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AF ablation, from RE.

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

Kuck KH (...) Tondo C. et al. Cryoballoon or Radiofrequency Ablation for Paroxysmal Atrial Fibrillation 2016
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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)
rreversible electroporation (IRE) leads to:

Electro-conformational protein denaturation, osmotic imbalance,
flush in/out of 10ns

Depletion of adenosine triphosphate (ATP), uptake of toxic/foreig
molecules

+

Cardiac
tissue

Expert Rev Cardiovasc Ther. 2018 May;16(5):349-360, Chang D.C., and Reese T.S.. Biophys J 1990; 58

Permeable
membrane
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Pulsed Field or Conventional Thermal Ablation for
Paroxysmal Atrial Fibrillation
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687 patients were randomized to pulsed field ablation (305 patients) or conventional thermal ablation (167=RF — 135=cryoballoon ablation).

Pulsed field ablation

Thermal ablation
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No. at Risk
Pulsed field ablation 301
Thermal ablation 296

Treatment Success (%)
Pulsed field ablation 99.3
Thermal ablation  98.7
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Table 3. Serious and Nonserious Adverse Events.*

Event Serious Adverse Eventst Serious or Nonserious Adverse Eventst
Pulsed Field Thermal Pulsed Field Thermal
Ablation Ablation Ablation Ablation
(N=305) (N=302) (N=305) (N=302)
number of patients (percent)
Any event 6 (2.0)§ 4(1.3) 7 (2.3)§ 6 (2.0)
Death 1(0.3) 0 1(0.3) 0
Myocardial infarction 0 0 0 0
Persistent phrenic-nerve palsy 0 0 0 2 (0.7)
Stroke 0 1(0.3) 0 1(0.3)
TIA 1(0.3) 0 1(0.3) 0
Systemic thromboembolism 0 0 0 0
Cardiac tamponade or perforation 2 (0.7) 0 2 (0.7) 0
Pericarditis 1(0.3) 0 2 (0.7) 0
Pulmonary edema 1(0.3) 1(0.3) 1(0.3) 1(0.3)
Vascular-access complication 1(0.3) 2 (0.7) 1(0.3) 2 (0.7)

PFA was faster but no differences in terms of procedural outcomes in PVI-only procedures in

paroxysmal AF patients were found.
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No data so far on long-term PFA outcomes as with cryo Monzino

Circulation: Arrhythmia and Electrophysiology
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Very Long-Term Follow-Up of Pulmonary Vein
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Durability of PFA has been questioned, which influence long-term outcomes it Monzino
@ ESC _ Europace (2025) 27, euaf012 CLINICAL RESEARCH > The durablllly OfleSionS in patients undergoing a repeat
o Carctoiogy | "eps/idolorg/10.1093leuropacelesf012 procedure after PFA is limited in real-world clinical

practice and may contribute to recurrent AF.
Repeat procedures after pulsed field ablation

P — > At the time of the repeat procedure, only 45% of
for atrial fibrillation: MANIFEST-REDO study patients with recurrences exhibited complete PV

Daniel Scherr ® '*, Mohit K. Turagam © ?, Philippe Maury ® **, Yuri Blaauw®, ] isolation.

CLINICAL DATA!

> Persistent AF as the recurrent arrhythmia is an
independent predictor of lower procedural success

Central Figure: Repeat Procedures After Pulsed Field Ablation duringfollow-up

for Atrial Fibrillation: MANIFEST-REDO Study

Aim

% of reconnected pulmonary veins/patient

Report EP findings and procedural 427 patients, FU 284 (90-366)

outcomes in patients undergoing . AT/AF-free survival without antiarthythmic drugs

days, age 64+11 years P R —

_IPAF 45

repeat ablation after initial PFA &. e
using a pentaspline catheter Recurrence type: s " by 0
PAF 51%, PersAF 30%, AT 19% g e
" ! 35
Mothod Reconnected veins / patient: ; f::nnk: p=0.04
HIEEE 0:44%; 1:29%: 2:16%; 3:9%; 4:1% [N %0
o < R 25
Multi-center registry, 22 centers Complication rate: 2.8%
: S g 20
Repeat ablation after initial PFA, PersAF predicts AT/AF recurrence 5 = = = =
regardless of technology used for after repeat ablation (HR 1.241 N Follow up duration [days] 15
Jep proc CEe (95% Cl 1.534-1.005; p=0.045) - - T 10
Follow up: repeated Holter ECGs, LA L L » B
ECG in case of symptoms 5 I
0 —
0 1 2 3 4

Conclusion PV reconnections not uncommon after initial PFA-PVI. Number of reconnected veins

Repeat ablation can be performed safely & effectively.

