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1. Introduction 

Atrial fibrillation (AF) is the most common arrhythmia in clinical 
practice, and is associated with the occurrence of thromboembolisms, 
heart failure, morality, and the quality of life (QoL) [1,2]. Catheter 

ablation (CA) of AF has been demonstrated to be superior to antiar
rhythmic drugs (AADs) in maintaining sinus rhythm and is increasingly 
performed worldwide [3,4]. Since it has been reported that muscular 
pulmonary venous sleeves are responsible for the initiation and main
tenance of AF, electrical pulmonary vein isolation (PVI) has been 
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established as an essential strategy of AF ablation [4–6]. 
Although it is known that the PVI is less successful in persistent AF 

(PeAF) patients with more advanced atrial remodeling, randomized 
studies including STAR AF II trial have not demonstrated that an 
adjunctive ablation lesion set targeting sites outside of the pulmonary 
veins (PVs) at the time of the index procedure improves the clinical 
efficacy [7–11]. Therefore, PVI is still the cornerstone of CA not only of 
paroxysmal AF (PAF) but of PeAF. 

The cryoballoon (CB) ablation is an anatomically based simplified 
technology, and both the CB and radiofrequency (RF) ablation are in 
routine clinical use for AF ablation worldwide [3,12–15]. The FIRE and 
ICE trial was a prospective, multicenter, randomized, non-inferiority 
trial comparing the CB and RF ablation in patients with PAF [12]. CB 
ablation has a comparable efficacy and safety to RF ablation with a 
shorter procedure time, left atrial (LA) dwell time, and total fluoroscopy 
time than RF ablation. Since the FIRE AND ICE trial was reported, some 
non-randomized observational studies have demonstrated a similar ef
ficacy of CA between the CB and RF ablation not only of PAF but also of 
PeAF [16–19]. However, there have been no prospective randomized 
studies comparing the clinical outcome between CB and RF ablation for 
the treatment of PeAF. 

2. Methods 

2.1. Aim 

The aim of the CRRF-PeAF study is to compare the efficacy and safety 
of CA of AF between CB and RF ablation in patients with PeAF. 

2.2. Primary hypothesis and study design 

The primary hypothesis of the CRRF-PeAF study is that CB ablation is 
not inferior to RF ablation with respect to the clinical efficacy in patients 
with PeAF. To assess the hypothesis, the CRRF-PeAF study is designed as 
a prospective, multicenter, randomized, controlled study comparing the 
efficacy and safety of CA between CB and RF ablation at 1-year in pa
tients with PeAF from April 8, 2021 to March 31, 2029 (Fig. 1). The 
enrollment period is from April 8, 2021 to March 31, 2025. The study 
cohort will include 500 patients with PeAF from 12 hospitals in Japan. 
The enrollment and study periods will be extended if the number of 

enrolled patients is not achieved during the period, and these will be 
shortened if the number of enrolled patients is achieved earlier. 

2.3. Primary endpoint 

The primary endpoint of the CRRF-PeAF study will be the freedom 
from any atrial tachyarrhythmias (ATs) lasting ≥ 30 s occurring outside 
the blanking period (BP) of 90 days at 1-year following the index pro
cedure. Repeat ablation procedures for any ATs during the BP will also 
be considered as a recurrence. 

2.4. Secondary endpoints 

The key secondary endpoints are as follows:  

1. Freedom from any ATs at 3-years following the index procedure. 
2. Change and percentage change in the left ventricular ejection frac

tion at 1-year and 3-years.  
3. Change and percentage change in the creatinine clearance and brain 

natriuretic peptide level at 1-year and 3-years.  
4. Cardiovascular events (hospitalizations due to heart failure and/or 

angina pectoris, myocardial infarctions, strokes, transient ischemic 
attacks) at 1-year and 3-years.  

5. All-cause mortality and cardiovascular mortality at 1-year and 3- 
years.  

6. Change and percentage change in the QoL at 1-year and 3-years.  
7. The success rate of the PVI, total procedural time, LA dwell time, 

total fluoroscopy time, radiation exposure, and quantity of contrast 
media.  

