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METHODS The meta ‑analysis was performed 
according to the PRISMA 2009 flow diagram 
(Preferred Reporting Items for Systematic Re‑
views and Meta ‑Analyses)6 and was approved by 
the local institutional review board.

Search strategy and inclusion criteria  
PubMed, EMBASE, and Cochrane Library da‑
tabases were searched between 1966 and April 
2019 with the following terms as key concepts: 
(((((“Radiofrequency Ablation”[Mesh]) OR Ab‑
lation, Radiofrequency) OR Ablation, Radio 
Frequency) OR Radio ‑Frequency Ablation) OR 
Ablation, Radio ‑Frequency) AND (Cryobal‑
loon ablation OR Cryoballoon) AND (((((((“Atri‑
al Fibrillation”[Mesh]) OR Persistent Atrial Fi‑
brillation) OR Atrial Fibrillation, Persistent) OR 

INTRODUCTION Catheter ablation is an estab‑
lished therapy for drug ‑refractory atrial fibrilla‑
tion (AF) according to several guidelines.1,2 Ra‑
diofrequency ablation (RFA) is still the mainstay 
of AF ablation. In recent years, cryoballoon ab‑
lation (CBA) has been widely adopted as an effi‑
cacious ablation technique, particularly for par‑
oxysmal AF.3 However, in about 7.1% of patients 
per year, paroxysmal AF will develop into per‑
sistent AF.4 Persistent AF was reported to occur 
in at least 33.3% of patients undergoing AF ab‑
lation.5 There have been few studies, with small 
sample sizes, comparing the effects of CBA and 
RFA on persistent AF. Hence, a systematic re‑
view and meta ‑analysis was conducted to as‑
sess the efficacy and safety of CBA and RFA in 
patients with persistent AF.
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ABSTRACT
BACKGROUND Clinical outcomes of catheter ablation for persistent atrial fibrillation (AF) remain discouraging.
AIMS This meta ‑analysis aimed to compare cryoballoon ablation (CBA) with radiofrequency ablation 
(RFA) for persistent AF.
METHODS A systematic search of the PubMed, EMBASE, and Cochrane Library databases was performed 
for studies comparing the outcomes between CBA and RFA. Seven trials including 934 patients were analyzed.
RESULTS There were no differences between groups in terms of freedom from atrial arrhythmia (risk ratio 
[RR], 1.04; 95% CI, 0.93–1.15; P = 0.52; I2 = 0%), procedural complications (RR, 0.91; 95% CI, 0.52–1.59; P = 0.74; 
I2 = 0%), atrial fibrillation or atrial tachycardia relapse during the blanking period (RR, 0.73; 95% CI, 0.50–1.06; 
P = 0.1; I2 = 9%), repeat ablation (RR, 0.74; 95% CI, 0.45–1.21; P = 0.23; I2 = 62%), and vascular complications 
(RR, 0.98; 95% CI, 0.42–2.27; P = 0.97; I2 = 0%). Cryoballoon ablation increased the incidence of conversion 
to sinus rhythm during ablation (RR, 1.69; 95% CI, 1.01–2.83; P = 0.046; I2 = 0%) and phrenic nerve palsy 
(PNP; RR, 3.05; 95% CI, 0.95–9.8; P = 0.06; I2 = 0%), while RFA increased the risk of cardiac tamponade (RR, 
0.27; 95% CI, 0.06–1.25; P = 0.09; I2 = 0%). Subanalyses revealed a lower incidence of recurrent atrial 
arrhythmia and repeat ablation during CBA without touch ‑up RFA in pulmonary vein isolation.
CONCLUSIONS CBA provides an alternative technique for persistent AF ablation. It might reduce the risk 
of repeat ablation and cardiac tamponade but increase the risk of PNP.
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12 months; and 4) the first ablation procedure 
was present. The exclusion criteria were as fol‑
lows: 1) mixed population; 2) equivocal study de‑
sign or group allocation; 3) animal studies, case 
reports, case series, editorials, non ‑English ar‑
ticles, and review articles.

Outcomes and data extraction Efficacy out‑
comes included freedom from AF / atrial tachy‑
cardia (AT), AF / AT relapse during the blanking 
period, conversion to sinus rhythm (SR) during 
ablation, and repeat ablation. Safety outcomes 
included procedural complications, cardiac tam‑
ponade, phrenic nerve palsy (PNP), and vascular 
access complications. Two investigators (X ‑FG 
and C ‑LJ) independently extracted specified 
data from identified studies. All potential dis‑
agreement was resolved by consensus.

