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Thermal-based ablation modalities—radiofrequency and 
cryothermy—are the mainstays of current catheter-based 
treatment options for atrial fibrillation (AF) [1]. Despite 
refinements in technology and techniques, the potential for 
serious complications including pulmonary vein stenosis, 
phrenic nerve injury, and atrioesophageal fistula still exists. 
Furthermore, recurrence rates following AF ablation remain 
suboptimal [2]. Pulsed field ablation (PFA) is an emerging 
modality that has gained tremendous traction. Delivery of 
short-pulsed electric fields (PEF) induces loss of cell mem-
brane integrity through the formation of nanopores, this 
effect can either be transient or irreversible, the latter of 
which leads to cell death [3]. Extensive pre-clinical studies 
have demonstrated that cardiomyocytes are more sensitive 
to PEF effects, hence, surrounding structures are less likely 
to sustain collateral damage during delivery [4, 5]. Further-
more, it is thought that minimal to no heating occurs at the 
ablation site, decreasing the likelihood of unintended ther-
mal injury [6]. These findings have prompted a flurry of first 
in-human studies to assess whether PFA will truly become 
the “holy grail” for treating AF [7–12].

As with most technological advances, hype is often tem-
pered by reality over time and testing. Early trials of PFA 
systems showed nearly perfect acute procedural success at 
isolating the pulmonary veins (PVs) and/or posterior wall 
(PW). The safety profile appeared excellent, with none of 
the abovementioned feared complications [9, 11]. However, 
it soon became clear that AF can recur post-PFA and that 
previously ablated sites can become reconnected [10, 12]. 
Thus, as we move beyond the “honeymoon phase” of PFA, 

it is increasingly important that we refine our knowledge 
of the mechanisms contributing to these treatment failures.

In this issue of JICE, Tancredi Magni et al. focused their 
attention on 14 patients out of a total of 447 (3.1%) who 
developed recurrent AF within 1 year of undergoing index 
PFA catheter ablation. The mean time to recurrence was 
4.9 ± 1.9 months; 7 (50.0%) had paroxysmal AF, whereas 
6 (42.9%) and 1 (7.1%) had persistent and longstanding 
persistent AF, respectively. Three patients (21.4%) received 
concomitant PW isolation (PWI) at the discretion of the 
operator. Of the 14 patients, 7 (50.0%) had AF recurrence, 5 
(35.7%) had both AF and atrial flutter (AFL), and 2 (14.3%) 
experienced AFL or atrial tachycardia (AT) only. During 
their redo procedure, 9 (64.3%) had at least 1 PV reconnec-
tion, with the posterior-inferior aspect of the right inferior 
PV (RIPV) being the most common gap observed. Two of 
the 3 patients who initially received PW isolation had recon-
nection of the PW. In addition to repeat PV isolation (PVI), 
most patients underwent additional ablation, including PW 
(re)isolation, as well as flutter lines along the cavotricuspid 
isthmus, mitral isthmus, and roof. No complications were 
noted with the redo cases.

We would like to extend our congratulations to the 
authors for this important contribution to the literature. 
Adoption of PFA in the clinical space is anticipated to grow 
exponentially; hence, electrophysiologists will need to learn 
how to manage patients with recurrent atrial arrhythmias 
post-PFA. Although the numbers in this study are small, we 
are left with important questions and issues to consider as 
we move forward with this technology.

1) Will pulmonary vein reconnection be common with 
PFA?

Data from the pivotal IMPULSE, PEFCAT, and PULSED 
AF trials have shown that PV reconnection continues to be a 
major reason for AF recurrence following PFA [10, 12]. The 
present study, which took place post-regulatory approval, 
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provides further substantiation of their findings. There are 
multiple potential reasons for PV reconnection, including 
limited operator experience with new technology, inaccurate 
intraprocedural assessment of lesion durability, inadequate 
energy delivery, and intrinsic anatomic or tissue factors 
affecting ablation effectiveness [6]. With regard to the lat-
ter, it is interesting that the posterior-inferior aspect of the 
RIPV was the most common site for reconnection noted by 
the authors. Although this may certainly be simply due to 
chance, limited catheter reach and/or contact to that region 
coupled by variations in anatomy may in part account for the 
gaps seen in this cohort. Since PVI remains the cornerstone 
of AF catheter ablation, decreasing the rate of PV reconnec-
tion with PFA will be of paramount importance if we want 
to improve outcomes.