8. Efficacy of an adjunctive ablation lesion set.  
9. Complication rate. 

2.5. Inclusion and Exclusion criteria 

2.5.1. Inclusion criteria 
Subjects must meet all of the following criteria:  

1. Diagnosed with PeAF with a continuous AF episode of > 7 days but 
≤ 1 year in accordance with the 2014 AHA/ACC/HRS guidelines3.  

2. Age 20–85 years. 

Fig. 1. Flow Chart of the Study.  
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3. Planned CA using CB or RF ablation.  
4. Capable of complying with the protocol and providing written 

informed consent. 

2.5.2. Exclusion Criteria 
Those who meet any of the following criteria are ineligible for the 

study:  

1. Previous CA and/or surgical procedure of AF.  
2. AF lasting over 1 year (long-standing PeAF).  
3. LA dimension (LAD) > 50 mm (parasternal long-axis view).  
4. Woman currently or possibly pregnant.  
5. Enrollment in another investigational drug and/or device study. 

2.6. Study Procedures 

Patients will undergo trans-esophageal echocardiography and/or 
contrast-enhanced CT to exclude the presence of thrombi in the LA 
appendage and LA before the CA. AADs will be discontinued for at least 
5 half-lives before the CA, except for amiodarone. Oral anticoagulation 
therapy will be prescribed at a minimum of 4 weeks before the CA. 

During the procedure of CA, systemic anticoagulation will be con
ducted with intravenous heparin to maintain an activated clotting time 
of 300 to 400 s during the procedure. The esophageal temperature will 
be monitored with a temperature probe (SensiTherm Multi, Abbott, 
Chicago, USA; Esophastar, Japan Lifeline, Tokyo, Japan; Circa, Boston 
Scientific, Marlborough, USA). A PVI will be mandatorily performed in 
both groups. A cavotricuspid isthmus ablation will be performed in 
patients who have clinical or inducible cavotricuspid isthmus–depend
ent atrial flutter. Other adjunctive ablation lesion sets targeting sites 
outside of the PVs including non-PV AF triggers will be conducted ac
cording to the hospital’s standard strategy. 

2.7. The CB ablation 

The detailed procedure has been described elsewhere [15]. The 4th 
generation CB will be used in the CB ablation group. In brief, an 8.5-F 
sheath (SL0, Abbott) will be exchanged for a 15-F steerable sheath 
(FlexCath, Medtronic, Minneapolis, USA) after the transseptal puncture. 
The 28-mm CB will be introduced into the LA over a spiral mapping 
catheter (Achieve, Medtronic) through the sheath and will be inflated 
proximal to each PV and pushed gently, aiming for complete sealing at 
the antral aspect of the PV. Contrast medium will be injected from the 
distal lumen of the CB to verify a complete PV antrum occlusion. A 180- 
second or time to isolation plus 120-second freeze cycle will be per
formed at each PV [15,20]. An electrical PVI with bidirectional block 
will be confirmed with the Achieve or other multielectrode catheter. 
When the initial freezing fails to isolate the PV, the CB will be reposi
tioned, and the second freeze cycle will be applied. When the CB abla
tion cannot achieve the PVI, additional focal ablation will be performed 
with a Freezor Max (Medtronic) or RF catheter. 

A 3-D electroanatomic mapping system will be used to delineate the 
PV anatomy and aid in navigation (EnSite system, Abbott; CARTO sys
tem, Biosense Webster, Diamond Bat, USA; Rhythmia system, Boston 
Scientific). The right phrenic nerve (PN) will be stimulated with a 
mapping catheter positioned in the superior vena cava to prevent PN 
palsy during the CB ablation of the right-sided PVs. PN capture will be 
assessed by monitoring the diaphragmatic contraction and diaphrag
matic compound motor action potentials recorded from a surface elec
trocardiogram lead positioned over the right diaphragm. The CB 
ablation will be stopped immediately when attenuation or loss of the 
diaphragmatic contractions is detected. 

