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Abstract

Background: Outcomes of catheter ablation (CA) among patients with non-paroxysmal atrial fibrillation (AF) are largely

disappointing. Objective: We sought to evaluate the feasibility, effectiveness, and safety of a single-stage stepwise endo-

/epicardial approach in patients with persistent/longstanding-persistent AF. Methods: We enrolled 25 consecutive patients

with symptomatic persistent (n=4) or longstanding-persistent (n=21) AF and at least one prior endocardial procedure, who

underwent CA using an endo-/epicardial approach. Our anatomical stepwise protocol included multiple endocardial as well as

epicardial (Bachmann’s bundle [BB] and ligament of Marshall ablations) components, and entailed ablation of atrial tachycardias

emerging during the procedure. The primary outcome was freedom from any AF/atrial tachycardia episode after a 3-month

blanking period. The secondary outcome was patients’ symptom status during follow-up. Results: The stepwise endo-/epicardial

approach allowed sinus rhythm restoration in 72% of patients, either directly (n=6, 24%) or after AF organization into atrial

tachycardia (n=12, 48%). BB’s ablation was commonly implicated in arrhythmia termination. After a median follow-up of

266 days (interquartile range, 96 days), survival free from AF/atrial tachycardia was 88%. Antiarrhythmic drugs could be

discontinued in 22 patients (88%). As compared to baseline, more patients were asymptomatic at 9-month follow-up (0% vs-

56%, p=0.02). Five patients (20%) developed mild medical complications, whereas one subject (4%) had severe kidney injury

requiring dialysis. Conclusion: a single-stage endo-/epicardial CA resulted in favorable rhythm and symptom outcomes in

a cohort of patients with symptomatic persistent/longstanding-persistent AF and one or more prior endocardial procedures.

Epicardial ablation of BB was commonly implicated in procedural success.
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Abstract

Background: Outcomes of catheter ablation (CA) among patients with non-paroxysmal atrial fibrillation
(AF) are largely disappointing.

Objective: We sought to evaluate the feasibility, effectiveness, and safety of a single-stage stepwise endo-
/epicardial approach in patients with persistent/longstanding-persistent AF.

Methods: We enrolled 25 consecutive patients with symptomatic persistent (n=4) or longstanding-
persistent (n=21) AF and at least one prior endocardial procedure, who underwent CA using an endo-
/epicardial approach. Our anatomical stepwise protocol included multiple endocardial as well as epicardial
(Bachmann’s bundle [BB] and ligament of Marshall ablations) components, and entailed ablation of atrial
tachycardias emerging during the procedure. The primary outcome was freedom from any AF/atrial tachy-
cardia episode after a 3-month blanking period. The secondary outcome was patients’ symptom status
during follow-up.

Results: The stepwise endo-/epicardial approach allowed sinus rhythm restoration in 72% of patients,
either directly (n=6, 24%) or after AF organization into atrial tachycardia (n=12, 48%). BB’s ablation was
commonly implicated in arrhythmia termination. After a median follow-up of 266 days (interquartile range,
96 days), survival free from AF/atrial tachycardia was 88%. Antiarrhythmic drugs could be discontinued in
22 patients (88%). As compared to baseline, more patients were asymptomatic at 9-month follow-up (0%
vs- 56%, p=0.02). Five patients (20%) developed mild medical complications, whereas one subject (4%) had
severe kidney injury requiring dialysis.

Conclusion: a single-stage endo-/epicardial CA resulted in favorable rhythm and symptom outcomes in a
cohort of patients with symptomatic persistent/longstanding-persistent AF and one or more prior endocardial
procedures. Epicardial ablation of BB was commonly implicated in procedural success.

