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Abstract
Objectives It is imperative to understand the influence of second-generation cryoballoon (CB-2) and contact-force sensing
radiofrequency ablation (CF-RF) on clinical outcomes in atrial fibrillation (AF). This updated meta-analysis of randomized
controlled trials (RCTs) examined the efficacy and safety of CB-2 vs. CF-RF in patients with AF.
Methods RCTs on the use of CB-2 vs. CF-RF in patients with AFwere included. The primary outcomewas the recurrence of AF,
and the key secondary outcomes included serious complications, acute pulmonary vein isolation (PVI), procedure duration, and
fluoroscopy time.
Results A total of 261 articles were identified, and five studies with a total of 845 participants were included in the study. A total
of 93% of participants had paroxysmal AF, 7% of participants had persistent AF, and none of participants had permanent AF.
There were 499 participants in the CB-2 arm and 346 in the CF-RF arm. AF recurrence was comparable in the CB-2 group
(30.3%) and the CF-RF group (29.2%) (OR = 0.93; 95%CI = 0.56–1.54; P = 0.79; I2 = 48%). There were no statistical differ-
ences in acute PVI (P = 0.92; I2 = 0%) and serious complications (P = 0.87; I2 = 47%) between the two groups. The procedure
duration was shorter in the CB-2 group than in the CF-RF group (MD = − 13.39; 95%CI = − 15.58, − 7.19; P < 0.0001; I2 =
59%).
Conclusion Our study demonstrated that CB-2 and CF-RF had comparable recurrences of AF and similar incidences of serious
complications in AF patients during the ablation process.
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1 Introduction

Catheter ablation has been proven to be an effective therapeu-
tic method for restoring and maintaining sinus rhythm in pa-
tients with atrial fibrillation (AF) [1, 2]. Pulmonary vein iso-
lation (PVI) is the cornerstone of catheter-based treatment for
AF [3], and cryoballoon ablation (CB) and point-by-point
radiofrequency (RF) ablation are currently the most widely
used catheter ablation technologies for PVI.

In RF ablation, PVI is accomplished in a point-by-
point manner, guided by 3D electroanatomic mapping
techniques. The technique is considered technically
challenging, especially for less experienced operators
[4]. In cryoballoon ablation, PVI is performed in a “sin-
gle shot” manner, which seems to be more accessible;
however, the effects of cryoballoon ablation have been
reported to be affected by pulmonary vein morphology
[5]. To overcome these disadvantages, further improved
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products were provided. In RF, the advanced-generation
product is called a contact-force sensing radiofrequency
catheter (CF-RF), and in cryoballoon ablation, the ad-
vanced generation product is called a second-generation
cryoballoon catheter (CB-2). It is believed that both
advanced-generation products have revolutionized the
field of AF ablation [6, 7].

Many studies have been conducted to compare RF and CB,
and it has been reported that these two ablation strategies have
comparable efficacy and safety in the treatment of AF [8–10].
Most of these previous studies used first-generation CB and
non-contact force-sensing RF catheters or only used
advanced-generation catheters in a small proportion of pa-
tients with AF; thus, these studies were not sufficiently
powered to detect differences between CB-2 and CF-RF
[11]. Therefore, the current priority is to examine the influence

of advanced generation catheters on the comprehensive clini-
cal outcomes.

Although several controlled trials of CB-2 and CF-RF have
been reported [12–14], these results were contradictory. Buist
et al. reported that increased arrhythmia-free survival and a
more durable PVI were observed when using CB-2 compared
with CF-RF [12]. Giannopoulos et al. reported that the ar-
rhythmia recurrence rate was not significantly different be-
tween the CB-2 (23.8%) and CF-RF groups (26.3%) (P =
0.762) [13]. Furthermore, a 2017 meta-analysis of CB-2 and
CF-RF has been reported [7]; however, only 2 retrospective
cohort studies and 4 controlled clinical trials were included
and no randomized controlled trials (RCTs) were included.
Given these limitations, we performed an updated meta-
analysis of RCTs to examine the efficacy and safety of CB-2
vs. CF-RF in patients with AF.

