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Abstract

Background

Growing evidence suggests that second-generation cryoballoon ablation (2G-CB) is effec-
tive in patients with persistent atrial fibrillation (PerAF). The cornerstone of atrial fibrillation
(AF) ablation is pulmonary vein isolation (PVI). The purpose of this study was to summarize
the available data on the safety and mid-term (> 12 months) effectiveness of a ‘PVI-only’
strategy vs. a ‘PVI-plus’ strategy using 2G-CB in patients with PerAF.

Methods

We searched the PubMed, EMBASE and Cochrane library databases for studies on 2G-CB
for PerAF. Group analysis was based on the ablation approach: ‘PVI-only’ versus ‘PVI-plus’,
the latter of which involved PVI plus other substrate modifications. Studies showing clinical
success rates at a follow-up (FU) of > 12 months were included. Complication rates were
also assessed. Data were analyzed by applying a fixed effects model.

Results

A total of 879 patients from 5 studies were analyzed. After a mid-term FU of 27 months, the
overall success rate of 2G-CB for PerAF was 66.1%. In the ‘PVI-plus’ group, the success rate
was 73.8%. In the ‘PVI-only’ group, the success rate was 53.6%. No heterogeneity was noted
among studies (= 0.0%, P = 0.82). Complications occurred in 5.2% of patients (P = 0.93),
and the rate of phrenic nerve (PN) injury was 2.8% (P = 0.14). Vascular assess complications
were the most frequent at 1.6% (P = 0.33). No death or myocardial infarction was reported.

Conclusion

‘PVI-plus’ involving 2G-CB seems to be safe and effective for treating PerAF.
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Introduction

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia in clinical practice
[1]. AF is a well-known risk factor for thromboembolic events, silent cerebral infarcts, strokes,
congestive heart failure and mortality in the general population and in high stroke risk patients,
and it has become a major public health problem worldwide [2, 3]. Although the underlying
mechanisms of AF are not yet fully understood, autonomic dysfunction, unbalanced inflamma-
tion/oxidative stress and renin-angiotensin system activation have all been shown to be related
to AF [4-6]. However, the pulmonary vein (PV) is confirmed to be the most important and crit-
ical trigger for AF, and PV isolation (PVI) using catheter ablation is the cornerstone therapy for
symptomatic AF refractory to antiarrhythmic drugs [7, 8]. The 2016 European Society of Cardi-
ology (ESC) AF guidelines also recommend catheter ablation as a more effective therapy than
antiarrhythmic drugs (AADs) for restoring and maintaining sinus rhythm (SR) in patients with
symptomatic paroxysmal AF (PAF) and persistent AF (PerAF) [2].

Radiofrequency (RF) ablation is a well-established treatment for AF that achieves PVI by cre-
ating consecutive, transmural ‘point-to-point’ lesions with heat energy. Recently, cryoballoon
(CB) ablation, which achieves PVI by a single-shot deployment of a CB with frozen energy, has
become a substitute for RF ablation, as CB ablation has the advantage of being an easier and
faster ablation procedure than RF ablation [9-11]. Several previous studies have shown that the
efficacy and safety of CB ablation therapy are comparable to those of RF ablation in patients
with PAF [10-13]. Compared with first-generation equipment, second-generation CB (2G-CB)
ablation devices have preponderant cooling capacity and seem to reduce the procedure duration
[14-16]. However, 2G-CB ablation to achieve PVI has some shortcomings, including an inabil-
ity to perform ablation of roof linear (RL) lesions, complex fractionated atrial electrograms
(CFAEs) and non-PV triggers [17]. On the other hand, early studies of PVI involving only
patients with PerAF revealed suboptimal success rates [18]. Therefore, the ‘PVI-plus’ ablation
strategy that combines 2G-CB ablation to achieve PVI and RF ablation and addresses additional
cardiac substrate modification and extra-PV lesions during the same surgery might be a better
strategy for treating PerAF and long-standing PerAF [2, 19]. However, the effectiveness and
safety of the ‘PVI-plus’ ablation strategy have not been sufficiently discussed.

To this end, we executed a pooled analysis and meta-analysis of data from existing studies
and trials investigating the efficacy and safety of ‘PVI-plus’ ablation vs. ‘PVI-only’ ablation in
patients with PerAF.

Methods

Our systematic literature search was performed according to the Meta- Analysis of Observa-
tional Studies in Epidemiology (MOOSE) guidelines [20] and conducted using a predeter-
mined protocol by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [21].

Literature search strategy

The search strategy was conducted in the PubMed, EMBASE and Cochrane library databases
until September 1, 2018. The search terms were as follows: (“Catheter Ablation” OR “Cryosur-
gery” OR “Second-Generation Cryoballoon”) AND (“Atrial Fibrillation” OR “Persistent Atrial
Fibrillation™). No restrictions were applied on regions or languages. We also manually
searched the reference lists of all publications and review articles to identify other relevant
studies.
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Study selection

Two investigators (JS and LXS) independently scanned all the titles and abstracts to identify
studies that met the inclusion criteria and extracted data from these studies. Discrepancies
between reviewers were resolved by discussion with a third reviewer (MJS).

The inclusion criteria were as follows: (1) involved patients with drug-refractory symptom-
atic PerAF who underwent 2G-CB; (2) involved patients who were treated with a ‘PVI-only’
strategy or a ‘PVI-plus’ strategy using 2G-CB (during surgery, PVI and PVI-plus had to be car-
ried out simultaneously); (3) reported 1-year clinical success rates; (4) involved follow-up (FU)
periods longer than 12 months; (5) published as a full-text article; and (6) provided data
regarding efficacy and safety.

Studies were excluded for the following reasons: (1) conference abstracts, case reports, case
series, editorials, or review articles. (2) They did not report clinical success rates. (3) The maxi-
mum FU period was shorter than 12 months. (4) They were animal or in vitro studies.

Data extraction and quality assessment

Two primary investigators (JS and LXS) independently evaluated and extracted data from each
study. Data on the first author, publication year, study population, age, sex ratio, CHA2DS2-VASc
score, underlying disease, medication usage and ablation strategy were collected using a prede-
signed electronic form. All studies were reviewed twice, and disagreements were discussed and
resolved by consensus in a meeting with a third investigator (MJS). We defined the primary out-
come criterion as no episode of AF or any atrial arrhythmia lasting longer than 30 s without admin-
istration of AAD:s after a single ablation procedure using 2G-CB with an FU period of at least 12
months (considering an initial blanking period (BP) of 3 months). Group analysis was performed
based on the ablation strategy: ‘PVI-only’ strategy versus PVI-plus’ strategy, the latter of which
involved PVI plus another substrate modification. The secondary outcomes were complication
rates, including the phrenic nerve (PN) palsy (PNP) rate, the rates of cardiac and vascular assess site
complications (including hematomas, pseudoaneurysms, and fistulas), and the rates of other com-
plications (pericardial effusions and/ or tamponade, PV stenosis or atrioesophageal fistula).

