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(RFA) for atrial fibrillation (AF) due to the increasing awareness of risk associated with
radiation exposure of patients and professional staff. The present study aimed to
evaluate the feasibility, safety and efficacy of a stepwise transesophageal
echocardiography (TEE)-guided zero-fluoroscopy approach (ZFA) for RFA.

Methods. Consecutive patients (n=111) referred for AF-ablation were prospectively
enrolled with intention to RFA with ZFA. Procedural outcomes were compared with
historical controls (HCs) after 1:1 propensity-score matching. ZFA success was
considered when no Xray were utilized to perform the whole procedure.

Results. ZFA success was achieved in 80 (72%) procedures. BMI>35 kg/m 2

resulted the only independent predictor of ZFA failure (OR=6.10, 95%CI 1.15-46.49,
p=0.04). Total procedural time was lower in ZFA group compared to HCs (47.0 vs 55.0
minutes, p<0.001). In comparison to HCs, a significant reduction in radiation exposure
was observed in ZFA group: fluoroscopy time (3 vs 63 seconds, p<0.001), total emitted
fluoroscopy dose (0.2 vs 6.0 mGy, p<0.001), dose-area product (0.04 vs 1.4 Gy*cm 2
, p<0.001), and effective dose (0.8 vs 27.2 mSv*100, p<0.001). Complete pulmonary
vein isolation was achieved in all procedures. No difference was observed between the
groups in in-hospital complication rate (0.9% vs. 1.8%, p=0.99).

Conclusion. This is the largest study proving procedural feasibility, safety and efficacy
of TEE-guided AF-ablation with a complete or near-complete avoidance of radiological
exposure, without using intracardiac echocardiography.
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STRUCTURED ABSTRACT

Purpose. There is growing interest in performing fluoroless radiofrequency ablation (RFA) for
atrial fibrillation (AF) due to the increasing awareness of risk associated with radiation exposure of
patients and professional staff. The present study aimed to evaluate the feasibility, safety and
efficacy of a stepwise transesophageal echocardiography (TEE)-guided zero-fluoroscopy approach
(ZFA) for RFA.

Methods. Consecutive patients (n=111) referred for AF-ablation were prospectively enrolled with
intention to RFA with ZFA. Procedural outcomes were compared with historical controls (HCs)
after 1:1 propensity-score matching. ZFA success was considered when no Xray were utilized to
perform the whole procedure.

Results. ZFA success was achieved in 80 (72%) procedures. BMI>35 kg/m? resulted the only
independent predictor of ZFA failure (OR=6.10, 95%CI 1.15-46.49, p=0.04). Total procedural time
was lower in ZFA group compared to HCs (47.0 vs 55.0 minutes, p<0.001). In comparison to HCs,
a significant reduction in radiation exposure was observed in ZFA group: fluoroscopy time (3 vs 63
seconds, p<0.001), total emitted fluoroscopy dose (0.2 vs 6.0 mGy, p<0.001), dose-area product
(0.04 vs 1.4 Gy*cm?, p<0.001), and effective dose (0.8 vs 27.2 mSv*100, p<0.001). Complete
pulmonary vein isolation was achieved in all procedures. No difference was observed between the
groups in in-hospital complication rate (0.9% vs. 1.8%, p=0.99).

Conclusion. This is the largest study proving procedural feasibility, safety and efficacy of TEE-
guided AF-ablation with a complete or near-complete avoidance of radiological exposure, without

using intracardiac echocardiography.

Keywords:  Atrial  Fibrillation;  Catheter ~ Ablation;  Fluoroscopy;  Transesophageal

Echocardiography; Radiological Dose; No X-ray.
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INTRODUCTION

Atrial fibrillation (AF) is the most frequent cardiac arrhythmia in adult people and radiofrequency
ablation (RFA) is an established and widely performed treatment for AF[1]. Recently, the
awareness of risk associated with radiation exposure of patients and professional staff has
significantly increased. Several studies have demonstrated the direct relationship between the
radiation dose from medical imaging and the lifelong risk of both deterministic and stochastic side
effects[2].

Large studies already reported excellent outcomes in right-sided ablations in patients presenting
with supraventricular tachycardias[3]. However, concerns regarding transseptal access have limited

the use of fluoroless approaches for left atrium (LA) ablations.
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There is growing evidence that the combined use of 3D EAM and intracardiac echocardiography
(ICE) to guide transseptal puncture (TSP) allows reduction or even elimination of fluoroscopy[4]
with the downside of the need for an additional catheter and venous puncture. Nevertheless, due to
the non-ubiquitous use of ICE, the need for trained cardiologists, and the increase of procedural
cost, TSP remains largely fluoroscopy-dependent in most centers. In this context, fluoroless or near-
fluoroless approach for pulmonary veins isolation (PVI) without ICE is limited to case series and/or
selected patient settings[5].

We report a single center experience evaluating the feasibility, safety and efficacy of a standardized
stepwise transesophageal echocardiography (TEE)-guided approach to achieve zero or near-zero

Xray AF-ablation.

METHODS

Patient sample

We conducted a single-center, experimental, and prospective study. Consecutive unselected patients
who underwent first- or redo- RFA with intention for zero-fluoroscopy approach (ZFA) were
prospectively enrolled between January 2021 and April 2021. All patients had symptomatic
paroxysmal or persistent AF with indication for ablation in accordance with ESC guidelines[6]. The
only exclusion criterion was the presence of Cardiac Implantable Electronic Device (CIED).
Procedural outcomes obtained in the prospective group were compared with those obtained in a
historical control cohort (a group of consecutive patients that met the same inclusion and exclusion
criteria and underwent RFA for AF in the same center without intention for ZFA from May 2020 to
December 2020). In this control arm the same procedural workflow was followed except for a less
restrictive use of fluoroscopy that was used to guide the TSP and to localize the catheter, although
in compliance with the recommendation to keep the radiation as low as reasonably achievable.
Written informed consent was obtained from all patients. The study complied with the Declaration

of Helsinki and was approved by the Institutional Ethics Committee.
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Pre-procedural Preparation

The same pre-procedural preparation was followed for both groups (ZFA and HCs).

