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Abstract

Background The aims of this analysis were: to evaluate the impact of timing of ablation on the rate of atrial arrhythmias
recurrence, verify if the timing of ablation impact differently in patients with paroxysmal and persistent AF.

Methods Three thousand two hundred and five patients (60.5 + 10 years, female 28.4%%, 78.8%% paroxysmal AF) were
included in the analysis. All patients underwent only cryoballoon (CB) pulmonary vein (PV) isolation during the index
procedure.

Results The mean procedure time was 102.8 + 50 min, with a mean fluoroscopy time of 26.3 +49 min. Acute PV isolation
was achieved in 11760/11793 (99.7%) PVs. A total of 91 (2.8%) patients experienced a procedure-related complication.
During the observation period 913/3205 (28.5%) patients had at least one atrial arrhythmias episode: 28% of patients with
paroxysmal AF vs 33% of patients with persistent AF. In multivariate analysis, persistent AF together with time from symp-
tomatic AF diagnosis to ablation, female sex, and ablation time showed to be significant predictors for AF recurrence. In
particular, months from first symptomatic AF episode > 18 months was a significant predictor of AF recurrence (HR =1.23,
95% CI=1.03—1.46, p=0.020).

In patients with paroxysmal AF, the multivariate analysis confirmed that months from first symptomatic AF epi-
sode > 18 month was an independent predictor of AF recurrence together with age > 62 years and female sex. In patients
with persistent AF, the time from persistent AF showed to be significant predictor for AF recurrence.

Conclusions In this multicenter analysis, time from first symptomatic AF episode > 18 months was a significant predictor
of AF recurrence after CB PV isolation.

Keywords Atrial fibrillation - Cryoballoon ablation - Atrial fibrillation duration - Recurrence predictors

< Giuseppe Stabile ® IRCCS Sacro Cuore Don Calabria, Negrar, Italy

gmrstabile@tin.it 10 Ospedale San Maurizio, Bolzano, Italy

Mediterranea Cardiocentro, Naples, Italy Ospedale San Luca, Istituto Auxologico, Milan, Italy

2 Anthea Hospital, Bari, Italy 12 ASST San Gerardo Di Monza, Monza, Italy
3 Clinica Montevergine, Mercogliano, AV, Italy 13 Policlinico Casilino, Rome, Italy
4 Casa Di Cura San Michele, Maddaloni, CE, Italy 14 Istituto Sant Ambrogio, Milan, Italy
3 ULSS 6 Euganea, Ospedale Di Camposampiero, Cittadella, 15 ASST, Vimercate, Italy
Ttaly 16 Azienda Ospedaliera Poma, Mantua, Italy
° Ospedale Delle Apuane, Massa, Italy 17" Maria Cecilia Hospital, GVM Care&Research, Cotignola,
7 Ospedale Careggi, University of Florence, Florence, Italy Italy

Centro Cardiologico Monzino, IRCCS, Department

of Electrophysiology & Cardiac Pacing, Department

of Biomedical, Surgery and Dentist Sciences, University
of Milan, Milan, Italy

@ Springer


http://orcid.org/0000-0003-4646-0865
http://crossmark.crossref.org/dialog/?doi=10.1007/s10840-023-01636-3&domain=pdf

610

Journal of Interventional Cardiac Electrophysiology (2024) 67:609-616

1 Introduction

Atrial fibrillation (AF) is the most common arrhythmia
and is associated with increased morbidity and mortality
[1]. Anti-arrhythmic drugs have long been the most often
used treatment modality for symptomatic AF. The last dec-
ades, catheter ablation has.

emerged as an alternative treatment option, and several
studies comparing catheter ablation and antiarrhythmic
drugs have demonstrated superiority of catheter ablation.

