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Abstract

Background: Atrial fibrillation (AF) represents a major public health burden, especially in its long-standing persistent form, which
is often resistant to pharmacological or catheter-based therapies. Hybrid ablation, which integrates minimally invasive surgical and
endocardial catheter techniques, has been introduced to address these complex cases. However, data evaluating the long-term comparative
effectiveness of immediate versus staged ablation strategies remain limited, and the specific contribution of adjunctive targets, such as
Bachmann’s bundle (BB), remains unclear. Methods: In this single-center retrospective cohort study, we analyzed 60 patients with
long-standing persistent AF who underwent hybrid ablation between 2008 and 2020. All patients received thoracoscopic epicardial
ablation followed by endocardial catheter ablation either during the same hospitalization (“immediate group”, n = 20) or >4 weeks later
(“staged group”, n = 40). A subset of patients underwent adjunctive BB ablation. The primary outcome was freedom from documented
AF recurrence. Secondary outcomes included procedural complications, hospitalization duration, and long-term survival. Results: At
a mean follow-up of 106 £ 12 months, sinus rhythm was maintained in 90.0% of patients in the immediate group and 62.5% in the
staged group (p = 0.034). BB ablation was associated with significantly improved rhythm control (90% vs. 70%; p = 0.04). No major
adverse events or procedural mortality were reported. The immediate group had significantly shorter hospital stays (5.6 4+ 1.5 vs. 8.8
+ 1.3 days; p < 0.001). Subgroup analyses did not reveal significant differences in recurrence among patients without BB ablation.
Conclusions: Hybrid ablation provides durable rhythm control and excellent safety over long-term follow-up. BB ablation enhances
success and should be considered in procedural planning. Immediate catheter ablation may be a viable strategy in appropriately selected
patients, potentially reducing hospitalization time and healthcare resource utilization. Our findings support the need for individualized
ablation strategies in complex AF management and underscore the importance of integrating adjunctive targets, such as BB, into advanced
procedural workflows.
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1. Introduction

Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia encountered in clinical practice, with a
global prevalence affecting approximately 33 million peo-
ple. Its incidence continues to rise in parallel with aging
populations and increasing comorbidities such as hyperten-
sion, obesity, and heart failure. Among the clinical clas-
sifications of AF, long-standing persistent AF, defined as
continuous AF lasting more than 12 months, is one of the
most challenging to manage due to extensive atrial remod-
eling, fibrosis, and electrophysiological instability [1-3].

Standard rhythm control strategies, including pharma-
cologic therapy and catheter ablation, often fail to maintain
long-term sinus rhythm in this subset of patients. While
catheter ablation offers effective pulmonary vein isolation
(PVI) in paroxysmal AF, its results in persistent or long-
standing persistent AF are limited by incomplete lesion sets,
high recurrence rates, and the inability to address non—
pulmonary vein triggers. Surgical ablation, on the other
hand, allows for more extensive and anatomically precise
lesion sets, with direct visualization and transmural energy
delivery. Yet, due to its invasive nature and perceived risk
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profile, it has not been widely adopted as a first-line treat-
ment.

To overcome the limitations of each individual ap-
proach, hybrid ablation was developed. This strategy com-
bines the benefits of minimally invasive surgical ablation
with endocardial catheter-based mapping and touch-up ab-
lation to improve efficacy while minimizing procedural
risk. The hybrid approach has gained traction, particularly
for patients with advanced or refractory forms of AF, offer-
ing promising results in mid-term follow-up studies. How-
ever, variability in protocols, timing of the catheter stage,
and the use of adjunctive ablation lines continue to limit its
standardization and widespread adoption.

One of the primary points of contention in hybrid
ablation protocols concerns the timing of the endocardial
catheter ablation: should it be performed during the same
hospitalization as the surgical ablation (immediate strat-
egy), or should it be delayed for several weeks to allow le-
sion maturation and stabilization (staged strategy)? Each
approach has potential advantages: the immediate strategy
may streamline patient care and reduce hospitalizations,
whereas the staged strategy may allow for more stable sub-
strate assessment and targeted touch-up [4-7].

