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Abstract

Purpose Catheter ablation is considered the mainstay treatment for drug-refractory atrial fibrillation (AF). The aims of our study
were to compare the efficacy and safety of the most two currently approved approaches (point-by-point radiofrequency ablation
(RFA), either with contact force (CF) or without contact force (nCF) catheters, and cryoballoon ablation (CBA)) in the Veterans
Healthcare System.

Methods We performed a retrospective study of patients who underwent ablation for treatment of AF at the veterans affairs
healthcare system between 2013 and 2018. Only the first reported ablation procedure was included.

Results We included 956 patients in the study (97.4% males, 91.5% Caucasians, 67% paroxysmal AF), with 682 patients in
RFA-nCF, 139 in RFA-CF, and 135 in CBA. Thirty-day complication rates were comparable between the three groups with the
exception of higher incidence of phrenic nerve injury in CBA group when compared to RFA-nCF (2.2% vs 0.0%, p < 0.01).
Long-term recurrence rate of AF was significantly lower in the CBA group when compared to RFA-nCF (33.3% vs 47.7%,
adjusted HR 0.60, 95% CI 0.44-0.83, p < 0.01). On the other hand, it was similar between RFA-CF and RFA-nCF groups (43.9%
vs 47.7%, adjusted HR 1.01, 95% CI 0.76-1.33, p 0.97). After stratifying patients based on AF type, these findings were only
present in patients with paroxysmal AF.

Conclusion CBA for paroxysmal AF, in male dominant patients’ population, was associated with lower incidence of AF
recurrence rate while having a comparable safety profile to RFA independent of the use of CF catheters.

Keywords Atrial fibrillation - Radiofrequency ablation - Cryoballoon ablation - Contact force

1 Introduction

Atrial fibrillation (AF) is an endemic disease and age-related
cardiac arrhythmia. In the recent 2017 expert consensus state-
ment, catheter ablation of drug-refractory paroxysmal AF
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the USA are point by point radiofrequency ablation (RFA)
and cryoballoon ablation (CBA) which is considered a “sin-
gle-shot” approach. Prior randomized clinical trials showed
comparable efficacy and safety profile between the two stud-
ies during overall short duration follow-up [2]. CBA has
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generation Arctic Front Advance (ADV) was redesigned with
technical modifications aiming at procedural and outcome im-
provements. On the other hand, advancement in RFA catheter
design resulted in the development of contact sensing cathe-
ters which, in theory, gives the operator the ability to assure
adequate tissue contact prior to delivering the ablation lesions
[3]. Few studies have compared the efficacy and safety of
these three approaches. We aimed to evaluate the long-term
outcome of the two types of RFA (contact force (CF) and non-
contact force (nCF)) versus CBA in the Veterans Affairs (VA)
healthcare system in our current retrospective multicenter
study.

2 Methods
2.1 Data source and study population

Using data from CAPRI (Compensation and Pension Record
Interchange) system, we identified patients who underwent
AF ablation between January 2013 and January 2018.
CAPRI is an electronic health record system holding national
data for the VA system in the USA and allows electronic
search as well as review of notes, procedures, imaging reports,
and lab results across various VA hospitals. We initially
narrowed our search by identifying patients with the proce-
dure code CPT 93656. We used a combination of electronic
data search (using ICD codes) and manual verification to iden-
tify demographic data and baseline clinical variables at the
time of ablation. We manually reviewed each chart and ex-
cluded ablations for other forms of supraventricular tachycar-
dias. The following information was collected: demographic
data, co-morbidities, medications used, type of AF, type of
ablation, complications in the first 30 days, time to first recur-
rence, re-ablation, direct current cardioversion (DCCV) post-
ablation, and all-cause mortality. The Central Arkansas VA
Health System’s institutional review board approved the
study.

2.2 Types of atrial fibrillation

We classified AF into two types: paroxysmal and non-parox-
ysmal. The non-paroxysmal group included patients with per-
sistent and long-term persistent AF [4]. The patient assign-
ment was based on documentation in the treating physician
notes. If the type was not specified, the allocation was then
performed by the reviewer based on the information available
in the chart.

2.3 Type of ablation procedure

We divided patients into two groups based on ablation energy
source: RFA ablation group and CBA group. The RFA group
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was further subdivided into two groups based on the use of
contact force sensing catheters during the PVI ablation. We
also identified the use of different ablation techniques, name-
ly, PVI; superior vena cava (SVC) isolation; mitral valve and/
or roof line; cavotricuspid isthmus (CTI) ablation; and com-
plex fractionated atrial electrograms (CFAE) ablation. In pa-
tients who underwent a redo ablation procedure, if at least one
PV showed evidence of reconnection that required additional
ablation to achieve reisolation, they are considered to have
undergone additional PVIL.

