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ABSTRACT
Background: Data on sex‐related outcomes of pulmonary vein isolation (PVI) of cryoballoon ablation (CBA) in atrial fibril-

lation (AF) are sparse.

Aim: To compare sex‐differences in PV reconnection, strategy and outcome of repeat ablations after CBA.

Methods: Repeat procedures were performed using radiofrequency ablation guided by 3D mapping. PV reconnection char-

acteristics were compared in 229 patients (77 (33.6%) females). In durable PVI patients, we compared left atrial voltage maps,

ablation strategy and 1‐year outcome. Clinical success was defined as freedom of documented AF or atrial tachycardia

(AT) > 30 s.

Results: Female patients had a lower overall number of PV reconnections (0.8 ± 0.9 vs 1.2 ± 1.0, p< 0.001) driven by less

reconnected left PVs: 13/77 (16.9%) vs 51/152 (33,6%), p= 0.008 and 7/77 (9.1%) vs 39/152 (25.7%), p= 0.003 for LSPV and LIPV,

respectively. Durable PVI was more frequent in women (34/77 (44.1%) vs 37/152 (24.4%), p= 0.001). Female sex was the only

independent predictor for durable PVI (HR= 2.003; 95% CI 1.090–3.682; p= 0.025). In durable PVI patients, substrate ablation

was more frequently performed in women (21/35 (60%) vs 13/35 (37.1%), p= 0.044), mainly targeting the higher prevalent atrial

low‐voltage zones (21/35 (60.0%) vs 12/36 (33.3%), p= 0.017). At 1 year, recurrence of AF/AT did not differ between sexes: 6/35

(17.1%) versus 8/35 (22.9%), p= 0.591.

Conclusions: The higher persistence of durable PVI in women points to a sex difference in AF recurrence driver after CBA. In

durable PVI patients, a higher prevalence of low‐voltage regions results in more substrate ablation in women. Despite sex

differences in ablation strategy, 1‐year outcome was similar.

1 | Introduction

Past studies show a higher risk of atrial fibrillation (AF)
recurrence after catheter ablation in women (AF) [1–6].

Different explanations have been suggested including reporting
bias due to higher symptom burden and more advanced AF due
to later referral in women [7, 8]. However, more recently, An-
drade et al. reported no sex‐related differences in arrhythmia
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recurrence or improvement of quality of life after ablation for
paroxysmal AF in the CIRCA‐dose trial [9]. These findings
might be a result of a change in practice over time, in which
female patients are ablated earlier as compared to previous
cohorts [9]. Of interest, most of these studies encompass cath-
eter ablation using radiofrequency (RF) energy. Data on sex
differences in cryoballoon ablation (CBA) remain sparse [4, 5].
In the present study we aim to determine whether sex differ-
ences are present by studying a large cohort of patients un-
dergoing a first repeat ablation after CB pulmonary vein
isolation (PVI). More specific, we ought to compare (1) PV re-
connections characteristics between men and women in in a
large group of repeat ablation studies and (2) 3D left atrial (LA)
voltage map findings, ablation strategy and 1‐year outcome in
the subgroup of patients with durable PVI at repeat ablation.

2 | Methods

2.1 | Study Design

In this observational, retrospective single‐center study, we
analyzed 229 consecutive AF patients (derived from the
Middelheim‐PVI registry 2 composed of 1000 consecutive pa-
tients) who underwent a first repeat ablation between March
2017 and July 2022 after CBA at the Middelheim Heart Center
in Antwerp. Atrial arrhythmia recurrence was detected by
ambulatory electrocardiogram, Holter monitor, or implantable
loop recorder. The study was approved by the local ethics
committee.

2.2 | Index CB Ablation Procedure

Since more than a decade, first PVI procedures are performed
with cryotherapy in our center. Our routine PVI protocol using
CB has been previously described in detail [10]. In brief, after
single transseptal puncture, a 15‐Fr steerable sheath (FlexCath
AdvanceTM, Medtronic Inc. Minneapolis, USA) was advanced
into the LA cavity and an inner‐lumen mapping catheter
(AchieveTM, Medtronic Inc. Minneapolis, USA) was advanced
and positioned in each PV ostium. A second‐generation 28‐mm
CB (Artic Front AdvanceTM, Medtronic Inc. Minneapolis, USA)
was advanced, inflated and positioned at the PV ostium. Con-
trast injection was performed and cryoablation was started
when vessel occlusion was deemed optimal. Effort was made to
record PV activity before cryoablation, allowing real‐time
monitoring of PV entrance block. All relevant procedural data
were systematically collected.

2.3 | Repeat RF Ablation Procedure

All repeat ablations were performed using RF energy. After
double transseptal puncture, a 3D electro‐anatomical map of
the LA was acquired. A 3‐dimensional (3D) reconstruction of
the LA was made guided by a 3D non‐fluoroscopic navigation
system (CARTOTM, Biosense‐Webster, Johnson & Johnson,
USA) and a dedicated mapping catheter (PentarrayTM, Biosense
Webster. California, USA). RF ablation was performed with an

open‐irrigated‐tip catheter with contact‐force monitoring
(Thermocool SmarttouchTM, Biosense Webster. California,
USA) in power‐controlled mode with a power limit of 35W and
maximum temperature of 48◦C. The power was reduced at the
posterior wall to 30W and further adopted in case of esophageal
temperature rise during ablation.

