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With a rising prevalence of heart failure with preserved ejection fraction (HFpEF) and atrial fibrillation (AF), their frequent coexistence poses a growing clinical challenge for clinicians worldwide. HFpEF and AF share common risk factors and pathophysiological mechanisms, contributing to worsening cardiac function and remodeling. Traditional pharmacological rhythm control strategies often proved ineffective in heart failure patients, prompting increased interest in catheter ablation. Pulse Field Ablation (PFA), a novel non-thermal ablation technique utilizes irreversible electroporation and offers promising safety and efficacy advantages over conventional thermal methods by selectively targeting myocardial cells while minimizing collateral tissue damage. Early clinical data suggest that PFA may result in less atrial fibrosis and preserves atrial compliance, which could be particularly beneficial in HFpEF where diastolic function is central. Although ablation outcomes in HFpEF have been less extensively studied than in heart failure with reduced ejection fraction (HFrEF), preliminary studies report low complication rates, improved hemodynamics, and ameliorated outcomes following ablation. Registry data and subanalyses of trials like EAST-AFNET4 support early rhythm control, while the ongoing CABA-HFpEF-DZHK27 trial aims to determine whether catheter ablation improves cardiovascular outcomes in this specific population. As PFA gains traction for its procedural efficiency and favorable safety profile, its role in managing AF in HFpEF may expand. However, further robust, randomized studies are necessary to define its long-term benefits and may establish PFA as a standard therapy in this complex patient cohort.

