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Abstract

Background Pulmonary vein isolation (PVI) is the most effective therapy to achieve rhythm control in atrial fibrillation (AF).
Peri-procedural imaging is used in many but not all centers. However, the impact of imaging on safety and efficacy of PVI
is not clear. The Israeli Catheter Ablation Registry (ICAR) is a great opportunity to explore this issue in real-world practice.
Aim To describe the real-world utilization of peri-procedural imaging technologies in a large cohort of patients undergoing
ablation for AF.

Methods A prospective-multicenter cohort of AF patients who underwent PVI during the years 2019-2021. Peri-procedural
imaging (CT, ICE, TEE) was utilized based on the center and operator discretion. The study endpoints were peri-procedural
complications and AF recurrence at 12 months follow-up among patients with and without peri-procedural imaging.
Results Between January 2019 and December 2021, a total of 921 patients underwent PVI. Peri-procedural imaging (at least
1 modality of CT, TEE, and or ICE) was utilized in 753 (81.8%) and no imaging among 168 (18.2%) patients. Cryoablation
was the dominant energy used for PVI in both groups (92.3% of the non-imaging group, and 95.3% among imaging group),
while RF was used in the rest of the patients. Fluoroscopy time was not different between the 2 groups; however, procedure
duration was longer among the imaging group (90 min) compared to the non-imaging group (74.5 min, p =0.006). By
12 months, the incidence of AF recurrence and repeated ablation were not different between the groups. Complications and
re-hospitalization for cardiocerebrovascular reasons were not different among the 2 groups. Cox regression model demon-
strated no association between preprocedural imaging and the risk of AF recurrence after ablation.

Conclusion This real-world multicenter prospective registry study demonstrated that the rate of complications and the rate
of recurrence of AF during 1 year follow-up were not different among patients who had PVI either with or without peri-
procedural imaging.
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1 Introduction

The prevalence of atrial fibrillation (AF) is continuously
rising worldwide in the context of aging population and
increasing prevalence of the metabolic syndrome [1, 2].
According to a recent study, early rhythm control whether
by anti-arrhythmic drugs (AADs) or catheter ablation,
is associated with a lower risk of adverse cardiovascular
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outcomes [3]. Furthermore, catheter ablation is superior to
anti-arrhythmic therapy in preventing AF recurrence [4].
Several technologies are available for catheter-based abla-
tion including radiofrequency ablation, cryoballoon abla-
tion, and recently pulse field ablation [5, 6]. Whatever the
technology used, cardiac imaging plays a key role in patient
selection and prediction of safety and efficacy for left atrium
(LA) ablation procedures [7]. Computed tomography (CT)
and/or magnetic resonance imaging (MRI) may be used to
define anatomy prior to the ablation, transesophageal echo-
cardiography (TEE) is often used to exclude the presence
of left atrial appendage (LAA) thrombus; and intracardiac
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echocardiography (ICE) can be used to exclude LAA throm-
bus, guide trans-septal puncture and can be used for spatial
guidance during the procedure. However, there is little evi-
dence to demonstrate improved outcomes with any specific
peri-procedural imaging strategy [8—10]. Furthermore, the
available data has poorly described the real-world prac-
tice in recent years, as many centers particularly the small
ones, do not have all the aforementioned facilities in every
procedure and due to the introduction of several one shot
ablation technologies, mainly the cryoballoon ablation. The
aim of this study was to describe the real-world utilization
of peri-procedural imaging modalities in a broad cohort of
patients undergoing ablation for AF. The Israeli Catheter
Ablation Registry (ICAR) provides an excellent opportunity
to explore the impact of peri-procedural imaging on the out-
comes of catheter ablation in AF patients in the real world.

2 Methods
2.1 Design and participants

The ICAR is a prospective multicenter registry of all patients
undergoing AF ablation in 14 electrophysiology centers in
the country during 2019-2021. The registry is a collabora-
tive effort between the community of cardiac electrophysi-
ologists and is managed by the Israeli Center for Cardiovas-
cular Research (ICCR). The registry was approved by the
ethics committee of each participating institution, and all
patients provided written informed consent. For the purpose
of the present analysis, we included only patients who under-
went PVI during the years of enrollment. Patients who could
not sign an informed consent were excluded.

