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Abstract
Background: The efficacy of posterior wall isolation (PWI) on top of pulmonary vein isolation (PVI) in patients affected by persistent atrial
fibrillation (AF) is still controversial and little is known about the impact of contact-force (CF) technology.

Objective: In this retrospective study, we present our experience with PWI using CF sensing catheters and its efficacy and safety as an
adjunctive ablation strategy on top of PVI for management of patients with persistent and longstanding persistent AF.

Methods: A total of 73 consecutive patients (20.5% female) affected by persistent atrial fibrillation (10.9% long-standing) underwent
PWI as an adjunctive therapy to PVI using CF sensing catheters. Outcomes were reported as incidence of atrial arrhythmic recurrences
(ARs) lasting >30 seconds at follow up and in addition, in patients provided with insertable cardiac monitors (ICM), as burden of AF or atrial
tachycardias (AT) at relevant time points.

Results: PWI was successfully achieved in 65 (89.0%) patients. Two (2.7%) minor vascular procedural complications were observed. At 1
and 2-year follow-up, ARs free survival was observed in 80.5% and 64.1% of patients, respectively with 75.3% of patients off antiarrhythmic
drugs at the last follow-up. Ten patients underwent repeat ablations during the follow-up. At multivariate analysis, early ARs within 3 months
after procedure, were associated with a two-fold increased risk of late ARs at follow-up. Among patients provided with ICM, PWI on top of PVI
was able to reduce the mean AT/AF burden of more than 50% compared with pre-ablation time, reporting very low levels (< 5%) over 2 years.

Conclusions: In persistent atrial fibrillation, PWI on top of PVI using CF sensing catheters is safe and effective, providing great reduction of
burden of ARs. Early ARs are associated with a greater risk of late recurrences.

Introduction

Pulmonary vein isolation (PVI) is currently recommended for
paroxysmal atrial fibrillation (AF) catheter ablation, but persistent AF
remains a clinical challenge . In this setting, guidelines recommend
that substrate modification should be considered on top of PVI,
but the technical approach is not univocally defined and various
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strategies have been proposed **. Among strategies to achieve atrial
compartmentalization and de-bulking, posterior wall isolation (PWI)
allows the reduction of LA critical mass and also the suppression of
AF triggers and drivers °. Percutaneous PWI derives from the Cox
maze IV surgical procedure © and it may be achieved by creating a
roof line together with a line, close to the floor of the LA, joining the
lower borders of the inferior pulmonary veins on top of PVI 7. PWI
seems to be an alternative option in persistent AF treatment, though
technically demanding, uncertain in terms of arrhythmic recurrences
(ARs) # and burdened by a great incidence of reconnections at follow-
up *11. Contact-force (CF) technology was not, however, routinely
used in previous prospective studies on percutaneous PWI, even if it
provides deeper and more durable lesions when integrated in ablation
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Following PVI, PWI is performed with roof and floor lines (panel
A). PWI is validated with pacing maneuvers within the posterior
wall showing electrical dissociation from left atrium (panel B).
Electrical block is also validated by evidence of absence of local
potential (panel C) and/or appearance of a dissociated potential
within the posterior wall (panel D).

Figure 1:

catheters either in paroxysmal or in persistent AF ablations 2% In
this retrospective study, we present our experience with PWI using CF
sensing catheters and its efficacy and safety as an adjunctive ablation
strategy on top of PVI for management of patients with persistent and
longstanding persistent AF.

Methods
Study population

Consecutive patients with symptomatic and drug-refractory
persistent or long-standing persistent AF who underwent CF supported
PWI on top of PVI between October 2012 and October 2018 at Istituto
Clinico Sant’Ambrogio (Milan, Italy) were retrospectively analysed.
All data were obtained by review of the electronic medical records and
any incongruent data was appropriately evaluated by two independent
reviewers. Persistent AF was defined as AF episodes lasting longer than
7 days but less than 1 year. Longstanding persistent AF was defined
as AF lasting longer than 1 year 1. Prior catheter ablations did not
represent an exclusion criterion, unless ablation strategies other than
PVIwere included in their prior procedures. To assess the confounding
impact of previous ablations on the interpretation of our results, we
additionally performed sub-analyses of our data dividing our cohort in
two groups according to whether PWI was performed on first or repeat
ablation and reported results as appropriate. Patients who had less than
3 months of follow-up post procedure were excluded from the analysis.
Demographic data and baseline characteristics were collected in all
patients. The study protocol adhered to the Declaration of Helsinki
and was approved by our institutional Review Board.

