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Atrial fibrillation (AF) remains a pervasive and complex arrhythmia, driving significant morbidity and 

healthcare burden across Europe. While radiofrequency and cryoablation have long been mainstays for rhythm 

control, their thermal mechanisms carry inherent risks of collateral tissue damage.

Pulsed field ablation (PFA) has emerged as a distinct non-thermal modality, promising a more precise 

and potentially safer approach to myocardial tissue destruction. This technique harnesses high-voltage, 

short-duration electrical fields to induce irreversible electroporation, selectively targeting cardiomyocytes while 

sparing adjacent structures.

K E Y  TA K E AWAY S

º The Pivot: Pulsed field ablation introduces a non-thermal mechanism for cardiac tissue destruction, aiming 

for improved safety and specificity compared to conventional thermal ablation.

º The Data: PFA selectively targets cardiomyocytes via irreversible electroporation, minimizing damage to 

adjacent structures like the esophagus and phrenic nerve.

º The Action: Clinicians should understand PFA's distinct biophysical mechanism and its potential 

advantages for patients undergoing ablation for atrial arrhythmias, particularly in anatomically sensitive 

areas.

Atrial fibrillation, a common and often debilitating arrhythmia, frequently necessitates invasive interventions to restore 

and maintain sinus rhythm. Conventional ablation strategies, including radiofrequency (RF) ablation and cryoablation, 

rely on thermal energy to create lesions that electrically isolate arrhythmogenic tissue. While effective, these thermal 

approaches carry well-documented risks of damage to non-myocardial structures, such as the esophagus, phrenic nerve, 

and coronary arteries, due to the indiscriminate nature of heat or cold propagation. The search for safer, more selective 

ablation modalities has driven innovation, leading to the development of pulsed field ablation.1

Pulsed field ablation represents a significant departure from thermal energy delivery. Instead of heating or freezing 

tissue, PFA employs high-voltage electrical pulses of very short duration, typically microseconds, to induce irreversible 

electroporation (IRE) in target cells. This process involves the creation of permanent nanopores in the cell membrane, 

leading to a loss of cellular homeostasis and ultimately, cell death. The critical distinction lies in the cell-specific nature 

of IRE: cardiomyocytes are particularly susceptible to these electrical fields, while surrounding tissues like nerves, blood 

vessels, and esophageal tissue exhibit higher resistance, thus preserving their function.1,2

The Biophysical Mechanism of Pulsed Field Ablation
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The fundamental principle behind PFA is irreversible electroporation. When a cell is exposed to a sufficiently strong and 

appropriately timed electric field, the transmembrane potential increases, causing structural changes in the lipid bilayer 

of the cell membrane. These changes manifest as the formation of transient pores, a phenomenon known as reversible 

electroporation. If the electric field strength, duration, or number of pulses exceeds a certain threshold, these pores 

become permanent, leading to irreversible electroporation. This permanent permeabilization disrupts the cell's ability 

to maintain its internal environment, resulting in osmotic imbalance, swelling, and eventual lysis or programmed cell 

death.1,2

The selectivity of PFA stems from the differing electrical properties and membrane compositions of various cell types. 

Cardiomyocytes, with their relatively large size and specific membrane characteristics, are more vulnerable to IRE than 

other cells found in the atrial wall. For instance, smooth muscle cells, fibroblasts, and endothelial cells, which constitute 

the walls of blood vessels and the esophagus, possess different electrical thresholds for IRE. Nerve cells, particularly the 

phrenic nerve, are also less susceptible to the specific pulse parameters used in PFA, offering a potential safety advantage 

over thermal methods that can cause phrenic nerve palsy. This differential susceptibility allows for targeted ablation of 

myocardial tissue while minimizing collateral damage to adjacent vital structures.1,2