All procedures were performed using CARTO3 mapping system (Biosense Webster, Johnson &
Johnson Medical S.p.A., CA, USA). A multi-detector cardiac tomography (MDCT) study was
obtained within 7 days prior to the procedure in all patients without contraindications. MDCT-
derived data were used to calculate the left atrial wall thickness (LAWT) in order to tailor the RF
energy delivery (ablation index) adapted to the local LAWT[7]. All procedures were performed
under general anesthesia and utilizing high-frequency low-tidal volume (HFLTV) ventilation
protocol[8] (Supplemental Table 1). Intraprocedural TEE-guidance was performed by cardiologists
experienced in cardiac imaging. All procedures were performed with single catheter technique[9],
using a 3.5-mm tip ThermoCool SmartTouch (Biosense Webster, Johnson & Johnson Medical
S.p.A., CA, USA) irrigated catheter. During all procedures fluoroscopy was available to ensure

patient safety; in case of necessity, all operators used a frame rate setting of 7.5 frames per second.

Zero-Fluoroscopy Stepwise Approach

Vascular access and TEE-guided transseptal puncture

Single percutaneous access of right femoral vein was obtained using Seldinger technique. A long-
guidewire was inserted via the needle and advanced until the correct positioning in the superior
vena cava, as confirmed by TEE (bicaval view). Difficulties in advancing the guide and navigating
the veins were overcome by pulling back the guidewire and slightly rotating it. The PREFACE®
Guiding Sheath (Johnson & Johnson Medical S.p.A., CA, USA) was introduced over the guidewire
and advanced in the superior vena cava, visualized by TEE (bicaval view).

A HeartSpan® Transseptal Needle (Johnson & Johnson Medical S.p.A., CA, USA) was connected

to the pressure line and then advanced until needle arrow was 2-3 cm from the sheath dilator distal

5
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extremity. The needle and the sheath were pulled back caudally under TEE monitoring (bicaval
view) with the needle arrow pointing at 5 o’clock. When a central position within the fossa ovalis
was reached and tenting was obtained, TEE-guidance moved to the short axis view in order to
check the antero-posteriority; the position of the tenting is therefore optimized by rotating the
needle arrow clockwise or counterclockwise. The needle was then pushed out under TEE
monitoring (short axis view) until fossa ovalis was crossed, with a visible release of the tenting.
Before advancing the dilator and the sheath, the correctness of the puncture was confirmed by the
check of the left atrial pressure trace and the injection of saline solution into LA through the needle,
visible on TEE as “echocardiographic bubbles”. The dilator and the sheath were then advanced
under TEE guidance and thereafter dilator and needle were pulled out. A double track image of the
sheath became visible in this moment on TEE.

Catheter insertion through the sheath was recognized by a hyperechoic image filling the double
track image; at the same time catheter entrance in LA was also checked using CARTO system
because of the change from black to gray of the double basal line of the representation of the
ablation catheter. Then, ablation catheter was positioned within right upper pulmonary vein (PV) by
posterior rotation under the guidance of TEE-imaging and CARTO.

Procedural steps of TEE-guided transseptal puncture are illustrated in Figure 1, Supplemental Video

1, Supplemental Video 2.

Electroanatomical mapping and Isolation of pulmonary veins

CARTOS fast anatomical map (FAM) was created using the ablation catheter, utilizing at the same
time TEE-guidance when necessary. Image integration of the 3D FAM and the preprocedural
MDCT-derived maps with LAWT information was performed using CartoMerge software.

At this point, TEE probe was withdrawn and esophageal temperature probe was positioned under

minimal fluoroscopic guidance.
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Regarding first-ablation procedures, PVI was performed point-by-point, with a maximal interlesion
distance of 6 mm and with ablation index adapted to the LAWT according to standard pre-defined
local protocol (Supplemental Table 1). PVI phase within redo-ablation procedures using a single
catheter was previously described elsewhere[7].

Procedural steps of electroanatomical mapping and PVI are summarized in Figure 2, Supplemental

Video 3.

Procedural Outcomes and Radiological Exposure

Efficacy outcome was defined as PVI with bidirectional block at the end of the procedure. Safety
outcome was defined as absence of reported procedural-related adverse events. We defined as
procedure-related adverse events the following: procedure-related death, ischemic or hemorrhagic
stroke, procedure-related major bleeding, esophageal injury, cardiac tamponade, cardiac effusion, or
vascular complication.

For each procedure, the following parameters about radiological exposure were recorded: total
fluoroscopy time (FT), total emitted fluoroscopy dose (FD) and dose area product (DAP), which
corresponds to the product of the intensity of the radiation beam (air kerma) and the area of the
beam. Effective dose (ED) was also calculated utilizing the accepted formula: mSv = DAP
(Gy*cm2) x 0.20[10].

Consistent with previous studies[10], ZFA success was defined when within a ZFA procedure no
Xray were utilized to perform the whole procedure, with the only exception of a minimal

fluoroscopic guidance to permit the correct positioning of esophageal temperature probe.

Statistical analysis
Continuous variables were presented as mean + standard deviation or median (interquartile range)

as appropriate, while categorical variables as frequency distribution and percentage. Mann-Whitney



test and Fisher’s exact test were used to compare continuous and categorical variables, respectively.
To balance patients’ baseline clinical characteristics, a 1:1 matched analysis was performed
between ZFA group and historical controls (HCs). Within ZFA group, logistic regression models
were performed to identify factors associated with ZFA failure.

A level of p<0.05 was chosen for statistical significance. Data were analyzed with R version 3.6.2

software (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient population and characteristics

Figure 3 illustrates the flow diagram of the study design. Between May 2020 and April 2021, a total
of 351 consecutive AF ablation procedures were performed. 24 patients were CIED-carriers and
excluded from the analysis. Between January 2021 and April 2021, a total of 111 patients were
prospectively enrolled in the study and underwent RFA for AF with ZFA. The historical cohort was
composed of 216 patients, who underwent AF-ablation between May 2020 and December 2020.
Before matching, hypertension was significantly more frequent in HCs (Supplementary Table 2).
After propensity-score matching, the final cohort included two groups (ZFA vs. HCs) of 111
patients each with no differences in baseline characteristics (Table 1).

