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Abstract

Introduction The aim of this study was to compare second-generation cryoballoon and contact-force radiofrequency point-
by-point pulmonary vein isolation (PVI) in atrial fibrillation (AF) patients with regard to pulmonary vein reconnection and
arrhythmia-free survival.

Methods and results Altogether, 269 consecutive patients with drug-refractory AF undergoing PVI were included and ran-
domly allocated to second-generation cryoballoon or contact-force point-by-point radiofrequency ablation. Median follow-up
duration was 389 days (interquartile range 219-599). Mean age was 59 years (71% male); 136 patients underwent cryoballoon
and 133 patients underwent radiofrequency ablation. Acute electrical PVI was 100% for both techniques. Procedure duration
was significantly shorter in cryoballoon vs radiofrequency (166.5 vs 184.13 min P =0.016). Complication rates were similar
(6.0 vs 6.7%, P=1.00). Single procedure freedom of atrial arrhythmias was significantly higher in cryoballoon as compared
to radiofrequency (75.2 vs 57.4%, P=0.013). In multivariate analysis, persistent AF, AF duration, and cryoballoon ablation
were associated with freedom of atrial tachyarrhythmias. The number of repeat ablation procedures was significantly lower
in the cryoballoon compared to radiofrequency (15.0 vs 24.3%, P=0.045). At repeat ablation, pulmonary vein reconnection
rate was significantly lower after cryoballoon as compared to radiofrequency ablation (36.8 vs 58.1%, P=0.003).
Conclusions Improved arrhythmia-free survival and more durable pulmonary vein isolation is seen after PVI using second-
generation cryoballoon as compared to contact-force radiofrequency, in patients with drug-refractory paroxysmal AF. Com-
plication rates for both ablation techniques are low.
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Introduction

Pulmonary vein isolation (PVI) has become the cornerstone
of catheter-based treatment for paroxysmal and early persis-
tent atrial fibrillation [1, 2]. Since the introduction of PVI,
several ablation technologies have been developed including
point-by-point radiofrequency (RF) ablation, multi-electrode
radiofrequency ablation, and cryoballoon ablation [1, 3, 4].
In conventional RF PVI, the RF energy is delivered to the
tissue in a point-by-point force-controlled manner result-
ing in cellular necrosis by heating [2]. In cryoballoon (CB)
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ablation, PVI is achieved by freezing tissue in a “single shot”
manner resulting in circumferential cell necrosis [3]. RF PVI
guided by 3D electro-anatomic mapping techniques is an
effective treatment modality and requires only limited use of
fluoroscopy. However, the technique is also considered tech-
nically challenging, especially for less experienced operators
[2, 5]. CB PVI can be performed without 3D navigation
systems and seems to be more accessible, however is asso-
ciated with a higher risk of phrenic nerve injury [3, 6]. In a
recent randomized trial, CB and RF ablation were shown to
be equally effective for the treatment of paroxysmal atrial
fibrillation. Furthermore, there were no significant differ-
ences in overall safety [6]. Importantly, different generation
cryoballoons and RF-ablation catheters with and without
contact force were used in that study. Although a post-hoc
analysis was performed for newer generation catheters, only
a small proportion constituted contact-force RF ablation, and
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the study was not powered to detect differences. We there-
fore aimed to report single center ablation success, incidence
of repeat ablation, extent and rate of pulmonary vein (PV)
reconnection, and safety outcomes after second-generation
CB and contact-force-guided RF ablation for drug-refractory
paroxysmal atrial fibrillation.

Methods
Patient population

Patients who were suitable for primo PVI for drug-refrac-
tory paroxysmal or early persistent atrial fibrillation were
randomly allocated to cryoballoon or contact-force radiof-
requency catheter ablation and included in the Isala Heart
Centre AF database. Procedures in which additional abla-
tion strategies [e.g., complex fractionated atrial electro-
grams (CFAE), linear ablations, right atrium ablations] were
applied, were excluded from the present study.

