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Abstract

Purpose The recommended stroke prevention for patients with atrial fibrillation (AF) and increased risk of ischemic stroke is oral
anticoagulation (OAC). Parts of the patient population are not eligible due to contraindication, and percutaneous left atrial
occlusion (LAAO) can then be a preventive treatment option. The aim of this systematic review and meta-analysis is to estimate
the long-term clinical effectiveness of LAAO as stroke prevention in patients with AF, increased risk of ischemic stroke, and
contraindication to OAC.

Methods We performed a systematic review and meta-analysis, using Poisson random effect models, to estimate the incidence
rate (events per 100 patient-years) of ischemic stroke, transient ischemic attack, major bleeding, and all-cause death after LAAO
treatment. We also calculated the risk reduction of ischemic stroke with LAAO compared with no stroke prevention estimated
through a predicted risk in an untreated population (5.5 per 100 patient-years).

Results We included 29 observational studies in our meta-analysis, including 7 951 individuals and 12 211 patient-years. The
mean CHA’DS?-VASc score among the patients in the included studies is 4.32. The pooled incidence rate of ischemic stroke is
1.38 per 100 patient-years (95% CI 1.08; 1.77). According to a meta-regression model, the estimated incidence rate of ischemic
stroke at CHA’DS*-VASc 4 is 1.39 per 100 patient-years. This implies a risk reduction of 74.7% with LAAO compared to
predicated risk with no stroke prevention.

Conclusions Our results suggest that LAAO is effective as stroke prevention for patients with AF, increased risk of stroke, and
contraindication to oral anticoagulation.

Keywords Atrial fibrillation - Contraindication - Leftatrial appendage occlusion - Leftatrial appendage closure - Ischemic stroke -
Systematic review

1 Introduction

Stroke was globally the second most common cause of
death and cause of disability adjusted life years
(DALYs) among adults in 2016 [1]. Of all stroke
events, approximately 85% are ischemic strokes [2]. A
major risk factor for ischemic stroke is atrial fibrillation
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(AF), which is the most common heart arrhythmia with
a prevalence of roughly 3% in the general adult popu-
lation [3].

Stroke prevention with oral anticoagulation (OAC)' is
an important part of the treatment regime in patients
with AF. The European Society of Cardiology (ESC)
state in their guidelines for AF [3] that treatment with
OAC is recommended at CHA’DS*-VASc scores of >2
for men and >3 for women. If patients are eligible for
non-vitamin K antagonist oral anticoagulant (NOAC), it
is preferred over vitamin K antagonist (VKA) [3].

! Oral anticoagulation (OAC) is used as an umbrella expression for both non-
vitamin K antagonist oral anticoagulant (NOAC) and vitamin K antagonist
(VKA)
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Due to contraindications, parts of the population with AF
are not eligible for OAC. According to the ESC guidelines on
AF, stroke prevention with percutanecous left atrial appendage
occlusion (LAAO)? can be an option for patients with AF and
contraindications for OAC (class IIb and level of evidence B),
where contraindication is defined as “those with a previous
life-threatening bleed without a reversible cause” [3]. LAAO
can be conducted with a device that closes the left atrial ap-
pendage [4], which is where approx. 90% of thrombi originate
in patients with AF [5]. A class IIb recommendation implies
that the efficacy is not well-established by evidence and the
level of evidence of LAAO is B, which means that data
supporting the recommendation is based on data from a single
randomized controlled trial (RCT) or non-randomized studies
[3]

To our knowledge, there are only two completed RCTs
evaluating the efficacy of LAAO: the Watchman Left atrial
Appendage Closure Technology for Embolic Protection in
Patients With Atrial Fibrillation (PROTECT AF) study [6]
and Prospective Randomized Evaluation of the Watchman
Left Atrial Appendage Closure device in patients with atrial
fibrillation versus long-term warfarin therapy (PREVAIL) [7].
However, in these RCTs, patients were excluded if they had
contraindication for long-term OAC, which is problematic
when ESC guidelines for AF state that LAAO may be consid-
ered for patients with contraindications of OAC [3].
Meanwhile, many (primarily small-scale) non-randomized
studies have been conducted that focus on patients with con-
traindications, which may provide valuable insight in the ab-
sence of RCT evidence.