Whenever the data of interest were not available in the literature, the investigators tried to
contact the authors by email to obtain the data. We described incomplete data as “not
reported” in our manuscript.

We used the Newcastle-Ottawa Scale (NOS) to further evaluate the quality of the observa-
tional studies, and a NOS score > 7 was considered good quality [22].

Statistical analysis

Statistical analysis was performed using the Cochrane RevMan version 5.3 software (The
Cochrane Collaboration, UK). The results are reported as weighted mean differences and rela-
tive risks (RRs) with 95% confidence intervals (CIs) for continuous and dichotomous out-
comes, respectively. Heterogeneity was assessed using the I* test, Cochran’s Q statistic and the
F index. I’ values of 25%, 25-50%, or 50% indicated low, moderate, or high heterogeneity,
respectively [23]. Funnel plot analysis was used to evaluate potential publication bias. In all
analyses, a P value < 0.05 was considered statistically significant.

Results
Study characteristics

Finally, as illustrated in Fig 1, four studies involving a total of 879 patients who underwent
ablation with 2G-CB for PerAF were enrolled in this study. The safety and efficacy of a
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Fig 1. Flow diagram of the stages of the literature search.

https://doi.org/10.1371/journal.pone.0206362.9g001
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combination of extra-PV lesions (linear ablations and/or atrial substrate modifications) or PVI

alone with 2G-CB for PerAF ablation were identified.

The characteristics of the included studies are described in Table 1. All of the included
patients completed at least one year of FU. Five studies were analyzed [24-28]. Unfortunately,
we did not find randomized controlled trials meeting the inclusion criteria. The quality and
bias of the included studies are shown in Table 2. Four full-text studies had an NOS score of 8,
and the other study had an NOS score of 7.

Table 1. Main characteristics of the included studies.

Study Alkkaya et al.>*12018 Akkaya Su et al.>*12016 Aryana et al.’”12015 Aryana et al.**12018 Overall
et al.”>12017

Location Germany Germany USA China USA Canada Brazil USA Brazil -
Design Prospective Retrospective Retrospective Retrospective Prospective -
Total 101 111 225 1196 390 2023
FU duration 37 (31/42) 27 (15/37) 12 12 12 20
(months)
AF type PAF/PerAF PerAF PAF/PerAF PAF/PerAF PerAF -
n (PerAF) 61 111 137 180 390 879
Age (years) 64 (55/70) 62 (54/69) Not reported 63+ 10 63+ 10 63
Male (%) 66 77 Not reported 70 65 69.50%
CHA2DS2-VASc- 19+14 1.8+0.8 Not reported 21+15 26+15 2.1
Score
BMI, kg/m2 28.4 (25.5/31.8) 28.3 (26.0/32.3) Not reported Not reported 32+ 7 29.6
Hypertension, n (%) 78 (77.2) 81 (73.0) Not reported 115 (64) 269 (69.0) 70.80%
Diabetes, n (%) 4(13.9) 17 (15.3) Not reported 22 (12) 83 (21.3) 15.63%
Structural heart 10 (9.9) 10 (9.0) Not reported 24 (13) 84 (21.5) 13.35%
disease, n (%)
LVEF (%) 62 (57/62) 62 (57/62) Not reported 57 £ 10 54.5+12.5 58.88
LA (mm)/ LA area 22.1(19.7/25.6) 44 (41-48) Not reported 44+9 45.5+8 44.5
(cm2)
OACGC, n (%) 101 (100) Not reported Not reported 133 (74) 346 (88.7) 87.57%
Vitamin K 46 (45.5) Not reported Not reported 222 (29) Not reported 37.25%
antagonists
Novel oral 55 (54.5) Not reported Not reported 351(46) Not reported 50.25%
anticoagulants

Antiarrhythmic 70 69.3) 75 (67.5) 31(22) 429 (56) 117 (30) 48.96%

therapy, n (%)

Amiodarone 14 (13.9) 21(18.9) Not reported 160 (21) Not reported 17.93%
Sotalol 1(1.0) 2(1.8) Not reported 55 (7) Not reported 3.27%
Class I 38 (37.6) 31(27.9) Not reported 134 (18) Not reported 27.83%
Dronedarone 17 (16.8) 21(18.9) Not reported 130 (17) Not reported 17.57%
Other Not report Not reported Not reported 20 (3) Not reported 3.00%
Monitor type during | 7-d Holter ECG, FU | 7-d Holter ECG | Cardiac monitorsat | 24-h Holter ECG at 6 2 W Mobile cardiac telemetry -
FU visits at 3and 6 M recordings 3,6,and 12 M Wand 3,6,and 13 M | monitoring was performed at 6 W, 3~6

M, 13 M, and 18 M

All data were obtained from the overall study population.

PAF: paroxysmal atrial fibrillation, PerAF: persistent atrial fibrillation, PVI: pulmonary vein isolation, 2G-CB: second-generation cryoballoon, FU: follow-up, OAC: oral

anticoagulant, LVEF: left ventricular ejection fraction, LA: left atrium diameter, ECG: echocardiography, NA: not available, D: days, M: months, W: weeks.

Novel oral anticoagulants, including dabigatran, rivaroxaban and apixaban.

Other antiarrhythmic therapies, including dofetilide.

https://doi.org/10.1371/journal.pone.0206362.t001
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Table 2. Quality and bias of the included trials.

Source

Year of publication

Selection bias
Representativeness of the exposed cohort
Selection of the nonexposed cohort

Ascertainment of exposure

Demonstration that the outcome of interest was not present at the start of the

study
Comparability

Comparability of cohorts on the basis of the design or analysis

Outcomes

Assessment of outcome

Follow-up of sufficient duration for outcomes to occur

Adequacy of the follow-up of cohorts
https://doi.org/10.1371/journal.pone.0206362.t002

Akkaya et al.?*! | Akkaya et al.”>*! | Su et al.”**! | Aryana et al.?” | Aryana et al.*®]

2018 2017 2016 2015 2018
* * * * *
* * * * *
* * * *
* * * * *
* * * * *
* * * * *
* * * * *
* * * * *

The patients were predominantly male (69.5%); 70.1% had hypertension, 15.6% had diabe-
tes, and 13.35% had structural heart disease. In all the studies, 87.6% of patients were treated
with oral anticoagulants for PerAF. The mean CHA2DS2-V ASc score was 2.1.

