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ORIGINAL ARTICLE

Pulsed Field Ablation Using Focal Contact  
Force–Sensing Catheters for Treatment of  
Atrial Fibrillation: 1-Year Outcomes of the 
ECLIPSE AF Study
Ante Anić , MD; Thomas Phlips , MD; Toni Brešković , MD; Vikramaditya Mediratta , MSBME; Steven Girouard , PhD; 
Zrinka Jurišić , MD; Ivan Sikirić , MD; Lucija Lisica , MD; Pieter Koopman , MD; Nathalie Antole, MD; Johan Vijgen , MD

BACKGROUND: Pulsed field ablation (PFA) is a promising treatment for atrial fibrillation. We report 1-year freedom from atrial 
arrhythmia outcomes using monopolar PFA delivered through 3 commercial, contact force–sensing focal catheters.

METHODS: ECLIPSE AF (Safety & Clinical Performance Study of Catheter Ablation With the Centauri System for Patients With 
Atrial Fibrillation; NCT04523545) was a prospective, single-arm, multicenter study evaluating acute and chronic safety and 
performance using the CENTAURI system to deliver focal PFA with TactiCath SE, StablePoint, and ThermoCool ST. Patients with 
paroxysmal or persistent atrial fibrillation underwent pulmonary vein (PV) isolation under deep sedation or general anesthesia 
and returned for remapping at 90 days to evaluate chronic durability. Freedom from atrial arrhythmia was evaluated continuously 
through 12 months using standard rhythm monitoring for symptomatic episodes and 24-hour Holter at 6 and 12 months.

RESULTS: Eighty-two patients (74% male, 51.2% paroxysmal, and 58.5% deep sedation) were treated. PV isolation was achieved 
in 100% of targeted veins (322/322) with first-pass isolation in 92.2% (297/322). There were 4 primary safety events in 4 
patients (4.9%, 4/82); 1 nonembolic stroke due to exacerbated cardiac tamponade secondary to catheter perforation and 
3 hemorrhagic vascular access complications. There were no incidences of adverse event fistula, diaphragmatic paralysis, 
myocardial infarction, pericarditis, thromboembolism, PV stenosis, transient ischemic attack, or death. Eighty patients (98%) 
underwent remapping. Optimized PFA cohorts 3, 4, and 5 showed per-patient isolation rates of 60%, 73%, and 81% and 
per-PV isolation rates of 84%, 90%, and 92%, respectively. One-year freedom from atrial arrhythmia was 80.2% (95% CI, 
69.7%–87.4%) for the entire patient sample, including 41 patients who underwent repeat focal PFA with the CENTAURI 
system at remapping.

CONCLUSIONS: This study demonstrated that optimization of focal PFA with 3 contact force–sensing, solid-tip ablation 
catheters resulted in the progressive improvement of PV isolation durability at 3-month remapping and high freedom from 
atrial arrhythmia survival rates, providing a promising focal PFA treatment option integrated with current ablation workflows.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: atrial fibrillation ◼ electrocardiography, ambulatory ◼ fibrosis ◼ incidence ◼ pulmonary veins

Pulsed field ablation (PFA) using pulsed electric 
fields (PEF) is a promising alternative to thermal 
ablation for the treatment of atrial fibrillation (AF). 

By disrupting the homeostatic state of the cell, the elec-
tric field induces cell death and replacement fibrosis, 
however, without affecting extracellular structures.1,2 
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Preclinical evaluation of PFA shows its susceptibility to 
varying tissue planes, making the energy modality ideal 
for targeting specific tissue without infiltrating extracar-
diac structures.3,4 The relatively nonthermal nature of 
PFA also provides a favorable safety profile compared 
with thermal modalities.5

Recent clinical studies have consistently demonstrated 
that PFA can be delivered safely and effectively for stan-
dard pulmonary vein isolation (PVI) in patients with parox-
ysmal AF and persistent AF; however, performing invasive 

remapping has been critical for PFA dose and workflow 
optimization to ensure that the acute treatment plan was 
effectively executed and translated to chronic durability 
and optimal patient ablation outcomes.6–8 While most cur-
rent PFA platforms are designed to perform anatomically 
based PVI only with single-shot catheter designs,9,10 the 
ECLIPSE AF study (Safety & Clinical Performance Study 
of Catheter Ablation With the Centauri System for Patients 
With Atrial Fibrillation) showed promising safety and perfor-
mance results of focal PFA using the CENTAURI system 
(CardioFocus, Inc) with commercial, contact force– sensing, 
solid-tip focal ablation catheters for standard point-by-
point PVI in patients with paroxysmal and persistent AF.8 
These results confirmed the ability to safely create durable 
focal PFA lesions; however, it was essential to also evalu-
ate the correlation of durable PVI achieved with focal PFA 
with long-term freedom from atrial arrhythmia outcomes. 
Therefore, for the first time, we report 12-month freedom 
of atrial arrhythmia results using this focal PFA system.