PV reconnection (PVR) was evaluated per individual PV—left
superior PV, left inferior PV, right superior PV, and right
inferior PV—irrespective of a common ostium anatomy. When
ostial PVI was observed, this was considered as PVR and more
antral PVI was performed. In case of PV reconnection, re‐
isolation was performed. If PVI proved to be durable at baseline,
further ablation strategy was performed on a case‐by‐case basis
at the discretion of the operator. Ablation strategy was catego-
rized as targeted or empirical ablation. In targeted ablation an
induced non‐PV trigger or atrial arrhythmia was targeted. In
empirical ablation common non‐PV triggers or substrate
(mainly low voltage zones (LVZ)) were targeted. When both
targeted and empirical targets were ablated, the ablation strat-
egy was considered targeted. LWZ were graded based on loca-
tion (anterior, posterior, septal, roof of left atrium, or right
atrium). When LVZ extended to more than two zones, the LVZ
was graded as diffuse.

2.4 | Follow‐up

All patients underwent follow‐up consultations and electro-
cardiogram at scheduled (6–12 months) and unscheduled (if
symptoms) visits. In case of symptoms, the related arrhythmia
was documented by electrocardiogram, Holter monitoring (1‐ to
7‐day), or event recording. Clinical success at 1‐year follow‐up
was defined as freedom of documented AF/AT > 30 s, without
AADs, and after a 2‐month blanking period.

3 | Statistical Analysis

The Shapiro‐Wilk test was used to examine if a continuous
variable was normally distributed. Continuous variables with
normal distribution were expressed as mean ± standard devia-
tion. Continuous variables without normal distribution were
expressed as median (interquartile range (IQR)). Categorical
variables were expressed as percentages. The 2‐sided Student
t‐test for independent samples was used to compare continuous
variables when values were homoscedastic, and its non-
parametric equivalent (Mann‐Whitney U test) was used when
variables were heteroscedastic. The Chi‐square or Fisher exact
test was used to compare categorical variables. Kaplan‐Meier
survival analysis was performed to analyze the cumulative
event rates (recurrence of AF/AFl/AT) and the log‐rank test
was used to detect significant differences between groups. To
assess the contribution of baseline patient characteristics to
recurrence of arrhythmias multivariable Cox proportional haz-
ard regression analysis was used. Only variables which were
statistically significant in univariable analysis were used for the
multivariable analysis. A p value of < 0.05 was considered sta-
tistically significant. IBM SPSS Statistics (version 22; SPSS Inc.,
Chicago, Illinois) was used for all statistical analyses.
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4 | Results

4.1 | Analysis of all Repeat Ablation
Procedures (N= 229)

4.1.1 | Comparison of Baseline Variables and
Procedural Characteristics of the Index CBA

Of the 229 recurrent AF patients undergoing a repeat ablation
after CBA, 77 patients (34%) were female. Sex‐differences in
baseline variables and procedural characteristics of the index
CBA are outlined in Tables 1 and 2.

Compared to men, female patients were older (66.4 ± 9.0 vs
63.1 ± 10.0 years, p= 0.017), had higher CHA2DS2‐VASc scores
(2.7 ± 1.3 vs 1.7 ± 1.7, p< 0.001) and smaller LA diameters
(42.2 ± 7.1 vs 45.6 ± 6.4, p< 0.001). AF type differed at baseline
with more prevalent paroxysmal AF in women (59.7% vs 43.4%,
p= 0.020). Time to AF/AT recurrence after index CBA
(9.4 ± 8.3 months in women vs. 10.9 ± 10.1 in men, p= 0.080)
nor the time between index and repeat ablation (16.9 ± 13.2
months in women vs 14.2 ± 16.0 in men, p= 0.217) differed
between sexes. There were no differences in incidence of left
common pulmonary veins (12/77 (15.6%) in women vs. 20/152
in men (13.2%), p= 0.617) or right middle pulmonary veins (7/
77 (9.1%) in vs. 12/152 (8.0%), p= 0.757).

No major differences in baseline recording of PV signals and
freezing characteristics were seen between women and men

besides a higher temperature at isolation of the RIPV
(−28.5 ± 9.4 vs −37.2 ± 10.0°C, p< 0.001) and higher minimum
temperature of the RIPV (−48.1 ± 5.3 vs −49.4 ± 6.1°C,
p= 0.035).

All veins could be successfully isolated with the CB at
index PVI.

4.1.2 | Comparison of PV Reconnection
Characteristics (N= 229)

PV reconnection characteristics at repeat ablation study are
summarized in Table 3.