in patients with previous failed antiarrhythmic drugs
treatment, and recently, predominantly in patients with
paroxysmal AF, also when used as first-line treatment
[2]. Nevertheless, current guidelines [1] recommend AF
catheter ablation for pulmonary vein (PV) isolation for
rhythm control after one failed or intolerant class I or III
antiarrhythmic drugs, to improve symptoms of AF recur-
rences in patients with both paroxysmal and persistent
AF. Adherence to current guidelines risks to delay the
ablation in patients with a short clinical history of AF
[1]. Few data, collected mainly in patients undergoing
radiofrequency PV isolation showed that an early rhythm
control ablation strategy was associated with the lowest
rate of recurrence [3-5]. The aim of our analysis was to
investigate the impact of timing of ablation on arrhythmias
recurrences in a large cohort of patients with paroxysmal
and persistent AF who underwent cryoballoon (CB) PV
isolation.

2 Methods
2.1 Patients selection

The patients included in the present analysis were included
and followed in a network of 32 cardiology centres, which
participate in the Italian ClinicalService® framework
ISTOP project. This is a national medical care project aimed
at evaluating and improving the use of medical therapies
in the clinical practice. The project consists of a shared
environment for the collection, management, analysis, and
reporting of data from patients in whom Medtronic therapies
have been applied [6]. Patients aged between 18 and 90 years
with documented symptomatic paroxysmal or persistent AF,
refractory to antiarrhythmic therapy, were eligible for the
analysis. Exclusion criteria were: (1) permanent and long-
standing persistent AF; (2) New York Heart Association
functional class I'V; (3) unstable angina or acute myocar-
dial infarction within three months; (4) need for or prior
cardiac surgery within six months; (5) contraindication to
treatment with oral anticoagulants and (6) severe chronic
renal or hepatic impairment.
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The project was approved by each site’s Medical Ethics
Committee or Medical Director and conforms to the prin-
ciples outlined in the Declaration of Helsinki. Each patient
provided informed consent for data collection and analysis.

2.2 Ablation procedure

In the 32 participating centres, 78 different operators per-
formed the CB PV isolation only procedures. After transsep-
tal catheterization, the CB catheter was introduced into the
left atrium via a 12F steerable sheath (FlexCath Advance,
Medtronic, Inc.). Mapping of the PVs was performed with
an inner lumen mapping catheter (Achieve, Medtronic,
Inc.). The mapping catheter was advanced in each PV ostia,
positioned as proximal as possible to provide PV potentials
recording. A 28-mm CB catheter (CB-1 Arctic Front or
CB-2 Arctic Front Advance or CB-3 Arctic Front Advance
ST or CB-4 Arctic Front Advance PRO, Medtronic) was
advanced inflated and positioned at each PV antrum. Opti-
mal vessel occlusion was considered to have been achieved
when selective contrast injection showed the absence of con-
trast backflow to the atrium. When complete occlusion could
not be achieved, the mapping catheter was replaced by a stiff
guide wire (Amplatz Ultra Stiff, Cook Medical, Blooming-
ton, IN, USA).The standard set of lesions includes the left
superior PV treated as first, followed by the left inferior PV,
right superior PV, and right inferior PV. As per nature of this
project, we did not implement a standardized protocol on
the number and duration of freeze nor the usage of a bonus
freeze but a general strategy was shared among the centers.
In case of the presence of a common ostium, the veins were
treated as separate branches. Target application time was
180-240s.

If the temperature did not attain -40 °C within 60 s or
acceptable nadir temperature was not reached, a bonus
freeze with a different occlusion was applied. The right
phrenic nerve was paced from the superior cava or subcla-
vian vein during freezing at the septal PVs. Phrenic capture
was monitored by tactile feedback. In case of cessation or
weakening of right hemi-diaphragm contractions, freezing
was immediately terminated.

2.3 Post-ablation management and follow-up

Oral anticoagulation was left uninterrupted on the day of the
procedure for all patients and continued for at least 3 months
or long term in patients with a high thromboembolic risk
assessed by CHA2DS2-VASc score. Antiarrhythmic drugs
were usually discontinued > 5 half-lives prior to ablation,
except for amiodarone. Patients were scheduled for follow-
up examinations 3, 6, and 12 months after the initial treat-
ment and every six months thereafter. Rhythm monitoring
during the follow-up visits was performed by the clinical
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assessment of AF recurrence, ECG and Holter monitoring
according to the clinical practice of each center. Patients
were asked to provide any other ECG or Holter monitoring
performed since the previous visit.

