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CLINICAL CASE
An Epicardial Connection With a
Unidirectional Conduction Property From
the Left Atrium to Pulmonary Vein
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The presence of an epicardial connection between the left-sided pulmonary vein and left atrium was suggested during

catheter ablation of atrial fibrillation because of sustainable unidirectional entrance conduction after complete endo-

cardial ablation, centrifugal breakout deep inside the pulmonary vein, and immediate elimination of the conduction by

point ablation. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2022;4:310–314) © 2022 The Authors.

Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
P ulmonary vein (PV) isolation is a standard
strategy for the nonpharmacologic treatment
of atrial fibrillation (AF). Although optimal

ablation lesion sets can be effectively achieved from
the endocardial viewpoint thanks to the development
of technologies such as 3-dimensional mapping sys-
tems and contact force monitoring, first-pass isola-
tion is sometimes difficult to perform, and
EARNING OBJECTIVES

To recognize the presence of epicardial
connections as a possible cause of failure of
first-pass isolation.
To recognize an epicardial connection
between the pulmonary veins and the left
atrium in addition to Marshall bundle and
coronary sinus musculature.
To recognize that an epicardial connection
occasionally has a unidirectional conduction
property.
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additional ablation inside the veins is commonly
necessary and effective for isolation. Recent studies
have suggested the presence of an epicardial connec-
tion involving the PVs as one of the mechanisms for
failure of isolation by circumferential lesion sets.1-4

HISTORY OF PRESENTATION

A 73-year-old woman had experienced palpitations
because of paroxysmal AF for 8 months and was
referred to our institution for catheter ablation.

PAST MEDICAL HISTORY

The patient had a history of hypertension.

DIFFERENTIAL DIAGNOSIS

In cases of failure of first-pass isolation, discrimina-
tion of epicardial conduction from gap conduction is
important to avoid unnecessary additional ablation
on the circumferential ablation line.
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AB BR E V I A T I O N S

AND ACRONYM S

AF = atrial fibrillation

CS = coronary sinus

LA = left atrium

LSPV = left superior

pulmonary vein

PV = pulmonary vein

RA = right atrium
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INVESTIGATIONS

On admission, physical examination found a respi-
ratory rate of 16 breaths/min, regular pulse rate of
72 beats/min, and blood pressure of 136/76 mm Hg.
Her body height was 156 cm and weight was 55 kg.
No abnormal heart or breath sounds were
noted. Echocardiography revealed normal left ven-
tricular function and an enlarged left atrium (LA)
(38 mL/m2).

MANAGEMENT

After written informed consent was obtained, the
electrophysiologic study was performed under
CARTO guidance (Biosense Webster, Inc). A 6-F 20-
pole dual-site mapping catheter (BeeAT, Japan Life-
line Co, Ltd) was inserted through the subclavian vein
and positioned in the coronary sinus (CS), right
atrium (RA), and superior vena cava. The patient
presented to the laboratory in sinus rhythm with
incessant paroxysms of AF (Figure 1A).

Circumferential ablation encircling the left-sided
PVs was performed. The respective mean ablation
index and mean interlesion distance were 345 �
50 mm and 3.5 � 1.1 mm in the anterior aspect and
300 � 61 mm and 3.1 � 1.0 mm in the posterior
aspect, respectively. The repetitive paroxysms of AF
disappeared despite nonachievement of first-pass
isolation. Although we first thought that there
might be a conduction gap on the ablation line,
close observation reminded us that the left superior
pulmonary vein (LSPV) firing did not conduct to the
LA (exit block), but the sinus impulse did conduct
to the LSPV (unidirectional entrance conduction)
(Figure 1B). This unidirectional conduction was not
transient but persisted stably for more than 30 mi-
nutes. Because we previously experienced that an
epicardial connection between the right-sided PVs
and RA exhibited a unidirectional conduction
property5 and there was no potential in the
circumferential ablation line in the present patient,
we suspected the contribution of an epicardial
connection, but not of a conduction gap, to this
sustainable and unidirectional conduction. During
CS pacing, activation mapping was performed
within the LSPV and revealed a centrifugal breakout
pattern with the earliest activation at the posterior
aspect of the LSPV, which was 15 mm away from
the circumferential ablation line (Figure 2). Ablation
at that site with a low power setting of 20 W
immediately eliminated the entrance conduction
(Figure 3).
DISCUSSION

In this case, it was possible that the unidi-
rectional conduction from the LA to LSPV
(entrance conduction) after circumferential
ablation was stably maintained not by a gap
in the ablation line but by an epicardial
connection.

