
fmed-13-1831225 July 2, 2026 Time: 19:42 # 1

TYPE Original Research
PUBLISHED 07 July 2026
DOI 10.3389/fmed.2026.1831225

OPEN ACCESS

EDITED BY

Robert Sheldon,
University of Calgary, Canada

REVIEWED BY

Muhammad Arslan Ul Hassan,
General Hospital of Ningxia Medical
University, China
Michela Bonanni,
University of Rome Tor Vergata, Italy

*CORRESPONDENCE

Plinio Cirillo
pcirillo@unina.it

RECEIVED 15 March 2026
REVISED 09 June 2026
ACCEPTED 11 June 2026
PUBLISHED 07 July 2026

CITATION

De Rosa, Giuggia, Peyracchia, Peddis,
Di Summa, Pelissero, Trapani, Ugliano,
Fiore, Corazzelli, Cirillo and Senatore
(2026) Chronological age was not
independently associated with
ultra-early safety or arrhythmic
outcomes after contemporary atrial
fibrillation ablation: a real-world
single-center study.
Front. Med. 13:1831225.
doi: 10.3389/fmed.2026.1831225

COPYRIGHT

© 2026 De Rosa, Giuggia, Peyracchia,
Peddis, Di Summa, Pelissero, Trapani,
Ugliano, Fiore, Corazzelli, Cirillo and
Senatore. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original author(s)
and the copyright owner(s) are credited
and that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Chronological age was not
independently associated with
ultra-early safety or arrhythmic
outcomes after contemporary
atrial fibrillation ablation: a
real-world single-center study
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Background: Transcatheter ablation (TCA) is an established treatment for atrial

fibrillation (AF); however, the impact of age on procedural safety and ultra-early

arrhythmic outcomes remains incompletely understood, particularly in real-

world clinical settings.

Objective: To assess the association between age and early procedural safety

and ultra-early arrhythmic outcomes following AF ablation in an unselected real-

world cohort.

Methods: We retrospectively analyzed 217 consecutive patients (mean age

67 ± 9 years) who underwent transcatheter ablation for atrial fibrillation

between January 2022 and December 2023 at a single tertiary center. Age

was analyzed using three predefined cutoffs (< 65, < 70, and < 80 years)

and as a continuous variable. Multivariable logistic regression analyses were

performed to assess the independent association between age and procedural

safety and ultra-early arrhythmic outcomes. The primary safety endpoint was

a composite of pericardial effusion and/or cardiac tamponade confirmed by

echocardiography, periprocedural bleeding requiring medical intervention or

blood transfusion, stroke or transient ischemic attack (TIA), acute coronary

events, cardiovascular or procedure-related death. The secondary arrhythmic

endpoint was a composite of atrial fibrillation recurrence and AF persistence

within 48 h. Both the composite endpoint and its individual components were

evaluated in covariate-adjusted models.

Results: No significant differences in early complications or arrhythmic

outcomes were observed across the predefined age cutoffs. Multivariable

logistic regression analysis showed that age was not independently associated

with procedural safety (OR 0.99; 95% CI 0.93–1.06; p = 0.812), AF recurrence
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(OR 1.01; 95% CI 0.97–1.05; p = 0.77), or AF persistence (OR 1.00; 95% CI 0.96– 

1.05; p = 0.91). 

Conclusion: In this real-world, single-center cohort, age was not independently 

associated with procedural safety or ultra-early arrhythmic outcomes following 

AF ablation. These findings suggest that chronological age alone may not be a 

major determinant of ultra-early procedural outcomes in appropriately selected 

patients undergoing AF ablation. 

KEYWORDS 

advanced age, arrhythmic recurrence, atrial fibrillation, catheter ablation, early 
outcomes, elderly patients, procedural safety 

Introduction 

Atrial fibrillation (AF) is the most common sustained cardiac 
arrhythmia worldwide and represents a major public health 
challenge. Contemporary estimates indicate that more than 59 
million individuals are currently living with AF globally, with 
prevalence expected to increase substantially over the coming 
decades due to population ageing and improved survival from 
cardiovascular diseases. AF is associated with significant morbidity, 
mortality, reduced quality of life, and increased healthcare 
utilization (1). Its prevalence increases markedly with advancing 
age, reaching up to 10% among individuals older than 80 years 
(1). Transcatheter ablation (TCA) has become a cornerstone 
of rhythm-control strategies for patients with symptomatic 
AF who are refractory to or intolerant of antiarrhythmic 
drug therapy (1, 2). Compared with medical therapy alone, 
TCA has demonstrated superior efficacy in maintaining sinus 
rhythm, improving quality of life, and potentially reducing 
cardiovascular mortality and hospitalization (3, 4). Nevertheless, 
the impact of advanced age on the safety and long-term 
efficacy of AF ablation remains controversial (5). Elderly patients 
often present with a higher burden of comorbidities, increased 
periprocedural vulnerability, and more extensive atrial structural 
remodelling, factors that may theoretically increase complication 
rates and reduce procedural success (5). Conversely, progressive 
technological advances, refinement of ablation techniques, and 
improvements in periprocedural management have significantly 
reduced procedural risk, even in older populations (1, 6). 

