
When signal matters: the critical role 
of electrode spacing in Pulsed Field 
Ablation

MAPPING, IMAGING E CATETERI IBRIDI



Conflitti di interesse

• Medtronic: fees for proctorships, speaker activity 
and advisory board membership



Current state and unmet needs in EP

• 1 Kornej J, et al. Circ Res. 2020;127:4-20. 

• 2 Hindricks G, et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for 
   the diagnosis and management of atrial fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur Heart J. 
   2021;42:373-498. Erratum in: Eur Heart J. 2021;42:507. Erratum in: Eur Heart J. 2021;42:546-547. Erratum in: Eur Heart J. 2021;42:4194.  

• 3 Roth GA, et. al. J Am Coll Cardiol. 2020;76:2982-3021. 

• 4 Di Carlo A, et al. Europace. 2019;21:1468-1475. 
5 Medtronic data on file. November 2023.
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The incidence and prevalence of AF 
are rapidly rising, justifying the term 
“global epidemic”1

1 out of 3 patients above the age 
of 35 will experience AF in their 
lifetime2

With 60 million AF patients3 today, 5 
million patients will be added every 
year by 20304

Efficient procedural 
workflows5

Safe and durable lesions5More predictable 
clinical outcomes5

EP continues to demand:



COMPLEXITY OF PFA PARAMETERS

Howard et all. Circ Arrhythm Electrophysiol. 2022;15:e011110

Application parameters 
• Shape  
• Duration 

Electrode positioning 
with respect to target 
tissue

• Electric filed 
Distribution 

• Pulse parameters 
✓duration (ns to ms) 
✓Number 
✓Frequency (pulse 

repetition) 
✓Voltage applied 
✓Current measured

• Bipolar vs Unipolar   
• Electrode material 
• Electrode design 
✓Shape 
✓Electrode size 
✓Number of 

electrodes 
✓Ectrode spacing (if 

more than one 
electrode)

Catheter 
design 

dependent

Ablation 
preset or 
generator 

preset

Generator 
dependent

Operator 
dependent



PulseSelect 
First Cases in Italy March 2024 Varipulse 

First Cases in Italy in April 2024

Volt 
First Cases in Italy May 2025

Sphere 9 - Affera 
First Cases in Italy December 2024 

Farapoint 
First Cases in Italy March 2026 

Farapulse 
First Cases in Italy July 2022



System Safety features
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Automatic overcurrent detection for safe 
energy delivery

R-wave gating for synchronization of 
energy delivery

Test pulse for detection for phrenic nerve 
proximity

Fixed electrode distance means:
- Predictable electric field in tissue;
- No undershoot with certain lesion formation;
- No overshoot with no safety issues.



9 electrodes built to sense, ablate 
and pace

25 mm diameter loop

20° forward tilted array

9 Fr shaft with bidirectional 
steering

0.032’’ over-the-wire design



PVI Ablation Strategy

1. Over-the-wire 
catheter positioning 2. Ostial applications 3. Antral applications

• 4 pulse trains delivered per application
• 1 application per catheter positions
• Standard approach: 4 ostial and 4 antral applications
• Number of applications may vary based on anatomy or signal



Advanced bipolar vectoring and field shaping

• Vectoring used to maximize field depth while limiting voltage required

Single field mode Dual field mode

Odd Even Overlay



Electrode distance may affect lesion formation and safey

Fixed electrode distance means:

- Predictable electric field in tissue

- No undershoot with certain lesion formation

- No overshoot with no safety issues

Variable electrode distance means:

- Unpredictable electric field in tissue

- Undershoot with uncertain lesion formation (stunning 
and variable effect)

- Overshoot with safety issues (emolysis, coronary 
spasm and partial stenosis, phrenic nerve..)

Fixed Electrode Spacing
Consistent field regardless of catheter position1

Fixed Equal spaced

1 Howard, Brian, et al. "Effects of Electrode-Tissue Proximity on Cardiac Lesion Formation Using 
Pulsed Field Ablation." Circulation: Arrhytmia and Electrophysiology. (2022).

Catheter shape and energy vectoring – electrode spacing
Fixed electrode spacing and effects on electric field distribution



PULSED AF Pilot Trial

Verma et al. Circ Arrhythm Electrophysiol. 2022;15:e010168. DOI: 10.1161/CIRCEP.121.010168

✓ 100% pulmonary vein isolation was achieved 
using only PFA

✓ No PFA system–related serious adverse 
events.



non-randomized 
clinical study
Global multicenter 
study
• 9 countries
• 41 sites
• 67 operators

Safety outcomes
 0 Esophageal events  0 

PV stenosis

0 Phrenic nerve injury
0/300 Vagal nerve injury
0/300 Vascular access complications  
0/300 Cardiovascular Hospitalization  
0/300 Death 
0/300 pulmonary edema
0/300 systemic pulmonary embolism

Safety

0.7%
Primary adverse

events

1/300 Stroke  1/300 
Tamponade
0/300 Transient ischemic attack  
0/300 Major bleeding
0/300 Myocardial infarction  0/300 
Pericarditis