Key words: atrial fibrillation, catheter ablation, epicardial ablation, endocardial ablation, Bachmann’s
bundle

Abbreviations

AF: atrial fibrillation

BB: Bachmann’s bundle
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. CA: catheter ablation

EHRA: European Heart Rhythm Association

IQR: interquartile range

LA: left atrium

LOM: ligament of Marshall

PVI: pulmonary vein isolation

RA: right atrium

Introduction

Catheter ablation (CA) is a pivotal component of the rhythm control strategy in patients with symptomatic
atrial fibrillation (AF).1,2 Pulmonary vein isolation (PVI) is well established as the cornerstone procedural
target in case of a first AF ablation, due to the prominent role played by pulmonary veins in arrhythmia
initiation in paroxysmal AF.1,2

However, procedural outcomes are still suboptimal in patients with persistent AF, and in these subjects
additional anatomical structures and/or electrophysiological triggers are commonly ablated on top of PVI,
in an attempt to improve ablation effectiveness.2-5

In recent years, we have witnessed a renewed interest in atrial anatomy and in the role of epicardial structures,
such as Bachmann’s bundle (BB) and the ligament of Marshall (LOM), as critical determinants of AF.6,7

At the same time, percutaneous epicardial ablation has gained popularity as an important component of the
therapeutic armamentarium for ventricular tachycardia.8

Driven by the desire to address arrhythmogenic epicardial structures while avoiding complications related
to a thoracotomic approach, minimally invasive epicardial ablation for AF has now entered the clinical
arena, and some preliminary experiences supported its feasibility and allowed a greater understanding of the
transmurality of the AF substrate, with encouraging clinical results.9-11

Based on these preliminary observations, we developed a combined endo-/epicardial stepwise protocol for AF
CA in patients with persistent or longstanding persistent AF and one or more prior endocardial procedures,
the Mediterranea approach. In the present study, we describe our protocol in detail, focusing on technical
aspects of the epicardial approach to relevant atrial structures, providing insights into the sites of AF
termination, and reporting clinical outcomes.

Methods

Design and inclusion/exclusion criteria

We conducted a single-center, prospective, observational study at the Arrhythmology Unit of the Mediter-
ranea Center, Naples, Italy, enrolling consecutive patients with symptomatic persistent or longstanding
persistent AF, who were referred for endo-/epicardial CA after at least one prior endocardial procedure.
Exclusion criteria included prior cardiac surgery or other pericardial diseases predisposing to pericardial
adhesions.

The study was carried out according to institutional standards, national legal requirements, and the Decla-
ration of Helsinki. Informed consent was obtained from all patients. Being an observational study, approval
of the ethics committee was waived.

Endpoints and follow-up

The primary endpoint of our study was freedom from any AF/atrial tachycardia episode lasting more than
30 seconds after the endo-/epicardial CA. AF/atrial tachycardia occurring within the first three month
after the procedure (also known as “blanking period”) were not counted in the primary outcome analysis, in
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. accordance with existing guidelines.2 The secondary endpoint was the change in the European Heart Rhythm
Association (EHRA) score over follow-up. Patients were followed by symptoms, ECG, and 24-hour Holter
monitor recordings one, three, six, nine, and twelve months after CA; furthermore, arrhythmia recurrences
were assessed by implantable loop recorders or pacemakers/defibrillators with atrial leads, when available.

Procedural approach

Endo-/epicardial CA was performed in the electrophysiology laboratory, under general anesthesia. Patients
were studied during AF; in case of sinus rhythm at the beginning of the procedure, AF/atrial tachycardia
was induced using burst stimulation.

We performed an extensive ablation procedure in each patient, starting from the LA endocardium, which
was accessed with a single transseptal puncture. Unfractionated heparin was administered in order to
maintain activated clotting time values >300 s. Procedures were guided by electroanatomical mapping system
(CARTO, Biosense Webster)-derived three-dimensional reconstructions of the atria. Biatrial endocardial
maps were obtained with a circular mapping catheter (Lasso, Biosense Webster), whereas biatrial epicardial
replica were obtained using the ablation catheter (Thermocool Smarttouch, Biosense Webster). CA was
guided by ablation index, targeting values higher than 550 in every site, apart from the posterior wall of the
LA and the epicardium, where values higher than 500 were obtained.12

The procedural approach is represented in figure 1. The endocardial phase of the procedure aimed at
insulating pulmonary veins and closing LA and right atrial (RA) anatomical isthmuses. Endocardial steps
included antral PVI, followed by linear lesions on the roof of the LA connecting right and left superior PVs,
on the anterior wall of the LA connecting the roof line with mitral valve annulus, in the septal aspect of
the posterior wall of the right atrium (RA) connecting superior and inferior venae cavae, and cavotricuspid
isthmus ablation.