Several studies have investigated the relationship between age 
and patients’ clinical outcomes but results are still inconsistent. 
Some of them (5, 7) have shown a higher rate of complications 
and a lower arrhythmia-free survival in older patients (5, 
7). On the contrary, other studies (8) and recent single-
center experiences have not demonstrated significant age-related 
differences in procedural outcomes. These differences might be due 

Abbreviations: AF, atrial fibrillation; BARC, Bleeding Academic Research 
Consortium; CFAE, Complex fractionated atrial electrogram; CI, confidence 
interval; DOAC, direct oral anticoagulant; ECG, Electrocardiogram; ESC, 
European Society of Cardiology; HPSD, high-power short-duration; IQR, 
interquartile range; OR, odds ratio; PVI, pulmonary vein isolation; RF, 
radiofrequency; SD, standard deviation; TCA, transcatheter ablation; TEE, 
Transesophageal Echocardiography; TIA, transient ischemic attack. 

to different study design, inclusion criteria, operator experience, 
and the evolving technological landscape over time. Given these 
inconsistencies, there remains a clear need for contemporary, 
homogeneous real-world data that reflect current clinical practice. 
Large multicenter registries often span extended time periods and 
involve heterogeneous protocols, potentially obscuring age-related 
differences in procedural outcomes. In this context, single-center 
analyses provide a complementary perspective by ensuring uniform 
procedural techniques, standardized periprocedural management, 
and consistent operator expertise (9). 

The present study aimed to evaluate the association between 
age and early procedural safety and arrhythmic outcomes following 
AF ablation, with age analysed both as a continuous variable 
and across three clinically relevant thresholds (< 65, < 70, and 
< 80 years). This study provides contemporary real-world data 
from a single-center Italian cohort of 217 consecutive patients, 
reflecting homogeneous procedural strategies and standardized 
periprocedural management in current clinical practice. We 
hypothesized that age alone would not be independently associated 
with early (48-hour) procedural safety outcomes or arrhythmic 
recurrence. We further postulated that catheter ablation would 
remain a safe and effective therapeutic strategy across the age 
spectrum when performed in appropriately selected patients and 
experienced centers. 

Materials and methods 

Study population 

This is a retrospective, single-center observational study 
conducted at the Cardiology Unit of Ciriè Hospital, Italy. 
The study was conducted and reported in accordance with 
the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) guidelines (10). The study population 
consisted of 217 consecutive patients who underwent transcatheter 
ablation for atrial fibrillation (AF) between January 2022 and 
December 2023. All procedures were performed by experienced 
electrophysiologists using contemporary ablation technologies and 
standardized periprocedural management protocols. 

Patients were screened according to predefined inclusion and 
exclusion criteria. 
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Inclusion criteria were: 

1. Age ≥ 18 years; 
2. Diagnosis of paroxysmal or persistent AF according to the 

2024 European Society of Cardiology (ESC) guidelines (1); 
3. Patients undergoing first-time or repeat transcatheter ablation 

for rhythm control; 
4. Availability of complete procedural and follow-up data. 

Exclusion criteria included: 

1. Presence of atrial flutter or other non-AF supraventricular 
arrhythmias as the primary ablation target; 

2. Significant structural heart disease (e.g., severe valvular 
disease) or left atrial thrombus; 

3. Active infection, decompensated heart failure, or pregnancy 
at the time of the procedure. 

The study protocol complied with the Declaration of Helsinki 
(2013 revision). All patients provided written informed consent 
for the collection and anonymized analysis of clinical data. 
The procedural objective was pulmonary vein isolation in all 
patients. Additional lesion sets were performed only in selected 
cases according to operator discretion and underlying arrhythmia 
characteristics. 

Transcatheter ablation procedure 

Procedural workflow 

All patients were admitted to hospital at least 1 day before 
the expected procedure and underwent routine laboratory 
tests, a standard 12-lead ECG, a chest X-ray, Transesophageal 
Echocardiography (TEE) and pre-procedural anesthesiologic 
evaluation. Oral anticoagulation was managed according to 
contemporary guideline recommendations (1) and resumed 
within 4 h after the procedure in all patients. Pulmonary vein 
isolation (PVI) represented the cornerstone of the ablation 
strategy. PVI alone was performed in 174 patients (80.2%). 
Additional lesion sets were used in selected cases according to 
operator judgement and arrhythmia substrate characteristics, 
including cavotricuspid isthmus ablation in 35 patients (16.1%), 
roof line ablation in 4 patients (1.8%), posterior wall isolation 
in 1 patient (0.5%), combined posterior wall isolation and roof 
line ablation in 1 patient (0.5%), and combined mitral isthmus 
and roof line ablation in 2 patients (0.9%). Complex fractionated 
atrial electrogram (CFAE) ablation was not performed. Repeat 
ablation procedures accounted for 39 patients (18.0%), whereas 
178 patients underwent a first ablation procedure. Ablation 
procedures were performed using contemporary radiofrequency 
(RF), cryoballoon, or laser technologies according to operator 
preference and clinical indication. Following transseptal access 
and systemic anticoagulation, electroanatomical mapping was 
performed when appropriate. Acute procedural success was 
defined as complete pulmonary vein isolation confirmed by 
standard electrophysiological criteria (11), including entrance 
and exit block. Acute pulmonary vein isolation was achieved 
in all patients. 

Postprocedural care 

Post-procedural transthoracic echocardiography was routinely 
performed to exclude pericardial effusion. Continuous in-hospital 
telemetric monitoring was performed for at least 48 h in all cases. 

Early (48-Hour) outcomes 

Safety Outcomes 
Early procedural safety outcomes were defined as any 

complication occurring within 48 h of the procedure, including: 

• Pericardial effusion and/or cardiac tamponade confirmed by 
echocardiography; 

• Periprocedural bleeding requiring medical intervention or 
blood transfusion; 

• Stroke or transient ischemic attack (TIA); 
• Acute coronary events; 
• Cardiovascular or procedure-related death. 

A composite safety endpoint was defined as the occurrence of 
any of these events within 48 h after the procedure. 

Ultra-Early Arrhythmic Outcomes were assessed using two 
primary outcomes: 

• AF recurrence, defined as any episode of AF or atrial 
tachyarrhythmia lasting ≥ 30 s, documented on ECG or 
continuous monitoring. 