METHODS
The data that supports the findings of this study are available 
from the corresponding author upon reasonable request.

Trial Design
The ECLIPSE AF study (NCT04523545) was a prospective, 
multicenter, single-arm study performed at 2 European centers 
with approval from each center’s ethics committee and corre-
sponding national regulatory agencies and performed under the 
principles of the Declaration of Helsinki.8 All enrolled patients 
provided informed consent. The study sample included patients 
with drug-refractory paroxysmal or persistent AF intended for 
first-time PVI. The CENTAURI system integrates with standard 
EP laboratory systems and permits electrophysiologists to con-
duct standard ablation workflows. The system contains 3 main 
components: the generator that delivers biphasic, monopolar 
energy, the connect device that enables connectivity to compati-
ble ablation catheters and corresponding mapping systems, and 
the cardiac monitor (IVY Biomedical System) that synchronizes 
PFA to the R-wave. The system was designed to be compat-
ible with 3 ablation catheters and their associated mapping sys-
tems: TactiCath SE & EnSite Precision (EnSite), INTELLANAV 
STABLEPOINT (StablePoint) & RHYTHMIA HDx (RHYTHMIA), 
and THERMOCOOL SMARTTOUCH (ThermoCool ST) & 
CARTO3 (CARTO). The complex engineering and product 
development process, unique to each catheter/mapping system, 
resulted in sequential integration with the CENTAURI system in 
the clinical study, starting with TactiCath SE/Ensite, followed by 
StablePoint/RHYTHMIA, and ThermoCool ST/CARTO.

The primary safety end point was the incidence of predefined 
system-related and procedure-related serious adverse events 
(AEs) of interest within 30 days after using the CENTAURI sys-
tem. The primary performance end points were (1) acute suc-
cess, defined as PVI achieved with the CENTAURI system during 
the index procedure assessed by entrance and exit blocks after 
a 20-minute waiting period, and (2) chronic success, defined as 
the per-patient and per-PVI rates at 90 (±15) days assessed 

WHAT IS KNOWN?
• Pulsed field ablation (PFA) is an emerging energy 

source for the treatment of atrial fibrillation due to 
its potentially favorable safety and efficacy profile. 
However, most current PFA catheters have been 
designed with limited feedback on electrode-tissue 
contact, which has been shown to be critical for 
durable PFA lesion creation.

• Few PFA systems have been subjected to a com-
prehensive assessment of chronic lesion durabil-
ity via invasive remapping, which has been proven 
to be critical for PFA system optimization and 
improved long-term patient outcomes.

WHAT THE STUDY ADDS
• The ECLIPSE AF study (Safety & Clinical Perfor-

mance Study of Catheter Ablation With the Cen-
tauri System for Patients With Atrial Fibrillation) 
demonstrated the ability to design and deliver focal 
PFA energy safely and effectively with the CEN-
TAURI system through 3 commercially available, 
contact force–sensing, focal ablation catheters. 
Invasive remapping was critical to optimizing the 
PFA waveform and procedural workflow, and an 
overall 90-day pulmonary vein isolation durability 
rate of 89% was achieved in the optimized cohorts.

• Optimized chronic lesion durability resulted in 
improved long-term patient outcomes, with an 
overall freedom from atrial arrhythmia survival rate 
of 80% in all treated participants. When focusing 
on the paroxysmal atrial fibrillation patient cohort 
treated with the optimized focal PFA waveform, the 
12-month freedom from atrial arrhythmia survival 
rate was 93%.

Nonstandard Abbreviations and Acronyms

AE adverse event
AF atrial fibrillation
AFL atrial flutter
AT atrial tachycardia
PFA pulsed field ablation
PV pulmonary vein
PVI pulmonary vein isolation
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by high-density remapping and confirmation of entrance and 
exit blocks. Additional objectives included evaluating freedom of 
atrial arrhythmia (AF/atrial flutter [AFL]/atrial tachycardia [AT]) 
through 12 months assessed by 24-hour Holter monitoring at 6 
and 12 months, as well as standard rhythm monitoring of symp-
tomatic episodes requiring medical intervention throughout 
study participation outside the standard 90-day blanking period.

Procedure and Follow-Up
The study index procedure has been previously described.8 
The progressive development of the system’s compatibility 
with commercial catheters and mapping systems resulted in 
a sequential evaluation of the CENTAURI system paired with 
either TactiCath SE/EnSite/Advisor HD-Grid, Stable Point/
RHYTHMIA/ORION, or ThermoCool ST/CARTO/PENTARAY. 
Standard wide antral circumferential ablation was performed 
with a target contact force of ≥5 g, a constant low irrigation 
rate of 4 mL/min, and sufficient overlap of each focal lesion to 
achieve adequate depth at, and between, each PFA application 
(Figure 1).11–14 Acute PVI was assessed via high-density map-
ping of the pulmonary veins (PVs) while confirming entrance 
and exit blocks following a 20-minute waiting period.

