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Abstract
Purpose Several clinical trials showed inconsistent results of
the effect of isolating all versus arrhythmogenic pulmonary
veins (PVs) on long-term control of atrial fibrillation (AF).We
hypothesized that isolation of arrhythmogenic veins had a
comparable success rate to the empiric isolation of all PVs.
Methods PUBMED, EMBASE, and the Cochrane Library
were searched for randomized controlled trials and
nonrandomized, observational studies. The efficacy and ad-
verse events of isolating all versus arrhythmogenic PVs were
presented as risk ratio (RR) with 95 % confidence intervals
(CIs), and weighted mean differences and 95 % CIs were
calculated to compare the procedure time and fluoroscopic
time between the isolation all PVs and arrhythmogenic PVs.
Results Six trials with 658 patients were included in the
analysis. Isolation of arrhythmogenic PVs was as efficacious
as empiric isolation of all PVs in achieving long-term AF
control (RR, 0.96; 95 % CI, 0.87–1.05; p =0.36). Isolation
of arrhythmogenic PVs group had shorter procedure time,
fluoroscopic time and fewer adverse events than the isolation
of all PVs group.
Conclusions The present analysis suggests that isolation of
arrhythmogenic veins had a comparable long-term success
rate, shorter procedure time, fluoroscopic time, and fewer
adverse events than the empiric isolation of all PVs.

Keywords Arrhythmogenic pulmonary veins . Pulmonary
veins isolation . Atrial fibrillation . Ablation .Meta-analysis

1 Introduction

Since its original description in 1998 [1], isolation of all
pulmonary veins (PVs) has become the routine approach
for ablation of atrial fibrillation (AF). Although this
strategy has shown good AF control rates, it involves
extensive left atrium ablation [2]. Extensive ablation
would increase the risk of post-ablation gap-related reen-
trant tachycardia, post-ablation pro-arrhythmias, collater-
al damage, and so on. Therefore, selective isolation of
only the arrhythmogenic PVs instead of all PVs may be
appropriate because of less atrial scarring, fewer post-
ablation pro-arrhythmias, and lower radiation exposure
and procedure time [3].

The procedures of indentifying the arrhythmogenic
PVs are time-consuming because PV triggers of AF can
be evanescent, and no established protocol has been
consistently shown to reproducibly elicit them [4].
Therefore, selective isolation of arrhythmogenic PVs
has not gained wide acceptance. Several randomized,
controlled trials (RCTs) and nonrandomized, observation-
al studies (nROSs) tried to compare the efficacy of
isolating all versus arrhythmogenic PVs on long-term
control of AF. Some studies found that isolation of
arrhythmogenic PVs was as efficacious as empiric isola-
tion of all PVs in achieving long-term AF control [5–8].
However, some other studies found that elective isolation
of arrhythmogenic PVs was associated with a relatively
high recurrence rate in the study population or the sub-
group [9, 10]. Therefore, it is necessary to conduct a
meta-analysis and to assess the efficacy of isolating all
versus arrhythmogenic PVs on long-term control of AF,
and it is also necessary to compare the difference in
efficacy of isolating all versus arrhythmogenic PVs be-
tween RCTs and nROSs.
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2 Materials and methods

2.1 Literature search

A literature search was performed on the PUBMED,
EMBASE, Cochrane Library, and Google Scholar databases
to identify all the studies that compared the efficacy of isolat-
ing all versus arrhythmogenic PVs on long-term control of
AF. The following search headings were used: AF, PVs iso-
lation, arrhythmogenic PV or selective PVs isolation. For all
relevant publications, the records retrieved with the “related
articles” link in PUBMEDwere reviewed; reference lists were
checked for other relevant studies. The final literature search
was finished on 31th July 2013 and all the literature
were limited to English language publication. The major
inclusion criteria were: (1) clinical trials published in
peer-reviewed journals with full available text in English;
(2) clinical trials comparing the efficacy of isolating all
versus arrhythmogenic PVs on long-term control of AF;
and (3) follow-up duration of ≥6 months. The major
reasons for exclusion of studies were: (1) overlapping
data; (2) data published in the form of abstracts without
peer-reviewed publication of manuscripts; and (3) studies
in which it was not possible to extract data from the

published results as well as those studies that did not
report appropriate outcomes.

2.2 Data collection and quality assessment

Two investigators independently reviewed all potentially eli-
gible studies using predefined eligibility criteria and collected
data from the included trials. Both RCTs and nROSs compar-
ing the efficacy of isolating all versus arrhythmogenic PVs on
long-term control of AF were included in the analysis. Any
discrepancy was resolved by consensus. Baseline characteris-
tics of patients were extracted as well as data about each trial’s
intervention and outcomes assessed. The quality of each study
was assessed by evaluating specific elements of each study
design, with Jadad quality scale and Newcastle-Ottawa scales
for RCTs and nROSs, respectively [11, 12].