Record identified by 

searching databases

N=261

Records after duplicates removed

N=191

Records after  title screening

N=32

Conference abstract

N=23

Reviews N=12

Others N=124

Records after abstract screening

 N=22

Studies included in analysis

N=5

Non RCT N=4

The first generation 

cryoballoon/ Non-contact 

force catheter N=2

Left atrial appendage 

closeure

N=1

Review N=1

Re-ablation N=1

Others N=1

Duplicates
N=70

Records after full-text screening

 N=5
Editor comments  N=1

The first generation 

cryoballoon/ Non-contact 

force catheter N =1

No results N=1

Not RCT N=14

Fig. 1 Flow chart of the studies
search. RCT randomized
controlled trials
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2 Methods

2.1 Search strategy and study selection

Four databases, including PubMed, the Cochrane Central
Registered Control System, EMBASE, and ClinincalKey, were
used to retrieve articles until December 30, 2019. The following
words were applied for searching as MeSH or keywords: “atrial
fibrillation” AND “second-generation cryoballoon catheter”
AND “contact-force radiofrequency ablation catheter” AND
“randomized controlled trial.” The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines were
performed.

2.2 Eligibility criteria

The included studies met the following criteria: published in
English, first ablation for AF, and original data regarding CB-
2 vs. CF-RF in the patient with AF; and RCT study that met
the following criteria were excluded: conference abstracts,
reviews, follow-up duration less than 3 months, less than 10
patients in each arm, not containing major interest outcomes,
patients receiving both CB-2 and CF-RF ablation during the
index procedure, and original data regarding ablation vs. atrio-
ventricular node ablation or surgical ablation. If duplicate re-
ports were published, only the most complete one was
included.

2.3 Data extraction and critical appraisal

Data were extracted from the incorporated articles that passed the
initial quality assessment. The information included study de-
sign, number of patients in each study arm, baseline characteris-
tics, procedural details of CB-2 and CF-RF, and follow-up dura-
tion, and the interest outcomemeasureswere extracted from each
study. The Cochrane risk of bias tool for RCTs was used to
perform the quality assessment of the included studies [15].

2.4 Outcomes

The primary outcome of this study was the recurrence of AF.
Key secondary outcomes included serious complications, the
acute success of pulmonary vein isolation during ablation pro-
cedure (acute PVI), procedure duration, and fluoroscopy time.
If an adverse event had the potential to result in permanent
injury or death, required blood transfusion, required hospital-
ization for more than 24 h, or required intervention for treat-
ment, it was considered a serious complication.

2.5 Statistical analysis

Continuous variables were expressed as weighted mean dif-
ferences and 95% confidence intervals (CIs), and the I2 Ta
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aFig. 2 Risk of bias graph
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statistic was used to assess heterogeneity. A sensitivity analy-
sis was conducted in which one study was removed at a time
to test the stability of the results. Methods would be used to
convert that to mean and standard deviation, if values were
presented as median and inter-quartile range in included stud-
ies, as described previously [16]. Review Manager Version
5.3 (The Cochrane Collaboration, Copenhagen, Denmark)
was used to perform the analysis. A P value of < 0.05 was
considered statistically significant.

3 Results

3.1 Eligible study selection

Five studies were involved in our study. A total of 261 articles
were retrieved by database searching, as shown in Fig. 1.
There were 70 duplicates. The high number of duplicates
may be due to different databases containing articles from

the same journal source. After the titles and abstracts were
screened, 22 articles remained, and after full-text screening,
five remained finally. All five involved studies were RCTs,
two of which enrolled paroxysmal and persistent AF patients
[12, 17], and the remaining three studies only enrolled patients
with paroxysmal AF [13, 18, 19]. One study randomly
assigned patients with paroxysmal AF in a 1:2 allocation
scheme [13]. One study randomly assigned to patients to three
groups as follows: contact-force guided RF ablation group, 4-
min cryoballoon ablation group, and 2-min cryoballoon abla-
tion group [17], from which data in the 4-min cryoballoon
ablation group and 2-min cryoballoon were combined during
the extraction of data. With the exception of one study [17], in
which 23-mm and 28-mm second-generation cryoballoons
were used accordingly, the other four studies used only the
28-mm second-generation cryoballoon catheter during
cryoablation process [12, 13, 18, 19]. In the CB-2 arm, the
freezing time was 240 s in most of the included studies [12,
13, 18, 19], and in two of the involved studies, PVI was

a

b

Fig. 3 Primary outcomes. aAnalysis of all 5 involved studies; b the subgroup analysis of 3 studies only containing participants with paroxysmal AF. AF
atrial fibrillation, CF-RF contact force sensing radiofrequency ablation, CB-2 second-generation cryoballoon ablation

