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BACKGROUND: Women are frequently underrepresented in studies investigating atrial fibrillation (AF) ablation. We evaluated
the acute efficacy, safety, and mid-term outcomes of de novo paroxysmal AF ablation in female patients using a pentaspline
pulsed-field ablation (PFA) versus thermal-based technologies.

METHODS: In a cohort of consecutive female patients with paroxysmal AF undergoing de novo pulmonary vein isolation,
enrolled in the ATHENA-CHARISMA (Advanced Technologies For Successful Ablation of AF in Clinical Practice - Catheter
Ablation of Arrhythmias With High-DensityMapping System in the Real WorldPractice) registries, thermal ablation systems
(radiofrequency or cryoablation) were compared to the PFA by means of a propensity score matching (ratio 1:1:1).

RESULTS: One-thousand one female patients (mean age 63+10years, mean left ventricular ejection fraction 60.8+6%) were in-
cluded: 376 (37.6%) underwent cryoablation ablation, 342 (34.2%) radiofrequency ablation, and 283 (28.3%) PFA. Propensity
score matching yielded 684 patients (228 per group). The PFA group had significantly shorter skin-to-skin time (60 [50-75] min-
utes) compared with both radiofrequency (120 [90-145] minutes, P<0.001) and cryoablation (75 [60-100] minutes, P<0.001), while
fluoroscopy time was similar among groups (15 [11-21] minutes for PFA, 14 [10-20] minutes for cryoablation, P=0.599 versus
PFA and 14 [9-20] minutes for radiofrequency, P=0.454 versus PFA). Overall complication rate was 3.4% and it was significantly
higher after thermal ablation than PFA (4.6% versus 0.9%, OR, 5.5, 95% ClI, 1.3-23.5, P=0.0227). During a median follow-up of
413 [277-589] days, 139 (20.3%) patients experienced AF recurrence. The Kaplan—Meier estimated freedom from AF at 1-year
follow-up was 86.8% with PFA, 84.6% with cryoablation, and 83.3% with radiofrequency (log-rank P value: 0.839).

CONCLUSIONS: Among this cohort of female patients, de novo paroxysmal AF using a pentaspline PFA system demonstrated
significantly shorter procedural times, and a lower complication rate compared with thermal ablation systems. One-year
follow-up revealed comparable rates of AF freedom across all ablation modalities.
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CLINICAL PERSPECTIVE
What Is New?

e |n this cohort of female patients, pulsed-field
ablation for treatment of paroxysmal atrial fibril-
lation was associated with a shorter procedural
time and lower complication compared with
thermal ablation.

e Atrial fibrillation recurrence during follow up was
comparable across all ablation modalities while
atrial tachycardia/atrial flutter recurrences were
less frequent in patients treated with pulsed-
field ablation than in those treated with thermal
ablation.

What Are the Clinical Implications?

¢ In female patients undergoing ablation for par-
oxysmal atrial fibrillation, use of a pentaspline
pulsed-field ablation system was associated
with shorter procedures, fewer complications,
and similar rate of atrial fibrillation recurrence
compared with thermal ablation, suggesting po-
tential advantages for procedural efficiency and
long-term rhythm outcomes in this population.

Nonstandard Abbreviations and Acronyms

AT atrial tachycardia

ATHENA Advanced TecHnologies For
Successful Ablation of AF in
Clinical Practice

ATL atrial flutter

CHARISMA Catheter Ablation of
Arrhythmias With High-
Density Mapping System in
the Real World Practice

PFA pulse-field ablation

omen are often underrepresented in random-
Wized clinical trials, including those investigating
atrial fibrillation (AF) ablation, and are less likely
than men to undergo interventional procedures.' This

disparity highlights potential sex-based differences in
treatment strategies.” Sex-specific variations in the
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risks and benefits of catheter ablation for AF remain
a topic of debate, given the distinct differences in AF
incidence, clinical presentation, and management be-
tween men and women.*

Notably, thermal ablation procedures for AF have
been associated with higher rates of arrhythmia recur-
rence and post-procedural complications in women
compared with men."-58

Pulsed field ablation (PFA), a novel non-thermal
ablation modality based on irreversible cellular elec-
troporation, has recently become available for clinical
application. PFA has garnered significant attention due
to its unique safety profile and efficient lesion delivery.”®
Data from a large observational registry evaluating the
initial post-approval use of PFA for AF treatment suggest
no significant sex-based differences in clinical effec-
tiveness or safety.? However, the comparative efficacy
and safety of PFA versus conventional thermal ablation
techniques in the specific subset of women remain in-
adequately characterized. In addition, in most of the
published works the comparison between groups or
analysis of predictive factors included a sex analysis,
this in fact determined the loss of the relevant aspect of
a structured evaluation specific to the female universe.
With our study we aimed to evaluate the acute efficiency,
safety, and mid-term outcomes of AF ablation in female
patients only using a pentaspline PFA system compared
to thermal-based ablation technologies.