The mid-term FU (> 12 months, considering an initial BP of 3 months) occurred at 27
months. Regarding monitoring during FU, 2 studies implemented 24-h Holter recordings dur-
ing FU, while two studies recorded data from 7-day Holter or external cardiac event recorders;
the other studies recorded data from 2-week mobile cardiac telemetry monitoring performed
at 6 weeks, 3~6 months, 13 months, and 18 months.

Publication bias

Regarding the proportion of patients who were free from AF recurrence during FU, all the
included studies had publication bias that was approximately symmetrical on visual inspection
of the funnel plot (Fig 2).

Ablation strategy

In 3 studies, a bonus freeze protocol was implemented (Table 3) with an additional freezing
cycle applied to each PV after successful PVI. Subgroup analysis to compare freezing protocols
was not performed because the majority of patients were treated with a bonus freeze protocol.
All studies (including 543 patients) performed PVI plus other linear ablations or substrate
modifications. There was no significant methodological heterogeneity in terms of patient char-
acteristics and ablation strategies (I = 0%, P = 0.82).

The result of the study by Aryana et al. [27] demonstrated the ablation of non-PV triggers in
12.8% of all patients treated with 2G-CB without further specifications. The mean procedure
time was 131.9 £ 7.2 min in the ‘PVI-plus’ group and 124.2 + 13.2 min in the ‘PVI-only’ group.
No interaction was found between the ablation approach and clinical success rate (P = 0.47).
However, the results of the study by Su et al. [26] confirmed that application of 2G-CB could
achieve large-area atrial substrate modification mostly with left atrial (LA) roofline and Couma-
din-ridge ablation (atrial tissue between the LA appendage and left superior PV). Akkaya et al.
[25] showed that among patients with PerAF and LA enlargement, PVI with 2G-CB in addition
to the creation of RLs may be a viable alternative to point-by-point RF ablation, as indicated by
a lower arrhythmia recurrence rate with this strategy than with the ‘PVI-only’ strategy. Aryana
et al. [28] demonstrated that ablation of PVI in conjunction with isolation of the posterior LA
wall is associated with improved clinical outcomes in certain patients with AF.
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Fig 2. Funnel plot for the assessment of publication bias in the primary outcome. Effect size is plotted on the x-axis, and the SE is on the y-axis.
RR: relative risk; SE: standard error.

https://doi.org/10.1371/journal.pone.0206362.9g002

Primary outcome

Recurrence. Data from 5 studies were included. At a mid-term FU of 27 months, the over-
all success rate of 2G-CB in patients with PerAF was 66.1% (Fig 3). In the ‘PVI-plus’ group, the
success rate of 2G-CB in patients with PerAF was 73.8%. In the ‘PVI-only’ group, the success
rate of 2G-CB in patients with PerAF was 53.6% [RR: 0.52; 95% CI 0.42~0.63, P<<0.00001].

Table 3. Ablation strategy and freezing protocol.

Study Ablation strategy Freezing protocol Procedure times Fluoroscopy time Intra ECV
(minutes) (minutes) (n)
Akkaya PVI+ roof line + CIA Each PV freezing cycle lasted 180 s + a bonus 120 (102 of 147) 20 (16 of 27) 36
etal*"2017 freeze of 150~180 s
Akk_aya PVI + roof line+ CIA Each PV freezing cycle lasted 180 s + a bonus 102 (79/120) 16 (12/24) 40
etal.*2017 freeze of 240 s
Suetal.**12016 PVI + roof line+ substrate Each PV freezing cycle lasted 180 s + a bonus 13200B136 42422 Not
modification freeze of 180 s reported
Aryana PVI + non-PV triggers 1~3 Freezes to each PV, each between 120 and 145 + 49 29+13 Not
etal.®”12015 360 s reported
Aryana PVI+PWI 1~2 Freezes to each PV, each between 120~180 188 + 42 28+9 178
etal 12018 s.

PVs: pulmonary veins, s: second, CIA: cavotricuspid isthmus ablation, CFAEs: complex fractionated atrial electrograms, non-PV triggers: linear and/or atrial substrate

ablation, Intra ECV: intraprocedural electrical cardioversion, PWI: posterior left atrial wall.

https://doi.org/10.1371/journal.pone.0206362.t003
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PVI-plus PVI-only Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Akkaya.et al. 2017 [25] 7 48 25 63 12.5% 0.37[0.17,0.78]
Akkaya.et al.2018 [24] 9 41 7 20 5.4% 0.63[0.27, 1.44] 1
Aryana.et al.2015 [27] 18 99 24 81 15.3% 0.61 [0.36, 1.05] —=
Aryana.et al.2018 [28] 66 222 98 168 64.5% 0.51 [0.40, 0.65] L
Su.et al.2016 [26] 42 133 2 4 2.2% 0.63[0.23, 1.74] — e
Total (95% CI) 543 336 100.0% 0.52 [0.42, 0.63] Q
Total events 142 156
Heterogeneity: Chi? = 1.56, df = 4 (P = 0.82); I = 0% 50 o1 051 150 100’

Test for overall effect: Z = 6.40 (P < 0.00001)

PVI-plus PVI-only

Fig 3. Forest plot of the primary efficacy outcome of 2G-CB for PerAF at a mid-term FU.
https://doi.org/10.1371/journal.pone.0206362.9003

The heterogeneity among studies was not significant (I = 0%, P = 0.82). The rate of AAD
use at the FU was 48.96%. The rate of AAD use at the FU was reported in 4 studies.

However, because of the lack of correlated studies, we could not analyze subgroups in detail.
Meanwhile, the heterogeneity among studies was not significant. Categories including PerAF
(short-term PerAF, long-standing PerAF or unspecified PerAF), FU strategy (24-h Holter
monitoring vs. 7-day Holter monitoring or event recording), and AF population (PerAF
alone, mixed AF, such as PAF and PerAF) could not be included in further subgroup analyses.

One-year recurrence. At the one-year FU, compared with that in the ‘PVI-plus’ group,
the one-year success rate associated with 2G-CB in the ‘PVI-only’ group was 55.1% (vs. 75.1%
in the ‘PVI-plus’ group) [RR 0.49; 95% CI 0.40~0.61, P<0.00001] (Fig 4). The heterogeneity
among studies was not significant (I’ = 0%, P = 0.61).

Secondary outcomes

Overall complications. The overall complication rate was 5.2% (Fig 5). Phrenic nerve
palsy (PNP)/PN injury were the most frequent complications. Compared with that in the
‘PVI-plus’ group, the complication rate associated with 2G-CB in the ‘PVI-only’ group was
5.4% (vs. 5.2% in the ‘PVI-plus’ group) [RR 0.98; 95% CI 0.57~1.67, P = 0.93].