Intraprocedural safety assessments included evaluation of 
ST-segment changes on ECG and incidence of microbubbles 
on intracardiac echocardiography during each PFA application. 
Post-procedure safety assessments included phrenic nerve 
function, the National Institutes of Health Stroke Scale, and 
esophageal endoscopy. Patients who consented to participate 
in the cranial magnetic resonance imaging substudy under-
went a diffusion weighted imaging + fluid-attenuated inversion 
recovery cranial magnetic resonance imaging within 7 days 
pre-procedure and 72 hours post-procedure. Patients with new 
abnormal findings returned for a 30-day follow-up cranial mag-
netic resonance imaging.

Treated patients returned for follow-up at 7 days, 30 days, 90 
days, 6 months, and 12 months. At the 90-day visit, PV diameters 
were reassessed via cardiac computed tomography, and invasive 
high-density remapping was performed to assess PVI durability 

and iteratively help improve PFA dosing and procedural work-
flows performed at the index procedure. Any areas of PV recon-
nection were retreated with optimized PFA dosing and procedural 
workflows using the CENTAURI system connected to a compat-
ible focal ablation catheter of the investigator’s choice. Rhythm 
monitoring was performed via standard-of-care monitoring meth-
ods for any symptomatic events requiring medical intervention 
(eg, antiarrhythmic medication, cardioversion, and hospitalization) 
outside the standard 90-day blanking period. In addition, at the 6- 
and 12-month visits, 24-hour Holter monitoring was performed to 
assess for recurrence of atrial arrhythmia. Antiarrhythmic medica-
tion was permitted within the 90-day blanking period; however, it 
was discontinued after the 90-day remapping procedure.

Statistical Analyses
This study was inferentially powered to provide a >90% prob-
ability of detecting ≥1 serious device- or procedure-related 
AEs, assuming that such events have approximately a 5% risk 
of occurrence. Study safety and performance end points were 
analyzed on the per-treatment evaluable sample, which con-
sisted of all patients who received complete PVI treatment with 
the CENTAURI system, who had no major protocol deviations, 
and for whom  follow-up data were available. Descriptive statis-
tics and graphical summaries were used to present study results. 
For categorical variables, counts, percentages, and, where appro-
priate, exact 95% CIs for the estimates were calculated. The 
1-year freedom from atrial arrhythmia nonprimary objective was 
evaluated outside of the standard 90-day blanking period using 
Kaplan-Meier estimates with a 95% CI. The 1-year timepoint was 
based on the date of the index ablation procedure. The date of 
the index procedure was defined as t=0, and the first recurrence 
of atrial arrhythmia was defined as the earliest timepoint between 
the recorded AE start date (for symptomatic recurrences requir-
ing medical intervention) and the 24-hour Holter assessment tar-
get day at the 6- and 12-month visits (6-month visit=day 181 
and 12-month visit=day 366) after the 90-day blanking period. 
If a patient did not have a recurrence of atrial arrhythmia, the 
patient was right-censored on the day of early termination or 

Figure 1. Overlapping focal pulsed 
field ablation (PFA) lesions were 
applied along the circumference 
of the pulmonary veins to ensure 
adequate base lesion depth at each 
application.
In addition, the treatment spacing 
between each focal lesion was taken into 
consideration to ensure adequate effective 
treatment depth between each focal PFA 
lesion.
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the 12-month target study day. Patients left were defined as the 
number of patients who were at risk at the end of the study. In 
this long-term analysis, we sought to explore the freedom from 
AF/AFL/AT across the entire study sample, as well as within vari-
ous subgroup comparisons, including PFA workflow development 
cohorts 1 and 2 versus optimized PFA cohorts 3, 4, and 5, par-
oxsysmal atrial fibrillation (PAF) versus persistent atrial fibrillation 
(PerAF), and single procedure versus redo procedure.

RESULTS
A total of 84 patients were enrolled in the study, with 
82 patients undergoing PVI with the CENTAURI system 
and included in the evaluable sample. One patient with-
drew consent before the index procedure due to sched-
uling logistics, and one patient was not treated with the 
study device at the index procedure due to a technical 
malfunction of the device. Baseline patient character-
istics and medical history are provided in Tables 1 and 
2 and demonstrate a standard AF population undergo-
ing first-time PVI (aged 61.0±9.05 years, 74.4% male, 
51.2% paroxysmal AF, 60.4±9.30% left ventricular ejec-
tion fraction, 43.6±4.65-mm left atrium anteroposterior 
diameter, 59.8% hypertension, 13.4% type 1 or 2 diabe-
tes, 8.5% history of stroke, or transient ischemic attack).