150 Paroxysmal AF Patients 150 Persistent AF Patients



Pivotal Study- Dati Procedurali

• 89 % delle procedure in anestesia generale
• 95% delle procedure con usi di mappaggio /sistema di 

navigazione

• Tempo procedura: 135/145 min con 20 min di attesa da 
protocollo

• N° applicazioni/procedura 48/57

Including 20 minutes 
waiting time



Verma, et al.2 Voltage maps created using the Affera™ mapping system

25
PAF and PsAF 

patients

Remapped at
~60 days

15
PAF and PsAF 

patients
Remapped at
~75 days
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Durable PVI confirmed

Durable PVI confirmed

98%
per vein

102/104 pulmonary veins 
durably isolated

95%
per vein

52/55 pulmonary veins 
durably isolated

96%
per patient

24/25 patients all PVs 
durably isolated

93%
per patient

14/15 patients all PVs 
durably isolated

Pulsed field ablation (PFA) durability research1,2

 Reproducible durability1,2 in paroxysmal (PAF) and persistent (PsAF) patients using the PulseSelect™ PFA system

Reproducible 
durability1,2

with the
PulseSelect PFA system

•1. Nair, et al. First Invasive remapping to assess long term durability of pulmonary vein isolation using a circular pulsed field ablation catheter. Presented at APHRS 2024.
•2. Verma A, et al. Chronic Durability of Pulmonary Vein Isolation using the PulseSelect Pulsed Field Ablation Catheter Integrated with a Novel Mapping and Navigation System. AF Symposium; January 16–18, 2025; Boston, MA.



Unlocking New Clinical Opportunities  

Molon, G., Nardi, S., Mitacchione, G., Dello Russo, A., Ricciardi, D., Mantovan, R., Bontempi, L., Costa, A., Argenziano, L., Casali, E., Turco, V., & Boriani, G. (2025). Acute outcomes and learning curve from the initial patients treated with the PulseSelect system: A real-
world multicenter experience of pulsed field ablation. Journal of Interventional Cardiac Electrophysiology, 68(7), 1475–1485. https://doi.org/10.1007/s10840-025-02036-5

Study details and design 

• Multicenter observational study 
• Included the first consecutive patients 

who underwent PVI using the PulseSelect 
system at six European centers

• Focused on patients with atrial fibrillation 
(AF)

Patient population and Operator Experience 

• Patients with symptomatic AF 
• Both paroxysmal and persistent AF cases were 

represented 
• Procedures were performed by operators with 

varying levels of experience with the new 
technology 



Acute outcomes and learning curve from the initial patients treated 
with the PulseSelect system: a real‑world multicenter experience of 
pulsed field ablation

Reduction in procedural times when procedures are grouped in pairs. More pronounced decrease in procedural durations when 
procedures are grouped in sets of three. 



Acute outcomes and learning curve from the initial patients treated with the 
PulseSelect system: a real‑world multicenter experience of pulsed field ablation

Patients (mean age 61.7 ― 9.7 years; 31.3% 
female) had predominantly paroxysmal AF 
(80.9%). Median procedural and fluoroscopy 
times were 55.0 and 16.0 min, respectively. 
General anesthesia was used in 75.5% of cases, 
while in the remaining 24.5% moderate 
sedation protocols allowed procedures (even in 
15.1% without an anesthesiologist). Acute PVI 
success was 100%, and no major complications 
were observed. A short learning curve was 
noted, with significant reductions in procedural 
times after the initial 2–3 cases at each center.

• The PulseSelect system showed short 
procedural times, with a rapid learning 
curve, thus leading with high procedural 
efficiency. 

• In 1 out of 4 cases general anesthesia was 
not applied, and no major complications 
were observed. 

• Notably, no esophageal, complications, 
symptomatic pulmonary vein stenosis, or 
persistent phrenic nerve injuries were 
observed



 Table 3. Primary Safety Event reported within 
7 days of Index Procedure	 All (N=760)	 
	  
Pulmonary vein stenosis requiring intervention	 0	  
Phrenic nerve injury/diaphragmatic paralysis	 0	  
Atrioesophageal fistula	 	 	 	 0	  
Cardiac tamponade/perforation	 	 	 0	  
Cerebrovascular accident	 /  TIAs		 	 0	
	  
Vascular complications with intervention		 0	  
Death		 	 	 	 	 	 0	

 The REAL PULSE global registry: real-world acute 
efficacy and safety outcomes for the use of a 
circular multielectrode array pulsed field ablation 
system for atrial fibrillation treatment 
Atul Verma, MD, Giulio Molon, MD …… and Lucas Boersma, on behalf of the 
REAL PULSE Registry Investigators

 Accepted for #HRS2026

 REAL PULSE global registry (NCT06393920) is an ongoing, 
prospective, post-market study that evaluates procedural efficacy 
and safety outcomes associated with a circular multielectrode 
array PFA system (PulseSelect, Medtronic, USA). Acute 
procedure characteristics, efficacy, and safety outcomes are 
presented here.

 Patients with paroxysmal atrial fibrillation (PAF) and persistent 
(PsAF) were enrolled at 26 sites globally across 9 countries in 
Europe (Netherlands, Italy, France, Spain, Germany), North 
America (US, Canada), and Asia (China, South Korea) from July 
2024 to December 2025, and monitored by local standards-of-care. 
These data include enrolled patients that received de novo AF 
ablation. 



Clinical data – hemolysis 



• Effective in achieving PVI 
• Safety confirmed 
• Shorter procedure time 
• Short learning curve

Take Home Message