• AF persistence, defined as failure to restore or maintain 
sinus rhythm after transcatheter ablation and cardioversion, 
as documented on ECG monitoring. 

Statistical analysis 

Statistical analyses were performed using IBM SPSS Statistics 
version 29 (IBM Corp., Armonk, NY, USA). Continuous variables 
were tested for normality using the Kolmogorov–Smirnov test and 
are presented as mean ± standard deviation (SD) or median with 
interquartile range (IQR), as appropriate. Categorical variables are 
expressed as absolute numbers and percentages. 

Between-group comparisons were performed using the 
independent samples t-test or the Mann–Whitney U test for 
continuous variables and the χ2 test or Fisher’s exact test for 
categorical variables. 

Patients were stratified according to three predefined age 
thresholds (< 65, < 70, and < 80 years), yielding dichotomous 
comparisons at each cut-off. In addition, age was analyzed 
as a continuous variable to assess potential linear associations 
with study outcomes. 

Univariable and multivariable logistic regression models were 
constructed to assess the independent association between age and 
the primary and secondary endpoints. Given the limited number 
of outcome events, multivariable logistic regression models were 
constructed using a parsimonious approach to minimize the risk 
of overfitting. Adjustment was restricted to clinically relevant 
variables selected a priori, in accordance with events-per-variable 
recommendations. 
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Results are reported as odds ratios (ORs) with 95% confidence 
intervals (CIs). A two-tailed p-value < 0.05 was considered 
statistically significant. 

Graphical analyses, including forest plots, were generated to 
visually explore the relationship between age and outcomes and to 
illustrate confidence intervals across predefined age groups. 

Results 

Baseline characteristics 

A total of 217 consecutive patients were included in the 
analysis. The mean age was 67.2 ± 9.1 years (range, 42– 
84 years), and 141 patients (65%) were male. Paroxysmal AF 
was present in 133 patients (61.3%), whereas 84 patients (38.7%) 
had persistent AF. 

The mean CHA2DS2-VASc score was 2.17 ± 1.6. Hypertension 
was reported in 125 patients (57.6%), and diabetes mellitus in 32 
patients (14.7%). 

Baseline characteristics stratified by a 65-year age cut-off 
are shown in Table 1. Patients aged ≥ 65 years exhibited a 
significantly higher prevalence of hypertension, diabetes mellitus, 
chronic kidney disease, and persistent atrial fibrillation compared 
with younger patients. Female sex was also more frequent in the 
older group. As expected, mean age differed significantly between 
groups (p < 0.001). 

When stratified using a 70-year threshold, older patients 
continued to show a higher burden of hypertension, chronic kidney 
disease, and persistent atrial fibrillation. Differences in female sex 
and diabetes prevalence were attenuated and no longer statistically 
significant (Table 2). 

Only seven patients were aged ≥ 80 years. In this 
subgroup, hypertension was universally present. Other 
comorbidities appeared numerically higher but did not reach 
statistical significance, likely due to limited statistical power 
(Table 3). 

Procedural characteristics and early 
safety outcomes 

All transcatheter ablation procedures were successfully 
completed, and acute pulmonary vein isolation was achieved in 
100% of patients. 

Early procedural safety was favorable, with a low overall rate 
of complications within 48 h after the procedure. Specifically, 
pericardial effusion and/or cardiac tamponade occurred in 13 
patients (6.0%), and periprocedural bleeding in 6 patients (2.8%). 
No procedure-related deaths, stroke, transient ischemic attack, 
or acute coronary events were observed during the early post-
procedural period. 

When safety outcomes were stratified according to predefined 
age categories, no statistically significant differences were observed 
across any cut-off. The incidence of the 48-hour composite safety 
endpoint was comparable between patients aged < 65 versus 
≥ 65 years (p = 0.68), < 70 versus ≥ 70 years (p = 0.74), and < 80 
versus ≥ 80 years (p = 0.83). 

Analysis of individual safety components similarly showed no 
significant age-related differences. Bleeding events were infrequent 
and evenly distributed across age strata. BARC 2 bleeding at 
48 h was not associated with age (χ 2 = 1.528; p = 0.216), 
and BARC 3a bleeding remained rare across all age groups 
(χ 2 = 0.399; p = 0.528). Ischemic stroke was not observed within 
48 h, precluding comparative analysis. Vascular complications 

TABLE 1 Baseline clinical characteristics according to a 65-year age cut off. 

Variable < 65 (n = 117) ≥ 65 (n = 100) p-value 

Age, years (mean ± SD) 58.14 ± 5.1 72.8 ± 5.4 <0.001 

Female sex, n (%) 32 (27.4%) 41 (41.0%) 0.032 

Hypertension, n (%) 54 (46.2%) 71 (71.0%) <0.001 

Diabetes mellitus, n (%) 18 (15.4%) 26 (26.0%) 0.048 

Chronic kidney disease, n (%) 9 (7.7%) 19 (19.0%) 0.014 

Persistent AF, n (%) 37 (31.6%) 49 (49.0%) 0.009 

Values are presented as mean ± standard deviation(SD) or number(percentage). Continuous variables were compared using student’s t-test. Categorical variables were compared using χ 2 test 
or Fisher exact test when appropriate. AF, atrial fibrillation; CKD, chronic kidney disease; SD, standard deviation. 

TABLE 2 Baseline clinical characteristics according to a 70-year age cut-off. 