Pre-ablation protocol

All patients underwent cardiac computed tomography (CT)
to assess left atrial and pulmonary vein (PV) anatomy.
Transthoracic echocardiography was routinely performed
to assess left ventricular function, valve abnormalities, and
atrial dimensions. Patients were admitted 1 day before the
ablation procedure. During hospitalization, cardiac rhythm
was continuously monitored in all patients. On admission
and after ablation, routine blood samples were taken for
screening purposes. Pre-ablation transoesophageal cardiac
echocardiography was performed to assess the interatrial
septum and rule out left atrial thrombus.

Ablation protocol

The PVI ablation procedures were performed under con-
scious sedation or under general anaesthesia supervised by
a cardiovascular anesthesiologist, in accordance with HRS/
EHRA/ECAS expert consensus on AF ablation. The ablation
catheter was introduced in the left atrium via a transseptal
puncture under pressure and fluoroscopic guidance, using
a Brockenbrough needle. During the procedure, anticoagu-
lation was checked at intervals of 30 min, with a targeted
activated clotting time between 300 and 350 s.

Catheter ablation technique
Cryoablation

Cryoballoon ablations were performed using the second-
generation Artic Front cryoballoon catheter (Medtronic,

Inc., Minneapolis, MN, USA). This catheter has a bidirec-
tional steering mechanism and an over-the-wire design.
The 28-mm diameter balloon was used to create “single
shot” circular antral lesions at all four PV ostia [left supe-
rior PV (LSPV), left inferior PV (LIPV), right superior PV
(RSPV), right inferior PV (RIPV)] in order to create elec-
trical PV isolation. Balloon selection was based on the PV
size assessed by pre-ablation cardiac CT. Catheter placement
and PV occlusion were checked by fluoroscopy. Cryo-energy
applications were performed up to 240 s, with an additional
number of Cryo applications at the operator’s discretion.
After all ablations were performed, electrical PV isolation of
PVs was checked with a standard circular mapping catheter.
Adenosine testing was not performed. Ablation of the RSPV
and RIPV was performed under continuous phrenic nerve
stimulation with palpation of diaphragmatic excursions and
direct fluoroscopic visualization of the diaphragm in case
of any diminished activity. Cryoablation was immediately
terminated on any signs of phrenic nerve palsy.

Radiofrequency ablation

A steerable circular multipolar catheter (Lasso™, Biosense
Webster Inc., Diamond Bar, CA, USA) and an irrigated RF
contact-force ablation catheter with a 3.5-mm tip (Smart-
touch Thermocool™, Biosense Webster Inc., Diamond
Bar, CA, USA) were introduced in the left atrium through
two transseptal sheaths. Electro-anatomical mapping of the
left atrium and PV signal recordings were then performed,
using 3D navigation system (Carto3™, Biosense Webster
Inc., Diamond Bar, CA, USA). RF energy was applied in a
point-by-point manner to create continuous circular lesions
in order to achieve electrical PV isolation. Power setting
was adjusted between 30 and 40 W with a continuous 0.9%
NaCl flow rate of 2 ml/min and 20-30 ml/min during RF
energy application. RF energy was applied with a targeted
force—time integral (FTI) of >400 g with an RF applica-
tion duration of 20 to 40 s, targeting an impedance drop of
at least 10 Ohm, or until elimination of the local electro-
gram. The endpoint of the ablation procedure was defined
as the absence or dissociation of PV potentials within the
PVs > 30 min post-ablation.

Post-ablation protocol

Patients were hospitalized for at least 24 h with continu-
ous telemetry monitoring. Anticoagulation was continued
after the procedure with a target international normalization
ratio (INR) of 2.0-3.0 for at least 3 months after ablation.
In patients using non-vitamin K antagonist oral anticoag-
ulation (NOAC), this was resumed after the ablation pro-
cedure. After 3 months, anticoagulation therapy was (dis)
continued at the discretion of the referring physician and in
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accordance with atrial fibrillation guidelines. Complications
were defined in accordance with HRS/EHRA/ECAS expert
consensus on AF ablation [2].

Follow-up

A blanking period of 90 days was defined after PVI. Outpa-
tient clinic visits were planned at 3, 6, and 12 months after
PVI. Follow-up included physical examination, electrocar-
diography (all visits), event monitoring and 24—72 h Holter
ECG (at 6 and 12 months). In case of symptoms, patients
were immediately referred to the emergency department.
Additional Holter ECG monitoring was performed if no
arrhythmia could be detected. AF occurrence in the blank-
ing period was not considered a relapse. After the blanking
period antiarrthythmic drugs were discontinued. The need for
a repeat ablation for recurrent symptomatic atrial arrhyth-
mias was left at the discretion of the physician.