2.2 Catheter ablation procedure

PVI was performed as previously described using cryob-
alloon (vast majority) or point-by-point radiofrequency
(RF) ablation guided by 3D electroanatomical mapping on
the discretion of centers and operators [5].

The use of preprocedural imaging modalities (CT, TEE),
and intraprocedural imaging modalities including ICE or
TEE was based upon physician preference. Ablation was
performed under conscious sedation or general anesthesia,
per local practice. In both techniques, PV isolation was con-
firmed using entrance and exit blocks by pacing maneuvers.
Cavotricuspid isthmus ablation in the event of documented
right atrial flutter was performed at the operator discretion.

2.3 Data collection

Data were collected prospectively at the index hos-
pital admission at the time of ablation by the local
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electrophysiologists and entered into a secure (firewall and
password protected) web-based electronic case report form,
using the REDCap software. All the electrophysiologists in
all centers who were involved in this registry were familiar
with study requirements and were part of the study design.

Variables collected include demographic data, AF type,
concomitant and previous anticoagulation and AADs,
comorbidities, left ventricular ejection fraction (EF), LA
size in echocardiography, and procedural data such as skin-
to-skin procedure time, fluoroscopy time, pulmonary veins
anatomy, ablation strategy, and acute complications.

Following hospital discharge, endpoints were obtained
by contacting each patient and by reviewing the clinic visits
and hospital course if the patient had been re-hospitalized.

Typical setup for institution follow-up was clinical
ambulatory visits at 3, 6 months, and at 1 year or sooner
for symptoms suggestive of arrhythmia recurrence. Every
visit included evaluation of symptoms, 12 leads ECG, and
48 h Holter by senior electrophysiologist. All episodes of
arrhythmias detected by ECG and or 48 h Holter or highly
suspected self-report episodes were counted, Furthermore,
all DC cardioversions, re-do procedures or AADs were
documented. All recurrent episodes had to be confirmed by
a senior electrophysiologist irrespective of the method of
detection.

All acute and peri-procedural complications (cardiac tam-
ponade, thromboembolism, stroke, transient ischemic attack,
phrenic nerve paralysis, heart block, pericarditis, vascular
complications requiring intervention or prolonged hospital
stay, atrioesophageal fistulae and death) were also registered
after being confirmed by senior electrophysiologist.

After ablation, all patients were discharged on oral anti-
coagulation for at least 2 months. Oral anticoagulation and
AADs were discontinued at the discretion of the treating
physician.

For the aim of this study, patients were divided into
2 groups. The first group (the imaging group) included
patients who had at least 1 peri-procedural imaging modal-
ity: CT, TEE, and/or ICE. The second group (the non-imag-
ing group) included patients without any peri-procedural
imaging modality.

2.4 Study endpoints

Demographic characteristics, comorbidity, medical therapy,
echocardiographic parameters, peri-procedural data, and
outcomes were compared between patients with peri-pro-
cedural imaging and patients without.

2.5 Primary endpoints

e The primary effectiveness endpoint was the incidence
of AF recurrence during 1 year follow-up (defined as
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episode lasting for at least 30 s after the 90-day blanking
period) demonstrated on a clinical 12-lead ECG trac-
ing or ambulatory monitor. In accordance with the 2017
expert consensus statement on catheter ablation, recur-
rences of atrial tachyarrhythmia during the first 90 days
after the index ablation (the “blanking period”) were not
counted in the determination of the first clinical failure
for the endpoint [2].

e The primary safety composite outcome of cardiovascular
events (stroke, pericardial effusion, pericardial tampon-
ade, heart failure, esophageal injury, PV stenosis, and
death) was the occurrence of 1 or more event during the
30-day period following the ablation procedure. Safety
endpoints were collected from peri-procedural complica-
tions reported by the operator and from adverse events
occurring within 30 days after ablation.