2.4 Outcomes

We evaluated the incidence of complications and mortal-
ity in the first 30 days after ablation and first AF recur-
rence. AF recurrence was counted following 3-month
blanking period after ablation. We also assessed the inci-
dence and timing of re-ablation procedures or DCCV after
the index ablation. Any detection of AF beyond the
blanking period regardless of the duration was considered
a recurrence. Mode of detection included ECG report
showing AF, Holter, or event monitor, or implantable de-
vice interrogation with physician interpretation reporting
AF or a physician note documenting recurrence.

2.5 Statistical analysis

Patients were classified into three groups based on the energy
type used and the use of contact force sensing catheters: RFA-
nCF, RFA-CF, and CBA groups. Categorical variables are
reported as counts and percentages; differences were assessed
with Chi-square test or Fisher exact test (if n less than 5 for one
or more expected values). Continuous variables are presented
as means with one standard deviation; differences were com-
pared with two sample Student’s 7 test. Kaplan-Meier analysis
and log-rank tests were used to compare the rates of AF re-
currence and all-cause mortality for the unadjusted data. We
then performed Cox-regression analysis to adjust for baseline
variables and calculate the adjusted hazard ratios. The vari-
ables used in the Cox-regression analysis were age at ablation,
gender, race, co-morbidities (congestive heart failure, coro-
nary artery disease (CAD), history of atrial flutter, diabetes
mellitus (DM), hyperlipidemia, hypertension, cerebrovascular
accidents (CVA), peripheral vascular disease (PVD), chronic
obstructive pulmonary disease, obstructive sleep apnea, and
chronic kidney disease), ever smoking status, prior ablation,
and body mass index. We chose the RFA-nCF group as the
reference group for comparing the other two groups.

A two-sided p value of equal to or less than 0.05 was
considered significant. Analysis was performed using IBM
SPSS statistics software.
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3 Results
3.1 Baseline characteristics

A total of 956 patients who underwent first AF ablation
in the time period specified above from 34 VA centers
were included in this analysis. Of those, 682 patients
had RFA ablation with nCF catheters, 139 had RFA
with CF catheters, and 135 had CBA. More than 95%
of patients in all groups were males. More than 65% of
the patients had paroxysmal AF. Table 1 compares the
baseline characteristics between the three groups.
Compared to the RFA-nCF group, mean age in the
RFA-CF group was higher (65.7 SD 7.0 vs 63.7 SD
8.2 years, p 0.01), with a higher prevalence of prior
CVA (26.6% vs 18.2% p 0.02) and atrial flutter
(62.6% vs 53.4%, p 0.05). The CBA group had more
patients with CAD (67.4% vs 54.4%, p 0.01), DM
(48.1% vs 38.0%, p 0.03), hyperlipidemia (88.9% vs
82.1%, p 0.05), and PVD (8.1% vs 3.5%, p 0.02) when
compared to the RFA-nCF group.

3.2 Ablation procedure characteristics

All patients (100%) in CBA group underwent successful PVI
using the second-generation CB catheter (Arctic Front
Advance®; Medtronic, Inc.). On the other hand, in the RFA
groups, one patient in each group did not have PVI as they
developed pericardial effusion requiring termination of the
procedure. Nine patients (6.7%) in the CBA groups required
additional RFA to complete the left atrial ablation. Mitral
valve and/or roof line (5.2% vs 15.5%, p < 0.01) and CFAE
(0.0% vs 5.9%, p < 0.01) were performed infrequently, as
expected, in the CBA group compared to the RFA-nCF group;
however, they were performed in similar frequency between
the RFA-nCF and RFA-CF groups. There is no statistical
difference in CTI line ablation between the three groups
(Supplementary material online, Table S1). Additional abla-
tion beyond PVI (other than CTI) was performed more fre-
quently in patients with persistent AF compared to paroxys-
mal AF (28.8% vs 12.5%, p < 0.01). In patients with persistent
atrial fibrillation, the frequency of ablation beyond PVI (other
than CTT) was still lower in the CBA group when compared to

Table 1 Baseline characteristics

Type of ablation

RFA-nCF" RFA-CF p value CBA p value

(682) (139) (135)
Age, years (SD) 64 (8) 66 (7) 0.01 64 (7) 0.72
Male 667 (97.8%) 133 (95.7%) 0.15 131 (97.0%) 0.59
Caucasian race 624 (91.5%) 125 (89.9%) 0.55 126 (93.3%) 0.48
CHF 275 (40.3%) 52 (37.4%) 0.52 52 (38.5%) 0.70
CAD 371 (54.4%) 77 (55.4%) 0.83 91 (67.4%) 0.01
DM 259 (38.0%) 59 (42.4%) 0.32 65 (48.1%) 0.03
HTN 276 (40.5%) 57 (41.0%) 0.91 53 (39.3%) 0.79
Hyperlipidemia 560 (82.1%) 115 (82.7%) 0.86 120 (88.9%) 0.05
PVD 24 (3.5%) 7 (5%) 0.39 11 (8.1%) 0.02
CVA 124 (18.2%) 37 (26.6%) 0.02 30 (22.2%) 0.27
COPD 231 (33.9%) 53 (38.1%) 0.34 50 (37.0%) 0.48
0OSA 300 (44.0%) 69 (49.6%) 0.22 58 (43.0%) 0.83
Ever smoking 240 (35.2%) 55 (39.6%) 0.33 52 (38.5%) 0.46
Atrial flutter 364 (53.4%) 87 (62.6%) 0.05 81 (60.0%) 0.16
CKD' 120 (17.6%) 28 (20.1%) 0.48 17 (12.6%) 0.16
Prior AF ablation 129 (18.9%) 18 (12.9%) 0.10 20 (14.8%) 0.26
Paroxysmal AF 455 (66.7%) 87 (62.6%) 0.35 98 (72.6%) 0.18
BMI > 30 414 (60.1%) 82 (59.0%) 0.71 82 (60.7%) 0.99

