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Background: Delayed catheter ablation (CA) has been associated with higher
rates of atrial fibrillation (AF) recurrence. Low-voltage zones (LVZs) are
established predictors of AF recurrence after CA. Data on LVZ assessment in
relation to diagnosis-to-ablation time (DAT) remain limited. This study aimed
to evaluate the extent of left atrial (LA) LVZs, bipolar voltage, and the
outcomes of voltage-guided CA in patients with persistent AF, classified
according to DAT.

Methods: We consecutively enrolled 350 patients with persistent AF undergoing
their first voltage-guided CA. Patients were classified according to DAT into two
groups: DAT <1 year (n=131) and >1 year (n =219). LA voltage mapping was
performed during sinus rhythm. LVZs were defined as regions with a bipolar
voltage <0.5 mV.

Results: Patients with DAT >1 year exhibited lower LA bipolar voltage (p <0.01)
and larger LA and indexed LA volumes (p < 0.01). LVZs were more frequent in
this group (43% vs. 28%, p=0.01), particularly moderate LVZs (p = 0.04).
Recurrence of atrial tachyarrhythmias (ATs) after a single procedure occurred
more often in patients with DAT >1 year (log-rank p =0.05). Multivariable
analysis revealed that female sex (p <0.001), indexed LA volume >48 mL/m?
(p=0.008), age >60 years (p<0.05), and P-wave duration >150ms
(p<0.001) were independently associated with the presence of LVZs.
A history of paroxysmal AF was associated with a lower likelihood of LVZs,
whereas DAT was not an independent predictor.

Conclusion: Patients with persistent AF and a longer DAT displayed more
extensive LA substrate remodeling. Despite a tailored ablation targeting LVZs,
a longer DAT was associated with a higher rate of AT recurrence. Early
ablation within the first year after AF diagnosis could optimize AF CA outcomes.

KEYWORDS

atrial fibrillation, bipolar voltage map, catheter ablation, diagnosis-to-ablation time,
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Introduction

Atrial fibrillation (AF) is
arrhythmia and is
cardiovascular death (1), heart failure onset, and stroke (2).
Recent data show that early rhythm control (ERC), including
treatment with antiarrhythmic drugs (AADs) or/and AF
ablation, can reduce cardiovascular outcomes and mortality

the most common cardiac

associated with an increased risk of

compared with usual care in patients with AF (3). Furthermore,
ERC has been associated with improved quality of life (4).

Importantly, early AF ablation has been associated with a
significant reduction in the composite outcome of all-cause
death, stroke, and major bleeding compared with AAD therapy
(5). Ablation has also been shown to be more effective than
AAD therapy in improving both quality of life and symptoms in
patients with AF (5) and reducing health care resource
utilization and hospitalizations (6). Initial treatment of
paroxysmal AF with catheter ablation has also been associated
with a lower risk of progression to persistent AF or recurrent
atrial tachyarrhythmia compared with first-line AAD therapy
(7). The progression of AF results from the continuous interplay
of underlying electrical, cellular, and neuro-hormonal
mechanisms, combined with clinical parameters and associated
cardiovascular risk factors that favor AF and promote atrial
substrate remodeling. Risk factors such as age, heart failure,
hypertension, diabetes, and chronic kidney disease are known to
contribute to this remodeling, which is a key driver of AF
progression and is associated with an increased risk of
cardiovascular events, hospitalizations, and mortality (8).

Observational studies have shown that the timing of ablation,
defined as the diagnosis-to-ablation time (DAT), plays a critical
role in outcomes for AF patients. Specifically, a shorter DAT has
been independently associated with improved post-ablation
outcomes. Early ablation has been linked to significant lower
rates of AF recurrence and fewer hospitalizations compared with
delayed interventions (9, 10).

Winkle et al. reported that, in patients with persistent AF,
early ablation was associated with better outcomes compared
with  delayed with
paroxysmal AF, early ablation did not offer a significant
advantage as long as the arrhythmia remained paroxysmal (11).

ablation. However, among patients

These recent findings are poised to reshape the future
conceptual practice of rhythm
management in AF. Despite this, data on left atrial (LA)

framework and clinical
remodeling in relation to DAT in persistent AF remain limited.
One study reported that a longer DAT in patients with
persistent AF was correlated with greater LA enlargement (10).
Low-voltage zones (LVZs), which reflect structural remodeling

Abbreviations

AADs, antiarrythmic drugs; AF, atrial fibrillation; A, ablation index; ASDs,
absolute standardized differences; AtCM, atrial cardiomyopathy; ATs, atrial
tachyarrhythmias; CA, catheter ablation; CI, confidence interval; CS, coronary
sinus; CT, computed tomography; DAT, diagnosis-to ablation time; ECG,
electrocardiogram; ERC, early rhythm control; HR, hazards ratio; LA, left
atrial; LAA, left atrial appendage; LAIV, left atrial intracavitary volume;
LAIVI, left atrial intracavitary volume index; LAV, left atrial volume; LAVI,
left atrial volume index; LVZs, low-voltage zones; OR, odds ratio; OSA,
obstructive sleep apnea; PS, propensity score; PVI, pulmonary vein isolation;
PWD, P-wave duration; RF, radiofrequency; SR, sinus rhythm.
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of the LA, are recognized as strong predictors of AF recurrence
following pulmonary vein isolation (PVI) alone (12). PVI in
combination with LVZ-guided ablation may represent an
interesting strategy to improve outcomes in patients undergoing
ablation for persistent AF. The purpose of our study was to
evaluate the extent of LA LVZs and bipolar voltage amplitudes
in a cohort of patients with persistent AF, comparing those with
a DAT <1 year to those with a DAT >1 year.

We also assessed 36-month outcomes following LA voltage-
guided ablation based on the timing of ablation and analyzed
predictive of the presence of LVZs and atrial tachyarrhythmia
(AT) recurrence after catheter ablation (CA) in the entire cohort.

Methods
Study population

Among 574 patients referred to our institution (Strasbourg
University Hospital, France) from November 2019 to February
2023 for a first radiofrequency ablation of persistent AF, 350
(61%) patients were included in the study. Patients with
structural heart disease (88 patients) were excluded, as were 136
patients without an LA voltage map in sinus rhythm (SR). Only
patients with persistent AF at the time of the index procedure
were included; those referred for catheter ablation of paroxysmal
AF or for redo procedures were excluded. At our center,
ablation is performed as early as possible to minimize atrial
remodeling and disease progression.