Procedure Characteristics
Most patients were treated under deep sedation (58.5%, 
48/82) versus general anesthesia (41.5%, 34/82). 
Esophageal temperature probes (CIRCA S-Cath) were 

used at one investigational center in only the first 2 patients 
(2.4%, 2/82) during their index procedures. Intracardiac 
echo was used for 74.4% (61/82) of index procedures.

The CENTAURI system was evaluated with solid-tip 
catheters and their associated mapping systems based 
on confirmed sequential compatibility. Compatibility 
was established initially with TactiCath SE/EnSite and 
evolved to StablePoint/RHYTHMIA and, finally, Thermo-
Cool ST/CARTO. Therefore, treated patients were sepa-
rated into 5 unique cohorts based on ablation settings, 
ablation catheter, and mapping system used at the index 
procedure (Table 3).

The energy settings used in each cohort were selected 
based on anticipated lesion characteristics determined by 
preclinical models, and dosing and workflow optimization 
described previously.8,15 Patients in cohort 1 (n=9) and 
cohort 2 (n=31) were treated with TactiCath SE/EnS-
ite and a part of the PFA workflow development cohorts 
where the emphasis was put on safety and evaluation of 
required energy titration per-PVI durability results. Upon 
optimization of PFA dose and procedural workflows, 

Table 1. Baseline Demographics and Clinical Characteristics

AF classification

Paroxysmal 42 (51.2%)

Persistent 40 (48.8%)

Age, y

  Mean (SD) 61.0 (9.1)

Sex

  Male 61 (74.4%)

  Female 21 (25.6%)

Body mass index, kg/m2

  Mean (SD) 29.12 (4.2)

NYHA classification

  Class I 47 (57.0%)

  Class II 35 (42.7%)

LVEF, %

  Mean (SD) 60.4 (9.3)

CHA2DS2-VASC score

  Mean (SD) 1.8 (1.4)

LA AP diameter, mm

  Mean (SD) 43.6 (4.3)

Data are n (%) unless otherwise specified. AF indicates atrial fibrillation; AP, 
anteroposterior; LA, left atrium; LVEF, left ventricular ejection fraction; and NYHA, 
New York Heart Association.

Table 2. Baseline Medical History

Cardiovascular

Vascular disease (including peripheral vascular disease) 3 (3.7%)

Ischemic cardiomyopathy 0 (0.0%)

Nonischemic cardiomyopathy 3 (3.7%)

Dilated cardiomyopathy 3 (100.0%)

Valvular disease 5 (6.1%)

Congestive heart failure 6 (7.3%)

Myocardial infarction 3 (3.7%)

Coronary artery disease 5 (6.1%)

Percutaneous coronary intervention 4 (4.9%)

Coronary bypass surgery 1 (1.2%)

Stroke or transient ischemic attack 7 (8.5%)

Thromboembolic event 2 (2.4%)

Hypertension 49 (59.8%)

Pulmonary hypertension 1 (1.2%)

Respiratory

  Smoking history (n) 21

   Never smoked 6 (28.6%)

   Current smoker 2 (9.5%)

   Former smoker 13 (61.9%)

  Sleep apnea 3 (3.7%)

Gastrointestinal

  Controlled/uncontrolled GERD, ulcers, strictures, 
esophagitis, or structural abnormalities

11 (13.4%)

Endocrine

  Diabetes (types 1 and 2) 11 (13.4%)

  Dyslipidemia 20 (24.4%)

  Hypercholesterolemia 16 (19.5%)

  Thyroid disease 7 (8.5%)

GERD indicates gastroesophageal reflux disease.
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patients were treated with TactiCath/EnSite in cohort 
3 (n=10), StablePoint/RHYTHMIA in cohort 4 (n=15), 
and ThermoCool ST/CARTO in cohort 5 (n=17), which 
were considered the optimized PFA cohorts (Figure 2).

The overall procedure, LA dwell, PFA PVI, and fluoros-
copy time for all patients were 140.0±42.44, 117.0±33.14, 
61.8±23.03, and 10.3±4.31 minutes, respectively, includ-
ing the protocol-mandated 20- minute waiting period. For 
optimized PFA cohort 5, the overall procedure, LA dwell, 
and PFA PVI time were 137.1±40.42, 112.4±21.55, and 
58.5±16.70 minutes, respectively. The number of focal 
PFA lesions per patient was dependent on the LA size, 
energy setting, and the lesion tag diameter utilized for 
each cohort. For all treated patients, regardless of cohort, 
it took 101.8±31.14 focal lesions to achieve PVI. With 
the optimized workflow in cohort 5, the number of PFA 
applications to achieve PVI was reduced to 83.5±19.32.