" Reference group
T CKD chronic kidney disease, defined as eGFR < 60 mL/min/1.73 m?

AF atrial fibrillation; BMI body mass index; CAD coronary artery disease; CBA cryoballoon ablation; CHF
congestive heart failure; COPD chronic obstructive pulmonary disease; CVA cerebrovascular accident; DM
diabetes mellitus; HTN hypertension; OSA obstructive sleep apnea; PVD peripheral vascular disease; RFA-CF
radiofrequency ablation-contact force; RFA-nCF radiofrequency ablation-non-contact force
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the RFA-nCF group (10.8% vs 29.1%, p 0.02) but was not
different between the RFA-nCF and RFA-CF groups (29.1%
vs 40.4%, p 0.11).

3.3 Outcomes
3.3.1 Thirty-day complication rates and all-cause mortality

There is no statistical difference in complication rates and all-
cause mortality (Table 2) among the three groups at 30-day
post-ablation with the exception of higher incidence of phren-
ic nerve injury (PNI) in CBA group when compared RFA-
nCF (2.2% vs 0.0%, p < 0.01). All PNI recovered spontane-
ously during follow-up (two recovered prior to hospital dis-
charge from the index ablation and one within 1-year of fol-
low-up). There was a higher overall incidence of pericardial
effusion in the RFA-CF when compared to RFA-nCF (3.6%
vs 1.2%, p 0.04), but there was no statistically significant
difference in major pericardial effusion requiring interven-
tions (2.9% vs 1%, p 0.10).

3.3.2 Redo ablation, DCCV, and antiarrhythmic medication
use after index ablation

During the blanking period post-ablation, atrial tachyarrhyth-
mia rates were not different among the groups. However, few-
er patients in the CBA group underwent DCCV compared to
RFA-nCF (3.7% vs 9.2%, p 0.03).

Over a median follow-up of 39.7 months, 120 patients
underwent a redo ablation; PVI was reperformed in 96.7%
of procedures. In RFA-nCF group, 92 (13.5%) patients

underwent redo ablation, and almost all (98.9%) required
additional PVI. On the other hand, 24 patients (16.5%) in
RFA-CF group underwent a redo ablation and 87.5% re-
quired redo PVI. Only 4 (3.0%) patients underwent redo
ablation in the CBA group, but all of them required addi-
tional PVI. Patients in CBA group less commonly
underwent redo ablations when compared to the RFA-
nCF group (3.0% vs 13.5%, p < 0.01). This difference
was significant only in those with paroxysmal AF (1%
vs 13%, p < 0.01), but not in those with persistent AF
(8.1% vs 14.1%, p 0.44). On the other hand, the differ-
ence in redo ablation rates between the RFA-CF and
RFA-nCF was not statistically different, both in the over-
all cohort (17.3% vs 13.5%, p 0.24) and in patients with
paroxysmal AF (11.5% vs 13.0%, p 0.71). However, in
patients with persistent AF, the rate of redo ablation is
higher in the RFA-CF group compared to RFA-nCF
(26.9% vs 14.1%, p 0.03) (Supplementary material
online, Table S2). Atrial tachycardia or flutter was report-
ed in 31 patients (25.8%) at time of the redo procedures,
while the rest had only atrial fibrillation. The rates were
not statistically significant between the three groups
(22.8% vs 37.5% vs 25%, p 0.34, nCF vs CF vs CBA,
respectively).

Although there was no statistical difference among the
three groups in regards to classes I and III antiarrhythmic
medication use at hospital discharge, 12 months, 24 months,
and 36 months from the index ablation, the RFA-CF group
had a numerically lower rate of use of antiarrhythmic at dis-
charge (63.3% vs 71.6%, p 0.053) and at 36 months (7.1% vs