Catheter ablation procedure

AF radiofrequency catheter ablations were performed by 4
experienced cardiac electrophysiologists using standard protocols.
All procedures were undertaken under general anaesthesia and after
the exclusion of the presence of an intracardiac thrombus with an
intraoperative trans-oesophageal echocardiographic exam. All patients
received intravenous unfractioned heparin with a target Activated
Coagulation Time (ACT) of 350-400 sec. Using a single transfemoral

venous access and a single transseptal puncture, a circular mapping

catheter (Lasso® Catheter, Biosense Webster or Reflexion SpiralTM,
Abbot Laboratories) and a 3.5-mm open-irrigated-tip CF supported
ablation catheter (Thermo Cool® Smart Touch® Biosense Webster
or TactiCathTM Abbot Laboratories) were positioned in the LA.
Catheter ablation was assisted by 3D mapping with image integration
(NavX velocity, Abbot Laboratories or CARTO3, Biosense Webster).
In all patients PVI was performed by creating a wide antral ablation
line around each pair of ipsilateral pulmonary veins with point-by-point
REF delivery. Ablation in the carina segments was optional. In case of
repeat procedures, only pulmonary veins with evidence of electrical
re-connections were isolated. Following PVI, PWI was performed
with ‘roof line’ at the most cranial aspect of the LA, followed by ‘floor
line’joining the most inferior margin of the inferior pulmonary veins
(Fig.1A). Ablations were performed with point-by-point tags until
separation or attenuation of the local electrogram limiting power to 30-
35 W for anterior wall and 25-30 W for posterior wall. Ablation targets
were points showing local CF values comprised between 10 g and 40 g.
In patients with persistent AF at the end of the procedure, sinus rhythm
was restored using external cardioversion. Electrical disconnection
between pulmonary veins and LA was validated with circular mapping
catheter positioned at the ostia of the respective PVs. Endpoint of
the procedure was complete isolation of the posterior wall that was
validated by positioning the circular mapping catheter in the mid-
posterior wall of LA. Electrical block was validated by pacing from
posterior wall showing local capture and exit block to the remainder of
the atrium (Fig. 1B) or by showing absence of local potential and/or the
appearance of a dissociated potential (Fig.1C and 1D). If further atrial
flutter or focal atrial tachycardia (AT) were observed, mapping and
ablation were performed as appropriate. Persistency of PVI and PWI
was confirmed at 30 minutes from the beginning of the ablation. Atrial
bursts aimed at testing AF inducibility were performed at the end of the
procedure. Cavo-tricuspid isthmus ablation was performed in patients
who had history of typical atrial flutter. An oesophageal temperature
probe (Esotherm, FIAB Spa, Firenze, Italy) was used in all patients
and radiofrequency delivery was interrupted for temperature elevations
greater than 40 °C. Radiofrequency, fluoroscopy and procedural times

ELICRH Baseline characteristics

Study population

(n=173)
Mean age (yr) 60.9 £ 10.0
Females, n (%) 15 (20.5)
AF duration (years from diagnosis) 21+13
Longstanding persistent AF, n (%) 8(10.9)
Previous ablation in LA (PVI), n (%) 48 (65.7)
Number of tested AAD 1.4+0.6
Hypertension, n (%) 41 (69.8)
Diabetes, n (%) 10 (13.6)
CAD, n (%) 7(9.6)
Previous stroke or TIA, n (%) 4 (5.5)
LVEF (%) 52.9+8.5
LA diameter (mm) 456 £ 5.5
ICM, n (%) 32(43.8)

All values represent meanzstandard deviation or number and (percentage). AF: atrial fibrillation;
AAD: anti arrhythmic drugs; CAD: coronary artery disease; ICM: insertable cardiac monitor; LA:
left atrium. LVEF: left ventricular ejection fraction; PVI: pulmonartiy vein isolation; TIA: transient
ischemic attack.
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iEL A Procedural variables