METHODS

Data Availability

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Patient Population and Study Design

Consecutive female patients with paroxysmal AF under-
going de novo pulmonary vein isolation and enrolled in
the ATHENA (Advanced Technologies For Successful
Ablation of AF in Clinical Practice) and CHARISMA
(Catheter Ablation of Arrhythmias With High-Density
Mapping System in the Real World Practice) registries at
20 ltalian centers from January 2020 to January 2024.
The ATHENA registry is a prospective, multicenter,
non-randomized post-market study in which patients
indicated to AF ablation are treated according to the
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standard care followed by each center. During the 12
months follow-up period, clinical atrial fibrillation recur-
rence, occurrence of all kind of atrial arrhythmias and of
all adverse events in the study population are collected.
The CHARISMA study is a non-randomized, multicenter,
prospective study in which consecutive patients indi-
cated for different kind of arrhythmias are enrolled, with
the aim to describe the Italian clinical practice in relation
to the ablation approach. For current analysis purpose,
from all kinds of patients indicated to different arrhyth-
mia ablation, female patients with indication to AF abla-
tion were included. The choice for ablation modality was
based on the operators’ preference and the availability
of technology in their center.

In the present analysis, the population was strati-
fied into 3 groups according to thermal ablation sys-
tems (radiofrequency or cryoablation) or pulsed-field
ablation system and then were compared by means
of a propensity score matching in a 1:1:1 ratio. Only
patients undergoing ablation of the PVs alone were
included, patients undergoing additional lesions out-
side the veins (ie, posterior wall, mitral isthmus, roof,
etc) were not included in the analysis. All patients
were followed up at the enrolling center, from the time
of first ablation to the last follow-up visit. The studies
complied with the Declaration of Helsinki; the locally
appointed ethics committee approved the research
protocol, and informed consent was obtained from all
patients.

Ablation Procedure
PFA Group

all procedures were performed under either deep con-
scious sedation or general anesthesia. The choice of
anesthesia protocol was guided by the operator’s
preference, expertise, and the patient’'s overall health
status.'®~"® Anticoagulation was administered in adher-
ence to the most recent guidelines.'* After the trans-
septal puncture, procedural activated clotting times
were maintained at a minimum of 300 seconds through
the administration of intravenous heparin bolus or con-
tinuous infusion. The procedure involved the utilization
of the penta-splines 12F over-the-wire PFA catheter
(FARAWAVE™, Boston Scientific Inc, St. Paul, MN) with
the FARAPULSE™ PFA system (Boston Scientific Inc,
St. Paul, MN). PVI was performed by means of 4 appli-
cations in a basket configuration and 4 applications in a
flower configuration per PV, as described elsewhere.'0-13
Between pairs of PFA applications, the catheter was ro-
tated by about 30°/45° after the first two applications
in each configuration, to cover the entire PV circumfer-
ence. Ablation was performed by using an amplitude
setting of 2.0 kV for each of the 4 PVs. Additional lesions
at PVs were deployed per physician’s discretion.

J Am Heart Assoc. 2026;15:e041873. DOI: 10.1161/JAHA.125.041873

PFA vs Thermal Ablation of AF in Women

Radiofrequency Group

a 3D-electroanatomical mapping system (Carto 3,
Biosense Webster; EnSite NavX, Abbott or Rhythmia,
Boston Scientific) was used to guide mapping and ab-
lation in all cases. Left atrial electroanatomic mapping
and PVI were achieved via a multipolar catheter and an
open- irrigated radiofrequency ablation catheter accord-
ing to center/operator's preferences. Radiofrequency
ablation was performed with a power of >45 W.

