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Aims Ablation of persistent atrial fibrillation (PsAF) has been performed by many techniques with varying success rates.
This may be due to ablation techniques, patient demographics, comorbidities, and trial design. We conducted a
meta-regression of studies of PsAF ablation to elucidate the factors affecting atrial fibrillation (AF) recurrence.

...................................................................................................................................................................................................
Methods
and results

Databases were searched for prospective studies of PsAF ablation. A meta-regression was performed. Fifty-eight
studies (6767 patients) were included. Complex fractionated atrial electrogram (CFAE) ablation reduced freedom
from AF by 8.9% [95% confidence interval (CI) �15 to �2.3, P = 0.009). Left atrial appendage [LAA isolation (three
study arms)] increased freedom from AF by 39.5% (95% CI 9.1–78.4, P = 0.008). Posterior wall isolation (PWI)
(eight study arms) increased freedom from AF by 19.4% (95% CI 3.3–38.1, P = 0.017). Linear ablation or ganglion-
ated plexi ablation resulted in no significant effect on freedom from AF. More extensive ablation increased intra-
procedural AF termination; however, intraprocedural AF termination was not associated with improved outcomes.
Increased left atrial diameter was associated with a reduction in freedom from AF by 4% (95% CI �6.8% to �1.1%,
P = 0.007) for every 1 mm increase in diameter.

...................................................................................................................................................................................................
Conclusion Linear ablation, PWI, and CFAE ablation improves intraprocedural AF termination, but such termination does not

predict better long-term outcomes. Study arms including PWI or LAA isolation in the lesion set were associated
with improved outcomes in terms of freedom from AF; however, further randomized trials are required before
these can be routinely recommended. Left atrial size is the most important marker of AF chronicity influencing
outcomes.
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Introduction

Catheter ablation for atrial fibrillation (AF) is now a well-
established therapy recommended in international guidelines.
Freedom from AF 1 year after pulmonary vein isolation (PVI) for
paroxysmal AF (PAF) ranges between 57.3% and 86% (pooled
estimate 78%)1; however, success rates for persistent AF (PsAF)

are generally lower.2 Pulmonary vein isolation has long been the
cornerstone of AF ablation, however, particularly in the context
of PsAF, a wide range of adjunctive ablation strategies have been
used, in an attempt to achieve ‘substrate’ modification, with vary-
ing success rates.3

The range of success rates may be due to technical differences in
the ablation process; however, numerous additional factors including
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patient demographics, comorbidities, and trial design may have a sig-
nificant impact.

In this analysis, we aim to quantify the many factors that may affect
trial endpoints, by taking all trials studying ablation of PsAF and study-
ing how outcomes associate with the characteristics of the individual
study arms via meta-regression analysis. We analyse whether the fol-
lowing factors might impact success rates:

• Procedural differences, such as ablation of complex fractionated
atrial electrograms (CFAEs), linear, or ganglionated plexi ablation.

• Patient demographics and comorbidities.
• Markers of AF chronicity [e.g. left atrial (LA) diameter].
• Study design characteristics [e.g. blanking period, inclusion of

atrial tachycardia (AT) in primary endpoint, and follow-up
strategy].

Methods

Search strategy
Two reviewers (A.S. and S.A.) searched the MEDLINE and Cochrane
Central Register of Controlled Trials for trials of PAF and PsAF
ablation. The searches were conducted between 5 April 2017 and 19
April 2017. Our search string included (persistent or non-paroxysmal
or non paroxysmal) AND atrial fibrillation AND ablation AND the
Cochrane high sensitive search strategy for MEDLINE.4 Abstracts and
relevant full texts were independently screened by the reviewers; dis-
putes were resolved by consensus following discussion with another
author (M.S.).

Inclusion and exclusion criteria
Study inclusion criteria were (i) randomized and prospective non-
randomized trials published in English, (ii) patient population with PsAF
or long-standing persistent atrial fibrillation (LSPAF), (iii) at least one in-
tervention arm including some form of endocardial LA ablation, (iv)
minimum follow-up period of 3 months, and (v) outcome measure of
freedom from AF or freedom from AF/atrial arrhythmia after a single pro-
cedure. Studies of patient cohorts or subsets not representative of the
general population with AF (e.g. only patients with heart failure, diabetes,
or obesity) were excluded.

