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Background: Catheter ablation (CA) effectively treats atrial fibrillation (AF) in heart failure (HF) with reduced ejection fraction (HFrEF), improving clinical outcomes. However, its benefits for AF patients with heart failure with preserved ejection fraction (HFpEF) are still unclear.



Methods: We systematically searched PubMed, Embase, Web of Science, the Cochrane Library, and Scopus for studies investigating outcomes of CA in AF patients with HFpEF. Efficacy indicators included freedom from AF and antiarrhythmic drugs (AAD) free AF elimination. Safety indicators comprised total complications, HF admission, all-cause admission, and all-cause mortality. Sixteen studies with 20,796 patients included in our research.



Results: The comprehensive analysis demonstrated that, when comparing CA with medical therapy in HFpEF, no significant differences were observed in terms of HF admissions, all-cause admissions, and all-cause mortality [(OR: 0.42; 95% CI: 0.12–1.51, P = 0.19), (HR: 0.78; 95% CI: 0.48–1.27, P = 0.31), and (OR: 1.10; 95% CI: 0.83–1.44, P = 0.51)], while freedom from AF was significantly higher in CA (OR: 5.88; 95% CI: 2.99–11.54, P < 0.00001). Compared with HFrEF, CA in HFpEF showed similar rates of freedom from AF, AAD-free AF elimination, total complications, and all-cause admission were similar [(OR:0.91; 95% CI: 0.71,1.17, P =0.47), (OR: 0.97; 95% CI: 0.50–1.86, P = 0.93), (OR: 1.27; 95% CI: 0.47–3.41, P = 0.64), (OR: 1.11; 95% CI: 0.72, 1.73; P = 0.63)]. However, CA in HFpEF was associated with lower rates of HF admission and all-cause mortality [(OR: 0.35; 95% CI: 0.20, 0.60; P = 0.0002), (OR: 0.40; 95% CI: 0.18, 0.85; P = 0.02)]. Compared with patients without HF, CA in HFpEF patients exhibited lower rates of AAD-free AF elimination (OR: 0.48; 95% CI: 0.30, 0.75; P = 0.001). However, their rates of freedom from AF and total complications were similar [(OR: 0.70; 95% CI: 0.48, 1.02; P = 0.06), (OR: 0.60; 95% CI: 0.19, 1.90; P = 0.38)].



Conclusion: This meta-analysis conducted provided a comprehensive evaluation of the efficacy and safety of CA in patients with AF and HFpEF. The results suggest that CA may represent a valuable treatment strategy for patients with AF and HFpEF.



Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/#recordDetails, identifier (CRD42024514169).
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1 Introduction

Constituting at least 50% of prevalent instances, HFpEF represents a substantial share of global heart failure cases and is associated with an unfavorable prognosis (1, 2). Effectively addressing HFpEF requires a holistic strategy that prioritizes the screening and management of underlying causes and associated comorbidities in patients (3, 4). Due to the shared risk factors and common pathophysiological processes between AF and HF, AF frequently coexists in HFpEF patients. The prevalence of AF in HFpEF patients ranges from 40%–60%. Moreover, it is associated with heightened morbidity, thromboembolic susceptibility, hospitalization frequencies, and mortality rates (5–9). Recently, there has been growing interest in determining the optimal therapeutic approach for patients with AF and HFpEF.

CA is an effective and relatively safe therapeutic option for AF (10). It has increasingly become a successful and common strategy for managing symptomatic AF (11). HF may heighten the likelihood of complications related to CA. While researches have indicated that CA interventions can lead to a reduction in AF burden and confer benefits in terms of decreased rehospitalization and mortality rates among AF patients with HFrEF. However, there is scarce data on whether CA treatment for AF can offer clinical advantages for HFpEF patients (12, 13).

To assess the efficacy, a single-arm meta-analysis (14) aggregated multiple studies on CA utilization in patients with AF and HFpEF. The analysis indicated that CA can be beneficial in maintaining sinus rate. However, being a single-arm study, it is subject to certain limitations, including the absence of a control group and notable heterogeneity among the included studies. Up to date, there were few published studies and meta-analyses that related to the outcomes of CA in patients with AF and HFpEF, the results were inconsistent, and the available studies were inadequate to ascertain the superiority of catheter ablation in these patient cohorts. This meta-analysis aims to evaluate both the efficacy and safety of CA compared to medical therapy for patients with AF and HFpEF. Additionally, the study sought to assess the efficacy and safety of CA in patients with AF, encompassing both HFpEF and HFrEF, as well as individuals with HFpEF and without HF.



2 Methods


2.1 Literature search

In accordance with the PRISMA 2020 statement (15), our evidence-based analysis was conducted and prospectively registered in PROSPERO (CRD42024514169). The PRISMA 2020 checklist guided our methodology, ensuring transparency and rigor throughout the review process. Up to December 18, 2023, our systematic literature search comprehensively covered five databases, including PubMed, Embase, Scopus, Cochrane Library, and Web of Science.

The principal objective of this study was to systematically identify and review research studies examining the efficacy and safety of CA in the context of AF among patients with HFpEF. Only English-language publications were considered. The following terms were used to search the databases: “Atrial fibrillation”, “AF”, “Heart Failure”, “HF”, “heart failure with preserved ejection fraction”, “HFpEF”, “Catheter ablation” and “CA.” A detailed outline of the search strategy is provided in Supplementary Table S1.

Additionally, all the eligible articles were manually reviewed to ensure comprehensiveness. Two investigators conducted the search and assessment of included literature independently. Any discrepancies encountered during the literature search or assessment process were resolved through mutual consensus and discussion.



2.2 Identification of eligible studies

The criteria for eligible studies included: (1) randomized controlled, cohort, or case-control study design; (2) studies involving AF patients with HFpEF, HFrEF, and without HF; (3) studies examining CA and medical therapy(rhythm control using AAD) for AF patients with HFpEF, CA for AF patients with HFpEF and HFrEF (EF 40%–49% included in the HFrEF group), and CA for AF patients with HFpEF and without HF; (4) Studies that provided dependable information on outcomes (freedom from AF,AAD-free AF elimination, total complications, HF admission, all-cause admission, and all-cause mortality); (5) Studies had to be published in a peer-reviewed scientific journal.

We excluded reviews, letters, editorial comments, case reports, conference abstracts, unpublished articles, and articles not written in English.



2.3 Endpoints

The primary endpoint was efficacy–freedom from AF and AAD-free AF elimination. Freedom from AF was defined as absence of any symptomatic or asymptomatic atrial arrhythmia lasting more than 30 s after completing the blanking period (3 months) after CA or medical treatment. AAD-free AF elimination refered to achieving the elimination of AF without the use of AAD by the end of follow-up.

The secondary endpoint was safety outcomes. Safety outcomes included total complications after CA, HF admission, all-cause admission, and all-cause mortality. Total complications varied among studies, encompassing cardiac perforation/tamponade, access site/vascular complications, pericarditis, esophageal atrial fistula, pulmonary vein stenosis, phrenic nerve injury, acute heart failure, stroke/transient ischemic attack, air embolism, and prolonged hospitalization.



2.4 Data extraction

Data extraction was independently conducted by Xiaomei Chen and Xuge Zhang. Discrepancies were settled by the third investigator, Shenghong Feng, to achieve a conclusive resolution. The data extracted from the included studies encompassed the first author's name, publication year, country, study period, study design, sample size, age, body mass index (BMI), comorbidities, AAD usage, AF type, duration of AF before intervention, follow-up duration, left atrium (LA) volume, E/E', left ventricular end-diastolic dimension (LVEDd), procedure time, the primary endpoint and the secondary endpoint. When continuous variables were presented as median with range or interquartile range in the study, we derived the mean ± standard deviation using a validated mathematical approach (16, 17). In instances where data were either missing or unreported, we reached out to the corresponding authors to acquire complete data sets, if feasible.