2.6 Statistical analysis

Normally distributed continuous variables are presented as
mean =+ standard deviation. In case of non-normality, medi-
ans [interquartile ranges] are provided. Categorical vari-
ables are presented as numbers (percentages). Comparisons
of proportions or means across groups were done using
the chi-square test for categorical variables and unpaired
t-test for continuous variables, or Mann—Whitney in case of
non-normality.

Cox proportional hazard regression models were used to
assess the association between peri-procedural imaging and
time to efficacy endpoints. Hazard ratios (HRs) and 95%
confidence intervals were calculated for the groups.

Differences were considered statistically significant at
the 2-sided P value of <0.05. Statistical analyses were per-
formed using R version 3.6.1 (R foundation for statistical
computing, Vienna, Austria).

3 Results

Between January 2019 and December 2021, a total of 921
patients underwent pulmonary vein isolation (PVI). Peri-
procedural imaging (at least 1 modality of CT, TEE, and
or ICE) was utilized in 753 (81.8%) and no imaging among
168 (18.2%) patients. Baseline characteristics are listed
in Table 1. Age, hypertension, diabetes mellitus, stroke/
transient ischemic attack (TIA), NYHA classification,
CHA,DS,-VASc score, left ventricular (LV) hypertrophy,
LA size, significant (at least moderate) mitral regurgita-
tion, AF duration and classification were not significantly
different between the 2 groups (Table 1). Males made up
64.9% of the imaging group and 53.6% of the non-imaging
group (p=0.008). Anticoagulants were used more frequently
among non-imaging group (92.9%) compared to imaging

group (86.4%, p=0.031). Baseline AAD use was not dif-
ferent between the two groups (non imaging 67.7%, versus
imaging 71%, p=0.445).

The technology used for ablation is shown in Table 2.
Cryoablation was the dominant energy used for PVI in both
groups (92.3% of the non-imaging group, and 95.4% among
imaging group), while RF was used only in 7.7% in non-
imaging group and 4.6% among the imaging group. Among
the imaging group, most patients (72.6%) had only 1 peri-
procedural imaging modality, and 25.9% of patients had 2
imaging modalities (Table 2).

PV anatomy was not different between the 2 groups
(Table 3). All PVs were acutely isolated in the two groups.
Fluoroscopy time was not different between the groups
(23 min among non-imaging group, vs 21 min among imag-
ing group, p =0.184); however, procedure duration was
longer among the imaging group (90 min) compared to the
non-imaging group (74.5 min, p =0.006).

3.1 Primary effectiveness outcomes

During 12 months follow-up, 0.6% of the non-imaging
group and 1.1% of the imaging group died (not related to
AF). Finally, 92.3% of the non-imaging group (n=155)
and 93.9% of the imaging group (n=707) completed the
12 months follow-up (Table 4).

3.2 AF recurrence

Utilization of AADs post ablation was not significantly dif-
ferent between the groups (non-imaging 18.45%, vs 21.1%
imaging, p =0.16). By 12 months after the blanking period,
the incidence of AF recurrence was 13.5% among non-imag-
ing compared to 17.5% among imaging group p=0.278)
(Table 4). Repeated ablation at 12 months was 6.5% in the
non-imaging group compared to 8.3% among the imaging
group (p=0.533). Rehospitalization was more common
among the imaging group (24.3%) compared to non-imaging
group (15.9%, p=0.033). However, re hospitalization for
cardiovascular reasons was not different among the 2 groups
(Table 4).

Of note, we also compared patients with 2 imaging
modalities to patients with 1 imaging modality and did not
find any difference in AF recurrence (16% vs 18.8%, respec-
tively. p=0.6).