Quality assessment The quality of the in‑
cluded full ‑text studies was evaluated accord‑
ing to the following aspects: quality of partici‑
pant selection, comparability of groups, and out‑
come adjudication using the Newcastle–Ottawa 
Scale (C ‑FC and BC). Each study could be scored 
a maximum of 9 points. Scores above 6 were re‑
garded as high quality.

Statistical analysis Statistical analyses were 
performed using the Meta package of R statistics 
(version 3.5.3; Shanghai, China) by an indepen‑
dent reviewer (X ‑HL). Risk ratios (RRs) with 95% 
CIs were calculated. Significant heterogeneity was 
defined as an I2 of higher than 50% with a P val‑
ue of less than 0.1. The fixed effect by the DerSi‑
monian and Laird method7 was preferred if non‑
significant heterogeneity was identified. Other‑
wise, a random ‑effects model was used. Sensitiv‑
ity analysis was performed to detect a contribut‑
ing study by excluding each study one by one and 
recalculating pooled estimates of the remaining 
studies. The Funnel plot and Peters test were used 
to investigate publication bias for the outcomes 
of freedom from AF / AT and procedural compli‑
cations. The trim ‑and ‑fill method was used to 
help verify the results as needed. Subanalyses 
were conducted for CBA groups (with or with‑
out touch ‑up RFA in pulmonary vein isolation 
[PVI]) and RFA groups (with or without the use 
of a contact force catheter) to evaluate the over‑
all results for freedom from AF / AT, procedural 
complications, and repeat ablation.

RESULTS Study selection and characteristics  
A total of 663 studies were initially screened, of 
which 90 were duplicates and 550 were excluded 
after reviewing their titles or abstracts. The re‑
maining 25 studies were further examined, and 
7 studies were ultimately included in the analy‑
sis: 2 propensity score–matched studies,8,9 2 retro‑
spective studies,10,11 2 prospective studies,12,13 and 

Atrial Fibrillations, Persistent) OR Fibrillation, 
Persistent Atrial) OR Fibrillations, Persistent 
Atrial) OR Persistent Atrial Fibrillations). Con‑
ference abstracts were also searched, and refer‑
ences from published meta ‑analyses, reviews, 
and identified studies were considered.

Eligible studies in English had to meet the fol‑
lowing criteria: 1) patients had persistent AF; 
2) data for efficacy and safety for both CBA and 
RFA were available; 3) the follow‑up was at least 

WHAT’S NEW?
The aim of this meta ‑analysis was to investigate the differences in efficacy and 
safety between cryoballoon ablation (CBA) and radiofrequency ablation (RFA) 
in persistent atrial fibrillation. There were no differences between CBA and 
RFA in the procedural success rate as well as complications. Cryoballoon ablation 
might yield a lower incidence of repeat ablation compared with RFA. The results 
of all subanalyses were similar to the efficacy and safety outcomes between 
the 2 techniques. The success rate of cryo‑pulmonary isolation without touch‑
up RFA might be higher in patients who underwent CBA compared with those 
after RFA. Cryoballoon ablation can be considered as an initial technique for 
recurrent AF ablation in failed RFA for paroxysmal AF.
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FIGURE 1  PRISMA flow diagram for search strategy and study selection
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publication bias (P = 0.74). The funnel plots for 
procedural complications also seemed symmetri‑
cal (Supplementary material, Figure S3) but were 
not consistent with the Peters test (P = 0.03). 
None of the studies were added after the trim‑
‑and ‑fill analysis. The adjusted result (RR, 0.92; 
95% CI, 0.52–1.62; P = 0.78; I2 = 0%) supported 
the publication bias and had no influence on 
the final result.

Subanalyses The subanalyses revealed that 
patients after cryo ‑PVI without touch ‑up RFA 
in the CBA group more frequently showed free‑
dom from AF / AT (RR, 1.15; 95% CI, 1–1.32) and 
less often required repeat ablation (RR, 0.49; 
95% CI, 0.3–0.79). Patients in the RFA group 
with the use of contact force ‑sensing catheter 
also showed a lower incidence of repeat ablation 
(RR, 0.65; 95% CI, 0.45–0.93). None of the sub‑
analyses revealed significant differences in pro‑
cedural complications between groups. Data are 
presented in FIGURE4.