Cryoablation Group

After transseptal catheterization, the cryoablation-
balloon was inserted into the left atrium via the steer-
able sheath. Mapping of the PVs was performed by
means of the dedicated mapping catheter advancing
into each PV ostium and positioned as proximally as
possible, in order to record PV potentials. A 28-mm or
31-mm was advanced, inflated, and positioned at each
PV antrum. Protocol-directed cryoablation was admin-
istered for 180 seconds or 240 seconds, based on the
operator’s preference. If isolation was achieved within
<60 seconds, a 180-second freeze was employed; oth-
erwise, a 240-second freeze was applied. If PV isolation
did not occur after the second freeze, the decision to
proceed with additional lesions was taken based on the
other parameters according to operator feedback, by
instances when time to isolation data were unavailable
or when proper contact/occlusion was achieved.

Post-Ablation Management
Follow-up evaluations were conducted at outpatient
clinics at 1, 3, 6, and 12 months post-procedure, or
as needed in response to patient complaints. These
assessments comprised a detailed review of medical
history, physical examination, 12-lead electrocardiog-
raphy, Holter monitoring (24-hour, 48-hour, or 7-day),
and evaluation for adverse events.

Any atrial tachyarrhythmia defined as episodes >30
s was considered a recurrence. Recurrence was as-
sessed with a standard ECG or Holter ECG monitoring
or by interrogation of implantable loop recorders or im-
planted devices, if applicable. Additionally, any symp-
toms following ablation were deemed to warrant Holter
ECG monitoring. The primary endpoint of this analy-
sis is the freedom from atrial arrhythmia recurrence
at 1-year follow-up. During the initial 3-month period
post-ablation (the blanking period), occurrences of
AF or atrial tachycardia (AT) or atrial flutter (AFL) were
not classified as recurrences. The differentiation of the
classification of arrhythmias, AF and AT/AFL is based
on the evaluation of ECG or Holter ECG monitoring
recording according to the conventional criteria of AF
and AT/AFL suggested by the current guidelines.'



9202 ‘9T Yore |\ uo Ag Bio'sfeuinofeye//:diy wouy pspeojumoq

Ribatti et al

Anticoagulation and antiarrhythmic therapies were
maintained following the ablation. At the 3-month fol-
low-up, decisions regarding the continuation of anticoag-
ulation therapy were guided by the patient’s stroke risk,
while the ongoing use of antiarrhythmic drugs was de-
termined at the treating physician’s discretion. Major ad-
verse events, including cardiac tamponade, air embolism,
stroke, transient ischemic attack, atrio-esophageal fistula,
and mortality, were recorded. The relationship between
each adverse event and the procedure and/or device
was assessed by the respective participating center.

Statistical Analysis

Descriptive statistics are reported as means+SD for nor-
mally distributed continuous variables, or medians with
25th to 75th percentiles in the case of skewed distribu-
tion. Normality of distribution was tested by means of the
nonparametric Kolmogorov—Smirnov test. Differences
between mean data were compared by means of a
t-test for Gaussian variables, and the F-test was used
to check the hypothesis of equality of variance. The
Mann-Whitney non-parametric test was used to com-
pare non-Gaussian variables. Differences in proportions
were compared by applying x2 analysis or Fisher’s exact
test, as appropriate. Univariable Cox proportional haz-
ards models were used to determine the association
between procedural parameters and the occurrence
of atrial arrhythmia events during the follow-up period,
and to estimate the hazard ratios (HRs) with 95% Cls.
The cumulative probability of arrhythmia recurrence
was displayed by means of the Kaplan—-Meier method,
and the log-rank test was used to compare cumula-
tive events. To reduce confounding, we performed 1:1

PFA vs Thermal Ablation of AF in Women

nearest-neighbor propensity score matching without re-
placement. Given the 3 treatment groups (PFA, cryoab-
lation, radiofrequency), we conducted separate pairwise
logistic regressions (PFA versus cryoablation, PFA ver-
sus radiofrequency, cryoablation versus radiofrequency)
to estimate propensity scores based on the following co-
variates: age, history of atrial arrhythmias, chronic kidney
disease, chronic obstructive pulmonary disease, heart
failure, hypertension, coronary/peripheral artery disease,
history of thromboembolic event, left atrial dimension,
left ventricular ejection fraction, and sleep apnea. From
the 3 matched cohorts, we identified patients common
to all comparisons, resulting in a final matched popula-
tion of 684 patients (=228 per group; 1:1:1 ratio). After
matching, standardized mean differences for all covari-
ates were<0.1, indicating good balance. All statistical
analyses were performed by means of R: A language
and environment for statistical computing (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