2) How do we address targets for ablation beyond the pul-
monary veins?

Apart from PV reconnection, a significant fraction of the 
study cohort experienced AT or AFL, most of which were de 
novo. While there is little data to support performing empiric 
flutter lines to reduce atrial arrhythmia recurrence, one may 
make the argument that PFA is an ideal ablation modality for 
such given its safety profile. However, our group and others 
have found that PFA within or near coronary arteries can 
lead to effects ranging from vasospasm to overt stenosis in 
animal models [13, 14]. Indeed, there have been emerging 
case reports of coronary vasospasm during mitral and cavo-
tricuspid isthmus ablations as well [15, 16]. Although the 
clinical significance of PFA-associated coronary vasospasm 
remains undetermined, it does raise doubts whether PFA, at 
least in its current form, is the answer for flutter ablations in 
the vicinity of coronary arteries.

The PW is a known trigger for AF particularly given its 
shared embryologic origin with the PVs [17]. There is pre-
liminary data suggesting reasonable acute success rates at 
PWI [9]. In the present study, however, 2 of the 3 patients 
who received PWI experienced reconnections, highlight-
ing the need for improvement in this regard. Perhaps this is 
related to suboptimal catheter-tissue contact given the cur-
rent catheter design and/or movement which occurs during 
pulse delivery that leads to inadequate catheter force and 
stability. Other known triggers for AF such as the superior 
vena cava and atrial appendages were not addressed in this 
study, and therefore bear further investigation.

3) How does pulsed field ablation affect cardiac autonomic 
ganglia and ablation outcomes?

There is progressive awareness that the autonomic nerv-
ous system plays a substantive role in modulating the onset 
and maintenance of cardiac arrhythmias including AF [18]. 

To this end, the utility of cardiac ganglia (radiofrequency) 
ablation as an alternative or in addition to PVI has been 
explored in several studies, albeit with mixed results [19, 
20]. Although open-chest application of PFA can success-
fully ablate cardiac ganglia in animal studies [21], no signifi-
cant autonomic effects have been elicited with endocardial 
PFA from early human trials [22]. Whether this is a function 
of relative tissue resistance to PFA or technological limita-
tions (or both) remains to be seen. If cardiac ganglia are 
spared by endocardial PFA delivery, other approaches or 
PFA delivery protocols would be ripe for investigation to 
include ganglia destruction.

4) Why do we not have a uniform recipe for PFA delivery?

At the heart of it all, our foray into the vast frontier of 
PFA has only just begun. There are a multitude of param-
eters that factor into each ablation—voltage, pulse width, 
waveform, electrode shape/size, to name just a few [6]. 
Patient-related factors and anatomy are also likely to play 
an important role. The ideal configuration for any given 
arrhythmia is a big unknown, particularly for something as 
complex as AF. In fact, there may never be only one. Even 
so, studies such as the present work are a crucial step in 
our never-ending pursuit of simply being. It is likely that 
each catheter design and delivery protocol requires its own 
special delivery protocol. However, publication of the exact 
protocol parameters would be most welcome and would 
benefit the entire field as we push forward in understanding 
PFA. Publication of these protocols would help determine 
the best parameters to use, and most importantly, illustrate 
those that are suboptimal. Only through struggle and con-
tinued learning from bench and clinical PFA delivery, along 
with a collaborative approach to defining optimal delivery 
protocols, we will reach our collective goal toward improved 
efficacy and safety of AF ablation.
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