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KEY TEACHING POINTS

� Recent studies have demonstrated that the
presence of epicardial connections (ECs) involving
pulmonary veins (PVs) are one of the mechanisms
for failure in achieving a complete pulmonary vein
antrum isolation (PVAI) of atrial fibrillation (AF).

� ECs may possibly play an important role in
producing spontaneous activities and initiating
and maintaining AF.

� The physicians should be aware of the possibility of
the presence of ECs even though the conventional
Introduction
Pulmonary vein antrum isolation (PVAI) with radiofre-
quency catheter ablation (RFCA) has proven to be a useful
strategy for atrial fibrillation (AF) worldwide.1–3 To
prevent initiating and maintaining AF, a complete PVAI
should be a target of the treatment of AF.1 However, even
if using contemporary advanced techniques such as a 3-
dimensional mapping system and contact force monitoring,
a first-pass isolation is sometimes difficult to perform and
additional ablation inside the veins is commonly necessary
and effective in achieving these objectives.4 Recent studies
have demonstrated that the presence of epicardial connec-
tions (ECs)5 involving the pulmonary veins (PVs) is one of
the mechanisms for failure in achieving a complete PVAI.6–8
PVAI is completed, when performing ablation of AF.
Case report
Written consent for the submission and publication of this
case report, including the images and associated text, has
been obtained from the patient in line with COPE guidance.

A 75-year-old male patient was admitted to our hospital to
undergo RFCA of paroxysmal AF. He had a history of hyper-
tension. Anticoagulation, antiarrhythmic, and antihyperten-
sive therapies with apixaban 10 mg, bepridil hydrochloride
100 mg, and telmisartan 40 mg daily had already been
started. On admission, his blood pressure and heart rate
were 114/72 mm Hg and 86 beats per minute, respectively.
Auscultation revealed normal cardiac and breath sounds.
His serum creatinine and brain natriuretic peptide levels
were 1.04 mg/dL and 190.0 pg/mL, respectively. The 12-
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lead electrocardiogram and chest radiograph exhibited sinus
rhythm with complete right bundle branch block (Figure 1A)
and a normal cardiothoracic ratio (Figure 1B). The echocar-
diography yielded a normal left ventricular ejection fraction
of 55%, normal valvular function, and no evidence of struc-
tural heart disease. His left atrial (LA) dimension was 38.3
mm. His CHADS2/CHA2DS2-VASc score was 3/4, respec-
tively. Transesophageal echocardiography demonstrated the
absence of any LA thrombi the day before the RFCA. Before
the RFCA, because the AF continued, an intracardiac electri-
cal conversion was performed using 30 J with a deflectable
catheter, BeeAT (Japan Lifeline, Tokyo, Japan), placed in
the coronary sinus (CS) and right atrium in order to restore
sinus rhythm. However, sinus rhythm could not be main-
tained and AF instantaneously recurred. Then, during AF,
following a double transseptal puncture guided by intracar-
diac echocardiography (ViewFlex Xtra ICE catheter; Abbott,
Plymouth, MN), a circumferential PVAI was performed un-
der electroanatomic guidance with a 3D mapping system
(EnSite; St. Jude Medical, St. Paul, MN) using a TactiCath
SE open irrigated ablation catheter (Abbott, Plymouth,
MN) through a steerable introducer (Agilis NxT; Abbott,
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Figure 1 A 12-lead electrocardiogram on admission (A) and during the procedure (H), and chest radiograph on admission (B). C: The fluoroscopic anterior-
posterior image during the procedure. D–G: The EnSite (St. Jude Medical, St. Paul, MN) image in the posterior-anterior (D) and anteroposterior (E, F, and G)
views of the patient during the procedure. The white arrows indicate the remaining potential in the LSPV. ABL 5 ablation catheter; CMC 5 circular mapping
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Plymouth, MN) under the administration of isoproterenol
(10–20 mg/h). When the circular mapping catheter (CMC)
(Optima; Abbott, Plymouth, MN) was placed just inside
the PVAI lines, there were no remaining potentials detected
with the CMC in all 4 PVs (Figure 2A). However, after the
PVAI, sinus rhythm could still not be maintained. Thus, a
LA posterior wall isolation was additionally performed.
However, sinus rhythm still could not be maintained.
Because we suspected the presence of ECs,5,6 the LA and
PVs were reconstructed in detail by the EnSite system
using a steerable high-density mapping catheter (Advisor
HD Grid catheter; Abbott, Plymouth, MN) and demonstrated
a remaining potential at a 35-mm-distal site from the PVAI
line in the left superior pulmonary vein (LSPV; white arrows
in Figure 1D and 1E). We also confirmed there were no con-
cealed low-voltage signals (CLVSs)9 along the PVAI lines,
indicating the completion of the PVAI lines. A CMC also
could detect not only this potential but also spontaneous ac-
tivity10 in the LSPV (Figure 1F and yellow arrows in
Figure 2B). After a spontaneous recovery of sinus rhythm,
AF recurred instantaneously, initiated by spontaneous activ-
ity10 in the LSPV (yellow arrow in Figure 2C). We
confirmed that the sites of the spontaneous activity and re-
maining potential were at the same position in the LSPV.
Radiofrequency energy was delivered at this site with a
maximum power of 25 W (Figure 1C and 1F and yellow ar-
row in Figure 2D). Then, the AF steadily terminated and si-
nus rhythm was recovered on the 12-lead electrocardiogram
(Figure 1H and red arrows in Figure 2D and 2E), but the AF
continued on the intracardiac electrocardiogram of the LSPV
(Figure 1H and white arrows in Figure 2D and 2E). A
continuous radiofrequency energy delivery at this site
completely abolished not only the AF but also the remaining
potential and spontaneous activity in the LSPV (blue arrow
in Figure 2E and 2F). Then, using the high-density mapping
catheter, we confirmed in detail that there were no remaining
potentials or spontaneous activity in the 4 PVs or CLVSs9