After completing this lesion set, access was gained to the epicardium, by creating a small (2-3 cm) pericardial
window, through which a steerable introducer (Agilis EPI, Abbott) was placed into the pericardial space.
The pericardial window was performed in collaboration with a cardiac surgeon. We preferred such an
approach to the classic pericardial puncture described by Sosa et al.,13because of the more favorable catheter
manipulability with the epicardial window.

In the epicardium, BB and the LOM were ablated first according to their anatomic location (in the floor of
the transverse sinus close to the interatrial septum, and between the LA appendage and pulmonary veins,
respectively), followed by the eventual completion of roof and anterior linear lesions in the proximity of
the mitral valve in case of absence of lesion transmurality. In case of ongoing AF, further ablation lesions
were delivered in the atria from the endocardium, targeting complex/fractionated atrial electrograms in
both left and right atria. In case patients developed atrial tachycardia at any step during the procedure,
the arrhythmia was mapped and ablated, using a high-density catheter (PentaRay, Biosense Webster). If
sinus rhythm was not restored at this point, patients were electrically cardioverted. Bidirectional conduction
block across all linear lesions and PV circumferential entrance and exit blocks were verified in sinus rhythm
by pacing techniques, as described elsewhere.14 At the end, burst pacing was performed to confirm loss
of arrhythmia inducibility from two different sites (coronary sinus and LA appendage), until refractoriness
was reached, or an arrhythmia induced. In case of atrial tachycardia induction, the latter was mapped and
ablated, aiming to restore sinus rhythm; in case of AF induction, we performed electrical cardioversion. AF
termination, lack of arrhythmia inducibility, and validation of conduction block through ablation lines were
the acute procedural endpoints.

Class III or Ic antiarrhythmic drugs were prescribed for the first three months after CA and suspended
thereafter in case of absence of arrhythmia recurrences.

Statistical analysis

Continuous variables were checked for normality using the Shapiro-Wilk test, and are reported as mean
and standard deviation if normally distributed, or as median and interquartile range (IQR) if non-normally
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. distributed. Categorical variables are presented as counts and percentages, and differences between groups
were calculated with the 2-tailed Fisher exact test. The primary outcome was assessed in a time-to-event
analysis, according to the Kaplan-Meier method. The EHRA scores at baseline and at 9-month follow-up
were compared with the Wilcoxon rank-sum test for repeated measures. A 2-sided p<0 .05 defined statistical
significance. All statistical analyses were performed with the software RStudio (RStudio Inc., Boston, MA).

Results

We included 25 consecutive patients who underwent endo-/epicardial AF CA since September 2019 until
February 2020.

The characteristics of the patients at baseline are presented in table 1. The most common indication for
CA was longstanding persistent AF (n=21, 84%). Patients presented with a significant symptom burden
(median European Heart Rhythm Association [EHRA] class, 3; IQR, 2), after having tried a median of two
antiarrhythmic medications (IQR, 1), including amiodarone in 22 patients (88%). Each subject (n=25) had
previously undergone PVI once, ten patients (40%) twice, whereas LA roof and mitral isthmus lines had
been performed in five (20%) and two (8%) patients, respectively. The mean LA volume was 161 ml (IQR,
25), whereas the median left ventricular ejection fraction measured 54% (IQR, 10).

Primary and secondary endpoints

After a median follow-up of 266 days (IQR, 96 days), AF/atrial tachycardia-free survival was 88% (Figure
2). Among the three subjects experiencing recurrences (12%), one had persistent atrial tachycardia, whereas
the remaining two had both persistent AF and atrial tachycardia over the course of follow-up.

The primary outcome was assessed by means of loop recorders in 7 (28%) and pacemakers/defibrillators in 3
patients (12%), respectively. Antiarrhythmic drugs were discontinued three months after CA in 22 subjects
(88%); the three subjects who remained on antiarrhythmic medications were treated with amiodarone. The
AF/atrial tachycardia free survival off-antiarrhythmic drugs measured 80%.