Table 3 The sensitivity analysis
of recurrence of AF Removed study OR (95%CI) P value Model I2 (P value)

1. 2018 Buist et al. 1.21(0.83,1.77) P = 0.32 Random 0% (P = 0.66)

2. 2018 Gunawardene et al. 0.86(0.51,1.44) P = 0.56 Random 53% (P = 0.10)

3. 2018 Watanabe et al. 0.93(0.52,1.68) P = 0.82 Random 61% (P = 0.05)

4. 2019 Giannopoulos et al. 0.98(0.51,1.88) P = 0.95 Random 61% (P = 0.05)

5. 2019 Andrade et al. 0.76(0.44,1.30) P = 0.31 Random 23% (P = 0.27)

AF atrial fibrillation
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evaluated through a waiting process [12, 17]. In one study,
additional ablation was done by using a touch-up freeze
cryocatheter if PVI was not achieved by the first-cycle
cryoballoon treatment [19]. The follow-up duration was
12months in four studies and 6months in one study (Table 1).

Table 2 shows the baseline characteristics of the in-
volved patients. Of all the included studies, a total of
845 participants were included in the research, with 499
participants in the CB-2 arm and 346 in the CF-RF arm.
The mean age of all participants was 59.45 ± 10.13 years,
and the percentage of males was 69.0%. A total of 93%
of participants included had paroxysmal AF, 7% of par-
ticipants included had persistent AF, and none of par-
ticipants included had permanent AF. The Cochrane risk
of bias tool was used to evaluate the studies, and the
result is shown in Fig. 2.

3.2 Primary outcome

All five studies and 845 participants were available for the
analysis of the primary outcome. The incidence of recurrence
of AF was comparable in the CB-2 group (30.3%) and the CF-
RF group (29.2%) (OR = 0.93; 95%CI = 0.56–1.54; P = 0.79;
I2 = 48%) (Fig. 3a). A subgroup analysis was conducted based
on whether participants in the study had persistent AF, and the
result was consistent with previous analysis of primary out-
come (Fig. 3b). Furthermore, sensitivity analysis was conduct-
ed in order to study the impact of individual studies on overall
risk estimates. The results showed that the overall risk of OR
estimates were consistent and not significantly volatile, with a
range from 0.76 (0.44–1.30) to 1.21(0.83–1.77) (Table 3).

3.3 Secondary outcomes

Four studies were involved in the analysis of acute PVI [12,
13, 18, 19]. The percentage of acute PVI in the CB-2 group
was 99.5% (1076/1081), and 99.68% (936/939) in the CF-RF
group. There were no statistical differences in acute PVI be-
tween the CB-2 and CF-RF groups (RR = 1.0; 95%CI = 0.99–
1.01; P = 0.92; I2 = 0%). A single study did not influence the
overall risk estimate.

Four studies were included in the analysis of serious com-
plications [12, 17–19], and one study did not mention the
occurrence of complications in the article [13]. The occur-
rence of complications in all participants was 6.34%, and the
occurrence of serious complications was 3.34% and 2.94% in
the CB-2 arm and CF-RF arm, respectively. There were no
statistical differences between the two arms (RD = 0.0;
95%CI = − 0.04–0.03; P = 0.87; I2 = 47%) (Fig. 4b). The re-
moval of a single study did not influence the overall risk
estimate, and there were no deaths in any of the involved
studies. In the CB-2 arm, phrenic nerve palsy was the most
common complication (1.67%), and the incidence of Ta
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permanent phrenic nerve palsy was 0.72% during second-
generation cryoballoon ablation. Table 4 summarizes the in-
cidence of complications in the involved studies.

