Pulsed-Field Ablation: The ‘perfect’ energy source?
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Introduction

The main aim of ablation is to electrically isolate the arrhythmogenic area by creating durable full-
thickness (transmural) damage to the target tissue whilst sparing adjacent structures. Traditionally,
thermal injury sources have been used. However, as thermal ablation causes indiscriminate tissue injury,
a trade-off exists between safety and efficacy — transmurality may only be achieved with higher
energies and/or longer durations at the expense of an increased likelihood of inadvertent collateral

injury. Pulsed-



studies. Preclinical data has been encouraging but does the initial clinical experience live up to this
hype?

Overview of catheter ablation for atrial fibrillation

Percutaneous catheter ablation for atrial fibrillation (AF) is the most commonly performed ablation
procedure and an important tool in the electrophysiologist’s armamentarium, particularly for
symptomatic patients and those with impaired left ventricular systolic function (Table 1).%:2

Tablel. Indications for catheter ablation for atrial fibrillation

ESC guidance (2020) NICE guidance (2021)
Class | recommendation f Symptomatic AF patients with failure or
1 Symptomatic AF patients with failure or intolerant to AAD
intolerant to AAD (class | or llI) T Hear failure caused by non-permanent
f Tachycardia-induced cardiomyopathy AF

Class IIA recommendation
1 Symptomatic PAF patients as first-line
therapy
T Heart failure with reduce injection
fraction
Class Ilb recommendation
I Persistent AF without major risk factors
for AF recurrence

The seminal paper from Haissaguerre and colleagues in 1998, demonstrated that pulmonary vein (PV)
ectopy initiated and maintained AF and electrically isolating these targets terminated the arrhythmia.®
Pulmonary vein isolation (PVI) techniques have since evolved and emerged as the cornerstone of
catheter ablation.™? Although there have been significant technological advancements, with integration
of more sophisticated mapping tools and ablation strategies, the pathophysiology of AF remains poorly
understood and long-term freedom from AF following a single-procedure PVI1 is still suboptimal ; 60-
70% in paroxysmal AF patients and approximately 50% in persistent AF.*" The dominant mechanism
of post-ablation AF recurrence is PV reconnection which occurs in up to 80% of patients; hence,
establishing a durable PVI has long been a major focus of research.® ® In a small proportion of patients,
regions of abnormal electrical substrates (non-PV triggers) are responsible for post-ablation recurrence
but it is unclear if additional ablation, particularly in persistent AF, is beneficial with studies reporting

contrasting results.



particularly vulnerable to thermal injury. Mucosal damage can progress to an atrial oesophageal fistula,

a rare but life-threatening complication.*?

Thermal ablation techniques

Conventionally, thermal energy sources have been used to induce cell death during ablation. Direct
current ablation was initially employed in the 1970s but has since been abandoned due to an
unfavourable safety profile, notably the high risk of barotrauma. The two most used modes of ablation
are radiofrequency (heating) and cryoablation (freezing),. In paroxysmal AF patients, cryoablation and
radiofrequency ablation have comparable procedural efficacy and safety.® Incremental gains have been
reported with new generation catheters which incorporate contact-force feedback and ablation index,
but PV reconnection still remains a hurdle.®

Alternative methods of ablation include laser, microwave, and high-focussed ultrasound which are
mainly limited to clinical research and ultimately rely on thermal energy to be effective.!* °

Pulsed-field ablation and preliminary data

Pulsed-field ablation creates tissue injury through a non-thermal energy source: electroporation. An
intermittent high intensity electrical field is generated between two electrodes which disrupts the cell
membrane by creating nanometer-sized pores that disturb intracellular homeostasis (Figure 1). At a
tissue level, the effect is dependent upon the strength of the electrical fields. If a strong electrical field
is applied, the nanopores do not reverse leading to increased membrane permeability which ultimately

results in cell death (irreversible electrophoresis).



Figure 1: A) Pre-ablation cardiomyocytes with an intact phospholipid cell membrane B) Pulsed field
ablation creates a transient electrical field that leads to reorientation of the heads of the phospholipid
layers in discrete areas of the cell membrane whilst the tails continue to interact with the hydrophobic
area thus creating nanopores. Increased membrane permeability can result in cell death.

Preclinical data has demonstrated several advantages of PFA over thermal energy sources. PFA is non-
contact dependent — only requiring close proximity with target tissues — and a single PFA can be
delivered be in a few seconds. In contrast, radiofrequency and cryoablation require good contact with
the underlying cardiac tissue to create transmural lesions and achieve conduction block. Typically, at



In 2018, the first in-human PVI study by Vivek and colleagues demonstrated the feasibility of single-
shot monophasic Farawave PFA platform.?! Fifteen out of twenty patients underwent ablation via an
endocardial route with all PVs (52/52) isolated. No procedural complications were reported. Similar
acute procedural success was 95.3Tm0 0 1 203.33 324.17 TmO0 g0 [S5WETD.000008871 0 595.32 841.92 retBT/F5


https://clinicaltrials.gov/ct2/show/NCT03700385
https://clinicaltrials.gov/ct2/show/NCT03714178

studies raising concerns regarding potential asymptomatic cerebral embolism. More striking is the lack
of post-ablation brain MRI data which was previously considered an important safety endpoint in their
original feasibility study.



Discussion

PFA may well be the “perfect’ energy source for ablation delivering safe and durable lesions. However,
current evidence has important limitations and uncertainty remains. First, PFA platforms are proprietary
and, unlike thermal energy sources, current efficacy and safety data cannot be generalised or used

interchangeably due to difference in
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