2.5 Quality assessment

Two reviewers, Xiaomei Chen and Xuge Zhang, independently conducted the quality assessment of included studies. Randomized controlled trials underwent evaluation using the Cochrane risk of bias tool (18). Meanwhile, observational studies were assessed using the Newcastle-Ottawa Scale (NOS) (19), which employs 3 domains of selection, comparability and outcome/exposure.



2.6 Statistical analysis

The evidence synthesis utilized Review Manager version 5.4 (Cochrane Collaboration, Oxford, UK). Continuous variables were compared using weighted mean differences (WMD), while dichotomous variables were analyzed with odds ratios (OR) or hazard ratio (HR), both accompanied by 95% confidence intervals (CIs). Heterogeneity was assessed using the chi-squared (χ2) test (Cochran's Q) and inconsistency index (I2), with significant heterogeneity defined as χ2 P-value < 0.05 or I2 > 50%. Considering the heterogeneity among different studies, all data synthesis was performed using a random-effects model. Subgroup or sensitivity analyses were performed to evaluate the influence of individual studies on outcomes exhibiting significant heterogeneity. To examine publication bias, funnel plots were visually assessed using Review Manager version 5.4, while Egger's regression tests were employed with Stata version 17.0 (StataMP-64) for outcomes involving three or more studies. A significance threshold of P < 0.05 denoted the presence of statistically significant publication bias.




3 Results


3.1 Literature search and study characteristics

The systematic literature search identified 4,389 related studies, with contributions from various databases: 210 from PubMed, 2,028 from Embase, 1,562 from Scopus, 353 from the Cochrane Library, and 235 from Web of Science. Following initial screening based on title and abstract, 3,227 articles underwent further evaluation. Subsequently, the complete texts of 43 articles were carefully reviewed. Among these, 21 conference abstracts and 2 articles (20, 21) with overlapping data were excluded, along with 2 studies (22, 23) lacking available data for analysis. Ultimately, sixteen articles, comprising a total of 20,796 patients, were included in the meta-analysis. These comprised 2 prospective cohort studies (24, 25), 13 retrospective cohort studies (26–38), and 1 prospective randomized study (39). Detailed study and patient characteristics are provided in Table 1. Among the included patients, 2,935 (14.1%) of 20,796 AF patients with HFpEF underwent CA, while 15,903 (76.5%) received medical therapy. Additionally, 794 (3.8%) of 20,796 AF patients with HFrEF and 1,164 (5.6%) of 20,796 AF patients without HF underwent CA. The study's flowchart is illustrated in Figure 1, while a comprehensive risk of bias analysis for the included studies is available in Supplementary Table S2 and Figure S1.


TABLE 1 Baseline characteristics of include studies and methodological assessment.
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FIGURE 1
Flowchart of the systematic search and selection process.




3.2 CA vs. medical therapy for patients with HFpEF


3.2.1 Freedom From AF

2 studies have documented this occurrence. Patients undergoing CA demonstrated a significantly higher freedom from AF compared to those receiving medical therapy (OR: 5.86; 95% CI: 2.99–11.49, P < 0.00001), with no observed heterogeneity (I2 = 0%; P = 0.45) (Figure 2A).


[image: Figure 2]
FIGURE 2
Forest plots of outcomes: (A) freedom from AF (B) HF admission (C) all-cause admission (D) all-cause mortality.




3.2.2 HF admission

3 studies reported this event. Patients undergoing CA demonstrated comparable rates of HF admissions to those receiving medical therapy (OR: 0.42; 95% CI: 0.12–1.51, P = 0.19), with significant observed heterogeneity (I2 = 87%, P = 0.0006) (Figure 2B).



3.2.3 All-cause admission

2 studies have provided data on this matter. Patients undergoing CA exhibited similar all-cause admission compared to those receiving medical therapy (HR: 0.78; 95% CI: 0.48–1.27, P = 0.31), with significant observed heterogeneity (I2 = 72%, P = 0.06) (Figure 2C).



3.2.4 All-cause mortality

2 studies have reported data related to this event. Patients undergoing CA exhibited comparable all-cause mortality rates to those receiving medical therapy (OR: 1.10; 95% CI: 0.83–1.44, P = 0.51), with no discernible heterogeneity (I2 = 0%; P = 0.61) (Figure 2D).



3.2.5 Sensitivity analysis

A one-way sensitivity analysis was performed to evaluate the influence of individual studies on the aggregated results, with the outcome consistently demonstrating coherence. Regardless of the exclusion of any individual study concerning HF admission, the analysis revealed that the recalculated combined odds ratio remained consistently stable (Figure 3).


[image: Figure 3]
FIGURE 3
Sensitivity analysis of HF admission.





3.3 CA for patients with HFpEF vs. HFrEF


3.3.1 Freedom from AF

Synthesized from a compilation of 10 studies, the data on freedom from AF involve a total of 2,523 patients, with 1,729 having HFpEF and 794 with HFrEF. No significant difference in freedom from AF were observed (OR: 0.91; 95% CI: 0.71, 1.17, P = 0.47), with no statistically heterogeneity observed (I2 = 39%; Figure 4A). While a slight visual indication of publication bias was noted in Figure 5A, Egger's test did not reveal any statistically significant evidence of publication bias (P = 0.650).


[image: Figure 4]
FIGURE 4
Forest plots of outcomes: (A) freedom from AF (B) AAD-free AF elimination (C) total complications (D) HF admission (E) all-cause admission (F) all-cause mortality.




3.3.2 AAD-free AF elimination

Analysis of this event was conducted among 5 studies involving 837 patients (480 HFpEF vs. 357 HFrEF). Patients with HFpEF exhibited comparable AAD-Free AF Elimination rates to those with HFrEF (OR: 0.97; 95% CI: 0.50–1.86, P = 0.93), with notable heterogeneity (I2 = 77%, P = 0.001) (Figure 4B). A slight visual (Figure 5B) evidence of publication bias was observed, however, Egger's test did not show a statistically significant publication bias (P = 0.724). Subgroup analysis was subsequently performed based on exposed group population (HFrEF, HFrEF + HFmrEF), study design (prospective, retrospective), follow-up (<24months, ≥24months), and region (Asia, Europe, America), did not reveal significant changes in AAD-free AF elimination associated with these factors (Table 2).


[image: Figure 5]
FIGURE 5
Funnel plots of outcomes: (A) freedom from AF (B) AAD-free AF elimination (C) total complications (D) HF admission (E) all-cause admission (F) all-cause mortality.



TABLE 2 Subgroup analysis.
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3.3.3 Total complications

Analysis of total complications included 6 studies, encompassing 1,778 patients (1,202 HFpEF and 576 HFrEF) totally. The findings revealed no significant difference between groups (OR: 1.27; 95% CI: 0.47–3.41, P = 0.64). However, a notable heterogeneity exist (I2 = 72%, P = 0.003) (Figure 4C). While a slight visual indication of publication bias was apparent (Figure 5C), Egger's test did not detect any statistically significant publication bias (P = 0.596). To address the observed heterogeneity, subgroup analyses were conducted based on study design. The prospective analysis, which included two studies, revealed a significantly higher incidence of total complications (OR: 3.71; 95% CI: 1.71–8.04, P = 0.0009). Conversely, the retrospective analysis, encompassing three articles, demonstrated a comparable incidence of total complications (OR: .58; 95% CI: 0.34–0.99, P = 0.05) (Table 2).



3.3.4 HF admission

Data on HF admission were synthesized from 6 studies, encompassing 1,505 patients (1,087 HFpEF vs. 418 HFrEF). Patients with HFpEF exhibited a lower HF admission (OR: 0.35; 95% CI: 0.20, 0.60; P = 0.0002), with no statistically heterogeneity (I2 = 43%; Figure 4D). Funnel plots indicated a slight presence of publication bias (Figure 5D), whereas Egger's test did not detect any publication bias (P = 0.177).