Durable isolation of all PVs was seen in 71 out of the 229
patients, (31.0%), significantly more in women (34/77
(44.1%)) then men (37/152 (24.4%)) (p < 0.001). Also, the
overall number of reconnected PVs was lower in women
(0.8 ± 0.9 vs 1.2 ± 1.0 in men, p < 0.001) driven by less re-
connected left PVs: 13/77 (16.9%) vs 51/152 (33,6%), p= 0.008
and 7/77 (9.1%) vs 39/152 (25.7%), p= 0.003 for LSPV and
LIPV, respectively.

Uni‐ and multivariable adjusted predictors of durable
PVI of all veins are outlined in Table 4. Female sex was the
only independent predictor of finding durable PVI of all
veins at repeat ablation (HR = 2.003; 95% CI 1.090–3.682;
p = 0.025).

TABLE 1 | Baseline variables of patients undergoing a repeat ablation procedure.

Total
(N= 229)

Female
patients (N= 77)

Male
patients (N= 152) p value

Age (years, mean ± SD) 64.2 ± 9.8 66.4 ± 9.0 63.1 ± 10.0 0.017

BMI (kg/m2, mean ± SD) 28.0 ± 4.9 28.1 ± 6.0 27.9 ± 4.2 0.746

AHT (N, %) 122 (53.3%) 47 (61.0%) 75 (49.3%) 0.094

DM (N, %) 27 (11.8%) 10 (13.0%) 17 (11.2%) 0.689

Previous CVA/TIA(N, %) 23 (10.0%) 6 (7.8%) 17 (11.2%) 0.420

CHA2DS2‐VASC score (mean ± SD) 2.1 ± 1.5 2.7 ± 1.3 1.7 ± 1.7 < 0.001

OSAS (N, %) 23 (10.0%) 3 (3.9%) 20 (13.2%) 0.280

Structural heart disease (N, %) 74 (32.3%) 20 (26.0%) 54 (35.5%) 0.186

LA diameter (mm, mean ± SD) 44.4 ± 6.8 42.2 ± 7.1 45.6 ± 6.4 < 0.001

LCPV 32 (14.0%) 12 (15.6%) 20 (13.2%) 0.617

RMPV 19 (8.3%) 7 (9.1%) 12 (8.0%) 0.757

Diagnosis‐to‐ablation time (months, mean±SD) 39.1 ± 51.6 35.6 ± 50.9 41.0 ± 52.0 0.277

Type of AF (N, %)

Paroxysmal AF 112 (48.9%) 46 (59.7%) 66 (43.4%) 0.020

Persistent AF < 1 year 107 (46.7%) 27 (35.1%) 80 (52.7%) 0.012

Persistent AF > 1 year 10 (4.4%) 4 (5.2%) 6 (3.9%) 0.944

No of prior AAD (mean ± SD) 1.5 ± 0.8 1.6 ± 0.8 1.4 ± 0.8 0.218

Tachycardia‐induced cardiomyopathy (N, %) 26 (11.4%) 10 (13.0%) 16 (10.5%) 0.579

Note: Data are presented as the mean value ± SD or number (%) of patients.
Abbreviations: AAD, antiarrhythmic drugs; AF, atrial fibrillation; BMI, body mass index; CVA, cerebrovascular accident; DM, diabetes mellitus; LA, left atrium; LCPV,
left common pulmonary vein; OSAS, obstructive sleep apnea syndrome; RMVP, right middle pulmonary vein; TIA, transient ischemic attack.
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TABLE 2 | Freezing characteristics and PV recording for each PV at index CBA.

Total (N= 229) Female patients (N= 77) Male patients (N= 152) p value

LSPV

Number of freezes (N, ±SD) 1.3 ± 0.6 1.2 ± 0.5 1.4 ± 0.6 0.319

Total freeze duration (sec) 193.9 ± 26.4 191.8 ± 24.1 195.2 ± 27.9 0.971

Time at −40°C (sec) 50.7 ± 16.9 51.2 ± 15.1 50.2 ± 18.0 0.369

Temperature at 60 s −43.4 ± 4.7 −42.8 ± 4.0 −43.8 ± 5.1 0.103

Time to isolation (sec) 47.9 ± 24.2 44.8 ± 20.0 49.9 ± 26.5 0.294

Temperature at isolation −37.1 ± 8.2 −35.3 ± 8.1 −38.4 ± 8.1 0.082

Minimal temperature −51.4 ± 5.8 −50.7 ± 5.4 −51.8 ± 6.0 0.110

Thawing time (sec) 57.7 ± 21.5 55.5 ± 18.8 59.1 ± 23.0 0.352

PVP recording during freeze (N, %) 101 (44.1%) 38 (49.4%) 63 (41.4%) 0.897

LIPV

Number of freezes (N, ±SD) 1.3 ± 0.5 1.3 ± 0.5 1.3 ± 0.5 0.533

Total freeze duration (sec) 257.0 ± 100.8 254.1 ± 87.0 159.0 ± 109.1 0.775

Time at −40°c 60.7 ± 27.2 62.0 ± 28.1 59.9 ± 26.7 0.828

Temperature at 60 s −41.5 ± 5.0 −40.6 ± 3.9 −42.1 ± 5.6 0.212

Time to isolation (sec) 41.6 ± 26.3 40.9 ± 26.4 42.0 ± 26.6 0.997

Temperature at isolation −32.8 ± 9.6 −31.4 ± 9.4 −33.5 ± 9.8 0.445

Minimal temperature −46.8 ± 6.1 −45.6 ± 4.6 −47.6 ± 6.8 0.211

Thawing time (sec) 45.2 ± 16.4 44.5 ± 17.1 45.6 ± 16.0 0.855

PVP recording during freeze (N, %) 71 (31.0%) 23 (29.9%) 48 (31.6%) 0.139

RSPV

Number of freezes (N, ±SD) 1.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.4 0.300

