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A B S T R A C T

Introduction and objectives: Elderly patients with atrial fibrillation are at greater risk of both

cardioembolic events and major bleeding than younger patients. Left atrial appendage occlusion

(LAAO) could be an attractive alternative for these patients, but there are limited data on outcomes with

LAAO in patients � 85 years old. The aim of the present study was to assess the safety and efficacy of

LAAO in patients � 85 years old.

Methods: A total of 1025 patients included in the EWOLUTION registry who underwent LAAO were

analyzed and 84 patients � 85 years old were identified and compared with the younger cohort.

Results: Patients � 85 years old had higher estimated stroke and hemorrhagic risks than younger

patients (CHA2DS2-VASc: 5.2 � 1.2 vs 4.4 � 1.6, P < .0001; HAS-BLED: 2.7 � 1.1 vs 2.3 � 1.2; P = .003;

� 85 years vs < 85 years). Procedural success was high and similar in both groups (98.8% vs 98.5%; P = .99).

There were no differences in 7-day device- or procedure-related adverse event rates (2.6% in � 85 years vs

3.1% in < 85 years; P = .80). Despite the higher baseline stroke risk, there was no difference at follow-up

between the groups in the annualized stroke rate (0.8/100 patient-years in � 85 years vs 1.3/100 patient-

years in < 85 years; P = .649).

Conclusions: LAAO in patients � 85 years is safe and effective even though these patients are at high risk

for embolic and hemorrhagic events. LAAO may be a reasonable alternative to oral anticoagulation in

these patients.
�C 2019 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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Introducción y objetivos: Los pacientes ancianos con fibrilación auricular están en mayor riesgo de eventos

cardioembólicos y hemorragia mayor que los más jóvenes. El cierre de la orejuela izquierda (COI) podrı́a

ser una opción atractiva para estos pacientes, pero hay pocos datos sobre los resultados del COI de

pacientes de 85 o más años. El objetivo del presente estudio es evaluar la seguridad y la eficacia del COI

de pacientes de 85 o más años.

Métodos: Se analizó a 1.025 pacientes incluidos en el registro EWOLUTION que se habı́an sometido al

COI, se identificó a 84 de edad � 85 años y se los comparó con el grupo de menos edad.

Resultados: Los pacientes de 85 o más años tenı́an mayores riesgos estimados de accidente

cerebrovascular y de hemorragias que los pacientes más jóvenes (edad � 85 frente a < 85 años:
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INTRODUCTION

Left atrial appendage occlusion (LAAO) has emerged as a

nonpharmacologic alternative for stroke prevention in high-risk

patients with nonvalvular atrial fibrillation who are deemed to be

less than ideal candidates for long-term oral anticoagulation

therapy. Several multicenter randomized studies found the

treatment to be safe, effective, and noninferior to vitamin K

antagonists for stroke prevention,1–3 and longer-term follow-up

suggests that cardiovascular mortality may be lower with LAAO.4

As a result, current international guidelines and consensus

documents recommend consideration of LAAO in high-risk

patients with nonvalvular atrial fibrillation who are either

contraindicated or unsuitable for long-term oral anticoagulation,

at high bleeding risk, or otherwise prefer an alternative.5,6

There are few data on outcomes with LAAO in elderly patients.

In this group of patients, stroke prevention represents an

important challenge as aged patients are at greater risk of both

cardioembolic events and major bleeding. Elderly patients are

potentially ideal candidates for LAAO as this would allow oral

anticoagulation discontinuation while maintaining cardioembolic

protection. However, because these patients are generally more

frail and therefore more prone to complications during interven-

tional procedures, they have been underrepresented in most trials

and registries. This analysis compared and contrasted outcomes

with LAAO in patients � 85 years old vs younger patients.

METHODS

The present study is a subanalysis of the EWOLUTION registry.

The study adhered to international rules for scientific studies, the

Helsinki principles, with local ethics committee approval in all

participating centers. All patients provided informed consent prior

to the procedure. Funding for the study was provided by Boston

Scientific Corporation. The design and initial and annual results of

the EWOLUTION registry have been published previously.7,8

EWOLUTION was designed as a multicenter, prospective,

nonrandomized cohort study. Patients were recruited at each

participating center per physician’s discretion if they were eligible

to receive the Watchman device according to the appropriate local

and international guidelines, and were of legal age to provide

informed consent. Follow-up for patients was based on the

standard practice at each institution, generally a clinical visit

between 1 and 3 months postprocedure and yearly thereafter, left

atrial appendage imaging to assess residual flow around the device,

and annual follow-up visits. The relatedness of each adverse event

to the device/procedure was assessed by the participating center.

