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BACKGROUND: Pulsed field ablation (PFA) is a novel form of ablation using electrical fields to ablate cardiac tissue. There are
only limited data assessing the feasibility and safety of this type of ablation in humans.

METHODS: PULSED AF (Pulsed Field Ablation to Irreversibly Electroporate Tissue and Treat AF; https://www.clinicaltrials.gov;
unique identifier: NCT04198701) is a nonrandomized, prospective, multicenter, global, premarket clinical study. The first-
in-human pilot phase evaluated the feasibility and efficacy of pulmonary vein isolation using a novel PFA system delivering
bipolar, biphasic electrical fields through a circular multielectrode array catheter (PulseSelect; Medtronic, Inc). Thirty-eight
patients with paroxysmal or persistent atrial fibrillation were treated in 6 centers in Australia, Canada, the United States, and
the Netherlands. The primary outcomes were ability to achieve acute pulmonary vein isolation intraprocedurally and safety
at 30 days.

RESULTS: Acute electrical isolation was achieved in 100% of pulmonary veins (n=152) in the 38 patients. Skin-to-skin
procedure time was 160£91 minutes, left atrial dwell time was 8235 minutes, and fluoroscopy time was 289 minutes.
No serious adverse events related to the PFA system occurred in the 30-day follow-up including phrenic nerve injury,
esophageal injury, stroke, or death.

CONCLUSIONS: In this first-in-human clinical study, 100% pulmonary vein isolation was achieved using only PFA with no PFA
system—related serious adverse events.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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ing."? Catheter ablation for AF by pulmonary vein

isolation (PVI) is recommended for symptomatic AF
patients who have failed antiarrhythmic drug therapy.®
While effective, ablation can be associated with compli-
cations including pulmonary vein (PV) stenosis, phrenic
nerve injury, cerebrovascular injury, and atrioesophageal
fistula* Achieving a reduction in AF recurrence while

The global prevalence of atrial fibrillation (AF) is grow-

minimizing safety complications remains a challenge for
catheter ablation technologies.

Irreversible electroporation (IRE) is a mechanism of
inducing cell death based on the application of electri-
cal fields to tissue.® When a threshold of electrical field
strength and application duration is surpassed, the cell
membrane becomes hyperpermeable and induces cell
death with limited damage to the extracellular matrix.
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WHAT IS KNOWN?

* Pulmonary vein isolation by catheter ablation is
recommended for patients with symptomatic atrial
fibrillation who have failed antiarrhythmic drug
therapy.

* Pulsed field ablation delivered to cardiac tissue may
offer safety and efficacy advantages due to the min-
imal thermal energy imparted to target tissue, the
higher susceptibility of myocardial cells to electrical
fields, and the ability to create transmural, contigu-
ous lesions through irreversible electroporation.

* The PULSED AF study (Pulsed Field Ablation to
Irreversibly Electroporate Tissue and Treat AF) is a
prospective, interventional, single-arm, premarket
global clinical trial designed to evaluate the safety
and efficacy of pulsed field ablation using a pulmo-
nary vein isolation—only catheter ablation strategy in
patients with drug-refractory symptomatic paroxys-
mal and persistent atrial fibrillation.

WHAT THE STUDY ADDS

* A novel pulsed field ablation system used in a first-
in-human pilot study achieved successful intra-
procedural pulmonary vein isolation in 100% of
patients. There were no serious adverse events
attributed to the pulsed field ablation system during
the 30-day follow-up.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

IQR interquartile range

IRE irreversible electroporation
LA left atrium

PFA pulsed field ablation

PULSED AF Pulsed Field Ablation to Irreversibly
Electroporate Tissue and Treat AF

PV pulmonary vein
PVI pulmonary vein isolation
SAE serious adverse event

Pulsed field ablation (PFA) delivered to cardiac tissue
may offer safety and efficacy advantages due to the min-
imal thermal energy imparted to target tissue, the higher
susceptibility of myocardial cells to electrical fields,
and the ability to create transmural, contiguous lesions
through IRE.

