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Abbreviations

AFL = atrial flutter

AF = atrial fibrillation

AT = atrial tachycardia

CA = Catheter ablation

CMR = Cardiac magnetic resonance
CT= computerised tomography

CTI = cavotricuspid isthmus

IRE = irreversible electroporation
LGE = late gadolinium enhancement
OGD = oesophagogastroduodenoscopy
PEF = pulsed electrical field

PFA = pulsed field ablation
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PVI1 = Pulmonary vein isolation

PV = Pulmonary vein

RF = radiofrequency

VLCC = variable loop circular catheter
1.Introduction

PVI using radiofrequency or cryoablation technologies is currently
recommended for management of symptomatic AF patients either as first
line rhythm control strategy or after failed one or more antiarrhythmic drugs
(3). However, catheter ablation can be associated with complications
including pulmonary vein (PV) stenosis, phrenic nerve injury,
cerebrovascular injury, and atrioesophageal fistula (2). Maintaining the
balance between the efficacy and safety of AF ablation procedure remains a
challenge. The new emerging Pulsed field ablation (PFA) technology has
been proposed to offer better safety and efficacy advantages as compared to
currently used catheter ablation technologies due to the minimal thermal
energy imparted to target tissue and the ability to create transmural and
contiguous lesions through Irreversible electroporation (IRE) (4,5).
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2.Concept of PFA

PFA is an irreversible form of electroporation via applying high voltage
electrical fields which induce pore formation within the lipid layer of the cell
membrane resulting in homeostatic changes and cell death. This technology
has been used as a treatment modality to induce targeted cell death in other
medical fields such as Oncology and it is now considered as an alternate
energy source for treatments of cardiac arrhythmias.

First attempt in ablation in human was described in 1982 by Melvin
Scheinman and his colleagues delivering single monophasic shocks of high
amplitude for atrioventricular nodal ablation to treat supraventricular
arrhythmias in five patients with recurrent bouts of supraventricular
tachycardia resistant to both conventional and experimental drugs. However,
the extent of the ablated tissue was hardly to control, and the approach itself
has put the patient at risk of barotrauma. Complete atrioventricular (AV)
block was produced in all, one patient died suddenly six weeks after shock
therapy, and the remainder had complete AV block with follow-up intervals
ranging from four to 12 months (6).

Over years, there was growing evidence towards using of PFA as a non-
thermal source of energy in ablation of cardiac arrhythmias having the
following advantages:

a. Tissue Specificity:

Cardiomyocytes have lower electrical thresholds as compared to other
tissues making pulsed field ablation highly specific for cardiomyocytes
reducing risk of collateral damage. Moreover, direct application of pulsed
field energy (PFE) to esophageal tissue resulted only in minimal damage
minimizing the risk of post-ablation atrio-esophageal fistula and the same
applies for phrenic nerve affection (7,8). In addition, pre-clinical studies have
shown preserved structure and function of blood vessels even with direct
application despite transient luminal narrowing that can be attributed to
vascular spasm (9-11).

b.Time factor:

Standard ablation techniques usually require several seconds to minutes to
achieve steady-state temperature gradients (12). Whereas the effect of PFA
is almost instantaneous. A single PFA delivery is usually accomplished
within one heartbeat, and a lesion is typically created with 3 to 4 PFA
deliveries and if a circumferential electrode catheter is employed, vein
isolation can be achieved within four heartbeats. Practically, it is anticipated
that single vein isolation should be achievable routinely within 1 to 2 minutes
and hence, a total procedure duration of 60 to 90 minutes for four PV
isolation should be easily achievable in most of the cases using PFA (13,14).

c.Temperature independence:

Being a non-thermal modality, the depth of lesions is mainly affected by the
pattern of energy delivery which can be adjusted by multiple parameters
including voltage, frequency, polarity, number of pulses/trains, pulse cycle
length, duty cycle, pulse shape, phasicity, inter-pulse delay and inter-phase
delay in addition to other factors such as tissue characteristics, heterogeneity
as well as fiber orientation (15-21).

3.Questions to be answered

a) Head-to-head comparison and randomised controlled studies
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Although multiple observational studies have been conducted on different
PFA systems, only few head-to-head comparison studies have been
conducted showing similar procedure efficacy and shorter procedure time
(22,23).

ADVENT trial was the first randomized, single-blind, noninferiority head-
to-head study published in 2023 showing the noninferiority of PFA versus
conventional RF ablation in patients with paroxysmal AF as regards freedom
from a composite of initial procedural failure, documented atrial
tachyarrhythmia after a 3-month blanking period, antiarrhythmic drug use,
cardioversion, or repeat ablation and device- and procedure-related serious
adverse events at 1 year (24). The SINGLE SHOT CHAMPION trial is
another ongoing randomised controlled non-inferiority trial comparing the
FARAPULSE PFA versus the Arctic Front Cryoballoon (Medtronic) in
patients with paroxysmal AF undergoing PV1 (25).

b) Durability of lesions

Moving beyond the “honeymoon phase” of PFA, an important question has
arisen regarding the durability of lesions despite the very high perfect acute
procedural success with an excellent safety profile reported at the early trials.
Beyond the border created by PFA where there is permanent damage, there
is a penumbra of tissue with reversible electroporation which demonstrates
loss of electrical activity in the acute stage despite retaining residual
viability. Upon recovery of membrane function, this tissue can regain
electrophysiological function; thus, hampering lesion durability and hence
acute disappearance of local electrograms immediately after pulse delivery
may not guarantee lesion durability highlighting the need for setting reliable
metrics for defining successful durable lesion delivery (26).

Tancredi Magni and his colleagues reported recurrence rate of 3.1% within
one-year in a cohort of 447 patients underwent AF PFA, 50% of the
recurrences were AF, 14.3% had AFL and the remaining had both (27).

In the recent multinational retrospective registry, MANIFEST-PF which
included 1568 patients underwent PFA for paroxysmal or persistent AF, the
1-year Kaplan-Meier estimate for freedom from atrial arrhythmia was 78.1%
with a more common clinical effectiveness in patients with paroxysmal AF
versus persistent AF (81.6% versus 71.5%; P=0.001) (28). Furthermore, redo
procedures confirmed a durable isolation in 71% of PVs in the recurrent
cases in EU-PORIA registry (European Real-world Outcomes with Pulsed
Field Ablation in Patients with Symptomatic Atrial Fibrillation) (29). Prior
operator experience with cryoballoon ablation was associated with a higher
PVI durability compared to operators with only point-by-point
radiofrequency experience (76% vs 60%; P < 0.001). However, the
operators’ cumulative experience in atrial fibrillation ablation (<5 vs >5
years) and the size of the PFA device used (31 mm vs 35 mm) had no impact
on PV lesion durability (29).