Cox regression model demonstrated no association
between preprocedural imaging and the risk of AF recur-
rence after blanking period with adjusted HR of 1.4 (95%
confidence interval 0.88-2.22; p=0.16). Persistent AF
was found to be a predictor of AF recurrence after blank-
ing period with adjusted HR 1.73 (95% confidence interval
1.14-2.63, p=0.01).
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Table 1 Baseline characteristics

Overall (n=921) No imaging (n=168) Imaging (n=753) P

Age (median [IQR]) 66.00 [58.00, 72.00] 66.00 [57.00, 72.00] 66.00 [58.00, 72.00] 0.722
Male (%) 579 (62.9) 90 (53.6) 489 (64.9) 0.008
Hypertension (%) 579 (63.0) 110 (65.5) 469 (62.5) 0.518
Diabetes mellitus (%) 239 (26.0) 50 (29.9) 189 (25.1) 0.233
Stroke/TIA (%) 86 (9.3) 12(7.1) 74 (9.8) 0.350
NYHA functional classification: (%) 0.087

Class I 13(1.4) 2(1.2) 11(1.5)

Class IT 90 (9.8) 8(4.8) 82 (10.9)

Class III 24 (2.6) 3(1.8) 21(2.8)

No CHF 794 (86.2) 155 (92.2) 639 (84.8)
LVEF (median [IQR]) 60.00 [50.50, 60.00] 60.00 [55.00, 60.00] 60.00 [50.00, 60.00] 0.002
CHA,DS,-VASc score (median [IQR]) 2.00 [1.00, 3.00] 2.00 [1.75, 3.00] 2.00 [1.00, 3.00] 0.342
LV hypertrophy: (%) 0.472

Mild 175 (19.0) 3521 140 (18.6)

Moderate 34(3.7) 4(2.3) 30 (4.0)

Severe 7(0.8) 0(0.0) 7(0.9)

None 705 (76.5) 129 (76.7) 576 (76.5)
Mitral regurgitation: (%) 0.020

Mild 366 (39.7) 74 (44.1) 292 (38.8)

Moderate 88 (9.6) 14 (8.0) 75(9.9)

Moderate-severe 14 (1.5) 0(0.0) 14 (1.8)

Severe 6(0.7) 2(1.3) 5(0.6)

Trace/trivial 198 (21.5) 22 (13.3) 174 (23.2)

None 249 (27.0) 56 (33.3) 193 (25.7)
LA size (mm) (median [IQR]) 42.00 [38.00, 47.00] 41.50 [39.00, 46.00] 42.00 [38.00, 47.00] 0.344
AF classification (prompting ablation): (%) 0.050

Long standing persistent 27 (2.9) 1(0.6) 26 (3.4)

Paroxysmal 605 (65.7) 118 (70.1) 487 (64.7)

Persistent 289 (31.4) 49 (29.3) 240 (31.9)
AF duration in years (median [IQR]) 3.00 [1.00, 5.00] 3.00 [1.00, 5.00] 3.00 [1.00, 5.00] 0.438
Prior anticoagulant use (%) 806 (87.6) 156 (92.9) 650 (86.4) 0.031
Prior Warfarin use (%) 29 (3.6) 6(3.8) 23 (3.5) 1.000
Prior AADs use (%) 647 (70.4) 113 (67.7) 534 (71.0) 0.445
AAD:s post ablation (%) 190 (20.6) 31 (18.45) 159 (21.1) 0.16

Abbreviations: /QR interquartile ranges, T/A transient ischemic attack, LV left ventricle, LVEF left ventricular ejection fraction, AF atrial fibrilla-

tion, LA left atrium, AAD anti arrhythmic drug

3.3 Adverse events

Adverse events were infrequent and did not vary signifi-
cantly between imaging and non-imaging groups (Table 5).
The most common complication was vascular compli-
cations (1.3% among imaging group and 1.7% among
non-imaging group). Neurologic event occurred in 0.7%
of imaging group and 0.6% of non-imaging group. One
patient from the imaging group (0.1%) had tamponade.
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4 Discussion

The main findings of this real-world multicenter prospec-
tive registry are as follows: (I) wide range of variability in
using peri-procedural imaging modalities in AF ablation.
(IT) The rate of peri-procedural complications and the rate
of AF recurrence during 1 year follow-up were not different
among patients who underwent PVI with or without peri-
procedural imaging. (III) The use of peri-procedural imaging
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Table 2 Technology used for ablation