2.8. RF ablation 

After the transseptal puncture, a 3D geometry of the LA and PVs will 

be depicted by a circular mapping (Lasso, Biosense Webster; Advisor, 
AFocus, Optima, Abbott; EP star Libero, Japan Lifeline), PentaRay 
(Biosense Webster), HD grid (Abbott), or Orion (Boston Scientific) 
catheter. The ablation of the ipsilateral superior and inferior PVs will be 
jointly performed under navigation using the 3-D mapping system. RF 
ablation will be performed with an open-irrigated catheter (Thermocool 
SmartTouch SF, Thermocool SmartTouch; Biosense Webster; TactiCath 
SE, Flexibility, Abbott; Intellanav StablePoint, Intella Tip MiFi, Boston 
Scientific). The RF ablation settings will be according to the hospital’s 
standard strategy, generally with a power of 30–50 W, targeting an 
ablation index of 450–550 for CARTO and lesion index of 4.0–5.0 for 
NavX. The power and duration will usually be reduced to 20–25 W for 
20 s on the LA posterior wall near the esophagus. Contact force (CF) data 
will be continuously monitored throughout the procedure to achieve at 
least 10 g (mean) with a vector perpendicular to the tissue and with an 
upper limit of 50 g. An electrical PVI and bidirectional block will be 
confirmed with a multielectrode catheter. 

2.9. Follow-up 

Personal study visits will be scheduled at 1 month and then every 1 to 
3 months after the index procedure. Study visits will include a medical 
history, physical examination, and 12-lead ECG. The patients will be 
provided with an ambulatory one-channel electrogram recorder (HCG- 
801, OMRON Healthcare, Kyoto, Japan), and electrograms will be 
recorded twice daily for 1-year regardless of any symptoms after the 
index procedure except for during the BP [21,22]. In addition, ambu
latory electrograms will be recorded when the patient has any symptoms 
during the study period. In patients with cardiac implantable electronic 
devices, home monitoring will be adapted to facilitate the continuous 
monitoring of AF episodes. Twenty-four hour Holter recordings will be 
performed at 3, 12, 24, and 36 months after the index procedure. 
Echocardiography and QoL questionnaires will also be obtained at 
baseline and 12, 24, and 36 months after the procedure. The QoL will be 
assessed by AFEQT questionnaires [23]. AADs will be recommended to 
be discontinued after the BP unless any recurrent ATs are observed. 
Anticoagulation will be continued for at least 3 months, and the 
continuation of anticoagulation will be decided based on the CHADS2 
/CHA2DS2-VASc score according to the guidelines [3]. In case of re
currences outside the BP, a 2nd catheter ablation will be recommended. 

Adverse events (AEs) will be collected during the study period. An AE 
is defined as any untoward medical occurrence in a subject during this 
study, regardless of whether or not the AE is related to the ablation 
procedure. 

2.10. Sample size and power 

The target sample size is 500 (250 in each group). The sample size 
was calculated based on the primary hypothesis. The freedom rate of 
ATs after CA of PeAF has been reported to be comparable between the 
CB and RF ablation, ranging from 50 − 70 % at 1-year in the observa
tional studies [16–18,24–28]. Based on those data, a freedom rate at 1- 
year of 60% in both groups is assumed. The non-inferiority hypothesis 
will be evaluated using a log-rank test with a non-inferiority margin for a 
hazard ratio of 1.5. The sample size is calculated as 239 patients per 
group with a power of 80% based on a significance level of 2.5%. To 
cope with a potential loss-to-follow-up, a minimum of 500 patients (250 
patients per group) will be enrolled in this study. Any withdrawn pa
tients will not be replaced. 

When the primary endpoint is observed in one-third of the total 
sample size (160 patients), early stopping of the study for futility will be 
considered based on the conditional power at an interim analysis, which 
will be reviewed by the Data and Safety Monitoring Board (DSMB). A 
simulation suggested a very limited power loss with a potential early 
stopping for futility, and the targeted power is expected to be achieved 
with this sample size. 
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2.11. Randomization and allocation factor 

The patients will be registered and randomly assigned to either the 
CB or RF ablation group in a 1:1 ratio with a UMIN INDICE cloud system. 
The treatment allocation will be based on a covariate-adaptive 
randomization (minimization) scheme including the age (<75 vs. ≥
75 years), sex, and LAD (<45 vs. ≥ 45 mm) as covariates, which may 
influence the evaluation of the efficacy and safety of the CA [26,29–32]. 

