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Abstract

Background: SMARTTOUCH® SURROUNDFLOW (STSF) catheter is the new generation of SMARTTOUCH
(ST) catheter with an upgraded irrigation system for radiofrequency catheter ablation (RFCA) in patients with atrial
fibrillation (AF). Methods: This systematic literature review searched the major English and Chinese bibliographic
databases from 2016 to 2022 for any original clinical studies assessing the STSF catheter for RFCA in AF patients.
Meta-analysis with random effects model was used for evidence synthesis. Results: Pooled outcomes from 19
included studies indicated that STSF catheter was associated with a significantly shorter procedure time [weighted
mean difference (WMD): -17.4 minutes, p<0.001], shorter ablation time (WMD: -6.6 minutes, p<0.001), and lower
catheter irrigation fluid volume (WMD: -492.7 ml, p<0.001) than ST catheter. Pooled outcomes from 4 included
studies with paroxysmal AF patients reported that using the STSF catheter for RFCA was associated with a
significantly shorter ablation time (WMD: -5.7 minutes, p<0.001) and a lower risk of one-year post-ablation
arrhythmia recurrence (rate ratio: 0.504, p<0.001) than the SURROUNDFLOW (SF) catheter. Significant
reductions in procedure time and ablation time associated with the STSF catheter were also reported in the other 4
studies using non-ST/SF catheters as the control. Overall complications of STSF catheter and control catheters were
comparable. Conclusions: Using the STSF catheter was superior to using the ST catheter to conduct RFCA for AF
by significantly reducing procedure time, ablation time, fluoroscopy time, and irrigation fluid volume. The
superiority of the STSF catheter over the SF catheter and other non-ST/SF catheters for RFCA needs further

confirmation.

Strengths and limitations of this study

This study was a comprehensive systemic literature review including published evidence assessing all existing
catheters for radiofrequency catheter ablation in patients with atrial fibrillation. In addition, the literatures search
was conducted in both English and Chinese bibliographic databases. This study conducted subgroup analysis to
explore the sources of heterogeneity in the pooled outcomes and generated robust evidence for the comparisons of
the outcomes associated with SMARTTOUCH® SURROUNDFLOW (STSF) catheter and SMARTTOUCH (ST)
catheter. The existing evidence was insufficient to support full comparisons of ablation-related complications and

long-term clinical outcomes associated with ablation catheters.
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1. Introduction

Radiofrequency catheter ablation (RFCA) plays a critical role in managing atrial fibrillation (AF), which
affects 1.6% of the Chinese adult population and is rising in prevalence along with the aging population in China
[1]. RFCA was originally conducted using a non-contact force (CF)-sensing catheter, whose use is now
discouraged due to the inadequate lesion formation caused by insufficient CF or complications (such as cardiac
perforation and atrioesophageal fistula) caused by excessive CF [2]. Thus, a CF-sensing catheter was developed to
improve ablation outcomes and safety. The THERMOCOOL SMARTTOUCH® (ST) catheter is one of the CF-
sensing catheters widely used for RFCA. The ST catheter is equipped with a technology that can measure the CF
generated by the catheter tip on the myocardium and an irrigation system that cools the tip of the electrode catheter
during ablation and allows high radiofrequency energy ablation without overheating at the electrode-tissue interface
[3]. To enhance the cooling effects on the tip of the catheter electrode, surround flow (SF) technology was
developed by equipping the catheter porous tip with 56 tiny holes, which make conduits for optimal fluid pressure
distribution in the catheter tip. As the new generation of a catheter with advanced irrigation technology, the STSF
catheter combines both CF and SF technologies to optimize ablation outcomes, protect cardiac function, and reduce
the risk of developing eschar during ablation [4]. According to a meta-analysis of four clinical trials published
before 2020, the STSF catheter was superior to the ST catheter in procedure outcomes by reducing the procedure
time, fluoroscopy time, and catheter irrigation infusion volume [5]. However, this meta-analysis was unable to
assess the robustness of the pooled evidence due to the small number of included studies. With accumulated
evidence from recently published studies assessing STSF catheter ablation in patients with AF, we conducted this
systematic literature review (SLR) aiming to add more evidence from multiple sources (journals published in
Chinese and recent conference proceedings) and including studies comparing STSF versus (vs.) catheters other than
ST to better comprehend the values of STSF catheter for RFCA in AF patients.

2. Materials and Methods

This study was designed as an SLR using major English- and Chinese-language bibliographic databases to
identify published, peer-reviewed clinical studies comparing the STSF catheter against other ablation catheters for
procedural characteristics and clinical outcomes associated with RFCA in AF patients. This SLR was conducted by
following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 2020 Statement [6].

2.1 Study eligibility criteria

This SLR set both inclusion and exclusion criteria to identify clinical trials or observational studies comparing
the STSF catheter with other ablation catheters for AF. The study inclusion criteria are as follows: (1) including AF
patients who underwent RFCA; (2) assessing STSF against any other type of ablation catheter for RFCA in adult
patients with AF; (3) reporting procedural characteristics and clinical outcomes associated with ablation catheter
during and/after RFCA in AF patients; and (4) designed as a clinical trial or observational study. The exclusion
criteria of this SLR are as follows: (1) preclinical (in vivo or in vitro) studies, case studies, case reports, non-
original research articles (e.g. correspondence, editorials, commentaries, overviews, summaries, communications,
consensus guidelines) and reviews; (2) any cohort that includes patients with ablation for arrhythmias other than

AF; (3) single-arm studies assessing STSF without control; (4) inadequate information.
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2.2 Information sources and search strategies

Given that RFCA has been implemented for AF treatment for over 20 years in China, many clinical studies
assessing various ablation catheters for AF have been published in Chinese clinical journals. Therefore, this SLR
explored major English bibliographic databases (MEDLINE, Embase, Web of Science, and the Cochrane Library)
and three major Chinese bibliographic databases (WANFANG, VIP, and China National Knowledge Infrastructure)
as the data sources. To align with the time of STSF approval in 2016, the literature search period was set from
January 1, 2016, to the date when the literature search was first conducted (July 31, 2022). Grey literature search
was conducted by searching the proceedings of the Heart Rhythm Society annual conference, the Society for
Cardiovascular Angiography and Interventions annual conference, the European Heart Rhythm Association annual
conference, and the Asia Pacific Heart Rhythm Society annual conference in 2021 and 2022 for any relevant but
not fully published studies. To ensure that all relevant evidence is captured, this study only combined the keywords

for AF and STSF to develop the search strategy for each bibliographic database and grey literature search.

2.3 Literature selection process

Two reviewers conducted the literature selection independently after which the search hits were pooled. Then,
they deleted duplicate results and identified additional studies from the left references for further eligibility
assessment, which included the exclusion of irrelevant references and retrieving full publications of the relevant
references. The developed inclusion and exclusion criteria were used to determine the study eligibility after a full
publication review. The exclusion reasons during the literature selection process were documented for records. Any

disagreement on study eligibility between the two reviewers was resolved by consulting with the study lead.

2.4 Data collection process

Excel-based data extraction forms were developed specifically to guide the data collection from the full
publications of included studies. The designed data extraction form was tested using one included study to align
with definitions of the planned data items for extraction. Two reviewers were fully trained on how to use the data
extraction forms and the definitions of data items. The two reviewers conducted data extraction independently. The
extracted information from the two reviewers was further cross-checked by the third reviewer, which corrected any
inconsistent information by verifying the information source. The study lead reviewed all extracted information for

any abnormal information before evidence synthesis.

2.5 Data items

The full publication of the included studies was reviewed to collect the following information: (1) study
characteristics such as country setting, study design, and patient inclusion and exclusion criteria; (2) study arm
information including the arm definition, sample size, and patient baseline characteristics (demographics, AF-
related clinical characteristics, and comorbidities); (3) ablation catheter type; (4) outcome measures that included

procedural characteristics (procedure time, ablation time, fluoroscopy time, irrigation fluid volume), clinical
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outcomes (acute procedural success of pulmonary vein isolation (PVI), one-year post-ablation cardiac arrhythmia
recurrence, ablation-related complications); and other relevant outcomes (eschar, use of diuretics, and use of
urinary catheter). Most of the included studies didn’t provide adequate information for the definitions of outcome

measures except catheter irrigation fluid volume, fluoroscopy time, and acute procedural success of PVI.

2.6 Study risk of bias assessment

This SLR used Newcastle-Ottawa Scale (NOS) [7] to assess the study quality of the included studies. Based
on the recommendation from previous research [8], this SLR classified included studies as good quality (NOS 8-9),
fair quality (NOS 5-7), and poor quality (NOS 0-4). This SLR included one randomized clinical trial, which was
published as a conference abstract and didn't provide adequate information for the quality assessment using the
Jadad score [9]. Two reviewers used NOS to assess the fully published studies independently. Any disagreement on

assessment was discussed with the study lead to reach a consensus.

2.7 Effect measures

This SLR extracted any reported effect measures from the included studies. The extracted effect measures
were standardized according to their original definitions in the included studies and the selected effect measures for
evidence synthesis included procedural characteristics and clinical outcomes. This SLR used weighted mean
difference (WMD) to present the pooled procedural characteristics for the comparisons of procedure time, ablation
time, fluoroscopy time, and catheter irrigation fluid volume. The pooled clinical outcomes for the comparisons of
acute procedural success of PVI, one-year post-ablation arrhythmia recurrence, and RFCA-related overall

complications were presented with a rate ratio (RR).