3.3.5 All-cause admission

Analysis of all-cause admission was conducted in 3 studies with 842 patients (517 HFpEF vs. 325 HFrEF). The evidence synthesis observed similar rate of all-cause admission in both groups (OR: 1.11; 95% CI: 0.72, 1.73; P = 0.63), with no statistically heterogeneity (I2 = 42%; Figure 4E). While a slight visual indication of publication bias was observed (Figure 5E), Egger's test did not detect publication bias (P = 0.600).



3.3.6 All-cause mortality

Analysis of all-cause mortality was conducted in 6 studies with 1,786 patients (1,267 HFpEF vs. 519 HFrEF). Pooled analysis indicated that CA in HFpEF resulted in a significant reduction in all-cause mortality (OR: 0.40; 95% CI: 0.18, 0.85; P = 0.02), with no statistically heterogeneity (I2 = 39%; Figure 4F). While a slight indication of publication bias was observed in Figure 5F, Egger's test did not identify publication bias (P = 0.364).



3.3.7 Sensitivity analysis

One-way sensitivity analyses were conducted to evaluate the influence of individual studies on different outcomes, including AF recurrence, AAD-free AF elimination, total complications, HF admission, all-cause admission, and all-cause mortality. This evaluation aimed to determine the consistency of results by systematically removing each study. Sensitivity analyses indicated that the findings remained consistent across all outcomes, as illustrated in Figures 6A–F.


[image: Figure 6]
FIGURE 6
Sensitivity analysis of outcomes: (A) freedom from AF (B) AAD-free AF elimination (C) total complications (D) HF admission (E) all-cause admission (F) all-cause mortality.





3.4 CA for patients with HFpEF vs. without HF


3.4.1 Freedom from AF

Analysis of freedom from AF encompassed data from 6 studies, involving a total of 1,825 patients (661 HFpEF vs. 1,164 HF). The HFpEF group exhibited significantly lower freedom from AF (OR: 0.70; 95% CI: 0.48, 1.02; P = 0.06), with no statistically heterogeneity (I2 = 41%, P = 0.13) (Figure 7A). While a slight indication of publication bias shown in Figure 8, Egger's test did not detect any publication bias (P = 0.492).
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FIGURE 7
Forest plots of outcomes: (A) freedom from AF (B) AAD-free AF elimination (C) total complications.



[image: Figure 8]
FIGURE 8
Funnel plots of freedom from AF.




3.4.2 AAD-free AF elimination

The analysis of AAD-free AF elimination was conducted across 2 studies involving 764 patients (208 HFpEF vs. 556 without HF). Evidence synthesis revealed a lower AAD-free AF elimination in the HFpEF group (OR: 0.48; 95% CI: 0.30, 0.75; P = 0.001). No heterogeneity was observed (I2 = 0%; P = 0.42) (Figure 7B).



3.4.3 Total complications

Total complications was conducted across 2 studies involving 764 patients (208 HFpEF vs. 556 without HF). The evidence synthesis observed similar rate of total complications in both groups (OR: 0.60; 95% CI: 0.19, 1.90; P = 0.38). However, statistically significant heterogeneity existed (I2 = 60%, P = 0.12) (Figure 7C).



3.4.4 Sensitivity analysis

During sensitivity analysis, the results remained consistent even after excluding each individual study (Figure 9).


[image: Figure 9]
FIGURE 9
Sensitivity analysis of freedom from AF.






4 Discussion

Presently, research on HF and AF is increasingly focusing on HFpEF and AF. Not only is the prevalence of HFpEF gradually increasing, surpassing that of HFrEF, but also the incidence of AF in HFpEF is higher than in HFrEF. This coexistence of HFpEF and AF poses a greater risk. CA is acknowledged as an effective treatment for AF and AF with HFrEF. However, the potential benefits of CA for patients with AF and HFpEF remain uncertain.

To evaluate the outcomes of CA in patients with AF and HFpEF, our meta-analysis systematically synthesized findings from sixteen published studies. The key findings are outlined below: (a) CA significantly improves freedom from AF in HFpEF patients, while demonstrating similar rates of HF admission, all-cause admission, and all-cause mortality compared to medical therapy. (b) Patients with HFpEF derive comparable benefits from CA as HFrEF patients, with lower rates of HF admission and all-cause mortality. Additionally, HFpEF patients experience similar rates of freedom from AF, AAD-free AF elimination, total complications, and all-cause admission compared to HFrEF patients. (c) Although the AAD-free AF elimination was lower after CA in HFpEF than in those without HF, patients with HFpEF benefited from CA similarly to those without HF, with a similar freedom from AF and total complications.

In achieving rhythm control among AF patients with HFpEF, our study, consistent with the findings of Gu et al. (40), demonstrates that CA surpasses medical therapy. Aligned with Aldaas et al.'s study (41), our systematic meta-analysis underscores that, in patients with HFpEF, CA yields results in terms of freedom from AF comparable to those observed in patients with HFrEF. However, compared to patients without HF, those with HFpEF exhibit lower freedom from AF. It is noteworthy that risk factors for HFpEF, such as increased left atrial diameter, substrate remodeling, arterial hypertension, and female sex, are also associated with lower freedom from AF rates of AF after CA (42).

Previous studies have demonstrated the safety of performing CA in patients with AF, even in the context of HFpEF (40, 43). In our study, the total complications are comparable among HFpEF and HFrEF, as well as between HFpEF and those without HF. Within the HFpEF and HFrEF groups, a higher incidence of overall complications was observed in prospective studies, according to the subgroup analysis based on study design. This observation may be attributed to the inclusion of only 2 studies in the prospective design, underscoring the need for further exploration through additional studies.

Reaffirming previous findings (41), our study contributes additional evidence supporting the association between CA involvement in AF patients with HFpEF and a notably diminished risk of all-cause mortality when compared to individuals with HFrEF. Furthermore, our findings also reveal that CA in AF patients with HFpEF results in a lower rate of HF admission compared to those with HFrEF. However, the reason for this difference is not yet clear. Since our study was a post hoc analysis, further insights will be provided by large-scale prospective studies.

CA for AF involves various energy modalities, primarily including radiofrequency ablation and cryoballoon ablation (10). Previous studies have demonstrated that both radiofrequency ablation and cryoballoon ablation are safe and effective for AF patients. However, some studies have indicated that patients undergoing radiofrequency ablation may experience a higher incidence of long-term pulmonary hypertension (44). The majority of studies included in this analysis did not specify the type of energy used for CA. Therefore, more detailed and well-designed studies are needed to elucidate the long-term complications associated with different energy modalities in patients with AF and HFpEF.

The correlation between AF and HF arises from complex interplay of pathophysiological mechanisms. The risk factors for AF and HF exhibit significant overlap, for example, age, obesity, smoking, alcohol consumption, hypertension, diabetes, chronic kidney disease, obstructive sleep apnea, and coronary artery disease (26, 45–47). Moreover, they have a mutual tendency to precipitate each other, and over time, these conditions may perpetuate or worsen one another in complementary ways.

These identified risk factors contribute to the alteration of both atrial and ventricular function, primarily through inducing inflammatory processes, fibrotic changes, hemodynamic stress, and ischemic events. Consequently, they lead to extensive structural, mechanical, and electrophysiological remodeling (48, 49). In the context of AF, it is important to recognize its dual role in the development of HF. Initially, AF can play a direct role in advancing or intensifying HF by compromising atrial contraction and disrupting the coordination between atrial and ventricular contractions. This often leads to diminished cardiac output, increased ventricular filling pressure, and activation of neurohormonal pathways. Conversely, HF itself can predispose individuals to the development of AF through various mechanisms. Elevated filling pressures in HF can induce mechanical stress and structural remodeling within the atria, fostering a substrate conducive to the initiation and perpetuation of AF. Furthermore, alterations in the electrophysiological properties of atrial tissue, disturbances in calcium handling, and the activation of neurohormonal and adrenergic pathways further contribute to the onset of AF in individuals with HF (50). Additionally, histopathological studies have elucidated that interstitial fibrosis, increased intercellular gaps, myofibrillar loss, and reduced nuclear density contribute to atrial structural remodeling, which is associated with the persistence of atrial fibrillation and its recurrence post-ablation (51, 52).

