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Abstract
Purpose We aimed to study the long-term outcomes of cryoballoon (CB) pulmonary vein isolation (PVI) in treating Chinese
patients with atrial fibrillation (AF).
Methods A total of 122 patients (48 women, mean age 57.4 ± 11.3) underwent CB PVI (first generation CB 44.3%, second
generation CB 55.7%) for AF (paroxysmal 65.6%, persistent 10.7% and long-standing persistent 23.8%).
Results PVI was achieved in 113 (92.6%) patients with CB alone, and it was achieved in all patients with additional touch-up by
8-mm-tip cryocatheter. The mean procedural and fluoroscopic duration were 171.9 ± 41 and 46.6 ± 14.6 min respectively. The
recurrence-free survival for paroxysmal and non-paroxysmal AF was 77% and 59% respectively at 1 year and progressively
declined over time to reach a plateau of 52% and 30% for paroxysmal and non-paroxysmal AF respectively at 5 years. In patients
undergoing PVI with second-generation CB, the recurrence-free survival was 75% for paroxysmal AF and 45% for non-
paroxysmal AF at 5 years. With multivariate Cox regression analysis, the types of CB (use of second-generation CB: HR
0.49; 95% CI 0.28–0.85; p = 0.011) and size of left atrium (LA) (larger LA size: HR 1.52; 95% CI 1–2.14; p = 0.017) indepen-
dently predicted recurrence. Transient phrenic nerve injury (PNI) occurred in four (3.3%) patients and persistent PNI occurred in
four (3.3%) patients. Other complications occurred in 10 (8.2%) patients with no procedure-related death.
Conclusions Long-term success of CB PVI for AF declined over time and reached a plateau at 5 years. CB types and LA size are
independent predictors for long-term recurrence.

Keywords Cryoballoonablation . Pulmonaryvein isolation .Compoundmotor actionpotential .Luminal esophageal temperature
monitoring . Atrial fibrillation . Phrenic nerve injury

1 Introduction

Cryoballoon (CB) pulmonary vein isolation (PVI) for the
treatment of atrial fibrillation (AF) has been increasingly
adopted worldwide [1, 2]. On the other hand, it has been
shown to be non-inferior to radiofrequency catheter ablation
in treating symptomatic drug-refractory paroxysmal AF in
terms of both efficacy and safety [3]. Furthermore, a reduction
in healthcare utilization and costs have been recently reported
[4, 5]. However, there is a scarcity of data in the very long-
term outcomes and predictors of recurrence for CB PVI in the
treatment of Asians, including Chinese patients with paroxys-
mal or persistent AF. In addition, there is a paucity of data on
the use of compound motor action potential (CMAP) and
luminal esophageal temperature (LET) monitoring for preven-
tion of phrenic nerve injury (PNI) and esophageal thermal
lesions (ETL) respectively during CB PVI procedures [6, 7].
Therefore, we studied prospectively the very long-term
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outcomes and predictors of arrhythmic recurrence in a cohort
of Chinese patients who have undergone CB PVI for AF. Our
experience in using CMAP and LET monitoring in these pro-
cedures is also reported.

2 Methods

2.1 Patient population

This was a single-center prospective study on consecutive
patients who were aged 18 to 80 and underwent CB PVI
procedures for paroxysmal or persistent AF in the period
between May 2008 and December 2017 in Princess Margaret
Hospital in Hong Kong. Exclusion criteria included prior history
of left atrial (LA) catheter ablation, congenital heart disease, LA
thrombus, and pregnancy. The study protocol was approved by
the Ethics Committee of the investigation centre. All patients
gave written informed consent before recruitment into the study.

2.2 Management before ablation

Cardiac computed tomography was performed to reveal LA
and PVanatomy. All patients were put on either warfarin with
international normalized ratio maintained between 2.0 and 3.0
or fixed doses of non-vitamin K antagonist oral anticoagulants
(NOACs) for at least 4 weeks before the procedure. Ablation
was performed with un-interrupted warfarin while NOACwas
stopped 2–5 days according to renal function beforehand [8].
Transesophageal echocardiography was performed the day
before procedure to rule out LA thrombus. All antiarrhythmic
drugs including amiodarone were discontinued at least 5 days
before ablation.