along the PVAI lines. Further, entrance and exit block
were also confirmed by LA pacing and pacing just within
the PV ostium. Finally, we could achieve bidirectional con-
duction block between the LA and PVs. During a 30-minute
observation period, no spontaneous activity in the LSPV
was observed (Figure 2F). Thereafter, programmed stimula-
tion could no longer induce any arrhythmias, including
spontaneous activities or AF under the administration of
isoproterenol (10–20 mg/h). The patient has remained well,
without any arrhythmias or symptoms, for 2 years after the
RFCA.
Discussion
After the RFCA of the remaining potential in the LSPV, we
confirmed in detail that there were no remaining potentials in
catheter; CS5 coronary sinus; His5His bundle; HRA5 high right atrium; LA5 l
LSPV 5 left superior pulmonary vein; MA 5 mitral annulus; RIPV 5 right infe
ventricle.
the 4 PVs or CLVSs9 along the PVAI lines using the high-
density mapping catheter, and entrance and exit block were
confirmed by LA pacing and pacing just within the PV
ostium (Figure 2F). Thus, we could definitely achieve a com-
plete conventional PVAI before the RFCA of the remaining
potential. Therefore, the remaining potentials in the LSPV
were the conduction of the EC, not a gap conduction. Addi-
tionally, the LA appendage (LAA) in this present case was
not so big, and the distance between the LAA and remaining
potentials in the LSPV was 11 mm (Figure 1G). Further, no
far-field potentials from the LAA were observed in the LSPV
after the RFCA of the remaining potential (EC) (Figure 2F).
Thus, the potentials that were recorded in the LSPV before
the RFCA of the remaining potential were definitely the po-
tentials of the EC.

On the other hand, before the RFCA of the remaining po-
tential, irregular spontaneous activities were observed at the
same position as the remaining potential in the LSPV during
AF (Figure 1F and yellow arrows in Figure 2B). If those ac-
tivities were caused by atrial tachycardias (ATs), the activ-
ities of the ATs would have been suppressed during AF.
However, the irregular spontaneous activities continued
during AF (Figure 2B). These findings were unlikely to be
ATs, but were more likely to be spontaneous activities.
Moreover, a previous report demonstrated that an initiation
of sustained or nonsustained local fibrillation was recorded
in cases with a common left-sided PV with preceding auto-
matic activity following the completion of the PVAI.11

Although this present case was not a common left-sided
PV, the same phenomenon might have been observed in
this present case.