Due to the retrospective design, detailed longitudinal data on
antiarrhythmic drug exposure, cardioversion frequency, and
structured risk-factor management between atrial fibrillation
diagnosis and ablation were not consistently available and were
therefore excluded from the analysis.

A history of paroxysmal AF was defined as a documented
episode of paroxysmal AF prior to the onset of persistent AF,
based on the medical records of patients. This variable does not
reflect AF burden or the number of paroxysmal episodes.

Structural heart disease was defined as the presence of
ischemic heart disease, valve dysfunction (>moderate), or
primary myocardial structural disease, including dilated
cardiomyopathy and hypertrophic cardiomyopathy (Figure 1).

DAT was defined as the interval between the first documented
episode of AF and the day of CA. The unmatched cohort was then
divided into two groups: DAT <1 year (n =131) and DAT >1 year
(n=219). Patient demographics and baseline clinical
characteristics are summarized in Table 1.

The study protocol was approved by the institutional review
board of Strasbourg University (CE-2023-113). Written
informed consent for the ablation procedure and for the use of
data for research purposes was obtained from all patients during
the consultation before the CA procedure.

Electro-anatomical voltage mapping
All CA procedures were performed under general anesthesia.

Cardiac computed tomography (CT) was performed prior to
each procedure to visualize LA anatomy. Left atrial volume
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n=574

A first catheter ablation for persistent AF
between November 2017 and February 2023

No LA voltage map available
in sinus rhythm

n=133

n=441

Patient with LA voltage map in sinus
rhythm acquired before ablation

Underlying heart disease:
VHD, HCM, CA, ICM, DCM

No data for DAT : n=2
Patient lost to follow-up: n=1

n=88

Study population:

n=350

Patient with LA voltage map and
structurally normal hearts

n=131

Patients with DAT < 1 year Patients with DAT > 1 year

n=219

FIGURE 1

VHD, valvular heart disease; HCM, hypertrophic cardiomyopathy; CA,
cardiomyopathy; DAT, diagnosis-to-oblation time.

Flowchart of the study. Among 574 patients admitted for initial radiofrequency ablation of persistent AF between November 2019 and February 2023,
350 (61%) patients met the inclusion criteria. A total of 133 patients (23%) had no LA voltage mapping in sinus rhythm, and 91 (16%) were excluded from
the analysis: 88 due to structural heart disease, two because of missing DAT data, and one due to loss to follow-up. AF, atrial fibrillation; LA, left atrial;

cardiac amyloidosis; ICM, ischemic cardiomyopathy; DCM, dilated

(LAV), excluding the left atrial appendage (LAA), was measured
from the CT scan for each patient and expressed in milliliters
(mL). The left atrial volume index (LAVI) corresponded to the
LAV indexed to body surface area and was expressed in mL/m>.

The electro-anatomical mapping system (CARTO 3, Biosense
Webster, Diamond Bar, CA, USA) was used for mapping and
ablation guidance. LA endocardial mapping was performed
using a multielectrode mapping catheter (PentaRay™, Biosense
Webster, Diamond Bar, CA, USA) to create a high-density
bipolar LA endocardial voltage map in SR at the beginning of
the procedure. For patients with AF, electrical conversion to SR
was performed before the creation of the LA map. The quality
of all acquired voltage points was reviewed for each patient.
A stable catheter contact for at least two consecutive beats
validated the acquisition of points recorded during LA mapping.
Mechanically induced premature beats were excluded after
verification of all points recorded in SR.

The LA was segmented into six anatomical regions: anterior,
septal, posterior, lateral, inferior, and LAA. The roof was part of
the anterior region, as previously described (13). Bipolar voltage
amplitude was automatically recorded at each mapping point
during LA mapping to calculate the global LA bipolar voltage
amplitude, which was defined as the mean of all voltage
amplitudes of each point recorded during LA mapping.

LVZs were defined as contiguous areas of at least 1 cm’
showing a bipolar peak-to-peak electrogram voltage of <0.5 mV
in patients who were in SR at the time of ablation (14).
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The degree of LVZ extent in the LA was determined semi-
quantitatively for each patient and categorized according to the
UTAH fibrosis classification (15) as follows: stage I (no or
discret LVZ, <5%), stage II (mild, >5 to <20%), stage III
(moderate, >20 to <35%), and stage IV (severe, >35%). Patients
with LA LVZ >5% were classified as having LVZ, whereas those
with LA LVZ <5% were considered non-LVZ. Any atrial region
containing LVZ was defined as a low-voltage region.

Left atrial intracavitary volume (LAIV), excluding the LAA,
was measured for each patient after LA anatomic reconstruction
and expressed in mL. The left atrial intracavitary volume index
(LAIVI) corresponded to the LAIV indexed to the body surface
area and was expressed in mL/m>.

Catheter ablation procedure

All patients underwent antral PVI during the CA procedure
according to the CLOSE protocol (16). Radiofrequency (RF)
applications were delivered using a 4-mm irrigated contact-force
ablation catheter (ThermoCool® SmartTouch®, Biosense
Webster, Diamond Bar, CA, USA). PVI was performed using a
high-power, short-duration ablation strategy by applying 50 and
40 W to the anterior and posterior segments of pulmonary
veins, respectively (17). RF energy was delivered until achieving
an ablation index (AI) of 450-500 at the anterior wall and 350-
400 at the posterior wall. A contact force of 5-20 g was obtained
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TABLE 1 Baseline characteristics according to DAT.

Variable DAT>1

year

(n=219)

Age, years 64 [56-70] 67 [61-72] 0.01
Female gender 32 (24) 72 (33) 0.11
BMI, kg/m2 29 [26-34] 30 [26-33] 0.78
Dyslipidemia, n (%) 52 (40) 95 (43) 0.53
Hypertension, n (%) 86 (66) 145 (66) 0.93
Diabetes mellitus, n (%) 28 (21) 35 (16) 0.27
Smoking, n (%) 20 (15) 21 (10) 0.16
OSA, n (%) 32 (24) 68 (31) 0.21
CHA,DS,-VASc score 2 (1-3) 2 (1-3) 0.76
Paroxysmal AF history, n (%) 16 (12) 129 (59) <0.01
Sinus node dysfunction, 10 (8) 19 (9) 0.87
n (%)
Time to treatment, days 186 [133-251] 1,286 [665- <0.01