Total freeze duration (sec) 187.0 ± 32.2 182.4 ± 27.8 190.0 ± 34.3 0.180

Time at −40°c (sec) 48.9 ± 19.4 49.7 ± 18.8 48.5 ± 19.8 0.385

Temperature at 60 s −43.6 ± 4.0 −43.5 ± 3.5 −43.7 ± 4.3 0.871

Time to isolation (sec) 35.5 ± 20.5 37.6 ± 22.1 34.4 ± 19.6 0.619

Temperature at isolation −33.1 ± 13.6 −34.9 ± 19.4 −32.2 ± 9.2 0.429

Minimal temperature −50.5 ± 5.2 −50.0 ± 4.6 −50.8 ± 5.5 0.757

Thawing time (sec) 54.0 ± 18.3 52.4 ± 16.1 54.9 ± 19.5 0.616

PVP recording during freeze (N, %) 89 (38.7%) 32 (41.6%) 57 (37.5%) 0.937

RIPV

Number of freezes (N, ±SD) 1.2 ± 0.5 1.1 ± 0.4 1.2 ± 0.5 0.459

Total freeze duration (sec) 228.7 ± 89.2 216.1 ± 72.8 236.5 ± 97.5 0.733

Time at −40°c (s) −58.4 ± 29.5 −60.7 ± 29.3 −57.0 ± 29.6 0.164

Temperature at 60 s 41.7 ± 4.4 41.3 ± 3.9 41.9 ± 4.7 0.079

Time to isolation (sec) 39.5 ± 28.8 30.9 ± 15.7 45.0 ± 33.8 0.077

Temperature at isolation −33.9 ± 10.6 −28.5 ± 9.4 −37.2 ± 10.0 < 0.001

Minimal temperature −48.9 ± 5.8 −48.1 ± 5.3 −49.4 ± 6.1 0.035

Thawing time (sec) 47.4 ± 19.7 44.0 ± 14.8 49.5 ± 22.0 0.071

PVP recording during freeze (N, %) 85 (37.1%) 31 (40.2%) 54 (35.5%) 0.819

Note: Data are presented as the mean value ± SD or number (%) of patients.
Abbreviations: LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; PV, pulmonary vein; PVP, pulmonary vein potential; RIPV, right inferior
pulmonary vein; RSPV, right superior pulmonary vein.
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4.2 | Subanalysis of Patients With Durable PVI at
Repeat Procedure (N= 71)

4.2.1 | Comparison Between Female and Male Patients
With Durable PVI at Repeat Ablation (N= 71)

Findings at repeat ablation in the subgroup of patients
with durable PVI are depicted in Table 5. Baseline LA
3D voltage mapping showed a higher prevalence of
low‐voltage zones in women: 22/35 (62.9%) vs 12/36 (33.3%)
in men, p = 0.017). This difference was driven by signifi-
cantly more diffuse LVZ (17/35 (48.6%) vs 7/36 (19.4%),
p = 0.014).

Non‐PV triggers were encountered in 21/71 (29.6%) patients.
There were no differences in the overall prevalence nor in the
type of non‐PV triggers between sexes.

Also for inducible arrhythmias, no difference between sexes was
seen. Supraventricular re‐entry tachycardias (AVNRT, AVRT or
macro‐reentry atrial tachycardia) were induced and ablated in
24/71 (33.8%) of patients. CTI‐dependent macro‐reentry flutter
was the most prevalent treated arrhythmia in this group. The
number of patients with AVNRT was low (2/71 (2.8%)).

From the 71 patients with durable PVI, 70 (98.6%) under-
went further ablation during this procedure. The single

TABLE 3 | PV reconnection patterns at repeat ablation procedure.

