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Introduction: Recent studies have shown gender differences in cardiovascular
outcomes after left atrial appendage closure (LAAC), highlighting different
complication rates and adverse events, particularly in short-term assessments.
As a result, there remains a significant knowledge gap on how these
differences directly impact the efficacy and safety of LAAC procedures. The
aim of this retrospective study was to investigate the clinical outcomes of
LAAC in women and men using the Watchman FLX device.
Methods: This retrospective, multicenter study analyzes gender-specific
outcomes in 650 patients who underwent LAAC with the Watchman FLX
device between March 2019 and May 2022, drawn from the ITALIAN-FLX registry.
Results: The results show comparable rates of all-cause mortality, stroke,
transient ischemic attack and major bleeding in men and women 12 months
after the procedure. Notably, no significant gender differences were found for
periprocedural complications.
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Conclusion: In conclusion, this study shows that LAAC with the Watchman FLX
device has comparable clinical outcomes between genders at both short-term
and long-term follow-up.

KEYWORDS

gender differences, left atrial appendage occlusion, Watchman FLX, short and long term

outcome, atrial fibrillation
1 Introduction

Left atrial appendage closure (LAAC) has been shown to be a

safe and effective alternative to anticoagulant therapy for stroke

prevention in patients with non-valvular atrial fibrillation (NVAF)

and high bleeding risk or contraindication to anticoagulation (1–3).

Several transcatheter techniques and devices for transcatheter

LAAC have been developed over the last two decades. Gender

disparities in cardiovascular disease have been widely documented

and indicate differences in disease manifestations, treatment

response and outcomes between men and women (4, 5). A

comprehensive understanding of these differences is crucial for

tailoring therapeutic approaches and achieving optimal outcomes

even in male and female patients undergoing LAAC. Recent

studies have highlighted the impact of gender difference of in-

hospital safety outcomes following LAAC and have shown that

women experience higher rates of adverse events such as

pericardial effusion requiring drainage and major bleeding than

men with the previously approved Watchman device (6, 7). The

Amulet IDE trial is a randomized, controlled, non-inferiority trial

comparing the Amulet Left Atrial Appendage Occluder with the

Watchman device for stroke prevention (8). Long-term gender-

specific outcome data after LAAC was analyzed in a post-hoc

analysis of this study after 18 months of follow-up and showed no

differences in ischemic stroke or systemic embolism, transient

ischemic attack (TIA), major bleeding, hemorrhagic stroke,

cardiovascular and all-cause death between men and women with

both devices (9). Watchman FLX is the new generation device

designed to overcome certain limitations of previous technology

and to simplify implantation in a wider range of left atrial

appendage (LAA) anatomies. Many observational studies showed a

low incidence of adverse events and a high incidence of success

closure with this device (10–12). Nevertheless, there is limited data

on gender-specific outcomes after LAAC with the Watchman FLX

device. The aim of this study is to investigate and analyze gender

differences in short and long-term outcomes after LAAC with the

Watchman FLX device in a real-life practice using data from the

national multicenter ITALIAN-FLX registry.
2 Methods

The ITALIAN-FLX registry is a retrospective, non-randomized,

multicenter study aimed to assess the periprocedural and long-term

efficacy of the Watchman FLX device. The 25 study centers in Italy

consecutively enrolled 824 patients undergoing LAAC with

Watchman FXL device between March 2019 and May 2022. We
02
excluded patients with-out follow-up data (Figure 1). Patients who

had at least 30 follow-up days were included in the study. The peri-

procedural results of the ITALIAN-FLX registry have been

previously published (12). In this study, we sought to evaluate

gender differences in terms of peri-procedural and long-term

outcomes. Baseline clinical data such as gender, age, diabetes

mellitus, hypertension, previous cardiovascular interventions and

previous myocardial infarction (MI), stroke/transient ischemic attack

(TIA), vascular disease, history of major bleeding, CHA2DS2-VASc

score, HAS-BLED score, left ventricular ejection fraction (LVEF)

were recorded for each patient. Orifice and length of the LAA were

measured by transesophageal echocardiography (TOE).

