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Background: The 5-year outcomes and predictors of atrial fibrillation (AF) recurrence
following cryoballoon (CB) ablation in Chinese population remain scarce. Our aim was to
report 5-year outcomes and predictors of AF recurrence following a single CB ablation
procedure in a Chinese population.

Methods: From December 2013 to August 2016, we included 256 consecutive patients
(mean age: 58 + 10.9 years old; female: 41.0%) with paroxysmal or persistent AF
successfully underwent first-generation CB ablation at Fuwai hospital in this prospective
study. All patients were followed at least 5 years or when there was recurrent AF.
Independent predictors of AF recurrence were determined by Cox proportional hazards
regression analysis.

Results: The 5-year success rate after pulmonary vein isolation (PVI) by a single
procedure was 59.4%. The recurrence rate was the highest (14.5%) within the first
year after the index procedure, and then stabilized. Patients with paroxysmal AF had a
higher incidence of freedom from AF recurrence than patients with persistent AF (63.2%
vs. 36.4%, log-rank P < 0.01). The overall incidence of complications related to CB
ablation was 7.8%. Phrenic nerve injury (PNI) was the most common complication,
with an incidence of 3.5%, and patients with PNI were recovered within the 1-year
follow-up. Only persistent AF (HR 1.72, 95%CI 1.028-2.854, P < 0.05) was significantly
and independently associated with an increased risk of AF recurrence after adjusting
for other factors.

Conclusion: Pulmonary vein isolation using CB ablation was safe and effective with an
acceptable complication and 5-year success rate in a Chinese population with AF, and
persistent AF was the independent predictor for 5-year AF recurrence after a single CB
ablation procedure.
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INTRODUCTION

Pulmonary vein (PV) isolation (PVI) is the cornerstone for the
ablation of atrial fibrillation (AF) (1, 2). In terms of both efficacy
and safety, PVI via cryoballoon (CB) ablation has been proven
to be non-inferior to radiofrequency catheter ablation in treating
patients with symptomatic drug-refractory AF (3). Furthermore,
it also offers many potential advantages over radiofrequency
catheter ablation, such as short procedure time and learning
curve (4). Since CB was introduced into mainland China in 2013,
the number of CB ablation in the treatment of AF has increased
continually. A few studies have reported the long-term outcomes
after PVI with CB for Chinese population with AF (5-7). In this
study, our aim was to report the 5-year outcomes and predictors
of recurrence in a Chinese population who have undergone the
treatment of paroxysmal or persistent AF by CB ablation.

MATERIALS AND METHODS
Study Population

For the population enrollment of this prospective study,
consecutive patients with documented symptomatic and drug-
refractory (failure of > 1 class I or III antiarrhythmic drugs)
paroxysmal or persistent AF who underwent PVI using first-
generation CB at Fuwai Hospital from December 2013 to August
2016 were included. Patients with episodes of AF terminated
spontaneously or cardioverted within 7 days were defined as
paroxysmal AE and those whose episodes lasting longer than
7 days and terminated within 1 year were defined as persistent
AF (2). Exclusion criteria: (1) patients with heart valve disease;
(2) patients with any contraindications for the procedure,
including the presence of acute thrombosis or severe bleeding
occurred within 8 weeks before procedure; (3) patients with
previous ablation of AF; (4) patients with left atrium diameter
(LAD) > 50 mm; and (5) patients younger than 18 years old.
All enrolled patients gave written consent for data collection
and publication. The study was carried out in compliance with
the Helsinki Declaration and approved by the local institutional
ethics committee.

Preprocedural Management

All patients gave written informed consent for the ablation
procedure. The preprocedural management was performed
as our previous report (8). Briefly, routine transthoracic
echocardiography examination was used to evaluate the cardiac
structure and function before the procedure, including LAD
and left ventricular ejection fraction. Anatomic structure of PV
and left atrium were also assessed by multi-detector computed
tomographic scan and transesophageal echocardiography. All
patients were anticoagulated with vitamin K antagonists for at
least 4 weeks before the procedure, with international normalized
ratio maintained between 2.0 and 3.0. Vitamin K antagonist
was discontinued 3 days prior to the procedure, and bridged
with low-molecular-weight heparin injected subcutaneously
till the early morning of the procedure day. Antiarrhythmic
drugs were also discontinued 3 days prior to the procedure
excepting beta blockers.