Variable <70 (n = 143) ≥ 70 (n = 74) p-value 

Age, years (mean ± SD) 61.2 ± 6.3 74.9 ± <0.001 

Female sex, n (%) 41 (29.1%) 29 (39.0%) 0.11 

Hypertension, n (%) 71 (49.6%) 50 (67.5%) 0.008 

Diabetes mellitus, n (%) 23 (16.2%) 18 (24.3%) 0.09 

Chronic kidney disease, n (%) 12 (8.5%) 14 (18.9%) 0.034 

Persistent AF, n (%) 48 (33.3%) 35 (47.2%) 0.038 

Values are presented as mean ± SD or number (percentage). Continuous variable were compared using student’s t-test categorical variables were compared using x 2 test or Fishers exact test 
when appropriate. AF, atrial fibrillation; CKD, chronic kidney disease; SD, standard deviation. 
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TABLE 3 Baseline clinical characteristic According to an 80-year age cut off. 

Variable < 80 (n = 210) ≥ 80 (n = 7) P-value 

Age, years (mean ± SD) 65.2 ± 8.7 82.4 ± 2.1 <0.001 

Female sex, n (%) 71 (33.8%) 2 (28.6%) 0.78 

Hypertension, n (%) 11 (56.2%) 7 (100%) 0.018* 

Diabetes mellitus, n (%) 42 (20.0%) 2 (28.6%) 0.62 

Chronic kidney disease, n (%) 26 (12.4%) 2 (28.6) 0.24 

Persistent AF, n (%) 81 (38.6%) 5 (71.4%) 0.10 

Values are presented as mean ± SD or number (percentage). Continuous variables were compared using student’s t-test. Due to small sample size in the ≥ 80 years group (n = 7), Fisher’s exact 
test was used where appropriate. AF, atrial fibrillation; CKD, chronic kidney disease; SD, standard deviation. *Indicates statistical significance (p < 0.05). 

and pericardial interventions occurred sporadically and without 
significant variation across age groups. 

In a parsimonious multivariable logistic regression model 
adjusted for CHA2DS2-VASc score, chronological age was not 
independently associated with 48-hour safety outcomes (OR 0.99 
per 1-year increase, 95% CI 0.93–1.06; p = 0.812) (Table 4). 
To address potential concerns regarding overlap between age 
and the CHA2DS2-VASc score, an additional sensitivity analysis 
was performed using female sex and persistent AF as alternative 
covariates. The results remained materially unchanged, with no 
significant association observed between age and the composite 
safety endpoint (OR 0.98 per 1-year increase, 95% CI 0.934– 
1.028; p = 0.402). Forest plot analysis across the predefined age 
thresholds (≥ 65, ≥ 70, and ≥ 80 years) demonstrated no significant 
association between advancing age and the composite 48-hour 
safety endpoint. Odds ratios remained close to unity across all 
thresholds, with progressively wider confidence intervals observed 
at higher age cut-offs, reflecting the limited number of patients in 
the oldest subgroup (Figure 1). 

Ultra-early arrhythmic outcomes 

The ultra-early arrhythmic events evaluated in the present 
study should not be interpreted as direct measures of long-
term procedural efficacy, as arrhythmias occurring within the first 
48 h after ablation are generally considered part of the blanking 
period and may reflect transient procedural effects rather than 
durable lesion failure. 

At 48 h following ablation, AF recurrence occurred in 
23 patients (10.5%), while AF persistence was observed in 8 
patients (3.7%). 

When stratified by age categories, recurrence and persistence 
rates were similar across all predefined thresholds. AF recurrence 
did not differ significantly between patients aged < 65 versus 
≥ 65 years (p = 0.59), < 70 versus ≥ 70 years (p = 0.68), or < 80 
versus ≥ 80 years (p = 0.77). Likewise, AF persistence showed no 

significant variation across age groups (p = 0.73, p = 0.66, and 
p = 0.81 for the < 65, < 70, and < 80 cut-offs, respectively). 

In multivariable logistic regression analyses treating age as 
a continuous variable, no independent association was observed 
between age and early arrhythmic outcomes. Forest plot analysis 
across predefined age thresholds demonstrated no significant 
association between age category and ultra-early AF recurrence 
(Figure 2). Consistent with these findings, a parsimonious model 
including CHA2DS2-VASc score was applied, in accordance with 
the primary analysis. The odds ratio per year increase in age was 
1.01 (95% CI 0.97–1.05; p = 0.77) for AF recurrence and 1.00 (95% 
CI 0.96–1.05; p = 0.91) for AF persistence. 

Discussion 

Principal findings 

In this contemporary real-world cohort, age was not 
independently associated with procedural safety or ultra-early 
arrhythmic outcomes following AF ablation. These findings 
remained consistent when age was analyzed both categorically 
(< 65, < 70, and < 80 years) and as a continuous variable and 
persisted after multivariable adjustment using a parsimonious 
model including CHA2DS2-VASc score. Overall event rates were 
low, with no periprocedural deaths, no cerebrovascular events, and 
an overall complication rate of 6.9%. Importantly, no significant 
age-related gradient in procedural risk was observed across any 
predefined threshold. 

Taken together, these results suggest that chronological age 
alone may not represent a determinant of early procedural risk 
or short-term arrhythmic outcomes in contemporary AF ablation 
practice when patients are carefully selected and procedures are 
performed in experienced centers. 

Importantly, ultra-early outcomes within 48 h may serve 
as indicators of procedural robustness and the quality of 

TABLE 4 Multivariable logistic regression analysis for the 48-hours composite safety end point. 

Predictor OR 95%CI p-value 

Age (per1-year increase) 0.99 0.93–1.06 0.812 

CHA2DS2-VASc score 0.96 0.65–1.42 0.826 

Values are presented as odd ratios (ORS) with 95% confidence intervals (CIS). The models was adjusted for clinically relevant covariates. Calibration was adequate (Hosmer–Lemeshow 
p = 0.919) No multicollinearity was detected (VIF < 2). 
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FIGURE 1 

Association between age thresholds and 48 h Safety outcomes following AF ablation. Forest plot displaying odds ratios (ORs) and 95% confidence 
intervals (CIs) for the composite 48-hour safety end point according to predefined age thresholds. The dashed vertical line represents the null value 
(OR=1). 