Study population  First ablation Repeat p-value
Overall group ablation group
(n=173) (n=25) (n =48)
Completion of PWI, n (%) 65 (89.0%) 23(92.0) 42 (87.5) 0.29
Restoration of sinus rhythm 8 (10.9%) 3(12.0) 7 (14.5) 0.45
during ablation, n (%)
CARTO 3/Navx, n 49/24 16/9 33/15 0.86
Cavo-tricuspid isthmus 30 (41.1%) 11 (44.0) 17 (35.0) 0.12
ablation, n (%)
Procedure time (min)* 178.1+40.9 169.1+38.9 152.1+429 0.13
Ablation time (min) 441 +12.4 49.1 +18.6 36.2+15.4 0.12
Fluoroscopy time (min) 26.6 +13.8 28.3+11.0 224 +11.7 0.23

All values represent meantstandard deviation or number and (percentage). PWI: posterior wall
isolation. *Includes transesophageal echocardiography and administration of general anesthesia
and mechanical ventilation.

and incidence of complications were collected for each procedure.

Follow-up and clinical outcomes

Patients received a prescription of pantoprazole (40 mg daily) for 4
weeks after discharge to avoid gastroparesis. Oral anticoagulants were
stopped at 3-month of follow-up based on CHA2DS2 VASC-score,
while antiarrhythmic drugs (AAD) were withdrawn at 3 months (if
prescribed at discharge) or continued at discretion of physician. Routine
follow-up assessments were conducted in accordance with a standard
protocol at our centre. Follow-up consultations in the outpatient clinic
were scheduled at 3,6,12 and 24 months after procedure and in any case
if needed based on AF-related symptoms. Each follow-up focused on
assessment of ARs and AF-related symptoms. AR was defined as any
documented episode of atrial arrhythmia (including AF, atrial flutter
or AT) lasting longer than 30 seconds and occurring after 90 days after
ablation (blanking period). Any AR observed within 3-month after
ablation was defined as early AR.

Assessment of ARs was based on 24-h Holter ECG monitoring
that was routinely ordered at 3-6-12 and 24 months post procedure
and as needed thereafter to assess symptoms. In patients provided
with insertable cardiac monitors (ICMs) implanted before procedure,
the AR detection was based on continuous monitoring. ICMs
included implantable electronic devices (CIEDS) with atrial leads
or implantable loop recorders (ILRs). ILRs were most commonly
Reveal XT (Medtronic, Minneapolis, MN). The ILRs are able to detect
episodes of atrial arrhythmias lasting at least 2 minutes, while for
CIEDS individual manufacturer provides specific atrial arrhythmia
detection algorithms. ICM was able to provide, over time, the number
of arrhythmia episodes, their duration, and, when all durations of AF/
AT episodes were added, the AF/AT burden. The AF/AT burden was
calculated as the percentage of time in AF/AT between each follow-up
visit, based on manually adjudicated episodes. During follow-up, repeat
ablations or electrical cardioversions and/or drug adjustment were
performed based on documented and clinically relevant ARs beyond
the ‘blanking period’and on clinical judgement.

Statistical analysis

Continuous variables are summarized as mean * standard deviation
(SD), whereas categorical variables as count and percentages.
Statistical differences between the two groups were assessed with a

t-test for continuous variables and a Chi-squared or Fisher’s exact
test for categorical variables, respectively. Incidence of ARs were
estimated using the Kaplan—Meier method for the entire cohort and
log-rank test was performed to present and compare survivals in first
and repeat ablation groups. A Cox hazard regression analysis was
performed to determine predictors of ARs. All parameters that had a
suggested association with recurrence by univariate analysis (P <0.1)
were included in a stepwise regression analysis, and the results were
reported as hazard ratios (HR) with 95% confidence intervals (Cls).
All data were analysed using SPSS statistical software, version 22.0
(IBM Corp., Chicago, IL, USA). A two-sided P value < 0.05 was

considered statistically significant.

