate of the primary efficacy end point (cardiovascular/
unexplained death, stroke, or systemic embolism) was
similar between device closure and warfarin therapy
(p=0.27), as was the rate of all-cause stroke and systemic
embolism (p=0.87). The rate of cardiovascular or unex-
plained death and the rate of all-cause mortality was both
significantly lower with device therapy (p=0.027 and
p=0.035).

A retrospective analysis of 351 patients with non-valvu-
lar AF and older than 75 years who underwent LAAC, most
common with Watchman device, revealed no significant
differences in procedure-related major complications within
7 days between the groups aged > 75 years and aged <
75 years. However, after a nearly 2-year follow-up, there
was an increased trend of major bleedings and all bleedings
in the group aged > 75 years without significant differences
between both groups in all-cause death, cardiovascular
death, stroke/TIA/system embolism, device thrombus, and
device gap.3() Recently, a multicenter, randomized trial, the
PRAGUE-17, compared percutaneous LAA closure with
direct oral anticoagulants in patients with nonvalvular AF
at high risk for stroke. At median 19.9 months follow-up,
the annual rates of the primary composite outcome (stroke,
transient ischemic attack, systemic embolism, cardiovascu-
lar death, major or nonmajor clinically relevant bleeding, or
procedural-/device related complications) were 10.99%
with LAAC and 13.42% with direct oral anticoagulants
(p = 0.004 for noninferiority).”'

OAC therapy remains underutilized in elderly atrial
fibrillation patients, and adherence to therapy is sometimes
a challenge in this population. The frail patients are at
increased risk of not only ischemic events but also serious
bleeding. Therefore, interventional LAA occlusion is an
alternative strategy in old patients, and implantation of this
device could obviate the need for long-term OAC.

The present study has several limitations that should be
acknowledged. The study is based on observational registry
data, which included many large-volume centers. The major
limitation for estimating the overall value of LAAC is the
lack of a control group and only a calculated stroke or
bleeding risk.

Conclusion

Therapies must be tailored to elderly patients, with par-
ticular attention to co-morbidities and bleeding risk. Elderly
patients are at increased risk for thromboembolic events
und thromboembolic protection is therefore of major impor-
tance in this population. LAAC should be kept as alterna-
tive in suitable patients and this study adds to the evidence
that LAAC is effective in reducing the risk of stroke and
major bleeding in AF with a low rate of complications also
in the elderly population.

Authors contribution

Author agreement/statement: Aref El Nasasra,MD: writ-
ing original draft, completion final draft and editing.
Johannes Brachmann, MD: writing review and editing.
Thorsten Lewalter, MD: writing review; Ibrahim Akin,
MD: writing review and editing; Horst Sievert, MD: writing
review. Christoph A. Nienaber, MD: writing review. Chris-
tian Wei, MD: writing review. Sven T. Pleger, MD: writing
review. Hiseyin Ince, MD: writing review. Jens Maier,
MD: writing review. Stephan Achenbach, MD: writing
review. Holger H. Sigusch, MD: writing review. Matthias
Hochadel, PhD: writing review, statistical analysis. Steffen
Schneider, PhD, statistical analysis, Jochen Senges, MD:
writing review; Uwe Zeymer, MD: Conceptualization,
Methodology, writing review and editing.

Conceptualization — Uwe Zeymer; Methodology — Aref
El Nasara, Uwe Zeymer; Formal analysis — Matthias
Hochadel; Resources — Uwe Zeymer, Jochen Senges; Data
curation — Matthias Hochadel; Writing original draft —
Aref El Nasasra, Uwe Zeymer; Writing — Review and Edit-
ing —Aref El Nasrasra, Uwe Zeymer; Visualization — Uwe
Zeymer; Supervision — Uwe Zeymer; Project administra-
tion — Steffen Schneider.

Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relations that could have
appeared to influence the work reported in this study.

1. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent
risk factor for stroke: the Framingham Study. Stroke 1991;22:983—
988.

2. Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M, Benja-
min EJ, Gillum RF, Kim YH, McAnulty JH Jr, Zheng ZJ, Forouzanfar
MH, Naghavi M, Mensah GA, Ezzati M, Murray CJ. Worldwide epi-
demiology of atrial fibrillation: a Global Burden of Disease 2010
Study. Circulation 2014;129:837-847.

3. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B,
Castella M, Diener HC, Heidbuchel H, Hendriks J, Hindricks G, Man-
olis AS, Oldgren J, Popescu BA, Schotten U, Van Putte B, Vardas P,
ESC Scientific Document Group. 2016 ESC guidelines for the man-
agement of atrial fibrillation developed in collaboration with EACTS.
Eur Heart J 2016;37:2893—962.

4. Blackshear J, Odell J. Appendage obliteration to reduce stroke in car-
diac surgical patients with AF. Ann Thorac Surg 1996;61:755-759.