Keywords: HFpEF, heart failure with preserved ejection fraction, atrial fibrillation, ablation for atrial fibrillation, pulsed field ablation (PFA), diastolic dysfunction
INTRODUCTION
As the population ages, the prevalence of cardiac diseases is rising. Consequently, heart failure (HF), often representing the common end stage of various cardiac conditions, is becoming more prevalent, noawadys affecting up to 12% of the elderly population (McDonagh et al., 2021; Van Riet et al., 2016). Heart failure with preserved ejection fraction (HFpEF) was formally introduced as a distinct clinical entity around a decade ago. It has since become the predominant subtype of HF (McDonagh et al., 2021). HFpEF is characterized by a preserved left ventricular ejection fraction despite impaired diastolic function, resulting in compromised ventricular relaxation and filling. This leads to hallmark HF symptoms, particularly during physical exertion, and triggers pathophysiological adaptations such as reduced atrial strain and increased atrial volume (McDonagh et al., 2021). Over time, these changes contribute to long-term structural consequences, including atrial fibrotic remodeling (Hohendanner et al., 2018a). HFpEF has a heterogeneous pathophysiological basis and is frequently associated with comorbidities such as hypertension, diabetes, obesity, and metabolic syndrome (Deichl et al., 2022).
In addition, atrial fibrillation (AF), a major cardiac arrhythmia linked to HF, has a lifetime prevalence of approximately 20% (Lloyd-Jones et al., 2004). AF is a cardiac arrhythmia, in which arrhythmogenic foci in the pulmonary veins or other areas such as the vena cava play an important role in both, initiation and perpetuation of the arrhythmia (Fujisawa et al., 2023). It is the most common sustained cardiac arrhythmia, affecting 1%–2% of the general population with a lifetime prevalence of 20% (Lloyd-Jones et al., 2004; Davis et al., 2012). It is associated with an elevated risk of adverse cardiovascular events, including stroke and HF, often leading to reduced functional capacity and a significant decline in quality of life (Van Gelder et al., 2024). The pathogenesis of AF is complex, but it is associated with cardiovascular risk factors, such as hypertension, diabetes, and obesity, which are also strongly associated with HFpEF (McDonagh et al., 2021; Packer et al., 2020).
Together, these conditions represent a significant global healthcare burden, with serious consequences for both patient outcomes and healthcare systems (Mozaffarian et al., 2015). While AF exacerbates HFpEF symptoms, leading to increased hospitalizations and mortality in this population (Mogensen et al., 2017), HFpEF promotes the development of AF due to structural atrial changes, such as dilation and fibrosis (Packer et al., 2020). Managing AF in HFpEF patients remains challenging, as traditional pharmacological treatments, including rhythm and rate control strategies, often fail to provide sustained symptom relief or improve outcomes (Gopinathannair et al., 2021). As a result, catheter-based ablation has emerged as a potential therapeutic option for this patient population. However, evidence on the efficacy and safety of catheter ablation in HFpEF remains limited.
INTERPLAY BETWEEN ATRIAL FIBRILLATION AND HEART FAILURE
HFpEF and AF share common risk factors and mechanisms (Hohendanner et al., 2018a; Nattel et al., 2008). Both conditions are influenced by classic cardiovascular risk factors, such as hypertension, diabetes and metabolic syndrome (Packer et al., 2020). They are furthermore thought to be driven by systemic inflammation, leading to myocardial remodeling and reduced functional reserve of the atria and ventricles (Packer et al., 2020). Patients with both HFpEF and AF therefore tend to have poor atrial compliance, higher left ventricular filling pressures, and worse exercise tolerance (Packer et al., 2020; Hohendanner et al., 2018b). A cornerstone of this interplay is the impaired LV diastolic function seen in HFpEF, which creates a hemodynamically fragile state. This vulnerability is further exacerbated by the loss of atrial contraction due to AF, which (Parwani et al., 2024). This significantly impairs ventricular filling and reduces cardiac output, particularly during tachycardia, when atrial systole can account for up to 40% of diastolic filling (Carroll et al., 1983; Miyazaki et al., 2025). Such impairment is particularly detrimental in the setting of a stiff and noncompliant LV typical of HFpEF, leading to increased pulmonary venous pressures and symptomatic congestion (Hohendanner et al., 2018b). Moreover, while HFpEF may promote atrial remodeling through pressure and volume overload as well as altered neurohumoral activation, thereby facilitating the development of atrial fibrillation, emerging evidence also indicates that patients with AF frequently exhibit significant LA myopathy (Hohendanner et al., 2018a; Reddy et al., 2020). Particularly in HFpEF patients an increased AF burden has been associated with loss of LA function, even during sinus rhythm (Reddy et al., 2020). Impaired LA function has further been identified as a predictor of both AF progression and incident HFpEF, suggesting a bidirectional, pathophysiological interplay that reinforces a vicious cycle between the two syndromes (Hohendanner et al., 2018a; Goette et al., 2017). Several mechanisms promoting chronic ventricular remodeling through decreased LA function have previously been described. In sinus rhythm, atrial contraction significantly contributes to late diastolic ventricular filling. This atrial contraction becomes especlially important in HFpEF, where the stiff ventricle relies on active filling to maintain adequate stroke volume (Phan et al., 2009). When atrial contraction is lost in AF, ventricular preload drops, leading to reduced cardiac output and elevated left atrial pressures. Chronically increased atrial and pulmonary venous pressures feed back to the ventricle and contribute to adverse loading conditions that promote hypertrophy and fibrosis (Havlenova et al., 2021). Moreover, chronically increased atrial filling pressures stimulate neurohormonal pathways such as the renin–angiotensin–aldosterone system and sympathetic nervous system (Perlini et al., 2013; Tajiri et al., 2019). These systems promote myocardial fibrosis, increased extracellular matrix deposition, and cardiomyocyte hypertrophy, i.e., hallmarks of ventricular remodeling.
ABLATION FOR ATRIAL FIBRILLATION
Ablation for AF has advanced considerably since the first reported case over 30 years ago (Haïssaguerre et al., 1994). Several studies have demonstrated the benefits of catheter ablation for atrial fibrillation.
The CABANA-Trial enrolled 2,204 patients, with a mean age of 67.5 years, and followed them for a median of 5 years (Packer et al., 2019). The primary analysis revealed no significant difference between the ablation and drug therapy groups concerning the primary composite endpoint, comprising death, disabling stroke, serious bleeding and cardiac arrest. However, catheter ablation was associated with a significant reduction in all-cause mortality and cardiovascular hospitalizations. The EARLY-AF trial further demonstrated that initial treatment with cry-balloon ablation significantly reduces atrial arrhythmia recurrence compared to antiarrhythmic drug therapy in patients with treatment-naive, symptomatic paroxysmal atrial fibrillation (Andrade et al., 2021). The 3-year extension of the EARLY-AF trial showed that first-line cryoballoon ablation significantly reduced progression from paroxysmal to persistent AF compared with initial antiarrhythmic drug therapy (Benali et al., 2023). Likewise, recurrent atrial tachyarrhythmias occurred less frequently in the ablation group.
The benefits of ablation for AF are particularly well-documented in HF patients, especially those with reduced ejection fraction. In this cohort of patients with a high prevalence of atrial fibrillation, the CASTLE-HF- and CASTLE-HTX-Trial have demonstrated that ablation improves symptoms, reduce hospitalizations, and enhance overall prognosis, regardless of the duration or timing of the atrial fibrillation diagnosis (Marrouche et al., 2018; Sohns et al., 2023a).
Regarding the timing of intervention, AF ablation is increasingly recommended for patients with early-onset AF, as especially early intervention has been linked to better long-term rhythm control and improved clinical outcomes (Van Gelder et al., 2024; Andrade et al., 2021; Andrade et al., 2023). This reflects a shift from using ablation as a treatment for those with severe symptoms to offering it as an early intervention for a broader patient population.
Despite recent advancements, the procedure still carries a small but important risk of adverse events, including cardiac tamponade, stroke, pulmonary vein stenosis, and phrenic nerve injury (Benali et al., 2023). To address this issue, continuous technological progress has led to the refinement of ablation techniques, such as radiofrequency (RF) ablation and cryoablation. More recently a new technique called pulse field ablation (PFA) was introduced demonstrating promising results (Reddy et al., 2023).
Pulse field ablation