Overall (n=921) No imaging (n=168) Imaging (n=753) P
Procedure performed: (%) 0.030
RF ablation 48 (5.2) 13(7.7) 35 (4.6)
Cryoablation 810 (87.9) 150 ( 89.3) 660 (87.6)
Both cryoablation and RF ablation 63 (6.8) 5(3.0) 58 (7.7)
Imaging types: (%) <0.001
TEE+ICE+CT 11(1.2) 0(0.0) 11(1.5)
ICE+CT 39 (4.2) 0(0.0) 39(5.2)
ICE+TEE 68 (7.4) 0(0.0) 68 (9.0)
TEE+CT 88 (9.6) 0(0.0) 88 (11.7)
ICE only 77 (8.4) 0(0.0) 77 (10.2)
CT only 274 (29.8) 0(0.0) 274 (36.4)
TEE only 196 (21.3) 0(0.0) 196 (26.0)
None 168 (18.2) 168 (100.0) 0(0.0)
Image integration® 30 0 30
Abbreviations: RF radiofrequency, TEE transesophageal echo, /ICE intracardiac echo, CT computed tomography
“Imaging integration: CT image integration into 3D electroanatomical mapping among patients treated by radiofrequency ablation
Table 3 Procedural data (acute results)
Overall (n=921) No imaging (n=168) Imaging (n=753) P
PV anatomy (%) 0.818
Left common 73 (7.9) 14 (8.4) 59 (7.8)
Other 4(0.5) 0 (0.0) 4 (0.6)
RMPV 13(1.4) 2(1.3) 11(1.4)
Standard (4 separated PVs) 831 (90.2) 152 (90.3) 679 (90.2)
Number of isolated PVs (median [IQR]) 4.00 [2.00, 4.00] 4.00 [2.00, 4.00] 4.00 [2.00, 4.00] 0.164
Procedure duration (min) (median [IQR]) 85.00 [60.00, 120.00] 74.50 [60.00, 100.00] 90.00 [60.00, 120.00] 0.006
Fluoro time (min) (median [IQR]) 21.50 [15.00, 32.00] 23.00 [16.00, 32.00] 21.00 [14.93, 32.00] 0.184
Percentage of isolated PVs (median [IQR]) 100.00 [50.00, 100.00] 100.00 [50.00, 100.00] 100.00 [50.00, 100.00] 0.236

Abbreviations: PV pulmonary vein, RMPV right middle pulmonary vein

Table 4 Outcomes at 12 months follow-up

Overall (n=862) No imaging (n=155) Imaging (n=707) P

Recurrent AF events after blanking period (%)

Re ablation after blanking period (%)

Symptomatic recurrent AF (% out of recurrent AF patients)

Re hospitalization (%)

Cardiac related re-hospitalization (% out of re-hospitalized patients)

Ablation related re-hospitalization (% out of re-hospitalized patients)

Arrhythmia related re-hospitalization (% out of re-hospitalized patients)

Cardioversion related re-hospitalization (% out of re-hospitalized patients)

145 (16.8) 21 (13.5) 124 (17.5) 0.278
69 (8.0) 10 (6.5) 59 (8.3) 0.533
84.5 75.0 86.0 0.150
192 (22.8) 24 (15.9) 168 (24.3) 0.033
138 (71.88) 19 (79.2) 119 (70.8) 0.492
30 (15.6) 3(12.5) 27 (16.1) 0.881
79 (41.1) 12 (50.0) 67 (39.9) 0.471
19 (9.9) 2(8.3) 17 (10.1) 1.000

was not found to be a predictor of AF recurrence during 1

year follow-up.