DISCUSSION To the best of our knowledge, 
this is the first meta ‑analysis to compare the ef‑
ficacy and safety between CBA and RFA in per‑
sistent AF ablation. The main findings were as 
follows: 1) CBA showed a similar success rate 
for maintaining SR for persistent AF as com‑
pared with RFA, combined with a similar in‑
cidence of procedural complications between 
groups; 2) CBA might help reduce the need for 
repeat ablation in persistent AF but with an in‑
creased risk of PNP, while RFA might reduce 
the risk of cardiac tamponade; and 3) subanal‑
yses supported CBA as an initial option for per‑
sistent AF in the context of consistent efficacy 
and safety outcomes.

The success rate of RFA for persistent AF was 
reported to be approximately 60%,15,16 which is 
in agreement with our results both for CBA and 
RFA. The one ‑shot mode and the commonly used 
28‑mm balloon for CBA reinforced the advan‑
tage of CBA in creating homogenous and exten‑
sive ablation lesions in the pulmonary vein (PV) 
antrum in comparison with RFA, especially af‑
ter the advent of second ‑generation cryoballoons 
with a wider freezing surface and more injection 
ports. Higher levels of cardiac troponin I and cre‑
atine kinase ‑MB detected during CBA also re‑
flected a greater degree of lesions during cryo‑
ablation.17 A magnetic resonance imaging study 
demonstrated that a significantly wider lesion 
area (mean [SD], 8.2 [2.2] mm vs 5.6 [2.0] mm) 
and fewer lesion gaps (7% vs 38%) were present 
after CBA compared with RFA.18 Consequently, 
PVI created by CBA was thought to be more ben‑
eficial than RFA. 

In the  recent FREEZE Cohort Study,19 in 
which a second‑ or third ‑generation cryoballoon 
was used in 76% of patients undergoing CBA, 

a conference abstract14 (FIGURE1). Two conference ab‑
stracts were excluded due to a suspicion of over‑
lapping population. The baseline characteristics 
of the included studies are summarized in TABLE1. 
There was a total of 934 patients, of whom 451 un‑
derwent CBA and 483 underwent RFA. For CBA, 
most studies used a second ‑generation cryobal‑
loon as an ablation tool, except the study by Bove‑
da et al,8 which utilized a first ‑generation cryo‑
balloon. For RFA, a contact force ‑sensing cathe‑
ter was employed in 3 studies,9,12,13 while the re‑
maining studies utilized a standard open irri‑
gated catheter.10,11 Cryo ‑PVI in 2 CBA groups was 
reported with no touch ‑up RFA.9,12 Only one CBA 
group, in the study by Ciconte et al,12 was treat‑
ed using the PVI ‑alone ablation strategy, while 
the majority of studies showed different extra‑
‑PVI ablations in CBA groups. In these studies, 
a short ‑term monitoring device was used. Only 
one study, by Yokokawa et al,13 employed a long‑

‑term device for follow ‑up monitoring. The New‑
castle–Ottawa Scale scores for the included stud‑
ies are shown in Supplementary material, Table S1.

Efficacy outcomes Similar AF‑ / AT‑free sur‑
vival rates were found between CBA and RFA 
(58% and 56%, respectively; RR, 1.04; 95% CI, 
0.93–1.15; P = 0.52; I2 = 0%; FIGURE2A). The inci‑
dence of AF / AT relapse during the blanking pe‑
riod of CBA did not differ from that of RFA (RR, 
0.73; 95% CI, 0.50–1.06; P = 0.1; I2 = 9%; FIGURE2B). 
The groups differed in the incidence of conversion 
to SR during ablation (RR, 1.69; 95% CI, 1.01–
2.83; P = 0.046; I2 = 0%; FIGURE2C). The random‑
‑effects model was preferred for a pooled anal‑
ysis of the incidence of repeat ablation due to 
its significant heterogeneity (RR, 0.74; 95% CI, 
0.45–1.21; P = 0.23; I2 = 62%; FIGURE2D). Sensitivity 
analysis found that heterogeneity may be attrib‑
uted to the study by Kosmidou et al,11 because 
its exclusion reduced the heterogeneity to 25% 
and the difference in repeat ablation became sig‑
nificant (RR, 0.60; 95% CI, 0.44–0.82; P = 0.001; 
Supplementary material, Figure S1).