Phrenic nerve palsy. PNP was found in all studies. Transient PNP was defined as PNP
that resolved by discharge. Persistent PNP was defined as PNP that persisted beyond discharge.
The overall rate of PNP was 2.8% (Fig 6). Compared with that in the ‘PVI-plus’ group, the rate
of PNP associated with 2G-CB in the ‘PVI-only’ group was 1.8% (vs. 3.5% in the ‘PVI-plus’
group) [RR 1.84; 95% CI 0.83~4.10, P = 0.14]. Two studies reported persistent PNP [27,28]
that recovered during FU (the maximal time to PN recovery was not reported).

Vascular access site complications. The overall rate of vascular access site complications
was 1.6% (Fig 7). Compared with that in the ‘PVI-plus’ group, the PNP complication rate

PVI-plus PVI-only Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Akkaya.et al. 2017 [25] 4 48 20 63 10.2% 0.26 [0.10, 0.72]
Akkaya.et al.2018 [24] 5 41 6 20 4.8% 0.41[0.14, 1.17] I
Aryana.et al.2015 [27] 18 99 24 81 15.6% 0.61 [0.36, 1.05] —=
Aryana.et al.2018 [28] 66 222 98 168 66.0% 0.51 [0.40, 0.65] u
Su.et al.2016 [26] 42 133 3 4 3.4% 0.42 [0.23, 0.78] ——
Total (95% CI) 543 336 100.0% 0.49 [0.40, 0.61] 0
Total events 135 151
Heterogeneity: Chi? = 2.60, df = 4 (P = 0.63); I = 0% F t t {
Test for overall effect: Z = 6.72 (P < 0.00001) 01 Gl PVi-plus PVi-only e 190

Fig 4. Forest plot of the primary efficacy outcome of 2G-CB for PerAF at the one-year FU.
https://doi.org/10.1371/journal.pone.0206362.g004
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Study or Subgroup

Events Total Events Total Weight M-H, Fixed, 95% CI

PVI-plus PVI-only Risk Ratio Risk Ratio

M-H, Fixed, 95% ClI

Akkaya.et al. 2017 [25]
Akkaya.et al.2018 [24]
Aryana.et al.2015 [27]
Aryana.et al.2018 [28]
Su.et al.2016 [26]

Total (95% Cl)
Total events

4 48 3 63 11.7% 1.75[0.41, 7.45] —

7 41 5 20  30.3% 0.68 [0.25, 1.89] L

7 99 4 81 19.9% 1.43[0.43, 4.72] — T

7 222 4 168 20.6% 1.32[0.39, 4.45] e
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Study or Subgroup

associated with 2G-CB in the ‘PVI-only’ group was 2.1% (vs. 1.3% in the ‘PVI-plus’ group) [RR
0.61; 95% CI 0.22~1.65, P = 0.33]. In one study, 5 patients had a groin complication with a
hematoma that required more than 2 weeks for full recovery, and 3 patients had a pseudoa-
neurysm that required a thrombin injection for patient recovery [26]. Another study reported
that 3 patients had minor groin hematomas [24].

Other complications. No death, myocardial infarction, PV stenosis or atrioesophageal fis-
tula related to the procedure was reported. One patient had a perforation that resulted in car-
diac tamponade requiring pericardiocentesis and immediate surgical treatment [26]. One
patient had a stroke after ablation and was treated conservatively [25].

Discussion

Principal findings

In this detailed meta-analysis and systematic review of trials, we evaluated different approaches
to 2G-CB in patients with PerAF. The main findings are as follows: (i) the ‘PVI-plus’ strategy
had comparable clinical efficacy and safety as the ‘PVI-only’ strategy; (ii) we detected a reduc-
tion in the proportion of recurrent AF when either RL ablation, ablation of CFAEs or substrate

modification was executed in addition to ablation with PVI; and (iii) compared with ‘PVI-
plus’ involving 2G-CB, ‘PVI-only’ involving 2G-CB had similar rates of severe complications.

Efficacy

We used different approaches for 2G-CB. In the ‘PVI-plus’ group, the success rate of 2G-CB in
patients with Per AF was superior to that in the ‘only PVT group. Additional ablation can iso-
late other targets and reduce recurrence. Previous studies have shown that the expression of
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Akkaya.et al.2018 [24]
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Fig 6. Forest plot of PNPs after 2G-CB in patients with PerAF.
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circulating miRNAs changes after ablation of AF, and these miRNAs participate in atrial elec-
trical remodeling and fibrosis [29-30], which might be one of the reasons why additional
matrix ablation reduces the recurrence of PerAF. However, such ablation may be arrhythmo-
genic [5].

The STAR AF II trial [31] reported no added advantage from a more extensive ablation
than PVI with RF for PerAF. This study showed a success rate of 68.9% at a mean FU of 16.7
months. Compared with the results of recent studies involving cohorts treated with RF energy,
2G-CB may be the optimal treatment strategy. In our study, the mid-term FU was 27 months,
and there was a greater than 70% success rate at the mid-term FU. However, in other studies
evaluating PVI alone for PerAF, such as a previous meta-analysis, a success rate of only 51.9%
was observed [32]. The improved success rates noted in our meta-analysis are likely multifac-
torial and related to differences in the patient population and the use of wide RL ablation,
which incorporates some substrate and technological changes.

Ablation strategy

Patients with PerAF were recognized to have more advanced atrial remodeling than those with
paroxysmal AF [33]. Until now, the main strategy for ablation of PerAF was atrial substrate
modification (in addition to PVI) to achieve acceptable success rates. Importantly, similar to
the results of our study, some meta-analyses have demonstrated improved ablation outcomes
when substrate ablation (CFAE or linear ablation) was performed in addition to PVI in PerAF
patients [34, 35].

