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Pulsed Field Ablation for the Treatment of Atrial
Fibrillation: PULSED AF Pivotal Trial
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BACKGROUND: Pulsed field ablation uses electrical pulses to cause nonthermal irreversible electroporation and induce cardiac
cell death. Pulsed field ablation may have effectiveness comparable to traditional catheter ablation while preventing thermally
mediated complications.

METHODS: The PULSED AF pivotal study (Pulsed Field Ablation to Irreversibly Electroporate Tissue and Treat AF) was a
prospective, global, multicenter, nonrandomized, paired single-arm study in which patients with paroxysmal (n=150) or persistent
(h=150) symptomatic atrial fibrillation (AF) refractory to class | or Il antiarrhythmic drugs were treated with pulsed field ablation.
Al patients were monitored for 1 year using weekly and symptomatic transtelephonic monitoring; 3-, 6-, and 12-month ECGs;
and 6- and 12-month 24-hour Holter monitoring. The primary effectiveness end point was freedom from a composite of acute
procedural failure, arrhythmia recurrence, or antiarrhythmic escalation through 12 months, excluding a 3-month blanking period
to allow recovery from the procedure. The primary safety end point was freedom from a composite of serious procedure- and
device-related adverse events. Kaplan-Meier methods were used to evaluate the primary end points.

RESULTS: Pulsed field ablation was shown to be effective at 1 year in 66.2% (95% Cl, 57.9 to 73.2) of patients with paroxysmal
AF and 55.1% (95% Cl, 46.7 to 62.7) of patients with persistent AF. The primary safety end point occurred in 1 patient
(0.7%; 95% Cl, 0.1 to 4.6) in both the paroxysmal and persistent AF cohorts.

CONCLUSIONS: PULSED AF demonstrated a low rate of primary safety adverse events (0.7%) and provided effectiveness
consistent with established ablation technologies using a novel irreversible electroporation energy to treat patients with AR

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT04198701.
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Editorial, see p 1433

Catheter ablation is an effective treatment for patients
with symptomatic, drug-refractory atrial fibrillation
(AF).'? Traditional thermal ablation may be compli-
cated by adverse events such as esophageal injury, phrenic

nerve injury, and pulmonary vein stenosis® In contrast,
pulsed field ablation creates lesions in cardiac tissue non-

thermally and within milliseconds through the mechanism of
irreversible electroporation.*® As cardiac cells are exposed
to high electric field gradients, their cell membranes
undergo increased permeability, leading to cell death with-
out substantial protein denaturation or tissue scaffolding
damage® Other cell types (eg, esophagus and nerves) are
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Clinical Perspective

What Is New?

* Irreversible electroporation is a novel, nonthermal
method for cardiac ablation that can improve the
safety and efficiency of catheter ablation of atrial
fibrillation.

* This trial showed that pulsed field ablation for atrial
fibrillation achieved a freedom from procedural fail-
ure, arrhythmia recurrence, or escalation of antiar-
rhythmic drugs consistent with thermal ablation
technologies.

¢ This trial also demonstrated a very low incidence
of procedure-related adverse events with no pulmo-
nary vein stenosis, phrenic nerve injury, or esopha-
geal injury.

What Are the Clinical Implications?

e Pulsed field ablation, using irreversible electropor-
ation, will likely provide a more efficient and safe
method for catheter ablation of both paroxysmal
and persistent arial fibrillation.

¢ Efficacy of pulsed field ablation for atrial fibrillation
appears consistent with that of traditional thermal
methods of ablation.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

AFEQT Atrial Fibrillation Effect on
Quality-of-Life

EQ-5D European Quality of Life-5
Dimensions
MRI magnetic resonance imaging

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

more resistant to such changes. Acute clinical results dem-
onstrated that pulsed field ablation can achieve pulmonary
vein isolation without collateral damage in a time-efficient
manner.” The PULSED AF pivotal study (Pulsed Field Abla-
tion to Irreversibly Electroporate Tissue and Treat AF) was
performed to evaluate the 12-month effectiveness and
safety of a novel pulsed field ablation system in a population
of patients with paroxysmal or persistent symptomatic AR

METHODS

All supporting data are available within the article and its
Supplemental Material.

