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A B S T R A C T

Background

Atrial fibrillation (AF) is the most common cardiac arrhythmia seen in cardiovascular departments. Treatments include medical
interventions and catheter ablation. Due to uncertainties in medical therapies for AF, and the need to continue sinus rhythm, ablation
has been recently considered as a viable alternative. Many new ablation methods based on pulmonary vein isolation (PVI) have been
developed.

Objectives

The primary objective of this review was to assess the beneficial and harmful eHects of catheter ablation (CA) in comparison with medical
treatment in patients with paroxysmal and persistent AF. The secondary objective was to determine the best regimen of CA.

Search methods

Searches were run on The Cochrane Central Register of Controlled Trials (CENTRAL) on The Cochrane Library Issue 3 2009, MEDLINE (1950
to August 2009), EMBASE (1980 to August 2009), the Chinese Biomedical Literature Database (1978 to August 2009) and the CKNI Chinese
Paper Database (1994 to 2009) . Several journals published in Chinese were also handsearched.

Selection criteria

Randomised controlled trials (RCTs) in people with paroxysmal and persistent AF treated by any type of CA method. Two reviewers
independently selected the trials for inclusion.

Data collection and analysis

Assessments of risk of bias were performed by two reviewers, and relative risk (RR) and 95% confidence intervals (CI) were used for
dichotomous variables. Meta-analysis were performed where appropriate.

Main results

A total of 32 RCTs (3,560 patients) were included. RCTs were small in size and of poor quality.

CA compared with medical therapies: seven RCTs indicated that CA had a better eHect in inhibiting recurrence of AF [RR 0.27; 95% CI 0.18,
0.41)] but there was significant heterogeneity. There was limited evidence to suggest that sinus rhythm was restored during CA (one small

trial: RR 0.28, 95% CI 0.20-0.40), and at the end of follow-up (RR 1.87, 95% CI 1.31-2.67; I2=83%). There were no diHerences in mortality (RR,
0.50, 95% CI 0.04 to 5.65), fatal and non-fatal embolic complication (RR 1.01, 95% CI 0.18 to 5.68) or death from thrombo-embolic events
(RR 3.04, 95% CI 0.13 to 73.43).
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Comparisons of diHerent CAs; 25 RCTs compared CA of various kinds. Circumferential pulmonary vein ablation was better than segmental
pulmonary vein ablation in improving symptoms of AF (p<=0.01) and in reducing the recurrence of AF (p<0.01). There is limited evidence
to suggest which ablation method was the best.

Authors' conclusions

There is limited evidence to suggest that CA may be a better treatment option compared to medical therapies in the management of
persistent AF. This review was also unable to recommend the best CA method.

P L A I N   L A N G U A G E   S U M M A R Y

Catheter ablation would be an alternative to inhibit recurrence of paroxysmal or persistent atrial fibrillation

Atrial fibrillation is a common arrhythmic disease where the heart beats rapidly and irregularly. This can occur for separate brief or long
episodes (paroxysmal) or it may become continuous (persistent). This review's aim was to establish whether catheter ablation was better
than medical therapies to control heart rate or rhythm for paroxysmal and persistent AF. If catheter ablations were found to be better, the
aim was to determine which ablation method was superior to the other. In catheter ablation, a thin tube is passed through a vein to the
heart through which instruments can target the misfiring parts of the tissue that control the hearts rhythm. A total of thirty two randomised
controlled trials (RCTs) were included in this review. Catheter ablation may be superior to medical treatment but the data is inconclusive in
inhibiting recurrence of AF. Embolic complications were commonly caused by catheter ablation. Although these complications and death
rate of catheter ablation were similar to that of medical therapies, catheter ablation may cause adverse events of radiation exploration. We
were also unable to determine which catheter ablation technique was the best as most RCTs were small scale. Evidence from RCTs cannot
yet support catheter ablation as the first line of treatment for paroxysmal and persistent AF.
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B A C K G R O U N D

Description of the condition

Atrial fibrillation is the most common cardiac arrhythmia seen in
cardiovascular departments. Prevalence of AF has been increasing
in the past decades, is most prevalent among the elderly and
hospitalisation for AF poses a great public health burden (Wattigney
2003). Evidence suggests that the incidence of AF increases from
3.8% among men in their 50s to 9% in the general population
over 70 years of age (Kannel 1982). Existing cardiovascular disease
is correlated to AF. Thromboembolism is the most common
complication of AF. Patients with persistent or permanent AF have
a higher risk of cerebral embolism (Bernhardt 2006). Moreover, AF
usually coexists with heart failure (Hoppe 2006). The increase of
complications may worsen prognosis, and AF itself could increase
mortality of cardiovascular diseases and the risk of stroke (Crandall
2009).

There are three kinds of therapies to deal with AF, namely
medical therapies, surgical treatment and catheter ablation (Ma
2006). Medical treatments include antiarrhythmic drugs and
anticoagulant agents. Antiarrhythmic drugs, including class IA, IC,
and III antiarrhythmic agents, are used for cardioversion (Meinertz
2011). In previous studies which compared rate with rhythm
control in treating AF, all cause mortality, cardiovascular mortality,
incidence of heart failure, thromboembolic complications, and
quality of life were not significantly diHerent between treatment
groups (Gelder 2002; Wyse 2002). For some patients, to maintain
sinus rhythm was diHicult (STAF 2003 ) since the application of
these medical therapies was limited by their contraindications
(Karin 2004; Taylor 2010). A new class III antiarrhythmic agent,
dronedarone could eHectively prevent recurrence of AF with less
adverse events (Singh 2007). In managing AF, anticoagulant agents
reduce incidence of stroke in AF (Yamashita 2011) and all cause
mortality (Bordin 2003). A clinical practice guideline suggests
that warfarin and aspirin are more eHicacious than placebo for
primary stroke prevention (ORs 0.30; 95%CI 0.19 to 0.48 and 0.68;
95%CI 0.46, 1.02 respectively) (Snow 2003) and it is recommended
that adjusted warfarin dose be used for AF patients without
contraindication (Garnier 2004). For primary prevention of stroke
in non-valvular AF patients, about minor 25 strokes and about
12 disabling or fatal strokes could be prevented yearly for every
1,000 AF patients given oral anticoagulants (Aguilar 2005). Adverse
bleeding events are a main limitation of the use of warfarin (Bechtel
2011) and it has been suggested that aspirin is a safer alternative
compared to warfarin (Lip 2011). Other strategies include atrial
defibrillators and direct current cardioversion. Atrial or dual
chamber pacing could prevent bradycardia-induced dispersion
of repolarization and suppression of atrial premature beats,
and maintain atrial-ventricular synchrony. An implantable atrial
defibrillator may also be considered, however, its eHicacy and
safety remains limited in clinical practice (Tracy 2006). Electrial
cardioversion is a strategy of rhythm control, which does not
result in any greater reduction in mortality than rate control
strategies, and may increase the risk of stroke (Mead 2005). Due to
many uncertainties in therapies for AF, and the need to continue
sinus rhythm, ablation has been recently considered as a viable
alternative.

Catheter ablation for AF

Unlike surgical ablation (Cochrane Systematic Review: Hassantash
2008) which was developed based on the Maze operation (Ma
2006), catheter ablation is performed in catheter laboratories and
is undertaken by trained cardiologists. Over a 100 genes may play
an important role in the initiation or continuation of AF (Ohki
2005), however, the discovery of the molecular mechanism has
not reduced the incidence of AF to date (Cha 2004). Recently,
more macroscopic structural disorders such as atrial fibrosis
have been discovered (Cha 2004). Functional re-entry has been
the popular theory since 1960s (Moe 1964). Atrial remodelling,
including three crossed stages, namely electrical remodelling,
contractile remodelling, and structural remodelling (WijHels 1995),
are supposed to be the cause of AF. Remodelling theory establishes
the foundation of initiation of AF. The pulmonary vein and ligament
of Marshall could be responsible for the rapid activation of AF (Wu
2001). In 1998, Haissaguerre et al. discovered that tacho-impulse
conducted by ectopic focus in pulmonary veins and atrium could
induce atrial fibrillation (Haïssaguerre 1998). Ectopic focus ablation
of these sites could cure AF, which could easily conduct a conclusion
that, isolation between pulmonary veins and atrium would
obstruct electric conduction so as to cure AF (Haïssaguerre 1998).
Later, circumferential or segmental pulmonary vein isolation (CPVI
and SPVI) were developed in 2000 and Pappone et al reported on
circumferential pulmonary vein ablation (CPVA) guided by CARTO
system, whose ablating site was in the leD atrium other than in the
pulmonary veins (Pappone 2000; Pappone 2001). CPVA seems have
a higher success rate than CPVI or SPVI as it not only isolates the
electric connection between pulmonary veins and the leD atrium,
but also partially ablates the substrate of leD atrium. Based on
this, many additional ablation of leD atrium ablation were designed
to increase the success rate (Oral 2002). Furthermore, combined
approaches were used to improve the prognosis of both kinds
of AF (Li 2008). Catheter ablation was also supposed to improve
cardiac function of patients with AF (Lutomsky 2008). However,
the eHect of additional leD atrial ablation based on CPVA or PVI
remained controversial (Sawhney 2010). The atrial electrogram is
diHicult locate precisely, and the region of atrial electrogram varies
from patient to patient (Nademanee 2007). Many new catheter
ablation methods, as complex fractionated atrial electrograms
(CFAEs) and autonomic ganglia ablation, remain under developed
(Li 2011). The classifications of ablation techniques are given in
Table 1. The diHerent approaches are usually applied alternatively
in paroxysmal or persistent AF.

Catheter ablation can cause some adverse events. LeD atrial
catheter ablation was reported to promote vasoconstriction of
right coronary artery and cause variant angina (Yamashita 2007).
Thirty one percent of patients were reported to develop leD
atrial tachycardia aDer leD atrial catheter ablation with additional
ablation lines, compared with only 16% of patients who underwent
leD atrial catheter ablation alone (Hashimoto 2007). Pulmonary
vein stenosis was the most common complication aDer pulmonary
vein electrical isolation. Other complications include phrenic
nerve injury (Sacher 2007), thrombotic events (especially cerebral
embolism) (Padanilam 2006), and haemorrhagic events (Tang
2006). However, three-dimensional guiding systems would possibly
help to prevent advert events.

The ACC/AHA ESC guidelines suggest that CA may be a second line
of treatment for patients who have failed or are intolerant to anti-
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arrhythmic medical therapies where anti-arrhythmic drug therapy
is the first line for paroxysmal and persistent AF (Tracy 2006).
However, the success of preventing recurrences is low to moderate
and a considerable proportion of individuals will discontinue the
medication due to side eHects. Therefore, there is a need to
evaluate the benefits and harms of catheter ablation technique in
treating AF.

O B J E C T I V E S

The primary objective of this review was to assess the beneficial
and harmful eHects of catheter ablation compared with medical
therapies in treating patients with paroxysmal and persistent AF.
The secondary objective was to determine the best regimen of
catheter ablation.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled clinical trials were included irrespective of
blinding, publication status, or language. Quasi-randomised trials
and historically controlled clinical trials were excluded.

Types of participants

Male or female patients, of any age or ethnic origin, who were
suHering from paroxysmal and persistent AF.

AF was defined as a supraventricular tachyarrhythmia
characterised by uncoordinated atrial activation with consequent
deterioration of atrial mechanical function. Episodes of AF lasting
less than or equal to 7 days were defined as paroxysmal AF, while
sustained episodes lasting more than 7 days were defined as
persistent AF. The definitions were according to the ACC/AHA/ESC
Guidelines for the Management of Patients With AF in 2001(Ryden
2001). Chronic AF were included in persistent AF, but those patients
diagnosed with permanent AF, which was failed by cardioversion
or had been foregone, were excluded. Studies using more specific
diagnostic criteria were included.

Types of interventions

Catheter ablation was defined as to ablation local myocardial
cell by inducing catheters and radiofrequent currents so as to
inhibit the re-entrant cycle or reduce the focal zone and cure the
tachycardia (Ma 2006). Any type of catheter ablation, including
pulmonary vein electrical isolation, superior vena cava isolation,
leD atrium posterior wall ablation, crista terminalis ablation,
coronary sinus ostium ablation, interatrial septum ablation and
'ligament of Marshall ablation', were included. Catheter ablation for
atrial flutter were excluded.

Types of outcome measures

The primary outcomes aDer treatment (at completion of regimen
and at maximum follow up) were:

• recurrence of AF (either electrophysiological or clinical
recurrence of AF; trials using more specific diagnostic criteria of
recurrent AF were taken into consideration);

• fatal and non-fatal embolic complications (including stroke and
other thromboembolic events);

• all cause mortality;

• death of thrombo-embolic events.

The secondary outcome measures were:

• improvement of symptoms of AF (symptoms including
palpitation, tachypnoea, chest stuHiness);

• sinus rhythm restored during the procedure;

• sinus rhythm at last follow up;

• other complications (e.g. pericardial eHusion, pulmonary vein
stenosis); and

• quality of life.

Search methods for identification of studies

Electronic searches

The Cochrane Central Register of Controlled Trials (CENTRAL) on
The Cochrane Library (Issue 3 2009), MEDLINE (1950 to August
2009), EMBASE (1980 to August 2009), and the Chinese BioMedical
Literature Database (1978 to August 2009) were searched. See
Appendix 1 for details of the search strategies. The CKNI Chinese
Paper Database (from 1994 to 2009) was also searched. No language
or date restrictions were applied.

Searching other resources

Handsearches

The following journals published in Chinese were searched:
Journal of Clinical Cardiology; Chinese Journal of Hypertension;
Chinese Journal of Arrhythmia; and Chinese Journal of Circulation.
Conference proceedings in Chinese, relevant to this topic, were
handsearched from 2000 to August 2009.

