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Two decades ago, a landmark paper identified the pulmonary
veins (PVs) as the most frequent trigger source for atrial fi-
brillation (AF) [1]. Subsequently, pulmonary vein isolation
(PVI) emerged as a cornerstone of catheter ablation for AF.
However, by itself, PVI is not sufficient to treat persistent
atrial fibrillation (persAF). Sustained and non-sustained non-
PV triggers have been identified in up to 60% of cases of
catheter ablation of AF [2—4]. These triggers are localized in
the posterior wall (PW), superior vena cava, left atrial append-
age, coronary sinus, inter-atrial septum, crista terminalis, and
vein of Marshall [5, 6]. These areas also serve as substrates for
perpetuation of AF. The PW is an embryological “sibling” of
the pulmonary veins [7] and its ablation has emerged as an
attractive conjunctive strategy with PVI for persAF.
Progressive remodeling within the PW is believed to enrich
the pathological substrate for persAF. This notion of increased
arrhythmogenicity is supported by cellular evidence, which
indicated that the PW in patients with persAF had higher in-
cidence of delayed afterdepolarizations, larger late sodium
currents, calcium currents leading to increased calcium con-
tent of sarcoplasmic reticulum, and smaller inward rectifier
potassium currents [8]. Microscopically, a higher degree of
lymphonuclear and fatty infiltration along with fibrosis has
been observed in the PW in persAF patients [9-11]. This
underlying substrate leads to spontaneous trigger activity,
which then propels fibrillatory impulses to both atria. PW
ablation is thought to eliminate potential re-entry and focal
triggers for AF, “debulk” the left atrium (LA), re-enforce
PVI, and cause autonomic denervation by ablation of gangli-
onated plexi. Multiple strategies have been attempted in the
past to achieve PW isolation (PWI). Surgical Cox maze pro-
cedure with creation of a box lesion on the PW [12], a “hybrid
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approach” [13] with initial thoracoscopic access followed by
transvenous catheter ablation to complete endocardial PVI/
PWI were both noted to have significantly lower recurrence
rates of atrial arrhythmias. After PVI, creation of linear abla-
tion lines on the roof and floor of LA, connecting the superior
and inferior PVs is another approach.

A few small retrospective studies have assessed the incre-
mental value of PWI in addition to PVI to reduce recurrence
rates of AF. Despite the growing evidence supporting PWI
[14], this adjunctive strategy has not been fully adopted world-
wide. The long-term clinical outcomes of PW1 in patients with
non-paroxysmal AF have been controversial. Two random-
ized controlled trials failed to prove any benefit of PWI in
addition to PVL. It is unclear whether these studies were neg-
ative simply because the authors performed a single ring or a
box in order to isolate the PW [15, 16]. Specifically, there may
be concern for recurrence of atrial arrhythmias (i.e., micro-
reentry atrial tachycardia or atrial flutter) from reconnections
and gap formation within the ablation site, deterioration of
atrial mechanical function, and esophageal heating given its
proximity to the ablation lesions.

A meta-analysis corroborated that patients who underwent
PWI+PVI had lower recurrence of atrial arrhythmias, mainly
driven by decrease in AF, than patients who underwent PVI
only [17]. The studies included in these meta-analyses had a
significant amount of heterogeneity in terms of the technique
used for PWI. The most optimal method to successfully ac-
complish PWI still remains controversial. We currently per-
form two lines connecting the superior and inferior PVs.
Subsequently, high-output pacing (20 mA/2 msec) is per-
formed inside the PW. If myocardial capture is present (i.e.,
epicardial connections), additional radiofrequency energy is
delivered until un-excitability is achieved.

A recent multicenter, randomized trial performing PVI
demonstrated non-inferiority of cryoballoon to radiofrequen-
cy ablation (RFA) [18]. Prior literature for PWI has mostly
utilized point-by-point RFA and the use of cryoballoon for this
purpose has been limited. Traditionally, the use of cryoballoon
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ablation has been guided by occlusion of the PVs. However,
this is not mandatory and studies have reported optimal lesion
creations even with large-sized pulmonary vein ostia when
occlusion is not achieved [19, 20]. Cryoablation lesions deliv-
ered by second-generation balloons are generally large [21]
and durable [22], making this a conceptually appealing strat-
egy to isolate the PW.