Trial Design

The PULSED AF trial was a prospective, global, multicenter,
nonrandomized, paired single-arm trial to evaluate a pulsed
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field ablation system (PulseSelect Pulsed Field Ablation
System; Medtronic) for the treatment of patients with parox-
ysmal and persistent AF. The steering committee was respon-
sible for design, execution, and study oversight (Appendix in
the Supplemental Material). At each center, local ethics review
committees approved the study, which was performed in accor-
dance with the Declaration of Helsinki. The sponsor was not
involved in adjudicating effectiveness or safety events. Primary
safety end point events were adjudicated by an independent
clinical events committee (Appendix in the Supplemental
Material), and arrhythmia monitoring events were adjudicated
by a core laboratory. An independent data monitoring com-
mittee reviewed accumulating data to protect the interests of
patients and monitor the overall conduct of the study. The origi-
nal protocol was conceived, designed, and written by the spon-
sor and then refined with input from the steering committee
and the US Food and Drug Administration. Data analysis was
performed by the sponsor, and data interpretation was provided
by the principal investigator, Dr Atul Verma, and the steering
committee. All steering committee members approved data
analyses and interpretation, article contents, and the decision
to publish. All authors vouch for the completeness, fidelity, and
accuracy of the study protocol and data.

Study Participants

Patients with recurrent symptomatic paroxysmal or persis-
tent AF who failed or did not tolerate treatment with >1
class | or lll antiarrhythmic drugs were treated at 41 cen-
ters in 9 countries and treated by 67 different operators, 61
of whom had not used the system in the PULSED AF pilot
trial (Appendix in the Supplemental Material). Inclusion and
exclusion criteria are listed in Table S3. All patients provided
written informed consent.

Procedure

Ablation methods are described in the Appendix in the
Supplemental Material and a previous publication.” Before the
ablation, patients were on continuous, uninterrupted oral anti-
coagulation therapy for at least 3 weeks. Antiarrhythmic drugs
were not required to be stopped before ablation. During the abla-
tion procedure, using a percutaneous, transvenous approach,
operators performed transseptal puncture and introduced the
catheter into the left atrium over a guidewire. Heparin was
administered before or immediately after transseptal puncture,
or both, and sustained throughout the procedure to maintain
activated clotting time levels of =350 seconds, with monitoring
every 15 to 30 minutes for the duration of the procedure. The
circular array of the pulsed field ablation catheter was positioned
at each pulmonary vein ostium, as assessed by fluoroscopy or
intracardiac echocardiography imaging (Figure 1). One applica-
tion was defined as 4 biphasic, bipolar pulse trains, each lasting
100 to 200 ms at 1400 to 1500 V measured from baseline
to peak (2800 to 3000 V measured peak to peak). After each
application, the catheter was rotated circumferentially to a new
position to achieve full circumferential isolation. This workflow
was based on previous acute clinical work with the same sys-
tem, demonstrating that overlapping lesion sets from an ostial
to wide antral pulmonary vein position optimized full pulmonary
vein isolation.” Electrical isolation was assessed by entrance
block testing after a protocol-mandated 20-minute wait period
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Figure 1. Catheter ablation method with pulsed field ablation system.
Alternating positive and negative electrodes sustains a bipolar electrical field around the catheter that extends into the tissue. The electrical field
increases cell membrane permeabilization, which then leads to cell function disruption and eventually to cell death (ie, apoptosis and necrosis).

with the operator's preferred catheter. Use of an esophageal
luminal temperature probe was optional. No system or wave-
form modifications were made during the trial.

Study Follow-Up

All patients were monitored for 12 months with weekly and
symptomatic transtelephonic monitoring; 3-, 6-, and 12-month
12-lead ECGs; and 6- and 12-month 24-hour Holter monitor-
ing. Additional follow-up visits occurred virtually or in-person at
7 days, 30 days, 3 months, 6 months, and 12 months after the
index ablation procedure.

Substudies

Al sites approached patients sequentially, and those who con-
sented underwent cardiac computed tomography or magnetic
resonance imaging (MRI) at baseline and 3 months after abla-
tion to detect the incidence of pulmonary vein stenosis for up
to 50 patients (protocol in the Appendix in the Supplemental
Material). An independent core laboratory adjudicated pulmo-
nary vein stenosis diameters as moderate (50% to 70%) or
severe (=70%) reduction.’