Table 2 30-day complication
rates

Type of ablation

RFA-nCF" RFA-CF p value CBA p value

(682) (139) (135)
Pericardial effusion 8 (1.2%) 5 (3.6%) 0.04 4 (3.0%) 0.12
Tamponade or required drainage 7 (1.0%) 4 (2.9%) 0.10 2 (1.5%) 0.65
Infection 3(0.4% 1 (0.7%) 0.53 0 (0.0%) >0.99
Stroke/TIA 3 (0.4%) 0 (0.0%) >0.99 1 (0.7%) 0.52
Vascular bleeding 31 (4.5%) 2 (1.4%) 0.10 6 (4.4%) 0.96
Non-vascular bleeding 6 (0.9%) 0 (0.0%) 0.60 2 (1.5%) 0.63
Respiratory failure 16 (2.3%) 5(3.6%) 0.39 1 (0.7%) 0.33
Phrenic nerve injury 0 (0.0%) 0 (0.0%) - 3(22%) <0.01
Pericarditis 14 2.1%) 5(3.6%) 0.27 0 (0.0%) 0.14
30-day rehospitalization 75 (11.0%) 16 (11.5%) 0.86 14 (10.4%) 0.83
30-day mortality 4 (0.6%) 1 (0.7%) >0.99 0 (0.0%) >0.99

*Reference group

CBA cryoballoon ablation; RFA-CF radiofrequency ablation-contact force; RFA-nCF radiofrequency ablation-
non-contact force; TIA transient ischemic attack
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13.2%, p 0.26) when compared to RFA-nCF group
(Supplementary material online, Table S3).

3.3.3 Long-term atrial fibrillation recurrence rate

The follow-up duration of the RFA-nCF group was longer
compared to RFA-CF group (41.2 SD 12.5 vs 31.8 SD 9.8
months, p < 0.01). On the other hand, there was no difference
in follow up between the RFA-nCF and CBA groups (41.2
SD12.5 vs 41.4 SD 14.6 months, p 0.81). AF recurrence rate
for the whole cohort was 27.5% in the first year and 45.1%
after long-term follow-up. Long-term recurrence rate of AF is
significantly lower in the CBA group when compared to
RFA-nCF and RFA-CF (33.3% vs 47.7% vs 43.9%, p <
0.01) (Fig. 1a). This finding did not change after adjustment
for baseline characteristics (Fig. 1b) or when analysis was
performed in patients with paroxysmal AF (Supplementary
material online, Fig. S1). On the other hand, in patients with

a Unadjusted Atrial Fibrillation Recurrence Following Index Ablation

~FIRFA-nCF
- ""IRFA-CF
CBA

%100

%807

%60-]

Recurrence

%40

%207

Log Rank p value <0.01

T T T
12 24 36 48 60
Months

b Adjusted Atrial Fibrillation Recurrence Following Index Ablation

IRFA-NCF
~ "IRFA-CF
CBA

%100

%80

%60

Recurrence

%40+

%207

p value 0.01
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12 24 36 48 60

Months

Fig. 1 First recurrence after atrial fibrillation ablation. a Unadjusted
Kaplan-Meier curves of atrial fibrillation recurrence. b Time to first re-
currence curves adjusted for baseline characteristics using Cox-regression
analysis

non-paroxysmal atrial fibrillation, there was no difference in
recurrence rate between the three groups. When analysis was
restricted for first time ablation of paroxysmal atrial fibrilla-
tion (excluded patients with prior ablation for AF) and only
PVI (excluded patients who underwent additional left atrial
ablation to PVI), findings remained consistent, with long-
term recurrence rate of AF being significantly lower in the
CBA group when compared to RFA-nCF (22% vs 42%, HR
0.41, 95% C1 0.25-0.69, p < 0.01) and no difference in recur-
rence rate between RFA-CF and RFA-nCF (36% vs 42%, HR
0.86, 95% CI 0.55-1.34, p 0.51) (Supplementary material
online, Fig. S2).

Table 3 summarizes the hazard ratios and confidence inter-
vals for AF recurrence rate adjusted for follow-up time using
Cox-regression analysis before and after adjustment for base-
line characteristics. Long-term recurrence of AF was lower in
CBA group compared to RFA-nCF (HR 0.60, 95% CI 0.44—
0.83, p < 0.01). However, it was similar between the RFA-
nCF and RFA-CF groups (HR 1.01, 95% CI 0.76-1.33, p
0.96).

4 Discussion

In this contemporary, real-world chart review study compar-
ing the three major AF ablation technologies available for
percutaneous catheter PVI, the main findings were: (1) 30-
day complication rate between CBA and RFA was compara-
ble with the exception of higher incidence of transient PNI in
CBA and higher incidence of pericardial effusion in RFA-CF
group; (2) less DCCV was utilized in the blanking period for
the CBA group; and (3) long-term recurrence of AF was sig-
nificantly lower with CBA when compared to RFA with or
without the use of CF, with a lower rate of redo ablation and
similar rates of repeat DCCV. An important strength of this
study is its use of the VA healthcare system, which provided
important follow-up data on patients even when they changed
cities or state; this level of follow-up is generally limited in
other healthcare systems.