2,366]
Reported AF duration, <0.01
months
<3 months 100 (76) 132 (60)
>3 to <6 months 13 (10) 32 (15)
>6 to <9 months 9 (7) 24 (11)
>9 to <12 months 9(7) 7 (3)
>12 months 0 (0) 24 (11)
eGFR, mL/min/1.73 m? 83 [66-93] 82 [67-93] 0.5
LVEF, % 60 [54-65] 60 [55-65] 0.17
P-wave duration, ms 141 £22 150 + 25 <0.01
Beta-blocker 109 (83) 173 (79) 0.5
ACEi/ARB 66 (50) 120 (55) 0.45
Aldosterone receptor 21 (16) 32 (15) 0.86
antagonist
Antiarrhythmic drugs prior 124 (95) 195 (89) 0.11
to the procedure
Amiodarone 94 (76) 146 (75) 0.92
Flecainide 29 (23) 43 (22) 0.92
Sotalol 1(1) 6(3) 0.25

Data are presented as values (with percentages) for categorical variables and as median
(25th-75th percentile) for quantitative variables. A two-tailed p-value<0.05 was
considered significant. Bold values indicate statistical significance at p < 0.05.

DAT, diagnosis-to-ablation time; BMI, body mass index; OSA, obstructive sleep apnea; AF,
atrial fibrillation; ACEi/ARB, angiotensin-converting enzyme inhibitor/angiotensin II
receptor blocker; eGFR, estimated glomerular filtration rate; LVEF, left ventricular
ejection fraction; LAA, left atrial appendage.

Diagnosis-to-ablation time =time from the first clinical diagnosis of AF to the
ablation procedure.

at each site, with a lesion tag size of 2 mm, an interlesion distance
of <6 mm, a target temperature of 43°C, and an infusion rate of
17 mL/mn. PVI was only performed in patients with a normal
LA voltage map (stage I). For the other patients (stages II-IV),
an additional ablation targeting the LVZ was performed by
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isolation or homogenization. Linear ablation across LVZs was
achieved when the LVZ ablation area could be considered a
critical isthmus site for potential macro-reentrant tachycardia.
Linear lesions were also created to isolate large LVZ areas from
the rest of the left atrial tissue, such as constructing a posterior
box using a roof line and an inferoposterior line. At the end of
the procedure, atrial burst pacing from the coronary sinus (CS)
was performed to induce any tachycardia. No additional
ablation was performed in the case of induced AF.

Follow-up

AADs were continued in all patients during a 3-month
blanking period of after CA. Arrhythmic episodes occurring
within the first 3 months were excluded from the analysis of
final success rates. Patients were followed regularly by their
cardiologist at 3 months and every 6 months thereafter, up to
42 months after RF CA. At each outpatient visit, patients were
asked to give details of their symptoms. A 12-lead
electrocardiogram (ECG) and 24-h ambulatory Holter
monitoring were also performed.

For this study cohort, AT recurrence was defined as any AF,
atrial flutter, or atrial tachycardia lasting more than 30s
recorded on a routine or symptom-triggered ECG during an
outpatient visit after a 3-month blanking period. AADs were
gradually discontinued between 3 and 6 months after ablation at
the physician’s discretion, provided no arrhythmia recurrence
had occurred.

Statistical analysis

Categorical variables are reported as counts with percentages,
and continuous variables are expressed as medians with
interquartile ranges. An inverse probability of treatment
weighting (IPTW) approach was used to balance the baseline
characteristics between the two groups (early or late ablation).
A propensity score was estimated using a multivariable logistic
regression model. The dependent variable was the timing of
ablation, and the independent variables included all potential
relationship [AF

duration, age, coronary artery disease, gender, smoking status,

confounders of the exposure-outcome
obstructive sleep apnea (OSA), diabetes mellitus, dyslipidemia,
body mass index, estimated glomerular filtration rate, CHA,DS,-
VASc score, hypertension, and history of paroxysmal AF].
Stabilized weights then
pseudopopulation (weighted cohort) in which the distribution of

were computed to generate a
baseline covariates was independent of the timing of ablation.
We used absolute standardized differences (ASD) to assess the
comparability of the baseline covariates between the two groups.
with an ASD <0.1

imbalance (Supplementary Figure 1) (18).

Covariates indicate non-meaningful

For each binary outcome, we performed univariable weighted
logistic regression to estimate the odds ratio (OR) for the late
ablation group and its 95% confidence interval (CI). For
continuous variables, differences were estimated using linear
regression models. Normality of residuals and homogeneity of

variance were checked graphically.
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Factors associated with the presence of LVZs were identified
using a multivariable logistic regression model. We included all
with related to AT
recurrence were identified using a multivariable Cox model.
Results are presented as hazard ratios (HRs) with 95% Cls.

Kaplan-Meier survival curves were constructed for each group

variables clinical relevance. Factors

to analyze freedom from AT recurrence after a single procedure.
The two groups were compared using the log-rank test with a
Bonferroni correction.

To avoid potential bias arising from dichotomizing DAT at a
l-year cutoff in the analysis of its relationship with LVZs,
sensitivity ~analyses
continuous variable (OR per 30-day increase) and introducing
restricted cubic splines (RCS) with three knots at the 10th, 50th,
and 90th percentiles in the multivariable model to assess a
potential non-linear effect.

A two-tailed p-value of <0.05 was considered statistically
significant. All analyses were performed using R software
(R Core Team, 2021; R Foundation for Statistical Computing,
Vienna, Austria).

were performed treating DAT as a

Results
Baseline characteristics
Patient characteristics of the primary cohort before and after

IPTW are summarized in Tables 1, 2. Before weighting, the
traditional cardiovascular risk factors were equally distributed in

TABLE 2 Baseline characteristics according to DAT before and after IPTW.

10.3389/fcvm.2026.1751432

the two groups. Patients in the DAT >1 year group were older
[67 (61-72) vs. 64 (56-70) years, p=0.01] and had a longer
duration of AF. They also had a higher prevalence of a history
of paroxysmal AF (59% vs. 12%, p<0.01). The higher
prevalence of a history of paroxysmal AF in the DAT >1 year
group likely reflects the natural progression from paroxysmal to
persistent AF over time, consistent with the longer overall AF
duration and older age observed in this group. No differences
were observed for the other variables between the two groups
(Table 1). After weighting, no differences were observed
concerning these variables between the two groups (Table 2).