Then, AF recurred instantaneously, initiated by the
spontaneous activity in the LSPV (yellow arrow in
Figure 2C) after spontaneous recovery of sinus rhythm.
Thus, because we suspected the presence of ECs,6 the
LA and PVs were reconstructed in detail by the EnSite sys-
tem using the high-density mapping catheter, and it
demonstrated a remaining potential 35 mm distal from
the PVAI line in the LSPV (Figure 1C–1F). Because the
location of the remaining potential was more than 5 mm
away from the conventional PVAI line, a gap conduction
was unlikely,6 indicating it was the conduction of the
EC(s). Because the sites of the spontaneous activity and re-
maining potential were in the same position in the LSPV,
the EC might have produced the spontaneous activity
contributing to the initiation of AF. The radiofrequency en-
ergy delivering for this remaining potential could steadily
terminate the AF on the 12-lead electrocardiogram
(Figure 1H and white arrows in Figure 2D and 2E) and sub-
sequently on the intracardiac electrocardiogram of the
LSPV (blue arrow in Figure 2E). Thus, the EC ran through
and conducted the AF from the LSPV to the atrium some-
where and could maintain the AF in both the LSPV and
eft atrium; LAA5 left atrial appendage; LIPV5 left inferior pulmonary vein;
rior pulmonary vein; RSPV 5 right superior pulmonary vein; RV 5 right



Figure 2 The intracardiac electrocardiograms after a conventional pulmonary vein antrum isolation (PVAI) (A), from a circular mapping catheter placed at a
site distal to the PVAI line in the left superior pulmonary vein (B), after spontaneous recovery of sinus rhythm (C), during the radiofrequency energy delivery (D
and E), and after completing the PVAI (F).
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atrium. After a radiofrequency energy delivery to the re-
maining potential at a distal LSPV site, the conduction
from the LSPV to the atrium and spontaneous activity in
the LSPV were no longer observed (Figure 2E and 2F) dur-
ing a 30-minute observation period. In view of these find-
ings, the EC in this present case might have played an
important role in producing the spontaneous activity and
initiating and maintaining the AF.

Although we could not confirm where the EC conducted
to from the LSPV in this present case, it might possibly



Figure 2 Continued.
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have conducted to the CS or Marshall bundle because a
recent comprehensive study demonstrated that all ECs
involving left-sided PVs are associated with the CS or
Marshall bundle.6 We also could not confirm whether the
EC was unidirectional or bidirectional. However, there was
certainly at least unidirectional conduction from the PV to
somewhere in the atrium. A previous report demonstrated
that unidirectional entrance block with spontaneous activity
in the PVs may not be a good indication of a complete
PVAI and bidirectional block can reduce the acute PV recon-
nections and may reduce the AF recurrence in patients under-
going a PVAI of AF.10 Moreover, the EC in this present case
might have played an important role in producing the sponta-
neous activity and initiating and maintaining the AF. These
mechanism(s) of ECs may be a cornerstone in recurrences
of AF in patients with ECs undergoing a PVAI of AF.



Figure 2 Continued.
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Finally, because we could achieve bidirectional block be-
tween the PV and atrium by RFCA of the remaining potential
in the LSPV and confirm the noninducibility of AF, we
thought the AF recurrence rate might have been low in this
present case. Actually, this patient has remained well,
without AF recurrence or symptoms for 2 years after the
RFCA.
Conclusion
To the best of our knowledge, this is the first report that ECs
may possibly play an important role in producing sponta-
neous activity and initiating and maintaining AF, probably
contributing to worse recurrences of AF in patients undergo-
ing a PVAI of AF. Thus, the physicians should be aware of
the possibility of the presence of ECs even though the
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conventional PVAI is completed, when performing RFCA of
AF.
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