Study Population and Procedural
Characteristics

Atotal of 1001 female patients were included: 376 (37.6%)
underwent cryoablation ablation, 342 (34.2%) radiofre-
quency ablation, and 283 (28.3%) PFA. After propensity
score matching, the analysis was restricted to 684 pa-
tients in a 1:1:1 ratio: 228 (33%), PFA group versus 228
(33%), cryoablation group versus 228 (33%), radiofre-
quency group. Baseline clinical variables and procedural
parameters of the unmatched and matched cohort study
groups were reported in Table S1 and Table 1.

Table 1. Baseline Clinical Characteristics of the Propensity Score-Matched Population Presented for the Entire Population
and According to Matched Cohort Study Groups: Radiofrequency, Cryoablation and PFA

Overall population Cryoablation Radiofrequency | PFA

Parameter (n=684) (n=228) (n=228) (n=228) P value
Age, y 63.4+9 63.3+9 62.9+9 63.9+9 0.496
Left Atrial volume, mL 33.0+10 32.2+10 33.4+10 33.2+10 0.581
LVEF, % 60.1+6 60.2+6 60.0+7 60.1£5 0.951
History of AT/AFL, n (%) 63 (9.2) 19 (8.3) 23 (10.1) 21(9.2) 0.811
Structural heart disease (non- 32 (4.7) 7(3.1) 15 (6.6) 10 (4.4) 0.201
ischemic), n (%)

Coronary artery disease, n (%) 34 (5.0) 13(6.7) 9(3.9) 12 (6.3) 0.669
CKD, n (%) 2(0.3) 0(0.0) 1(0.4) 1(0.4) 0.606
COPD, n (%) 13 (1.9) 3(1.3) 5(2.2) 5(2.2) 0.731
History of HF, n (%) 8(1.2) 2 (0.9 3(1.3) 3 (1.3 0.881
Sleep apnea, n (%) 13 (1.9) 4(1.8) 3(1.3) 6 (2.6) 0.578
Hypertension, n (%) 295 (43.1) 92 (40.4) 106 (46.5) 97 (42.5) 0.407
Stroke/TIA, n (%) 16 (2.3) 6 (2.6) 5(2.2) 5(2.2) 0.938
Antiarrhythmics, n (%) 353 (51.6) 120 (52.6) 115 (50.4) 118 (51.8) 0.895

Data are reported as median [IQ range, Q1-Q3] or number (percentage). AT indicates atrial tachycardia; AFL, atrial flutter; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; HF, heart failure; LVEF, left ventricular ejection fraction; PFA, pulsed-field ablation; and TIA, transient ischemic attack.
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Table 2. Procedural Details of the Propensity Score-Matched Population Presented for the Entire Population and
According to Matched Cohort Study Groups: Radiofrequency, Cryoablation, and PFA

Overall population Cryoablation Radiofrequency PFA
Parameter (n=684) (n=228) (n=228) (n=228) P value
Mapping system used, n (%) 285 (41.7) 22 (9.6) 228 (100.0) 35 (15.4) <0.001
Intracardiac echocardiography, n (%) 157 (23.0) 16 (7.0) 68 (29.8) 73 (32.0) <0.001
Skin-to-skin (primary operator) time, min 80 [60-120] 75 [60-100] 120 [90-145] 60 [50-75] <0.001
Total fluoroscopy time, min 14.1 [10-20] 14 [10-20] 14 [9-20] 15 [11-21] 0.887
Left atrium dwell time, min 20 [13-28] 16 [12-25] 25 [14-35] 18 [13-23] <0.001

Data are reported as median [IQ range, Q1-Q3] or number (percentage). LA indicates left atrium; and PFA, pulsed-field ablation.