Cryoballoon Ablation Procedure

The CB ablation procedure was performed as our previous report
(9). Briefly, the procedure was performed under local anesthesia
and deep sedation using midazolam and fentanyl. A decapolar
diagnostic catheter (C. R. Bard, Inc., NY, United States or St.
Jude Medical Inc., MN, United States) and a bipolar catheter
(St. Jude Medical Inc., MN, United States) were placed into
coronary sinus and right ventricular apex, respectively. After a
single transseptal puncture by BRK-1 needle and standard 8.5-Fr
SL1 long sheath (Synaptic Medical Inc., Beijing, China), heparin
(100 TU/kg) was injected through peripheral vein, and then
activated clotting time was measured every 30 min to maintain
it for 250-350 s by supplementing heparin. The anatomy and
caliber of PVs were confirmed by performing selective PV
angiography. The appropriate CB (Arctic Front, Medtronic Inc.,
MN, United States) and circular mapping catheter (Achieve,
Medtronic, CA, United States) size were selected accordingly. If
the maximum diameter of three or all PVs were < 22 mm, 23-
mm CB and 15-mm circular mapping catheter were selected.
Otherwise, 28-mm CB and 20-mm circular mapping catheter
are preferred. After that, the transseptal sheath was exchanged
with a 15-Fr steerable sheath (FlexCath, Medtronic Inc., MN,
United States) by a stiff guidewire. The CB with circular mapping
catheter was advanced into each PV ostium, and PV potentials
were recorded by circular mapping catheter. After achieving
occlusion of PV ostium indicated by the contrast retention in
PV, each freezing cycle was usually applied for 240 s in each vein.
Additional bonus application of freezing was delivered to achieve
PVI if necessary. When the temperature of CB was declined to
below —60°C, the freezing time should be terminated before 240 s
to guarantee the safety of operation. Furthermore, according to
the practical experience of operators, the freezing time might be
prolonged or shortened when applicating bonus freezing cycle
to achieve PVIL. To prevent phrenic nerve injury (PNI) during
ablation of right-sided PVs, the bipolar catheter was positioned
into superior vena cava for pacing phrenic nerve (10 mA, 2 ms,
50/min) constantly. Once diaphragmatic motion was weakened,
ablation was immediately ceased (10). The procedural endpoint
was bidirectional electric isolation of all PVs. If procedural
endpoint could not be achieved with CB alone, touch up ablations
with conventional radiofrequency catheter were performed to
achieve bilateral isolation of all PVs.

Definition of Complications

According to current guideline, procedure complications
were defined as those occurring during the procedure, within
hospitalization period or 30-day post ablation, including
pericardial tamponade/effusion, transient ischemic attack,
ischemic or hemorrhagic stroke, PV stenosis etc (11).

Postablation Management and
Follow-Up

The postablation management and follow-up were performed as
our previous report (8). Briefly, transthoracic echocardiography
was performed to rule out pericardial effusion within 3 h
after the procedure for all patients. Oral anticoagulation agent
was re-initiated 48-72 h after the procedure and continued
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for 3 months, was determined by individual CHA,DS,-VASc
scores (11). An antiarrhythmic drug was prescribed for all
patients throughout the 3-month blanking period, and thereafter
terminated if the patient was free of AF recurrence. The type of
antiarrhythmic drug was resumed as that used before ablation
procedure. Paroxysmal AF patients were given propafenone,
and persistent AF patients or paroxysmal AF patients with
coronary heart disease or chronic congestive heart disease were
given amiodarone. Patients were scheduled for clinic follow-
up at 3-months intervals within first year after the procedure
and at 6-month intervals afterward. Electrocardiogram and 24-
h Holter monitor were performed in each follow-up to detect
atrial arrhythmia. In addition, patients were asked to immediately
complete an additional outpatient visit when they had symptoms
indicated AF recurrence. The AF recurrence was defined as any
episode of documented atrial tachycardia, atrial flutter, and/or AF
lasting at least 30 s after 90-dayblanking period.

Statistical Analysis

Continuous variables were reported as mean =+ standard
deviation or median [quartile] according to their nominal
distribution. Categorical variables were reported as counts
(percentage). Recurrence-free survival was estimated by the
Kaplan-Meier method, and the statistical difference between
groups was compared by log-rank test. Cox proportional
hazards model was used to estimate the hazard ratios (HRs) and
corresponding 95% confidence intervals (CIs) for independent
predictors of AF recurrence. All statistical analyses were
performed by using R software, version 3.6.0 (R Foundation
for Statistical Computing, Vienna, Austria). A 2-tailed
P-value < 0.05 was considered as statistically significant.

RESULTS

Baseline Clinical Characteristics

In total, 256 consecutive patients with mean age of 58 & 10.9 years
old underwent CB ablation for AF (paroxysmal AF of 87.1%,
persistent AF of 12.9%), and 41.0% were female. The baseline
clinical characteristics of all patients are shown in Table 1.

Procedure Characteristics

The procedure characteristics are summary in Table 2. The
mean procedure and fluoroscopy time were 95 &+ 25.4 min and
32+ 11.8 min, respectively. There were 1,045 PVs in 256 patients,
of which 9 patients had a left common PV and 30 patients
had a right middle PV. Additional touch up ablations with
radiofrequency catheter were performed in 21 patients (8.2%) to
achieve PVI for the reason that it is difficult to completely occlude
and isolate PVs with critical angulation. 152 patients (59.4%)
were treated with the 23-mm CB, and 97 patients (37.9%) with
the 28-mm CB. A combination of both CBs was used in 7 (2.7%)
patients. The mean nadir temperature of superior PV was 6°C
lower than that of the same side inferior PV.

TABLE 1 | Baseline characteristics.

