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Abstract: Introduction: The first-generation Watchman 2.5 (W 2.5)™ presented several limitations, such as chal-
lenges in implantation within complex left atrial appendage (LAA) anatomies, higher incidence of peri-device leak,
device recapture, and device-related thrombus (DRT). The newer generation Watchman FLX (W-FLX)™ was intro-
duced with a modified design aiming to overcome these limitations. The purpose of this meta-analysis is to conduct
a comparative assessment of the safety and efficacy of the W-FLX and 2.5 devices in clinical practice. Method: The
meta-analysis was conducted according to the preferred reporting items for systematic review and meta-analysis
protocols (PRISMA). Studies were located through a search strategy utilizing PubMed, Cochrane, Google scholar
and MEDLINE from inception to March 2023, with a primary objective to compare the safety and efficacy of the W-
FLX and W 2.5 devices. After applying the selection criteria, five studies were included in this analysis. Results: The
analysis included five studies comprising 54,727 patients. The W-FLX is associated with an increase in procedural
success (OR 7.49 [95% Cl 1.98-28.26, P = 0.02; I> = 0%]), and a significant reduction in mortality (OR 0.52 [95% ClI
0.51-0.54, P<0.01; I? = 0%], major bleeding 0.57 [95% CI 0.51-0.64, P<0.01; I> = 0%]), device embolism (OR 0.35
[95% Cl 0.18-0.70, P = 0.02; I> = 0%]), and pericardial effusion (OR 0.33 [95% Cl 0.26-0.41, P<0.01; I = 0%]). The
rates of DRT and stroke were similar between the two groups. Conclusion: Compared to the W 2.5, the W-FLX was
associated with a higher procedural success rate and significantly reduced adverse outcomes including mortality,
major bleeding, device embolization, and pericardial effusion.
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Introduction

Left atrial appendage closure (LAAC) has em-
erged as an alternative to oral anticoagulation
in patients with non-valvular atrial fibrillation
deemed at high risk for both thromboembolic
and bleeding events. This procedure is particu-
larly beneficial for patients who are intolerant
or have contraindications for long-term antico-
agulant therapy due to increased bleeding risks
with a proven non-inferiority demonstrated in
earlier studies [1, 2]. The most frequently re-
ported complications following LAAC are peri-
cardial effusion, device implantation failure,
device-related thrombus (DRT), and bleeding.

The presence of peri-device leak is often en-
countered due to complex left atrial appenda-
ge (LAA) anatomy and morphological variations
[3].

The Watchman device is a LAAC instrument
with a small filter that is shaped like a para-
chute. It is delivered to the LAA via a catheter
and self-expands to seal the area in order to
prevent embolic migration of blood clots formed
in the LAA while permitting blood to flow. It is
used in non-valvular atrial fibrillation patients
who are at high risk of stroke with a contraindi-
cation for long-term anticoagulant therapy [3].
The first-generation Watchman 2.5 (W 2.5) is
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the most widely used device worldwide; how-
ever, it is associated with few major limitations
including difficult implantation in complex LAA
anatomies, such as shallow LAA chicken-wing
morphologies, peri-device leak, the need for
repeated device recapture warranting the use
of a new device, and the occurrence DRT [4].
The Watchman FLX (W-FLX), introduced in
2020, represents a promising significant ad-
vancement in the field and addressed these
limitations. Observational studies have shown
comparable efficacy and safety outcomes
when compared to the W 2.5 [5, 6]. The W-FLX
has been designed and modified to improve
procedural success rates, facilitate ease of
positioning, and reduce procedural-related
complications. We conducted this meta-analy-
sis to compare safety and efficacy of the first
and second generations of the Watchman
devices.

Methods

This meta-analysis was conducted based on
Cochrane collaboration guidelines and report-
ed according to the preferred reporting items
for systematic review and meta-analysis proto-
cols (PRISMA) [7].

