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Introduction: Catheter ablation for atrial fibrillation (AF) is the most frequently
performed cardiac ablation procedure worldwide. The majority of ablations can
now be performed safely with minimal radiation exposure or even without the
use of fluoroscopy, thanks to advances in 3-dimensional electroanatomical
mapping systems and/or intracardiac echocardiography. The aim of this study
was to conduct a meta-analysis to compare the effectiveness of zero
fluoroscopy (ZF) versus non-zero fluoroscopy (NZF) strategies for AF ablation
procedures.

Methods: Electronic databases were searched and systematically reviewed for
studies comparing procedural parameters and outcomes of ZF vs. NZF
approaches in patients undergoing catheter ablation for AF. We used a random-
effects model to derive the mean difference (MD) and risk ratios (RR) with a 95%
confidence interval (ClI).

Results: Our meta-analysis included seven studies comprising 1,593 patients. The
ZF approach was found to be feasible in 95.1% of patients. Compared to the NZF
approach, the ZF approach significantly reduced procedure time [mean difference
(MD): =9.11min (95% Cl: —12.93 to -5.30 min; p<0.01)], fluoroscopy time
[MD: =5.21 min (95% Cl: =551 to —4.91 min; p<0.01)], and fluoroscopy dose
[MD: =3.96 mGy (95% CI: —4.27 to -3.64; p<0.01)]. However, there was no
significant difference between the two groups in terms of total ablation time
[MD: -104.26 s (95% Cl: —183.37 to —25.14; p = 0.12)]. Furthermore, there was
no significant difference in the acute [risk ratio (RR): 1.01, 95% CI: 1.00-1.02;
p =0.72] and long-term success rates (RR: 0.96, 95% Cl. 0.90-1.03; p = 0.56)
between the ZF and NZF methods. The complication rate was 2.76% in the
entire study population and did not differ between the groups (RR: 0.94, 95%
Cl: 0.41-2.15; p = 0.89).

Conclusion: The ZF approach is a feasible method for AF ablation procedures. It
significantly reduces procedure time and radiation exposure without
compromising the acute and long-term success rates or complication rates.

KEYWORDS

zero fluoroscopy, meta-analysis, atrial fibrillation, catheter ablation, pulmonary vein
isolation

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2023.1178783&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fcvm.2023.1178783
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1178783/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1178783/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1178783/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1178783/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2023.1178783
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Debreceni et al.

Introduction

Atrial fibrillation (AF) is the most prevalent sustained cardiac
arrhythmia, which is linked to an elevated risk of stroke, heart
failure, mortality, and reduced quality of life (1). The electrical
isolation of the pulmonary veins is the cornerstone of AF
ablation procedures for patients with symptomatic paroxysmal or
persistent AF that is refractory to antiarrhythmic drug (AAD)
therapy (2). Catheter ablation for AF is by far the most
commonly performed cardiac ablation procedure worldwide (2-4).

Radiation exposure during electrophysiology (EP) procedures
can vary significantly in clinical practice. During AF ablation
procedures, the average fluoroscopy exposure is 15 mSv, which is
higher compared to other ablations and carries an excess risk of
fatal and non-fatal cancer of 1 in 750 men at the age of 50 years
(5, 6). Moreover, based on the stochastic effects of the radiation,
there is no safe lower threshold. Thus, completely fluoroless
procedures can entirely eliminate radiation hazards for both
patients and personnel, although radiation risk can be reduced
with minimal fluoroscopic approach also.

Due to the technological progress made in the last decade, with
the use of 3-dimensional electroanatomical mapping systems
(EAMS) (ICE), the
majority of the ablations can be performed safely with minimal

and/or intracardiac echocardiography
radiation exposure or even without the use of fluoroscopy (7-10).