The goal of peri-procedural imaging is to obtain a
detailed anatomical description of the pulmonary veins, to

exclude presence of thrombus in the LA/LAA, to define the
prognostic factors, and to guide trans-septal puncture [11].
Multidetector CT angiography effectively and simply meets
nearly all of these needs. The CT may also help to detect a
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Table 5 Peri-procedural events

Overall (n=921) No imaging (n=168) Imaging (n=753) P

Cardiovascular events: total (%) 5 (0.54) 0(0.0) 5 (0.66) 0.635
Pericardial effusion (%) 1(0.11) 0(0.0) 1(0.13) 1.000
Tamponade (%) 1(0.11) 0(0.0) 1(0.13) 1.000
Heart failure (%) 1(0.11) 0(0.0) 1(0.13) 1.000
Cardiac arrest (%) 1(0.11) 0(0.0) 1(0.13) 1.000
Thromboembolic Event (%) 1(0.11) 0 (0.0) 1(0.13) 1.000
Peripheral vascular events (%) 14 (1.5) 3(1.79) 11 (1.46) 1.000
Neurologic events (%) 7(0.76) 1 (0.6) 6 (0.8) 1.000
Pulmonary events (%) 2(0.22) 0 (0.0) 2 (0.26) 1.000
Total events (%) 28 (3) 4 (2.38) 24 (3.18) 0.58

Status at discharge: alive (%) 921 (100.0) 168 (100.0) 753 (100.0) NA

LAA that had not been previously assessed by TEE [12]. It
also allows the operator to quickly create the correct elec-
troanatomical map (EAM) and proceed with ablation with
or without any attempt at image integration when 3D system
is used. About 55% of the patients in the imaging group in
our cohort had CT. However, there is a wide range of vari-
ability in using peri-procedural imaging and the evidence for
efficacy is controversial. Based on nationwide claims data,
Steinberg et al. [13] identified associated imaging studies in
addition to EAM among 11, 525 patients who underwent AF
ablation (from 2007 to 2009) before and during ablation. In
addition to electroanatomic mapping, 53% underwent TEE,
67% received ICE, and 50% underwent a pre-procedure
CT or MRI. After adjustment, the use of pre-ablation CT
or MRI was associated with a significantly lower risk of
stroke or TIA (0.4% vs 0.9%, p=0.002), and the use of ICE
was associated with a lower risk of repeat ablation (5.7% vs
8.5%, p=0.02) but higher risk of bleeding (1.1% vs 0.7%,
p=0.009). Other studies reported lower arrhythmia recur-
rence rate after AF ablation using EAM with image integra-
tion versus without image integration [14, 15]. However, a
more recent study reported no significant improvement in
clinical outcome between the image integration group vs no
image integration group [16]. On the other hand, there was a
significant decrease in fluoroscopy time in the image integra-
tion group vs. without image integration group.

A meta-analysis of randomized controlled trials by Mam-
madi et al. showed that CT image integration with EAM
to guide RF ablation for AF does not improve clinical and
procedural outcomes [17]. The authors explained their
conclusions by the fact that the integrated map may not be
completely accurate as slight shifts may occur from the pre-
procedure acquired map and the intraoperative map.

The common practice during the period of our registry is
different in some aspects than before. The technique of abla-
tion has evolved since the introduction of AF ablation and it
is now recognized that the challenge of catheter ablation of
AF is no longer the anatomy but rather the durability of the
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lesions that circumferentially isolate the pulmonary veins.
The durability is more often due to adequate tissue contact,
power, duration of energy delivered and ablation strategy
[12]. Nowadays, the cryoballoon constitutes an established
alternative to radiofrequency ablation for PVI, which offers
the possibility to isolate the PVs with a single application.
As mentioned in the results section, the vast majority of
patients in our registry had PVI using cryoballoon. In gen-
eral, pre-procedural and or intra-procedural imaging beside
fluoroscopy is not mandatory in AF ablation using cryob-
alloon. Knowing the anatomy of the pulmonary veins by
pre-procedural CT could help to plan the procedure but is
not crucial. One study elucidated several key anatomical
features of pulmonary veins based on pre-procedural CT
possibly affecting acute success, AF recurrence and com-
plications in patients with AF using cryoballoon ablation
[18]. However, previous studies have shown that the efficacy
of cryoballoon ablation is independent of the PV anatomy.
One study suggested that mid-term outcomes of cryoballoon
ablation for paroxysmal AF ablation are similar to those of
radiofrequency, regardless of PV anatomy [19], and the pres-
ence of anatomical variants of PVs should not discourage
the referral of patients with paroxysmal AF for cryoballoon
ablation [19].