Safety Results
Acute and chronic safety results (Table 4) have been pre-
viously established, and the study achieved its primary 
safety end point.8 There were 4 primary AEs that met the 
primary safety end point in 4 patients (4.9%, 4/82), and 
all were considered related to the standard PVI procedure. 
There was 1 patient with a nonembolic cerebrovascular 
accident/stroke due to exacerbated cardiac tamponade 
secondary to catheter perforation and 3 patients with 
hemorrhagic events due to vascular access complications. 
A total of 2 patients experienced cardiac perforation, and 
2 patients experienced postop esophagogastroduode-
noscopy findings likely due to defective esophageal tem-
perature probes used during the index procedure. There 
were no incidences of atrioesophageal fistula, diaphrag-
matic paralysis, myocardial infarction, pericarditis, throm-
boembolism, PV stenosis, transient ischemic attack, or 
death. In addition, no late safety signals were observed as 
there were no reported device- or procedure-related seri-
ous AEs during long-term  follow-up of patients post-90-
day remapping through the 12-month follow-up period.

Clinical Performance Results
Acute procedural success, confirmed by both entrance 
and exit blocks after a 20-minute waiting period, 
was achieved in all 82 (100%) treated patients and 
322 (100%) PVs, with first-pass isolation in 92.2% 
(297/322) of treated PVs and 80.5% (66/82) treated 
patients. Chronic PVI durability was assessed in 98% 
(80/82) of treated patients at 97.6±25.0 days via inva-
sive high-density remapping. A high-density mapping 
catheter (Advisor HD-Grid or PENTARAY) was used 
to circumnavigate the entire circumference of each 
treated PV to confirm entrance and exit blocks. Over-
all, the entire evaluated patient sample had a per-patient 
isolation rate of 51.3% (41/80) and a per-PVI rate of 
70.6% (221/313). Patients in the PFA workflow devel-
opment cohorts 1 and 2 showed a per-patient isolation 
rate of 38% and 26% and a per-PVI rate of 47% and 
53%, respectively (discernably, 5 [62%] and 23 [74%] 
remapped patients in cohorts 1 and 2 required redo focal 
PFA with the CENTAURI system, respectively). However, 
patients in optimized PFA cohorts 3, 4, and 5 showed a 
per-patient isolation rate of 60%, 73%, and 81% and a 
per-PVI rate of 84%, 90%, and 92%, respectively (Fig-
ure 3; discernably, only 4 [40%], 4 [27%], and 3 [19%] 
remapped patients in cohorts 3, 4, and 5 required redo 
focal PFA with the CENTAURI system, respectively). 
Analysis of the spatial pattern of PV reconnections in the 
optimized cohorts demonstrated that most focal recon-
nections were along regions of relatively thicker tissues 
(eg, superior anterior ridge of left PVs and carinal region 
of left and right PVs), which are common areas of PV 
reconnections,16,17 and required a rage of 1 to 3 focal 
PFA applications to reisolate the PV (Figure S1).

One-Year Arrhythmia Recurrence
Freedom from atrial arrhythmia (AF, AFL, and AT) was 
assessed after the 90-day blanking period via stan-
dard rhythm monitoring during symptomatic episodes 

Table 3. Study Patient Cohorts

Cohort
Ablation settings (Energy setting, energy 
delivery duration, and lesion tag diameter) Cardiac ablation catheter Mapping system

PFA workflow development 1 Anterior: 22 A, 2.4 ms, and 5 mm TactiCath SE EnSite

Posterior: 19 A, 1.4 ms, and 3 mm

2 Anterior: 22 A, 2.4 ms, and 5 mm TactiCath SE EnSite

Posterior: 22 A, 2.4 ms, and 5 mm

Optimized PFA 3 Anterior: 25 A, 3.4 ms, and 4 mm TactiCath SE EnSite

Posterior: 22 A, 2.4 ms, and 4 mm

4 Anterior: 25 A, 3.4 ms, and 4 mm StablePoint RHYTHMIA

Posterior: 22 A, 2.4 ms, and 4 mm

5 Anterior: 25 A, 3.4 ms, and 6 mm ThermoCool ST CARTO

Posterior: 22 A, 2.4 ms, and 6 mm

PFA indicates pulsed field ablation.
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requiring medical intervention and 24-hour Holter moni-
toring at 6 and 12 months. For the entire patient sample, 
the 12-month Kaplan-Meier estimate for freedom from 
atrial arrhythmia was 80.2% (95% CI, 69.7%–87.4%) 
regardless of cohort, AF classification, or redo PVI at 

remapping (Figure 4A). The 12-month Kaplan-Meier 
estimate for PFA development workflow cohorts ver-
sus optimized PFA cohorts was 82.5% (95% CI, 
66.8%–91.2%) and 77.9% (95% CI, 61.8%–87.8%), 
respectively.

