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Introduction

Catheter ablation of atrial fibrillation (AF) is one of the most
complex interventional electrophysiologic procedures. Since
the ectopic supraventricular beats and paroxysms of AF origi-
nating from pulmonary veins (PV) was first observed (1), pul-
monary vein isolation (PVI) became the primary treatment tar-
get of AF catheter ablation. The entrance and exit blocks in the
PVs confirm successful PVI. Inability to achieve PVl and PV re-
connection, which can be observed very early after procedure
(2), are frequent causes of AF recurrence and necessitate a
repeat procedure (3). When circumferential PV antral ablation
fails to achieve PVI, itis usually due to a gap in the ablation line.
When the gap is mapped and successfully ablated, durable PVI
is usually achieved. Another possible cause of persistent PV
conduction is an interesting and probably rare phenomenon,
in which the designated exit and entrance site for conduction
is an intercaval bundle (IB), an anatomical structure that con-
nects one of the PVs to the right atrium (4). IC has been previ-
ously defined in anatomical studies of the heart (5). In this case
report, we start with a description of an AF ablation procedure
where the persistent PV conduction could not be abolished
with PV antral ablation, leading to identification of an IB, whose
entry site at right atrium had to be ablated to achieve a durable
PVI. Thereafter, we discuss the importance and differential di-
agnosis of persistent PV electrograms along with the necessity
for confirming the position of the entrance and exit block in AF
ablation.

Case Report

A 60-year-old female patient with highly symptomatic parox-
ysmal AF episodes was admitted to our clinic for catheter ab-
lation and subsequent AF. Under general anesthesia, a double
transseptal puncture was performed, following which the left
atrial voltage and anatomic map was created and merged with
computerized tomography data using the CARTO3 mapping sys-
tem (Biosense-Webster, Diamond Bar, CA, USA). The left atrial
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anatomy was unremarkable and the left-sided PVs were easily
isolated using an irrigated-tip RF ablation catheter. The position
of the entrance and exit block were confirmed for each of the
left-sided veins.

During the isolation of the right-sided veins, a persistent
PV-like potential in the distal anterior part of the right superior
pulmonary vein (RSPV) (Fig. 1: earliest in Lasso pair 5-6) was
noted to be remaining, despite the completion of an ablation
index-guided encirclement lesion-set and subsequent multiple
ablation attempts in the anterior part of the RSPV antrum. We
noted that the PV-like potential originated much earlier while
the catheter was inserted into the distal part of RSPV. During
low-output (5 mA, 1 millisecond) high-right atrium (HRA) pacing,
the potentials were minimally advanced but remained separate.
On the other hand, the RSPV and both atria were consistently
being captured during low-output pacing with Lasso pair 5-6 (5
mA, 1 millisecond) as HRA signals were pulled in and CS sig-
nals became significantly delayed with a concentric activation
pattern, similar to what is routinely seen in sinus rhythm. These
observations suggested that an exit block was present between
the right-sided veins and the left atrium. However, the stimulus
that was activating the right atrium first was also subsequently
activating the left atrium through the CS, a phenomenon which
indicated the presence of a bypass tract or an IB connecting the
HRA- SVC (superior vena cava) to RSPV.

Following this observation, we initially tried to target the
earliest site inside the vein (Fig. 2; white dot) with a touch-up
ablation lesion of 25 Watts, which failed to abolish the signal
but transiently decreased its amplitude, while the vein contin-

1112
13-14 |
15-16

17-18 ||
[

Sl ‘
9-10 I
|
|
|
|

19-20 1}
MAPd

T

MAPp |10 mmimy 50 miis, 4 |

Figure 1. Intracardiac electrogram obtained during the ablation
procedure. Surface electrocardiograms (I, 1), electrograms from
distal high-right atrium (HRAd), coronary sinus distal-to-proximal
electrograms (CSD, CS2, CS3, CS4, CSP), electrograms within
pulmonary veins (obtained using the Lasso catheter, L1-2 to 19-20), and
mapping catheter electrograms are depicted. Persistent pulmonary
vein potentials observed in Lasso pair 5-6 (and probably pair 3-4) are
marked by blue ovals
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Figure 2. (a) Local electrograms recorded in the right superior pulmonary vein using a Lasso catheter. Left to the arrowhead are local electrograms
recorded during radiofrequency energy delivery in Lasso pair 5-6. Local signals are abolished 2 seconds after energy delivery. (b) 3-D electro-
anatomic map. The white dot represents the earliest activation site during pulmonary vein pacing. The site of radiofrequency energy delivery is

marked by a red arrow

ued to get captured (Fig. 1). Afterwards, we targeted the right
atrial posterior wall counterpart with the earliest signal dur-
ing PV pacing (Fig. 2; white dot). Rf at 35 Watts (Fig. 2; red ar-
row) rapidly abolished the small electrograms after 2 seconds
(Fig. 2) and successfully completed the isolation of RSPV with
a durable exit and entrance block, confirmed after a waiting
period of 20 minutes and subsequent testing with adenosine
(Fig. 3). Posterior wall isolation and cavotricuspid isthmus abla-
tion were also performed afterwards at the discretion of the
operator, due to an ongoing clinical trial. The follow-up period
was uneventful and the patient was discharged the next day.
Ambulatory electrocardiography recordings taken 24-hourly at
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Figure 3. Intracardiac electrogram during pacing using Lasso (*)
catheter inside pulmonary veins reveals an exit block
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1 month, 2 months, 3 months, and 6 months were normal, and
the patient self-reported as being completely asymptomatic at
the follow-up visits.

Discussion

In the early 20" century, extensive anatomical studies per-
formed by Keith et al. (5). revealed that direct fibers connecting
left and right atrium existed, including the Bachmann bundle, CS
bundle, and IB. Electrophysiologic properties of these connec-
tions continue to be elucidated with advanced electro-anatomic
mapping systems. While the Bachmann bundle is the best-de-
fined structure, 1B runs posteriorly between the left atrial and
right PV region and the intercaval region on right atrium. This
anatomical variant has been previously observed while perform-
ing a AF ablation procedure (4).

Any PV potentials observed during circumferential PV antral
ablation should be extensively investigated before attributing
them as being far-field signals. In our case, pacing within the PV
failed to demonstrate an exit block, however, it is important to
note that concentric CS activation was delayed as compared to
high-right atrial activation, which could point to activation with
a bypass tract. We presumed that an IB was conducting signals
from the RSVP to posterior-superior RA (location of HRA cath-
eter). RF ablation of earliest RA activation region eliminated PV
potentials and also resulted in a successful exit block.

When analyzing persistent signals following antral ablation,
the operator must differentiate PV potentials from far-field signals
that commonly originate from structures such as the left atrial ap-
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pendix and the superior vena cava (6). Both activation mapping
and differential pacing maneuvers are useful in PV electrogram
analysis. One of distinguishing features of far-field PV signals is
that as the recording catheter is advanced distally, the amplitude
of the signal decreases. This feature contrasts with signals ob-
tained in our case, where signals became more accentuated as
the catheter was advanced distally into the vein. IB fibers, insert-
ed into the PV region that is distal to the antrum, give rise to PV
potentials that become earlier and have higher amplitude as the
recording catheter is advanced distally inside the PV.

In this case, we would like to emphasize the importance of
investigating PV potentials before attributing them as far-field
signals, as this may be an important determinant in the ablation
success.

Conclusion

This case illustrates the presence of an electrical connec-
tion tract, i.e., the IB, between the posterior right atrium and
anterior aspect of RSPV which could only be abolished by right
atrial ablation.

Informed consent: Written informed consent was obtained from
this patient.
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