Data extraction
Two authors (A.S. and S.A.) extracted the data from the included trials.
Where possible, continuous variables were extracted as mean ± standard
deviation, and categorical variables were taken as percentages.

Outcomes
The primary outcome was percentage of patients free from AF/AT after
a single procedure. In most cases, the 12-month time point was chosen.
Where not available the nearest available time point was selected. The
12-month time point was selected as most of the studies reported this
value and was felt to be clinically relevant as most recurrences would be
expected to occur by this point. Most studies included recurrences of AT
in their primary endpoint, where the primary endpoint included freedom
from AF only, this endpoint was used.

Data extraction and analysis
Percentage freedom from recurrence (of AF or AF/AT depending on the
primary endpoint of the study) was used as the dependent variable, and a
meta-regression performed using the restricted maximum likelihood
estimator, with study-level heterogeneity factored using a random-effects
model. The statistical programming environment R with the metafor
package was used for all statistical analysis. The PRISMA guideline was
used to report results.

Results

Searches yielded a total of 1168 studies (647 MEDLINE and 521
Cochrane). Screening of studies resulted in 58 studies suitable for
analysis (as shown in Figure 1). In total, 106 study arms, 6767 patients
were studied with a mean follow-up duration of 16.3 months and a
total follow-up duration of 9212 patient-years. About 35 studies
were randomized controlled trials (RCTs), and 23 were prospective
observational studies.

For the reader unfamiliar with meta-regression, interpretation of
the analyses requires some explanation. Each of Figures 2–8 repre-
sents a separate meta-regression analysis in which the outcome
(mostly AF-free survival) is explained by a variety of variables used to
build a statistical model. The effect of each of these variables is then
separated from each of the others in the model. Therefore, where
we state that CFAE reduces freedom from AF, this means that within
the statistical model, performing CFAE can explain an 8.9% reduction
in AF-free survival in those study arms in which it was performed.
There is no ‘control’ group since all the data are placed into a single
model but the comparison is effectively between ‘CFAE’ vs. ‘no
CFAE’ regardless of what other lesion sets are performed.

Effect of lesion set on freedom from
atrial fibrillation
Complex fractionated atrial electrogram ablation (38 study arms)
was associated with a worse outcome, reducing freedom from AF by
8.9% (Figure 2, 95% CI �15 to �2.3, P = 0.009). Linear ablation (36
study arms), ganglionated plexi (GP) ablation (three study arms) had
no significant impact on freedom from AF. Posterior wall isolation
(PWI; eight study arms) increased freedom from AF by 19.4% (95%
CI 3.3–38.1, P = 0.007). Left atrial appendage (LAA) isolation (three
study arms) greatly increased freedom from AF by 39.5% (95% CI

What’s new?
• Posterior wall isolation (PWI) and left atrial appendage isola-

tion may represent promising lesion sets for persistent AF
ablation.

• Linear ablation, PWI, and complex fractionated atrial electro-
gram ablation improves intraprocedural atrial fibrillation (AF)
termination, but such termination does not predict better
long-term outcomes.

• Complex fractionated atrial electrogram ablation is associated
with reduced freedom from atrial arrhythmia.

• Left atrial size is the most important marker of AF chronicity
influencing outcomes.
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9.1–78.4, P = 0.008). This result was mostly driven by the BELIEF
trial.5 Cryoballoon ablation [as compared to radiofrequency (RF)]
did not affect freedom from AF (Supplementary material online,
Appendix Figure S3). We performed an additional analysis excluding
studies where the primary endpoint was freedom from AF only (i.e.
not including freedom from AT, Supplementary material online,
Appendix Figure S4). This showed similar results to the primary
analysis.

More extensive ablation increases
intraprocedural atrial fibrillation
termination, increases procedure time,
but does not increase freedom from
atrial fibrillation
Pulmonary vein isolation has long been the cornerstone of AF abla-
tion. However, given the relatively poorer outcomes in PsAF, more
extensive ablation strategies have been developed sometimes with
the goal of terminating AF intraprocedurally. We analysed linear

ablation, CFAE ablation, GP ablation, and PWI for effect on intrapro-
cedural AF termination. This outcome was reported in 26 studies.
Unfortunately, none of the studies including LAA isolation (three
study arms) reported intraprocedural AF termination. Linear ablation
improved intraprocedural AF termination (23.8%, 95% CI 6.7–43.9%,
P = 0.005, Figure 3), as did CFAE ablation (43.6%, 95% CI 19.2–73.1%,
P < 0.001), and PWI (95% CI 5–77.1%, P = 0.02). Ganglionated plexi
ablation had no significant impact on intraprocedural AF termination.

