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Abstract

Background: Catheter ablation (CA) and left atrial appendage closure (LAAC) have been combined into a novel
one-stop procedure for patients with atrial fibrillation (AF). However, postoperative complications are relatively
common in patients undergoing LAAC; the complications, including residual flow, increase in the risk of bleeding,
or other adverse events, are unknown in patients receiving one-stop therapy. Therefore, we tried to evaluate the
adverse events of CA and LAAC hybrid therapy in patients with nonvalvular AF.

Methods: We performed a meta-analysis and computer-based literature search to identify publications listed in the
PubMed, Embase, and Cochrane library databases. Studies were included if patients received CA and LAAC hybrid
therapy and reported adverse events.

Results: Overall 13 studies involving 952 patients were eligible based on the inclusion criteria. In the periprocedural
period, the pooled incidence of pericardial effusion was 3.15%. The rates of bleeding events and residual flow were
5.02 and 9.11%, respectively. During follow-up, the rates of all-cause mortality, embolism events, bleeding events,
AF recurrence, and residual flow were 2.15, 5.24, 6.95, 32.89, and 15.35%, respectively. The maximum occurrence
probability of residual flow events was 21.87%. Bleeding events were more common in patients with a higher
procedural residual flow event rate (P=0.03). A higher AF recurrence rate indicated higher rates of embolism
events (P=0.04) and residual flow (P=0.03) during follow-up.

Conclusions: Bleeding events were more common in patients with a higher procedural residual flow event rate.
However, combined CA and LAAC therapy is reasonably safe and efficacious in patients with nonvalvular AF.
Further studies on the safety and efficacy of CA or LAAC alone are necessary in future.
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Background

Globally, atrial fibrillation (AF) is the most commonly
observed sustained cardiac arrhythmia, particularly in
patients with structural heart diseases [1]. According to
the European Society of Cardiology guidelines for the
management of AF [2], catheter ablation (CA) is a class
I treatment recommended for AF. However, because of
the high rate of AF recurrence, most patients who
receive CA should undergo warfarin or non-vitamin K
antagonist oral anticoagulant (NOAC) therapy to reduce
the risk of ischemic stroke or systemic embolism.

Although warfarin and NOACs reduce the risk of
ischemic stroke and systemic embolism, they are associ-
ated with an increased risk of bleeding events [3].
Device-based left atrial appendage closure (LAAC) is a
therapeutic modality for stroke prevention in patients
with nonvalvular AF, particularly in those with a higher
risk of bleeding determined using HAS-BLED scores.
Recently, Wintgens et al. [4] reported that CA and
LAAC could be combined into a one-stop therapy that
can provide a straightforward strategy in maintaining
rhythm and preventing stroke. Similar results have been
reported by other studies with a small sample size and
clinical studies performed at a single center [5, 6]. In
2015, the expert consensus statement of the European
Heart Rhythm Association/European Association of
Percutaneous Cardiovascular Intervention [7] suggested
that combining the two left atrial interventions is a
valuable and practical approach because of the common
aspects of trans-septal puncture, anesthesia, and anticoa-
gulation therapy.

However, patients are still recommended to undergo
warfarin or NOACs after LAAC for at least 45 days
because of the endothelialization of the left atrial
appendage. During this time, it is unknown whether
patients who are suitable for LAAC and have high HAS-
BLED scores are associated with a high risk of bleeding
or all-cause mortality. Moreover, postoperative compli-
cations, such as residual flow, are relatively common in
patients who undergo LAAC, and postoperative compli-
cations increase the risk of bleeding and other adverse
events. To the best of our knowledge, no meta-analysis
has reported the postoperative complications in patients
with a high risk of bleeding using one-stop therapy.
Therefore, to evaluate the efficacy and safety of this new
strategy, we performed a comprehensive meta-analysis
of the contemporary literature.

Methods

The meta-analysis was performed according to the
preferred reporting items for systematic reviews and
meta-analysis statement and registered in the PROS-
PERO database, an International prospective register of
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systematic reviews. (CRD42018106746, https://www.crd.
york.ac.uk/PROSPERO/display_record.php?RecordID=
106746).

Literature search

We performed a computer-based literature search to
identify publications listed in the PubMed, Embase, and
Cochrane library databases until August 31, 2018. The
terms used for the literature search were as follows: [left
atrial appendage] AND (occlu* OR Closure) AND ablation.

Study selection

Eligible studies were independently selected by two au-
thors. Studies or patients included in this meta-analysis
were as follows: (1) full text studies of randomized con-
trolled trials, prospective (PC), or retrospective (RC)
studies; (2) patients with nonvalvular AF in studies who
received combined CA and LAAC therapy; and (3) the
sample size in the enrolled studies was at least ten. Em-
bolism events in the enrolled studies and associated
cases included ischemic stroke or systemic embolism.
Exclusion criteria for the analysis were as follows: animal
studies, conference abstract, case reports, review articles,
meta-analyses, editorials, posters, and studies that did
not provide primary outcome (all-cause mortality,
residual flow events, bleeding events, embolic events, or
AF recurrence during follow-up), or enough data to
analyze the efficacy and safety. Disagreements were
resolved via discussions.

Quality assessment

The quality assessment of the eligible studies was inde-
pendently performed by two reviewers and assessed
using the methodologic index for nonrandomized stud-
ies (MINORS). To avoid the results being influenced by
data from poorly conducted studies, only studies with
more than eight points (noncomparative studies) or 12
points (comparative studies) were included in our
analysis.

