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AF ablation, from RF.. 

➢ Radiofrequency (RF) represent the traditional form of 
energy delivered during catheter-based pulmonary vein 
isolation (PVI) for atrial fibrillation (AFib) ablation.  

➢ First described for the treatment of focal AFib triggers in 
1998 

➢ RF ablation is now used to achieve PVI with continuous, 
point-by-point application of thermal injury around the 
antrum of each PV (or PV pair) 

➢ However, this approach has been viewed by many 
electrophysiologists as time-consuming, high-risk for 
procedural complications, and suboptimal for achieving 
durable PVI.

Haïssaguerre M, et al. Spontaneous initiation of atrial fibrillation by ectopic beats originating in the pulmonary veins. N Engl J Med. 1998
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Through cryo..

Cryoballoon ablation was non-inferior to RF ablation for the treatment of patients with drug-refractory PAF

FIRE AND ICE Clinical Study

No. at Risk 
Cryoballoon 
RFC

No. at Risk 
Cryoballoon 
RFC

Similar 1-yr atrial arrhythmia recurrence rates No significant differences with regards to overall safety

Kuck KH (…) Tondo C. et al. Cryoballoon or Radiofrequency Ablation for Paroxysmal Atrial Fibrillation 2016
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To electroporation!

• Ultra-short, high-voltage electrical impulses 
• Large increase in the electric field across cell membrane - 

accumulated transmembrane potential exceeds a critical value 
–  Nanoscale pores 

• Permanent nanopores - Cell death (Irreversible Electroporation) 
• Transient nanopore- Cell recovery 
      (Reversible Electroporation) 
Irreversible electroporation (IRE) leads to: 
• Electro-conformational protein denaturation, osmotic imbalance, 

flush in/out of ions 
• Depletion of adenosine triphosphate (ATP), uptake of toxic/foreign 

molecules 

Expert Rev Cardiovasc Ther. 2018 May;16(5):349-360, Chang D.C., and Reese T.S.. Biophys J 1990; 58  
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PFA was faster but no differences in terms of procedural outcomes in PVI-only procedures in 
paroxysmal AF patients were found.

687 patients were randomized to  pulsed field ablation (305 patients) or conventional thermal ablation (167=RF – 135=cryoballoon ablation).
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No data so far on long-term PFA outcomes as with cryo
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Durability of PFA has been questioned, which influence long-term outcomes

➢ The durability of lesions in patients undergoing a repeat 
procedure after PFA is limited in real-world clinical 
practice and may contribute to recurrent AF. 

➢ At the time of the repeat procedure, only 45% of 
patients with recurrences exhibited complete PV 
isolation. 

➢ Persistent AF as the recurrent arrhythmia is an 
independent predictor of lower procedural success 
during follow-up.

CLINICAL DATA!
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Long-term data about cryo

Schiavone M (…) Tondo C et al. Very Long-Term Follow-Up of Pulmonary Vein Isolation Using Cryoballoon for Catheter Ablation for Atrial Fibrillation: An 8-Year Multicenter Experience, Circulation EP 2025

• Data from consecutive patients 
treated with CB‐PVI for 
symptomatic AF between 2012 
and 2018 in 13 institutions 
were analyzed.  

• 1330 patients were enrolled 
(28.4% female, mean age was 
60.1±10.5 years).  

• Paroxysmal AF patients were 
73.1%, median AF duration 
was 36.0 (13.0-75.0) months. 
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Long-term data about cryo

Schiavone M (…) Tondo C et al. Very Long-Term Follow-Up of Pulmonary Vein Isolation Using Cryoballoon for Catheter Ablation for Atrial Fibrillation: An 8-Year Multicenter Experience, Circulation EP 2025

• 45.9% experienced at least 1 AF / AT / AFL 
recurrence 

• A low incidence of progression to permanent 
AF was seen in the entire cohort (7.0%).  

• Importantly, 16.3% patients underwent a redo 
ablation for AF during follow-up. 

• Among those, in 45.9% of cases all PVs were 
isolated; the median number of PVs isolated 
after the index procedure was 3 [1-4] veins.  

• Very low rate of late adverse events.
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Long-term data about cryo

Schiavone M (…) Tondo C et al. Very Long-Term Follow-Up of Pulmonary Vein Isolation Using Cryoballoon for Catheter Ablation for Atrial Fibrillation: An 8-Year Multicenter Experience, Circulation EP 2025
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Long-term data about cryo

Schiavone M (…) Tondo C et al. Very Long-Term Follow-Up of Pulmonary Vein Isolation Using Cryoballoon for Catheter Ablation for Atrial Fibrillation: An 8-Year Multicenter Experience, Circulation EP 2025

The rate of AF/atrial tachycardia recurrences 
progressively increased over time, with an event rate of 
52.5% (49.4%–55.8%) at 8-year follow-up, and 78.3% 
off AADs at the last available follow-up.
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Long-term data about cryo

Schiavone M (…) Tondo C et al. Very Long-Term Follow-Up of Pulmonary Vein Isolation Using Cryoballoon for Catheter Ablation for Atrial Fibrillation: An 8-Year Multicenter Experience, Circulation EP 2025

Persistent atrial fibrillation and chronic 
kidney disease were the strongest 
predictors of late arrhythmia recurrence, 
highlighting the need for tailored patient 
selection and long-term monitoring.

Various hypotheses have been 
proposed to explain the link between 
CKD and the increased incidence of 
AF: 
➢ N e u ro h o r m o n a l a c t i v a t i o n 

leading to heightened sympathetic 
activity 

➢ Chronic inflammation 
➢ Shared underlying risk factors 
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Limitations

Schiavone M (…) Tondo C et al. Very Long-Term Follow-Up of Pulmonary Vein Isolation Using Cryoballoon for Catheter Ablation for Atrial Fibrillation: An 8-Year Multicenter Experience, Circulation EP 2025

This study has several limitations.  

➢ Being observational, it inherently carries limitations related to 
data collection. 

➢ During follow-up, Holter ECGs were collected annually or in the 
case of symptoms, which may have underestimated arrhythmia 
recurrence when compared with other studies evaluating 
outcomes of different ablation techniques with implantable loop 
recorders. 

➢ Most patients were treated with the Arctic Front Advance CB, 
which has some technical differences compared with more recent 
CB devices.
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Conclusions

Schiavone M (…) Tondo C et al. Very Long-Term Follow-Up of Pulmonary Vein Isolation Using Cryoballoon for Catheter Ablation for Atrial Fibrillation: An 8-Year Multicenter Experience, Circulation EP 2025

CB with PVI as the index procedure for AF ablation resulted in a 
favorable long-term outcome in patients with symptomatic AF, with 
limited progression towards permanent AF during follow-up.  

Nearly half of the patients undergoing redo AF ablation procedures 
had all PVs isolated after the initial procedure, and PeAF was the 
strongest predictor of recurrences at long-term follow-up. 