Overall (n = 256)

Age (years old) 58 + 10.9
Female 105 (41.0%)
BMI (Kg/m?) 25+ 3.2
Types of AF

Paroxysmal AF 223 (87.1%)
Persistent AF 33 (12.9%)
History of AF (years) 36.0 [12.0, 60.0]
Hypertension 118 (46.1%)
Diabetes mellitus 32 (12.5%)
Previous TIA/stroke 27 (10.5%)
CHD 40 (15.6%)
CHF 10 (3.9%)
PVD 77 (30.1%)
LAD (mm) 37 +6.8
LVEDD (mm) 48 £5.3
LVEF (%) 65 +6.5
CHA,DS,-VASC score 19+15
HAS-BLED score 12+1.0

Data are expressed as mean + SD, n (%) or median [Q1, Q3].

AF, atrial fibrillation;, BMI, body mass index; CHD, coronary heart diseases; CHF,
chronic congestive heart failure; LAD, left atrial diameter; LVEDD, left ventricular
end-diastolic diameter; LVEF, left ventricular ejection fraction; PVD, peripheral
vascular diseases; TIA, transient ischemic attack.

Complications

The overall incidence of procedural complications related to CB
ablation was 7.8% in our study. PNI was the most common
complication, and occurred in 9 patients (3.5%) with 23-mm
CB, of which 8 patients had recovered within the procedure
and 1 patient had recovered at the time of 9-month follow-
up. Five patient (2.0%) developed mild pericardial effusion with
no necessity of pericardial drainage, and had subsided before
discharge. Six patients (2.3%) developed vascular complications,
including 4 patients with pseudoaneurysm and 2 patients
with femoral arteriovenous fistula, who recovered by treating
conservatively. There was no fatal complication like stroke, atrio-
esophageal fistula or death occurred.

Clinical Follow-Up

The 5-year success rate after PVI by a single CB ablation
procedure was 59.4% (Figure 1), with recurrences owing to atrial
tachycardia (n = 14, 13.5%), atrial flutter (n = 8, 7.7%) and AF
(n = 82, 78.8%). AF-free survival rates after PVI by a single CB
ablation procedure were 85.5, 77.7, 70.1, and 64.4% at 1, 2, 3, and
4 years, respectively (Figure 1A). The AF recurrence rate was the
highest (14.5%) in the first year after the index procedure, and
declined to 7.8% in the 2 year, then stabilized (7.6, 5.7, and 5.0%
in the third, fourth and fifth year, respectively; Figure 1B). AF-
free survival rates after PVI by a single CB ablation procedure
for patients with persistent AF were 81.8, 60.6, 57.6, and 42.4%
at 1, 2, 3 and 4 years, respectively (Figure 2). The incidence of
freedom from AF recurrence was significantly higher in patients
with paroxysmal AF compared with those with persistent AF
(63.2% vs. 36.4%, log-rank P < 0.01; Figure 2).
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TABLE 2 | Procedural characteristics.

Overall (n = 256)

Number of all PVs 1,045
Procedure time (min) 95 4+ 25.4
Fluoroscopy time (min) 32+ 11.8
Cryoballoon type

23-mm 152 (59.4%)
28-mm 97 (37.9%)
23-mm + 28-mm 7 (2.7%)
Bi-direction isolation

LSPV 237 (96.0%)
LIPV 239 (96.8%)
LCPV (n=9) 8 (89.9%)
RIPV 241 (94.1%)
RMPV (n = 30) 27 (90.0%)
RSPV 248 (96.9%)
Freezing cycles

LSPV 25+0.6
LIPV 2.44+0.8
LCPV (n=9) 3.0+1.2
RIPV 2.4+09
RMPV (n = 30) 1.3+0.6
RSPV 23+0.7
Nadir temperature (°C)

LSPV —54 +£6.2
LIPV —48 £55
LCPV (n=9) —53+£3.2
RIPV -50+83
RMPV (n = 30) —414+58
RSPV —56+55
Mean freezing time (s)

LSPV 221+ 37.6
LIPV 244 + 26.5
LCPV (n=9) 219 +£25.3
RIPV 234 + 36.5
RMPV (n = 30) 240 + 31.5
RSPV 209 + 46.0

Data are expressed as mean + SD or n (%).

PV, pulmonary vein; RIPV, right inferior pulmonary vein; LSPV, left superior
pulmonary vein; LIPV, left inferior pulmonary vein; RSPV, right superior pulmonary
vein; LCPV, left common pulmonary vein; RMPV, right middle pulmonary vein.

Out of 104 patients with AF recurrence, 18 patients
underwent repeat ablation which was guided by a 3-dimensional
electroanatomic mapping system after a median time of 36.5 [8.0,
47.5] months from the initial procedure. In these 18 patients, only
3 had no PV reconnection, who experienced recurrence owing to
AT originating from superior vena cava. After a median time of
7.5 [3.0, 21.8] months from the initial procedure, 15 patients who
had PV reconnection experienced AF recurrence. Among these
patients, 38 (63.3%) out of 60 PVs showed reconnection (about
2.5 PVs reconnection per patient). In 38 reconnecting PVs, 14
(36.8%) were left superior PV, following by right superior PV
(n =11, 28.9%), right inferior PV (n =9, 23.7%) and left inferior
PV (n = 4, 10.5%).