Importantly, despite increasing intraprocedural AF termination,
neither linear nor CFAE ablation increased freedom from AF (as de-
scribed above). Similarly, intraprocedural AF termination (achieved
by any ablation technique) had no significant impact on freedom from
AF (Figure 4). None of the other studied procedural predictors [con-
comitant anti-arrhythmic drug (AAD) use, general anaesthetic (GA),
electroanatomical (EA) mapping] had a significant impact on freedom
from AF (Figure 4).

As expected, more extensive ablation was associated with in-
creased procedure (Figure 5) and fluoroscopy (Supplementary mate-
rial online, Appendix Figure S1) times. Despite its lack of efficacy, CFAE
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Figure 1 Sources of identified studies. AF, atrial fibrillation; PsAF, persistent atrial fibrillation.
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–20%

Predictor Estimate (%) 95% CI (%)

Lines –4.1 –12.7 to 5.4 0.382

CFAE –8.9 –15 to –2.3 0.009

GP –10.4 –26.4 to 8.9 0.27

Posterior wall
isolation 19.4 3.3 to 38.1 0.017

LAA isolation 39.5 9.1 to 78.4 0.008

P

0% 20% 40%

Relative increase in success (percent)

60% 80%

Figure 2 The effect of procedural predictors on freedom from AF. AF, atrial fibrillation; CFAE, complex fractionated atrial electrogram; CI, confi-
dence interval; GP, ganglionated plexi; LAA, left atrial appendage.

Predictor

Lines 23.5

Estimate (%) 95% CI (%)

6.7 to 43.8 0.005

CFAE 43.6 19.2 to 73.1 < 0.001

GP 7.2 –29.8 to 63.8 0.747

Posterior wall
isolation 36.4 5 to 77.1 0.02

–20% 0% 20%

Relative increase in intraprocedural AF termination (percent)

40% 60% 80%

P

Figure 3 The effect of procedural predictors on intraprocedural AF termination rate. AF, atrial fibrillation; CFAE, complex fractionated atrial elec-
trogram; CI, confidence interval; GP, ganglionated plexi.

Predictor                      

Intraprocedural
AF termination

Anti• arrhythmic
use           

Estimate (%)                   

0

–14.4

95% CI (%)

–0.3 to 0.3

–30.9 to 6.2

P

0.919

0.159

– 30% – 20% – 10% 0%

Relative increase in success (percent)

Figure 4 The effect of other procedural predictors on freedom from AF. AF, atrial fibrillation; CI, confidence interval.
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imposed a particularly large increase in procedure time (by 61.3 min,
95% CI 58.2–64.5, P < 0.001, Figure 5).

Patient characteristics
We analysed the effect of several patient factors on outcomes fol-
lowing PsAF ablation. Age, gender, left ventricular ejection fraction,
and hypertension had no significant impact on outcomes (Figure 6).

Greater left atrial diameter reduces
freedom from atrial fibrillation
We analysed three markers of AF chronicity. Increased LA diameter
was the only one associated with a reduction in freedom from AF, by
4% for every 1 mm increase of LA diameter (Figure 7, 95% CI �6.8%
to �1.1%, P = 0.007). In univariate meta-regression, increased LA di-
ameter of 1 mm was associated with a reduction in freedom from AF
by 3.1% (95% CI�5.4 to�0.6, P = 0.014). Study arms which included
patients who underwent direct current cardioversion (DCCV) within
7 days of AF onset (early DCCV) showed a trend to increased free-
dom from AF (11.8%, 95% CI�3.8% to 29.8%, P = 0.145) but did not
reach statistical significance. Duration of AF (persistent vs. long-
standing persistent) did not affect freedom from AF.