2.3 CB PVI procedure

The CB PVI procedure has been described previously [3]. In
brief, the ablation procedure was performed under local anes-
thesia and conscious sedation with midazolam and fentanyl.
Intravenous heparin was given to maintain an activated
clotting time of over 300 s throughout the procedure. A steer-
able decapolar electrode catheter was placed in the coronary
sinus, and a steerable quadripolar electrode catheter was
placed in the right ventricle for pacing support when vasova-
gal reaction occurred after CB ablation of the left-sided PVs.
This catheter was moved to the right subclavian vein or supe-
rior vena cava for phrenic nerve (PN) stimulation during CB
ablation of the right-sided PVs. A single transseptal puncture
was performed with the Brockenbrough needle and an 8
French sheath (SL1 guiding catheter, St Jude Medical, St
Paul, MN, USA or Mullin transseptal guiding introducer,
Medtronic, Minneapolis, MN, USA) which was then ex-
changed for a 15 French steerable transseptal sheath

(FlexCath or FlexCath Advance, Medtronic Cryocath,
Minneapolis, MN, USA). The 10.5 French 28 or 23 mm
cryoballoon catheter (Arctic Front or Arctic Front Advance,
Medtronic Cryocath, Minneapolis, MN, USA) was then intro-
duced via the steerable transseptal sheath to the LA for PVI.
Mapping of PV potentials was performed with a stand-alone
circular catheter (Optima Plus, St JudeMedical, St. Paul, MN,
USA) or an inner lumen catheter (Achieve, Medtronic
Cryocath, Minneapolis, MN, USA) placed inside the
cryoballoon catheter since its availability in May 2011. In
general, two consecutive cryoapplications of 4 min each were
delivered to each PV ostium or antrum with first-generation
CB (Arctic Front) and for second-generation CB (Arctic Front
Advance), two consecutive cryoapplications of 3 min each
were used for each PV. Additional cryoapplications were de-
livered to achieve PVI if necessary. The procedural endpoint
was electrical isolation of all PVs with entry ± exit block.
Touch-up with an 8-mm-tip cryoablation catheter (Freezor
Max 5, Medtronic, Minneapolis, MN, USA) was performed
if procedural endpoint could not be achieved with CB alone.
To prevent PNI, compound motor action potential (CMAP)
[6] of the right hemi-diaphragm was monitored while pacing
the PN in the right subclavian vein or superior vena cava
during CB ablation of right-sided PVs since September
2013. Before that, PN function was monitored only by palpa-
tion of diaphragmatic contraction. Cryoablation was immedi-
ately stopped when a 30% drop in the amplitude of CMAP or
a decrease in diaphragmatic contraction with palpation was
observed. To prevent ETL, LET was monitored by a self-
expanding catheter containing 12 temperature sensors (S-
Cath, Circa Scientific, Englewood, CO, USA) (Fig. 1) since
March 2015 [7, 9]. Cryoablation was stopped once any tem-
perature sensor detected a fall in LET to 20 °C.

2.4 Post-ablation management and follow-up

All patients underwent continuous ECG monitoring in the
coronary care unit for 24 h after ablation. For patients on
NOAC, the first dose was resumed 24–48 h after the proce-
dure. Oral anticoagulation was continued for 3 months, and its
subsequent need depended on the CHA2DS2VASc score of
the patients. Previously used antiarrhythmic drugs were given
for 3 months after the procedure. Patients were scheduled for
clinic follow-up 1 month and then quarterly afterwards.
History on symptom recurrence of palpitations was specifical-
ly taken, and a 12-lead ECG was performed during each fol-
low-up. A 24-h Holter monitoring was performed during each
follow-up for the first 12 months after the procedure and then
arranged when necessary. A 3-month blanking period was
adopted for recurrence of atrial arrhythmias. Re-ablation was
avoided during the blanking period. Recurrence was defined
as documented occurrence of AF, atrial flutter, or atrial tachy-
cardia lasting over 30 s.
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2.5 Statistical analysis

