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Pulmonary vein isolation using cryoballoon ablation versus RF
ablation using ablation index following the CLOSE protocol: A
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Background: The single procedure success rates of durable pulmonary vein isolation
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Medicine 3, Cardiology/Electrophysiology, spective, randomized study investigated the efficacy of cryoballoon PVI (CBA) ver-
Robert Bosch Hospital Stuttgart, Auerbachstr. . . . .
101, 70376 Stuttgart, Germany. sus PVI with radio-frequency (RF)-energy following the CLOSE protocol (ablation
Email: cathrin.theis@rbk.de index [Al], interlesion distance <6 mm, surround flow catheter) in terms of single-

Disclosures: None. procedure arrhythmia-free outcome and safety.

Methods and Results: A total number of 150 patients undergoing de novo catheter
ablation for paroxysmal AF were randomized to two different treatment arms. In
group A patients, PVI was performed with the 23 or 28 mm cryoballoon (Artic
Front™ Balloon in conjunction with an Achieve Mapping Catheter, Medtronic Inc.).
The ablation procedure in group B was performed with RF-energy, using Al and
following the CLOSE protocol. PVI using Al incorporates stability, contact force (CF),
time, and power. The CLOSE protocol combines Al and <6 mm interlesion distance
using a surround flow catheter (Biosense Webster Thermocool STSF). A total of 75
patients were randomized into each group without significant differences in baseline
characteristics. During a mean follow-up of 12 + 4.5 months after a single procedure,
64 (85.33%) patients of group A were free of arrhythmia recurrence versus 65
(86.67%) patients in group B (p =ns). A total of 14 patients (group A: 7 [9.33%];
group B: 7 [9.33%]; p = ns) underwent a redo-procedure. No significant difference
between both groups was observed in terms of PV recovery (group A: 4 [5.33%] vs.
group B: 3 [4%]; p = ns). In two patients of group A and four patients of group B, the
PVs were durably isolated, whereas the patients had AF recurrence caused by extra-
PV AF sources. Two patients of each group had continued paroxysmal AF but did
not undergo redo-procedure. Patients of group A showed significantly more AF
recurrence during the blanking period of 3 months (group A: 14 [18.67%)] vs. group
B: 6 [8%]; p <.05). With regard to the procedural data, the procedure time was
significantly shorter in group A (70.53+16.13 vs. 115.35+15.38; p <.01); the
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1 | INTRODUCTION

Pulmonary vein isolation (PVI) has become the cornerstone of the
interventional treatment of paroxysmal trial fibrillation (PAF). Durable
PVl is necessary to prevent arrhythmia recurrence. Despite intensive
research during the past 15 years in the field of catheter ablation for
PAF, recurrence rates after PVI remain as high as 10%-25% after a
single procedure even in highly experienced centers.' The main
reason for recurrence of atrial fibrillation (AF) after PVI basically is a
recovery of initially isolated PVs. Thus, efforts to overcome these
limitations have been focused on techniques to enhance the dur-
ability of PV isolation. The recent introduction of contact force ca-
theters, Al, and the CLOSE protocol to encircle the PVs has been
established to improve the contiguity of the lesions and lesion size
and therefore, an enhanced PVI.* ¢

Cryoballoon ablation (CBA) has emerged as an alternative to
radio-frequency (RF) ablation of PAF.” PVI performed with the
second-generation cryoballoon (CB) has been successful in achieving
durable PVI and is comparable with RF ablation.? A proper position of
the cryoballoon to establish a good surface-tissue contact as well as a
short time to isolation improve the outcomes after PVI.’ Several
studies have compared CBA with RF ablation with similar results.
Whereas CBA shows a lower rate of pericardial effusion but, with a
higher incidence of nerve palsies.®

The aim of the present study was to compare cryoballon ablation
with the second-generation cryoballon to RF ablation using the
CLOSE protocol in regard to long-term durable PVI and procedur-
al data.