The age of the patients was 62.5 years (56.0-71.0), 141(63.5%) were male. 156 (70.3%) patients
had paroxysmal AF, 66 (29.7%) persistent, 174 (78.4%) underwent first-ablation, and 48 (21.6%)

redo-procedure.

Procedural and lonizing Radiation data
Peri-procedural and ionizing radiation data are reported in Table 2.
Total procedural time was lower in ZFA group compared to HCs (47.0 minutes [41.0-54.0] vs. 55.0

minutes [48.8-67.0], p<0.001). The time required to perform transseptal puncture was higher in
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ZFA group (183 seconds [124-241] vs. 123 seconds [63-182], p<0.001). No differences between
groups was observed in RF time and number of ablation points.

All the recorded parameters about radiological exposure were significantly reduced in ZFA group
compared to HCs. In detail, ZFA obtained significantly lower total FT (3 seconds [1-12] vs. 63
seconds [43-81], p<0.001), total emitted FD (0.2 mGy [0.05-0.6] vs. 6.0 mGy [3.5-8.2], p<0.001),
DAP (0.04 Gy*cm? [0.01-0.1] vs. 1.4 Gy*cm? [0.8-1.9], p<0.001), and ED (0.8 mSv*100 [0.2-3.0]
vs. 27.2 mSv*100 [16.4-37.7], p<0.001). Procedural time, transseptal time, FT, and DAP
comparison between ZFA group and HCs are shown in Figure 4.

Complete PVI was achieved in all procedures. No statistically significant differences regarding
complications were found between ZFA group and HCs (0.9% vs. 1.8% respectively, p=0.99). In
ZFA group, complication occurred in one patient, reporting inguinal hematoma however not
requiring vascular surgery.

A significant reduction of radiological exposure for ZFA group with respect of HCs was confirmed
in all the analyzed subgroups of the cohort: first-ablation procedure, redo procedure, paroxysmal

AF, and persistent AF subgroups (Supplemental Table 3, Supplemental Figure 1).

Zero-Fluoroscopy Approach group

In the ZFA group, ZFA success was reached in 80 (72%) procedures. Fluoroscopy use was
necessary during 31 (28%) procedures, because of the difficulty in long-guidewire advancing until
the correct positioning in superior vena cava in 6 cases (5%), and to guide challenging TSP due to
aneurismal/hypertrophic atrial septum or small fossa ovalis in 25 cases (23%). No differences in the
monthly rate of ZFA success was found during the study period (p=0.87) (Supplemental Figure 2).
ZFA success procedures compared to those with ZFA failure resulted in a significantly reduced
radiological exposure (Table 3). BMI>35 kg/m? resulted the only independent predictor of ZFA

failure, at the multivariate logistic regression analysis, (OR=6.10, 95%CI 1.15-46.49, p=0.04).
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Univariate and multivariate logistic regression analysis for predictors of ZFA failure are shown in

Table 4.

DISCUSSION

Main Findings

To our knowledge, this is the largest study reporting feasibility, procedural safety, and effectiveness
of a standardized TEE-guided fluoroless approach for RFA of AF without the use of ICE. The main
findings of this study are: (i) TEE-guided ZFA is a feasible approach leading to a significant
reduction in radiological exposure; (ii) ZFA is safe with a low complication rate, not different from
HCs group; (iii) procedural effectiveness is comparable to a fluoroscopy-guided procedure
(historical cohort); (iv) ZFA has a high success rate already in the first few months and BMI> 35
kg/m? is the only independent predictor of ZFA failure; (v) a significant reduction of radiological
exposure with the use of ZFA was observed in all analyzed subgroups: first-ablation procedure,

redo procedure, paroxysmal AF, persistent AF.

Near-abolition of radiological exposure

The cornerstone of this study was minimizing radiation exposure, as recommended by the
American College of Cardiology with “the ALARA statement”: keep the radiation “as low as
reasonably achievable”[11]. Lickfett et al.[2] estimated that a 60 minutes exposure to X-ray within
AF-ablation procedure resulted in a lifetime risk of fatal malignancies in 0.07% of women and 0.1%
of men. NO-PARTY trial[12] was the first multicenter randomized trial comparing the effect of
minimal-fluoroscopy versus conventional ablation of supraventricular tachycardia: it showed that
the first dramatically reduced patients' exposure, the estimated risk of cancer incidence and
mortality, and the estimated years of life affected and lost. Concerning the results of previous
studies about minimal-fluoroscopy approach in left sided ablations, Pani et al.[10] showed a mean

FT of 169.1 + 72.1 seconds required to perform TSP. Cha et al.[4] reported a series of 30 ICE-

10
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guided AF-ablation with a FT of 3.7 + 9.6 minutes. Sommer et al.[13] recently described within a
large cohort of 1000 ICE-guided procedures a FT of 0.9 + 2.7 minutes and a DAP of 3.45 + 9.08
Gy*cm?.

In the present study we reported an experience of the first four months of transition from a pre-
existing minimal-fluoroscopy approach for AF-ablation to a flourless one with the same EP
laboratory setup, illustrating that near-zeroing of radiological exposure can be achieved safely by
experienced operators. Within HCs, FT and DAP (63.0 seconds [43.2-81.0] and 1.4 Gy*cm? [0.8-
1.9], respectively) were at least similar to those communicated in studies concerning minimal-
fluoroscopy AF-ablation. The TEE-guided ZFA lead to a near-abolition of radiological exposure
since the first few procedures, reporting median values of FT 3 seconds and DAP 0.04 Gy*cm?.
These low values were also due to the high ZFA success rate within the ZFA group (72%); Haegeli
et al.[14] described a case series with 53% of complete fluoroless procedures, in which fluoroscopy
was always used for challenging TSP. This difference can be also attributable to the use of the
single catheter technique, which allows to halve the number of TSPs and therefore the incidence of
difficulties in this phase. Moreover, ZFA success could be facilitated by using a HRLV ventilation
protocol that minimizes the thorax movement and increase the catheter stability[8].

Within ZFA cohort, the only independent predictor of ZFA failure resulted in BMI>35 kg/m?. This
finding is in line with a previous observational study[15] concerning severely obese patients
managed with AF-ablation, which showed a significant increase of procedural complications,
primary driven by complicated vascular accesses and pericardial effusions. Consequently,
procedural difficulties result in increased use of fluoroscopy to aid the procedure.