The question whether the recurrence rate is directly related to the operator
experience with this new technology, contact force applied or frequency of
energy delivered needs to be studied in a large-scale randomized study.

c)Different technologies

Another important point that should be considered is that the results of one
trial using a certain PFA system are not generalizable and do not necessarily
apply to other systems. Unlike thermal energy delivered by RF generators
where the effect of lesions is to a far extent predictable, PFE delivery greatly
differs between different systems with a lot of parameters that can be
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modulated by the manufacturer including pulse amplitude, pulse duration,
unipolar/bipolar, monophasic/biphasic, interpulse delay, interphase delay,
pulse train number and pulse train duration (30). Moreover, the optimal
waveform (monophasic or biphasic) regarding safety and efficacy is another
point that deserves further studies (26).

4.Available technologies, current evidence, and ongoing trials
a.Farapulse PFA system (Boston Scientific)

Among the currently available systems, the Farapulse PFA system has
arguably received the most attention (31) The FDA recently approved
ablation system in patients with paroxysmal and persistent atrial fibrillation
(AF) after demonstrating favourable safety and efficacy in four controlled
prospective trials (IMPULSE, PEFCAT, PEFCAT-2, and PersAFone) (31—
33).

The FARAPULSE PFA System is composed of three main components:
FARADRIVE™ Steerable Sheath designed for access and navigation,
FARAWAVE™ PFA Catheter designed to treat a range of PV anatomies
using a 12-F over-the-wire catheter with 5 splines that each contain 4
electrodes, which can be deployed in either a flower or basket configuration
(Figure 1) and FARASTAR™ PFA Generator designed for an easy three-
button click to PREPARE, CONFIRM and DELIVER therapy using bipolar
& biphasic waveforms with proprietary pulses

While the commercially available 12F multispline-electrode catheter
FARAWAVET™ PFA Catheter is designed to be used for PVI, the trial design
in PEFCAT Il and PersAFone also allowed for the use of the 12F deflectable
focal PFA catheter (Faraflex, Farapulse Inc.) for CTI, posterior wall of the
left atrium (LA), and mitral isthmus ablation.

The first in-human experience with pulsed field AF ablation using Farapulse
PFA system was in 2018 by Reddy and his colleagues including 22 patients
with symptomatic paroxysmal AF who underwent their first ablation
procedure with either endocardial approach (15 patients) or epicardial
approach (7 patients). The acute success rate was 100%, where all patients
in whom energy was successfully delivered to the tissues had complete
electrical isolation and no adverse events were reported neither
intraoperative nor after 1 month of follow up (34).

The IMPULSE (A Safety and Feasibility Study of the IOWA Approach
Endocardial Ablation System to Treat Atrial Fibrillation] and PEFCAT (A
Safety and Feasibility Study of the FARAPULSE Endocardial Ablation
System to Treat Paroxysmal Atrial Fibrillation) trials were feasibility studies
primarily designed to assess the safety and effectiveness of catheter-based
PFA in paroxysmal atrial fibrillation using the over-the- wire, single shot-
type multielectrode PFA catheter (Farawave, Farapulse) to achieve PVI. In
81 patients with symptomatic paroxysmal AF, acute success of PV isolation
was 100%, with only one adverse event (pericardial tamponade) after 120
days of follow up (1.2%). The durability of lesions was assessed after 3
months by invasive remapping and improved from 18 to 100% with
waveform refinement. In addition, the 12-month Kaplan-Meier estimate of
freedom from arrhythmia was 87.4 = 5.6% (35). The PEFCAT Il trial also
investigated the first-in-human treatment of cavotricuspid isthmus (CTI)
dependent flutter with the novel, deflectable focal PFA catheter (Faraflex,
Farapulse) in addition to treatment of the PVs (36).

Invasive remapping for patients recruited in these 3 nearly identical trials
(IMPULSE, PEFCAT, and PEFCAT II) revealed that durable PVI was
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achieved in 84.8% of PVs (64.5% of patients) in the entire cohort, and 96.0%
of PVs (84.1% of patients) treated with the optimized biphasic energy PFA
waveform. Primary adverse events occurred only in 2.5% of patients (2
pericardial effusions or tamponade, 1 hematoma); in addition, there was 1
transient ischemic attack. Furthermore, the 1-year Kaplan-Meier estimates
for freedom from any atrial arrhythmia for the entire cohort and for the
optimized biphasic energy PFA waveform cohort were 78.5 + 3.8% and 84.5
+ 5.4%, respectively. This data confirmed that PV with the flower or basket
PFA catheter in paroxysmal AF patients, is safe, efficient, durable, and
results in a high rate of freedom from recurrent atrial arrhythmias (36).

Neven and his colleagues reported also six-month follow-up of PVI using
PFA for paroxysmal AF confirming that PV using PFA for paroxysmal AF
in a “real-world” setting is safe and feasible with favourable post-ablation
clinical course and 6-month follow-up. Only a single participant developed
cardiac tamponade, 27 patients (90%) were in normal sinus rhythm on day
90, 3 patients had AF/AT recurrence requiring redo procedure and all 30
patients were free of anti-arrhythmic drugs and in normal sinus rhythm on
day 180 (37).

Although retrospective, the MANIFEST-PF survey is the largest
multinational ~ survey including cohort of 1758 patients with
paroxysmal/persistent AF (58/35%) undergoing PFA at 24 clinical centres
by 90 operators using the FARAPULSE system confirming that PFA is
efficacious for PVI with favourable safety profile consistent with preferential
tissue ablation. The acute success of PVI was as high as 99.9%, with no
recorded PFA-related complications; namely persistent phrenic nerve
paralysis, symptomatic PV stenosis or oesophageal injuries. Among non
PFA-related complications, vascular complications were the most common
(3.17%), most of which were minor complications and didn’t require surgical
intervention. Cardiac tamponade occurred in 0.97% of cases while the
incidence of stroke was 0.39%. Coronary vasospasm with associated ST
segment elevation during mitral isthmus ablation was reported in only one
patient and subsequently relieved with intracoronary nitroglycerine (38).