Predictors of Atrial Fibrillation

Recurrence

As showed in Table 3, univariate Cox regression analysis
indicated that persistent AF (HR 2.03, 95%CI 1.268-3.252,
P < 0.01), LAD (HR 1.04, 95%CI 1.015-1.067, P < 0.01) and
left common PV (HR 1.88, 95%CI 1.023-6.090, P < 0.05)
were significantly associated with an increased risk of AF
recurrence. To further confirm the independent prediction of
these variables, only variables with P-value < 0.1 in univariate
Cox regression analysis were included for stepwise multivariate
analysis. Multivariate Cox regression analysis showed that only
persistent AF (HR 1.72, 95%CI 1.028-2.854, P < 0.05) was
significantly and independently associated with an increased risk
of AF recurrence after adjusting for age, LAD, left ventricle
end-diastolic diameter and left common PV (Table 3).

DISCUSSION
Main Findings

This study reported the 5-year follow-up outcomes after single
ablation procedure with first-generation CB in a Chinese
population with AF. The major results of our study were as
follows: (1) after a single CB ablation procedure, 59.4% of
the patients were free of AF recurrence during 5-year follow-
up (63.2% in paroxysmal and 36.4% in persistent AF); (2)
the AF recurrence mainly occurred within the first year after
the index procedure, and then it stabilized; (3) the incidence
of procedure complications was 7.8%, and PNI was the most
common complication with a rate of 3.5%; (4) persistent AF
(HR 1.72, 95%CI 1.028-2.854, P < 0.05) was the significant and
independent predictor of AF recurrence during 5-year follow-up.

Five-Year Outcomes After Cryoballoon
Ablation

So far, although several studies reported the five-year outcomes
in patients treated with CB for AF, data on that in Chinese
population remain scarce. Neumann et al. (12) reported the 5-
year success rate was 53% in 163 patients from Europe with
paroxysmal AF after PVI using first-generation CB. Studies also
reported that the 5-year outcomes for PVI using the second-
generation CB in patients with AF, and the success rate was
57.2-59.0% (13, 14). In our study, the 5-year success rate was
59.4% after a single CB ablation procedure in patients with
paroxysmal or persistent AF (Figure 1A), which was comparable
to the success rates reported previous. However, the 5-year
success rate in patients with persistent AF was only 36.4%, which
was significantly lower than that in patients with paroxysmal AF
(63.2%; Figure 2). Chan et al. (7) reported the 5-year success
rate in patients with non-paroxysmal AF was 30% and 45% by
using first-generation and second-generation CB, respectively.
Studies reported that the 5-year success rate in patients with
paroxysmal and persistent AF was 59.6% and 46.9% by using
second-generation CB (15). In addition to PV triggers, other
mechanisms, such as rotors and non-PV foci, also play an
important role in leading to AF (11, 16, 17). Therefore, besides
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FIGURE 1 | Five-year outcomes in patients with atrial fibrillation (AF). Kaplan-Meier curves showing AF-free survival curve after single ablation procedure performed
using cryoballoon (A). The histogram shows the initial recurrences rate of atrial fibrillation at one-year interval during the five-year follow-up after a single cryoballoon

w
[
T

14.5

Recurrence rate of AF (%)

1 2 3 4 5
Time after CB ablation (Years)

achieving PVI, additional ablative strategies (additional superior
vena cava, posterior wall or left atrial roof line isolation) may be
required for patients with persistent AF, which could reduce the
AF recurrence (17-19).

Interestingly, we found that the rate of AF recurrence mainly
occurred within the first year after the index procedure, and
then it stabilized (Figure 1B). A previous study showed similar
phenomenon that the rate of decline in freedom from AF
recurrence stabilized after the initial 12 months (about 30%
during the first year and about 17% during the following
4 years) (12). Similarly, Vogt et al. (20) reported that the rate of
decline in freedom from AF recurrence was steepest within the
initial 12 months post ablation with first-generation CB (22.4%),
which was about twice than that after the initial 12 months

Total Events —Censored
N %
Paroxysmal AF 223 82 141 63.2
100+ Persistent AF 33 21 12 364
'
g o,
= gl Paroxysmal AF
x s
> K]
= 604
E g‘l Persistent AF
L =4
g 403
g_l
< 204
: Log rank P <0.01
+—7—71—T1T—"7
0 12 24 36 48 60
Number at risk Follow up (months)
Paroxysmal AF 223 194 179 161 119 96
Persistent AF 33 28 21 20 15 14

FIGURE 2 | Comparing 5-year outcome in patients with paroxysmal and
persistent AF. Kaplan—-Meier curves for AF-free survival after single ablation
procedure performed using cryoballoon.

