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Objective: The effect of atrial fibrillation (AF) patterns on outcomes remains controversial. This study aims to evaluate the influence of AF type on the risk of cardiocerebrovascular events after left atrial appendage closure (LAAC) at long-term follow-up.



Methods: AF was categorized as paroxysmal AF (PAF) and non-PAF (NPAF). The baseline characteristics, procedural data, peri-procedural complications, and long-term outcomes between patients with PAF and NPAF after LAAC were compared.



Results: We analyzed 410 AF patients (mean age 74.8 ± 8.2 years; 271 male; 144 with PAF, 266 NPAF). The NPAF group tended to be older (≥75 years), male, and have chronic kidney disease (CKD) compared with the PAF group. The procedural data and peri-procedural complications were comparable. During 2.2 ± 1.5 years of follow-up, the incidences of thromboembolism, major bleeding, and device-related thrombus (DRT) did not differ between the two groups. The observed risk of thromboembolism and major bleeding was significantly lower than the estimated risk based on the CHA2DS2-VASc and HAS-BLED scores, respectively, in patients who underwent LAAC, regardless of the AF type. NPAF patients were associated with a higher risk of all-cause mortality, non-cardiovascular mortality, and combined efficacy endpoints. This association disappeared after propensity score matching (PSM) analysis.



Conclusions: The risk of thromboembolism and major bleeding was lower in patients who underwent LAAC, regardless of the AF type. Although NPAF often coexists with multiple risk factors, it was not associated with worse long-term outcomes after LAAC when compared with PAF.
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1 Introduction

Atrial fibrillation (AF) is the most frequent arrhythmia (1), of which non-valvular AF (NVAF) accounts for the majority of cases and is associated with 20%–30% of ischemic strokes (2). In clinical practice, AF is generally classified as paroxysmal AF (PAF) (i.e., AF episodes less than 7 days), persistent AF (i.e., AF episodes more than 7 days), long-standing persistent AF (i.e., continuous AF episodes >12 months), and permanent AF (i.e., no further attempts to restore sinus rhythm based on patient's and physician's desires) (3).

Due to the significant risk of cardiac embolism associated with NVAF, patients are recommended oral anticoagulants (OACs), including traditional OACs, such as warfarin, and direct oral anticoagulants (DOACs), such as dabigatran, rivaroxaban, apixaban, and edoxaban, to reduce this risk (4). In recent years, another non-pharmacological intervention strategy for the prevention of thromboembolism, known as percutaneous left atrial appendage closure (LAAC), emerged as an effective and safe alternative to OACs. LAAC has demonstrated non-inferiority in the prevention of stroke and less bleeding risk compared to OACs (5, 6).

Whether clinical outcomes vary among those with PAF vs. non-PAF (NPAF) has been an ongoing question. Thromboembolism risk stratification in AF primarily relies on patient-level risk factors instead of AF pattern (7). Interestingly, an increasing body of research evidence has demonstrated significant associations of AF patterns with clinical prognosis, which indicates an increased risk of thromboembolism and mortality in patients with NPAF compared to PAF receiving or not receiving oral anticoagulation (8, 9). However, research regarding the influence of AF types on long-term cardiovascular outcomes in patients who underwent LAAC is limited. Our study aims to evaluate the association of AF patterns with cardiovascular events in patients with LAAC.



2 Methods


2.1 Study population

We conducted a non-randomized, controlled retrospective study among NVAF patients who received LAAC consecutively with the WATCHMAN™ device (Boston Scientific, Marlborough, MA, USA) at Helmut-G.-Walther Klinikum, Lichtenfels, Germany, between February 2012 and June 2018, the WATCHMAN™ device and the LAmbre™ occluder (LifeTech Scientific Corp., Shenzhen, China) at Zhengzhou Ninth People's Hospital, Zhengzhou, China, from October 2016 to May 2022, and the WATCHMAN FLX™ occluder (Boston Scientific, Marlborough, MA, USA) at Chengdu Shuangnan Hospital, Chengdu, China, through July to October 2023. The inclusion criteria were as follows: NVAF patients aged more than 18 years; patients at increased risk of ischemic stroke, including those with CHA2DS2-VASc score ≥2 or a history of stroke, transient ischemic attack (TIA), or systemic embolism; patients with increased risk of major bleeding, such as those with HAS-BLED score ≥3 or a history of previous major bleeding or intolerance to long-term OAC treatment; or patients with preference for device implantation as a strategy of preventing thromboembolism. The exclusion criteria were a documented history of end-stage disease with less than 1 year of lifespan, the presence of intracardiac thrombus detected by imaging, or moderate to severe mitral valve stenosis. For each patient, written informed consent was obtained before the LAAC procedure. The study complies with the declaration of Helsinki and was approved by the institutional review boards of Helmut-G.-Walther Klinikum, Lichtenfels, Germany, Zhengzhou Ninth People's Hospital, Zhengzhou, China, and Chengdu Shuangnan Hospital, Chengdu, China.



