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Abstract

Background: Adding left atrial linear ablation (LALA) to pulmonary vein isolation (PVIl) may increase the rate of organized atrial
tachycardia (OAT) recurrence. However, this association has not been formally studied. We performed a meta-analysis of
studies that compared a PVI-only with a PVI + LALA strategy and reported the outcome of OAT recurrence.

Methods: A standard, random effects meta-analysis of two observational and eight randomized, controlled trials was
performed. Mantel-Haenszel odds ratios (MH-OR) of pooled OAT and AF recurrence rates were calculated. Where remapping
was done the pooled rate of OAT involving previous LALA-lesions was determined.

Results: Of 5536 patients, 4426 (80%) had PVI-only, 1110 (20%) had PVI + LALA. OAT occurred after PVI-only in 201 (4.5%),
after PVI+LALA in 145 (13%) patients (MH-OR 2.35, 95%CI 1.40-4.07, p=0.002). Subgroup analysis pointed to increased
incidence of OAT with more extensive LALA. Recurrent OAT involved previously performed LALA-lesions in 73%.

Conclusions: The performance of LALA in addition to PVI leads to an increased rate of OAT recurrence.
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Introduction

Although no sound evidence to support it, modification of the
extra-pulmonary vein (PV) atrial substrate is frequently attempted
during ablation for atrial fibrillation (AF) in addition to PV
isolation (PVI). A commonly adopted technique is left atrial linear
ablation (LALA) including creation of a roof line connecting
superior PVs and/or a mitral line either posterior or anterior to the
left atrial appendage'. Incomplete or reconnected linear lesions may
create the conditions for reentry and lead to organized atrial
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tachycardia (OAT) involving the gaps*’. Several studies have
compared the results of AF ablation using PVI-only versus PVI +
LALA and some have reported the rate of OAT recurrence as a
secondary outcome. To investigate the relationship between LALA
and recurrent OAT we performed a meta-analysis of studies where
PVI-only and PVI + LALA strategies were compared and the
outcome was reported separately for recurrent AF and OAT.

Methods

Full-text articles were selected from PubMed based on the
following search string: "atrial fibrillation" and "pulmonary vein"
and ablation and (linear or line) and (flutter or macroreentry or
reentry) identifying 176 entries, between 1993 and June 2024. The
references of selected papers were also inspected for relevant
articles. Studies or subgroups of studies were included if they
compared PVI-only and PVI + LALA (roof and/or mitral lines)
approaches. Subgroups or studies were excluded if substrate
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modification other than LALA was performed in more than 10% of
the patients. These techniques included left atrial posterior wall
(box-) isolation, excluded due to the heterogeneous lesion sets used
in studies and the frequent employment of focal ablations on the
posterior wall. Furthermore, strategies based on electrogram-based
or low-voltage zone ablation were excluded. We also excluded
studies where the number of patients with recurrence of OAT was
not specified.

Mantel-Haenszel odds ratios (MH-OR) with 95% confidence
intervals (CI) were calculated for pooled OAT and AF recurrence
rates in a standard random-effect meta-analysis. From studies where
mapping of recurrent OAT was performed, the pooled rate of
iatrogenic arrhythmia (i.e. OAT involving previous LALA) was
calculated. The I’ test was used to determine the degree of
heterogeneity across the studies. Subgroup analyses were conducted
to explore the source of heterogeneity. Analyses were performed
using Comprehensive Meta-Analysis v3.3.070 (Biostat, Inc., USA).

Results

From 176 papers, two single-centre, observational studies*®, and
eight randomized, controlled trials (RCT)*" met the inclusion
criteria (Table 1). Only paroxysmal AF patients were included in
three, while only persistent AF in two studies. The rest included
both paroxysmal and persistent AF patients in different ratios.
Regarding the LALA performed: only roof line was created in 2
studies, only mitral line in one, while both lines were performed in
the remaining seven studies. Radiofrequency ablation was utilized
in all studies.

Out of the total 5536 patients, 4426 (80%) had PVI-only, while
1110 (20%) had PVI + LALA. After PVI-only 201 (4.5%) patients
experienced recurrence of OAT, while after PVI + LALA
recurrence of OAT occurred in 145 (13%). Seven studies reported
the AF recurrence rates also, among the same patients. The pooled
rates of AF recurrence in these studies after PVI-only and PVI +
LALA were 41% and 38%, respectively.