The EHRA score significantly improved from baseline to 9-month follow-up (median EHRA score at baseline,
3 [IQR, 2]; median EHRA score at 9-month follow-up, 1 [IQR, 1]; p=0.03, Figure 3), and the proportion of
patients with no symptoms (EHRA class I) significantly increased during the same time interval (0/25 at
baseline, 14/25 at 9-month follow-up, p=0.02).

Procedural characteristics and outcomes

Patients’ baseline rhythm on the day of the procedure was AF in 22 cases (88%), whereas one patient had
atrial tachycardia, and three patients were in sinus rhythm. In two of these latter, AF could be induced
with burst stimulation. Of note, 12 patients (48%) had pulmonary vein reconnection at the time of endo-
/epicardial CA.

During the stepwise procedure, sinus rhythm was restored in 18 patients (72%). We either observed direct
conversion of AF to sinus rhythm during ablation in six patients (24%), or an initial organization into
atrial tachycardias (n=33 atrial tachycardias), which were subsequently effectively mapped and ablated in
12 patients (48%). Six patients (24%) required electrical cardioversion at the end of the procedure, whereas
in the remaining subject (4%) AF was non-inducible at baseline.

Direct conversions to sinus rhythm most commonly occurred during ablation of the BB (n=5), whereas one
patient had sinus rhythm directly restored during ablation of complex/fractionated potentials in the RA,
from the endocardium. Pulmonary veins were never implicated in arrhythmia termination.

Bidirectional conduction block across the linear lesion on the anterior wall of the LA was obtained in 16
patients (64%) after endocardial CA, whereas in the remaining nine patients (36%) epicardial lesions were
needed.

Notably, at the end of the procedure, lack of arrhythmia inducibility was observed in 21 patients (84%). Two
patients (8%) developed AF, which was electrically cardioverted, whereas five atrial tachycardias were in-
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. duced, mapped and ablated in two subjects (8%), restoring sinus rhythm; however, AF inducibility persisted
in these two latter patients.

Overall, during the course of the stepwise procedure, AF organized into a median number of one atrial
tachycardia per patient (IQR, 3; total count, 38). Of these arrhythmias, nine (24%) were mapped and
successfully ablated in the BB (figure 4), seven in the proximal portion of the LA appendage (18%), and five
(13%) in the free wall of the RA; other locations were rarer (Table 2).

Feasibility of the epicardial approach to the Bachman’s bundle

In each patient, we evaluated the technical feasibility of different approaches to the roof of the LA, where
the fibers of BB connecting right and left atria in the epicardium can be found and ablated. The roof of the
LA represents the floor of the transverse sinus, a tubular structure enveloped by pericardium which forms
during organogenesis.15

In all but two cases (n=23, 92%), the transverse sinus could be reached from the left, advancing the catheter
anteriorly to the lateral ridge (Figure 5). A rightward approach to the transverse sinus was feasible in 12
patients (48%) by passing close to the septal portion of right atrial appendage (Supplemental Figure 1a),
and in seven patients passing laterally to the right atrial appendage (28%, Supplemental Figure 1b). The
leftward approach proved to be significantly more feasible than other rightward approaches (Fisher’s test p
= 0.019).

Procedural duration and complications

The median length of the procedure was 360 min (IQR, 60 min), and we noticed no intraprocedural compli-
cations. Median duration of hospitalization measured seven days (IQR, 2 days). Following CA, six patients
(24%) developed medical issues, five of which were mild (mild acute kidney injury, n=3; cystitis, n=1;
pneumonia, n=1), and were managed with conservative measures. One patient (4%) developed severe acute
kidney injury requiring dialysis, followed by partial recovery in renal function (serum creatinine levels at
last follow-up, 1.6 mg/dl), with no need for permanent renal replacement therapy. Remarkably, there were
no stroke/transient ischemic attacks, and no patient was hospitalized or had urgent visits for heart failure
during follow-up.