Figure 2. Treated patients were separated into 5 cohorts based on ablation settings, ablation catheter, and mapping system 
used during the index ablation procedure.
LSPV indicates left superior pulmonary vein; PFA, pulsed field ablation; and RPSV, right superior pulmonary vein.
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Single procedure versus redo procedure was deter-
mined by whether the patient required any additional touch-
up PFA at the 90-day remap procedure. For all treated 
patients, the 12-month Kaplan-Meier estimates for free-
dom from AF/AFL/AT for patients with single versus redo 
procedures were 79.4% (95% CI, 63.0%–89.1%) and 
80.5% (95% CI, 64.8%–89.7%), respectively (Figure 4B).

When broken down by AF classification for all 
treated patients, the 12-month Kaplan-Meier estimates 

for freedom from AF/AFL/AT for patients classified 
with PAF versus PerAF were 90.2% (95% CI, 75.9%–
96.2%) and 70.0% (95% CI, 53.3%–81.7%), respec-
tively (Figure 4C).

Further Kaplan-Meier estimates are provided by 
cohort, AF classification, and single versus redo proce-
dures in Table S1.

DISCUSSION
The ECLIPSE AF study demonstrated the safety and 
performance of focal PFA using the CENTAURI system 
with 3 commercial, contact force–sensing, solid-tip abla-
tion catheters for standard PVI in patients with paroxys-
mal or persistent AF. A total of 82 patients were treated 
in the study under deep sedation or general anesthesia, 
with acute success achieved in 100% of treated patients 
and first-pass isolation in 92.2% of PVs. There were 4 
primary safety events in 4 patients (4.9%), including 1 
nonembolic cerebrovascular accident/stroke due to car-
diac tamponade secondary to catheter perforation and 
3 hemorrhagic events caused by vascular access com-
plications. There was a total of 2 incidences of catheter 
perforation leading to pericardial effusion requiring peri-
cardiocentesis, an anticipated risk with focal catheter 
ablation,18,19 and 2 patients with postop esophagogas-
troduodenoscopy findings that met the definition of a 
category 1 (mild) esophageal lesion20 and were linked to 
insulation defects discovered along the thermocouples 

Table 4. Study Complications

Serious adverse events of interest

Atrioesophageal fistula 0 (0.0%)

Cerebrovascular accident/stroke 1 (1.2%)

Death (including cardiovascular death) 0 (0.0%)

Diaphragmatic paralysis 0 (0.0%)

Hemorrhagic event 3 (3.7%)

Myocardial infarction 0 (0.0%)

Pericarditis 0 (0.0%)

Peripheral or organ thromboembolism 0 (0.0%)

Pulmonary vein stenosis 0 (0.0%)

Transient ischemic attack 0 (0.0%)

Other procedural complications

  Catheter perforation, cardiac effusion, or tamponade 2 (2.4%)

  Positive postop EGD 2 (2.7%)

  ST elevation during PVI 0 (0%)

EGD, esophagogastroduodenoscopy; and PVI, pulmonary vein isolation.

Figure 3. Chronic pulsed field ablation (PFA) lesion durability was measured per-patient and per-pulmonary vein (PV), at 90 
days, for each cohort.
Patients in the PFA workflow development cohorts 1 and 2 showed a per-patient isolation rate of 38% and 26% and a per-pulmonary 
vein isolation rate of 47% and 53%, respectively. Patients in the optimized PFA cohorts 3, 4, and 5 showed a per-patient isolation rate of 
60%, 73%, and 81% and a per-PV isolation rate of 84%, 90%, and 92%, respectively. There were no adverse events associated with the 
optimization in energy settings and clinical workflows.
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Figure 4. Kaplan-Meier curve estimates for freedom of atrial fibrillation (AF)/atrial flutter (AFL)/atrial tachycardia (AT) for all 
subjects treated in the study.
Survival estimates were broken further down by cohort (A), single vs redo procedure (B), and patients with paroxysmal atrial fibrillation (PAF) vs 
persistent atrial fibrillation (PerAF) (C).
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of the probes utilized during the index procedure. All 
safety events were deemed related to the PVI procedure.