(10.6%). In present study, 15 out of 18 patients (88.3%) who
underwent repeat ablation had PV reconnection, and these
patients experienced AF recurrence after a median time of 7.5
[3.0, 21.8] months from the initial procedure. Moreover, it was
recently indicated that the mean time to AF recurrence after
initial PVI was 6 & 6 months for patients with PV reconnection
during repeat ablation (16). A meta-analysis showed that 85.5%
had atleast 1 PV reconnected among patients with AF recurrence
(21). We therefore speculated that PV reconnection might be an
important factor for AF recurrence within the first year. Some
studies reported that the rate of AF recurrence was 3-19% in
patients undergoing repeat ablation of reconnected PVs (22-24).
The PRESSURE randomized controlled trial revealed that routine
repeat ablation in patients with PV reconnection provided
significant improvements in freedom from AF recurrence, AF
burden, and quality of life (25). Therefore, patients could
potentially benefit from early repeat ablation, especially for those
with PV reconnection.

Predictors of Five-Year Recurrence After
Cryoballoon Ablation of Atrial Fibrillation

AF recurrence after CB ablation procedure is still focus of
attention, and it is important to determine the predictors that
affect AF recurrence. Although many predictors of AF recurrence
in patients undergoing CB ablation for treatment of AF have been
described in previous studies, independent predictors of 5-year
AF recurrence remain limited (6, 20, 26, 27). In studies of 5-
year follow-up post ablation of AF with CB, different indictors
based on LAD were reported to be the independent predictor
for AF recurrence (12, 13). However, LAD was not found to
be associated with AF recurrence in our study, which could
be attributed to the exclusion of patients with LAD > 50 and
subsequent smaller mean LAD among included participants. In
our study, only persistent AF (HR 1.72, 95%CI 1.028-2.854,
P < 0.05) identified to be independent predictors for 5-year AF
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TABLE 3 | Univariate and multivariate Cox regression analysis for predictors of AF recurrence.

Uni-COX analysis

Multi-COX analysis

HR 95%CI P-value HR 95%ClI P-value
Age 1.06 0.989-1.024 0.093 1.02 0.992-1.046 0.180
Sex (Female) 1.03 0.693-1.518 0.899
BMI 1.01 0.949-1.066 0.851
Persistent AF 2.03 1.268-3.252 0.003 1.72 1.028-2.854 0.032
History of AF (years) 1.00 0.995-1.003 0.666
Hypertension 0.87 0.593-1.287 0.494
Diabetes mellitus 0.89 0.497-1.589 0.690
Previous TIA/stroke 1.34 0.773-2.307 0.301
CHD 1.48 0.914-2.384 0.111
PVD 0.94 0.619-1.433 0.779
CHF 1.31 0.534-3.224 0.554
LAD 1.04 1.015-1.067 0.002 1.03 0.999-1.060 0.053
LVEDD 0.97 0.939-1.009 0.096 0.96 0.899-1.018 0.165
LVEF 1.02 0.984-1.047 0.356
LCPV 1.88 1.023-6.090 0.045 1.40 0.784-7.322 0.125
RMPV 0.65 0.203-2.115 0.479
CHA,DS,-VASC score 1.03 0.906-1.165 0.679
HAS-BLED score 0.97 0.807-1.176 0.778

PV, pulmonary vein; RIPV, right inferior pulmonary vein; LSPV, left superior pulmonary vein; LIPV, left inferior pulmonary vein; RSPV, right superior pulmonary vein; LCPV,

left common pulmonary vein; RMPV, right middle pulmonary vein.

recurrence after a single CB ablation procedure (Table 3). After
a median follow-up time of 34 months post ablation of AF with
first-generation CB, Boho et al. (27) also found only persistent
AF (HR 1.97,95% CI: 1.24-3.13, P = 0.006) was the independent
predictor for AF recurrence. A meta-analysis demonstrated that
persistent AF (HR 2.44, 95% CI: 1.30-4.58, P < 0.006) was an
independent predictor of late recurrence after CB ablation (26).
As we discussed above, only achieving PVI by CB might be less
sufficient for patients with persistent AF.

Safety

Previously published studies showed that PNI was the most
frequent procedural complication associated with CB ablation,
occurring over a range of 2.7-12.7% (3, 28, 29). In our study,
PNI was also the most common complication, with an incidence
of 3.5%. In addition, all patients developed PNI were performed
by using 23-mm CB and recovered within one year post the
procedure. Actually, the occurrence of PNI has several certain
characteristics. Firstly, compared with 28-mm CB, ablation with
23-mm CB produces a higher incidence of PNI (20, 27). Secondly,
the PNT is reversible to some extent, which can generally recover
within the procedure or several days post procedure, or rarely
within one year in some cases (3). Thirdly, the incidence of
PNI will decrease with the enrichment and accumulation of
experience (10). To avoid PNI, our experience was to avoid
placing the CB too deep into PVs, and to pace the phrenic
nerve continuously and steadily when starting to freeze the right-
side PVs.

Although five patients developed mild pericardial effusion,
there was no fatal complications like stroke, atrio-esophageal
fistula or death occurred. The incidence of peripheral vascular

puncture complications was 2.3%, which were also comparable
to that reported previously (20, 27, 28). No late or unexpected
complications were detected during the 5-year follow-up.