Procedural Efficiency

The median skin-to-skin time, fluoroscopy time and
left atrium dwell time were 80 [60-120] minutes, 14.1
[10-20] minutes and 20 [13-28] minutes, respectively.
A 3D-mapping system was used to guide the ablation
and validate the lesion set in all the radiofrequency pro-
cedures (=228, 100%), while its use was less frequent
in both PFA (n=35, 15.4%, P<0.001) and cryoablation
(n=22, 9.6%, P<0.001) procedures. The PFA group
(Table 2) had significantly shorter skin-to-skin time (60
[50-75] minutes) and left atrium dwell time (18 [13-23]
minutes) compared with thermal energy sources (skin-
to-skin time: 100 [70-120] minutes, P<0.001; left atrium
dwell time: 20 [12—-30] minutes, P=0.0002, respectively)
while fluoroscopy time was similar between groups
(15 [11-21] minutes for PFA versus 14 [10-20] minutes
for thermal energy sources, P=0.449). Considering
energy sources separately, the PFA group exhibited
significantly shorter skin-to-skin time compared with
both radiofrequency (120 [90-145] minutes, P<0.001)
and cryoablation (75 [60—100] minutes, P<0.001), while
fluoroscopy time was similar among groups (14 [10-20]
minutes for cryoablation, P=0.599 versus PFA and 14

[9-20] minutes for radiofrequency, P=0.454 versus
PFA). Left atrium dwell time was longer during radi-
ofrequency procedures (25 [14-35] minutes) than both
cryoablation (16 [12-25] minutes, P<0.0001 versus
radiofrequency) and PFA (P<0.0001 versus radiofre-
quency, P=0.802 versus cryoablation). Figure 1 reports
procedural times according to the energy source
adopted during the procedure and Figure S1 provides
procedural times for the unmatched population.

Ablation Outcome and Predictors of Atrial
Arrhythmia Recurrence During Follow-Up

During a median follow-up of 413[277-589] days, 99
(14.5%) patients experienced AF recurrence, 29 (4.2%)
an AT/AFL recurrence, and 40 (5.8%) experienced both
events, resulting in 168 (24.6%) patients who suffered
overall an AF/AT/AFL recurrence after the 90-day blank-
ing period. At 1-year follow-up the rate of AF/AT/AFL
recurrence, AF or AT/AFL recurrence rate was 18.6%
(n=127), 151% (n=103) and 42 (6.1%), respectively. The
Kaplan—Meier estimated freedom from AF at 1-year
follow-up was 84.9%, with similar rate between PFA

P<0.007 Procedural times
160 P<0.001 P<0.001
R .
140
1¥0
120
100 J
é 80 % P<0.001
l qO P=0.599
60 P<0.007  P=0.802
J. P=0.770 P=0.454
40
14 14 15 2|5 18
20 T T T 1 I+I
0 == Em
Skin-to-skin time/Procedural time Fluoroscopy time LA dwell time
OCryo (n=228) [RF(n=228) [EPFA (n=228)

Figure 1. Procedural times among groups.

Skin-to-skin time, fluoroscopy time and left atrium dwell time were compared between matched cohort study groups (RF, Cryo and
PFA). Cryo indicates cryoabalation; PFA, pulse-field ablation; and RF, radiofrequency.
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AF Recurrence
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Figure 2. Kaplan-Meier estimated freedom from AF at 1-year follow-up.
Survival curve from AF recurrence during follow-up after the 90-day blanking period, according to
energy source (RF, Cryo and PFA). AF indicates atrial fibrillation; Cryo, cryoabalation ; PFA, pulse-

field ablation; and RF, radiofrequency.

and conventional thermal energy (cryoablation and ra-
diofrequency) and among energy sources considering
separately (Figure 2 and Figure S2 for the unmatched
population): 86.8% with PFA versus 84% with thermal
energy (log-rank P value: 0.642); 84.6% with cryoabla-
tion, and 83.3% with radiofrequency (overall log-rank
P value: 0.839). Figure 3 shows the survival curve free
from AF/AT/AFL (81.4%) during follow-up after the 90-
day blanking period: 83.8% with PFA versus 80.3%
with thermal energy (log-rank Pvalue: 0.673); 81.6%
with cryoablation, and 78.9% with radiofrequency
(overall log-rank P value: 0.717) and Figure S3 for the
unmatched population. Figure S4 shows the survival
curve free from AT/AFL (93.9%) during follow-up after
the 90-day blanking period: 96.1% with PFA versus
92.8% with thermal energy (log-rank P value: 0.185);
94.3% with cryoablation (OR, 0.68, 95%Cl, 0.28-1.62,
P=0.385 versus PFA), and 91.2% with radiofrequency
(OR, 0.43, 95%ClI, 0.19-0.98, P=0.039 versus PFA),
overall log-rank P value: 0.182 with a trend in favor of
PFA versus radiofrequency, log-rank Pvalue: 0.082.At
multivariate logistic analysis adjusted for baseline con-
founders (Tables S2 and S3), indexed left atrial volume
emerged as the only parameter independently associ-
ated with AF recurrence (HR=1.03, 95%Cl, 1.002-1.05,
P=0.0328) and the combined endpoint of AF/AT/AFL

J Am Heart Assoc. 2026;15:e041873. DOI: 10.1161/JAHA.125.041873

recurrence (HR=1.03, 95%Cl, 1.01-1.05, P=0.0132) du-
ring follow-up.

