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Introduction

▪ Most common & medically significant cardiac arrhythmia

▪ Increasing morbidity, mortality & medical expense, significant negative impact on 

public health

▪ Deeper understanding of  mechanisms of  AF, successfully applying knowledge to 

clinical practice, utilizing development of  technologies improve AF management

▪ Principal goals of  AF Mx : to improve the quality of  life ( symptom control ) & to 

prevent associated morbidity & mortality ( prevention of  thromboembolism ) 



Catheter Ablation of  AF

▪ Widespread acceptance as an initial treatment producing better CV outcomes & quality 
of  life than AAD

▪ Can be associated with severe complications, dependent on types of  AF, its complexity, 
PVI alone or more ablation, patient’s comorbidities, experience of  the performing 
centers

▪ RF ablation in conjunction with an Electro-Anatomical Mapping (EAM) is a gold 
standard 

▪ Alternative energy sources for PVI : balloon based ablation; Cryo & Pulsed Field 
ablation ( PFA ) are highlighted during 2023. 

 



Thermal vs Non-thermal ablation

▪ Traditional thermal ablation may be complicated by adverse events such as 

esophageal injury, phrenic nerve injury, and pulmonary vein stenosis.

▪ In contrast, pulsed field ablation creates lesions in cardiac tissue nonthermally 

and within milliseconds through the mechanism of  irreversible 

electroporation.

▪ Pulsed-field ablation has received considerable interest for catheter ablation of  

AF to improve safety by decreasing collateral damage and improving lesion 

durability.
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Pulsed-field ablation ( PFA )

▪ PFA is a nonthermal method of  tissue ablation technology that utilizes high-

amplitude pulsed electrical fields to create irreversible electroporation (IRE) in 

tissues.

▪ PFA creates nanopores in cell membranes due to transient, high-voltage 

exposure that disrupts cell wall integrity, which leads to cell death.

▪ PFA potentially creates full transmural lesions in the atrial myocardium while 

avoiding damage to adjacent tissues and structures, making it a promising 

alternative to traditional thermal ablation methods.



Mechanism of  Irreversible Electroporation





Pulsed-field ablation
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Pulsed Field Abaltion for the Treatment of  AF: PULSED AF Pivotal Trial

▪ Prospective, multicenter, nonrandomized

▪ Symptomatic PAF (150 )/ Persistent AF (150 ), 1 yr follow-up

▪ Primary effectiveness end point was freedom from a composite of  acute 

procedural failure, arrhythmia recurrence or antiarrhythmic escalation

▪ Primary safety end point was freedom from a composite of  serious procedure & 

device related adverse events



For PAF



For Persistent AF



Summary of  PULSED AF Pivotal 

▪ The primary safety end point occurred in 1 patient in both paroxysmal & 

persistent AF

▪ Conclusions: PULSED AF demonstrated a low rate of  primary safety adverse 

events and provided effectiveness consistent with established ablation 

technologies using a novel irreversible electroporation energy







MANIFEST-PF study

▪ The MANIFEST-PF study across 24 centers

 ( retrosepctive Multi-National Survey ),

 77 operators

▪ Used a special catheter (pentaspline PFA) 

▪ 1,568 atrial fibrillation patients( PAF/ persistent: 
65%/ 32% )

 

▪ PVI was achieved in 99.2%, freedom for atrial 
arrhythmia 78.1% ( PAF 81.6% > Persistent 71.5%, 
P=0.001 )

▪ Acute major adverse events occurred in 1.9%



MANIFEST-PF study : Complications



Summary of  MANIFEST - PF 

▪ Survey aims to assess whether PFA delivers on safety & efficacy when employed in 

commercial use

▪ Acute procedural success involving isolation of  the pulmonary veins was almost 

universally achieved

▪ Complications were rare & not associated  directly with PFA.

▪ Larger studies will be needed to assess rare complications specific to PFA





ADVENT Pivotal Trial

▪ A randomized clinical trial: directly compared FARAPULSE  PFA to standard of  

care thermal ablation (force-sensing RFA or Cryo ablation) for the treatment of  

PAF. 

▪ A multi-center, prospective, non-inferiority clinical trial with 1:1 randomization of  

PFA to thermal ablation evaluating single-procedure, off-drug study endpoints, 

including:

▪ Primary Safety

▪ Primary Effectiveness

▪ Procedural Characteristics



The most rigorous PFA clinical trial ( ADVENT ) 

▪ Patients randomized to PFA or thermal ablation (RFA or CBA)

▪ Re-ablations not allowed in 90-day blanking period

▪ Freedom from Class I/III anti-arrhythmic drug (AAD) after the 90-day blanking 

period (amiodarone was not allowed at any time)

▪ Stringent monitoring with 72-hour Holters

▪ Largest PFA trial with 305 patients treated with PFA



Results of  ADVENT

▪ The randomized ADVENT achieved non-inferiority in the primary safety & 

efficacy endpoints when comparing the FARAPULSE PFA system against thermal 

ablation modalities 

 ( Posterior probability > 0.999 )



Primary safety endpoint: Severe adverse events (SAEs)

( ADVENT )

▪ SAEs occurred in six FARAPULSE PFA patients (estimated incidence: 2.1%) vs. four 

thermal patients (1.5%), meeting the criterion for non-inferiority (posterior probability 

>0.999).