2.12. Data quality control and management 

The principal investigator will authorize access to the electronic Case 
Report Form (CRF) system for investigators. The principal investigator 
will take full responsibility for the accuracy and reliability of all the data 
entered in the CRFs. The principal investigator and other investigators 
must not disclose the information contained in the CRFs to third parties. 
Only investigators can access the data. 

2.13. Statistical analysis 

Efficacy analyses will be performed on the basis of the intention-to- 
treat principle. A per-protocol basis analysis will also be performed as a 
supplemental analysis. When non-inferiority is demonstrated on the 
primary endpoint, the superiority hypothesis will also be evaluated. The 
Kaplan-Meier method and log-rank test will be used to estimate or 
compare the AT recurrence free survival for the time-to-event variables. 

Categorical variables will be presented as absolute and relative fre
quencies and compared using a chi-square test or Fisher’s exact test. 
Continuous variables will be presented as the mean ± standard devia
tion for normally distributed data or median with the interquartile range 
(25th− 75th percentiles) for skewed data and analyzed with the Stu
dent’s t-test or Wilcoxon rank-sum test, as appropriate. A P value < 0.05 
will be considered statistically significant. A multivariable Cox regres
sion analysis will be performed to investigate the predictors associated 
with clinical outcomes. A statistical analysis will be performed using up- 
to-date versions of Stata software (StataCorp, College Station, USA). The 
patient demographic data and outcomes of CA in each group will be 
collected descriptively as presented in Tables 1 and 2. A detailed plan for 
the interim analysis and final analysis will be prespecified in the sta
tistical analysis plan, which will be prepared and finalized prior to the 
database lock. 

2.14. Study organization 

The research group consists of investigators at 12 hospitals in Japan 
and an independent data monitoring committee. The Certified Review 
Board (CRB) and DSMB regularly monitors the recruitment and conduct 
of the study, data quality, timeliness, serious AEs, and further AEs 
selected at their discretion during the course of the study. All study 
hospitals will be required to have performed at least 30 procedures of CA 
of AF annually, and to have at least 2 operators who have completed at 
least 50 procedures of CA of AF and a system that enables emergency 
cardiovascular surgery, in order for them to be able to participate in this 
study. As operator experience and the hospital CA volume will influence 
the efficacy and safety of the CA, we will also assess the relation between 
the CA outcome and operator experience/hospital CA volume. 

2.15. Ethics 

The study is registered at the Japan Registry of Clinical Trials (jRCT) 
identifier (jRCT1052210003). The study is being conducted in accor
dance with the Declaration of Helsinki and the Ethical Guidelines for 
Clinical Studies issued by the Ministry of Health, Labour and Welfare, 
Japan. This study received approval from the CRB of the Osaka City 
University Hospital, Japan (OCU009E, March 1, 2021). CRB approved 
informed consent form (written in accordance with the applicable laws 

for clinical research) will be obtained from every patient prior to study 
enrollment. 

3. Discussion 

Although the PVI is an essential strategy of AF ablation, the role of CB 
ablation in PeAF has not been well evaluated. The STOP Persistent AF 
trial was a prospective, multicenter, single arm study, which evaluated 
the safety and efficacy of the PVI with CB ablation in patients with PeAF 
(continuous episodes < 6 months) [24]. A total of 165 patients with 

Table 1 
Patient Characteristics at Baseline.  

Age, years, n (%) 
Female sex, n (%) 
Height, cm 
Weight, kg 
Body mass index, kg/m2 

Months since paroxysmal AF onset 
Months since persistent AF onset 
Duration of the longest AF episode, months 
Failed antiarrhythmic drugs, n 
Cardioversion before enrollment 
NYHA functional class 
mEHRA 
AFEQT 
History of a heart failure hospitalization, n (%) 
Number of heart failure hospitalizations, n (%) 
Systolic blood pressure, mmHg 
Diastolic blood pressure, mmHg 
Heart rate, /min 
Congestive heart failure, n (%) 
Hypertension, n (%) 
Diabetes mellitus, n (%) 
Stroke and/or transient ischemic attack, n (%) 
Vascular disease, n (%) 
Abnormal renal/liver function, n (%) 
Structural heart disease, n (%) 

Coronary artery disease 
Valvular heat disease 
Dilated cardiomyopathy 
Hypertrophic cardiomyopathy 
Others 