Sites with a 1.56T MRI approached patients sequentially, and
those who consented underwent cerebral MRI before and after
ablation to detect the incidence of silent cerebral lesions as well
as Mini-Mental State Examination for up to 50 patients (protocol
in the Appendix in the Supplemental Material). All silent cerebral
lesions were identified by 2 independent neuroradiologists.8~1°

End Points

The primary effectiveness end point was freedom from a com-
posite end point of acute procedural failure, arrhythmia recur-
rence, or antiarrhythmic escalation through 12 months, excluding
an initial 90-day blanking period to allow procedural recovery.

1424 May 9, 2023

Acute procedural failure was defined as an inability to isolate
all pulmonary veins or any ablation in the left atrium using a
nonstudy device during the index procedure. Other components
of the end point included any of the following events after the
90-day blanking period: (1) documented atrial arrhythmia recur-
rence of >30 seconds; (2) any subsequent AF surgery or abla-
tion in the left atrium, excluding one repeat pulsed field ablation
within the 90-day blanking; (3) direct current cardioversion for
atrial tachyarrhythmia recurrence; (4) a class | or Ill antiarrhyth-
mic drug dose increase from the historic maximum ineffective
dose before the ablation procedure; (5) initiation of a new class |
or Il antiarrhythmic drug; or (6) during the blanking period, initia-
tion of or use of amiodarone at a dose greater than the maximum
previous ineffective dose. Within the first 90 days after ablation,
recurrent arrhythmias could be managed with antiarrhythmic
drugs, cardioversion, or repeat pulsed field ablation without pen-
alty to the primary effectiveness end point.

The primary safety end point was freedom from a compos-
ite of serious procedure- and device-related adverse events.
Serious adverse events were prespecified, and their related-
ness to the pulsed field ablation system or procedure was adju-
dicated by the clinical events committee. Sites were required to
report all adverse events. All adverse events were collected in
adherence to ISO 14155:2020."

Prespecified secondary end points included quality of life
as assessed by the Atrial Fibrillation Effect on Quality-of-Life
(AFEQT) and European Quality of Life=5 Dimensions (EQ-5D)
questionnaires (Appendix in the Supplemental Material).!>"'*
Additional prespecified ancillary end points presented include
procedural measures.

Statistical Analysis

Prespecified performance goals were set at >60% and >40%
for paroxysmal and persistent AF cohorts as defined by the
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international consensus statement! The prespecified safety
performance goal of <13% was guided by the US Food and
Drug Administration (Appendix in the Supplemental Material).
To calculate sample size, using a 1-sided o of 0.025, simulation
methods were used. In both cohorts, we assumed that 68% of
patients in the paroxysmal AF cohort and 54% of patients in
the persistent AF cohort would have treatment success, and
that 5% of patients in each group would have a primary safety
end point event. On the basis of these assumptions, sample
sizes of 90 patients with paroxysmal and 150 with persistent
AF were calculated to be sufficient to provide 290% power
for the analysis of the primary effectiveness end point in each
cohort. For the primary safety end point, 138 participants in
each group provided 90% power for the analysis. Therefore, a
sample size of 150 was selected for each cohort.

All primary analysis patients who underwent pulsed field
ablation were included in all analyses unless data were miss-
ing. Missing data were not imputed. The primary effectiveness
end point was evaluated using Kaplan-Meier analysis. Time
0 was defined as the date of ablation, and data were cen-
sored at the patients’ 12-month follow-up or exit from the
trial. The start date for assessing atrial arrhythmia was 91
days after time O. The standard error for each percentage of
patients with an event within 12 months was approximated
with the Greenwood formula and 2-sided log—log Cls were
constructed comparing against the prespecified performance
goals. The primary safety end point was analyzed with the use
of Kaplan-Meier survival analysis.

Changes in quality of life were evaluated using the paired
t test and Wilcoxon signed-rank test. Adjustment for multiple
comparisons in analyses of secondary end points was per-
formed using the Hochberg procedure. All analyses were con-
ducted with SAS software, version 9.4 (SAS Institute).

RESULTS
Patients

A total of 383 patients were enrolled between March
2021 and November 2021; 300 were included in the
primary analysis cohort, with an average of 5.8 patients
treated per operator. Patient flow is shown in Figure S1.1n
total, 146 of 150 (97%) patients with paroxysmal AF and
141 of 150 (94%) patients with persistent AF completed
follow-up. Overall, 5887 transtelephonic transmissions
from patients with paroxysmal AF and 5974 transmissions
from patients with persistent AF after the 90-day blanking
period were received and reviewed. Adherence to Holter,
ECG, and scheduled transtelephonic transmission during
the 12 months for both cohorts was 86%, 90%, and 81%,
respectively. Baseline characteristics are presented for
paroxysmal and persistent AF cohorts (Table 1).