Data extraction

Data were independently extracted by two investigators
and disparities were resolved via discussions. The follow-
ing characteristics pertaining to the study were extracted:
author details; year of publication; patient age and sex;
number of different clinical types of AF; patients receiving
oral anticoagulant therapy; CHADS,, CHA,DS,-VASc,
and HAS-BLED scores; size and type of LAA; size and the
type of devices; and events during periprocedural and
follow-up periods, including all-cause mortality, residual
flow events, bleeding events, embolic events, and AF
recurrence. We combined systemic embolism, ischemic
events, device thrombosis, and systemic thrombosis into a
single category called “embolism events.”
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Statistical analysis

The meta package (under the R environment, version
3.4.0.) was used for all statistical analyses. Summary re-
sults were presented as the incidence rate of the events
(ratio of the number of events to patient number) and
95% confidence interval (CI). The main adverse events of
all-cause mortality, residual flow events, bleeding events,
embolic events, or AF recurrence during follow-up were
analyzed. For the subgroup analysis, the effects of the
most common adverse event and AF recurrence on other
adverse outcomes were further analyzed, and the sub-
groups were divided based on the mean incidence rate of
adverse events. However, all studies did not provide the
exact data for each sample or standard deviation of mean
rate of the events; therefore, the pooled mean value is
shown without standard deviation. A P value of < 0.05 of
I? statistics was considered to indicate heterogeneity. If
heterogeneity existed, a random-effect model was used to
assess the overall estimate or a fixed-effect model was
chosen. Because of the existence of extreme values, we
calculated the “exact” Clopper—Pearson CI for the ob-
served proportion [8]. Publication bias was assessed using
a funnel plot via Egger’s test of the intercept. A P value of
<0.05 was considered statistically significant.

Results

Study selection and quality assessment

According to the search strategy, we searched 198 stud-
ies from PubMed, 521 from Embase, and 19 from the
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Cochrane library. After removing duplicates, 625 cita-
tions were identified. Moreover, after excluding nonrele-
vant studies, reviews, meta-analyses, conference abstracts,
and case reports, 16 articles were identified (Fig. 1). Then,
after quality assessment and full text review, 13 studies
[4—6, 9-18] were finally enrolled in our analysis. Using the
MINORS scores system, the scores of noncomparative
and comparative studies were assessed between 8 and 12
and between 18 and 22, respectively (Table 1).

Baseline study characteristics

The data of 952 patients (587 males, 61.03%) were ana-
lyzed (follow-up range, 1-38 months). The clinical types
of AF were reported for 940 patients: 524 (55.62%) were
paroxysmal, 342 (36.31%) persistent, and 74 (7.86%)
long-term persistent AF. A total of 891 (93.59%) patients
with AF received warfarin (415/648) or NOAC (233/
648) therapy. Total 145 patients experienced bleeding
events (total, 624) prior to therapy, and 161 (total, 527)
refused oral anticoagulants or required device implant-
ation. CHADS,, CHA,DS,-VASc, and HAS-BLED scores
ranged 1.5-2.5, 2.2-4.4, and 1.5-3.5, respectively, in
different studies.

During the periprocedural period, 99.37% patients
showed a successful seal. Mean widths (20.82 mm) and
lengths (28.50 mm) of the LAA were reported for 477
and 240 patients, respectively. There was a multilobular
atrial appendage in 39.58% patients. Mean total proced-
ure, mean LAAC, and mean fluoroscopy time were

Records identified through
database searching
(PubMed n = 198, Embase n = 521,
Cochrane library n = 19)

\ 4

Records after duplicates
removed (n = 625)

~N

Records excluded
based on titles and

A 4

Full-text articles assessed for
eligibility (n = 16)

> abstracts review and
exclusion criteria
(n =600)

Records excluded based
> exclusion criteria and

\ 4

Studies included in
meta-analysis (n = 13)

Fig. 1 Flow chart of the study design

MINORS score
(n=3)
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Table 1 Baseline characteristics and MINORS scores of the enrolled studies
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Study Patients (n)  Male (n)  Follow-up  TEE follow-up  Device CHADS, CHA,DS,-VASc  HAS-BLED ~ MINORS
(month) (month) Score

Swaans 2012 30 21 12 6 Watchman 25 3 2 12
Walker 2012 26 20 12 6 Watchman 1.9 26 - 12
Swaans 2013 10 5 6 1.5 Watchman 3 35 1.5 11
Alipour 2015 62 40 38 2 Watchman 2.5 30 2 12
Calvo 2015 35 25 13 3 Watchman/Amplatzer  2.01 3.1 3.1 12
Romanov 2015 45 28 24 6 Watchman - 2.2 35 18°
Phillips 2016 35 28 24 12 Amplatzer/Watchman - 3 3 12
Fassini 2016 98 67 26.73 12 Watchman 1.5 26 1.9 10
Panikker 2016 20 13 12 9 Watchman - 3.1 25 22°
Pelissero 2017 21 14 14.93 1493 Watchman/Amplatzer - 28 32 12
Wintgens 2018 349 202 345 3 Watchman 20 30 30 10
Phillips 2018 139 76 1 1 Watchman 22 34 1.5 8

Du 2018 82 48 11.2 6 Watchman - 44 35 12
Total 952 587 - - - - - - -
Mean 2283 518 - - - - -

#Comparative study

156.24, 43.21, and 27.10 min (901, 689, and 897 pa-
tients), respectively. The closure systems used in the
studies were the Watchman (937/952) and Amplatzer
Cardiac Plug device (15/952). The mean size of the
LAAC devices was 25.47 mm in 484 patients.