Moreover, emerging evidence has pointed to the po-
tential role of Bachmann’s bundle (BB) in sustaining macro
reentrant arrhythmias in patients with persistent or long-
standing AF. As an interatrial conduction pathway, BB can
facilitate the maintenance of arrhythmia circuits not ade-
quately addressed by conventional PVI and posterior wall
isolation. Adjunctive ablation targeting BB may therefore
provide incremental benefits in rhythm control, although
this strategy has not been universally adopted and remains
under investigation.

The present study provides a decade-long follow-up of
patients treated with hybrid AF ablation at our institution.
We focus on comparing long-term outcomes between im-
mediate and staged endocardial strategies and assessing the
impact of adjunctive BB ablation on recurrence and rhythm
control. By providing this extended follow-up, we aim to
refine the hybrid ablation strategy for long-standing persis-
tent AF and contribute data that may guide future procedu-
ral planning.

2. Methods

This study is a retrospective, observational cohort
analysis conducted at a single high-volume tertiary car-
diac center. We reviewed the records of 60 consecutive
patients who underwent hybrid ablation for long-standing
persistent atrial fibrillation between January 2008 and De-
cember 2020. All patients were treated by the same sur-
gical and electrophysiological team using a consistent hy-
brid ablation protocol throughout the study period. Inclu-
sion criteria comprised adults aged 18—70 years with doc-
umented long-standing persistent AF (>12 months), fail-
ure of >1 class /Il antiarrhythmic drug (AAD), and no

prior catheter or surgical AF ablation. Exclusion criteria
included significant structural heart disease requiring con-
comitant surgery, prior AF ablation (surgical or catheter-
based), left atrial thrombus, contraindication to anticoagu-
lation, or a left atrial diameter >65 mm. The Heart Team
determined immediate versus staged catheter timing based
on clinical stability and early postoperative rhythm.

While catheter ablation is indeed a well-established
treatment option for atrial fibrillation, including long-
standing persistent AF, its efficacy in this subgroup re-
mains suboptimal. Multiple studies have shown that single-
procedure success rates in patients with long-standing per-
sistent AF can be below 50%, primarily due to advanced
atrial remodeling, extensive fibrosis, and the presence of
non—pulmonary vein triggers.

In our center, hybrid ablation is considered in patients
with the following characteristics:

- Documented long-standing persistent AF (>12
months duration)

- Failure of at least one class I or III antiarrhythmic
drug

- No prior catheter ablation (to preserve endocardial
substrate for mapping)

- Left atrial diameter <65 mm, and

- No indication for concomitant cardiac surgery

The decision to proceed with a hybrid approach was
made by a multidisciplinary heart team, based on patient co-
morbidities, arrhythmic burden, and the presence of electro-
cardiogram (ECG) or imaging markers suggestive of com-
plex arrhythmic substrate (e.g., low voltage areas, atrial
scarring).

Patients were stratified into two groups based on the
timing of the endocardial ablation: the immediate group
(n = 20), in which catheter ablation was performed dur-
ing the same hospitalization as surgical ablation, and the
staged group (n = 40), in which the endocardial procedure
was scheduled at least four weeks later. The decision to
proceed with immediate or staged ablation was made by the
Heart Team based on the clinical stability of the patient and
the presence of arrhythmic episodes in the immediate post-
operative period.

- Immediate + BB: 16

- Staged + BB: 14

- Immediate without BB: 4

- Staged without BB: 26

All patients underwent minimally invasive epicardial
ablation through a right mini-thoracotomy under general
anesthesia. Cardiopulmonary bypass was not used. Pul-
monary vein isolation (PVI) was achieved using a bipolar
RF clamp (Estech COBRA Fusion™ 150), with the creation
of roof and inferior lines forming a box lesion around the
posterior wall of the left atrium. Additional linear lesions
were delivered to the left atrial appendage (LAA), the mi-
tral isthmus, and the cavotricuspid isthmus as needed. In
selected patients (n = 30), BB ablation was performed us-
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ing bipolar RF energy, targeting the interatrial septal region
superior to the fossa ovalis. The decision to include BB
ablation was based on intraoperative findings, preoperative
ECG patterns, and operator discretion [8—10].