2.2 LAAC procedure

The LAAC procedure was performed according to the vendor's implant protocol for the occluder. In general, transesophageal echocardiography (TEE) and cardiac computed tomography angiography (CTA) were used to assess the morphology and size of the LAA and exclude the presence of intracardiac thrombus before the procedure. Device implantation was performed under general anesthesia with the guidance of TEE and fluoroscopy imaging or under local anesthesia with the guidance of intracardiac echocardiography (ICE) and fluoroscopy imaging. After atrial septal puncture, heparin was intravenously administered to achieve an active clotting time of 250–350 s. The device was implanted at the LAA and released after meeting the criteria for size, positioning, stability of the device, and peri-device flow. An adequate closure of the LAA with good sealing and stability of the device and without device-related thrombus (DRT) was considered a successful device placement. The patients stayed in the hospital for 24–48 h and were discharged when no serious procedure-related complications were observed.



2.3 Antithrombotic strategy after the procedure

Antithrombotic drugs were required for a short period after LAAC to prevent thrombosis complications related to device implantation. In brief, OACs or aspirin plus clopidogrel were prescribed according to clinical situations during the first 45 days after LAAC. After this, all patients took aspirin plus clopidogrel until 6 months post-procedure if successful closure was confirmed by TEE imaging at the follow-up of 45 days post-procedure. At 6 months post-procedure, aspirin plus clopidogrel was replaced by aspirin alone indefinitely. Patients with unsuccessful closure, especially those with significant peri-device leak (>3 mm of peri-device leak) or presence of DRT, by TEE or cardiac CTA visit were initiated on OACs plus aspirin until good sealing of LAA or dissolution of thrombus identified by imaging.



2.4 Follow-up

Patient follow-up was performed by telephone or outpatient review at 45 days, 6 months after the procedure, and further visits every 6 months until the end of the study. A TEE evaluation was performed at 45 days, 6 months after the procedure, or a cardiac CTA scan was performed at 3 months after LAAC.



2.5 Endpoints

The endpoints of the study are as follows: (1) implantation success; (2) peri-procedural complications (ischemic stroke, TIA or systemic embolism, intracranial hemorrhage, other major bleeding, pericardial effusion/cardiac tamponade, severe access site complication, and procedure-associated death); and (3) long-term outcomes [thromboembolism (ischemic stroke, TIA, systemic embolism), major bleeding (intracranial hemorrhage, gastrointestinal bleeding, other major bleeding), DRT, all-cause mortality (cardiovascular mortality, non-cardiovascular mortality), and combined efficacy endpoints (thromboembolism and all-cause mortality)].



2.6 Statistical analysis

The categorical values are expressed as count (percentage). The continuous values are shown as mean ± standard deviation or median with interquartile ranges (IQR) (25th and 75th percentiles). The between-group differences were assessed by using Fisher's exact test for categorical values, Student's t-tests, or Mann–Whitney U-tests for continuous values.

The efficacy of LAAC on the risk of thromboembolism and major bleeding was assessed by comparing the difference between the observed risk and the predicted risk. The predicted risk of thromboembolism or major bleeding in a group was expressed as the mean percentage of each individually predicted annual risk (percentage) based on the CHA2DS2-VASc or HAS-BLED scores, respectively (10, 11). The observed risk of thromboembolism or major bleeding in a group was represented as the observed number of thromboembolism or major bleeding events per 100 patient-years, which originated from the numerical value of the total number of thromboembolism or major bleeding events divided by the total patient-years of follow-up, and then multiplied by 100. The relative risk reduction (RRR) in the events of thromboembolism and major bleeding was calculated as (predicted rate−observed rate)/predicted rate based on the Kaplan–Meier estimation. The Fisher's exact test, with relative risk (RR) and its 95% confidence intervals (CI), was used to assess the differences between the observed and predicted risks in each group and compare the discrepancies in the level of RRR between groups.