The estimated mean follow-up was 22.83 months,
during which a 38.97% rate (not adjusted with a ran-
dom effects model) of AF recurrence was documented
among 793 patients, and repeated ablations were docu-
mented in 95 patients. The number of patients taking
anticoagulant drugs decreased from 891 (93.59%) to 86
(11.61%) after hybrid therapy. The baseline characteristics
and MINORS scores of the enrolled studies are shown in
Table 1. The P value of all Egger’s linear regression tests
for the baseline characteristics was > 0.05.

Efficacy outcomes

In this meta-analysis, all outcome incidences are
shown as an adjusted rate, which was calculated using
a fixed or random effects model. In the periproce-
dural period, the pooled incidence of pericardial
effusion was 3.15% (fixed-effect model, 95% CI, 1.82—
3.57%). The incidences of minor or major bleeding
events and residual flow observed were 5.02 and
9.11% (fixed-effect model, 95% CI, 3.16-7.89% and
6.06-12.45%), respectively. The pooled rates are
shown in Fig. 2a—c.

During follow-up, the overall rate of all-cause mortal-
ity was 2.15% (fixed-effect model, 95% CI, 1.24—3.72%;
Fig. 3a), but no one died of pericardial effusion. The
incidence of embolism events (six patients received de-
vice embolization) and estimated incidence of bleeding

events (seven major bleeding events) in the enrolled
studies were 5.24 and 6.95% (fixed-effect model, 95% CI,
3.28-7.22% and 5.17-9.28%; Fig. 3b and c), respectively.

During transoesophageal echocardiography (TEE)
follow-up (5.18 months), the incidence of residual flow
events and maximum occurrence probability of residual
flow events was 15.35 and 21.87% (random effects
model, 95% CI, 9.54-23.76% and 16.32-28.65%; Fig. 3d
and e) respectively. Furthermore, the average reported
time of maximum events in the enrolled studies was
2.26 months, and the AF recurrence rate was 32.89%
(fixed-effect model, 95% CI, 25.14-41.71%; Fig. 3f)
during the follow-up.

Subgroup analysis

According to the results of the meta-analysis, the most
common adverse event was residual flow. In the
subgroup analysis, we further analyzed the effects of re-
sidual flow during follow-up or TEE follow-up on other
adverse outcomes. Procedural bleeding events were
more common in patients with a higher residual flow
rate (P = 0.03). Furthermore, residual flow may cause an
increase in mortality; however, no significant statistical
difference was observed (P = 0.12; Table 2). Maximum
residual flow may cause more bleeding events; however,
no significant statistical difference was observed (P = 0.08;
Tables 3 and 4). Additionally, we found that a higher AF
recurrence rate indicated a higher rate of embolism events
(P = 0.04) and residual flow (P = 0.03) during follow-up,
but it had no relationship with the maximum incidence of
residual flow (P = 0.48; Table 5).
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Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Swaans 2012 0 30— 0.0000 [0.0000;0.1157]  2.3% 3.5%
Walker 2012 0 26— 0.0000 [0.0000;0.1323]  2.3% 3.5%
Swaans 2013 0 10— 0.0000 [0.0000; 0.3085]  2.2% 3.4%
Alipour 2015 0 62— 0.0000 [0.0000;0.0578]  2.3% 3.5%
Calvo 2015 3 3% 4+ 0.0857 [0.0180; 0.2306] 14.7% 13.5%
Romanov 2015 0 45— 0.0000 [0.0000;0.0787]  2.3% 3.5%
Fassini 2016 3 35 4= 0.0857 [0.0180; 0.2306] 14.7% 13.5%
Phillips 2016 0 98—+ 0.0000 [0.0000;0.0369] 2.3% 3.5%
Panikker 2016 0 20— 0.0000 [0.0000;0.1684]  2.3% 3.5%
Pelissero 2017 1 21— 0.0476 [0.0012;0.2382]  6.5% 8.1%
Wintgens 2018 5 349 == 0.0143 (0. 0.0331] 25.2% 17.2%
EWOLUTION and WASP 2 139 s 0.0144 [0.0017;0.0510] 11.4% 1.7%
Du 2018 2 82 b 0.0244 [0.0030; 0.0853] 11.3% 11.6%
Fixed effect model 952 & 0.0323 [0.0214; 0.0486] 100.0% -
Random effects model < 0.0315 [0.0182; 0.0537] == 100.0%