Periprocedural clinical outcomes, occurring 7 days after procedure,

were reported as total events of all-cause death, stroke/TIA, major

bleeding, MI, device embolization, pericardial effusion, pericardial

tamponade and major vascular complications. Patients who had at

least 30 follow-up days were included in the study. Long-term

clinical outcomes were reported as total events of stroke or systemic

embolism, TIA, major bleeding, minor bleeding, cardiovascular

death (CV) death, all-cause death. Periprocedural outcomes and

long-term clinical outcomes (up to 1 year) were compared between

men and women. Events that occurred during the implantation

procedure and within 7 days after the procedure were reported as

periprocedural complications (6).
2.1 Study endpoints

The primary endpoint was the composite of cardiovascular

death, stroke or systemic embolism, TIA and major bleeding

events at 1 year. The co-primary endpoints were peri-

procedural complications. Secondary endpoints were each single

component of the primary endpoint, minor bleeding events and

all-cause death. All endpoints were defined according to the the

Munich Consensus, and the Bleeding Academic Research

Consortium classification (BARC) (13–15).
2.2 Statistical analysis

Baseline clinical characteristics were summarized using

descriptive statistics. Continuous variables were presented with

means and standard deviations (SD) or median and

interquartile range (IQR), while categorical variables were

presented with counts (n) and percentages. Comparisons

between groups were conducted using independent sample

t-tests for normally distributed data and Mann–Whitney U
frontiersin.org
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FIGURE 1

Study flow-chart.
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tests for non-normally distributed data. Categorical data were

compared using chi-square tests. Periprocedural clinical

outcomes were determined using chi-square tests, with odds

ratios (ORs) and 95% confidence intervals (CIs) calculated

accordingly. Long-term clinical outcomes were analyzed with

Kaplan-Meier method and compared using the log-rank test.

Clinically relevant variables were evaluated as univariable

predictors of 1-year primary composite endpoint using Cox

proportional hazards regression models. A subset of the

clinically relevant univariable predictors with P ≤ 0.10 were

selected for inclusion in a multivariable model using the

stepwise method with threshold P = 0.10 for entry and exit.

Regression models are summarized as hazard ratios and 95%

CIs. Results are considered significant if P < 0.05. All data were

analyzed with SPSS version 29 (IBM software).
3 Results

3.1 Baseline patient characteristics

Of 650 patients included in our study, 209 (32.2%) were

women and 441 (67.8%) were men. Compared to men, women

were older (77.8 ± 7.3 vs. 76.1 ± 8.4, p = 0.012), less likely to have

had previous myocardial infarction (18.2% vs. 26.5%, p < 0.02),

previous cardiovascular procedure (26.3% vs. 47.8%, p < 0.003),

carotid disease (7.7% vs. 15.6%, p < 0.005), and with higher

LVEF [56 (50–60) vs. 53 (45–60), p < 0.05]. Compared to men,

women had higher proportion of paroxysmal atrial fibrillation

(41.6% vs. 33.8%, p = 0.048). Among woman, 71.8% had
Frontiers in Cardiovascular Medicine 03
hypertension, 28.7% had diabetes mellitus, 39.6% had

hematologic disorders, 18.2% had a history of ischemic stroke/

TIA history and 28.7% had previous gastrointestinal bleeding.

These clinical characteristics did not differ significantly

between the two groups. Compared to men, women had

fewer previous central nervous system bleeds (8.6% vs. 13.6%,

p = 0.067), a lower HAS-BLED score (3.5 ± 1.1 vs. 3.8 ± 1.1,

p < 0.001) and a higher average of CHA2DS2-VASc score

(4.6 ± 1.3 vs. 3.9 ± 1.4, p < 0.001). There were no significant

differences between the groups in either BMI or permanent/

persistent AF. Measurements of LAA orifice and length

performed by TEE were similar in women and men. Table 1

shows patients baseline characteristics.
3.2 Procedural characteristics

The procedural characteristics showed no significant

differences between the two groups. There were no gender

significant differences in median procedure duration, amount of

contrast agent used, or type of procedural guidance used. Table 2

shows procedural characteristics.
3.3 Peri-procedural complications

No difference was found between the groups with regard to

procedural complications (Table 3). The rate of in-hospital

adverse events, which included ischemic stroke, TIA, pericardial

tamponade, major and minor bleeding, major vascular
frontiersin.org
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TABLE 1 Baseline patient characteristics.