The PULSED AF clinical trial (Pulsed Field Abla-
tion to Irreversibly Electroporate Tissue and Treat AF;
NCT04198701) is designed to determine the safety and
efficacy of IRE in patients with a documented history of
paroxysmal or persistent AF. We report the first-in-human
pilot study phase describing the acute procedural effi-
cacy and safety of a novel PFA system.
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METHODS

The authors declare that all supporting data are available within
the article (and its Supplemental Material).

Trial Design

PULSED AF is a prospective, interventional, single-arm, pre-
market global clinical trial designed to evaluate the safety and
efficacy of PFA using a PVl-only catheter ablation strategy.
The PFA system being investigated (PulseSelect PFA System;
Medtronic, Minneapolis, MN) is investigational and not approved
in any geography. Patients were enrolled at 6 sites in 4 coun-
tries. Procedures were performed by one operator at each site in
Canada (n=7), Australia (n=b), the United States (n=22 across
3 sites), and the Netherlands (n=4). The study protocol was
approved by the ethics committee of each participating site.

PULSED AF is sponsored by Medtronic, Inc, and the study
began enroliment in December 2019. The Steering Committee
members are responsible for the scientific and clinical over-
sight with regard to trial execution. An independent Clinical
Events Committee adjudicated adverse events for relatedness
to the PFA system.

Participants

The study population includes patients 18 to 80 years of age
undergoing first-time catheter ablation of paroxysmal or persistent
AF that failed at least one antiarrhythmic drug (class I or I1l), which
is in accordance with the current European and US guidelines for
the management of AR37 At least one episode of AF had to be
documented by ECG within 1 year before enrollment in the trial
for patients with paroxysmal AF. A subject with paroxysmal AF was
defined as having AF that terminates spontaneously or with inter-
vention within 7 days of onset. A subject with persistent AF was
defined as having a continuous AF episode lasting longer than 7
days but <1 year. Within 6 months before enrollment in the trial,
persistent AF patients provided documentation demonstrating
either (1) 24-hour continuous ECG recording of continuous AF
or (2) 2 electrocardiograms taken 7 days apart showing continu-
ous AF. Detailed inclusion and exclusion criteria are available in
Table 1 and Table S1. All patients provided written informed con-
sent before study procedures in accordance with country-specific
applicable data privacy acts, the Declaration of Helsinki, and the
applicable laws for research using medical devices.

Before the procedure, a full baseline evaluation was per-
formed, including medical history, physical examination,
arrhythmia symptom review, medication review, 12-lead ECG,
transthoracic echocardiogram, and transesophageal echocar-
diogram. The echocardiogram was performed to ensure a left
ventricular ejection fraction of >35% and no gross enlargement
of the left atrium (LA) >6.0 cm. Additionally, patients completed
a chest computed tomography or magnetic resonance imaging
scan at baseline to allow future characterization of any potential
occurrences of PV stenosis. Patients were not excluded based
on PV anatomy or size. Oral anticoagulation therapy was required
for at least 3 weeks before the procedure and was not stopped
before the procedure. No heparin bridging was allowed.

PFA System

The Medtronic PulseSelect PFA System delivers a controlled
biphasic, bipolar waveform to user-selectable electrodes
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Table 1. Inclusion Criteria

Inclusion criteria

Failure of at least 1 AAD (class | and Ill) for AF as evidenced by recurrent
symptomatic AF or intolerable side effects due to AAD.

A diagnosis of recurrent symptomatic paroxysmal or persistent AF with the
following documentation:

Paroxysmal: (1) physician’s note indicating symptoms consistent with
recurrent self-terminating or terminating with intervention (within 7 d) AF
or paroxysmal AF and (2) any ECG documented AF episode(s) within 12
mo before enroliment.