Observational studies suggest that restoring sinus rhythm via CA may modulate the disease progression of AF and HFpEF by interrupting the interdependent perpetuation of AF and HFpEF. CA procedures have shown significant results, such as decreased natriuretic peptide levels, reduced left atrial dimensions, lowered pulmonary capillary wedge pressure during exercise and at rest, increased peak cardiac output, improved New York Heart Association functional capacity, and potential partial resolution of HFpEF (36, 37, 53, 54). In line with a causal relationship, the resolution of HFpEF exhibited a strong correlation with the absence of arrhythmia recurrence following ablation.

Our meta-analysis exhibited several limitations. Firstly, only one randomized controlled trial was included in the analysis. Secondly, the number of studies within each category of analysis is relatively small. In particular, in the category comparing CA to medical therapy for patients with HFpEF, only two or three studies were included. Thirdly, the studies examined did not provide separate data for paroxysmal atrial fibrillation and persistent atrial fibrillation, thus preventing subgroup analyses for these conditions. Fourthly, most of the studies examined did not specify the type of energy used in CA, i.e., thermal (radiofrequency ablation and cryoballoon ablation) or non-thermal (pulsed field ablation), thus precluding further analysis of complications associated with different energy types. Fifthly, the median follow-up duration of the included studies was 23.6 months, highlighting the need for further research to assess the longer-term efficacy of CA. Lastly, publication bias could not be entirely ruled out, as only published data were included, contributing to potential bias. Therefore, it is imperative to conduct more well-designed and large-scale randomized controlled trials to validate these findings.



5 Conclusions

This meta-analysis comprehensively evaluated the efficacy and safety of CA in patients with AF and HFpEF. The results of the analysis revealed that CA demonstrates comparable safety and effectiveness to medical therapy. Moreover, when compared to patients with HFrEF, CA for HFpEF not only shows similar effectiveness but also leads to reduced rates of HF hospitalizations and all-cause mortality. Despite a lower efficacy of CA in treating HFpEF patients compared to those without HF, its safety profile remains comparable. These findings suggest that CA could serve as an effective and safe strategy for managing patients with AF and HFpEF.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Author contributions

XC: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. XZ: Data curation, Formal Analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. XF: Resources, Validation, Writing – original draft, Writing – review & editing. SF: Conceptualization, Investigation, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.1423147/full#supplementary-material



References

1. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al. 2016 Esc guidelines for the diagnosis and treatment of acute and chronic heart failure: the task force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (esc) developed with the special contribution of the Heart Failure Association (hfa) of the esc. Eur Heart J. (2016) 37(27):2129–200. doi: 10.1093/eurheartj/ehw128

2. Dunlay SM, Roger VL, Redfield MM. Epidemiology of heart failure with preserved ejection fraction. Nat Rev Cardiol. (2017) 14(10):591–602. doi: 10.1038/nrcardio.2017.65

3. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2021 Esc guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. (2021) 42(36):3599–726. doi: 10.1093/eurheartj/ehab368

4. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 Aha/Acc/Hfsa guideline for the management of heart failure: executive summary: a report of the American College of Cardiology/American Heart Association Joint Committee on clinical practice guidelines. Circulation. (2022) 145(18):e876–e94. doi: 10.1161/cir.0000000000001062

5. Sartipy U, Dahlström U, Fu M, Lund LH. Atrial fibrillation in heart failure with preserved, mid-range, and reduced ejection fraction. JACC Heart Fail. (2017) 5(8):565–74. doi: 10.1016/j.jchf.2017.05.001

6. Carlisle MA, Fudim M, DeVore AD, Piccini JP. Heart failure and atrial fibrillation, like fire and fury. JACC Heart Fail. (2019) 7(6):447–56. doi: 10.1016/j.jchf.2019.03.005

7. Kong MH, Shaw LK, O'Connor C, Califf RM, Blazing MA, Al-Khatib SM. Is rhythm-control superior to rate-control in patients with atrial fibrillation and diastolic heart failure? Ann Noninvasive Electrocardiol. (2010) 15(3):209–17. doi: 10.1111/j.1542-474X.2010.00365.x

8. Zakeri R, Chamberlain AM, Roger VL, Redfield MM. Temporal relationship and prognostic significance of atrial fibrillation in heart failure patients with preserved ejection fraction: a community-based study. Circulation. (2013) 128(10):1085–93. doi: 10.1161/circulationaha.113.001475

9. Oluleye OW, Rector TS, Win S, McMurray JJ, Zile MR, Komajda M, et al. History of atrial fibrillation as a risk factor in patients with heart failure and preserved ejection fraction. Circ Heart Fail. (2014) 7(6):960–6. doi: 10.1161/circheartfailure.114.001523

10. Kuck KH, Brugada J, Fürnkranz A, Metzner A, Ouyang F, Chun KR, et al. Cryoballoon or radiofrequency ablation for paroxysmal atrial fibrillation. N Engl J Med. (2016) 374(23):2235–45. doi: 10.1056/NEJMoa1602014

11. Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga L, et al. 2017 Hrs/Ehra/Ecas/Aphrs/Solaece Expert consensus statement on catheter and surgical ablation of atrial fibrillation: executive summary. Europace. (2018) 20(1):157–208. doi: 10.1093/europace/eux275

12. Packer DL, Piccini JP, Monahan KH, Al-Khalidi HR, Silverstein AP, Noseworthy PA, et al. Ablation versus drug therapy for atrial fibrillation in heart failure: results from the cabana trial. Circulation. (2021) 143(14):1377–90. doi: 10.1161/circulationaha.120.050991

13. Marrouche NF, Brachmann J, Andresen D, Siebels J, Boersma L, Jordaens L, et al. Catheter ablation for atrial fibrillation with heart failure. N Engl J Med. (2018) 378(5):417–27. doi: 10.1056/NEJMoa1707855

14. Androulakis E, Sohrabi C, Briasoulis A, Bakogiannis C, Saberwal B, Siasos G, et al. Catheter ablation for atrial fibrillation in patients with heart failure with preserved ejection fraction: a systematic review and meta-analysis. J Clin Med. (2022) 11(2):288. doi: 10.3390/jcm11020288

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The prisma 2020 statement: an updated guideline for reporting systematic reviews. Br Med J. (2021) 372:n71. doi: 10.1136/bmj.n71

16. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range. BMC Med Res Methodol. (2014) 14:135. doi: 10.1186/1471-2288-14-135

17. Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or mid-quartile range. Stat Methods Med Res. (2018) 27(6):1785–805. doi: 10.1177/0962280216669183

18. Corbett MS, Higgins JP, Woolacott NF. Assessing baseline imbalance in randomised trials: implications for the Cochrane risk of bias tool. Res Synth Methods. (2014) 5(1):79–85. doi: 10.1002/jrsm.1090

19. Wells G, Shea B, O’connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa scale (nos) for assessing the quality of nonrandomised studies in meta-analyses. (2011). Available online at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed July 18, 2024).