Four studies were available for the analysis of procedure
duration [12, 13, 17, 18]. The results showed that in the CB-2

group, the procedure duration was shorter than that in the CF-
RF group (MD = − 13.39; 95%CI = − 15.58–7.19;
P < 0.0001; I2 = 59%). Moderate heterogeneity was found
(I2 = 59%), and as a result, subgroup analysis was conducted
based on whether there was a waiting process during the

a Acute PVI

b Serious Complications

c Procedure Duration
(1)

(2)

Fig. 4 Secondary outcomes. a Analysis of occurrence of acute PVI; b
analysis of occurrence of serious complications; c analysis of procedure
duration, a subgroup analysis was conducted based on whether there was
a waiting process during the evaluation of the ablation endpoint. AF atrial

fibrillation, CF-RF contact force sensing radiofrequency ablation, CB-2
second-generation cryoballoon ablation, PVI acute pulmonary vein
isolation
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evaluation of the ablation endpoint. The results are shown in
Fig. 4c.

High heterogeneity was found in the analysis of fluorosco-
py time, and for sample sensitivity analysis, all I2 values were
greater than 85% (Table s1); thus, the analysis of this indicator
was abandoned. The high heterogeneity may be due to differ-
ent habits of fluoroscopy and different levels of operator ex-
perience in different medical centers. Based on the available
evidence, our study cannot draw valid conclusions.

Table 5 shows the quality of evidence measured by the
GRADE system.

4 Discussion

To our knowledge, our study is the first meta-analysis to com-
pare CB-2 with CF-RF catheter ablation in patients with AF
by focusing on published RCTs. We demonstrated that there
were comparable recurrences of AF after ablation, with a sim-
ilar incidence of serious complications in the CB-2 and CF-RF
groups. Furthermore, our results showed that the procedure

duration in the CB-2 group was shorter than that in the CF-
RF group.

The incidence of recurrence of AF in our study was 30.3%
in the CB-2 arm and 29.2%CF-RF arm. It seemed that, similar
to the first generation of cryoballoon and non-contact RF ab-
lation catheters, CB-2 and CF-RF had similar therapeutic ef-
ficacy in patients with AF [11]. Furthermore, it appears that
the advanced generation ablation catheters did not improve
the effectiveness of AF ablation, since a previous meta-
analysis review on first-generation cryoballoon ablation and
non-contact force irrigate radiofrequency catheter ablation for
AF reported that the incidence of recurrence of AF after single
procedure ablation was 28.3% and 30.9%, retrospectively
[20]. These findings are consistent with those of Zhao et al.,
who reported that first-generation and second-generation
cryoballoon catheters showed similar efficacy for paroxysmal
AF ablation [21]. Furthermore, Kajiyama et al. reported that
the anatomy of PV could influence acute PVI during the pro-
cess of second-generation cryoballoon catheter ablation [22].
In our study, we showed that acute PVI was not affected by
the anatomy of the PV, as there was only one involved study

Table 5 The quality of evidence measured by GRADE system

Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

No. of participants
(studies)

Quality of the evidence
(GRADE)

Assumed risk Corresponding risk

Recurrence of AF Study population OR 1.21 (0.83 to 1.77) 576 (5 studies) 3 ⊕⊕⊕⊝ moderate1

286 per 1000 326 per 1000 (250 to 415)

Medium risk population

275 per 1000 315 per 1000 (239 to 402)

Acute PVI Study population RR 1 (0.99 to 1.01) 202 (4 studies) ⊕⊕⊕⊕high
997 per 1000 997 per 1000 (987 to 1000)

Medium risk population

1000 per 1000 1000 per 1000 (990 to 1000)

Serious complications Study population 725 (4 studies) ⊕⊕⊕⊝moderate1

29 per 1000 26 per 1000 (− 10 to 59)
Medium risk population

13 per 1000 12 per 1000 (− 5 to 26)

Duration The mean duration in the intervention
groups was13.39 lower
(19.58 to 7.19 lower)