Events and relevant source documents were additionally reviewed

by the Sponsor Medical Safety Group.

The objective of the study was to obtain data on procedural

success and complications, and long-term patient outcomes,

including bleeding and incidence of stroke/transient ischemic

attack (TIA)/systemic embolism (SE). The definitions and reporting

requirements for adverse event and serious adverse event (SAE)

are based on ISO 14155 and the MEDDEV 2.7/3 12/2010. Bleeding

was scored according to the Bleeding Academic Research Consor-

tium criteria9; the definition of major bleeding (which includes

fatal and life-threatening bleeding) aligns with the LAAO-specific

modifications and refinements described by Tzikas et al.10 in the

consensus document on definitions, endpoints, and data collection

requirements. Stroke was classified in accordance with the Valve

Academic Research Consortium criteria.11

All centers were monitored by an outside contract research

organization on an ongoing basis and all centers were visited

between 1 and 5 times depending on the number of patients enrolled

and compliance review to ensure accuracy and completeness of the

present follow-up data. All events and relevant source documents

were additionally reviewed by the Sponsor Medical Safety Group.

For the purpose of our study, the total cohort was divided into

2 groups (< 85 years vs � 85 years). This arbitrary cutoff age was

chosen to select a high-risk group of patients, even though the

sample size would be limited. Continuous variables are expressed

as mean � standard deviation. Categorical variables are expressed as

count and percentage. Baseline characteristics between groups were

compared using ANOVA for continuous variables and the Monte Carlo

approximation of the Fisher exact test for categorical variables. Rates

of events were calculated via the Kaplan-Meier method to account for

censoring. P-values were based on log-rank tests for time-to-event

analysis. Statistical analysis was performed using the SAS version 9.4

(SAS Institute Inc, Cary, North Carolina, United States).

RESULTS

A total of 1025 patients were scheduled for implant in the study

in a total of 47 centers in 13 countries. Baseline and acute implant

data are, respectively, available for 1025 and 1020 patients, as

5 patients withdrew from the study after giving informed consent

with no attempt at, as reported before.8

In the total cohort, there were 84 patients � 85 years old.

Baseline demographics and risk factors stratified according to age

group are summarized in Table 1. Compared with younger

patients, patients aged � 85 years had a higher stroke risk

(CHA2DS2-VASc: 5.2 � 1.2 vs 4.4 � 1.6; P < .0001) and a higher

hemorrhagic risk (HAS-BLED: 2.7 � 1.1 vs 2.3 � 1.2; P = .003). Elderly

patients were also significantly more likely to be women, more likely

to have a history of vascular disease or renal dysfunction, more likely

to have experienced prior major bleeding or to have a predisposition

CHA2DS2-VASc, 5,2 � 1,2 frente a 4,4 � 1,6; p < 0,0001; HAS-BLED, 2,7 � 1,1 frente a 2,3 � 1,2; p = 0,003).

Las tasas de éxito del procedimiento fueron altas y similares en ambos grupos (el 98,8 frente al 98,5%;

p = 0,99). No hubo diferencias en las tasas de eventos adversos relacionados con el dispositivo o el

procedimiento a los 7 dı́as (el 2,6 frente al 3,1%; p = 0,80). A pesar del mayor riesgo basal de accidente

cerebrovascular, en el seguimiento no hubo diferencias entre los grupos en la tasa de ictus anualizada (0,8

frente a 1,3/100 pacientes-año; p = 0,649).

Conclusiones: El COI de los pacientes de edad � 85 años es seguro y eficaz a pesar del alto riesgo de

eventos embólicos y hemorrágicos de estos pacientes. El COI puede ser una alternativa razonable a la

anticoagulación oral para estos pacientes.
�C 2019 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations

LAAO: left atrial appendage occlusion

SAE: serious adverse event

SE: systemic embolism

TIA: transient ischemic attack
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to bleeding and as a result, were more likely to be considered to have a

contraindication to oral anticoagulation.

Implant procedure success

A total of 1020 patients underwent implant attempts and the

device was successfully deployed in 1005 of 1020 patients (98.5%).