Pulse Field Ablation is an advanced, non-thermal ablation technique that delivers high-voltage electrical pulses over very short durations (Moshkovits et al., 2023). When cells are exposed to these external electric fields, an induced transmembrane voltage develops across the cell membrane (Pucihar et al., 2006; Meng et al., 2024). If this voltage exceeds a threshold unique to each cell type, nanopores form in the membrane, allowing macromolecules to pass through (Meng et al., 2024). This phenomenon is known as electroporation. Since myocardial cells have a significantly lower threshold for irreversible electroporation than other tissues such as nerves or blood vessels, these non-cardiac structures are typically spared during PFA, accounting for its relative selectivity for cardiac tissue (Reddy et al., 2023; Reddy et al., 2019; Reddy et al., 2021; Rubinsky et al., 2007; Stewart et al., 2021). Moreover, compared to RF energy, PFA has been shown to create lesions with greater uniformity and homogeneity, particularly in irregular substrates where achieving optimal electrode-tissue contact can be challenging (Stewart et al., 2021; Di et al., 2022).
Several studies have examined the safety and outcomes of PFA for AF. A study published by Cochet et al. used thoracic MRI to assess extra-atrial injury before and after PFA or thermal ablation (Cochet et al., 2021). No phrenic nerve injuries occurred. Esophageal lesions were common with thermal ablation (43%) but absent with PFA. Interestingly, descending aortic lesions were observed in 43% of thermal and 33% of PFA patients, all resolving without clinical sequelae by 3 months. However, the significance of these aortic findings remains unclear, with only one reported case of overt aortic injury following AF ablation; imaging signals may represent transient inflammation rather than structural damage (Tung et al., 2013; Krishnamoorthy et al., 2016).
Nakatani et al. evaluated left atrial structural and mechanical changes following PFA or RF ablation in the same patient cohort (Nakatani et al., 2021). In the acute phase, PFA resulted in 60% greater late gadolinium enhancement volume but 20% less edema compared to RF. Lesions following PFA were more homogeneous, with no evidence of microvascular injury or intramural hemorrhage. At 3-month follow-up, all acute lesions had resolved in the PFA group, whereas persistent functional changes were observed after RF ablation. In a small cohort of patients undergoing CMR following PFA-based pulmonary vein and posterior wall isolation, imaging revealed a homogeneous and contiguous lesion pattern without evidence of collateral damage, potentially supporting the safety and feasibility of posterior wall isolation using PFA, while the matter requires further investigation (Sohns et al., 2023b).
Regarding real world data, a recently published large, registry-based retrospective study in Nature Medicine, called MANIFEST-17K study, investigated the safety of PFA ablation for AF (Ekanem et al., 2024). Major complications were reported in fewer than 1% of patients, with the most common being pericardial tamponade (0.36%) and vascular events (0.30%). Stroke was rare (0.12%), and mortality was even rarer (0.03%). However, unexpected PFA-specific complications included coronary arterial spasm in 0.14% and hemolysis-related acute renal failure requiring hemodialysis in 0.03%. Notably, no cases of esophageal complications, pulmonary vein stenosis, or persistent phrenic nerve palsy were reported, although transient phrenic palsy occurred in 0.06% (11 of 17,642) of patients. These findings are consistent with those from the ADVENT trial, published in The New England Journal of Medicine, in which none of the 305 patients treated with PFA experienced persistent phrenic nerve palsy or pulmonary vein stenosis (Reddy et al., 2019). Moreover, a recent study by Pierucci et al. demonstrated that PFA is safe for superior vena cava ablation, with no permanent damage observed in a cohort of 616 patients (Pierucci et al., 2025). While two cases of transient sinus node injury and three episodes of phrenic nerve stunning were reported, all resolved by the end of the ablation procedure (Pierucci et al., 2025). Additionally, a study conducted by Mansour evaluated pulmonary vein narrowing after PFA compared to thermal ablation and demonstrated less narrowing using PFA ablation (Mansour et al., 2024).
Silent structural brain abnormalities are commonly observed following catheter ablation and have been a potential concern in PFA due to the formation of microbubbles during energy conduction. While in the prospective multicenter AXAFA-AFNET5 trial, which included 321 patients undergoing RF or cryoablation, silent cerebral ischemic events were detected in 26.1% of cases on routine brain MRI (Kirchhof et al., 2018), the retrospective multicenter MANIFEST-17K study, which reported data from postprocedural brain MRIs in 96 patients, reported asymptomatic abnormalities in only 9.4% of cases, a substantially smaller amount (Ekanem et al., 2024). However, the designs of the studies differed significantly, limiting the validity of direct comparisons. Moreover, the occurrence and extent of silent cerebral injury may vary depending on the specific PFA system used (Miyazaki et al., 2025).
Altogether, while early data suggests PFA to offer advantages over thermal ablation, particularly in minimizing collateral damage to structures such as the esophagus and phrenic nerve, emerging data call for careful consideration and warrants further investigation. The NEMESIS-PFA study demonstrated dose-dependent elevations in biomarkers indicative of myocardial injury, renal stress, and hemolysis, alongside a significant reduction in LA ejection fraction compared to thermal ablation directly after the procedure (Lakkireddy et al., 2025). However, another study demonstrated improved LA strain parameters following PFA compared to thermal ablation at a 3-month follow-up, suggesting more favorable functional recovery after PFA (Nakatani et al., 2021).
Notably, early data suggest varying complication rates and possible structural effects across different PFA systems, underscoring the need for comparative studies to evaluate their long-term safety and efficacy profiles (Miyazaki et al., 2025; Lakkireddy et al., 2025). However, robust randomized long-term data are needed to further assess the clinical relevance of these observations.
Pulsed field ablation for atrial fibrillation in HFpEF patients
Several studies have demonstrated the benefits of catheter ablation for AF in HFrEF patients, leading to improvements in LV function, reductions in HF rehospitalizations, and ameliorating HF symptoms as well as all-cause mortality (Prabhu et al., 2017; Marrouche et al., 2018; Sohns et al., 2023a; Chieng et al., 2023). However, there is limited evidence specifically supporting catheter ablation in patients with HFpEF or only moderately reduced ejection fraction (HFmrEF) who also have AF.
A study by Chieng et al., which included 16 patients with HFpEF and AF, 80% of whom had persistent AF, demonstrated that catheter ablation leads to significant improvements in invasive exercise hemodynamic parameters, including pulmonary capillary wedge pressure and exercise capacity as measured by VO2max (Martens et al., 2025). Additionally, Nt pro-BNP levels were reduced, and quality of life enhanced significantly in this high-risk population (Hsu et al., 2022), suggesting that catheter ablation may provide substantial functional and symptomatic benefits in HFpEF patients with AF, although the results were limited by the small sample size of the study. Interestingly, 50% of patients did not meet the criteria for HFpEF anymore 6 months after catheter Ablation.
A sub analysis of the CABANA-Trial just published, demonstrated that catheter ablation significantly improved clinical outcomes, reduced AF recurrence, and enhanced functional status, in patients with echocardiographic signs of HFpEF or a high probability of HFpEF (Martens et al., 2025).
Regarding the recommended type of ablation energy, emerging clinical evidence supports the use of PFA in AF patients with HFpEF. PFA enables faster lesion creation, improving procedural efficiency (Reddy et al., 2023). The greatest potential benefit of PFA in patients with HFpEF, however, arises from a mechanistic standpoint, as the pathophysiological characteristics of HFpEF make this modality particularly appealing. Specifically, PFA may attenuate atrial fibrosis after ablation and preserve atrial tissue architecture, thereby supporting improved electrical conduction and rhythm control (Nakatani et al., 2021). The non-thermal and myocardial-selective nature of the energy delivery may preserve surrounding structures and minimize collateral damage to the atrial wall (Chen et al., 2021). Unlike thermal ablation modalities, PFA avoids injury to the extracellular matrix and vascular structures, which are crucial for structural integrity and tissue repair (Chen et al., 2021). This may facilitate a more favorable healing environment and have an effect that extends beyond the mere restoration of sinus rhythm, as reducing the cumulative burden of AF also decreases mechanical strain and neurohormonal activation, both of which contribute to atrial remodeling (Reant et al., 2005). This is supported by the demonstration of reverse remodeling following catheter ablation, as previous studies have demonstrated reductions in atrial size along with improvements in atrial contractile function (Reant et al., 2005; Sugumar et al., 2019). Notably, PFA appears to exert a more pronounced effect on these parameters compared to thermal ablation techniques (Nakatani et al., 2021). This effect may be especially beneficial in patients with HFpEF, where improved atrial function and compliance seem to be a crucial factor regarding functional capacity. Restoration of sinus rhythm in atrial fibrillation has been shown to enhance ventricular filling, with the atrial contribution increasing from 30% to 47% just 1 month after sinus rhythm recovery in patients with chronic atrial fibrillation (Shite et al., 1993).