Results
Study population

After exclusion of 8 patients who had undergone previous either
surgical o percutaneous PWI, 10 patients who experienced previous
linear ablations in LA (roof and anterior lines) and 1 patient with less
than 3 months of follow-up, 73 patients were included in this study.
Baseline characteristics of the study population are presented in Table 1.
The mean age was 60.9£10.0 years and 8 (10.9) patients presented long-
standing persistent AF. PWI was performed on a repeat procedure in
48 patients (65.7%), who had previously undergone PVI. AF duration
prior PWI was longer in patients with history of previous ablation than
in those at first procedure (2.8 + 1.3 vs 1.5 = 1.2, p=0.04). ICMs, which
included 29 loop recorders, 2 pacemakers and 1 cardiac defibrillator,
were present in 32 (43.8%) patients.

Catheter ablation procedure

Table 2 shows procedural characteristics for the entire population
and additionally for two groups divided according to the history of
previous ablation (first and repeat ablation groups). PVI was acutely
achieved in all patients. PWI was acutely completed at index procedure
in 65 (89.0%) patients, while remaining patients showed insuperable
oesophageal temperatures (greater than 40°C). Reversion to sinus
rhythm during ablation occurred in 8 (10.9%) patients. In repeat
ablation group,9 out of 48 (18.7%) patients showed reconnections in at
least one pulmonary vein that were re-isolated as appropriate. Average
CF per ablation lesions at all sites was 17.4 £ 3.7 g. Average CF per
ablation lesion was 13.2£3.7,18.2+4.7,182+4.2and 202+ 2.7 ¢
at the anterior aspect of the right and left pulmonary veins sites, at roof
and posterior wall sites, respectively. The average procedure duration
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Kaplan-Meier curves show arrhythmia-free survivals associated‘
with PWI on top of PVI in overall population (panel A) and in
patients grouped according to the history of previous ablations
(PVI) (panel B).
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was 178.1+40.9 min. No differences in procedural characteristics
were observed between first and repeat ablation groups. With respect
to complications, we observed 1 femoral artero-venous fistula and 1
femoral pseudoaneurysm conservatively treated and equally distributed
in first and repeat ablation groups.

Follow-up and clinical outcomes

Patients were followed for a mean follow-up of 28.2 + 2.7 months.
At the end of follow-up period, total ARs were 27 (30.1%), of which
21 were AF, 5 were atrial flutter and 1 was AT. In 55 patients (75.3%)
AAD were withdrawn at the end of the 90-day blanking period. Among
patients experiencing ARs, 8 patients required elective cardioversion
outside the blanking period and 10 patients underwent a repeat
ablation during the follow-up (1 for AT, 4 for atrial flutter, 5 for AF).
Of them, 4 patients presented incompleteness of PWI at endocardial
mapping. Among 8 patients with incomplete PWI at index procedure,
3 patients experienced ARs at follow up, with 2 patients treated with
repeat ablations and 1 with drug adjustment.

At 1 and 2-year follow-up, freedom from ARs was observed in 80.5%
and 64.1% of patients, respectively. The Kaplan-Meier estimates of
freedom from any ARs across the entire cohort is shown in Figure
2A. At sub analysis of the data according to the history of previous
ablations, 9 (36.0%) and 18 (37.5%) ARs were observed in first and
repeat ablation groups, at the end of follow-up, respectively. AR free
survival curves are shown for the two groups in Figure 2B, reporting no
differences between groups at one-year (84.0% vs 81.0%) and two-years
(66.1% vs 64.0%) of follow-up, log-Rank p = 0.68 (Fig. 2B).

Table 3 shows results of Cox hazard regression analyses concerning
potential factors associated with risk of ARs after blanking period
at follow-up. Previous ablation was not associated with risk of
recurrence, while occurrence of early ARs during blanking period was
independently associated with incidence of ARs at follow-up (HR 2.47,
CI0.99-6.15,p=0.04). In addition, the achievement of complete PWI
during the index procedure demonstrated a favorable effect in averting

recurrences at follow up (p=0.08), however statistical significance was
not reached.

Among 32 patients provided with ICMs, PWI on top of PVI was
able to significantly reduce the mean burdens of ARs (more than 50%)
compared with time prior PWI+PVI procedure, reporting levels < 5%
at 3,12 and 24 months after index procedure (Fig.3).

Discussion

In this study, we reported efficacy and safety at 1 and 2 years follow-
up of PWI on top of PVI on persistent and long standing persistent
AF patients when performed with CF sensing catheters. We showed
that early recurrences within 90 days after procedure were associated
with a two-fold increased risk of ARs at follow-up. Furthermore, we
reported that CF supported PWI +PVI provided great and persisting
reduction of burden of ARs over time.