The relatively small percentage of patients with persistent AF included in all
of the above studies obviated the need for dedicated trials for such
population. The PersAFOne trial was a single-arm study aiming to evaluate
bipolar biphasic PEF ablation for 25 patients with persistent AF in terms of
safety and efficacy (lesion durability for both PVI and left atrial posterior
wall ablation) using the Farawave for PVI and the focal PFA catheter;
Faraflex for extra PV ablation. Acute success was achieved in 100% (both
PVI and left atrial posterior wall ablation) and invasive remapping 2-3
months later revealed durable isolation in 96% of PVs and 100% of left atrial
posterior walls. As for the safety outcome, oesophagogastroduodenoscopy
(OGD) revealed no oesophageal mucosal lesions and cardiac computerised
tomography (CT) scan revealed no PV stenosis (39).

The PersAFOne 111 t rial is an ongoing prospective multi-center single arm
trial which will be studying the safety and feasibility for PFA of persistent
AF and associated AFL. The study has a composite primary safety endpoint
that is defined as the incidence of early-onset and late-onset device- or
procedure-related pre-specified adverse events (40).

Comparing the different thermal ablation approaches, Nakatani and his
colleagues prospectively enrolled eighteen of the patients involved in the
IMPULSE and PEFCAT trials and compared them to 23 patients undergoing
AF ablation by RF (n=16) or cryoablation (n=7) in terms of safety. Cardiac
magnetic resonance (CMR) was performed in all patients pre-operatively, <
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3 hours post-procedure and after 3 months to assess the short- and long-term
effects of the different ablation techniques on the oesophagus and aorta.
Although oesophageal contact with left atrial ablation sites was similar in
both groups (P=0.41), the incidence of oesophageal lesions was 0% in the
PFA group as compared to 43% in the thermal ablation group (P<0.001). On
the other hand, the incidence of aortic injuries was not significantly different
between the 2 groups, no phrenic nerve affection occurred in both groups
and all aortic and oesophageal lesions resolved on the follow up CMR after
3 months (41). Moreover, CMR with LGE has also shown that PFA-induced
LGE is larger, yet transient suggesting a potential for preserving LA anatomy
and function (42).

b.PulseSelect PFA System (Medtronic)

The PulseSelect PFA System is a new promising investigational PFA system
which transmits a controlled biphasic, bipolar waveform to user-selectable
electrodes via an over-the-wire, a circular array of 9 gold electrodes
(electrode length, 3 mm; 20° forward tilted array with a diameter of 25 mm;
9F shaft) (Figure 1). The circular catheter can also record PV and atrial
potentials and perform pacing. The system can deliver a variety of power
profiles with voltages applied to the electrodes ranging from 500 to 1500
volts (43).

The PULSED AF pilot trial (Pulsed Field Ablation to Irreversibly
Electroporate Tissue and Treat AF) was the first in-human multi-center study
evaluating the safety and efficacy of this new system. In this first-in-human
pilot trial, 35 patients with paroxysmal AF along with 3 patients with
persistent AF had their PVs successfully isolated (152/152) with no major
adverse events after a 1-month follow up period (44).

The recently published PULSED AF pivotal trial was a prospective, global,
multicentre, nonrandomized, paired single-arm study in which patients with
paroxysmal (n=150) or persistent (n=150) symptomatic AF refractory to
class I or 111 antiarrhythmic drugs were treated with PFA. All patients were
monitored for 1 year using weekly and symptomatic trans-telephonic
monitoring. PFA was shown to be effective at 1 year in 66.2% of patients
with paroxysmal AF and 55.1% of patients with persistent AF. The primary
safety end point occurred in 1 patient in both the paroxysmal and persistent
AF cohorts (one cerebrovascular accident in paroxysmal AF cohort and one
cardiac tamponade in persistent AF cohort). This pivotal trial demonstrated
a low rate of primary safety adverse events (0.7%) and consistent
effectiveness using the PulseSelect PFA System (45).

c.Sphere-9 Catheter and Affera Mapping and Ablation System
(Medtronic)
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The Affera lattice-tip Sphere-9 catheter (Figure 1) is another unique catheter
technology which is capable of delivering both RF and PF energies for
ablation using same catheter. This catheter can be used within an
electroanatomical mapping system (Prism-1, Affera Inc., Newton, MA,
USA) and PFA is delivered via the PFA generator (HexaPULSE, Affera,
Inc.).

The 7.5 F catheter has an expandable 9-mm lattice nitinol tip, a central
indifferent electrode and 9 mini-electrodes, 0.7-mm each, on the spherical
surface with temperature sensing capability. In addition, it has an expandable
spheroid-shaped lattice tip with a 10-fold larger effective area compared to
the conventional 3.5 mm electrode and can deliver higher energy with a
lower risk of tissue overheating including linear lesions to mitral isthmus,
left atrial roof and cavotricuspid isthmus (46).

The efficacy and safety of such system was studied on a cohort of 76 patients
with paroxysmal (n=55) or persistent AF (n=21). The primary feasibility
endpoint of acute PV isolation was achieved in 100% of the patients and the
primary safety endpoint, defined as a composite of major adverse events
within seven days, was achieved in 98.7% of patients with only one patient
developed an access-site hematoma that required surgical intervention (47).

The multicentre, prospective, randomised; Treatment of Persistent Atrial
Fibrillation with Sphere-9 Catheter and Affera Mapping and Ablation
System (SPHERE Per-AF) is an ongoing trial that will test the effectiveness
and safety of the Sphere-9 catheter together with the Affera cardiac mapping
system in the treatment of persistent AF patients (48).

d.VARIPULSE (Biosense Webster)

Another system which is currently under trial is the VARIPULSE ablation
system (Biosense Webster, Inc. Irvine, California) which has recently
achieved the CE mark approval for the treatment of symptomatic drug
refractory recurrent paroxysmal AF using PFA. This system consists of a
novel, mapping-integrated, variable-loop, pulsed field ablation
VARIPULSE™ Catheter and TRUPULSE™ PFA generator.