Low or zero (L/Z) fluoroscopy catheter ablation are available
also for pulmonary vein isolation (PVI) procedures. A previous
meta-analysis published in 2020 included 2,228 patients who
underwent AF ablation, L/Z fluoroscopy-guided approaches
were compared to conventional, fluoroscopy-guided procedures.
The L/Z fluoroscopy approach was associated with shorter
procedural time and reduced fluoroscopy exposure, without
compromising safety or efficacy compared to traditional AF
ablation techniques (11).

Nonetheless, there is limited available scientific data regarding
completely fluoroless AF ablation procedures. Thus, we conducted
a systematic review and a meta-analysis to analyse the feasibility,
safety and efficacy of zero-fluoroscopy approach for AF ablation
procedures.

Methods
Search strategy and data acquisition

Electronic databases [PubMed, Excerpta Medica Database
(EMBASE), Cochrane Central Register of Controlled Trials
(CENTRAL)] were systematically searched for relevant articles
published between January of 2000 and December of 2022, using
the search string “zero-fluoroscopy or fluoroless or non-
fluoroscopic” and “ablation” and “atrial fibrillation”. Additionally,
manual searches of reference lists of relevant studies were
conducted to identify any additional articles that were not found
in the database search. Reviews and duplicate articles were
excluded. The analyses were performed in accordance with the
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Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) guidelines.

In this meta-analysis, we included studies that fulfilled the
following criteria:

(1) Randomized or non-randomized prospective and
with
paroxysmal or persistent AF who underwent catheter ablation for

retrospective  studies  enrolling consecutive  patients
AF; (2) studies having at least 1 zero-fluoroscopic (ZF) and 1 non-
zero-fluoroscopic arm (NZF); (3) studies written in English. Case
reports, letters, conference abstracts and presentations as well as
full text papers not in the English language were excluded. ZF was
defined as no radiation used during the procedure. “Low
fluoroscopic” and “minimal fluoroscopic” procedures were not
considered as ZF approach. All approaches other than ZF were
considered NZF. Selection and data abstraction were done
(DD and PK) and any
disagreements were resolved by consensus.

We extracted the following data from the included studies: the first

author’s name, publication year, study design, number of patients in

independently by two reviewers

each group, baseline characteristics of the study population, as well
as procedural and clinical outcome data for our meta-analysis.

Endpoints of interest

The primary endpoints of the study were the skin-to-skin
procedure time and any procedure related complications,

including vascular complications hematoma,

fistula),
tamponade, stroke/cardioembolic events, phrenic nerve palsy and

(groin

pseudoaneurysm, arteriovenous cardiac  effusion/
death. The secondary outcomes were fluoroscopy exposure, total

ablation time, and acute and long-term success rates.

Statistical analysis

We performed the analyses in R statistical software package
version 4.2.2 (R Development Core Team, 2010) with the help of
the “dmetar” package (12). A random-effects model was used to
derive risk ratios (RR) with 95% confidence interval (CI) on
dichotomous outcomes and mean difference (MD) on continuous
data. The significance of the pooled estimates was determined by
the Z-test, and p <0.05 was considered as statistically significant.
Heterogeneity was tested with a chi-square heterogeneity statistic
for which a p value <0.2 was considered potentially heterogeneous.
Consistency was assessed by the I* statistic, which describes the
percentage of total variation across studies that is due to
heterogeneity rather than due to chance. Values of I* < 25% were
considered as low and values of I* >75% were considered as high.
To assess the stability of acquired effect estimates, a leave-one-out
sensitivity analysis was performed. Quality assessment was
performed with Cochrane’s tool for assessing bias, wherein studies
are scored as high, low, or unclear risk of bias in five domains:
selection, performance, detection, attrition, and reporting. Funnel
plot was drawn to assess publication bias, and asymmetry was
assessed by visual estimation and by Egger’s linear regression test.
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Results
Study characteristics

Seven studies involving 1,593 patients (726 patients in the ZF
and 867 patients in the NZF group) included in our analysis.
Among the included studies, 1 was a randomized controlled trial
(RCT) (13) and 6 were observational, non-randomized (14-19).
The results of the literature search are presented in Figure 1 and
the main characteristics of the trials and study populations are
summarized in Table 1. Except for 1 trial that enrolled patients
with patent foramen ovale (PFO) (18), ICE was also applied to
achieve the ZF strategy in addition to EAMSs. In 1 trial, AF
ablation procedures were performed using CARTO, Ensite

10.3389/fcvm.2023.1178783

CARTO 3 system was exclusively used. The ZF approach was
feasible in 95.1% of the patients, and in remaining cases,
fluoroscopy was used. The mean length of the follow-up period
varied between 3 and 15.2 months.