Total (N= 229) Females (N= 77) Males (N= 152) p value

≥ 1 reconnected PV (N, %) 158 (69.0%) 43 (55.8%) 115 (75.6%) < 0.001

Durable PVI (N, %) 71 (31.0%) 34 (44.1%) 37 (24.4%)

N of reconnected PVs (mean ± SD) 1.1 ± 1.0 0.8 ± 0.9 1.2 ± 1.0 < 0.001

4 (N, %) 7 (3.1%) 0 (0%) 7 (4.6%) 0.010

3 (N, %) 14 (6.1%) 4 (5.2%) 10 (6.6%)

2 (N, %) 40 (17.5%) 9 (11.7%) 31 (20.4%)

1 (N, %) 97 (42.4%) 30 (39.0%) 67 (44.1%)

0 (N, %) 71 (31.0%) 34 (44.1%) 37 (24.4%)

Reconnected PV

LSPV (N, %) 64 (27.9%) 13 (16.9%) 51 (33.6%) 0.008

LIPV (N, %) 46 (20.1%) 7 (9.1%) 39 (25.7%) 0.003

RSPV (N, %) 55 (24.0%) 16 (20.8%) 39 (25.7%) 0.414

RIPV (N, %) 88 (38.4%) 23 (29.9%) 65 (42.8%) 0.058

Note: Data are presented as the mean value ± SD or number (%) of patients.
Abbreviations: LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; PV, pulmonary vein potential; RIPV, right inferior pulmonary vein; RSPV, right
superior pulmonary vein.

TABLE 4 | Univariable and multivariable‐adjusted predictors of finding durable PVI of all veins at repeat procedure.

Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Age 1.048 1.015–1.082 0.004 0.610 0.998–1.076 0.061

Female sex 2.458 1.372–4.401 0.002 2.003 1.090–3.682 0.025

Persistent AF 0.836 0.476–1.469 0.534

AHT 1.821 1.025–3.235 0.041 1.469 0.784–2.753 0.230

DM 1.360 0.589–3.140 0.472

BMI 0.980 0.924–1.039 0.502

Structural heart disease 1.389 0.759–2.541 0.286

LA diameter 0.998 0.957–1.040 0.914

Diagnosis‐to‐ablation time 1.001 0.995–1.006 0.745

180 s freezing time strategy 0.818 0.413–1.623 0.566

LCPV 1.723 0.792–3.750 0.170

Time to AF recurrence 1.010 0.979–1.043 0.522

eGFR 0.986 0.969–1.003 0.096

Abbreviations: AF, atrial fibrillation; AHT, arterial hypertension; BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; eGFR, Glomerular Filtration
Rate; HR, hazard rate; LA, left atrium; LCPV, left common pulmonary vein.
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patient where no further ablation was performed
was a 70‐year‐old male patient without any low‐voltage
zones at LA voltage map in which multiple non‐sustained
atrial tachycardias could be induced under high dose
of isoprenaline. In the absence of a clear ablation
target, ablation was renounced and opted for medical ther-
apy. The ablation strategy characteristics in patients who
underwent ablation at repeat procedure are summarized in
Table 6.

There were significantly more female patients who underwent
an empirical substrate ablation strategy (21/35 (60.0%) vs 13/35
(37.1%), p= 0.044). This difference was driven by a higher
prevalence of LVZ in female patients at baseline LA voltage
map (Figure 1): 20/22 (90.1%) of female patients with LVZ
underwent empiric substrate ablation as opposed to 8/12
(66.7%) male patients with LVZ.

However, despite these sex differences in ablation strategy in
durable PVI patients, 1‐year clinical outcome did not differ
(Figure 2).

5 | Discussion

The main findings of our study are:

1. PV reconnection patterns differ between females and
males with more durable PVI and a lower number of re-
connected PVs in women.

2. Female sex was the only predictor of finding durable PVI
during repeat ablation after CB ablation for AF.

3. Ablation strategy differed between sexes in
patients with durable PVI with more empirical

TABLE 5 | Findings at repeat ablation in patients with durable pulmonary vein isolation.

Total (N= 71) Females (N= 35) Males (N= 36) p value

Low‐voltage zones 33 (46.5%) 22 (62.9%) 12 (33.3%) 0.017

Anterior 5 (7.0%) 3 (8.6%) 2 (5.6%) 0.669

Posterior 2 (2.8%) 1 (2.9%) 1 (2.8%) 1.000

Septum 0 (0%) 0 (0%) 0 (0%) /

Roof 1 (1.4%) 0 (0%) 1 (2.8%) 1.000

Right atrium 2 (2.8%) 1 (2.9%) 1 (2.8%) 1.000

Diffuse 23 (32.4%) 17 (48.6%) 7 (19.4%) 0.014

Non‐PV triggers
Antrum
CS
LAA
SVC
PB
CT
Septum

21 (29.6%)
5 (7.0%)
3 (4.2%)
2 (2.8%)
8 (11.3%)
6 (8.5%)
0 (0%)
4 (5.6%)

12 (35.3%)
4 (11.8%)
3 (8.8%)
1 (2.9%)
4 (11.8%)
2 (5.9%)
0 (0%)
2 (5.9%)

9 (24.3%)
1 (2.7%)
0 (0%)
1 (2.7%)
4 (10.8%)
4 (10.8%)
0 (0%)
2 (5.4%)

0.210
0.199
0.115
1.000
1.000
0.674
/

1.000

Inducible arrhythmia
Re‐entry tachycardia
AVNRT
AVRT
Atrial flutter
CTI‐dependent
Mitral annular flutter
Roof‐dependent flutter
Septal flutter
Anterior flutter

24 (33.8%)
2 (2.8%)
0 (0%)