The variable loop circular catheter (VLCC) (figure 1) is a steerable,
multielectrode, irrigated catheter. A bidirectional circular tip is attached to
the distal end of the 8.5 Fr shaft is which can be expanded and contracted, as
necessary, to fit PVs of different sizes. The 10 platinum/iridium electrode
rings are used for visualization, stimulation, recording, and bipolar pulsed
field ablation. All 10 poles of the VLCC are used for ablation, except in the
case of electrode overlap which require the most distal and most proximal
electrodes to be turned off (49).
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Pulsed Field Ablation systems

Farapulse

PulseSelect

CENTAURI system

Figure 1: Available PFA systems

The ablation system is designed to be used with the CARTO™ 3 System,
enabling mapping integration to the application of PF energy and
incorporates proprietary technology to deliver short-duration, high-voltage
bipolar biphasic pulses to a multielectrode ablation catheter. Each pulse is
delivered as a square wave with positive and negative phases. PFA is applied
in a bipolar configuration with an energy of 1800V. Each pulsed field
application includes trains of microsecond-long biphasic pulses in between,
for a total application duration of approximately 250 microseconds. The
generator can also be configured to deliver energy to specific electrode pairs
and to adjust energy delivery based on clinical need.

The inspIRE prospective multi-center clinical trial (Study for Treatment of
Paroxysmal Atrial Fibrillation [PAF] by PFA System with Irreversible
Electroporation [IRE]) was the first clinical study for the PFA system with
full electroanatomical mapping system integration. It assessed the safety and
efficacy of the new fully integrated biphasic pulsed field ablation (PFA)
VARIPULSE system, which is comprised of a multi-channel generator,

Auctores Publishing LLC — Volume 6(3)-123 www.auctoresonline.org
ISSN: 2692-9759

variable decapolar irrigated loop circular VARIPULSE™ Catheter and
TRUPULSE™ Generator (Biosense Webster, Inc.) for the treatment of
paroxysmal atrial fibrillation (PAF). Across 13 centers, 226 patients were
enrolled (wave 1-40, wave 11-186). No primary adverse events were reported
in either cohort and PVI without acute reconnection was achieved in 97.1%
of targeted veins. Primary efficacy was achieved in 70.9%, 12-month
freedom from symptomatic AF /AFL /AT recurrence and repeat ablation was
78.9% and 92.3%, respectively (50).

Recently, Twelve-month outcomes data from the pilot phase of the admIRE
study (Assessment of Safety and Effectiveness in Treatment Management of
Atrial Fibrillation with the Biosense Webster IRE Ablation System) showed
that among 20 patients who completed the 12-month follow-up visit, 100%
achieved acute success from ablation procedures and 80% remained free
from atrial arrhythmia recurrence at one year. Additionally, no procedure or
device-related primary adverse events were reported at this phase (51).
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Trial Name Year | Design Number of | System used Primary Outcomes
patients endpoints
IMPULSE 2020 | Single-arm 40 IOWA Approach | Safety endpoints | Acute success 100%
prospective Endocardial up to 7 days. Adverse events: 17.5%
clinical study. Ablation System | Acute success.
PEFCAT 2022 | Single-arm 71 FARAPULSE Safety endpoints | Acute success: 100%
prospective Endocardial up to 30 days. Adverse events: 15.49%
clinical study. Ablation System | Acute success.
PEFCAT Il 2022 | Prospective, 10 FARAPULSE Safety endpoints, | Acute success: 100%
multicentre, Endocardial Acute PV | Adverse events: 60%
observational Multi  Ablation | isolation.
study. System
PersAFOne 2020 | Single-arm 25 FARAPULSE Primary Acute PV isolation 100%
prospective Endocardial feasibility Adverse events: only one pericardial
clinical study. Ablation System | endpoint. effusion/tamponade was recorded.
Primary  safety
endpoints up to
30 days
MANIFEST PF 2022 Retrospective 1758 Farawave, Successful PVI. Acute PVI Success Rate: 99.9%
observational Farapulse-Boston | safety endpoints. | Adverse events: 5.5%
study. Scientific Inc.
Pulsed-field 2022 Prospective 138 Farawave, Acute PVI | Acute PVI: 100%
ablation-based observational Farapulse  Inc, | success. Adverse events: 0.7%
pulmonary  vein study. Menlo Park, CA, | Secondary safety
isolation:  acute USA endpoints up to
safety, efficacy 12 months
and  short-term including
follow-up in a complications.
multi-centre real-
world scenario
PULSED - AF 2022 | Non- 38 Medtronic Pulse | Successful PVI. Acute PVI: 100%
randomized, Select Pulsed | safety endpoints | Adverse events: Only one access site
prospective, Field  Ablation | up to 30 days. haematoma.
multicentre, (PFA) System
clinical study.
PULSED AF | 2023 | prospective, 150 with | CARTO, EnSite, | Acute procedural | Primary  effectiveness: 66.2% in
Pivotal Trial multi-centre, paroxysmal | Rhythmia, Others | success and | paroxysmal AF and 55.1% in persistent
non-randomized, | AF freedom of | AF.Safety adverse events: 0.7%
unblinded 150 with arrhythmias for | PFA effective in paroxysmal AF 66.2 %
clinical study. persistent 12 months. and 55.1% in persistent AF.
AF Safety endpoints
in 12 months.

Table 1:

summarizes the current body of evidence for PFA of AF

e.E-CENTAURI™ System (Galvanize Therapeutics)

The CE Marked CENTAURI™ gystem is new promising open system
compatible with the commercially available catheters and was recently
acquired by CardioFocus company.

The CENTAURI System has three components: the CENTAURI Generator
that delivers biphasic, monopolar PFE at three selectable energy settings
through the tip electrode of the ablation catheter; the CENTAURI Connect
device that permits connectivity of compatible focal ablation catheters and
their mapping systems; and a Cardiac Monitor (Ivy Biomedical Systems) that
synchronizes PFA delivery to the R-wave.

Auctores Publishing LLC — Volume 6(3)-123 www.auctoresonline.org
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This promising system was investigated for safety and PVI durability in
ECLIPSE AF trial. , a prospective, single-arm, multi-center study including
82 patients undergoing PV for paroxysmal or persistent AF. At this study,
the CENTAURI System was used sequentially with three commercial
ablation catheters and their associated mapping systems: TactiCath™ SE and
EnSite™  Precision (‘EnSite’); INTELLANAV STABLEPOINT™
(‘StablePoint’)  and ~ RHYTHMIA  HDx™  (‘RHYTHMIA’);
THERMOCOOL SMARTTOUCH™ (‘ThermoCool ST’) and CARTO®3
(‘CARTO’). PVI was achieved in 100% of pulmonary veins with first-pass
isolation in 92.2%. invasive remapping was performed 90 days after the
index procedure with overall 89% per-PV chronic durability rate within the
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Optimized PFA Cohorts, Regarding the safety, four serious adverse events
of interest (three vascular access complications and one lacunar stroke) had
happened, and all considered related to the standard PVI procedure only (52).