A critical element of this study was the use of invasive 
remapping to iteratively determine optimized PFA dosing 
and clinical workflows and confirm whether the intended 
treatment plan at the index procedure was effectively exe-
cuted and resulted in chronically durable lesions. Dosing 
and procedural workflows were adjusted for each cohort 
based on the preceding 90-day remap PVI results in the 
study. The study demonstrated an overall per-PV chronic 
isolation rate of 70.6% for the entire treated patient sam-
ple, which improved to a per-PV chronic isolation rate of 
89% within optimized PFA cohorts 3, 4, and 5 with com-
parable results across all 3 tested ablation catheters and 
mapping systems. Cohort 5, which presented PFA dosing 
and workflows most comparable to commercial ablation 
methods, resulted in a per-patient isolation rate of 81% 
and a per-PVI rate of 92%. In this cohort, overall proce-
dure (137.1±40.42 minutes), LA dwell (112.4±21.55 
minutes), and PFA PVI (58.5±16.70 minutes) times were 
comparable to times when performing focal RF ablation 
and even alternative single-shot PFA technologies evalu-
ated in the PULSED AF (Pulsed Field Ablation to Irre-
versibly Electroporate Tissue and Treat AF; PAF, 134±50 
minutes; PerAF, 145±60 minutes) and ADVENT (Ran-
domized Controlled Trial for Pulsed Field Ablation versus 
Standard of Care Ablation for Paroxysmal Atrial Fibrilla-
tion; 105.8±29.4) trials.21–23 However, it should be noted 
that procedure times included baseline and postablation 
electroanatomical mapping, as well as a 20-minute wait-
ing period. More importantly, this clinical study was not 
designed to evaluate the procedural speed and, in lieu, 
focused on assessing the safety and overall clinical per-
formance of delivering focal PFA with the CENTAURI sys-
tem. While time intervals were recorded, investigators in 
this study emphasized taking the necessary time required 
to ensure safe, and effective focal PFA was delivered for 
all patients. In addition, dwell times were also dependent 
on the number of delivered PFA lesions, which, in turn, 
was dependent on the mapping lesion tag diameter size. 
The volume of a 3-mm-diameter tag is ≈10× less than 
a 6-mm-diameter tag and, therefore, results in a greater 
number of required overlapping lesions to complete a 
wide antral circumferential ablation PVI, especially in 
patients with persistent AF with larger left atrial volumes. 
The necessity of overlapping focal PFA lesions for con-
tiguous, transmural PVI is due to the generally nonthermal 
formation of ablated tissue with CENTAURI focal PFA. 
There is no thermal conductivity supporting lesion matu-
ration over time, and focal PFA lesions are likely to be 
limited to the acute focal imprint generated.13,14

The 12-month Kaplan-Meier estimates for freedom 
from atrial arrhythmia showed promising results for the 
overall patient sample at 80.2%. Importantly, all patients 
who required touch-up ablation to achieve PVI at the 
90-day remapping procedure received optimized PFA 

treatment. Therefore, from the remapping procedure 
through 12 months, all patients were either confirmed 
durable or received optimized PFA treatment at remap-
ping to reconfirm PVI durability. This is consistent with 
the 12-month Kaplan-Meier estimates for freedom from 
atrial arrhythmia for single versus redo procedures of 
79.4% and 80.5%, respectively.

The per-protocol treatment plan involved PVI only, 
regardless of AF classification. The study enrolled patients 
without an attempt to balance or control for the distribution 
of patients with PAF versus PerAF; however, the overall 
sample was nearly balanced between PAF (42/82, 51%) 
and PerAF (40/82, 49%). The 12-month Kaplan-Meier 
estimates for freedom from atrial arrhythmia for subjects 
classified with PAF versus PerAF were 90.2% versus 
70.0%, respectively. Due to the study methods and sequen-
tial assessment of PFA dosing and catheter compatibility, 
subject sampling was not balanced among the various 
cohorts. As a result, more patients with PerAF (62.5%) 
were enrolled and treated within the optimized PFA cohorts 
than in the PFA workflow development cohorts, likely con-
tributing to the slightly lower freedom from atrial arrhythmia 
survival rates in the optimized PFA cohorts (77.9%) versus 
the PFA workflow development cohorts (82.5%) because 
PerAF recurrences are frequently attributed to non-PV trig-
gers.24 It should also be noted that the 95% CIs for these 
2 Kaplan-Meier estimates significantly overlap. Looking 
exclusively at PAF subjects, the 12-month Kaplan-Meier 
estimate for freedom from atrial arrhythmia for the opti-
mized PFA cohorts was 93.3% (95% CI, 61.3%–99.0%), 
suggesting that optimized PFA dosing and procedural 
workflows for a standard PVI-only procedure lead to excel-
lent long-term outcomes for patients with PV-triggered 
PAF. The 70.0% freedom from atrial arrhythmia rates in the 
PerAF patient sample is consistent with prior studies and 
suggests that there is some upper limit of effectiveness for 
PVI-only ablation strategies in this population. These data 
suggest that patient-specific ablation strategies beyond 
PVI will be necessary for greater long-term efficacy and, 
with optimized focal PFA parameters, should allow inves-
tigation of new beyond PVI approached with high confi-
dence that any tested treatment plan was durably executed 
at the index procedure.