Study protocol impacts outcomes
Inclusion of AT in main study endpoint (77 study arms) reduced the
freedom from AF by 6.3% (Figure 8, 95% CI �10.2 to �2.2,
P = 0.003). Study arms with longer blanking periods were associated
with a reduced freedom from AF by 6.4% per month blanked (95%
CI�8.6 to�4.2, P < 0.001). Use of more stringent monitoring meth-
ods [telemetry or internal loop recorder (ILR)] trended towards
poorer outcomes but did not reach statistical significance (2.2%, 95%
CI �6.9% to 2.7%, P = 0.368). Defining success as being off AAD had
no significant impact on freedom from AF.

Discussion

This meta-regression, including data on 6767 patients, has demon-
strated several key variables can affect freedom from atrial arrhyth-
mias after catheter ablation of PsAF. Pulmonary vein isolation has
long been the cornerstone of AF ablation. Given relatively poor out-
comes in PsAF ablation, more extensive ablation has been trialled.
Multiple different strategies have been used, both in isolation and
combined.

Complex fractionated atrial electrogram
ablation reduces freedom from atrial
fibrillation
Multiple small studies, and meta-analyses of these studies,6 concluded
that CFAE ablation in addition to PVI improved freedom from atrial
arrhythmia. New data from STAR AF 27 drastically changed this land-
scape, with meta-analysis following this showing no significant differ-
ence in outcomes, but increased procedure and fluoroscopy times.8

Our analysis adds several additional trials that included CFAE abla-
tion in at least one arm. Together these trials show that study arms
which include CFAE have worse outcomes in terms of AF-free sur-
vival (Figure 2). This mirrors the data from STAR AF 2 which showed
a trend towards reduced freedom from AF in the CFAE group, al-
though this was not statistically significant.

Several previous meta-analyses have shown PVI ablation alone is
non-inferior to PVIþ CFAE ablation,8–11 with at least two meta-anal-
yses showing non-significant trends towards reduced success rates in
the PVIþ CFAE group.8,9 A third showed a statistically significant re-
duction in freedom from AF when PVIþ CFAEþ linear ablation was
performed.10 This study had different inclusion criteria to ours. Most
importantly they only included studies with greater than 60 patients
in each arm, with at least 12 months of follow-up. They did not ex-
clude retrospective studies. As a result of this their analysis used four
RCTs and 109 observational studies, as compared to 35 RCTs and 23
observational studies in this analysis.

0

Predictor Estimate 95% CI

Lines 17.6 12.8 to 22.4 < 0.001

CFAE 61.3 58.2 to 64.5 < 0.001

GP 13.3 8.1 to 18.4 < 0.001

Posterior wall
isolation 4.3 –13.7 to 22.3 0.642

LAA isolation 29.3 14.9 to 43.8 < 0.001

P

20

Change in procedure time (minutes)

40 60

Figure 5 The effect of procedural predictors on procedure time. CFAE, complex fractionated atrial electrogram; CI, confidence interval; GP, gan-
glionated plexi; LAA, left atrial appendage.
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Predictor Estimate (%) 95% CI (%)

Age (years) –0.7 –2.8 to 1.4 0.492

Gender 0 –0.4 to 0.5 0.843

LVEF (%) –0.1 –2 to 1.8 0.886

Hypertension –0.2 –0.7 to 0.3 0.422

–3% –2% –1% 0%

Relative increase in success (percent)

1% 2%

P

Figure 6 The effect of patient characteristics on freedom from AF. AF, atrial fibrillation; CI, confidence interval; LVEF, left ventricular ejection
fraction.

Predictor          

Early DCCV         

LA diameter        

Longstanding AF (%)

Estimate (%)

11.8

– 4

0

95% CI (%)

– 3.8 to 29.8

– 6.8 to – 1.1

– 0.2 to 0.3

P

0.145

0.007

0.75

0% 10% 20% 30%

Relative increase in success (percent)

Figure 7 The effect of AF chronicity on freedom from AF. Early DCCV: studies where the definition of PsAF included patients who underwent
DCCV within 7 days of AF onset. AF, atrial fibrillation; CI, confidence interval; DCCV, direct current cardioversion; LA, left atrium; PsAF, persistent
atrial fibrillation.