Additional searches

The reference lists of identified trials and review articles were
checked in order to find randomised trials not identified
by the electronic searches or handsearches. Ongoing trials
were searched through the National Research Register (NRR)
Archive (http://www.nihr.ac.uk/Pages/NRRArchive), and the web
site www.controlled-trials.com, and grey literature through the
database of Open Grey (http://www.opengrey.eu/).

Data collection and analysis

Selection of trials for inclusion

Two reviewers (HC and JW) independently selected the trials by
reading the titles and abstracts of the citations. Any potentially
eligible studies were retrieved for further identification according
to the pre-specified selection criteria. Any disagreements were
resolved by discussion with a third reviewer (JL).

Assessment of methodological quality

We followed the guidance provided by the Cochrane Handbook
(Higgins 2011).

Allocation concealment

'Yes': low risk of bias. Randomisation method described that would
not allow investigator/participant to know or influence intervention
group before eligible participant entered in the study.

Catheter ablation for paroxysmal and persistent atrial fibrillation (Review)
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'Unclear': randomisation stated but no information on method
used was available.

'No': high risk of bias. Methods of randomisation used such as
alternate medical record numbers or unsealed envelopes; any
information in the study that indicated investigators or participants
could influence intervention group.

Blinding

Blinding of investigators, participants, outcome assessors and data
analysts was assessed. Blinding was judged to be 'inadequate' if the
treatment group could be identified in > 20% of participants due to
side eHects of treatment.

Incomplete outcome data

'Yes': low risk of bias. Specifically reported by authors that
intention-to-treat analysis was undertaken which was confirmed at
study assessment stage. If analysis was not clearly stated but it was
confirmed at study assessment stage, it would also be granted a
judgement of 'Yes'.
'No': high risk of bias. No intention-to-treat analysis was reported
and no confirmation at study assessment stage. If the analysis was
not clearly stated, or if it was stated but there was no confirmation
it had taken place at the study assessment stage, it would also be
judged as 'inadequate'.
The percentages of participants excluded or lost to follow-up were
reported where possible. Further, we recorded whether included
RCTs intention-to-treat analysis (Gluud 2001).

Data extraction

Data were extracted independently by two reviewers (HC and JW)
by using a self-developed data extraction form. Papers not in
Chinese, English, Japanese, or German were translated with the
help of the Cochrane Heart Group. The following characteristics and
data were extracted from each included trial: primary author; study
design and quality; mean age, gender, and ethnic origin of patients;
number of randomised patients and number lost during follow-
up; patient inclusion and exclusion criteria; dosage and duration of
interventions, outcome measures; and number and type of adverse
events.

Data on the number of patients with each outcome, by allocated
treatment group, irrespective of compliance or follow-up, were
sought to allow an intention-to-treat analysis. If the above data
were not available in the trial reports, further information would be
sought by correspondence with the principal investigator.

Data synthesis

The dichotomous data were presented as relative risk (RR)
and continuous outcomes as diHerence in means, both with
95% confidence intervals (CI). Intention-to-treat analysis were
performed where possible. For dichotomous outcomes, we
included patients with incomplete or missing data in a sensitivity
analysis by counting them as treatment failures to explore
the possible eHect of loss to follow up on the findings
(a 'worst-case' scenario). We also performed meta-analysis
within comparisons where individual trials compared the same

experimental intervention with the same control intervention.
Heterogeneity were analysed using a chi-squared test and the I2
test (Higgins 2011). I2 values of 25%, 50%, and 75% correspond
to low, medium, and high levels of heterogeneity, respectively. A
fixed-eHect meta-analysis were performed if there is no statistical
significant heterogeneity among data from all trials. Otherwise, a
random-eHects meta-analysis were performed. RevMan 5.1 were
used to carry out the meta-analysis.

We intended to display the results as comparisons of:

• catheter ablation versus medical therapies.

Subsequent to this

• catheter ablation of all kinds versus no intervention or placebo;

• types of catheter ablation versus other types;

• catheter ablation of all kinds versus rhythm control or rate
control medical regimens

If suHicient randomised clinical trials were identified, we planned
to perform sensitivity analyses according to their methodological
quality:

• trials with adequate versus inadequate concealment of
allocation;

• trials with or without double-blinding;

• trials with or without intention-to-treat analysis; and

• trials with adequate versus inadequate generation of allocation
sequence.

Furthermore, if suHicient randomised clinical trials were identified,
we planned to perform the following subgroup analyses:

• patients with other diseases; (e.g..diabetes mellitus, or other
diseases can not directly cause AF)

• children versus adults;

• diHerent types of populations;

• male versus female; and

• the time that sinus rhythm was maintained.

We examined the potential biases (Vickers 1998) according to Egger
1997. A funnel plot was performed by RevMan 5.1 to examine
publication bias.

R E S U L T S

Description of studies

The searches found 1186 records, aDer duplicates had been
removed. 1146 papers were excluded as they were reviews, non-
human research, controlled studies, or RCTs comparing diHerent
ablative methods. Of the remaining 40 full texts that were selected
initially and read through, 32 RCTs, 3,560 participants, were finally
included and analysed in the review.( Figure 1). The other eight
RCTs were excluded for reasons depicted in the characteristics
of excluded studies. Only two records were found by searching
the grey literature database OpenGrey, but neither of them were
included as they were not related to catheter ablation for treating
paroxysmal or persistent atrial fibrillation.
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Figure 1.   Flow diagram.
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1. Catheter ablation compared with medical therapies

A total of seven RCTs, 767 cases, were eligibly included in comparing
eHects of catheter ablation with that of medical treatment. Among
these, 365 cases were randomised to the catheter ablation, and 382
to medical treatment group.

Patients in three RCTs did not discontinue their antiarrhythmics
before ablation procedure (Calo 2006; Fassini 2005; Rajappan
2009). Four RCTs did not describe medical therapeutics (Liu02
2006; Marrouche 2007; Oral 2003; Rajappan 2009). Patients
in two RCTs were not given antiarrhythmics before ablation
procedure (Katritsis 2004; Pappone 2004). For one RCT, class I
antiarrhythmics, amiodarone, and sotalol was discontinued for one
day and restarted the following day aDer ablation (Arentz 2007).
In the remaining RCTs, antiarrhythmics except for amiodarone
were discontinued for three to five half-lives before ablation.
Anticoagulation (heparin) were applied before ablation to a target
of international normalized ratio (INR) of 2 to 3.

A total of six patients were lost of follow-up or withdrew
aDer randomisation; 0.26% in the catheter ablation group, and
0.27% in medical treatment group. In two RCTs, patients were
given circumferential pulmonary vein ablation (CPVA) (Oral 2006;
Pappone 2006). In another RCT, patients were given cavo-tricuspid
and leD inferior pulmonary vein (PV)-mitral isthmus ablation plus
CPVA (Stabile 2006). In three RCTs, pulmonary vein isolation (PVI)
was used as ablation methods. Among these three RCTs where
patients received PVI in treatment group (Forleo 2009; Jaïs 2008;
Wazni 2005), one included paroxysmal and persistent AF patients
with type 2 diabetes (Jaïs 2008). In the last RCT, the patients in
treatment group received double atrium ablation (Krittayaphong
2003). LeD atrium linear ablation isolated the ostia of PVs and a
line connecting the circular line with the mitral annulus, and right
atrium linear ablation was performed between the tricuspid valve
ring and ischmus region. The common medical treatment used was
amiodarone; others included sotalol, flecainide, propafenone and
other class IC antiarrhythmic drugs. Six patients were died (Stabile
2006; Wazni 2005), of which four patients were in medical treatment
and two in catheter ablation group. There were insuHicient trials
with small patients numbers to undertake sensitivity or subgroup
analysis.

2. Comparison of di?erent catheter ablation methods

Twenty-five RCTs with 2,793 patients were included which
compared diHerent catheter ablation methods. The mean age
ranged from 50-60 years old.The catheter ablation methods
were various and we had to classify the methods by their
purposes. The ablation methods included: CPVA, circumferential
pulmonary vein isolation (CPVI), segmental pulmonary vein
ablation (SPVA), segmental pulmonary vein isolation (SPVI), PVI,
leD atrial circumferential ablation (LACA), LACA plus additional

ablations in posterior leD atrium between two encircling lesions
and in mitral isthmus, isolation of large or small areas near
pulmonary veins, anterior approach, posterior approach, complex
fractionated atrial electrogram (CFAE), or only ablation of superior
pulmonary veins. Comparisons were made between:

1. CPVA and SPVA.

2. CPVI and SPVI.

3. CPVA and CPVA plus additional ablation (including PVI).

4. Superior pulmonary veins ablation and four pulmonary veins
ablation.,

5. LACA and LACA plus additional ablation.,

6. PVI and LACA.

7. Large and small areas ablation near pulmonary veins.,

8. CFAE plus PVI and PVI.

9. Arrhythmogenic PVI and all PVI.

Eleven RCTs included paroxysmal AF patients (Deisenhofer 2009;
Dixit 2008; Hocini 2005; Karch 2005; Katritsis 2004; Oral 2003; Oral
2004; Pappone 2004; Sheikh 2006; Wang 2008; Zhang 2007), four
RCTs included persistent AF patients (Calo 2006; Nilsson 2006;
Oral 2009; Willems 2006), four included patients with paroxysmal
and persistent AF (Arentz 2007; Fassini 2005; Pontoppidan 2009;
Verma 2007), one included paroxysmal or chronic AF patients (Lee
2000). The remaining four RCTs did not describe what kind of AF
patients were included (Haïssaguerre 2004; Liu 2006; Liu02 2006;
Wazni 2003). Only two RCTs reported patients lost to follow-up
(Deisenhofer 2009; Dixit 2008). The total lost rate was 0.21% (Dixit
2008; Deisenhofer 2009). There were insuHicient trials with small
patients numbers to undertake sensitivity or subgroup analysis.

Risk of bias in included studies

1. Catheter Ablation compared with medical therapies

Selection bias: Three RCTs comparing catheter ablation for rhythm
control with medical treatment were randomised by computer
(Forleo 2009; Stabile 2006; Wazni 2005). For the remaining papers,
randomised methods were not described.

Blinding: None of the RCTs described blinding.

Incomplete outcome addressed: Incomplete data were not
addressed in all RCTs.

Funding of trials: Three RCTs were supported by research funds
(Krittayaphong 2003; Oral 2006; Wazni 2005).

Publication bias: Seven RCTs were included in a funnel plot (Forleo
2009; Jaïs 2008; Krittayaphong 2003; Oral 2006; Pappone 2006;
Stabile 2006; Wazni 2005). The funnel plot was symmetrical, which
indicated the publication bias (Figure 2).
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Figure 2.   Funnel plot of comparison: 5 Recurrence of AF in comparing CA with Medicines, outcome: 5.1 recurrence of
AF.

 
There were no time lag bias and duplicate publication bias
identified. We researched papers from MEDLINE, EMBASE, and also
databases in Chinese so as to reduce the location biases, citation
biases, and language biases. We searched grey literatures from

SIGLE database which could reduce the outcome reporting biases.
Our judgements about each risk of bias item was presented in
Figure 3 and Figure 4.

 

Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 4.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 4.   (Continued)

 
2. Comparison of di?erent catheter ablation methods

Selection bias: Five RCTs randomised their patients by computer-
generated list (Calo 2006; Liu 2006; Liu02 2006; Pappone 2004;
Wang 2008). Two randomised the patients by randomisation
code which was concealed in the sealed envelopes (Karch 2005;
Rajappan 2009). One RCT randomly arranged the patients with
two by two factorial table (Dixit 2008). One claimed 'block
randomisation' (Pontoppidan 2009). One RCTs arranged their
patients by randomisation number tables but did not depict the
methods allocation concealment (Willems 2006). For other papers
the randomised methods were not described.

Blinding: One RCT used single blinding (patients) (Wang 2008). The
remaining RCTs did not describe blinding.

Incomplete outcome addressed: Incomplete data were not
addressed in any of the RCTs.

Funding of trials: Authors of four RCTs were supported by research
funds or speaker fees (Karch 2005; Oral 2009; Verma 2007; Zhang
2007).

There were no time lag bias and duplicate publication bias
identified. We researched papers from MEDLINE, EMBASE, and also
databases in Chinese, so as to reduce the location biases, citation
biases, and language biases. We searched grey literatures from
SIGLE database which could reduce the outcome reporting biases.
Our judgements about each risk of bias item was presented in
Figure 3 and Figure 4.

E?ects of interventions

1. Catheter Ablation compared with Medical treatment

Primary outcomes

Recurrence of AF

Seven RCTs compared recurrence of AF between catheter ablation
and medical treatment (Forleo 2009; Jaïs 2008; Krittayaphong

2003; Oral 2006; Pappone 2006; Stabile 2006; Wazni 2005): 79/ 379
(20.8%) patients in the catheter ablation group and 288/381 (75.6%)
patients in the medical treatment group had recurrence of AF at the
end of follow up: RR 0.27; 95%CI 0.18, 0.41, but there was significant
heterogeneity [Analysis 1.1].

Fatal and non-fatal embolic complication

Two small studies compared diHerent ablation techniques with
medical treatment (Krittayaphong 2003; Stabile 2006). Among 167
participants, 2/83 (2.4%) in the catheter ablation group and 2/84
(2.4%) in the medical treatment group had embolic complications.
The incidence of fatal and non-fatal embolic complications
between both groups was insignificant: RR was 1.01 (95% CI
0.18-5.68) [Analysis 2.1].

Mortality

One small scale RCT (n=137) reported on mortality (Stabile 2006):
1.5% (1/68) of patients in the catheter ablation group and 2.9% (2/
69) in the medical treatment group died. There were no significant
diHerences. [Analysis 3.1].