Redo procedures

Patients with recurrences, not sufficiently suppressed by
AAD or not willing to use AAD, and with sufficient symp-
toms, underwent a redo procedure. The redo procedure was
performed with Carto 3D electro-anatomical mapping using
a circular decapolar mapping catheter (Lasso™, Biosense
Webster Inc., Diamond Bar, CA, USA) and RF ablation with
an irrigated contact-force ablation catheter with a 3.5-mm
tip (Smarttouch Thermocool™, Biosense Webster Inc., Dia-
mond Bar, CA, USA). After the creation of a 3D electro-
anatomical map and voltage map of the left atrium and pul-
monary veins, the antra were ablated with the primary goal
of pulmonary vein isolation. Additional ablation was left to
the discretion of the operator.

Study endpoints

The primary effectiveness endpoint was single procedure
arrhythmia-free survival, defined as patients without AF/
atrial flutter (AFl)/atrial tachycardia (AT) recurrence, after
the blanking period of 90 days after PVI. Arrhythmia recur-
rence was defined as AF/AFI/AT recorded on an ECG or a
30 s telemetry strip, in accordance with HRS/EHRA/ECAS
expert consensus statement on AF ablation.

Statistical analysis

Data are mentioned as mean + standard deviation (SD),
median with interquartile range (IQR), or percentage where
appropriate. Statistical significance between groups was cal-
culated using Student’s ¢ test for continuous variables and
Chi-square test for categorical variables. Arrhythmia-free
survival differences between catheter groups were assessed
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with a log-rank test. Univariate and multivariate analysis
was performed using Cox regression. A P value of <0.05
was considered statistically significant. Statistical analysis
was conducted using IBM Statistics version 22.0 (IBM SPSS
Statistics for Macinthosh, 2013: IBM Corp., Armonk, NY,
USA).

Results
Patient population

Altogether, 269 consecutive patients with drug-refractory
paroxysmal or early persistent AF undergoing PVI were
included and randomly allocated to cryoballoon or radiofre-
quency ablation. Mean age was 58.9+10.4 years, 191 (71%)
were men; 136 patients underwent CB and 133 patients
underwent RF ablation. General patients’ characteristics
were similar in both treatment groups. Baseline characteris-
tics are presented in Table 1.

Acute PVI

Acute PVI was achieved in all patients. A total number of
1103 PVs were ablated [1068 standard PVs, 4 left com-
mon PVs, 2 left middle PVs (LMPV), 29 right middle PVs
(RMPV)]. Acute PVI results are described in Table 2.

Procedural characteristics

Mean procedure duration was significantly shorter in
CB ablation as compared to RF ablation (166.5 +£36.8 vs
184.1 £40.0 min, P=0.016). Procedural characteristics are
shown in Table 2. Fluoroscopy times of the ablation groups
were not significantly different (11.5+8.5 vs 9.1 + 14.3 min,
P=0.26).

Complications

There were no significant differences with regard to overall
complication rate between CB and RF ablation (6.0 vs 6.7%,
P=1.00). Temporary phrenic nerve palsy did occur more
often in the CB group as compared to RF, although this
did not reach statistical significance (2.9 vs 0%, P =0.058).
All complications were of a temporary nature. Complication
characteristics are shown in Table 3.