Ablation was deemed successful in the absence of symp-
tomatic or asymptomatic atrial tachyarrhythmias lasting
longer than 30 s identified by surface ECG or Holter moni-
toring, after the blanking period (3 months) [7]. Long-term
success was defined as single procedural success.

2.4 Aims of the research

The aims of this analysis were: to evaluate the impact of tim-
ing of ablation on the rate of atrial arrhythmias recurrence,
verify if the timing of ablation impact differently in patients
with paroxysmal and persistent AF.

2.5 Statistical analysis

Descriptive statistics were used to summarize patient charac-
teristics. These include mean and standard deviation, mini-
mum, maximum and median with the interquartile range
(IQR) for continuous variables, and counts and percentages
for categorical variables. Summary statistics were reported
with maximum 2 decimals, as appropriate. Comparisons
between groups have been performed using Wilcoxon’s Test
for continuous variables, while comparisons of categorical
variables have been performed using Chi-square test or
Fisher’s exact test for extreme proportions, as appropriate.

The analyses of time-to-first event were described using
Kaplan—Meier curves and compared between the groups
with the log-rank test. The follow-up duration (months) was
computed from the date of implant to the date of last avail-
able follow-up or date of event: [(data end — data in)/30.4].

The annual rates of complications were reported, together
with the 95% Confidence Intervals (Cls). The Poisson
regression model was used to calculate the Incidence Rate
ratio (IRR), using deviance scaling to correct for over/under-
dispersion. An IRR > 1 would show a lower incidence of
event in the reference group, while an IRR < 1 would show
a higher incidence of event in the reference group.

To find predictors of AF recurrences, a Cox Regression
was used for both univariate and multivariate analyses, and
the proportional hazard hypothesis was tested. Potential pre-
dictors defined a priori were assessed. Possible collinearity
among the variables was tested using Spearman ‘s Rho, and
a correlation coefficient > 0.80, together with clinical judg-
ment, determined covariate exclusion. The final set of pre-
dictors was included in the multivariate model. The Hazard
Ratios (HRs) and 95% CIs were estimated for all potential
predictors. The multivariate Cox regression model used
stepwise selection with entry =0.30 and stay =0.10 criteria,

respectively, and AF as the dependent variable. The survival
c-index was used as the main accuracy measure and reported
together with the multivariate model’s results, if applicable.
Statistical tests were based on a two-sided significance
level of 0.05.
The SAS software, version 9.4, (SAS Institute Inc., Cary,
NC, USA) was used to perform statistical analyses.

3 Results
3.1 Study population

The analysis included 3205 patients, who underwent first
CB ablation for paroxysmal (2524 patients) or persistent
(681 patients) AF. Their main baseline clinical character-
istics are showed in Table 1. Patients with paroxysmal AF
were younger, had a lower mean body mass index, mean
CHA,DS,-VASc score, left atrial diameter and volume, and,
generally were a less sick population cohort.

3.2 PVisolation

All patients underwent only CB PV isolation dur-
ing the index procedure. The mean procedure time
was 102.8 +50 min, with a mean fluoroscopy time of
26.2 +23 min. Acute pulmonary vein isolation was achieved
in 11,760/11793 (99.7%) pulmonary veins. A total of 91
(2.8%) patients experienced a procedure-related complica-
tion: 24 (0.7%) patients had a severe complication (that was
permanent or required intervention), 76 (2.1%) patients had
a minor complication, no death occurred. The most frequent
adverse event was a transient diaphragmatic paralysis that
occurred in 47 (1.5%) of patients. A permanent diaphrag-
matic paralysis occurred in two patients. One patient was
free of diaphragmatic paralysis symptoms after 3 months
and the other after 7 months. Table 2 shows procedural
details and complications.