Death of thrombo-embolic events

One small scale RCT (n=137) reported that 1/ 68 (1.5%) patient in the
catheter ablation group had stroke during the procedure and died
of a brain haemorrhage nine months later (Stabile 2006). None of
69 patients in controlled group had a fatal thrombo-embolic events
during the research period. The diHerence between both group
were insignificant. [Analysis 4.1].

Secondary outcomes

Improvement of symptoms of AF

Two RCTs compared CPVA or PVI with amiodarone (Oral 2006;
Pappone 2006). The data could not be combined in meta-analysis
as two studies used diHerent eHect measurements. In Oral's study,
among patients who remained in sinus rhythm, the symptom
severity score was 17+/-4 at baseline and 6+/-2 points at 12 months
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aDer CPVA (p<0.001). Among patients who had recurrent AF or
atrial flutter, the symptom severity score was 17+/-4 at baseline
and 12+/-4 at 12 months aDer CPVA (p=0.02). A total of fourteen
patients (about 16%) reported recurrence of AF soon aDer ablation
procedure, three of whom were asymptomatic (Pappone 2006).
Seventy-five patients (75.8%) in the medical treatment group
suHered recurrence of AF, twenty of whom were asymptomatic
(Oral 2006).

One RCT compared PVI and linear ablation of right atrium with
amiodarone in reducing frequency of symptoms (Krittayaphong
2003). There was no significant reduction between both groups.

Sinus rhythm restored during the procedure

One RCT reported sinus rhythm restored during the procedure: 84%
(85/ 99) patients in the catheter ablation group compared with
24% (24/ 99) in the medical therapy group during the same period
of observation (Pappone 2006). The diHerence was statistically
significant; RR 0.28, 95% CI, 0.20-0.40. [Analysis 5.1].

Sinus rhythm at last follow-up

Four small RCTs recorded sinus rhythm restored at last follow
up (Forleo 2009; Jaïs 2008; Oral 2006; Pappone 2006): 229/264 in
catheter ablation group and 128/262 in medical treatment therapy
group restored sinus rhythm at last follow-up; RR 1.87 (95% CI 1.31,

2.67) but heterogeneity was significant; I2 83% [Analysis 6.1].

Other complications

Three patients in medical treatment group (0.8%) suHered sinus
dysfunction or sick sinus syndrome (Krittayaphong 2003; Oral
2006), one patient in catheter ablation group (0.3%) had sick sinus
syndrome (Oral 2006). Four patients in medical treatment group
(1.0%) had bradycardia (Forleo 2009; Wazni 2005). Three patients
in catheter ablation group suHered pulmonary vein (PV) stenosis
(Jaïs 2008; Wazni 2005). The percentage of PV stenosis in catheter
ablation group was 0.8%.

Quality of life

Wazni et al. evaluated a short-form 36 sub-scale, among which the
general health, physical functioning, bodily pain, social functioning
favoured the catheter ablation group (p<0.001, p=0.001, p=0.004
and p=0.004 respectively) (Wazni 2005). In the RCT that included
type 2 diabetes patients (Forleo 2009), the mean change of quality
of life scores (SF-36) were greater in PVI group than that of medical
therapy group (p<0.05).

One RCT compared physical and mental scores Jaïs 2008. At one
year follow-up, physical and mental component summary scores of
the catheter ablation group were significantly higher than those of
medical treatment group (p=0.01). Additionally, symptom severity
decreased in the ablation group compared with the medical
treatment group (p=0.001).

2. Comparison of di?erent catheter ablation methods

Primary outcomes

Recurrence of AF

CPVA compared to SPVA

Four RCTs compared CPVA to SPVA, however, as the outcomes and
interventions diHered we were unable to combine the data for
meta-analysis (Karch 2005; Liu 2006; Nilsson 2006; Oral 2003).

One RCT (n=100) compared the eHects of inhibiting recurrence of
AF in CPVA and SPVA (Karch 2005). Eight patients in CPVA group
(16%) and eight in SPVA group (16%) had documented recurrence
of atrial tachyarrhythmia (AT). Nine in CPVA (18%) and one in SPVA
group (2%) were observed with atypical atrial flutter (AFL). The
incidence of AFL was statistically diHerent between both groups
(p<0.01). However, this paper did not report recurrence of AF.

The recurrence of AF was significant when comparing SPVA with
CPVA (Oral 2003). The diHerence was significant. RR 3.25; (95%CI
was 1.16 to 9.12) (Analysis 7.1).

One RCT (n=100) compared CPVI and SPVI (Liu 2006) in which 17
patients who underwent SPVI (34%) and 20 who underwent CPVI
(40%) had recurrence of atrial tachyarrhythmia. Late recurrence of
AF was discovered in one patient in each group (2%, respectively).

One RCT (n=100) compared circumferential extra-ostial PVI with
segmental ostial PVI (Nilsson 2006). ADer the first ablation
procedure, 84 had recurring symptomatic AF (84%) but which group
these patients belonged to was not reported.

LeF atrial ablation compared to bi-atrial ablation

One RCT (n=80)compared leD atrial with bi-atrial ablation (Calo
2006). The bi-atrial ablation group had a lower recurrence of AF
(p=0.034).

PVI, CPV(A)I, or leF atrium ablation compared to ablation plus
additional linear ablation

Five RCTs were classified in this section (Oral 2004; Pappone 2004;
Pontoppidan 2009; Sheikh 2006; Wang 2008).

One RCT (n=100) compared PVI and PVI plus leD atrium linear
ablation (Sheikh 2006). Nine patients in PVI group and five in PVI
plus leD atrium linear ablation group had recurring AF. Another
RCT (n=280) compared CPVA and modified CPVA in observing
recurrence of AF (Pappone 2004). In this study modified CPVA
included two additional ablation lines in the posterior leD atrium
connecting the contra-lateral superior and inferior PVs and along
the mitral isthmus between the inferior aspect of the leD-sided
encircling ablation line and the mitral annulus. The recurrence of
AF was reported is 14.3% (41 cases) in CPVA group and 12.9% (36
cases) in modified CPVA group respectively (p=0.57).

One RCT (n=149) compared cavo-tricuspid isthmus block (CTIB)
in addition to CPVA with CPVA alone (Pontoppidan 2009). AF
recurrence was documented in 34% in CPVA plus CTIB group and
32% in CPVA alone group aDer the procedure (p=0.71). In 12 months
of follow-up, 45/68 patients in the CPVA plus CTIB group and 39/75
in the CPVA alone group had recurring AF. When a intension-to-treat
analysis was performed 50/73 patients (68.5%) in the CPVA plus
CTIB group and 40/76 (52.6%) in the CPVA alone group had recurred
AF. The diHerence between both groups was significant (p=0.05)
Analysis 8.1.

One RCT (n=106) compared CPVI plus superior vena cava isolation
(SVCI) and CPVI alone (Wang 2008). At the end of follow-up
(4.0+/-2.2 months in CPVI and SCVI group, 4.6+/-2.3 months in CPVI
alone group), eight patients in each group (15.1%) recurred AF and
the diHerence was insignificant.
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The recurrence AF was insignificant when comparing LACA to
encircle the leD- and right-sided PVs (67% vs. 86%, p=0.02) (Oral
2004).

PV-leF atrium junction ablation compared to PV-leF atrium junction
ablation combined with cavo-tricuspid isthmus ablation

The recurrence AF rate was insignificant when comparing PV-leD
atrium junction disconnection alone to PV-leD atrium junction
disconnection combined with cavo-tricuspid isthmus ablation
(35% vs. 30%, p = NS) (Wazni 2003).

CPVA compared to CPVA plus PVI

CPVA alone had a higher rate of recurrence of AF (36.4%) when
comparing to that of CPVA plus PVI (23.3%) (p<0.01) (Zhang 2007).

Superior PVs ablation compared to four-PV ablation

One RCT (n=52) compared superior PVs ablation and four PVs
ablation (Katritsis 2004). Nine in superior PVs ablation group
(33.3%) and eight in four-PV ablation group (32%) recurred AF, and
the diHerence between two groups were statistically insignificant
(p = 0.54).

Small area isolation compared to large area isolation around PVs in
CPVA

Small isolation area was limited to ostial segmental ablation. Large
isolation area was defined as the circumferential ablation was
performed on the posterior wall more than 1cm and on the anterior
wall more than 0.5cm away from the PV ostia. Small area isolation
had a higher rate of recurrence of AF when comparing to large
area isolation (Arentz 2007). Twenty-eight patients in the small
area group (50.9%) and fiDeen in the large area group (27.3%) had
recurrence of AF (p=0.02) (Analysis 9.1).

CFAE in addition to pulmonary vein antrum isolation (PVAI) compared
to pulmonary vein antrum isolation alone

Two RCTs compared CFAE plus PVAI and PVAI alone (Oral 2009;
Verma 2007). Thirty-four patients in CFAE plus PVAI (22.7%) and
twenty-four in the PVAI group (16%) had recurring AF at the end
of follow-up, the diHerence was insignificant; RR 1.39 (95% CI was
0.70 to 2.75) [Analysis 10.1]. For paroxysmal AF patients, recurrence
occurred in 8/60 cases in the PVAI group (13.3%) and in 9/60 cases in
the CFAE plus PVAI group (15%) respectively (p=0.39) (Verma 2007).
For persistent and permanent AF patients, 25/90 patients in the
CFAE plus PVAI group (27.8%) and 21/90 in the PVAI group (23.3%)
had recurrence of AF (p=0.53) [Analysis 10.2].

Fatal and non-fatal embolic complication

No diHerences in fatal and non-fatal thrombo-embolic events were
observed when comparing CPVA and SPVA (p=0.61) (Karch 2005),
SPVI and CPVI (Liu 2006), and circumferential extra-ostial PVI with
segmental ostial PVI (Nilsson 2006).

Two RCTs compared embolic complications between PVI and PVI
plus leD atrium linear ablation (Fassini 2005; Karch 2005). Two of
142 (1.4%) patients in PVI group and 0/145 with leD atrium ablation
addition to PVI group had embolic complications. The diHerence
of incidence of embolic complication was insignificant (p=0.33); RR
3.05 (95% CI was 0.32 to 28.93) (Analysis 11.1).

In one RCT (n=106) which compared CPVI and superior vena cava
isolation (SVCI) with CPVI alone (Wang 2008), one patient (0.9%)

suHered stroke aDer ablation but it was not clear which group this
patient was belonged to.

One RCT (n=100) reported one stroke event (2%) in the modified
CPVA group (Liu 2006). Modified CPVA in the RCT was defined as
segmental PV ostia ablation in addition to CPVA. There was no
similar complications in CPVA alone group (0%).

In the RCT (n=105) that compared arrhythmogenic PVI and all PVI,
one patient in four PVI group (1.9%) suHered leD-sided weakness
forty-five minutes aDer ablation and was diagnosed with stroke
aDer ablation but recovered within twenty-four hours. (Dixit 2008)

Mortality

In the RCT (n=105) that compared arrhythmogenic PVI and all PVI,
one patient in four PVI group died (1.9%) two weeks aDer ablation
(Dixit 2008).

Death of thrombo-embolic events

There was no death of thrombo-embolic events reported.

Secondary outcomes

Improvement of symptoms of atrial fibrillation

Two RCTs compared CPVA and SPVA in improvement of symptoms
of AF, both of which followed up for six months. In Karch's study, 27
cases in CPVA group (54%) and 41 cases in SPVA group (82%) were
free from arrhythmia-related symptoms (p<0.01) (Karch 2005).
Another reported that 67% cases who underwent SPVA and 89%
of those who underwent CPVA were free from symptomatic AF
(p=0.01) (Oral 2003).

One RCT (n=83) compared PVI and PVI plus leD linear ablation
(Sheikh 2006). No significant diHerence was observed.
One RCT (n=52) compared superior PVs ablation and four PVs
ablation (Katritsis 2004). Nineteen patients in superior PVs ablation
group (70.4%) and 19 in the four PVs ablation group (76%) improved
symptomatically at the end of follow-up, but the diHerences were
not significant.

Sinus rhythm restored during the procedure

Three RCTs reported sinus rhythm restored during the ablation
procedure, among which two compared PVI and leD atrium linear
ablation in addition to PVI (Sheikh 2006; Willems 2006).The data
from the first two RCTs were combined (Analysis 12.1). Of the 162
patients who were included, 36 in the PVI group and 61 in the PVI
plus leD atrium linear ablation group had restored sinus rhythm
during the ablation procedure: RR 0.60 (95% CI 0.46-0.78).

Sinus rhythm at last follow-up

CPVA compared to SPVA

Two RCTs compared CPVA and SPVA (Karch 2005; Nilsson 2006).
In Karch's study, 21 patients in CPVA group and 33 in SPVA group
were in sinus rhythm in six months follow up (Karch 2005). The
diHerence was statistically significant (P<0.01). One RCT compared
circumferential extra-ostial PVI with segmental ostial PVI (Nilsson
2006). At the end of twelve months follow-up, 31% of patients
in the segmental ostial PVI group and 57% in the circumferential
extra-ostial PVI group were free of symptomatic AF without anti-
arrhythmic medicines (p=0.02).
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LeF atrial ablation compared to bi-atrial ablation

One RCT (n=80) compared leD atrial ablation with bi-atrial ablation
(Calo 2006). Bi-atrial ablation had a higher rate of restoring sinus
rhythm than leD atrial ablation at the end of six months follow up
(15% vs. 39%, p=0.022).

PVI compared to PVI plus additional leF atrium linear ablation

Six RCTs compared PVI and PVI plus additional leD atrium linear
ablation (Fassini 2005; Haïssaguerre 2004; Hocini 2005; Oral 2004;
Sheikh 2006; Willems 2006).