2.8 Synthesis methods

The extracted data were standardized and categorized by AF types (paroxysmal AF, persistent AF, and
unspecified AF); control catheter types (ST, SF, CELSIUS® catheter, DiamondTemp™, and NAVISTAR®); patient
characteristics [age, gender distribution, AF type distribution, disease duration after the diagnosis of AF, left
ventricular ejection fraction (LVEF), left atrium diameter, CHA,;DS, VASc, and comorbidities]; and effect
measures for RFCA procedural characteristics and clinical outcomes. The reported outcomes from the included
studies comparing STSF vs. the same control catheter were first pooled for evidence synthesis using a pairwise
meta-analysis method, which used a random-effect model to consider the variance between the included studies and
within each included study. Heterogeneity in the conducted meta-analysis was assessed using the I method. The
included studies were stratified by AF type for subgroup analysis if the heterogeneity in the pooled outcomes was
significant. Further exploration of potential heterogeneity sources was conducted by excluding the studies reporting
different patient characteristics if significant heterogeneity was still detected in the pooled outcomes from the
subgroup analysis. The leave-one-out sensitivity analysis was conducted to determine the robustness of the overall
pooled outcomes for the meta-analysis including 3 or more eligible results. The Egger’s test was also performed to

assess publication bias for overall pooled outcomes from 10 or more eligible results. This SLR used the statistical
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software R to conduct the described analyses. Original results from included studies were reported when the meta-

analysis was not feasible.
3. Results

3.1 Study selection

This study initially identified 373 unique references from the search of the included English and Chinese
bibliographic databases. One-hundred-eighty-two were excluded due to irrelevance following the review of the
titles and abstracts of the initial batch of papers. Following the study eligibility assessment of the full publications
of the remaining 191 papers, 25 met the inclusion criteria. The search of conference proceedings and review articles
identified two additional eligible studies. Thus, a total of 27 studies are included in our SLR. The flowchart of the

study identification process is illustrated in Figure 1.

3.2 Characteristics and qualities of included studies

The included 27 studies assessed the procedural characteristics and clinical outcomes associated with STSF
relative to ST (in 19 studies), SF (in 4 studies), and other four non-STSF/SF catheters (1 study for each non-
STSF/SF catheter), respectively. This SLR only included one randomized clinical trial and the rest of the included
studies were observational studies, including 13 retrospective studies and 13 prospective studies. This SLR
included 4 studies published in Chinese. The studies published in English included 3 studies from the United States,
13 studies from Europe, and 7 studies from other regions. Among the included studies, 17 studies were fully
published and 10 studies were published in conference proceedings. Even though all these studies included patients
who underwent RFCA for AF, 7 studies solely included patients with paroxysmal AF, 1 study only included
patients with persistent AF, and 19 studies included patients with either paroxysmal or persistent AF. According to
the reported patient baseline characteristics in these included studies, the study patients were characterized with
relatively old age (mean age range: 58.0-67.5 years), high CHA;DS, VASc score (mean range: 1.3-2.7), and
prevalent cardiovascular comorbidities, which included hypertension (30.4%-98.0%), coronary heart disease
(8.3%-29.2%), and heart failure (17.8%-41.7%). Of the 17 studies assessed for study quality, 7 studies had good
quality and 10 studies had fair quality. The study characteristics and main extracted information from these

included 27 studies are summarized in Supplementary Table 1.

3.3 Synthesized evidence from the included studies comparing the STSF catheter with the ST catheter

Of the included 19 studies comparing STSF with ST, 13 studies [10-22] included patients with unspecified AF
(persistent or paroxysmal AF) and 6 studies [23-28] included patients with paroxysmal AF. The synthesized
outcomes included procedural characteristics (procedure time, ablation time, fluoroscopy time, and irrigation fluid
volume), primary clinical outcomes (acute procedural success of PVI, one-year post-ablation arrhythmia
recurrence, and overall complications), and other ablation-related clinical outcomes that included foley catheter use,

diuretics use, and eschar development.
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3.3.1 Procedural characteristics - Procedure time

Overall, nine included studies with 10 eligible results [10-15, 23-25] report RFCA procedure time (876
operated with STSF and 762 operated with ST). The overall pooled outcomes from nine included studies showed
that STSF was associated with significantly shorter procedure time than ST (WMD: -17.4 minutes, 95% CI: -25.3
to -9.4 minutes, p<0.01); however, this pooled outcome has considerable heterogeneity [1> = 76%, p<0.01]. The
pooled outcomes from the stratified studies by AF types identified significantly shorter procedure time associated
with the STSF catheter from the studies with unspecified AF patients (WMD: -18.7 minutes, 95% CI: -27.6 to -9.7
minutes, p<0.001) but not from the studies with paroxysmal AF patients (WMD: -14.7 minutes, 95% CI: -32.3 to
2.9 minutes, p=0.101). Because the heterogeneity of the pooled evidence from the 6 studies with unspecified AF
patients was still significant, we reviewed these six studies to further explore the potential heterogeneity sources.

We found that 2 studies [10, 11] and a subgroup within one study [12] included patients who were likely to be
different from those in other studies in AF duration, left atrial diameter/volume, the proportion of patients with
paroxysmal AF, and proportion of patients with cardiomyopathy. After excluding the results from these four studies
in the meta-analysis, the shorter procedure time of the STSF catheter remained statistically significant (WMD: -
25.9 minutes, 95% CI: -33.0 to -18.8 minutes, p<0.001) with non-significant heterogeneity (1>=21%, p=0.29),
suggesting that these characteristics are potential heterogeneity sources.

The leave-one-out sensitivity analysis indicated that the point estimation of the overall pooled difference in
procedure time between the STSF catheter and the ST catheter had a relatively narrow range (from -15.2 minutes to
-19.9 minutes). In addition, Egger’s test did not detect significant publication bias for the reported difference in
procedure time between the STSF catheter and the ST catheter from the included 9 studies (p=0.768). The pooled
difference in the procedure time between the STSF catheter and the ST catheter is illustrated in Figure 2. The other

reported outcomes are listed in Supplementary Files.

3.3.2 Procedural characteristics - Ablation time

Twelve included studies [10-17, 23-26] with 13 eligible results reported the ablation time associated with
using STSF and ST to conduct RFCA in 1,870 patients with AF (992 operated with STSF and 878 with ST). The
pooled differences in the ablation time of the two catheters favored the STSF catheter (WMD: -6.6 minutes, 95%
CI: -12.5 to -0.6 minutes, p=0.031) with significant heterogeneity (I>=98%, p<0.01). To control the potential
heterogeneity associated with AF type, this SLR performed a subgroup meta-analysis for this outcome by including
the stratified studies by the AF types of study patients (paroxysmal AF vs. unspecified AF). The pooled difference
in ablation time between the two catheters remained significant in the meta-analysis of the studies with unspecified
AF patients (WMD: -8.6 minutes, 95% CI: -16.9 to -0.4 minutes, p=0.039) but was not for the studies with
paroxysmal AF patients (WMD: -1.1 minutes, 95% CI: -4.8 to 2.6 minutes, p=0.555). However, heterogeneity in
the subgroup meta-analysis of the studies with unspecified AF patients was still significant (1>=98%, p<0.01) and
brought our attention to further explore the potential heterogeneity sources in these studies. By reviewing the

reported patient baseline characteristics from these included studies, we found 4 studies [10-12, 16] with obviously
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different patient characteristics (AF duration, left atrial diameter/volume, the proportion of paroxysmal AF,
proportion of patients with myopathy, Ablation Index value, baseline CHA;DS, VASc score, saline flow rate) from
the other studies. After excluding these four studies from the subgroup meta-analysis, the pooled difference in
ablation time still favored the STSF catheter with statistical significance (WMD: -22.5 minutes, 95% CI: -24.3 to -
20.6 minutes, p<0.001) and low-level of heterogeneity (1>=0%, p=0.69), suggesting that these characteristics are
potential heterogeneity sources.

The overall pooled difference in ablation time between the two catheters from the leave-one-out sensitivity
analysis ranged from -7.5 minutes to -5.1 minutes. No significant publication bias was detected from the included
12 studies comparing the two catheters for ablation time during RFCA (Egger’s test: p=0.450). The pooled
difference in the ablation time between the STSF catheter and the ST catheter is illustrated in Figure 3. The other

reported outcomes are listed in Supplementary Files.

3.3.3 Procedural characteristics - Irrigation fluid volume

Six included studies [10-12, 23-25] with 1229 AF patients (629 operated with STSF and 600 with ST)
reported catheter irrigation fluid volume during RFCA. The meta-analysis of the reported irrigation fluid volume
associated with the two catheters from the 6 studies indicated a significantly lower irrigation volume for using
STSF to conduct RFCA (WMD: -492.7 mL, 95% CI -646.1 to -339.3 mL, p<0.001). However, this pooled outcome
was associated with significant heterogeneity (1>=94%, p<0.01). These six included studies were stratified by
patient AF type (paroxysmal AF vs. unspecified AF) to conduct a meta-analysis for the control of potential
heterogeneity associated with AF types. The pairwise meta-analysis of the three studies with paroxysmal AF
patients [23-25] confirmed the significant reduction of catheter irrigation fluid volume (WMD: -538.6 mL, 95% CI:
-621.2 to -456.1 mL, p<0.001) with moderate but non-significant heterogeneity (I>=38%, p=0.20) for RFCA
conducted by STSF catheter. However, significant heterogeneity (1>=94%, p<0.01) was found for the pooled
difference in catheter irrigation fluid volume (WMD: -461.4 mL, 95% CI: -739.2 to -183.6 mL, p=0.001) between
the two catheters from the left three studies with unspecified AF patients [10-12]. No further exploration of
heterogeneity resources for this pooled outcome due to a limited number of studies reporting this outcome measure.
The overall pooled difference in catheter irrigation fluid volume between the two catheters from the leave-one-out
sensitivity analysis ranged from -532.1 mL to -427.3 mL.

The pooled difference in the catheter irrigation fluid volume between the STSF catheter and the ST catheter is

illustrated in Figure 4. The other reported outcomes are listed in Supplementary Files.