2 | METHODS
2.1 | Study population

This prospective, randomized analysis comprised a total of 150 pa-
tients with symptomatic PAF. The mean age was 61.62 + 11.84 years
in group A and 66.11 £ 8.86 in group B. All patients were referred for
an interventional treatment of PAF. A detailed diagnostic work-up
was performed in our outpatient department before admission. All

flouroscopy time and dose area product showed no significant differences (Table 2).
Both procedures were performed with a low number of complications; no pericardial
effusion was seen in either group; in group A two patients had a significant hema-
toma of the groin with the need for surgical repair.

Conclusions: Cryoballoon PVI and PVI using ablation index following the CLOSE
protocol are equally efficient in achieving durable PV isolation. In this study, cryo-

balloon ablation led to significantly more AF recurrence during the blanking period.

atrial fibrillation, catheter ablation, CLOSE protocol, Cryoballoon ablation

antiarrhythmic drugs, with the exception of amiodarone, were ceased
at least five half-lives before the procedure. The study was approved
by the institutional review board and ethics committee and all pa-

tients provided written informed consent.

2.2 | Study protocol

Paroxysmal AF was defined according to the current guidelines.
However, patients with AF episodes lasting >48 h or requiring elec-
trical cardioversion later than 48 h after the onset of AF were ex-
cluded from the study. All patients were characterized by self-

terminating episodes with at least one documentation in Holter-ECG.

2.3 | Ablation procedure

For both groups, the procedures were performed under sedation
with propofol infusion. The presence of left atrial thrombi was ex-
cluded by transesophageal echocardiography in the electro-
physiological laboratory directly before the procedure. Access to
left atrium was achieved by a single transseptal puncture. A single
bolus of 5000 IU of heparin was administered before transseptal
puncture. After transseptal puncture, an additional bolus of
5000-10000 IU of heparin was added, according to the patient’s
body weight. The activated clotting time was assessed every 30 min
and maintained within a range of 250-350s. A temperature probe
(S-CATH M; Circa Scientific) was positioned in the esophagus and
the endoluminal temperature was monitored throughout the

procedure.

23.1 | Group A

A steerable decapolar catheter (Biosense Webster) was introduced
via the right femoral vein and positioned within the coronary sinus.
CBA was performed with the second- generation Arctic Front™
Ablation System, the FlexCath steerable sheath, and the Achieve

inner lumen mapping catheter (Medtronic Inc.). A 23 or 28 mm CB

Cryo

25U807 SUOLWILIOD BAIER.D 3|eat e aU} Ad PaUBAD 8.2 SB[ 1L WO 88N JO SBINI 0 AZRIGIT UIIUD 431 U (SUO NIPLIOO-pUE-SWLa) w0 AB| 1 AIe.q1 P |uoy/sdy) SUONIPUOD PUE SWiS | ay1 95 *[£202/80/2T] U0 AreidiT auiluo Aa|im ‘A1sienun slnpeis Buip e Aq £88ST'@0//TTTT 0T/10p/w00™Aa| v AReiq]puIUO//ST1Y WO PAPeojuMoq ‘G ‘ZZ0Z ‘L9T8O0VST



&LWI LEY

THEIS ET AL

was used; for every PV the occlusion was documented by contrast
application and the absence of a leakage. A freeze time of 240 s was
conducted for each PV; additional applications were performed to
achieve PVI, if necessary. If a time-to-isolation of less than 30s was
documented, the freeze time was reduced to 180s. Whenever pos-
sible, the PV potentials were monitored by means of the inner lumen
mapping catheter and time to isolation was documented. To avoid
phrenic nerve injury, the phrenic nerve was monitored continuously
during ablation and the thaw period of the right veins by pacing in the
superior vena cava. In case of esophageal temperature fall below
20°C, ablation was stopped immediately. PVI was confirmed by
entrance- and exit-block of the PVs using a circular mapping catheter.
Touch-up ablation was performed if an isolation of the PVs was not
achieved after CBA.