Descriptive statistics are presented for all data. For normally
distributed data, they are expressed as mean and standard de-
viation and comparison was performed by Student’s t test. For
non-normally distributed data, they are expressed as median
with maximum and minimum values stated, and the Mann-
Whitney U test was used to assess statistical significance. For
categorical data, absolute and relative frequencies were deter-
mined and the 95% confidence intervals were calculated.
Fisher exact test or chi-square test was performed to assess
statistical significance. Independent predictors of arrhythmic
recurrence were modeled by multivariate Cox regression.
Kaplan-Meier survival analysis was used to study the long-
term recurrence of atrial arrhythmias. Log-rank test was used
to compare Kaplan-Meier curves. For regression analysis, a
univariate analysis was performed first and variables with
p values of < 0.1 were included for multivariate analysis.
Statistics were performed with the Statistical Package for
Social Science (IBM SPSS version 19, Chicago, IL, USA).
A p value of < 0.05 was considered as statistically significant.

3 Results

3.1 Clinical and procedural characteristics

A total of 122 patients (48 women, mean age 57.4 ± 11.3) with
mean CHA2DS2VASc score 1.7 ± 1.4 underwent CB PVI for
AF (paroxysmal 65.6%, persistent 10.7% and long-standing
persistent 23.8%) in the period between May 2008 and
December 2017 in Princess Margaret Hospital in Hong
Kong. The clinical and procedural characteristics are summa-
rized in Tables 1 and 2, respectively. The second-generation
CBwas used in 68 (55.7%, 95%CI 51.2–60.2%) patients, and
the first-generation CB was used in the remaining patients.

The large 28-mm CB was used in 114 (93.4%, 95% CI
91.2–95.6%) patients. The mean number of cryoapplications
was 9.3 ± 3. The mean procedural and fluoroscopic duration
were 171.9 ± 41 and 46.6 ± 14.6 min respectively. The fluoro-
scopic duration was significantly shorter when second-
generation CB was used (42.9 ± 13.3 vs 51.3 ± 15 min, p =
0.002) or during the last 61 patients of this cohort (42.9 ± 13.6
vs 50.3 ± 14.8 min, p = 0.005). PVI was achieved in 113
(92.6%, 95% CI 90.2–95%) patients with CB alone and addi-
tional touch-up ablation by an 8-mm-tip cryocatheter enabled
subsequent achievement of PVI in all patients. Transient PNI
occurred in four (3.3%, 95% CI 1.7–4.9%) patients and sub-
sided before the procedures ended. Persistent PNI occurred in
another four (3.3%, 95% CI 1.7–4.9%) patients and subsided
after 1 day, 3 weeks, and 8 and 20 months respectively. No
significant difference in PNI was observed between patients
treated with first or second generation CB (5.6 vs 7.4%, p =
0.690). Other complications occurred in 10 (8.2%, 95% CI
5.7–10.7%) patients, and there was no procedure-related
death.

3.2 Long-term outcomes of CB PVI for AF

The mean and median follow-up for this patient cohort was
30.9 ± 28.6 and 20 months (2–117) respectively. The recur-
rence rates after CB PVI over long-term follow-up are sum-
marized in Fig. 2. The 1-year recurrence-free survival for par-
oxysmal and non-paroxysmal AF was 77% and 59% respec-
tively. The recurrence-free survival progressively dropped
over time and reached a plateau of 52% and 30% for parox-
ysmal and non-paroxysmal AF respectively at 5 years. The
recurrence rate was significantly lower in patients with parox-
ysmal AF than non-paroxysmal AF (Fig. 3, log-rank test p =
0.006). During the last follow-up, 56 (70%) patients with par-
oxysmal AF and 34 (81%) patients with non-paroxysmal AF
were not on any antiarrhythmic drugs. With multivariate Cox