Figure 1 Percentage (respective number: x-axis) of reconnected veins (respective number: y-axis) per patient during repeat ablation.
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Long-term data about cryo Monzino
Table 1. Baseline Characteristics of the Study Cohort
Patients undergoing CB-PVI with
at least 5-year follow-up (n=1330)
. . Age, y; meantSD 60.1+10.5
* Data from consecutive patients
Female sex, n (%) 378 (28.4)
tre a te d Wil th CB —P V] fO 4 Body mass index, median (IQR) 26.3 (24.1-29.0)
b Diab , n (% 67 (5.7
symptomatic AF between 2012 el cad Any symptom, n () 1088 (61,9
. . . . Hypertension, n(%) 604 (46.6) Palpitations, n (%) 996 (74.9)
Cll’ld 20] 8 in 1 3 ll’lStl tutZOHS Hypertensive cardiomyopathy, n (%) | 136 (10.6) Symptoms other than 1061 (79.8)
were analyzed Ischemic cardiomyopathy, n (%) 78 (6.1) palpitations, n (%)
) Nonischemic cardiomyopathy, n (%) | 33 (2.6) EHRA score, median (IQR) 2.0 (1.0-2.0)
e [330 patients were enrolled Heart faiure, n (%) 26 (2.0 L n O6) 218 (34.5)
28 4% l Valvular heart disease (more than 48 (3.7) 11, n (%) 323 (51.2)
(28.4% female, mean age was moderate), n (6] 0 Prys
60.1£10.5 years) il ol o) 37 (29) V. (%) 203
Aortic valve, n (%) 14 (1.1) More than 2 antiarrhythmic drugs 386 (37.3)
» Paroxysmal AF patients were Tricuspid valve, n (%) 6 (05) i
0 . . Chirotic lidiey disea=. 1 (%) 29 (2.3) OAC contraindications, n (%) 18 (1.4)
73.1 ﬁ, medzcm AF dl/ll" ation . : CHA2DS2-VASc, median (IQR) 1.0 (0.0-2.0)
Previous stroke/TIA, n (%) 56 (4.4)
0, n (% 300 (26.4
was 36.0 (13.0-75.0) months. Avial fbrillation type - E,; o Esg Q;
, N (0, .
Paroxysmal, n (%) 972 (73.1) 5 v ) 54017
, N (M0, .
Persistent, n (%) 317 (23.8)
3, n (%) 158 (13.9)
Long-standing persistent, n (%) 41 (3.1) 4,n (%) 52 (4.6)
History of atrial fibrillation (duration 36.0 (13.0-75.0)
in months), median (IQR) 25, n(%) 130

History of atrial flutter/ATA, n (%)

185 (17.0)

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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o 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.

Table 3. Long-Term Outcomes

n=1330
Median follow-up duration, mo; median (IQR) 81.1
(70.5-98.0)
Patients with at least 1 AF/ATA/AFL recurrence, n (%) 611 (45.9)
Patients with at least 1 redo ablation during follow-up, n (%) | 218 (16.3)
Redo ablation for AF, n (%) 209 (95.9)
Redo ablation for left AT/AFL, n (%) 4 (1.8)
Redo ablation for typical AFL, n (%) 2(0.9)
Redo ablation for focal AT, n (%) 2(0.9)
Redo ablation for AVNRT, n (%) 1(0.4)
Findings at redo procedure for AF recurrence, n (%) 209 (100)
All veins isolated, n (%) 96 (45.9)
No. of PV isolated, median (IQR) 3(1-4)
Three veins isolated, n (%) 27 (12.9)
Two veins isolated, n (%) 29 (13.8)
One vein isolated, n (%) 22 (10.5)
All veins reconnected, n (%) 35 (16.7)
Late adverse events, n (%) 22 (1.7)
Stroke, n (%) 4 (0.3)
TIA, n (%) 2(0.2)
Major bleedings, n (%) 4 (0.3)
Admissions for acute heart failure, n (%) 2(0.2)
Acute myocardial infarction, n (%) 4 (0.3)
Pacemaker implantation, n (%) 2(0.2)
Cardiovascular mortality, n (%) 24 (1.8)

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 gt Monzino
Incidence ¢ff AFRecurrence
1004
@ 904
°§ 80 Supplementary Table 1A: Time to first AF relapse
£ Years Number of Cumulative Event rate (%)
g ™ after patients Number of (95% CI)
L 90 ablation at risk events
S 4D 0 1330 0 0.0% (0.0% - 0.0%)
g a0 1 1096 227 17.1% (15.2% - 19.3%)
G 20 2 974 345 26.1% (23.8% - 28.5%)
T 10 3 922 393 29.7% (27.3% - 32.3%)
I 4 886 427 32.3% (29.9% - 34.9%)
e 2 s e s e T8 5 854 458 34.7% (32.2% - 37.3%)
Yersafter first implent 6 597 523 40.4% (37.7% - 43.1%)
No.atRsk 1330 1096 974 922 886 854 597 365 221 7 365 582 47.4% (44.5% - 50.4%)
8 221 611 52.5% (49.4% - 55.8%)
Incidence Fat baseline Supplementary Table 1B: Time to first redo ablation
1004 AF at baseline : F'arox_ysmal
oo Poaes o persistent Years Number of Cumulative Event rate (%)
S after patients Number of 95% CI)
X ol ablation at risk events
§ o 0 1330 0 0.0% (0.0% - 0.0%)
N 1 1271 49 96.3% (95.1% - 97.2%)
g ™ 2 1206 106 92.0% (90.4% - 93.3%)
g 3 1169 138 89.5% (87.7% - 91.1%)
f 4 1145 157 88.1% (86.2% - 89.7%)
207 5 1121 173 86.8% (84.9% - 88.5%)
104 6 798 194 84.9% (82.8% - 86.8%)
e B T L T S T 7 507 211 82.8% (80.6% - 84.9%)
Yearsafter first implant 8 306 218 81.5% (79.0% - 83.7%)
No. at Risk
Paroxysmal 972 931 889 865 848 827 586 366 225
Persistent 358 340 317 304 297 294 212 141 81