Differences in left atrial remodeling in the
unweighted cohort

Patients with DAT >1 year had greater indexed (72 +19 vs.
65+ 18 mL/m?, p<0.01) or non-indexed (150+39 vs.
137 +35mL, p<0.01) LA volumes on CT scan (Table 3). The
global LA bipolar voltage amplitude was significantly lower in
patients with DAT >1 year in the unweighted cohort [1.8 [1.2-
2.5] vs. 2.3 [1.5-2.7] mV, p<0.01] (Table 3). LVZs were more
frequently observed in patients with DAT >1 year [93 [43%] vs.
37 [28%], p=0.01] (Table 3). LVZ areas ranging from 20% to
35% of LA (p=0.04), anterior (p=0.03),
(p=0.03) localizations were more frequently observed in
patients with DAT >1 year (Table 3). In this unweighted cohort,
P-wave duration (PWD) was longer (150 +25 vs. 141 £ 22 ms,
p<0.01) in the DAT >1 year group (Table 3).

and posterior

Variable Before IPTW After IPTW
DAT <1 year DAT >1 year DAT <1 year DAT >1 year
(n=131) (n=219) (n=129.7) (n=218.7)

Age, years 63 [56-70] 67 [61-72] 0.307 68 [56-71] 66 [59-71] 0.052
Female gender 32 (24%) 72 (33%) 0.188 40 (31%) 67 (30%) 0.016
AF duration 0.376 0.096
<3 months 101 (77%) 132 (60%) 91 (70%) 145 (66%)

>3 to <6 months 13 (10%) 32 (15%) 17 (13%) 29 (13%)

>6 months 17 (13%) 55 (25%) 22 (17%) 45 (21%)

BMI, kg/m? 29 [26-34] 30 [26-33] 0.086 28 [27-31] 30 [26-33] 0.097
CHA,DS,-VASc score 2 [1-3] 2 [1-3] 0.057 2 [1-4] 2 [1-3] 0.018
Dyslipidemia 51 (39%) 95 (43%) 0.09 62 (48%) 95 (44%) 0.085
Hypertension 86 (66%) 145 (66%) 0.012 91 (71%) 147 (67%) 0.076
Diabetes mellitus 28 (21%) 35 (16%) 0.139 23 (18%) 40 (18%) 0.012
Smoking 20 (15%) 21 (10%) 0.173 18 (14%) 25 (11%) 0.075
OSA 32 (24%) 68 (31%) 0.148 34 (26%) 61 (28%) 0.048
Coronary artery disease 25 (19%) 24 (11%) 0.229 19 (15%) 31 (14%) 0.012
eGFR, mL/min/1.73 m? 83 [66-94] 82 [67-93] 0.071 86 [66-94] 81 [67-93] 0.092
Paroxysmal AF history 16 (12%) 129 (59%) 1.117 53 (41%) 91 (41%) 0.017

Data are presented as values (with percentages) for categorical variables and as median (25th-75th percentile) for quantitative variables. Bold values indicate statistical significance with ASD > 0.1.
ASD values close to 0 indicate insignificant differences between groups. We consider that covariates with ASD <0.1 indicate an unmeaningful imbalance.
IPTW, inverse probability of treatment weighting; ASD, absolute standardized differences; DAT, diagnosis-to-ablation time; BMI, body mass index; OSA, AF, atrial fibrillation; eGFR,

estimated glomerular filtration rate.
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TABLE 3 Analysis of left atrial remodeling parameters between DAT <1 year and DAT >1year.

Variable DAT >1 year P-value

(n=219)

LAV on CT scan, mL 13735 150 + 39 <0.01
LAVI on CT scan, 65+ 18 7219 <0.01
mL/m?

Per-procedural LAIV 132+31 143 £37 0.01
excluding LAA, mL

Per-procedural LAIVI 63+16 69+17 <0.01
excluding LAA, mL/m?

LA bipolar voltage 2.3 [1.5-2.7] 1.8 [1.2-2.5] <0.01
LVZs, n (%) 37 (28) 93 (43) 0.01
LVZ extent in LA

Mild LVZs, 1 (%) 25 (19) 54 (25) 0.26
Moderate LVZs, n (%) 6 (5) 25 (11) 0.04
Severe LVZs, n (%) 6 (5) 14 (6) 0.62
Number of regional LVZs

Anterior, n (%) 34 (26) 82 (38) 0.03
Septal, 1 (%) 22 (17) 49 (22) 0.24
Posterior, n (%) 11 (8) 37 (17) 0.03
Inferior, n (%) 2 (2) 11 (5) 0.14
Lateral, n (%) 1(1) 4 (2) 0.65
LAA, n (%) 5 (4) 13 (6) 0.52

All data are presented as values (percentages) for categorical variables or as median (25th-
75th  percentile) quantitative A two-tailed  p-value <0.05
considered significant. Bold values indicate statistical significance at p <0.05.

DAT, diagnosis-to-ablation time; LAV, left atrial volume; LAV, left atrial volume index; CT,
computed tomography; LAIV, left atrial intracavitary volume; LAIVI, left atrial intracavitary
volume index; LA, left atrium; LVZ, low-voltage zone; LAA, left atrial appendage.

for variables. was

Differences in left atrial remodeling in the
weighted cohort

After IPTW, non-indexed LA volume on CT scan remained
higher in patients with a DAT >1 year (p=0.031), while
indexed values did not differ significantly (Table 4). LVZs were
more frequent in patients with DAT >1 year, although this did
not reach significance [93 [43%] vs. 38 [30%], p=0.076].
Posterior LVZs were more frequent in late ablation (17.3% vs.
5.8%, p=0.003), but overal LVZ burden and
distribution were similar between the two groups (Table 4).

regional

PWD remained significantly longer in patients with a DAT >1
year (149 +26 vs. 142 +22 ms, p=0.031) (Table 4).

Outcomes after catheter ablation in the
unweighted cohort

The median number of total mapping points collected per
map was similar between these two groups [779 (550-1,093) vs.
729 (512-1,078), p = 0.82] (Table 5).

PVI was successfully performed in all patients. PVI alone was
performed more frequently in patients with DAT <1 year [94
[72%] vs. 125 [57%], p=0.01] compared with those with DAT >1
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year (Table 5). After applying IPTW, the results remained similar
but did not achieve statistical significance (Supplementary Table 1).

Among all patients with LVZ ablation, no difference in linear
ablation was observed between the two groups. There was no
difference in procedure time (p=0.62) or fluoroscopy time
(p=0.35). did not differ
between the two groups (Table 5).