Furthermore, a new focal, Pulsed Electric Field (PEF) ablation catheter
called QuickShot™ is being investigated in QuickShot PEF-AF clinical
study, first human investigational study which will be using this new focal,
PFA ablation catheter which is compatible with the CE Marked
CENTAURI™ system. QuickShot, paired with CENTAURI, would carry
several unique features: proprietary waveform that allows PEF ablation
without microbubble formation and muscle contraction so that procedures
may be performed under conscious sedation according to physician
preference, large ablation zone, allowing for 10 mm lesion tags, deep lesion
creation negating the need for radiofrequency energy, a contact sensing
algorithm and compatibility with standard 8.5 French, commercially
available sheaths (53).

5.Conclusion

Pulsed field ablation is a new promising technology with a highly selective
and tissue-specific mechanism of action that seems to be effective and safe
in treating AF patients. Although published studies are so far reassuring
confirming safety and efficacy. However, multicentre, randomized
controlled studies comparing PFA with other ablation energy sources would
be very important to assess the long-term outcomes and recurrence rate.

References

1. Santangeli P, Lin D. (2015). Catheter Ablation of Paroxysmal
Atrial Fibrillation: Have We Achieved Cure with Pulmonary
Vein Isolation? Methodist Debakey Cardiovasc J 11(2):71.

2. Abdur Rehman K, Wazni OM, Barakat AF, Saliba WI, Shah S,
et al. (2019). Life-Threatening Complications of Atrial
Fibrillation Ablation: 16-Year Experience in a Large Prospective
Tertiary Care Cohort. JACC Clin Electrophysiol. 5(3):284-291.

3. Hindricks G, Potpara T, Dagres N, Bax JJ, Boriani G, et al.
(2021).2020 ESC Guidelines for the diagnosis and management
of atrial fibrillation developed in collaboration with the
European Association for Cardio-Thoracic Surgery (EACTS).
Vol. 42, European Heart Journal. Oxford University Press; p.
373-498.

4. Jiang C, Davalos R V., Bischof JC. (2023). A review of basic to
clinical studies of irreversible electroporation therapy. IEEE
Trans Biomed Eng [Internet]. 62(1):4-20.

5. Kotnik T, Rems L, Tarek M, Miklavcic D. (2019). Membrane
Electroporation and Electropermeabilization: Mechanisms and
Models. Annu Rev Biophys [Internet]. 48:63-91.

6. Scheinman MM, Morady F, Hess DS, Gonzalez R. (1982).
Catheter-Induced Ablation of the Atrioventricular Junction to
Control Refractory Supraventricular Arrhythmias. JAMA
[Internet]. 248(7):851-855.

7. van Driel VJHM, Neven K, van Wessel H, Vink A, Doevendans
PAFM, etal. (2015). Low vulnerability of the right phrenic nerve
to electroporation ablation. Heart Rhythm. 12(8):1838-1844.

8. Neven K, van Es R, van Driel V, van Wessel H, Fidder H, et al.
(2017). Acute and Long-Term Effects of Full-Power
Electroporation Ablation Directly on the Porcine Esophagus.
Circ Arrhythm Electrophysiol. 10(5).

Auctores Publishing LLC — Volume 6(3)-123 www.auctoresonline.org
ISSN: 2692-9759

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Copy rights@ Omnia Kamel,

Neven K, van Driel V, van Wessel H, van Es R, Doevendans PA,
et al. (2014). Epicardial linear electroporation ablation and
lesion size. Heart Rhythm. 11(8):1465-1470.

Neven K, van Driel V, van Wessel H, van Es R, du Pré B, et al.
(2014). Safety and feasibility of closed chest epicardial catheter
ablation using electroporation. Circ Arrhythm Electrophysiol.
7(5):913-919.

du Pré BC, van Driel VVJ, van Wessel H, Loh P, Doevendans PA,
et al. (2013). Minimal coronary artery damage by myocardial
electroporation ablation. Europace. 15(1):144-149.

Kumar S, Barbhaiya CR, Balindger S, John RM, Epstein LM, et
al. (2015). Better Lesion Creation And Assessment During
Catheter Ablation. J Atr Fibrillation.

Reddy VY, Neuzil P, Koruth JS, Petru J, Funosako M, et al.
(2019). Pulsed Field Ablation for Pulmonary Vein Isolation in
Atrial Fibrillation. J Am Coll Cardiol. 74(3):315-326.

Reddy VY, Dukkipati SR, Neuzil P, Anic A, Petru J, 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.

Zager Y, Kain D, Landa N, Leor J, Maor E. (2016). Optimization
of Irreversible Electroporation Protocols for In-vivo Myocardial
Decellularization. PLoS One. 11(11): e0165475.

Witt CM, Sugrue A, Padmanabhan D, Vaidya V, Gruba S, et al.
(2018). Intrapulmonary Vein Ablation Without Stenosis: A
Novel Balloon-Based Direct Current Electroporation Approach.
J Am Heart Assoc. 7(14).

Weaver JC, Smith KC, Esser AT, Son RS, Gowrishankar TR.
(2012). A brief overview of electroporation pulse strength-
duration space: a region where additional intracellular effects are
expected. Bioelectrochemistry. 87:236-243.

Prado LN, Goulart JT, Zoccoler M, Oliveira PX. (2016).
Ventricular myocyte injury by high-intensity electric field:
Effect of pulse duration. Gen Physiol Biophys. 35(2):121-130.
Mali B, Jarm T, Corovic S, Paulin-Kosir MS, Cemazar M, et al.
(2008). The effect of electroporation pulses on functioning of the
heart. Med Biol Eng Comput. 46(8):745-757.

Frandsen SK, Gissel H, Hojman P, Tramm T, Eriksen J, et al.
(2012). Direct therapeutic  applications of calcium
electroporation to effectively induce tumor necrosis. Cancer Res.
;72(6):1336-1341.

de Oliveira PX, Bassani RA, Bassani JWM. (2008). Lethal effect
of electric fields on isolated ventricular myocytes. IEEE Trans
Biomed Eng. 55(11):2635-2642.