The meta-analysis confirmed a significantly higher rate of OAT
recurrence after PVI + LALA, compared to PVI-only (MH-OR
2.35, 95%CI 1.40-4.07, p=0.002) (Figure 1.). To explore the source
of considerable heterogeneity (I>=60%), a subgroup analysis was
performed comparing studies in which only one (roof or mitral) line
was created to those where both LALA were performed. In the
three studies utilizing a single LALA there was no significant effect
size in terms of OAT recurrence (MH-OR 1.43, 95%CI 0.39-5.23,
p=0.590). The combination of the remaining seven studies where
both lines were created showed a significantly higher rate of OAT
recurrence with LALA (MH-OR 2.80, 95%CI 1.43-5.49, p=0.003).
There was no significant difference in the pooled rate of AF
recurrence after PVI + LALA and PVI-only strategies (MH-OR
0.59, 95%C1 0.28-1.21, p=0.146) (Figure 2.).

Four studies reported the results of mapping of recurrent OAT
during a redo procedure. The pooled frequency of the arrhythmia
being related to gaps in previous LALA was 44/60 (73%).
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Wynn 2016 17/63 17./81 152
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Eea Il Characteristics of included studies
latrogenic OAT Other OAT
Study Design AF type LALA Follow-up (months) (mapped) (mapped)
Fassini 2005 RCT (single centre) 67% paroxysmal, mitral line (posterior) [> 12
33% persistent
Willems 2006 RCT (single centre) |100% persistent zggfslgr?c’)r?tral line 16 (median) %fh-iﬁgé%%?ggllti?el
. . 61% paroxysmal, roof line, mitral line 7/13 - 6 perimitral, 1 (RA macroreentry,
Gaita 2008 RCT (single centre) 39% persistent (posterior) >36 roof-dependent LA microreentry
Sawhney 2010 RCT (single centre) [100% paroxysmal Eggfs{g]r?c’)rr;"tral line 16 (mean) ?c/)gf-cfezzgggtr:?l’ 2 LA ridge related
Mun 2012 RCT (single centre) [100% paroxysmal Egggg‘riec’)rr?'tral line 16 (mean)
Arbelo 2014 RCT (single centre) [100% paroxysmal roof line 16 (mean)
Verma 2015 RCT (single centre) [100% persistent Eggfs{g]r?c’)rr;"tral line 18
. 61% persistent, 39% |roof line, mitral line
Wynn 2016 RCT (single centre) sustained paroxysmal|(posterior) 12
Ipek 2019 observational 59% paroxysmal, | ¢ ine CFAE (5%) |28 (median)
41% persistent ’
Lim 2024 observational both (% not reported) roof I|r_1e, mitral “n? 77 (mean) 29/36 - 25 perimitral, LA anterior, septal
(anterior or posterior), 7 roof-dependent
CFAE (8.6%)

Table: Characteristics of included studies. RCT=randomized controlled trial, AF=atrial fibrillation, LALA=left atrial linear ablation,
CFAE=complex fractionated atrial electrogram, OAT=organized atrial tachycardia, RA=right atrial, LA=left atrial.

Discussion

This meta-analysis of available studies showed an increased
rate of OAT recurrence after adjunctive linear ablation on top of
PVI in the treatment of AF. This association was most
pronounced in case of studies employing a more extensive
LALA lesion set. The increased rate of OAT recurrence was not
offset by less AF recurrence after LALA in this meta-analysis.
Furthermore, the OAT observed after LALA was related to gaps
in the previously performed ablation line in more than 70% of
the cases.

Empirical LALA 1is still employed in a considerable
proportion of cases, despite the fact that it has not been shown
to improve the outcome of AF ablation and it is not
recommended by the latest guideline'. In addition to its limited
effectiveness on top of PVI, LALA by contemporary RF
technology leads to an increased rate of OAT recurrence. This
proarrhythmic effect is probably related to incompleteness and
low durability of linear lesions produced by legacy techniques.
Slow conduction through gaps in the lines provides the
requirement for the development of macroreentry™®. New
catheter design or energy source (e.g. pulsed electric field) may
result in more durable LALA and less OAT recurrence in the
future.
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Conclusion

The findings of this meta-analysis question the utility of
performing LALA in addition to PVI and point to the iatrogenic
nature of OAT recurrence after linear ablation.
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