In a pivotal multicenter retrospective study, Aryana et al.
[23] reported outcomes on 390 patients with persAF that
underwent index AF ablation with a 28-mm second-genera-
tion cryoballoon (222 patients (PWI+PVI), 168 patients (PVI-
only)). Cryoablation lesions in the PW were created in a way
that their edges overlapped. PWI required an average of ~14
applications or ~34 min of cryoablation. Average procedure
time was double in the PWI+PVI group as opposed to PVI
alone (188 min vs 97 min). Non-randomized, chronological
design for enrollment was one of the major limitations of this
study. Despite this and the need for RFA in more than a third
of cases, it highlighted that PWI+PVI using cryoablation
could be completed in a safe and efficacious manner, leading
to higher freedom from recurrent atrial arrhythmias at 1-year
follow-up.

The use of a 28-mm cryoballoon in index ablation is
also evaluated in a non-randomized study of 100 patients
with persAF [24]. It demonstrated a significantly higher
rate of freedom from atrial arrhythmias in the PVI+PW
ablation group than in the PVI-only group. Their tech-
nique of PWI differed from Aryana et al. [23], where a
LA roof block line and bottom block line were construct-
ed for PW ablation. Despite slightly longer total procedur-
al time (average, 192 min vs 188 min), PWI was achieved
in only 58% of patients with this technique. Interestingly,
there was no significant difference in the recurrence of
atrial arrhythmias between patients who did and did not
achieve PWI.

Tacopino et al. [25] in the current issue of JICE assessed the
benefit of PWI with cryoablation in addition to redo PVI in
patients with recurrent AF. Out of 33 patients undergoing redo
ablation, 91% of patients had successful PWI with
cryoablation alone with the remaining patients requiring ad-
junct RFA. Although limited by a lack of control redo PVI-
only group, 1-year freedom from arrhythmia rate was ~85%
without the necessity for additional ablation or Class I or IIIT
anti-arrthythmic drugs. This was in contrast to the studies men-
tioned above [23-26], where PWI was performed in the index
procedure itself.

Tamborero et al. [16] reported that PWI in addition to
PVI did not improve outcomes of catheter ablation for AF.
It is important to understand the differences in technique.
RFA was used to create linear roof and floor lines. This
study noted AF recurrence in majority of PWI patients,
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with ~70% of patients with evidence of conduction across
roofline or electrical conduction across PW area. A single
continuous lesion is difficult to create; even a single gap
can lead to reconnection of PW with the rest of the LA.
Previous studies have been limited by the fact that the
benefit of PWI has been judged by “clinical recurrence
of AF” without confirming true isolation of PW.

The following major concerns have been raised for use
of cryoablation for PWI. Esophageal injury with forma-
tion of atrial-esophageal fistula is the most feared com-
plication of AF ablation. It is recommended to perform
AF cryoablation with continuous esophageal temperature
monitoring. With LET (luminal esophageal temperature)
monitoring, immediate termination of lesion application
for LET temperature <15 °C is usually recommended.
While follow-up data regarding evidence of esophageal
injury post-ablation is limited, Nishimura et al. [24] re-
ported mild erosive esophageal lesions in 3 out of 50
patients that underwent cryoablation. PW mechanical
function has been questioned after extensive ablation in
the past. However, LA contractility is primarily a func-
tion of the anterior muscular portion of the LA with neg-
ligible contribution from the PW. No deterioration in LA
function was reported after extensive PWI in a prior
study [27].

Should PW ablation be performed in all patients with
persAF? We believe that PW should definitely be isolated
during the index procedure in these patients, particularly
if they are obese or have sleep apnea, low left ventricular
ejection fraction, hypertrophic cardiomyopathy, mechani-
cal or bioprosthetic mitral valves, and severe LA scarring,
since they tend to have a higher prevalence of non-PV
triggers [28]. PIVOTAL, a prospective randomized, multi-
center trial (ClinicalTrials.gov identifier: NCT03057548)
is currently under way to analyze the effect of PWI+PVI
as opposed to PVI only using cryoballoon for recurrence
of atrial arrhythmias. Overall, the above data suggests that
PWI+PVI using cryoballoon can be achieved in a safe and
effective manner and provides a high rate of freedom from
atrial-tachyarrhythmia in persAF patients. Second-
generation “cryoballoon” has been used with a reasonable
degree of success for PWI, and “icing the back™ seems
like an appealing strategy in this patient population.
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