All patients had surgical confirmation of bidirectional
PVI at the end of the epicardial procedure using pacing
and entrance block assessment. The surgical team ensured
hemostasis, and chest drains were placed as appropriate be-
fore closure.

The endocardial component of the hybrid procedure
was performed either within 5-7 days of surgery (imme-
diate group) or after a minimum interval of four weeks
(staged group). All procedures were conducted under gen-
eral anesthesia using a 3D electroanatomical mapping sys-
tem (CARTO or EnSite) with fluoroscopic guidance. The
catheter ablation targeted verification of surgical lesions,
identification of conduction gaps, and additional substrate
modification. After ablation of the Bachmann’s bundle,
bidirectional block was confirmed by demonstrating both
entry and exit block using pacing from the right and left
atria and analyzing the atrial activation sequence on 3D
electroanatomical mapping.

Particular attention was paid to confirming the in-
tegrity of the posterior wall isolation and assessing conduc-
tion across the roof and floor lines. Touch-up lesions were
delivered in the case of reconnections. In patients with atrial
flutter or focal triggers, cavotricuspid isthmus ablation or
ablation of the vein of Marshall, coronary sinus, or supe-
rior vena cava was performed at the operator’s discretion.
If not previously done during surgery, BB ablation could be
added based on mapping data.

All patients were monitored in the intensive care unit
postoperatively and transferred to a telemetry unit upon sta-
bilization. Anticoagulation with warfarin or a direct oral
anticoagulant was restarted within 24—48 hours postopera-
tively and continued for at least 3 months, with continuation
guided by CHA2DS2-VASc score and rhythm status.

CHA3DS2 VA scores were retrospectively calculated
based on baseline comorbidities as defined in the 2024 ESC
AF guidelines, assigning 1 point each for congestive heart
failure, hypertension, diabetes mellitus, vascular disease
and age 65-74 years, 2 points for age >75 years or prior
stroke/TIA. Scores ranged from 0 to >5 among the 60 pa-
tients, with 40% scoring <2 and 60% scoring >3.

Antiarrhythmic drugs were administered in all patients
for the first three months post-ablation and then discontin-
ued if sinus rhythm was maintained.

Follow-up evaluations were scheduled at 3, 6, 12, and
24 months, and annually thereafter. Each visit included
a clinical assessment, 12-lead ECG, and 24-hour Holter
monitoring. In case of symptoms suggestive of arrhythmia
recurrence, patients underwent extended event monitoring
or implantable loop recorder interrogation when available.
Recurrence was defined as any documented episode of AF,
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atrial flutter, or atrial tachycardia lasting >30 seconds after
a blanking period of 3 months post-procedure.

The primary endpoint was freedom from documented
atrial arrhythmia recurrence at final follow-up. Secondary
endpoints included total hospitalization time, perioperative
complications (stroke, bleeding, tamponade, phrenic nerve
palsy, esophageal injury), and all-cause mortality. Sub-
group analysis compared outcomes between patients with
and without BB ablation.

Data were analyzed using IBM SPSS Statistics version
27 (IBM Corp., Armonk, NY, USA). Continuous variables
were expressed as mean + standard deviation and compared
using Student’s #-test or Mann—Whitney U test as appropri-
ate. Categorical variables were reported as counts and per-
centages and analyzed using the chi-square test or Fisher’s
exact test. Time to recurrence was assessed using Kaplan—
Meier survival analysis, with differences between groups
evaluated using the log-rank test. A p-value < 0.05 was
considered statistically significant.

No a priori power analysis was performed due to the
retrospective design and fixed sample size; we emphasize
effect sizes and Cls for all endpoints and comparisons.

Univariate analysis: We performed univariate analysis
using both Cox and Logistic regression.

Multivariable Analysis: To account for potential con-
founding variables, we performed multivariable analyses
using both Cox proportional hazards regression and logistic
regression models. The Cox model was used for the pri-
mary endpoint (freedom from AF recurrence over time),
while logistic regression was applied to binary outcomes
such as recurrence (yes/no) at final follow-up.