Arrhythmia-free survival

Median follow-up was 389 days (IQR 219-599) and did not
differ in the CB and RF groups, respectively (P =0.98). In
the CB group, arrhythmia-free survival after a single PVI
procedure was 75.2% with a median follow-up duration
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Table 1 Baseline characteristics Characteristics Overall (n=269) CB (n=133) RF (n=136) P value*
Age, years 58.9+10.4 59.7+9.9 58.2+10.8 0.21
Male sex, no. (%) 191 (71%) 92 (69.2%) 99 (72.8%) 0.59
Type AF, no. (%) 0.12
Paroxysmal 229 (85.1%) 117 (88.0%) 112 (82.4%)
Persistent 40 (14.9%) 16 (12.0%) 24 (17.6%)
AF duration, years 49+59 5.1+6.1 4.8+5.6 0.59
Body mass index, kg/m? 274442 27.8+4.4 27.1+3.9 0.25
CHA,DS,-VASc
Mean 1.36 +1.29 1.37+1.32 1.25+1.26 0.49
0 90 (34.6%) 44 (34.9%) 46 (34.3%)
1 67 (25.8%) 27 (21.4%) 40 (29.9%)
2 60 (23.1%) 32 (25.4%) 28 (20.9%)
3 25 (9.6%) 14 (11.1%) 11 (8.2%)
4 13 (5.0%) 7 (5.6%) 6 (4.5%)
5 4 (1.5%) 1(0.8%) 3(2.2%)
6 1(0.4%) 1(0.8%) 0 (0.0%)
Medical history, no. (%)
Hypertension 109 (40.8%) 57 (43.2%) 52 (38.5%) 0.46
Diabetes mellitus 23 (8.6%) 14 (10.6%) 9 (16.7%) 0.28
CVA/TIA 18 (6.7%) 8 (6%) 10 (7.4%) 0.81
AF atrial fibrillation, CB cryoballoon, RF radiofrecuency
*P value for statistical difference between cryoballoon and radiofrequency group
Table 2 Procedural characteristics Table 3 Complications
CB (n=133) RF (n=136) P value Complication CB (n=133) RF (n=136) P value

Acute PV isolation, no. 543 (100%) 560 (100%) 1.0 Overall 8 (6.0%) 9 (6.6%) 1.000
(%) Death 0 (0%) 0 (0%) -

Left Vascular access 3(2.3%) 3(2.2%) 1.000
LSPV 132 (100%) 133 (100%) Temporary PNP 4 (3.0%) 0 (0%) 0.058
LIPV 132 (100%) 133 (100%) Permanent PNP 0 (0%) 0 (0%) _
Common PV 1 (100%) 3 (100%) Pericarditis 1 (0.8%) 2 (1.5%) 1.000
LMPV 1 (100%) 1 (100%) Pericardial effusion 0 (0%) 1 (0.7%) 1.000

Right (n) Pneumonia/bronchitis 0 (0%) 1(0.7%) 1.000
RSPV 133 (100%) 136 (100%) TIA 0 (0%) 1(0.7%) 1.000
RIPV 133 (100%) 136 (100%) Coronary spasm 0 (0%) 1(0.7%) 1.000
RMPV 11 (100%) 18 (100%)

Radiation dose (mGy) 11.5 (+8.5) 9.1 (+14.3) 026 CB cryoballoon, RF radiofrequency, PNP phrenic nerve palsy, TIA

Procedure duration (min)  166.50 (£36.7) 184.1 (x40.0) 0.016*

CB cryoballoon, RF radiofrequency, PV pulmonary vein, LSPV left
superior pulmonary vein, LIPV left inferior pulmonary vein, RSPV
right superior pulmonary vein, RMPV right middle pulmonary vein,
RIPV right inferior pulmonary vein

*Significant P value

of 381 days (IQR 292-563). In the RF group, arrhythmia-
free survival after a single PVI procedure was 57.4% with
a median follow-up duration of 394 days (IQR 189-622).
There was a significant difference in arrhythmia-free sur-
vival between catheter groups (log-rank test, P=0.013)

transient ischemic attack

favoring CB. Arrhythmia-free survival among catheter
groups is shown in Fig. 1. In univariate and multivariate
analysis, RF ablation, persistent AF, and AF duration were
significantly associated with decreased arrhythmia-free
survival. Univariate and multivariate analysis results are
displayed in Table 4. Analysis in paroxysmal AF patients
only shows arrhythmia-free survival of 76.9% in CB group
vs 60.7% in RF group, log-rank P =0.019. There was no
significant difference in type of atrial arrhythmia (AF/AFl/
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AT) recurrence between treatment groups (Chi-square test:
P =0.90), as described in Table 5.