Regarding clinical evidence, a study by Turagam et al. investigated the efficacy of PFA with respect to freedom from atrial arrhythmias, comparing outcomes among patients with HFpEF, HFrEF, and those without HF (Turagam et al., 2024). The authors reported that 1-year freedom from atrial arrhythmia after PFA was significantly lower in patients with HF compared to those without. However, in patients with paroxysmal AF, freedom from arrhythmia did not differ significantly between groups and was high in HFpEF patients (no HF: 82.8% vs. HFpEF: 82.4% vs. HF(m)rEF: 71.7%; p = 0.09), while results in persistent AF were comparable but less encouraging in HFpEF patients (no HF: 73.3% vs. HFpEF: 64.2% vs. HF(m)rEF: 64.9%; p = 0.14). Importantly, major adverse event rates remained low and similar across groups (no HF: 1.9% vs. HFpEF: 0% vs. HF(m)rEF: 2.5%; p = 0.09). These findings seem to be encouraging, yet comparable to those previously reported by Younis et al., about recurrence rates of AF among heart failure patients undergoing catheter ablation at a tertiary center between 2013 and 2021 (Younis et al., 2024). Given the relatively high success rates of PFA ablation in HFpEF patients with paroxysmal AF, similar to that of patients without heart failure, and the increased risk of HF-related hospitalizations in this specific population, these findings further support the benefits of early catheter ablation for this high-risk cohort, possibly enhancing outcomes, cardiovascular performance and overall wellbeing in patients with HFpEF and AF.
However, despite the promising early findings, which were debated in detail above, there is need for more robust randomized controlled trials to definitively establish the role of catheter ablation, and especially PFA, in HFpEF patients with AF. To target this open question and the potential risks and long-term outcomes in HFpEF patients undergoing catheter ablation, the CABA-HFpEF-DZHK27 trial was designed and initiated (Figure 1) (Parwani et al., 2024). The CABA-HFPEF-DZHK27 trial is an international, multicenter study investigating the efficacy of catheter ablation compared to conventional medical therapy in patients with AF and HFpEF or HFmrEF. Co-funded by the German Center for Cardiovascular Research (DZHK), the study aims to enroll approximately 1,550 participants across 60 European centers, mainly in Germany, Austria and the Netherlands. The primary objective of the CABA-HFPEF-DZHK27 trial is to determine whether catheter ablation may improve clinical outcomes by reducing the composite endpoint of cardiovascular death, total unplanned cardiovascular hospitalizations, including those for HF, acute coronary syndrome, or stroke. Participants are randomized into two groups: one receiving catheter ablation as first-line therapy to restore and maintain sinus rhythm, and the other receiving usual medical care focused on rate control and appropriate anticoagulation, adhering to the current European Society of Cardiology guidelines. The study commenced in March 2023, with an estimated overall study completion by July 2027. The findings are expected to provide critical insights into the potential benefits of catheter ablation in this high-risk patient cohort, potentially influencing future therapeutic strategies for managing AF in HFpEF or HFmrEF. While the study permits the use of all ablation techniques based on the clinical judgment of the interventionalist, it is designed to particularly investigate PFA in this patient population. A substantial proportion of patients in the trial (>50%) are anticipated to undergo ablation using this novel technique, potentially offering valuable insights into its efficacy and safety in patients with HFpEF. Additionally, a meta-analyses incorporating data from trials such as CABANA, EAST-AFNET 4, and the CABA-HFPEF-DZHK27 study could provide valuable insights to compare different ablation modalities in this patient population.
[image: Study graphic illustrating a clinical trial. The study population includes patients with paroxysmal or persistent atrial fibrillation diagnosed within 24 months, NYHA II-III, and HmrEF or HFpEF. There are 1,548 participants receiving either catheter ablation with GDMT or usual medical care with GDMT. Participating centers are in 62 locations across Germany, Austria, Belgium, and the Netherlands. The study design is investigator-initiated, open-label, randomized, and controlled, with a 1 to 4-year follow-up. Outcomes focus on a composite endpoint of cardiovascular death, stroke, and unplanned hospitalizations for heart failure or acute coronary syndrome.]FIGURE 1 | Illustration of the ongoing CABA-HFPEF-DZHK27 Trial.Notably, while we await the results of the CABA-HFpEF trial, it is important to recognize that outcomes may be influenced by the underlying pathophysiology leading to HFpEF. HFpEF is a highly heterogeneous syndrome, with subtypes driven by factors such as obesity, hypertension, diabetes, structural diseases, autoimmune or genetic diseases, and systemic inflammation (Deichl et al., 2022; Tam et al., 2017; Kasiakogias et al., 2021). These phenotypes differ not only in their pathophysiology but also in their atrial substrate, autonomic tone, and susceptibility to procedural risks and therapeutic benefits. Metabolic HFpEF, for instance, is often characterized by increased epicardial adipose tissue, atrial enlargement, and systemic inflammation, all factors that may influence lesion formation, safety margins, and arrhythmia recurrence following ablation (Packer et al., 2020; Lobeek et al., 2023). In contrast, hypertension-associated HFpEF tends to be associated with diastolic stiffness and elevated left atrial pressure, which may lead to distinct patterns of atrial remodeling and potentially affect the durability of PFA lesions or increase the risk of procedural complications (Kasiakogias et al., 2021; Zhang et al., 2024). Given the global prevalence of HFpEF, variations in the distribution of contributing factors such as obesity and hypertension across populations may also lead to geographic differences in procedural outcomes and complication rates (Kim and Makowski, 2019). Moreover, many patients likely present with overlapping phenotypes, rather than fitting neatly into a single HFpEF subtype. While pinpointing the specific underlying mechanisms driving HFpEF in each patient may be challenging, a well-designed subanalysis could offer valuable insights into how different phenotypic profiles influence procedural outcomes. However, HFpEF is a heterogeneous syndrome encompassing diverse underlying causes and phenotypes, each likely requiring tailored therapeutic strategies. In this complex context it is notably, that catheter ablation may be insufficient as a standalone treatment.
CONCLUSION
In conclusion, PFA offers a promising new option for treating AF in HFpEF patients. The technique shows potential advantages in terms of safety, precision, and procedural efficiency over traditional ablation methods. While the evidence for its use in HFpEF patients is still emerging, early studies suggest that PFA may improve both AF control and HF symptoms, reducing hospitalizations and improving quality of life. Further research and long-term follow-up are needed to establish its place in clinical practice for this specific patient population. However, as technology continues to advance, PFA may become an essential tool in the management of AF in HFpEF, providing an effective treatment option for this complex and challenging condition. The CABA-HFPEF-DZHK27 trial will define the role of early catheter ablation with PFA in patients with AF and HFpEF or HFmrEF.
AUTHOR CONTRIBUTIONS
AP: Writing – original draft, Writing – review and editing. BK: Writing – original draft, Writing – review and editing. VS: Conceptualization, Data curation, Project administration, Supervision, Visualization, Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that no financial support was received for the research 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.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
REFERENCES
	Andrade J. G., Deyell M. W., Macle L., Wells G. A., Bennett M. Essebag V., et al. (2023). Progression of atrial fibrillation after cryoablation or drug therapy. N. Engl. J. Med. 388 (2), 105–116. doi:10.1056/NEJMOA2212540