The reasons for the unsuccessful implant attempts were an

unsuitable left atrial appendage anatomy (5/15, 0.5% of implant

attempts) or inability to meet all device release criteria (9/15, 0.9%

of implant attempts). One case was interrupted due to a pericardial

effusion likely caused by the pigtail catheter. There were no

differences in implant procedure success between the groups

(98.8% vs 98.5%; P = 0.99 for patients � 85 vs < 85 years). Complete

seal or jet size � 5 mm was achieved in 100% of the patients

� 85 years and 99.8% of the patients < 85 years, without

differences between groups (P = 0.99). Postimplantation antith-

rombotic therapy is summarized in Table 2

Implant procedure safety

There were no differences in the rate of 7-day procedure- and/

or device-related SAEs (2.6% in � 85 years vs 3.1% in < 85 years;

P = .798). The distribution of the periprocedural events in the 2 age

groups is shown in Table 3. There was no stroke, death, tamponade,

or device embolization in the group of patients � 85 years old.

Follow-up

At follow-up (median 732 days; interquartile range, 677-757

days) there were no differences in the annual rates of stroke (0.8/

100 patient/y in � 85 years vs 1.3/100 patient/y in < 85 years;

P = 0.649) or stroke/TIA/SE between groups (2.5/100 patient/y in

Table 1

Baseline characteristics

All patients

(N = 1025)

Age � 85 y

(n = 84)

Age < 85 y

(n = 941)

P

Oral anticoagulation contraindicated 72.2 (740/1025) 84.5 (71/84) 71.1 (669/941) .008

Age at time of consent, y 73.4 � 8.9 87.4 � 2.3 72.2 � 8.1 < .0001

Sex (female) 40.1 (411/1025) 54.8 (46/84) 38.8 (365/941) .005

CHA2DS2-VASc score 4.5 � 1.6 5.2 � 1.1 4.4 � 1.6 < .0001

� 1 1.8 (18/1025) 0.0 (0/84) 1.9 (18/941)

2-3 25.2 (258/1025) 4.8 (4/84) 27.0 (254/941)

� 4 73.1 (749/1025) 95.2 (80/84) 71.1 (669/941)

HAS-BLED score 2.3 � 1.2 2.7 � 1.1 2.3 � 1.2 .003

< 3 60.0 (615/1025) 47.6 (40/84) 61.1 (575/941)

� 3 40.0 (410/1025) 52.4 (44/84) 38.9 (366/941)

Congestive heart failure 34.1 (350/1025) 38.1 (32/84) 33.8 (318/941) .471

NYHA class I 10.3 (36/348) 6.3 (2/32) 10.8 (34/316)

NYHA class II 55.5 (193/348) 50.0 (16/32) 56.0 (177/316)

NYHA class III 32.2 (112/348) 43.8 (14/32) 31.0 (98/316)

NYHA class IV 2.0 (7/348) 0.0 (0/32) 2.2 (7/316)

LVEF � 40% 13.2 (135/1023) 7.1 (6/84) 13.7 (129/939) .094

Vascular disease 42.2 (433/1025) 57.1 (48/84) 40.9 (385/941) .005

Abnormal renal Function 15.8 (162/1025) 27.4 (23/84) 14.8 (139/941) .005

Abnormal liver function 4.3 (44/1025) 6.0 (5/84) 4.1 (39/941) .398

Hypertension 86.6 (888/1025) 84.5 (71/84) 86.8 (817/941) .507

Diabetes 29.7 (304/1025) 20.2 (17/84) 30.5 (287/941) .061

Previous ischemic stroke/TIA 30.5 (313/1025) 22.6 (19/84) 31.2 (294/941) .109

Previous hemorrhagic stroke 15.1 (155/1025) 10.7 (9/84) 15.5 (146/941) .270

Prior major bleeding or predisposition to bleeding 38.6 (396/1025) 53.6 (45/84) 37.3 (351/941) .005

LVEF, left ventricle ejection fraction; NYHA, New York Heart Association; TIA: transient ischemic attack.

The data are presented as mean � standard deviation or percentage (proportion).

Table 2

Postimplantation antithrombotic therapy

All patients

(N = 1025)

Age � 85 y

(n = 84)

Age < 85 y

(n = 941)

P

None 6.3 (64/1020) 4.8 (4/83) 6.4 (60/937) .8124

Nonvitamin K antagonist oral anticoagulants 11.1 (113/1020) 6.0 (5/83) 11.5 (108/937) .0142

Warfarin 15.8 (161/1020) 4.8 (4/83) 16.8 (157/937) .1168

Single antiplatelet therapy 7.3 (74/1020) 12.0 (10/83) 6.8 (64/937) .1456

Dual antiplatelet therapy 59.6 (608/1020) 72.3 (60/83) 58.5 (548/937) .0025
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� 85 years vs 2.0/100 patient/y in < 85 years; P = .712) (Figure 1).