20. Chieng D, Sugumar H, Segan L, Al-Kaisey A, Hawson J, Prabhu S, et al. Catheter ablation in atrial fibrillation and heart failure with preserved ejection fraction improves peak pulmonary capillary wedge pressure, exercise capacity and quality of life: RCT STALL HFpEf. Eur Respir J. (2022) 60:607. doi: 10.1093/eurheartj/ehac544.607

21. Chieng D, Sugumar H, Segan L, Tan C, Vizi D, Al-Kaisey A, et al. Catheter ablation in atrial fibrillation and heart failure with preserved ejection fraction improves peak pulmonary capillary wedge pressure, exercise capacity and quality of life. A prospective randomised controlled trial (RCT-STALL HFpEF). Heart Lung Circ. (2022) 31:S48. doi: 10.1016/j.hlc.2022.06.021

22. Elkaryoni A, Al Badarin F, Spertus JA, Kennedy KF, Wimmer AP. Comparison of the effect of catheter ablation for atrial fibrillation on all-cause hospitalization in patients with versus without heart failure (from the nationwide readmission database). Am J Cardiol. (2020) 125(3):392–8. doi: 10.1016/j.amjcard.2019.10.048

23. Shiraishi Y, Kohsaka S, Ikemura N, Kimura T, Katsumata Y, Tanimoto K, et al. Catheter ablation for patients with atrial fibrillation and heart failure with reduced and preserved ejection fraction: insights from the KiCS-AF multicentre cohort study. Europace. (2023) 25(1):83–91. doi: 10.1093/europace/euac108

24. Ichijo S, Miyazaki S, Kusa S, Nakamura H, Hachiya H, Kajiyama T, et al. Impact of catheter ablation of atrial fibrillation on long-term clinical outcomes in patients with heart failure. J Cardiol. (2018) 72(3):240–6. doi: 10.1016/j.jjcc.2018.02.012

25. Eitel C, Ince H, Brachmann J, Kuck K-H, Willems S, Gerds-Li J-H, et al. Atrial fibrillation ablation strategies and outcome in patients with heart failure: insights from the German ablation registry. Clin Res Cardiol. (2019) 108(7):815–23. doi: 10.1007/s00392-019-01411-3

26. Arora S, Jaswaney R, Jani C, Zuzek Z, Thakkar S, Patel HP, et al. Catheter ablation for atrial fibrillation in patients with concurrent heart failure. Am J Cardiol. (2020) 137:45–54. doi: 10.1016/j.amjcard.2020.09.035

27. Fukui A, Tanino T, Yamaguchi T, Hirota K, Saito S, Okada N, et al. Catheter ablation of atrial fibrillation reduces heart failure rehospitalization in patients with heart failure with preserved ejection fraction. J Cardiovasc Electrophysiol. (2020) 31(3):682–8. doi: 10.1111/jce.14369

28. Rattka M, Kühberger A, Pott A, Stephan T, Weinmann K, Baumhardt M, et al. Catheter ablation for atrial fibrillation in HFpEF patients—a propensity-score-matched analysis. J Cardiovasc Electrophysiol. (2021) 32(9):2357–67. doi: 10.1111/jce.15200

29. Aldaas OM, Malladi CL, Mylavarapu PS, Lupercio F, Darden D, Han FT, et al. Comparison of outcomes after ablation of atrial fibrillation in patients with heart failure with preserved versus reduced ejection fraction. Am J Cardiol. (2020) 136:62–70. doi: 10.1016/j.amjcard.2020.09.018

30. Black-Maier E, Ren X, Steinberg BA, Green CL, Barnett AS, Rosa NS, et al. Catheter ablation of atrial fibrillation in patients with heart failure and preserved ejection fraction. Heart Rhythm. (2018) 15(5):651–7. doi: 10.1016/j.hrthm.2017.12.001

31. Cha YM, Wokhlu A, Asirvatham SJ, Shen WK, Friedman PA, Munger TM, et al. Success of ablation for atrial fibrillation in isolated left ventricular diastolic dysfunction: a comparison to systolic dysfunction and normal ventricular function. Circ Arrhythm Electrophysiol. (2011) 4(5):724–32. doi: 10.1161/circep.110.960690

32. Chen C, Cheng K, Gao X, Zou T, Pang Y, Ling Y, et al. Cryoballoon ablation for atrial fibrillation in patients with heart failure with mildly reduced and preserved ejection fraction. ESC Heart Fail. (2023) 10(1):518–31. doi: 10.1002/ehf2.14212

33. Fujimoto H, Doi N, Okayama S, Naito M, Kobori A, Kaitani K, et al. Long-term prognosis of patients undergoing radiofrequency catheter ablation for atrial fibrillation: comparison between heart failure subtypes based on left ventricular ejection fraction. Europace. (2022) 24(4):576–86. doi: 10.1093/europace/euab201

34. Ishiguchi H, Yoshiga Y, Shimizu A, Ueyama T, Fukuda M, Kato T, et al. Long-term events following catheter-ablation for atrial fibrillation in heart failure with preserved ejection fraction. ESC Heart Fail. (2022) 9(5):3505–18. doi: 10.1002/ehf2.14079

35. Qiao Y, Zhao Z, Cai X, Guo Y, Fu M, Liu K, et al. Long-term prognosis of radiofrequency catheter ablation for atrial fibrillation with different subtypes of heart failure in the era of ablation Index guidance. Front Cardiovasc Med. (2022) 9:922910. doi: 10.3389/fcvm.2022.922910

36. Yamauchi R, Morishima I, Okumura K, Kanzaki Y, Morita Y, Takagi K, et al. Catheter ablation for non-paroxysmal atrial fibrillation accompanied by heart failure with preserved ejection fraction: feasibility and benefits in functions and B-type natriuretic peptide. Europace. (2021) 23(8):1252–61. doi: 10.1093/europace/euaa420

37. Rattka M, Pott A, Kühberger A, Weinmann K, Scharnbeck D, Stephan T, et al. Restoration of sinus rhythm by pulmonary vein isolation improves heart failure with preserved ejection fraction in atrial fibrillation patients. Europace. (2020) 22(9):1328–36. doi: 10.1093/europace/euaa101

38. Zylla MM, Leiner J, Rahm AK, Hoffmann T, Lugenbiel P, Schweizer P, et al. Catheter ablation of atrial fibrillation in patients with heart failure and preserved ejection fraction. Circ Heart Fail. (2022) 15(9):e009281. doi: 10.1161/circheartfailure.121.009281

39. Chieng D, Sugumar H, Segan L, Tan C, Vizi D, Nanayakkara S, et al. Atrial fibrillation ablation for heart failure with preserved ejection fraction: a randomized controlled trial. JACC Heart Fail. (2023) 11(6):646–58. doi: 10.1016/j.jchf.2023.01.008

40. Gu G, Wu J, Gao X, Liu M, Jin C, Xu Y. Catheter ablation of atrial fibrillation in patients with heart failure and preserved ejection fraction: a meta-analysis. Clin Cardiol. (2022) 45(7):786–93. doi: 10.1002/clc.23841

41. Aldaas OM, Lupercio F, Darden D, Mylavarapu PS, Malladi CL, Han FT, et al. Meta-analysis of the usefulness of catheter ablation of atrial fibrillation in patients with heart failure with preserved ejection fraction. Am J Cardiol. (2021) 142:66–73. doi: 10.1016/j.amjcard.2020.11.039

42. Kotecha D, Lam CS, Van Veldhuisen DJ, Van Gelder IC, Voors AA, Rienstra M. Heart failure with preserved ejection fraction and atrial fibrillation: vicious twins. J Am Coll Cardiol. (2016) 68(20):2217–28. doi: 10.1016/j.jacc.2016.08.048

43. Machino-Ohtsuka T, Seo Y, Ishizu T, Sugano A, Atsumi A, Yamamoto M, et al. Efficacy, safety, and outcomes of catheter ablation of atrial fibrillation in patients with heart failure with preserved ejection fraction. J Am Coll Cardiol. (2013) 62(20):1857–65. doi: 10.1016/j.jacc.2013.07.020

