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CASE REPORT

CLINICAL CASE
Epicardial Connections as Intra-Atrial
Conduction Routes in a Patient With
Advanced Atrial Remodeling

Yasuaki Tsumagari, MD,a Kentaro Yoshida, MD,a,b Masako Baba, MD,a,b Hideyuki Hasebe, MDb
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In a patient with long-standing persistent atrial fibrillation, elimination of an epicardial connection between the right-

sided pulmonary venous carina and the right atrium during catheter ablation resulted in intra-atrial conduction injuries in

the presence of advanced atrial remodeling. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2021;3:1774–1779)

© 2021 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 widely appli-
cable as an effective treatment for atrial fibril-
lation (AF). Electrophysiologists occasionally

encounter right-sided PVs (RtPVs) that are difficult
to isolate without ablation in the PV carinal area,
thus suggesting the presence of an epicardial connec-
tion (EC) between the RtPV carina and the right
atrium (RA) (1-7).

HISTORY OF PRESENTATION

A 51-year-old woman was referred to our institution
(Ibaraki Prefectural Central Hospital, Kasama,
Japan) for catheter ablation of symptomatic
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persistent AF. Echocardiography revealed normal left
ventricular function and an enlarged left atrium (LA)
(48 mL/m2).

PAST MEDICAL HISTORY

She had a history of takotsubo cardiomyopathy.

INVESTIGATIONS

Sinus rhythm (SR) was restored by electrical cardio-
version followed by left atrial mapping using a PEN-
TARAY catheter under CARTO guidance (Biosense
Webster, Inc.). The earliest activation site (break-
through) in the LA was solely observed on the anterior
wall near the right superior PV antrum (Figure 1A), thus
suggesting a disturbance of intra-atrial conduction
(IAC) through the Bachmann’s bundle and the pres-
ence of an EC (1). In addition, because the conduction
from the sinus node to the left atrial breakthrough site
was rapid (39 milliseconds), this conduction was
consideredmore preferential and dominant than other
possible conduction routes through the fossa ovalis
and coronary sinus (CS).
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AB BR E V I A T I O N S

AND ACRONYM S

AF = atrial fibrillation

AV = atrioventricular

CS = coronary sinus

EC = epicardial connection

IAC = intra-atrial conduction

LA = left atrium

P-Acs = interval between

onset of the P-wave and atrial

potential in the coronary sinus

PV = pulmonary vein

RA = right atrium

RtPV = right-sided pulmonary

vein

SR = sinus rhythm
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MANAGEMENT

After successful isolation of the left-sided PVs, RtPV
ablation was performed in which antral linear appli-
cations crossed the earliest activation site of the LA
(Figure 1B). During ablation at the RtPVs (white arrow,
Figure 1B), the PQ interval gradually prolonged from
155 to 312 milliseconds, followed by transient 2:1
atrioventricular (AV) block. Of note, this prolongation
partially derived from the prolongation of the interval
between the onset of the P-wave and the atrial po-
tential in the CS (P-Acs) (Figures 1C and 1D), indicating
the presence of an IAC delay. Although ablation of the
RtPV carina was added, isolation failed. This PQ in-
terval prolongation persisted even at the patient’s
discharge 3 days after the procedure (210
milliseconds).

AF recurred and persisted early after the pro-
cedure, and a redo procedure was performed
6 months later. Spontaneous recovery of the PQ
FIGURE 1 Electrophysiological and Anatomical Findings at the Index

(A) Left atrial activation map during sinus rhythm before ablation. The br

and antrum. The conduction time from the onset of the P-wave to the br

crosses the breakthrough site. During ablation at the RSPV anterior roof (

Intracardiac electrograms before ablation show a normal PQ interval (15

roof of the right-sided pulmonary veins. The PQ interval and the interva

simultaneously prolonged, followed by a transient atrioventricular block

(asterisks) were also prolonged. ABL ¼ ablation catheter; d ¼ distal; p
interval was noted after cardioversion.
Although PV potentials were found in the
RtPV carina, gap conduction was unlikely,
on the basis of careful PV antral mapping
and the pacing study (8). Thus, we decided
to create an activation map of the RA during
pacing from a LASSO catheter (Biosense
Webster, Inc.) placed in the right superior
PV (5,8). The earliest activation site was
found in the right atrial posteroseptal wall
(Figure 2A), and ablation of that site ach-
ieved RtPV isolation (Figure 2B). Notably,
during this application, the P-Acs interval
was prolonged again (Figure 2B). Right atrial
mapping during SR revealed a broad low-
voltage area (Figure 2C), and the sinus im-
pulse propagated unidirectionally only

toward the anterior wall (Figure 2D, Video 1). The
PQ interval remained prolonged postoperatively
(240 milliseconds).
Procedure

eakthrough site was at the anterior portion of the right superior pulmonary vein (RSPV) carina

eakthrough site was 39 milliseconds. (B) The ablation line of the right-sided pulmonary veins

arrow), the PQ interval gradually prolonged, and transient atrioventricular block occurred. (C)

5 milliseconds). (D) Intracardiac electrograms during radiofrequency (RF) application at the

l between onset of P-wave and atrial potential in the coronary sinus (P-Acs interval) were

. The intervals between the atrial and ventricular potentials in the coronary sinus (CS)

¼ proximal; RIPV ¼ right inferior pulmonary vein.

Continued on the next page
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FIGURE 1 Continued
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DIFFERENTIAL DIAGNOSIS

Stimulation of ganglionated plexuses (GPs) by abla-
tion can induce PQ prolongation and AV block.