232 | GroupB

The following catheters were introduced via a right femoral vein
access: (1) A steerable decapolar catheter (Biosense Webster) was
positioned within the coronary sinus; (2) a circumferential dec-
apolar diagnostic catheter (Lasso NAV 15 or 10 mm; Biosense-
Webster) for mapping of the pulmonary vein ostia; and (3) a 3.5 mm
externally irrigated-tip, surround flow ablation catheter with con-
tact force measurement (Thermocool STSF; Biosense-Webster).
For anatomical guidance, a three-dimensional reconstruction of the
left atrium and the PVs was created using the Carto 3 system
(Biosense Webster). PVI was performed following the CLOSE pro-
tocol: point-by-point RF delivery was performed with an interlesion
distance of <6 mm to achieve a contiguous circle enclosing the
ipsilateral veins. Real-time automated display of RF applications
(VISITAG™, Carto 3; Biosense Webster) was used with predefined
settings of catheter stability (3 mm for 8 s) and minimum CF (30% of
time >4 g). RF application was continued until an ablation index (Al)
of 380 at the posterior wall and 480 at the anterior wall was
reached. Ablation index was determined by a tailored approach for
the workflow of the operator recommended and performed by
Biosense Webster.

In the absence of first pass PVI after completion of the ipsilateral
circle, PVI was accomplished with additional RF applications upon the
discretion of the operator.

PVI was confirmed by entrance- and exit-block of the PVs using a
circular mapping catheter. RF was delivered in a power-controlled
mode without ramping with 30 W (irrigation flow: 8 ml/min) with the
SmartAblate generator and pump; Biosense Webster).

In case of esophageal temperature rise above 39°C, ablation at
the posterior wall was stopped immediately. To achieve complete
isolation the circle resp. the energy level was modified to avoid
esophageal temperature rise. After PVI a waiting period of 20 min
was obtained. Early reconnection was treated with touch-up ablation
until PVI was reached.

Troponin levels were measured the day after the procedure in all

the patients to display myocardial injury after ablation.

24 | Follow-up

In all patients a total follow-up of 12 months was performed; a 48 h
Holter-ECG was performed every 3 months. A detailed history of the
patients' symptoms suggestive of potential arrhythmia recurrences
was taken. In case of undocumented symptoms suspicious for ar-
rhythmia recurrences, documentation by additional external ECG
event recordings was performed. A documented symptomatic or
asymptomatic arrhythmia episode lasting >30s was defined as
recurrence.

An initial blanking period of 3 months was accepted. The anti-
arrhythmic drug treatment was not re-initiated after ablation. If pa-
tients experienced an early recurrence within the initial three months
after the procedure, antiarrhythmic drugs were re-initiated for the
remaining time of the blanking period. However, all antiarrhythmic
drugs were ceased at the end of the blanking period. Patients with an
arrhythmia recurrence after the blanking period were considered
procedural failure.

The primary study endpoint was freedom from any atrial ta-
chyarrhythmia occurring after the blanking period during a follow-up
of at least 12 months. Secondary endpoints were procedural com-
plications and PV recovery during redo procedures.

The study was approved by the local ethics committee and

performed according to the Declaration of Helsinki.

2.5 | Statistical analysis

All continuous variables are reported as mean = SD and/or med-
ians with ranges, while categorical variables were summarized as
proportions. Categorical variables were compared using the x2
test. Comparison between groups was performed with either
Student's t test or the x? test. Statistical significance was estab-
lished at p value <.05. Time to arrhythmia recurrence was esti-
mated using the Kaplan-Meier method and compared by the log-
rank test.

To observe a difference with a power of 0.8 and an « level of .05,
the inclusion of 59 patients in each group was estimated. The power
calculation was performed with the G*Power 3.1 program (University
of Duesseldorf). Multivariate analysis by means of a logistic regres-
sion model and stepwise backward selection was performed to
identify significant and independent predictors of AF inducibility and
arrhythmia persistence after completion of PVI. Independent vari-
ables were chosen when a p <.10 emerged on univariate analysis.
Statistical analysis was performed with a statistical software package
(SPSS, version 27; IBM).