LACA was performed to encircle the leD and right-sided PVs, which
is a similar method used in PVI. Of the total patient population, 67%
of the patients in LACA group and 86% in the additional ablation
group were free of AF at the end of follow-up (p=0.05) (Oral 2004).
At one year follow-up, the maintenance of stable sinus rhythm was
significantly higher in PVD and MIL group as compared to PVD alone
group (71+/-5% vs. 53+/-5%, P=0.01) (Fassini 2005). The data of the
remaining four RCTs were combined and meta-analysed (Analysis
13.1):104/160 patients in the PVI group (65%), and 135/162 in the
PVI plus additional linear ablation group (83.3%) were in sinus
rhythm at the end of follow-up: RR 0.78 (0.60, 1.02).

One RCT (n=106) compared CPVI plus superior vena cava isolation
(SVCI) with CPVI alone (Wang 2008). At the end of 12 months follow-
up, 49 patients in the CPVI plus SVCI (94.2%) and 50 in the CPVI
group (92.6%) remained in sinus rhythm (p=0.73).

CPVA compared to modified CPVA

One RCT (n=110) compared CPVA with modified CPVA (Liu02 2006).
Another RCT compared CPVA with CPVA plus PVI aim to see if PVI
was necessary to the CPVA (Zhang 2007). PVI followed by CPVA
could be seen as modified CPVA. The data from these two RCTs were
combined (Analysis 13.2); 68/83 patients in CPVA group (81.9%) and
54/80 patients in M-CPVA group (67.5%) restored sinus rhythm at
the end of follow-up: RR was 1.17 (0.80, 1.70), p=0.41.

Superior PVs ablation compared to four-PV ablation

The restore of sinus rhythm was insignificant when comparing
superior PVs ablation with four-PV ablation in one year follow-up
(p=0.51) (Katritsis 2004) (Analysis 14.1).

Small isolation areas compared to large isolation areas

One RCT (n=110) compared small with large isolation areas about
PVs (Arentz 2007). In 15+/-4 months follow-up, 27/55 patients in
small areas group (49.1%) and 37/55 in large areas group (67.3%)
remained free of AF or AT. The success rate was higher in paroxysmal
AF (19 patients in small areas and 23 in large areas, 54.3% vs.
71.9%, p=0.1) than in persistent AF (eight in small areas and 14
in large areas, 40% vs. 60.9%, p=0.16). But the diHerence between
paroxysmal AF and persistent AF was also statistically insignificant.

Another RCTs (n=149) compared cavo-tricuspid isthmus block
(CTIB) in addition to CPVA and CPVA alone (Pontoppidan 2009).
At 12 months of follow up, 31/68 patients in CPVA plus CTIB
group (45.6%) and 37/75 in CPVA group (49.3%), sinus rhythm was
attained (p=0.64).

CFAE in addition to PV(A)I compared to PV(A)I alone

One RCT compared CFAE in addition to PVI with PVI alone
(Deisenhofer 2009). Forty patients in the CFAE plus PVI group (80%)

and 34 in the PVI group (70.8%) remained sinus rhythm at long-term
follow-up. The diHerence was non-significant.

Another RCT (n=119) compared CFAE plus PVAI and PVAI alone
(Oral 2009). At the end of follow-up, 30/35 patients in CFAE plus
PVAI group (60%) and 34/50 of fiDy patients in PVAI group (68%)
remained sinus rhythm. The diHerence between both groups were
insignificant (p=0.95) (Analysis 15.1).

Arrhythmogenic PVI compared to all PVI

One RCT (n=105) compared arrhythmogenic PVI with all PVIs (Dixit
2008). Forty-seven of 52 in arrhythmogenic PVI group (90.4%) and
48/83 patients in all PVI group (90.6%) were AF control at the end of
17+/-5 months follow-up. The AF control rate was similar between
both groups (p=0.483).

Other complications

CPVI compared to SPVI

In the study (n=100) that compared CPVI and SPVI, one in each
group (2%) had asymptomatic right superior PV stenosis (Liu 2006).

CPVA compared to SPVA

Twenty-two patients in CPVA (44%) and five in SPVA (10%) suHered
pericardial eHusion, and the diHerence was significant between two
groups (p<0.01). Three patients in CPVA and six in SPVA complicated
with pulmonary vein stenosis (p=0.48). (Sheikh 2006)

CPVI compared to CPVI plus linear ablation

One retroperitoneal haematoma and one haemothorax were
observed in additional leD atrial ablation group. The diHerence
between both groups was insignificant (Calo 2006).

Femoral artery pseudo-aneurysm occurred in one patient in the
CPVI group (1.9%) and two patients in the CPVI plus SVCI group
(3.8%) (Wang 2008).

PVI compared to PVI plus leF atrium linear ablation

Four main complications were reported, namely cardiac
tamponade, pericardial eHusion, PV stenosis, and phrenic nerve
injury. Only one RCT (n=90) reported one patient (2.2%) developed
asymptomatic stenosis of the leD superior PV, and one patient
(2.2%) developed right phrenic nerve injury (Hocini 2005). One RCT
(n=100) reported the complication of pericardial eHusion (Sheikh
2006). One patient (2%) underwent PVI developed pericardial
eHusion, which was not severe and resolved with medicines. Three
RCTs reported the incidences of cardiac tamponade (Fassini 2005;
Sheikh 2006; Willems 2006). The data were combined and meta-
analysed. One of one hundred and seventy-two patients (0.6%)
in PVI group and two of one hundred and seventy-seven patients
(1.1%) in PVI plus leD atrium linear ablation group suHered cardiac
tamponade (Analysis 16.1). There were no statistical diHerences
about the incidence of cardiac tamponade between both groups
[RR=0.74 (0.15, 3.71), p=0.71].

CPVA compared to modified CPVA

One patients (2%) in CPVA group developed pericardial tamponade
(P=0.50) ). One patients (2%) in CPVA group suHered severe
haematoma in femoral venous (p=0.50) . Two patients (4%)
underwent modified CPVA had asymptomatic single PV stenosis
(p=0.29).(Liu02 2006)
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Superior PVs ablation compared to four-PVs ablation

Two patients (8%) in four-PV ablation group and none (0%) in
superior PVs ablation group had asymptomatic PV stenosis (p=0.27)
(Katritsis 2004) (Analysis 17.1).

PV-leF atrium junction ablation compared to PV-leF atrium junction
ablation combined with cavo-tricuspid isthmus ablation

One patient in each group (1.7% in PV-leD atrium junction ablation
group, and 2% in PV-leD atrium junction ablation plus cavo-
tricuspid isthmus ablation group) had moderate asymptomatic PV
stenosis (p=0.89) (Wazni 2003) (Analysis 18.1).

CFAE in addition to PVAI compared to PVAI alone

One patient in CFAE in addition to PVAI had an internal jugular
haematoma (1%), and two (2%) in PVAI group complicated by
a large haematoma at the femoral venous site. (Verma 2007).
Oral 2009 reported two patients who had transient pericarditis
(1.7%) and one patient had a small pericardial eHusion (0.8%).
Another two vascular complications, a self-limited extraperitoneal
bleed and a femoral arteriovenous fistula, were reported (0.8%
respectively). However, the authors did not report which group the
adverse events were complicated by.

Arrhythmogenic PVI compared to all PVI

One patient (1.9%) in all PVI group had leD atrial oesophageal
fistula (Dixit 2008). One patient (1.9%) in arrhythmogenic PVI group
suHered arteriovenous fistula, and another one (1.9%) in the same
group had haematoma in the right neck.

There were no sick sinus syndrome or bradycardia reported. Nine
RCTs reported patients with PV stenosis ( Arentz 2007; Deisenhofer
2009; Hocini 2005; Karch 2005; Katritsis 2004; Liu 2006; Liu02 2006;
Rajappan 2009; Wazni 2003). A total of 23 patients was reported with
PV stenosis, and the percentage was 0.8%.

Quality of life

There were no RCTs comparing various catheter ablation methods
in improving the quality of life of AF patients.

D I S C U S S I O N

The systematic review was designed to assess the beneficial and
harmful eHects of catheter ablation in comparison with medical
therapies in patients with paroxysmal and persistent AF. We
also sought to determine which catheter ablation technique was
superior to the other. Overall, the RCTs were small in size and
of poor quality. For our first comparison, we combined results
from seven RCTs which indicated that catheter ablation may
have a better eHect in inhibiting recurrence of AF but there was
significant heterogeneity. There was limited evidence to suggest
that sinus rhythm was restored but heterogeneity was high. There
were no diHerences in outcomes such as mortality, fatal and
non-fatal embolic complication or death from thrombo-embolic
events. For the second comparison 25 RCTs compared catheter
ablation of various kinds. Circumferential pulmonary vein ablation
proved marginally better than segmental pulmonary vein ablation
in improving symptoms of AF and in reducing the recurrence of
AF. Additional ablation to PVI, circumferential pulmonary vein
isolation and leD atrium ablation were no better in inhibiting
recurrence of AF than any other catheter ablation.

Hetergeneity: where possible we undertook pooled analysis and
heterogeneity was high in these analysis, particularly those of
restored sinus rhythm at last follow up and recurrence of AF.

In the first comparison, the I2 statistic was 83% and when we

excluded Jais's trial in the analysis, the I2 statistic decreased
to 46%. In Forleo's study, the authors used PVI in treatment
group, Class Ia/b/c, amiodarone, beta-blockers and CCBs in control
group (Forleo 2009). Jaïs et al. used similar measurements in
both groups (Jaïs 2008). Oral et al. used CPVA comparing to
amiodarone alone (Oral 2006). And Pappone et al. compared CPVA
to amiodarone, flecainide, or sotalol, either as single drugs or
in combination (Pappone 2006). Forleo et al. included patients
with type 2 diabetes (Forleo 2009). Oral and Pappone included
chronic atrial fibrillation (Oral 2006; Pappone 2006). Only Jaïs et al.
included 'pure' paroxysmal atrial fibrillation patients (Jaïs 2008).
Furthermore, the patients in Jaïs's study were younger than other
three RCTs. So it was possible that the significant heterogeneity had
been induced by two factors: age and category of AF. For the second
comparison; 'recurrence of AF', we found that if Stabile's study was

excluded in the analysis, the I2 statistic decreased from 72% to 0%.
ADer reviewing all seven RCTs, we found that only Stabile et al. used
additional atrial ablation aDer CPVA in treatment group (Stabile
2006) while additional ablation in leD atrium was not performed in
other studies. However the recurrence rate in the treatment group
was higher than those results reported by other authors. So we
cautiously suggest that additional atrial ablation (Cavo-tricuspid
and leD inferior pulmonary vein-mitral isthmus ablation) aDer CPVA
may not have an eHect on reducing recurrence of AF. This is also true
for the direct comparison of CPVA plus additional atrial ablation
and CPVA.

Adverse events: there were no diHerences between catheter
ablation and medical treatment in death, fatal and non-
fatal embolic complications. Peripheral vascular complications,
pericardial eHusion, cardiac tamponade, cerebral embolisms, and
pulmonary vein stenosis underlie the main adverse events of
catheter ablation. A cumulative complication rate of 3.9% was
reported by a multi-centra trial in Italy (Bertaglia 2007). Atrial
oesophageal fistula was one of the fatal complications of catheter
ablation, even though its incidence rate was low (Morady 2005).
As the clinicians explored radiation, the relationship of quantum
and harmfulness should be carefully calculated so as to protect
clinicians and patients. Radiation related adverse events were
not evaluated in the RCTs. A multicenter survey reported that
death occurred in one of 1,000 AF patients who received catheter
ablation treatment (Cappato 2009). The main reason of death was
tamponade, stroke, atrial oesophageal fistula. A recently published
meta-analysis also made a conclusion that, comparing to medical
therapy, catheter ablation could reduce the recurrence of atrial
tachyarrhythmia of AF without increasing adverse events (Bonanno
2010). Although this review included AF patients of all types, their
result was similar to that of our review. However, the author
suggested that as most trials were performed by experts from
high-volume centres, and anti-arrhythmia treatments were co-
committed with catheter ablation, the results of catheter ablation
were possibly over-estimated.

Quality of life: the SF-36 was mostly used to evaluate the quality
of life in our RCTs. Our results indicate that CA could improve the
aspects of quality of life of patients (Forleo 2009; Wazni 2005) with
paroxysmal AF (Reynolds 2010), or persistent AF (Lu 2009). Those
AF patients with asymptomatic arrhythmia would possibly acquire
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more benefit by accepting CA than with symptomatic arrhythmia
(Pontoppidan02 2009).

Cost-e?ectiveness of catheter ablation was not supported by RCT
evidence (McKenna 2009). Reynolds et al included a published
clinical trial and registry data and developed a Markov disease
simulation model to estimate the quality-adjusted life expectancy.
The study concluded that catheter ablation could improve quality
of life and avoid future health costs (Reynolds 2009). In another
study, the cost-eHectiveness of catheter ablation for paroxysmal AF,
catheter ablation was reported to be cost-eHective (Andrikopoulos
2009).

