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KEY TEACHING POINTS

� This is the first case report describing bidirectional
persistent left superior vena cava (PLSVC)-related
macroreentrant atrial tachycardia (AT) in a patient.

� The connection between the PLSVC and left atrium
showed decremental conduction properties.

� The optimum ablation site for PLSVC-related
macroreentrant AT can either be the connecting site
of the PLSVC and left atrium or the circumferential
ablation site of the PLSVC.
Introduction
Catheter ablation is an acceptable treatment strategy for
medically refractory atrial tachycardia (AT); however,
only a few studies have reported on ablation for persistent
left superior vena cava (PLSVC)-related AT.1 The arrhyth-
mogenicity of the PLSVC is well known2; however, little
is known regarding the electrophysiological characteristics
of the epicardial fiber connecting the PLSVC to the left su-
perior pulmonary vein (LSPV) ridge in the left atrium
(LA).

This study reports a case of PLSVC-related macroreen-
trant AT that reveals novel electrophysiological characteris-
tics of the epicardial connection between a PLSVC and the
LA.
Case report
A 53-year-old man was admitted to our hospital and
scheduled for catheter ablation for the treatment of the
recurrence of symptomatic drug therapy–resistant postop-
erative AT. AT developed as a complication following
mitral valve surgery and cryo-maze procedures 3 years
prior to admission.3 Prior to ablation, computed tomogra-
phy imaging revealed a PLSVC. In the first and second
ablation sessions, electrophysiological mapping was per-
formed using a 3-dimensional mapping system (RHYTH-
MIA; Boston Scientific, Natick, MA) and an Orion
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multipolar basket catheter (Boston Scientific). A 6F
8-pole or 4-pole 3-site mapping catheter (BeeAT; Japan
Lifeline Co. Ltd., Tokyo, Japan) was inserted through
the right jugular vein and positioned in the coronary sinus
for pacing, recording action potentials, and internal cardio-
version. If AT persisted, the voltage characterization and
the activation wavefronts of the atrium were assessed.
The entrainment maneuver was performed to confirm the
AT circuit.4 The ablation endpoint in this study was
similar to that reported in previous studies.5,6 Through
an Agilis sheath (St. Jude Medical, St. Paul, MN), radio-
frequency currents were delivered with 4-mm irrigated
tip ablation catheters of types in the first session (INTEL-
LANAV) and second session (INTELLANAV MIFI; Bos-
ton Scientific). Radiofrequency energy was delivered at
20–30 W for a duration of 30 seconds at each point or
when the fluctuation (rise and drop) in the impedance
was regulated within 20 U. The irrigated electrode temper-
ature was maintained at ,40�C.

In the first ablation session, the initial tachycardia (AT1,
cycle length [CL]5 265ms) was induced via atrial burst pac-
ing. In the activation pattern of AT1, the tachycardia circuit
ascended the anterior LA and propagated in the 2-o’clock
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direction of the mitral annulus towards the PLSVC, descend-
ing from the PLSVC to the coronary sinus, and subsequently
entering the LA (Figure 1A). AT1 was terminated via full
circumferential ablation at the PLSVC, and a unidirectional
block line was formed (Figure 1B and C). Pacing within
the PLSVC could not be captured in the myocardium; hence,
a bidirectional block could not be confirmed. The ablation
session was considered completed when AT could no longer
be induced after a waiting time of more than 30 minutes.

A second ablation session was performed following the
recurrence of tachycardia 2 months after the first ablation
Figure 1 A: Activation mapping of initial atrial tachycardia (AT1) circuit. The re
The blue points indicate where the postpacing intervals had a tachycardia cycle leng
point shows where AT1 was terminated.C: Catheter position during circumferentia
completed. LAP 5 left atrial potential; PLSVC 5 persistent left superior vena cav
session. The second AT (AT2, CL5 290ms) showed an acti-
vation pattern different from that of AT1; here, the AT2
circuit ascended the PLSVC through the recurrent circumfer-
ential ablation line, propagating to the LA roof and descend-
ing the LA anterior wall, connecting to the coronary sinus
(Figure 2A). After terminating the AT2 via overdrive pacing,
we performed an electrophysiological study to determine the
electrophysiological characteristics of the connecting fibers
between the LA roof and PLSVC. The distance between
the LA breakthrough site (LSPV ridge) during AT and
PLSVC breakthrough site (during pacing from the LA) was
d arrows show the AT1 circuit and the white arrows go toward the dead end.
th of120 ms or less.B: The red points indicate ablation points and the yellow
l ablation. The internal electrocardiogram of the unidirectional block line was
a; PPI 5 postpacing interval; TCL 5 tachycardia cycle length.