The variability in utilizing peri-procedural imaging to
exclude LAA thrombus is even more prominent mainly in
the era of novel direct oral anticoagulants (DOACs). An
increasing number of patients with AF are managed with
DOAC:S, and these are generally a preferred choice over war-
farin in eligible patients. Similarly, an increasing number
of patients are undergoing ablation procedures for AF with
peri-procedural anticoagulation with DOACS in contrast to
warfarin which was the main oral anticoagulant for many
years. Performing AF ablation with uninterrupted antico-
agulation is a recommended strategy that has been shown in
multiple studies to provide stroke protection without increas-
ing bleeding risks [2]. For the purpose of preventing peri-
procedural thromboembolism, many centers perform TEE,
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CT, or intraprocedural imaging of the LAA using ICE to
assess for LAA thrombi in addition to uninterrupted anti-
coagulation strategy. There is a wide range of variability in
using TEEs in patients undergoing AF ablation and in a task
force survey, about 50% of expert members indicated that
they perform TEE in all patients undergoing AF ablation
regardless of individual stroke risk [20]. On the other hand,
one study illustrates that performing AF ablation with ICE
guidance on uninterrupted rivaroxaban for at least 4 weeks
even without TEE is feasible and safe [21]. Diab et al.
reported based on a prospectively maintained data registry
that in DOAC compliant patients who present for ablation in
AF/atrial flutter, the procedures could be performed without
TEE screening or ICE imaging of the appendage, with low
risk of complications [22]. In our study, the thromboembolic
event rate was low and not statistically different between
the 2 groups. Accordingly, it may be feasible to perform
AF ablation using uninterrupted anticoagulation strategy
without peri-procedural imaging of the LAA. However, this
important issue should be clarified by randomized studies.

Fluoroscopy time was not different between the 2 groups,
but procedure duration was longer among the imaging
group, compared to the non-imaging group. However, this
data should not underestimate the potential role of peri-
procedural imaging in reducing fluoroscopy time. Most of
the patients in this registry (about 95%) had cryoballoon
ablation and the positioning of cryoballoon and confirming
venous occlusion rely mainly on fluoroscopy in our common
practice. Efforts have been made to reduce fluoroscopic time
to “as low as reasonably achievable,” as recommended by the
American College of Cardiology with the ALARA statement
[23]. Consequently, fluoroless or near-fluoroless RF catheter
ablation for AF has been enabled using a three-dimensional
(3D) EAM system, TEE, or ICE [24, 25]. Recent studies
have reported a reduction in radiation with TEE, ICE, or
pressure-guided cryoablation [26, 27]. Moreover, one study
showed that ICE—guided fluoroless cryoballoon ablation
for paroxysmal AF was a feasible strategy without compro-
mising acute and long-term success or complication rates
compared to conventional fluoroscopy-guided cryoballoon
ablation [28].

4.1 Limitations

Our study has several limitations. (I) This is a non-rand-
omized study. (II) The type of peri-procedural imaging used
during the procedure depends on the availability of these
modalities and on the preference and the experience of the
operators in every center. Thus, there is a high variability
in utilizing peri-procedural modalities among the different
centers and operators. (IIT) Our results cannot be generalized
to other technologies since the vast majority of patients had
cryoballoon ablation. Of note, similar results were found

when the analysis included only patients who had cryoabla-
tion. (IV) We did not use implantable loop recorder for the
detection of asymptomatic recurrence of AF. Thus, asympto-
matic episodes of AF could be missed. We think that asymp-
tomatic episodes would not significantly affect the results, as
the missing data might be balanced between the two groups.

5 Conclusions

This real-world multicenter prospective registry study dem-
onstrated that the rate of peri-procedural complications and
the recurrence of AF during 1 year follow-up were not dif-
ferent among patients who underwent PVI either with or
without peri-procedural imaging. The use of peri-procedural
imaging was not found to be a predictor of AF recurrence
during 1 year follow-up. Randomized studies are needed
to evaluate the impact of each modality on the efficacy and
safety of each technology used for PVI.
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