PVI is currently the standard strategy for any catheter-
based treatment for patients with AF [1]. The standard point
by point RFA technique has been utilized for the last two
decades but still can be challenging and time-consuming.
Cryoballoon ablation has emerged as a novel treatment for
PVI as a single application for the last decade. CBA per-
formed with the second-generation CB results in a shorter
procedure with less catheter time in the left atrium when com-
pared to RFA [5]. Contact sensing RFA catheters have also
emerged as tools to allow for the optimization of each indi-
vidual RF application that aims to maximize efficacy and pro-
cedural safety [3]. PVI has been used in the USA off label for
persistent AF, and several studies showed similar outcome

@ Springer
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Table 3 Long-term outcomes compared to non-contact force radiofrequency ablation group

Unadjusted Adjusted

RFA-CF* CBA* RFA-CF* CBA*

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
AF recurrence 1.05 (0.80-1.38)  0.73 0.59(0.43-0.81) <0.01 1.01 (0.76-1.33)  0.97 0.60 (0.44-0.83) < 0.01
Paroxysmal 0.95 (0.66-1.37)  0.78 0.51(0.34-0.76)  0.01 0.98 (0.67-1.44)  0.93 0.56 (0.37-0.84)  0.01
Non-paroxysmal 1.19 (0.79-1.80)  0.41 0.82 (0.50-1.35)  0.44 0.98 (0.64-1.51)  0.93 0.64 (0.38-1.07)  0.09

* Compared to RFA-nCF group

AF atrial fibrillation; CBA cryoballoon ablation; CI confidence interval; HR hazard ratio; RFA-CF radiofrequency ablation-contact force; RFA-nCF

radiofrequency ablation-non-contact force

between CBA and RFA [6, 7]. Head to head comparisons of
these three ablation approaches are sparse.

In the original FIRE and ICE study comparing CBA and
RFA, there was no statistically significant difference of the
primary outcome (first documented recurrence of AF > 30
sec, documented occurrence of atrial flutter or atrial tachycar-
dia, prescription of antiarrhythmic drugs, or redo AF ablation
after the 90-day blanking period) between the RFA and CBA
approaches [2]. However, additional analysis including the
blanking period and follow-up after the primary endpoint until
exiting the study showed that patients treated with CBA had
significantly lower redo ablation rates, DCCV, all-cause
rehospitalizations, and cardiovascular rehospitalizations com-
pared to RFA (11.8% in the CBA arm required a redo ablation
procedure compared to 17.6% in RFA arm (p 0.03) after a
mean follow-up of 1.5 years) [8]. In the current study, 3% in
the CBA required a redo ablation in long-term follow-up.
DCCV was required in 3.7% in the CBA group during the
blanking period compared to 9.2% in the RFA-nCF group
(Supplementary material online, Table S2) suggesting that
CBA is less arrhythmogenic (less atrial arrhythmias during
the blanking period) than RFA. However, in patients who
underwent a redo procedure during follow-up, the rates of
atrial tachycardia or flutter was similar between the three
groups.

Ciconte et al showed that the rate of late PV reconnection in
CBA was low (22%, average of 1.25 PVs/patient) [9]. A later
study by Aryana et al. showed that CBA was associated with
more durable PVI when compared to non-contact force-guid-
ed RF ablation [10]. In the current study, only 4 patients in the
CBA group underwent redo ablation, and all of them required
additional PVI; however, we did not have data on the number
and laterality of the pulmonary veins that showed
reconnections; thus, we cannot draw conclusions about the
durability of PVI in this study. Nonetheless, it is important
to note that PVI was less frequently performed in patients
who underwent a redo ablation in the CF-RF group compared
to the nCF-RF group (87.5% vs 98.9%).

@ Springer

Prior data suggests that PVI can be achieved with the
second-generation CB alone in nearly all patients using the
second-generation device [2, 11, 12]. In our study, however,
additional RFA in left atrium was required in 6.7% undergo-
ing CBA.

In the STOP AF post-approval study, which was a multi-
center prospective study using second-generation CB for
drug-resistant symptomatic paroxysmal AF [13], freedom
from AF was 81.6% at 12 months, 73.8% at 24 months, and
68.1% (64.1%, from all atrial arrhythmias) at 36 months. The
results of the current study are in line with these results (87%
freedom from AF at one year and 72% with long-term follow-
up).

An additional important finding in this study was the lack
of difference in AF recurrence rate between non-CF and CF
RFA ablations, with both being associated with higher recur-
rence when compared to CBA. Prior studies have largely sug-
gested similar efficacy between CBA and nCF RFA, especial-
ly in randomized studies [2]. A meta-analysis comparing CF
vs non-CF-guided ablation found that CF-guided therapy was
associated with significant AF/atrial tachycardia-free survival
benefit in patient with paroxysmal AF over a median follow-
up of 12 months [3]. However, in a more recent meta-analysis
by Virk et al., there was no difference in freedom from AF,
independent of AF type, when analysis was restricted to ran-
domized trials [14]. In a recent randomized trial, Buist et al.
showed improved arrhythmia-free survival and more durable
PVI with the use of second-generation CBA compared to
RFA-CF in patients with drug-refractory paroxysmal AF, with
similar complication rates [15]. In a recently published indi-
vidual patient data meta-analysis, CBA was associated with
less long-term failures in men but not in women when com-
pared to RFA [16].