Kueffer MT, Madaffari DA, Muehl MA, Maurhofer DJ,
Stefenova MA, et al. (2023). Pulsed-field- vs. cryo- vs.
radiofrequency ablation: one-year recurrence rates after
pulmonary vein isolation in patients with paroxysmal atrial
fibrillation. Europace [Internet]. [cited 2024 Mar 3];25(Suppl 1).
Urbanek L, Bordignon S, Schaack D, Chen S, Tohoku S, et al.
(2023). Pulsed Field Versus Cryoballoon Pulmonary Vein
Isolation for Atrial Fibrillation: Efficacy, Safety, and Long-Term
Follow-Up in a 400-Patient Cohort. Circ Arrhythm
Electrophysiol [Internet]. 16(7):389-398.

Reddy VY, Gerstenfeld EP, Natale A, Whang W, Cuoco FA, et
al. (2023). Pulsed Field or Conventional Thermal Ablation for

Page 7 of 9


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4547680/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4547680/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4547680/
https://www.jacc.org/doi/abs/10.1016/j.jacep.2018.11.013
https://www.jacc.org/doi/abs/10.1016/j.jacep.2018.11.013
https://www.jacc.org/doi/abs/10.1016/j.jacep.2018.11.013
https://www.jacc.org/doi/abs/10.1016/j.jacep.2018.11.013
https://academic.oup.com/eurheartj/article-abstract/42/5/373/5899003
https://academic.oup.com/eurheartj/article-abstract/42/5/373/5899003
https://academic.oup.com/eurheartj/article-abstract/42/5/373/5899003
https://academic.oup.com/eurheartj/article-abstract/42/5/373/5899003
https://academic.oup.com/eurheartj/article-abstract/42/5/373/5899003
https://academic.oup.com/eurheartj/article-abstract/42/5/373/5899003
https://ieeexplore.ieee.org/abstract/document/6949110/
https://ieeexplore.ieee.org/abstract/document/6949110/
https://ieeexplore.ieee.org/abstract/document/6949110/
https://www.annualreviews.org/doi/abs/10.1146/annurev-biophys-052118-115451
https://www.annualreviews.org/doi/abs/10.1146/annurev-biophys-052118-115451
https://www.annualreviews.org/doi/abs/10.1146/annurev-biophys-052118-115451
https://jamanetwork.com/journals/jama/article-abstract/376777
https://jamanetwork.com/journals/jama/article-abstract/376777
https://jamanetwork.com/journals/jama/article-abstract/376777
https://jamanetwork.com/journals/jama/article-abstract/376777
https://www.sciencedirect.com/science/article/pii/S154752711500569X
https://www.sciencedirect.com/science/article/pii/S154752711500569X
https://www.sciencedirect.com/science/article/pii/S154752711500569X
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.116.004672
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.116.004672
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.116.004672
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.116.004672
https://www.sciencedirect.com/science/article/pii/S1547527114004597
https://www.sciencedirect.com/science/article/pii/S1547527114004597
https://www.sciencedirect.com/science/article/pii/S1547527114004597
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.114.001607
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.114.001607
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.114.001607
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.114.001607
https://academic.oup.com/europace/article-abstract/15/1/144/528102
https://academic.oup.com/europace/article-abstract/15/1/144/528102
https://academic.oup.com/europace/article-abstract/15/1/144/528102
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4955884/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4955884/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4955884/
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165475
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165475
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165475
https://www.ahajournals.org/doi/abs/10.1161/JAHA.118.009575
https://www.ahajournals.org/doi/abs/10.1161/JAHA.118.009575
https://www.ahajournals.org/doi/abs/10.1161/JAHA.118.009575
https://www.ahajournals.org/doi/abs/10.1161/JAHA.118.009575
https://www.sciencedirect.com/science/article/pii/S1567539412000424
https://www.sciencedirect.com/science/article/pii/S1567539412000424
https://www.sciencedirect.com/science/article/pii/S1567539412000424
https://www.sciencedirect.com/science/article/pii/S1567539412000424
https://www.researchgate.net/profile/Luiza-Siqueira-Do-Prado-2/publication/292953496_Ventricular_myocyte_injury_by_high-intensity_electric_field_Effect_of_pulse_duration/links/5cc80f2b92851c8d220e8c8c/Ventricular-myocyte-injury-by-high-intensity-electric-field-Effect-of-pulse-duration.pdf
https://www.researchgate.net/profile/Luiza-Siqueira-Do-Prado-2/publication/292953496_Ventricular_myocyte_injury_by_high-intensity_electric_field_Effect_of_pulse_duration/links/5cc80f2b92851c8d220e8c8c/Ventricular-myocyte-injury-by-high-intensity-electric-field-Effect-of-pulse-duration.pdf
https://www.researchgate.net/profile/Luiza-Siqueira-Do-Prado-2/publication/292953496_Ventricular_myocyte_injury_by_high-intensity_electric_field_Effect_of_pulse_duration/links/5cc80f2b92851c8d220e8c8c/Ventricular-myocyte-injury-by-high-intensity-electric-field-Effect-of-pulse-duration.pdf
https://link.springer.com/article/10.1007/s11517-008-0346-7
https://link.springer.com/article/10.1007/s11517-008-0346-7
https://link.springer.com/article/10.1007/s11517-008-0346-7
https://aacrjournals.org/cancerres/article-abstract/72/6/1336/578034
https://aacrjournals.org/cancerres/article-abstract/72/6/1336/578034
https://aacrjournals.org/cancerres/article-abstract/72/6/1336/578034
https://aacrjournals.org/cancerres/article-abstract/72/6/1336/578034
https://ieeexplore.ieee.org/abstract/document/4539793/
https://ieeexplore.ieee.org/abstract/document/4539793/
https://ieeexplore.ieee.org/abstract/document/4539793/
https://academic.oup.com/europace/article-abstract/25/Supplement_1/euad122.157/7176651
https://academic.oup.com/europace/article-abstract/25/Supplement_1/euad122.157/7176651
https://academic.oup.com/europace/article-abstract/25/Supplement_1/euad122.157/7176651
https://academic.oup.com/europace/article-abstract/25/Supplement_1/euad122.157/7176651
https://academic.oup.com/europace/article-abstract/25/Supplement_1/euad122.157/7176651
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.123.011920
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.123.011920
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.123.011920
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.123.011920
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.123.011920
https://www.nejm.org/doi/full/10.1056/NEJMoa2307291
https://www.nejm.org/doi/full/10.1056/NEJMoa2307291

Cardiology Research and Reports

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Paroxysmal Atrial Fibrillation. New England Journal of
Medicine [Internet].

Comparison of Cryoballoon vs. Pulsed Field Ablation in Patients
with Symptomatic Paroxysmal Atrial Fibrillation - Full Text
View - ClinicalTrials.gov [Internet].