Unidirectional conduction from the PV to
the LA (exit conduction) has rarely been

observed during PV isolation. Chen et al6 reported
that such a unidirectional exit conduction was
confirmed in 11 (4.8%) of 231 patients with sponta-
neous activities after PV isolation. Half of such a
unidirectional conduction were transient, suggesting
local effects of ablation such as inflammation and
edema on the ablation line as a mechanism of the
characteristic conduction property. To the best of our
knowledge, however, stable unidirectional conduc-
tion from the LA to the PV (ie, entrance conduction)
has been reported only once in the literature. In this
single case, unstable rate-dependent exit block was
observed under the presence of an entrance
conduction.7

A recent comprehensive study evaluated epicardial
connections in 534 patients undergoing radio-
frequency catheter ablation of AF.1 All epicardial
connections involving the left-sided PVs were asso-
ciated with the CS or Marshall bundle (8.1%; 43 pa-
tients) and therefore were totally different from the
epicardial connection between the LA and LSPV, as
suggested in the present case.

Moreover, we recently experienced an interesting
case of AF in which the dissociated PV activities after
isolation were unidirectionally conducted to the RA
through an interatrial epicardial connection, resulting
in RA parasystole.5 Sink-source mismatch may
contribute to this phenomenon in this fine fiber. On
the basis of our experience, activation mapping within
the LSPV was performed early after the observation of
the unidirectional conduction in the present patient.
Because the earliest activation site in the centrifugal
breakout was 15 mm away from the antral ablation
line, gap conduction was unlikely. Pambrun et al8

recently reported that epicardial electrograms
derived from the septopulmonary bundle can be
recorded from the endocardium as a low-frequency/
dull potential during roof line ablation. The mor-
phologies of the electrograms recorded around the
earliest activation site in the present case (Figure 2)
might be a fusion of the high- and low-frequency
components, suggesting near-field endocardial and
far-field epicardial potentials, respectively. Of note,



FIGURE 1 Intracardiac Electrograms Before and After Ablation Encircling the Pulmonary Veins

(A) Intracardiac electrograms of the repetitive firing from the LSPV at baseline. (B) Unidirectional entrance conduction from the LA to the LSPV after first-pass

radiofrequency ablation encircling the left-sided pulmonary veins. ABL ¼ ablation, APC ¼ atrial premature contraction, B. ¼ block, C. ¼ conduction, CS ¼ coronary

sinus, d. ¼ distal, Ent. ¼ entrance, LA ¼ left atrium, LSPV ¼ left superior pulmonary vein, p. ¼ proximal, RA ¼ right atrium, SR ¼ sinus rhythm, SVC ¼ superior vena cava.
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FIGURE 2 Activation Map of the Left Superior Pulmonary Vein During Coronary Sinus Pacing

The centrifugal breakout 15 mm away from the antral ablation line was identified. Around the earliest activation site, electrograms exhibited a

long-duration and multiphasic fusion morphology of the high- and low-frequency components. LAT ¼ local activation time.

FIGURE 3 Intracardiac Electrograms During Ablation Deep Inside the LSPV

Ablation at the yellow tag in Figure 2 eliminated the entrance conduction in 3 seconds. The red arrows indicate PV potentials, and the blue

dashed arrow indicates a dissociated activity. RF ¼ radiofrequency ablation. Abbreviations as in Figure 1.
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ablation at that site with a low power setting abolished
the entrance conduction and achieved bidirectional
conduction block within 3 seconds.

FOLLOW-UP

The patient has remained free from any atrial tachy-
arrhythmias without any antiarrhythmic drugs for
7 months.

CONCLUSIONS

A sustainable unidirectional entrance conduction af-
ter complete endocardial ablation, centrifugal
breakout deep inside the LSPV during CS pacing, and
the immediate elimination of the conduction by point
ablation suggested the presence of an epicardial
connection between the LSPV and LA.
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