Safety outcomes There were no signifi‑
cant differences in procedural complications 
(RR, 0.91; 95% CI, 0.52–1.59; P = 0.74; I2 = 0%; 
FIGURE3A) or vascular complications (RR, 0.98; 95% 
CI, 0.42–2.27; P = 0.97; I2 = 0%; FIGURE3B) between 
CBA and RFA. The analysis of PNP revealed that 
it occurred in the CBA group in all 7 studies, and 
a difference in PNP between the 2 groups tend‑
ed to be significant (RR, 3.05; 95% CI, 0.95–9.80; 
P = 0.06; I2 = 0%; FIGURE3C). Furthermore, a trend 
to higher incidence of cardiac tamponade was 
noted during RFA (RR, 0.27; 95% CI, 0.06–1.25; 
P = 0.09; I2 = 0%; FIGURE3D).

Publication bias The  funnel plots for 
AF / AT were symmetrical (Supplementary ma‑
terial, Figure S2), and the Peters test showed no 
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was not uncommon in cryo ‑PVI. The introduc‑
tion of the second ‑generation cryoballoon re‑
duced this application by half as compared with 
the first ‑generation cryoballoon.19 Pulmonary 
vein anatomy might have no obvious influence 
on the outcome of cryoablation.20 These findings 
might support the use of CBA for persistent AF.

In addition, the current analysis for repeat ab‑
lation revealed a possibly significant superiori‑
ty of CBA over RFA after the sensitivity analy‑
sis accounted for heterogeneity. In the persistent 
AF subanalysis of the FREEZE Cohort Study,19 
repeat ablation was nearly halved with CBA as 

the persistent AF subanalysis including over 
1000 patients showed a consistent and much 
higher (approximately 65%) success rate between 
the CBA and RFA groups. However, the duration 
of persistent AF history in this cohort study was 
less than 1 year, which is shorter than the dura‑
tion of more than 2 years in most studies includ‑
ed in this meta ‑analysis. This could be an impor‑
tant reason for the higher success rate for persis‑
tent AF observed in this cohort study. Although 
the cryo ‑PVI without touch ‑up RFA might be re‑
lated to a better primary outcome as described 
in the subanalysis, touch ‑up RFA application 

Boveda 2016

Yokokawa 2018

Fixed effect model
Random effects model
Heterogeneity: I2 = 0%, τ2 = 0, P = 0.48

Ciconte 2015

Guler 2017
Akkaya 2018

Kosmidou 2013
Straube 2016

30
24
13
90
37
 7

60

451

 50
 59
 19

111
 90
 21

101

28
20
10
77
39
13
83

483

 50
 59
 15

111
 77
 31

140

0.5 1 2

1.04
1.07

1.07
1.20
1.03
1.17
0.81
0.79
1.00

[0.93; 1.15]
[0.96; 1.18]

[0.77; 1.50]
[0.75; 1.92]
[0.64; 1.64]
[1.00; 1.36]
[0.58; 1.13]
[0.38; 1.65]
[0.81; 1.24]

100%
−

10.8%
7.7%
4.3%

29.8%
16.3%

4.1%
26.9%

−
100%

9.5%
4.8%
4.8%

45.5%
9.7%
2.0%

23.7%

Study Events  Total
CBA

Events  Total
RFA

Risk ratio RR 95% CI (fixed)
Weight

(random)
Weight

Fixed effect model
Random effects model

Ciconte 2015
Boveda 2016
Kosmidou 2013

14
13
 6

130

 50
 59
 21

13
21
16

140

 50
 59
 31

0.5 1 2

0.73
0.73

1.08
0.62
0.55

[0.50; 1.06]
[0.49; 1.08]

[0.56; 2.05]
[0.34; 1.12]
[0.26; 1.18]

100%
−

27.7%
44.8%
27.5%

−
100%

34.3%
40.2%
25.6%

Heterogeneity: I2 = 9%, τ2 = 0.0118, P = 0.33

Study Events  Total
CBA

Events  Total
RFA

Risk ratio RR 95% CI (fixed)
Weight

(random)
Weight

Fixed effect model
Random effects model

Ciconte 2015
Guler 2017
Akkaya 2018
Yokokawa 2018
Kosmidou 2013

 7
 8
 9
 4
 5

291

 50
 19

111
 90
 21

 4
 5
 6
 2
 2

284

 50
 15

111
 77
 31

0.1 0.5 1 2 10

1.69
1.63

1.75
1.26
1.50
1.71
3.69

[1.01;  2.83]
[0.98;  2.73]