3 | RESULTS

A total number of 150 consecutive patients undergoing de novo
catheter ablation for paroxysmal AF were analyzed. Patient char-
acteristics were well-balanced except for the age, the anticoagulation
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with Vitamin K Antagonist, and electrical cardioversion. Those para-
meters were significantly lower in group A and are displayed in
Table 1. The prescribed electrical cardioversions were performed
before ablation within 48 h after the onset of AF. Left atrial dia-
meter was measured in all patients and showed no significant
differences (group A: 3.9+0.2 vs. group B: 4.1+0.3). In both
groups some patients were on antiarrhythmic drug treatment be-

fore the procedure (group A [CBA]: Class Ic: 3; Dronedaron: 2;

TABLE 1 Baseline characteristics
Group B
Group (CLOSE
A (Cryoballoon) protocol) p value

Age (years) 61.62+11.84 66.11+8.86 .01
Male (%) 41 (55%) 45 (60%) .87
BMI 27.19+3.78 2717 £4.26 .97
AHT (n) 44 (59%) 55 (73%) 45
EF (%) 55.74+£4.46 56.4+5.38 42
Left atrial 3.9+0.2 41+0.3 .54

diameter (cm)
valv HD (n) 1(1.3%) 3 (4%) 77
CHD (n) 6 (8%) 10 (13.3%) .88
Stroke (n) 4 (5.3%) 7 (9.3%) .87
CHADS-Vasc- 1.77+1.58 2.15+1.74 17

Score
ECV prior 6 (8%) 18 (24%) .04

ablation,

within 48 h

after onset (n)
NOAK (n) 69 (92%) 68 (91%) .84
Vitamin K 1(1.3%) 7 (9.3%) .03

antagonist (n)
AADs (n) 7 (9.33%) 9 (12%) 76
Class | agent 3 (4%) 3 (4%) .98
Class Il agent 4 (5.33%) 2 (2.67%) .69

Note: The data are presented as mean + SD or n (%).

Abbreviations: AAD, antiarrhythmic drug treatment; AHT, arterial
hypertension; BMI, Body mass index; CHADS, congestive heart failure
hypertension age Diabetes mellitus stroke; CHD, coronary heart disease;
ECV, electrical cardioversion; EF, LV ejection fraction; valv HD, valvular
heart disease; NOAK, non vitamin K antagonist oral anticoagulants.

TABLE 2 Procedural data

Group A (Cryoballoon)

Procedural time (min) 70.53+16.13
Fluoro time (min) 8.56+3.18
Dose area product (cGy/cm?) 390.34 + 268.57

Amiodaron: 2; group B [CLOSE protocol]: Class Ic: 3; Dronedaron:
2, Amiodaron: 4) (Table 1).

3.1 | Procedural results

Electrical isolation of the PVs was achieved in all patients. The mean
procedure duration was significantly shorter in group A:
70.53+16.13 min versus 115.35+15.38 min in group B (p<.01).
Mean fluoroscopy time and dose area product showed no significant
differences: group A: 8.56 + 3.18 min/390 + 268.57 cGy/cm? versus
group B: 9.66*3.86 min/330.84 + 150.36 cGy/cm? (p =.06/.10)
(Table 2).

In CBA in all but one patient the 28 mm CB was used. No touch-
up ablation in the CBA group was performed as PVI was achieved in
every patient solely with CBA. The ablation parameters are displayed
in Table 3a.

In the RF ablation group first pass isolation was achieved in 69
(92%) patients for the left circles and in 69 (94.67%) for the right
circles. Eleven touch-up ablations for the left circles and eight touch-
up ablations for the right circles were necessary to achieve PVI
(Figure 4). Ablation time and further procedural data are displayed in
Table 3b.

Abbreviation: RF, radio-frequency ablation

For RFA a waiting period of 20 min was performed as recurrence
during the procedure is more often in RFA as compared with CBA.

The measured troponin levels the day after ablation were sig-
nificantly higher in the CBA group, indicating a more pronounced
myocardial injury, most possibly due to the larger surface of abladed
tissue by the cryoballoon (Figure 1).

Oral anticoagulation was performed in every patient after the
ablation procedure for at least 3 months. After 3 months the OAK
was either stopped or continued according to the CHA,DS,-VASc-
Score of the individual patient.