In patients with persistent atrial fibrillation, there was no
difference in AF recurrence rate between the three groups after
the index ablation even though the percentage of patients un-
dergoing ablation beyond PVI was lower in CBA group com-
pared to the other two groups. This finding is consistent with
the results of the STAR-AF II trial that showed no added



JInterv Card Electrophysiol

reduction in the rate of AF recurrence when mitral or roof
linear ablation or CFAE was performed alongside PVI. [17]

In our study, the 30-day complication rate was generally
comparable to what was reported in previous studies [2, 18]
and among the three groups with the main exception of tran-
sient PNT that was significantly higher in CBA group.
However, the reported rate in our study (2.2%) was similar
to the FIRE and ICE study (2.7%) [2] and is much less com-
pared to what has been reported in elsewhere (11.0% and
13.5% in some studies) [19]. One other interesting finding
was the higher incidence of pericardial effusion in the RFA-
CF group when compared to the RFA-nCF group; however, it
was not statistically significant when only effusions requiring
intervention or causing tamponade were evaluated. This could
reflect the somewhat stiffer nature of the CF catheters and the
variable level of expertise of the operators in regard to the
required CF for the ablation. This finding supports the results
of a recent study which demonstrated a higher incidence of
cardiac tamponade in CF compared to non-CF ablation [20].
In our study, the incidence of pericardial effusion in CBA was
not better than RFA and was higher than reported in a recent
meta-nalysis [21].

5 Limitations

Our study has several limitations. Data collection relied on
retrospective chart review of the VA health records system.
However, it still provides important patient level data that
cannot be obtained in studies based only on ICD codes. As
in any retrospective study, selection and other bias may have
impacted the results. Adjudication of type of AF and AF re-
currence rate was based on record review, and the true recur-
rence rate (especially asymptomatic) may be underestimated.
Although we could not account for any follow-up that hap-
pened outside the VA system, we believe the impact of this is
likely much lower when compared to other healthcare systems
as veterans tend to stay in the VA system even after moving to
a different city or state. Type of monitoring for arrhythmia
recurrence after the PVI was not standardized but reflects
real-world practice. As expected of an older US veteran pop-
ulation, the vast majority of patients was male, and results may
not be applicable to females. In fact, female gender has been
associated with more failed ablations and higher incidence of
complications and cardiovascular rehospitalization post-PVI
[22]. Ablations were performed in 34 centers and by operators
of varying experience especially with newer technologies.
Variation in the learning curve among newer ablation technol-
ogies could also have affected the procedure outcome. We
could not adjust for these operator characteristics both due to
the low numbers per site and operator due to using only one
procedure CPT code as well as the practical observation that
most operators within the VA system often perform ablations

at affiliated academic medical centers. The last two factors
likely resulted in underestimation of the actual number of
AF ablation procedures performed per site and operator. Due
to the reliance on medical records, we could not assess the
difference in radiation and intravenous contrast exposure
among these techniques as well as balloon inflation times
and freeze duration in CBA group. Finally, we were unable
to determine if stable and recommended CF was achieved
during the CF RFA procedures [18]. This may have affected
the efficacy of this procedure since recent studies suggested
better outcome when ablation index was used in the CF RFA
[23, 24].

6 Conclusion

In our real-world study of a predominantly male patient pop-
ulation, CBA for paroxysmal AF was associated with lower
incidence of AF recurrence and redo ablation rates during
long-term follow-up while having a comparable safety profile
compared to RFA independent of the use of CF catheters.
These results should be validated in a prospective manner to
evaluate if outcomes will be different based on gender and
type of AF.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10840-020-00927-3.

Authors’ contributions Waddah Maskoun: Conceptualization, methodol-
ogy, original draft, review, and editing

Amjad Abualsuod: Data collection, statistical analysis, original draft,
review, and editing

Fuad Habash: Material preparation, data collection, review, and
editing.

Mohammed E. Madmani: Data collection, review, and editing.

Khaldia Khaled: Data collection, review, and editing.

Zaid Gheith: Data collection, review, and editing.

Bilal Alqgam, MD: Data collection, review, and editing.

John M. Miller: Review and editing.

Srikanth Vallurupalli: Supervision, review, and editing

Data Availability Available upon reasonable request

Compliance with ethical standards

Conflict of interest ' W. Maskoun, Medtronic grant; J. Miller, Medtronic,
Boston Scientific, Biosense-Webster, Biotronik, Abbott
Electrophysiology—training grants and lecture honoraria. The remaining
authors have nothing to disclose.

Code availability Not applicable

References

1. Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga
L, et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert

@ Springer


https://doi.org/10.1007/s10840-020-00927-3

JInterv Card Electrophysiol

10.

11.

12.