5. Casu Gavino, Gulizia Michele Massimo, Molon Giulio, Mazzone Pat-
rizio, Audo Andrea, Casolo Giancarlo, Lorenzo Emilio Di, Portoghese
Michele, Pristipino Christian, Ricci Renato Pietro, Themistoclakis
Sakis, Padeletti Luigi, Tondo Claudio, Berti Sergio, Oreglia Jacopo
Andrea, Gerosa Gino, Zanobini Marco, Ussia Gian Paolo, Musumeci
Giuseppe, Romeo Francesco, Bartolomeo Roberto Di. ANMCO/
AIAC/SICI-GISE/SIC/SICCH consensus document: percutaneous
occlusion of the left atrial appendage in non-valvular atrial fibrillation
patients: indications, patient selection, staff skills, organisation, and
training. Eur Heart J Suppl 2017;19(Suppl D):D333-D353.

6. Meier B, Blaauw Y, Khattab AA, et al. EHRA/EAPClexpert consen-
sus statement on catheter-based left atrial appendage occlusion. Euro-
pace 2014;16:1397-1416.

7. Reddy Vivek Y, Doshi Shephal K, Sievert Horst, Buchbinder Maurice,
Neuzil Petr, Huber Kenneth, Halperin Jonathan L, Holmes David,
Investigators PROTECT AF. Percutaneous left atrial appendage clo-
sure for stroke prophylaxis in patients with atrial fibrillation 2.3-year
follow-up of the PROTECTAF (Watchman left atrial appendage sys-
tem for embolic protection in patients with atrial fibrillation) Trial.
Circulation 2013;127:720-729.


http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0007

86

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The American Journal of Cardiology (www.ajconline.org)

Boersma Lucas V, Ince Hueseyin, Kische Stephan, Pokushalov Evg-
eny, Schmitz Thomas, Schmidt Boris, Gori Tommaso, Meincke Felix,
Protopopov Alexey Vladimir, Betts Timothy, Mazzone Patrizio, Foley
David, Grygier Marek, Sievert Horst, Potter Tom De, Vireca Elisa,
Stein Kenneth, Bergmann Martin W. following investigators and insti-
tutions participated in the EWOLUTION study. Evaluating real-world
clinical outcomes in atrial fibrillation patients receiving the watchman
left atrial appendage closure technology: final 2-year outcome data of
the Ewolution trial focusing on history of stroke and hemorrhage. Circ
Arrhythm Electrophysiol 2019;12:e006841.

. Holmes DR, Reddy VY, Doshi SK, Sievert H, Buchbinder M, Neuzil

P, Huber K, Halperin J, Holmes D. on behalf of the PROTECT AF
investigators. percutaneous closure of the left atrial appendage versus
warfarin therapy for prevention of stroke in patients with atrial fibrilla-
tion: a randomised non-inferiority trial. Lancet 2009;374:534-542.
Holmes DR Jr, S Kar, Price MJ, Whisenant B, Sievert H, Doshi SK,
Huber K, Reddy VY. Prospective randomized evaluation of the watch-
man left atrial appendage closure device in patients with atrial fibrilla-
tion versus long-term warfarin therapy: the prevail trial. J Am Coll
Cardiol 2014;64:1-12.

Reddy VY, Sievert H, Halperin J, Doshi SK, Buchbinder M, Neuzil P,
Huber K, Whisenant B, Kar S, Swarup V, Gordon N, Holmes D. for
the protect af steering committee and investigators. Percutaneous left
atrial appendage closure vs warfarin for atrial fibrillation: a random-
ized clinical trial. JAMA 2014;312:1988—1998.

Tzikas A, Holmes DR Jr, Gafoor S, Ruiz CE, Blomstrom-Lundqvist C,
Diener HC, Cappato R, Kar S, Lee RJ, Byrne RA, Ibrahim R, Lakkir-
eddy D, Soliman OI, Nabauer M, Schneider S, Brachmann J, Saver
JL, Tiemann K, Sievert H, Camm AJ, Lewalter T. Percutaneous left
atrial appendage occlusion: the Munich consensus document on defini-
tions, endpoints, and data collection requirements for clinical studies.
Europace 2017;19:4-15.

Christian Fastner, Christoph A Nienaber, Jai-Wun Park, Johannes
Brachmann, Uwe Zeymer, Martin Goedde, Horst Sievert, Volker
Geist, Thorsten Lewalter, Alexander Krapivsky, Matthias Kaunicke,
Jens Maier, Belgin Ozdemir, Matthias Hochadel, Steffen Schneider,
Jochen Senges, Ibrahim Akin. Impact of left atrial appendage mor-
phology on indication and procedural outcome after interventional
occlusion: results from the prospective multicentre German LAARGE
registry. Eurolntervention.2018;14:151-157.

