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Abstract

Purpose The posterior wall of left atrium plays an important
role in atrial fibrillation (AF) recurrence, but the benefit of left
atrial posterior wall isolation (PWI) remains still unclear. The
objective was to evaluate the benefit of PWI in radiofrequency
ablation.

Methods PubMed and the Web of Science were searched in
September 2015. Studies comparing catheter ablation with
PWI [PWI(+)] vs. ablation without PWI [PWI(-)] were in-
cluded. We performed a meta-analysis to assess atrial arrhyth-
mia recurrence, procedure-related complications, and proce-
dural time.

Results Five studies with 594 AF patients were included.
Compared with PWI(—), PWI(+) resulted in a significantly
lower atrial arrhythmia recurrence rate (relative risk [RR]
0.81, 95 % confidence interval [CI] 0.68-0.97, p=0.02),
which was largely driven by the decreased AF recurrence
(RR 0.55, 95 % CI 0.35-0.86, p=0.009). Recurrence rates
of atrial tachycardia/flutter (AT/AFL) were comparable be-
tween two groups (RR 1.16, 95 % CI 0.85-1.58, p=0.34).
There were no significant differences in procedure-related
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complications (RR 1.07, 95 % CI 0.45-2.53, p=0.89) and
procedural times (weight mean difference 0.88, 95 % CI
—7.29-9.06, p=0.83).

Conclusions This meta-analysis shows that with comparable
procedure-related complications and procedural time, ablation
with PWI reduces AF recurrence.
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isolation - Pulmonary vein isolation - Radiofrequency
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Abbreviations

AF Atrial fibrillation

PWI  Posterior wall isolation
PVI  Pulmonary vein isolation
AT  Atrial tachycardia

AFL  Atrial flutter

1 Introduction

Atrial fibrillation (AF) is one of the most common arrhythmias
and plays an important role in stroke and death [1, 2]. Catheter
ablation has proven to be an effective treatment for drug-
refractory AF, and pulmonary vein isolation (PVI) is the cor-
nerstone for radiofrequency ablation [3]. However, recur-
rences are quite common even after successful PVI [4].

Studies have reported non-pulmonary vein (PV) ectopic
beats on left atrial posterior wall that can initiate AF [5].
Therefore, left atrial posterior wall isolation (PWI) may be
able to prevent the arrhythmogenic effect of these triggers.
However, the benefit of PWI in radiofrequency catheter abla-
tion remains unclear.
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Although several trials comparing radiofrequency ablation
with PWI [PWI(+)] vs. ablation without PWI [PWI(—)] have
been reported, the results are conflicting [6—8]. Therefore, we
performed a meta-analysis of all available data to assess the
effect of PWI for patients with AF.

2 Methods
2.1 Search strategy

We performed an electronic search in September 2015 in
PubMed and the Web of Science. No restrictions were applied.
The following terms were searched in [Title/Abstract]: atrial
fibrillation, isolation, posterior wall, and posterior atrium.
We also examined the bibliographies of all identified studies
and reviews for potential additional reports. When several
studies describing the same population were published, the
most recent or complete one was selected.

2.2 Inclusion criteria

Randomized controlled trials (RCTs) or non-randomized trials
that compared PWI(+) with PWI(—) in the primary catheter
ablation were included. To be included, studies were required
to report the recurrence of any atrial arrhythmia with a follow-
up period of at least 3 months. There was no restriction
pertaining to AF type. Any ablation technique was accepted
as long as PWI was achieved in the intervention group. Except
for PWI, studies had to adopt comparable ablation in both
groups. Conference abstracts were excluded because they
did not provide sufficient data.

2.3 Outcomes

The primary outcome was recurrence of any atrial arrhythmia
during follow-up. If sufficient data were available, atrial ar-
rhythmia was subdivided into AF and atrial tachycardia/flutter
(AT/AFL). Secondary outcomes were procedure-related com-
plication rate and procedural time.

2.4 Data extraction

Two reviewers (Xin He and Yue Zhou) independently extract-
ed the data from the included studies into a standard form. A
senior reviewer (Jiangui He) was responsible for adjudication
of disagreement.

2.5 Quality assessment

The methodological quality of RCTs was assessed by the

components recommended by the Cochrane Collaboration
[9]. As described in previous published article [10], we used

@ Springer

the modified Newcastle-Ottawa scale for quality assessment
of non-randomized trials. The quality of each trial except
RCTs was quantified by a score of 0-9.

2.6 Data analysis

All meta-analyses were performed using Review Manager
Version 5.3 (The Cochrane Collaboration, 2014). The weight-
ed mean difference and the relative risk (RR) were used to
compare continuous and dichotomous variables, respectively.
Ninety-five percent confidence intervals (Cls) and p values
were also reported.