Finally, the sub-analysis of the present study confirmed that the near-abolition of radiological
exposure is achievable and comparable within first-ablation procedure, redo procedure, paroxysmal

AF, and persistent AF subgroups.

Transesophageal Echocardiography guidance

11
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The use of TEE guidance during TSP phase has become essential in numerous EP labs for
successful LA access, by allowing a precise choice of the puncture site, and increasing safety by
minimizing the risk of complications[16]. Concerning AF-ablation, many studies described a
systematic use of the fluoro-echo-guided TSP[4, 14], in which, however, this phase remained
largely fluoro-dependent. At present, TEE-only guidance to achieve fluoroless TSP has been used
only in paediatric population[17], while large studies in adult populations were only performed with
ICE-guided TSP. The present is the first large series reporting a TEE-guided ZFA for AF-ablation
in an adult cohort.

In the series of 1000 ICE-guided procedures, Sommer et al.[13] reported an overall complication
rate of 2.0%. The complication rate of 0.9% described in our cohort is at least comparable with the
results of ICE-guided fluoro-sparing procedures. To correctly interpret these results, it is worthy to
bear in mind that a TEE-guided approach doesn’t imply the need for a further vascular access,

consequently minimizing the probability of vascular complications.

Developing a ZFA

A further strength of the described approach was that no additional equipment was required: to start
with, it just needed facilities readily available in most EP labs performing AF-ablation.

ZFA doesn’t require the use of ICE for the execution of minimal-fluoroscopic procedures; this
allows to overcome several drawbacks such as the non-ubiquitous availability, the need for trained
cardiologists and for a further venous access, and the increased costs per procedure.

Therefore, ZFA is the only described approach that allows to perform fluoroless AF-ablation with
single catheter technique[9].

The simple changes made for the transition to ZFA allowed to reach a high success rate already in
the first month of using the approach, without significant differences during the study period.
Moreover, the absence of excessive changes in the workflow allowed to maintain high procedural

efficiency and continue improving efficiency. In fact, ZFA group resulted in an increase in the time

12
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required for TSP (183.0 vs. 123.0 seconds); however, a progressive reduction of the procedural time
in respect to HCs (47.0 vs. 55.0 minutes) was appreciated, due to the continuation of the efficiency
improvement. A trend towards a continuous reduction in procedure time was observed during the

entire study period (Supplemental Figure 3).

Clinical Implications

This proof-of-concept study is a further step towards a paradigm shift that has already begun. At
present, traditional EP labs are primarily designed around the use of an X-ray system. However,
similarly to what already happened in many supraventricular arrhythmias not requiring access to
LA[12], all trained operators should strive for a fluoroless AF-ablation approach given its safety
and effectiveness. Fluoroscopy use should be limited to situations in which it becomes necessary for
the patient’s safety. From a pharma-economical perspective, it is proven that eventual additional
costs of fluoro-sparing approaches are at least offset by the cost-savings of therapies for Xray-

related diseases[12].

Study limitations.

The first limitation is that this is a single-centre, non-randomized study; we tried to overcome this
limitation by matching baseline patients’ characteristics between ZFA group and HCs, and finally
no consistent differences were observed.

Second limitation is that even though the need for a MDCT might imply additional radiation
exposure, the overall radiation dose administered is still reasonable, it is lower to what has been
reported on recent prospective trials on conventional AF-ablation[18]. Although it not essential for
performing the described ZFA protocol, whenever possible we prefer to obtain preprocedural CT-

derived information because it allows to identify eventual alterations of interatrial septum, atrial

13
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masses, atrial pouches, accessory pulmonary veins or appendage thrombi; finally, it allows to tailor
ablation based on the local LAWT.

Third, all procedures were performed under general anesthesia, mechanical ventilation with HFLTV
and with CARTO3 mapping system, thus the present results of our study should not be directly
applied to other procedural settings.

Finally, no data about mid- and long-term outcomes were available for analysis. Short-term
outcomes were compared with results obtained in a historic control. The goodness of the outcomes

of ZFA should be confirmed and validated in a larger, long-term prospective randomized trial.

CONCLUSION

This proof-of-concept study proves the procedural feasibility of a TEE-guided RFA for AF with a

complete or near-complete avoidance of radiological exposure. ZFA, using equipment readily

available in most EP labs, allows maintaining procedural safety, efficacy and efficiency.

Acknoledgements: none.
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FIGURE AND TABLE LEGEND

Figure 1. ZFA stepwise TEE-guided transseptal puncture. (A) TEE bicaval view showing
guiding sheath localized in the superior vena cava. (B) Simultaneous visualization of TEE bicaval
and SAX view during the pull-back phase of TSP through utilizing XPlane modality. (C) TEE
imaging showing the double track image of the sheath positioned in LA. (D) TEE imaging showing
the hyperechoic image of the ablation catheter filling the double track image. (E) TEE imaging
visualizing the ablation catheter advanced in LA. AoV: aortic valve; FO: fossa ovalis; IVC: inferior
vena cava; LA: left atrium; RA: right atrium; RV: right ventricle; SAX: short axis; SVC: superior
vena cava; TV: Tricuspid Valve; TEE: Transesophageal Echocardiography.

Figure 2. ZFA electroanatomical mapping and PVI. (A) TEE imaging and CARTO 3 navigation
system with MDCT-derived LAWT map showing ablation catheter within RUPV. (B) FAM
reconstruction and electrograms-guided mitral annulus tagging. (C) TEE XPlane simultaneous
visualization of 2ch and 3ch view during FAM reconstruction of the mitral annulus. (D) Complete
FAM. (E) Visitag system use during PVI. (F) Complete PVI. 4ch: 4 chambers; 2ch: 2 chambers;
FAM: Fast Anatomical Map; LA: Left Atrium; LAWT: Left Atrial Wall Thickness; LV: Left
Ventricle; MV: Mitral Valve; PVI: Pulmonary Veins Isolation; RUPV: right upper pulmonary vein;
TEE: Transesophageal Echocardiography.