Study search and selection criteria

Two independent reviewers (MM, MRM) con-
ducted a literature search of electronic data-
bases including MEDLINE/PubMed, EMBASE,
and the Cochrane Central Register of Controll-
ed Trials without language limitations from
database inception through March, 2023. We
also searched Google Scholar and two clinical
trial registries (the World Health Organization’s
International Clinical Trials Registry Platform
and ClinicalTrials.gov). We used the following
keywords: “Left atrial appendage closure, left
atrial appendage exclusion, Watchman 2.5,
Watchman FLX". The references of the retriev-
ed studies were screened for relevant studies
that are appropriate for this meta-analysis.

The pre-determined inclusion criteria were all
articles published in peer-reviewed journals
comparing the W 2.5 to the W-FLX. There were
no restrictions on sample size, language, or
follow-up durations. We excluded all retrieved
reviews, abstracts, letters, editorials, observa-
tional studies, and non-human studies.
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Data extraction

The data abstraction was performed by two
independent reviewers (SM and MN) and all
discrepancies were resolved by a third reviewer
(MME). We extracted the following information:
First author name, population size, mean age
in years, gender, percentages of hyperten-
sion, diabetes, CAD, heart failure, stroke/TIA,
and the mean CHA2DS2-VASc and HAS-BLED
scores.

Outcomes of interest

The primary outcome was a composite of de-
vice thrombosis, device embolism, and major
bleeding. Secondary outcomes were mortality,
stroke, pericardial effusion, and procedural
success rate.

Statistical analysis

The outcomes of interest were pooled using a
random effects Mantel-Haenszel model. We
used the DerSimonian and Laird method for
estimation of 2. We reported the effect sizes
as odds ratio (OR) with 95% confidence inter-
val (Cl), given the included studies were obser-
vational. We considered the 95% Cls that did
not cross zero statistically significant. We used
I? statistics to assess statistical heterogeneity;
’>50% considered significant heterogeneity.
Analyses were performed using RStudio (Posit
Software, PBC, Boston, MA).

Study quality and risk of bias

The quality of the included studies was as-
sessed using the Newcastle-Ottawa Scale for
cohort studies, as shown in Supplementary
Table 1. In the Newcastle-Ottawa Scale, the
maximum points awarded are two for compara-
bility, and one for all other parameters. A score
of <5 is considered low quality, 5-6 medium
quality, and 7-9 high quality.

Results
Summary of studies

A total of 84 articles were screened from the
electronic database search. After a thorough
review, five studies met the inclusion criteria.
The search process is detailed in Figure 1. A
total of 54,727 patients were included in the
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analysis from five retrospective observational
studies [8-12]. The baseline characteristics are
outlined in Table 1. The details of the included
studies are illustrated in Table 2.

Outcomes

DRT: An analysis of three studies with 237
patients in the W-FLX group and 953 patients
in the W 2.5 group showed no statistical differ-
ence between the two arms (OR 0.55 [95% CI
0.07, 4.48, P = 0.35]). No heterogeneity was
observed with I = 0% (Figure 2).

Device embolism: An analysis of four studies
with 27,736 patients in the W-FLX group and
50,139 patients in the W 2.5 group showed a
statistically significant reduction in device
embolism favoring W-FLX (OR 0.35 [95% CI
0.18, 0.70, P = 0.02]). No heterogeneity was
observed with 12 = 0% (Figure 3).

Major bleeding: An analysis of five studies
with 27,936 patients in the W-FLX group and
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Figure 1. Flow diagram.

50,239 patients in the W 2.5 group showed a
statistically significant reduction in major bleed-
ing favoring the W-FLX (OR 0.57 [95% CI 0.51,
0.64, P<0.01]). No heterogeneity was observed
with 12 = 0% (Figure 4).

Mortality: An analysis of five studies with
27,936 patients in the W-FLX group and 50,239
patients in W 2.5 group showed a statistically
significant reduction in mortality favoring W-FLX
(OR 0.52 [95% CI 0.51, 0.54, P<0.01]). No het-
erogeneity was observed with 12 = 0% (Figure
5).