16 (22.5%)
5 (7.0%)
3 (4.2%)
1 (1.4%)
2 (2.8%)

10 (29.4%)
1 (2.9%)
0 (0%)

6 (17.6%)
2 (5.9%)
2 (5.9%)
1 (2.9%)
0 (0%)

14 (37.8%)
1 (2.7%)
0 (0%)

10 (27.0%)
3 (8.1%)
1 (2.7%)
0 (0%)
2 (5.4%)

0.543
1.000
/

0.284
1.000
0.614
0.493
0.493

Abbreviations: AVNRT, atrioventricular node re‐entry tachycardia; AVRT, atrioventricular re‐entry tachycardia; CS, coronary sinus; CT, crista terminalis; CTI, cavo‐
tricuspid isthmus; LAA, left atrial appendage; PB, posterior box; PV, pulmonary vein; SVC, superior vena cava.

TABLE 6 | Ablation strategy at repeat ablation procedure in patients with durable pulmonary vein isolation.

Total (N= 70) Females (N= 35) Males (N= 35) p value

Targeted non‐pulmonary vein trigger ablation 22 (31.4%) 12 (34.3%) 10 (28.6%) 0.553

Targeted provoked arrhythmia ablation 23 (32.9%) 10 (28.6%) 13 (37.1%) 0.497

Empiric trigger ablation 5 (7.1%) 2 (5.7%) 3 (8.6%) 0.514

Empiric substrate ablation 34 (48.6%) 21 (60.0%) 13 (37.1%) 0.044
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substrate ablation in women due to a higher
presence of atrial low‐voltage areas. Despite this dif-
ference in ablation approach, 1‐yeat outcome was
similar between male and female patients with dura-
ble PVI.

FIGURE 1 | Ablation strategy of repeat ablation procedure in patients with durable PVI in relation to the presence of low‐voltage zones.

FIGURE 2 | Kaplan‐Meier analysis of atrial arrhythmia free survival following first repeat RF ablation after index CB ablation in female and male

patients.

5.1 | Female Sex is Predictor of Finding Durable
PVI During Repeat Ablation After CBA

In a meta‐analysis published in 2019, Cheng et al. showed that
recurrence rate after catheter ablation for atrial fibrillation was
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higher in women as compared to men at 2.4‐year follow‐up
(61.2% vs. 68.6%; OR 0.75, 95% CI: 0.69–0.81; p< 0.0001).
However, detailed information regarding used energy form for
ablation was not available and therefore these results cannot be
extrapolated to patients undergoing CBA [11]. Studies analyzing
sex‐differences in patients undergoing CBA are sparse. Ricciardi
et al. demonstrated that male sex was protective for recurrence
after CB ablation (HR 0.77; 95% CI 0.60–0.98; p= 0.0033) in a
multi‐center observational analysis of 2125 patients [4].
Recently, Hermida et al. reported female sex as the only pre-
dictor of recurrence after CB ablation for paroxysmal AF (HR
1.87; 95% CI 1.28–2.73; p= 0.001). There was however no sex‐
difference in outcome after CB ablation for persistent AF [5].

Recurrence after catheter ablation for AF is assumed to be
primarily mediated by pulmonary vein reconnection [12]. Sev-
eral studies reporting on repeat procedures after index RF PVI,
describe a lower PV reconnection rate in female patients
[6, 13, 14]. Only one previous study described sex differences in
PV status after CB ablation: Hermida et al. reported no sex‐
difference in PV status at repeat ablation after index CB ablation
in 30 female and 39 male patients (PVR in 80% vs 74% respec-
tively, p= 0.77) [5].

However, our study in a bigger cohort of patients, showed sig-
nificant differences between sexes in PV status at the time of
repeat ablation: at patient‐level, female patients had more fre-
quent durable isolation of all PVs (34/77 (44.1%) vs 37/152
(24.4%), p= 0.001) and at PV level, female patients had a lower
number of PV reconnections (0.8 ± 0.9 vs 1.2 ± 1.0, p< 0.001).
The differences were driven by less reconnections of the left‐
sides veins in female patients.

In the study of Hermida at al. differences in PV diameters as
measured by use of computed tomography scan before index
CBA were reported. All PV diameters were on average 1mm
wider in male patients. In this study the smaller 23mm‐
cryoballoon was used in 15% of female patients as opposed to
4% of male patients [5]. In contrast, in our study only the bigger
28 mm‐cryoballoon was used in both female and male patients,
possibly explaining the difference in PV status between females
and males in both studies.

Furthermore, we demonstrated for the first time that female sex
is a predictor of finding all PVs durably isolated at repeat
ablation procedure after index CB PVI (HR= 2.003; 95% CI
1.090–3.682; p= 0.025). This contrasts to the findings of a study
of de Pooter et al. in which no clinical or procedural differences
were found between patients who presented with durable PVI
or PVR at repeat ablation after index RF ablation [15].
Unfortunately, our study did not identify any other predictors of
finding durable PVI at repeat ablation, limiting the possibility to
plan the procedure.