3.3.4 Procedural characteristics - Fluoroscopy time

Eight included studies [10-13, 23, 25-27] compared fluoroscopy time between STSF catheter and ST catheter
used to conduct RFCA (four studies [10-13] with unspecified AF patients and four studies [23, 25-27] with
paroxysmal AF). The overall pooled difference in fluoroscopy time during RFCA between the two catheters
showed that the STSF catheter was associated with significantly shorter fluoroscopy time than the ST catheter

(WMD: -1.6 minutes, 95% CI: -2.8 to -0.3 minutes, p=0.014); however, this pooled outcome was associated with
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significant heterogeneity (I>=77%, p<0.014). The included studies were further stratified by the patient AF types
(paroxysmal AF vs. unspecified AF) to conduct subgroup meta-analysis to explore potential heterogeneity
associated with AF types. The subgroup meta-analysis including studies with paroxysmal AF patients confirmed
the significantly shorter fluoroscopy time during RFCA conducted by STSF catheter (WMD: -1.4 minutes, 95% CI:
-2.2 to -0.6 minutes, p<0.001) with a low level of heterogeneity (I>=8%, p=0.35) [23, 25-27]. However, the pooled
difference in fluoroscopy time between the two catheters from the subgroup meta-analysis of 5 eligible results from
the four studies with unspecified AF patients [10-13] didn’t reach statistical significance and also had substantial
heterogeneity. No further exploration of heterogeneity sources for this subgroup meta-analysis due to a limited
number of included studies reporting this outcome. The overall pooled difference in fluoroscopy time between the
two catheters from all included studies in the leave-one-out sensitivity analysis ranged from -1.9 minutes to -1.4
minutes.

The results of the meta-analysis of the included 8 studies reporting fluoroscopy time associated with STSF

catheter and ST catheter are illustrated in Figure 5. The other reported outcomes are listed in Supplementary Files.

3.3.5 Primary clinical outcomes

Thirteen studies [10-17, 22-24, 26, 28] reported primary clinical outcomes, including the acute procedural
success of PVI, one-year post-ablation cardiac arrhythmia recurrence, and overall complications related to RFCA.
The overall pooled RR for acute procedure success [10, 12, 14-17, 26, 28], one-year post-ablation cardiac
arrhythmia recurrence [10, 13, 17, 22, 28], and overall complications [11, 14, 16, 17, 23, 24, 26, 28] from these
studies were 0.995 (95% CI: 0.976 to 1.014, p=0.592), 0.727 (95% CI: 0.355 to 1.490, p=0.384), and 0.766 (95%
CI: 0.299 to 1.959, p=0.578), respectively, without reaching statistical significance. Among these three pooled
outcomes, only the pooled RR for one-year post-ablation arrhythmia recurrence between the two catheters was
associated with significant heterogeneity (I = 68%, p<0.01). Subgroup meta-analysis including stratified studies by
patient AF types (paroxysmal AF vs. unspecified AF) was unable to homogenize the pooled RR for one-year post-
ablation cardiac arrhythmia recurrence between the two catheters. The leave-one-out sensitivity analyses for the
three pooled outcomes observed a narrow range for pooled RR for the acute procedural success of PVI (0.993 to
0.999) but wide ranges for one-year post-ablation cardiac arrhythmia recurrence (0.555 to 0.929) and overall

complications (0.600 to 0.927). All reported outcomes are illustrated in Supplementary Files.

3.3.6 Other ablation-related clinical outcomes

Three included studies reported other ablation-related clinical outcomes. Two studies [23, 24] (502
paroxysmal AF patients) reported significantly lower utilizations of the foley catheter [RR: 0.506, 95% CI 0.393 to
0.651, p<0.001] without heterogeneity (I>=0%, p=0.68). One study [25] with 47 paroxysmal AF patients reported
STSF catheter was associated with a significantly lower risk of diuretics use (RR: 0.050, 95% CI: 0.003 to 0.819,
p=0.036). In addition, one study [27] with 68 paroxysmal AF patients reported that STSF catheter was associated
with a reduced risk of eschar formation during ablation without reaching statistical significance (RR: 0.143, 95% CI

0.008 to 2.663, p=0.192). The pooled outcomes are illustrated in Supplementary Files.
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3.4 Synthesized evidence from the studies comparing the STSF catheter with the SF catheter

This SLR identified 4 studies [29-32] comparing STSF with SF for procedural characteristics and clinical
outcomes in AF patients. One study [29] with a small sample size (26 using STSF catheter and 26 using SF
catheter) reported significantly longer RFCA procedure time (mean difference: 20.0 minutes, 95% CI: 2.9 to 37.1
minutes, p=0.022) and fluoroscopy time (mean difference: 4.0 minutes, 95% CI: 1.1 to 6.9 minutes, p=0.007) in the
STSF group. The meta-analysis including 2 studies [29, 30] with 252 patients did not identify significant
differences in both acute procedure success of PVI and ablation-related complications between the two catheters.
One study [31] with 395 patients with paroxysmal AF (298 using STSF and 97 using SF) reported significantly
shorter ablation time (mean difference: -5.7 minutes, 95% CI: -8.4 to -3.1 minutes, p<0.001). The pooled RR for
one-year post-ablation arrhythmia recurrence between the two catheters from the two studies [31, 32] favored the
STSF catheter with statistical significance (RR: 0.503, 95% CI: 0.379 to 0.667, p<0.001, heterogeneity test: >=0%,
p=0.98) when compared to SF catheter. The reported RFCA-related outcomes from the four studies are summarized
in Table 1. The pooled outcomes are illustrated in Supplementary Files as well.
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3.5 Reported outcomes between STSF catheter and non-ST/SF catheter

This SLR identified 4 studies comparing STSF with four non-ST/SF catheters which were the CELSIUS®
catheter [33], DiamondTemp™ catheter [34], DirectSense catheter guided by Rhythmia™ System [35], and
NAVISTAR® catheter [36]. The 4 studies reported that the STSF catheter was associated with significantly shorter
RFCA procedure time than the DiamondTemp™ catheter(mean difference: -20.6 minutes, 95% CI: -32.5 to -8.7
minutes, p<0.001) and NAVISTAR® catheter (mean difference: -30.0, 95% CI: -39.9 to -20.1 minutes, p<0.001);
significantly shorter ablation time than NAVISTAR® catheter (mean difference: -15.0 minutes, 95% CI: -20.5 to -
9.5 minutes, p<0.001); and significantly shorter fluoroscopy time than DirectSense catheter guided by Rhythmia™
System (mean difference: -7.0 minutes, 95% CI: -10.9 to -3.1 minutes, p<0.001) and NAVISTAR® catheter (mean
difference: -2.0 minutes, 95% CI: -2.8 to -1.2 minutes, p<0.001). However, one study with 116 patients with
persistent or paroxysmal AF [34] reported that the STSF catheter was associated with a significantly longer ablation
time than the DiamondTemp™ catheter (mean difference: 4.1 minutes, 95% CI: 2.0 to 6.2 minutes, p<0.001). None
of these 4 studies reported any significant differences in the rates of ablation-related overall complications between

the STSF catheter and the four non-ST/SF catheters.

4. Discussion

Compared to a similar SLR published in 2020 [5], our SLR was designed with an expansive search period and
search scope which has resulted in the inclusion of a larger pool of studies and much more robust evidence to
demonstrate the values of STSF catheter for RFCA in AF patients. For example, our SLR captured and studied
significantly more studies than the aforementioned SLR (27 studies vs. 4 studies). Additionally, not only did our
SLR include studies comparing STSF with ST but also with SF and other ablation catheters in AF patients; in
contrast, the other SLR only included studies comparing STSF with ST. Furthermore, our SLR synthesized
evidence for more outcomes than the previous SLR and conducted additional heterogeneity analysis and
publication bias assessment to make the pooled findings more robust. Therefore, our SLR should be more
informative regarding the clinical values of STSF for RFCA in AF patients.

According to the studies reviewed in this SLR, the STSF catheter was mainly studied in comparison with the
ST catheter in AF patients. As the STSF catheter evolved from the ST catheter by upgrading the irrigation system
to improve procedural characteristics, the STSF catheter contains all the features of the ST catheter such as the
contact force technology and advanced irrigation system that provides uniform cooling at half the flow rate of ST
catheter and facilitates the process of fluid management [4]. The pooled evidence for the outcomes that were
compared between the two catheters in our SLR aligned with the expected impact of the advanced irrigation system
of STSF. For example, the pooled evidence showed that the STSF catheter significantly save RFCA procedure time
(17.4 minutes, p<0.001), ablation time (6.6 minutes, p=0.031), and fluoroscopy time (1.6 minutes, p=0.016) with
significantly reduced catheter irrigation fluid volume (492.7 mL, p<0.001) relative to ST catheter. These benefits
could potentially improve the performance efficiency of RFCA and enhance the capacity of conducting RFCA in
hospital settings. In addition, reduced fluoroscopy time could help with reducing occupational health hazards
during RFCA. Moreover, the substantial reduction in the irrigation volume of STSF could substantially limit the
cardiac burden due to catheter irrigation infusion and make ablation treatment safer to treat AF with heart failure.