Repeat ablation and PV reconnection

In total, 53 patients (19.7%) required a repeat ablation for
recurrent atrial arrhythmias. Incidence of repeat ablation
procedures was significantly lower after CB ablation as
compared to RF ablation (14.7 vs 24.8%, P=0.045). As
mentioned, in all patients, all PVs were isolated in the
index procedure. A total number of 211 PVs were assessed
for electrical PV reconnection. In 49 of 53 patients
(92.5%), PV reconnection was found, without a significant
difference between CB vs RF (85.0 vs 97.0%, P=0.15).
However, the number of reconnected PVs at repeat
ablations was lower after CB ablation as compared to
RF (36.8 vs 58.1%, P <0.01), as shown in Figs. 2 and 3.
The reconnection rate of the right-sided PVs was signifi-
cantly higher after RF ablation as compared to CB (90.9
vs 50.0%, P <0.01). PV reconnection is shown in Table 6.

@ Springer

Follow-up (days)

0 100 200 300 400 600 800
133 123 102 84 63 29 6
135 121 98 81 67 37 12
268 244 200 165 130 66 18

Sensitivity analysis

We performed Cox regression analysis and plotted a
Kaplan—Meier curve (Fig. 4) in patients with paroxysmal
AF only, and similar results were observed, i.e., a higher
arrhythmia-free survival rate in patients undergoing cry-
oablation. Additionally, our multivariate analysis provided
insight into the independent association of the sort of abla-
tion (cryoablation/RF ablation) and the type of AF (parox-
ysmal/persistent) and with arrhythmia-free survival after
ablation.

Discussion

This study reports single center data on single ablation suc-
cess, safety outcomes, and pulmonary vein reconnection
patterns after PVI, comparing second-generation cryobal-
loon ablation to point-by-point contact-force radiofrequency
ablation. Acute PVI was always reached using both ablation
strategies. However, higher arrhythmia-free survival, lower
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Table 4 Univariate and multivariate analysis

Hazard ratio  95% CI P value
Unvariate analysis
Male gender 1.044 0.662-1.647  0.854
Age 1.008 0.987-1.030  0.465
BMI 0.978 0.922-1.039 0474
Persistent AF 1.792 1.090-2.946  0.022
AF duration 1.027 1.000-1.056  0.054
Structural heart disease ~ 1.626 0.659-4.012  0.292
Hypertension 1.081 0.712-1.640  0.715
Diabetes mellitus 0.603 0.245-1.485  0.271
CHA2DS2VASc score 1.099 0.940-1.284  0.236
Previous TIA/stroke 1.191 0.551-2.576  0.657
Cryoballoon ablation® 0.537 0.380-0.898  0.014*
Multivariate analysis
Persistent AF 1.667 1.006-2.761  0.047
AF duration 1.032 1.003-1.061  0.028
Cryoballoon ablation 0.578 0.369-0.905  0.017

Univariate and multivariate analysis of the association between pro-
cedural and patients’ characteristics and atrial arrhythmia recurrence
after PVI

BMI body mass index, AF atrial fibrillation, T/A transient ischemic
attack

*Significant P value

#As compared to radiofrequency ablation

Table 5 Type of atrial arrhythmia recurrence

Atrial arrhythmia Cryoballoon (n=33) Radi-
ofrequency
(n=58)
Atrial fibrillation, no. (%) 24 (72.7%) 41 (70.7%)
Atrial flutter, no. (%) 5(15.2%) 8 (13.8%)
Atrial tachycardia, no. (%) 4 (12.1%) 9 (15.5%)

There was no significant difference in type of atrial arrhythmia recur-
rence between catheter groups, Chi-square test: P=0.90

rate of repeat ablation and a lower rate of reconnected PVs
per patient were found after CB as compared to RF ablation.
Both techniques had a high safety profile, and all observed
complications were of a temporary nature.

Procedural characteristics

High, acute ablation success (100%) was achieved using
both ablation strategies. Procedure duration was significantly
shorter in CB ablation as compared to RF, in accordance
with a recently reported randomized multicenter trial [6].
This might be explained by easier catheter handling and the
“single shot” ablation strategy of the CB. However, ade-
quate CB placement was checked by using fluoroscopy after
contrast injections, whereas RF ablations were guided by

electro-anatomic and force-controlled mapping and RF abla-
tion. In our study, fluoroscopy time in CB ablation was com-
parable to RF ablation. This is in contrast with the results of
a recent trial that showed a higher fluoroscopy time in the
CB arm [6]. Although a trend to lower radiation dose was
observed in RF ablation, we did not find a statistical signifi-
cant difference as compared to CB, possibly due to a lower
number of patients that were involved in our study.

