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Introduction

Pulmonary vein isolation (PVI) forms the cornerstone of
catheter ablation for atrial fibrillation (AF); however, the
approach to PVI varies across centers. Over time, the tech-
nique of PVI has evolved from focal “trigger” ablation to 0s-
tial isolation and then diverged to wide circumferential
isolation." Although the STAR AF II showed absence of in-
cremental benefit of additional linear ablation and substrate
modification over PVIin persistent AF, posterior wall isola-
tion was not systematically studied.” The posterior left
atrium shares a common embryologic origin with the
pulmonary veins, which are isolated en bloc during single
ring isolation.” A recent meta-analysis on single ring isola-
tion technique showed a high acute procedural success rate
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of 92%-99%."" Here, we explore the physiological
rationale of the single ring isolation technique and
technical considerations for successful electrical isolation
of the pulmonary vein and posterior wall to minimize risk
of esophageal injury.

Rationale for single ring isolation to achieve
pulmonary vein isolation

The left atrial wall between the pulmonary veins, referred to
as left atrial dome, is derived embryologically from the soli-
tary common pulmonary vein.” During the development, the
solitary common pulmonary vein is “cannibalized” to form
the venous component consisting of the pulmonary veins
and left atrial dome. The left atrial dome, although anatomi-
cally superior, has been termed as “posterior left atrial wall”
in previous clinical studies, and the same terminology will be
used for this manuscript. This posterior left atrium shares a
unique electrophysiological characteristic and arrhythmo-
genic potential with the pulmonary veins owing to the com-
mon embryological origin.”’ Single ring isolation is based on
the physiological principle to electrically isolate the venous
part of the left atrium. It not only results in debulking of
the left atrium but also electrically isolates the posterior
wall, with anticipated benefits by inclusion of proximal trig-
gers and sites maintaining AF. Furthermore, this approach
limits the amount of ablation in the posterior left atrium,
thereby having a potential to reduce collateral damage to
the esophagus and resultant atrial esophageal fistula. We uti-
lize single ring isolation as the initial approach for patients
with paroxysmal or persistent AF.

Anatomic consideration for single ring isolation
Anatomically, the left atrium consists of (1) the venous part
receiving the pulmonary veins, (2) the smooth-walled vesti-
bule conducting blood to the mitral valve, (3) the left atrial
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appendage, and (4) the atrial septum, which is shared with the
right atrium.” The left atrial dome represents the venous
component between the 4 pulmonary veins.

The left atrial wall is composed of 1-3 overlapping layers
of differently aligned myocardial fibers with varying wall
thickness.'”!" The thickness of the left atrial wall varies,
from 3.3 = 1.2 mm anteriorly to 4.5 = 0.6 mm on the roof
to 3.9 + 0.7 mm laterally.'' The part of the anterior wall
immediately inferior to the Bachmann bundle and adjacent
to the aorta can be very thin (1-2 mm) and is a common
site for left atrial diverticulum. The posterior wall of the
left atrium is a complex structure with thickness of
2.2 = 0.3 mm at the pulmonary vein junction, which gradu-
ally decreases to 1.5 mm at 10 mm from the venoatrial junc-
tion. The left atrial wall is thick adjacent to the coronary sinus
and measures 6.5 * 2.5 mm with maximum thickness at the
mitral isthmus ranging from 6 to 15 mm.

Anatomic dissections have shown that despite the individ-
val variation, the left atrium has a distinctive pattern of
arrangement of myocardial fiber (Figure 1). The vestibule
of the left atrium consists of circumferential fibers parallel
to the atrioventricular groove. The anterior wall has myocar-
dial fibers arranged into a bundle oriented parallel to the atrio-
ventricular groove. The Bachmann bundle inserts
subepicardially into this bundle, which extends and bifur-
cates at the base of the left atrial appendage. The septopulmo-
nary bundle of Papez arises from the anterosuperior septal
raphe and fans to pass around the left and right pulmonary
veins and pass longitudinally over the dome of the left atrium
before bifurcating and merging into circumferential fibers of
the vestibule on the left and posterior septal raphe on the
right.“) However, in 10 of 26 specimens, the fibers on the
dome ran laterally rather than longitudinally or obliquely.
In these cases, the fibers around the inferior veins were less
conspicuous.'” On the subendocardial aspect, most speci-
mens demonstrate a septoatrial bundle originating from the
anterior interatrial raphe, ascending the roof and left atrial
dome prior to blending with the fibers of the septopulmonary
bundle.'” The characteristic fiber pattern results in change in
fiber orientation at the margin of the septopulmonary bundle
and posterior-inferiorly where the septopulmonary bundle
merges with the circumferential fibers of the vestibule. The
fiber orientation of the left atrium has been shown to dictate
preferential conduction in the posterior left atrial wall. Mar-
kides and colleagues® have demonstrated that, irrespective
of site of earliest activation of the left atrium in sinus rhythm,
the left atrial activation pattern was determined by a line of
conduction block. The line of block correlated anatomically
with the margin of the septopulmonary bundle. The line of
block, although present in sinus rhythm, was variable under
paced conditions and therefore functional.®