The pooled evidence also indicates that primary clinical outcomes, including acute procedure success of PVI,
one-year post-ablation arrhythmia recurrence, and overall complications, are comparable for the STSF catheter and
ST catheter. A possible explanation is that both catheters use the same contact force technology, which is the
primary driver of the ablation effects [37]. However, the advanced irrigation system of the STSF could bring more
clinical benefits to AF patients with heart failure. According to the reported patient characteristics from the
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included studies, AF patients are characterized by old age (mean age range: 58.0-67.5 years old) and a high
prevalence of heart failure (17.8% to 41.7%). The fluid infusion through the catheter during RFCA could stress the
heart and deteriorate the cardiac function in patients with heart failure. Even though RFCA has been proven to
improve cardiac function (indicated by LVEF [38]), previous studies observed a high rate of developing acute heart
failure (4.9% to 26.1%) after open-irrigated catheter ablation [39-41]; the development of acute heart failure after
ablation in these studies was likely due to excessive infusion fluid during ablation procedure as patients with
developed acute heart failure after ablation was associated with significantly higher net fluid infusion volume
during ablation than those without developing acute heart failure. Thus, the substantial reduction of the catheter
irrigation infusion volume of the STSF catheter could lower the burden of RFCA on the cardiac load and
potentially reduce the risk of acute heart failure after RFCA [42]. In addition, the shortened ablation time through
STSF could make RFCA more tolerable for AF patients with heart failure who are prone to developing respiratory
distress with the flat position required by the ablation procedure [43]. Even though this SLR didn’t identify any
included studies directly assessing the impact of STSF on cardiac function and risk of acute heart failure, three of
the included studies [23-25] did report that STSF catheter was associated with significantly reduced uses of
diuretics and urinary catheter, the treatments often used to reduce fluid retention and the risk of acute heart failure
after RFCA for AF. Since AF patients are often complicated with heart failure due to old age and other
cardiovascular conditions, future research should be encouraged to confirm the cardiac function-related benefits of
STSF and generate robust evidence to inform clinical practices and guidelines regarding the appropriate
applications of STSF catheter ablation for AF. Another potential clinical benefit of the improved irrigation system
of STSF is the reduction of the risk of eschar due to the amplified cooling effects. Eschar occurs more often with
unipolar radiofrequency ablation that generates excessive local temperature leading to the formation of eschar on
the tissue surface; carbonization; and thromboembolic complications; and even damage to the esophagus and
atrium, which induces serious complications such as atrial esophageal fistula, atrial rupture, and pulmonary vein
stenosis [44]. Because the STSF catheter has a more advanced irrigation system than the ST catheter, it is expected
that the STSF catheter could be associated with a lower risk of eschar formation than the ST catheter. However, this
SLT didn’t identify robust evidence to support this clinical benefit of STSF as only one study with a small sample
size reported a non-significant trend for the reduced risk of eschar for STSF catheter [27].

This SLR also identified 4 eligible studies comparing the STSF catheter with SF catheter and other 4 studies
comparing the STSF catheter with non-ST/SF catheters. The pooled evidence from two eligible studies identified
significantly reduced one-year post-ablation arrhythmia recurrence for STSF catheter relative to SF catheter.
Because these SF catheters were equipped with a similar irrigation technology as the STSF catheter but without
contact force technology, which mainly drives the ablation outcomes [37]. The reported outcomes from the four
studies comparing the STSF catheter with contemporary non-ST/SF catheters suggested that the STSF catheter
could be better than the non-ST/SF catheter regarding the procedure characteristics, which included procedural
time, ablation time, and fluoroscopy time. However, these findings are not robust due to a limited number of studies
(only one study comparing STSF with each non-ST/SF catheter) and the small sample size in each included study.

The generated evidence from this SLR should be interpreted with caution as most of the included studies were
observational studies. The common limitations, such as selection bias, measurement bias, and unknown
confounders, of observational studies could introduce heterogeneity in the pooled evidence. That might explain
why most of the overall pooled outcomes in this SLR had significant heterogeneity. This SLR did recognize that
AF type could an important heterogeneity source as the persistent AF usually requires additional substrate ablation
beyond PVI than paroxysmal AF. Thus, this SLR stratified the included studies by patient AF types to control
heterogeneity in the pooled outcomes. This strategy seems to work well with the studies only including paroxysmal
AF patients as the pooled outcomes, including the differences in ablation time, irrigation fluid volume, fluoroscopy
time, and overall complications from these studies don’t have significant heterogeneity anymore. However, it is
difficult to control the heterogeneity in the pooled outcomes from the studies which included both persistent AF
patients and paroxysmal AF patients. Due to insufficient studies, this SLR only tried to explore heterogeneity
resources for procedure time and ablation time by further excluding studies with obviously different patient
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characteristics rather than conducting meta-regression analyses. The lack of definitions for some outcome measures
in the included studies could introduce measurement bias and further increase the heterogeneity in the pooled
evidence. In addition, this SLR doesn’t have enough studies to explore the heterogeneity sources in other pooled
outcomes. For the same reason, this SLR only assessed the publication bias for RFCA procedure time and ablation
time. Given the fact that most of the included studies compared the STSF catheter with the ST catheter, the pooled
evidence regarding the comparisons between STSF with non-ST catheters was not robust enough. Thus, this SLR
didn’t grade the pooled evidence because of the limitations discussed above. Future research with adequate quality
is still needed to confirm the generated evidence from this SLR and further explore the potential clinical benefits of
using the STSF catheter to conduct RFCA for AF (such as preventing eschar and acute heart failure).

In summary, this SLR demonstrated that STSF is superior to ST catheter by reducing procedure time, ablation
time, fluoroscopy time, and irrigation fluid volume. Because both catheters use contact force technology which is a
key factor in determining ablation outcomes, it is not a surprise to see highly comparable acute procedure success
of PVI and one-year post-ablation arrhythmia recurrence between STSF catheter and ST catheter from the pooled
evidence. Due to the lack of sufficient and robust evidence to support other clinical benefits of the STSF catheter
relative to other catheters, such as preventing eschar and acute heart failure, more future studies with appropriate
study designs and sufficient sample size are needed in this field.

5. Figures

Figure 1. Literature search flowchart for identifying eligible studies (STSF: SMARTTOUCH®
SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; SF: SURROUNDFLOW; AF: Atrial fibrillation).

Figure 2. Forest plot for the paired meta-analysis of the included studies for the difference in RFCA procedure
time (minutes) between STSF catheter and ST catheter (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD: Weighted mean
difference; CI: Confidence interval).

Figure 3. Forest plot for the paired meta-analysis of the included studies for the difference in ablation time
(minutes) between STSF catheter and ST catheter (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD: Weighted mean
difference; CI: Confidence interval).

Figure 4. Forest plot for the paired meta-analysis of the included studies for the difference in catheter irrigation
fluid volume (mL) between STSF catheter and ST catheter for RFCA (STSF: SMARTTOUCH®
SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation;
WMD: Weighted mean difference; CI: Confidence interval).

Figure 5. Forest plot for the paired meta-analysis of the included studies for the difference in fluoroscopy time
between STSF catheter and ST catheter for RECA (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD: Weighted mean
difference; CI: Confidence interval)
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Figure 3. Forest plot for the paired meta-analysis of the included studies for the difference in ablation time
(minutes) between STSF catheter and ST catheter (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD: Weighted mean
difference; CI: Confidence interval).
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Figure 4. Forest plot for the paired meta-analysis of the included studies for the difference in catheter
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Weighted mean difference; CI: Confidence interval).
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Supplementary Figures

Supplementary Figure 1. Forest plot of the leave-one-out sensitivity analysis for pooled

difference in RFCA procedure time (minutes) between STSF catheter and ST catheter (WMD:

Weighted mean difference; CI: Confidence interval).
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Supplementary Figure 2. Illustrated publication bias analysis for the included studies
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Supplementary Figure 3. Forest plot of the leave-one-out sensitivity analysis for pooled
difference in ablation time (minutes) between STSF catheter and ST catheter (WMD: Weighted
mean difference; CI: Confidence interval).

Pooled estimation after excluding one study

Excluded study WMD Pusiist
.. 95%Cl P-value 12
estimation
Omitting Zhou 2021[13] _ 52 [-109; 0.6]  0.081  97%
Omitting Huang 2021 [17] —_— =51 [-109; 0.6] 0081  96%
Omitting Lee 2019b [14] _— 5.6 [-11.7, 06] 0075 98%
Omitting Lee 2019a [15] —_— =53 [-11.2; 0.6] 0079  98%
Omitting Maurer 2018 [10] —'—:— -73 [-13.6;-1.0]  0.022 98%
Omitting Plenge 2020 [11] -7.0  [-13.4;-0.5] 0.033  98%
Omitting Halbfass 2017[18] _— 72 [-135:-0.8] 0026 98%
Omitting Solimene 2019 (Subgroup 1)[12] ————————— 73 [-13.6;-1.1] 0022  98%
Omitting Solimene 2019 (Subgroup 2)[12] —"-:— -7.5  [-13.7;-1.3] 0.018 98%
Omitting Liu 2019 [26] -6.7 [-13.2;-0.3]  0.041 98%
Omitting Melby 2018 [23] : 70 [-13.5:-0.6] 0.031  98%
Omitting Duytschaever 2019 [24] B p— 7.4 [-13.6;-1.1]  0.022  98%
Omitting Chopra 2018 [25] - -6.7 [-13.1;-0.2]  0.043 98%
Random effects model _IC.ID_ I | -6.6 [-12.5;-0.6] 0.031 98%
-10 -5 0 5 10

Supplementary Figure 4. [llustrated publication bias analysis for the included studies
comparing STSF catheter with ST catheter for ablation time (minutes).
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BMJ Open

Standard Error

Supplementary Figure 5. Forest plot of the leave-one-out sensitivity analysis for pooled

Weighted Mean Difference

Egger's test:

P-value=0.450

difference in irrigation fluid volume (mL) during RFCA between STSF catheter and ST catheter

(WMD: Weighted mean difference; CI: Confidence interval).