Figure 3. Flow Diagram of the Study Design. AF: Atrial Fibrillation; CIED: Cardiac Implantable
Electronic Device; RFA: Radiofrequency Ablation; ZFA: Zero-Fluoroscopy Approach.

Figure 4. Procedural time, Transseptal time, Fluoroscopic time, and DAP comparison
between ZFA group and HCs. DAP: Dose Area Product; ZFA: Zero-Fluoroscopy Approach.
Table 1. Patients’ Baseline Characteristics after Propensity Score-Matching.

Table 2. Peri-procedural data and lonizing Radiation data.

Table 3. Patients’Baseline Characteristics, Procedural data and lonizing Radiation data of ZFA
group according to ZFA success.

Table 4. Predictors of ZFA failure at univariate and multivariate logistic regression analysis.
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Table 1. Patients’ Baseline Characteristics after Propensity Score-Matching.

Historical controls ZFA group Total patients
(N=111) (N=111) (N=222) p value
Age (years) 64.0 (56.0-71.5) 62.0 (56.0-71.0) 62.5 (56.0-71.0) 0.84
Male 71 (64.0) 70 (63.1) 141 (63.5) 0.99
Height (cm) 170.0 (163.0-178.0)  172.0(163.0-177.0)  170.0 (163.0-178.0) 0.81
Weight (kg) 78.0 (68.0-88.0) 76.0 (70.0-86.2) 77.0 (68.5-87.5) 0.59
BMI (kg/m?) 26.5 (23.3-29.6) 25.9 (24.2-29.1) 26.2 (23.9-29.4) 0.58
Hypertension 44 (39.6) 35 (31.5) 79 (35.6) 0.26
Dyslipidemia 19 (17.1) 17 (15.3) 36 (16.2) 0.86
Smoke History 6 (5.4) 9(8.1) 15 (6.8) 0.59
Type 2 diabetes 8(7.2) 8(7.2) 16 (7.2) 0.99
CAD History 7 (6.3) 5 (4.5) 12 (5.4) 0.77
Previous AF ablation 24 (21.6) 24 (21.6) 48 (21.6) 0.99
LVEF (%) 58.0 (56.0-61.0) 58.0 (57.0-61.0) 58.0 (56.2-61.0) 0.91
LA diameter (mm) 40.0 (35.0-43.0) 39.0 (34.0-43.0) 40.0 (35.0-43.0) 0.49
Paroxysmal AF 75 (67.6) 81 (73.0) 156 (70.3) 0.46
CHA:2DS2-VASc score 1.8+1.5 1.8+1.6 1.8+1.5 0.99
HAS-BLED score 0.8+0.9 0.8£1.0 0.8t£1.0 0.95
Four Independent Ostia 86 (77.5) 79 (71.2) 165 (74.3) 0.36
Common left ostium 23 (20.7) 31 (27.9) 54 (24.3) 0.27
Common right ostium 2 (1.8) 1(0.9) 3(1.4) 0.99

Results are reported as n (%) for categorical variables and median (interquartile range) or

meanztstandard deviation for continuous variables.

AF = Atrial Fibrillation; BMI = Body Mass Index; CAD = Coronary Artery Disease; LA = Left
Atrium; LVEF = Left Ventricle Ejection Fraction; PVs = Pulmonary Veins; ZFA = Zero

Fluoroscopy Approach.
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478  Table 2. Peri-procedural data and lonizing Radiation data

479

4}30 Table 2a. Peri-procedural data

g Historical controls ZFA group Total patients

7 (N=111) (N=111) (N=222) p value

g First ablation procedure 87 (78.4) 87 (78.4) 174 (78.4) 0.99
10 Redo procedure 24 (21.6) 24 (21.6) 48 (21.6) 0.99
11 ventilation rate (breaths/min) 47.0 (44.2-50.0) 47.0 (45.0-52.0) 47.0 (45.0-51.0) 0.13
13 Tidal volume (ml) 253.0 (251.0-285.5)  253.0 (251.0-258.0)  253.0 (251.0-281.0) 0.12
ig Procedural time (min) 55.0 (48.8-67.0) 47.0 (41.0-54.0) 50.0 (44.0-58.5) <0.001
16 Transseptal time (s) 123.0 (63.0-182.0)  183.0 (124.0-241.0) 181.0(122.0-184.0) <0.001
i; FAM and merge time (min) 12.0 (11.0-15.0) 12.0 (11.0-13.8) 12.0 (11.0-14.0) 0.38
19 RF time (min) 14.3 (12.0-16.4) 13.2 (10.8-15.7) 13.9 (11.4-16.2) 0.17
gg Total Visitags 57.0 (44.0-63.2) 54.0 (48.0-64.0) 56.0 (46.0-64.0) 0.87
22 Complete PVs isolation 111 (100.0) 111 (100.0) 222 (100.0) 0.99
gi Acute procedural complication 2(1.8) 1(0.9) 3(1.4) 0.99
81
282
27
#Z83  Table 2b. lonizing Radiation data
§8 Historical controls ZFA group Total patients
31 (N=111) (N=111) (N=222) p value
>2 Fluoroscopy time () 63.0 (43.2-81.0) 3.0 (1.0-12.0) 26.0 (3.0-62.8)  <0.001
gg Fluoroscopy Dose (mGy) 6.0 (3.5-8.2) 0.2 (0.05-0.6) 1.6 (0.2-6.1) <0.001
36 Dose Area Product (Gy*cm?2) 1.4 (0.8-1.9) 0.04 (0.01-0.1) 0.4 (0.04-1.4) <0.001
27 Effective dose (mSv*100) 27.2 (16.4-37.7) 0.8 (0.2-3.0) 9.0 (0.8-27.8) <0.001

4
485

486 meantstandard deviation for continuous variables.

y 8  Fluoroscopy Approach.
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Results are reported as n (%) for categorical variables and median (interquartile range) or

7 FAM = Fast Anatomical Mapping; RF = Radiofrequency ; PVs = Pulmonary Veins; ZFA = Zero
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Table 3. Patients’ Baseline Characteristics, Procedural data and lonizing Radiation data of ZFA
group according to ZFA success.