FIGURE 2 

Association between age threshold and ultra-early AF recurrence following AF ablation. Forest plot displaying odds ratios (ORs) and 95% confidence 
intervals (CIs) for AF recurrence within 48 h according to predefined age threshold. The dashed vertical line represent the null value (OR = 1). 

periprocedural care pathways. Ultra-early outcomes primarily 
reflect procedural integrity and periprocedural management rather 
than long-term atrial substrate characteristics. The absence of 
major early adverse events among older patients in our study 
supports the notion that contemporary ablation workflows can 
achieve consistent safety profiles across a broad age spectrum. 

Comparison with previous studies 

Safety in elderly populations 

Historically, advanced age was considered a relative 
contraindication to AF ablation, largely based on earlier data 
suggesting higher complication rates among older adults (7). 
However, contemporary large-scale studies have demonstrated 
favorable safety profiles even in elderly populations (5). 

The CABANA trial reported a 30-day major complication rate 
of 1.7% and did not identify significant age-related differences 
in procedural safety (12). Registry analyses have consistently 
identified center volume and operator experience as major 

determinants of periprocedural safety in AF ablation (9, 13). In the 
elderly subgroup analysis of the FIRE AND ICE trial, complication 
rates among patients aged ≥ 75 years were comparable to those 
observed in younger patients (4.3% vs 3.8%) (8). 

Our findings are consistent with these observations. In our 
cohort, pericardial effusion occurred in 6.0% of patients, and 
vascular complications in less than 2%. No stroke or procedure-
related death was observed. These data suggest that, under 
contemporary procedural standards, age per se may not be 
associated with an increased short-term procedural risk. 

Collectively, these findings suggest that procedural safety may 
be more closely associated with operator expertise, technological 
advancements, and standardized periprocedural management than 
with chronological age alone. 

Early arrhythmic outcomes 

Our data did not reveal significant differences in early 
arrhythmic recurrence or persistence across age strata. Early 
AF recurrence within 48 h was observed in 10.5% of patients, 
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consistent with the expected early “blanking period” phenomenon 
described in prior studies (11, 14). 

Previous investigations have suggested that immediate post-
procedural AF recurrences often reflect transient inflammation, 
autonomic imbalance, or atrial stunning rather than durable 
pulmonary vein reconnection, and may therefore not predict long-
term rhythm outcomes (15, 16). 

Although advancing age has been associated with more 
extensive atrial structural remodeling and fibrosis (17, 18), these 
chronic substrate-related factors may exert a lesser influence 
during the acute post-ablation phase, when arrhythmogenesis is 
predominantly driven by procedural variables such as contact 
force optimization, lesion durability, and transient atrial stunning 
(11, 19). 

The absence of significant age-related differences in our 
cohort—including among patients aged ≥ 80 years—suggests that 
early procedural efficacy and short-term rhythm stabilization are 
unlikely to be substantially influenced by chronological age (5). 

Mechanistic and physiological context 

Several mechanisms may explain the absence of an age-related 
increase in short-term procedural risk observed in our cohort. 
First, contemporary technological advancements—including 
contact-force sensing catheters, high-power short-duration 
(HPSD) radiofrequency strategies, and real-time oesophageal 
temperature monitoring—have enhanced lesion reproducibility 
and improved overall procedural safety (1, 19). Second, 
periprocedural anticoagulation management has become 
increasingly standardized; uninterrupted direct oral anticoagulant 
(DOAC) strategies have been associated with a reduction in 
both thromboembolic and bleeding complications (20, 21). 
Third, operator experience and institutional procedural volume are 
recognized determinants of safety in atrial fibrillation ablation, with 
high-volume centers consistently reporting lower complication 
rates regardless of patient age (9, 13). 

Collectively, these factors may mitigate the potential 
impact of age-related physiological vulnerability during the 
periprocedural phase. 

Clinical implications 

Our findings have relevant implications for clinical decision-
making and patient counselling. As the prevalence of atrial 
fibrillation continues to increase with population aging, the number 
of elderly patients considered for catheter ablation is expected to 
rise accordingly (1). In this scenario, the traditional perception of 
advanced age as a relative procedural contraindication warrants 
critical reappraisal considering contemporary evidence (5). 

Accumulating data—including the present analysis—suggest 
that procedural candidacy should be guided more appropriately 
by biological age, frailty status, and overall comorbidity burden 
rather than chronological age per se (22). In our cohort, even among 
octogenarians, advanced age was not associated with a higher risk of 
early complications, nor did it necessitate modifications in standard 
post-procedural management strategies (5, 8). 

Recent evidence has further suggested that the timing of 
catheter ablation may represent a more important determinant of 
procedural and long-term rhythm outcomes than chronological age 
itself (23). In particular, longer diagnosis-to-ablation intervals have 
been associated with less favorable outcomes, potentially reflecting 
progressive atrial remodelling and increasing arrhythmia burden 
over time (23). From this perspective, delaying referral solely on the 
basis of advanced age may be inappropriate and could inadvertently 
reduce the likelihood of achieving optimal outcomes. Therefore, 
contemporary decision-making should consider not only patient 
age, but also disease duration, atrial substrate characteristics, frailty 
status, and overall clinical profile when evaluating candidacy for 
catheter ablation (1, 22, 23). 