Technical aspects for single ring isolation
Lesion set

The single ring isolation technique is designed to electrically
isolate the pulmonary veins and left atrial posterior wall en

Figure 1  Myocardial fiber arrangement of roof and posterior wall of left
atrium. Top image is a cranial view showing the roof and posterior wall
(anatomical left atrial dome) of the left atrium with transillumination to
demonstrate the thinner sections. The epicardium has been removed to
show the longitudinal arrangement of the septopulmonary bundle (broken
arrows posteriorly) and Bachmann bundle on the roof. In some specimens,
septopulmonary fibers can have a lateral rather than the typical longitudinal
or oblique arrangement (see text). Note the areas with discontinuity of fibers
near left inferior pulmonary vein. Bottom image shows abrupt changes in
orientation of the myocardial strands (broken arrows) in the posterior-
inferior wall. Anatomically, this represents the transition between the venous
left atrium and the vestibule and may be responsible for functional blocks. An
interatrial muscle bundle (double-headed arrow) is present in this heart. [IVC
= inferior vena cava; LAA = left atrial appendage; LI = left inferior pulmo-
nary vein; LS = left superior pulmonary vein; RI = right inferior pulmonary
vein; RS = right superior pulmonary vein. Figure modified from Ho and col-
leagues. '

bloc, thereby isolating the embryologically derived venous
left atrium. Single ring isolation differs from both box isola-
tion and debulking ablation. In box isolation, the wide antral
PVI is followed by roof and inferior lines connecting the su-
perior and inferior aspects of the contralateral rings. In de-
bulking ablation, the PVI is followed by sequential
ablation of the earliest electrograms recorded along the pos-
terior wall to achieve isolation of the posterior wall.

The technique and sequence of ablation for single ring
isolation varies across centers. The approach in our
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institution for single ring isolation is to commence linear
ablation anterior to the right pulmonary veins, followed by
the roof and then the ridge between the left pulmonary veins
and the left atrial appendage. The inferior line is completed
last, as the double potentials are better appreciated once the
remainder of the ring is completed. This minimizes energy
delivery on the posterior wall and therefore should minimize
the risk of collateral damage to the esophagus. Figure 2
shows single ring isolation in a patient with persistent AF.
In this case, the patient reverted to sinus rhythm once the sin-
gle ring was completed; however, the venous atrium within
the ring continued in AF. Electrical isolation of pulmonary
veins and posterior wall can be achieved en bloc in a small
but significant proportion without completion of inferior
line (Figure 3). We utilize steerable sheaths to ensure good
contact and catheter stability to achieve transmural lesions.

Roof line

There are anatomical considerations that determine success-
ful single ring isolation without additional segmental lesions
within the ring.

Left atrial diverticulum

The anterior left atrium, in particular adjacent to the right su-
perior pulmonary vein, is a common site for left atrial diver-
ticulum. The ablation line along the roof is undertaken
posterior to an incidental left atrial diverticulum in this re-
gion. The left atrial diverticulum may have insertions of
epicardial fibers from the right atrium, resulting in difficulty
in achieving single ring isolation if the roof line is anterior to
the diverticulum.

Bundle of Bachmann

A roof line that is too anterior may result in epicardial-to-
endocardial activation through the Bachmann bundle into
the ring, creating difficulties in achieving single ring isola-

Figure 2  Posterior view demonstrating single ring isolation in a patient
with persistent atrial fibrillation (AF). Completion of ring resulted in sinus
rhythm (coronary sinus electrogram and surface electrocardiogram) with
ongoing AF within the ring. The lasso catheter is placed on the posterior
wall adjacent to the left common pulmonary vein. The color of the lesions
represents the ablation duration of the individual lesion (gray: 0-5 seconds;
yellow: 6-10 seconds; green: 11-20 seconds; red: >20 seconds).