Limitation

There are several potential limitations to this study. Firstly, this
study is a single-center investigation, and the population size is
relatively small. Secondly, all included patients were performed
by using the first-generation CB, hence, some results could not
be applied to those by using the second-generation CB. Thirdly,
our follow-up was based on intermittent rhythm monitoring
via 24-h Holter monitor or serial electrocardiogram recordings
rather than intensive monitoring via continuous transtelephonic
monitoring or implantable loop recorder, therefore, some non-
sustained or asymptomatic episodes of AF could not be
recognized which could underestimated the recurrence rate (30).
Fourthly, although there was no statistical difference between AF
recurrence and LAD, the patients with larger LAD tended to
have higher AF recurrence rate. Patients with LAD > 50 mm
were excluded, which might introduce selection bias and result
in inability of observing the significant difference between LAD
and AF recurrence. Last but not least, the number of patients
with persistent AF is too small, which may occasionally result in
a higher recurrence rate among those patients, and further cause
a certain bias when analyzing predictors of AF recurrence.

CONCLUSION

In conclusion, PVI using CB ablation was safe and effective
with an acceptable complication rate of 7.8% and a 5-year
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success rate of 59.4% in a Chinese population with AE
and persistent AF was shown to be an independent
predictor for 5-year AF recurrence after a single CB ablation
procedure.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article
will be made available by the authors, without undue
reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Fuwai Hospital. The
patients/participants provided their written informed consent to
participate in this study.

REFERENCES

1. Haissaguerre M, Jais P, Shah DC, Takahashi A, Hocini M, Quiniou G,
et al. Spontaneous initiation of atrial fibrillation by ectopic beats originating
in the pulmonary veins. N Engl ] Med. (1998) 339:659-66. doi: 10.1056/
NEJM199809033391003

2. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundqvist
C, et al. 2020 ESC guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the European association for
cardio-thoracic surgery (EACTS): the task force for the diagnosis and
management of atrial fibrillation of the European society of cardiology
(ESC) developed with the special contribution of the European heart rhythm
association (EHRA) of the ESC. Eur Heart ]. (2021) 42:373-498. doi: 10.1093/
eurheartj/ehaa612

3. Kuck KH, Brugada J, Furnkranz A, Metzner A, Ouyang F, Chun KR, et al.
Cryoballoon or radiofrequency ablation for paroxysmal atrial fibrillation. N
Engl ] Med. (2016) 374:2235-45. doi: 10.1056/NEJMoal602014

4. Reissmann B, Metzner A, Kuck KH. Cryoballoon ablation versus
radiofrequency ablation for atrial fibrillation. Trends Cardiovasc Med.
(2017) 27:271-7. doi: 10.1016/j.tcm.2016.12.002

5. Wei HQ, Guo XG, Zhou GB, Sun Q, Liu X, Luo B, et al. Long-term
outcome of cryoballoon ablation versus radiofrequency ablation for focal
atrial tachycardias originating from the pulmonary veins. ] Interv Card
Electrophysiol. (2019) 56:271-8. doi: 10.1007/s10840-019-00507-0

6. Huang SW, Jin Q, Zhang N, Ling TY, Pan WQ, Lin CJ, et al. Impact of
pulmonary vein anatomy on long-term outcome of cryoballoon ablation for
atrial fibrillation. Curr Med Sci. (2018) 38:259-67. doi: 10.1007/s11596-018-
1874-5

7. Chan NY, Choy CC, Yuen HC, Chow HE Fong HF. Long-term outcomes
of cryoballoon pulmonary vein isolation for paroxysmal and persistent atrial
fibrillation in Chinese patients. J Interv Card Electrophysiol. (2020) 57:425-34.
doi: 10.1007/s10840-019-00542-x

8. Liu J, Yang H, Liu Y, Li X, Zhang H, Xia Y, et al. Early recurrence of atrial
tachyarrhythmia during the 90-day blanking period after cryoballoon ablation
in patients with atrial fibrillation: the characteristics and predictive value of
early recurrence on long-term outcomes. ] Electrocardiol. (2020) 58:46-50.
doi: 10.1016/j.jelectrocard.2019.11.004

9. Chen X, Fang P, Liu Z, He J, Tang M, Liu J, et al. Pulmonary vein
anatomy is associated with cryo kinetics during cryoballoon ablation for
atrial fibrillation. Arq Bras Cardiol. (2018) 110:440-8. doi: 10.5935/abc.2018
0071

10. Mondesert B, Andrade JG, Khairy P, Guerra PG, Dyrda K, Macle L, et al.
Clinical experience with a novel electromyographic approach to preventing

AUTHOR CONTRIBUTIONS

XC, YX, and JL were responsible for the conception and design
of the study. XC, YX, YL, XL, PE and JL contributed substantially
to the data acquisition. XC, YX, YL, XL, CW, and YC were part
of the data analysis committee. XC, YX, YL, XL, CW, YC, PE, and
JL contributed to the data interpretation. YX, YL, and XL were
responsible for the acquisition of survival data and comorbidities.
XC and YX drafted the manuscript. JL was responsible for the
acquisition of funding. All authors contributed substantially to
the critical revising of the manuscript for important intellectual
content, final approval of the version to be published, and agreed
to be accountable for all aspects of the work.