Excluded study WMD
Omitting Maurer 2018 [10] —""—
Omitting Plenge 2020 [11] —F—
Omitting Solimene 2019 (Subgroup 1)[12] —————
Omitting Solimene 2019 (Subgroup 2)[12] =
Omitting Melby 2018 [23] ——
Omitting Duytschaever 2019 [24] —=
Omitting Chopra 2018[25] —_—
Random effects model
I ] I I | |
-600 -400 -200 0 200 400 600

Pooled estimation after excluding one study

Point
estimation

-532.1
-525.8
-508.7
-427.3
-478.4
-498.2
-480.8

-492.7

95% CI

[-691.8; -372.4]
[-692.4; -359.3]
[-688.0; -329.5]
[-536.1; -318.5]
[-657.7; -299.1]
[-681.2;-315.1]
[-657.5; -304.0]

[-646.1; -339.3]

P-value

<0.001
<0.001
<0.001
< 0.001
<0.001
<0.001
<0.001

<0.001

Supplementary Figure 6. Forest plot of the sensitivity analysis for pooled difference in

fluoroscopy time (minutes) during RFCA between STSF and ST (WMD: Weighted mean

difference; CI: Confidence interval).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Iz

89%
95%
95%
91%
93%
95%
94%

94%

‘salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buiuiw elep pue 1xal 01 pale[al sasn Joj Buipnjoul ‘ybluAdoo Aq paloslold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibol|qig sousby 1e 520z ‘v'T aunr uo jwod fwg uadolwagy:dny woly papeojumoq ‘€202 1890100 LT U0 6.55/0-£202-uadoflwag/9eTT 0T se paysiignd sy :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 26 of 55

Pooled estimation after excluding one study

Excluded study WMD ———
.. 95%CI P-value J2
estimation

Omitting Maurer 2018[10] _— 18 [31:-05] 0007 77%
Omitting Zhou 2021 [13] -1.5  [-3.0;-0.1] 0.042  79%
Omitting Plenge 2020[11] —_— 219 [-31:-0.8]  0.001 74%
Omitting Solimene 2019 (Subgroup 1)[12] —— -14 [-19;-08] <0.001 45%
Omitting Solimene 2019 (Subgroup 2) [12] : .14 [-28;-0.0]  0.050 79%
Omitting Zhang 2020 [27] -1.6 [-3.1;-0.2] 0.027 78%
Omitting Liu 2019 [26] —_— -14  [-2.7,-0.0] 0.044  79%
Omitting Melby 2018 [23] 215 [3.0;-0.1]  0.041  79%
Omitting Chopra 2018 [25] _— 17 [3.1:-03] 0014 78%
Random effects model ———maee—— -1.6 [-2.8;-0.3] 0.014 77%

| | | | I |

-3 -2 -1 0 1 2 3

Supplementary Figure 7. Forest plot for the paired meta-analysis of the included studies
comparing STSF vs. ST for acute procedural success of PVI (STSF: SMARTTOUCH®
SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; RR: Rate
ratio; CI: Confidence interval).
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STSF ST
Study Rate Ratio
Events Total Events Total
Unspecified AF
Maurer 2018 [10] 75 75 35 35 . 3
Huang 2021 [17] 42 42 42 42 . 3
Halbfass 2017 [16] 50 50 50 50 -
Lee 2019b [14] 37 39 31 32 —;r—
Lee 2019a [15] 64 66 31 32 —_—
Solimene 2019 (Subgroup 1)[12] 153 162 94 96 =
Solimene 2019 (Subgroup 2)[12] 139 151 77 81 —
Random effects model 585 368 <
Heterogeneity: 12 = 0%, t° =0, p = 0.95 [ I | L
0.75 | 1.5 25
Random effects model meta-analysis result RR: 0.993, 95% CI: 0.974 to 1.013, p=0.504
Paroxysmal AF
Liu 2019 [26] 24 24 24 24 4
Dhillon 2019 [28] 34 50 24 50 I .
Random effects model 74 74 %
Heterogencity: 12 = 73%, T = 0.0443, p = 0.05 { ' ! !
0.75 1 1.5 2
Random effects model meta-analysis result RR: 1.141, 95% CI: 0.819 to 1.589, p=0.435
Overall
Random effects model 659 442 ¢

Heterogeneity: 17 = 0%, T < 0.0001, p = 0.68

Random effects model meta-analysis result

I | | |
0.75 1 L5 2.5
RR: 0.995, 95% CI: 0.976 to 1.014, p=0.592

Supplementary Figure 8. Forest plot for the paired meta-analysis of the included studies
comparing STSF catheter with ST catheter for one-year post-ablation cardiac arrhythmia
recurrence (STSF: SMARTTOUCH® SURROUNDFLOW; ST: THERMOCOOL
SMARTTOUCH®; AF: Atrial fibrillation; RR: Rate ratio; CI: Confidence interval).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibol|qig souaby e GZoz ‘vT aunc uo jwod fwg uadolway/:dny wol) papeojumoqd ‘€20z 1840190 LT UO 6/G65/0-£202-Uadolwag/9eTT 0T se paysiignd 1si1) :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =
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STSF ST
Study Rate Ratio
Events Total Events Total
Unspecified AF
Maurer 2018 [10] 15 74 9 35 ——
Zhou 2021 [13] 7 142 20 98 —
Huang 2021117] 0 42 | 42 v
Stabile 2020 (Subgroup 1)[12] 21 140 4 89 |
Stabile 2020 (Subgroup 2)[12] 14 149 9 74 —sa
Random effects model 547 338 '
Heterogeneity: 12 = 74%, ©° = 0.7752, p < 0.01 ! o |
0.1 051 2 10
Random effects model meta-analysis result RR: 0.761, 95% CI: 0.301 to 1.925, p=0.564
Paroxysmal AF
Dhillon 2019 [28] 11 50 18 50 |
| | |
0.5 1 2
RR: 0.611, 95% CI: 0.322 to 1.158, p=0.131
Overall
Random effects model 597 388 <:$——

Heterogeneity: 17 = 68%, 1> = 0.5323, p < 0.01

Random effects model meta-analysis result

[
0.1

051

2 10
RR: 0.727, 95% CI: 0.355 to 1.490, p=0.384

Supplementary Figure 9. Forest plot of the leave-one-out sensitivity analysis for pooled RR for

one-year post-ablation cardiac arrhythmia recurrence between STSF catheter and ST catheter

(RR: Rate ratio; CI: Confidence interval).

Excluded study

Omitting Maurer 2018 [10]

Omitting Zhou 2021[13]

Omitting Huang 2021 [17]

Omitting Stabile 2020 (Subgroup 1)[12]
Onmitting Stabile 2020 (Subgroup 2)[12]
Omitting Dhillon 2019 [28]

Random effects model

Pooled estimation after excluding one study

Point
estimation

0.714
0.929
0.755
0555
0.718
0.761

0.727

95% CI

[0.283;
[0.501;
[0.354:
[0.342;
[0.286;
[0.301;

[0.355;

1.803]
1.723]
1.609]
0.901]
1.803]
1.925]

1.490]

P-value

0.476
0.815
0.466
0.017
0.480
0.564

0.384

lz

74%
50%
74%
30%
74%
74%

68%

Supplementary Figure 10. Forest plot for the paired meta-analysis of the included studies

comparing STSF catheter with ST catheter for the risk of overall complications related to RFCA

(STSF: SMARTTOUCH® SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; AF:

Atrial fibrillation; RR: Rate ratio; CI: Confidence interval).
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STSF ST

Study Rate Rati
Events Total Events Total ate o

Unspecified AF

Huang 2021 [17] 0 42 0 42 ;
Plenge 2020 [11] 1 60 | 20 !
Halbfass 2017 [16] g 50 0 50 ]
Lee 20190 [14] 0 39 0 32 !
Random effects model 191 144 I T T <:I> T T 1
. ity: I* = 0%, = 0. =0.
Heterogeneity: /° = 0%, 12 =0.1629, p = 0.63 0,001 0.01 0.1 1 10 100 1000
Random effects model meta-analysis result RR: 1.113, 95% CI: 0.166 to 7.440, p=0.912
Paroxysmal AF
Liu 2019 [26] 0 24 0 24 -
Melby 2018 [23] 0 71 1 102 .
Dhillon 2019 [28] 0 50 3 50 —_—
Duytschaever 2019[24] 3 86 9 243 —
Random effects model 231 419 C',L-
Heterogeneity: I> = 0%, ©° =0, p =0.71 I ! I I !
0.001 0.1 1 10 1000
Random effects model meta-analysis result RR: 0.673, 95% CI: 0.226 to 2.006, p=0.477
Overall
Random effects model 422 563 <:.J,>

Heterogeneity: /> = 0%, 1° =0, p = 0.85 I I I I |
0.001 0.1 1 10 1000

Random effects model meta-analysis result RR: 0.766, 95% CI: 0.299 to 1.959, p=0.578

Supplementary Figure 11. Forest plot for the paired meta-analysis of the included studies
comparing STSF catheter with ST catheter for foley catheter use (STSF: SMARTTOUCH®
SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; RR: Rate ratio; CI: Confidence
interval).