Linear ablations (the most common type of ablation) were successful in this study when
cryoenergy freezes lasting 180 s were applied along the LA roof by caudocranial ascending acti-
vation and a conduction delay next to the ablation line of > 120 s when pacing at the right atrial
upper septum during SR [25]. In another study involving AF without conversion to SR after
PVI, additional LA rooflines were created with point-by-point lesions using contact force (CF)
catheters. The acute endpoint was the elimination of local bipolar electrograms, with 20- to 40-s
lesions or with a force-time integral > 400 s. CF ablation was performed for documented atrial
flutter prior to or during the procedure [24]. This study reported that when AF ablation required
more than CB PVI, an ablation catheter and technique were used on additional lesions. Catheter
maneuvers necessary to achieve electrical blockage, substrate modifications and clinical out-
comes were recorded. The 11 methods of CB catheter substrate modification that are described
in this study included all the extra-PV lesion sets applied for 120 s~180 s at each location [26]. In
the other study, LA linear ablations and substrate modifications, including cavotricuspid isth-
mus ablation and substrate ablation of CFAEs and other non-PV triggers, were performed. RF
ablation was performed using an externally irrigated, non-force-sensing catheter with a 3.5-mm
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tip. Power was limited to 40 W over the anterior walls and 30 W over the posterior walls [27]. At
the end of the study, using a high-density mapping catheter and the available data, between one
and two 120~180 s cryoapplications were delivered to each PV with guidance by time to PVL
Once PVI was achieved, the cryoballoon was used to perform PWI in patients undergoing this
treatment. PVI+PWI can be achieved safely and effectively using the cryoballoon. However, the
latter required adjunct RF ablation for completion of PWTI in approximately one-third of the
patients [28].

Therefore, we evaluated PVI, which is the cornerstone treatment for ablation of AF, and
atrial substrate modification. This combination had a higher success rate than other methods.
We found that ‘PVI-plus’ with 2G-CB for the treatment of PerAF was an effective ablation
strategy that potentially reduced the procedure and fluoroscopy times. The improved effect
with 2G-CB is likely due to structural improvements in the device, which optimized the refrig-
erant flow and distribution, providing a larger, more uniform freezing zone at the entire distal
hemisphere of the balloon irrespective of balloon orientation and enabling a shorter applica-
tion time [36, 37].

Safety

In terms of overall outcomes, no deaths, myocardial infarctions or clinical cerebral emboli
were reported in a total of 879 patients. The overall complication rate was 5.2% and mainly
included PNPs (2.8%) and vascular access site complications (1.6%).

Previous studies have reported similarly high rates of PNP (up to 5.4%) and vascular com-
plication [38]. Casado-Arroyo et al. [39] reported that 2G-CB was more likely to cause PNP
than other methods, possibly due to the larger cooling surface area, ablation area being more
adjacent to the PN, and deeper damage foci. Moreover, the percentage of complications
excluding PNP seemed to be lower with 2G-CB than with RF ablation [40]. On the other hand,
the incidence of pericardial effusion and/or tamponade was very low with 2G-CB and was con-
sistently lower than the previously reported incidence with RF [41].

Heterogeneity analysis

In this study, significant heterogeneity was observed in the incidence of total complications
and the rate of PNP. Due to the lack of correlated studies, we could not analyze detailed sub-
groups. On the other hand, the enrolled populations in the included studies may have been
affected by the selection bias associated with a single-center experience and the preferences of
different centers that refer patients for AF ablation because different centers used different
protocols and tools, which ultimately resulted in substantial heterogeneity.

In addition, there was no significant heterogeneity in recurrence and one-year recurrence
in the overall population, and funnel plot analysis did not provide evidence of significant pub-
lication bias. Therefore, it was believed that the included studies had sufficient similarities. In
conclusion, the outcome of the meta-analysis was reliable.

Previous meta-analysis

A previous and similar meta-analysis [9] summarized data on the safety and mid-term efficacy
of PVI using 2G-CB in patients with PerAF. A total of 11 studies were analyzed. After FU,
68.9% of patients were free from recurrence. Complications occurred in 5.5% of patients.
Compared with the abovementioned meta-analysis, our meta-analysis used different inclu-
sion criteria and required ‘PVI-only’ and ‘PVI-plus’ to be performed simultaneously. However,
studies that included patients treated with other substrate modifications were permitted as
long as PVI was performed using 2G-CB at least once during surgery. Similarly, we used the
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inclusion criterion that PVI was performed using 2G-CB. Thus, only 4 studies were included
in this review.

Limitations

The limitations of this article include the following:

1. We did not find randomized trials that were eligible for this analysis, and the total sample
size was not sufficient.

2. Heterogeneity among studies was significant in total complications and the rate of PNP,
and we could not perform a more detailed subgroup analysis. In addition, the inclusion of
only published studies may have resulted in publication bias toward more favorable abla-
tion outcomes from more experienced centers with variable FU and assessment of arrhyth-
mia recurrence. For example, in 2/4 studies, postablation monitoring was performed with
only 24-hour monitors, and previous studies have shown that continuous monitoring and
telemonitoring to detect clinical and subclinical AF events are more effective than 24-hour
monitoring [42]. Moreover, the use of AADs varied between studies, and postablation
monitoring was performed with only 24-hour monitors.

3. Two studies included in this meta-analysis may have involved the same study population.
We tried to contact the authors via email to evaluate the data. Unfortunately, we did not
receive any response from those authors.

4. The studies we included were not direct studies of PVI-only vs. PVI-plus adjunctive abla-
tion strategies for PerAF; rather, we extracted the data that we were interested in. In addi-
tion, some of the data needed to be calculated based on the results of the studies.

Conclusions

In conclusion, this meta-analysis suggests that ‘PVI-plus’ involving 2G-CB for the treatment of
patients with PerAF seemed to have a superior success rate and similar rates of severe compli-
cations compared with ‘PVI-only’ involving 2G-CB. However, we recommend that large, pro-
spective, randomized, controlled studies should be performed in the future to validate our
results.

Supporting information

S1 Table. PRISMA checKklist.
(DOC)

Author Contributions

Conceptualization: Mengjiao Shao.

Data curation: Luxiang Shang, Jia Shi.

Formal analysis: Mengjiao Shao, Yang Zhao.

Funding acquisition: Yaodong Li, Baopeng Tang, Xianhui Zhou.
Investigation: Mengjiao Shao, Luxiang Shang, Jia Shi.

Methodology: Ling Zhang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0206362 October 25, 2018 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0206362.s001
https://doi.org/10.1371/journal.pone.0206362

@‘PLOS | ONE

Second-generation cryoballoon ablation plus catheter ablation for persistent atrial fibrillation

Software: Wenhui Zhang.

Supervision: Mengjiao Shao.

Writing - original draft: Mengjiao Shao.

Writing - review & editing: Mengjiao Shao, Luxiang Shang.

References

1.

10.

11.

12

13.

14.

15.