3.3 Follow-up data

During the observation period, after a blanking period of
three months, 913/3205 (28.5%) patients had at least one
episode of atrial arrhythmias: 27% of patients with parox-
ysmal AF vs 33% of patients with persistent AF (p <0.001)
(Fig. 1). In particular, out of 913 episodes, 19 were Atrial
Flutter (11 in the paroxysmal group and 8 in the persistent
group), and there was 1 episode of atrial tachycardia in
the paroxysmal group. The remaining episodes were cases
of AF. Out of the 893 AF recurrences, 69 occurred after
42 months from the first ablation. Out of 3205 patients,
10.2% (327/3205) patients had at least one Re-Do procedure
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Table 1 Clinical characteristic

. Baseline Characteristics Total Paroxysmal AF Persistent p
of the study population (n=3143) (n=2447) AF
(n=696)
Mean Age (years) 60.5+10.6 60.2+10.9 61.8+9.2 0.020
Gender (Female) 28.4% 29.0% 26.1% 0.136
Mean BMI 269+42 26.6+4.0 28.0+4.5 <0.001
Months from first symptomatic AF 50.4+58.6 51.0+£59.5 48.1+54.9 0.326
episode
Patients tested >2 AAD 38.6% 37.6% 42.3% 0.052
History of Stroke/TIA 4.4% 4.3% 4.8% 0.630
Cardiac Insufficiency 4.0% 3.1% 7.0% <0.001
Hypertension 48.7% 46.3% 57.3% <0.001
Coronary artery disease 6.1% 5.9% 6.5% 0.253
Any valve disease 52% 4.6% 7.6% 0.002
Any Other CV diseases 4.6% 4.5% 5.1% 0.555
Mean CHA,DS,-VASc score 1.4+12 1.4+12 1.6+12 0.001
Diabetes 6.5% 5.6% 9.3% 0.001
Chronic kidney disease 22% 2.3% 1.7% 0.365
LVEF (%) 59.0+6.9 59.7+6.6 56.4+7.6 <0.001
Left atrial diameter (mm) 413+79 40.7+8.1 44.0+6.4 <0.001
Left atrial volume (ml) 68.5+254 66.2+24.6 78.7+26.4 <0.001

BMI body mass index, AF atrial fibrillation, AAD antiarrhythmic drugs, T/A transient ischemic attack, CV
cardiovascular, CHA,DS,-VASc score Congestive Heart failure (4 1), Hypertension (+1), Age>75 (+2),
Diabetes (4 1), Stroke (42), Vascular disease (+1), Age 65-74 (+1), and Sex (female) (+1); LVEF left

ventricle ejection fraction

(295 patients had only one redo, while 32 patients had more
than one redo for a total of 36 procedures). At 36-month
follow-up, the observed freedom from AF recurrence
was 69.6% ( 95% Cl1=67.4%—71.6%) and 62.3% (95%
CI=57.8%—66.5%) in paroxysmal and persistent AF
groups, respectively (p <0.001). In 98.2% of the patients
during the first redo (321/327), the repeat procedure was to
re-treat AF, while in 4 patients, the redo was to treat right
atrial flutter, and in 2 patients, it was to ablate an atrial tachy-
cardia. Among the 321 patients with a recurrence of AF,
non-pulmonary vein ablations (including non-PV triggers,
fragmented atrial potential ablation, and linear lesions) were
performed in 111 procedures (34.6%). Data on redo were
missing for 31 patients (9.7%), and in the remaining 179
patients (55.7%), a PV isolation procedure was performed:
in 117 patients all the PVs were already disconnected, and
no further ablation was performed; while in 21 patients, 1
PV was re-isolated; in 26 patients, 2 PVs were re-isolated;
in 11 patients, 3 PVs were re-isolated, and in 4 patients, all
4 veins were isolated again.