This represented an 80% relative risk reduction compared with the

calculated stroke rate in the absence of stroke preventive therapy

for similar CHA2DS2-VASc scores12 in both groups (12.2 expected

vs 2.5 observed in � 85 years; 9.9 expected vs 2.0 observed in

< 85 years). There were 3 hemorrhagic strokes in the younger

cohort, but none in the elderly cohort. There were no differences in

the nonprocedural major bleeding rates (5.1/100 patient/y in

� 85 years vs 2.6/100 patient/y in < 85 years; P = .286) (Figure 2).

These represented 12% and 48% relative risk reductions compared

Table 3

Major cardiac adverse events within 7 days of implant and other device/procedure-related serious adverse events

All patients

N = 18 (1.8%)

Age � 85 y

n = 2 (2.4%)

Age < 85 y

n = 16 (1.7%)

Major adverse cardiac events � 7 d

All deaths* 4 None 4

Major bleeding 9 2 7

Cardiac tamponade/significant PE 3 None 3

Device embolization requiring surgery 1 None 1

Device embolization snared 1 None 1

Stroke None None None

Systemic embolism None None None

Myocardial Infarction None None None

Other events requiring surgery/major intervention None None None

N = 15 (1.5%) n = 1 (1.2%) n = 14 (1.5%)

Other periprocedural SAEs � 7 d

Vascular complications at groin 4 None 4

Air embolism (coronary) 2 None 2

Minor PE (untreated) 2 None 2

Reinterventions due to incomplete seal 2 None 2

Minor bleeding (untreated)/hematoma 2 None 2

TIA 1 1 None

Hypotension 1 None 1

Adverse reaction to anesthesia 1 None 1

PE, pericardial effusion; SAE, serious adverse events; TIA, transient ischemic attack.
* Including 1 event > 7 days but originating at the procedure.
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Figure 1. Kaplan-Meier survival curves showing freedom from stroke/TIA/SE for both groups (� 85 years and < 85 years). SE, systemic embolism; TIA, transient

ischemic attack.
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with the calculated bleeding rate for similar HAS-BLED scores in

patients � 85 years and < 85 years, respectively. At follow-up,

22 patients (29.6%) died in the elderly group and 135 (15.3%) in the

in < 85 years group. Follow-up transesophageal echocardiogram

was available in 79% of the patients in the elderly group and in 88%

of the patients < 85 years. There were no differences in the rate of

device thrombosis (3.9% in � 85 years vs 4.3% in < 85 years;

P = .8755)

DISCUSSION

The current study demonstrates that LAAO is a safe and

effective procedure in elderly patients (aged � 85 years). The main

findings of the present study are as follows: LAAO procedural

success rate is comparable in patients aged � 85 years and

< 85 years; the rate of procedure- and/or device-related SAEs

during the procedure or within the first 7 days is also comparable

between groups; despite the higher baseline stroke risk in the

elderly patients, they achieved a comparable reduction in stroke/

TIA/SE with LAAO compared with younger patients.

Elderly patients have a greater risk of cardioembolic events and

major bleeding and therefore LAAO could be an attractive alternative

for these patients. However, due to their comorbidities, this group of

patients has not been represented in most of the trials and registries.

Mean age was 75 � 8.5 years in the AMPLATZER Amulet registry,13

75 � 8 years in the AMPLATZER Cardiac Plug registry,14 71.8 � 8.8

years in PROTECT AF,1 and 74.0 � 7.4 years in the PREVAIL trial.2

To the best of our knowledge only Freixa et al.15 have explored

the safety and efficacy of LAAO in elderly patients (< 75 vs

� 75 years); they showed that LAAO was associated with similar

procedural success in patients aged < 75 and � 75 years, and that

stroke and major bleeding rates were similar among groups during

follow-up. Similarly, the present study has shown a high

procedural success in elderly patients (100% in � 85 years) with

no differences among younger and older patients. In addition,

LAAO appears to be safe in elderly patients with neither procedural

stroke nor death in the group of patients � 85 years old.

Furthermore, there were no differences in the rate of procedure

and/or device-related SAEs during procedure or within the first

7 days between groups.

The average CHA2DS2-VASc score of 5.2 � 1.2 in patients

� 85 years indicates a very high risk of thromboembolic events,

corresponding to an expected calculated annual rate of stroke/TIA/SE

of 12.2/100 patient/y12 in the absence of stroke preventive therapy.