Procedural and outcome data

The ZF approach was associated with a significant decrease in
procedural procedure time compared to the NZF approach [MD:
—9.11 min (95% CI: —12.93 to —5.30 min; p <0.01; Figure 2)].
Additionally, the ZF group had reduced fluoroscopy time [MD:
—10.02 min (95% CI, —18.67 to —1.37 min; p=0.02)] and
fluoroscopy dose [MD: —3.96 mGy (—4.27 to —3.64 mGy;

Precision and Rhythmia EAMSs (15), while in the other studies, 5 <0.01)]; however, the total ablation time was similar
Embase, PubMed, Cochrane
(n=572)
Duplicates, non-
English paper excluded
{n=352)
Articles screened for
title/abstract
(n=220)
Records excluded for not
meeting inclusion criteria
(n=180)
Full-text articles assessed for
eligibility
(n=40)
Full-text articles
excluded
(n=33)

Studies included for meta-

analysis
(n=7)

FIGURE 1
Flowchart of study selection
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Experimental Control Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Bulava 2015 40 9250 22.9000 40 99.90 15.9000 —-'— -7.40 [-16.04; 1.24 19.5% 19.5%
Gul 2021 116 136.90 33.4000 131 144.30 44.9000 i - -7.40 [-17.20; 2.40 15.1% 15.1%
Lurie 2021 147 176.00 46.0000 176 194.00 56.0000 —=+—+ -18.00 [-29.12; -6.88 11.7% 11.7%
Lyan 2018 245 108.80 18.2000 36 113.60 26.8000 =1 -4.80 [-13.85; 4.25 17.8% 17.8%
Scaglione 2020 58 88.50 26.7000 192 99.10 30.0000 —— -10.60 [-18.68; -2.52 223%  22.3%
Zei 2020 100 192.00 37.0000 60 201.00 29.0000 —:—— -9.00 [-19.32; 1.32 13.6% 13.6%
|
Common effect model 706 635 <> 9.11 [12.93; -5.30 100.0% -
Random effects model <= 9.11 [-12.93; -5.30 —  100.0%
Prediction interval — -14.51; -3.71
Heterogeneity: IZ = 0%, ‘[2 =0,p=059
Test for overall effect (common effect): z =-4.69 (p < 0.01) 20 10 0 10 20
Test for overall effect (random effects): z = -4.69 (p < 0.01)
FIGURE 2
Forest plots of procedure time.
Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Bulava 2015 3 40 3 40 —_— 1.00 [0.21; 4.66 15.8% 20.2%
Gul 2021 2 116 4 13 —E— 0.56 [0.11; 3.03 19.8% 17.9%
Lurie 2021 3 147 8 176 —1 045 [0.12; 1.66 38.4% 251%
Lyan 2018 8 245 2 236 = 3.85 [0.83; 17.96 10.7%  20.2%
Percell 2016 1 20 0 30 4.46 [0.19; 104.29 2.1% 6.3%
Zei 2020 1 100 2 60 —_—s 0.30 [0.03; 3.24 13.2% 10.3%
Common effect model 668 673 0.99 [0.53; 1.85] 100.0% -
Random effects model 0.94 [0.41; 2.16 - 100.0%
Prediction interval [0.15; 5.98
Heterogenety: I = 25%, T = 0.2651, p = 0.25 | | ! !
Test for overall effect (commen effect). z =-0.03 (p =0.97) (.01 01 1 10 100
Test for overall effect (random effects): z =-0.14 (p = 0.89)
FIGURE 3
Forest plots of complications.