DISCUSSION

Although the presence of an EC can predict technical
difficulty in isolation and a worse outcome after
catheter ablation,(2) its physiological function and
electrophysiological role are unclear (5).

During SR, the largest, most common, and
preferential anatomical route for IAC is through the
Bachmann’s bundle (9,10). In the present patient, left
atrial mapping revealed that a sinus impulse broke
through solely to the RtPV carinal region, and this
finding was considered to suggest the presence of an
EC connecting the RtPVs and the RA (1). This EC
precluded isolation of the RtPVs by circumferential
lesion sets in the index procedure, and ablation at
the posterior wall of the RA in the redo procedure
achieved successful isolation (1,3). Because the antral
ablation line actually crossed this breakthrough area
(Figure 1B), the right-to-left conduction through the
EC may have partially remained even after complete
encirclement of the RtPVs (tag No. 1, Figure 3). We
thought that ablation (tag No. 2, Figure 3) not only
eliminated the EC attaching inside the RtPVs but also
injured conduction by the EC attaching outside the
PVs, thus accounting for the prolonged P-Acs interval
during this ablation. We hypothesized that ablation
tag No. 2 in Figure 3 further promoted the IAC disor-
der and caused a block such that the sinus impulse
passed only through the impaired right atrial anterior
wall (Figure 3, Video 1). Because the P-wave configu-
ration did not change significantly, delayed conduc-
tion through the Bachmann’s bundle may have
persisted after ablation.

During the redo procedure, the PQ interval and P-
Acs interval were prolonged to almost the same de-
gree (Figure 2B), thereby indicating IAC injuries.
Stimulation of GPs was unlikely because the sinus
rate and arterial blood pressure did not decrease
during ablation, and the PQ interval prolongation
persisted after ablation. However, in the index pro-
cedure, not only the P-Acs interval but also those
between the atrial and ventricular potentials in the CS
were prolonged (asterisks, Figures 1C and 1D), possibly
indicating that both IAC impairment and GP response
contributed to the PQ interval prolongation.

Recent investigations have provided additional
evidence to link IAC disturbance with AF. Kanemaru
et al (11) measured conduction time between the high

https://doi.org/10.1016/j.jaccas.2021.08.025


FIGURE 2 Electrophysiological and Anatomical Findings at the Second Procedure

Continued on the next page
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FIGURE 2 Continued

(A) Fluoroscopic images at the successful ablation at the right atrium (RA) and activation map of the right atrium during pacing from the right-

sided pulmonary vein carina. Pacing was performed from the posterior side of the pulmonary vein to avoid direct capture of the right atrium.

The conduction time between the pulmonary vein pacing and the earliest activation in the right atrium was 52 milliseconds. RF applications at

the white and yellow tags successfully isolated the right-sided pulmonary veins. This successful ablation site was close to the sinus node

(12 mm). (B) Intracardiac electrograms at the successful ablation site. The right pulmonary veins were isolated by ablation of the right

atrium, indicating the presence of an epicardial connection. The PQ interval and the interval between onset of P-wave and atrial potential in

the coronary sinus (P-Acs) interval were prolonged again, but the intervals between the atrial and ventricular potentials in the coronary sinus

(CS) (asterisks) remained constant. See text for details. (C) Voltage map depicts the right atrium during sinus rhythm after pulmonary vein

isolation. A low-voltage area (<0.2 mV) was broadly noted. (D) Activation map of the right atrium during sinus rhythm. The earliest

activation site indicating the sinus node is close to the successful ablation site (12 mm). The sinus impulse propagated only toward the

anterior wall, and the posterior wall was activated antidromically through the septum. See Video 1 for details. AP ¼ anteroposterior view;

HRA ¼ high right atrium; IVC ¼ inferior vena cava; L ¼ left; LAO ¼ left anterior oblique; LIPV ¼ left inferior pulmonary vein; LSPV ¼ left

superior pulmonary vein; PA ¼ posteroanterior view; R ¼ right; SVC ¼ superior vena cava; other abbreviations as in Figure 1.
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RA and the CS during SR as a surrogate of IAC time,
and it was a predictor of AF recurrence after catheter
ablation. Spies et al (10) focused on mechanisms of PQ
interval prolongation in patients with atrial arrhyth-
mias, and right IAC delay estimated by His bundle
recording was a underlying cause in patients with AF
and atrial flutter compared with the control group. In
this regard, His bundle recording during AF ablation
is helpful in detecting and preventing the occurrence
of IAC disturbance, and we must consider the possi-
bility that extensive ablation beyond PVs can lead to
atrial dyssynchrony and negatively affect the pre-
vention and suppression of AF.

FOLLOW-UP

Amiodarone, 100 mg daily, was prescribed after
ablation, and the PQ interval remained prolonged
(210 milliseconds) 6 months after the second
procedure.
CONCLUSIONS

Although it was difficult to delineate the overall
course of atrial conduction within this ablation
procedure, this report showed that even in patients
without a history of previous open heart surgery,
IAC injuries can occur following standard RtPV
isolation if ECs attach inside the circumferential
ablation line.
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FIGURE 3 Schema Representing Electrical Propagation of Intra-Atrial Conduction in This Case

See text for details. AVN ¼ atrioventricular node; GP ¼ ganglionated plexus; LVA ¼ low-voltage area; RtPV = right-sided pulmonary vein;

SN ¼ sinus node; TV ¼ tricuspid valve; other abbreviations as in Figures 1 and 2.
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