In the unweighted cohort, AT recurrence was observed in 86

Procedure-related complications

of 350 (24.6%) patients after a single procedure, with a median
follow-up of 49 (46-53) months. We observed a significant
difference in AT-free survival after a single procedure between
the two groups, with a higher recurrence rate in patients with
DAT >1 year (log-rank test, P=0.05). After 36 months, 77% of
patients with DAT <1 year and 67% of those with DAT >1 year
remained free from ATs (Figure 2). Kaplan-Meier survival
curves are shown in Figure 2.

In the whole cohort, AADs were discontinued in 75% (263/
350) of the patients. AAD discontinuation was more frequent in
patients with DAT <1 year [110 [84%] vs. 153 [70%], p <0.01]
compared with those with DAT >1 year.

Predictors of low-voltage zones

To identify predictors of LVZs, univariable and multivariable
analyses were performed in the whole original population.
Multivariable analysis showed that female sex (p<0.001),
indexed LA volume >48 mL/m> (p=0.008), age 60-75 years
(p=0.008), age above 75 years (p=0.033), and PWD >150 ms
(p<0.001) was independently associated with the presence of
LVZs (Table 6). A history of paroxysmal AF was independently
associated with a lower likelihood of LVZs (OR 0.41, 95% CI
0.20-0.86, p=0.019), whereas DAT was not a significant
predictor (Table 6).

To assess the robustness of our findings, a sensitivity analysis
was performed considering DAT as a continuous variable (OR
reported per 30-day increase). DAT was not significantly
associated with the presence of LVZs [OR 1.00 (0.99-1.01),
p=0.697] (Supplementary Table 2). In addition, a sensitivity
analysis using restricted cubic splines was conducted. The
overall association between DAT and the presence of LVZs was
not significant (p-overall = 0.547), and there was no evidence of
non-linearity (p-non-linear = 0.306) (Supplementary Figure 2).

Predictive factors of AT recurrence

To identify predictors of AT recurrence after CA, univariable
and multivariable analyses were performed in the whole original
cohort. No predictive factor of AT recurrence after CA could be
identified (Table 7).
Discussion
Main findings

In the present study, we report that, in a cohort of patients
with persistent AF, those with DAT >1 year exhibited more
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TABLE 4 Extent and distribution of low-voltage zones (LVZs) according to DAT after IPTW.

Variable DAT <1 year

(n=129.7)

DAT >1 year
(n=218.7)

10.3389/fcvm.2026.1751432

OR [95% CI] P-value

Low-voltage zone extent

LVZs, n (%) 38.3 (29.6)
Mild LVZs, n (%) 37.9 (29.2)
Moderate LVZs, n (%) 12.8 (9.9)
Severe LVZs, n (%) 7.9 (6.1)
Low-voltage zone distribution

Anterior LVZs, n (%) 36.2 (27.9)
Septal LVZs, n (%) 20.6 (15.9)
Posterior LVZs, n (%) 7.5 (5.8)
Inferior LVZs, n (%) 5.9 (4.5)
Lateral LVZs, n (%) 0.6 (0.4)
LAA LVZs, n (%) 3.5 (2.7)
>3 low-voltage regions, n (%) 14.7 (1.3)
Left atrial volume and its index

LAV on CT scan 139.5+32.6
LAVI on CT scan 67.7+18.0
Per-procedural LAIV, mL 135.6 £29.8
Per-procedural LAIVI, mL/m? 65.6 + 16.4
PWD, ms 141.8£22.2
PWD > 150 ms, n (%) 32.8 (25.5)

92.8 (42.6) 1.77 [0.94-3.30] 0.076
92.8 (42.6) 1.80 [0.96-3.37] 0.069
37.8 (17.3) 1.91 [0.74-4.93] 0.180
144 (6.6) 1.09 [0.27-4.41] 0.907
79.1 (36.3) 1.47 [0.77-2.80] 0.244
52.5 (24.1) 1.68 [0.80-3.50] 0.171
37.7 (17.3) 339 [1.51-7.59] 0.003
144 (6.6) 1.49 [0.25-8.88] 0.658
52 (2.4) 5.55 [0.55-56.07] 0.147
10.1 (4.6) 1.77 [0.59-5.33] 0312
27.9 (12.8) 1.15 [0.45-2.94] 0.770
150.0 + 40.4 10.5 [0.96-20.1] 0.031
71.5+18.9 3.89 [—1.34-9.13] 0.145
143.0 £37.9 7.39 [-1.32-16.1] 0.096
68.1+17.3 2.55 [=2.1-7.2] 0.281
149.5£25.7 7.68 [0.69-14.67] 0.031
96.2 (44.7) 2.36 [1.28-4.37] 0.006

All data are presented as values (percentages) for categorical variables or as mean + SD for quantitative variables. A two-tailed p-value < 0.05 was considered significant. Bold values indicate

statistical significance at p < 0.05.

IPTW, inverse probability of treatment weighting; LVZ, low-voltage zone; OR, odds ratio; CI, confidence interval; DAT, diagnosis-to-ablation time; LAA, left atrial appendage; LA, left
atrium; LAV, left atrial volume; LAVI, left atrial volume index; CT, computer tomography; LAIV, left atrial intracavitary volume; LAIVI, left atrial intracavitary volume index; PWD,

P-wave duration.

advanced LA electrophysiological remodeling, characterized by
lower bipolar voltage, a greater extent of LVZ, and increased LA
volume, compared with those with DAT <1 year.

During a 36-month follow-up after a single voltage-guided
ablation, patients with a longer DAT experienced a higher rate
of AT recurrence. AF ablation consisted of PVI alone in 72% of
patients with a shorter DAT, compared with 57% in patients
with a longer DAT. Female sex, indexed LA volume >48 mL/m?,
and PWD >150 ms identified as
independent predictors of LVZ across the cohort. In contrast, a

age >60 vyears, were
history of paroxysmal AF was independently associated with a
lower likelihood of LVZs, whereas DAT was not an independent
predictor after adjustment.

However, no independent predictor of AT recurrence could be

identified in this analysis.

Differences in baseline characteristics

We observed several baseline differences between the two groups.
Unsurprisingly, patients with a longer DAT tended to be older. In
clinical practice, CA is typically not considered a first-line strategy
in elderly patients, which may lead to delayed intervention. In
addition, these patients exhibited a longer duration of AF prior to
ablation and a higher prevalence of a history of paroxysmal AF at
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baseline. The higher rate of prior paroxysmal AF in patients with a
longer DAT likely reflects the natural progression from paroxysmal
to persistent AF over time, consistent with the longer overall AF
duration and older age observed in this group of patients. Since
these patients are older and have more limited access to ablation,
the delay is therefore longer.