44. Verma I, Tripathi H, Sikachi RR, Agrawal A. Pulmonary hypertension due to radiofrequency catheter ablation (RFCA) for atrial fibrillation: the lungs, the atrium or the ventricle? Heart Lung Circ. (2016) 25(12):1177–83. doi: 10.1016/j.hlc.2016.05.125

45. Ling LH, Kistler PM, Kalman JM, Schilling RJ, Hunter RJ. Comorbidity of atrial fibrillation and heart failure. Nat Rev Cardiol. (2016) 13(3):131–47. doi: 10.1038/nrcardio.2015.191

46. Ariyaratnam JP, Lau DH, Sanders P, Kalman JM. Atrial fibrillation and heart failure: epidemiology, pathophysiology, prognosis, and management. Card Electrophysiol Clin. (2021) 13(1):47–62. doi: 10.1016/j.ccep.2020.11.004

47. Savarese G, Becher PM, Lund LH, Seferovic P, Rosano GMC, Coats AJS. Global burden of heart failure: a comprehensive and updated review of epidemiology. Cardiovasc Res. (2023) 118(17):3272–87. doi: 10.1093/cvr/cvac013

48. Nattel S, Harada M. Atrial remodeling and atrial fibrillation: recent advances and translational perspectives. J Am Coll Cardiol. (2014) 63(22):2335–45. doi: 10.1016/j.jacc.2014.02.555

49. Normand C, Kaye DM, Povsic TJ, Dickstein K. Beyond pharmacological treatment: an insight into therapies that target specific aspects of heart failure pathophysiology. Lancet. (2019) 393(10175):1045–55. doi: 10.1016/s0140-6736(18)32216-5

50. Prabhu S, Voskoboinik A, Kaye DM, Kistler PM. Atrial fibrillation and heart failure - cause or effect? Heart Lung Circ. (2017) 26(9):967–74. doi: 10.1016/j.hlc.2017.05.117

51. Takahashi Y, Yamaguchi T, Otsubo T, Nakashima K, Shinzato K, Osako R, et al. Histological validation of atrial structural remodelling in patients with atrial fibrillation. Eur Heart J. (2023) 44(35):3339–53. doi: 10.1093/eurheartj/ehad396

52. Yamaguchi T. Atrial structural remodeling and atrial fibrillation substrate: a histopathological perspective. J Cardiol. (2024):S0914-5087(24)00096-0. doi: 10.1016/j.jjcc.2024.05.007

53. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2021 Esc guidelines for the diagnosis and treatment of acute and chronic heart failure: developed by the task force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). with the special contribution of the Heart Failure Association (HFA) of the esc. Eur J Heart Fail. (2022) 24(1):4–131. doi: 10.1002/ejhf.2333

54. Sugumar H, Nanayakkara S, Vizi D, Wright L, Chieng D, Leet A, et al. A prospective study using invasive haemodynamic measurements following catheter ablation for AF and early HFpEF: stall af-hfpef. Eur J Heart Fail. (2021) 23(5):785–96. doi: 10.1002/ejhf.2122



OPS/images/fcvm-11-1423147-g007.jpg
HFpEF without HF 0dds Ratio 0dds Ratio

Aldaas 2020 14 51 169 456 18.5% 0.64[0.34, 1.22] —

Cha 2011 17 157 75 100 20.7% 0.97 [0.55, 1.74] =T =

Chen 2023 76 101 203 255 219% 0.78[0.45, 1.34] =

Rattka 2020 20 35 118 150 148% 036[0.17,078) T

‘Yamauchi 2020 278 293 116 125 13.0% 1.44 [0.61, 3.38] -
Zylla 2022 13 24 59 78 11.1% 0.38[0.15, 0.99] el

Total (95% CI) 661 1164 100.0% 0.70 [0.48, 1.02] -

Total events 518

740
Heterogeneity: Tau? = 0.09; Chi* = 8.52, df =5 (P = 0.13); P =41%

0.2 0.5 1 2 5

Test for overall effect: Z = 1.85 (P = 0.06) Favours (HFPEF] Favours [without HF]
HFpEF without HF Odds Ratio 0Odds Ratio

Aldaas 2020 15 51 233 456 51.3% 0.40[0.21,0.75) ——

Cha 2011 18 157 84 100 487% 0.58[0.30, 1.10] —

Total (95% CI) 208 556 100.0% 0.48[0.30, 0.75] >

Total events 133 317

Heterogeneity: Tau? = 0.00; Chi? = 0.64, df = 1 (P = 0.42); I? = 0%
Test for overall effect: Z = 3.22 (P = 0.001)

005 02 5 20
Favours [HFpEF] Favours [without HF]

HFpEF without HF 0Odds Ratio Odds Ratio
ents Tota en o R 95Y% M-H, Random, 9

Aldaas 2020 751 63 456 57.3% 0.99 [0.43, 2.30]
Cha 2011 4 157 8 100 427% 0.30 [0.09, 1.03]
Total (95% Cl) 208 556 100.0% 0.60 [0.19, 1.90]

Total events 1"
Heterogeneity: Tau® = 0.43; Chi
Test for overall effect: Z = 0.8 (P = 0.38)

.48, df = 1 (P =0.12); I = 60% 0.005 :

01 1 10 200
Favours [HFpEF] Favours [without HF]





OPS/images/fcvm-11-1423147-g006.jpg
A Mota~analysis estimates, given named stady is omitied
LowerCl Limit Esimate

Upper 1 Limit
Adass 2020 S ~

Aldass 2020

ra20m -
Fuimoro 2022
teio 2018
g 2022 teijo 2018
Qo202
Yamauchi 2020 g 2022
0w om oss 106 s 038050 097 156 208
Meta-amlysis cstimtes, given mamed stdy i omited Mot-anlyis simats, given s sy fsomited
Cilimi Eximate UpperCiLinic LoverCiLini Esimae UpperCiLinie
Adaas 2020
A Fuimono 2022 e -
hjo2015
Fuimoto 2022 S R
iguchi 202 -
Qo202 -
biguchi 2022
Qo202 Yamauchi 2020 - —
ommr 2 a1 a o902 03 0ss o
E Mei-snlyis stimats givennamed sy i omitd F Mea-anaysis cimars, g named sudy s omied
i Exinate UpperCiLimic LowerCi L Esimate Uppr i Limit
Adaas 2020 - Adsas 2020 —_ —
Eel 2019
Fujineto 2022
Black-Mair 2017
eijo 2018
iguci 2022 -
R T pe—— Yomauchi 2020 o - -
e et g P, P "






OPS/images/fcvm-11-1423147-g009.jpg
Aldaas 2020

Cha 2011

Chen 2023

Rattka 2020

Yamauchi 2020

Zylla 2022

Meta—analysis estimates, given named study is omitted

Lower CI Limit

> Estimate

Upper CI Limit

048 0.55

1.07





OPS/images/fcvm-11-1423147-g008.jpg
OR

SE(log[OR])

0
1
2
3

0.4

05

0.2





OPS/images/fcvm-11-1423147-t001.jpg
(A) CA vs. medical therapy for patients with HFpEF.

Authors

Arora et al.

Study
period

2016-2017

Country

USA

Study
design

Retrospective

Patients (n)

Medical
therapy

age (year)

Medical

Male, N (%)

569 (54.0)

Medical
therapy
6,980 (44.2)

BMI (Mean + SD)

CA

NA

Medical
therapy
NA

Follow-up
period

(Months)

Quality

Score

Chieng et al.

2018-2021

Australia

Prospective

8 (50.0)

7 (46.7)

307 £6.0

324+38

Fukui et al.

2014-2018

Japan

23 (65.7)

32 (64.0)

NA

NA

Rattka et al.

2013-2018

Germany

Retrospective

19 (442)

19 (442)

280+3.1

283+46

CA, catheter ablation; HFpEF, heart failure with preserved ejection fraction; BMI, body mass index; NA, not available; RCT, randomized controled trial.

(B) CA for patients with HFpEF vs. HFrEF.