Persistent: (1) physician’s note indicating symptoms consistent with
continuous AF episode lasting >7 d but <1 y and (2) any 24-h continuous
ECG recording documenting persistent AF within 6 mo of enroliment or
(2) 2 ECGs from any form of rhythm monitoring showing continuous AF
taken at least 7 d apart.

Age 18 through 80 y (or >18y if required by local law).

AAD indicates anti-arrhythmic drug; AF, atrial fibrillation.

through an over-the-wire, circular array with 9 gold elec-
trodes (electrode length, 3 mm; 20° forward tilted array with
a diameter of 256 mm; 9F shaft; Figure 1). The circular cath-
eter is also capable of recording PV and atrial potentials,
and it can also perform pacing. The system allows a vari-
ety of power profiles to be delivered. Each profile creates a
different electrical field surrounding the array with voltages
applied to the electrodes ranging from 500 to 1500 volts.
The waveforms were delivered on the order of milliseconds
in trains of pulses. No external grounding patch was used
due to the bipolar nature of the delivery. Investigators used
medical discretion regarding the appropriate profile level to
isolate each PV. In each position, 4 deliveries of the speci-
fied energy profile were given for the lesions to reach their
full extent. All deliveries were automatically synchronized to
the cardiac cycle to occur during the ventricular refractory
period, and as such, simultaneous atrial/ventricular pacing
was not required. Each electrode can measure any tem-
perature change from baseline to approximately 1 second
post-delivery.

PFA Procedure

Patients were sedated with general anesthesia or conscious
sedation, and paralytics were not recommended. Intravenous
heparin was administered before (or immediately following)
transseptal puncture, and a target activated clotting time >350
s was required throughout the procedure and before the first
energy delivery.

After femoral venous access, a 10F sheath was used for
transseptal puncture and catheter introduction. The circu-
lar PFA catheter was introduced into the LA via a guidewire,
and the PFA catheter's circular array positioning at the PV
was assessed by fluoroscopy or intracardiac echocardiogra-
phy imaging. During a subset of cases, the catheter electrode
array position was tracked in the electroanatomical mapping
system. Before ablation, the guidewire was positioned inside
the PV, and the circular array was navigated proximal to the
PV ostium. Before PFA applications, a low-voltage electrical
pulse was delivered from all 9 electrodes to test for phrenic
nerve capture. The purpose of this low-voltage test pulse was
to evaluate proximity of the catheter to the phrenic nerve and
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Figure 1. Pulsed field ablation delivered to a 9-gold circular
electrode array (electrode length, 3 mm; 20° forward tilted
array with diameter of 25 mm; 9F shaft) in a biphasic, bipolar
configuration generates an electric field confined to the area
immediately surrounding the array.

allow investigators to reposition the catheter as needed to
reduce potential phrenic nerve injury. To perform the ablation,
the physician operator then selected the therapy profile and
monitored for electrogram amplitude reduction on the catheter.
During each therapy delivery, an electrical artifact appeared
lasting ~100 to 200 milliseconds (Figure 2). The electrical arti-
fact induced by PFA was not a function of the specific record-
ing system used, and the PFA system was decoupled from the
recording system during energy deliveries to isolate the patient
from high-voltage circuitry. After a series of 4 deliveries, the
catheter was rotated to a new position to achieve full circum-
ferential isolation since the electric field has a gap between
electrodes 9 and 1 (Figure 1). In general, this electrode distri-
bution requires at least 4 catheter positions around each PV to
achieve full isolation of the PV. Investigators aimed for a level
of isolation that was near the level of the PV carina before
expanding the lesions more antrally. In some patients, the cath-
eter positionings were overlaid on the preablation voltage map
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Figure 2. Isolation of pulmonary veins with pulsed field ablation.

Pulmonary vein potentials recorded from bipolar electrograms from the nine-gold electrode array are shown immediately before and after
PFA delivery in the left inferior (A), left superior (B), right inferior (C), and the right superior (D) pulmonary veins demonstrating efficient
electrical PV isolation.
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and on the postablation voltage map. Deliveries were continued
around each PV until the end point of PVI.