Complications

The reported overall complication rate of 6.3% is in line
with previous reports [6, 7]. We found no significant differ-
ence in complication rate between both ablation strategies.
Furthermore, all observed complications were of temporary
nature. The most common complication in the CB group was
temporary phrenic nerve palsy, with a rate of 2.9%, which is
considerably lower than reported in the sustained treatment
of paroxysmal atrial fibrillation (STOP AF) trial (13.5%)
and in line with the Fire&Ice trial (2.7%) [3, 6]. The most
reported complication in the RF group was vascular access
complication (2.2%). Although not different from CB abla-
tion (2.2%), the groin complication rate was lower than the
reported 4.3% in the Fire&Ice trial. In this study, there was
one (0.8%) transient ischemic attack (TTA), which is com-
parable to other PVI techniques.

Arrhythmia-free survival

Our main finding of improved success rate after a single
procedure CB ablation compared with point-by-point RF, is
in line with earlier reports [8, 9]. However, in a recent multi-
center randomized trial (Fire&lIce), CB ablation was shown
to be non-inferior to point-by-point RF ablation regarding
efficacy [6]. Success of the CB might have been compro-
mised in this trial, due to inclusion of first-generation CB
procedures [10, 11]. The design of the second-generation
CB with improved circumferential cooling, results in more
extensive circumferential lesions, and might have contrib-
uted to improved lesion formation [12]. In addition, previous
studies demonstrated that Cryo ablation creates more exten-
sive lesions such as, at least partial, posterior wall ablation or
ablation of ganglionated plexi, which might have incremen-
tal benefits, resulting in a higher arrhythmia-free survival
[13, 14]. Indeed, results of the FIRE&ICE study show a
trend of higher success rate after second-generation CB as
compared to the first-generation; however, the trial was not
powered to test superiority of one of the catheters [6]. Of
note, the proportion of patients treated with the nowadays
commonly used contact-force RF catheter was small in the
Fire&Ice.

In multivariate analysis, persistent AF was an independ-
ent predictor of reduced arrhythmia-free survival (hazard

@ Springer



504

Clinical Research in Cardiology (2018) 107:498-506
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ratio 1.667; 95% CI 1.006-2.761; P=0.047). Catheter abla-
tion of persistent AF remains challenging and is associated
with less favorable outcome [7, 15]. There is a need for fur-
ther improvement of ablation techniques, and knowledge of
substrate modification to improve AF ablation outcome in
this subgroup of patients. In our present analysis, however,
we performed sensitivity analyses in paroxysmal AF patients
only, and observed similar results in this subgroup. Moreo-
ver, multivariate analysis showed an independent association
of cryoablation with arrhythmia-free survival, with the type
of AF in the multivariate model, suggesting that possibly
also in persistent AF patients, cryoablation could be supe-
rior. The number of patients with persistent AF was too lit-
tle, however, to perform separate analysis. The proportion
of patients with persistent AF was not significantly different
between treatment groups, although relatively small cohorts
are always at risk for selection bias. We realize that this
could be a potential limitation.

PV reconnection

Significantly less patients required a repeat ablation after CB
as compared to RF (14.7 vs 24.8% P =0.045), which was in
line with the lower recurrence rate. At repeat intervention,
all PVs were assessed using a circular mapping catheter. We
found a lower number of reconnected PVs after CB abla-
tion as compared to point-by-point RF, as shown in Fig. 2.
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Table 6 Pulmonary vein reconnection patterns
CB (n=133) RF(n=136) P value v b | P=0.019
Repeat procedure, no. (%) 20 (15.0%) 33 (24.3%) 0.045 g W% ,
Total number of PVs 76 135 0.046 0,8+ T by
assessed _ o5 {
Reconnection PVs, no. (%) ,g -t Ty 2 IH* e —
LSPV 9 (45.0%) 20 (60.6%) 0.39 3 06 ™ —_—
LIPV 6 (30.0%) 17 (51.5%) 0.16 8 = H— -
RSPV 6 (30.0%) 22 (66.7%) 0.012* ":
RMPV - 1 (33.3%) - E |
RIPV 7 (35.0%) 22 (66.7%) 0.045* _‘E. 0
Total 28/76 (36.8%) 79/135 (58.1%) 0.003* &':
Number of PV reconnections per patient, no. (%) 0.032%* Cryoballoon
0 3 (15.0%) 1 (3.1%) 024 - Radiofrequency
1 9 (45.0%) 5(15.6%)
2 5(25.0%) 13 (40.6%)
3 3 (15.0%) 6 (15.6%) 0,04
4 0(0.0%) 7(25.0%) 0 200 400 600 800
> B 13.0%) Follow-up (days)
Side PV reconnection
Left 13/20 (65.0%) 25/32 (75.8%) 0.53 . . ) ) )