	Andrade J. G., Wells G. A., Deyell M. W., Bennett M., Essebag V. Champagne J., et al. (2021). Cryoablation or drug therapy for initial treatment of atrial fibrillation. N. Engl. J. Med. 384 (4), 305–315. doi:10.1056/NEJMOA2029980

	Benali K., Khairy P., Hammache N., Petzl A., Da Costa A. Verma A., et al. (2023). Procedure-related complications of catheter ablation for atrial fibrillation. J. Am. Coll. Cardiol. 81 (21), 2089–2099. doi:10.1016/J.JACC.2023.03.418

	Carroll J. D., Hess O. M., Hirzel H., Krayenbuehl H. P. (1983). Dynamics of left ventricular filling at rest and during exercise. Pathophysiol. Nat. Hist. Coron. Artery Dis. 68, 59–67. doi:10.1161/01.cir.68.1.59

	Chen W., Bian W., Zhou Y., Zhang J. (2021). Cardiac fibroblasts and myocardial regeneration. Front. Bioeng. Biotechnol. 9, 599928. doi:10.3389/FBIOE.2021.599928

	Chieng D., Sugumar H., Segan L., Tan C., Vizi D. Nanayakkara S., et al. (2023). Atrial fibrillation ablation for heart failure with preserved ejection fraction: a randomized controlled trial. JACC Heart Fail 11 (6), 646–658. doi:10.1016/J.JCHF.2023.01.008

	Cochet H., Nakatani Y., Sridi-Cheniti S., Cheniti G., Ramirez F. D. Nakashima T., et al. (2021). Pulsed field ablation selectively spares the oesophagus during pulmonary vein isolation for atrial fibrillation. EP Eur. 23 (9), 1391–1399. doi:10.1093/EUROPACE/EUAB090

	Davis R. C., Hobbs F. D. R., Kenkre J. E., Roalfe A. K., Iles R. Lip G. Y. H., et al. (2012). Prevalence of atrial fibrillation in the general population and in high-risk groups: the ECHOES study. EP Eur. 14 (11), 1553–1559. doi:10.1093/EUROPACE/EUS087

	Deichl A., Wachter R., Edelmann F. (2022). Comorbidities in heart failure with preserved ejection fraction. Herz 47 (4), 301–307. doi:10.1007/S00059-022-05123-9

	Di B. L., Diaz J. C., Zhang X. D., Romero J. (2022). Pulsed field catheter ablation in atrial fibrillation. Trends Cardiovasc Med. 32 (6), 378–387. doi:10.1016/J.TCM.2021.07.006

	Ekanem E., Neuzil P., Reichlin T., Kautzner J., van der Voort P. Jais P., et al. (2024). Safety of pulsed field ablation in more than 17,000 patients with atrial fibrillation in the MANIFEST-17K study. Nat. Med. 30 (7), 2020–2029. doi:10.1038/s41591-024-03114-3

	Fujisawa T., Nagai T., Kawakami H., Yamaguchi O. (2023). Atrial fibrillation arising from a silent superior vena cava. Hear. Case Rep. 9 (3), 156–159. doi:10.1016/j.hrcr.2022.12.002

	Goette A., Kalman J. M., Aguinaga L., Akar J., Cabrera J. A. Chen S. A., et al. (2017). EHRA/HRS/APHRS/SOLAECE expert consensus on atrial cardiomyopathies: definition, characterization, and clinical implication. Heart rhythm. 14 (1), e3–e40. doi:10.1016/J.HRTHM.2016.05.028