Procedural Characteristics

During the procedure, acute pulmonary vein isolation
was achieved with the investigational device in 100% of
pulmonary veins in the paroxysmal AF cohort and 100%
of pulmonary veins in the persistent AF cohort (Figure 2).

Circulation. 2023;147:1422-1432. DOI: 10.1161/CIRCULATIONAHA.123.063988

PULSED AF Trial

Two acute procedural failures occurred in the persistent
cohort resulting from use of a nonstudy device to ablate
left atrial structures outside of the pulmonary veins.

Procedural details are presented in Table 2. The mean
time between first and last application was 58+£28 min-
utes and 64£28 minutes for the paroxysmal and per-
sistent AF cohorts, respectively. The time between first
and last application included the 20-minute, protocol-
mandated waiting period and postablation mapping time.
Mapping systems were used in 95% of paroxysmal and
92% of persistent AF procedures (Figure 2). Overall,
2518 seconds and 29£10 seconds of pulsed field abla-
tion energy were delivered per paroxysmal and persistent
AF procedure, respectively. General anesthesia or deep
sedation was used in 95% and 91% of paroxysmal and
persistent AF procedures, respectively.

Primary Effectiveness and Safety End Points

Treatment success occurred in 100 patients in the par-
oxysmal AF cohort and 83 patients in the persistent AF
cohort (1-year Kaplan-Meier estimates, 66.2% [95% Cl,
579 to 73.2] and 55.1% [95% Cl, 46.7 to 62.7], respec-
tively; Figure 3A and Figure 4A). The individual compo-
nents of effectiveness failure are specified in Table 3. A
total of 8% of patients with paroxysmal AF and 9% of
patients with persistent AF underwent repeat ablation
outside of the blanking period (Table S4). During the
blanking period, 6 patients with persistent AF had treat-
ment failure attributable to amiodarone use.

Freedom from any atrial arrhythmia recurrence after
the 90-day blanking period was 69.56% and 62.3% in
the paroxysmal and persistent AF cohorts, respectively
(Figure 3B and Figure 4B). Freedom from recurrence of
any symptomatic atrial arrhythmias, as documented on
transtelephonic monitoring, was 79.7% and 80.8% in the
paroxysmal and persistent AF cohorts, respectively (Fig-
ure 3C and Figure 4C).

The primary safety end point occurred in 1 patient
with paroxysmal AF and 1 patient with persistent AF
(6-month Kaplan-Meier event rate estimates, 0.7%
[95% CI, 0.1 to 4.6] and 0.7% [95% CI, 0.1-4.6],
respectively; Table 4). One cerebrovascular accident
occurred on the same day as the procedure in a patient
with paroxysmal AF (with left lower leg numbness and
mild dysphasia) and was resolving at the conclusion of
the study. One pericardial effusion requiring drainage
occurred after pulmonary vein isolation in a patient with
persistent AF. After the ablation, 1 death occurred in
each cohort during the follow-up period: in the paroxys-
mal AF cohort, 1 patient with a history of cirrhosis and a
CT scan demonstrating liver masses died of liver failure;
in the persistent AF cohort, 1 patient died of cardio-
pulmonary arrest within 2 weeks after dofetilide was
initiated. No other reports of death, atrio-esophageal
fistula, other esophageal injury, myocardial infarction,
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Table 1. Baseline Patient Characteristics