Catheter ablation: There were a variety of ablation methods used.
The concrete ablation strategies included: (1) PV isolation under the
electrophysiological mapping systems. A mapping catheter should
be put inside the PVs before the ablation of the anticipate PVs
potentials. (2) LeD atrium ablation under the 3 dimension guidance
system. Reconstruction of leD atrium model could be performed
by CARTO or EnSite system. The systems could also guide the
movement of catheters in the leD atrium. PVs ostia and leD atrium
liner ablation should be performed. This ablation method did not
require fully isolation of PVs, in stead of which it reduced the
potentials voltage to lower than 0.1mV. (3) Circumferential PVs
isolation (CPVI). This ablation method required fully isolation of
PVs, and the isolating area included PVs ostia and leD atrium
transition zone. (4) Other ablation methods included complex
fractionated atrial electrograms (CFAE) and ganglial ablation in leD
atrium. Circumferential pulmonary vein ablation was the basis of
catheter ablation in AF. The recurrence rate was lower in CPVA
group than that of SPVA (Oral 2003). Pappone et al. had improved
its success rate and reduce the procedural time by navigating
with the Stereo taxis system (Pappone02 2006; Pappone 2007).
There were many RCTs comparing diHerent catheter ablation
methods in our review, however, these RCTs were small scale with
considerable heterogeneity. There was little evidence available to
compare diHerent methods of catheter ablation.The eHect of large
area isolation was better than small area isolation on preventing
recurrence of AF. This conclusion was resulted from a single small
scale RCT (Arentz 2007). Large area PV isolation seemed to become
a trend in clinical practice. CFAE-targeted ablation for AF was
demonstrated to be eHective in maintaining sinus rhythm. Five-

year survival rate was about 92% aDer CFAE ablation (Nademanee
2008). CFAE sites were diHicult to be discovered during the ablation
procedure. But this method has been considered as an eHective
additional ablation method to PVI (Verma 2008).

Even though many ablation methods were developed, the
recurrence rate of AF remains high (Ma 2006; Morady 2005). Many
patients may need at least two ablation procedures to reduce the
recurrence rate of AF (Ouyang 2005). A new technology, autonomic
ganglia ablation, was supposed to be more eHective than CPVA
(Lemola 2008), but no RCT has been undertaken to date.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is limited evidence to suggest that catheter ablation may
be a better treatment option compared to medical therapies
in management of persistent AF. This review was also unable
recommend the best catheter ablation method.

Implications for research

Economic endpoint outcomes should be considered in future RCTs
when comparing catheter ablation with anti-arrhythmic medicines.
If future research suggests catheter ablation could be considered
as the first line treatment, the relationship of quantum and
harmfulness of radiation should be made clear. One the other hand,
larger scale RCTs could be designed to determine which ablation
method would be the best in inhibiting recurrence of AF, restoring
sinus rhythm, and improving the patients' quality of life.
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Methods Randomised controlled trial

Participants Inclusion criteria: consecutive patients with highly symptomatic, drug-refractory paroxysmal or persis-
tent episodes of AF. 110 patients were included and assigned into two groups evenly.

Age: 56+/-10 years in small isolation area group, and 55+/-10 years in large isolation area. 
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% of male: 39/55 (70.9%) in small isolation area group and 44/55 (80%) in large isolation group. 
Follow-up: 15+/-4 months.

Location: Herz-Zentrum, Bad Krozingen, Germany.

Interventions Small area of PV ablation compared with large area of PV ablation.

Outcomes Success rate, recurrence of AF, complications

Notes PV: Pulmonary vein.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk B-Unclear. The authors did not depict adequate sequence generation.

Arentz 2007  (Continued)

 
 

Methods Randomised by computer-generated list

Participants 1) AF resistant to more than three attempts of pharmacological and/or electrical cardioversion; or 2) re-
current, persistent AF despite prophylaxis with a least three different antiarrhythmic drugs (class I and/
or III).

Age: 57.9+/-8.9 years in biatrial ablation group, and 59.2+/-9.1 years in leD atrial ablation group. 
% of male: 26/39 (66.7%) in biatrial ablation group, and 26/41 (63.4%) in leD atrial ablation group. 
Follow-up: 14+/-5 months (15+/-5 months in the biatrial ablation group, and 13+/-6 months in the leD
atrial ablation group).

Location: Rome, Italy.

Interventions 41 patients underwent circumferential ablation plus mitral and cavotricuspid isthmus ablation(left atri-
al ablation group), while 39 patients underwent biatrial ablation.

Outcomes Recurrence of AF, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation.

Allocation concealment
(selection bias)

Low risk A-Yes. Sequence was generated by computer, which was better in allocation
concealment.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Low risk Adequate. Sequence was generated by computer

Calo 2006  (Continued)

 
 

Methods Randomised controlled study

Participants 98 patients with age between 18 and 80 years, symptomatic paroxysmal AF with episodes lasting up to
7 days and with ≥4 AF episodes per month, and failed therapy with ≥1 class I or III antiarrhythmic drug
were included. 62 patients had structural heart diseases.

Age: 58+/-10 years in PVI group, and 55+/-10 years in PVI + CFAE group. 
% of male: 33/48 (69%) in PVI group, and 41/50 (82%) in PVI + CFAE group. 
Follow-up: three months. In both groups, two patients were lost to long-term (3 months) follow-up.

Location: Muenchen, Germany.

Interventions PVI compared with PVI plus CFAE

Outcomes Symptoms improving, sinus rhythm remaining at three months and long-term follow-up.

Notes CFAE: complex fractionated atrial electrograms

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk Two patients in both groups lost to follow up. But the incomplete outcome da-
ta were not addressed.

Adequate sequence gener-
ation

Unclear risk It was not addressed.
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Methods Randomised with 2*2 factorial table

Participants 105 patients with a mean age of 57+/-9 years were included. 77 patients were paroxysmal AF. The medi-
an follow-up duration was 20 months. 53 patients were arranged to the all-vein group, 52 to arrhythmo-
genic vein group.

Age: 57+/-9 in all veins group, and 57 +/-9 in arrhythmogenic veins group too. 
% of male: 40/53 (75%) in all veins group, and 36/52 (69%) in arrhythmogenic veins group. 
Follow-up: one year. 103/105 patients (98%) completed the follow-up.

Location: Pennsylvania, USA.

Interventions All four PV isolation compared with arrhythmogenic PV isolation

Outcomes Recurrence of AF, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A 2 * 2 factorial table.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk One patients died and one lost to follow up in all PV ablation group. The in-
complete outcome data were not addressed.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Dixit 2008 

 
 

Methods Randomised controlled trial

Participants 187 patients presenting with drug-refractory (at least 2 drugs, including amiodarone and Ic), recurrent
paroxysmal, or persistent AF were enrolled. 92 patients were arranged to pulmonary vein disconnec-
tion group and 95 to pulmonary vein disconnection plus mitral isthmus line group.

Age: 57+/-8 years in PVD group (A group), and 54 +/-10 years in PVD combined with MIL group (B group). 
% of male: 77/92 (83.7%) in A group, 73/95 (76.8%) in B group. 
Follow-up: one year.

Location: Milan, Italy.

Interventions PVI compared to PVI plus mitral isthmus line ablation

Outcomes Complications

Notes  

Fassini 2005 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Fassini 2005  (Continued)

 
 

Methods Computer-generated randomisation

Participants 70 patients with type 2 diabetes with a median age of about 64 years were included. 29 patients were
paroxysmal AF, others were persistent AF, who were refractory to >=1 class 1-3 antiarrhythmic drugs. 35
patients were assigned to ablation group and 35 patients were assigned to medicine group.

Age:63.2+/-8.6 years in ablation group, and 64.8+/-6.5 years in ADT group. 
% of male:20/35 (57.1%) in ablation group, and 23/35 (65.7%) in ADT group. 
Follow-up: one month.

Location: Rome, Italy.

Interventions PVI compared with medicines. In medicine group, class IC, sotalol, amiodarone, beta-blocker, and cal-
cium channel antagonist were applied alone or combined.

Outcomes Recurrence of AF, quality of life, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation.

Allocation concealment
(selection bias)

Low risk A-Yes. Sequence was generated by computer, which was better in allocation
concealment.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.
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Adequate sequence gener-
ation

Low risk Sequence was generated by computer program

Forleo 2009  (Continued)

 
 

Methods Randomised controlled trial

Participants 70 patients with drug-refractory AF undergoing curative ablation were included. 35 patients were
arranged to PV isolation group, and 30 to PV isolation plus mitral isthmus ablation group.

Age: 53+/-8 years in PVI group, and 53+/-9 years in PVI + Mitral isthmus ablation group. 
% of male:26/35 ( 74.3%) in each group. 
Follow-up: 12 months.

Location: Bordeaux-Pessac, France.

Interventions PV isolation compared with PV isolation plus mitral isthmus ablation

Outcomes Recurrence of AF, sinus rhythm

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Haïssaguerre 2004 

 
 

Methods Randomised controlled trial

Participants Patients referred for ablation of paroxysmal AF. 45 patients were arranged to PV isolation group, and 45
to isolation plus linear ablation group.

Age: 55+/-8 years in PVI group, and 54+/-10 years in PVI+Roofline group. 
% of male: 34/45 (76%) in PVI group, and 37/45 (82%) in PVI+Roofline group. 
Follow-up: 15+/-4 months (14+/-5 months in PVI+ roofline group, and 15+/-4 months in PVI group).

Location: Bordeaux, France.

Hocini 2005 
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Interventions PVI compared to PVI plus roofline ablation. In both groups, the cavotricuspid isthmus, fragmented peri-
PV-ostial electrograms and spontaneous non-PV foci were ablated. Additional roofline ablation was ap-
plied in 45 patients.

Outcomes Sinus rhythm remaining, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Hocini 2005  (Continued)

 
 

Methods Randomised controlled trial

Participants 112 Patients aged more than 18 years and with symptomatic, documented paroxysmal AF over a span
of >=6 months were included. 53 patients were arranged to ablation group and 59 patients to medicine
group.

Age: 49.7+/-10.7 years in RF group, and 52.4+/-11.4 years in AAD group. 
% of male: 45/53 (84.9%) in RF group, and 49/59 (83.1%) in AAD group. 
Follow-up: 12 months.

Location: Paris, France.

Interventions PVI compared with medicines. Medicines included class 1, 2, 3, 4, and digoxin.

Outcomes Recurrence of AF, quality of life, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Jaïs 2008 
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Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Jaïs 2008  (Continued)

 
 

Methods Randomised by random code and concealed with sealed envelopes.

Participants 100 Patients with highly symptomatic, drug-refractory AF episodes occurring at least twice a month
were included. 50 patients were assigned to Circumferential pulmonary vein ablation group, and 50 to
Segmental pulmonary vein ablation group.

Age: 59 (52-64) years in CPVA group, and 61 (54-65) years in SPVA group. 
% of male: 28/50 (56%) in CPVA group, and 36/50 (72%) in SPVA group. 
Follow-up: Six months.

Location: Munich, Germany.

Interventions CPVA compared to SPVA.

Outcomes Free of arrhythmia-related symptoms, sinus rhythm restoring, recurrence of AT, complications.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Low risk A-Yes. Randomisation codes were concealed in the sealed envelopes.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Low risk Sequence was generated by random code.

Karch 2005 

 
 

Methods Randomised controlled trial

Participants 52 patients with drug-refractory, symptomatic paroxysmal AF were included.

Interventions 27 in leD superior pulmonary vein isolation added isolation of right superior pulmonary vein while 25 in
the group with isolation of all four PVs followed by a repeat procedure.

Katritsis 2004 
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Age: 54 +/- 9 years in right superior pulmonary vein group (group A), and 50 +/- 10 years in all four PVs
ablation group (group B). 
% of male: 22/27 (82%) in group A, and 21/25 (84%) in group B. 
Follow-up: 12 months.

Location: Athens, Greece.

Outcomes Recurrence of AF, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Katritsis 2004  (Continued)

 
 

Methods Randomised controlled trial.

Participants Included patients with: (1) 15-75 years old; (2) symptomatic paroxysmal or persistent AF for more than
6 months; (3) refractory to at least 1 antiarrhythmic medication including class IA or IC agents, digitalis,
beta-blocker, or calcium channel blocker; (4) never been given amiodarone. 30 patients were enrolled.
15 patients were assigned to PVI and linear ablation of right atrium group, and 15 to medicine group.

Age: 48.6+/-15.4 years in amiodarone group, and 55.3+/-10.5 years in RFCA group.

% of male: 8/15 (53.3%) in amiodarone group, and 11/15 (73.3%) in RFCA group.

Follow-up: 12 months.

Location: Bangkok, Thailand.

Interventions Catheter ablation group: Pulmonary vein isolation and linear ablation of right atrium.

Medicine group: amiodarone (1200mg per day for 1 week, 600mg per day for another 2 weeks, and the
maintenance dose was 200mg per day).

Outcomes Effects of treatment on symptoms and quality of life, effects of treatment on cardiac rhythm, adverse
effects.

Notes  

Risk of bias

Krittayaphong 2003 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Krittayaphong 2003  (Continued)

 
 

Methods Computer-generated randomisation

Participants 100 patiens with 20 to 80 years, symptomatic AF refractory to multiple antiarrhythmic drugs, NYHA
functional class I or II, and at least 6 months follow-up were included. 50 patients were assigned to A-
CPVA group and 50 to M-CPVA group.

Age: 55.4+/11.9 years in A-CPVA group and 57.5+/-11.3 years in M-CPVA group. 
% of male: 35/50 (70%) in A-CPVA group, and 34/50 (68%) in M-CPVA group. 
Follow-up: 18 months.

Location: Beijing, China.

Interventions A-CPVA group: ipsilateral superior and inferior PVs were mapped carefully with one Lasso catheter se-
quentially during sinus rhythm (SR) or CS pacing. Supploementary ablations were applied along the
CPVA lines close to the earliest ipsilateral PV spikes. An additional conduction gap was considered if the
PV activation sequence changed after one conduction gap had been closed.

M-CPVA group: the sites with the earliest activation in each PV perimeter were targeted during SR or CS
pacing. The ipsilateral superior and inferior veins were isolated separately in this group.

Outcomes Recurrence of AT, AF, complications

Notes CPVA: circumferential pulmonary vein ablation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation.