	Gopinathannair R., Chen L. Y., Chung M. K., Cornwell W. K., Furie K. L. Lakkireddy D. R., et al. (2021). Managing atrial fibrillation in patients with heart failure and reduced ejection fraction: a scientific statement from the American heart association. Circ. Arrhythm. Electrophysiol. 14 (7), E000078. doi:10.1161/HAE.0000000000000078

	Haïssaguerre M., Gencel L., Fischer B., Le Métayer P., Poquet F. Marcus F. I., et al. (1994). Successful catheter ablation of atrial fibrillation. J. Cardiovasc Electrophysiol. 5 (12), 1045–1052. doi:10.1111/J.1540-8167.1994.TB01146.X

	Havlenova T., Skaroupkova P., Miklovic M., Behounek M., Chmel M. Jarkovska D., et al. (2021). Right versus left ventricular remodeling in heart failure due to chronic volume overload. Sci. Rep. 11 (1), 17136–16. doi:10.1038/s41598-021-96618-8

	Hohendanner F., Heinzel F. R., Blaschke F., Pieske B. M., Haverkamp W. Boldt H. L., et al. (2018b). Pathophysiological and therapeutic implications in patients with atrial fibrillation and heart failure. Heart Fail Rev. 23 (1), 27–36. doi:10.1007/S10741-017-9657-9

	Hohendanner F., Messroghli D., Bode D., Blaschke F., Parwani A. Boldt L. H., et al. (2018a). Atrial remodelling in heart failure: recent developments and relevance for heart failure with preserved ejection fraction. Esc. Heart Fail 5 (2), 211–221. doi:10.1002/EHF2.12260

	Hsu J. C., Gibson D., Banker R., Doshi S. K., Gidney B. Gomez T., et al. (2022). In vivo porcine characterization of atrial lesion safety and efficacy utilizing a circular pulsed-field ablation catheter including assessment of collateral damage to adjacent tissue in supratherapeutic ablation applications. J. Cardiovasc Electrophysiol. 33 (7), 1480–1488. doi:10.1111/JCE.15522

	Kasiakogias A., Rosei E. A., Camafort M., Ehret G., Faconti L. Ferreira J. P., et al. (2021). Hypertension and heart failure with preserved ejection fraction: position paper by the european society of hypertension. J. Hypertens. 39 (8), 1522–1545. doi:10.1097/HJH.0000000000002910

	Kim T. J., Makowski A. C. (2019). Obesity stigma in Germany and the United States - results of population surveys. PLoS One 14 (8), e0221214. doi:10.1371/JOURNAL.PONE.0221214

	Kirchhof P., Haeusler K. G., Blank B., De Bono J., Callans D. Elvan A., et al. (2018). Apixaban in patients at risk of stroke undergoing atrial fibrillation ablation. Eur. Heart J. 39 (32), 2942–2955. doi:10.1093/EURHEARTJ/EHY176

	Krishnamoorthy P., Shapiro M. L., Nemirovsky D., Feigenblum D. Y., Simons G. R. (2016). Aortic intramural hematoma after catheter ablation for atrial fibrillation. JACC Clin. Electrophysiol. 2 (3), 395–396. doi:10.1016/J.JACEP.2015.12.005

	Lakkireddy D., Katapadi A., Garg J., Herink E., Klotz M. Ganta J., et al. (2025). NEMESIS-PFA: investigating collateral tissue injury associated with pulsed field ablation. JACC Clin. Electrophysiol. doi:10.1016/J.JACEP.2025.04.017

	Lloyd-Jones D. M., Wang T. J., Leip E. P., Larson M. G., Levy D. Vasan R. S., et al. (2004). Lifetime risk for development of atrial fibrillation: the framingham heart study. Circulation 110 (9), 1042–1046. doi:10.1161/01.CIR.0000140263.20897.42

	Lobeek M., Gorter T. M., Van Empel V. P. M., Manintveld O. C., Tieleman R. G. Maass A. H., et al. (2023). Obesity, epicardial adipose tissue and left atrial cardiomyopathy in patients with heart failure with preserved ejection fraction: a cardiac MRI based study. EP Eur. 25 (Suppl. ment_1). doi:10.1093/EUROPACE/EUAD122.003

	Mansour M., Gerstenfeld E. P., Patel C., Natale A., Whang W. Cuoco F. A., et al. (2024). Pulmonary vein narrowing after pulsed field versus thermal ablation. EP Eur. 26 (2), euae038. doi:10.1093/EUROPACE/EUAE038

	Marrouche N. F., Brachmann J., Andresen D., Siebels J., Boersma L. Jordaens L., et al. (2018). Catheter ablation for atrial fibrillation with heart failure. N. Engl. J. Med. 378 (5), 417–427. doi:10.1056/NEJMOA1707855

	Martens P., Augusto S. N., Erzeel J., Pison L., Mullens W., Tang W. H. W. (2025). Effects of atrial fibrillation ablation for heart failure with preserved ejection fraction: insights from CABANA. JACC Heart Fail 13 (5), 785–794. doi:10.1016/J.JCHF.2025.01.029

	McDonagh T. A., Metra M., Adamo M., Gardner R. S., Baumbach A. Böhm M., et al. (2021). 2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 42 (36), 3599–3726. doi:10.1093/EURHEARTJ/EHAB368

	Meng F., Jin S., Liu N. (2024). Cardiac selectivity in pulsed field ablation. Curr. Opin. Cardiol. 40 (1), 37–41. doi:10.1097/HCO.0000000000001183

	Miyazaki S., Kawamura I., Iwasa Y., Negishi M., Tateishi R. Honda M., et al. (2025). Different incidence and size of silent strokes after pulsed field ablation with circular shaped ablation catheters. Circ. Arrhythm. Electrophysiol. 18, e013719. doi:10.1161/CIRCEP.125.013719