3.4 Predictors of recurrence
All potential predictors have been included in multivari-

ate analysis, and persistent AF together with time from AF
diagnosis to AF PV isolation, time of ablation, and female
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sex showed to be significant predictors for AF recurrence
(Table 3). In particular, months from first symptomatic
AF episode > 18 months was a significant predictor of
AF recurrence (Fig. 2). In patients with paroxysmal AF,
female sex together with time of ablation, “Months from
first symptomatic AF episode” showed to be significant pre-
dictors for AF recurrence. In particular, months from first
symptomatic AF episode > 18 month (HR =1.54 95% CI.
1.03-2.29, p=0.034) was the best cut-off value to predict
AF recurrence. In patients with persistent AF, months from
persistent AF (HR: 1.01, 95% CI: 1.01—1.02, p<0.001) and
antiarrhythmic drug usage (HR: 0.57, 95% CI: 0.33-0.98,
p <0.044) and ablation time (HR: 4.11, 95% CI: 1.92-8.81,
p<0.001) showed to be significant independent predictors
for AF recurrence.

4 Discussion

The main findings of this multicentre analysis were: 1)
at 36-month follow-up, the freedom from AF recurrence
was 69.6% ( 95% Cl1=67.4%—71.6%) and 62.3% (95%
CI=57.8%—66.5%)in paroxysmal and persistent AF
patients who underwent first CB PV isolation; 2) time from
first symptomatic AF episode > 18 months was a significant
predictor of AF recurrence; 3) in patients with paroxysmal
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Table 2 Procedural characteristics and acute procedural complications
Baseline Characteristic TOTAL Paroxysmal Persistent p-value
(N=3205) (N=2524) (N=681)
Procedure Time (min) 102.8+50.3 103.5+50.7 100.1+48.8 0.087
Fluoroscopy Duration (min) 26.2+23.8 2594252 27.6+164 <0.001
Ablation Time (min) 26.3+49.3 27.0+54.4 23.4+21.1 0.047
Left atrium dwell time (min) 54.3+27.3 54.5+27.6 53.7+26.0 0.669
Cryoballoon Catheter type 0.022
CB-1 Arctic Front 2.6% (83) 2.5% (63) 3.1% (20)
CB-2 Arctic Front Advance 78.7% (2522) 79.5% (2006) 75.4% (516)
CB-3 Arctic Front Advance ST 15.3% (490) 14.3% (360) 18.8% (130)
CB-4 Arctic Front Advance PRO 3.5% (112) 3.7% (93) 2.8% (19)
Left Superior Pulmonary Vein
# applications needed 1.3+£0.7 1.3+£0.7 1.4+0.7 0.127
Balloon temperature (Min,°C) -449+11.2 -44.6+11.3 -45.9+10.9 0.05
% Real Time Visualization Time to effect 1537 (48.0%) 1250 (49.5%) 287 (42.1%) 0.656
Time to effect (sec) 58.8+54.4 59.3+56.1 56.5+46.4 0.656
Left Inferior Pulmonary Vein
# applications needed 1.3+£0.6 1.3+0.6 1.3+0.6 0.057
Balloon temperature (Min,°C) -43.0 (-48.0-39.0) -43.0 (-47.0-38.0) -44.0 (-48.0-40.0) 0.002
% Real Time Visualization Time to effect 1297 (40.5%) 1037 (41.1%) 260 (38.2%) 0.178
Time to effect (sec) 62.6+55.6 62.6+57.8 62.6+45.5 0.1678
Right Superior Pulmonary Vein
# applications needed 1.2+0.8 1.3+0.9 1.2+0.5 0.814
Balloon temperature (Min,°C) 47.1+11.7 -47.0+11.9 -475+11.0 0.223
% Real Time Visualization Time to effect 1172 (36.6%) 941 (37.3%) 231 (33.9%) 0.301
Time to effect (sec) 56.3+54.5 56.4+55.7 55.7+49.5 0.120
Right Inferior Pulmonary Vein
# applications needed 1.2+0.7 1.2+£0.7 1.3+£0.7 0.149
Balloon temperature (Min,°C) 45.1+11.3 -450+11.4 -45.6+10.7 0.121
% Real Time Visualization Time to effect 879 (27.4%) 698 (27.7%) 181 (26.6%) 0.153
Time to effect (sec) 71.4+68.5 71.7+71.1 70.5+58.0 0.159
Periprocedural Complication
Patients with at least one complication 2.8% (91/3205) 2.7% (68/2524) 3.4% (23/681) 0.341
Permanent Diaphragmatic Paralysis 0.1% (2/3205) 0.1% (2/2524) 0.0% (0/681) 1.000
Transient Diaphragmatic Paralysis 1.5% (47/3205) 1.5% (38/2524) 1.3% (9/681) 0.858
Peri-cardiac effusion 0.2% (6/3205) 0.2% (4/2524) 0.3% (2/681) 0.614
Arteriovenous Fistula 0.2% (5/3205) 0.1% (3/2524) 0.3% (2/681) 0.288
Cardiac Tamponade 0.1% (4/3205) 0.1% (3/2524) 0.1% (1/681) 1.000
Pneumothorax/Emothorax 0.0% (1/3205) 0.0% (1/2524) 0.0% (0/681) 1.000
Femoral pseudo-aneurism 0.1% (4/3205) 0.1% (2/2524) 0.3% (2/681) 0.200
Stroke 0.0% (0/3205) 0.0% (0/2524) 0.0% (0/681) -
Transient Ischemic Attack 0.1% (2/3205) 0.1% (2/2524) 0.0% (0/681) 1.000
Pulmonary Vein Stenosis 0.0% (0/3205) 0.0% (0/2524) 0.0% (0/681) -
Hematoma in femoral access 0.1% (4/3205) 0.1% (3/2524) 0.1% (1/681) 1.000
Other minor complication 0.5% (16/3205) 0.4% (10/2524) 0.9% (6/681) 0.125