Schnabel R, Yin X, Gona P, Larson M, Beiser A, McManus D, et al. 50 year trends in atrial fibrillation
prevalence, incidence, risk factors, and mortality in the Framingham Heart Study: a cohort study. Lan-
cet. 2015; 386(9989):154—62. https://doi.org/10.1016/S0140-6736(14)61774-8 PMID: 25960110

Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC Guidelines for the
management of atrial fibrillation developed in collaboration with EACTS. Eur J Cardiothorac Surg. 2016;
50(5):e1-e88. https://doi.org/10.1093/ejcts/ezw313 PMID: 27663299

Marfella R, Sasso F, Siniscalchi M, Cirillo M, Paolisso P, Sardu C, et al. Brief episodes of silent atrial
fibrillation predict clinical vascular brain disease in type 2 diabetic patients. J Am Coll Cardiol. 2013; 62
(6):525-30. https://doi.org/10.1016/j.jacc.2013.02.091 PMID: 23684685

Rizzo M, Sasso F, Marfella R, Siniscalchi M, Paolisso P, Carbonara O, et al. Autonomic dysfunction is
associated with brief episodes of atrial fibrillation in type 2 diabetes. J Diabetes Complicat. 2015; 29
(1):88-92. https://doi.org/10.1016/j.jdiacomp.2014.09.002 PMID: 25266244

Sardu C, Santulli G, Santamaria M, Barbieri M, Sacra C, Paolisso P, et al. Effects of Alpha Lipoic Acid
on Multiple Cytokines and Biomarkers and Recurrence of Atrial Fibrillation Within 1 Year of Catheter
Ablation. Am J Cardiol. 2017; 119(9):1382—6. https://doi.org/10.1016/j.amjcard.2017.01.040 PMID:
28258730

Nair G, Nery P, Redpath C, Birnie D. The Role Of Renin Angiotensin System In Atrial Fibrillation. J Atr
Fibrillation. 2014; 6(6):972. https://doi.org/10.4022/jafib.972 PMID: 27957054

Haissaguerre M, Jais P, Shah D, Takahashi A, Hocini M, Quiniou G, et al. Spontaneous initiation of
atrial fibrillation by ectopic beats originating in the pulmonary veins. N Engl J Med. 1998; 339(10):659—
66. https://doi.org/10.1056/NEJM199809033391003 PMID: 9725923

Galand V, Pavin D, Behar N, Auffret V, Fénéon D, Behaghel A, et al. Localization of gaps during redo
ablations of paroxysmal atrial fibrillation: Preferential patterns depending on the choice of cryoballoon
ablation or radiofrequency ablation for the initial procedure. Arch Cardiovasc Dis. 2016; 109(11):591-8.
https://doi.org/10.1016/j.acvd.2016.03.006 PMID: 27692658

Omran H, Gutleben K, Molatta S, Fischbach T, Wellmann B, Horstkotte D, et al. Second generation
cryoballoon ablation for persistent atrial fibrillation: an updated meta-analysis. Clin Res Cardiol. 2018;
107(2):182—-92. https://doi.org/10.1007/s00392-017-1171-5 PMID: 29075979

Hotda M, Klimek-Piotrowska W, Hotda J. Cryoballoon or Radiofrequency Ablation for Atrial Fibrillation.
N Engl J Med. 2016; 375(11):1100.

Kuck K, Furnkranz A, Chun K, Metzner A, Ouyang F, Schliter M, et al. Cryoballoon or radiofrequency
ablation for symptomatic paroxysmal atrial fibrillation: reintervention, rehospitalization, and quality-of-
life outcomes in the FIRE AND ICE trial. Eur Heart J. 2016; 37(38):2858—-65. https://doi.org/10.1093/
eurheartj/ehw285 PMID: 27381589

Vogt J, Heintze J, Gutleben K, Muntean B, Horstkotte D, Nélker G. Long-term outcomes after cryobal-
loon pulmonary vein isolation: results from a prospective study in 605 patients. J Am Coll Cardiol. 2013;
61(16):1707—-12. https://doi.org/10.1016/j.jacc.2012.09.033 PMID: 23199518

Luik A, Radzewitz A, Kieser M, Walter M, Bramlage P, Hérmann P, et al. Cryoballoon Versus Open Irri-
gated Radiofrequency Ablation in Patients With Paroxysmal Atrial Fibrillation: The Prospective, Ran-
domized, Controlled, Noninferiority FreezeAF Study. Circulation. 2015; 132(14):1311-9. https://doi.org/
10.1161/CIRCULATIONAHA.115.016871 PMID: 26283655

Packer DL, Kowal RC, Wheelan KR, Irwin JM, Champagne J, Guerra PG, et al. Cryoballoon ablation of
pulmonary veins for paroxysmal atrial fibrillation: first results of the North American Arctic Front (STOP
AF) pivotal trial. J Am Coll Cardiol. 2013; 61(16):1713-23. https://doi.org/10.1016/j.jacc.2012.11.064
PMID: 23500312

Schmidt M, Dorwarth U, Andresen D, Brachmann J, Kuck K-H, Kuniss M, et al. Cryoballoon versus RF
ablation in paroxysmal atrial fibrillation: results from the German Ablation Registry. J Cardiovasc Elec-
trophysiol. 2014; 25(1):1-7. hitps://doi.org/10.1111/jce. 12267 PMID: 24134539

PLOS ONE | https://doi.org/10.1371/journal.pone.0206362 October 25, 2018 13/15


https://doi.org/10.1016/S0140-6736(14)61774-8
http://www.ncbi.nlm.nih.gov/pubmed/25960110
https://doi.org/10.1093/ejcts/ezw313
http://www.ncbi.nlm.nih.gov/pubmed/27663299
https://doi.org/10.1016/j.jacc.2013.02.091
http://www.ncbi.nlm.nih.gov/pubmed/23684685
https://doi.org/10.1016/j.jdiacomp.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25266244
https://doi.org/10.1016/j.amjcard.2017.01.040
http://www.ncbi.nlm.nih.gov/pubmed/28258730
https://doi.org/10.4022/jafib.972
http://www.ncbi.nlm.nih.gov/pubmed/27957054
https://doi.org/10.1056/NEJM199809033391003
http://www.ncbi.nlm.nih.gov/pubmed/9725923
https://doi.org/10.1016/j.acvd.2016.03.006
http://www.ncbi.nlm.nih.gov/pubmed/27692658
https://doi.org/10.1007/s00392-017-1171-5
http://www.ncbi.nlm.nih.gov/pubmed/29075979
https://doi.org/10.1093/eurheartj/ehw285
https://doi.org/10.1093/eurheartj/ehw285
http://www.ncbi.nlm.nih.gov/pubmed/27381589
https://doi.org/10.1016/j.jacc.2012.09.033
http://www.ncbi.nlm.nih.gov/pubmed/23199518
https://doi.org/10.1161/CIRCULATIONAHA.115.016871
https://doi.org/10.1161/CIRCULATIONAHA.115.016871
http://www.ncbi.nlm.nih.gov/pubmed/26283655
https://doi.org/10.1016/j.jacc.2012.11.064
http://www.ncbi.nlm.nih.gov/pubmed/23500312
https://doi.org/10.1111/jce.12267
http://www.ncbi.nlm.nih.gov/pubmed/24134539
https://doi.org/10.1371/journal.pone.0206362