STSF ST
Study Events Total Events Total Rate Ratio RR 95%-CI P-value
Melby 2018 [23] 31 71 86 102 0.518  [0.393;0.684]
Duytschaever 2019[24] 10 86 63 243 0.448 [0.241; 0.833]
Random effects model 157 345 0.506 [0.393; 0.652] <0.001

Heterogeneity: 17 = 0%, ° =0, p = 0.67

Supplementary Figure 12. Forest plot for the paired meta-analysis of the included studies
comparing STSF catheter with SF catheter for acute procedure success of PVI (STSF:
SMARTTOUCH® SURROUNDFLOW; SF: SURROUNDFLOW; AF: Atrial fibrillation; RR:
Rate ratio; CI: Confidence interval).
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BMJ Open

STSF SF
Study Rate Ratio
Events Total Events Total

Unspecified AF
Dugo 2016 [29] 26 26 26 26

| |
0.9 1
RR: 1.000, 95% CI: 0.928 to 1.078, p=1.000

1
1.1

Paroxysmal AF

Uetake 2020 [31] 208 298 97 97 —

[ |
0.9 1

RR: 1.000, 95% CI: 0.985 to 1.015, p=1.000

Overall
Random effects model 324 123 <il.>>

Heterogeneity: 1> = 0%, ©> =0, p = 1.00 I J
09 1

Random effects model meta-analysis result RR: 1.000, 95% CI: 0.985 to 1.015, p=1.000

|
1.1

Supplementary Figure 13. Forest plot for the paired meta-analysis of the included studies
comparing STSF catheter with SF catheter for one-year post-ablation arrhythmia recurrence
(STSF: SMARTTOUCH® SURROUNDFLOW; SF: SURROUNDFLOW; AF: Atrial
fibrillation; RR: Rate ratio; CI: Confidence interval).
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STSF SF
Study Rate Ratio
Events Total Events Total
Paroxysmal AF
Uetake 2020 [31] 65 298 42 97 R — |
| | |
0.5 1 2
RR: 0.504, 95% CI: 0.368 to 0.689, p<0.001
Persistent AF
Takamiya 2020 [32] 11 74 22 74
| | |
0.5 1 2
RR: 0.500, 95% CI: 0.262 to 0.956, p=0.036
Overall
Random effects model 372 171 ——
Heterogeneity: I” = 0%, ©° =0, p = 0.98 { | !
0.5 1 2

Random effects model meta-analysis result

RR: 0.503, 95% CI: 0.379 to 0.667, p<0.001

Supplementary Figure 14. Forest plot for the paired meta-analysis of the included studies

comparing STSF catheter with SF catheter for the risk of overall complications related to RFCA

(STSF: SMARTTOUCH® SURROUNDFLOW; SF: SURROUNDFLOW; AF: Atrial
fibrillation; RR: Rate ratio; CI: Confidence interval).
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STSF SF
Study Rate Ratio

Events Total Events Total

Unspecified AF

Gonna 2017 [30] 0 100 2 100 .
Dugo 2016 [29] 1 26 0 26 4 ]
Random effects model 126 126 —-{:,}

Heterogeneity: I = 32%, t* = 1.1811, p = 0.22 [ I ! ! I
0.01 0.1 1 10 100

Random effects model meta-analysis result RR: 0.745, 95% CI: 0.052 to 10.574, p=0.828

Persistent AF

Takamiya 2020 [32] 4 74 2 74 SN BN E——
I | ] | | 1

0.01 0.1 051 2 10 100

RR: 2.000, 95% CI: 0.378 to 10.587, p=0.415

Overall

Random effects model 200 200 <£:—=~

Heterogeneity: 72 = 0%, t* < 0.0001, p = 0.37 ' ' [ ' !
0.01 0.1 1 10 100

Random effects model meta-analysis result RR: 1.381, 95% CI: 0.367 to 5.193, p=0.633

Supplementary Figure 15. Forest plot of the leave-one-out sensitivity analysis for pooled RR
for the risk of overall complications related to RFCA between STSF catheter and SF catheter
(RR: Rate ratio; CI: Confidence interval).

Pooled estimation after excluding one study

Excluded study RR .
Point

estimation

2.185 [0.501; 9.537] 0.299 0%
0.906 [0.106; 7.730] 0928  41%
0.745 [0.052; 10.574] 0.828 32%

95% CI P-value 12

Omitting Gonna 2017 [30] i
Omitting Dugo 2016 [29]
Omitting Takamiya 2020 [32]

Random effects model — T 1.381 [0.367; 5.193] 0.633 0%

0.1 05 1 2 10
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Supplementary Table 1. Study characteristics and main extracted information from the included studies2:

BMJ Open

Supplementary Table

[oul ‘1ybrAdoo Ag pa1o

n

@ 1200100 uf”t 0 6/65/0-£202-uadolwg/9:

Reference  Region Publication ~ Publication  Study Patient inclusion and Catheter Patient charactestic Main outcomes
ID type language design exclusion criteria comparison and o
sample size c
Halbfass Germany  Full text English Prospective  Inclusion criteria: STSF (n=50) vs. Demographics @ & Procedural characteristics
2017 [16] cohort study  Patients with ST (n=50) * Mean age: ST S‘IE‘ v‘_’t’s T * Ablation time: STSF vs. ST
symptomatic, drug- (64.0+10.7 vs. 6% 2 OS years, (41.1+11.1 vs. 40.1+12.1
refractory paroxysmal p=0.39); DON minutes, p=0.66);
or persistent atrial * Male: STSF stS% §8% Vs.
fibrillation (AF) who 58%, p=1.00); © = Clinical outcomes
underwent left atrial * BMI: STSF Vs.%'g’(§9,0i4.9 vs.  * Acute procedure success rate:
radiofrequency (RF) 29.7+6.1 kg/m?, gfg.ﬂ); STSF vs. ST (100% vs. 100%);
catheter ablation and Q_ g_ * Any complications: STSF vs.
post-procedural Clinical charactensﬁos_ ST (4% vs. 0%, p=0.49);
esophagogastroduodeno * Paroxysmal AP&{@SF vs. ST * Cardiac tamponade: STSF vs.
scopy (EGD) (44% vs. 38%, p5006%8y; ST (2% vs. 0%);
o Left Ventriculaffg}:gon * Bleeding: STSF vs. ST (2%
Exclusion criteria: fraction: STSF V‘gmﬁﬁil 1.0 vs. 0%).
Unspecified. vs. 56.5£9.8%, p=0.
- CHA,DS, VASE S che STSF
vs. ST (2.3%1.5 @ 2. Eii-l 4,
p=0.20); g g
e o
Comorbidities o 3
* Hypertension: STSFws. ST
(90% vs. 98%, p0.26;
* Coronary artergdisegse: STSF
vs. ST (26% vs. 30%,2=0.82);
* Diabetes: STSEvs. §T (14% vs.
20%, p=0.60); g. o
. Stroke/transiengischgmic attack:
STSF vs. ST (10& VSNg%
pP= L. 00) g l\\
Horiuchi Japan Abstract English Randomized Inclusion criteria: Atrial ~ STSF (n=20) vs. Pooled informatién oftwo groups  Procedural characteristics
2017 [18] controlled fibrillation patients ST (n=20) Demographics 2 * Median radiofrequency time
study undergoing * Mean age: 60+11 y%rs from superior to anterior sites:
circumferential STSF vs. ST (9 vs. 22 seconds,
pulmonary vein Clinical characterlst1c8 p<0.01);
isolation. * Paroxysmal AF: 47.89. * Median radiofrequency time

Exclusion criteria:
Unspecified.

at inferior and posterior sites:
STSEF vs. ST (9 vs. 8 seconds,
P=NS);
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* There was no difference
between the two groups in the
mean contact force at each of 6
sites (anterior, anterosuperior,
anteroinferior, inferior,
posteroinferior, and
posterosuperior site);

* Total number of residual
conduction gaps: STSF vs. ST
(1.0+1.1 vs. 0.9£1.1, p=NS).

¥paikjas sasn 10y Buipnjour ‘JybAdoo Aq pao

gwapubiasug
A, €20C 1800100 LT U0 6.5S.0

Ullah United Full text English Prospective  Inclusion criteria: STSF (n=10) vs. Demographics Procedural characteristics
2017 [19] Kingdom cohort study  Patients undergoing ST (n=30) * Mean age: ST ST * Median catheter tip
their first catheter (65.8+5.3 vs. 61%%@5, temperature at the start of
ablation procedure for p=0.65); % <=1 energy delivery: STSF vs. ST
atrial fibrillation (AF) * Male: STSF vspSg gO% Vs. (28 vs. 36 °C, p<0.005);
70%, p=1); 3 = = * Median impedance at start of
Exclusion criteria: i = 2 energy delivery: STSF vs. ST
Unspecified. Clinical charactegiSficg (154 vs. 181 Q, p<0.005);
* Paroxysmal AR ®T'SF vs. ST * Median minimum catheter tip
(50 % vs. 50%, B = temperature during RF
* Duration of pe@isteﬁ AF: STSF  delivery: STSF vs. ST (25 vs.
vs. ST (11£3 vs.';&Oi@ months, 35 °C, p<0.005);
p=0.13); - 3 * Median time to reach
* Left atrial diam':e_ter'_gTSF VS. minimum catheter tip
ST (4.1£0.8 vs. 4g4i0§ cm, temperature: STSF vs. ST (8.4
p=0.17); Q o vs. 1.2 seconds, p<0.005);
* CHA,DS, VASg scate: STSF * Median maximum catheter
vs. ST (1.5+0.8 & 1.8+1.0, tip temperature during RF
p=0.61). @ 3 delivery: STSF vs. ST (29 vs.
3 5 41 °C, p<0.005);
g 2 * Median time to reach
® € maximum catheter tip
g > temperature: STSF vs. ST (0
3 B vs. 14.9 seconds, p<0.005);
o N * Median time to reach
Q 3 . .
RN maximum ablation power:
o g‘ STSF vs. ST (0.6 vs. 8.1
iy seconds, p<0.005).
Chopra United Full text English Retrospectiv  Inclusion criteria: STSF (n=24) vs. Pooled information oftwo groups  Procedural characteristics
2018 [25]  States e study Patients aged between ST (n=23) Clinical characteristics * Procedure time: STSF vs. ST

18 and 81 years who
had undergone a
radiofrequency ablation
procedure for the
indication of

* Left atrial diameter:84.2i7.5
mm; w

« Left ventricular ejecBon
fraction: 57.8%i7%;8

+ CHADS VASc sCo@ 2.4+1.4.