TABLE 2 Summary of outcomes of secondary endpoints.

Outcome Number of studies = Number of patients = Mean difference (95% Cl) | Test for overall effect = Heterogeneity
Total ablation time 4 1,134 —104.26 s (—183.37; —25.14) p=0.12 I>=72%; p=0.01
Fluoroscopy time 5 1,294 —5.21 min (=5.51; —4.91) p<0.01 I?=100%; p < 0.01
Fluoroscopy dose 5 1,094 —3.96 mGy (—4.27; —3.64) p<0.01 I?=99%; p<0.01
Acute success rate 6 1,541 1.01 (1.00; 1.02)* p=0.72 P=11%; p=0.34
Long term success rate 7 1,541 0.96 (0.90; 1.03)* p=0.56 I*=32%; p=0.18

Cl, confidence interval.
°Risk ratio (95% Cl).

[MD: —138.90 s (95% CI: —316.27 to 38.48 s; p=0.12)]. The acute
success rate was 99.35% and did not differ between the groups (RR
=1.00, 95% CI, 0.99-1.01; p=0.71). No difference in long-term
success rate was found between the groups (RR: 0.98, 95% ClI,
0.90-1.06; p = 0.56).

Regarding safety outcomes, there were 18 cases of complications
in the ZF arm (2.69%) and 19 cases in the NZF arm (2.82%). The
risk of complications was not significantly different between the
two study arms (RR: 0.94, 95% CI: 0.41-2.15; p = 0.89; Figure 3).
The results for secondary outcomes are summarized in Table 2
and Supplementary Figure S1.
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A leave-one-out analysis indicated no difference between the
groups for primary outcomes (Supplementary Figure S2).
Furthermore, funnel plot analyses revealed no sign of possible
publication bias (Supplementary Figure S3).

Discussion
In this meta-analysis of 7 studies involving 1,593 patients who

underwent AF ablation procedures, we found that the use of ZF
ablation was associated with a significant reduction in procedural
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and fluoroscopy time compared to the NZF approach, while
maintaining similar efficacy and safety outcomes.

Medical
anthropogenic source of radiation (20). During EP procedures,

radiation exposure is the most significant
fluoroscopy is primarily used for catheter placement and
accounts for 95% of the total fluoroscopy time (21). The amount
of radiation exposure varies among different types of ablation
procedures, with AF ablation procedures associated with the
highest doses. These procedures expose patients up to an average
dose of 15mSv per procedure, equivalent to 750 chest x-rays

21).

dermatitis, and cancer via stochastic and deterministic effects,

Fluoroscopy increases the life-time risk of cataract,

thus preventing potentially life-threatening effects of ionizing
radiation. For example, a typical PVI procedure raises the
absolute lifetime of fatal cancer risk by 0.08% (21). Therefore,
radiation exposure must be minimized according to the ALARA
principle, which aims to reduce exposure “as low as reasonably
achievable” (22).

In the last two decades, technology has significantly improved,
and nowadays, EAMSs offer reliable alternatives to fluoroscopy for
visualizing catheter positions during EP procedures. By using
EAMSs, radiation exposure can be substantially reduced, and
completely fluoroless ablations have become available (23). Ensite
NavX (St. Jude Medical, Inc., St. Paul, MN, USA) system based on
impedance measurements between catheter electrodes and patches
put on patient’s chest and abdomen, CARTO 3 system (Biosense
Webster, Inc., Diamond Bar, CA, USA) uses magnetic location.
Some studies showed different results comparing EAMSs (24). In
our meta-analysis only CARTO system was used 6 of 7 studies as
a support system for PVL In recent years new ablation techniques
were successfully developed for PVI such as ablation index, high-
power short- duration, or pulse field ablation, which methods lead
differences in procedure time and required fluoroscopy time (25-
27). In our meta-analysis, ablation index was used in 1 publication
(14) and contact force was available in 6 study (13, 15-19), based
on findings during EPS additional lesion delivery was performed
(Table 1). The ZF approach was initially used for ablations of
supraventricular tachycardias (SVTs) (28). A recent meta-analysis
compared Z/MF conventional,  fluoroscopy-guided
techniques for SVT ablations and found that the Z/MF approach
reduces

versus

radiation exposure and ablation time without
compromising the acute and long-term success rates or increasing
the complication rate (28).