2.3 Statistical analysis

Statistical analyses were performed using STATA 11.0
(StataCorp LP, College Station, TX, USA). The efficacy and
adverse events of isolating all versus arrhythmogenic PVs were
presented as risk ratio (RR)with 95% confidence intervals (CIs),
and weighted mean differences (WMD) and 95 % CIs were

Fig. 1 Study selection flow
diagram
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calculated to compare the procedure time and fluoroscopic time
between the isolating all and arrhythmogenic PVs groups. Het-
erogeneity was evaluated with Cochran’s Q statistic and quality
by I2 statistic. As there was a significant heterogeneity with
p <0.1, random-effects model was used; otherwise, fixed-
effects model was used. Publication bias was evaluated by
Begg’s and Egger’s methods. Results were considered statisti-
cally significant if p<0.05. Sensitivity analyses were undertaken
by omitting one study at a time to examine influence of one study
on the overall summary estimate, and fixed or random effect
models described above were used. We explored possible expla-
nations for heterogeneity according to a prior hypothesis, which
included differences in the baseline characteristics of patients,
designs of studies, types of AF, and the ablation strategies.

3 Results

3.1 Search results

Figure 1 shows the detailed study selection process. A total of 81
potential literature citations were identified through systematic
search, with 46 citations being excluded during title and abstract
review. The full-text documents of the remaining 35 articles
were retrieved. Of theses 35 articles, 29 articles were excluded
because of review articles, case report, without inappropriate
control group or with no relevant outcomes. Six trials (3 RCTs
and 3 nROSs) with 658 patients (348 patients assigned to
selective arrhythmogenic PVs arm and 310 patients assigned
to the empirical all PVs arm) were included in the analysis.

In the study by Dilling-Boer et al., there were 21
arrhythmogic PVs were targeted, and the acute procedure
success rate was 81 %. At the end of follow-up, there was
nine patients was free from AF. In the study by Dixit, there
was a mean of 2.9±0.9 PVs were isolated in the arrhythmo-
genic group. Over a mean of 17±5 months, long-term AF
control was achieved in 47 (90 %) patients. A total of 2.1±1.0
arrhythmogenic PVs per patients were isolated in the study by
Fichtner et al. There were 56 (53 %) patients in sinus rhythms
after 12 months. There were 101 arrhythmogenic PVs were
isolated in the study by Walczak et al., and the long–term AF
control was achieved in 54 (90 %) patients. In the study by
Park et al., long-term AF control was achieved in 37 (88.1 %)
patients in the arrhythmogenic group. In the study byHu et al.,
there were 44 (70 %) patients in the arrhythmogenic group
were free from AF at the end of follow-up. The characteristics
of included studies were shown in Table 1.

3.2 Baseline characteristics of patients and quality
of the included studies

The baseline characteristics of patients enrolled were summa-
rized in Table 2. There was no significant difference on the T
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baseline characteristics of patients between the two groups.
The mean patient age ranged from 46 to 61 years. The mean
proportion of male ranged from 60 to 75 %. The mean
duration of AF ranged from 4 to 6 years. All nonrandomized
observational studies were of high quality, ranging from 5 to 9
points on the Newcastle-Ottawa Scale. The quality of included
RCTs was moderate, ranging from 2 to 4 points on Jadad score
scale.

3.3 The efficacy of isolating all versus arrhythmogenic PVs
on long-term control of AF

Figure 1 shows the forest plot comparing the efficacy of
isolating all versus arrhythmogenic PVs on long-term con-
trol of AF. I2 statistic and Q test showed that there was
no significant heterogeneity among the studies included

(I2=0 %, p =0.514), so the fixed effect model was used
to pool the data. Isolation of arrhythmogenic PVs was as
efficacious as empiric isolation of all PVs in achieving
long-term AF control (RR, 0.96; 95 % CI, 0.87–1.05; p =
0.36). Subgroup analysis, again performed despite the
absence of heterogeneity, showed that there was a compa-
rable long-term success rate between the two methods of
PVs isolation in the RCTs (RR, 0.95; 95 % CI, 0.85–1.07;
p =0.39) or nROSs (RR, 0.96; 95 % CI, 0.80–1.15; p =
0.68, Fig. 2).