However, the annual stroke/TIA/SE rate observed in this group was

only 2.5/100 patient/y, yielding a relative risk reduction of 80%.

Although the CHA2DS2-VASc score was lower in the group of patients

< 85 years (4.4 � 1.6, P < .001), there were no differences in the

annual rates of stroke/TIA/SE between the groups (2.5 vs 2.0; � 85 and

< 85 years respectively; P = .712).

This analysis suggests that LAAO is safe and effective in elderly

patients. On many occasions, elderly patients are considered to be

ineligible for oral anticoagulation, but they are often not

considered for LAAO due to their higher comorbidity profile and

higher expected mortality than those in younger patients, and as a

result they are left unprotected against stroke. In the present study,

the group of patients � 85 years had more comorbidities than

younger patients. However, these differences did not translate into

differences in clinical outcomes. The group of very elderly patients

had similar success and complication rates during the procedure

and throughout 1 year follow-up, there were no differences in the

rate of stroke/TIA/SE.

This subanalysis of the EWOLUTION study now provides a larger

body of data on outcomes with LAAO in a subgroup of patients in

need of an alternative treatment to long-term oral anticoagulation.

It has been shown in a real-world setting that, despite achieving

better anticoagulation control on warfarin treatment, elderly

patients had a higher risk of major hemorrhagic events.16

In addition, elderly patients in clinical trials, as in the studies on

direct oral anticoagulants, are generally relatively healthy and

adhere to medication; conversely, discontinuation of and non-

adherence to direct oral anticoagulants in the older populations are

commonly reported in real-world studies.17,18

Study limitations

This is a subgroup analysis of the EWOLUTION prospective

registry with a limited sample size. Limitations of this analysis

include the observational nature of the design. The postprocedural
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Figure 2. Kaplan-Meier survival curves showing freedom from major bleeding for both groups (� 85 years and < 85 years). SAE, serious adverse events.
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antithrombotic regimen was not uniform but at the physicians’

discretion.

CONCLUSION

This analysis suggests that LAAO is a safe and effective

procedure in elderly patients (� 85 years). No differences in

procedural success or complications were observed in these

patients compared with younger patients (< 85 vs � 85 years) and

at the 2-year follow-up there were no observed differences in the

stroke/TIA/SE rate, despite the high risk of embolic events in very

elderly patients. LAAO may be an attractive option in elderly

patients with high-risk nonvalvular atrial fibrillation, given the

challenges and risks of oral anticoagulation in this growing

population.
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Klinikum im Friedrichshain: Stephan Kische.

FUNDING

The EWOLUTION study was funded by Boston Scientific Inc,

Minneapolis, United States.

CONFLICTS OF INTEREST

I. Cruz-Gonzalez is proctor and consultant for Boston Scientific

and for Abbott Vascular; HI is proctor for Watchman and Lotus

(BSC) and has received personal fees from Boston Scientific, outside

the submitted work; B. Schmidt has received personal fees from

Boston Scientific and from Abbot Vascular, outside the submitted

work; K. Stein is an employee and shareholder at BSC; L.V. Boersma

has received personal fees from Boston Scientific and from

Medtronic, outside the submitted work.

WHAT IS KNOWN ABOUT THE TOPIC?

– Elderly patients with atrial fibrillation have greater risks

of both cardioembolic events and major bleeding than

younger patients.

– LAAO offers nonpharmacological stroke protection,

obviating the need for oral anticoagulation.

– LAAO could be an attractive alternative to oral antic-

oagulation in elderly patients.

WHAT DOES THIS STUDY ADD?

– This study shows the safety and efficacy of LAAO in very

old patients.
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I. Cruz-González et al. / Rev Esp Cardiol. 2020;73(1):21–27 27

http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0155
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0155
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0160
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0160
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0160
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0165
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0165
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0165
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0165
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0165
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0165
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0170
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0170
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0170
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0175
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0175
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0180
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0180
http://refhub.elsevier.com/S1885-5857(19)30047-7/sbref0180

	Left atrial appendage occlusion in patients older than 85 years. Safety and efficacy in the EWOLUTION registry
	INTRODUCTION
	METHODS
	RESULTS
	Implant procedure success
	Implant procedure safety
	Follow-up

	DISCUSSION
	Study limitations

	CONCLUSION
	FUNDING
	CONFLICTS OF INTEREST
	WHAT IS KNOWN ABOUT THE TOPIC?
	WHAT DOES THIS STUDY ADD?
	Acknowledgements

	References