Table 1. Continued

PULSED AF Trial

Paroxysmal atrial | Persistent atrial Paroxysmal atrial | Persistent atrial
fibrillation cohort | fibrillation cohort fibrillation cohort | fibrillation cohort
Characteristic (n=150) (n=150) Characteristic (n=150) (n=150)
Age, y 63.449.9 66.0£9.0 Pilsicanide 5(3) 0(0)
Male 96 (64) 113 (75) Propafenone 6 (4) 9 (6)
Race Class Il
White or Caucasian 115 (86) 121 (88) Sotalol 24 (16) 11 (7)
Japanese 16 (12) 16 (12) Amiodarone 7 (5) 26 (17)
Black or African American 0 (0) 1(1) Dofetilide 5 (3) 2(1)
Native Hawaiian or other Pacific | 1 (1) 0 (0) Dronedarone 13 (9) 15 (10)
Islander ACE inhibitor 8 (5) 5(3)
Astan Indian 10 0 Beta-blocker 69 (46) 68 (45)
Not reported 17 12
Values are n (%) or mean+SD. AAD indicates antiarrhythmic drug; and ACE,
Ethnicity angiotensin-converting enzyme.
Hispanic 1(1) 0(0) *Data available for 149 patients.
tCHA2DS2-VASc scores range from O to 9, with higher scores indicating a
Not Hispanic 133 (99) 139 (100) greater risk of stroke. The highest score observed in this trial was 6.
Not reported 16 11
Time since first atrial fibrillation 3.816.2 2.743.7 severe pulmonary vein stenosis, or phrenic nerve injury
diagnosis, y related to the pulsed field ablation procedure were
Body mass index, kg/m? 28.645.9 30.9+6.8 reported. Other important adverse events, such as coro-
Left atrial diameter, mm 38.745.8 42.05.0 nary artery spasm or incidental ST-segment elevation,
Systolic blood pressure, mm Hg 130.4%£17.6 130.7£17.2 were not detected.
Diastolic blood pressure, mm Hg 76.7£11.3 78.56+12.6
Left ventricular ejection fraction % | 60.31+4.8* 57.616.4 Secondary End POintS
Number of failed AADs 1:3+06 13+06 Compared with baseline, improvement in postabla-
Cardioversions before enrollment tion quality of life was statistically significant (Table
Electrical 33 (22) 93 (62) Sb). AFEQT score improved by a mean of 29.4 (95%
Pharmacologic 15 (10) 11(7) Cl, 256.8-33.1) and 29.0 (95% Cl, 25.6-32.5) points
CHA, DS, VASG scoret from baseline to 12 months in patients with paroxys-
o 33 (22) 25 (17) mal or persistent AF, respectively. At 12 months, the
) 34 23) 27 (18) EQ-6D-6L score .|mprov§d by 0.05 points (95% ClI,
0.02-0.08) in patients with paroxysmal AF and 0.06
2 38 (25) 40 27} points (95% Cl, 0.04-0.09) in patients with persistent
3 28 (19) 32(21) AF. For both measures, this is considered a meaningful
>3 17 (1) 26 (17) improvement.'®14
T — Among 45 patients who underwent cerebral MR
Stroke 4 32 before and after ablation at 15 centers, 4 (8.9%) had
Transiont fschemic attack 201) 302 a new, postprocedura! silent cerebral IeS|oQ (Ta.bl.e
— S6). There was negligible change (0.4+1.8) in Mini-
Myocardial infarction 76 86) Mental State Examination scores before (28.8+1.3)
Coronary artery disease 31(21) 31(21) and after ablation (29.241.4) in the cohort. No moder-
Hypertension 73 (49) 97 (65) ate or severe pulmonary vein stenosis was observed
Obstructive sleep apnea 30 (20) 47 (31) between baseline and 3-month imaging performed
Valve dysfunction 22 (15) 16 (11) on 63 patients (Table S7). Optional esophageal tem-
Diabetes 24 (16) 21 (14) perature monitoring demonstrated a 0.3+£0.4°C overall
; — change in esophageal temperature from baseline in
Baseline medications .
- . 140 patients (Table 2).
Antiarrhythmic 104 (69) 83 (565)
Class |
Cibenzoline 1(1) 3(2) DISCUSSION
Flecainide 43 (29) 17 (11) In this global, multicenter, prospective paired single-arm
(Continued) trial, we demonstrated the ability of pulsed field ablation
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Figure 2. Postablation voltage map of left atrium.

The map demonstrates acute pulmonary vein isolation. Gray areas represent ablated or electrically isolated tissue around the 4 pulmonary veins.

to treat both paroxysmal and persistent AF with catheter
ablation. Acute isolation was demonstrated in 100% of
all pulmonary veins. The freedom from treatment failure
rates reported in this study were consistent with ther-
mal ablation (radiofrequency and cryoablation).'®'® The
primary safety adverse event rate was excellent, with a
0.7% rate of major complications overall and no occur-
rence of phrenic, esophageal, or pulmonary vein injury. In
addition, we demonstrated a meaningful, statistically sig-
nificant improvement in quality of life from baseline.’®™
The study had a very high compliance with follow-up and
rigorous arrhythmia monitoring. This is the first multi-
center, global prospective clinical trial evaluating any in-
vestigational pulsed field ablation system with predefined
end points approved by the US Food and Drug Admin-
istration. In contrast to previously published pulsed field
ablation studies, the primary effectiveness end point re-
ported here included freedom from a composite of mul-
tiple failure modes, and the study was executed globally
with rigorous monitoring techniques, specifically weekly
and symptomatic transtelephonic monitoring combined
with Holter monitoring every 6 months.