The statistical heterogeneity noted among the studies was
assessed using the I test. The heterogeneity among studies
was defined significant if > 50 %. We used a random-effects
model if there was significant heterogeneity among the stud-
ies; otherwise, we used a fixed-effects model [9]. Sensitivity
analysis including only RCTs was performed. Potential pub-
lication bias was tested using funnel plots.

3 Results
3.1 Search results

Our initial search identified 421 references, of which 100 were
duplications and 306 were excluded by screening based on
titles and abstracts. Six conference abstracts, one editorial,
and one sub-study of a larger RCT were excluded by full-
text reading. Two trials aiming to compare PWI(+) with
PWI(—) were excluded because PWI was not achieved in most
of the patients in the intervention group. Finally, five studies
were included (Fig. 1).

3.2 Study characteristics

Table 1 summarizes the baseline characteristics of each study.
Three studies involved both paroxysmal and persistent AF
patients [8, 11, 12], while the other two studies involved only
patients with persistent AF [6, 7]. Of the included studies,
three were RCTs [7, 8, 11], one was prospective observational
trial [6], and one used matched historical control [12]. None of
the studies reported any patients with previous ablation.
Table 2 summarizes the methodological characteristics of each
study. To achieve PWI, two studies adopted single-ring abla-
tion technique [11, 12], two studies connected two PV-circling
lesions by two linear lesions [7, 8], and one study performed
extensive ablation on the left atrial posterior wall [6]. PWI was
defined as entrance block and complete electrical silence in
one study [6], entrance block and exit block in three studies [7,
8, 11], and only entrance block confirmed by mapping in one
study [12].
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Fig. 1 Flow diaphragm of the
included studies

Web of sc

ience:

n=310

A4

Studies identified through initial
searches of electronic databases:
n=421

Duplication:

Vv

Titles and abstracts screened:
n =321

n=100

~

/ Excluded studies: n = 306
-Irrelevant topics: n = 172

‘Non-comparative: n = 52

Vv

Full-text articles screened:
n=15

Vv

Included studies:

-Surgery: n =46
-Animal models: n = 10

-Case report: n = 2

‘Review = 24
NG

Excluded studies: n = 10
-Conference abstracts: n =6
-Editorials: n=1
-Duplication: n = 1

-LAPWI not achieved: n =2

n=>5

Table 1  Baseline characteristics of patients in each included study

Study Study design Follow-up (years) Groups Numberof Age Male gender ~ Paroxysmal

patients (years) (%) AF (%)

Bai et al. 2015 [6] Prospective observational trial 3 PWI(+) 32 64+10 84 0
PWI(-) 20 63+11 80 0

Kim et al. 2015 [7] RCT 1 PWI(+) 60 562119 76.7 0
PWI(-) 60 583+£9.6 683 0

Lim et al. 2012 [11] RCT 2 PWI(+) 110 57.0£10.3 86 63
PWI(-) 110 59.8+94 77 60

Tamborero et al. 2009 [9] RCT 1 PWI(+) 60 529+10.8 80 58
PWI(-) 60 525+£109 73 63

Thomas et al. 2007 [12] Historical controlled trial 0.5 PWI(+) 41 58+11 78 73
PWI-) 41 60+9 83 56

PWI(+) ablation with left atrial posterior wall isolation, PWI(—) ablation without left atrial posterior wall isolation, AF" atrial fibrillation, RCT randomized

controlled trial
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PWI(+)

Fig. 2 Forest plot and meta-
analysis of atrial arrhythmia

Bai et al 2015 19 32
recurrence rates Kim et al 2015 10 60
Lim et al 2012 53 110
Tamborero et al 2009 27 60
Thomas et al 2007 5 41

Total (95% Cl) 303

Total events 114

Heterogeneity: Chi? = 6.73, df =4 (P = 0.15); I?=41%

Test for overall effect: Z = 2.25 (P = 0.02)

3.3 Study quality

The quality assessments of included studies are shown in
Supplementary Material. Of the three RCTs, two mentioned
the detailed method of randomization [7, 8] and only one
provided information on blinding [8]. None of the three stud-
ies provided details about allocation concealment. As for non-
randomized studies, one scored 8 in the assessment [6] and the
other scored 7 [12] (Online Resource Table S1 and S2).

3.4 Primary outcomes

Five studies reported the recurrence rates of atrial arrhythmia.
Compared with PWI(—), PWI(+) showed a significantly lower
atrial arrhythmia recurrence rate (RR 0.81, 95 % CI 0.68—
0.97, p=0.02). There was no significant heterogeneity among
studies (=41 %, p=0.15) (Fig. 2).