To decrease the influence of confounding factors on the mortality and combined efficacy endpoints, we performed a propensity score matching (PSM) analysis at a 1:1 ratio with a 0.02 propensity score tolerance to build the matched PAF and NPAF cohorts from the overall cohort. The patients between the PAF and NPAF groups were matched on variables that included age, gender, hypertension, coronary heart disease, diabetes mellitus, congestive heart failure, previous stroke, previous major bleeding, abnormal liver function, chronic kidney disease, CHA2DS2-VASc score, and HAS-BLED score. The Kaplan–Meier estimation was used to develop a time-dependent survival curve to evaluate the cumulative ratio of freedom from mortality or combined efficacy endpoints. The differences in the event curves between the matched groups were assessed via the log-rank (Mantel–Cox) test.

We used SPSS version 26.0 (SPSS Inc., Chicago, IL, USA) for analyzing data and GraphPad Prism software version 8.0 (GraphPad Software, LLC, San Diego, California, USA) for plotting a graph. A P-value of less than 0.05 (two-tailed) was deemed statistically significant.




3 Results


3.1 Patient demographics

Of the 420 patients with AF scheduled for the LAAC procedure, 410 patients successfully underwent LAA device implantation with a WATCHMAN™, LAmbre™, or WATCHMAN FLX™ occluder. LAAC was not performed in 10 patients (three cases in the PAF group and seven cases in the NPAF group) because of various contraindications, including unsuitable LAA morphology for WATCHMAN™ implantation in six cases, cardiac tamponade in two cases, repeated intra-procedural DRT formation in one case, and severe iliac vein stenosis in one case. Among the total cohort, 144 (35.1%) cases were categorized as PAF, while 266 (64.9%) cases were NPAF. Table 1 shows the patient baseline characteristics. The NPAF patients had a higher proportion of older patients (≥75 years) (61.6% vs. 51.3%, P = 0.047) and were more likely to be of male sex (70.6% vs. 57.6%, P = 0.009). In addition, the NPAF group was affected more often by chronic kidney disease (CKD) (45.5% vs. 34.7%, P = 0.036). The remaining baseline characteristics were comparable between the two groups (Table 1).


TABLE 1 Baseline characteristics of the enrolled patients.
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3.2 Procedural characteristics

There was no significant difference in implantation success between the PAF and NPAF groups (98.0% vs. 97.4%, P = 1.000). In patients with NPAF, the ostium diameter and depth of the LAA were greater than those in patients with PAF. The overall rate of the peri-device leak was lower by 3.2%, similar for both groups. The remaining peri-procedural variables were comparable between groups (Table 2).


TABLE 2 Procedural data.
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3.3 Peri-procedural complications

Table 3 demonstrates the peri-procedural complications. A total of 14 (3.4%) patients had peri-procedural complications with five (3.5%) and nine (3.4%) cases in the PAF and NPAF groups, respectively. No significant differences were found between groups regarding the incidence of complications (Table 3).


TABLE 3 Peri-procedural complications.
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3.4 Long-term outcomes

The average follow-up period was 2.2 ± 1.5 years, with a total of 893 patient-years, including 297 patient-years in the PAF group and 596 patient-years in the NPAF group. The follow-up length was comparable, and the risks of thromboembolism, major bleeding, and DRT were not statistically different between the two groups (Table 4). However, all-cause mortality and non-cardiovascular mortality were higher in the NPAF group compared with the PAF group (18% vs. 9%, P = 0.014; 10.5% vs. 3.4% P = 0.013), respectively. The combined efficacy endpoints were also significantly higher in patients with NPAF (21.4% vs. 10.4%, P = 0.006) (Table 4).


TABLE 4 Comparison of the long-term outcomes between patients with PAF and NPAF.
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3.5 Effect of LAAC on thromboembolism and major bleeding by AF form

The cohort had a predicted thromboembolism risk of 8.6/100 patient-years (8.4/100 patient-years in the PAF group and 8.7/100 patient-years in the NPAF group). The observed thromboembolism rates were 1.6, 0.7, and 2.0/100 patient-years, yielding a relative risk reduction (RRR) of 81.4% (RR 5, 95% CI: 2.301–10.93, P < 0.0001), 91.7% (RR 12, 95% CI: 2.018–71.79, P = 0.0032) and 77.0% (RR 4.6, 95% CI: 1.832–11.61, P = 0.0007) in the overall cohort, PAF group, and NPAF group, respectively. Compared with the NPAF group, the PAF group had a greater extent of RRR (91.7% vs. 77.0%, RR 1.189, 95% CI: 1.093–1.293, P = 0.0001) (Figure 1).