Heterogeneity: 1% = 31%, 1 = 0.2876, p = 0.14
0 005 0.1 0.15 0.2 0.25 0.3

flow event

\

Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Swaans 2012 3 30 ——— 0.1000 [0.0211;0.2653]  4.0% 6.1%
Walker 2012 6 26 0.2308 [0.0897; 0.4365]  6.8% 8.8%
Swaans 2013 1 10 + 0.1000 [0.0025; 0.4450]  1.3% 2.5%
Alipour 2015 8 62 —_ 0.1290 [0.0574;0.2385] 10.2% 11.0%
Calvo 2015 1 35— 0.0286 [0.0007;0.1492]  1.4% 27%
Romanov 2015 7 45 —_— 0.1556 [0.0649; 0.2946]  8.7% 10.1%
Fassini 2016 5 35 —_ 0.1429 [0.0481;0.3026] 6.3% 8.4%
Phillips 2016 6 98 —i— 0.0612 [0.0228;0.1285]  8.3% 9.8%
Panikker 2016 1 20 ———— 0.0500 [0.0013;0.2487]  1.4% 26%
Pelissero 2017 1 21— 0.0476 [0.0012;0.2382]  1.4% 27%
Wintgens 2018 26 349 = 0.0745 [0.0492; 0.1073] 35.3% 16.9%
EWOLUTION and WASP 4 139 =—! 0.0288 [0.0079; 0.0720]  5.7% 7.9%
Du 2018 7 82 —H— 0.0854 [0.0350; 0.1680]  9.4% 10.5%
Fixed effect model 952 < 0.0894 [0.0719; 0.1107] 100.0% -
Random effects model < 0.0911 [0.0660; 0.1245] == 100.0%
Heterogeneity: 1% = 41%, © = 0.1457, p = 0.06
0.1 02 03 04

Fig. 2 Pooled data of efficacy outcomes during the periprocedural period. (a) Pericardial effusion (b) Minor or major bleeding events (c) Residual

Weight Weight
Study Events Total Proportion 95%~Cl  (fixed) (random)
Swaans 2012 3 0.1000 [0.0211;0.2653] 10.6%  11.4%
Walker 2012 0 0.0000 [0.0000;0.1323] 1.7%  2.7%
Swaans 2013 1 0.1000 [0.0025;0.4450] 4.4%  6.2%
Alipour 2015 5 0.0806 [0.0267;0.1783] 17.1%  14.9%
Calvo 2015 0 0.0000 [0.0000;0.1000] 1.7%  2.7%
Romanov 2015 2 0.0444 [0.0054;0.1515] 8.1%  9.6%
Fassini 2016 1 00286 [0.0007;0.1492] 4.9%  67%
Phillips 2016 1 00102 [0.0003;0.0555] 5.0%  6.8%
Panikker 2016 0 0.0000 [0.0000;0.1684] 1.7%  2.7%
Pelissero 2017 0 0.0000 [0.0000;0.1611] 1.7%  2.7%
Wintgens 2018 0 0.0000 [0.0000;0.0105] 1.7%  2.7%
EWOLUTION and WASP 9 0.0647 [0.0300;0.1194] 30.2%  18.9%
Du 2018 3 0.0366 [0.0076;0.1032] 11.4%  12.0%
Fixed effect model 952 & 0.0566 [0.0401; 0.0793] 100.0% -
Random effects model = 0.0502 [0.0316; 0.0789]  -- 100.0%

Heterogeneity: /2 = 30%, 12 = 0.2065, p = 0.15
0 01 02 03 04

Discussion

In patients with nonvalvular AF, the risk of stroke in-
creases 5-fold compared with that in patients with sinus
rhythm [19]. CA is an efficacious therapy for normaliz-
ing rhythm in patients with symptomatic AF. However,
because of the high rate of AF recurrence, it is recom-
mended that such patients additionally receive oral
anticoagulant therapy. LAAC has emerged as an alterna-
tive to long-term anticoagulation therapy with warfarin
or NOACs. LAAC has an efficacy similar to warfarin for
all-cause stroke prevention [20]. Phillips et al. [17]
pooled the data of patients with a high risk of stroke
from real-world Watchman LAAC registries and dem-
onstrated the feasibility and safety of combined CA and
LAAC therapy. However, the long-term outcomes of this
new therapeutic strategy have not been well established.
Accordingly, single-center clinical studies [6] have been
performed, but the sample size used in these studies is
relatively small. Postoperative complications, such as
residual flow, are relatively common and influence
reportedly prognosis in patients who undergo LAAC.
Thus, we performed this meta-analysis to study the post-
operative complications and outcomes of the combined
CA and LAAC therapy.

The combined therapy has been receiving increasing
attention as a potentially important treatment strategy;
therefore, we concentrated on the primary adverse
events, such as pericardial effusion and bleeding events.
Although there are no comparative study data on one-
stop therapy unlike CA or LAAC alone, these results

were interestingly similar to those recently reported [21]
on the safety and efficacy of LAAC alone; however, the
rate of bleeding events was lower than that reported in
our meta-analysis. The reason for this discrepancy might
be the routine use of anticoagulants during the CA
periprocedural period. Minor bleeding events accounted
for 84% of the total events in our pooled data, and no
patient died of pericardial effusion during follow-up.
These results support the conclusion that the combined
CA and LAAC therapy is safe during the periprocedural
period.