Table 3a.Peri-procedural data

ZFA failure (N=31) ZFA success (N=80) (N=111)

Total ZFA patients

p value

18 First ablation procedure 22 (71.0) 65 (81.2) 87 (78.4)

11 Procedural time (min) 47.0 (41.0-54.5) 47.0 (41.0-54.0) 47.0 (41.0-54.0)
ig Transseptal time (sec) 241.0 (183.5-244.0) 181.5(123.0-184.0)  183.0(124.0-241.0)
14 FAM and merge time (min) 12.0 (10.0-13.0) 12.0 (11.0-14.0) 12.0 (11.0-13.8)
ig RF time (min) 12.3 (10.5-14.8) 13.4 (11.4-15.8) 13.2 (10.8-15.7)
17 Total Visitags 51.0 (45.5-56.2) 54.0 (50.0-66.0) 54.0 (48.0-64.0)
ig Complete PVs isolation 31 (100.0) 80 (100.0) 111 (100.0)
20 Acute procedural complication 0 (0.0) 1(1.2) 1(0.9)

2495
%@6 Table 3b. lonizing Radiation data
24

25
26

ZFA failure (N=31)  ZFA success (N=80) (N=111)

Total ZFA patients

0.30
0.92
<0.001
0.36
0.27
0.06
0.99
0.99

p value

g; Fluoroscopy time (s) 17.0 (13.5-28.5) 2.0 (1.0-4.0) 3.0 (1.0-12.0)
29 Fluoroscopy dose (mGy) 1.3(0.7-1.5) 0.1 (0.05-0.2) 0.2 (0.05-0.6)

gg Dose Area Product (Gy*cm2) 0.35(0.17-0.45) 0.02 (0.01-0.06) 0.04 (0.01-0.14)

32 Effective dose (mSv*100) 7.0 (3.3-9.0) 0.4 (0.2-1.2) 0.8 (0.2-2.9)
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Results are reported as n (%) for categorical variables and median (interquartile range)
meanzstandard deviation for continuous variables.
FAM = Fast Anatomical Mapping; PVs = Pulmonary Veins; ZFA = Zero Fluoroscopy Approach.
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503 Table 4. Predictors of ZFA failure at univariate and multivariate logistic regression analysis.

504
g Univariate analysis Multivariate analysis
g Odds ratio (95% CI) p value Odds ratio (95% CI)  p value
6  Age (years) 0.71 (0.23-1.95) 0.53
7 Male 0.62 (0.26-1.45) 0.27
g BMI >35 kg/m? 5.52 (1.10-41.07) 0.05 6.10 (1.15-46.49) 0.04
10  Hypertension 1.05 (0.42-2.51) 0.92
11 Dyslipidemia 2.74 (0.93-8.01) 0.06 2.12 (0.56-8.06) 0.26
12 Smoke History 2.22 (0.52-9.00) 0.26
5: Type 2 diabetes 4.94 (1.13-25.4) 0.04 2.88 (0.54-16.68) 0.21
15  CAD History 4.18 (0.66-32.99) 0.13
16  Previous AF ablation 1.77 (0.66-4.58) 0.24
17  LVEF (%) 1.35(0.18-7.41) 0.74
18 LA diameter (mm) 0.71 (0.29-1.65) 0.43
%% Paroxysmal AF 0.72 (0.26-1.84) 0.51
5

46  AF = Atrial Fibrillation; BMI = Body Mass Index; CAD = Coronary Artery Disease; LA = Left
BD7  Atrium; LVEF = Left Ventricle Ejection Fraction; PVs = Pulmonary Veins, ZFA = Zero
#h8  Fluoroscopy Approach
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SUPPLEMENTAL FIGURE AND TABLE LEGEND

Supplemental Figure 1. Procedural time, Transseptal time, and Fluoroscopy time
comparisons between ZFA group and HCs within subgroups of the study cohort.
Supplemental Figure 2. Fluoroscopy time in the total series of ZFA procedures.

Supplemental Figure 3. Representation of the trend of the monthly mean and median
procedural time during the study period.

Supplemental Table 1. Protocol for personalized ablation parameters adapted to left atrial wall
thickness and for high frequency low-tidal volume ventilation.

Supplemental Table 2. Patients’ Baseline Characteristics before Propensity Score-Matching.
Supplemental Table 3. Subgroup analysis of peri-procedural and ionizing radiation data.
Supplemental Video 1. TEE-guidance of pull-back maneuver.

Supplemental Video 2. TEE- guidance of ablation catheter insertion in left atrium through the
sheath.

Supplemental Video 3. Image integration of the 3D FAM and the preprocedural MDCT-derived

maps with LAWT information using CartoMerge software.
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527  Supplemental Figure 1. Procedural time, Transeptal time, and Fluoroscopy time comparisons

1
?328 between ZFA group and HCs within subgroups of the study cohort. ZFA: Zero-Fluoroscopy

S§9 Approach.
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537  Supplemental Figure 3. Representation of the trend of the monthly mean and median

1
5??:%8 procedural time during the study period. PT: Procedural Time; ZFA: Zero-Fluoroscopy

5:—}%9 Approach.
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Supplemental Table 1. Protocol for ablation parameters adapted to left atrial wall thickness and for
high frequency low-tidal volume ventilation.

Supplemental Table 1a. Protocol for ablation parameters adapted to left atrial wall thickness.

LAWT %ggoer Ablation Index Ab(':‘etég?]dgme R'(:V\'f;tisr?y
Anterior Posterior Anterior Posterior Anterior Posterior
<1lmm Red 300 300 12 12 40 35
1-2mm  Yellow 350 350 18 18 40 35
2-3 mm Green 400 400 18 24 50 35
3-4 mm Blue 450 450 24 30 50 35
>4 mm Purple 500 500 30 36 50 35

Supplemental Table 1b. Protocol for standard high frequency low-tidal volume ventilation.

FiO2 (%) 60%

Ventilation Rate

(breath/min) 45-50
Inspiration / 1.9

Expiration ratio

Tidal Volume (ml/kg) 35-4

FiO2: Fraction of inspired oxygen; LAWT: Left Atrial Wall Thickness, RF: Radiofrequency.
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558  Supplemental Table 2. Patients’ Baseline Characteristics before Propensity Score-Matching.