'The posterior wall or ‘pulmonary venous component’ of the LA
seems an attractive target for ablation, since there is anatomic and
electrophysiological evidence that it contributes to the genesis and
maintenance of AF °. Furthermore, the posterior wall is a part of
the critical mass necessary to maintain AF and so debulking the
LA through PWI can reduce AF burden *. Despite PWI has not
been shown to have additional benefit to PVI in paroxysmal AF *,
it can reduce arrhythmia in persistent AF, as reported in previous
studies, however data are still conflicting ®’. CF sensing catheters are
known to be associated with deeper and more durable lesions either
in paroxysmal ' or, as recently reported, in persistent AF ablations ™
and are nowadays advisable also for safety concerns. Actually, real-time
CF assessment helps in detection of excessive pressures during ablation,
thus avoiding dangerous overtreatments.

'The role of CF technology in efficacy and safety of PWI on top
of PVT has not been deeply investigated in prospective trials, but a
retrospective study demonstrated the superior efficacy of PVI plus PWI
using CF sensing compared with standard radiofrequency ablation
catheters for patients with persistent AF 1. In this study, the reported
12 months rates of freedom from ARs were 85% vs 70% in CF vs
non-CF group, respectively. However, the authors investigated the
role of non-PV triggers ablation in addition to PWI on top of PVI,
providing a potential bias in the analysis of the results. In our study,
we analysed only procedures where PWI was firstly attempted on top

Cox hazard regression analyses of the risks of arrhythmic

[l recurrences
Univariate Multivariate
HR (95% Cl) Pvalue HR (95% Cl) P value
Age 0.99 (0.95-2.79) 0.91
Females 1.09 (0.41-2.91) 0.85
Previous ablation in LA (PVI) 0.50 (0.21-1.19) 0.12
LVEF < 40% 2.73 (0.64-7.6) 0.17
LA diameter > 40 mm 1.19 (0.47-2.99) 0.70
Complete PWI 0.42(0.16-1.11)  0.08 0.41(0.151.16)  0.08
Early AR 2.45(0.98-6.10)  0.05 2.47 (0.99-6.15)  0.04

AR: arrhythmic recurrence; LA: left atrium; LVEF: left ventricular ejection fraction; PVI: pulmonary
vein isolation; PWI: posterior wall isolation; HR: hazard ratio; Cl: confidence interval
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of PVI, without targeting additional ablation strategies. Furthermore,
we evaluated incidence of ARs at longer follow-up period (2 years). In
our study, arrhythmias-free survivals at 1 and 2-year follow-up of PWI
on top of PVI performed with CF sensing catheters were 80.5% and
64.1% respectively, with 75.3% of patients free from AAD at follow
up. A recent randomized trial reported a 73.5% freedom from ARs on
and off AAD after PWI in addition to PVI after a mean follow-up
of 16.2+8.8 months without the routinely use of CF sensing '®. Based
on our results, routine use of CF sensing catheters while performing
PWI might ameliorate eflicacy of PWI in terms of incidence of ARs
at follow up.

With respect to predictors of recurrence, we found that occurrence of
early ARs during blanking period was independently associated with
risk of ARs at follow-up. This association was previously reported in
literature for different ablation strategies in AF . In our series, we
reported for the first time that detection of early ARs during blanking
period is associated with a 2-fold increased risk of late recurrences after
PWI+PVI.Itis possible that inflammatory response related to ablation
might favor early irritability in LA after ablations and, consequently,
the incidence of early ARs soon after the ablation. Based on that, it
could be speculated that PWI on top of PV is associated with more
extensive myocardial damage and greater inflammatory response
than PVI alone, influencing the incidence of early ARs. However, in
arandomized study, Kim et al. showed that levels of hs-CRP, CK-MB
and troponin-T were similar in PVI alone and PVI+PWI groups after
ablation, proving that inflammatory response and myocardial injury
are not increased PWI on top of PVI procedures compared with PVI
alone %' 'The relatively high proportion of patients (43.8%) provided
with continuous monitoring in our cohort favored a more accurate
detection of arrhythmic events, reinforcing this result.