FUNDING

This study was
(No. 33320140037).

funded by the PUMC Youth Fund

phrenic nerve injury during cryoballoon ablation in atrial fibrillation. Circ
Arrhythm Electrophysiol. (2014) 7:605-11. doi: 10.1161/CIRCEP.113.001238

11. 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. Europace. (2016) 18:1609-78. doi: 10.1093/europace/euw295

12. Neumann T, Wojcik M, Berkowitsch A, Erkapic D, Zaltsberg S, Greiss H,
et al. Cryoballoon ablation of paroxysmal atrial fibrillation: 5-year outcome
after single procedure and predictors of success. Europace. (2013) 15:1143-9.
doi: 10.1093/europace/eut021

13. Akkaya E, Berkowitsch A, Zaltsberg S, Greiss H, Hamm CW, Sperzel J,
et al. Five-year outcome and predictors of success after second-generation
cryoballoon ablation for treatment of symptomatic atrial fibrillation. Int |
Cardiol. (2018) 266:106-11. doi: 10.1016/j.ijcard.2018.03.069

14. Mugnai G, Paparella G, Overeinder I, Stroker E, Sieira ], Bisignani A, et al.
Long-term clinical outcomes after single freeze cryoballoon ablation for
paroxysmal atrial fibrillation: a 5-year follow-up. J Interv Card Electrophysiol.
(2021) 61:87-93. doi: 10.1007/s10840-020-00788-w

15. Heeger CH, Subin B, Wissner E, Fink T, Mathew S, Maurer T, et al. Second-
generation cryoballoon-based pulmonary vein isolation: lessons from a five-
year follow-up. Int J Cardiol. (2020) 312:73-80. doi: 10.1016/j.ijcard.2020.03.
062

16. De Pooter J, Strisciuglio T, El Haddad M, Wolf M, Phlips T, Vandekerckhove Y,
et al. Pulmonary vein reconnection no longer occurs in the majority of patients
after a single pulmonary vein isolation procedure. JACC Clin Electrophysiol.
(2019) 5:295-305. doi: 10.1016/j.jacep.2018.11.020

17. Wei HQ, Guo XG, Sun Q, Yang JD, Xie HY, Cao ZJ, et al. Electrical isolation
of the superior vena cava using second-generation cryoballoon in patients
with atrial fibrillation. J Cardiovasc Electrophysiol. (2020) 31:1307-14. doi:
10.1111/jce.14477

18. Kuniss M, Greiss H, Pajitnev D, Akkaya E, Deubner N, Hain A, et al.
Cryoballoon ablation of persistent atrial fibrillation: feasibility and safety of
left atrial roof ablation with generation of conduction block in addition to
antral pulmonary vein isolation. Europace. (2017) 19:1109-15. doi: 10.1093/
europace/euw146

19. Aryana A, Baker JH, Espinosa Ginic MA, Pujara DK, Bowers MR, O’Neill
PG, 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. (2018) 15:1121-9. doi: 10.1016/j.hrthm.2018.05.014

20. Vogt J, Heintze ], Gutleben KJ, Muntean B, Horstkotte D, Nolker G. Long-
term outcomes after cryoballoon pulmonary vein isolation: results from a
prospective study in 605 patients. ] Am Coll Cardiol. (2013) 61:1707-12. doi:
10.1016/j.jacc.2012.09.033

Frontiers in Cardiovascular Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 836392


https://doi.org/10.1056/NEJM199809033391003
https://doi.org/10.1056/NEJM199809033391003
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1056/NEJMoa1602014
https://doi.org/10.1016/j.tcm.2016.12.002
https://doi.org/10.1007/s10840-019-00507-0
https://doi.org/10.1007/s11596-018-1874-5
https://doi.org/10.1007/s11596-018-1874-5
https://doi.org/10.1007/s10840-019-00542-x
https://doi.org/10.1016/j.jelectrocard.2019.11.004
https://doi.org/10.5935/abc.20180071
https://doi.org/10.5935/abc.20180071
https://doi.org/10.1161/CIRCEP.113.001238
https://doi.org/10.1093/europace/euw295
https://doi.org/10.1093/europace/eut021
https://doi.org/10.1016/j.ijcard.2018.03.069
https://doi.org/10.1007/s10840-020-00788-w
https://doi.org/10.1016/j.ijcard.2020.03.062
https://doi.org/10.1016/j.ijcard.2020.03.062
https://doi.org/10.1016/j.jacep.2018.11.020
https://doi.org/10.1111/jce.14477
https://doi.org/10.1111/jce.14477
https://doi.org/10.1093/europace/euw146
https://doi.org/10.1093/europace/euw146
https://doi.org/10.1016/j.hrthm.2018.05.014
https://doi.org/10.1016/j.jacc.2012.09.033
https://doi.org/10.1016/j.jacc.2012.09.033
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Chen et al.

Five-Year Outcomes of Cryoballoon Ablation

21.

22.

23.

24.

25.

26.

27.

28.