(192.74£46.6 vs. 213.9+43.5
minutes, p=0.11);

* Ablation time: STSF vs. ST
(43.8£13.8 vs. 49.1+14.8
minutes, p=0.18);
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paroxysmal AF at
OhioHealth Riverside
Methodist Hospital,
Columbus, Ohio, USA,
from May 1, 2017, to
June 1, 2018.

Exclusion criteria:
Unspecified.

* Fluoroscopy time: STSF vs.
ST (511.8+231.8 vs.
523.64+277.4 seconds, p=0.39);
* Total fluid: STSF vs. ST
(2,288.8+£725.8 vs. 3,105+803
mL, p<0.001);

* Fluid via ablation catheter:
STSF vs. ST (697.3£299.3 vs.
12774315.8 mL, p<0.001);

* Fluid from sources other than
ablation catheter: STSF vs. ST
(1591£583.6 vs. 1828689
mL, p=0.21);

* Post-RFA Furosemide use
(0% vs. 39%; p=0.0006).

Maurer
2018 [10]

Germany

Full text

English

Prospective
cohort study

Inclusion criteria:
Patients with
symptomatic, drug-
refractory paroxysmal,
or short-term persistent
AF (< 3 months in
duration).

Exclusion criteria:

1. Prior pulmonary vein
isolation or left atrial
surgery;

2. A left atrial (LA)
diameter > 60 mm;

3. Severe valvular heart
disease or
contraindications to
post-interventional oral
anticoagulation.

STSF (n=75) vs.

ST (n=35)

BpROo|UMOQ "€20Z 1870100 LT U0 6.55.0-E202-uadolwg/9

allpdns juawaublasug

Demographics
* Mean age: STSE . ST
(65.4£11.5 vs. 6§68 years);

* Male: STSF vséS%@6.7% Vs.
68.6%); ERES

« BMI: STSF vs ST (B8.5+6 vs.
26.3+4.3 kg/m?)j,

ef pue 1xa} 0] pare|al sasn 10} Buipnjoui ‘JyBAdoo Agq pao

=.

dblway

Clinical charactegsti
* Paroxysmal AF?DF.ST@: vs. ST
(52% vs. 43%); @ o

* Left atrial diamgter;_gaTSF Vs.
ST (45.246.6 vs.cl4.28+6 mm);

* Median CHALI¥S, VAASc Score:
STSF vs. ST 2 8. 2)5

» Median CHADR Scote: STSF
vs. ST (1 vs. 1); @

ouyoa
YT aung

Comorbidities

* Coronary artergdisé,q)se: STSF

vs. ST (29.3% v522.88%);

* Congestive heaft faif{ire: STSF

vs. ST (17.3% vs. 3%

* Arterial hypertensiom STSF vs.
ST (61.3% vs. 71.4%%

* Diabetes mellitus: S®SF vs. ST
(93%vs. 11.4%); @

« Stroke/transient isch@mic attack:

STSF vs. ST (4% vs.$4.3%).

Procedural characteristics

* Procedure time: STSF vs. ST
(131.3+£33.7 vs. 133.0+42
minutes, p=0.995);

* Ablation time: STSF vs. ST
(1751£394.0 vs. 1604.6+287.8
seconds, p=0.201);

* Fluoroscopy time: STSF vs.
ST (1446 vs. 13.5£6.6
minutes, p=0.559);

* Total fluid: STSF vs. ST
(265.5£64.4 vs. 539.6£118.2
mL, p<0.001);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (100% vs. 100%);
* 12-month arrhythmia
recurrence rate: STSF vs. ST
(20.3% vs. 25.7%);

* Audible steam pop: STSF vs.
ST (0% vs. 0%).
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Melby Unspecifi ~ Abstract English Retrospectiv  Inclusion criteria: STSF (n=71) vs. Demographics —. Procedural characteristics
2018 [23] ed e study Paroxysmal AF patients ST (n=102) * Mean age: STSE vs BT (60+£10 < Procedure time: STSF vs. ST
undergoing first-time vs. 61£9 years, %0.75, (1.9£0.5 vs. 1.9+0.4 hours,
ablation, guided by 5 S p=0.77);
CARTO VISITAG™ Clinical charactéfistioss * Ablation time: STSF vs. ST
Module. o Left Ventriculagejec\‘on (37.4+11.2 vs. 38.2+12.5
fraction: STSF Vsﬁ 60.2+7.6 minutes, p=0.74);
Exclusion criteria: vs. 59.5+7.9%, p& )24 * Fluoroscopy time: STSF vs.
Unspecified. * CHADS VASc-Smlﬁ STSF vs. ST (3.1+4.4 vs. 4.7£2.7
ST (1.62+1.4 vs. 284, minutes, p<0.001);
p=0.56); g%’ N * Fluoroscopy dose: STSF vs.
) U ST (12.4+16.7 vs. 27.3+18.6
Comorbidities 2 = & mGy, p<0.001);
« Congestive healt @ﬁlre STSF * Total fluid: STSF vs. ST
vs. ST (0% vs. 4%% ;?_; (1505+440 vs. 2353+605 mL,
ag-% p<0.001);
8 < 3 * Fluid via ablation catheter:
533 STSF vs. ST (563+168 vs.
33 11454375 mL, p<0.001);
Sn= * Foley catheter usage (%):
273 STSF vs. ST (43.7% vs.
> § 84.3%, p<0.001);
o gl Clinical outcomes
= o * Any complications: STSF vs.
@ = ST (0% vs. 1%);
o 3 * Cerebrovascular accident:
32 o STSF vs. ST (0% vs. 1%).
Dhillon United Full text English Prospective  Inclusion criteria: STSF (n=50) vs. Demographics 2 3 Procedural characteristics
2019 [28]  Kingdom cohort study  Consecutive patients ST (n=50) * Mean age: STSE. vs. ST * Mean procedure time: STSF

with paroxysmal atrial
fibrillation underwent
pulmonary vein
isolation guided by
ablation index (AI)
between January 2017
and October 2017.

Exclusion criteria:
Unspecified.

(60.1£11.8 vs. 59?,9i1% 8 years,

p=0.915); 3

« Male: STSF vs%T (%0% vs.
48%, p=0.042); 3 R

e N

Clinical characte%stic%

* Median duratiof! of AF: STSF

vs. ST (24 vs. 42 morfths

p=0.057); I@

* Left atrial diameter: %TSF VS.

ST (37.6+5 vs. 38.7+4mm,

p=0.145); w

« CHA,DS, VASc che STSF

vs. ST (1.3£1.2 vs. 1&i1 6,

p=0.184);

vs. ST (156 vs. 199 minutes,
p<0.001);

* Mean ablation time: STSF vs.
ST (27.2 vs. 43.2 minutes,
p<0.001);

* Mean left wide antral
circumferential ablation Time:
STSF vs. ST (29.5 vs. 38.5
minutes, p<0.001);

* Mean right wide antral
circumferential ablation Time:
STSF vs. ST (32 vs. 38.5
minutes, p=0.001);
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Comorbidities
* Hypertension: fl“SF«ys ST
(38% vs. 34%, p=D.8B);

* Diabetes Mellifds: SESF vs. ST
(12% vs. 6%, p=9.485);

* Ischemic Heartdjsease: STSF
vs. ST (4% vs. 28,8 291).

* Mean fluoroscopy time:
STSF vs. ST (7.7 vs. 8.5
minutes, p=0.079);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (68% vs. 48%,
p=0.068);

-0 @ * 12-month AF/AT recurrence
FaN rate: STSF vs. ST (6% vs.
288 -
=0 g * Any complications: STSF vs.
°=2¢ ST (0% vs. 6%);
e 5_9 § * Pericarditis: STSF vs. ST
é’g S (0% vs. 4%);
2o % » Femoral venous hematoma:
oS o STSF vs. ST (0% vs. 2%).
Duytschae  Europe Abstract English Prospective  Inclusion criteria: STSF (n=86) vs.  Not reported ﬁ’i; g Procedural characteristics
ver 2019 cohort study  Patients underwent ST (n=243) 3 % 3 * Procedure time: STSF vs. ST
[24] point-by-point ERCES (137.4£30.1 vs. 162.9£36.9
paroxysmal atrial a - =] minutes);
fibrillation ablations > 5 » Ablation time: STSF vs. ST
across 17 European = 3 (37.1£9.23 vs. 34.4+11.73
centers in the VISTAX o S minutes);
study. g o * Fluid via ablation catheter:
Q o STSF vs. ST (785.3+£356.0 vs.
Exclusion criteria: o 3 1,255.6+469.3 mL);
Unspecified. a g * Foley catheter usage (%):
© 3 STSF vs. ST (11.6% vs
3 5 25.9%);
o >
= 4 o
® ¢S Clinical outcomes
g > * Any complications: STSF vs.
S ST (3.5% vs. 3.7%).
Goldstein ~ United Abstract English Retrospectiv  Inclusion criteria: STSF (n=1,445) Demographics g B Not reported
2019a States e study Patients with a primary ~ vs. ST » Age group >70mSTﬁ vs. ST
[20] diagnosis of AF (>18 (n=1,766) (35.09% vs. 30. 1‘8%,&—0 0031);

years) who underwent
radiofrequency ablation
between 09/01/2016—
03/31/2018, identified
from the Premier
Healthcare database.

Clinical characteristi@:g

* Paroxysmal AF: ST&J vs. ST
(63.32% vs. 67.21%, pFO 0210);
« CHADS,VASc scorE>3: STSF
vs. ST (43.39% vs. 3528%,
p<0.001);
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Exclusion criteria:
Unspecified.