Christian Fastner, Johannes Brachmann, Thorsten Lewalter, Uwe Zey-
mer, Horst Sievert, Martin Borggrefe, Christoph A Nienaber, Christian
Wei, Sven T Pleger, Hiiseyin Ince, Jens Maier, Stephan Achenbach,
Holger H Sigusch, Matthias Hochadel, Steffen Schneider, Jochen
Senges, Ibrahim Akin. Left atrial appendage closure in patients with
chronic kidney disease: results from the German multicentre LAARGE
registry. Clin Res Cardiol2020 doi: 10.1007/s00392-020-01638-5.
Brachmann Johannes, Lewalter Thorsten, Akin Ibrahim, Sievert Horst,
Geist Volker, Zeymer Uwe, Erkapic Damir, Mudra Harald, Pleger
Sven, Hochadel Matthias, Senges Jochen. Interventional occlusion of
left atrial appendage in patients with atrial fibrillation. Acute and
long-term outcome of occluder implantation in the LAARGE Registry.
J Interv Card Electrophysiol 2020;58:273-280.

Fastner Christian, Brachmann Johannes, Lewalter Thorsten, Zeymer
Uwe, Sievert Horst, Borggrefe Martin, Wei Christian, Geist Volker,
Krapivsky Alexander, Kaunicke Matthias, Mudra Harald, Hochadel
Matthias, Schneider Steffen, Senges Jochen, Akin Ibrahim. Left atrial
appendage closure in patients with a reduced left ventricular ejection
fraction: results from the multicenter German LAARGE registry. Clin
Res Cardiol 2020. https://doi.org/10.1007/s00392-020-01627-8.
Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J,
Kaul S, Wiviott SD, Menon V, Nikolsky E, Serebruany V, Valgimigli
M, Vranckx P, Taggart D, Sabik JF, Cutlip DE, Krucoff MW, Ohman
EM, Steg PG, White H. Standardized bleeding definitions for cardio-
vascular clinical trials: a consensus report from the Bleeding Aca-
demic Research Consortium. Circulation 2011;123:2736-2747.

Bauer Timm, Zeymer Uwe. Impact of age on outcomes of percutane-
ous coronary intervention in acute coronary syndromes patients.
Interv. Cardiol 2010;2:319-325.

Van Walraven C, Hart RG, Connolly S, Austin PC, Mant J, Hobbs FD,
Koudstaal PJ, Petersen P, Perez-Gomez F, Knottnerus JA, Boode B,
Ezekowitz MD, Singer DE. Effect of age on stroke prevention therapy
in patients with atrial fibrillation: the atrial fibrillation investigators.
Stroke 2009;40:1410-1416.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Marinigh R, Lip GY, Fiotti N, Giansante C, Lane DA. Age as a risk
factor for stroke in atrial fibrillation patients: implications for throm-
boprophylaxis. J Am Coll Cardiol 2010;56:827-837.

Freixa Xavier, Gafoor Sameer, Regueiro Ander, Cruz-Gonzalez Igna-
cio, Shakir Samera, Omran Heyder, Berti Sergio, Santoro Gennaro,
Kefer Joelle, Landmesser Ulf, Nielsen-Kudsk Jens Erik, Sievert Horst,
Kanagaratnam Prapa, Nietlispach Fabian, Gloekler Steffen, Aminian
Adel, Danna Paolo, Rezzaghi Marco, Stock Friederike, Stolcova Miro-
slava, Costa Marco, Ibrahim Reda, Schillinger Wolfgang, Park Jai-
Wun, Meier Bernhard, Tzikas Apostolos. Comparison of efficacy and
safety of left atrial appendage occlusion in patients aged <75 to > 75
years. Am J Cardiol 2016;117:84-90.

Gafoor Sameer, Franke Jennifer, Bertog Stefan, Boehm Patrick, Heuer
Luisa, Gonzaga Maik, Bauer Janine, Braut Annkathrin, Lam Simon,
Vaskelyte Laura, Hofmann Ilona, Sievert Horst. Left atrial appendage
occlusion in octogenarians: short-term and 1-year follow-up. Catheter
Cardiovasc Interv 2014;83:805-810.

Karapet V Davtyan, Andrey A Kalemberg, Arpi H Topchyan, Georgiy
Y Simonyan, Ekaterina V Bazaeva, Victoria S Shatahtsyan . Left atrial
appendage occlude implantation for stroke prevention in elderly
patients with atrial fibrillation: acute and long term results. J Geriatr
Cardiol2017; 14:590-592.

Price MJ, Reddy VY, Valderrabano M, Halperin JL, Gibson DN, Gor-
don N, Huber KC, Holmes DR Jr. Bleeding outcomes after left atrial
appendage closure compared with long-term warfarin: a pooled,
patient-level analysis of the WATCHMAN randomized trial experi-
ence. JACC Cardiovasc Interv 2015;8:1925-1932.