Figure 2 A:Activation mapping of second atrial tachycardia (AT2) circuit. The red arrows show the AT2 circuit and the white arrows go toward the dead end.
The blue points indicate where the postpacing intervals had a tachycardia cycle length of120 ms or less. B: The application points (red points) illustrate where
tachycardia was terminated. The bidirectional block line was completed. The internal electrocardiogram reveals the local ablated potential of termination.
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39.8 mm (Figure 3A). A catheter was placed at the break-
through site of the LA, with another one placed at the equiv-
alent PLSVC site. The decremental conduction properties of
the connecting fibers were investigated via an atrial extrasti-
mulus technique to clarify the association with the mainte-
nance of the AT. In this technique, the baseline CLs of 700
ms, 600 ms, and 400 ms were used. The atrial effective re-
fractory period was evaluated by shortening each extrastimu-
lus by 10 ms after each test (for each base CL). It was
observed that shorter coupling intervals caused a progressive
delay in the connecting fibers between the LA roof and
PLSVC. In addition, pacing from both the LA roof and
PLSVC sites revealed the decremental conduction character-
istics of the connecting fibers (Figure 3B–E). The attachment
site of the LA and PLSVC connection was far above the
circumferential site ablated during the first session, and also
different from that of the ablation site during the maze pro-
cedure or surgical site; therefore, these decremental proper-
ties were not iatrogenic.

Following the induction of AT2, AT2 was terminated
by ablating the earliest propagation site (inside the
PLSVC) during LA roof pacing, which is the supposed
exit from the PLSVC to the LA (Figure 2B). Conse-
quently, a bidirectional block was achieved between the
LA and PLSVC, and inability of AT induction was the
endpoint of this ablation.
Discussion
This case report describes a patient who presented with mac-
roreentrant AT associated with a 39.8-mm epicardial connec-
tion between the LA roof and a PLSVC. A precise
electrophysiological analysis revealed that this connection
exhibited bidirectional decremental properties. Although
this connection did not account for the majority of the tachy-
cardia CL, the conduction delay was supposedly essential for
the incidence of the reentrant tachycardia.

The prevalence rate of PLSVC ranges between 0.3% and
0.5% in the general population.2,7 Additionally, PLSVC has
unexpected epicardial connections with the LA. Hsu and col-
leagues8 and Maruyama and colleagues7 have reported on
the existence of multiple fibers connecting a PLSVC or the
ligament of Marshall to the LA. Furthermore, such connec-
tions have been known to be associated with AT,1,9 and
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Figure 3 A: The distance from the left atrium (LA) breakthrough site to the persistent left superior vena cava (PLSVC) breakthrough site. LAA 5 left atrial
appendage. B, C: The charts for the extrastimulus pacing assessment showing the results for each breakthrough point. Asterisks, circles, and triangles indicate
basic cycle length (BCL) of 700 ms, 600 ms, and 400 ms, respectively. The horizontal line depicts the shortened pacing interval. The vertical line in panel B
illustrates the conduction time from the pacing site to local potential at the left superior pulmonary vein (LSPV) ridge; the vertical line in panel C shows the con-
duction time from the pacing site to the local potential at the PLSVC. D, E: Internal electrocardiogram showing decremental conduction properties.
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the structure of a PLSVC may serve as a substrate for atrial
fibrillation. Similarly, Peltier and colleagues10 have reported
that PLSVC fibers may exhibit automaticity or the ability to
generate reentry circuits. Moreover, Hsu and colleagues8

have reported on the relationship between the LSPV ridge
and high PLSVC levels and between the anterior aspect of
the PLSVC and mid-PLSVC levels. In addition, electrical
modification of PLSVC has been confirmed to cause arrhyth-
mogenic substrate modification.2 In this study, PLSVC was
not isolated, as this was a case of AT and AT does not
continue once the bidirectional block is completed. The
reentry circuits were formed in this case because PLSVC
constituted a fiber that was widely electrically isolated
from the LA; therefore, it was reasonable to ablate the
PLSVC from within because the left atrial appendage may
be isolated owing to catheter ablation after maze procedure.
Two techniques were performed to terminate AT. The first
technique involved a circumferential ablation inside the
PLSVC to achieve a block; however, AT recurrence was
observed afterwards. This strategy was initially selected
because multiple connections have been reported between
PLSVC and the LA; in addition, ablating 1 site may not be
ideal for terminating AT, as it may change the circuit via
another connection. On the contrary, the second technique
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was performed to treat AT2. This involved the ablation of the
earliest propagation site inside the PLSVC during LA roof
pacing. This site is the supposed exit from the PLSVC to
the epicardial fiber connected to the LSPV ridge during
AT2. During AT2, the latest activation site inside the PLSVC
was above the circumferential ablation site, which was even-
tually a bystander for the AT2 circuit. Based on our observa-
tions, once an LA-PLSVC macroreentrant tachycardia is
confirmed, we recommend terminating AT, performing pac-
ing at the LA roof, and detecting the PLSVC breakthrough
site, as most sites inside the PLSVC may be outside of the
circuit. The LA breakthrough site can equally serve as an
alternative ablation site.

Conclusions
Currently, there has been no research regarding the conduc-
tion properties of the epicardial connection between the
PLSVC and LA. Here, we present novel findings regarding
the decremental conduction properties of such connections,
knowledge of which can facilitate the understanding of the
potential mechanism of reentrant ATs by experts in the field.
Furthermore, pacing studies are necessary to detect ideal
ablation sites for the treatment of macroreentrant tachycar-
dias, which involve epicardial connections.
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