Thrombus is located at the LAA in approximately 90%
patients with nonvalvular AF [22]. Moreover, LAAC [23]
and surgical LAA excision [24] are effective ways to
prevent stroke in patients with AF. However, Noelck et
al. [25] reported that LAA devices are associated with
high rates of procedure-related harm and thus require
further evaluation. In our analysis, the most common
adverse event during the periprocedural period was
residual flow (rate, 9.11%). However, it still remains
controversial whether residual leakage can cause adverse
cardiac events. Although the findings of the PROTECT
AF trial and other studies did not establish a relationship
between the minimal residual flow and adverse events,
including thromboembolism [26, 27], and are not associ-
ated with other adverse cardiac events [28], these results
are in contrast with those of the surgical literature, in
which residual flows are associated with thrombus
formation and other adverse clinical events [29, 30]. In
addition, the results of recent studies suggest that
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a

Weight Weight
Study Events Total Proportion 95%~Cl (fixed) (random)
Swaans 2012 0 0.0000 [0.0000;0.1157] 4.1%  4.1%
Walker 2012 1 0.0400 [0.0010;0.2035] 11.6%  11.6%
Swaans 2013 0 0.0000 [0.0000;0.3085] 3.9%  3.9%
Alipour 2015 2 00323 [0.0039;0.1117] 19.8%  19.8%
Calvo 2015 1 0.0286 [0.0007;0.1492] 11.8%  11.8%
Romanov 2015 0 0.0000 [0.0000;0.0903] 4.1%  4.1%
Fassini 2016 0 0.0000 [0.0000;0.1000] 4.1%  4.1%
Phillips 2016 1 00119 [0.0003;0.0646] 12.1%  12.1%
Panikker 2016 0 0.0000 [0.0000;0.1684] 4.0%  4.0%
Pelissero 2017 0 0.0000 [0.0000;0.1611]  4.0%  4.0%
Wintgens 2018 1 00037 [0.0001;0.0205] 12.3%  12.3%
EWOLUTION and WASP 0 0.0000 [0.0000;0.0345] 4.1%  4.1%
Du 2018 0 0.0000 [0.0000;0.0440] 4.1%  4.1%

Fixed effect model 817 <& 0.0215 [0.0124; 0.0372] 100.0%

100.0%

Random effects model < 0.0215 [0.0124; 0.0372] -
Heterogeneity: /2 = 0%, =0, p = 0.74
0 0.05 0.1 0.15 0.2 0.25 0.3

C

Weight  Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Swaans 2012 3 30 —— 0.1000 [0.0211;0.2653]  7.2% 7.7%
Walker 2012 0 25— 0.0000 [0.0000; 0.1372]  1.1% 1.3%
Swaans 2013 110 — 0.1000 [0.0025; 0.4450]  3.0% 3.3%
Alipour 2015 3 62 —— 0.0484 [0.0101;0.1350]  7.7% 8.2%
Calvo 2015 1 3 —— 0.0286 [0.0007;0.1492]  3.3% 3.6%
Romanov 2015 2 39— 0.0513 [0.0063; 0.1732]  5.5% 5.9%
Fassini 2016 0 35— 0.0000 [0.0000; 0.1000]  1.1% 1.3%
Phillips 2016 0 84— 0.0000 [0.0000; 0.0430]  1.2% 1.3%
Panikker 2016 1 20 — 0.0500 [0.0013;0.2487]  3.2% 3.5%
Pelissero 2017 21— 0.0000 [0.0000;0.1611]  1.1% 1.2%
Wintgens 2018 20 269 = 0.0743 [0.0460; 0.1125] 44.1% 40.9%
EWOLUTION and WASP 9 105 —=— 0.0857 [0.0399; 0.1565] 20.1% 20.5%
Du 2018 0 82— 0.0000 [0.0000; 0.0440]  1.2% 1.3%
Fixed effect model 817 < 0.0702 [0.0530; 0.0924] 100.0% -
Random effects model < 0.0695 [0.0517; 0.0928] == 100.0%
Heterogeneity: /= 3%, 7 = 0.0100, p = 0.42

0 0.1 02 03 04
Weight Weight

Study Events Total Proportion 95%~Cl (fixed) (random)
Swaans 2012 02333 [0.0993;0.4228] 3.3%  7.8%
Walker 2012 0.1923 [0.0655;0.3935] 2.5%  6.9%
Swaans 2013 03000 [0.0667;0.6525] 1.3%  4.7%
Alipour 2015 04839 [0.3550; 0.6144] 9.5%  10.9%
Calvo 2015 00286 [0.0007;0.1492] 0.6%  2.7%
Romanov 2015 0.1556 [0.0649;0.2046] 3.6%  8.2%
Fassini 2016 0.1429 [0.0481;0.3026] 2.6%  7.1%
Phillips 2016 03265 [0.2352;0.4287] 13.3%  11.6%

Panikker 2016 0.0500 [0.0013; 0.2487]  0.6% 2.6%
Pelissero 2017

Wintgens 2018
EWOLUTION and WASP
Du 2018

0.0476 [0.0012; 0.2382]  0.6% 2.6%
0.2292 [0.1862; 0.2770] 38.0%
0.2950 [0.2207;0.3782] 17.8%
0.1463 [0.0780; 0.2417]  6.3% 9.9%
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Fig. 3 Pooled data of efficacy outcomes during follow-up. a All-cause mortality (b) Embolisms (c) Bleeding events (d) Residual flow events (e)
Maximum occurrence probability of residual flow events (f) AF recurrence