Periprocedural Complications

Overall complication rate was 3.4%, significantly higher
in the thermal ablation (4.6%) than in the PFA group
(0.9%, OR, 5.5, 95%Cl, 1.3-28.5, P=0.0227). The rate of
major complications was 0.9% consisting of 4 cardiac
tamponades (0.6%, 3 in the radiofrequency group and 1
in the cryoablation group), one pericardial effusion with
the need of hemodynamic support (0.1%, in the cryoab-
lation group) and one stroke (0.1%, in the radiofrequency
group). No esophageal complications, PV stenosis, per-
sistent phrenic nerve injury or anesthesia-related com-
plications were reported. Minor complications were
reported in 17 patients (2.5%) after the procedure, pre-
dominantly related to vascular accesses or catheteriza-
tion (n=5, 0.7%), pericardial effusion without intervention
(n=5, 0.7%) or transient phrenic nerve palsy (=4, 0.6%).
Specifically, it was higher after radiofrequency ablation
(56.3%) than PFA (P=0.012), it was not statistical different
after radiofrequency and cryoablation (3.9%, P=0.656)
procedures and we found a non-significant trend in
favor of PFA than in cryoablation procedures (P=0.062).
Details are reported in Table 3.
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Figure 3. Kaplan-Meier estimated freedom from any atrial arrhythmia at 1-year follow-up.
Survival curve from any atrial arrhythmia recurrence during follow-up after the 90-day blanking
period, according to energy source (RF, Cryo and PFA). Cryo indicates cryoabalation; PFA, pulse-

field ablation; and RF, radiofrequency.

DISCUSSION

Main Findings
This prospective, observational, multicenter analysis
represents the first study to specifically evaluate acute

efficacy, safety, and mid-term outcomes of de novo
PVI for AF in female patients using the pentaspline
PFA system compared to thermal-based ablation
technologies.

The analysis revealed several significant findings:

Table 3. Periprocedural Complications of the Propensity Score-Matched Population With Major and Minor Periprocedural
Complications Presented for the Entire Population and According to Matched Cohort Study Groups: Radiofrequency,

Cryoablation, and PFA

Overall
population Cryoablation Radiofrequency PFA
Parameter (n=684) (n=228) (n=228) (n=228)
Major complications 6(0.9) 2(0.9) 4(1.8) 0(0.0)
Cardiac/Pericardial tamponade, n (%) 5(0.7) 2(0.3) 3(0.6) 0(0.0)
Stroke, n (%) 1(0.1) 0(0.0) 1(0.1) 0(0.0)
TIA, n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Phrenic nerve injury (persistent), n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Death, n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Acute kidney injury, n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Minor complications 17 (2.5) 7(3.1) 8(3.5) 2(0.9)
Phrenic nerve injury, n (%) 4(0.6) 4(1.8) 0(0.0) 0(0.0)
Pericardial effusion without intervention, n (%) 5(0.7) 1(0.4) 4(1.8) 0(0.0)
Vascular complication, n (%) 5(0.7) 1(0.4) 2(0.9) 2(0.9)
Carbonarcosis, n (%) 1(0.1) 0(0.0) 1(0.4) 0(0.0)
Hemoptysis with severe lung parenchyma, n (%) 1(0.1) 1(0.4) 0(0.0) 0(0.0)
Transient AV dissociation, n (%) 1. 0(0.0) 1(0.4) 0(0.0)
All complications, n (%) 23 (3.4) 9(3.9) 12 (5.3) 2(0.9)

PFA indicates pulsed-field ablation; and TIA, transient ischemic attack.

J Am Heart Assoc. 2026;15:e041873. DOI: 10.1161/JAHA.125.041873 7
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1. In female patients undergoing PVI for paroxys-
mal AF, PFA was associated with significantly
shorter procedural times compared with con-
ventional thermal ablation systems.