Characteristics Overall (n = 650) Men (n = 441) Women (n = 209) p-value
Age, yrs 76.7 ± 8.1 76.1 ± 8.4 77.8 ± 7.3 0.012

Diabetes 200 (30.7) 140 (31.7) 60 (28.7) 0.433

Hypertension 498 (76.5) 348 (78.9) 150 (71.8) 0.108

BMI, kg/m2 26.4 ± 4.3 27 ± 3.5 26.4 ± 4.3 0.084

Atrial fibrillation

Permanent 322 (49.5) 228 (51.7) 94 (45) 0.115

Persistent 79 (12.1) 55 (12.5) 24 (11.5) 0.743

Paroxysmal 235 (36.1) 149 (33.8) 87 (41.6) 0.048

Prior stroke/TIA 220 (33.8) 157 (35.6) 63 (30.2) 0.172

Myocardial infarction 155 (23.8) 117 (26.5) 38 (18.2) 0.020

LVEF, % 55 (45–60) 53 (45–60) 56 (50–60) <0.000

Cardiovascular procedure 266 (40.8) 211 (47.8) 55 (26.3) 0.003

Carotid diseases 85 (13.1) 69 (15.6) 16 (7.7) 0.005

eGFR, ml/m2 59 (43.9–69.5) 59 (45.1–72.5) 59 (42.9–62.7) 0.008

Cancer 61 (9.4) 39 (8.8) 22 (10.5) 0.492

Haematologic disorders 65 (10) 45 (10.2) 20 (9.6) 0.801

CHA2-DS2-VASc score 4.6 ± 1.3 3.9 ± 1.4 4.6 ± 1.3 <0.001

Major bleeding

Gastrointestinal 196 (30.1) 136 (30.8) 60 (28.7) 0.606

CNS 78 (12) 60 (13.6) 18 (8.6) 0.067

HAS-BLED score 3.5 ± 1.1 3.8 ± 1.1 3.5 ± 1.1 <0.001

Very high bleeding risk 89 (13) 52 (11.8) 37 (17.7) 0.041

LAA orifice by TEE, mm 19.2 ± 6.6 19.5 ± 6.3 18.6 ± 7.3 0.352

LAA length by TEE, mm 25.6 ± 9.4 26.1 ± 9 24.4 ± 10 0.153

BMI, body mass index; TIA, transient ischemic attack; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; LAA, left atrial appendage; TEE,

transesophageal echocardiography, IQR, interquartile range. Values are mean ± SD, median (interquartile range), or n (%).

TABLE 2 Procedural characteristics.

Characteristics Overall (n = 650) Men (n = 441) Women (n = 209) p-value
Procedure time, min 57 (38–75) 55.5 (37–75) 59 (40–79.5) 0.665

Contrast use, ml 92.31 (60–110) 89.83 (60.00–102.50) 97.81 (50.00–116.25) 0.909

Procedural guidance

TEE 526 (80.9) 357 (81) 169 (80.9) 0.528

ICE 133 (20.5) 89 (20.2) 44 (21.1) 0,436

Size of device

FLX 20 82 (12.6) 61 (13.8) 21 (10.0) 0.206

FLX 24 165 (25.4) 105 (23.8) 60 (28.7) 0.210

FLX 27 192 (29.5) 137 (31.1) 55 (26.3) 0.232

FLX 31 133 (20.5) 89 (20.2) 44 (21.1) 0.835

FLX 35 78 (12.0) 52 (11.8) 26 (12.4) 0.797

Values are mean± SD, median (interquartile range), or n (%). ICE, intracardiac echocardiography; TEE, transesophageal echocardiography.

TABLE 3 Periprocedural complications.