5.2 | More Low‐Voltage Zones in Female Patients
With Durable PVI at Repeat Ablation

Atrial fibrosis is a major determinant in the development and
progression of AF [16]. Were in most patients the triggers of AF
originate in the PVs, atrial fibrosis serves as the substrate for the

arrhythmia to persist [17]. Different histopathological studies
showed a correlation between AF and the degree of atrial
fibrosis, both in postmortem and surgical histological speci-
mens [18–20]. The presence of late‐gadolinium contrast en-
hancement on magnetic resonance imaging or LVZ in high‐
density electro anatomical mapping at the level of the LA, is
considered as a surrogate marker for atrial fibrosis [17, 21]. Both
modalities have been used in multiple observational studies
who reported a correlation between the presence of left atrial
fibrosis and higher recurrence rate of atrial arrhythmia after
PVI [17, 22–24].

Akoum et al. reported the association of female sex and a higher
burden of atrial fibrosis in AF patients. Of interest, female pa-
tients with a prior history of stroke had a higher atrial fibrosis
burden compared with both women and men without stroke
history, possibly explaining the association of female sex and
stroke in AF [25].

Wong et al. reported that female patients who underwent index
RF ablation for symptomatic refractory AF had more advanced
atrial remodeling than male patients, based on differences in
high‐density LA electroanatomical maps (lower voltage, slower
conduction velocity and greater complex fractionated poten-
tials). This was associated with a higher risk of single and
multiprocedural atrial arrhythmia recurrence [26].

In a recent multi‐center prospective study, Van Leuven et al.
analyzed sex‐related differences in the extent and location of
spontaneous LVZ as found by high‐density mapping during
index RF ablation. They found larger LVZ in females, uniformly
spread in all LA regions. Interestingly, they reported a different
prognostic role of LVZ between sexes: The presence of any LVZ
was associated with recurrence of atrial arrhythmia in the total
population and in male patients, but not in female patients. In
female patients, only a higher burden of LVZ (> 15%) was
associated with a higher atrial arrhythmia recurrence rate [27].

In our study we report for the first time differences between
sexes in the prevalence of LVZ in patients presenting with
durable PVI at repeat ablation. In this population LVZ were
more prevalent in female patients (21/35 or 60.0% vs. 12/36 or
33.3%, p= 0.017). There were no differences in locations of LVZ
between sexes, except for a higher prevalence of diffuse LVZ in
female patients (16/35 or 45.7% vs. 7/36 or 19.4%, p= 0.014).

Our findings of higher LVZ prevalence in patients presenting
with durable PVI at repeat ablation and better PVI durability at
repeat procedure in female patients, suggests a less PV‐
mediated and more substrate‐mediated AF course in female
patients. Interestingly, this was also suggested in a prospective
multi‐center study by Bergonti et al. In this study, a novel
method to measure atrial fibrillation cycle length (based on the
average of 10 consecutive signals (FARS10)) was shown to
predict clinical outcome after catheter ablation in paroxysmal
atrial fibrillation. Patients with long pulmonary vein cycle
lengths had a higher recurrence rate and slow pulmonary vein
activity might be a marker of advanced atrial substrate and non‐
PV triggers. Notably, the authors reported slower pulmonary
vein AF cycle lengths in women as compared to men [28]. A
higher prevalence of HFpEF and higher rates of inflammation
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have been considered as possible reasons of a more advanced
atrial substrate in female AF patients [6, 29, 30]. This might be
of interest in clinical practice, since LVZ‐guided ablation has
been proposed as a potential ablation strategy in AF patients,
mainly when persistent AF is present [31–34].

5.3 | Sex Differences in Ablation Strategy but
Same Clinical Outcome in Patients With Durable
PVI at Repeat Ablation

The assessment of PVI durability is the first step in every repeat
ablation procedure for atrial fibrillation. When PVR is found, the
ablation strategy is straightforward by reisolating reconnected veins
[35]. In the repeat study of the landmark Fire & Ice trial comparing
RF and CBA ablation, durable PVI was reported in only 19%. The
total number of reconnected veins was lower in patients originally
treated with the cryoballoon (1.4± 1.1 vs. 2.1 ± 1.4; p=0.010). The
likelihood of finding durable PVI is however increasing as a result
of improvements in ablation material and techniques. De Pooter
et al. reported durable PVI in 62% patients who were originally
treated using the “CLOSE”‐protocol, a contact force‐guided RF
ablation protocol [15]. Our group recently reported durable PVI in
70% patients in a small cohort of 20 patients who underwent repeat
ablation after index ablation using CBA with additional electro-
anatomical mapping [36].

Patients who present with durable PVI at repeat ablation have a
worse clinical outcome compared to patients presenting with PV
reconnection [15]. In patients with durable PVI at repeat ablation,
the best ablation strategy remains uncertain, because data in this
population is sparse (only 2 small single‐center studies). Baldinger
et al. showed in a small cohort (N=26) that the clinical outcome
after repeat procedure in these patients was worse if they pre-
sented with AF recurrence (20% freedom of atrial arrhythmia) as
compared to AT recurrence (67% freedom of atrial arrhythmia)
after index procedure after a follow‐up of 17± 11 months [37].
Sadek et al. described a bigger cohort (N=52) of patients who
presented with durable PVI at repeat ablation for atrial arrhythmia
recurrence. Of this cohort, 27 patients underwent repeat ablation
for AF recurrence and 25 for AT recurrence with arrhythmia
control (defined as no arrhythmia recurrence or < 2 recurrences
over follow‐up of at least 1 year) in 59% and 64% respectively, after
a follow‐up of 19+ 6 months [38].