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A,
Pogue J, Reilly PA, Themeles E, Varrone J, Wang S, Alings M, Xavier D,
Zhu J, Diaz R, Lewis BS, Darius H, Diener HC, Joyner CD, Wallentin L,
RE-LY Steering Committee and Investigators. Dabigatran versus warfa-
rin in patients with atrial fibrillation. N Engl J Med 2009;361:1139-1151.
Halperin JL, Hankey GJ, Wojdyla DM, Piccini JP, Lokhnygina Y, Patel
MR, Breithardt G, Singer DE, Becker RC, Hacke W, Paolini JF, Nessel
CC, Mahaffey KW, Califf RM, Fox KA, ROCKET AF Steering Com-
mittee and Investigators. Efficacy and safety of rivaroxaban compared
with warfarin among elderly patients with nonvalvular atrial fibrillation
in the Rivaroxaban once daily, oral, direct factor Xa inhibition compared
with vitamin K antagonism for prevention of stroke and embolism trial
in atrial fibrillation (ROCKET AF). Circulation 2014;130:138-146.
Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM,
Hanna M, Al-Khalidi HR, Ansell J, Atar D, Avezum A, Bahit MC,
Diaz R, Easton JD, Ezekowitz JA, Flaker G, Garcia D, Geraldes M,
Gersh BJ, Golitsyn S, Goto S, Hermosillo AG, Hohnloser SH, Horo-
witz J, Mohan P, Jansky P, Lewis BS, Lopez-Sendon JL, Pais P, Par-
khomenko A, Verheugt FW, Zhu J, Wallentin L, ARISTOTLE
Committees and Investigators. Apixaban versus warfarin in patients
with atrial fibrillation. N Engl J Med 2011;365:981-992.

Connolly SJ, Eikelboom J, Joyner C, Diener HC, Hart R, Golitsyn S,
Flaker G, Avezum A, Hohnloser SH, Diaz R, Talajic M, Zhu J, Pais P,
Budaj A, Parkhomenko A, Jansky P, Commerford P, Tan RS, Sim
KH, Lewis BS, Van Mieghem W, Lip GY, Kim JH, Lanas-Zanetti F,
Gonzalez-Hermosillo A, Dans AL, Munawar M, O’Donnell M, Law-
rence J, Lewis G, Afzal R, Yusuf S, AVERROES Steering Committee
and Investigators. Apixaban in patients with atrial fibrillation. N Engl
J Med 2011;364:806-817.

Reddy VY, Doshi SK, Kar S, Gibson DN, Price MJ, Huber K, Horton
RP, Buchbinder M, Neuzil P, Gordon NT, Holmes DR Jr. 5-Year out-
comes after left atrial appendage closure: from the PREVAIL and
PROTECT AF trials. J Am Coll Cardiol 2017;70:2964-2975.

Yu Jiangtao, Chen Hongwu, Post Felix, Muenzel Manuela, Keil
Thorsten, Hou Cody R, Zhao Mingzhong, Meng Zhaohui, Jiang Lish-
eng. Efficacy and safety of left atrial appendage closure in non-valvu-
lar atrial fibrillation in patients over 75 years. Heart Vessels
2019;34:1858-1865.

Osmancik Pavel, Herman Dalibor, Neuzil Petr, Hala Pavel, Taborsky
Milos, Kala Petr, Poloczek Martin, Stasek Josef, Haman Ludek, Branny
Marian, Chovancik Jan, Cervinka Pavel, Holy Jiri, Kovarnik Tomas,
Zemanek David, Havranek Stepan, Vancura Vlastimil, Opatrny Jan,
Peichl Petr, Tousek Petr, Lekesova Veronika, Jarkovsky Jiri, Novackova
Martina, Benesova Klara, Widimsky Petr, Vivek Y, Reddy and on
behalf of the PRAGUE-17 Trial Investigators. Left atrial appendage clo-
sure versus direct oral anticoagulants in high-risk patients with atrial
fibrillation. J Am Coll Cardiol 2020;75:3122-3135.


http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0015
https://doi.org/10.1007/s00392-020-01627-8
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0028
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0028
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0028
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0028
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0028
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0028
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0028
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0028
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0029
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0029
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0029
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0029
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0030
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0030
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0030
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0030
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0030
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
http://refhub.elsevier.com/S0002-9149(20)30955-3/sbref0031
www.ajconline.org

	Comparison in Patients &lt; 75 Years of Age - Versus - Those &gt; 75 Years on One-year-Events With Atrial Fibrillation and Left Atrial Appendage Occluder (From the Prospective Multicenter German LAARGE Registry)
	Methods
	Results
	Discussion
	Conclusion
	Authors contribution
	Declaration of Competing Interest