Qiu J, Lan L, Wang Y. (2022). Pulsed electrical field in
arrhythmia treatment: Current status and future directions.
Pacing and Clinical Electrophysiology. 1;45(10):1255-1262.
Magni FT, Scherr D, Manninger M, Sohns C, Sommer P, et al.
(2023). Electrophysiological findings during re-do procedures
after single-shot pulmonary vein isolation for atrial fibrillation
with pulsed field ablation. Journal of Interventional Cardiac
Electrophysiology [cited 2024 Feb 8];66(7):1729.

Turagam MK, Neuzil P, Schmidt B, Reichlin T, Neven K, et al.
(2023). Safety and Effectiveness of Pulsed Field Ablation to
Treat Atrial Fibrillation: One-Year Outcomes From the
MANIFEST-PF Registry. Circulation [Internet]. 148(1):35-46.
Kueffer T, Bordignon S, Neven K, Blaauw Y, Hansen J, et al.
(2024). Durability of Pulmonary Vein Isolation Using Pulsed-
Field Ablation: Results from the Multicenter EU-PORIA
Registry. JACC Clin Electrophysiol.

Haines DE. (2022). What is different about pulsed-field ablation
... everything? J Cardiovasc Electrophysiol. 1;33(3):368-370.
Ramirez FD, Reddy VY, Viswanathan R, Hocini M, Jais P.
(2020). Emerging Technologies for Pulmonary Vein Isolation.
Circ Res. 127(1):170-183.

Reddy VY, Neuzil P, Koruth JS, Petru J, Funosako M, et al.
(2019). Pulsed Field Ablation for Pulmonary Vein Isolation in
Atrial Fibrillation. J Am Coll Cardiol. 74(3):315-326.

Reddy VY, Dukkipati SR, Neuzil P, Anic A, Petru J, et al.
(2021). Pulsed Field Ablation of Paroxysmal Atrial Fibrillation:
1-Year Outcomes of IMPULSE, PEFCAT, and PEFCAT II.
JACC Clin Electrophysiol. 7(5).

Reddy VY, Koruth J, Jais P, Petru J, Timko F, et al. (2018).
Ablation of Atrial Fibrillation with Pulsed Electric Fields: An
Ultra-Rapid, Tissue-Selective Modality for Cardiac Ablation.
JACC Clin Electrophysiol. 4(8):987-995.

Reddy VY, Neuzil P, Koruth JS, Petru J, Funosako M, et al.
(2019). Pulsed Field Ablation for Pulmonary Vein Isolation in
Atrial Fibrillation. J Am Coll Cardiol. 74(3):315-326.

Reddy VY, Dukkipati SR, Neuzil P, Anic A, Petru J, et al.
(2021). Pulsed Field Ablation of Paroxysmal Atrial Fibrillation:
1-Year Outcomes of IMPULSE, PEFCAT, and PEFCAT II.
JACC Clin Electrophysiol. 1,7(5):614-627.

Neven K, Fueting A, Hoewel D, Brokkaar L, Rahe G, et al.
(2022). Six-month follow-up of first real-world experience with
pulmonary vein isolation using pulsed field ablation for
paroxysmal atrial fibrillation. EP Europace. 24(Supplement_1):
euac053.203.

Ekanem E, Reddy VY, Schmidt B, Reichlin T, Neven K, et al.
(2022). Multi-national survey on the methods, efficacy, and
safety on the post-approval clinical use of pulsed field ablation
(MANIFEST-PF). EP Europace. euac050.

Reddy VY, Anic A, Koruth J, Petru J, Funasako M, et al. (2020).
Pulsed Field Ablation in Patients With Persistent Atrial
Fibrillation. J Am Coll Cardiol. 76(9):1068-1080.

Auctores Publishing LLC — Volume 6(3)-123 www.auctoresonline.org
ISSN: 2692-9759

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Copy rights@ Omnia Kamel,

PersAFOne Ill: Feasibility Study of the FARAPULSE Pulsed
Field Ablation System Plus - PersAF in the Treatment of
Persistent  Atrial  Fibrillation - Full Text View -
ClinicalTrials.gov [Internet]. [cited 2023 Feb 23].

Cochet H, Nakatani Y, Sridi-Cheniti S, Cheniti G, Ramirez FD,
et al. (2021). Pulsed field ablation selectively spares the
oesophagus during pulmonary vein isolation for atrial
fibrillation. EP Europace. 23(9):1391-1399.

Nakatani Y, Sridi-Cheniti S, Cheniti G, Ramirez FD, Goujeau C,
etal. (2021). Pulsed field ablation prevents chronic atrial fibrotic
changes and restrictive mechanics after catheter ablation for
atrial fibrillation. Europace. 23(11):1767-1776.

Verma A, Boersma L, Haines DE, Natale A, Marchlinski FE, et
al. (2022). First-in-Human Experience and Acute Procedural
Outcomes Using a Novel Pulsed Field Ablation System: The
PULSED AF Pilot Trial. Circ Arrhythm Electrophysiol. 15(1).
Verma A, Boersma L, Haines DE, Natale A, Marchlinski FE, et
al. (2022). First-in-Human Experience and Acute Procedural
Outcomes Using a Novel Pulsed Field Ablation System: The
PULSED AF Pilot Trial. Circ Arrhythm Electrophysiol
[Internet]. [cited 2024 Feb 8];15(1): E010168.

Verma A, Haines DE, Boersma L V., Sood N, Natale A, et al.
(2023). Pulsed Field Ablation for the Treatment of Atrial
Fibrillation: PULSED AF Pivotal Trial. Circulation.

Anter E, Neuzil P, Rackauskas G, Peichl P, Aidietis A, Kautzner
J, et al. (2020). A |Lattice-Tip Temperature-Controlled
Radiofrequency Ablation Catheter for Wide Thermal Lesions.
JACC Clin Electrophysiol. 6(5):507-519.

Reddy VY, Anter E, Rackauskas G, Peichl P, Koruth JS, et al.
(2020). Lattice-Tip Focal Ablation Catheter That Toggles
between Radiofrequency and Pulsed Field Energy to Treat Atrial
Fibrillation: A First-in-Human  Trial. Circ  Arrhythm
Electrophysiol. June):483-495.

Treatment of Persistent Atrial Fibrillation with Sphere-9
Catheter and Affera Mapping and Ablation System - Full Text
View - ClinicalTrials.gov [Internet]. [cited 2023 Feb 23].