@°PLOS | ONE

Second-generation cryoballoon ablation plus catheter ablation for persistent atrial fibrillation

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Straube F, Dorwarth U, Vogt J, Kuniss M, Heinz Kuck K, Tebbenjohanns J, et al. Differences of two
cryoballoon generations: insights from the prospective multicentre, multinational FREEZE Cohort Sub-
study. Europace. 2014; 16(10):1434—42. https://doi.org/10.1093/europace/euui162 PMID: 24994074

Voskoboinik A, Moskovitch J, Harel N, Sanders P, Kistler P, Kalman J. Revisiting pulmonary vein isola-
tion alone for persistent atrial fibrillation: A systematic review and meta-analysis. Heart Rhythm. 2017;
14(5):661-7. https://doi.org/10.1016/j.hrthm.2017.01.003 PMID: 28434446

Ouyang F, Ernst S, Chun J, Bansch D, Li Y, Schaumann A, et al. Electrophysiological findings during
ablation of persistent atrial fibrillation with electroanatomic mapping and double Lasso catheter tech-
nique. Circulation. 2005; 112(20):3038-48. https://doi.org/10.1161/CIRCULATIONAHA.105.561183
PMID: 16275866

Arbelo E, Brugada J, Blomstr'm-Lundqvist C, Laroche C, Kautzner J, Pokushalov E, et al. Contempo-
rary management of patients undergoing atrial fibrillation ablation: in-hospital and 1-year follow-up find-
ings from the ESC-EHRA atrial fibrillation ablation long-term registry. Eur Heart J. 2017; 38(17):1303—
16. https://doi.org/10.1093/eurheartj/ehw564 PMID: 28104790

Stroup DF, Berlin JA, Morton SC, Olkin |, Williamson GD, Rennie D, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) group. JAMA. 2000; 283(15):2008—12. PMID: 10789670

Moher D. Corrigendum to: Preferred Reporting Items For Systematic Reviews And Meta-Analyses: The
PRISMA Statement International Journal of Surgery 2010; 8: 336—341. International Journal of Surgery.
2010; 8(8):658-.

Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle—Ottawa Scale
(NOS) for Assessing the Quality of Non-Randomized Studies in Meta-Analysis. Applied Engineering in
Agriculture. 2014; 18(6):pags. 727-34.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
2003; 327(7414):557-60. https://doi.org/10.1136/bm|.327.7414.557 PMID: 12958120

Akkaya E, Berkowitsch A, Zaltsberg S, Greiss H, Hamm CW, Sperzel J, et al. Second-generation cryo-
balloon ablation for treatment of persistent atrial fibrillation: Three-year outcome and predictors of recur-
rence after a single procedure. J Cardiovasc Electrophysiol. 2018; 29(1):38—45. https://doi.org/10.1111/
jce.13372 PMID: 29064127

Akkaya E, Berkowitsch A, Zaltsberg S, Greiss H, Hamm CW, Sperzel J, et al. Ice or fire? Comparison of
second-generation cryoballoon ablation and radiofrequency ablation in patients with symptomatic per-
sistent atrial fibrillation and an enlarged left atrium. J Cardiovasc Electrophysiol. 2017.

Su WW, Alzubaidi M, Tseng R, Jebaily N, Lin Y-J, Wang PJ. Novel usage of the cryoballoon catheter to
achieve large area atrial substrate modification in persistent and long-standing persistent atrial fibrilla-
tion. J Interv Card Electrophysiol. 2016; 46(3):275-85. https://doi.org/10.1007/s10840-016-0120-y
PMID: 26936265

Aryana A, Singh SM, Kowalski M, Pujara DK, Cohen Al, Singh SK, et al. Acute and Long-Term Out-
comes of Catheter Ablation of Atrial Fibrillation Using the Second-Generation Cryoballoon versus
Open-Irrigated Radiofrequency: A Multicenter Experience. J Cardiovasc Electrophysiol. 2015; 26
(8):832-9. https://doi.org/10.1111/jce.12695 PMID: 25917655

Aryana A, Baker JH, Espinosa G, Martin A, Pujara DK, Bowers MR, et al. Posterior wall isolation using
the cryoballoon in conjunction with pulmonary vein ablation is superior to pulmonary vein isolation alone
in patients with persistent atrial fibrillation: A multicenter experience., Heart Rhythm, 15(8), 1121-9.
https://doi.org/10.1016/j.hrthm.2018.05.014 PMID: 30060879

LiuT, Zhong S, Rao F, Xue Y, Qi Z, Wu S. Catheter ablation restores decreased plasma miR-409-3p
and miR-432 in atrial fibrillation patients. Europace. 2016; 18(1):92-9. https://doi.org/10.1093/
europace/euu366 PMID: 25782451

Sardu C, Santamaria M, Paolisso G, Marfella R. microRNA expression changes after atrial fibrillation
catheter ablation. Pharmacogenomics. 2015; 16(16):1863—77. https://doi.org/10.2217/pgs.15.117
PMID: 26554530

Verma A, Jiang C-y, Betts TR, Chen J, Deisenhofer I, Mantovan R, et al. Approaches to catheter abla-
tion for persistent atrial fibrillation. N Engl J Med. 2015; 372(19):1812—-22. https://doi.org/10.1056/
NEJMoa1408288 PMID: 25946280

Ganesan AN, Shipp NJ, Brooks AG, Kuklik P, Lau DH, Lim HS, et al. Long-term outcomes of catheter
ablation of atrial fibrillation: a systematic review and meta-analysis. J Am Heart Assoc. 2013; 2(2):
€004549. https://doi.org/10.1161/JAHA.112.004549 PMID: 23537812

Teh AW, Kistler PM, Lee G, Medi C, Heck PM, Spence SJ, et al. Electroanatomic remodeling of the left
atrium in paroxysmal and persistent atrial fibrillation patients without structural heart disease. J Cardio-
vasc Electrophysiol. 2012; 23(3):232-8. https://doi.org/10.1111/j.1540-8167.2011.02178.x PMID:
21955090