2. 12 months freedom from AF was high (>80%
at 1 year), with comparable rates of arrhythmia-
free survival across all ablation modalities during
follow-up.

3. The overall complication rate was 3.4%, with sig-
nificantly fewer complications observed follow-
ing PFA compared with thermal ablation (0.9%
versus 4.6%, P=0.0227).

Procedural Efficiency

Recent findings demonstrated that PFA was associated
with shorter procedure times than thermal ablation but
required a longer duration of fluoroscopy.'®'® According
to this, in our large female real clinical practice, we found
that PFA was associated with shorter procedural time
compared with both cryoablation and radiofrequency
procedures. In addition to that, PFA also achieved a
shorter left atrium dwell time (18 minutes), 7 minutes
shorter than radiofrequency (25 minutes) and compara-
ble to cryoablation (16 minutes). Differently from previous
literature''® fluoroscopy time, was similar in all groups.
This lack of difference may be attributable by the multi-
center nature of the study as well as by not having as a
pre-determined focus in fluoroscopy exposition, particu-
larly in procedures where a mapping system was used
systematically (ie, radiofrequency procedures). However,
operator experience has been shown to reduce fluor-
oscopy exposure during PFA' therefore, with the de-
velopment of full integration between this system and
EAM systems, the potential drawback of fluoroscopy
dependency of PFA would be overcome.

The application of ionizing radiation in medical pro-
cedures carries notable health risks for both patients
and healthcare providers. Emerging evidence suggests
that women may be particularly vulnerable to radiation-
induced injury during fluoroscopy-guided interventions,
such as atrial fibrillation ablation. This increased suscep-
tibility is attributable to several factors, including biologi-
cal differences such as the heightened radiosensitivity of
breast tissue and reproductive organs.'®

In addition, the smaller average body size of women
may result in increased radiation dose absorption rela-
tive to tissue volume. The reduced procedure time with
PFA has significant clinical implications, particularly for
women who, as reported in previous studies, often
present with smaller left atria and increased procedural
complexity.”® In addition to this, female sex is known
to relate to an increased risk of stroke/transient isch-
emic attack and major complications compared with
male sex during AF ablation procedures,?® indepen-
dent of follow-up time. For all these reasons the hereby
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reported results on procedural tolerability may direct
operator’s preference to PFA within woman.

One-Year Outcome

Many studies indicate that women may experience
poorer outcome, higher burden of AF-related comor-
bidities and treatment failure compared with men.2-23

Results from a recent cohort study on PFA-only
procedures® suggest that after PFA for AF, there were
no significant sex differences in clinical effectiveness
or safety events. In our study of female patients only,
mid-term efficacy results were comparable between
PFA and thermal energy modalities. At one year, the
Kaplan—Meier estimate of freedom from AF recurrence
was 84.9%, with no significant differences between
PFA (86.8%) and thermal energy (84%). Similarly, the
combined endpoint of AF/AT/AFL recurrence showed
no significant difference between energy source
groups (81.4% for PFA versus 80.3% for thermal en-
ergy). These results are consistent with previous stud-
ies data suggesting equivalence of PFA and thermal
energy in achieving durable pulmonary vein isolation
in paroxysmal AF patients®* and in line with the recent
work of Turagam et al. which reported ~80% of clinical
effectiveness in the female group.®

In our analysis we found double AT/AFL recurrences
in the radiofrequency (8.8%) compared with the PFA
group (3.9%), and a trend of higher recurrences of AT/
AFL in the cryoablation (5.7%) compared with PFA
group (3.9%). This aspect could be determined by the
different lesion modality between radiofrequency (ie,
punctiform and possibly non-transmural lesions) and
PFA (a homogeneous electroporation ablation through
a basket/flower configuration of the pentaspline PFA
catheter). Although not statistically significant in the
temporal analysis given the sample size and the low
overall recurrence rate, radiofrequency therefore
seems more subject to AT/AFL recurrences (possible
left AT and micro-reentrant tachycardias) compared
with cryoablation or PFA. A comparative study spe-
cifically evaluating radiofrequency versus PFA and
cryoablation versus PFA in female patients, powered
to detect potential differences in AT/AFL recurrences,
would be valuable to confirm these important findings
and assess their potential healthcare expenditures re-
lated to ablation therapy.