Figure 3  “Esophageal-sparing” single ring isolation. Top images show
the lesion set. The ablation was performed as follows: anterior to right pul-
monary veins, roof, left pulmonary vein ridge, and then under the pulmonary
veins. High-density activation map of posterior left atrium (bottom image)
was then performed during coronary sinus pacing to confirm robustness of
ablation anteriorly. The phenomenon of esophageal sparing will not be
observed if there are gaps anteriorly. Note the rapid conduction along the
posterior wall with slow conduction into the veins on either side. The slowing
of conduction into pulmonary vein may represent the change in fiber orien-
tation. Electrical isolation was achieved at the spot with the brown-colored
lesion (bottom image) without completion of the inferior line. There was re-
covery during the wait period and additional burns were applied to achieve
isolation (top images).

tion without segmental ablation within the ring. Further-
more, the sinus node artery (SNA) may arise from the left
circumflex in one-third of patients and usually has a course
along the anterior left atrium. An anterior roof line close to
the left SNA may occasionally predispose to coronary
injury and acute sinus node dysfunction. The left SNA
may act as a heat sink when the roof line is anterior and
may pose difficulty in achieving transmural lesions."”
Finally, a roof line transversely across the Bachmann
bundle may predispose to interatrial conduction delay.'*

Inferior line

The inferior ablation is performed last. As mentioned above,
in a small but significant proportion of cases, the pulmonary
veins and posterior wall are isolated en bloc with minimal
ablation along the inferior line (Figure 3, top images). This
phenomenon is recognized only if the ablation anterior to
the veins and roof is robust and without any gaps. Hence, it
is critical to confirm absence of gaps in the roof and anterior
to pulmonary veins with a high-density activation map of the
posterior wall prior to proceeding to the inferior line
(Figure 3, bottom image). We propose the following reasons
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for “posterior wall-sparing” ring isolation: (1) abrupt change
in fiber orientation, which may result in conduction
blocks®!'!: (2) muscle fiber discontinuity in this regionI LIS,
(3) ablation at a distance: myocardial fibers conducting pos-
teriorly are cut off by ablation inferior to pulmonary veins;
and (4) left atrial scar in region of inferior line.

However, in some patients, additional segmental ablation
in the posterior wall within the ring is required to achieve
isolation of the pulmonary veins and posterior wall. The rea-
sons for additional ablation within the ring are (1) inability to
achieve transmural lesions owing to esophageal temperature
rise posteriorly or instability anteriorly, (2) roof line anterior
to Bachmann bundle or left atrial diverticulum with epicar-
dial connection into the ring, and (3) less common epicardial
connection from right atrium into the ring.

Avoiding esophageal injury

Left atrial to esophageal fistula is a rare but often fatal
complication of catheter ablation for AF. The incidence
varies from 0.01% to 0.2% with an estimated mortality of
40%-80%.'° Lower body mass index, rise in esophageal
temperature beyond 38.5°C-39.5°C, Sensitherm tempera-
ture probe (St. Jude Medical, Inc., St. Paul, MN), gastro-
esophageal reflux, power >25 W on posterior left atrium,
and general anesthesia are associated with esophageal injury
after ablation. Reduced power on the posterior wall, luminal
esophageal temperature monitoring, mechanical displace-
ment of esophagus, and postprocedure proton pump inhibi-
tors have been deployed as strategies to avoid esophageal
injury. More recently, in vitro studies have shown that
high-power, short-duration lesions may minimize collateral
damage by forming wider lesions without increasing
depth.'””'® The safety of this approach is supported by
recent clinical studies.'’

In our institution, luminal esophageal temperature moni-
toring is performed, and ablation is ceased if temperature rise
>0.5°C is noted. The ablation is performed with 35-40 W
for 5-10 seconds and contact force is limited to 5-10g to
avoid tenting. The patients are routinely prescribed proton
pump inhibitors for 4 weeks after ablation. The technique
of single ring isolation, especially when the posterior wall
is spared from ablation across the entire inferior line, may
minimize delivery of radiofrequency energy adjacent to the
esophagus and minimize risk of collateral injury.

Feasibility and long-term outcome of single ring
isolation

Three studies, including 1 randomized study, have reported
on the feasibility and outcomes of single ring isolation.”’
A recent meta-analysis on posterior wall isolation reported
an acute procedural success rate of 92%-99% for achieving
posterior wall isolation with single ring isolation.”” A rise
in esophageal temperature during posterior wall ablation
was reported to hinder electrical isolation. One study

reported that single ring isolation could be achieved
without additional ablation within the ring in 59% of
patients.” Lim and colleagues® have compared single ring
isolation with wide antral isolation in a randomized
controlled trial and demonstrated reduced recurrence of AF
and similar incidence of organized atrial arrhythmias after
single ring isolation. They showed that AF-free survival at
2 years was better after single ring isolation (74% [95% ClI,
65%—-82%]) than wide antral isolation (61% [51%-70%];
P = .031). Survival free of organized atrial tachyarrhythmia
was similar after both single ring and wide antral isolation
(67% [57%—T5%] vs 64% [54%—T2%], respectively, at 2
years; P = .988).

Conclusion

The single ring isolation technique for PVI has a sound phys-
iological principle for electrical isolation of the venous left
atrium. This technique minimizes ablation adjacent to the
esophagus and thereby may reduce risk of the rare but life-
threatening complication of atrial esophageal fistula.
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