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Lesion effects in terms of local impedance
variations after pulsed-field ablation during
pulmonary vein isolation: a case report
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To date, no information is available on highly localized impedance (LI) measurements during the ablation of pulmonary veins (PVs)
via a new form of energy such as electroporation by means of pulsed-field ablation (PFA).

A 55-year-old man with a history of paroxysmal atrial fibrillation was admitted to our hospital for PV isolation (PVI). The procedure
was performed with the new multi-electrode PFA catheter (FARAWAVE™). Before energy delivery, a high-density map of the left
atrium was constructed with the Rhythmia™ system, while the IntellaNAV Mifi™ Ol catheter was used to assess the baseline LI
values of the four PVs. A manual tag was used to record the exact position where the IntellaNAVT™ catheter measured the Ll values
for each segment of the vein before and after PVI. The LI values displayed a significant variation after PFA delivery (124.3 + 5 Q for
baseline LI vs. 96.8 + 6 Q after PFA, P < 0.0001) with a mean absolute LI variation of 27.5 + 7Q and a mean percentage LI variation
of 25.8 + 8%. The differences between the average LI values pre- and post-PFA were 28.0 + 5,26.5 + 9, 26.8 + 3,and 28.8 + 10 Q
for the superior, anterior, posterior, and inferior portions of the PV.

This is the first instance of the acute characterization, in terms of LI drop, of antral lesions created by a new PFA system. Local
impedance variations at ablation sites seem to be larger than those recorded at successful ablation spots obtained by means of
thermal energy sources.
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e Local impedance has been proved to have a stronger relationship with lesion size and ablation efficacy in the left atrium during atrial fibril-
lation ablation by means of radiofrequency delivery.

® Local impedance variations after pulsed-field ablation seem to be larger than those recorded at successful ablation spots obtained by means
of thermal energy sources such as radiofrequency.
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Catheter ablation via pulmonary vein isolation (PVI) is a well-established
procedure for the treatment of both paroxysmal and persistent atrial
fibrillation (AF). The most widely used technologies comprise cryother-
mal or radiofrequency (RF) energy sources, which destroy the target
tissue by freezing or heating, respectively." Freezing or heating affects
biological systems at both the molecular and the cellular levels, which
may alter their structure and composition and therefore their electrical
impedancez; thus, the variation in impedance could be used to assess
the quality of ablation lesions. The local impedance (LI) information,
measured through mini-electrodes on the tip of a dedicated RF ablation
catheter (IntellaNAV Mifi Ol; Boston Scientific) and the DirectSense™
technology, has been proved to have a strong relationship with lesion
size both in the atrium and in the ventricle,>* and its variations seem
not to be influenced by the energy source used to create the lesion
(RF or cryoablation).” Recently, a new ablation technique, called pulsed-
field ablation (PFA), is arousing increasing interest in the field of cardiac
tissue ablation; the technique involves irreversibly electroporating cell
membranes, without thermal damage, by using short-duration, high-
voltage electrical impulses to create lesions.® The success rate of PVI
by PFA is high, and major adverse events are low. Pulsed-field ablation
is found to decrease the recurrence of atrial arrhythmia compared with
thermal ablation.” However, lesion characteristics after PFA ablation,
which are highly relevant for the electrophysiological endpoint as
they are predictive of durable segment block, have not yet been studied.
Here, we provide the first report of the effects of substrate modifica-
tion in terms of LI variation, as assessed through a novel LI algorithm,
after PFA ablation.

Day 1 Admission to our hospital for PV,
transoesophageal echocardiography and

cardiac computed tomography

evaluation
Day 2 PVI procedure
Day 3 Patient discharge
Day 7 7-Days clinical evaluation and