Furthermore, we reported that complete PWI during the index
procedure provided a favorable effect in averting recurrences at
follow up, despite on our small sample size statistical significance
was not reached. Similarly, Kim et al. previously reported that
acutely achievement of PWI is a strong predictor of ARs at follow
up in a randomized study including patients undergoing PVI+PWI
21 However, in another observational study PWI incompleteness
at index procedure did not impact the outcome #2. Nevertheless,
documented complete posterior wall electrical dissociation is generally
the main endpoint of the procedure. It is out of doubt, however, that
completeness of PWI is often challenging and, even with meticulous
point by point linear ablations, residual gaps often persist '*!'. In our
study, the incompleteness of PWI was observed only in cases where
radiofrequency power delivery was reduced or stopped due to excessive
temperatures detected at the intraluminal oesophageal probe and
not for insuperable technical difficulties. Based on our retrospective
analysis, CF sensing catheters supported the operator in achieving
complete PWI, however larger and prospective studies are needed to
evaluate the role of CF sensing catheters on such procedural endpoint
during PWI execution.

With respect to patients who underwent previous PVI before
performing PWI, repeat ablation was not associated with risk of ARs
at follow up, as previously reported *. As expected, patients undergoing
PWTI on a repeat ablation showed longer AF history compared with

patients who underwent ablation for the first time. On the other hand,
procedural times and complication rates were similar in the two groups.
'The inclusion of patients with history of previous ablation in our study
can be questionable, as it introduces a possible source of confounding
factors. However, the aim of our study was to describe the routine
clinical practice of our centre between 2012 and 2018, where persistent
AF patients underwent PWI as an adjunctive strategy more frequently
after failure of previous PVI strategy than at a first ablation procedure.

Finally, in patients provided with ICMs, our data reported an
important reduction of AF/AT burden after PWI on top of PVI
compared with burden at time prior to ablation and this data persisted
over time. Our data showed that AF/AT burden was reduced at very
low levels (<5%), if compared with CABANA trial and STAR-AF 11
trial sub-studies, where reported AF/AT burdens at 12 months after
AF ablations were 6.3% and 6.8%, respectively #**. AF/AT burden
after ablation seems to provide better assessment of outcome of AF
catheter ablation, when compared with conventional definition of
AF ablation success (occurrence of any AF/AT or flutter lasting >30
seconds), because it is based on clinically relevant recurrences compared
with the absolute freedom from recurrence #. In this regard, patients
undergoing PWI are generally the most challenging ones, presenting
with persistent AF, multiple previous ablations and disabling AF related
symptoms for many years. In this context,as AF ablation success rate is
currently unsatisfactory 3, AF/AT burden reduction could be a desirable
target and, based on our results, PWI could play an important role.
However, further studies are needed aimed at evaluating the success rate
of PWTI on top of PVI based on continuous monitoring in all patients.

Limitations of the study

The major limitation of this study is the absence of a comparator
group. Although our data suggest that CF sensing catheters can achieve
reduction in ARs and durably low AF/AT burden in patients with
persistent AF, we are not able to comment on whether similar outcomes
may be achievable without CF supported PWI. Furthermore, the
retrospective nature of the study and the small sample size limit the
power of the analysis. Another limitation is that a great number of
patients (65.7%) underwent CF guided PWI after previous ablation in
LA, that could be a confounding factor in efficacy and safety assessment
of PWI on top of PVI. However, only PVI-based ablations performed
before the PWI index procedure were included in the analysis. To
assess the weight of this possible confounding factor on our results,
we performed sub-analyses of our data dividing our cohort in two
groups according to the history of previous ablations and we found no
significant differences in procedural results and follow-up outcomes.
Another limitation of this study is that AF burden data, provided at
ICMs analysis, were derived from less than 50% of patients of our
population, reducing the power of our conclusions.

Conclusions

CF supported PWI on top of PVI in persistent AF ablation was
as effective as safe at 1 and 2 years of follow-up. Early ARs during
blanking period predicted the incidence of late recurrences at follow-up.
PWI on top of PVI provided significant and persistent AF/AT burden
reduction over time. Prospective studies aimed at evaluating the efficacy
of PWI on top of PVI using CF sensing catheters with lesion detecting
tools and ICMs as monitoring systems in all patients are advisable.
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