	Mogensen U. M., Jhund P. S., Abraham W. T., Desai A. S., Dickstein K. Packer M., et al. (2017). Type of atrial fibrillation and outcomes in patients with heart failure and reduced ejection fraction. J. Am. Coll. Cardiol. 70 (20), 2490–2500. doi:10.1016/J.JACC.2017.09.027

	Moshkovits Y., Grynberg D., Heller E., Maizels L., Maor E. (2023). Differential effect of high-frequency electroporation on myocardium vs. non-myocardial tissues. EP Eur. 25 (2), 748–755. doi:10.1093/EUROPACE/EUAC191

	Mozaffarian D., Benjamin E. J., Go A. S., Arnett D. K., Blaha M. J. Cushman M., et al. (2015). Heart disease and stroke statistics-2015 update: a report from the American heart association. Circulation 131 (4), e29–e322. doi:10.1161/CIR.0000000000000152

	Nakatani Y., Sridi-Cheniti S., Cheniti G., Ramirez F. D., Goujeau C. André C., et al. (2021). Pulsed field ablation prevents chronic atrial fibrotic changes and restrictive mechanics after catheter ablation for atrial fibrillation. EP Eur. 23 (11), 1767–1776. doi:10.1093/EUROPACE/EUAB155

	Nattel S., Burstein B., Dobrev D. (2008). Atrial remodeling and atrial fibrillation: mechanisms and implications. Circ. Arrhythm. Electrophysiol. 1 (1), 62–73. doi:10.1161/CIRCEP.107.754564

	Packer D. L., Mark D. B., Robb R. A., Monahan K. H., Bahnson T. D. Poole J. E., et al. (2019). Effect of catheter ablation vs antiarrhythmic drug therapy on mortality, stroke, bleeding, and cardiac arrest among patients with atrial fibrillation: the CABANA randomized clinical trial. JAMA 321 (13), 1261–1274. doi:10.1001/JAMA.2019.0693

	Packer M., Lam C. S. P., Lund L. H., Redfield M. M. (2020). Interdependence of atrial fibrillation and heart failure with a preserved ejection fraction reflects a common underlying atrial and ventricular myopathy. Circulation 141 (1), 4–6. doi:10.1161/CIRCULATIONAHA.119.042996

	Parwani A. S., Kääb S., Friede T., Tilz R. R., Bauersachs J. Frey N., et al. (2024). Catheter-based ablation to improve outcomes in patients with atrial fibrillation and heart failure with preserved ejection fraction: rationale and design of the CABA-HFPEF-DZHK27 trial. Eur. J. Heart Fail 26 (10), 2203–2212. doi:10.1002/EJHF.3373

	Perlini S., Belluzzi F., Salinaro F., Musc F. (2013). Atrial fibrillation and the renin-angiotensin-aldosterone system. Atr. Fibrillation - Mech. Treat. doi:10.5772/53917

	Phan T. T., Abozguia K., Nallur S. G., Ahmed I., Leyva F. Patel K., et al. (2009). Increased atrial contribution to left ventricular filling compensates for impaired early filling during exercise in heart failure with preserved ejection fraction. J. Card. Fail 15 (10), 890–897. doi:10.1016/j.cardfail.2009.06.440

	Pierucci N., La Fazia V. M., Mohanty S., Schiavone M., Doty B. Gabrah K., et al. (2025). Results of ICE-guided isolation of the superior vena cava with pulsed field ablation. JACC Clin. Electrophysiol. 11 (4), 752–760. doi:10.1016/J.JACEP.2024.11.009

	Prabhu S., Taylor A. J., Costello B. T., Kaye D. M., McLellan A. J. A. Voskoboinik A., et al. (2017). Catheter ablation versus medical rate control in atrial fibrillation and systolic dysfunction: the CAMERA-MRI study. J. Am. Coll. Cardiol. 70 (16), 1949–1961. doi:10.1016/J.JACC.2017.08.041

	Pucihar G., Kotnik T., Valič B., Miklavčič D. (2006). Numerical determination of transmembrane voltage induced on irregularly shaped cells. Ann. Biomed. Eng. 34 (4), 642–652. doi:10.1007/s10439-005-9076-2

	Reant P., Lafitte S., Jaïs P., Serri K., Weerasooriya R. Hocini M., et al. (2005). Reverse remodeling of the left cardiac chambers after catheter ablation after 1 year in a series of patients with isolated atrial fibrillation. Circulation 112 (19), 2896–2903. doi:10.1161/CIRCULATIONAHA.104.523928

	Reddy V. Y., Dukkipati S. R., Neuzil P., Anic A., Petru J. Funasako M., et al. (2021). Pulsed field ablation of paroxysmal atrial fibrillation: 1-year outcomes of IMPULSE, PEFCAT, and PEFCAT II. JACC Clin. Electrophysiol. 7 (5), 614–627. doi:10.1016/J.JACEP.2021.02.014

	Reddy V. Y., Gerstenfeld E. P., Natale A., Whang W., Cuoco F. A. Patel C., et al. (2023). Pulsed field or conventional thermal ablation for paroxysmal atrial fibrillation. N. Engl. J. Med. 389 (18), 1660–1671. doi:10.1056/NEJMOA2307291

	Reddy V. Y., Neuzil P., Koruth J. S., Petru J., Funosako M. Cochet H., et al. (2019). Pulsed field ablation for pulmonary vein isolation in atrial fibrillation. J. Am. Coll. Cardiol. 74 (3), 315–326. doi:10.1016/J.JACC.2019.04.021

	Reddy Y. N. V., Obokata M., Verbrugge F. H., Lin G., Borlaug B. A. (2020). Atrial dysfunction in patients with heart failure with preserved ejection fraction and atrial fibrillation. J. Am. Coll. Cardiol. 76 (9), 1051–1064. doi:10.1016/J.JACC.2020.07.009

	Rubinsky B., Onik G., Mikus P. (2007). Irreversible electroporation: a new ablation modality — clinical implications. Technol. Cancer Res. Treat. 6 (1), 37–48. doi:10.1177/153303460700600106