Complications Overall (n = 650) Men (n = 441) Women (n = 209) p-value
Death 2 (0.3) 1 (0.2) 1 (0.5) 0.540

Ischemic stroke 2 (0.3) 2 (0.5) 0 (0.0) 0.460

Transient ischemic attack 1 (0.2) 0 (0.0) 1 (0.5) 0.322

Major bleeding 14 (2.1) 9 (2.0) 5 (2.3) 0.536

Minor bleeding 8 (1.2) 6 (1.4) 2 (1.0) 0.497

Myocardial infarction 0 (0.0) 0 (0.0) 0 (0.0)

Device embolization 0 (0.0) 0 (0.0) 0 (0.0)

Pericardial tamponade 2 (0.3) 1 (0.2) 1 (0.5) 0.540

Major vascular complication 19 (2.9) 12 (2.7) 7 (3.3) 0.627

Length of hospital stay 3.8 ± 2.3 3.6 ± 2.3 4.1 ± 2.4 0.038

Values are n (%) of patient group using chi-square test.

Bonanni et al. 10.3389/fcvm.2024.1419018

Frontiers in Cardiovascular Medicine 04 frontiersin.org

https://doi.org/10.3389/fcvm.2024.1419018
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


TABLE 4 Secondary endpoints.

secondary
endpoints

Overall
(n = 650)

Men
(n = 441)

Women
(n = 209)

p log-
rank

Stroke or systemic
embolism

9 (1.38) 6 (1.4) 3 (1.4) 0.960

Bonanni et al. 10.3389/fcvm.2024.1419018
complications, and pericardial effusion, showed no difference

between men and women. In addition, no device embolization or

myocardial infarctions were reported in either group. In-hospital

death occurred rarely and were comparable between women and

men (0.5% vs. 0.2%; P = 0.540).

TIA 11 (1.7) 7 (1.6) 4 (1.9) 0.726

Major bleeding 15 (2.3) 12 (1.8) 3 (0.5) 0.327

Minor bleeding 29 (4.5) 22 (3.4) 7 (1.1) 0.360

CV death 16 (2.5) 10 (2.3) 6 (2.9) 0.630

All cause death 46 (7.2) 35 (7.9) 11 (5.3) 0.225

Values are n (%) of the patient group using the Kaplan-Meier method. Events

occurring prior to hospital discharge date were excluded from this analysis. TIA,

transient ischemic attack; CV, cardiovascular.
3.4 Secondary endpoints

The average follow-up time was 354 days. A total of 16 patients,

including 6 women and 10 men, died of cardiovascular death. Nine

cases of ischemic stroke were recorded, including 3 women and 6

men, while 11 patients (7 men and 4 women) suffered from TIA.

Fifteen patients, including 3 women and 12 men, experience

major bleeding. A total of 29 patients (22 men and 7 women)

experienced minor bleeding. There were no significant differences

between women and men in terms of death from cardiovascular

disease (2.9% vs. 2.3%; P = 0.630), ischemic stroke and TIA (1.4%

vs. 1.4%; P = 0.960; 1.9 vs. 1.6%, P = 0.726), major bleeding (0.5%

vs. 1.8%; P = 0.327) and minor bleeding (1.1% vs. 3.4%;

P = 0.360), or all-cause death (5.3% vs. 7.9%; P = 0.225)

(Figure 2). Table 4 shows secondary endpoints.
3.5 Primary composite endpoint

Kaplan–Meier analyses showed that survival of the primary

composite endpoint was comparable between groups (Figure 3).

Clinically significant baseline predictors of the primary composite
FIGURE 2

Secondary endpoint.
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endpoint were diabetes [HR, 2.04 (CI, 1.13–3.68); P < 0.018],

left ventricular ejection fraction [HR, 0.97 (CI, 0.95–0.99);

P < 0.015], and prior stroke [HR, 2.21 (CI, 1.09–4.48);

P < 0.027] (Table 5).
4 Discussion

The main findings of the study are as follows: (1) at 1 year post

LAAC, there was comparable rate of primary composite endpoint

observed between men and women; (2) no significant gender

differences were noted in peri-procedural complications; (3) there

were no disparities in the secondary endpoints: stroke or

systemic embolism, TIA, major bleeding, minor bleeding and

CV death.
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TABLE 5 Univariable and multivariable predictors of primary composite
endpoint.