Covariates included in the models were: age,
CHA:DS.-VA score, BB ablation (yes/no), procedural strat-
egy (immediate vs staged), left atrial diameter, and caffeine
consumption. Variables were selected based on clinical rel-
evance and previous literature. Proportional hazards as-
sumptions were verified for Cox models. Results were re-
ported as hazard ratios (HR) or odds ratios (OR) with 95%
confidence intervals (CI). A p-value < 0.05 was considered
statistically significant.

3. Results

A total of 60 patients with long-standing persistent AF
were included in the study, with 20 patients assigned to the
immediate group and 40 to the staged group. The mean
age of the entire cohort was 42 £ 13 years. The immediate
group had a slightly higher mean age (47 + 11 years) com-
pared to the staged group (39 + 14 years), which reached
statistical significance (p = 0.02). The majority of patients
were male (71.6%), and baseline comorbidities, including
hypertension, diabetes mellitus, and obstructive sleep ap-
nea, were evenly distributed between the two groups. Left
atrial diameter averaged 48.1 + 7.4 mm across the cohort,
with no significant difference between groups (p = 0.51).
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Table 1. Preoperative Characteristics.

Parameter Immediate group (n=20)  Staged group (n=40)  p-value
Age (years) 47 + 11 39+ 14 0.029
Ejection fraction (%) 54+5 51+6 0.066
NYHA class 12+04 1.1+£03 0.360
Smoking 7 (35.0) 10 (25.0) 0.540
Drinking 4(20.0) 6(15.0) 0.720
CPAP 2(10.0) 3(7.50) 1.000
Hypertension 10 (50.0) 30 (75.0) 0.053
Diabetes 2 (10.0) 6 (15.0) 0.626
Caffeine consumption 12 (60.0) 5(12.50) <0.001

NYHA, New York Hear Association; CPAP, continuous positive airway pressure.

Ejection fraction was preserved in all patients (mean LVEF:
56.3% + 4.2%).

Caffeine consumption was more prevalent in the im-
mediate group (60% vs. 12.5%, p = 0.00015). Notably,
30 patients (50%) underwent adjunctive BB ablation, more
commonly in the immediate group (16/20, 80%) than the
staged group (14/40, 35%; p < 0.001). Full baseline char-
acteristics are presented in Table 1.

All patients successfully completed both surgical and
catheter components of the hybrid ablation protocol. In the
immediate group, catheter ablation was performed during
the index hospitalization, at a mean of 6.1 £ 1.2 days post-
surgery. The staged group underwent catheter ablation at a
median of 42 days (IQR: 38—47) after surgery. There were
no conversions to open surgery or procedural terminations
due to instability. All surgical procedures achieved electri-
cal isolation of the pulmonary veins as confirmed intraop-
eratively by entrance and exit block testing.

During catheter ablation, conduction gaps were iden-
tified in 40% of patients and successfully ablated. The most
common touch-up sites included the roof line (22%), pos-
terior wall (18%), and mitral isthmus (12%). In 6 patients
(10%), additional ablation lines were created to treat peri-
mitral or cavo-tricuspid flutter.

There were no perioperative deaths, strokes, myocar-
dial infarctions, or cases of pericardial tamponade. No pa-
tient required permanent pacemaker implantation. Phrenic
nerve palsy occurred transiently in one patient and resolved
within three weeks. Gastrointestinal complications (ileus,
delayed gastric emptying) were reported in two patients,
both managed conservatively [11].

The total length of hospital stay was significantly
shorter in the immediate group (5.6 £ 1.5 days) compared
to the staged group (8.8 = 1.3 days; p < 0.001), reflecting
the avoidance of a second hospitalization. ICU stay and du-
ration of chest drainage were comparable between groups
(Table 2).

At a mean follow-up duration of 106 £ 12 months,
freedom from AF recurrence was 90.0% in the immedi-
ate group and 62.5% in the staged group (p = 0.034). The
Kaplan—Meier survival curves demonstrated no significant

difference in time to recurrence between the two strategies
(log-rank p = 0.39), as shown in (Fig. 1).