1

2 Historical controls ZFA group Total patients

3 (N=216) (N=111) (N=327) p value

cAge (years) 63.0 (54.2 - 70.8) 62.0 (56.0 - 71.0) 63.0 (55.0 - 71.0) 0.97

SMale 137 (63.4) 70 (63.1) 207 (63.3) 0.99

gHeight (cm) 170.0 (163.2-178.0)  172.0(163.0-177.0)  170.0 (163.0-178.0)  0.92
Meight (kg) 80.0 (69.5 - 89.0) 76.0 (70.0 - 86.2) 78.0 (70.0 - 88.5) 0.22
11BMI (kg/m?) 26.5 (24.2 - 30.1) 25.9 (24.2 - 29.1) 26.3 (24.2 - 29.8) 0.27
gHypertension 94 (43.5) 35 (31.5) 129 (39.4) 0.04
14Dyslipidemia 38 (17.6) 17 (15.3) 55 (16.8) 0.64
135moke History 8 (3.7) 9 (8.1) 17 (5.2) 0.11
17Type 2 diabetes 16 (7.4) 8(7.2) 24 (7.3) 0.99
15CAD History 13 (6.0) 5 (4.5) 18 (5.5) 0.80
20Previous AF ablation 47 (21.8) 24 (21.6) 71 (21.7) 0.99
2L VEF (%) 58.0 (56.0 - 62.0) 58.0 (57.0 - 61.0) 58.0 (56.0-62.0)  0.12
23| A diameter (mm) 40.0 (35.0, 45.0) 39.0 (34.0, 43.0) 40.0 (35.0 - 44.0) 0.26
2eparoxysmal AF 138 (63.9) 81 (73.0) 219 (67.0) 0.11
26CHA2DS-VASG score 17+15 1.8+16 17+15 0.91
2gHAS-BLED score 0.8+1.0 0.8+1.0 0.8+1.0 0.86
ggFour Independent Ostia 165 (76.4) 79 (71.2) 244 (74.6) 0.35
31Common left ostium 44 (20.4) 31 (27.9) 75 (22.9) 0.13
S2Common right ostium 7(3.2) 1(0.9) 8 (2.4) 0.27

$h9

Results are reported as n (%) for categorical variables and median (interquartile range) or mean +

F60
@1 standard deviation for continuous variables.
2  AF = Atrial Fibrillation; BMI = Body Mass Index; CAD = Coronary Artery Disease; LA = Left

&$H3  Atrium; LVEF = Left Ventricle Ejection Fraction; PVs = Pulmonary Veins; ZFA = Zero

A64  Fluoroscopy Approach

465
42
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47
48
49
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51
52
53
54
55
56
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58
59
60
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62
63
64
65
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568  Supplemental Table 3. Subgroup analysis of peri-procedural data and ionizing radiation data.

559

570  Supplemental Table 3a. Peri-procedural data and ionizing radiation data in first-ablation
1 procedures subgroup.

(73 Historical controls ZFA group First-ablation

8 (N=87) (N=87) proc_edures

9 (N=174) p value
Jl\?entilation rate (breaths/min) 47.0 (46.0 - 52.0) 47.0 (45.0 - 52.0) 47.0 (46.0 - 52.0) 0.18
IPidal volume (ml) 252.0 (251.0-282.8) 253.0 (251.0-266.5) 252.0(251.0-281.0) 0.67
ﬁrocedural time (min) 55.5 (50.0 - 66.2) 47.0 (42.0 - 54.0) 51.0 (45.0 - 58.5) <0.01
fgranseptal time (s) 123.0 (63.0 - 182.0) 182.0 (124.0-184.0) 181.0(122.0-184.0) <0.01
1AM and merge time (min) 12.0 (11.0-15.0) 12.0 (11.0-13.0) 12.0 (11.0-14.0) 0.20
iFgF time (min) 14.9 (13.6 - 16.8) 14.1 (12.3 - 16.6) 14.7 (12.9 - 16.7) 0.07
obotal Visitags 59.0 (52.5-67.0) 54.0 (50.0 - 66.0) 57.0 (50.0 - 66.0) 0.15
g(%omplete PVs isolation 87 (100.0) 87 (100.0) 174 (100.0) 0.99
Jdairst pass isolation 68 (78.2) 66 (75.9) 134 (77.0) 0.86
%cute procedural complication 2 (2.3) 1(1.1) 3(1.7) 0.99
Feluoroscopy time (s) 60.0 (40.0 - 77.5) 3.0(1.0-10.5) 26.0 (3.0 - 60.0) <0.01
g'—éluoroscopy Dose (mGy) 52(35-7.1) 0.2 (0.04 - 0.5) 1.5(0.2-5.8) <0.01
Dose Area Product (Gy*cm?2) 1.2 (0.8 - 1.6) 0.04 (0.01-0.1) 0.4 (0.04-1.3) <0.01
%ﬁective dose (MSv*100) 23.8 (15.6 - 31.6) 0.8 (0.2-2.8) 8.2 (0.8-25.1) <0.01
32

13

§4 Supplemental Table 3b. Peri-procedural data and ionizing radiation data in redo-ablation

5  procedures subgroup.
gg Historical controls ZFA group Redo procedures
40 (N=24) (N=24) (N=48) p value
j\%entilation rate (breaths/min) 47.5 (45.2 - 52.0) 47.0 (46.0 - 49.5) 47.0 (46.0 - 52.0) 0.86
4Bidal volume (ml) 253.0 (251.0-302.2) 253.5(251.0-254.0) 253.0(251.0-275.0)0 0.95
ﬁrocedural time (min) 51.0 (43.8 - 67.2) 44.0 (35.8-54.2) 48.0 (37.8 - 56.0) 0.08
4branseptal time (s) 123.0 (106.5-182.0) 184.0(181.0-242.2) 182.0(122.8-241.0) <0.01
M and merge time (min) 12.0 (10.8 - 14.0) 12.0 (12.0 - 14.0) 12.0 (11.0- 14.0) 0.54

ARF time (min) 59 (3.7-7.3) 7.2(5.1-8.9) 5.9 (4.3-8.3) 0.24
g'gotal Visitags 19.0 (12.0 - 30.0) 26.5 (19.5 - 33.2) 21.5(14.2 - 30.8) 0.27
%omplete PVs isolation 24 (100.0) 24 (100.0) 48 (100.0) 0.99
gAcute procedural complication 0(0.0) 0 (0.0) 0 (0.0 0.99
g’gluoroscopy time (s) 69.5 (53.8 - 104.0) 35(1.0-12.2) 28.0 (3.8 - 69.2) <0.01
g7luoroscopy Dose (MGy) 75(5.6-124) 0.2 (0.03-0.7) 2.1(0.2-7.5) <0.01
%ose Area Product (Gy*cm2) 1.8(1.3-3.6) 0.1(0.01-0.2) 0.7(0.1-1.8) <0.01
doffective dose (mSv*100) 36.6 (26.9 - 71.9) 1.0(0.2 - 4.4) 13.5 (1.1 - 36.5) <0.01
02

: o
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576

9  patients subgroup.