Catheter ablation is an effective intervention for AF.
Thermal modes of ablation (eg, radiofrequency and cryo-
ablation) have performed reasonably for years, but are
limited by the potential for collateral tissue damage (eg,
esophagus and phrenic nerve) and long application times
(seconds to minutes).'®'” By leveraging a rapid, nonther-
mal mechanism of cell death, pulsed field ablation can

Circulation. 2023;147:1422-1432. DOI: 10.1161/CIRCULATIONAHA.123.063988

improve the efficiency, safety, and possibly effectiveness
of cardiac ablation.

Pulsed field energy can be delivered within millisec-
onds and substantially improves procedural efficiency. In
this study, total energy application time was =30 sec-
onds, and the time from first to last application was =1
hour. This is despite the large, global nature of the trial,
with 67 different operators across 9 countries, 87% of
whom treated <10 patients and the majority not having
used the catheter before the study. If one subtracts the
mandated 20-minute wait, the procedures could be com-
pleted in <1 hour.

Although esophageal, phrenic, and pulmonary vein
injuries are uncommon, the risk remains in 0.5% to 5% of
patients receiving thermal ablation.'® Preclinical data have
suggested that cardiac cells are preferentially affected
by pulsed field ablation compared with pulmonary venous
tissue and esophageal or myelinated nerve cells.#'®2!
Intentional overablation of these collateral tissues with
pulsed fields preclinically failed to cause any substan-
tial injury, and initial pilot human data were promising.”
This is the first prospective large-scale study to show a
very low-risk profile of pulsed field ablation, even within
a 41-center setting with multiple operators; other pulsed
field ablation studies with >100 patients have reported
major complication rates, from 1.5% to 3.3%, or low rates
within single-center studies.?'"?* In this study, the total
risk of primary safety adverse events was <19%, with
no indication of pulmonary vein, esophageal, or phrenic
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Table 2. Procedural Characteristics

Paroxysmal Persistent
Measure (n=150) (n=150)
Skin-to-skin procedural time, min* 134150; 145160;
125 (102-157) 133.5 (107-173)
Device left atrial dwell time, mint 65129; 70%31;
58.5 (46-76) 62.5 (51-84)
Time between first and last appli- 58128; 64+28;
cation, mint 53 (40-68) 60 (45-77)
Fluoroscopy time during proce- 26+17%; 29+21;
dure, min 21 (15-31) 23 (14-38)
Total pulsed field ablation energy 2518; 29+10;
delivered, s 23 (19-28) 27 (23-34)
Number of applications per pro- 48%15; 57+20;
cedure 43.5 (37-54) 52.5 (44-67)
Type of anesthesia used
General 134 (89) 126 (84)
Deep sedation 8 (5) 10 (7)
Conscious sedation 8 (6) 14 (9)
Neuromuscular blockade use 7 (5) 11 (7)
Isoproterenol or adenosine used to | 26 (17) 33 (22)
assess PVI
Intraprocedural cardioversions 25 (17) 98 (65)
Esophageal temperature change 0.4+0.5§; 0.3 0.3+0.4]; 0.2
from baseline, °C (0.1-0.5) (0.0-0.5)
Mapping/navigation system used
CARTO 39 (26) 35 (23)
EnSite 86 (57) 88 (59)
Rhythmia 17 (11) 15 (10)
None of the above 8 (5) 12 (8)

Values are n (%) or meantSD; median (interquartile range). PVI indicates

pulmonary vein isolation.
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*Skin-to-skin procedure time is from first sheath inserted to last sheath pulled
out; this includes transfer time to recovery room and sheath pulling time.

tLeft atrial dwell time and time from first to last application includes the
protocol-mandated 20-minute wait period and any postablation mapping time.

$Data were available for 149 patients.