3.4 Comparison of the procedure time, fluoroscopic time,
and adverse events between the two groups

The pooled data showed that the isolation of arrhythmogenic
PVs group had shorter procedure time (WMD, −50.1; 95 %

Table 2 Baseline characteristics of patients in trials enrolled

Study Age (years) Male, n (%) Paroxysmal AF
(n (%))

Previous AAD LAD (mm) Duration of AF
(years)

SeG EmG SeG EmG SeG EmG SeG EmG SeG EmG SeG EmG

Dilling-Boer
et al. [9]

46±12 47±8 9 (47) 23 (82) 19 (100) 23 (82) 3.5±2 3.4±1.2 37±6 43±8 6±5 4±3.7

Dixit et al. [6] 57±9 57±9 36 (69) 40 (75) 36 (69) 41 (77) NA NA NA NA 5.1±4.4 5.2±4.5

Fichtner et al. [8] 59.4±12 60.9±9 74 (70.4) 72 (70.5) 105 (100) 102 (100) NA NA 43.5±5.7 44.3±5.8 4.8±3.8 4.9±5.5

Hu et al. [10] 51±13 50±15 52 (74) 54 (75) 70 (100) 72 (100) 2.0±1.2 2.1±1.3 39±7 40±6 NA NA

Pak (2008) 53.1±16.1 49.7±12.3 28 (67) 29 (83) 42 (100) 35 (100) 1.7±1.3 1.8±1.1 39.1±4.1 38.3±3.5 4.8±2.2 5.4±2.6

Walczak et al. [5] 46±14 52±13 38 (63) 13 (65) 45 (75) 14 (70) NA NA 37±6 39±5 NA NA

AF atrail fibrillation, AAD antiarrhythmic drug, LAD left atrium diameter, NA not available, SeG selective group, EmG empirical group

Fig. 2 Comparison of the
efficacy of isolating all versus
arrhythmogenic pulmonary veins
on long-term control of atrial
fibrillation
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Fig. 3 Comparison of the
procedure time, fluoroscopic
time, and adverse events between
isolating all and arrhythmogenic
PVs group
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CI, −79.61 to −20.42; p =0.001; Fig. 3a), fluoroscopy time
(WMD, −50.1; 95 % CI, −79.61 to −20.42; p =0.001; Fig. 3b)
and fewer adverse events (RR, 0.43; 95 % CI, 0.18 to 0.99;
p =0.047; Fig. 3c) than the isolation of all PVs group.

3.5 Subgroup analysis

Subgroup analyses were separately performed to investi-
gate heterogeneity. The results showed that the efficacy of
isolating all versus arrhythmogenic PVs on long-term con-
trol of AF were not affected by the mean age of patients,
design of studies, ablation strategy, and types of AF
(Table 3).

3.6 Sensitivity analysis

Firstly, sensitivity analyses were performed by omitting one
study at a time and calculating the pooled RR for the remain-
ing studies. Secondly, the pooled RR was estimated using
fixed effect model and random effect model, respectively.
Sensitivity analysis indicated that the results of the meta-
analysis were reliable and stable.

3.7 Risk of publication bias

Funnel plots were performed to assess the risk of publication
bias for six studies with outcome of long-term control of AF.
Results showed that the funnel plot was symmetrical. The
Egger and Begg’s tests showed no potential publication bias
existed among the included trials (Egger’s test, p =0.75;
Begg’s test, p =0.85).

4 Discussion

We performed this meta-analysis of three RCTs and three
nROS with 658 patients to investigate efficacy of isolating
all versus arrhythmogenic PVs on long-term control of AF.
The results showed that isolation of arrhythmogenic PVs was
as efficacious as empiric isolation of all PVs in achieving
long-term AF control. In addition, the isolation of arrhythmo-
genic PVs group might have shorter procedure time, fluoros-
copy time and fewer adverse events. For assurance, we per-
formed Egger’s and Begg’s tests to exclude the influence of
publication bias on the analysis.

It has been demonstrated that PVs play an important role
in the initiation and perpetuation of AF. In the expert
consensus statement on catheter and surgical ablation of
AF, ablation strategies that target the PVs and/or PV an-
trum are recommended as the cornerstone for most AF
ablation procedures [13]. Operators of this approach do
not seek the proof of arrthymogenic PV but isolate all the
four PVs empirically. Recent studies have demonstrated
that this strategy had a high successful rate but might lead
to more adverse events after the procedure [14]. This
disadvantage may be related to the extensive LA ablation.
EP studies in patients with AF showed that there were one
or more arrhythogenic PVs and isolation of the
arrhythogenic PVs might prevent patients from AF [3].
The present meta-analysis of RCTs and nROSs indicated
that isolation of arrhythmogenic PVs was as efficacious as
empiric isolation of all PVs in achieving long-term AF
control. In addition, the isolation of arrhythmogenic PVs
group might have shorter procedure time, fluoroscopy time
and fewer adverse events.