[image: Figure 1]
FIGURE 1
Effect of LAAC on thromboembolism in patients with PAF and NPAF. RRR, relative risk reduction; PAF, paroxysmal atrial fibrillation; NPAF, non-paroxysmal atrial fibrillation.


The predicted annual major bleeding risks were 7.1, 6.9, and 7.3/100 patient-years in the overall cohort, PAF group, and NPAF group, respectively. However, the observed annual rates presented only 2.3, 1.0, and 3.0/100 patient-years, conferring an RRR of 67.6% (RR 3.222, 95% CI: 1.573–6.63, P = 0.0013), 85.5% (RR 10, 95% CI: 1.687–60.26, P = 0.0103), and 58.9% (RR 2.375, 95% CI: 1.102–5.172, P = 0.0415), respectively. The RRR of the PAF group was significantly greater than that of the NPAF group (85.5% vs. 58.9%, RR 1.447, 95% CI: 1.281–1.636, P ≤ 0.0001) (Figure 2).


[image: Figure 2]
FIGURE 2
Effect of LAAC on major bleeding in patients with PAF and NPAF. RRR, relative risk reduction; PAF, paroxysmal atrial fibrillation; NPAF, non-paroxysmal atrial fibrillation.




3.6 Effect of LAAC on mortality and combined efficacy endpoints by AF form in the PSM cohort

After performing the PSM analysis, a total of 268 patients formed a matched cohort, with 134 cases in the PAF group and 134 cases in the NPAF group and no differences in the baseline characteristics between groups (Table 5). The results from the Kaplan–Meier curves demonstrated that the cumulative ratio of freedom from all-cause mortality (P = 0.371) (Figure 3), cardiovascular mortality (P = 0.653) (Figure 4), non-cardiovascular mortality (P = 0.114) (Figure 5), or combined efficacy endpoints (P = 0.171) (Figure 6) did not differ between the two matched groups.


TABLE 5 Baseline characteristics of the PSM cohort.
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FIGURE 3
Comparison of the cumulative incidences of freedom from the all-cause mortality between the PAF and NPAF groups. PAF, paroxysmal atrial fibrillation; NPAF, non-paroxysmal atrial fibrillation.
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FIGURE 4
Comparison of the cumulative incidences of freedom from cardiovascular mortality between the PAF and NPAF groups. PAF, paroxysmal atrial fibrillation; NPAF, non-paroxysmal atrial fibrillation.



[image: Figure 5]
FIGURE 5
Comparison of the cumulative incidences of freedom from non-cardiovascular mortality between the PAF and NPAF groups. PAF, paroxysmal atrial fibrillation; NPAF, non-paroxysmal atrial fibrillation.



[image: Figure 6]
FIGURE 6
Comparison of the cumulative incidences of freedom from the combined efficacy endpoints between the PAF and NPAF groups. PAF, paroxysmal atrial fibrillation; NPAF, non-paroxysmal atrial fibrillation.





4 Discussion

Our principal findings are as follows: (1) LAAC provided a safe intervention strategy both in the PAF and NPAF patients; (2) no significant differences were found in the long-term risk of thromboembolism and major bleeding after LAAC between the two groups; LAAC significantly decreased the risk of thromboembolism and major bleeding when compared with the predicted risk, with a greater RRR in the PAF patients than in the NPAF patients; and (3) long-term follow-up showed that the incidence of all-cause mortality, non-cardiovascular mortality, and combined efficacy endpoints was significantly higher in patients with NPAF vs. PAF. However, these statistical differences no longer existed after adjustment for potential confounding factors.

Although current guidelines recommend that clinical decision-making on anticoagulation should be dependent on clinical risk stratification rather than specific AF type, there is increasing interest in evaluating if the burden of AF may provide an additional value in the prediction of the thromboembolic risk (12). A previous study showed that heart failure patients with paroxysmal AF were at a higher risk of heart failure hospitalization and stroke than those with NPAF due to more frequently used anticoagulants in the NPAF group (13). Antar et al. reported that in non-anticoagulated patients, NPAF significantly increased the risk of stroke/systemic embolism, worsening heart failure, and death compared with PAF. In anticoagulated patients, an increased risk of mortality, but not thromboembolism or worsening heart failure, remained in the NPAF patients (14). In PAF patients, a greater burden of AF was associated with an increased risk of ischemic stroke (15). How does the AF pattern influence the clinical outcomes in patients undergoing LAAC?