§Data were available for 67 patients.

|[Data were available for 73 patients.

damage. Furthermore, silent cerebral risk was in keeping
with other forms of ablation, which have reported rates of
4% to 10% for cryoablation and 0% to 19% for radio-
frequency ablation.?>~28 Similar to other catheter ablation
studies, the rates of silent cerebral lesions were not cor-
related with neuropsychological decline.® There was no
incidence of unusual adverse events such as coronary
artery spasm or ablation-associated ST-segment eleva-
tion related to the procedure.22?°

Our study demonstrates clinical effectiveness con-
sistent with thermal catheter ablation from other large
studies with similarly rigorous monitoring (eg, weekly
transtelephonic monitoring). The FIRE AND ICE ran-
domized clinical trial (FIRE AND ICE: Comparative Study
of Two Ablation Procedures in Patients With Atrial Fibril-
lation; URL: https://www.clinicaltrials.gov; Unique identi-
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Figure 3. Treatment success at 12 months for paroxysmal
atrial fibrillation.

A, Primary end point of the study. B, Any atrial tachyarrhythmia found

on a Holter, ECG, or transtelephonic monitor after the blanking period

is considered an event. C, Any atrial tachyarrhythmia found on a
transtelephonic monitor and accompanied by patient-reported symptoms
is an event. The bars on the survival curves indicate 95% Cls. AF
indicates atrial fibrillation; AFL, atrial flutter; and AT, atrial tachycardia.

fier: NCT01490814) reported 64% (radiofrequency) and
65% (cryoablation) outcomes in a paroxysmal cohort.'®
Large persistent AF studies such as STOP Persistent AF
(URL: https://www.clinicaltrials.gov; Unique identifier:
NCT03012841) and STAR-AF I (Substrate and Trig-
ger Ablation for Reduction of Atrial Fibrillation Trial Part
II; URL: https://www.clinicaltrials.gov; Unique identifier:
NCT01203748) reported effectiveness rates of 50% to
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Figure 4. Treatment success at 12 months for persistent atrial
fibrillation.

A, Primary end point of the study. B, Any atrial tachyarrhythmia found
on a Holter, ECG, or transtelephonic monitor after the blanking

period is considered an event. C, Any atrial tachyarrhythmia found

on a transtelephonic monitor and accompanied by patient-reported
symptoms is an event. The bars on the survival curves indicate 95%
Cls. AF indicates atrial fibrillation; AFL, atrial flutter; and AT, atrial
tachycardia.

55%.'5%9 The PULSED AF results are consistent with
preclinical data showing that pulsed field ablation lesion
depths are similar to thermal lesions.®'

Differences in clinical study execution and end points
make it challenging to provide direct comparisons of
pulsed field ablation technologies. Some studies sug-
gested better efficacy with pulsed field ablation, but

Circulation. 2023;147:1422-1432. DOI: 10.1161/CIRCULATIONAHA.123.063988
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Table 3. Primary Effectiveness End Point Summary

Mode of failure, n (%)
Paroxysmal | Persistent
atrial fibrilla- | atrial fibrilla-
tion cohort | tion cohort
Component (n=150) (n=150)
Composite primary effectiveness failure 50 (33) 67 (45)
Individual components of effectiveness failure
Acute procedural failure 0 (0) 2 (1)*
Any subsequent atrial fibrillation surgery | 3 (2) 2 (1)
or ablation in the left atrium, except for 1
repeat pulmonary vein isolation ablation
using pulsed field ablation within the 90-
day blanking periodt
Direct current cardioversion for atrial 0(0) 2(1)
tachyarrhythmia recurrences after the
90-day blanking period
Documented atrial fibrillation, atrial tachy- | 40 (27) 46 (31)
cardia, or atrial flutter on Holter/patient-
activated ambulatory/12-lead ECG after
the 90-day postablation blanking period
Atrial fibrillation 30 (20) 39 (26)
Atrial tachycardia 4 (3) 0 (0)
Atrial flutter 6 (4) 7 (5)
AAD use 7 (5) 15 (10)
Reinitiation of an AAD after the blanking | 5 (3) 4 (3)
period
Amiodarone at a dose greater than failed | 0 (0) 4 (3)
Amiodarone use during blanking period | 0 (0) 4 (3)
without previous use
On a nonfailed AAD past the blanking 1(1) 1(1)
period
Higher dose of AAD than failed preabla- | 0 (0) 2 (1)
tion after the blanking period
Use of an AAD in a chemical cardiover- 1(1) 0 (0)
sion after the blanking period

For patients with multiple reasons for failure, only the first occurrence is re-
ported. AAD indicates antiarrhythmic drug.