Allocation concealment
(selection bias)

Low risk A-Yes. Sequence was generated by computer, which was better in allocation
concealment.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Liu 2006 
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Adequate sequence gener-
ation

Low risk Sequence was generated by computer program

Liu 2006  (Continued)

 
 

Methods Computer-generated randomisation.

Participants 110 Patients with 20-80 years, refractory to multiple AADs, NYHA I or II, and at least 9 months follow-up
were included. 55 patients were arranged to stepwise SPVI, and 55 to CPVI.

Age: 57.3+/9.6 years in CPVI group, and 58.0+/-8.1 years in stepwise SPVI group. 
% of male: 38/55 (69%) in CPVI group, and 35/55 (64%) in SPVI group. 
Follow-up: nine months.

Location: Beijing, China.

Interventions CPVI compared to SPVI.

Outcomes Recurrence of AT, AF, successful clinical outcome, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation.

Allocation concealment
(selection bias)

Low risk A-Yes. Sequence was generated by computer, which was better in allocation
concealment.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Low risk Sequence was generated by computer program.

Liu02 2006 

 
 

Methods Randomised controlled trial

Participants 53 Symptomatic AF patients who were followed up for 3 months. 27 patients were assigned to PVAI us-
ing the MB monitoring approach, and 26 were using the irrigated tip catheter.

Paroxysmal AF accounted for 61.5% and 63% in both group respectively.

Age: 53+/-8 years in OIT catheter group, and 54+/-8 years in ICE guidance group. 
% of male: 19/26 (73%) in OIT catheter group, and 21/27 (78%) in ICE guidance group. 
Follow-up: three months for paroxysmal AF patients, and six months for persistent AF patients.

Location: Salt Lake City, Utah, USA.

Marrouche 2007 
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Interventions Group 1: Open irrigation ablation technology for PV isolation.

Group 2: Pulmonary vein antrum isolation under ICE guidance.

Outcomes Sinus rhythm restored, complications

Notes PVAI: pulmonary vein-atrium isolation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Marrouche 2007  (Continued)

 
 

Methods Randomised controlled trial

Participants Inclusion criteria were symptomatic paroxysmal or persistent AF for >=6 months, with at least 3
episodes in 3 months and refractory to >=2 antiarrhythmic drugs (class 1-3). 100 patients were includ-
ed. 54 patients were arranged to Ostial PV isolation group and 46 to extraostial PV isolation group.

Age: 55+/-10 years in ostial PVI group, and 57+/-11 years in extraostial PVI group. 
% of male: 37/54 (69%) in ostial PVI group, and 34/46 (74%) in extraostial PVI group. 
Follow-up: 12 months.

Location: Copenbagen, Denmark.

Interventions Circumferential extraostial PVI compared with segmental ostial PVI.

Outcomes Recurrence of AF, free of symptomatic AF, success rate, complications.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The randomisation sequence was administered by an independent clerk. Oth-
er detail was lacking.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Nilsson 2006 
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Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Nilsson 2006  (Continued)

 
 

Methods Randomised controlled trial

Participants 80 symptomatic paroxysmal AF patients were selected.

Age: 51+/-10 years in segmental ostial ablation group, and 54+/-11 years in leD atrial ablation group. 
% of male: 31/40 (78%) in segmental ostial ablation group and leD atrial ablation group respectively. 
Follow-up: mean follow-up period was 164+/-100 days.

Location: Ann Arbor, Michigan.

Interventions 40 patients were isolated by segmental ostial ablation, while 40 by leD atrial ablation.

Outcomes Recurrence of AF, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Oral 2003 

 
 

Methods Randomised controlled trial

Participants Inclusion criteria: inducible by atrial pacing in the baseline state who underwent LACA for sympto-
matic, drug-resistant, paroxysmal AF.

Age: 55+/-11 years in posterior leD atrium and mitral isthmus ablation group (group 2), and 56+/-9 years
in additional ablation lines along the leD atrial septum, roof and/or anterior wall (group 3). 
% of male: 24/30 (80%) in group 2, and 26/30 (87%) in group 3. 

Oral 2004 
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Follow-up: 8+/-2 months.

Location: Ann Arbor, Michigan.

Interventions 100 patients were included and received leD atrium circumferential ablation (LACA). 40 patients were
cured and the remaining 60 patients were randomly arranged into no further ablation group (group 2,
n=30) and additional linear ablation group (group 3, n=30).

Outcomes Recurrence of AF, sinus rhythm remaining, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Oral 2004  (Continued)

 
 

Methods Randomised controlled trial.

Participants Patients with chronic atrial fibrillation. A total of 146 patients were randomised. 77 assigned to CPVA,
while 69 assigned to control group.

Age: 58+/-8 years in control group, and 55+/-9 years in CPVA group. 
% of male: 62/69 (90%) in control group, and 67/77 (87%) in CPVA group. 
Follow-up: 12 months.

Location: Ann Arbor, Michigan.

Interventions Circumferential pulmonary vein ablation.

Control group: 200mg of amiodarone orally per day at least six weeks after randomisation before
transthoracic cardioversion.

Outcomes Freedom from AF and atrial flutter in 1 year. Incidence of complications, changes in the diameter of the
leD atrium and the LVEF, changes in the severity of symptoms.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Oral 2006 
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Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Oral 2006  (Continued)

 
 

Methods Randomised controlled trial

Participants 119 persistent AF patients aged 60 +/-9 years were included and received APVI. AF were terminated in
19 patients, while the other 100 patients were evenly randomised to CFAE or not .

Age: 58 +/-10 years in APVI group, and 62+/-8 years in APVI + CFAE group. 
% of male: 41/50 (82%) in both groups. 
Follow-up: 10 +/- 3 months.

Location: Ann Arbor, Michigan.

Interventions APVI plus CFAE compared with APVI alone

Outcomes Recurrence of AT or AF, sinus rhythm remaining, complications

Notes APVI: atrium-pulmonary vein isolation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Oral 2009 
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Methods Computer-generated randomisation

Participants Inclusion criteria: 18 to 70 years old, symptomatic AF and NYHA functional class I or II. More than 61%
patients were paroxysmal AF patients. 560 patients were included. 280 were randomised to CPVA
group, and 280 to modified CPVA group.

Age: 56.4+/-6.5 years in CPVA group, and 56.6+/-8.0 years in CPVA-M group. 
% of male: 138/280 (49%) in CPVA group, and 153/280 (54.6%) in CPVA-M group. 
Follow-up: 12 months.

Location: Milan, Italy.

Interventions CPVA-M: Circumferential pulmonary vein ablation plus 2 additional ablation lines in the posterior leD
atrium connecting the contralateral superior and inferior PVs and along the mitral isthmus between
the inferior aspect of the leD-sided encircling ablation line and the mitral annulus.

CPVA: Circumferential pulmonary vein ablation

Outcomes Recurrence of arrhythmias

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation.

Allocation concealment
(selection bias)

Low risk A-Yes. Sequence was generated by computer, which was better in allocation
concealment.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Low risk Sequence was generated by computer program

Pappone 2004 

 
 

Methods Randomised controlled trial.

Participants Included patients with: Age >18 or<70 years; Creatinine concentration <1.5 mg/dl; AF history > 6
months; AF burden > 2 episodes/month in the last 6 months. 198 patients were included. 99 were
arranged to CPVA group, and 99 to ADT group.

Age: 55+/-10 years in CPVA group, and 57+/-10 years in ADT group. 
% of male: 69/99 (70%) in CPVA group, and 64/99 (65%) in ADT group. 
Follow-up: 12 months.

Location: Milan, Italy.

Interventions Ablation group: Circumferential pulmonary vein ablation.

Pappone 2006 
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ADT group: amiodarone, flecainide, or sotalol, either as single drugs or in combination, at the maxi-
mum tolerable doses.

Outcomes Freedom from documented recurrent atrial tachycardia.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Pappone 2006  (Continued)

 
 

Methods Block randomisation

Participants 149 paroxysmal and persistent AF patients aged 56+/-8 years were enrolled. 73 were arranged to CPVA
and CTIB group, and 76 patients were arranged to CPVA alone group.

Age: 56 +/- 8 years in CTIB+ group, and 56 +/-8 in CTIB- group. 
% of male: 74% in CTIB+ group, and 68% in CTIB- group. 
Follow-up: 12 months.

Location: Aarhus, Denmark.

Interventions CPVA plus CTIB compared CPVA alone

Outcomes Recurrence of AF

Notes CTIB: cavotricuspid isthmus block.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Block randomisation.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk The study was not blinded.

Pontoppidan 2009 
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Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Pontoppidan 2009  (Continued)

 
 

Methods Randomised by random number concealed by closed envelopes

Participants 54 paroxysmal and persistent AF patients were enrolled. About 17 patients had structural heart dis-
ease. 27 patients were arranged in each group.

Age: 57+/-10 years in steering group, and 54+/-10 years in fixed-curve group. 
% of male: 19/27 (70%) in steering group, and 20/27 (74%) in fixed-curve group. 
Follow-up: six months.

Location: London, UK.

Interventions Ablation using fixed-curve sheath compared with steerable sheath

Outcomes Recurrence of AT, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised number table.

Allocation concealment
(selection bias)

Low risk A-Yes. Randomisation envelopes were used.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Low risk Sequence was generated by randomised number table

Rajappan 2009 

 
 

Methods Randomised controlled trial

Participants 100 consecutive patients with paroxysmal AF were included. 50 patients were arranged to PVI group,
and 50 to PVI plus creation of two lines of ablation group.

Age: 60+/12 years in lone PVI group, and 61+/-10 years in PVI + linear lesion group. 
% of male: 34/50 (68%) in lone PVI group, and 29/50 (58%) in PVI + linear lesion group. 
Follow-up: nine months.

Sheikh 2006 
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Location: Milwaukee, WI, USA.

Interventions 50 patients was arranged to PV isolation group, and 50 patients to PV isolation plus creation of two
lines of ablation, one from the leD inferior PV to the mitral valve annulus and the other connecting the
superior PVs.

Outcomes Sinus rhythm restoring, complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Sheikh 2006  (Continued)

 
 

Methods Computer-generated randomisation

Participants Included patients with paroxysmal or persistent atrial fibrillation and not-tolerated drug regimens. 68
patients were arranged to ablation group, and 69 to drugs group.

Age: 62.2+/-9 years in ablation group, and 62.3+/-10.7 years in control group. 
% of male: 37/68 (54%) in ablation group, and 44/69 (64%) in control group. 
Follow-up: 12 months. One in each group lost of follow-up.

Location: Maddaloni (CE), Italy.

Interventions Cavo-tricuspid and leD inferior pulmonary vein-mitral isthmus ablation plus circumferential PV abla-
tion.

Amiodarone, flecainide, propafenone, sotalol were applied in both groups.

Outcomes Recurrence of AF, sinus rhythm, complications.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation.

Stabile 2006 
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Allocation concealment
(selection bias)

Low risk A-Yes. Sequence was generated by computer, which was better in allocation
concealment.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk One patient in CPVA group and two in medicines group withdrew. But the in-
complete outcome data were not addressed.

Adequate sequence gener-
ation

Low risk Sequence was generated by computer program

Stabile 2006  (Continued)

 
 

Methods Randomised controlled trial

Participants 60 consecutive patients with paroxysmal AF and 40 consecutive patients with persistent/permanent AF
were included in both groups respectively.

Age: 56+/-9 years in adjuvant anterior LA ablation group (group I), and 57+/-12 years in adjuvant abla-
tion group (group II). 
% of male: 63% in both groups. 
Follow-up: 12 months.

Location: Cleveland, USA.

Interventions CFAE in addition to PVAI compared to PVAI alone.

Group I: standard PVAI plus adjuvant ablation under ICE guidance. 
Group II: first-time PVAI without adjuvant ablation within the preceding three months.

Outcomes Complications

Notes CFAE: complex fractionated atrial electrograms.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Verma 2007 
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Methods Computer-generated randomisation

Participants 106 drug-refractory paroxysmal AF patients aged 66 +/-8.8 years were enrolled. 54 patients were as-
signed to CPVI group, and 52 to CPVI + SVCI group.

Age: 66.6+/-8.8 years in CPVI group, and 65.4+/-8.9 years in CPVI+SVCI group. 
% of male: 28/54 (52%) in CPVI group, and 30/52 (58%) in CPVI+SVCI group. 
Follow-up: 12 months.

Location: Shanghai, China.

Interventions CPVI plus SVCI compared with CPVI.

Outcomes AF-free survival, recurrence of AT, complications.

Notes SVCI: superior vena cava isolation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation.

Allocation concealment
(selection bias)

Low risk A-Yes. Sequence was generated by computer, which was better in allocation
concealment.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Low risk Sequence was generated by computer program

Wang 2008 

 
 

Methods Randomised controlled trial

Participants 108 patients with symptomatic AF/AFL were enrolled. 49 were arranged to PV-LAJ-CTI ablation group,
and 59 to PV-LAJ ablation group.

Age: 54+/-11 years in PV-LAJ disconnection + CTI ablation group (group 1), and 55+/-11 years in PV-LAJ
disconnection alone group (group 2). 
% of male: 41/49 (84%) in group 1, and 47/59 (80%) in group 2. 
Follow-up: 12 months.

Location: Rotondo, Italy.

Interventions PV-LAJ ablation group: ICE-gruded mapping and ablation of all PV ostia was performed with the use of
a 10F, 64-element, phased-array ultrasound-imaging catheter (AcuNave, Acuson) introduced through
an 11Fsheath through the leD femoral vein. A decapolar Lasso catheter (Biosense) was used for circular
mapping and isolation of all PVs. Ablation was extended to the PV antrum in front of the tube like por-
tion of the PVs. Radiofrequency energy was delivered with the use of a cool-tipped ablation catheter
(EP Technologies). Energy delivery was titrated, with the operator watching for microbubble formation.