Fligst ablation procedure
Rado procedure
\@mlation rate (breaths/min)
Tidal volume (ml)
F;lﬁé)cedural time (min)
Transeptal time (s)
M and merge time (min)
RP time (min)
1 .
'I%Qtal Visitags
Cg(j{mplete PVs isolation
Agute procedural complication
Iz'zlgoroscopy time (s)
Hgoroscopy Dose (mMGy)
@ﬁse Area Product (Gy*cm?2)
Bffective dose (mSv*100)
330
33
81
35
782
37
38

39
40

%irst ablation procedure

ﬁedo procedure

Agentilation rate (breaths/min)

Zfidal volume (ml)

4grocedural time (min)

g'granseptal time (s)

HAM and merge time (min)

%F time (min)

SPotal Visitags

géomplete PVs isolation

Hcute procedural complication
uoroscopy time (s)

g?luoroscopy Dose (MGy)

62
63
64
65

Historical controls

(N=75)

60 (80.0)

15 (20.0)
48.0 (46.0 - 52.0)

252.5 (251.0 - 283.0)

55.0 (47.0 - 66.2)

123.0 (63.0 - 182.0)

12.0 (11.0 - 15.0)

13.9 (11.7 - 16.4)

56.0 (4.0 - 62.0)

75 (100.0)
2(2.7)

60.5 (39.8 - 79.2)
5.8 (3.4-7.1)
1.2 (0.7 - 1.6)

24.5 (14.9 - 32.4)

Historical controls

(N=36)

27 (75.0)
9 (25.0)

47.0 (46.0 - 52.0)
252.0 (251.0 - 293.5)
54.5 (49.8 - 69.2)
123.0 (63.0 - 182.2)
12.0 (11.0 - 14.0)
15.1 (12.7 - 16.2)
59.0 (49.5 - 64.0)

36 (100.0)
0(0.0)

65.0 (51.8 - 100.2)
6.3 (4.1-20.1)

ZFA group
(N=81)
64 (79.0)
17 (21.0)
48.0 (46.0 - 52.0)

253.0 (251.0 - 274.0)

44.0 (40.0 - 51.0)

182.0 (124.0 - 241.0)

12.0 (11.0 - 14.0)
12.8 (10.6 - 14.8)
52.0 (46.5 - 60.5)
81 (100.0)
0(0.0)
3.0 (1.0 - 12.0)
0.1 (0.03 - 0.5)
0.03 (0.01 - 0.2)
0.6 (0.2-3.2)

ZFA group
(N=30)

23 (76.7)
7 (23.3)
45.0 (44.0 - 47.0)

252.0 (251.0 - 254.0)

50.5 (47.0 - 57.0)

183.0 (138.2 - 241.0)

12.0 (11.0 - 13.0)
15.2 (12.8 - 17.4)
57.0 (52.2 - 69.5)
30 (100.0)
1(3.3)
4.0 (2.0 - 8.8)
0.2(0.1-0.8)

Supplemental Table 3c. Peri-procedural data and ionizing radiation data in paroxysmal AF

Paroxysmal AF patients

(N=156)

124 (79.5)

32 (20.5)
48.0 (46.0 - 52.0)

253.0 (251.0 - 282.0)

49.0 (42.0 - 58.0)

181.0 (122.0 - 184.0)

12.0 (11.0 - 14.0)
13.3 (11.0 - 15.8)
54.0 (45.0 - 62.0)
156 (100.0)
2 (1.3)
22.0 (3.0 - 60.0)
1.4 (0.1-5.8)
0.4 (0.02-1.2)
7.6 (0.4 - 24.0)

Supplemental Table 3d. Peri-procedural data and ionizing radiation data in persistent AF group.

Persistent AF
patients

(N=66)
50 (75.8)
16 (24.2)
46.5 (44.0 - 50.0)

252.0 (251.0 - 260.0)

54.0 (48.0 - 61.8)

181.0 (122.0 - 184.0)

12.0 (11.0 - 14.0)
15.1 (12.7 - 16.8)
58.0 (51.0 - 67.0)
66 (100.0)
1(1.5)
36.0 (5.0 - 65.8)
3.3(0.3-7.9)

35

p value
0.99
0.99
0.65
0.94
<0.01
<0.01
0.41
0.06
0.78
0.99
0.23
<0.01
<0.01
<0.01
<0.01

p value

0.99
0.99
0.08
0.56
0.04

<0.01

0.65
0.50
0.35
0.99
0.46

<0.01
<0.01



Dose Area Product (Gy*cm2) 1.5(0.8-4.7) 0.06 (0.02-0.1) 0.7(0.1-1.8) <0.01
I';Zlffective dose (mMSv*100) 29.6 (16.6 - 93.1) 1.2 (0.5-2.6) 14.9 (1.2 - 36.4) <0.01

533
584  Results are reported as n (%) for categorical variables and median (interquartile range) or mean +
5 standard deviation for continuous variables.
6 FAM = Fast Anatomical Mapping; RF = Radiofrequency ; PVs = Pulmonary Veins; ZFA = Zero
587  Fluoroscopy Approach.
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Supplemental Video 1. TEE- guidance of ablation catheter insertion in left atrium through the

sheath.
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Supplemental Video 2. TEE-guidance of pull-back maneuver.
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Supplemental Video 3. Image integration of the 3D FAM and the preprocedural MDCT-derived

maps with LAWT information using CartoMerge software.
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