[0.55;  5.61]
[0.52;  3.07]
[0.55;  4.07]
[0.32;  9.09]

[0.79; 17.27]

100%
−

20.7%
28.9%
31.0%
11.1%

8.3%

−
100%

19.5%
33.4%
26.5%

9.5%
11.1%

Heterogeneity: I2 = 0%, τ2 = 0, P = 0.83

Study Events  Total
CBA

Events  Total
RFA

Risk ratio RR 95% CI (fixed)
Weight

(random)
Weight

Fixed effect model
Random effects model

Ciconte 2015
Akkaya 2018
Yokokawa 2018
Kosmidou 2013
Straube 2016

 7
14
20
 9

10

373

 50
111
 90
 21

101

11
32
18
 7

27

409

 50
111
 77
 31

140

0.5 1 2

0.68
0.74

0.64
0.44
0.95
1.90
0.51

[0.51; 0.91]
[0.45; 1.21]

[0.27; 1.51]
[0.25; 0.77]
[0.54; 1.66]
[0.84; 4.30]
[0.26; 1.01]

100%
−

12.1%
35.3%
21.4%

6.2%
25.0%

−
100%

16.4%
22.9%
23.2%
17.3%
20.3%

Heterogeneity: I2 = 62%, τ2 = 1902, P = 0.03

Study Events  Total
CBA

Events  Total
RFA

Risk ratio RR 95% CI (fixed)
Weight

(random)
Weight

 FIGURE 2 Forest plot of freedom from atrial fibrillation or atrial tachycardia (A), atrial fibrillation or atrial tachycardia relapse 
during the blanking period (B), conversion to sinus rhythm during ablation (C), and repeat ablation (D) for cryoballoon ablation vs 
radiofrequency ablation

 Abbreviations: RR, risk ratio; others, see TABLE1

A

B

C

D



KARDIOLOGIA POLSKA 2020; 78 (1)26

in patients undergoing repeat ablation.22 There‑
fore, it was assumed that the PVI gap was of‑
ten related to AF relapse instead of AT and that 
cryoablation was more capable of creating du‑
rable PVI than RFA and is therefore the main 
advantage of CBA. A small simple randomized 
study comparing the efficacy of the 2 energy 
sources in repeat ablation from paroxysmal AF 
showed no difference in AF recurrence at 1‑year 
 follow ‑up.24 In summary, it was hypothesized 
that RFA could be preserved as an initial ap‑
proach for repeat ablation after failed persistent 

compared with RFA. Another sizeable real ‑world 
registry study found that 11% of patients re‑
ceived a second ablation after RFA and 7.8% after 
CBA.21 It should be noted that in terms of the re‑
peated atrial arrhythmia type, the majority of 
AF cases (96%) were identified by RFA in pa‑
tients with persistent AF with PVI only,22 where‑
as a higher rate of atrial flutter (54.4%) was found 
with CBA.23 Studies on repeat ablation identified 
that extra ‑PV triggers (63.6%) were predomi‑
nant in PVI with CBA,23 while the proportion of 
PV reconnection via RFA reached a striking 80% 

 FIGURE 3 Forest plot of procedural complications (A), vascular complications (B), phrenic nerve palsy (C), and cardiac 
tamponade (D) for cryoballoon ablation vs radiofrequency ablation

 Abbreviations: see TABLE1 and FIGURE2
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and stability of contact in linear ablation with 
cryoballoon remain problematic.

With respect to the safety profile, the risk 
of procedural and vascular access complications 
was comparable in CBA and RFA. Similar to par‑
oxysmal AF analysis, an obvious trend for a high‑
er PNP incidence (1.9%) and cardiac tamponade 
(1.3%) was observed in CBA and RFA groups, re‑
spectively. Yet, unlike paroxysmal AF, persistent 
AF itself might be associated with an enlarged left 
atrium, complicated substrate, variant PV ostium, 
increased cryoablation difficulty, or another neces‑
sary ablation besides PVI. This contributes to more 
procedures, longer fluoroscopy time, and higher 
cryoenergy doses, thus increasing the incidence 
of complications. Optimization of freezing dos‑
es administered during cryoablation has been in‑
vestigated in several studies, which indicated that 
the new dosing strategy guided by the time ‑to ‑PVI 
resulted in fewer complications and shorter pro‑
cedural time without reducing freedom survival 
rate as compared with conventional strategies.29‑31