b

Weight  Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Swaans 2012 1 30 ———-—— 0.0333 [0.0008;0.1722]  4.1% 4.3%
Walker 2012 0 25 '—? 0.0000 [0.0000;0.1372]  1.4% 1.5%
Swaans 2013 0o 10— 0.0000 [0.0000; 0.3085]  1.4% 1.4%
Alipour 2015 1 62—+—r 0.0161 [0.0004; 0.0866]  4.2% 4.4%
Calvo 2015 1 3 —— 0.0286 [0.0007;0.1492] 4.1% 4.3%
Romanov 2015 0 39— 0.0000 [0.0000; 0.0903]  1.4% 1.5%
Fassini 2016 0 35—— 0.0000 [0.0000;0.1000]  1.4% 1.5%
Phillips 2016 1 84— 0.0119 [0.0003; 0.0646]  4.2% 4.4%
Panikker 2016 2 20 —/———— 0.1000 [0.0123; 0 3170] 6.3% 6.6%
Pelissero 2017 0 21— 0.0000 1.4% 1.5%
Wintgens 2018 20 269 = 0.0743 53.8% 51.4%
EWOLUTION and WASP 3 105 —"— 0.0286 [0.0059;0.0812]  9.6% 10.0%
Du 2018 2 82 ——— 0.0244 [0.0030; 0.0853]  6.9% 7.2%
Fixed effect model 817 6 0.0534 [0.0390; 0.0728] 100.0% -
Random effects model 0.0524 [0.0378; 0.0722] == 100.0%
Heterogeneity: = 1%, ¥ = 0.0060, p = 0.43
0 0.05 0.1 0.15 0.2 0.25 0.3
Weight  Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Swaans 2012 2 30 — 0.0667 [0.0082;0.2207]  1.8% 7.0%
Walker 2012 1 0.0400 [0.0010;0.2035]  1.1% 5.6%
Swaans 2013 3 0.3000 [0.0667; 0.6525] 1.9% 71%
Alipour 2015 30 0.4839 [0.3550; 0.6144] 12.2% 10.7%
Calvo 2015 1 0.0286 [0.0007;0.1492] 1.1% 57%
Romanov 2015 0 0.0000 [0.0000; 0.0903]  0.4% 2.9%
Fassini 2016 3 0.0857 [0.0180; 0.2306]  2.5% 7.9%
Phillips 2016 14 0.1667 [0.0942;0.2638]  9.3% 10.4%
Panikker 2016 1 0.0500 [0.0013; 0 2487]  1.1% 5.6%
Pelissero 2017 1 0.0476 1.1% 5.6%
Wintgens 2018 80 0.2974 43.9% 11.4%
EWOLUTION and WASP 41 0.3905 [0.29¢ ] 19.6% 11.1%
Du 2018 5 0.0610 [0.0201; 0 1366]  4.0% 9.0%
Fixed effect model 817 <> 0.2739 [0.2409; 0.3096] 100.¢ 0% -
Random effects model 0.1535 [0.0954; 0.2376] 100.0%
Heterogeneity: /2 = 84%, t* = 0.6516, p < 0.01
f 0 01 02 03 04 05 06
Weight ~Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Swaans 2012 9 30 0.3000 [0.1473; 0.4940]  3.6% 7.9%
Walker 2012 6 26 0.2308 [0.0897;0.4365] 2.6% 7.0%
Swaans 2013 5 10 0.5000 [0.1871;0.8129]  1.4% 5.2%
Alipour 2015 26 62 0.4194 [0.2951;0.5515]  8.6% 9.8%
Calvo 2015 7 3% ——r 0.2000 [0.0844;0.3694] 3.2% 7.6%
Romanov 2015 18 45 0.4000 [0.2570; 0.5567]  6.1% 9.2%
Fassini 2016 10 35 0.2857 [0.1464;0.4630] 4.1% 8.2%
Phillips 2016 18 80 —— 0.2250 [0.1391;0.3321]  7.9% 9.7%
Panikker 2016 8 20 0.4000 [0.1912;0.6395]  2.7% 7.2%
Pelissero 2017 7 19 0.3684 [0.1629;0.6164] 2.5% 6.9%
Wintgens 2018 178 349 - 0.5100 [0.4563; 0.5636] 49.6%  11.5%
Du 2018 17 82 —— 0.2073 [0.1257;0.3111]  7.7% 9.6%
Fixed effect model 793 <> 0.4009 [0.3660; 0.4369] 100.0% -

100.0%

Random effects model
Heterogeneity: /2 = 78%, <2 = 0.3119, p < 0.01

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0.3289 [0.2514; 0.4171]

residual flow or leak may result in a predisposition to
device-related thrombus [31, 32]. In the present analysis
of the periprocedural subgroup, we found a potential
relationship between a high incidence of bleeding events
and residual flow (P = 0.03). Meanwhile, patients in the
subgroup with a higher periprocedural residual flow rate
may have a higher possibility of all-cause mortality than
those in the subgroup with a lower periprocedural
residual flow rate (3.39% vs. 1.42%, P = 0.12); however,
no patient directly died of residual flow. Minimal re-
sidual flow (<5 mm) does not require special treatment
or clinical intervention [20, 33]; however, the proportion
of patients with high residual flow (>5mm) was very
low, and the data in these studies were based on a
limited number of events and follow-up period. In the
present study, we found a higher incidence of bleeding
events in patients with high residual flow. One potential
treatment option for this includes the continuation of a
course of warfarin or NOACs therapy for at least 45
days; furthermore, patients may continue the anticoagula-
tion therapy if major residual flow (>5mm) is detected.