Previous studies have reported a natural progression from
paroxysmal to persistent and long-standing persistent AF after
the initial diagnosis, which reflects the chronic and evolving
nature of the disease (19). Indeed, AF itself promotes electrical,
cellular, and structural changes in the atria, contributing to
the development of pro-arrhythmic LA substrate remodeling,
establishing a self-perpetuating cycle commonly referred to as
“AF begets AF.”

Differences in left atrial remodeling
according to DAT

Data on LA electrophysiologic remodeling, bipolar voltage,
and LVZs in patients with persistent AF stratified by DAT
remain scarce. Our study is the first to provide a detailed
analysis of LA voltage mapping in patients with DAT >1 year,
demonstrating significantly lower LA bipolar voltage compared
with those with DAT <1 year.
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TABLE 5 Procedural data-related characteristics.

Variable DAT <1lyear DAT >1 year

(n=219)

P-value

(n=131)

Fluoroscopic time, min 25 [18-31] 22 [17-30] 0.35
Procedure time, min 127 [110-150] 126 [106-147] 0.62
Median total mapping 729 [512-1,078] 779 [550-1,093] 0.82
points per patient

Only PV, n (%) 94 (72) 125 (57) 0.01
LVZ ablation, n (%) 37 (28) 93 (43) 0.01
Linear ablation, n (%) 14 (38) 57 (62) 0.03
Anterior line, n (%) 8 (57) 27 (47) 0.72
Posterior line, n (%) 10 (71) 32 (56) 0.46
Roof line, n (%) 8 (57) 39 (68) 0.53
Septal line, n (%) 3(21) 4(7) 0.13
Mitral line, n (%) 5 (36) 8 (14) 0.12
Complications, n (%) 7 (5) 7 (3) 0.49
Scarpa’s hematoma, 5 (4) 3(1) 0.16
n (%)

Stroke, 1 (%) 0 (0) 1 (0.5) 1
Cardiac tamponade, 0 (0) 2 (0.9) 0.6
n (%)

Right phrenic paralysis, 1(0.8) 1(0.5) 1

n (%)

Data are presented as values (with percentages) for categorical variables or as median (25th-
75th percentile) for quantitative variables. A two-tailed p value of <0.05 was
considered significant. Bold values indicate statistical significance at p < 0.05.

DAT, diagnosis-to-ablation time; PVI, pulmonary vein isolation; LVZ, low-voltage zone.
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Follow-up period (months)
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DAT < 1 year 131 122 107 90 70 52 31
DAT > 1 year 219 200 178 142 117 80 75
FIGURE 2

Kaplan—Meier survival curves showing the cumulative AF/AT
recurrence-free survival rates according to DAT after a single
procedure. ATs, atrial tachyarrhythmias; DAT, diagnosis-to-ablation
time; AF, atrial fibrillation; AT, atrial tachycardia.

While several studies have reported an association between
increased LA size and longer DAT, none have provided detailed
assessments of voltage amplitude or the presence of LVZs
(9, 10). Hussein et al. were the only ones to report a significant
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increase in LA surface area (P=0.03) with a longer DAT (10).
In contrast, other studies did not observe differences in LA
based on DAT (9). LA diameter
measurement is no longer recommended by echocardiographic
societies due to its low reproducibility and tendency to
underestimate LA enlargement (20).

In our study, we highlight that LA volume, measured by CT
scanning, remained significantly higher in patients with DAT >1

diameter However,

year, even after adjustment using IPTW, compared with those
with a shorter DAT. These findings provide further evidence of
a strong association between DAT and the extent of atrial
remodeling, as reflected by structural atrial dilatation. Atrial
remodeling encompasses both structural changes, such as atrial
dilation, and electrophysiological alterations, including the
extent of fibrosis. In our study, LVZs were observed in 43% of
patients with a longer DAT compared with 28% of those with a
shorter DAT. For the first time, we provide detailed information
on both the extent and regional distribution of LA LVZs in
patients with persistent AF stratified by DAT.

Analysis of the LVZ amount revealed a higher prevalence of
moderate LVZs in the longer DAT group. Consistent with prior
studies (14), LVZs were most commonly located in the septum
and in the anterior and posterior walls in both groups.
However, in the longer DAT group, LVZs were significantly
more frequent in the anterior and posterior walls.

Our findings are consistent with a prospective, non-
randomized cohort study that demonstrated progression of atrial
structural remodeling over 12 months in patients with high-
burden paroxysmal AF. This progression was characterized by a
decline in LA total strain and prolongation of the P-wave. In
contrast, early AF ablation was associated with significant
reversal of LA remodeling (21). Notably, reduced LA total strain
was correlated strongly with advanced LA remodeling, as
evidenced by lower LA voltage amplitude, prolonged LA
activation time, and a greater prevalence of low-voltage
electrograms (21).

In our data, PWD was significantly longer in patients with a
longer DAT, even after adjustment using IPTW, consistent with
the findings reported by Walters et al. (21). Several factors may
influence PWD. While LA dilation can contribute to PWD
prolongation, its impact is generally modest (22). Notably, a few
studies have highlighted an association between prolonged PWD
and a low-voltage LA substrate in patients with both persistent
and paroxysmal AF (23). These observations reinforce the
association between advanced structural LA remodeling and
prolonged PWD in patients with a longer DAT.

Favoring factors of LVZs

We identified several predictive factors of LVZs in the overall
cohort, including advanced age, female gender, indexed LA
volume, and PWD >150 ms. The first three variables are well-
established predictors of LVZs in patients with AF. Previous
studies have consistently demonstrated a correlation between
increasing age and the presence of LVZs on voltage maps
(14, 24). In addition, LA enlargement has been closely
associated with LVZ development (24), as both increased LA
volume and chronic atrial stretch are key contributors to atrial
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TABLE 6 Predictors of the presence of low-voltage zones in the global population.