Wazni 2003 
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PV-LAJ+CTI ablation group: PV-LAJ ablation sees PV-LAJ ablation group. CTI block: Radiofrequency ab-
lation was performed under anatomic and electrogram guidance. existence of double potentials along
the ablation line was proved to be separated by >=100 ms during sinus rhythm. Bidirectional block by
pacing from both sides of the ablation line was also assessed (coronary sinus ostium and lateral isth-
mus [7 o'clock position in 60° leD anterior oblique]).

Outcomes Sinus rhythm restored, recurrence of AF, AFL. Complications

Notes PV-LAJ ablation: pulmonary vein-leD atrium junctional ablation; CTI: cavotricuspid isthmus isolation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Wazni 2003  (Continued)

 
 

Methods Computer-generated randomisation

Participants 70 patients experienced monthly symptomatic atrial fibrillation episodes for at least 3 months were en-
rolled. 33 were arranged to PVI group, and 37 to medicines group.

Age: 55+/-10 years in CPVA group and 57+/-10 years in ADT group. 
% of male: 69/99 (70%) in CPVA group, and 64/99 (65%) in ADT group. 
Follow-up: one years.

Location: Rotondo, Italy.

Interventions PVI group: Pulmonary vein isolation.

Medicine group: The maximum tolerable doses of each antiarrhythmic drug were advised. Medicines
included flecainide (100-150mg) twice daily, propafenone (225-300mg) 3 times daily, and sotalol
(120-160mg) twice daily.

Outcomes Recurrence of atrial fibrillation. Hospitalisation rate during the 1 year, quality of life. Complications.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Wazni 2005 
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Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation.

Allocation concealment
(selection bias)

Low risk A-Yes. Sequence was generated by computer, which was better in allocation
concealment.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk One patient in PVI group and two in medicines group lost to follow up. But the
incomplete data were not addressed.

Adequate sequence gener-
ation

Low risk Sequence was generated by computer program

Wazni 2005  (Continued)

 
 

Methods Randomised by random number table

Participants Included patients with:1) at least 2 failed attempts of an antiarrhythmic drug therapy for symptomatic
AF episodes; 2) persistent AF lasting for at least 1 month documented by daily trans-telephonic trans-
mitted ECG. 62 patients were enrolled. 32 were arranged to PVI plus SM group, and 30 to PVI alone
group.

Age: 58.3+/-11.8 years in PVI+SM group, and 60.1+/-9.3 years in PVI alone group. 
% of male: unknown. 
Follow-up:487 days (range from 429 to 570 days).

Location: Hamburg, Germany.

Interventions Pulmonary vein isolation plus additional substrate modification compared to PVI alone.

Outcomes Complications

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Low risk Sequence was generated by randomised number table.

Willems 2006 
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Methods Randomised controlled trial

Participants Patients with paroxysmal AF were included. 63 patients were randomised. 30 patients were assigned to
CPVA plus PVI group, and 33 to CPVA alone group.

Age: 64+/-10 years in CPVA plus PVI group, and 62+/-14 years in CPVA alone group.

% of male: 19/30 (63%) in CPVA plus PVI group, and 20/30 (67%) in CPVA alone group.

Follow-up: 11+/-3 months.

Location: Shanghai, China.

Interventions CPVA plus PVI compared with CPVA alone.

Outcomes Sinus rhythm restored, recurrence of AF

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient detail was provided.

Allocation concealment
(selection bias)

Unclear risk B-Unclear. The authors did not depict allocation concealment method.

Blinding High risk Blinding was not reported.

Incomplete outcome data
addressed

High risk There were no patients withdrawn or lost to follow up.

Adequate sequence gener-
ation

Unclear risk It was not addressed.

Zhang 2007 

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bauer 2006 The RCT was excluded as it did not use endpoint outcomes that the review required.

Brignole 1994 The RCT included patients with chronic AF (lasting more than 3 months which was considered to be
permanent AF).

Fiala 2008 The patients were randomised by the date of birth.

Ito 2007 The RCT did not included endpoint outcomes required by the review.

Kirkutis 2004 The RCT included chronic AF patients and used only heart rate control as endpoint outcome.

Padeletti 2003 The RCT was excluded as its endpoint outcomes were not required by the review.

Reddy 2007 The outcomes reported by this study were different to those in this review.
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Study Reason for exclusion

Tse 2005 The RCT did not observe clinical endpoint outcomes as required by the review.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Recurrence of AF in comparing CA with Medicines (rhythm control)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 recurrence of AF 7 760 Risk Ratio (M-H, Random, 95% CI) 0.27 [0.18, 0.41]

 
 

Analysis 1.1.   Comparison 1 Recurrence of AF in comparing CA
with Medicines (rhythm control), Outcome 1 recurrence of AF.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Forleo 2009 7/35 20/35 13.34% 0.35[0.17,0.72]

Jaïs 2008 7/53 46/59 13.62% 0.17[0.08,0.34]

Krittayaphong 2003 3/15 9/15 8.83% 0.33[0.11,0.99]

Oral 2006 14/77 53/69 16.93% 0.24[0.14,0.39]

Pappone 2006 14/99 75/99 16.83% 0.19[0.11,0.31]

Stabile 2006 30/68 63/69 20.12% 0.48[0.37,0.64]

Wazni 2005 4/32 22/35 10.33% 0.2[0.08,0.51]

   

Total (95% CI) 379 381 100% 0.27[0.18,0.41]

Total events: 79 (Experimental), 288 (Control)  

Heterogeneity: Tau2=0.21; Chi2=21.34, df=6(P=0); I2=71.89%  

Test for overall effect: Z=6.16(P<0.0001)  

Favours experimental 200.05 50.2 1 Favours control

 
 

Comparison 2.   Fatal or non-fatal embolic complications in comparing CA with Medicines (rhythm control)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 fatal or non-fatal embolic complica-
tions

2 167 Risk Ratio (M-H, Fixed, 95%
CI)

1.01 [0.18, 5.68]
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Analysis 2.1.   Comparison 2 Fatal or non-fatal embolic complications in comparing CA
with Medicines (rhythm control), Outcome 1 fatal or non-fatal embolic complications.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Krittayaphong 2003 1/15 0/15 20.12% 3[0.13,68.26]

Stabile 2006 1/68 2/69 79.88% 0.51[0.05,5.47]

   

Total (95% CI) 83 84 100% 1.01[0.18,5.68]

Total events: 2 (Experimental), 2 (Control)  

Heterogeneity: Tau2=0; Chi2=0.79, df=1(P=0.37); I2=0%  

Test for overall effect: Z=0.01(P=0.99)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 3.   mortality in comparing CA with Medicines (rhythm control)

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 mortality 1 137 Odds Ratio (M-H, Fixed, 95% CI) 0.5 [0.04, 5.65]

 
 

Analysis 3.1.   Comparison 3 mortality in comparing CA with Medicines (rhythm control), Outcome 1 mortality.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Stabile 2006 1/68 2/69 100% 0.5[0.04,5.65]

   

Total (95% CI) 68 69 100% 0.5[0.04,5.65]

Total events: 1 (Experimental), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.56(P=0.58)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 4.   Death of thrombo-embolic events in comparing CA with Medicines (rhythm control)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 death of thrombo-embolic events 1 137 Risk Ratio (M-H, Random, 95%
CI)

3.04 [0.13, 73.43]

 
 

Catheter ablation for paroxysmal and persistent atrial fibrillation (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

46



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 4.1.   Comparison 4 Death of thrombo-embolic events in comparing CA
with Medicines (rhythm control), Outcome 1 death of thrombo-embolic events.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Stabile 2006 1/68 0/69 100% 3.04[0.13,73.43]

   

Total (95% CI) 68 69 100% 3.04[0.13,73.43]

Total events: 1 (Experimental), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.69(P=0.49)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 5.   SR restored during the procedure in comparing CA with Medicines (rhythm control)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 SR restored during the procedure 1 198 Risk Ratio (M-H, Random, 95%
CI)

0.28 [0.20, 0.40]

 
 

Analysis 5.1.   Comparison 5 SR restored during the procedure in comparing CA
with Medicines (rhythm control), Outcome 1 SR restored during the procedure.

Study or subgroup Control Experiment Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Pappone 2006 24/99 85/99 100% 0.28[0.2,0.4]

   

Total (95% CI) 99 99 100% 0.28[0.2,0.4]

Total events: 24 (Control), 85 (Experiment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=6.94(P<0.0001)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 6.   SR restored at last follow up in comparing CA with Medicines (rhythm control)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 SR restored at last follow up 4 526 Risk Ratio (M-H, Random, 95%
CI)

1.87 [1.31, 2.67]
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Analysis 6.1.   Comparison 6 SR restored at last follow up in comparing CA
with Medicines (rhythm control), Outcome 1 SR restored at last follow up.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Forleo 2009 28/35 15/35 22.24% 1.87[1.23,2.83]

Jaïs 2008 46/53 13/59 19.89% 3.94[2.41,6.44]

Oral 2006 57/77 40/69 27.88% 1.28[1,1.62]

Pappone 2006 98/99 60/99 29.99% 1.63[1.39,1.92]

   

Total (95% CI) 264 262 100% 1.87[1.31,2.67]

Total events: 229 (Experimental), 128 (Control)  

Heterogeneity: Tau2=0.1; Chi2=18.14, df=3(P=0); I2=83.47%  

Test for overall effect: Z=3.44(P=0)  

Favours control 10000.001 100.1 1 Favours experimental

 
 

Comparison 7.   Recurrence of AF in comparing SPVA with CPVA

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Recurrence of AF 1 80 Risk Ratio (M-H, Fixed, 95% CI) 3.25 [1.16, 9.12]

 
 

Analysis 7.1.   Comparison 7 Recurrence of AF in comparing SPVA with CPVA, Outcome 1 Recurrence of AF.

Study or subgroup SPVA group CPVA group Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Oral 2003 13/40 4/40 100% 3.25[1.16,9.12]

   

Total (95% CI) 40 40 100% 3.25[1.16,9.12]

Total events: 13 (SPVA group), 4 (CPVA group)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.24(P=0.03)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 8.   Recurrence of AF between CPVA plus CTIB and CPVA alone

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Recurrence of AF at 12 months fol-
low-up

1 149 Risk Ratio (M-H, Random,
95% CI)

1.30 [1.00, 1.69]
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Analysis 8.1.   Comparison 8 Recurrence of AF between CPVA plus CTIB
and CPVA alone, Outcome 1 Recurrence of AF at 12 months follow-up.

Study or subgroup CPVA+CTIB CPVA Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Pontoppidan 2009 50/73 40/76 100% 1.3[1,1.69]

   

Total (95% CI) 73 76 100% 1.3[1,1.69]

Total events: 50 (CPVA+CTIB), 40 (CPVA)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.96(P=0.05)  

Favours CPVA+CTIB 50.2 20.5 1 Favours CPVA

 
 

Comparison 9.   Recurrence of AF between small and large area PVI

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 recurrence of AF 1 110 Risk Ratio (M-H, Random, 95% CI) 1.87 [1.13, 3.09]

 
 

Analysis 9.1.   Comparison 9 Recurrence of AF between small and large area PVI, Outcome 1 recurrence of AF.

Study or subgroup small area
group

large area
group

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Arentz 2007 28/55 15/55 100% 1.87[1.13,3.09]

   

Total (95% CI) 55 55 100% 1.87[1.13,3.09]

Total events: 28 (small area group), 15 (large area group)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.43(P=0.02)  

Favours small area 1000.01 100.1 1 Favours large area

 
 

Comparison 10.   Comparison of recurrence of AF between CFAE plus PVAI and PVAI alone

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Recurrence of AF 2 300 Risk Ratio (M-H, Random, 95%
CI)

1.39 [0.70, 2.75]

2 Recurrence of AF in persistent AF
patients

2 180 Risk Ratio (M-H, Random, 95%
CI)

1.18 [0.71, 1.95]
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Analysis 10.1.   Comparison 10 Comparison of recurrence of AF
between CFAE plus PVAI and PVAI alone, Outcome 1 Recurrence of AF.

Study or subgroup CFAE plus PVAI PVAI Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Oral 2009 14/50 14/50 52.78% 1[0.53,1.87]

Verma 2007 20/100 10/100 47.22% 2[0.99,4.05]

   

Total (95% CI) 150 150 100% 1.39[0.7,2.75]

Total events: 34 (CFAE plus PVAI), 24 (PVAI)  

Heterogeneity: Tau2=0.13; Chi2=2.09, df=1(P=0.15); I2=52.25%  

Test for overall effect: Z=0.94(P=0.35)  

Favours CFAE+PVAI 1000.01 100.1 1 Favours PVAI

 
 

Analysis 10.2.   Comparison 10 Comparison of recurrence of AF between CFAE
plus PVAI and PVAI alone, Outcome 2 Recurrence of AF in persistent AF patients.

Study or subgroup CFAE plus PVAI PVAI Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Oral 2009 11/40 7/40 35.89% 1.57[0.68,3.64]

Verma 2007 14/50 14/50 64.11% 1[0.53,1.87]

   

Total (95% CI) 90 90 100% 1.18[0.71,1.95]

Total events: 25 (CFAE plus PVAI), 21 (PVAI)  

Heterogeneity: Tau2=0; Chi2=0.71, df=1(P=0.4); I2=0%  

Test for overall effect: Z=0.63(P=0.53)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 11.   Embolic complications in comparing PVI with PVI plus additional atrium ablation

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 embolic complication 2 287 Risk Ratio (M-H, Fixed, 95% CI) 3.05 [0.32, 28.93]

 
 

Analysis 11.1.   Comparison 11 Embolic complications in comparing PVI
with PVI plus additional atrium ablation, Outcome 1 embolic complication.