Confirmation of intraprocedural isolation of each PV was
assessed at least 20 minutes after the last PFA applica-
tion within a specific PV. To prove isolation, demonstration of
entrance block was required. If any residual PV connection was
found, additional PFA therapy deliveries were applied until full
entrance and exit block was achieved. Postablation voltage
maps were used in a subset of patients at the operator's dis-
cretion to further prove acute PVI before the end of the proce-
dure. Adenosine or isoproterenol were used at the operator's
discretion but were not mandated by the protocol. Use of an
ablation catheter other than the PFA circular array for PVl was
considered an acute procedural failure.

Additional LA ablations outside of the PV antra were not
allowed by protocol. Ablation of the cavotricuspid isthmus for
treatment of atrial flutter was allowed if clinically necessary but
was performed using a standard commercial radiofrequency
ablation catheter. Pre- and postprocedure phrenic nerve pacing
was performed in all patients. Luminal esophageal tempera-
ture monitoring was performed at operator discretion, and the
position of the esophageal temperature probe was periodically
adjusted to maintain close proximity to the electrode array of
the ablation catheter.

Follow-Up

Upon hospital discharge, all patients underwent a medication
review, physical exam, 12-lead ECG, and a National Institute
for Health Stroke Scale assessment. A study visit was sched-
uled 30 days following the procedure, during which patients
underwent a physical exam. A 12-lead ECG, medication review,
and arrhythmia symptom review were also completed at this
time point. Patients did not receive a follow-up chest computed
tomography or magnetic resonance imaging scan within the
30-day follow-up period but received a cardiopulmonary exam
during the 30-day study visit.

Study Outcomes

The efficacy objective of the first-in-human pilot study was to
assess the achievement of intraprocedural PVI with the PFA
system, where acute procedural failure was defined as (1)
the inability to isolate all targeted PVs (assessed for entrance
and, where assessable, exit block) during the index ablation
procedure or (2) ablation using a nonstudy device to isolate
any PV.

The safety objective of the pilot study was to assess the
incidence of PFA system-related and PFA procedure-related
serious adverse events (SAEs) within 30 days postablation. A
list of SAEs included in this end point is provided in Table 2. Al
adverse events were collected in the study.

Statistical Analysis

The sample size of the first-in-human pilot study was not
determined by a formal sample size calculation. Results are
presented as a meanxSD for continuous variables, unless oth-
erwise noted. Categorical variables are presented as a count
and percentage. Statistical analyses were performed using the
SAS software, version 9.4 (SAS Institute, Cary, NC).
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Table 2. SAEs Included in the Primary Safety End Point

SAEs

Pulmonary vein stenosis (>70% diameter reduction)

Phrenic nerve injury/diaphragmatic paralysis ongoing at 30 d post-ablation

Atrioesophageal fistula

Cardiac tamponade/perforation

Cerebrovascular accident

Major bleeding requiring transfusion

Myocardial infarction

Pericarditis requiring intervention

Transient ischemic attack

Vagal nerve injury resulting in esophageal dysmotility or gastroparesis

Vascular access complications requiring intervention

Death

Any PFA system-related or PFA procedure-related cardiovascular and pul-
monary adverse event that prolongs or requires hospitalization for >48 h
(excluding recurrent AF/AFL/AT)

AF indicates atrial fibrillation; AFL, atrial flutter; AT, atrial tachycardia; PFA,
pulsed field ablation; and SAE, serious adverse event.

RESULTS

Study Patients

A total of 38 patients, 47% female, 92% paroxysmal
AF with an average age of 62.0£11.3 years underwent
endocardial PFA of their PVs. The baseline data are avail-
able in Table 3.