Fig. 1 Panels a, b show the RAO
and LAO views respectively
during CB ablation of the LIPV
with LET monitoring by a self-
expandable catheter with 12
temperature sensors spanning the
whole length of the esophagus.
The six pairs of temperature
sensors are indicated by blue
arrows. RAO: right anterior
oblique, LAO: left anterior
oblique, CB: cryoballoon, LIPV:
left inferior pulmonary vein, LET:
luminal esophageal temperature,
LAO: left anterior oblique
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regression analysis (Table 3), the types of CB (use of second-
generation CB: HR 0.49; 95% CI 0.28–0.85; p = 0.011) and
size of LA (larger LA size (as a continuous variable): HR 1.52;
95% CI 1–2.14; p = 0.017) independently predicted recur-
rence after CB PVI. Figure 4a, b show the comparison of
Kaplan-Meier curves on recurrence rates between first- and
second-generation CB (log-rank test p = 0.003), and between
LA size ≥ 4 cm and < 4 cm (log-rank test p = 0.044). In patients
undergoing PVI with second-generation CB, the recurrence-
free survival was 75% for paroxysmal AF and 45% for non-
paroxysmal AF at 5-year follow-up. In patients with LA size
over 5 cm, all of them suffered from recurrence (Fig. 5).

3.3 Use of CMAP and LET monitoring during CB PVI
procedures

CMAP monitoring was used in 55 (45.1%, 95% CI 40.6–
49.6%) patients. No significant difference was shown in the
incidence of PNI (7.3 vs 6%, p = 1.0) or persistent PNI (0 vs
6%, p = 0.126) between patients with and without CMAP
monitoring. LET monitoring was used in 29 (23.8%, 95%
CI 19.9–27.7%) patients. Cryoablation was interrupted in 16
(55.2%, 95% CI 46–64.4%) patients due to a fall in LET to
20 °C. These interruptions occurred during ablation in left
superior pulmonary veins (LSPV) in 7 (24.1%, 95% CI

Table 1 Clinical characteristics
Total (n = 122) 95% confidence intervals

Mean age 57.4 ± 11.3

Sex (F), n (%) 48 (39.3) 34.9–43.7

BMI (kg/m2) 25.1 ± 4.2

Types of AF, n (%)

Paroxysmal AF 80 (65.6) 61.3–69.9

Persistent AF 13 (10.7) 7.9–13.5

Long-standing persistent AF 29 (23.8) 19.9–27.7

Time in long-standing persistent AF (months) 48.8 ± 38.7

Medical conditions, n (%)

Hypertension 51 (41.8) 37.3–46.3

Diabetes 12 (9.8) 7.1–12.5

Hyperlipidaemia 29 (23.8 19.9–27.7

Coronary artery disease 23 (18.9) 15.4–22.4

Stroke or TIA 10 (8.2) 5.7–10.7

Heart failure 10 (8.2) 5.7–10.7

Dilated cardiomyopathy 11 (9) 7.4–11.6

Obstructive sleep apnea 7 (5.7) 3.6–7.8

Chronic renal impairment (Cr ≥ 200 mmol/L) 4 (3.3) 1.7–4.9

Sinus node dysfunction 9 (7.4) 5–9.8

Hypertrophic cardiomyopathy 2 (1.6) 0.5–2.7

Atrial septal defect 2 (1.6) 0.5–2.7

Valvular heart disease 1 (0.8) 0–1.6

CHA2DS2 VASc score 1.7 ± 1.4

OAC before procedure, n (%)

Warfarin 96 (78.7) 75–82.4

NOAC 26 (21.3) 17.6–25

AAD before procedure, n (%)

Nil 61 (50) 45.5–54.5

Class IC 22 (18) 14.5–21.5

Class III 39 (32) 27.8–36.2

LA size (cm) 3.7 ± 0.8

LVEF (%) 60.7 ± 13.8

AF atrial fibrillation, TIA transient ischaemic attack,Cr creatinine,OAC oral anticoagulant, NOAC non-vitamin K
antagonist oral anticoagulant, AAD antiarrhythmic drug, LA left atrium, LVEF left ventricular ejection fraction,
BMI body mass index
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16.2–32%) patients, left inferior pulmonary veins (LIPV) in
12 (41.4%, 95% CI 32.3–50.5%) patients, and right inferior
pulmonary veins (RIPV) in 1 (3.4%, 95% CI 0–6.8%) patient.