Study or subgroup PVI PVI+leF atri-
um ablation

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Fassini 2005 1/92 0/95 49.6% 3.1[0.13,75.06]

Karch 2005 1/50 0/50 50.4% 3[0.13,71.92]

   

Total (95% CI) 142 145 100% 3.05[0.32,28.93]

Total events: 2 (PVI), 0 (PVI+leD atrium ablation)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Favours experimental 10000.001 100.1 1 Favours control
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Study or subgroup PVI PVI+leF atri-
um ablation

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=0.97(P=0.33)  

Favours experimental 10000.001 100.1 1 Favours control

 
 

Comparison 12.   sinus rhythm restored during the ablation procedure

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Sinus rhythm restored during the abla-
tion procedure

2 162 Risk Ratio (M-H, Fixed, 95%
CI)

0.60 [0.46, 0.78]

 
 

Analysis 12.1.   Comparison 12 sinus rhythm restored during the ablation
procedure, Outcome 1 Sinus rhythm restored during the ablation procedure.

Study or subgroup PVI PV+LAA Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Sheikh 2006 29/50 43/50 71.17% 0.67[0.52,0.88]

Willems 2006 7/30 18/32 28.83% 0.41[0.2,0.85]

   

Total (95% CI) 80 82 100% 0.6[0.46,0.78]

Total events: 36 (PVI), 61 (PV+LAA)  

Heterogeneity: Tau2=0; Chi2=1.79, df=1(P=0.18); I2=44.26%  

Test for overall effect: Z=3.83(P=0)  

Favours PVI+LAA 500.02 100.1 1 Favours PVI

 
 

Comparison 13.   Sinus rhythm restored at the end of follow-up

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 PVI compared to PVI plus leD atrium
linear ablation

4 322 Risk Ratio (M-H, Random,
95% CI)

0.78 [0.60, 1.02]

2 CPVA compared to modified CPVA 2 163 Risk Ratio (M-H, Random,
95% CI)

1.17 [0.80, 1.70]

 
 

Analysis 13.1.   Comparison 13 Sinus rhythm restored at the end of follow-
up, Outcome 1 PVI compared to PVI plus leF atrium linear ablation.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Haïssaguerre 2004 26/35 29/35 28.31% 0.9[0.7,1.15]

Favours PVI and LA 1000.01 100.1 1 Favours PVI
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Hocini 2005 31/45 39/45 29.4% 0.79[0.63,1]

Sheikh 2006 41/50 45/50 33.13% 0.91[0.78,1.07]

Willems 2006 6/30 22/32 9.17% 0.29[0.14,0.62]

   

Total (95% CI) 160 162 100% 0.78[0.6,1.02]

Total events: 104 (Experimental), 135 (Control)  

Heterogeneity: Tau2=0.05; Chi2=11.79, df=3(P=0.01); I2=74.56%  

Test for overall effect: Z=1.81(P=0.07)  

Favours PVI and LA 1000.01 100.1 1 Favours PVI

 
 

Analysis 13.2.   Comparison 13 Sinus rhythm restored at the
end of follow-up, Outcome 2 CPVA compared to modified CPVA.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Liu02 2006 41/50 29/50 48.13% 1.41[1.08,1.85]

Zhang 2007 27/33 25/30 51.87% 0.98[0.78,1.23]

   

Total (95% CI) 83 80 100% 1.17[0.8,1.7]

Total events: 68 (Experimental), 54 (Control)  

Heterogeneity: Tau2=0.06; Chi2=4.53, df=1(P=0.03); I2=77.92%  

Test for overall effect: Z=0.82(P=0.41)  

Favours M-CPVA 1000.01 100.1 1 Favours CPVA

 
 

Comparison 14.   Comparison of superior PVs and four-PVs ablation in free of AF in one year follow-up

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Free of atrial fibrillation 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.58, 1.32]

 
 

Analysis 14.1.   Comparison 14 Comparison of superior PVs and four-PVs
ablation in free of AF in one year follow-up, Outcome 1 Free of atrial fibrillation.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Katritsis 2004 16/27 17/25 100% 0.87[0.58,1.32]

   

Total (95% CI) 27 25 100% 0.87[0.58,1.32]

Total events: 16 (Experimental), 17 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.65(P=0.51)  

Favours experimental 1000.01 100.1 1 Favours control
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Comparison 15.   Comparision of sinus rhythm between CFAE+PV(A)I and PV(A)I

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Sinus rhythm remaining 2 198 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.85, 1.20]

 
 

Analysis 15.1.   Comparison 15 Comparision of sinus rhythm between
CFAE+PV(A)I and PV(A)I, Outcome 1 Sinus rhythm remaining.

Study or subgroup CFAE+PV(A)I PV(A)I Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Deisenhofer 2009 42/50 36/48 51.93% 1.12[0.91,1.37]

Oral 2009 30/50 34/50 48.07% 0.88[0.66,1.19]

   

Total (95% CI) 100 98 100% 1.01[0.85,1.2]

Total events: 72 (CFAE+PV(A)I), 70 (PV(A)I)  

Heterogeneity: Tau2=0; Chi2=1.83, df=1(P=0.18); I2=45.34%  

Test for overall effect: Z=0.06(P=0.95)  

Favours PV(A)I 20.5 1.50.7 1 Favours CFAE+PV(A)I

 
 

Comparison 16.   Insidence of cardiac tamponade

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Cardiac tamponade 3 349 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.15, 3.71]

 
 

Analysis 16.1.   Comparison 16 Insidence of cardiac tamponade, Outcome 1 Cardiac tamponade.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Fassini 2005 0/92 1/95 43.05% 0.34[0.01,8.34]

Sheikh 2006 1/50 0/50 14.58% 3[0.13,71.92]

Willems 2006 0/30 1/32 42.37% 0.35[0.02,8.39]

   

Total (95% CI) 172 177 100% 0.74[0.15,3.71]

Total events: 1 (Experimental), 2 (Control)  

Heterogeneity: Tau2=0; Chi2=1.17, df=2(P=0.56); I2=0%  

Test for overall effect: Z=0.37(P=0.71)  

Favours experimental 5000.002 100.1 1 Favours control
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Comparison 17.   Comparison of complication of superior PVs and four-PV ablation

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Asymptomatic PV stenosis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.19 [0.01, 3.69]

 
 

Analysis 17.1.   Comparison 17 Comparison of complication of superior
PVs and four-PV ablation, Outcome 1 Asymptomatic PV stenosis.

Study or subgroup superior
PVs ablation

four-PV
ablation

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Katritsis 2004 0/27 2/25 100% 0.19[0.01,3.69]

   

Total (95% CI) 27 25 100% 0.19[0.01,3.69]

Total events: 0 (superior PVs ablation), 2 (four-PV ablation)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.1(P=0.27)  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 18.   Comparison of complication of PV-AJ ablation plus or not cavo-tricuspid isthmus ablation

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Asymptomatic PV stenosis 1 108 Risk Ratio (M-H, Fixed, 95% CI) 0.83 [0.05, 12.94]

 
 

Analysis 18.1.   Comparison 18 Comparison of complication of PV-AJ ablation plus
or not cavo-tricuspid isthmus ablation, Outcome 1 Asymptomatic PV stenosis.

Study or subgroup PV-leF AJ
ablaiton

addition-
al ablation

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Wazni 2003 1/59 1/49 100% 0.83[0.05,12.94]

   

Total (95% CI) 59 49 100% 0.83[0.05,12.94]

Total events: 1 (PV-leD AJ ablaiton), 1 (additional ablation)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.13(P=0.89)  

Favours experimental 1000.01 100.1 1 Favours control
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Type of AF Basal technics Skills Combined Skills

Ostial PVI  

Circular ostials PVI  

Segmental PVI  

PV ablation (Circumferential PV abla-
tion, CPVA)

 

Circumferential PV isolation (CPVI)  

Ablation of complex fractionated atrial
electrograms (CFAE)

 

Ablation of autonomic plexuses  

PVI plus ablation of vein of Marshall

PVI plus ablation of superior vena cava

Inducibility guided additional ablation
targeting the substrate

Adding Mitral isthmus line

Adding roofline

PVI plus CFAE

Combinations of more than 2 tech-
niques

Combined approaches

Double/single Lasso technique

PVI: targeted at abla-
tion of the muscular
sleeves

PV antrum isolation PV antrum isolation guided by ICE

Paroxysmal

Wide anatomic cir-
cumferential abla-
tion: encircling the PVs
within the leD atrium

   

PVI alone    

Mitral isthmus ablation  

Roofline ablation  

Linear lesions

Ablation of anterior leD atrial line  

  PVI plus Mitral ablation

Persistent

Combined approaches

  PVI plus roofline ablation

Table 1.   Classfications of catheter ablation 
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  PVI plus ablation of anterior leD atrial
line

Ablation of focal source in addition to PV
foci

 Stepwise ablation
techniques

Double atrium ablation  

Table 1.   Classfications of catheter ablation  (Continued)

PV: Pulmonary vein; PVI: pulmonary vein isolation; ICE: Intracardiac Echocardiography.
 

 

A P P E N D I C E S

Appendix 1. Search strategies

CENTRAL on The Cochrane Library

#1 MeSH descriptor atrial fibrillation this term only
#2 atrial in All Text
#3 atrium in All Text
#4 Auricular next Fibrillat* in All Text
#5 MeSH descriptor tachycardia this term only
#6 MeSH descriptor Tachycardia, Paroxysmal this term only
#7 MeSH descriptor Tachycardia, Supraventricular this term only
#8 tachycardia* in All Text
#9 tachyarrhythmia* in All Text
#10 (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9)
#11 MeSH descriptor catheter ablation this term only
#12 ablat* in All Text
#13 (#11 or #12)
#14 (#10 and #13)

MEDLINE on Ovid

1 Atrial Fibrillation/
2 atrial fibrillation.tw.
3 atrium fibrillation.tw.
4 auricular fibrillation.tw.
5 atrial tachycardia$.tw.
6 or/1-5
7 Catheter Ablation/
8 (catheter and (ablat$ or isolat$)).tw.
9 (transcatheter and (ablat$ or isolat$)).tw.
10 or/7-9
11 6 and 10
12 randomized controlled trial.pt.
13 controlled clinical trial.pt.
14 Randomized controlled trials/
15 random allocation/
16 double blind method/
17 single-blind method/
18 or/12-17
19 exp animal/ not humans/
20 18 not 19
21 clinical trial.pt.
22 exp Clinical trials as topic/
23 (clin$ adj25 trial$).ti,ab.
24 ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).ti,ab.
25 placebos/
26 placebo$.ti,ab.
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27 random$.ti,ab.
28 research design/
29 or/21-28
30 29 not 19
31 20 or 30
32 31 and 11

EMBASE on Ovid

1 Heart Atrium Fibrillation/
2 Heart Atrium Arrhythmia/
3 atrial fibrillation.tw.
4 atrium fibrillation.tw.
5 auricular fibrillation.tw.
6 atrial tachycardia$.tw.
7 or/1-6
8 Catheter Ablation/
9 (catheter and (ablat$ or isolat$)).tw.
10 (transcatheter and (ablat$ or isolat$)).tw.
11 or/8-10
12 7 and 11
13 clinical trial/
14 random$.tw.
15 randomized controlled trial/
16 double blind procedure/
17 factorial$.ti,ab.
18 (crossover$ or cross-over$).ti,ab.
19 (double$ adj blind$).ti,ab.
20 (singl$ adj blind$).ti,ab.
21 assign$.ti,ab.
22 allocat$.ti,ab.
23 volunteer$.ti,ab.
24 Crossover Procedure/
25 Single Blind Procedure/
26 controlled clinical trial/
27 or/13-26
28 27 and 12

Search strategy for Chinese BioMedical Literature Database

（⼼房颤动【主题词】OR ⼼房颤动【题⽬】OR 房颤【题⽬】OR ⼼房颤动【摘要】OR 房颤【摘要】）AND （（消融【题⽬】OR 射频消融【题⽬】OR 导管消融【题⽬】）OR （消融【摘要】OR 射频消融【摘要】OR 导管消融【摘要】））
CNKI Chinese Paper Database

（⼼房颤动【题⽬】OR 房颤【题⽬】）AND （射频【题⽬】OR 射频消融【题⽬】OR 消融【题⽬】）
C O N T R I B U T I O N S   O F   A U T H O R S

Chen HS: Protocol draD, development of search strategy, study selection, quality assessment, data extraction, data analysis, development
of final review and corresponding author.
Wen JM: searching for trials, study selection, quality assessment, data extraction, data analysis, co development of final review.
Wu SN: providing clinical perspectives, results explanation.
Liu JP: Protocol revision, third party for study selection and quality assessment, providing methodological perspectives, co development
of final review and revision.

D E C L A R A T I O N S   O F   I N T E R E S T

None known.

S O U R C E S   O F   S U P P O R T

Internal sources

• Intensive Care Unit of Shenzhen People's Hospital, China.
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• Cardiovascular Department of Shenzhen People's Hospital, China.

External sources

• No sources of support supplied

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The comparison of CA versus medical therapies was added as an objective during the review stage.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Anti-Arrhythmia Agents  [therapeutic use];  Atrial Fibrillation  [drug therapy]  [mortality]  [prevention & control]  [*surgery];  Catheter
Ablation  [adverse eHects]  [*methods]  [mortality];  Pulmonary Veins  [surgery];  Quality of Life;  Randomized Controlled Trials as Topic; 
Secondary Prevention;  Treatment Outcome

MeSH check words

Humans
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