Although the result of our meta-analysis showed that iso-
lation of arrhythmogenic PVs had comparable efficacy with
isolation of all PVs in patients with AF, most operators around
the world have found that isolation of all PVs is the optimal
approach whether cryoballoon or RF is used. There might be
some problems to be resolved before isolation of arrhythmo-
genic PVs was popularly accepted. The first problem is the
selection of patients. The population in our study had a high
proportion of paroxysmal AF. Whether the patients with per-
sistent AF could get benefits from the strategy is unclear.
Studies showed that electrical and electroanatomic remodel-
ing in the left atrium and PVs was more extensive in patients
with persistent AF [15]. There might be more arrhythmogenic
veins and other potential non-PV triggers in patients with
persistent AF [16]. Therefore, whether isolation of arrhyth-
mogenic PVs still had advantages compared with the isolation
of all PVs is unclear. In addition, the efficacy of isolating
ipsilateral versus bilateral PVs on long-term control of AF
depended on the age and left atrium diameter of the patients
[10]. Older age and lager LAD might be related to more
potential arrhythmogenic PVs which were difficult to identify

Table 3 Results of sub-group analysis

Subgroup Studies
(N)

RR (95 % CI) p value

Age (years)

≤50 2 1.19 (0.87–1.62) 0.28

>50 4 0.92 (0.83–1.02) 0.11

Design of studies

RCTs 3 0.96 (0.80–1.16) 0.68

nROSs 3 1.95 (0.85–1.12) 0.17

Types of AF

Paroxysmal AF 3 0.90 (0.79–1.02) 0.10

Paroxysmal and persistent AF 3 1.07 (0.93–1.24) 0.36

Ablation strategy

PVI 5 0.99 (0.89–1.11) 0.87

CPVI 1 0.84 (0.67–1.05) 0.12

RR risk ratio, CI confidence intervals, AF atrial fibrillation, RCT ran-
domized controlled trial, nROS nonrandomized observational studies,
PVI pulmonary vein isolation, CPVI circumferential pulmonary vein
isolation
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during the first ablation procedure [17]. Therefore, age and
LAD might be factors needed to be considered when the
ablation strategy was employed.

How to identify the arrhythmogenic PVs is another prob-
lem. There was no established protocol to identify the arrhyth-
mogenic PVs presently. The methods used to identify the
arrhythmogenic PVs at present relied on the spontaneous or
provocative electric activity from a given PV and on the
chance that a recording catheter was placed in the right PV
at the right moment. However, this approach is laborious, and
it is difficult to localize all the arrhythmogenic PVs during an
electrophysiological study [18]. A previous electrophysiolog-
ical study found the PVs of patients with AF exhibited dis-
tinctive electrophysiological properties [19]. Decremental
conduction properties at the PV ostium were more frequent
and greater in patients with AF, and were the essential prop-
erties of the arrhythmogenity of PVs. In the study by Fichtner
et al., the researchers indentified the arrhythmogenic PVs by
measuring the degree of decremental conduction at PV ostia
and had a high successful rate [10]. Another electrophysio-
logical study by Suenari et al. found that the arrhythmogenic
PVs were related with high dominant frequency and continu-
ous complex fractionated electrograms in the surrounding
atrial substrate [20]. Therefore, evaluation of the atrial sub-
strate properties might be useful for locating the arrhythmo-
genic PVs.

In addition, whichmethod employed to isolate the PVs also
should be considered. Isolation of each individual PV and
isolation of ipsilateral PVs are mainly two methods used to
isolate the PVs presently. Previous study showed that isolation
of ipsilateral PVs was more efficient on long-term control of
AF and had shorter fluoroscopy time that the isolation of each
individual PV [21]. In the study by Hu et al., isolation of
ipsilateral PVs was employed, and isolation of each individual
PV was used in the other study. The result of our sub-group
analysis showed no difference between the two subgroups.
However, there were only six studies in our meta-analysis.
This point also should be considered in the clinical trials and
practice.

5 Limitations

There are limitations of the present study. First, out of total six
studies included, there are only three RCTs. Despite the fact
that much effort has been exerted to control biases, residual
confounding factors may exist. Therefore, we should interpret
the results with caution. CPVI is the most favourable ablation
procedure for catheter ablation of AF presently. However,
only patients in the study by Hu et al. and proportion patients
in the study by Pak et al. received CPVI as the ablation
procedure. This would also affect the practical values of our
meta-analysis. In addition, the endpoints were arbitrary in the

studies included in this analysis. However, in the expert con-
sensus statement, 1-year success is defined as freedom from
AF/AFL/AT off antiarrhythmic drug therapy as assessed from
the end of the 3 months blanking period to 12 months follow-
ing the ablation procedure. Long term success is defined as
freedom fromAF/AFL/AT recurrences through a minimum of
36 months follow-up in the absence of antiarrhythmic drug
therapy [13]. Further study with this definition is needed to
assess the efficacy of isolating all versus arrhythmogenic PVs
on long-term control of AF.

6 Conclusions

The present analysis suggests that isolation of arrhythmogenic
PVs had a comparable long-term success rate, shorter proce-
dure time, fluoroscopic time, and fewer adverse events than
the empiric isolation of all PVs.
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