795 (4 studies) ⊕⊕⊝⊝low1,2

No waiting process The mean No waiting process in the
intervention groups was 16.15 lower
(21.5 to 10.8 lower)

180 (2)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95%
confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI)

CI confidence interval, OR odds ratio, RR risk ratio

GRADEWorking Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate
quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality:
Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low
quality: We are very uncertain about the estimate
1 Events less than 300
2 I2 greater than 50%
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that screened the anatomy of PVs before ablation [19], and
removing that study did not affect the result of acute PVI and
recurrence of AF in the study. Therefore, it was considered
that screening the anatomy of the PV did not affect the effec-
tiveness of AF ablation of CB-2. A similar low incidence of
serious complications was found in the CB-2 and CF-RF
groups (3.34% and 2.94%, respectively), but no deaths oc-
curred in the included RCTs. More phrenic nerve palsy was
found in the CB-2 arm (1.67%) than in the CF-RF arm (0%).
Most patients with phrenic nerve palsy recovered, and the
incidence of permanent phrenic nerve palsy was just 0.72%.
In the CF-RF arm, pericardial effusion and vascular access
complications were more common. The incidence of compli-
cations in our research was much lower than that of previous
studies [20]. The reason for the difference in the incidence of
complications may be due to the use of advanced generation
catheters and the growth of the experience of the operator in
involved studies of our research. Generally, CB-2 and CF-RF
are safe techniques for patients with AF and have comparable
efficacy.

Consistent with previous studies [7, 23, 24], the procedure
duration in the CB-2 group was shorter compared with the
CF-RF group. The shorter time needed in the CB-2 group
may be due to the “single shot” manner used during the pro-
cess of PVI. Inconsistent with previous research [25, 26], we
could not draw valid conclusions about fluoroscopy times in
the CB-2 arm vs. CF-RF arm because high heterogeneity was
found during sample sensitivity analysis, in which all I2 values
were greater than 85%. The high heterogeneity may be due to
different levels of experience and habits of fluoroscopy in
different medical centers, since it was reported that the fluo-
roscopy time would be reduced by increased experience dur-
ing ablation of AF [23].

Since CB-2 and CF-RF had efficacy and safety in the first
ablation of AF patients according to our research, both ad-
vanced generation catheters should be equally recommended
to patients with AF. However, other aspects need to be con-
sidered. Indeed, it has been demonstrated that cryoballoon
ablation was performed in a “single shot”manner with a faster
learning curve compared to radiofrequency ablation [27].
Thus, less experienced electrophysiologists would benefit
from this technique. It has been reported that cryoballoon
ablation is better tolerated than point-by-point radiofrequency
ablation [20, 28]. Therefore, future studies are needed to in-
vestigate if a specific subgroup of AF patients would benefit
more from CB-2 or CF- RF ablation [20].

Some limitations of this study should be considered.
Although the selected studies are all RCT studies com-
paring the effects of CB-2 and CF-RF in AF patients, it
should be noted that there were still some differences in
randomly assigned patterns, the ablation process, proto-
cols, and strategies, and the methods of follow-up in the
individual CB-2 and CF-RF groups as shown in

Tables 1 and 2. And because of the nature of meta-
analysis review, comorbidities and risk factors are not
always known in the present research, as shown in
Table 2. Another limitation of this study was that we
could not draw valid conclusions about fluoroscopy
times in the CB-2 arm vs. the CF-RF arm based on
current evidence. In addition to those, the cost-
effectiveness of the two competing technologies was
also not compared in our research. Further investiga-
tions and more data are needed. Perhaps, the two ongo-
ing multicenter RCTs (The FIRE AND ICE II random-
ized outcome trial and the ABLANSAF study) will help
to solve those confusions [11, 29].

5 Conclusion

Our study demonstrated that CB-2 and CF-RF had compara-
ble recurrences of AF and similar incidences of serious com-
plications during the ablation process of AF patients. Since the
efficacy and safety of the first ablation of AF patients in the
CB-2 and CF-RF groups were comparable, both of the ad-
vanced generation catheters should be recommended equally
as the first approach for ablation of AF.
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