Post-open heart surgery 
CHADS2 score 
CHA2DS2-VASc score 
HAS-BLED score 
Echocardiographic data 

Left ventricular ejection fraction (modified Simpson’s method), % 
Left ventricular diastolic dimension, mm 
Left ventricular systolic dimension, mm 
Left atrial dimension, mm 
Left atrial volume, ml 
Left atrial volume index 
Left ventricular inflow velocity pattern 
Valvular heart disease 

Cardiac Implantable Electronic Device 
Pacemaker 
ICD 
CRT-P 
CRT-D 

History of anti-arrhythmic drug use, n (%) 
Disopyramide 
Cibenzoline 
Pirmenol 
Procainamide 
Quinidine 
Aprindine 
Pilsicainide 
Flecainide 
Propafenone 
Amiodarone 
Sotalol 
Bepridil 
Others 

Laboratory data  
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PeAF (70% male, age 65 ± 9 years, LAD 42 ± 6 mm) were treated with 
CB ablation at 25 sites in the United States, Canada, and Japan. The total 
procedural, LA dwell, and fluoroscopy times were 121 ± 46 min, 102 ±
41 min, and 19 ± 16 min, respectively. The freedom from any ATs after 
a 90-day BP was 54.8% (95% confidence interval 46.7% − 62.1%). 

Ciconte et al. retrospectively compared the efficacy of the PVI at 1- 
year as an index procedure for PeAF between the CB and RF ablation 
with the CF technology [28]. Among 100 consecutive patients (74% 
male, age 62 ± 10 years), 50 underwent RF ablation (LAD 47 ± 6 mm) 
and 50 CB ablation (LAD 46 ± 7 mm). The procedure and fluoroscopy 

times were significantly shorter in the CB ablation than RF ablation (91 
± 42 vs. 140 ± 47 min and 15 ± 7 vs. 20 ± 7 min; P < 0.01). The 
freedom from ATs at 1-year was comparable between the CB and RF 
ablation (60% vs. 56%, P = 0.71). 

Isolation of the posterior LA (box isolation) has been proposed as an 
adjunctive ablation lesion set targeting sites outside of the PVs because 
the arrhythmogenicity of the posterior LA wall has a similar embryo
logical background as the PVs [33]. Yokokawa et al. compared the ef
ficacy of CA in patients with PeAF between the CB and an RF box 
ablation (PVI plus LA roof line + LA bottom line) with CF technology in 
patients with PeAF [25]. A total of 167 consecutive patients with PeAF 
(mean age 64 ± 9 years, LAD 46 ± 6 mm) underwent CB ablation (n =
90, LAD 46 ± 5 mm, an additional LA roof line was created in 33 pa
tients) or RF box ablation (n = 77, LAD 46 ± 6 mm) in the study, and the 
freedom from ATs was comparable between the CB and RF box ablation 
(41% vs. 51%, P = 0.22) during a follow-up period of 21 ± 10 months. 

It has been reported that the LA size is associated with the ablation 
outcome in both CB and RF ablation [30,31]. Ikenouchi et al. analyzed 
the impact of the LA size on the efficacy of CB and RF ablation [32]. A 
total of 2,224 AF patients (64 ± 11 years, 65.5% male) who underwent a 
PVI were analyzed. The patients undergoing the CB and RF ablation 
were propensity score matched, and 376 matched pairs were evaluated. 
As a result, the efficacy was comparable between RF and CB in patients 
without LA enlargement, however, CB was inferior to RF in patients with 
LA enlargement. According to those studies, the patients with enlarged 
LA (LAD > 50 mm) will be excluded from the CRRF-PeAF study. 

Although both the CB and RF ablation are increasingly used world
wide not only for PAF but PeAF, there are no prospective randomized 
data comparing the 2 ablation technologies in patients with PeAF. The 
CRRF-PeAF study will compare the efficacy and safety of CA of AF be
tween these 2 CA technologies in patients with PeAF. It will provide 
critical evidence to guide selection of CA technologies in the treatment 
of PeAF. 

4. Conclusions 

The CRRF-PeAF study will be the first to compare the efficacy and 
safety of CA of PeAF between CB and RF ablation in a prospective, 
multicenter, randomized, controlled fashion. 
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