13.

consensus statement on catheter and surgical ablation of atrial fi-
brillation. Europace. 2018;20(1):e1—e160. https://doi.org/10.1093/
europace/eux274.

Kuck KH, Brugada J, Furnkranz A, Metzner A, Ouyang F, Chun
KR, et al. Cryoballoon or radiofrequency ablation for paroxysmal
atrial fibrillation. The New England journal of medicine.
2016;374(23):2235-45.

Lin H, Chen YH, HouJW, Lu ZY, Xiang Y, Li YG. Role of contact
force-guided radiofrequency catheter ablation for treatment of atrial
fibrillation: a systematic review and meta-analysis. Journal of car-
diovascular electrophysiology. 2017;28(9):994-1005.

January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE,
Cleveland JC Jr, et al. 2014 AHA/ACC/HRS guideline for the
management of patients with atrial fibrillation: a report of the
American College of Cardiology/American Heart Association
Task Force on practice guidelines and the Heart Rhythm Society.
Circulation. 2014;130(23):e199-267. https://doi.org/10.1161/cir.
0000000000000041.

Yokokawa M, Chugh A, Latchamsetty R, Ghanbari H, Crawford T,
Jongnarangsin K, et al. Ablation of paroxysmal atrial fibrillation
using a second-generation cryoballoon catheter or contact-force
sensing radiofrequency ablation catheter: a comparison of costs
and long-term clinical outcomes. Journal of cardiovascular electro-
physiology. 2018;29(2):284-90.

Shao M, Shang L, Shi J, Zhao Y, Zhang W, Zhang L, et al. The
safety and efficacy of second-generation cryoballoon ablation plus
catheter ablation for persistent atrial fibrillation: a systematic review
and meta-analysis. PloS one. 2018;13(10):¢0206362.

Yokokawa M, Chugh A, Latchamsetty R, Ghanbari H, Crawford T,
Jongnarangsin K, et al. Cryoballoon antral pulmonary vein isolation
vs contact force-sensing radiofrequency catheter ablation for pul-
monary vein and posterior left atrial isolation in patients with per-
sistent atrial fibrillation. Heart rthythm. 2018;15(12):1835-41.
Kuck KH, Furnkranz A, Chun KR, Metzner A, Ouyang F, Schluter
M, et al. Cryoballoon or radiofrequency ablation for symptomatic
paroxysmal atrial fibrillation: reintervention, rehospitalization, and
quality-of-life outcomes in the FIRE AND ICE trial. European heart
journal. 2016;37(38):2858-65.

Ciconte G, Mugnai G, Sieira J, Velagic V, Saitoh Y, Irfan G, et al.
On the quest for the best freeze: predictors of late pulmonary vein
reconnections after second-generation cryoballoon ablation. Circ
Arrhythm Electrophysiol. 2015;8(6):1359—65. https://doi.org/10.
1161/CIRCEP.115.002966.

Aryana A, Singh SM, Mugnai G, de Asmundis C, Kowalski M,
Pujara DK, et al. Pulmonary vein reconnection following catheter
ablation of atrial fibrillation using the second-generation
cryoballoon versus open-irrigated radiofrequency: results of a mul-
ticenter analysis. J Interv Card Electrophysiol. 2016;47(3):341-8.
https://doi.org/10.1007/s10840-016-0172-z.

Chierchia GB, Di Giovanni G, Ciconte G, de Asmundis C, Conte
G, Sieira-Moret J, et al. Second-generation cryoballoon ablation for
paroxysmal atrial fibrillation: 1-year follow-up. Europace :
European pacing, arrhythmias, and cardiac electrophysiology :
journal of the working groups on cardiac pacing, arrhythmias, and
cardiac cellular electrophysiology of the European Society of.
Cardiology. 2014;16(5):639-44.

Metzner A, Reissmann B, Rausch P, Mathew S, Wohlmuth P, Tilz
R, et al. One-year clinical outcome after pulmonary vein isolation
using the second-generation 28-mm cryoballoon.
CirculationArrhythmia and electrophysiology. 2014;7(2):288-92.
Knight BP, Novak PG, Sangrigoli R, Champagne J, Dubuc M,
Adler SW, et al. Long-term outcomes after ablation for paroxysmal
atrial fibrillation using the second-generation cryoballoon: final

Springer

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

results from STOP AF post-approval study. JACCClinical electro-
physiology. 2019;5(3):306-14.

Virk SA, Ariyaratnam J, Bennett RG, Kumar S. Updated systematic
review and meta-analysis of the impact of contact force sensing on
the safety and efficacy of atrial fibrillation ablation: discrepancy
between observational studies and randomized control trial data.
Europace : European pacing, arrhythmias, and cardiac electrophys-
iology : journal of the working groups on cardiac pacing, arrhyth-
mias, and cardiac cellular electrophysiology of the European
Society of Cardiology. 2019;21(2):239-49.