Yavin H, Brem E, Zilberman |, Shapira-Daniels A, Datta K, et
al. (2021). Circular Multielectrode Pulsed Field Ablation
Catheter Lasso Pulsed Field Ablation. Circ Arrhythm
Electrophysiol. Feb;14(2).

Duytschaever M, De Potter T, Grimaldi M, Anic A, Vijgen J, et
al. (2023). Paroxysmal AF Ablation Using a Novel Variable-
Loop Biphasic Pulsed Field Ablation Catheter Integrated With a
3D Mapping System: 1-Year Outcomes of the Multicenter
inspIRE Study. Circ Arrhythm Electrophysiol [Internet]. [cited
2023 Feb 21].

Biosense Webster Presents Late-Breaking Data from inspIRE
and admIRE Clinical Trials at AF Symposium [Internet]. [cited
2024 Mar 3].

Ani¢ A, Phlips T, Breskovi¢ T, Koopman P, Girouard S, et al.
(2023). Pulsed field ablation using focal contact force-sensing
catheters for treatment of atrial fibrillation: acute and 90-day
invasive remapping results. Europace [Internet]. [cited 2024 Feb
8];25(6):1-11.

Page 8 of 9


https://www.nejm.org/doi/full/10.1056/NEJMoa2307291
https://www.nejm.org/doi/full/10.1056/NEJMoa2307291
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.14586
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.14586
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.14586
https://link.springer.com/article/10.1007/s10840-023-01559-z
https://link.springer.com/article/10.1007/s10840-023-01559-z
https://link.springer.com/article/10.1007/s10840-023-01559-z
https://link.springer.com/article/10.1007/s10840-023-01559-z
https://link.springer.com/article/10.1007/s10840-023-01559-z
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.123.064959
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.123.064959
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.123.064959
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.123.064959
https://www.sciencedirect.com/science/article/pii/S2405500X23009179
https://www.sciencedirect.com/science/article/pii/S2405500X23009179
https://www.sciencedirect.com/science/article/pii/S2405500X23009179
https://www.sciencedirect.com/science/article/pii/S2405500X23009179
https://essopenarchive.org/doi/pdf/10.22541/au.164142348.87725804
https://essopenarchive.org/doi/pdf/10.22541/au.164142348.87725804
https://www.ahajournals.org/doi/abs/10.1161/CIRCRESAHA.120.316402
https://www.ahajournals.org/doi/abs/10.1161/CIRCRESAHA.120.316402
https://www.ahajournals.org/doi/abs/10.1161/CIRCRESAHA.120.316402
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2018.04.005
https://www.jacc.org/doi/abs/10.1016/j.jacep.2018.04.005
https://www.jacc.org/doi/abs/10.1016/j.jacep.2018.04.005
https://www.jacc.org/doi/abs/10.1016/j.jacep.2018.04.005
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.04.021
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://www.jacc.org/doi/abs/10.1016/j.jacep.2021.02.014
https://academic.oup.com/europace/article-abstract/24/Supplement_1/euac053.203/6588996
https://academic.oup.com/europace/article-abstract/24/Supplement_1/euac053.203/6588996
https://academic.oup.com/europace/article-abstract/24/Supplement_1/euac053.203/6588996
https://academic.oup.com/europace/article-abstract/24/Supplement_1/euac053.203/6588996
https://academic.oup.com/europace/article-abstract/24/Supplement_1/euac053.203/6588996
https://academic.oup.com/europace/article-abstract/24/8/1256/6596623
https://academic.oup.com/europace/article-abstract/24/8/1256/6596623
https://academic.oup.com/europace/article-abstract/24/8/1256/6596623
https://academic.oup.com/europace/article-abstract/24/8/1256/6596623
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.07.007
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.07.007
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.07.007
https://academic.oup.com/europace/article-abstract/23/9/1391/6271395
https://academic.oup.com/europace/article-abstract/23/9/1391/6271395
https://academic.oup.com/europace/article-abstract/23/9/1391/6271395
https://academic.oup.com/europace/article-abstract/23/9/1391/6271395
https://academic.oup.com/europace/article-abstract/23/11/1767/6317562
https://academic.oup.com/europace/article-abstract/23/11/1767/6317562
https://academic.oup.com/europace/article-abstract/23/11/1767/6317562
https://academic.oup.com/europace/article-abstract/23/11/1767/6317562
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.ahajournals.org/doi/abs/10.1161/circep.121.010168
https://www.jacc.org/doi/abs/10.1016/j.jacep.2019.12.015
https://www.jacc.org/doi/abs/10.1016/j.jacep.2019.12.015
https://www.jacc.org/doi/abs/10.1016/j.jacep.2019.12.015
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.120.008718
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.120.008718
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.120.008718
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.120.008718
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.120.008718
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.120.009229
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.120.009229
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.120.009229
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.122.011780
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.122.011780
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.122.011780
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.122.011780
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.122.011780
https://www.ahajournals.org/doi/abs/10.1161/CIRCEP.122.011780
https://academic.oup.com/europace/article-abstract/25/6/euad147/7202193
https://academic.oup.com/europace/article-abstract/25/6/euad147/7202193
https://academic.oup.com/europace/article-abstract/25/6/euad147/7202193
https://academic.oup.com/europace/article-abstract/25/6/euad147/7202193
https://academic.oup.com/europace/article-abstract/25/6/euad147/7202193

Cardiology Research and Reports Copy rights@ Omnia Kamel,

53. Galvanize Therapeutics Announces First Human Use of
QuickShot: A Novel Contact-Sensing, Large Area, Focal Pulsed
Electric Field Mapping & Ablation Catheter [Internet].

Ready to submit your research? Choose Auctores and benefit from:

This work is licensed under Creative . . L
= Commons Attribution 4.0 License fast, convenient online submission
rigorous peer review by experienced research in your field
rapid publication on acceptance
authors retain copyrights
unique DOI for all articles
immediate, unrestricted online access

To Submit Your Article Click Here: Submit Manuscript

VVVYVVYY

DOI1:10.31579/2692-9759/126
At Auctores, research is always in progress.

Learn more https://www.auctoresonline.org/journals/cardiology-research-and-
reports

Auctores Publishing LLC — Volume 6(3)-123 www.auctoresonline.org
ISSN: 2692-9759 Page 9 of 9


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://www.auctoresonline.org/journals/cardiology-research-and-reports
https://www.auctoresonline.org/journals/cardiology-research-and-reports