Discussion

In the present study, we described for the first time the feasibility and effectiveness of a novel stepwise endo-
/epicardial approach for persistent/longstanding persistent AF ablation and one or more prior endocardial
CA. The key messages are as follows: 1) a stepwise endo-/epicardial CA approach, by addressing endocardial
as well as epicardial atrial arrhythmogenic substrates and ensuring lesion transmurality, could restore sinus
rhythm in the vast majority of patients with persistent or longstanding persistent AF; 2) as previously
hypothesized,6 epicardial ablation of the BB appeared to be a fundamental step of our comprehensive
approach, resulting in conversion to sinus rhythm in a high proportion of cases; 3) during follow-up, most
of these patients did not experience AF recurrences, allowing the discontinuation of antiarrhythmic drugs;
4) we observed a significant improvement in patients’ symptom status during follow-up, and the majority
of patients were asymptomatic 9 months after the procedure; 5) our approach resulted in no mechanical
complications and in a low risk of medical issues, usually managed with conservative measures; 6) although
pericardial reflections and/or sinuses have been classically considered a hindrance to epicardial ablation
of arrhythmogenic atrial structures,15 catheter manipulation into the transverse sinus was feasible in each
patient, and allowed effective CA of the BB.

The optimal ablation approach for patients with persistent AF has yet to be determined.3-5 Recently, endo-
epicardial dissociation has been proposed as a key mechanism underlying AF persistence in both animal
models and human mapping studies, whereby conduction velocity and direction differ in the various atrial
myocardial layers, acknowledging the transmural nature of the fibrillatory process in patients with long-
standing AF episodes.16

6
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. Furthermore, the role of epicardial structures in the pathogenesis of AF is increasingly being recognized.6,7

A direct relationship between BB and AF is supported by epidemiological, animal, and clinical studies.17

Longitudinal dissociation of conduction along BB, by predisposing to reentrant circuits, is an important
mechanistic link between BB and AF.6 Based on these observations, delivering ablation lesions on the BB
during AF CA could eliminate a substrate for inhomogeneous conduction and AF perpetuation.18 Remark-
ably, given the epicardial location of BB’s body, its thickness (a median of 4 mm), and the presence of fatty
tissue separating it from the limbus of the fossa ovalis,6 an endocardial CA approach aiming to eliminate
such an arrhythmogenic substrate would only address distal extensions of the interatrial conduction system,
leaving the BB’s body and its reentrant circuits substantially unchanged.

Our data support these hypotheses, since epicardial BB’s ablation resulted in restoration of sinus rhythm
in 20% of cases, and the BB was also the most common site where atrial tachycardias appearing during the
procedure could be mapped. Therefore, epicardial BB’s ablation appears to be a fundamental measure to
incorporate in a stepwise CA procedure aiming to restore sinus rhythm. Although previous studies raised
the concern that BB’s ablation could result in impairment of LA mechanical function and increase throm-
boembolic risk by delaying electrical activation of the LA appendage,19,20 it is worth reiterating that among
patients with persistent/longstanding persistent AF, disrupted interatrial conduction is commonly present
at baseline,17 confounding the assessment of the impact of CA. In our cohort, in which LA appendage was
never electrically isolated, and all patients received long-term anticoagulant treatment as per CHA2DS2-VAsc
score,1,2 no thromboembolic complication occurred. In addition, as a possible alternative to anticoagulation,
LA appendage devices could potentially be used to mitigate stroke risk in these patients.21

Closure of a large set of anatomical isthmuses in LA and RA endocardium, as well as BB and LOM ablation
in the epicardium resulted in a high rate of AF organization into atrial tachycardias, whose elimination led
to AF termination in a high proportion of our cohort.22 This finding suggests that our stepwise approach
results in emergence of important drivers sustaining arrhythmia recurrences in the form of atrial tachycardias
in the individual patient, allowing a tailored approach aimed at eliminating these drivers.22,23 As compared
to previous studies,9-11,23 we used for the first time an endo-/epicardial strategy in order to chase each
emerging atrial tachycardia. By transmurally mapping and ablating these arrhythmias, we were able to
obtain very high procedural and middle-term success. Furthermore, the addition of epicardial ablations
allowed us to obtain lesion transmurality and bidirectional conduction block in the roof and anterior LA
lines, thus eliminating potential substrates for atrial tachycardias during follow-up.9,23