In this study, although the group with NPAF was older with a higher proportion of males and more likely to have CKD and a larger volume of LAA compared with the PAF group, the CHA2DS2-VASc and HAS-BLED scores were statistically similar. No significant differences were found in the peri-procedural complications between the two groups, implying that LAAC intervention had comparable safety for both the PAF and NPAF cohorts. LAAC is considered a complex procedure with worse peri-procedural outcomes, such as cardiac tamponade and severe peri-device leaks, in patients with higher risk factors. Recently, some studies reported that good imaging guidance, especially TEE or three-dimensional intracardiac ultrasound, could assist in the implementation of a complex LAA (16, 17).

LAAC, as a non-pharmacological alternative to anticoagulants, decreased the risk of stroke and major bleeding events in AF patients (18). This supported our findings on the observed thromboembolism and major bleeding risks being significantly reduced compared to the predicted risks across all AF patterns. Furthermore, our results still demonstrated that PAF patients experienced a greater risk reduction of thromboembolism and major bleeding when compared with NPAF patients after LAAC, implying that there are associations between the AF type and the extent of RRR in thromboembolism and major bleeding events by LAAC. However, our long-term follow-up did not show significant differences in the endpoint events of thromboembolism and major bleeding between the PAF and NPAF groups. This means that the AF type is not prognostic for the risk of thromboembolism and major bleeding in patients treated with LAAC.

The DRT incidence was reported to be approximately 3%–7% in patients following LAAC (19). Consistent with this finding, the DRT rate in our cohort was 4.8% without a significant difference in the AF pattern.

Previous studies showed that NPAF was significantly associated with higher risks of mortality and stroke/systemic embolism in patients without anticoagulation therapy (9, 20). NPAF was also associated with a higher mortality rate in those on anticoagulants after 1–2 years of follow-up (21). One “real-world” registry study also presented worse clinical outcomes in all-cause death in patients with NPAF vs. PAF, even while on oral anticoagulation (22). However, there are few studies evaluating the impact of the AF type on the prognosis in patients undergoing LAAC. Could the NPAF type affect long-term outcomes in patients following LAAC?

In our study with an average of 2.2 ± 1.5 years of follow-up, the incidences of all-cause mortality, non-cardiovascular mortality, and combined efficacy endpoints, instead of cardiovascular mortality, were significantly higher in NPAF vs. PAF patients after LAAC. These might be related to the higher risk profile in NPAF patients, including advanced age and higher incidence rate of CKD, which could worsen cardiovascular outcomes (23, 24). Interestingly, the cumulative ratio of freedom from all-cause mortality, non-cardiovascular mortality, and combined efficacy endpoints in the NPAF group were not significantly different from those in the PAF group after the PSM analysis was performed. This suggests that LAAC intervention might diminish the disparity in mortality and combined adverse endpoints resulting from the AF type. Recently, Kany et al. reported the effect of the AF pattern on outcomes following LAAC, showing that unadjusted mortality and combined endpoints of death, stroke, and systemic embolism significantly increased in NPAF patients compared with PAF patients at 1-year follow-up. Significantly higher combined endpoints of death, stroke, and systemic embolism remained after adjusting for potential confounding factors (25). The former was consistent with our findings, while the latter differed from our conclusions. The difference in the combined endpoints for the two PSM cohorts may be partially explained by an inconsistent period of follow-up with a longer follow-up duration in our cohort. Furthermore, future studies with a longer follow-up and a larger number of samples are needed to clarify the impact the AF type may have on adverse cardiocerebrovascular events after LAAC.

Our study has several limitations. This is an observational study without a randomized and controlled group; therefore, the power to evaluate the effect of the AF type on outcomes following LAAC may be limited. The AF pattern, especially PAF, may change during the long-term follow-up. In our analyses, we classified the AF group based on the initial AF pattern without monitoring the transformation of the AF type or the AF burden. Furthermore, not all patients underwent TEE investigation, which may underestimate the incidence of DRT or peri-device leak.

In conclusion, patients with NPAF tend to be older and have CKD. NPAF patients were not at higher risk of peri-procedural complications compared to those with PAF after LAAC. LAAC yielded favorable results in controlling thromboembolism and major bleeding, regardless of the AF type. The long-term outcomes following LAAC did not show differences in the AF pattern.
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