Another clinically relevant consideration in patients 
undergoing AF ablation, particularly older individuals, is the long-
term management of oral anticoagulation. Although the present 
study was not designed to evaluate post-ablation anticoagulation 
strategies, successful rhythm control may influence decisions 
regarding long-term anticoagulant therapy in selected patients. 
Nevertheless, contemporary evidence suggests that anticoagulation 
decisions should remain individualized and primarily guided by 
thromboembolic risk assessment rather than rhythm outcome 
alone (1, 24). Consequently, maintenance or discontinuation 
of oral anticoagulation after ablation should be based on an 
integrated evaluation of patient-specific risk factors and not solely 
on apparent procedural success or short-term rhythm status 
(1, 24). 

These findings align with the evolving paradigm of 
personalized atrial fibrillation management, in which therapeutic 
decisions are increasingly tailored according to symptom 
burden, AF phenotype, atrial substrate characteristics, and 
comorbidity profile rather than chronological age alone (1, 
22, 23). 

Limitations and future directions 

Several limitations of the present study should 
be acknowledged. 

First, the retrospective single-center design may limit the 
generalizability of our findings to broader and more heterogeneous 
populations. Nonetheless, the use of homogeneous patient selection 
criteria and standardized procedural workflows may enhance 
internal validity and reduce variability related to operator technique 
and periprocedural management. 

Second, although the overall low event rate reflects 
contemporary procedural safety standards, it inevitably reduces 
statistical power and limits the ability to detect small but potentially 
clinically meaningful differences across age strata. Owing to the 
relatively low number of events, multivariable analyses should 
be interpreted as exploratory and hypothesis-generating rather 
than definitive. 

Third, the analysis was confined to ultra-early (48-hour) 
outcomes. While ultra-early post-procedural events are clinically 
relevant and may reflect procedural quality, delayed complications 
and long-term arrhythmic recurrences were not evaluated. 
Consequently, no conclusions can be drawn regarding mid- or 
long-term age-related differences in efficacy or safety. 
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Furthermore, the limited number of outcome events 
constrained the complexity of multivariable adjustment. 
Consequently, parsimonious regression models were adopted 
to reduce the risk of overfitting. Although a sensitivity analysis 
using alternative covariates yielded consistent results, the findings 
should be interpreted as exploratory and hypothesis-generating. 

Important modifiers of procedural risk—such as validated 
frailty indices, comprehensive left atrial structural parameters 
(e.g., indexed left atrial volume or fibrosis burden), and 
detailed procedural metrics including total ablation time and 
fluoroscopy exposure—were not systematically incorporated. 
Integration of these variables into future prospective 
studies could further refine risk stratification, particularly in 
elderly populations. 

Another limitation of the present study is the absence 
of patient-reported outcome measures, including quality of 
life, symptom burden, functional status, and perceived well-
being. These factors are particularly relevant in elderly patients, 
in whom the decision to undergo catheter ablation is often 
driven not only by rhythm control objectives but also by the 
potential for symptom relief, preservation of autonomy, and 
improvement in daily functioning. Future investigations should 
incorporate validated quality-of-life and symptom assessment 
instruments to provide a more comprehensive evaluation 
of the clinical benefits of AF ablation across different age 
groups (25). 

Notably, confidence intervals widened considerably at the 
≥ 80-year threshold for both safety and ultra-early arrhythmic 
outcomes, highlighting the limited precision of estimates in 
octogenarians and reinforcing the need for cautious interpretation 
of subgroup analyses in this population. 

Future multicenter prospective registries should incorporate 
standardized frailty assessments, biological age markers, and 
extended longitudinal follow-up beyond the immediate post-
procedural phase. In addition, the establishment of national or 
European datasets systematically capturing ultra-early (≤ 48-hour) 
outcomes may help clarify the independent contribution of age to 
procedural safety and inform evidence-based discharge strategies 
in older patients. 

Conclusion 

In this contemporary real-world cohort, chronological age was 
not independently associated with ultra-early (48-hour) procedural 
safety or arrhythmic outcomes following atrial fibrillation ablation. 
These findings were consistent across multiple predefined age 
thresholds and persisted after adjustment using a parsimonious 
model including CHA2DS2-VASc score. 

Collectively, our results suggest that no statistically 
significant association between chronological age and ultra-
early procedural safety or arrhythmic outcomes was observed 
in this cohort. However, given the limited number of outcome 
events and the small number of octogenarians, larger studies 
are required to exclude modest age-related differences with 
greater confidence. Prospective multicenter studies involving 
larger and more heterogeneous populations are warranted 
to validate these observations and to further explore the 

integration of biological age, frailty indices, and structural cardiac 

parameters into individualized risk stratification frameworks 
for AF ablation. 

Data availability statement 

The raw data supporting the conclusions of this article will be 

made available by the authors, without undue reservation. 

Ethics statement 

All patients provided written informed consent for the 

collection and anonymized analysis of clinical data. Given the 

retrospective observational design of the study and the use of 
fully anonymized data, formal Ethics Committee approval was not 
required according to local institutional regulations. The study was 
conducted in accordance with the Declaration of Helsinki. 

Author contributions 

GD: Resources, Formal analysis, Writing – original draft, 
Data curation, Visualization, Investigation, Writing – review & 

editing, Conceptualization, Software, Methodology. MG: Writing – 

review & editing, Investigation, Resources. MP: Writing – review 

& editing, Investigation, Resources. MarP: Resources, Writing – 

review & editing, Investigation. RD: Resources, Investigation, 
Writing – review & editing. EP: Investigation, Writing – review 

& editing, Resources. GT: Resources, Investigation, Writing – 

review & editing. FU: Writing – review & editing, Investigation, 
Software, Data curation. FF: Data curation, Writing – review 

& editing, Software, Investigation. GC: Software, Data curation, 
Writing – review & editing, Formal analysis. PC: Validation, 
Conceptualization, Supervision, Project administration, Writing – 

review & editing, Visualization. GS: Validation, Conceptualization, 
Writing – review & editing, Supervision, Resources, Visualization, 
Project administration. 