Procedural Characteristics

A subset of patients (9/38, 24%) were treated using
conscious sedation, and the remainder received general
anesthesia. Phrenic nerve stimulation was observed in
42% of PFA therapy deliveries in right-sided veins, and it

Table 3. Baseline Patient Characteristics

Patient characteristics n=38"*
Male gender 20 (53%)
Paroxysmal atrial fibrillation 35 (92%)
Age, y 62.0£11.3
Left atrial diameter, mm 37.3+5.8
Left ventricular ejection fraction, % 59.561+5.1
Years since atrial fibrillation diagnosis 7.2+8.1
No. of failed antiarrhythmic drugs 1.3+0.5
Cardioversions before enrollment

Electrical 7 (85%)

Pharmaceutical 3 (15%)
Body mass index, kg/m? 29.7+5.1
Systolic blood pressure, mmHg 139+19
Diastolic blood pressure, mmHg 78%11
CHA,DS,VASc 1.9%1.6

“Reported as mean with SD or percentage.
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Table 4. Characteristics of Pulsed Field Ablation Procedures

Procedural characteristic Average* (median, IQR), n=38 Minimum Maximum
Skin-to-skin procedure time, min 160+91 (141;1QR, 108-192) 49 406
Device left atrial dwell time, min 82+35 (83; IQR, 60-108) 15 169
Fluoroscopy time, min 28+9 (25; 1QR, 21-33) 17 51

Electrode temperature rise (<1 s post-ablation)

2.1%£2.2°C (1.2°C; IQR, 0.3-3.2)

No. of applications per pulmonary vein

8.2+4.2 (8.0; IOR, 5.0-11.0)

Conscious sedation use 9 (24%)
Neuromuscular blockade use 2 (5%)
Intraprocedural cardioversions 8 (21%)

IOR indicates interquartile range.
“Reported as mean with SD or percentage.

was observed in 3% of PFA therapy deliveries in left-sided
veins. Additionally, phrenic nerve stimulation in response
to the low-voltage test pulse was only observed one time
when the catheter was positioned deeper into the PV. The
catheter was repositioned before any therapeutic deliv-
eries. Although phrenic nerve capture was observed in
response to PFA therapy deliveries, neither phrenic nerve
injury nor transient stunning was observed in any patients
intraprocedurally or during the follow-up period.

An average of 82+4.2 (median, 80; interquartile
range [IQR], 5.0—-11.0) energy applications were delivered
around each of the PVs. The average temperature rise
recorded directly from the electrodes during all ablations
within 1-second postablation was 2.1£2.2°C (median,
1.2°C; IOR, 0.3-3.2°C; Table 4). No steam pops were
observed during PFA delivery, and no char was observed
on the catheter post-ablation. By procedural end, com-
plete PVl was achieved in all 152 PVs attempted (Table 5).
Samples of reduced PV potential amplitude and electrical
isolation observed after PFA applications in each PV are
provided in Figures 2 and 3, respectively. A sample video
of PFA application is provided in the Supplemental Mate-
rial, and typical voltage maps demonstrating ostial and
antral PVl are shown in Figure 4.

Further procedural details are shown in Table 4. The
skin-to-skin procedure time (from first sheath inserted to
last sheath removed) was an average of 16091 minutes
(median, 141 minutes; IOR, 108-192). The average LA

Table 5. Electrical Isolation of PVs

n Electrical isolation achieved, %
All patients 38 100%
All PVs 152 100%
Left superior PV 37 100%
Left common PV 1 100%
Left inferior PV 37 100%
Right superior PV 38 100%
Right middle PV 1 100%
Right inferior PV 38 100%

PV indicates pulmonary vein.
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dwell time of the PFA catheter was 82+35 minutes (median,
83 minutes; IQR, 60—108), which included the 20-minute
protocol required wait time after PVI. The average fluoros-
copy time was 2819 minutes (median, 25; IOR, 21-33).
There were 8 (21%) intraprocedural cardioversions.

Safety

Luminal esophageal temperature monitoring was per-
formed in a subset of patients at operator discretion (n=7).
The maximum esophageal temperature recorded was
36.14+0.34°C, with a mean change of 0.06 °C from base-
line. No patients demonstrated any symptoms of esopha-
geal injury during follow-up. No SAEs, strokes, or deaths
related to the PFA system occurred in any patient out to
30 days post-procedure. Details are provided in Table 6.