LAAO is associated with a relativity high implementation
cost compared to OAC treatment [8]. Resources within the
healthcare sector are scarce, and it is crucial to allocate re-
sources in an efficient manner. It is therefore important to
estimate the effectiveness of LAAO as stroke prevention in
patients with AF and contraindication to OAC. Previously
published systematic reviews and meta-analysis [9, 10] of
the effects of LAAO do not focus on patients with contrain-
dications, and there is still no consensus on the long-term
effectiveness of LAAO as stroke prevention in these patients.

We address this knowledge gap by conducting a systematic
review and meta-analysis of the long-term clinical effective-
ness of percutaneous endocardial LAAO as stroke prevention
in patients with AF, and contraindication to OAC.
Specifically, we aim to estimate the incidence rate of ischemic
stroke, transient ischemic attack (TIA), major bleeding, and
all-cause mortality after the post-procedural period in this pop-
ulation, as well as the risk reduction of ischemic stroke com-
pared to no stroke preventive treatment.

2 LAAO in this study refers to percutaneous occlusion of left atrial appendage
through different LAAO devices. In the scientific literature, LAAO can also be
referred to as left atrial appendage closure (LAAC).
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2 Method
2.1 Literature search

The main literature search of the systematic review and meta-
analysis was conducted in PubMed with complementary
searches also conducted using Google Scholar. The applied
search term used in PubMed were atrial appendage AND
(occlusion OR closure) sorted by; best match, to generate
the greatest number of search results. The search term and
process were decided jointly by the lead author of this paper
and a medical university librarian. The PubMed search was
conducted on October 18, 2019, and the results were screened
as follows: as a first step, the lead author screened all titles for
potentially relevant studies, followed by reviewing the ab-
stracts belonging to these titles. As a last step, articles were
reviewed in full-text, and the final decision of eligibility for
inclusion in the systematic review and meta-analysis was
made on the full-text article. The search terms used in
Google Scholar were lefi atrial appendage occlusion and left
atrial appendage closure. Each term was searched separately,
and limited to studies published 2010 or later. This limitation
was made since in the initial PubMed search, no studies pub-
lished before 2012 were included in the systematic review and
meta-analysis, and to decrease the number of search results in
the Google scholar searches. We screened the 200 first search
results in each search, and if any new titles were relevant
abstracts were read continuously. We also screened the refer-
ence list of the studies included in the systematic review and
meta-analysis for additional studies.

Inclusion criteria were long-term follow-up of percutane-
ous endocardial LAAO and inclusion of patients with contra-
indication for OAC. Reasons for exclusion were, for example,
meta-analysis, systematic reviews, epicardial interventions,
specific subpopulations such as patients with kidney disease
or heart failure, and follow-up less than 11 months, since our
aim is to study long-term effects from approximately 1 year
and onwards. Furthermore, studies were excluded if we
suspected overlapping study populations, and the articles most
recently published or largest sample size were included. A full
list of exclusion criteria is available in the Supplementary
information 1.

2.2 Data extractions

One person extracted data from the original articles manually.
Data were extracted into four main categories: study charac-
teristics, patient characteristics, device, and outcomes. Each
main category includes several variables, presented in the
Supplementary information 2.

Patient characteristics such as age and CHA?DS*-VASc
score were extracted from the original articles as mean and
standard deviations (SD) when reported, and median and
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interquartile range (IQR) as a secondary choice. For the vari-
ables gender, procedural success, ischemic stroke, TIA, major
bleeding, and all-cause death, data were extracted in absolute
numbers. Data on outcome variables were included if events
occurred >7 days after procedure, i.e., excluding peri-
procedural and short-term adverse events. Furthermore, when
possible data were only included from patients having a success-
ful procedure, e.g., patients received a LAAO device. However,
we do not believe that this would have any large impact on the
results in our analysis, since the average procedural success rate
in our systematic review and meta-analysis was 97.3%.