The delivery of PFA involves specialized catheters designed to deliver these high-voltage pulses. These catheters typically 

feature multiple electrodes that can be configured to create various electric field geometries, allowing for precise 

lesion creation. The energy delivery is extremely rapid, often completed within milliseconds, which contributes to 

the non-thermal nature of the ablation. The rapid energy delivery means there is insufficient time for significant heat 

accumulation, thus avoiding the thermal spread that characterizes RF or cryoablation. This speed also contributes to 

procedural efficiency.1,2

Clinical Applications and Procedural Considerations
Pulsed field ablation is primarily being investigated for the treatment of atrial fibrillation, particularly for pulmonary 

vein isolation (PVI), which is the cornerstone of AF ablation procedures. The goal of PVI is to electrically isolate the 

pulmonary veins from the left atrium, as these veins are frequently the source of ectopic beats that trigger AF. The ability 

of PFA to create transmural lesions rapidly and selectively in the thin-walled atrial tissue, while potentially safeguarding 

the esophagus and phrenic nerve, makes it an attractive option for this indication.1,2

The procedural workflow for PFA is similar to that of conventional ablation, involving transseptal puncture to access the 

left atrium and electroanatomic mapping to guide catheter placement. However, the energy delivery phase is distinct. 

Operators position the PFA catheter within the pulmonary veins or other target areas and deliver a series of high-voltage 

pulses. The immediate effect of PFA on tissue is not visible as a thermal lesion, requiring reliance on electrophysiological 

endpoints, such as the absence of pulmonary vein potentials, to confirm successful isolation. Some systems incorporate 

real-time feedback mechanisms to assess lesion formation.1,2

One of the potential benefits of PFA is a reduced risk of esophageal injury, a serious complication associated with thermal 

ablation. Thermal lesions in the posterior wall of the left atrium, which is in close proximity to the esophagus, can lead 

to atrio-esophageal fistula, a rare but often fatal complication. The cell-specific nature of IRE means that esophageal 

tissue, with its different cellular composition, is less likely to be irreversibly damaged by the PFA pulses, even when the 

catheter is in close proximity. This theoretical advantage holds significant promise for improving patient safety.1,2

Similarly, phrenic nerve injury, which can cause diaphragmatic paralysis, is a concern with cryoablation, particularly for 
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right-sided pulmonary vein isolation. The phrenic nerve runs in close proximity to the right superior pulmonary vein. 

The higher resistance of nerve tissue to IRE, compared to cardiomyocytes, suggests that PFA may offer a lower risk of 

phrenic nerve injury. This could simplify procedures by reducing the need for continuous phrenic nerve pacing during 

ablation, a common practice with cryoablation to monitor nerve function.1,2

Emerging Evidence and Future Directions
While the biophysical principles of PFA are well-established, clinical evidence is still accumulating, particularly 

regarding long-term efficacy and safety outcomes. Early studies have focused on demonstrating the feasibility and 

acute success of PFA for PVI. These initial data suggest high rates of acute pulmonary vein isolation, comparable to 

those achieved with thermal methods. However, larger randomized controlled trials with extended follow-up periods are 

necessary to definitively establish PFA's superiority or non-inferiority to existing ablation techniques in terms of freedom 

from AF recurrence and complication rates.1,2

The use of PFA as a first-line therapy for persistent atrial fibrillation is also under investigation. Persistent AF often 

requires more extensive ablation beyond PVI, targeting additional substrate in the left atrium. The ability of PFA to 

create contiguous, transmural lesions rapidly and safely could be advantageous in these more complex cases. However, 

the optimal PFA strategies for non-PVI targets, such as the posterior wall or left atrial appendage, are still being refined. 

The Oxford Handbook of Cardiology provides further context on evolving AF management strategies.2

One limitation of current PFA technology is the lack of real-time, direct visualization of lesion formation. Unlike 

RF ablation, where impedance drops or temperature changes can indicate tissue heating, or cryoablation, where ice 

ball formation is visible, PFA lesions are not immediately apparent. This necessitates reliance on electrophysiological 

endpoints and careful anatomical mapping to ensure complete and durable isolation. Future developments may include 

integrated imaging modalities or advanced mapping techniques that can provide real-time feedback on IRE efficacy.1,2