Predictor

Telemetry or ILR         

Success defined
off AADs

AT included              

Blanking period          

Estimate (%)

–2.2

1.2

–6.3

–6.4

95% CI (%)

–6.9 to 2.7              

–3.2 to 5.8              

–10.2 to –2.2            

–8.6 to –4.2             

P

0.368

0.609

0.003

< 0.001

0%– 10%

Relative increase in success (percent)

Figure 8 The effect of study characteristics on freedom from AF. AAD, anti-arrhythmic drug; AF, atrial fibrillation; AT, atrial tachycardia; CI, confi-
dence interval; ILR, internal loop recorder.
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Importantly, in our analysis, the vast majority of trials with a CFAE
arm included ATs in their primary endpoint (23 out of 27 trials).
Complex fractionated atrial electrogram ablation may lead to iatro-
genic proarrhythmic areas, particularly if linear block is not
achieved,12 increased risk of recurrence in the form of AT may have
contributed to reduced success rates in cohorts with CFAE ablation.

Posterior wall isolation
The LA posterior wall has been described as a driver of AF.13 Our
study found a 19.4% benefit in study arms including PWI as part of
the lesion set (Figure 2). While eight study arms formed this analysis,
only three of these were randomized trials investigating the additive
effect of PWI. Of these, two studies14,15 showed significant improve-
ments in freedom from AF. The third study16 showed no significant
difference with the endpoint of freedom from AF/AT. Lim et al. also
report no significant difference when freedom from AF/AT is used as
the endpoint. Kim et al. reports only the freedom from AF endpoint.
It is possible therefore, that while PWI may reduce recurrences due
to AF, AT recurrences remain a problem. This may limit single proce-
dure efficacy. Further studies are needed before PWI can be rou-
tinely recommended in PsAF ablation.

Left atrial appendage isolation
The importance of the LAA in AF has been mostly considered in rela-
tion to the risk of thrombus formation and stroke. However, the
LAA has also been described as a source for triggers of AF in as many
as 27% of patients having undergone PVI.17 Left atrial appendage iso-
lation has also been investigated in the context of concomitant LAA
closure.18

The BELIEF trial compared extensive ablation with or without
LAA isolation in patients with LSPAF, they found a significant additive
benefit of LAA isolation.5 Although CFAE ablation was not per-
formed in this study, the ablation of ‘non-PV triggers’ made for an ag-
gressive lesion set.

Our study found a 39.5% benefit in study arms including LAA isola-
tion as part of the lesion set (Figure 2). A degree of scepticism regard-
ing this result is necessary however, given that only three study arms
included LAA isolation. The effect size found in our analysis is also un-
expectedly large. The BELIEF study was the main driver of this result
(n = 173), however, Panikker et al.18 also showed a benefit of electri-
cal LAA isolation with ablation (in addition to LAA occlusion) in 22
patients with LSPAF. The third study was a feasibility study of LAA li-
gation with no control arm.19 Similar to PWI, LAA isolation may be a
beneficial technique in PsAF ablation, but further, larger, randomized
trials are required.

Other additive ablation techniques
Linear ablation and GP ablation have also been shown in our analysis
to have no impact on AF recurrence (Figure 2), although they do
clearly prolong procedure time (Figure 5). The lack of efficacy seen
may mean these other targets are not important in the pathogenesis
of AF, or that there is a degree of redundancy—e.g. the close associa-
tion of GPs with the PVs may mean the important GPs are modified
by the PVI lesion set; alternatively, as discussed in the case of CFAE
ablation, this extra ablation may increase the risk of AT based recur-
rence. This is particularly a problem with incomplete linear ablation

or successful linear ablation with subsequent breakthrough of
conduction.

Acute atrial fibrillation termination is
not associated with increased freedom
from atrial arrhythmia
Acute AF termination has been associated with improved long-term
freedom from atrial arrhythmia in several observational studies.20

Aiming for acute AF termination leads to more extensive ablation, of-
ten including CFAE.8 In our study, more extensive ablation (in the
form of linear ablation, CFAE ablation, or PWI) was associated with
increased acute AF termination (Figure 3). However, acute AF termi-
nation did not improve long-term freedom from atrial arrhythmia
(Figure 4). This could be a limitation of the meta-regression technique
since it cannot drill down to the individual patient level and assess
whether an individual who has had termination intraprocedurally is
less likely to have recurrence. On the other hand, the data were
reported in a reasonable portion of study arms (44 study arms), with
a wide range of rates reported (from 0% to 100% termination) and
so this is very suggestive that aggressive ablation targeting an end-goal
of AF termination is not beneficial to a group of patients undergoing
ablation. In fact, at the individual level, termination of AF intraproce-
durally may simply be indicative that the patient has a less severe AF
substrate, and perhaps this confounding contributed to the positive
findings in prior studies.20 Alternatively, the benefits of the additional
RF delivery needed to affect termination may be offset by the poten-
tial pro-arrhythmia of those additional lesions.