Nery PB, Belliveau D, Nair GM, Bernick J, Redpath CJ, Szczotka A, et al.
Relationship between pulmonary vein reconnection and atrial fibrillation
recurrence: a systematic review and meta-analysis. JACC Clin Electrophysiol.
(2016) 2:474-83. doi: 10.1016/j.jacep.2016.02.003

Verma A, Kilicaslan F, Pisano E, Marrouche NF, Fanelli R, Brachmann J, et al.
Response of atrial fibrillation to pulmonary vein antrum isolation is directly
related to resumption and delay of pulmonary vein conduction. Circulation.
(2005) 112:627-35. doi: 10.1161/CIRCULATIONAHA.104.533190
Nanthakumar K, Plumb VJ, Epstein AE, Veenhuyzen GD, Link D, Kay GN.
Resumption of electrical conduction in previously isolated pulmonary veins:
rationale for a different strategy? Circulation. (2004) 109:1226-9. doi: 10.1161/
01.CIR.0000121423.78120.49

Callans DJ, Gerstenfeld EP, Dixit S, Zado E, Vanderhoff M, Ren JF, et al. Efficacy
of repeat pulmonary vein isolation procedures in patients with recurrent atrial
fibrillation. J Cardiovasc Electrophysiol. (2004) 15:1050-5. doi: 10.1046/j.1540-
8167.2004.04052.x

Das M, Wynn GJ, Saeed Y, Gomes S, Morgan M, Ronayne C, et al. Pulmonary
vein re-isolation as a routine strategy regardless of symptoms: the PRESSURE
randomized controlled trial. JACC Clin Electrophysiol. (2017) 3:602-11. doi:
10.1016/j.jacep.2017.01.016

Quan D, Huang H, Kong B, Li Q, Liao J, Wang G. Predictors of late
atrial fibrillation recurrence after cryoballoon-based pulmonary vein isolation:
a meta-analysis. Kardiol Pol. (2017) 75:376-85. doi: 10.5603/KP.a2016.
0186

Boho A, Misikova S, Spurny P, Komanova E, Kerekanic M, Hudak M, et al. A
long-term evaluation of cryoballoon ablation in 205 atrial fibrillation patients:
a single center experience. Wien Klin Wochenschr. (2015) 127:779-85. doi:
10.1007/s00508-015-0816-5

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. ] Am
Coll Cardiol. (2013) 61:1713-23. doi: 10.1016/j.jacc.2012.11.064

29. Luik A, Radzewitz A, Kieser M, Walter M, Bramlage P, Hormann P,
et al. Cryoballoon versus open irrigated radiofrequency ablation in patients
with paroxysmal atrial fibrillation: the prospective, randomized, controlled,
noninferiority freezeAF study. Circulation. (2015) 132:1311-9. doi: 10.1161/
CIRCULATIONAHA.115.016871

30. Pieragnoli P, Paoletti Perini A, Ricciardi G, Checchi L, Giomi A, Muraca
I, et al. Recurrences in the blanking period and 12-month success rate by
continuous cardiac monitoring after cryoablation of paroxysmal and non-
paroxysmal atrial fibrillation. J Cardiovasc Electrophysiol. (2017) 28:625-33.
doi: 10.1111/jce.13190

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Xia, Lin, Li, Wang, Chen, Fang and Liu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 836392


https://doi.org/10.1016/j.jacep.2016.02.003
https://doi.org/10.1161/CIRCULATIONAHA.104.533190
https://doi.org/10.1161/01.CIR.0000121423.78120.49
https://doi.org/10.1161/01.CIR.0000121423.78120.49
https://doi.org/10.1046/j.1540-8167.2004.04052.x
https://doi.org/10.1046/j.1540-8167.2004.04052.x
https://doi.org/10.1016/j.jacep.2017.01.016
https://doi.org/10.1016/j.jacep.2017.01.016
https://doi.org/10.5603/KP.a2016.0186
https://doi.org/10.5603/KP.a2016.0186
https://doi.org/10.1007/s00508-015-0816-5
https://doi.org/10.1007/s00508-015-0816-5
https://doi.org/10.1016/j.jacc.2012.11.064
https://doi.org/10.1161/CIRCULATIONAHA.115.016871
https://doi.org/10.1161/CIRCULATIONAHA.115.016871
https://doi.org/10.1111/jce.13190
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Cryoballoon Ablation for Treatment of Atrial Fibrillation in a Chinese Population: Five-Year Outcomes and Predictors of Recurrence After a Single Procedure
	Introduction
	Materials and Methods
	Study Population
	Preprocedural Management
	Cryoballoon Ablation Procedure
	Definition of Complications
	Postablation Management and Follow-Up
	Statistical Analysis

	Results
	Baseline Clinical Characteristics
	Procedure Characteristics
	Complications
	Clinical Follow-Up
	Predictors of Atrial Fibrillation Recurrence

	Discussion
	Main Findings
	Five-Year Outcomes After Cryoballoon Ablation
	Predictors of Five-Year Recurrence After Cryoballoon Ablation of Atrial Fibrillation
	Safety
	Limitation

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