The length of follow-up was extracted as mean follow-up
and SD if reported in the original articles and median and IQR
as a second choice. A few studies did not present either mean
or median follow-up in their articles. In these cases, we as-
sumed that the mean follow-up was 12 months, since these
studies were all presented as 1-year follow-up studies. To be
able to estimate the incidence rate of health outcomes after
LAAO, the total number of patient-years were extracted.
The number of patient-years was applied from the original
article if it was reported. For the articles that did not report
the number of patient-years, we estimated the number of
patient-years by multiplying the number of patients with suc-
cessful procedure with mean follow-up time.

2.3 Quality assessment

Quality assessment of the individual studies was carried out
with an adjusted version of the Newcastle-Ottawa scale (NOS)
for cohort studies [11]; detailed information is available in the
Supplementary information 3.

2.4 Statistical analysis

Descriptive statistics for the original articles included in the
systematic review and meta-analysis is presented as means
weighted by sample size.

We conducted a meta-analysis to estimate pooled incidence
rates and 95% confidence interval (CI) for each outcome. Our
outcome measures reflect numbers of events (counts) per pa-
tient-year. In our main analysis, we used random effects
Poisson regression to estimate pooled incidence rates to account
for potential heterogeneity between studies. The dependent var-
iable was the number of events (ischemic stroke, TIA, major
bleeding, and all-cause death), while the logarithm of the total
number of patient-years was used as explanatory variable.
Between-study heterogeneity was measured using / [12].

Friberg et al. [13] present predicted risk of ischemic stroke
per 100 patient-years at different CHA’DS*-VASc scores,
based on a cohort of 90,490 patients with AF without VKA
treatment in Sweden. The predicted risk for ischemic stroke
for a patient with CHA?DS*-VASc score of 4 and no stroke
prevention is 5.5 per 100 patient-years [13].

We calculated the risk reduction with LAAO as stroke
prevention compared to the predicted risk of ischemic stroke
with no stroke prevention by Friberg et al. [13]. The mean
CHA?DS*VASc score in our meta-analysis sample is 4.32.
To be able to compare the pooled incidence rate of ischemic
stroke from our meta-analysis among patients treated with
LAAO with the predicted risk score for patients without stroke
prevention (5.5 per 100 patient-years), we adjusted our pooled
estimate to reflect patients with CHA’DS*-VASc score 4.
This was done using Poisson meta-regression with
CHA?DS?-VASc score as a covariate.

Statistical analyses were carried out using the statistical
analysis packages Stata (version 16) and R (version 3.6.3).

2.5 Sensitivity analysis

As a sensitivity analysis, we estimated the pooled inci-
dence rate using the inverse variance method for ran-
dom effects. In this analysis, we used a continuity cor-
rection that added 0.5 events to studies that had no
events. To identify and asses potential publication bias,
we constructed funnel plots for each outcome. In case
of asymmetry in the funnel plots, we used the trim and
fill method to minimize that influence of extreme values
(trim) and fill in with hypothetical values to create sym-
metry in the funnel plot [12, 14].

2.6 Heterogeneity

To identify potential causes of heterogeneity between studies,
we conducted a Poisson meta-regression for each outcome
measure with study-level characteristics as covariates.

2.7 Ethical considerations

No ethical approval was sought for this systematic review and
meta-analysis, since this study design only includes secondary
data, and there is none/minimal risk of causing any harm to the
patients in the original studies.

3 Results

3.1 Literature search and data collection

Twenty-nine articles were included in the systematic review
and meta-analysis. The process of identification, screening,
and inclusion is illustrated in a PRISMA flowchart (Fig. 1).