3.2 | Primary endpoint: 12-month follow-up

All patients completed the per protocol endpoint of a 12-month
follow-up. The Kaplan-Meier 1-year arrhythmia-free survival esti-
mation revealed no significant differences concerning the
arrhythmia-free survival estimation during an overall mean follow-up
of 12 +4.5 months after a single procedure: group A: 85.33% versus
group B: 86.67%, p =ns. The first endpoint was defined as off any

antiarrhythmic drugs. In group A, arrhythmia recurrences were

Group B (CLOSE protocol) p value

115.35+15.38 <.01
9.66 +3.86 .06

330.84 +150.36 .10
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LSPV LIPV RSPV RIPV TABLE 3a Procedural data of CB
ablation
No. of freezes per vein (n) 1.3+0.6 1.1+04 1.3+0.5 1.1+04
Time to isolation (s) 46.8+£26.9 42.8+33.9 69.5+44.1 63.9+51.8
TTI achieved, n (%) 42 (56) 42 (56) 31 (41.33) 26 (34.67)
Minimal balloon temp (°C) 49.0+11.3 473+75 50.3+12.6 49.0+13.2
Ave esophageal temp (°C) 29.0+12.3 28.1+125 32.1+10.2 30.8+104
No. of phrenic nerve palsy (n) 0 0 4 3
Esophageal temp <20°C (n) 8 11 1 4
No PV leakage (n) 56 53 48 47
Pull down (n) 0 10 15 18

Abbreviation: CB, cryoballoon; LIPV, left inferior pulmonary vein; LSPV, left superior pulmoary vein;
PV, pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein; TTI, time

to isolation.
TABLE 3b Procedural data of RF ablation (CLOSE protocol)
Left circles Right circles
RF ablation time (min) 21+6 18+5
RF tags (mean + SD) 48 +9 45+7
Ablation index achieved (%) 92 96
First pass isolation, n (%) 69 (92) 71 (94.67)
Touch-up applications (n) 11 8
Ave power (W) 289+24 26.6+4.2
Perimeter (mm) 32+6 31+4
Troponin levels after PVI
297 p=0.02
1000 -
800 A
600 |
400 1 918.8+337.7 716.7 £ 363.9
200 -
04
Group A: Cryo Group B: Al

FIGURE 1 Troponin levels (pg/ml) 24 h after PVI. PVI, pulmonary
vein isolation.

characterized as paroxysmal AF in eight (10.67%) and persistent AF in
three (4%) patients. Recurrences occurred in group B patients as
paroxysmal AF in six (8%) patients and persistent AF in four (5.33%)
patients (Figure 2).

Significantly more patients of group A showed AF recurrence
during the blanking period: group A: 14 (18.67%) versus group B: 6
(8%); p < .05 (Figure 3).

100

8

(%)

80

70

Event-free survival

p (log-rank) = 0.489
50

0 100 200 300 400

Time since ablation (days)

Numbers at risk
] 75 74 66 56 11
—_— 74 74 62 50 1

= Radiofrequency == Cryoablation

FIGURE 2 Kaplan-Meier arrhythmia-free survival estimation
during an overall mean follow-up of 12 +4.5 months after a single
procedure. No significant differences concerning the outcome based
on a follow-up of 12 +4.5 months were seen

3.3 | Secondary endpoint: Electrophysiological
findings during repeat procedures and complications

A total of 14 patients underwent repeat ablation (group A: 7 [9.33%]
patients, group B: 7 [9.33%)] patients). The rate of PV recovery, dis-
played as PV recovery per PV, during repeat procedures showed no
significant differences in both groups (group A: 4 [5.33%] vs. group B:
3 [4%]; p = ns) (Table 4).

In both groups a re-isolation of the pulmonary veins was per-

formed if PV recovery was seen. If the PVs were still isolated at the
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FIGURE 3 Kaplan-Meier arrhythmia-free survival estimation
during the blanking period of 3 months. Patients with radiofrequency
ablation (CLOSE protocol) had a significantly better outcome as
compared with the patients with Cryoablation (p =.044 based on

3 months of follow-up)

TABLE 4 Recurrence AF types and repeat procedures

Group A Group B (CLOSE
(Cryoballoon) protocol) p value
Recurrence at 3 14 (18.67%) 6 (8%) .044
months
Recurrence at 6 11 (14.67%) 10 (13.33%) .89
months
PAF at 6 months 8 (10.67%) 6 (8%) .67
PersAF at 6 3 (4%) 4 (5.33%) .78
months
Redos 7 (9.33%) 7 (9.33%) .99
PV recovery (n) 4 (5.33%) 3 (4%) .86

Abbreviation: AF, atrial fibrillation; PAF, paroxysmal trial fibrillation; PV,
pulmonary vein.

time of the repeat procedure, a substrate modification resp.
electrogram-guided ablation was performed to terminate AF.