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



Y Centro Cardiologico

Long-term data about cryo i) ool

Incidence of AFRecurrencg by AF at baseline

Paroxysmal

HR=152(1.29-178) — Persistent

< o] Peoow Supplementary Table 2A: Time to first AF relapse per AF type
% Paroxysmal AF Persistent AF
8 Years Pts | Cum. Event rate (%) Pts Cum. Event rate (%)
w after at no. of 95% CI) at no. of 5% CI)
s ablation | risk | events risk | events
g 0 972 0 0.0% (0.0% - 0.0%) 358 0 0.0% (0.0% - 0.0%)
ko 1 817 | 150 | 15.5% (13.4%-17.9%) | 279 77 | 21.6% (17.7% - 26.3%)
£ 2 736 | 229 | 23.7%(21.1%-26.5%) | 238 116 | 32.6% (28.0% - 37.7%)
I A EE—— 3 697 | 264 | 27.3% (24.6% - 30.2%) | 225 129 | 36.3% (31.5% - 41.5%)
e y : . ‘;st, 5| t &7 F 4 669 | 290 | 30.0% (27.2%-33.0%) | 217 137 | 38.5% (33.7% - 43.8%)
kb St 5 642 | 316 | 32.7%(29.9% - 35.8%) | 212 142 | 40.0% (35.1% - 45.3%)
Pwoyons 572 817 13 657 ese ez s 2 170 6 449 | 350 | 36.9%(33.9%-40.0%) | 148 | 173 | 49.8% (44.6% - 55.2%)
Persistentt 358 279 238 225 217 212 148 94 5 7 271 | 387 | 43.1%(39.8% - 46.6%) | 94 195 | 58.2% (52.8% - 63.8%)
8 170 | 404 | 47.5% (43.9%-51.3%) | 51 207 | 64.8% (59.0% - 70.5%)
Incidence of AFRecurrence forno AAD/ Flecat 3M
1004 Group —— Paroxysmal
HR=151(1.24-184) —— FPersistent
@ 90 P<0.0001
o::; 804
§ 704
8 " The rate of AF/atrial tachycardia recurrences
5 ] progressively increased over time, with an event rate of
g 52.5% (49.4%-55.8%) at 8-year follow-up, and 78.3%
= off AADs at the last available follow-up.
N I T T T A I B
Yearsafter first implant
No. at Rsk
Paroxysmal 618 520 481 458 439 421 289 178 101
Persistent 251 207 178 168 162 158 112 63 28

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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Table 4. ATAs Recurrence Predictors

Persistent atrial fibrillation and chronic

. . Univariate results Multivariable-adjusted results
kidney disease were the strongest
d . t Z t h f h . Variable HR 95% CI Pvalue | HR 95% CI P value
pre lc OFS Of ate arr. y mla I"ecul’l"ef?ce, Age, y (continuous) 1.01 (1.00-1.01) 0.152 1.00 (0.99-1.01) 0.661
hlghllghtlng the need fOr tallored patlent Male sex 0.88 (0.75-1.04) 0.134 0.98 (0.80-1.15) 0.638
selection and long-term monitoring. Hypertension 110 | (0.94-1.28) | 0.224
Body mass index 1.00 (0.98-1.02) 0.882
Diabetes 1.10 (0.79-1.52) 0.579
. Chronic kidney disease 1.72 (1.11-2.65) 0.015 1.77 (1.12-2.82) 0.016
Varlous hypOth .eseS }fave been Heart failure 1.27 (0.79-2.06) 0.327
proposed to explain the link between Persistent atral fibrilation 134 | (120-143) | <0001 | 136 | (114-162) | <0.001
an e increased incidence o History of Stroke/TIA 106 | (0.74-153) | 0.751
CKD and th d d
AF Ischemic cardiomyopathy 0.82 (0.59-1.14) 0.235
. . AF during Blanking Period of 90 d 2.68 (2.12-3.39) <0.001 | 3.46 (2.75-4.35) <0.001
> Neurohormonal activation
AF during Blanking Period of 60 d 2.34 (1.74-3.14) <0.001

leading to heightened sympathetic

.. Bold indicates statistically significant values. AF indicates atrial fibrillation; ATA, atrial tachyarrhythmia; HR, hazard
aCthlly ratio; and TIA, transient ischemic attack.

> Chronic inflammation
> Shared underlying risk factors

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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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.

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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CB with PVI as the index procedure for AF ablation resulted in a
favorable long-term outcome in patients with symptomatic AF, with CONCLUSION
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 i}

strongest predictor of recurrences at long-term follow-up.

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