3.2 Study population

Pooling the data from the 29 included articles [15-42]
resulted in a study population of 7951 individuals and
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Fig. 1 PRISMA flowchart of the reviewing process. PRISMA, Preferred Reporting Items for Systematic Review and Meta-analyses

with a weighted mean of 1.46 years of follow-up and a
total of 12,211 patient-years. The average CHA’DS*-
VASc and HAS-BLED scores were 4.32 and 3.19 re-
spectively, which both indicate an increased risk for
ischemic stroke and bleedings. In the study population
included in the meta-analysis, 37.5% previously had a
stroke and 60.3% had a major bleeding on average. The
mean age in the included articles ranges from 64.4
years [25] to 79.6 [28] years in the meta-analysis.
Detailed information on the included articles is available
in Supplementary information 4.

LAAO devices used in the included articles include
the Amplatzer cardiac plug (ACP), Amplatzer amulet
(Abbott medical), Watchman (Boston scientific),
WaveCrest (Coherex medical), and LAmbre (Lifetech
scientific).

The post-procedural treatment after LAAO differs between
and within the included studies. In the majority of the studies,
patients were treated with a dual antiplatelet treatment
(DAPT) for 1-6 months, followed by life-long single anti-
platelet treatment (APT).

@ Springer

3.3 Ischemic stroke and TIA

The number of ischemic strokes was reported in all included
articles, and the number of TIAs was reported in 20 out of 29
articles (Fig. 2). The lowest incidence of ischemic stroke ob-
served in the included articles was 0 events [22, 28, 32, 38, 43]
and the highest incidence rates observed were 3.8 per 100
patient-years [21] (Fig. 2). The random effects Poisson model
resulted in a pooled incidence rate of 1.38 and 0.70 per 100
patient-years for ischemic stroke and TIA, respectively
(Table 1). The incidence rates of ischemic stroke and TIA
are not associated with any considerable heterogeneity (7 =
48% and 34%).

The predicted incidence rate of ischemic stroke after
LAAO for patients with a CHA?DS*-VASc score of 4, esti-
mated in the meta-regression, is 1.39 (95% CI: 0.95; 2.02).
When comparing this predicted incidence rate to the predicted
risk score at CHA?DS*-VASc 4 (5.5 per 100 patient-years),
this implies a 74.7% decrease in the risk of ischemic stroke
with LAAO compared to no stroke prevention. When we cal-
culate the risk reduction between the predicted risk of
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Table 1 Random effects incidence rate, from Poisson and inverse variance method

Variable N observations Poisson analysis incidence Heterogeneity (1) Inverse variance analysis Heterogeneity ()
rate* (95% CI) incidence rate* (95% CI)

Ischemic stroke 29 1.38 (1.08; 1.77) 48% 1.58 (1.27;1.97) 39%

TIA 20 0.70 (0.51; 0.97) 34% 0.91 (0.73; 1.15) 2.5%

Major bleeding 27 2.22(1.58;3.13) 86% 2.64 (1.97; 3.55) 81%

All-cause mortality 27 4.38(3.26; 5.89) 91% 5.46 (4.47; 6.66) 80%

*Incidence rate per 100 patient-years

ischemic stroke [13] and the lower and upper bound of the
confidence interval, LAAO decreases the risk of ischemic
stroke by 82.7% and 63.2% respectively (Fig. 3).

3.4 Major bleeding

Major bleeding was reported in 27 of the 29 included articles,
with incidence rates ranging from zero major bleedings [19,
24] to 8.98 major bleedings per 100 patient-years (Fig. 4) [40].
The pooled incidence rates from random effects Poisson mod-
el were 2.22 events per 100 patient-years (Table 1). There was
large between-study heterogeneity in the incidence of major
bleeding (P = 86%).

3.5 All-cause death

Out of the 29 included studies, 27 reported the number of
deaths in their studies. The incidence rates of all-cause death
ranged from zero [22, 25, 28, 32] to 11.4 events per 100
patient-years [ 18] (Fig. 4). In the random effects Poisson mod-
el, the pooled incidence rates of all-cause death were 4.38
events per 100 patient-years (Table 1). There was large
between-study heterogeneity in all-cause mortality (7 = 91%).