Authors

Aldaas et al.

Study
period

2009-2015

Country

Study
design

Retrospective

Patients (n)

HFpEF

HFrEF

Mean age (year)

HFpEF
662

HFrEF
66.7

Male, N (%)

HFpEF
31 (60.8)

HFrEF
32 (80.0)

BMI (Mean + SD)

HFpEF
298+7.6

HFrEF
28852

Follow-up
period

(Months)

Quality

Score

Black-Maier et al.

2007-2013

Retrospective

673

659

77 (57.9)

81 (83.5)

236+35

30.1+60

Cha et al.
Eitel et al.

2000-2007

| 2007-2010

Germany

Retrospective
Prospective

624
654

55.1
650

107 (68.0)
220 (66.1)

105 (95.0)
145 (77.1)

NA
NA

NA
NA

Fujimoto et al.

2011-2014

Japan

Retrospective

670

64.6

305 (67.6)

82 (83.7)

236+35

230+34

Iehijo et al.

2010-2015

Japan

Prospective

640

60.0

44 (80.0)

41 (80.4)

255+47

Ishiguchi et al.

2009-2020

Japan

Retrospective

68.0

64.0

92 (65.0)

21 (36.0)

25040

Qiao et al.

2018-2021

China

Retrospective

658

572

34 (47.9)

17 (56.7)

24631

‘Yamauchi et al.

2013-2019

Japan

Retrospective

69.6

66.6

196 (66.9)

68 (81.0)

Chen et al.

2018-2021

China

Retrospective

663

68.4

60 (59.4)

23 (622)

244+39

2144

CA, catheter ablation; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; BMI, Body mass index; NA, not available.

(C) CA for patients with HFpEF vs. without HF.

Authors

Study
period

Country

Study
design

Patients (n)

HFpEF

Without HF

Mean age (year)

HFpEF

Without HF

Male, N (%)

HFpEF

Without HF

BMI (Mean + SD)

HFpEF

Without HF

Follow-up
period

(Months)

Quality

Score

Aldaas et al. 2009-2015 Retrospective 662 64.1 31 (60.8) 307 (67.3) 298+7.6 27945

Cha et al. 2000-2007 USA Retrospective 157 100 624 521 107 (68.0) 75 (75.0) NA NA 132 8
Zylla et al. 2016-2019 Germany | Retrospective 24 78 722 63.6 20 (83.0) 22 (282) 23146 2542 12, 8
Rattka et al. 2013-2017 Germany | Retrospective 35 150 69.0 640 14 (400) 87 (58.0) 29060 .0£50 29.0 8
Yamauchi et al. | 2013-2019 Japan Retrospective 293 125 69.6 642 196 (66.9) 109 (87.2) 24439 25236 120 8
Chen et al. 2018-2021 China Retrospective 101 255 663 644 60 (59.4) 152 (59.6) 231+44 228+42 231 7

A atheter slsiion: KESER, Hesrt Sl with trsaved section rsction:

: HFrEF, heart failure with reduced ejection fraction: BMI, body mass ind

A, not available.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy and safety of catheter ablation for atrial fibrillation in patients with heart failure with preserved ejection fraction: a systematic review and meta-analysis

		1 Introduction



		2 Methods



		2.1 Literature search



		2.2 Identification of eligible studies



		2.3 Endpoints



		2.4 Data extraction



		2.5 Quality assessment



		2.6 Statistical analysis











		3 Results



		3.1 Literature search and study characteristics



		3.2 CA vs. medical therapy for patients with HFpEF



		3.2.1 Freedom From AF



		3.2.2 HF admission



		3.2.3 All-cause admission



		3.2.4 All-cause mortality



		3.2.5 Sensitivity analysis











		3.3 CA for patients with HFpEF vs. HFrEF



		3.3.1 Freedom from AF



		3.3.2 AAD-free AF elimination



		3.3.3 Total complications



		3.3.4 HF admission



		3.3.5 All-cause admission



		3.3.6 All-cause mortality



		3.3.7 Sensitivity analysis











		3.4 CA for patients with HFpEF vs. without HF



		3.4.1 Freedom from AF



		3.4.2 AAD-free AF elimination



		3.4.3 Total complications



		3.4.4 Sensitivity analysis



















		4 Discussion



		5 Conclusions



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Cardiovascular Medicine

Efficacy and safety of catheter ablation for
atrial fibrillation in patients with heart
failure with preserved ejection fraction: a
systematic review and meta-analysis





OPS/images/fcvm-11-1423147-t002.jpg
TeAISIUI 3DUSPYUOD ‘| -0kl SPPO YO -UOKIel LIORDIIS PanIasaid Lim injie) ueay "J3A4H -ainjiej 1esy ‘JH -uoneluqy jetie 'Jy uoheiqe Ja1ayed )

%0 PE0 [¥z1 '€s0] 180 i Uy
%0 1000 290 ‘0z 0] L0 T adoimg
%67 060 (121 *¥50] 260 T usy
uoibay

%15 [ o [ [or't 0] ¥90 | v [ syuow pz2
%S k €0 * (21 “T70) 220 * z [ sqiuows §z>
dn-mojjo4

[z0'1 8¥0] 020 oL,

(1> %S6] 4O Apmg

4Y Wouy wopaai4 dnoibgng

‘4H INoYIM 'sA 43d4H yum syuaned oy ) Jo sisAjeue dnoibgns (g)

“wonEURI UONLIqY [PHIE 22y SHuap JwgAGLEIUT

“wopeR Y 291J-QVY {EAIIU] 39UIPYUO ‘[ ORI SPPO YO “UORIEL] U0 PAINPaI Y AN[EY 1LY *TILTH ‘WONILy voafa paasasard i ey 1eay TAAH DINE 1Y TH WONLGe RIIED VO WONLHqY [PHIP IV
¥20 | [2r11zo] 950 /| szo [ ls61 oro] b %0 | 80 | [ceT9¢0] 260 | veo | [ 1ol 950 | 0 [lsviecoloco] € |
| / 20000 | 870 ‘60°0] 17 (128 °69'1] €8¢ | | / 0 | l6c1 850680 1|
€20 | (510 61'0] 620 50 | [erT vro] 0 | 1801 “1€0] £50 | 0000 | [850 210] 160 | © | leviocoloo ] 9 |

uoiBay
%58 | sz0 | lore 'stol 180 wo | 81 ‘zco] €10 | (€11 2€0] 90 | €000 | [890%10) 150 | ¥ 0 | levios0los0 | s | sylowp2
%se | 0z0 | [09T zs0] LU 10000> | [¥50 ‘60'0] 0T 1000 | [1£8 %691 €8¢ | s00 | [01'scolsv0 | € 0 | lwi9oeo | s | syuowipz>

dn-mojjo4

%18 | 990 | (081 ‘6£0] ¥80 20 | 1991 '9r0] 75 500 | 660 'b0] 850 |
610 | [9Th ‘sc0] 621 90000 | [50 ‘01'0] 60000 | [b08 ‘121 12€ | 190 | [oriz 2ol 681 | 1 [Isci o080 ¢ | 2anpadsoig
ubisap Apmis

100000> | [+<0 610 €0 | © 0 |l0s1'9901 660 | 8 | eanvadsonoy

| [z '990] b1 650 | 1209 ‘9c0] 590 | [052S '800] 01 | 1000 | [890 070 €0 | 0 | (L2260l b1 | € | dMdH + JEH
| 60T ‘601 680 100000> | [050 “21°0] £0 | [bee w0l 21 | 10 | [eT1er0] 0v0 | | orevoleco | ¢ |

(981 “05°0] £60 [$8°0 ‘81°0] 0¥ ¥90 | [1b'€ 2r0] TT 20000 | [09°0 '070] S€'0 | 9 (211 “120] 160 |
656] YO anend | [D%S61¥O | Apms | o | enlead | [D%S6l YO | Apmis anjen J 66140 | Apmig anfend | [1D%S6] ¥O | Apms