Further analyses showed that AF recurrence was signifi-
cantly reduced in PWI(+) group (RR 0.55, 95 % CI 0.35-
0.86, p=0.009) (Fig. 3), while AT/AFL recurrence rates were
comparable between two groups (RR 1.16, 95 % CI 0.85-
1.58, p=0.34) (Fig. 4). The heterogeneity among studies
was significant for AF recurrence (=62 %, p=0.03), but
not for AT/AFL recurrence (I =29 %, p=0.24).

3.5 Secondary outcomes
3.5.1 Procedure-related complications

Five studies reported the procedure-related complications.
The rates of procedure-related complications were compara-
ble between two groups (RR 1.07, 95 % CI 0.45-2.53,
p=0.89). Heterogeneity among studies was not significant
(P =0, p=0.89) (Online Resource Fig. S1).

Fig. 3 Forest plot and meta-

analysis of atrial fibrillation Baietal 2015 6 32
recurrence rates Kim et al 2015 10 60
Lim et al 2012 29 110
Tamborero et al 2009 23 60
Thomas et al 2007 3 41

Total (95% CI)
Total events 71

303

Heterogeneity: Tau? = 0.15; Chi? = 10.50, df = 4 (P = 0.03); I> = 62%
Test for overall effect: Z=2.61 (P = 0.009)

PWI(-) Risk Ratio

M-H. Fix

18 20 164%  0.66[0.48, 0.91]

22 60 163%  0.45[0.24,0.88]

57 110 422%  0.93[0.71,1.21]

27 60 20.0%  1.00[0.67, 1.49] —_—

7 41 52%  0.71[0.25 2.07] —
201 100.0%  0.81[0.68, 0.97] <
131
0.2 05 1 2 5

Favours [PWI(+)] Favours [PWI(-)]

3.5.2 Procedural time

Pooling data from six studies showed that there was no sig-
nificant difference in procedural time between two groups
(weight mean difference 0.88, 95 % CI —=7.29-9.06,
p=0.83). There was no significant heterogeneity among stud-
ies (P =43 %, p=0.14) (Online Resource Fig. S2).

3.6 Sensitivity analysis

Table 3 summarizes the results of sensitivity analysis. The
reduction of atrial arrhythmia recurrence in PWI(+) was no
longer statistically significant. However, AF recurrence rate
remained significantly lower in PWI(+) compared with
PWI(-).

3.7 Publication bias

Figure 5 depicts a funnel plot of included studies that reported
atrial arrhythmia recurrence rates. All the studies lay inside the
triangle and distributed symmetrically around the central axis,
indicating no significant publication bias.

4 Discussion

In this meta-analysis, we found that PWI significantly reduced
the recurrence of atrial arrhythmia after the procedure. The
reduction was mainly driven by the reduced AF recurrence.
There were no significant differences in procedure-related
complications and procedural times between PWI(+) group
and PWI(-) group. To our knowledge, this is the first meta-
analysis to assess the effect of PWI.

Although PVI is now the cornerstone of treatment for AF,
additional ablation has been advocated to increase the long-

PWI(-) Risk Ratio Risk Ratio
en ota gh R do 95% -H. Random. 95% CI

15 20 17.3% 0.25[0.12, 0.54] —_—

22 60 20.0% 0.45 [0.24, 0.88] L

43 110 27.7% 0.67 [0.46, 1.00] —=—

24 60 26.0% 0.96 [0.61, 1.50] —

741 9.0% 0.43[0.12, 1.54] —
201 100.0% 0.55 [0.35, 0.86] -
111
01 02 05 1 2 5 10

Favours [PWI(+)] Favours [PWI(-)]
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PVI+LAPWI

Fig. 4 Forest plot and meta-
analysis of atrial tachycardia/

Bai et al 2015

flutter recurrence rates Lim et al 2012 38 110
Tamborero et al 2009 4 60
Thomas et al 2007 2 41
Total (95% CI) 243
Total events 63

Heterogeneity: Chi? = 4.22, df = 3 (P = 0.24); I?=29%

Test for overall effect: Z=0.95 (P = 0.34)

term success rate of catheter ablation. Animal studies have
suggested the role of posterior wall in the maintenance of
AF [13, 14]. Electrophysiological study has demonstrated
non-PV ectopic beats in left atrial posterior wall [5]. The pos-
terior wall has proven to be an important site initiating and
maintaining AF [15, 16]. Satisfactory clinical results have
been achieved by ablation strategies with PWI in both catheter
ablation and surgical treatment for AF [17-20]. Our meta-
analysis further demonstrated the benefit of PWI(+) ablation
in patients with AF compared with PWI(—) ablation.