Funding 

The author(s) declared that financial support was not received 

for this work and/or its publication. 

Acknowledgments 

We express our gratitude to the nursing and technical staff 

of the Electrophysiology Laboratory at Ospedale di Ciriè for their 

invaluable contribution to procedural safety and data completeness. 

Frontiers in Medicine 08 frontiersin.org 

https://doi.org/10.3389/fmed.2026.1831225
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-13-1831225 July 2, 2026 Time: 19:42 # 9

De Rosa et al. 10.3389/fmed.2026.1831225 

Conflict of interest 

The author(s) declared that this work was conducted in the 

absence of any commercial or financial relationships that could be 

construed as a potential conflict of interest. 

Generative AI statement 

The author(s) declared that Generative AI was used in the 

creation of this manuscript. Generative AI was used solely for 

language editing and minor grammatical corrections. The authors 
reviewed and approved all content and take full responsibility for 

the final manuscript. 

Any alternative text (alt text) provided alongside figures in 
this article has been generated by Frontiers with the support of 
artificial intelligence and reasonable efforts have been made to 
ensure accuracy, including review by the authors wherever possible. 
If you identify any issues, please contact us. 

Publisher’s note 

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher. 

References 
1. Gelder IC, Rienstra M, Bunting KV, Casado-Arroyo R, Caso V, Crijns HJGM, et al. 
ESC Guidelines for the management of atrial fibrillation developed in collaboration 
with the European association for cardio. Eur Heart J. (2024) 45:3314–414. doi: 10. 
1093/eurheartj/ehae176 

2. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC, et al. 
AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS guideline for the 
management of patients with atrial fibrillation: a report of the american college of 
cardiology/american heart association task force on clinical practice guidelines and the 
heart rhythm society in collaboration with the society of thoracic surgeons. Circulation. 
(2019) 140:e125–51. doi: 10.1161/CIR.0000000000000665 

3. Marrouche NF, Brachmann J, Andresen D, Siebels J, Boersma L, Jordaens L, et al. 
Catheter ablation for atrial fibrillation with heart failure. N Engl J Med. (2018) 
378:417–27. doi: 10.1056/NEJMoa1707855 

4. Packer DL, Mark DB, Robb RA, Monahan KH, Bahnson TD, Poole JE, et al. Effect 
of catheter ablation vs antiarrhythmic drug therapy on mortality, stroke, bleeding, and 
cardiac arrest among patients with atrial fibrillation: the cabana randomized clinical 
trial. JAMA. (2019) 321:1261–74. doi: 10.1001/jama.2019.0693 

5. Boehmer AA, Rothe M, Ruckes C, Eckardt L, Kaess BM, Ehrlich JR. Catheter 
ablation for atrial fibrillation in elderly patients: an updated meta-analysis of 
comparative studies. Can J Cardiol. (2024) 40:2441–51. doi: 10.1016/j.cjca.2024.08.263 

6. Rottner L, Bellmann B, Lin T, Reissmann B, Tönnis T, Schleberger R, et al. Catheter 
ablation of atrial fibrillation: state of the art and future perspectives. Cardiol Ther. 
(2020) 9:45–58. doi: 10.1007/s40119-019-00158-2 

7. Santangeli P, Di Biase L, Mohanty P, Burkhardt JD, Horton R, Bai R, et al. Catheter 
ablation of atrial fibrillation in octogenarians: safety and outcomes. J Cardiovasc 
Electrophysiol. (2012) 23:687–93. doi: 10.1111/j.1540-8167.2012.02293.x 

8. Kuck KH, Brugada J, Fürnkranz A, Metzner A, Ouyang F, Chun KR, et al. 
Cryoballoon or radiofrequency ablation for paroxysmal atrial fibrillation. N Engl J Med. 
(2016) 374:2235–45. doi: 10.1056/NEJMoa1602014 

9. Providencia R, Defaye P, Lambiase PD, Pavin D, Cebron JP, Halimi F, et al. 
Results from a multicentre comparison of cryoballoon vs. radiofrequency ablation 
for paroxysmal atrial fibrillation: is cryoablation more reproducible? Europace. (2017) 
19:48–57. doi: 10.1093/europace/euw080 

10. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. 
The strengthening the reporting of observational studies in epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Lancet. (2007) 370:1453–7. 
doi: 10.1016/S0140-6736(07)61602-X 

11. Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga L, et al. 
HRS/EHRA/ECAS/APHRS/SOLAECE expert consensus statement on catheter and 
surgical ablation of atrial fibrillation. Heart Rhythm. (2017) 14:e275–444. doi: 10.1016/ 
j.hrthm.2017.05.012 

12. Mark DB, Anstrom KJ, Sheng S, Piccini JP, Baloch KN, Monahan KH, et al. 
Effect of catheter ablation vs medical therapy on quality of life among patients with 
atrial fibrillation: the cabana randomized clinical trial. JAMA. (2019) 321:1275–85. 
doi: 10.1001/jama.2019.0692 

13. Shah RU, Freeman JV, Shilane D, Wang PJ, Go AS, Hlatky MA. Procedural 
complications, rehospitalizations, and repeat procedures after catheter ablation for 
atrial fibrillation. J Am Coll Cardiol. (2012) 59:143–9. doi: 10.1016/j.jacc.2011. 
08.068 

14. Andrade JG, Khairy P, Verma A, Guerra PG, Dubuc M, Rivard L, et al. Early 
recurrence of atrial tachyarrhythmias following radiofrequency catheter ablation of 
atrial fibrillation. Pacing Clin Electrophysiol. (2012) 35:106–16. doi: 10.1111/j.1540-
8159.2011.03256.x 