Pericardial effusion: An analysis of four studies
with 27,863 patients in the W-FLX group and
50,168 patients in the W 2.5 group showed a
statistically significant reduction in pericardial
effusion favoring the W-FLX (OR 0.33 [95% CI
0.26, 0.41, P<0.01]). No heterogeneity was
observed with I? = 0% (Figure 6).

Procedural success: An analysis of three stud-
ies with 408 patients in the W-FLX group and
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Table 1. Baseline characteristics of the study population

Study ID Device N:;:it;i;s()f Age,y  Female,n (%) CHF, n (%) LVEF HTN DM, n (%)  Stroke, n (%) C\';':S'?g' SS;SIS
Paitazoglou et al. W25 1025 73.4 (8.8) 408 (40.1) 349 (34.1) NA 885 (86.6) 304 (29.7) 199 (19) 45 (1.6) 23(1.2)
W-FLX 164 73.7 (8.3) 66 (40) 54 (32.3) NA 147 (89.6) 58 (35.3) 56 (34.1) 4.6(1.4) 3.2(0.8)
Vizzari et al. W25 100 77.8 (5.93) NA NA NA NA NA NA NA NA
W-FLX 200 77 (7.18) 65 (32.5) 109 (54.5) 47 (11.3) 186 (93) 83 (41.5) 58 (29) (1 4) 4101
Price et al. W25 48999 76.2 (7.7) 20191 (41.2) 18691 (38.1) 54 (10.1) 44981 (91.6) 17439 (35.5) 10887 (22.2) 8 (1.5) 2.9 (1.1)
W-FLX 27455 76.2 (7.7) 11228 (40.9) 10620 (38.7) 54 (10.1) 25125 (91.6) 9799 (35.7) 6005 (21.9) 8 (1.5) 2.8(1.1)
Fukuda et al. W25 49 76.4 (7.4) 13 (26) 28 (57) 56.6 (12.2) 40 (82) 17 (35) 20 (41) 9 (1.6) 3.2(1)
W-FLX 44 80.8 (6.6) 17 (39) 28 (64) 61.4 (14.6) 35 (80) 11 (25) 15 (34) 9(1.4) 2.8(0.8)
Galea et al. W25 71 774 (7.3) 20 (28.2) 12 (16.9) NA 61 (85.9) 17 (23.9) 20 (28.2) 4 3
W-FLX 73 76.5 (8.4) 23 (31.5) 14 (19.2) NA 60 (82.2) 28 (38.4) 22 (30.1) 4 3

CHF: Congestive Heart Failure; LVEF: Left Ventricular Ejection Fraction; HTN: Hypertension; DM: Diabetes Mellitus; W-FLX: Watchman FLX; W 2.5: Watchman 2.5.

Table 2. Summary of the included studies

Study ID Country Study Design E::EZZ;?;S Zzlrlggol;p Conclusion
Paitazoglou et al. 4 European centers Retrospective registry W-FLX: 164 3 months Improved sealing rate with similar safety profile.
W 2.5: 1025
Vizzari et al. Italy Prospective nonrandomized W-FLX: 200 272 +172.76  High success rates with W-FLX with good sealing and low
double-center registry W 2.5: 100 days rates of complications including DRT, distal embolization.
Price et al. USA NCDR LAAO W-FLX: 27,013 In-hospital and W-FLX had Lower rates of MAE, mortality, embolization,
W 2.5: 27,013 peri-procedural bleeding and cardiac arrest.
Fukuda et al. Japan Retrospective single-center W-FLX: 44 45 days W-FLX was as safe and effective as conventional W 2.5
study W 2.5:49 during the short-term period.
Galea et al. Switzerland Prospective cohort W-FLX: 73 6 months W-FLX as compared to W 2.5, was associated with similar
W25:71 procedure-related complications and 6-month NACE, but

with improved LAA neck coverage, and lower IDL and DRT.