Predictors Univariable Multivariable

Hazard ratio
(95% CI)

P-
value

Hazard ratio
(95% CI)

P-
value

Coronary artery
disease

2.06 (1.15–3.70) 0.015 1.33 (0.70–2.52) 0.383

eGFR, ml/min 0.98 (0.97–1.00) 0.06 0.99 (0.98–1.01) 0.347

Previous stroke 2.27 (1.13–4.58) 0.022 2.21 (1.09–4.48) 0.027

Diabetes 2.33 (1.31–4.13) 0.004 2.04 (1.13–3.68) 0.018

LVEF, % 0.96 (0.94–0.98) <0.001 0.97 (0.95–0.99) 0.019

Hypertension 1.24 (0.62–2.46) 0.539

BMI, kg/m2 0.98 (0.90–1.06) 0.581

Age, year 1.00 (0.97–1.04) 0.863

HAS-BLED score 1.25 (0.96–1.63) 0.971

Variables in the multivariable model were selected from univariable predictors with

P value ≤0.10. LVEF, left ventricular ejection fraction; eGFR, estimated glomerular

flow rate; BMI, body mass index.

Bonanni et al. 10.3389/fcvm.2024.1419018
The study contrasts with previous research indicating a higher

incidence of complications in women compared to men,

particularly major bleeding, pericardial effusions requiring

intervention and vascular complications (6, 9, 16–18). However,

the results of this study are consistent with those of De Caterina

et al. and Zhao et al. who reported no gender difference in

perioperative outcomes (19, 20).

In our study, the comparable incidence of in-hospital

complications between groups suggests that LAAC may offer

similar effectiveness regardless of gender. This result could be

attributed to the innovative features of the Watchman-FLX

device, such as enhanced conformability, a flattened surface,

reduced length, and improved maneuverability. Additionally,

most operators were experienced in using devices with a single

occlusive mechanism. Furthermore, the utilization of a singular

device helped to minimize any potential gender-device

interactions, thereby potentially enhancing the uniformity of

outcomes observed across both genders in the study.

In terms of long-term outcomes, the results of a sub-analysis of

the Amulet IDE trial, which analyzed gender differences in patients

undergoing LAAC, found no differences in ischemic events or

mortality between genders at 18 months (9). However, it is

noteworthy that women had a higher incidence of hemorrhagic

events, especially major bleeding during hospitalization (9). The

sub-analysis of the Amulet observational study, which was

conducted on 1,099 patients, confirmed these results and showed

no difference in primary outcomes between men and women

after 2 years of follow-up (19). Notably, Chen et al. reported

similar results in cardiovascular or unexplained death, major

bleeding and ischemic stroke, fatal or disabling ischemic stroke at

4.3 years follow-up (21). A meta analysis, including three studies
FIGURE 3

Primary composite endpoint.

Frontiers in Cardiovascular Medicine 06
examined the long-term mortality rates of patients undergoing

LAAC, did not find a significant association between sex and

long-term mortality risk (18). In line with these data, our study

showed no differences in cardiovascular death, stroke or systemic

embolism, TIA and major bleeding at 1 year follow-up,

reinforcing that LAAC may indeed be equally effective in both

genders in terms of preventing adverse cardiovascular events over

the long term. This is the first study analyzing gender differences

in short and long term outcome after LAAC procedure with

Watchman FLX device. Important strengths of our study are the

large sample size and the use of a single device, so that potential

gender-specific interactions between device type and

periprocedural complications could be excluded, enhancing the
frontiersin.org
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reliability of the findings. This study has some limitations. First,

study results could be affected by disparities in missing data and

completion of follow-up visits. Second, the majority of patients

were only followed up for 10 months, although a longer follow-

up is ongoing. Third, the study did not report data on medical

therapy, which could influence outcomes. Fourth, smaller sample

size compared to other studies, may not be sufficient to detect

small gender differences given the low adverse event rate of

this procedure.

In conclusion, this study provides valuable insight into gender

differences in short- and long-term outcomes following LAAC

procedures using the Watchman FLX device. While the results

suggest similar efficacy in both genders, further research and

longer-term follow-up are needed to fully understand the impact

of LAAC on cardiovascular outcomes in different patient groups.

The LAAC procedure, performed by experts, has a low

complication rate, even when performed in a real-world

population at high risk of events.
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