15. Liang JJ, Dixit S, Santangeli P. Mechanisms and clinical significance of early 
recurrences of atrial arrhythmias after catheter ablation for atrial fibrillation. World 
J Cardiol. (2016) 8:638–46. doi: 10.4330/wjc.v8.i11.638 

16. Chen G, Li G, Zhang D, Wang X, Guo X. Blanking period antiarrhythmic drugs 
after catheter ablation for atrial fibrillation: a meta-analysis of randomized controlled 
trials. Front Cardiovasc Med. (2023) 10:1071950. doi: 10.3389/fcvm.2023.1071950 

17. Kottkamp H. Human atrial fibrillation substrate: towards a specific fibrotic atrial 
cardiomyopathy. Eur Heart J. (2013) 34:2731–8. doi: 10.1093/eurheartj/eht194 

18. Dzeshka MS, Lip GY, Snezhitskiy V, Shantsila E. Cardiac fibrosis in patients with 
atrial fibrillation: mechanisms and clinical implications. J Am Coll Cardiol. (2015) 
66:943–59. doi: 10.1016/j.jacc.2015.06.1313 

19. Reddy VY, Shah D, Kautzner J, Schmidt B, Saoudi N, Herrera C, et al. The 
relationship between contact force and clinical outcome during radiofrequency 
catheter ablation of atrial fibrillation in the TOCCATA study. Heart Rhythm. (2012) 
9:1789–95. doi: 10.1016/j.hrthm.2012.07.016 

20. Calkins H, Nordaby M. Uninterrupted dabigatran versus warfarin for ablation in 
atrial fibrillation. N Engl J Med. (2017) 377:495–6. doi: 10.1056/NEJMc1707247 

21. Cappato R, Marchlinski FE, Hohnloser SH, Naccarelli GV, Xiang J, Wilber DJ, 
et al. Uninterrupted rivaroxaban vs. uninterrupted vitamin K antagonists for catheter 
ablation in non-valvular atrial fibrillation. Eur Heart J. (2015) 36:1805–11. doi: 10. 
1093/eurheartj/ehv177 

22. Wilkinson C, Todd O, Clegg A, Gale CP, Hall M. Management of atrial fibrillation 
for older people with frailty: a systematic review and meta-analysis. Age Ageing. (2019) 
48:196–203. doi: 10.1093/ageing/afy180 

23. Hassan MAU, Mushtaq S, Li T, Yang Z, Rehman A, Abdulkarem AM. Correlation 
between diagnosis-to-ablation time and atrial fibrillation recurrence: a systematic 
review and meta-analysis. J Interv Card Electrophysiol. (2025) 68:1711–7. doi: 10.1007/ 
s10840-025-02015-w 

24. Matteucci A, Mariani MV, Pandozi C, Bonanni M, Frazzetto M, Pierucci N, et al. 
Oral anticoagulation after atrial fibrillation ablation: an updated systematic review and 
meta-analysis of 267 443 patients. Eur J Haematol. (2026) 116:915–27. doi: 10.1111/ejh. 
70155 

25. Matteucci A, Russo M, Galeazzi M, Pandozi C, Bonanni M, Mariani MV, et al. 
Impact of ablation energy sources on perceived quality of life and symptom in atrial 
fibrillation patients: a comparative study. J Clin Med. (2025) 14:2741. doi: 10.3390/ 
jcm14082741 

Frontiers in Medicine 09 frontiersin.org 

https://doi.org/10.3389/fmed.2026.1831225
https://doi.org/10.1093/eurheartj/ehae176
https://doi.org/10.1093/eurheartj/ehae176
https://doi.org/10.1161/CIR.0000000000000665
https://doi.org/10.1056/NEJMoa1707855
https://doi.org/10.1001/jama.2019.0693
https://doi.org/10.1016/j.cjca.2024.08.263
https://doi.org/10.1007/s40119-019-00158-2
https://doi.org/10.1111/j.1540-8167.2012.02293.x
https://doi.org/10.1056/NEJMoa1602014
https://doi.org/10.1093/europace/euw080
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/j.hrthm.2017.05.012
https://doi.org/10.1016/j.hrthm.2017.05.012
https://doi.org/10.1001/jama.2019.0692
https://doi.org/10.1016/j.jacc.2011.08.068
https://doi.org/10.1016/j.jacc.2011.08.068
https://doi.org/10.1111/j.1540-8159.2011.03256.x
https://doi.org/10.1111/j.1540-8159.2011.03256.x
https://doi.org/10.4330/wjc.v8.i11.638
https://doi.org/10.3389/fcvm.2023.1071950
https://doi.org/10.1093/eurheartj/eht194
https://doi.org/10.1016/j.jacc.2015.06.1313
https://doi.org/10.1016/j.hrthm.2012.07.016
https://doi.org/10.1056/NEJMc1707247
https://doi.org/10.1093/eurheartj/ehv177
https://doi.org/10.1093/eurheartj/ehv177
https://doi.org/10.1093/ageing/afy180
https://doi.org/10.1007/s10840-025-02015-w
https://doi.org/10.1007/s10840-025-02015-w
https://doi.org/10.1111/ejh.70155
https://doi.org/10.1111/ejh.70155
https://doi.org/10.3390/jcm14082741
https://doi.org/10.3390/jcm14082741
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Chronological age was not independently associated with ultra-early safety or arrhythmic outcomes after contemporary atrial fibrillation ablation: a real-world single-center study
	Introduction
	Materials and methods
	Study population
	Transcatheter ablation procedure
	Procedural workflow
	Postprocedural care

	Early (48-Hour) outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Procedural characteristics and early safety outcomes
	Ultra-early arrhythmic outcomes

	Discussion
	Principal findings
	Comparison with previous studies
	Safety in elderly populations

	Early arrhythmic outcomes
	Mechanistic and physiological context
	Clinical implications
	Limitations and future directions

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References