W-FLX: Watchman FLX; W 2.5: Watchman 2.5; DRT: Device-Related Thrombus; NCDR LAAO Registry: The National Cardiovascular Data Registry Left Atrial Appendage Occlusion;
MAE: Major Adverse Events; NACE: Net Adverse Cardiovascular Events; LAA: Left Atrial Appendage; IDL: Intra-Device Leak.
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Watchman FLXWatchman 2.5 Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Fukuda et al. 2022 0 43 1 48 3.2% 0.10[0.00; 65.21] T
Paitazoglou et al. 2022 3 121 31 834 93.4% 0.66[0.20; 2.19]
Galea et al. 2022 0 73 4 71 34% 0.02[0.00; 11.97]
Total (95% CI) 237 953 100.0% 0.55[0.07; 4.48]
Prediction interval [0.00; 267.75]
Heterogeneity: Tau® = 0; Chi® = 1.35, df = 2 (P = 0.51); I* = 0% I L |
Test for overall effect: t, = -1.22 (P = 0.35) 0.001 0.1 1 10 1000

Favors Watchman FLX Favors Watchman 2.5

Figure 2. Forest plot of device thrombosis.

Watchman FLX Watchman 2.5 Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% ClI
Fukuda et al. 2022 0 44 0 49  0.0% i
Paitazoglou et al. 2022 0 164 4 1020 1.9% 0.15[0.00; 80.23]
Galea et al. 2022 0 73 1 71 1.8% 0.09 [0.00; 56.94]
Price et al. 2022 6 27455 29 48999 96.3%  0.37[0.15; 0.89] =
Total (95% Cl) 27736 50139 100.0% 0.35[0.18; 0.70] <>
Prediction interval [0.05; 2.65] S——
Heterogeneity: Tau® = 0; Chi® = 0.26, df = 2 (P = 0.88); I = 0% I T T |
Test for overall effect: t; = -6.56 (P = 0.02) 0.001 0.1 1 10 1000

Favors Watchman FLX Favors Watchman 2.5

Figure 3. Forest plot of device embolism.

Watchman FLX Watchman 2.5 Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Fukuda et al. 2022 0 44 0 49  0.0%
Paitazoglou et al. 2022 1 164 8 1020 0.4% 0.78[0.10; 6.25] ey
Galea et al. 2022 1 73 2 71 0.3% 0.48[0.04; 5.41] —
Price et al. 2022 295 27455 918 48999 99.3% 0.57 [0.50; 0.65] B
Vizzari et al. 2022 2 200 0 100 0.0% 10.61[0.02;6064.92] :
Total (95% Cl) 27936 50239 100.0% 0.57 [0.51; 0.64] '
Prediction interval [0.49; 0.67] -
Heterogeneity: Tau? = 0; Chi® = 0.92, df = 3 (P = 0.82); I = 0% ' ' ' '
Test for overall effect: t; =-15.13 (P < 0.01) 0.001 01 1 10 1000

Favors Watchman FLX Favors Watchman 2.5

Figure 4. Forest plot of major bleeding.

Watchman FLX Watchman 2.5 Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% ClI MH, Random, 95% CI
Fukuda et al. 2022 0 44 0 49  0.0% :
Paitazoglou et al. 2022 0 164 1 1020 0.4% 0.56[0.00; 366.48]
Galea et al. 2022 0 73 0 71 0.0% :
Price et al. 2022 33 27455 112 48999 97.7% 0.53[0.36; 0.77] |
Vizzari et al. 2022 1 200 1 100 1.9% 0.50[0.03; 8.04] = wr
Total (95% Cl) 27936 50239 100.0% 0.52[0.51; 0.54] |
Prediction interval [0.49; 0.57] .
Heterogeneity: Tau? = 0; Chi? = 0.00, df = 2 (P = 1.00); I* = 0% ' ' ' I
Test for overall effect: t, =-105.97 (P < 0.01) 0.001 01 1 10 1000

Favors Watchman FLX Favors Watchman 2.5

Figure 5. Forest plot of mortality.