Another area of ongoing research involves optimizing PFA pulse parameters, including voltage, pulse duration, and 

waveform, to maximize cardiomyocyte selectivity while further minimizing off-target effects. Different PFA systems 

employ varying pulse characteristics, and understanding the clinical implications of these differences is crucial. The 

long-term effects of IRE on atrial tissue, including potential for fibrosis or inflammation, also require continued 

investigation.1,2

The potential for PFA to treat other cardiac arrhythmias, beyond AF, is also being explored. For instance, focal atrial 

tachycardia originating from the atrial appendage in children has been successfully treated with three-dimensional 

electroanatomic mapping-guided minimally invasive transaxillary atrial appendage resection. While this is a surgical 

approach, the precision required highlights the need for highly targeted ablation techniques, a characteristic PFA may 

offer for other focal arrhythmias.3

But, the current literature provides limited direct comparative data between PFA and established thermal ablation 

methods in large, diverse patient cohorts. Many studies are single-arm or observational, focusing on acute procedural 

success rather than long-term rhythm outcomes or hard clinical endpoints. The absence of extensive long-term follow-up 

data means that the durability of PFA lesions and the true incidence of late complications are not yet fully understood.1,2

The characteristics of patients with de novo left atrial flutter (LAF) compared to those with post-ablation LAF also 

highlight the complexities of atrial arrhythmias. LAF most commonly arises in patients with previous left atrial ablation 

or surgery, suggesting that existing ablation techniques can sometimes create substrates for new arrhythmias. Rarely, LAF 
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can present as a de novo arrhythmia without previous interventions. This underscores the need for ablation technologies 

that not only eliminate existing arrhythmias but also minimize the creation of new arrhythmogenic substrates. PFA's 

non-thermal, cell-specific mechanism theoretically offers an advantage here by reducing collateral damage that could 

serve as a nidus for new re-entrant circuits.1

Safety Profile and Remaining Questions
The safety profile of PFA is a critical area of ongoing evaluation. Initial data suggest a favorable safety profile, particularly 

concerning esophageal and phrenic nerve injury. However, other potential complications, such as pericardial effusion, 

cardiac tamponade, and vascular access complications, are inherent to any invasive cardiac procedure and require 

careful management. The risk of proarrhythmia, where the ablation itself creates new arrhythmias, also needs thorough 

assessment over time.1,2

The long-term impact of IRE on atrial tissue remodeling and function is another important consideration. While acute 

cell death is the goal, the subsequent healing process and potential for fibrosis or inflammation could influence long-term 

rhythm stability. Comprehensive histological and imaging studies are necessary to fully characterize the tissue response 

to PFA over extended periods. The trial was not powered to detect differences in rare complications, and that gap matters 

for widespread adoption.1,2

CLINICAL IMPLICATIONS

Pulsed field ablation represents a compelling evolution in cardiac arrhythmia management, moving 

beyond the thermal limitations of radiofrequency and cryoablation. The promise of cell-specific tissue 

destruction, particularly for cardiomyocytes, offers a genuine opportunity to mitigate critical complications 

like atrio-esophageal fistula and phrenic nerve palsy, which have historically tempered enthusiasm for more 

aggressive ablation strategies.

For electrophysiologists, this technology could streamline procedures by reducing the need for elaborate 

protective measures, such as esophageal temperature monitoring or phrenic nerve pacing. The rapid energy 

delivery also suggests potential for increased procedural efficiency, a non-trivial factor in busy catheterization 

labs. But, the reliance on electrophysiological endpoints without direct visual confirmation of lesion formation 

means a steep learning curve and meticulous mapping remain essential.

The implications for patients are significant, particularly those with anatomically challenging atrial arrhythmias 

or those at higher risk for thermal complications. A safer ablation profile could expand access to rhythm control 

strategies for a broader patient population. However, the long-term durability of PFA lesions and the true 

incidence of late complications still require robust, large-scale clinical trials before PFA can fully displace 

established thermal methods as a first-line therapy.

The industry's investment in PFA technology reflects its potential, but clinicians must remain discerning. 

While the biophysical rationale is sound, the transition from theoretical advantage to demonstrated clinical 

superiority demands rigorous, comparative evidence, especially concerning freedom from AF recurrence and 

the prevention of new arrhythmogenic substrates, as seen in some post-ablation left atrial flutter cases.1
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