Immediate group
- Staged group
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Freedom from AF recurrence

<o
~
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log-rank p = 0.39

Fig. 1. Kaplan—-Meier Curve — Freedom from AF Recurrence.
AF, atrial fibrillation.

During long-term follow-up, no patients received re-
peat catheter ablation, and rhythm outcomes reflect the re-
sults of the index hybrid procedure only.

Among patients who underwent BB ablation, rthythm
outcomes were significantly better: 90% remained in si-
nus rhythm at final follow-up, compared to 70% among
those without BB ablation (p = 0.04). In the immediate
group, 15 of 16 BB-ablated patients remained arrhythmia-
free. Among patients without BB ablation, recurrence oc-
curred in 13 of 30 individuals (43.3%).

No significant difference in recurrence was observed
based on gender, BMI, or baseline left atrial size. Patients
with a history of caffeine consumption had a slightly higher
recurrence rate (27% vs. 17%), though this did not reach
statistical significance (p = 0.21). Continued use of antiar-
rhythmic drugs beyond 3 months was rare and did not differ
between groups. In the subgroup of patients who received
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Table 2. Main Clinical Outcomes.

Outcome Immediate group (n=20)  Staged group (n=40) p-value
Mean follow-up (months) 106 £+ 12 106 + 12 1.000
Freedom from AF recurrence 18/20 (90.0) 25/40 (62.5) 0.034
Patients with BB ablation 16 (80.0) 14 (35.0) 0.00215
Sinus rhythm in BB ablation 15/16 (93.8) 12/14 (85.7) 0.586
Sinus rhythm without BB ablation 3/4 (75.0) 13/26 (50.0) 0.602
Hospital stay (days) 56+1.5 88+ 13 <0.001
30-day mortality 0% 1.000
Pacemaker implantation 0% 1.000

BB, Bachmann’s bundle.

Table 3. Multivariate analysis - Cox regression analysis for
time to AF recurrence.

Variable HR 95% CI p-value
BB ablation (yes vs no) 0.38  0.16-0.92 0.03
Immediate vs staged 0.89 0.42-1.86 0.75
Age (per year) 1.01  0.97-1.06 0.61

0.57-2.65 0.59
0.99-1.09 0.08
0.63-3.28 0.39

HR, hazard ratios; CI, confidence intervals.

CHA2DS3-VA score >3 1.23
LA diameter (per mm) 1.04
Caffeine consumption 1.44

BB ablation (n = 30), rhythm success was consistently high
across both procedural timing groups.

Specifically:

- Immediate + BB: 15/16 (93.8%) freedom from re-
currence

- Staged + BB: 12/14 (85.7%)

- Immediate without BB: 3/4 (75%)*

- Staged without BB: 13/26 (50%)

While recurrence was absent in the small immediate
non-BB group, the sample size was too limited for statistical
comparison.

Univariate Cox regression identified Bachmann’s
bundle ablation as significantly protective against recur-
rence (HR 0.40, 95% CI 0.18-0.88, p = 0.024), while larger
LA diameter showed a trend toward higher recurrence.

Univariate logistic regression showed similar re-
sults, with BB ablation significantly reducing the odds
of recurrence (OR 0.31, 95% CI 0.11-0.89, p = 0.029)
(Supplementary Table 1). Multivariable Analysis: In the
Cox regression model for time to atrial arrhythmia recur-
rence, BB ablation was independently associated with a sig-
nificantly lower hazard of recurrence (HR 0.38; 95% CI:
0.16-0.92; p = 0.031) (Table 3).

Procedural strategy (immediate vs staged) was not a
significant predictor (HR 0.89; 95% CI: 0.42-1.86; p =
0.75).

Age, CHA3DS,-VA score, and left atrial diameter
were not statistically significant, although larger atrial di-
ameter showed a trend toward increased recurrence (HR
1.04 per mm increase; 95% CI: 0.99-1.09; p = 0.08).
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Table 4. Multivariate analysis - Logistic regression analysis
for AF recurrence at final follow-up.