PLOS ONE | https://doi.org/10.1371/journal.pone.0206362 October 25, 2018 14/15


https://doi.org/10.1093/europace/euu162
http://www.ncbi.nlm.nih.gov/pubmed/24994074
https://doi.org/10.1016/j.hrthm.2017.01.003
http://www.ncbi.nlm.nih.gov/pubmed/28434446
https://doi.org/10.1161/CIRCULATIONAHA.105.561183
http://www.ncbi.nlm.nih.gov/pubmed/16275866
https://doi.org/10.1093/eurheartj/ehw564
http://www.ncbi.nlm.nih.gov/pubmed/28104790
http://www.ncbi.nlm.nih.gov/pubmed/10789670
https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1111/jce.13372
https://doi.org/10.1111/jce.13372
http://www.ncbi.nlm.nih.gov/pubmed/29064127
https://doi.org/10.1007/s10840-016-0120-y
http://www.ncbi.nlm.nih.gov/pubmed/26936265
https://doi.org/10.1111/jce.12695
http://www.ncbi.nlm.nih.gov/pubmed/25917655
https://doi.org/10.1016/j.hrthm.2018.05.014
http://www.ncbi.nlm.nih.gov/pubmed/30060879
https://doi.org/10.1093/europace/euu366
https://doi.org/10.1093/europace/euu366
http://www.ncbi.nlm.nih.gov/pubmed/25782451
https://doi.org/10.2217/pgs.15.117
http://www.ncbi.nlm.nih.gov/pubmed/26554530
https://doi.org/10.1056/NEJMoa1408288
https://doi.org/10.1056/NEJMoa1408288
http://www.ncbi.nlm.nih.gov/pubmed/25946280
https://doi.org/10.1161/JAHA.112.004549
http://www.ncbi.nlm.nih.gov/pubmed/23537812
https://doi.org/10.1111/j.1540-8167.2011.02178.x
http://www.ncbi.nlm.nih.gov/pubmed/21955090
https://doi.org/10.1371/journal.pone.0206362

@‘PLOS | ONE

Second-generation cryoballoon ablation plus catheter ablation for persistent atrial fibrillation

34.

35.

36.

37.

38.

39.

40.

41.

42,

Wynn GJ, Das M, Bonnett LJ, Panikker S, Wong T, Gupta D. Efficacy of catheter ablation for persistent
atrial fibrillation: a systematic review and meta-analysis of evidence from randomized and nonrando-
mized controlled trials. Circ Arrhythm Electrophysiol. 2014; 7(5):841-52. https://doi.org/10.1161/
CIRCEP.114.001759 PMID: 25132078

Parkash R, Tang ASL, Sapp JL, Wells G. Approach to the catheter ablation technique of paroxysmal
and persistent atrial fibrillation: a meta-analysis of the randomized controlled trials. J Cardiovasc Elec-
trophysiol. 2011; 22(7):729-38. https://doi.org/10.1111/j.1540-8167.2011.02010.x PMID: 21332861

Ciconte G, Baltogiannis G, de Asmundis C, Sieira J, Conte G, Di Giovanni G, et al. Circumferential pul-
monary vein isolation as index procedure for persistent atrial fibrillation: a comparison between radiofre-
quency catheter ablation and second-generation cryoballoon ablation. Europace. 2015; 17(4):559—65.
https://doi.org/10.1093/europace/euu350 PMID: 25582875

Knecht S K hne M, Osswald S, Sticherling C. Quantitative assessment of a second-generation cryobal-
loon ablation catheter with new cooling technology-a perspective on potential implications on outcome.
J Interv Card Electrophysiol. 2014; 40(1):17-21. https://doi.org/10.1007/s10840-014-9883-1 PMID:
24622931

Cheng X, Hu Q, Zhou C, Liu LQ, Chen T, Liu Z, et al. The long-term efficacy of cryoballoon vs irrigated
radiofrequency ablation for the treatment of atrial fibrillation: A meta-analysis. Int J Cardiol. 2015;
181:297-302. https://doi.org/10.1016/j.ijcard.2014.12.002 PMID: 25540844

Casado-Arroyo R, Chierchia G-B, Conte G, Levinstein M, Sieira J, Rodriguez-MaOero M, et al. Phrenic
nerve paralysis during cryoballoon ablation for atrial fibrillation: a comparison between the first- and sec-
ond-generation balloon. Heart Rhythm. 2013; 10(9):1318-24. https://doi.org/10.1016/j.hrthm.2013.07.
005 PMID: 23891574

Chen C-F, Gao X-F, Duan X, Chen B, Liu X-H, Xu Y-Z. Comparison of catheter ablation for paroxysmal
atrial fibrillation between cryoballoon and radiofrequency: a meta-analysis. J Interv Card Electrophysiol.
2017; 48(3):351-66. https://doi.org/10.1007/s10840-016-0220-8 PMID: 28063111

Cardoso R, Mendirichaga R, Fernandes G, Healy C, Lambrakos LK, Viles-Gonzalez JF, et al. Cryobal-
loon versus Radiofrequency Catheter Ablation in Atrial Fibrillation: A Meta-Analysis. J Cardiovasc Elec-
trophysiol. 2016; 27(10):1151-9. https://doi.org/10.1111/jce.13047 PMID: 27422848

Sardu C, Santamaria M, Rizzo M, Barbieri M, di Marino M, Paolisso G, et al. Telemonitoring in heart fail-
ure patients treated by cardiac resynchronisation therapy with defibrillator (CRT-D): the TELECART
Study. Int J Clin Pract. 2016; 70(7):569-76. https://doi.org/10.1111/ijcp.12823 PMID: 27291327

PLOS ONE | https://doi.org/10.1371/journal.pone.0206362 October 25, 2018 15/15


https://doi.org/10.1161/CIRCEP.114.001759
https://doi.org/10.1161/CIRCEP.114.001759
http://www.ncbi.nlm.nih.gov/pubmed/25132078
https://doi.org/10.1111/j.1540-8167.2011.02010.x
http://www.ncbi.nlm.nih.gov/pubmed/21332861
https://doi.org/10.1093/europace/euu350
http://www.ncbi.nlm.nih.gov/pubmed/25582875
https://doi.org/10.1007/s10840-014-9883-1
http://www.ncbi.nlm.nih.gov/pubmed/24622931
https://doi.org/10.1016/j.ijcard.2014.12.002
http://www.ncbi.nlm.nih.gov/pubmed/25540844
https://doi.org/10.1016/j.hrthm.2013.07.005
https://doi.org/10.1016/j.hrthm.2013.07.005
http://www.ncbi.nlm.nih.gov/pubmed/23891574
https://doi.org/10.1007/s10840-016-0220-8
http://www.ncbi.nlm.nih.gov/pubmed/28063111
https://doi.org/10.1111/jce.13047
http://www.ncbi.nlm.nih.gov/pubmed/27422848
https://doi.org/10.1111/ijcp.12823
http://www.ncbi.nlm.nih.gov/pubmed/27291327
https://doi.org/10.1371/journal.pone.0206362