3.6 Sensitivity analysis

We used an inverse variance method as a sensitivity analysis;
for the outcome measures ischemic stroke, TIA, and major
bleeding, there were no considerable differences from the
main analysis. Detailed information from the inverse variance
analysis is presented in Table 1.

Ischemic stroke, major bleeding, and all-cause mortality
have noticeable asymmetry in their funnel plots (Fig. 5).
Furthermore, both major bleeding and all-cause mortality
have no studies in the lower right quadrant of the figure, i.c.,
studies with higher-than-average incidence of the event and
large standard errors, which can indicate that there is a case of
an existing publication bias. We therefore conducted a trim-
and-fill analysis by adding potentially missing studies to reach
symmetry of the funnel plots for ischemic stroke, major bleed-
ing, and all-cause death. The result from the trim-and-fill

sensitivity analysis do not differ substantially from the main
results. Detailed information from trim-and-fill analysis is
available in the Supplementary information 5.

3.7 Heterogeneity

We conducted a meta-regression to identify potential causes
of between-study heterogeneity in incidence rates of major
bleeding and all-cause death. Covariates that significantly in-
fluenced the between-study heterogeneity in studies reporting
major bleeding were mean age and proportion of patients with
previous major bleeding, which were associated with in-
creased incidence rates. For all-cause mortality, the sample
size and publication year were positively correlated with mor-
tality rates. Detailed results from the meta-regression is avail-
able in the Supplementary information 6.

4 Discussion

We have conducted a systematic review and meta-analysis of
the long-term clinical effectiveness of LAAO as stroke pre-
vention for patients with AF, and contraindication for OAC.
Our result indicates that LAAO is effective in preventing is-
chemic stroke in patients with AF that have a contraindication
to OAC, with a 74.7% risk reduction of ischemic stroke after
LAAO compared to the predicted ischemic stroke rate in a no
stroke prevention population at CHA’DS?-VASc 4.
Furthermore, we estimated the incidence rates of major bleed-
ing and all-cause mortality after LAAO, which were 2.22 per
100 patient-years and 4.38 per 100 patient-years each.

The estimated effect size is difficult to compare directly to
those from existing clinical trials (PROTECT AF/PREVAIL),
as they only included patients without contraindications and
compared LAAO to treatment with VKA (instead of no stroke
prevention). We can, however, compare the incidence rates in
our meta-analysis to the treatment arms in the PROTECT AF/
PREVAIL trials that received a LAAO device, to assess if our
pooled incidence rates are comparable to the only existing
clinical trials. The pooled incidence rate in our meta-analysis
is 1.38 ischemic strokes per 100 patient-years after LAAO.

@ Springer
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This result is consistent with the combined 5-year outcomes of
the PROTECT AF and PREVAIL trials [44], where the inci-
dence rate of ischemic stroke and systemic embolism was 1.3
per 100 patient-years after LAAO followed by 45 days of
VKA and 6 months of dual antiplatelet treatment (DAPT) in
patients without contraindications [44].

Furthermore, our result is also comparable to previous pub-
lished systematic reviews and meta-analysis [9, 10], even
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though these are not focusing on patients contraindicated to
OAC. In a recently published systematic review and meta-
analysis focusing on the expected versus the observed rate
of ischemic stroke after LAAO [45], it reported a pooled risk
reduction of ischemic stroke of 73.6% (95% CI, 68.9 to
78.3%) [45]. Their result is in line with 74.7% risk reduction
estimated in our study for patients with CHA’DS?-VASc 4,
compared to the predicted risk according to Friberg et al. [13].
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Fig. 3 Risk reduction of ischemic
stroke in patients with CHA?DS?-
VASc 4, predicted risk score
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To our knowledge, our systematic review and meta-analysis is
the first focusing on contraindicated patients only, which is the
patients that should be considered for LAAO according to the
ESC guidelines [3].