The median lowest CB temperatures reached on termination
of cryoapplications were − 44 °C (− 27 to − 52 °C) at LSPVs,
− 45 °C (− 38 to − 51 °C) at LIPVs, and − 48 °C at RIPV.

Table 2 Procedural
characteristics Total (n = 122) 95% confidence intervals

Types of cryoballoon, n (%)
First generation 54 (44.3) 39.8–48.8
Second generation 68 (55.7) 51.2–60.2

Sizes of cryoballoon, n (%)
28 mm 114 (93.4) 91.2–95.6
23 mm 7 (5.7) 3.6–7.8
23 and 28 mm 1 (0.8) 0–1.6

Use of CMAP monitoring, n (%) 55 (45.1) 40.6–49.6
Use of LET monitoring, n (%) 29 (23.8) 19.9–27.7
No. of cryoapplications (≥ 2 min) (min) 9.3 ± 3
Right atrial isthmus ablation, n (%) 16 (13.1) 10–16.2
Procedural duration (min) 171.9 ± 41
Fluoroscopic duration (min) 46.6 ± 14.6
Acute procedural success, n (%) 113 (92.6) 90.2–95
Phrenic nerve injury, n (%)
Transient 4 (3.3) 1.7–4.9
Persistent 4 (3.3) 1.7–4.9

Complications other than PNI, n (%)
Cardiac tamponade 1 (0.8) 0–1.6
Femoral pseudoaneurysm 2 (1.6) 0.5–2.7
Deep vein thrombosis 1 (0.8) 0–1.6
Hemoptysis 3 (2.5) 1.1–3.9
Neck hematoma 3 (2.5) 1.1–3.9

CMAP compound motor action potential, LET luminal esophageal temperature, PNI phrenic nerve injury

Fig. 2 Recurrence-free survival after CB PVI for AF with up to 7 years follow-up. The recurrence-free survival progressively dropped and reached a
plateau at 5 years. CB: cryoballoon, PVI: pulmonary vein isolation, AF: atrial fibrillation

J Interv Card Electrophysiol (2020) 57:425–434 429



4 Discussion

4.1 Long-term efficacy of CB PVI in Chinese patients
with AF

Data on very-long term outcome of radiofrequency circumfer-
ential PVI has consistently shown a progressive reduction in
efficacy over time. Tilz et al. reported 32.9% recurrence-free
survival in 161 patients with drug-refractory paroxysmal AF
after a single circumferential PVI procedure and median
follow-up of 129 months [10]. In that study, the recurrence-
free survival was around 42% on 5-year follow-up. Brooks
et al. studied the efficacy of circumferential PVI in 174 pa-
tients with persistent AF and during a median follow-up of
89 months found a recurrence-free survival of 25% after a
single procedure [11]. Tilz et al. found a recurrence-free sur-
vival of 20.3% after a single circumferential PVI procedure in
202 patients with long-standing persistent AF and median
follow-up of 56 months [12]. Similarly in our study, we ob-
served a progressive drop in recurrence-free survival to 52%
and 30% for paroxysmal and non-paroxysmal AF respectively
at 5 years after a single procedure of CB PVI in a cohort of

Chinese patients. Interestingly, we also observed a plateau
phenomenon from 5 years onwards, which was not apparent
in radiofrequency circumferential PVI procedures and has not
been previously observed in CB PVI procedures. This may
support the notion that, compared with a single-shot balloon-
based ablation, it is technically more difficult to achieve a
durable PVI by using point-by-point radiofrequency ablation.
On the other hand, radiofrequency circumferential PVI may
be complicated by more macro-reentrant atrial tachycardia
which continues to depreciate the long-term treatment efficacy
[3]. Data on the very long-term outcome in patients treated
with CB PVI for AF is in contrast scarce. Heeger et al. report-
ed recurrence-free survival of 69% for paroxysmal AF and
39% for persistent AF with a median follow-up of 38 months
in a cohort of 100 patients undergoing CB PVI [13]. In another
study with 178 patients enrolled, Akkaya et al. reported a
higher recurrence-free survival of 61.4% for paroxysmal AF
and 52.2% for persistent AF at 5-year follow-up [14]. In both
studies, second-generation CB was used. As shown by our
study, use of second-generation CB was an independent pre-
dictor for lower recurrence rate. With subgroup analysis on
second-generation CB in our study, the recurrence-free