10.3389/fcvm.2026.1751432

Variable Univariable analysis Multivariable analysis
95% ClI P Value 95% ClI P-value

DAT > 1 year 1.89 1.19-3.01 0.007 1.53 0.72-3.26 0.272
Age 60-75 years 7.00 3.35-14.64 <0.001 4.45 1.69-11.75 0.003
Age >75 years 23.76 8.92-63.25 <0.001 6.36 1.61-25.05 0.008
Female gender 5.58 3.39-9.16 <0.001 4.80 2.39-9.67 <0.001
Hypertension 2.76 1.67-4.56 <0.001 1.50 0.68-3.32 0.317
Diabetes mellitus 1.56 0.90-2.71 0.113 1.81 0.77-4.28 0.174
OSA 0.93 0.57-1.50 0.760

BMI 0.90 0.59-1.39 0.647

CHA,DS,-VASc score >2 6.12 3.30-11.32 <0.001 1.76 0.66-4.68 0.256
eGFR <60 mL/min/1.73 m* 3.34 1.84-6.06 <0.001 0.98 0.41-2.32 0.964
AF duration >6 months 1.30 0.77-2.21 0.329

LAVI on CT >48 mL/m? 11.96 2.82-50.67 0.001 11.55 2.07-64.57 0.005
PWD > 150 ms 12.18 7.21-20.57 <0.001 10.44 5.42-20.14 <0.001
Paroxysmal AF history 1.60 1.03-2.49 0.036 0.41 0.20-0.86 0.019

Data are presented as odds ratios with 95% Cls. A two-tailed p-value < 0.05 was considered significant. Bold values indicate statistical significance at p < 0.05.

OR, odds ratio; CI, confidence interval; DAT, diagnosis-to-ablation time; OSA, obstructive sleep apnea; BMI, body mass index; eGFR, estimated glomerular filtration rate; AF, atrial

fibrillation; LAVI, left atrial volume index; CT, computed tomography; PWD, P-wave duration.
Diagnosis-to-ablation time = time from the first clinical diagnosis of AF to the ablation procedure.

TABLE 7 Predictors of AT recurrence after catheter ablation in the global population.

Variable Univariable analysis Multivariable analysis
95% CI P-value 95% CI P value

DAT >1 year 1.59 0.99-2.55 0.053 1.26 0.73-2.17 0.401
Age 60-75 years 0.76 0.47-1.22 0.256

Age >75 years 0.93 0.45-1.92 0.834

Female gender 1.23 0.79-1.92 0.368

Hypertension 0.77 0.50-1.19 0.237

Diabetes mellitus 0.64 0.34-1.20 0.162 0.61 0.31-1.20 0.151
OSA 1.33 0.85-2.07 0.212

BMI 0.95 0.62-1.45 0.818

CHA,DS,-VASc score >2 0.88 0.56-1.36 0.554

eGFR <60 mL/min/1.73 m* 0.99 0.54-1.83 0.977

AF duration >6 months 1.42 0.85-2.37 0.185 1.27 0.73-2.22 0.392
LAVI on CT >48 mL/m> 1.20 0.55-2.60 0.646 0.88 0.39-1.97 0.750
LVZ presence 1.51 0.98-2.31 0.061 1.27 0.75-2.16 0.373
PWD >150 ms 1.38 0.90-2.12 0.141 1.17 0.69-1.99 0.555
Paroxysmal AF history 1.53 1.00-2.33 0.050 1.21 0.74-1.98 0.452

Data are presented as odds ratios with 95% Cls. A two-tailed p-value < 0.05 was considered significant. Bold values indicate statistical significance at p < 0.05.

ATs, atrial tachyarrhythmias; HR, hazard ratio; CI, confidence interval; DAT, diagnosis-to-ablation time; OSA, obstructive sleep apnea; BMI, body mass index; eGFR, estimated glomerular
filtration rate; AF, atrial fibrillation; LAV, left atrial volume index; LVZ, low-voltage zone; CT, computed tomography.

Diagnosis-to-ablation time = time from the first clinical diagnosis of AF to the ablation procedure.

substrate remodeling (25). Multiple studies have also highlighted
an association between female sex and the presence of LVZs
(25, 26). Women typically develop AF later in life, often after
menopause, suggesting that hormonal changes combined with
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cardiovascular risk factors may contribute to the progression of
LA fibrosis in post-menopausal women, although this
mechanism remains to be fully elucidated (27). In our cohort of
patients with persistent AF, we further observed that PWD
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>150 ms was predictive of LVZs. This finding is consistent with
results from Jadidi et al., who demonstrated that PWD >150 ms
identifies patients with advanced LA LVZ and a high risk of
arrhythmia recurrence following PVT alone (23).

Interestingly, in our cohort, DAT was not identified as an
independent predictor of LVZ occurrence. Furthermore, after
applying IPTW, the previously observed difference in LVZ
prevalence was no longer significant. The relatively small
sample size may have limited the statistical power needed to
detect significant differences. Nevertheless, the use of IPTW
was intended to minimize baseline differences and isolate the
effect of DAT from confounding cardiovascular risk factors.
These findings suggest that DAT alone may not be sufficient to
predict LVZ development or the degree of atrial remodeling.
Other factors such as age, female sex, or lifestyle-related
factors (obesity, smoking, alcohol excess, hypertension, and
OSA) are likely to play critical roles in LA remodeling. It is
now well established that LA remodeling can precede the onset
of AF (8).

In our study, DAT was defined as the time between the first
documented AF episode and the ablation date. This definition
may underestimate the true AF duration, particularly in
asymptomatic patients, and may reflect health care access rather
than disease biology. Nevertheless, a 1-year cutoff was used to
align with prior studies (10) and with common clinical practice,
in which ablation is often considered within 6-12 months after
diagnosis. To avoid potential bias from dichotomization,
sensitivity analyses treating DAT as a continuous variable (OR
per 30-day increase) and using restricted cubic splines were
performed. These analyses did not demonstrate a significant
association or non-linear relationship between DAT and LVZ,
supporting the robustness of our findings.

A history of paroxysmal AF was, however, associated with a
lower probability of LVZs. This finding may reflect a slower
progression of atrial cardiomyopathy rather than a direct
protective effect. In patients progressing from paroxysmal to
persistent AF, atrial remodeling may develop more slowly, likely
because prior use of antiarrhythmic drugs reduces the AF
burden. By contrast, some patients with previously silent
paroxysmal AF had not received therapy to limit this burden,
which likely promoted faster atrial remodeling and progression
to symptomatic persistent AF.

Walters et al. (21) demonstrated that in patients with
paroxysmal AF, a high AF burden (>10%) promotes progressive
atrial remodeling, whereas a low burden tends to remain stable.

From a pathophysiological perspective, persistent AF
following a paroxysmal phase may reflect a slower, progressive
evolution, with a predominance of trigger-related mechanisms
and mainly electrical remodeling. Finally, patients presenting
directly with persistent AF, without a documented paroxysmal
history, may already exhibit substantial pre-existing left atrial
remodeling, independent of any prior paroxysmal phase.