Our stepwise endo-/epicardial approach differs in several ways from previously described hybrid techniques
for AF CA.24,25Although we gained access to the pericardial space with a small subxiphoid pericardial
window, we did not navigate the pericardium under direct vision, and all ablation lesions were delivered
by the electrophysiologist using conventional ablation catheters, therefore limiting the need for assistance
by the cardiac surgeon to the initial and terminal moments of the procedure. Furthermore, although every
case was performed in cooperation with cardiac surgeons, the pericardial access was successfully performed
by the electrophysiologist as first operator in the last 15 patients ablated, suggesting that a mini-invasive
pericardial access is not surgically demanding. As compared to other hybrid techniques, the ability to deliver
all ablation lesions during a single-stage procedure in a transmural fashion is an important advantage of our
approach, which appears to be particularly appropriate for symptomatic patients strongly desiring to have
their arrhythmia rapidly eliminated.

In patients with persistent AF, antiarrhythmic drugs are often prescribed to facilitate rhythm control.1,26

However, even amiodarone, the most effective drug, is inferior to CA in maintaining sinus rhythm1,27 and is
plagued by adverse events, which can sometimes be life-threatening.1,26Endo-/epicardial CA may represent
the ideal therapeutic strategy for younger patients, by allowing discontinuation of antiarrhythmic medications
in the vast majority, thus avoiding long-term exposure to amiodarone.26

As a final remark, we found that each patient could be discharged in sinus rhythm irrespective of the presence
of marked atrial dilation and longstanding AF duration, that most of these patients did not experience
recurrences at follow-up, and that only one patient had a serious adverse medical event. These findings
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. might support a more aggressive approach to rhythm control among patients with persistent/longstanding
persistent AF and one or more prior endocardial CA, by incorporating the stepwise endo-/epicardial ablation
protocol, which may represent a viable option when adverse atrial remodeling is present.

Limitations

We could only enroll 25 patients from a single hospital in our study, with a short median duration of follow-
up, and therefore larger numbers of patients enrolled in multiple centers with longer observation times would
have been required to derive statistically rigorous results in support of the stepwise endo-/epicardial approach
for AF CA. All procedures were performed by expert operators, potentially limiting the generalizability of
our findings. The majority of patients did not have cardiac implanted devices, which might have led to an
underestimation of subclinical AF recurrences. However, AF/atrial tachycardia recurrences in a cohort of
patients with persistent AF and markedly dilated LA could expectably present as non-self-limiting episodes,
which would likely be detectable by intermittent rhythm monitoring.

Conclusion

A stepwise percutaneous endo-/epicardial stepwise approach for CA of persistent and longstanding persistent
AF resulted in restoration and maintenance of sinus rhythm in the majority of patients at 9-month follow-up.
BB ablation appeared to be a pivotal component of such an approach, and was feasible in all patients, with
low risk of serious procedural complications. Further studies are highly needed to confirm our promising
results, which could represent an important step forward in the management of AF in patients with persistent
or longstanding persistent forms of the arrhythmia after a failed endocardial AF CA.

References

1. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the European Association of Cardio-Thoracic Surgery (EACTS).
Eur Heart J. 2020;ehaa612.

2. Calkins H, Hindricks G, Cappato R, et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert consensus
statement on catheter and surgical ablation of atrial fibrillation. Heart Rhythm.2017;14(10):e275-e444.

3. Verma A, Jiang CY, Betts TR, et al. Approaches to catheter ablation for persistent atrial fibrillation. N
Engl J Med.2015;372(19):1812-22.

4. Kirchhof P, Calkins H. Catheter ablation in patients with persistent atrial fibrillation. Eur Heart J.
2017;38(1):20-26.

5. Gianni C, Mohanty S, Trivedi C, et al. Novel concepts and approaches in ablation of atrial fibrillation:
the role of non-pulmonary vein triggers. Europace. 2018;20(10):1566-1576.