electrocardiogram (ECG)
Clinical evaluation, ECG, and 24 h Holter

monitoring

Follow-up 3 and 6 months

after hospitalization

A 55-year-old man with a history of paroxysmal AF was admitted to
our hospital for PVI. No relevant comorbidities were present. Clinical
examination was unremarkable. The patient underwent transoeso-
phageal echocardiography and cardiac computed tomography prior
to the procedure, in order to rule out thrombi in the left atrial ap-
pendage and to obtain a detailed three-dimensional anatomical pic-
ture of the left atrium (LA). Deep conscious sedation was induced
by midazolam, fentanyl, and propofol in an operator-directed,
nurse-administered fashion. The procedure was performed with
the new multi-electrode 12F over-the-wire PFA catheter
(FARAWAVE™; Boston Scientific; catheter size: 31 mm), which has
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5 splines, each containing 4 electrodes (yielding a total of 20 ablative
electrodes). Each spline navigated the wire via a 13F steerable sheath
(FARADRIVE™; Boston Scientific) and was deployed in the desired
shape and advanced into position at the antrum of each pulmonary
vein (PV). Pulmonary vein isolation was performed by means of
four applications in a basket configuration and four applications in a
flower configuration per PV, as described previously (see
Supplementary material online, Figure S1).8 Between pairs of PFA ap-
plications, the catheter was rotated by ~30°/45° after the first two
applications in each configuration, in order to cover the entire circum-
ference.” Ablation was performed by using an amplitude setting of
2.0 kV for each of the four PVs. Before energy delivery, a high-density
map of the LA was constructed with the Rhythmia™ system and the
Orion™ catheter (Boston Scientific), while the IntellaNAV Mifi™ Ol
catheter was used to assess the baseline LI values of the four PVs. As
previously repor‘ced,5 each vein was divided into four segments (an-
terior, roof, inferior, and posterior) and a manual tag was used to re-
cord the exact position where the IntellaNAV™ catheter measured
the LI values for each segment of the vein (Figure 1A). About 20 min
after PVI, entrance and exit blocks were assessed by means of the
multipolar PFA catheter for each PV, and then the LA was remapped
(a total of 6620 points acquired) with the Rhythmia™ system and
Orion™ catheter, using the same anatomical map acquired before
PFA ablation had started. The manual tags previously placed at the
four segments of each vein were used to guide the exact positioning
of the IntellaNAV Mifi™ catheter at the same spots where baseline LI
had been recorded, in order to record how these values changed after
PFA. The map confirmed the electrical disconnection of the PVs
(Figure 1B). The Ll values displayed a significant variation after PFA de-
livery (124.3 £5 Q for baseline LI vs. 96.8 + 6 Q after PFA, P<
0.0001; Figure 2A) with a mean absolute LI variation of 27.5+7 Q
and a mean percentage LI variation of 25.8 + 8%. The differences be-
tween the average Ll values pre- and post-PFA were 28.0 +5, 26.5 +
9,26.8 + 3, and 28.8 + 10 Q for the superior, anterior, posterior, and
inferior portions of the PV, respectively (Figure 2B). After a follow-up
of 9 months, no AF recurrence was documented by post-ablation
ECG or reported by the patient.

In this preliminary experience with the new FARAWAVE™ system, we
observed a larger variation in LI drop (i.e. mean value variation >25 Q
or LI percentage variation >20%) than that reported in our previous
experience with cryothermic energy® and in large studies involving
RF energy.>* In addition, the circumferential PV area resulting from
PFA seemed to easily involve the antral portion of PVs (see
Supplementary material online, Figure S2), possibly resulting in a larger
area of LA-ablated tissue than after thermal energy, whether cryother-
mal or RF. When the right amount of current is delivered with the right
field strength, the electrical impulses delivered during PFA create pores
in the cell membrane that cannot be repaired, leading to cell death and
fibrosis. The threshold above which irreversible damage is induced by
PFA depends on several factors, such as the pulse design, cell size,
cell shape, and orientation of the cells within the tissue.® Other tissue
effects, such as PV stenosis or oesophageal fistula, were not observed
within the therapeutic range for cardiac ablation. Pulsed-field ablation
does not rely on heating of the tissue, while it does result in permanent
myocardial lesions. During ablation guided by LI information, the mag-
nitude and the time course of the LI drop during RF delivery have
proved to be associated with effective lesion formation®* and an LI
drop >15 Q can be used as a predictor of a likely effective lesion and
durable PV block. Interestingly, we observed a more pronounced
drop in LI after PFA (>70% greater compared with RF) than that re-
ported after the use of different energy sources (mean LI drop at the
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Characterization of electroporation lesions by means of local impedance

Figure 1 (A) Modified posteroanterior (left) and left anterior oblique (right) views of the left atrial voltage map before pulsed-field ablation was
undertaken. The green tags indicate the exact vein segment positions where the IntellaNAV™ catheter measured the local impedance values. (B)
Modified posteroanterior (left) and left anterior oblique (right) views of the left atrial voltage map after pulsed-field ablation. The grey colour of the
veins shows their electrical disconnection. The same green tags previously used to measure the baseline local impedance values are now used (grey
tags) to record how the local impedance changed after ablation. LAO, left anterior oblique; LI, local impedance; PA, posteroanterior; PFA, pulsed-field

ablation.

successful ablation site obtained with an RF energy equal to 14 + 8 )}
without experiencing any complications. With PFA, it is possible that
the different energy delivery and other factors affecting lesion size
(e.g. pulse trains and number of pulses per train, pulse width, voltage
gradient, delivery time, configuration of the electrodes, and shape of
the delivery catheter) resulted in a larger amount of targeted cardiac
tissue and lesions of better quality, as measured through LI. As this
was a case report, we were not able to adequately investigate other
possible factors associated with LI variation, nor to make a direct com-
parison among different energy sources. Finally, neither the clinical ef-
fect nor the outcome in the medium—long term was evaluated.

Further prospective studies are needed in order to investigate these as-
pects more deeply.

Conclusion

For the first time, acute characterization by means of LI drop has been
assessed for PFA. A drop in LI recorded at ablation sites seems to be
more pronounced than that recorded at successful ablation spots ob-
tained by means of thermal energy sources, suggesting a better lesion
formation.
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Figure 2 (A) Baseline local impedance, local impedance after ablation, and local impedance drop. (B) Radar plot shows the local impedance values
according to location sites. The apexes of the chart represent different location sites (anterior, inferior, posterior, superior), whereas the lines represent
different degrees of local impedance information (blue line for baseline local impedance values, red line for local impedance values after pulsed-field
ablation, and green line for local impedance drop values). (C) Baseline local impedance, local impedance after ablation, and local impedance drop ac-
cording to pulmonary veins. LI, local impedance; PFA, pulsed-field ablation; PV, pulmonary vein.
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