The ECLIPSE AF arrhythmia-free survival results 
are comparable to the Farapulse IMPULSE/PEF-
CAT/PEFCAT II 1-year freedom from atrial arrhythmia 
results for the entire cohort of patients with PAF and 
optimized biphasic PFA waveform cohort of 78.5±3.8% 
and 84.5±5.4%, respectively.6 More recently, the 
 MANIFEST-PF registry (Multi-national survey on the 
methods, efficacy, and safety on the post-approval clini-
cal use of pulsed field ablation), the EU-PORIA regis-
try (European Real World Outcomes with Pulsed Field 
Ablation in Patients with Symptomatic Atrial Fibrilla-
tion), and the ADVENT IDE study showed 1-year free-
dom from atrial arrhythmia results of 78.1%, 74%, and 
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73.3%.23,25,26 The Affera Sphere-9 feasibility trial also 
showed comparable 1-year freedom from atrial arrhyth-
mia results for all treated patients and patients receiv-
ing the optimized PULSE3 waveform of 78.1±3.2 and 
84.8±4.9%, respectively.7 Notably, these PFA platforms 
were developed using a protocol-mandated 90-day 
remapping procedure in their feasibility studies, result-
ing in PFA dose and workflow optimization. Compara-
tively, the PULSED AF and InspIRE studies showed 
overall 1-year freedom from atrial arrhythmia results of 
55.1% and 70.9%, respectively, but these technologies 
did not incorporate invasive 90-day remapping to eval-
uate lesion durability during their respective feasibility 
studies.22,27 The incorporation of invasive remapping 
may aid in efficiently optimizing treatment parameters 
for acute lesion characteristics and may improve long-
term outcomes.

Study Limitations
The ECLIPSE AF study was a single-arm study with-
out a thermal ablation arm for comparison. The sample 
size was limited within the optimized cohorts 3, 4, and 
5 due to the similarity of the 3 solid-tip catheter speci-
fications. Because the performance of the CENTAURI 
system with compatible focal ablation catheters was 
evaluated sequentially, the impact of a learning curve on 
results across the optimized cohorts cannot be ruled out. 
Weekly/monthly transtelephonic monitoring was not per-
formed as the primary focus of this study was character-
izing and optimizing PFA dosing via invasive remapping 
at 90 days; however, clinically significant recurrences of 
atrial arrhythmia were captured throughout follow-up for 
symptomatic episodes requiring medical intervention (eg, 
antiarrhythmic medication, cardioversion, and hospitaliza-
tion). Patients who experienced nonsymptomatic arrhyth-
mia recurrence were not seen for any intervention (eg, 
cardioversion and medication) and, therefore, were not 
captured as failures in this clinical study when assess-
ing survival from atrial arrhythmia. Due to the sequen-
tial development of PFA dose optimization and catheter 
compatibility, there was no attempt to balance subjects 
within each cohort based on AF classification, leading to 
a higher PerAF patient sample in the optimized cohorts 
than in the initial development cohorts.

Conclusions
In this study, acute and chronic safety and clinical per-
formance of focal PFA were established using the CEN-
TAURI system with 3 commercial, contact force–sensing, 
solid-tip focal ablation catheters to perform standard PVI 
in patients classified with paroxysmal and persistent AF. 
Acute results demonstrated 100% acute PVI with 4 pri-
mary safety events occurring in 4 patients (4.9%), and 
90-day invasive remapping demonstrated a per-PVI rate 

of 70.6% for the entire treated patient sample. While the 
per-PVI rate for the PFA workflow development cohorts 
1 and 2 was 52%, the per-PVI rate for the optimized PFA 
cohorts 3, 4, and 5 was 89%, revealing the necessity to 
optimize PFA dosing and workflows for improved chronic 
PVI durability. In turn, this optimization resulted in effec-
tive long-term outcomes for treated patients highlighted 
by the 93.3% freedom from atrial arrhythmia survival rate 
for patients with PAF treated with optimized PFA, includ-
ing repeat ablation with focal PFA from the CENTAURI 
system, if needed, at 3-month remapping. The focal 
nature of this PFA system enables flexibility to perform 
beyond PVI workflows that may address the non-PV 
triggers that possibly contributed to the observed recur-
rences of atrial arrhythmias in patients with PerAF. Now 
that treatment parameters and corresponding lesion 
durability are well established, future studies will inves-
tigate the versatility of this focal PFA tool in workflows 
that incorporate treatment strategies beyond PVI alone. 
Similar to focal RF ablation technologies that continue 
to dominate clinical utilization worldwide, a focal PFA 
platform may help create a full portfolio of ablation tools 
that can be used in the heterogeneous mix of patients 
receiving cardiac ablation for a wide range of arrhythmia 
substrates.
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