Buist TJ, Adiyaman A, Smit JJJ, Ramdat Misier AR, Elvan A.
Arrhythmia-free survival and pulmonary vein reconnection patterns
after second-generation cryoballoon and contact-force radiofre-
quency pulmonary vein isolation. Clinical research in cardiology :
official journal of the German Cardiac Society. 2018;107(6):498—
506.

du Fay de Lavallaz J, Badertscher P, Kobori A, Kuck KH, Brugada
J, Boveda S, et al. Sex-specific efficacy and safety of cryoballoon
versus radiofrequency ablation for atrial fibrillation: an individual
patient data meta-analysis. Heart Rhythm. 2020. https://doi.org/10.
1016/j.hrthm.2020.04.020.

Verma A, Jiang CY, Betts TR, Chen J, Deisenhofer I, Mantovan R,
et al. Approaches to catheter ablation for persistent atrial fibrillation.
N Engl J Med. 2015;372(19):1812-22. https://doi.org/10.1056/
NEJMoal408288.

Natale A, Reddy VY, Monir G, Wilber DJ, Lindsay BD, McElderry
HT, et al. Paroxysmal AF catheter ablation with a contact force
sensing catheter. results of the prospective, multicenter SMART-
AF trial. ] Am Coll Cardiol. 2014;64(7):647-56. https://doi.org/10.
1016/j.jacc.2014.04.072.

Packer DL, Kowal RC, Wheelan KR, Irwin JM, Champagne J,
Guerra PG, et al. Cryoballoon ablation of pulmonary veins for
paroxysmal atrial fibrillation: first results of the North American
Arctic Front (STOP AF) pivotal trial. ] Am Coll Cardiol.
2013;61(16):1713-23. https://doi.org/10.1016/j jacc.2012.11.064.
Liu N, Zhao Q, Li L, Zhang M, Huang J, Wei S, et al. Association
between the use of contact force-sensing catheters and cardiac
tamponade in atrial fibrillation ablation. Journal of interventional
cardiac electrophysiology : an international journal of arrhythmias
and pacing. 2019.

Cardoso R, Mendirichaga R, Fernandes G, Healy C, Lambrakos
LK, Viles-Gonzalez JF, et al. Cryoballoon versus radiofrequency
catheter ablation in atrial fibrillation: a Meta-Analysis. Journal of
cardiovascular electrophysiology. 2016;27(10):1151-9.

Kuck KH, Brugada J, Furnkranz A, Chun KRJ, Metzner A, Ouyang
F, et al. Impact of female sex on clinical outcomes in the FIRE and
ICE trial of catheter ablation for atrial fibrillation. Circ Arrhythm
Electrophysiol. 2018;11(5):e006204. https://doi.org/10.1161/
CIRCEP.118.006204.

Das M, Loveday JJ, Wynn GJ, Gomes S, Saeed Y, Bonnett LJ, et al.
Ablation index, a novel marker of ablation lesion quality: prediction
of pulmonary vein reconnection at repeat electrophysiology study
and regional differences in target values. Europace. 2017;19(5):
775-83. https://doi.org/10.1093/europace/euw105.

Phlips T, Taghji P, El Haddad M, Wolf M, Knecht S,
Vandekerckhove Y, et al. Improving procedural and one-year out-
come after contact force-guided pulmonary vein isolation: the role
of interlesion distance, ablation index, and contact force variability
in the 'CLOSE'-protocol. Europace. 2018;20(FI_3):f419-f27.
https://doi.org/10.1093/europace/eux376.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1093/europace/eux274
https://doi.org/10.1093/europace/eux274
https://doi.org/10.1161/cir.0000000000000041
https://doi.org/10.1161/cir.0000000000000041
https://doi.org/10.1161/CIRCEP.115.002966
https://doi.org/10.1161/CIRCEP.115.002966
https://doi.org/10.1007/s10840-016-0172-z
https://doi.org/10.1016/j.hrthm.2020.04.020
https://doi.org/10.1016/j.hrthm.2020.04.020
https://doi.org/10.1056/NEJMoa1408288
https://doi.org/10.1056/NEJMoa1408288
https://doi.org/10.1016/j.jacc.2014.04.072
https://doi.org/10.1016/j.jacc.2014.04.072
https://doi.org/10.1016/j.jacc.2012.11.064
https://doi.org/10.1161/CIRCEP.118.006204
https://doi.org/10.1161/CIRCEP.118.006204
https://doi.org/10.1093/europace/euw105
https://doi.org/10.1093/europace/eux376

	Cryoballoon vs radiofrequency ablation of atrial fibrillation: insights from the Veterans Healthcare System
	Recommended Citation
	Authors

	Cryoballoon vs radiofrequency ablation of atrial fibrillation: insights from the Veterans Healthcare System
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Data source and study population
	Types of atrial fibrillation
	Type of ablation procedure
	Outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Ablation procedure characteristics
	Outcomes
	Thirty-day complication rates and all-cause mortality
	Redo ablation, DCCV, and antiarrhythmic medication use after index ablation
	Long-term atrial fibrillation recurrence rate


	Discussion
	Limitations
	Conclusion
	References