DISCUSSION
Main Findings

A novel PFA system used in a first-in-human pilot study
achieved successful intraprocedural PVI in 100% of
patients included in the study. There were no SAEs
attributed to the PFA system during the 30-day follow-
up. One serious procedure-related event was reported
related to vascular access.

PFA Safety

PFA creates an electric field delivered within seconds
that ablates cardiac tissue based on the mechanism of
IRE.® Cell membrane destabilization and subsequent cell
death occurs in the cardiac tissue directly exposed to
the electric field surrounding the array, ideally enabling
ablation that is largely independent of thermal dam-
age.® Preclinical work has shown that biphasic, bipolar
PFA can be achieved with minimal temperature rise.'
Furthermore, cardiac myocytes appear to have a lower
threshold for IRE enabling cardiac ablation while mini-
mizing the potential for collateral damage of other tis-
sues. Animal models have shown preservation of phrenic

January 2022 7



Verma et al

PULSED AF: First-in-Human Experience

 — ;
i MRicETE SF | s SR SN . Bk | B,
gy B G G = A T W S ek < ATA T V. T

PLAISE 1ESPV (PV SIGNAL MOVE AFTER PULSE)

Figure 3. Evidence of pulmonary vein block recorded from bipolar electrograms from the 9-gold electrode array.

In (A), we see exit block demonstrated by pacing within the left superior pulmonary vein with no conduction to the rest of the atrium (green
coronary sinus signals). In (B), after one pulsed field application, we see delay in the pulmonary vein potential compared with preablation (white
arrow). In (C), we see further delay in the pulmonary vein potential after one more application of pulsed field ablation (white arrow) and then

pulmonary vein block (asterix).

nerve and esophageal tissue despite exposure to clini-
cal PFA levels.""~"® PFA also seems to reduce the risk of
PV stenosis.”*'® Therefore, one of the greatest potential
advantages of PFA is offering a safety profile that may
be superior to traditional radiofrequency or cryoabla-
tion. Worldwide surveys and large clinical trials suggest
rates of complications ranging from 0.02% to 0.11% for

Circ Arrhythm Electrophysiol. 2022;15:¢010168. DOI: 10.1161/CIRCER.121.010168

atrioesophageal fistula, 0.1% to 2.2% for phrenic nerve
injury, and 0.1% to 0.5% for PV stenosis.” These are seri-
ous complications, and if their incidence can be reduced
to almost zero, PFA will represent a significant step for-
ward for cardiac catheter ablation of AR

Our first-in-human study seems to support the largely
nonthermal mechanism of PFA for lesion creation.
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Figure 4. Postablation voltage maps of patients treated with pulsed field ablation.

A demonstrates how the catheter electrode array position was tracked on a subset of cases using an electroanatomical mapping system.
The catheter positionings were overlaid on the preablation voltage map (A, left) and on the postablation voltage map (A, right). At least 4
catheter positions were required around each pulmonary vein (PV) to achieve full ostial and antral PV isolation, as demonstrated in another
patient (B).
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Table 6. Adverse Event Incidence in PULSED AF

PULSED AF: First-in-Human Experience

No. of adverse
Adverse event events (n=38)
SAEs included in the primary Pulmonary vein stenosis (>70% diameter reduction) 0/38
safety end point Phrenic nerve injury/diaphragmatic paralysis ongoing at 30 d post-ablation | 0/38
Atrioesophageal fistula 0/38
Cardiac tamponade/perforation 0/38
Cerebrovascular accident 0/38
Major bleeding requiring transfusion 0/38
Myocardial infarction 0/38
Pericarditis requiring intervention 0/38
Transient ischemic attack 0/38
Vagal nerve injury resulting in esophageal dysmotility or gastroparesis 0/38
Vascular access complications requiring intervention 0/38
Death 0/38
Any PFA system-related or PFA procedure-related cardiovascular and 0/38
pulmonary adverse event that prolongs or requires hospitalization for
>48 h (excluding recurrent AF/AFL/AT)
Serious procedure-related events | Vascular access site hemorrhage 1/38

AF indicates atrial fibrillation; AFL, atrial flutter; AT, atrial tachycardia; PFA, pulsed field ablation; PULSED AF, Pulsed Field Ablation to
Irreversibly Electroporate Tissue and Treat AF; and SAE, serious adverse event.