Fluoroscopic guidance is currently considered the standard
method for transseptal puncture (TSP), which remains a major
obstacle for widespread adoption of zero-fluoroscopy AF
ablation, despite the availability of both transesophageal and
intracardiac echocardiographic techniques for achieving fluoroless
TSP (23, 29, 30). In addition,

echocardiography (ICE) has been shown to reduce fluoroscopy

the use of intracardiac
exposure during both SVT and AF ablation procedures (7, 31).
In our analysis, except for 1 study that enrolled patients with
PFO, ICE was used in ZF arms. Besides ICE, recently developed
steerable sheaths that can be visualized using EAMSs have also
been shown to contribute to the reduction of fluoroscopy
exposure and the performance of fluoroless procedures (32).
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A previous meta-analysis published in 2020, including 2,218
patients from 15 studies, compared L/Z fluoroscopy method to
the conventional strategy for PVI. Consistent with our findings,
this meta-analysis also showed a significant reduction in
procedural and fluoroscopy time, while complication rates and
acute- and long-term success rates did not differ between groups
(11). However, the definition of a low fluoroscopy strategy is not
well-defined and differed across the enrolled studies.

In our opinion, the ZF approach is characterized by the
operator’s decision at the beginning of the procedure to pursue
fluoroless ablation before inserting catheters, even though
radiation may be required later and thus the ZF strategy is
deemed unsuccessful. In addition to above, that during PVI most
fluoroscopy required at the beginning of the procedure: catheter
positioning and transeptal puncture. After the beginning phase
operator staff can remove lead aprons and prevent orthopaedic
problems. In our analysis, the ZF strategy was achievable in more
than 95% of the procedures in the ZF arm.

Z/MF approach is now more extensively used compared to ZF for
AF ablation, mainly due to the costs and technical challenges related to
systematic use of transoesophageal or ICE for transseptal puncture.

In addition to the technological aspects, operators’ experience is also
of paramount importance when implementing Z/MF procedures. For
obvious reasons, total fluoroless or minimal fluoroscopic PVI
procedures have a learning curve of 2040 cases (33, 34).

Atrial fibrillation may be precipitated secondary factors by
hypertension, hyperthyroidism (35), lifestyle factors such as
endurance sport (36), smoking (37), cardiomyopathies (38) and
channelopathies (39, 40). Considering these factors may prevent
future AF attacks regardless of the ablation strategy or may
re-evaluate its indication. Thus, further investigation needed.

Limitations

There are several limitations that should be acknowledged in our
analysis. Firstly, we only included 1 randomized controlled trial
(RCT), with the majority of data originating from observational
studies. However, the lack of heterogeneity in this aspect suggests
that the effects of the ZF approach are consistent across different
trial designs and are not affected by potential bias. Secondly,
significant differences in patient demographics and different
modern mapping system including different specific modern tools
for AF ablation could have an impact on the results but were not
considered in this analysis. The use of a random-effects model
helped to mitigate the potential effect of heterogeneity, and the
high level of significance supports the validity of our findings.
Finally, data on operators’ prior experience with the ZF approach
for AF ablations were insufficient, which could have an effect on
both procedural and safety outcomes.

Conclusion

In summary, our analysis of 1,593 patients indicates that the
ZF approach is a safe and feasible method for patients
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undergoing catheter ablation for AF. The significant reduction

in procedure time and radiation exposure, without

compromising the acute and long-term success rates or
complication rates, suggest that the ZF approach can be
considered as a viable alternative to the NZF approach for AF
ablation procedures.
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