6. van Campenhout MJ, Yaksh A, Kik C, et al. Bachmann’s bundle: a key player in the development of
atrial fibrillation? Circ Arrhythm Electrophysiol. 2013;6(5):1041-6.
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. TABLES

Table 1. Characteristics of the patients at baseline

Overall (n=25)

Age – years (SD) 60 (9)
Male sex – no. (%) 17 (68)
EHRA score – no. (IQR) 3 (2)
CHA2DS2-VAsc score – no. (IQR) 2 (2)
Long-standing persistent atrial fibrillation – no. (%) 21 (84)
BMI – kg/m2 (SD) 28 (5)
Hypertension – no. (%) 19 (76)
Diabetes – no. (%) 4 (16)
Coronary artery disease – no. (%) 5 (20)
Heart failure – no. (%) 10 (40)
LVEF - % (IQR) 54 (10)
LA volume – ml (SD) 161 (25)
LA diameter – mm (SD) 49 (5)
Interventricular septum thickness – mm (SD) 12 (3)
Duration of last AF episode – months (IQR) 7 (4)
Duration since first AF episode – months (SD) 49 (21)
Previously failed AADs – no (IQR) 2 (1)
Prior single PVI – no. (%) 15 (60)
Prior double PVI – no. (%) 10 (40)
Prior left atrial roof line – no. (%) 5 (20)
Prior mitral isthmus line – no. (%) 2 (8)
Pulmonary vein reconnection at the time of endo-epicardial catheter ablation – no. (%) 12 (48)

Continuous variables are expressed as mean (standard deviation) when normally distributed, or as median
(interquartile range) when non-normally distributed. Categorical variables are expressed as number (%).
Abbreviations: AF, atrial fibrillation; BMI, body mass index; EHRA, european heart rhythm association;
IQR, interquartile range; LA, left atrial; LVEF, left ventricular ejection fraction.

Table 2. Atrial tachycardias mapped and ablated during the procedure (n=38)

Location of earliest activation/arrhythmia type AT count Mean CL (SD), ms

Bachmann’s bundle 9 352 (58)
Proximal portion of the LA appendage 7 351 (49)
Free wall of the RA 5 391 (88)
Ligament of Marshall 4 275 (56)
Posterior wall of the LA 4 361 (41)
Coronary sinus ostium 3 435 (95)
Peri-mitral flutter 3 233 (8)
Biatrial flutter 1 375
Posterior wall of the RA 1 512
High septal region of the RA 1 515

Abbreviations: AT, atrial tachycardia; CL, cycle length; LA, left atrium; RA, right atrium; SD, standard
deviation.
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. FIGURES

Figure 1. Procedural workflow

The stepwise endo-/epicardial atrial fibrillation ablation approach. Endocardial steps are represented in
yellow boxes, whereas epicardial steps are represented in orange boxes. Abbreviations: LA, left atrium; PVI,
pulmonary vein isolation

Figure 2. Survival free from atrial fibrillation/atrial tachycardia recurrence according to the
Kaplan-Meier method
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.

Figure 3. European Heart Rhythm Association (EHRA) score during follow-up

Abbreviations: EHRA, European Heart Rhythm Association
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.

Figure 4. Epicardial mapping and ablation of an atrial tachycardia originating from the Bach-
mann’s bundle

Biatrial epicardial activation mapping of an atrial tachycardia appearing during the course of the stepwise
endo-/epicardial ablation, antero-posterior view. Note that the site of earliest activation (red spot) is located
epicardially, in the anatomical region of the Bachmann’s bundle (A); radiofrequency energy delivery in that
site resulted in atrial tachycardia termination (B).

Figure 5. Leftward approach to the transverse sinus

A, Biatrial endocardial electroanatomical reconstruction, left anterior oblique view. Note that the ablation
catheter (yellow) is located inside the transverse sinus in the anatomical position of the Bachmann’s bundle.
The transverse sinus is accessed from the left, passing between the left atrial appendage and the pulmonary
veins. This access was feasible in 92% of the study cohort. B, low-amplitude fragmented potential (black
arrow), typically recorded on the Bachmann’s bundle. C and D, left anterior oblique (C) and right anterior
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. oblique (D) fluoroscopy projections, showing the ablation catheter inside the transverse sinus from the
leftward approach. Abbreviations: BB, Bachmann’s bundle; CS, coronary sinus; LAA, left atrial appendage.
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