	Shite J., Yokota Y., Yokoyama M. (1993). Heterogeneity and time course of improvement in cardiac function after cardioversion of chronic atrial fibrillation: assessment of serial echocardiographic indices. Heart 70 (2), 154–159. doi:10.1136/HRT.70.2.154

	Sohns C., Fink T., Braun M., Sciacca V., Piran M. Khalaph M., et al. (2023b). Lesion formation following pulsed field ablation for pulmonary vein and posterior wall isolation. Pacing Clin. Electrophysiol. 46 (7), 714–716. doi:10.1111/PACE.14727

	Sohns C., Fox H., Marrouche N. F., Crijns H. J. G. M., Costard-Jaeckle A. Bergau L., et al. (2023a). Catheter ablation in end-stage heart failure with atrial fibrillation. N. Engl. J. Med. 389 (15), 1380–1389. doi:10.1056/NEJMOA2306037

	Stewart M. T., Haines D. E., Miklavčič D., Kos B., Kirchhof N. Barka N., et al. (2021). Safety and chronic lesion characterization of pulsed field ablation in a porcine model. J. Cardiovasc Electrophysiol. 32 (4), 958–969. doi:10.1111/JCE.14980

	Sugumar H., Prabhu S., Voskoboinik A., Young S., Gutman S. J. Wong G. R., et al. (2019). Atrial remodeling following catheter ablation for atrial fibrillation-mediated cardiomyopathy: long-term Follow-Up of CAMERA-MRI study. JACC Clin. Electrophysiol. 5 (6), 681–688. doi:10.1016/J.JACEP.2019.03.009

	Tajiri K., Guichard J. B., Qi X., Xiong F., Naud P. Tardif J. C., et al. (2019). An N-/L-type calcium channel blocker, cilnidipine, suppresses autonomic, electrical, and structural remodelling associated with atrial fibrillation. Cardiovasc Res. 115 (14), 1975–1985. doi:10.1093/CVR/CVZ136

	Tam M. C., Lee R., Cascino T. M., Konerman M. C., Hummel S. L. (2017). Current perspectives on systemic hypertension in heart failure with preserved ejection fraction. Curr. Hypertens. Rep. 19 (2), 12. doi:10.1007/S11906-017-0709-2

	Tung P., Hong S. N., Chan R. H., Peters D. C., Hauser T. H. Manning W. J., et al. (2013). Aortic injury is common following pulmonary vein isolation. Heart rhythm. 10 (5), 653–658. doi:10.1016/J.HRTHM.2013.01.012

	Turagam M. K., Neuzil P., Schmidt B., Reichlin T., Neven K. Metzner A., et al. (2024). Safety and effectiveness of pulsed field ablation for atrial fibrillation in patients with heart failure. Clin. Electrophysiol. 10 (7), 1675–1686. doi:10.1016/J.JACEP.2024.05.002

	Van Gelder I. C., Rienstra M., Bunting K. V., Casado-Arroyo R., Caso V. Crijns H. J. G. M., et al. (2024). ESC guidelines for the management of atrial fibrillation developed in collaboration with the european association for cardio-thoracic surgery (EACTS): developed by the task force for the management of atrial fibrillation of the european society of cardiology (ESC), with the special contribution of the european heart rhythm association (EHRA) of the ESC. Endorsed by the european stroke organisation (ESO). Eur. Heart J. 45 (36), 3314–3414. doi:10.1093/EURHEARTJ/EHAE176

	Van Riet E. E. S., Hoes A. W., Wagenaar K. P., Limburg A., Landman M. A. J., Rutten F. H. (2016). Epidemiology of heart failure: the prevalence of heart failure and ventricular dysfunction in older adults over time. A systematic review. Eur. J. Heart Fail 18 (3), 242–252. doi:10.1002/EJHF.483

	Younis A., Tabaja C., Santangeli P., Nakagawa H., Sipko J. Madden R., et al. (2024). Outcomes of atrial fibrillation ablation in heart failure subtypes. Circ. Arrhythm. Electrophysiol. 17, e012926. doi:10.1161/CIRCEP.124.012926

	Zhang Q., Wang S., Zhang H., Wang K., Li W. Ding G., et al. (2024). Evaluation of left atrial function and the relationship between left atrial stiffness index and exercise capacity in hypertension-related heart failure with preserved ejection fraction. Front. Cardiovasc Med. 11, 1501004. doi:10.3389/FCVM.2024.1501004


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.
Copyright © 2025 Parwani, Kossmann and Schweiger. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Targeting atrial fibrillation in HFpEF: the emerging role of pulsed field ablation		INTRODUCTION

		INTERPLAY BETWEEN ATRIAL FIBRILLATION AND HEART FAILURE

		ABLATION FOR ATRIAL FIBRILLATION		Pulse field ablation

		Pulsed field ablation for atrial fibrillation in HFpEF patients





		CONCLUSION

		AUTHOR CONTRIBUTIONS

		FUNDING

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		REFERENCES









OPS/images/cover.jpg
& frontiers | Frontiers in Physiology






OPS/images/fphys-16-1621118-g001.jpg
Study Population O Participating Centers
[
* Paroxysmal or persistent atrial fibri-
Ulation diagnosed within 24 months 62 Centers throughout:
* NYHAII-lI
& Germany
 HmrEF (LVEF 40-49%) OR HFpEF Austria

(LVEF 250%) Belgium
The Netherlands

Interventions
Catheter Ablation
+GDMT
@ Usual Medical Care
+GDMT Outcomes '&

Cardiovascular death
* Investigator initiated, open- Stroke
labelled, randomized, controlled, Total unplanned cardiovascular
multicenter trial with blinded hospitaliztaion for heart failure or

outcome assessment acute coronary syndrome
Follow-up period: 1-4 years

Design










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
¥ frontiers | Frontiers in Physiology