1169 patients in the W 2.5 group showed a fold in procedural success favoring W-FLX with
statistically significant increase of more than 7 OR 7.49 [95% CI 1.98, 28.26, P = 0.02]. No het-
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Watchman FLX Watchman 2.5

Odds Ratio Odds Ratio

Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Fukuda et al. 2022 0 44 1 49  0.1% 0.10[0.00; 65.06] :
Paitazoglou et al. 2022 0 164 3 1020 0.1% 0.20[0.00; 108.80] ;
Price et al. 2022 114 27455 620 48999 99.7% 0.33[0.27;, 0.40]
Vizzari et al. 2022 3 200 0 100 0.1% 15.74[0.03; 8588.35] T
Total (95% CI) 27863 50168 100.0% 0.33 [0.26; 0.41] +
Prediction interval [0.24; 0.45] -
Heterogeneity: Tau® = 0; Chi® = 1.61, df = 3 (P = 0.66); I = 0% ! T !
Test for overall effect: t; =-15.00 (P < 0.01) 0.001 01 1 10 1000
Favors Watchman FLX Favors Watchman 2.5
Figure 6. Forest plot of pericardial effusion.
Watchman FLXWatchman 2.5 Odds Ratio Odds Ratio

Study

Fukuda et al. 2022 44 44 48 49 9.8%
Paitazoglou et al. 2022 164 164 1005 1020 10.7%
Vizzari et al. 2022 199 200 97 100 79.6%
Total (95% CI) 408 1169 100.0%

Prediction interval
Heterogeneity: Tau® = 0; Chi? = 0.18, df = 2 (P = 0.92); I = 0%
Test for overall effect: t; = 6.52 (P = 0.02)

Figure 7. Forest plot of procedure success.

Watchman FLX Watchman 2.5

Events Total Events Total Weight MH, Random, 95% CI

Events Total Events Total Weight MH, Random, 95% CI

MH, Random, 95% CI

10.09 [0.02; 6617.71]
24.65 [0.05; 12401.12] -
6.15[0.63; 59.94] -—-—
-
I

7.49[1.98; 28.26]
[0.15; 378.04]

0.001 0.1 1 10 1000
Favors Watchman 2.5 Favors Watchman FLX

0Odds Ratio
MH, Random, 95% CI

Odds Ratio

0.89[0.55; 1.46]
5.53 [0.01; 3598.45]

Study

Fukuda et al. 2022 0 44 0 49  0.0%
Paitazoglou et al. 2022 0 164 0 1020 0.0%
Galea et al. 2022 0 73 0 71 0.0%
Price et al. 2022 24 27455 48 48999 99.4%
Vizzari et al. 2022 1 200 0 100 0.6%
Total (95% Cl) 27936 50239 100.0%

Heterogeneity: Tau® = 0; Chi = 0.30, df = 1 (P = 0.58); I* = 0%
Test for overall effect: ty = -0.75 (P = 0.59)

Figure 8. Forest plot of stroke.

erogeneity was observed with 12 = 0% (Figure

7).

Stroke: An analysis of five studies with 27,936
patients in W-FLX group and 50,239 patients in
W 2.5 group showed no statistical difference
between the two arms (OR 0.90 [95% CI 0.16,
5.16, P=0.59]). No heterogeneity was observed
with > = 0% (Figure 8).

Discussion

The W-FLX is a newer generation of trans-cath-
eter left atrial appendage occlusion (LAAO) de-
vice. Few reports showed that it offers potential
clinical advantages when compared to the W
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0.90 [0.16; 5.16]

2.5 device. In this meta-analysis that included
54,727 patients, we identified superior out-
comes with W-FLX in terms of mortality rates
(OR = 0.52 [95% CI: 0.51-0.54]; P<0.01), ma-
jor bleeding (OR = 0.57 [95% CI: 0.51-0.64];
P<0.01), pericardial effusion (OR = 0.33 [95%
Cl: 0.26-0.41]; P<0.01), and device embolism
(OR = 0.35 [95% CI: 0.18-0.70]; P<0.02) wh-
en compared to W 2.5. Furthermore, W-FLX
showed a higher procedural success rate than
W 2.5 (OR = 7.49 [95% Cl: 1.98-28.26]; P =
0.02).