Additionally, minor or major residual flow in the peri-
operative period was not related to their number during
the average TEE follow-up (5.18 months) and average
maximum-event reported time (2.26 months). Interest-
ingly, the endothelialization of LAA may take 45 days and
reduce the reflux of the LAAC device [34]; however, the
actual time may be longer than we previously estimated.
Interestingly, a recent study enrolled patients who re-
ceived one-stop therapy, and the results demonstrate that
the combination strategy is independently associated with
the new peri-device leak [18]. Further research is needed
to evaluate the possibility that CA leads to the lengthening
of the endothelialization process. In summary, residual
flow in the perioperative period does not lead to a poor
prognosis, but the potential perioperative bleeding risk
during continuous anticoagulant use should be of
concern. In addition, transesophageal echocardiogram
assessment is recommended at 6-month intervals if any
peri-device leak is documented [18]. Furthermore, the
relationship between residual leak and thrombus or other
cardiac adverse events should be studied for advancement
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Table 2 Subgroups of procedural residual flow
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Table 4 Subgroups of maximum residual flow

Subgroup Pool 95% Cl (%) P
incidence (%)
Pericardial effusion <Mean 296 [1.47-5.85] 067
>Mean 3.80 [1.49-9.36]
Procedural bleeding  <Mean  2.75 [1.20-6.18] 0.03
event >Mean  7.85 [477-1263]
All-cause mortality <Mean 142 [0.66-3.04] 0.12
>Mean 339 [1.53-7.35]
Embolism <Mean 508 [3.11-8.18] 022
>Mean 272 [1.14-6.38]
Follow-up bleeding <Mean 6.13 [3.70-9.99] 0.73
event >Mean 695 [5.17-9.28]
Follow-up residual <Mean  14.80 [7.99-25.77] 0.87
flow >Mean 1339 [4.26-34.84]
Maximum residual <Mean 2024 [13.98-2839] 058
flow SMean 2426 [1392-3882]
AF recurrence <Mean 3094 [18.70-46.60] 0.55
>Mean 35.90 [2942-41.71]

Mean, mean incidence rate of procedural residual flow; AF atrial fibrillation, C/
confidence interval

in clinical research, especially for patients with major
residual flow (>5 mm) and those who have received one-
stop therapy.

In the present study, the mean follow-up was approxi-
mately 2years, and the rate of all-cause mortality was
2.15% during this time. The incidence of bleeding and
embolism events was 6.95 and 5.24%, respectively (fol-
low-up period of approximately 2 years). In our pooled
data of 50 bleeding events, only seven patients experi-
enced significant bleeding events, such as bronchiectasis,
carcinoma, Rendu—Osler—Weber disease, gastrointes-
tinal bleeding, knee haematoma, hematuria, and groin
haematoma, and no patients experienced or died from
haemorrhagic stroke. The reason for this might be the
marked decrease in the use of anticoagulant drugs after

Table 3 Subgroups of follow-up residual flow

Subgroup Pool 95% Cl (%) P
incidence (%)

All-cause mortality <Mean 265 [1.19-5.78] 047
>Mean 1.70 [0.69-4.10]

Embolism <Mean 4.19 [2.26-7.63] 093
>Mean 435 [2.28-8.15]

Follow-up bleeding <Mean 546 [3.03-9.62] 036

event >Mean 751 [5.12-1090]

AF recurrence <Mean 2888 [2321-3530] 017
>Mean 39.98 [25.87-55.98]

Subgroup Pool incidence  95% Cl (%) P
(%)

All-cause mortality =~ <Mean  2.77 [1.20-6.25] 042
>Mean 1.76 [0.84-3.68]

Embolism <Mean  4.08 [2.08-7.83] 0.71
>Mean 478 [2.85-7.91]

Follow-up <Mean 393 [1.93-7.85] 0.08

bleeding event >Mean  7.87 [5.71-10.75]

AF recurrence <Mean 2882 [22.36-36.28] 0.22
>Mean 3810 [25.82-52.51]

Mean, mean incidence rate of maximum residual flow during TEE follow-up
period; AF atrial fibrillation, C/ confidence interval, TEE
transesophageal echocardiography

hybrid therapy (from 93.59 to 11.61%). A total of 31
embolism events occurred during the follow-up period;
only six patients directly received device embolization.
Although it was unclear if there was a relationship
between device-related thrombus events and device
embolization based on our pooled data, a previous
meta-analysis [35] demonstrated that the rates of all-
cause stroke/systemic embolism and ischemic stroke/
systemic embolism increased in patients who developed
device-related thrombus events, and the rates of haem-
orrhagic stroke also increased in these patients. Thus,
further research is required to determine the association
between implant device and embolism occurrence.