Fig. 3 Kaplan-Meier curves for
recurrence-free survival after CB
PVI for AF. Comparing patients
with paroxysmal and non-
paroxysmal AF. CB: cryoballoon,
PVI: pulmonary vein isolation,
AF: atrial fibrillation
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survival was 75% for paroxysmal AF and 45% for non-
paroxysmal AF at 5-year follow-up and is thus consistent with
the observations by Akkaya et al.

4.2 Predictors of long-term success after CB PVI

Clinical characteristics including age, sex, coronary artery dis-
ease, number of failed antiarrhythmic drugs, and types of AF,
together with LA size, have been shown to be independent
predictors of recurrence after radiofrequency ablation for AF
[15]. On the other hand, persistent AF and its duration, pres-
ence of cardiomyopathy and LA area > 21 cm2 have been
shown to be independent predictors of recurrence after CB
PVI procedures for AF [13, 14, 16, 17]. In addition, conceiv-
ably, different anatomical features of PVs were consistently
found to be independent predictors of recurrence after CB
ablation [18–21]. In our study, only the use of second-
generation CB and LA size were identified to be independent
predictors for long-term success after CB PVI procedures.
Notably, the types of AF, namely paroxysmal, persistent, or
long-standing persistent types, were only predictors on uni-
variate analysis but not in a multivariate regression model. As

shown in our study, LA size is therefore the most important
clinical parameter for selecting a patient to undergo CB PVI
for treatment of AF. When LA size is over 5 cm, all patients in
our study had recurrence and therefore it may not be advisable
to subject these patients to CB PVI procedures.

4.3 LET and CMAP monitoring to prevent ETL and PNI

Atrioesophageal fistula (AEF) is a rare but fatal complication
associated with CB PVI procedures. The incidence was esti-
mated to be < 0.01% and the mortality rate was reported to be
over 60% [22]. In addition, all cases of AEF were associated
with CB ablation at LIPVs. LET monitoring with interruption
of CB ablation at a cut-off temperature has been shown to
reduce the incidence of ETL which may be a precursor of
AEF [23]. Furnkranz et al. showed that the incidence of
ETL decreased from 7.1 to 1.5% when the temperature cut-
off was increased from 12 to 15 °C. A few esophageal tem-
perature probes have been tested [24]. To the best of our
knowledge, we have reported for the first time the use of a
self-expandable esophageal temperature catheter with 12 sen-
sor probes spanning the whole length of the esophagus. We

Table 3 Univariate and
multivariate Cox regression
model for recurrence after
cryoballoon pulmonary vein
isolation for atrial fibrillation

Univariate Multivariate

p value HR 95% CI p value

Patient characteristics

Sex 0.153

Age 0.935

BMI 0.191

Types of AF (paroxysmal vs non-paroxysmal) 0.011

Hypertension 0.202

Diabetes 0.229

Hyperlipidaemia 0.764

Coronary artery disease 0.812

Heart failure 0.212

CRI (creatinine ≥ 200umol/L) 0.980

Stroke/TIA 0.234

Dilated cardiomyopathy 0.009

Obstructive sleep apnea 0.586

Sinus node dysfunction 0.697

Procedural characteristics

Types of cryoballoon (first- vs second-generation cryoballoon) 0.005 0.49 0.28–0.85 0.011

Sizes of cryoballoon (23 vs 28 mm) 0.292

Number of cryoapplications 0.825

Echocardiographic parameters

LA size 0.015 1.52 1.0–2.14 0.017

LVEF 0.259

OR odds ratio, CI confidence interval, CRI chronic renal impairment, TIA transient ischaemic attack, LA left
atrium; LVEF left ventricular ejection fraction, BMI body mass index
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adopted a higher temperature cut-off of 20 °C for interruption
of CB ablation aiming to totally avoid the occurrence of ETL.
This temperature cutoff was reached in 55.2% of patients, and

consistent with previous observations, it occurred most com-
monly during LIPV ablation (41.4%). Importantly, it also oc-
curred during LSPV (24.1%) and RIPV (3.4%) ablation.