The implantation of the LAAO devices has po-
tential risks that can result in adverse out-
comes. Previous research conducted by Reddy
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et al. reported major procedure-related compli-
cations observed with W 2.5 that raised some
safety concerns, especially during the early
period of the study. These complications inclu-
ded cardiac effusion and tamponade, proce-
dure-related stroke, device embolization, and
DRT [3].

The modified design of W-FLX offers an overall
better safety profile. The smaller metal surface
area helps in reducing the risk of device-related
thrombosis. Additionally, the soft, closed, atrau-
matic distal end of the device facilitate smooth-
er navigation within the LAA that mitigates the
risk of pericardial effusion. By increasing num-
ber of struts (18 instead of 10) and adopting an
open architecture configuration, the device can
now conform more efficiently to the LAA ostium
and ensure adequate sealing due to the dual-
row anchors [8]. Furthermore, the modified
design of W-FLX can lower the risk of peri-pro-
cedure leak due to the lengthening of the fabric
membrane. The deployment mechanism, con-
sisting of a pair of J-shaped fixation anchors,
not only provides improved control and stability
but also offers the capability for both complete
and partial retrieval, allowing for repositioning
and potentially reducing the risk of device
embolization. The device’s shorter length is
another crucial improvement, as it enables the
effective closure of even shallow LAAs, leading
to enhanced procedural outcomes [5, 10]. The
PINNACLE FLX trial has demonstrated these
benefits clinically in patients with non-valvular
atrial fibrillation [5].

Determining the cause of thrombosis or embo-
lism during LAAO procedure can be challeng-
ing. Acomprehensive evaluation of the patient’s
medical history, risk factors, and peri-proce-
dural events is crucial in identifying potential
causes. Advanced imaging techniques, like
transesophageal echocardiography (TEE) and
cardiac CT, can aid in visualizing the device’s
position and integrity post-implantation. In ca-
ses of DRT, adjusting anticoagulation strate-
gies may help reduce the risk of embolic events
[13]. However, further research is required to
understand the precise mechanisms and risk
factors associated with DRT and embolism fol-
lowing LAAO.

The reported incidence of DRT following LAAO
in the literature is around 3.8%, with most
events happening within the first year post-
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implantation [4]. Paitazoglou et al. reported an
even lower incidence of 2.4% [6]. Although DRT
may potentially increase the risk of stroke, we
do not have robust data to support this hypoth-
esis [4, 14]. W-FLX has some unique character-
istics that can theoretically reduce the risk of
DRT, such as fewer exposed knobs to the atrial
side and more proximal implantation than W
2.5, leading to improved flow [15, 16]. However,
our data did not show any significant difference
in the rate of DRT (OR = 0.55 [95% CI: 0.07-
4.48]; P = 0.35) or stroke (OR = 0.9 [95% CI:
0.16-5.16]; P = 0.59) between the W-FLX and
W 2.5 groups. We believe that more research is
needed to investigate these outcomes.

Most of our results were driven by Price et al.’s
article, which is the main limitation of our study.
The follow-up period of the constituent articles
was relatively short, mostly limited to three
months at most, which could potentially mask
potential late complications. The learning curve
associated with any new therapeutic modality
requiring hand skKills is another important con-
sideration. Since W 2.5 was introduced early in
the market, the higher rate of complications
reported in the literature could have been over-
estimated due to lack of experience.

In conclusion, our findings indicate improved
safety outcomes with the use of W-FLX com-
pared to its predecessor, and favor its use in
clinical practice. Nevertheless, further studies
examining the long-term safety outcomes of
this device are warranted.
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Supplementary Table 1. Study Quality and Risk of bias Assessment Using Newcastle-Ottawa Scale for Cohort Studies

Study Selection Exposure
Case Control Adequacy of case Representativeness ~Selection of Definition of ~ Comparability Ascertainmentof ~ Same method of  Non-response  Score
definition of the cases controls controls exposure ascertainment rate

Paitazoglou (2022) * * * * * * * Good
Vizzari (2022) * * * * * * * Poor
Price (2022) * * * * *x * * * Good
Fukuda (2022) * * * * * * * * Good
Galea (2022) * * * * wx * * * Good