One issue is the tendency of higher peri-procedural
residual flow or embolism that could be related to a
concomitant inflammatory process promoted by ablating
the left pulmonary veins. However, the risk of these
major adverse events was seemingly lower than the
overall risk of stroke by approximately 5% per year in
patients with nonvalvular AF. Our data with regard to
adverse events were similar to those reported by the

Table 5 Subgroups of AF recurrence

Subgroup Pool incidence  95% Cl (%) P
(%)
All-cause mortality <Mean 260 [1.17-5.68] 0.66
>Mean 203 [0.91-4.45]
Embolism <Mean 292 [1.47-5.74] 0.04
>Mean  6.80 [4.53-10.09]
Follow-up bleeding  <Mean 293 [0.98-8.44] 0.11
event SMean 723 [5.10-10.16]
Follow-up residual <Mean 833 [4.68-14.40] 0.03
flow >Mean 2165 [1132-3764]
Maximum residual <Mean 1885 [1067-31.11] 048
flow >Mean 2445 [1442-38.59]

Mean, mean incidence rate of follow-up residual flow; AF atrial fibrillation, C/
confidence interval

Mean, mean incidence rate of AF recurrence; AF atrial fibrillation, C/
confidence interval
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early stage of PROTECT AF study [20], which in turn
were similar to those of the previous PREVAIL and
PROTECT AF trials and of some recently published
meta-analyses [36, 37]. After the perioperative period,
we further analyzed the relationship between the
presence of residual flow during TEE follow-up and
other adverse events. The subgroup analysis suggested
that increased residual flow rate leads to a higher rate of
bleeding events (P = 0.08); thus, patients with residual
flow during TEE follow-up may have higher risk of
bleeding events. Importantly, the presence of residual
flow on TEE follow-up was not statistically associated
with other adverse events during follow-up, including
all-cause mortality, bleeding or embolism events, and AF
recurrence. Thus, the safety and efficacy of combined
CA and LAAC treatment were acceptable in our study.

Recently, the Watchman and Amplatzer devices
have demonstrated a high rate of device-related
thrombosis as reported by Fauchier et al. [38], and this
drew the attention of researchers. They found that the
incidence of device-related thrombosis in patients
with LAA imaging was 7.2% per year and that of
ischemic stroke was 4.0% per year. These results were
significantly higher than those reported in previous
studies [39] as well as in the present study. These
discrepancies could be caused by a number of factors.
Oral anticoagulation at discharge was considered to be
a protective factor, but the proportion of patients who
received oral anticoagulation was much lower than
that in our study (33.47% vs. 93.59%). Moreover, the
CHA,DS,-VASc score in our study was 2.2—4.4, much
lower than the mean value in the study by Fauchier et
al. (4.5 1.5) [38].

AF recurrence after CA is a significant problem
because the percentage of patients who are free from AF
recurrence is not satisfactory [40]. The most common
method of ablation is pulmonary vein isolation; however,
the rate of AF recurrence was as high as 32.89% during
the follow-up in our meta-analysis. In the subgroup
analysis, patients with a higher AF recurrence rate also
had a higher risk of embolism (P = 0.03) and residual
flow (P = 0.04). These results indicate the potential effect
of long-term residual leak on hemodynamics that may
influence the maintenance of sinus rhythm. Conversely,
complete occlusion seems to reduce the incidence of AF
recurrence [41]. Electrical isolation of the LAA may
reduce AF recurrence [42]. It was believed that the
effects of complete occlusion on electrical remodeling of
the LAA would provide a new method for the compre-
hensive treatment of AF in future.

Finally, compared with NOACs, LAAC delivers the
expected results, making it a better cost-effective treat-
ment strategy for the secondary prevention of stroke in
patients with AF since the last 10 years [43]. Meanwhile,
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serious bleeding risk associated with oral anticoagulant
continuation after ablation success seems to outweigh
the benefits of thromboembolic risk reduction [44].
Based on the high bleeding events, it seems that one-
stop therapy has better cost-effectiveness ratio in
patients with a higher rate of bleeding risk. However,
more randomized studies on the cost-effectiveness of
this one-stop therapy are warranted to test our results.

Study limitations

Most studies enrolled in our analysis had a small sample
size and were single-center trials. The length of follow-
up in different studies was reported as a mean value or
median data; thus, we pooled the data to obtain a mean
value, which may affect the accuracy of this component of
our analysis. The discrepancy in the follow-up duration in
different clinical trials may be an important confounding
factor of clinical outcomes. Furthermore, the adverse
effects of the shape of the LAA and interaction between
some anti-arrhythmia drugs and anticoagulants on embol-
ism and bleeding events were unclear in our analysis.
Finally, most of the studies were noncomparative in
nature. There remains a lack of comparative study data on
one-stop therapy and standard oral anticoagulant therapy
after AF ablation. Therefore, further comparative studies
need to be designed in future.

Although there remains a lack of comparative study
data, most primary adverse events, except the rate of
bleeding events, were similar to those reported on the
safety and efficacy of LAAC alone. Furthermore, we
found that bleeding events were more common in
patients with a higher procedural residual flow event
rate. Patients receiving hybrid therapy with higher AF
recurrence rate may have a higher rate of embolism
events and residual flow during follow-up. Finally, our
analysis suggests that combined CA and LAAC therapy
is reasonably safe and efficacious in patients with
nonvalvular AF. However, further studies on the safety
and efficacy are needed to compare data with CA or
LAAC alone.

Conclusions

Our results demonstrate that the use of CA and LAAC
in a single procedure is safe and efficacious. However,
there is some risk of bleeding in patients with LAA
residual flow when warfarin or NOACs are continuously
used. Additionally, our results suggest that patients with
AF recurrence suffer from embolism events or LAA
residual flow during follow-up. Finally, the average
reported time of maximum residual flow events suggests
that the process of LAA endothelialization takes longer
than that was previously thought, and more studies
should be performed to evaluate whether CA can lead to
a prolongation of device endothelialization.
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