Py Rafeuow ssnexy Uoneaduios eioL worssIIpe H 1V woy wiopsay

J313H "sA 3303H m siwened 1oy v Jo siskieue dnoibqns (v)









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-11-1423147-g001.jpg
Identification through database searching (N=4388)
1 Pubmed (N=210)

Embase (N=2028 ) Additional records identified
‘Web of Science (N=235) through other sources(N=1)
Cochrane Library (N=353)
Scopus (N=1562 )

Identification

_o| 1161 Duplicates were removed

Screening

Records screened after duplicates removed
(N=3228)

_-| 3187 records were excluded by title and abstract

The full text was assessed for eligibility (N=41)

— 25 records were excluded for following reasons:
21 C abstract

2 Overlapping sample

2 Unavaliable data

Included

Studies were included in the meta-analyses
S (N=16)






OPS/images/fcvm-11-1423147-g003.jpg
Meta—analysis estimates, given named study is omitted
Lower CI Limit © Estimate Upper CI Limit

Arora 2020 -

Fukui 2020

Rattka 2021

0.0412 042 1.51 297





OPS/images/fcvm-11-1423147-g002.jpg
B

CA Medical therapy
Fukui 2020 24 35 1 50 47.6%
Rattka 2021 25 43 10 43 524%
Total (95% CI) 78 93 100.0%

49 21
00; Chi* = 0.58, df = 1 (P = 0.45); 1= 0%
Test for overall effect: Z = 5.15 (P < 0.00001)

cA Medical therapy
Arora 2020 79 1053 1090 15795 39.3%
Fukui 2020 3 3 24 50 28.0%
Rattka 2021 10 43 17 43 327%
Total (95% CI) 131 15888 100.0%

Total events
Heterogeneity: Tau
Test for overall effect:

9
05; Chi* = 14.98, df = 2 (P = 0.0006); I* = 87%
132 (P=0.19)

-0.0619 0.0513 63.1%
-0.5798 0.2698 36.9%

Avrora 2020
Rattka 2021

Total (95% CI) 100.0%

Heterogeneity: Tau® = 0.10; Chi? = 3.56, df = 1 (P = 0.06); I = 72%

Test for overall effect: Z = 1.01 (P = 0.31)

Medical therapy

Arora 2020 57 1053 790 %
Rattka 2021 2 43 43 13%
Total (95% CI) 1096 15838 100.0%

791
0.26,df = 1(P=0.61); 2= 0%
0.51)

Total events
Heterogeneity: Tau
Test for overall effe

Odds Ratio

7.74[2.91,20.58)
458[1.81,11.63)

5.88[2.99, 11.54]

0.005

Odds Ratio
1.09 [0.86, 1.39)
0.10[0.03,038)
046(0.18, 1.18]

0.42[0.12,1.51]

04 200
Favours [CA] Favours [Medical therapy]
Odds Ratio
—
—a
-

0.005

Hazard Ratio

0.94(0.85, 1.04]
0.56 [0.33, 0.95]

0.78[0.48,1.27]

0.1 1 10 0
Favours [CA] Favours [Medical therapy)

Hazard Ratio

0.01

0Odds Ratio

9 [0.82, 1.43)
2.05[0.18, 23.48]

110 [0.83, 1.44]

0.1 1 10 100
Favours [CA] Favours [Medical therapy]

0dds Ratio

0.05

02 1 5 20
Favours [CA] Favours [Medical therapy]





OPS/images/fcvm-11-1423147-g005.jpg
e
2
o o
.
“““““““““““ .
.
g . B g
g

B
o1
0z
o3
04
D

o]
100

g 1
s s

A
o
o
o¢
o

c






OPS/images/fcvm-11-1423147-g004.jpg
i g by A PR K P
Events_Total_Events Total Weight _M:H. Random, 95% CL M Random, 95% 1
20 551 19 40 65%  046(019,108] ——
BlackMaier 2017 7 13 67 @7 120%  060[034,104) =
211 6 157 37 M1 o1a1%  134(081,228) e
Ghen 2023 73 3% 13 188 177%  072[050,108) —
12019 26 451 54 o 151% 0581 e
Fujimoto 2022 a7 55 a7 st as%  050(0.14,177] =
lehio 201 2 s 3% s 8% 086[043172) =
Ishiguehi 2022 s 71 20 3 5% 187(072,4.82] T
Qiao 2022 25 28 68 84 103%  120(066,225 ==
Yamauchi 2020 7ot 2 3 7% 1740077.393) T
Total (95% C1) 1729 794 100.0% 091 071,147 -
Totl events 57
Heterogeneity: O = 14,72, 3
Test o ovral it 22073 (5. 0.47) " s UEDER) Favouts WFER)
Odds Ratio Odds Ratio
Events Total Events Total Waight MM, Rands 1 MR 1
s 202 5 51 26 40 178%  022(009,054]
Black Maier 2017 & 1 51 o7 26%  079047,139 i
Cha2011 132 167 8 M1 215%  178(097,326) ==
Iehio 2018 4 5w st 180% 78075, N e
Ishigui 2022 s s 3 s 1% 134086273 T
Total (95% CI) a0 37 1000%  097(050,186)
Total ovents 311 231
on (P=0001; 7= 77% YT 3
Favours (HFPEF] Favours [HFIEF]
H FrEF 0 Rato Odds Ratio
Events Total Events Total Welght MK 1 1R 1
Aldaas 2020 5 S o oo ln 2y s,
41 3o tea% 21,4, —1 =
12019 a7 18 26% 383(169,871] =
Fujmoto 2022 30 451 4 S8 238%  0430022,084) _—
ichjo 2018 3 s 1 51 109 28800292666 =
Ishigueni 2022 18 0 s 70% 21000085250 —
Qiso 2022 om0 ® Not esiimable
Tomgshcy 1202 576 1000%  127[047,341]

Heerogenany: Tast= 105 G 1800, df = 3 (= 00 ' 72%
Test for overal ffect: 2 = 0.47 (P =0.64)

oot

01
Favours HFpEF]

10
Favours [HF(EF]

e - oss o ouds ratio
Euante Total Evante Toal Weisht 1011 ! i i
Sackior 2017 ) Doz v
Fuimolo 2022 it @z owpwos  —
enio 2018 2% 0w e o —
Ishiguchi 2022 12 84 14 58 207% 052[0.22,1.23] b g
Qoo S %9 % s  omomosm ————
Vamaue 2020 T s o owum  ombmi  ——T
m-l(vmcn 1087 418 100.0% 0.35 [0.20, 0.60] -
atoverts
- -
bt e Lo COTN T
e o oaés Rt
Euante Total Evante Total Weioht_ 1115 ! i ,
3 51 16.4¢ 1%[061‘2.34! e
35 133 31 97 3 0.76(0.43, 1.35] ==
Bo s e W se  1eiiooz P
Total (95% C1) 517 325 100.0% 1.41[0.72,1.73) i ad
Toal veris 2 P
Felerogeniy: Ta = 006, G = 345,01 =2 =010 = & 5
Testor vera e 2048 (P 06%) Favous (HEGEF] Favours HFLER)
e oss e -
Euan 7‘,.,‘5..'”...%,“ wis : i ,
daas 2020 s o o om0t 109
Eitel 2019 8 333 20 188 304% 0.21[0.09, 0.48] "
Fiinolo 2022 W w s s owps -
onio 201 i T8 i osoos 0l
oo 2022 o s 1 % ook 4sswsnara
‘Yamauchi 2020 0 203 184 51% 0.090.00, 2.35)
T 267 sto 00%  odos 00 -
ol ovn &
Horogrety: e

3t
Ton o ovar o 22558 (0 008

05 o1 10
‘Favours [HFpEF] Favours [HFTEF]

20