There is an ongoing RCT (clinicaltrials.gov,
NCT02928497) that is investigating the effectiveness
of LAAO in patients with contraindication, but no
results are available yet. In the meantime, our
systematic review and meta-analysis contribute with
valuable knowledge on the clinical effectiveness of
LAAO in patients with contraindications. Thus, the
findings in our study can guide policy-makers to make
evidence-based decision-making when evaluating and
planning treatment strategies for patients with AF, in-
creased risk of ischemic stroke, and contraindication
for OAC.

4.1 Limitations

Due to a lack of controlled trials, the studies included
in our systematic review and meta-analysis are observa-
tional studies without any control group, and we there-
fore compare our estimated incidence rate with a pre-
dicted risk score for ischemic stroke [12]. The quality
of the available evidence could be strengthened by
RCTs that focus on patients with contraindication to
OAC and compare LAAO with other stroke preventive
interventions.

In regard to the risk reduction of ischemic stroke
with LAAO compared to no stroke prevention, the latter
is based on a predicted risk score, based on a cohort of
90,490 patients with AF in Sweden. According to
Friberg et al. [13], the predicted risk of ischemic stroke

63.2%

2.02

O Predicted risk score

[ Predicted incidence rate

O Upper 95% Cl
W Lower 95% Cl

at CHA’DS*-VASc 4 is 5.5 per 100 patient-years with-
out stroke prevention. In their article [13], there is no
information about the uncertainty of the predicted value.
Thus, the uncertainty estimates for the effectiveness of
LAAO presented in this paper are based only on the
statistical uncertainty associated with the predicted inci-
dence rate for ischemic stroke at CHA*DS?-VASc 4.

It is important to consider the generalizability of the
results presented. Our analysis included studies from
different continents that report long-term outcomes after
LAAO for patients with AF, increased risk of ischemic
stroke, and contraindication to OAC. This is the patient
population that, according to the ESC guidelines is the
patient population, is to be considered for LAAO treat-
ment [3]. We note that the average CHA’DS?-VASc
score in the included studies was 4.32 (range: 3.6 to
5.0), which implies a high-risk study population. It is
unclear if the results are generalizable to populations
with lower risk. This is important to keep in mind if
the composition of the patient population changes in the
future or if other patient populations are recommended
LAAO treatment.

Our overall aim was to investigate the long-term clin-
ical effectiveness of LAAO as stroke prevention in pa-
tients with AF and contraindication to OAC. While be-
yond the scope of our study, there are several clinically
relevant questions that warrant additional attention in
future research. For instance, it is important to investi-
gate how the clinical effectiveness differs between dif-
ferent percutaneous endocardial LAAO devices, and to
study which post-procedural treatments that are most
effective at reducing the risk of device-related thrombo-
sis. To our knowledge there is currently no consensus

@ Springer


http://clinicaltrials.gov

222

JInterv Card Electrophysiol (2021) 61:215-225

Fig. 4 Forest plot illustrating
incidence rate (95% CI) for major
bleeding (a) and all-cause
mortality (b) in the individual
studies and the pooled incidence
rate from the Poisson random
effect model. For individual
studies with zero event, 0.5
continuity corrections are applied
to calculate the individual
incidence rate. CI, confidence
interval
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efficient after LAAO. Another clinically important ques-

tion is if there are differences in the timing of when
patients are at greatest risk of having, for example, an
ischemic stroke after LAAO treatment and how it can

be prevented.
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Left atrial appendage occlusion is effective in preventing is-
chemic stroke in patients with AF, increased risk of ischemic
stroke, and contraindication to OAC. We estimate that the risk

of ischemic stroke for a patient with CHA’DS>-VASc 4 is
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Fig. 5 Funnel plots illustrates potential publication bias

74.7% lower compared with no stroke prevention. Our results
imply that LAAO is equally effective as stroke prevention in
patients with contraindications as those patients without con-
traindications; these findings contribute with valuable input
for policy-makers deciding on treatment strategies.
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