To the best of our knowledge, we describe the biggest cohort of
patients presenting with durable PVI at repeat ablation
(N= 71). In contrast of both previous studies, all these patients
underwent CBA as index ablation procedure. We showed, for
the first time, that female patients presenting with durable PVI
at repeat ablation after index CBA were more likely to undergo
empirical substrate ablation driven by a higher prevalence of
LVZ in this population. However, despite different ablation
strategies, the 1‐year outcome of female and male patients with
durable PVI at repeat ablation was the same.

6 | Limitations

Our study has some limitations. First, the study is retrospective
and single‐center with its inherent limitations, which may

restrict our ability to draw substantial conclusions. Second, only
a subgroup of patients had cardiac implantable electronic
devices and therefore, the frequency of (asymptomatic) atrial
arrhythmia recurrence might have been underestimated. Third,
the assessment of LVZ was on a descriptive base without strict
criteria as mentioned in previous studies [21]. Therefore no
burden of LVZ could be calculated. Fourth, since understanding
and mapping technology evolved over the study period, no
uniform electrophysiological study was performed. Also, a
consensus on protocol of non‐PV trigger identification is cur-
rently lacking. Therefore, it is possible that not all patients with
non‐PV triggers could be identified. The absence of a standard
comprehensive electrophysiological study might explain why
we did not find a significant difference in prevalence of non‐PV
triggers between sexes in contrast to previous studies [39].
Finally, it has to be stressed that the importance of lifestyle
factors in AF pathophysiology has emerged in recent years
[40, 41]. Clinical outcome after repeat ablation might be further
improved by managing this risk factors in a structural way. Sex
differences in AF risk factors and their impact on ablation
outcome might be useful topics for further research.

7 | Conclusions

Durable PVI at repeat ablation occurs more frequently in female
patients. The higher prevalence of low‐voltage regions in
women and more empirical substrate ablation strategy are
suggestive of a less PV‐mediated and more substrate‐based AF
in women. However, in spite of this differences, clinical out-
come 1‐year after repeat ablation was the same in both sexes.
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Appendix
See Table A1.

TABLE A1 | Clinical characteristics of patients with durable PVI at repeat procedure (N= 71).

Total (N= 71) Females (N= 35) Males (N= 36) p value

Patient characteristics

Age 62.2 ± 12.3 64.8 ± 9.2 61.1 ± 13.4 0.379

BMI 28.0 ± 4.9 28.1 ± 5.9 27.9 ± 4.2 0.243

Arterial hypertension 45 (63.4%) 21 (61.2%) 24 (64.9%) 0.786

Diabetes 10 (14.1%) 5 (14.7%) 5 (13.5%) 0.885

Previous stroke/TIA 9 (12.7%) 2 (5.9%) 7 (18.9%) 0.099

CHADS‐VASc score 2.1 ± 1.5 2.8 ± 1.3 1.7 ± 1.5 < 0.001

0 8 (11.3%) 0 (0%) 8 (21.6%) 0.03

1 9 (12.7%) 6 (17.6%) 3 (8.1%)

2 17 (23.9%) 9 (26.5%) 8 (21.6%)

≥ 3 37 (52.1%) 19 (55.9%) 18 (48.6%)

Obstructive sleep apnea 5 (7.0%) 1 (2.9%) 4 (10.8%) 0.195

Structural heart disease 26 (36,7%) 9 (26.5%) 17 (45.9%) 0.089

LA diameter (mm) 44.4 ± 6.8 42.3 ± 7.1 45.5 ± 6.4 0.083

Characteristics of AF before PVI

Diagnosis‐to‐ablation time (months) 39.1 ± 51.6 33.8 ± 48.5 42.0 ± 53.1 0.143

Paroxysmal AF 37 (52.1%) 19 (55.9%) 18 (48.6%) 0.542

Persistent AF < 1 year 31 (43.7%) 13 (38.2%) 18 (48.6%) 0.377

Persistent AF > 1 year 3 (4.2%) 2 (5.9%) 1 (2.7%) 0.506

Number of AAD before PVI 1.5 ± 0.8 1.6 ± 0.7 1.4 ± 0.8 0.683

Tachycardia‐induced cardiomyopathy 10 (14.1%) 4 (11.7%) 6 (16.2%) 0.558

Follow‐up after PVI

Time to AF recurrence (months) 9.7 ± 9.2 11.2 ± 10.5 8.9 ± 8.3 0.348

Time to repeat procedure (months) 15.6 ± 15.6 17.4 ± 13.6 14.7 ± 16.5 0.816
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