AF, months from first symptomatic AF episode > 18 month
was an independent predictor of AF recurrence, whereas in

patients with persistent AF months of persistent AF (contin-
uous) showed to be significant predictor for AF recurrence.
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Freedom from AF Recurrence
1004
907

204

Freedom from AF Recurrence (%)

09 HR=137(1.17-1.59 Group = Paroxysmal
P<0. — Persistent
O rrrrrTTTTTT YT T T T T T T T T T T T T T T T T
0 6 2 18 24 30 36 42

No. at Risk
Paroxysmal 2524 2340 1815 1441 1151 913 704 510
Persistent 681 602 433 329 264 214 159 125

Fig.1 Kaplan—Meier estimation of the time to atrial arrhythmia
recurrence after the blanking period in patients with paroxysmal and
persistent AF

4.1 Timing of AF ablation

The superiority of AF prevention by catheter ablation over
antiarrhythmic drugs is well established [1]. The question
remains when catheter ablation should be performed in
patients with symptomatic AF. AF often starts as brief and
paroxysmal AF episodes and, in many patients, progresses
over time to a persistent and long-standing AF. It is well

known that AF itself promotes atrial remodeling that in turn
promote AF perpetuation [8]. AF progression is associated
with increased cardiovascular morbidity and mortality.
Recently, the EAST-AFNET 4 Trial [9] demonstrated that a
strategy of initiating rhythm-control therapy in all patients
with early AF and concomitant cardiovascular conditions
was associated with a lower risk of death from cardiovascu-
lar causes, stroke, or hospitalization for heart failure or acute
coronary syndrome than usual care over a follow-up time
of more than 5 years. Therefore, the concept that effective
early rhythm control promotes sinus rhythm is of interest,
as it thereby decelerates AF-related structural pathological
atrial changes, and reduces progression to persistent AF
[10], and reduces its associated cardiovascular morbidity
and mortality.