Importantly, indexed left atrial volume emerged
as the only independent predictor of AF recurrence,
highlighting the role of atrial remodeling in ablation
outcomes. Female patients demonstrated more ad-
vanced atrial remodeling and greater arrhythmia recur-
rence after AF ablation compared with male patients
in terms of high-density electroanatomic mapping with
lower atrial voltage, reduced conduction velocity, and
greater proportion of complex fractionated signals.
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These sex-related differences in atrial electrophysi-
ology may contribute to worse long-term arrhythmia
outcomes.?® Future studies should investigate whether
specific procedural strategies, such as adjunctive ab-
lation beyond PVI or targeted substrate modification,
could further improve outcomes in women with en-
larged atria or persistent AF.

Safety Profile
The safety advantages of PFA over thermal energy were
pronounced in this study. The overall complication rate
was significantly lower with PFA (0.9%) compared with
thermal ablation (4.6%), with a fivefold reduction in the
odds of complications. The majority of major compli-
cations, including cardiac tamponade and stroke, oc-
curred in the radiofrequency and cryoablation groups,
with none reported in the PFA cohort. Procedural and
dwelling time in the left atrium may, in fact, be critical in
this respect. In addition, no esophageal injury, phrenic
nerve palsies or pulmonary vein stenosis were ob-
served in the PFA group, highlighting its safety profile.
The reduced risk of complications with PFA is likely
due to its non-thermal mechanism, which spares ad-
jacent tissues while delivering precise lesions. This is
particularly relevant for women, who have been shown
to face a higher risk of vascular complications and car-
diac tamponade following AF ablation procedures.?®

Clinical Perspective
This study highlights the importance of evaluating sex-
specific outcomes in AF ablation. Women enrolled in
AF randomized clinical trials were likely to have more
comorbidities but less advanced AF, limiting the ap-
plicability of general results to women with AF.26 Sex-
specific differences in physiological, electrical and
structural characteristics of the atria, which may result
in higher AF recurrence in women than in men, include
lower repolarizing ion currents, longer action poten-
tial duration in female atria, greater frequency of non-
pulmonary triggered activity, inflammatory processes
and more pronounced AF-associated fibrotic remod-
eling and AF progression.?’—2°

The comparable efficacy of PFA and its lower com-
plication rates offer a promising solution to address
these disparities. In addition, the streamlined proce-
dural workflow of PFA may reduce access barriers for
women, who are less likely than men to undergo ab-
lation despite similar symptom burden. Despite these
advantages, the comparable long-term efficacy of PFA
and thermal ablation suggests that operator experi-
ence, patient selection, and procedural planning remain
critical determinants of success. Further research is
needed to assess the long-term impact of PFA on qual-
ity of life and symptom resolution in female patients, as
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well as to explore its role in challenging cases such as
persistent AF or concomitant atrial flutter.

Limitations

The principal limitations of this analysis arise from its
intrinsic non-randomized design. Nevertheless, both
registries were conducted prospectively, adhering
to the standard-of-care protocols at each participat-
ing center for AF ablation and patient management.
Secondly, sinus rhythm maintenance was defined
mainly on the basis of patients’ symptoms, ECG and
scheduled Holter monitoring, therefore some epi-
sodes of asymptomatic recurrence of atrial fibrillation
may have been missed because continuous invasive
monitoring was not used. Holter monitoring strategy
was selected according to each center and operators
maintained their usual clinical practice. However, con-
sidering that our evaluation methods is comparable to
those used in most similar literature, it looks rather ac-
ceptable for the conclusion of the study. Atrial arrhyth-
mias during the blanking period were not taken into
account for analysis purposes. This analysis included
female patients only, implying the absence of compari-
son to men. Although this may represent a limitation in
terms of the extent of the analyses, it is exactly what
is wanted, to report and highlight any differences in
the use of different technologies in the female context
only. Our findings may not be generalizable to women
of other racial/ethnic groups. Due to the small number
of safety outcome events, the study is unpowered to
prove differences among the 3 groups. Lastly, no data
on PV reconnections were available after the ablation
procedures for all groups.

CONCLUSIONS

Our results demonstrate that in woman PVA offers
comparable mid-term efficacy with significantly shorter
procedure times and a more favorable safety profile
than both radiofrequency and cryoablation proce-
dures, underscoring its potential to address the chal-
lenges of AF ablation in female patients undergoing PVI
of paroxysmal AF.
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