*Both cases included use of a nonstudy device to ablate left atrial anatomies
outside of the pulmonary veins (mitral isthmus, left atrial septum).

tDetails on repeat ablations are provided in Table S4 in the Appendix in the
Supplemental Material.

these were pilot studies with surrogate outcomes or
limited-center studies without robust arrhythmia moni-
toring2128243283 One large pulsed field ablation regis-
try showed lower success compared with early pilot
data.?2?%3233 Only 1 pulsed field ablation study has pub-
lished results with robust arrhythmia monitoring such as
weekly transtelephonic transmissions, but 20% of the
published 121-patient cohort did not reach 12-month
follow-up, and 32% underwent a repeat ablation at any
time during the study.?®3® As numerous pulsed field abla-
tion systems are being developed with unique character-
istics, future research may better elucidate differences in
clinical performance of these systems.

This trial, like others, also used the 30-second cut-
off of any atrial arrhythmia, irrespective of symptoms
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Table 4. Primary Safety End Point Summary

Number with a primary safety
event
Paroxysmal Persistent
atrial fibrilla- | atrial fibrilla-
tion cohort tion cohort
Primary safety event (n=150) (n=150)
Within 6 months
Pulmonary vein stenosis (>70% diam- | O 0
eter reduction)
Phrenic nerve injury/diaphragmatic pa- 0 0
ralysis ongoing at 6 months postablation
Atrio-esophageal fistula 0 0
Within 30 days
Cardiac tamponade/perforation 0 1
Cerebrovascular accident 1 0
Transient ischemic attack 0 0
Major bleeding requiring transfusion 0 0
Myocardial infarction 0 0
Pericarditis requiring intervention 0 0
Vagal nerve injury resulting in esopha- 0 0
geal dysmotility or gastroparesis
Vascular access complications requir- | 0 0
ing intervention
Death 0 0
Any pulsed field ablation system-relat- | 0 0
ed or pulsed field ablation procedure-
related cardiovascular and pulmonary
adverse event that prolongs or requires
hospitalization for >48 hours (exclud-
ing recurrent atrial fibrillation/atrial flut-
ter/atrial tachycardia)
Summarized results
Patients with any primary safety event (%) | 1 (0.7) 1(0.7)
95% log-log confidence interval 0.1-4.6 0.1-4.6
Pvalue vs performance goal of 13% 0.002 0.002

for defining recurrence, even though that may have
limited clinical significance. Clinical success was also
assessed in both patient populations on the basis of
freedom from symptomatic arrhythmia recorded by
weekly transtelephonic transmissions. Previous clini-
cal studies have demonstrated an 80% clinical suc-
cess rate at 15 months with established catheter
ablation technologies, and this study reports a similar
clinical success rate of 80% (paroxysmal) and 81%
(persistent)." Furthermore, the low (<10%) postblank-
ing-period repeat ablation rate and clinically signifi-
cant improvement in quality of life was also on par with
reports from established ablation technologies.'®** If
pulsed field ablation can deliver similar effectiveness
more efficiently and with fewer complications as oper-
ator experience with the technology increases, it will
be a major advancement in catheter ablation. Longer-
term studies, including assessments of durability upon

1430 May 9, 2023
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repeat ablation, and randomized trials are needed to
better understand pulsed field ablation technologies.

This trial has limitations. It was a single-arm design,
although predefined performance goals were guided
by a 2017 international consensus statement on cath-
eter ablation." Furthermore, historical trials with similar
monitoring methods allow for some indirect compari-
son. Establishing safety end points in new trials can
be challenging because some complications, such as
atrio-esophageal fistula, happen very rarely (0.02% to
0.11%)."® Endoscopic visualization could have confirmed
the absence of esophageal erosions or ulcerations that
may progress to fistula formation. However, we did not
observe any clinical signs of esophageal injury, such as
spasm or dysphagia, nor did we see any esophageal tem-
perature rise.®* The majority of the trial participants were
White, which does not represent the global diversity of the
AF population, but is closer to insurance database rates
observed in the United States.®®%® In addition, catheter
design and waveform modifications in the future could
improve effectiveness beyond what is available currently.

This global trial confirmed a low rate of serious pro-
cedure-related adverse events, a high rate of freedom
from atrial arrhythmia recurrence, a clinically significant
improvement in quality of life from baseline, and effi-
cient procedure times with use of pulsed field ablation
technology.
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