Secondary safety endpoint: Pulmonary vein narrowing ( ADVENT ) 

▪ Significantly less pulmonary vein cross-sectional narrowing (CT/MRI) in FARAPULSE PFA 
patients (0.9%) vs thermal ablation patients (12.0%), meeting the criterion for superiority 
(posterior probability >0.999)



Effectiveness outcomes ( ADVENT ) 

▪ The primary effectiveness endpoint required both acute procedural success ( PVI) 

& chronic success, which included freedom from Class I/III AADs, repeat 

ablation, cardio-version, and documented AF, AFL, or AT through 12 months. 

▪ The acute PVI rates were 99.6% for FARAPULSE and 99.8% for thermal ablation.



Procedural Characteristics ( ADVENT )



Summary of  ADVENT Pivotal Trial







Conclusions of  inspIRE

▪ The inspIRE trial confirmed the safety and effectiveness of  the novel mapping-

integrated PFA system.









Conclusions of  EU-PORIA registry

▪ EU-PORIA registry demonstrated a high single-procedure success rate with an 

excellent safety profile and short procedure times in real-world, all-comer AF 

patient population



Aim- To compare procedural & one-yr recurrence data of  patients with persistent AF undergoing first PVI

using PFA, Cryo, or RFA ( N 177 )



Recurrence of  atrial 

arrhythmias 

in the KM- analysis after 

12 months was not different all 3 



Ongoing Clinical Trial

▪ AVANT GUARD Clinical Trial to evaluate FARAPULSE PFA system as first-line 

treatment for Persistent AF

▪ Randomized trial comparing PFA with anti-arrhythmic drug therapy  for first-line 

treatment of  Persistent AF 

▪ ADVANTAGE AF Study: to establish the safety & effectiveness of  FARAPULSE 

PFA system for treatment of  drug resistant, symptomatic persistent AF

▪ A prospective single arm open label study with persistent AF



Evidence from clinical trails of  PFA ( overall )

▪ Excellent efficacy, with PVI achieved in almost all patients

▪ Low rate of  major complications, mostly due to pericardial tamponade, stroke & 

coronary spasm

▪ Significantly faster procedure time than Cryo or RFA ablation

▪ Good overall freedom from AF after one year for paroxysmal or persistent AF with 

excellent durability in some cohorts



Pearls and Pitfalls of  PFA

Irreversible electroporation

- tissue-sensitive, preserved tissue compliance

Efficacy and safety

- deep, transmural, durable lesions

- sparing adjunctive tissue

- no PV stenosis

- no esophageal lesions

- no tissue coagulation

- minimal effects on phrenic nerve

- low safety risk of  overtreatment

Workflow

- standardized and time-efficient, short learning 

curve using single shot device

- single-tip similar to RF-ablation

Current literature

-excellent limited data mainly from observational 

studies for PVI

Irreversible electroporation

- cellular mechanisms, necrosis Vs apoptotic pathway

 not entirely understood

Efficacy and safety

- dose dependent, optimal dose unclear

- distinct IRE programming crucial to avoid collateral 
damage

- vasospasm during PFA adjacent to coronaries

- PFA ≠ PFA

- validation for each system and indication

- results not transferable

Workflow

- only 2 ablation systems approved with limited 
experience

Current literature

- no long-term data available

- no randomized controlled trials available



Challenges & Advancements

▪ Lack of  standardized protocols for various target tissue & clinical indications: 

includes energy delivery parameters ( energy intensity, pulse duration & 

frequency, biphasic vs monophasic pulse delivery ), different electrode 

configurations, variations of  diverse device design 

▪ Difficult to compare results across studies & hinders the adoption of  PFA

▪ Coronary artery spasm, pulmonary artery hemorrhage, dose-dependent phrenic 

stunning observed as complications in clinical trial

▪ Further research is needed to optimize treatment parameters of  PFA



Challenges & Advancements

▪ For difficult structures; hard to access or have complex anatomies, improved imaging 

techniques ( MRI & CT ) & real time guidance system ( ICE ) can help to overcome

▪ Miniaturization of  PFA catheters, which enables their use in smaller and more complex 

anatomical structures, allowing for more targeted and precise ablation.

▪ Although PFA is a novel procedure, it is difficult to be adopted by all institutions  

because of  the equipment cost and the need for specialized training 

▪ Furthermore, long-term data on the safety & efficacy is still limited, and large-scale 

studies with longer follow up periods are needed to evaluate the long-term benefits and 

risks



Conclusion

▪ PFA provides a nonthermal approach to inducing cell death, which can lead to 

faster and safer cardiac ablation, ultimately improving its efficiency and 

effectiveness

▪ PFA may have effectiveness comparable to traditional catheter ablation while 

preventing thermally mediated complications.

▪ PFA shows promise in CTI, posterior wall isolation, and VT ablation.
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