Patients with persistent AF tend to have greater fibrosis
extent, and left atrial posterior wall is one of the remodeling
sites [21, 22]. While PV firing is considered to be the main
trigger of paroxysmal AF, the non-PV ectopic foci play an
important role in persistent AF. Therefore, PWI may have
greater beneficial effect in persistent AF than in paroxysmal
AF. In fact, two included studies [6, 7] that involved only
persistent AF reported the most significant reductions in atrial
arrhythmia and AF recurrence. Two studies [8, 11] reported
trends of better clinical outcomes in PWI(+) than in PWI(-) in
persistent AF patients. Although a subgroup analysis
assessing the effect of PWI in paroxysmal AF and persistent
AF respectively will be ideal, insufficient data limited the
opportunity for this analysis.

While the AF recurrence was reduced significantly in
PWI(+) group, the difference in AT/AFL recurrence was not

Table 3  Results of sensitivity analysis

PVI Risk Ratio

Risk Ratio

0,

1.98 [0.96, 4.10]
0.95[0.66, 1.36]
1.33[0.31, 5.70]

5.00 [0.25, 101.04]

14.5%
78.6%
3 60 5.9%
0 41 1.0%

231 100.0%  1.16 [0.85, 1.58] T
49

001 04 1 10 100
Favours [PWI(+)] Favours [PWI(-)]

statistically significant. A previous study has suggested that
the PWI with the single-ring ablation technique may be
predisposed to AT/AFL recurrence, and one of the mecha-
nisms is reentry through two gaps in the single-ring lesion
[23]. This is not unexpected because long lines of lesions
may increase the risk of reconnections. Although there was a
trend of higher AT/AFL recurrence rate in PWI(+) group in
our analysis, it did not reach statistical significance. As the
number of involved patients was limited, the effect of PWI
on AT/AFL recurrence remains to be further tested by future
high-volume trial.

5 Study limitations

This meta-analysis was characterized by several limitations
that had to be taken into account.

First, we included two non-randomized studies in the anal-
ysis, which might increase the risk of bias. However, the sen-
sitivity analysis including only RCTs demonstrated that the
results were robust, except for atrial arrhythmia recurrence.
Although there was still a trend of less atrial arrhythmia recur-
rence in PWI(+), it did not reach statistical significance in
sensitivity analysis. It might be attributed to the limited num-
ber of involved patients. Therefore, more clinical trials are
needed to confirm the finding.

Outcomes of interest Studies WMD/OR 95 % Cl1 p value” Study heterogeneity

chi® df P, % p value”
Primary outcomes
Atrial arrhythmia recurrence 3 0.83 0.58-1.18 0.30 4.59 2 56 0.10°
AF recurrence 3 0.58 0.39-0.87 0.008" 3.03 2 34 0.22
AT/AFL recurrence 2 0.98 0.69-1.38 0.89 0.20 1 0 0.66
Secondary outcomes
Procedure-related complication rate 2 1.00 0.30-3.39 1.00 041 1 0 0.52
Procedural time 3 2.08 —6.51-10.66 0.64 4.94 2 60 0.08"

WMD/OR weighted mean difference/odds ratio, df degrees of freedom, CI confidence interval, AF atrial fibrillation, AT atrial tachycardia, AFL atrial

flutter

——
Significance values
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Second, the included studies adopted different ablation
techniques to achieve PWI. Although heterogeneities were
not significant in most of the variables, different ablation tech-
niques might result in different clinical outcomes. However,
our analysis at least demonstrated the importance of PWI in
AF ablation.

Third, the included studies used different definitions for
PWI and PVI. Some studies confirmed both entrance block
and exit block, and the others confirmed only entrance block.
It is believed that checking for block in both directions is of
great importance, because there can exist exit conduction after
entrance block is confirmed [24]. The difference in definition
for PWI and PVI may affect the clinical outcomes and intro-
duce bias into the analysis.

Finally, there was significant variation in lengths of follow-
up. The follow-up periods of included studies ranged from
6 months to more than 3 years. Although we demonstrated
the additional benefit of PWI by pooling the data from these
studies, we could not figure out whether the benefit was long-
term or short-term.

6 Conclusion

This meta-analysis demonstrates that ablation with PWI re-
sults in a significant reduction in AF recurrence, but not in
AT/AFL recurrence. The recurrence of atrial arrhythmia is
also significantly reduced. Procedure-related complications
and procedural time do not change significantly. This analysis
suggests that PWI may be beneficial to AF ablation. Because
of several inherent limitations, more large-scale RCTs are
needed to evaluate the benefits of PWI.
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