Variable OR 95% CI p-value
BB ablation (yes vs no) 0.29  0.09-0.91 0.03
Immediate vs staged 0.88  0.30-2.55 0.82
Age (per year) 1.02  0.97-1.08 0.43

0.49-3.87 0.55
0.99-1.11 0.09
0.56-4.96 0.35

CHA3DS5-VA score >3 1.38
LA diameter (per mm) 1.05
Caffeine consumption 1.67
OR, odds ratios.

Logistic regression analysis showed consistent results:
BB ablation significantly reduced the odds of arrhythmia
recurrence (OR 0.29; 95% CI: 0.09-0.91; p = 0.034), while
the procedural strategy was not significant (OR 0.88; 95%
CI: 0.30-2.55; p = 0.82) (Table 4).

Caffeine consumption was associated with a non-
significant trend toward higher recurrence (OR 1.67; 95%
CI: 0.56-4.96; p = 0.35). No interaction effects were de-
tected.

These findings raise the possibility that BB ablation
may have contributed significantly to rhythm success, par-
ticularly in the staged group, where recurrence rates might
otherwise have been higher.

4. Discussion

This single-center, decade-long experience demon-
strates that hybrid ablation for long-standing persistent
atrial fibrillation is both safe and effective, with high rates
of sustained sinus rhythm and low procedural morbidity.
Importantly, our data confirm that both immediate and
staged catheter ablation strategies can yield excellent long-
term outcomes when applied within a standardized hybrid
protocol. Additionally, adjunctive ablation of BB was as-
sociated with a significant improvement in rhythm main-
tenance, highlighting its potential role in refining ablation
strategies for complex AF [3,4].

Our finding of 85% freedom from arrhythmia recur-
rence in the immediate group and 77.5% in the staged group
at over 8 years of follow-up compares favorably with results
from other hybrid series, which typically report arrhythmia-
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free survival between 65% and 80% at mid-term follow-up
(3-5 years). For instance, Pison et al. [6] reported 74%
arrhythmia-free survival at 1 year in a landmark study of
hybrid thoracoscopic ablation, while De Martino et al. [3]
recently described a 72% rate of sinus rhythm at 3 years
using a BB-inclusive approach. Our extended duration of
follow-up enhances the significance of these findings and
supports the durability of the hybrid strategy, even in a pop-
ulation with long-standing persistent AF [3,6].

The optimal timing for the endocardial component of
hybrid ablation remains debated. The immediate approach,
performed during the same hospitalization, offers potential
logistical and economic benefits: reduced hospital readmis-
sions, minimized delay in treatment, and lower overall re-
source utilization. It may also be advantageous in patients
with early postoperative arrhythmias, allowing for timely
substrate modification. On the other hand, proponents of
the staged approach argue that delaying the catheter proce-
dure allows time for scar maturation, stabilization of surgi-
cal lesions, and more accurate mapping of persistent con-
duction gaps [12—18].

In our study, although no statistically significant dif-
ference in recurrence rates was observed between the im-
mediate and staged groups, the immediate strategy resulted
in shorter hospital stays without compromising safety or ef-
ficacy. These findings suggest that immediate catheter ab-
lation may be a feasible and efficient option, especially in
well-selected patients with adequate hemodynamic stability
and no postoperative complications.

Our adjusted analyses confirm that adjunctive BB ab-
lation was independently associated with a significant re-
duction in atrial arrhythmia recurrence over time. This as-
sociation remained robust after controlling for age, comor-
bidities, and atrial size, further reinforcing the hypothesis
that interatrial conduction pathways contribute to arrhyth-
mia persistence. The procedural strategy (immediate vs
staged) did not emerge as an independent predictor, sug-
gesting that clinical decision-making may prioritize logisti-
cal and patient-centered factors rather than rhythm outcome
expectations alone.