Admittedly, the present meta ‑analysis failed to 
indicate the newest advance of RFA in index abla‑
tion. A previous animal study showed the effica‑
cy of the ablation index–guided ablation in creat‑
ing transmural and durable lesions.32 The PRAISE 
study (Pulmonary Vein Reconnection Following 
Ablation Index ‑guided Ablation: a Success Evalu‑
ation) demonstrated that a surprising 95% of pa‑
tients with persistent AF were in SR after a sin‑
gle PVI with ablation index–guided ablation af‑
ter 1‑year follow ‑up.33 In addition, durable PVI 

AF ablation or failed cryoablation for AF, while 
CBA might be appropriate for recurrent AF in 
failed RFA for paroxysmal AF, which is common‑
ly driven by PV triggers.

Different from paroxysmal AF, persistent AF 
was more pronounced in its abnormal substrate 
of a lower voltage area, slow conduction region, 
or extra ‑PV triggers,25 creating challenges for 
ablation. Linear ablation was recommended as 
an adjuvant of PVI for persistent AF ablation to 
modify the substrate, but not at the same high 
level as specified in the guidelines1,2 due to its 
poor performance in randomized trials.26 It was 
speculated that the weak PVI in RFA obscured 
the benefit of linear ablation, resulting in sub‑
optimal performance.22 In the current analy‑
sis, a number of patients received extra linear 
ablation via cryoballoon. Akkaya et al9 report‑
ed a significantly higher survival with recur‑
rent arrhythmia in CBA (79.2%) with a cryo‑

‑achieved roofline compared with RFA (44.9%) 
with a fire ‑achieved roofline. Excitingly, the lat‑
est studies have demonstrated the feasibility of 
cryoballoon in posterior box isolation and im‑
proved the 1‑year freedom rate from atrial ar‑
rhythmia up to about 80% in both initial and 
repeated ablation in patients with persistent 
AF.27,28 The wider, continuous, and homogenous 
CBA lesions were promising for constructing 
larger and more reliable substrate lesions dur‑
ing linear ablation. However, testing the bidirec‑
tional conduction block, improving the accura‑
cy of the adjuvant line, and establishing safety 
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tentatrialfibrillation.NEnglJMed.2015;372:1812‑1822.
27 NishimuraT,YamauchiY,AoyagiH,etal.Theclinicalimpactoftheleftatrialpos-
teriorwalllesionformationbythecryoballoonapplicationforpersistentatrialfibrilla-
tion:Feasibilityandclinicalimplications.JCardiovascElectrophysiol.2019;30:805‑814.
28 IacopinoS,PaparellaG,CapulziniL,etal.Posteriorboxisolationasanad-
junctive ablation strategy during repeat ablationwith the second‑generation

was identified within up to 93% of PVs in a sub‑
sequent analysis of repeated ablation, comparable 
to 91% for CBA in the SUPIR study (Sustained PV 
Isolation with Arctic Front Advance).34 This em‑
phasized the importance of durable PVI for per‑
sistent AF. Further research is needed to compare 
the efficacy and safety between ablation guided 
by the ablation index and cryoablation with the 
second ‑generation balloon.

Limitations This meta ‑analysis has several 
limitations. First, the small simple size and non‑
randomized design of the included studies in‑
troduced a significant bias. Second, this meta‑
‑analysis did not reflect the new technology used 
in RFA, weakening the reliability of these results. 
Third, different adjuvant ablation strategies, such 
as roofline, cavotricuspid isthmus line, and other 
additional lines, were identified in the included 
studies, introducing another important bias. Fur‑
ther analyses based on more homogenous abla‑
tion strategies are necessary to clarify the differ‑
ence between the 2 techniques. Finally, the pub‑
lication bias could not be completely excluded.

Conclusions When considering persistent 
AF ablation, this meta ‑analysis demonstrat‑
ed that CBA is comparable to RFA in the inci‑
dence of freedom from AF / AT and procedural 
complications. Cryoballoon ablation might re‑
duce the incidence of repeat ablation, but with 
a higher PNP risk. Finally, CBA can be regarded 
as an initial treatment for patients with persis‑
tent AF. However, multicenter randomized clin‑
ical trials are needed to further verify the role 
of CBA in persistent AF ablation.
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