Despite direct PFA delivery over the esophagus, there
was almost no change in luminal temperature in the sub-
set of patients where temperature monitoring was per-
formed. Furthermore, the median change in electrode
temperature detected by the generator within 1 second
of PFA delivery was only about 1°C. Furthermore, we
did not observe any occurrences of phrenic nerve injury
or symptoms consistent with esophageal injury. Phrenic
nerve function was routinely checked pre- and post-abla-
tion in all patients. Postprocedural esophageal endos-
copy was not performed in any patients. Steam pops or
catheter char were not observed. The one serious pro-
cedure-related event that was observed was related to
vascular access, unrelated to PFA energy delivery.

An average of 8.2+4.2 PFA applications was deliv-
ered to achieve PVI, which is aligned with prior studies
with the same catheter and alternate radiofrequency
energy source. Placement of the loop-shaped catheter to
achieve both ostial and antral isolation drove the number
of placements. Ablations were delivered without moni-
toring of contact force, indicating that PFA can achieve
PVI without contact force—based monitoring and without
thermal-related safety events.

PFA Efficiency

Because each of the 4 pulse trains delivered for PFA is
delivered within a single cardiac cycle, the duration of
energy application is very short compared with traditional
thermal catheter ablation, which requires a sustained
application to achieve tissue temperatures that irrepara-
bly damage cardiac tissue. Even with 4 applications at
each ablation site, the duration of energy application is

Circ Arrhythm Electrophysiol. 2022;15:e010168. DOI: 10.1161/CIRCER.121.010168

short compared with traditional thermal catheter abla-
tion, which requires a sustained application to achieve
tissue temperatures that irreparably damage cardiac tis-
sue. Consequently, improved efficiency would be another
potential key benefit for PFA.

Taking into account the first-in-human use of this PFA
system and a study mandated 20-minute waiting period
after the final PV was isolated; the LA dwell time for the
procedure was only about 80 minutes. The total proce-
dure time of 160 minutes represented the total time
from sheath insertion to sheath removal (including trans-
fer from the electrophysiology laboratory to the recovery
room). It also included the time for any cavotricuspid isth-
mus ablation and voltage map creation. Examined within
the context of a regulated clinical study, even these pre-
liminary results suggest the possibility of a significant
efficiency improvement for PFA over thermal ablation.

Limitations

This present analysis is limited by the single-arm clinical
study design and small sample size. Further research
with a larger clinical population and longer duration out-
comes is warranted and will be initiated with the pivotal
PULSED AF trial. Additional future clinical studies are
needed to fully understand the impact of PFA energy
settings on PVI, learning curve characteristics, incidence
of silent cerebral emboli and silent cerebral lesions, and
the impact of anesthesia on this novel procedure. Also,
we did not perform systematic evaluation of the esoph-
agus with endoscopy or magnetic resonance imaging to
look for more subtle forms of esophageal injury. Finally,
the purpose of this first-in-human pilot was to observe
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acute procedural end points, and longer term results
will be reported in a larger subset of patients during the
pivotal study.

Conclusions

In this first-in-human pilot trial, PFA using a novel circular
array system achieved 100% acute PVI with no SAEs
attributed to the PFA technology or catheter within the
first 30 days post-procedure. A PULSED AF pivotal trial
will evaluate the safety and efficacy of PFA in achiev-
ing PVl in a large group of patients with longer term
follow-up.
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