(a) (b)

No. at risk

CB1               54                37               22               20                18               14

CB2               68                44               30               24                14                3

No. at risk

LA < 4cm      65           48         30           26         18          12          7            5                 

LA ≥ 4cm      44           27         18           15         12           3           2            2

Fig. 4 Kaplan-Meier curves for recurrence-free survival after CB PVI for
AF. Panel a shows a comparison between first- and second-generation
CB. Panel b shows a comparison between patients with LA size < 4 cm

and ≥ 4 cm. CB: cryoballoon, PVI: pulmonary vein isolation, AF: atrial
fibrillation, LA: left atrium, CB1: first-generation cryoballoon, CB2:
second-generation cryoballoon

Fig. 5 A scatter diagram showing
the relationship between
recurrence and LA size. Red
circles represent patients with
recurrence while blue-green
circles represent patients without
recurrence. Note that all patients
with LA size > 5 cm suffered
from recurrence. LA: left atrium
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Compared with other studies, the increased need for in-
terruption of CB ablation was likely to be related to the
adoption of a higher temperature cut-off and a more pan-
oramic monitoring of the LET. Whether this approach
leads to a lower incidence of ETL warrants further
research.

PNI is the most common clinically significant ad-
verse event complicating CB PVI. Persistent PNI be-
yond discharge varied from 3.5 to 11.2% [1, 3, 25].
Different techniques, namely exclusive use of a 28-mm
CB [26], short cryoapplication of 3 min [27], Bdouble-
tap technique,^ [28] Bproximal seal technique,^ [27] and
CMAP monitoring have been described to reduce the
incidence of PNI. Whether the use of CMAP monitoring
prevents PNI remains an unanswered question. We ob-
served no significant difference in the total incidence of
PNI between patients with and without CMAP monitor-
ing (7.3 vs 6%, p = 1.0). However, it seems that the
incidence of persistent PNI may be reduced by CMAP
monitoring (0 vs 6%, p = 0.126). All PNIs in the CMAP
monitoring group were transient and resolved before the
end of the procedure. In contrast, all PNIs in patients
without CMAP monitoring persisted beyond discharge.
Interestingly, Meissner et al. showed that PNI occurred
significantly fewer when CMAP monitoring was used
(3.8 vs 9.8%, p < 0.001) [29]. Consistent with our ob-
servations, none of the patients with CMAP monitoring
had persistent PNI. Randomized-controlled studies were
warranted to confirm the usefulness of CMAP monitor-
ing in reducing the risk of persistent PNI complicating
CB PVI.

4.4 Limitations

The number of patients in this study is relatively small.
Over a very long-term follow-up, both the procedural
techniques and operator experience may have signifi-
cantly changed and confounded the outcomes. A signif-
icant proportion of patients (44%) had PVI with the
first-generation CB, which is no longer applicable in
current clinical practice. On the other hand, the number
of patients reaching very long-term follow-up was small
and future studies with larger number of patients are
required to confirm our observations on very long-term
outcomes after CB PVI. The follow-up methodology
may not be rigorous enough, and the recurrence rate
can be underestimated. Similarly the plateau phenome-
non observed on recurrence pattern may also be related
to the follow-up methodology. Although LET monitor-
ing was used in our study, upper endoscopy was not
performed to document ETL. Lastly, this study was per-
formed on Chinese patients, applicability of our findings
to other ethnic groups remains unknown.

5 Conclusion

In a cohort of Chinese patients undergoing CB PVI, the 1-year
recurrence-free survival for paroxysmal and non-paroxysmal
AF was 77% and 59% respectively. The recurrence-free sur-
vival progressively declined over time and reached a plateau
of 52% and 30% for paroxysmal and non-paroxysmal AF
respectively at 5 years. In patients undergoing PVI with
second-generation CB, the recurrence-free survival was 75%
for paroxysmal AF and 45% for non-paroxysmal AF at 5-year
follow-up. The types of CB and LA size were shown to be
independent predictors for recurrence.
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