. Fig.4 Kaplan—-Meier curve showing atrial arrhythmia-free sur-
Right 1020 (50.0%) 30/32 (90.9%)  0.002* vival after first pulmonary vein isolation procedure for cryoballoon
Upper 13(65.0%) 29 (87.9%) 0.079 and radiofrequency ablation in paroxysmal AF patients. Log rank:
Lower 11 (55.0%) 25 (75.8%) 0.14 P=0.019

>2 PVs reconnection 8 (40.0%) 27 (81.8%) 0.003*

AF atrial fibrillation, CB cryoballoon, RF radiofrequency, PV pulmo-
nary vein, LSPV left superior pulmonary vein, LIPV left inferior pul-
monary vein, RSPV right superior pulmonary vein, RMPV right mid-
dle pulmonary vein, RIPV right inferior pulmonary vein

*Significant P value

This finding is in line with previous studies that showed
improved lesion durability following PVI with the second-
generation cryoballoon [16, 17]. Moreover, the right-sided
PVs were more likely to exhibit electrical reconnection after
RF ablation as compared to CB ablation. This finding might
be explained by a more challenging catheter approach to the
right-sided PVs, resulting in reduced durability of the RF
ablation lesions. Compared to the RF catheter, the circular
design of CB allows a relative, simple positioning and align-
ment of the catheter, which might lead to improved lesion
quality. In contrast to prior reports, we did not find higher
reconnection rates of the right inferior PVs and left common
PVs after CB ablation [17]. Although a waiting period is
constituted before assessing acute PV isolation, when start-
ing ablation in the left pulmonary veins, the waiting period is
always shorter for the right-sided PVs. Furthermore, a steer-
able sheath was not systematically used in the RF-ablation
group, but only when deemed necessary in order to reach
adequate catheter contact (> 10 g and FTI>400 g). We did
not systematically test for durable PV isolation with adeno-
sine, which might possibly have influenced these results. It

could be that cryoablation is less prone to edema-induced
acute PV isolation that reconnects in the days to weeks after
the procedure. Pre-procedural assessment of PV anatomy
may aid in utilization of CB or RF catheter. Limitation of
the CB size should be considered in case of increased PV
diameter of left common PVs.

Future perspectives

AF recurrences after PVI still remain an important clini-
cal problem. Acute PV isolation does not assure long-term
electrical PV isolation, and this might partially explain AF
recurrence. Future research is needed to give more insight
into mechanisms of conduction recovery. Furthermore, con-
tinuous improvement of catheter design and characteristics
might improve catheter handling and lesion quality. This
might result in better lesion durability and improved clini-
cal outcome.

Limitations

There are several limitations that should be considered for
interpretation of the results of this study. This is a single
center, prospective, non-randomized study reviewing results
of primo pulmonary vein isolation procedures using sec-
ond-generation CB vs contact-force radiofrequency RF in
patients with atrial fibrillation. Unadjusted confounding
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factors might be present in the study, i.e., no data on PV
reconnection in patients without recurrence of arrhyth-
mia are available. Pulmonary vein reconnection was only
assessed at repeat ablation procedures, and therefore, by
definition in symptomatic patients with AF recurrence.

Conclusions

In this single center, prospective study, improved arrhyth-
mia-free survival and more durable PV isolation is seen after
PVI using second-generation CB as compared to contact-
force RF, in patients with drug-refractory paroxysmal AF.
Complication rates for both ablation techniques are low, and
all occurred complications were of a temporary nature.
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