Theoretical rationale for BB ablation: The reviewer
correctly points out a key concern: BB is an important in-
teratrial conduction pathway, and its ablation may theo-
retically lead to delayed left atrial activation or iatrogenic
macro-reentry, including bi-atrial flutter. However, there
is growing electrophysiological evidence that in patients
with advanced AF substrate, BB may also serve as a crit-
ical component of macroreentrant or focal atrial tachycar-
dias, particularly in the setting of extensive posterior wall
or PV isolation. Studies (e.g., De Martino et al. [3], J In-
terv Card Electrophysiol 2022) have demonstrated that tar-
geted BB ablation can improve long-term rhythm outcomes
in selected patients with persistent AF. In our protocol, BB
ablation was not applied universally, but selectively based
on:

* High interatrial conduction times observed intraop-
eratively

* Fragmented or delayed electrograms at the BB region

* Biatrial activation patterns suggestive of BB involve-
ment during mapping

* Operator judgment in the presence of large atrial vol-
umes and low-voltage substrate

Importantly, no cases of post-procedural bi-atrial flut-
ter were observed in our cohort during a mean follow-up of
106 months. All patients who underwent BB ablation had
confirmation of bidirectional blockand maintained physi-
ological activation sequences on mapping post-procedure.
Our observation aligns with findings from Muneretto ef al.
[8] and Ad et al. [16] who reported similar success rates be-
tween immediate and staged protocols. The choice of tim-
ing may therefore be individualized based on institutional
logistics, patient characteristics, and operator preference,
rather than driven by expected differences in rhythm out-
comes. One of the most compelling findings of our analysis
is the significant benefit of BB ablation. Patients who re-
ceived BB ablation experienced a 90% arrhythmia-free rate
compared to 70% in those without. BB serves as a major
interatrial conduction pathway and has been implicated in
atrial macroreentry and biatrial tachycardias. Lesion sets
that do not address BB may leave a critical pathway for
arrhythmia perpetuation unmodified, thereby undermining
procedural success. The anatomical complexity of BB, cou-
pled with its variable electrophysiological behavior, makes
it a challenging target. Nonetheless, its inclusion in hybrid
ablation appears to yield a meaningful additive effect, par-
ticularly in patients with large atria or advanced electrical
remodeling. Our findings reinforce results from De Mar-
tino et al. [3] who demonstrated superior rhythm control
with BB ablation, and suggest that BB should be routinely
considered as an adjunctive lesion, especially in staged pro-
tocols where persistent arrhythmic substrates may remain.

It is worth noting that the benefit of BB ablation was
observed despite non-randomized allocation and variation
in surgical practice over time, suggesting a robust effect.

It is also important to emphasize that the arrhythmo-
genic substrate in long-standing persistent AF is multifac-
torial and not limited to interatrial conduction pathways. In
particular, the posterior wall of the left atrium has been con-
sistently identified as a critical driver of atrial fibrillation
maintenance, and posterior wall isolation is therefore a cor-
nerstone of contemporary ablation strategies. In our cohort,
a box lesion set including the posterior wall was system-
atically performed and electrical isolation was confirmed
intraoperatively; nevertheless, arrhythmia recurrences still
occurred in a subset of patients. This observation under-
scores that while Bachmann’s bundle ablation may provide
incremental benefit, it should not be viewed in isolation but
rather as part of a comprehensive lesion set that addresses
multiple potential pro-arrhythmogenic sites, including the
posterior wall, the mitral isthmus, and other atrial regions
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involved in macro-reentrant circuits. Future studies should
aim to clarify how adjunctive targets such as BB ablation
interact with established lesion sets, particularly posterior
wall isolation, in shaping long-term rhythm outcomes.

Further randomized trials or propensity-matched anal-
yses could provide definitive confirmation of this associa-
tion.

Both procedural strategies were remarkably safe, with
no major adverse events, deaths, or need for permanent
pacing. The minimally invasive surgical approach used in
all patients likely contributed to the low complication rate
and short recovery times. These findings are consistent
with contemporary literature on thoracoscopic AF ablation,
which has shown a favorable safety profile compared to tra-
ditional open-chest surgery.