4.2 Impact of timing of ablation on the rate of atrial
arrhythmias recurrence

The predictive value of timing of AF ablation on AF recur-
rence remains controversial because often is hard to define
the start of AF history and the duration of a patient’s AF
history may not always be equivalent to the actual length of
the AF episodes, and hence, may not reflect disease severity
such as atrial remodeling. However, the two largest series
[3, 4] seem support the hypothesis that the sooner the abla-
tion is performed the better is its outcome. Pallisgard et al.
[3], reported data from 5425 patients undergoing a first-time
ablation in the Danish nationwide registers. Female gender,

Table 3 Univariate and Multivariate Analysis on the AF recurrence after the blanking period of 90 days post PVI ablation

Variable HR (95% CI) p HR (95% CI)

Persistent AF 1.37 (1.17—1.59) <0.001 1.30 (1.07—1.58) 0.008
Gender (Male) 0.81 (0.70—0.94) 0.004 0.78 (0.66—0.93) 0.007
Age at first ablation (yrs)> 62 1.13 (0.99—1.29) 0.073 1.15 (0.97—1.36) 0.113
BMI>26 0.94 (0.81—1.10) 0.446

Months from first symptomatic AF (continuous) 1.00 (1.00—1.00) 0.020

Months from first symptomatic AF> 36 1.25 (1.08—1.46) 0.003

Months from first symptomatic AF> 12 1.22 (1.02—1.45) 0.027

Months from first symptomatic AF> 15 1.24 (1.05—1.47) 0.011

Months from first symptomatic AF> 18 1.30 (1.11—1.53) 0.001 1.23 (1.03—1.46) 0.020
Cardiac Insufficiency 1.29 (0.92—1.81) 0.145

Hypertension 1.07 (0.93—1.23) 0.324

Any Valve disease 1.40 (1.06—1.84) 0.017

diabetes 1.55 (0.64—3.73) 0.329

CHA2DS2-VASc (ordinal) 1.10 (1.03—1.16) 0.002

Ablation time > 17 (min, median value) 1.95 (1.68—2.27) <0.001 1.76 (1.48—2.09) <0.001

BMI body mass index, AF atrial fibrillation, AAD antiarrhythmic drugs, TIA transient ischemic attack, CV cardiovascular, CHA,DS,-VASc score
Congestive Heart failure (+ 1), Hypertension (4 1), Age>75 (+2), Diabetes (+ 1), Stroke (+2), Vascular disease (+1), Age 65-74 (+1), and

Sex (female) (+ 1), LVEF left ventricle ejection fraction

“The variable CHA,DS,-VASc resulted to be collinear with the variable Age, Sex, Hypertension, Diabetes, so it was excluded by multivariate

model
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Freedom from AF Recurrence

Group — Months first AA <=18
— Months first AA>18

Freedom from AF Recurrence (%)

0 6 12 18 24 30 36 42

Months after first ablation

No. at Risk
firstAA<=18 849 787 630 510 434 363 274 204
sfirstAA>18 1584 1424 1094 854 688 546 417 317

Fig.2 Kaplan—Meier estimation of the time to atrial arrhythmia
recurrence after the blanking period in patients with time from first
AF episode > 0 < 18 months