These observations support the notion that the influence of
DAT alone on atrial remodeling may be less significant than
that of cumulative risk factors. Therefore, the traditional concept
of “AF begets AF,” first proposed in 1995 to describe how AF
promotes its own perpetuation through progressive atrial
remodeling (initially electrical, then structural) (28, 29), may not
fully capture the complexity of atrial substrate changes.
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More recent work by Bergonti et al. has shown that areas of
moderately decreased voltage, intermediate between healthy and
fibrotic tissue, are often part of a continuous spectrum of atrial
remodeling rather than a simple binary classification. They also
observed that LAVI generally correlates with LVZs. However, a
subset of patients in their study exhibited LVZs despite a
normal LAVI, highlighting the multifactorial nature of atrial
remodeling (30).

The recently introduced concept of atrial cardiomyopathy
(AtCM) offers a potential explanation for atrial remodeling that
precedes AF. The AtCM was the subject of a consensus article
that defined it as the set of functional and structural changes,
also called remodeling, of the atrial myocardium. In this
framework, AF may represent a contributing or aggravating
factor rather than the primary driver of atrial remodeling (31).
All of these findings underscore the multifactorial origins of
LVZ development and the complex interplay between LA
AF burden, and various

remodeling and enlargement,

underlying risk factors.

LVZ-guided ablation results and predictors
of AT recurrence

Increasing evidence supports the association between ERC
therapy and a lower risk of adverse cardiovascular outcomes (3).
Among existing ERC strategies, the AF ablation procedure was
more effective than AAD therapy in maintaining SR (32). In our
analysis of a cohort of patients with persistent AF, DAT <1 year
is an important predictor of CA outcomes.

Indeed, the patients of our cohort undergoing ablation beyond
the first year after AF diagnosis experienced a lower AT recurrence
with more AAD discontinuation than the DAT >1 year group.
These findings are in line with previous reports. Hussein et al.
demonstrated that first-quartile (DAT <1 year) patients had
significantly fewer recurrences than those in quartiles 2-4 in
persistent AF (10). De Greef et al. reported results comparable
to ours, noting that early PVI timing is associated with better
long-term outcomes, with the optimal timing within the first
year of diagnosis (9). Bisbal et al. observed that patients
undergoing ablation beyond the first year from AF diagnosis
had a 4-fold increased risk of recurrent AF and repeat ablation
(33). Our study, in addition to the previous studies mentioned
above, supported the 1-year DAT cutoff, which was further
reinforced by the study of De Greef et al. (34). They analyzed
the impact of DAT on 3-year AF recurrence in 2,000 patients
undergoing PVI. In their analysis, an immediate steep rise from
27% to 40% was observed in the first 36 months, after which the
of DAT becomes less
insignificant beyond 90 months (34).

impact pronounced and almost

Our study also investigated the efficacy of voltage-guided
ablation in patients with persistent AF stratified by DAT.
Currently, limited information is available on the efficacy and
safety of voltage-guided ablation in patients with AF stratified by
DAT. Our study is among the first to assess outcomes of LVZ-
guided RF ablation in patients with persistent AF in relation to
DAT. Hussein et al. reported that arrhythmia recurrence rates
over 2 years were 33.6% and 52.6% in patients with DAT <1
and 1.1-3.0 years, respectively (10). Similarly, Bisbal et al.
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reported AF recurrence rates of 33% and 50%-55% at 2 years in
patients with persistent AF and DAT<1 year and DAT>1 year,
respectively (33). Hussein et al. performed ablation of complex
fractionated atrial electrograms, with or without superior vena
cava ablation, after PVI at the discretion of the ablating
physicians (10). For Bisbal et al., additional ablation lines or
ablation of complex fractionated electrograms were performed in
addition to PVI according to the protocol of each hospital (33).

In our cohort of patients with persistent AF, we observed
better outcomes: AF recurrence rates of 15% vs. 26% at 2 years
in patients with DAT<1 year and DAT>1 year, respectively.
Notably, 75% of patients were able to discontinue AADs. PVI
alone was performed in 72% of patients with a shorter DAT,
compared with 57% in patients with a longer DAT, thereby
limiting substrate ablation and LA scar formation.

A recent multicenter randomized trial demonstrated that
LVZ-guided ablation in addition to PVI was superior to PVI
alone in patients with persistent AF (35). Further randomized
studies are needed to validate these findings.

In several studies, DAT was the strongest predictor of
arrhythmia recurrence in large cohorts (9, 10, 33). Similarly, a
shorter duration (<1 year) between AF diagnosis and ablation
has been identified as a key protective factor against AF
recurrence after CA (36).

We could not identify any significant predictors of AT
recurrence after CA in our cohort. This lack of significant
findings may be attributed to the small sample size, which
restricted the statistical power to detect meaningful associations.
The strategy of ablation may also explain the absence of
identification of predictive factors of recurrence after CA.

Study limitations

Our study was a single-center, non-randomized, observational
study with a retrospective design, and the limited number of
patients may have affected the results. The clinical course
between AF diagnosis and CA was not detailed. Unmeasured
factors (antiarrhythmic drug trials, cardioversion frequency, and
risk-factor modifications) may have influenced atrial remodeling
and post-ablation outcomes, introducing residual confounding.
The CA results were assessed for up to 36 months post-ablation.
A longer follow-up could be of interest, especially for the
repeat-procedure assessment. In addition, the discontinuation of
AADs could not be achieved for the whole cohort because the
follow-up was performed by the individual cardiologists of
patients, which could have influenced the results of ablation.
Recurrence detection was based on scheduled 12-lead ECGs and
24-h Holter monitoring, supplemented by symptom-triggered
ECG recordings; this approach may have missed asymptomatic
or intermittent episodes. Further multicenter randomized studies
are warranted to assess long-term outcomes after voltage-guided
AF ablation according to DAT.

Conclusion

DAT >1 year was associated with more advanced LA
electrophysiological remodeling characterized by lower bipolar
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voltage, a greater extent of LVZ, and increased LA volume.
During the 36-month follow-up after a single voltage-guided
ablation, patients with a longer DAT experienced a higher rate
of AT recurrence. Female sex, advanced age, indexed LA
volume, and PWD >150 ms were identified as independent
predictors of LVZs across the cohort. While DAT alone may not
fully account for the complex mechanisms underlying atrial
remodeling, it clearly plays a significant role in patient
prognosis. These findings support the promotion of early AF
ablation, ideally within the first year following diagnosis, to help
limit the progression of structural and electrical LA remodeling.
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