Impact of patient characteristics
Increased LA size has been associated with poorer outcomes post-
ablation. Clarnette et al.10 showed a 1 mm increase in LA size was
associated with a 1.6% decrease in single-procedure success. Our
analysis agrees with this finding (Figure 7). This relationship, partic-
ularly in the context of a group of patients who already have rela-
tively long-standing AF, shows that LA size may be an independent
risk factor for recurrence post AF ablation. Conversely, distinction
between persistent and long-standing persistent had no significant
impact on predicting AF recurrence. This may mean clinicians
should give greater importance to LA size, than duration of AF
when considering the likelihood of long-term freedom from AF in
a particular patient.

Impact of study factors
Given the significant heterogeneity in the conduct of the many trials
and observational studies of AF ablation, it is not surprising that sev-
eral study characteristics can affect the quoted recurrence rate of a
trial. Most importantly, study arms including AT (as well as AF) in the
primary endpoint had significantly reduced freedom from AF (by
6.3%) (Figure 8). As our analysis was performed on studies following
patients after a single procedure, it is likely that a significant propor-
tion of recurrences were due to an AT. Given that the aim of AF abla-
tion is in most cases symptomatic relief, we feel that inclusion of AT
in the endpoint is important, although separation of these modes of
recurrence in the secondary endpoints may be important as many
clinicians would prefer a patient to return in AT rather than AF.
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Surprisingly, a longer blanking period, in our analysis, reduced free-
dom from AF (Figure 8). It is difficult to understand how including a
blanking period could reduce the long-term freedom from AF. Given
that the vast majority of studies of AF ablation included a 3-month
blanking period, it is possible that there is an unknown confounder
present in the few arms that were followed with a reduced blanking
period (e.g. more straightforward study patients and hence the more
stringent, short, and blanking period). Alternatively, this could be a
false positive finding through chance (Type I) error.

More thorough means of detecting AF, such as mobile telemetry
and ILR trended towards reduced freedom from AF (Figure 8). While
this difference was not statistically significant, this is an important
point as studies are often compared against one another, without
fully appreciating that differences in methods of detecting recurrence
can have a significant impact on quoted outcomes.

Limitations
This meta-regression uses multiple study arms to make observations
on associations between variables and outcomes. These observations
are therefore not based on randomized comparisons of these varia-
bles, and are therefore, vulnerable to the same biases as an observa-
tional study. We could only analyse those variables that were
disclosed in each manuscript, several important variables were only
reported by a few manuscripts; therefore, we could not make mean-
ingful analyses of these variables. The meta-regression analysis only
has access to study arm-level data (e.g. the proportion of males, aver-
age age and average EF in each study arm) rather than individual-level
data. This may reduce the power to detect differences in outcomes,
particularly when the variable in question relates to an individual pa-
tient (e.g. age, gender, or EF). This is less of an issue with other analy-
ses (such as ablation technique) where there are larger differences
between studies and where all individuals in a study arm are treated
with the same techniques. Our search only included studies of endo-
cardial (i.e. catheter ablation) of PsAF, therefore, we were unable to
analyse or compare the effects of surgical ablation on freedom from
PsAF.

Conclusion

The main findings of this meta-regression are that, in agreement with
the STAR-AF II trial, linear ablation and CFAE in addition to PVI do
not improve outcome in PsAF ablation. In fact, we have shown that
CFAE ablation was associated with increased recurrence rates.

Acute AF termination is often the endpoint of extensive ablation
techniques; however, higher termination rates did not translate to re-
duced long-term recurrence, perhaps suggesting that this welcome
side effect in some AF ablations should not be viewed as a treatment
goal.

Our analyses point towards two lesion sets that may be more
promising. We would suggest PWI and LAA isolation (in addition to
PVI) should be the subject of future randomized studies of the quality
of STAR-AF II. In this study, both of these lesion sets were associated
with a significant improvement in AF-free survival at 1 year—poste-
rior wall isolation by 19.4% and LAA isolation by 40%.

Supplementary material

Supplementary material is available at Europace online.
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