Interestingly, the staged group demonstrated a longer
hospitalization due to the need for a second planned admis-
sion. While this does not inherently reflect a clinical disad-
vantage, it may have implications for healthcare costs and
patient experience. A streamlined hybrid workflow incor-
porating early catheter ablation may therefore be attractive
from a systems-level perspective.

5. Study Limitations

This study has several limitations that should be ac-
knowledged. First, its retrospective and non-randomized
design introduces potential selection bias and limits the
ability to establish causal relationships. This design limits
power to detect small-to-moderate differences, particularly
in subgroup analyses. The choice between immediate and
staged ablation, as well as the decision to perform BB ab-
lation, was made at the discretion of the clinical team, pos-
sibly reflecting unmeasured confounders such as operator
preference or subtle clinical differences not captured in the
dataset.

Second, the sample size, although sufficient for pre-
liminary comparisons, is relatively small—especially in
subgroup analyses, such as those evaluating the impact of
BB ablation within the immediate versus staged groups. A
formal power analysis was not performed prior to the study,
given its retrospective design and fixed sample size. As
such, the study may be underpowered to detect certain dif-
ferences between groups, particularly in subgroup analyses.
This limitation should be considered when interpreting non-
significant findings.

Third, arrhythmia monitoring was based primarily on
periodic ECGs and 24-hour Holter recordings, which may
have missed asymptomatic or transient episodes. Continu-
ous monitoring (e.g., implantable loop recorders) was not
uniformly used and might have provided more accurate de-
tection of recurrences.

Fourth, although all procedures were performed at a
high-volume center by experienced operators, the general-
izability of the findings may be limited. The surgical and
electrophysiological techniques used, including lesion set
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design and mapping strategies, may not be standard across
all institutions.

Lastly, procedural and therapeutic approaches evolved
slightly over the 12-year study period, potentially introduc-
ing variability in outcomes that is difficult to control in a
retrospective analysis.

Despite these limitations, this study offers valuable
long-term data on hybrid ablation for long-standing persis-
tent AF and highlights the potential importance of BB ab-
lation in improving rhythm outcomes. Future prospective,
multicenter studies with larger sample sizes and standard-
ized protocols are warranted to confirm these findings and
better define the role of adjunctive ablation strategies such
as BB ablation.

6. Conclusions

This single-center, long-term analysis suggests that
hybrid ablation may be a durable, effective, and safe ther-
apeutic approach for selected patients with long-standing
persistent atrial fibrillation who have not responded to con-
ventional therapies. Over a mean follow-up of nearly nine
years, more than 80% of patients remained free from atrial
arrhythmias, with no significant procedural morbidity or
mortality observed in this cohort.

Our findings indicate that both immediate and staged
catheter ablation strategies appear to be viable options, with
broadly comparable long-term outcomes. The immediate
approach may offer logistical advantages, such as reduced
total hospital stay, without clear evidence of compromised
rhythm control or safety, and could therefore be considered
in appropriately selected, stable patients.

Notably, this study highlights a potential role for
Bachmann’s bundle ablation in contributing to procedural
success, particularly in patients undergoing staged inter-
ventions. Targeting interatrial conduction pathways not ad-
dressed by standard lesion sets may help reduce recurrence
and support long-term rhythm maintenance. These findings
suggest that BB ablation could be considered as part of indi-
vidualized ablation strategies for complex atrial fibrillation
substrates, although further validation is warranted.

Although BB ablation appeared beneficial, larger
prospective studies are required to confirm this observation
before it can be generalized.

These findings should be interpreted with caution
given the retrospective, single-center design and limited
sample size.

Taken together, our results support the potential value
of a tailored hybrid ablation strategy that incorporates both
comprehensive anatomical lesion sets and flexible proce-
dural timing. The inclusion of adjunctive targets such as
the Bachmann’s bundle may offer incremental benefit in
selected patients, particularly those with advanced atrial
remodeling. Nonetheless, larger prospective, multicenter
studies are needed to confirm these observations and refine
optimal procedural protocols. This decade-long experience
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contributes to the growing body of evidence informing best
practices in hybrid atrial fibrillation ablation.
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