hypertension, AF history duration> 2 years, and cardio-
version within 1 year prior to ablation were all associated
with an increased risk of recurrent AF at one year after the
ablation. Stabile et al. [4], reported data on 1948 patients
enrolled in the ESC-EHRA atrial fibrillation ablation long-
term registry. AF history duration > 2 years, overall ablation
procedure duration, hypertension and chronic kidney disease
were all predictors of recurrences after the blanking period.
The great amount of data has been collected in patients
undergoing radiofrequency catheter ablation. In Stabile et al.
[4] series, less than 20% of patients have been ablated by
means of CB. Recently, Baysal et al. [11] investigated timing
of PV isolation by CB after the first clinical diagnosis of AF
on ablation-related outcomes in 132 patients with paroxys-
mal AF. They found that delays in treatment with CB abla-
tion might negatively affect AF-free survival rates among
patients with paroxysmal AF. Lunati et al. [12] showed that
only the 21.5% of paroxysmal AF patients cryoablated in the
first 15 months from the atrial fibrillation diagnosis reported
an episode of atrial fibrillation recurrence versus the 31.6%
of the late-treatment group. Chew [13] reported in a sys-
tematic review and meta-analysis on 6 studies for a total
of 4950 patients that diagnosis-to-ablation times of 1 year
or less were associated with a 27% less risk of AF recur-
rence compared with times > 1 year. Our study is the first
to investigate the impact of timing of catheter ablation on
a large, multicenter population, with both paroxysmal and
persistent AF, on long-term outcome. We found that time
from first symptomatic AF episode > 18 months was a sig-
nificant predictor of AF recurrence. Looking at paroxysmal
AF patients this cut-off value was prolonged to 28 months,
whereas in patients with persistent AF time from first AF

episode was no longer a predictor of AF recurrence. In this
population, a significant predictor of AF recurrence was the
length of persistent AF.

4.3 Clinical implications

Current ESC guidelines [1] for patients with AF suggest that
patients should be first managed with a pharmaceutical drug
therapy; when a patient becomes drug refractory (failure of
or intolerance to at least one antiarrhythmic drug), or con-
sidering patient choice, catheter ablation by PV isolation is
recommended. However, increased time between first AF
diagnosis and catheter ablation may adversely affect long-
term clinical efficacy. Early intervention by radiofrequency
as well as CB ablation increase long-term success rates and
reduce progression to persistent AF [14]. However, further
randomized trials are needed to confirm our findings about
the association between time-to-ablation and long-term out-
comes of the procedure.

4.4 Limitations

The results of this study should be interpreted with caution
due to a number of limitations. First, this study was a non-
randomized retrospective analysis of data collected prospec-
tively, so we cannot exclude bias in the patient selection and
treatment. Second, this is a multicenter data collection, and
the ablation strategy was not standardized, including: pre-
procedural imaging, oral anticoagulant management, num-
ber and duration of freeze, and the usage of a bonus freeze.
However, this observational retrospective research may pro-
vide a representative image of the real-life scenario on the
usage of CB catheter for AF ablation. Third, sinus rhythm
maintenance was based mainly on patients’ symptoms, ECG
and scheduled 24-h Holter monitoring and not on continu-
ous monitoring. Therefore, asymptomatic or short-lasting
AF episodes may have occurred unnoticed, and our success
rate may have been over-estimated. However, the success
rate of CB PV isolation was in line with previous studies.
Fourth, this study was not testing a prospective hypothesis,
and consequently, no adjustments were formulated for the
multiplicity of testing. Also, it is established that errors in
confounding and bias are more common in non-prospective
studies, which cannot utilize randomization or a true control
arm. Consequently, this data should be viewed as a real-
world snapshot of current usage practices amongst a large
group of CB users in one European country. Moreover, the
time to first symptomatic AF episode was collected on the
basis of patients’ history during the baseline visit. Fifth,
we excluded from this analysis long standing AF patients.
Sixth, in our experience longer ablation time predicted AF
recurrences. We do not have a conclusive explanation for
it and we can only hypothesize that a shorter ablation time
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is related to a favourable PV anatomy that make CB abla-
tion easier and more effective. Lastly, we have no data on
the cumulative time (burden) our patients spent in AF that
may influence the impact of time from diagnosis on abla-
tion outcomes.

5 Conclusions

Time from first symptomatic AF episode > 18 months was a
significant predictor of AF recurrence in patients undergoing
CB PVI catheter ablation. In patients with paroxysmal AF
months from first symptomatic AF episode > 18 month was an
independent predictor of AF recurrence, whereas in patients
with persistent AF months of persistent AF (continuous)
showed to be significant predictor for AF recurrence. These
results should be kept in mind when we plan a PVI procedure
by the means of cryoballoon catheter in patients with AF.
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