The PV recovery sites at redo procedures are displayed in Figure 4.

A univariate and multivariate analysis of the baseline para-
meters and procedural data was performed an showed no sig-
nificant results.

No pericardial effusions, thromboembolic events, or atrio-
esophageal fistula occurred. Two patients in group A suffered from
significant hematoma of the groin, requiring surgical repair. The mean

hospital stay was 24 +8h.

4 | DISCUSSION
4.1 | Main findings

The presented study revealed the following key findings: (1) The
arrhythmia-free survival is equally efficient in CBA and RF ablation
using the CLOSE protocol. (2) The procedural time is significantly
lower in CBA. (3) In this study, significantly more AF recurrence oc-

curs after CBA during the blanking period.

4.2 | Strategies to achieve durable PV isolation

The PVs are the predominant source of PAF and electrical PV isolation is
the cornerstone of catheter ablation for PAF.** Arrhythmia recurrences
after ablation are mainly attributed to electrical PV reconnection with a
strong correlation between the clinical magnitude of arrhythmia re-
currences and the number of atrial-to-vein conduction recovery of the
PVs.'? Thus, significant efforts were made to develop techniques and
tools that may help to enhance the durability of PVI after a single pro-
cedure. In this attempt, several different strategies were investigated,
such as elimination of dormant conduction induced by adenosine, the
implementation of a waiting period after PVI, contact force-guided ab-
lation (TOCCATA),*® and implementing Al following the CLOSE protocol,
respectively. Al and the CLOSE protocol increased the rate of durable PVI
significantly as compared with previous ablation strategies.® In this study
we also showed a high rate (>90%) of durable PVI after one procedure.

A number of studies have demonstrated the efficacy of CBA for
the treatment of PAF'*'>; however, RF ablation has improved sig-
nificantly with implementing CF, Al, and the interlesion distance. Few
randomized studies comparing CBA of the second generation with RF
ablation with Al and the CLOSE protocol were conducted. In the
present study, we demonstrate equally efficient results in terms of
the primary endpoint of freedom of any atrial arrhythmia and a
durable PVI of more than 90% in both groups.

In addition to efficacy, some other factors should be taken into
account, such as safety, procedural time, and fluoroscopy time.
Concerning safety, both procedures were performed with very low
complication rates. Two significant groin complications occurred after
CBA, whereas the RF group showed no relevant complications.
Procedure time was significantly shorter in CBA, as some other stu-
dies have reported as well.*® Flouro time was slightly shorter in CBA,
whereas the dose area product was higher (not significant), which is
due to the need for higher resolution to prove balloon occlusion.

Early AF recurrence during the blanking period was significantly
higher in the CBA group, most likely due to a more extensive myocardial
injury. The troponin levels, measured the day after the PVI, were sig-
nificantly higher in the CBA group (group A: 918.79 + 337.66 pg/ml vs.
group B: 716.68 + 363.87 pg/ml; p =.02), which is supporting the more
extensive myocardial injury. Buzianowski et al. reported that troponin
levels after CBA are an independent predictor of early recurrence of
AF.Y In our study early recurrence did not have an impact on long-
term freedom of AF.
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FIGURE 4 Sites of touch-up ablation in group B and location of reconnection sites in redo procedures after CBA and CLOSE protocol.
CBA, cryoballoon ablation

5 | CONCLUSIONS DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
Cryoballoon PVI and PVI using ablation index following the CLOSE corresponding author upon reasonable request.
protocol are equally efficient in achieving durable PV isolation. In his
study, CBA led to significantly more AF recurrence during the ORCID
blanking period. Cathrin Theis © https://orcid.org/0000-0001-5442-4464
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