1 ‘qyBrAdoo Ag pa1o:
Lo-szoz-uadOqulgs

Comorbidities
« Obesity: STSF 3s. siﬂ (23.88%
vs. 19.42%, p=0D022F

+ Diabetes: STSESys. ST (20.90%
vs. 17.27%, p—()‘@090);

* Atrial flutter: S?,;SF

(41.38% vs. 32.64% g<0 0001);
* Valvular disea% F vs. ST
(21.87% vs. 12. 34“5,%0 0001);

. Cardlomyopatlg“g'@F vs. ST
(12.87% vs. 9.6886B08).0042);

* Hypertension: F s. ST
(69.48% vs. 63. 03"/?* 0.0001);
* Heart failure: ﬁ@%:

(20.69% vs. 17. s,gozg, 0. 0407)

Goldstein ~ United Abstract English Retrospectiv  Inclusion criteria: STSF (n=571) Not reported & = 2 Hospital readmission outcomes
2019b States e study Patients with a primary  vs. ST (n=571) S = 2 * 4-6 months all-cause
[21] diagnosis of AF (>18 SN readmission rate: STSF vs. ST
years) who underwent 3 % 3 (2.78% vs. 2.78%, p=1.000);
index (first occurrence) ERCES * 4-6 months cardiovascular-
radiofrequency ablation a - =] related inpatient readmission
in an outpatient setting > = rate: STSF vs. ST (1.23% vs.
(09/01/2016— = 3 1.23%, p=1.000);
03/31/2018), identified 2 S * 4-6 months AF-related
from the Premier g o inpatient readmission rate:
Healthcare database. Q o STSF vs. ST (0.93% vs.
» 3 0.62%, p=0.6535).
Exclusion criteria: a g
Unspecified. 0w 3
Lee 2019a  South Abstract English Prospective  Inclusion criteria: Drug ~ STSF (n=66) vs. Pooled informat ﬁn wo groups  Procedural characteristics
[15] Korea cohort study  refractory symptomatic ST (n=32) Demographics £ 2. * Procedure time: STSF vs. ST
AF patients. * Mean age: 61i$yea¥s (160437 vs. 199442 minutes,
p<0.001);
Exclusion criteria: Clinical characte@stld“ « Ablation time: STSF vs. ST
Unspecified. * Paroxysmal ARB 67%, (44+10 vs. 66+14 minutes,
8 5 »<0.001);
i Clinical outcomes
@ * Acute procedure success rate:
3 STSF vs. ST (96.3% vs.
o 95.8%, p=0.613).
Lee 2019b  South Abstract English Retrospectiv  Inclusion criteria: Drug ~ STSF (n=39) vs.  Pooled information offwo groups  Procedural characteristics
[14] Korea e study refractory symptomatic ST (n=32) Demographics E—r

AF patients.

Mean age: 61£10 years,
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Exclusion criteria:
Unspecified.

Q 9
® o
o 3
> =
=)
s 3
o S
'c 1
N
2 R
Q
&
Male: 79%; D
> o
o g
Clinical charactemstic®

Paroxysmal AF: §9%S

* Procedure time: STSF vs. ST
(168+34 vs. 199+42 minutes,
p=0.001);

* Ablation time: STSF vs. ST
(47£11 vs. 66£14 minutes,
p<0.001);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (96.0% vs.
95.8%, p=0.867);

* Any complications: STSF vs.
ST (0% vs. 0%).

Liu 2019
[26]

China

Full text

Chinese
e study refractory paroxysmal
AF patients underwent
pulmonary vein
isolation.

ST (n=24)

Exclusion criteria:
Unspecified.

Retrospectiv  Inclusion criteria: Drug- ~ STSF (n=24) vs.

1X3] 01 pale|as sasn 1oy ﬁl@o

Fdng 1uswaublosug

Demographics
* Mean age: STSE T
(65.0£9.6 vs. 6528 Qyears,
p=0.95); oo

* Male: STSF vsgSE&7.5% vs.
37.5%, p=1.00);3 B3

« BMI: STSF vs 3{{h(@2.11.7 vs.
21.8+1.4 kg/m2,8=0.83);

eRIUMOQ "€20¢ 1990120 LT

> o
Clinical characteFsticS.
* Duration of AF@ST@S vs. ST
(10.4+10.1 vs. 6,g:h4.gmonths,
p=0.08); Qe o
* Left atrial diamgter;_gaTSF Vs.
ST (34.1+13.9 v&39.2+5.4 mm,
£=0.09); .
e Left Ventriculaéejecgon
fraction: STSF v& STT55+6 vs.
53+8%, p=0.23)7
S
Comorbidities 3
« Coronary heartdisease: STSF
vs. ST (8.3% vs.39.28, p=0.14);
* Heart failure: STSF gﬁ ST
(25.0% vs. 41.7%, p=0.22);
* Hypertension: STSkws. ST
(41.7% vs. 50%, p=0.36);
« Diabetes: STSF vs. 8T (12.5%
vs. 29.2%, p=0.16); @
« Stroke: STSF vs. STF4.2% vs.
8.3%, p=1.00).

yTaung

Procedural characteristics

* Procedure time: STSF vs. ST
(67 vs. 70 minutes, p=0.45);

* Ablation time: STSF vs. ST
(35.3+6.4 vs. 39.649.0
minutes, p=0.07);

* Fluoroscopy time: STSF vs.
ST (7.8£3.1 vs. 11.2+6.3
minutes, p=0.02);

* Total infusion fluid: STSF vs.
ST (356 vs. 700 mL, p<0.01);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (100% vs. 100%,
P=1);

* Any complications: STSF vs.
ST (0% vs. 0%).
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Solimene

2019 [1

2]

Italy

Full text

Inclusion criteria:
Patients with
paroxysmal or
persistent AF who
underwent their first AF
ablation.

English Prospective

cohort study

Exclusion criteria:

1. Age <18;

2. Longstanding
persistent AF (AF was
the sole rhythm for the
last 12 months);

3. AF secondary to a
transient or correctable
abnormality, including
electrolyte imbalance,
trauma, recent surgery,
infection, toxic
ingestion, and
endocrinopathy;

4. Intra-atrial thrombus,
tumor, or other
abnormality precluding
catheter insertion;

5. Left ventricular
ejection fraction <35%;
6. Women of
childbearing potential
who are or might be
pregnant;

7. Hematological
contraindications to
ionizing radiation
exposure;

8. Presence of complex
congenital heart
disease;

9. Cardiac surgery
within 1 month from
enrollment.

STSF
(Subgroup with
Al 330-450,
n=162;
Subgroup with
AI 380-500,
n=151) vs. ST
(Subgroup with
AT 330-450,
n=96; Subgroup
with AT 380-
500, n=81)

=
The subgroup with AE$30-450
Demographics g
* Mean age: STSCE_ vs. ST (60£12
vs. 58+10 years)5’
* Male: STSF VéQST @68% Vvs.
71%);
* BMI: STSF vs. CST (87 5+4.3 vs.

27.243.8 kg/mz)

Ui
994:0 -e20g-uadolwa/g

uo ¢

EI

|a
0% 199

Clinical characteg@
* Paroxysmal Aﬁg&f vs. ST
(79.6% vs. 81. 30}2;

» Left Ventrlcular_ajec on
fraction: STSF v 58+8 vs.
52+10%); 220

2z
o

JnSIJG
0J] pape

Comorbidities
* Hypertension: g‘l’@"vs. ST
(30.4% vs. 31. 30/5)073
* Ischemic heart ﬂlma@ STSF
vs. ST (5.3% vs 3.7,
* Valvulopathy: §TSESys. ST
(1.2%vs. 1%); = 3
* Dilated cardio@yop_@
vs. ST (4.9% vs. Z 299;
* Previous transmnt isghemic
attack/Stroke: S”ESF @ ST (4.3%
vs. 1%); 3
* Diabetes melliti#s: S%SF vs. ST
(11.1%vs. 2.1%B. o
* Chronic renal szilucm.. STSF vs.
ST (1.9% vs. 0% <

o >

> (0]
The subgroup wigh AE380-500
Demographics © |,
* Mean age: STé%- vs. QT (59£10
vs. 5913 years)? &
* Male: STSF vs. ST (72% vs.
77%); Q
« BMI: STSF vs. ST (36.2+4 vs.
28.14+4.8 kg/m?); 3

hy: STSF

Id

Clinical characteristics
* Paroxysmal AF: STSF vs. ST
(83.4% vs. 75.3%);

The subgroup with Al 330-450
Procedural characteristics

* Procedure time: STSF vs. ST
(120£72 vs. 129444 minutes);
* Ablation time: STSF vs. ST
(33.3+11.5 vs. 30.7+10
minutes);

* Fluoroscopy time: STSF vs.
ST (257+356 vs. 5424285
seconds);

* Total fluid: STSF vs. ST
(701287 vs. 1105573 mL);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (94.5% vs.
97.5%);

The subgroup with AT 380-500
Procedural characteristics

* Procedure time: STSF vs. ST
(125473 vs. 144+44 minutes);
* Ablation time: STSF vs. ST
(33£11.7 vs. 28.8+13.7
minutes);

* Fluoroscopy time: STSF vs.
ST (379+454 vs. 540+416
seconds);

* Total fluid: STSF vs. ST
(836+503 vs. 1,732+664 mL);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (92.2% vs.
94.5%).
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* Left ventricular, eje(‘an
fraction: STSF vg STt\?léOH vs.
57£7%); ©

a) Buipn

>
Comorbidities

* Hypertension: QTSFd/s ST
(45.7% vs. 39.5%);

* Ischemic heart mlsnage STSF
vs. ST (5.5% vs.5.0/@;

* Valvulopathy: %l“glqgs ST
(2.6% vs. 62%)m en

* Dilated cardio y: STSF
vs. ST (0.7% vs ?%)/

* Previous trans1&1€?sghemlc
attack/Stroke: sxsg\g ST (2.6%
vs. 1.2%); 2o

* Diabetes melhtgsE{S%-SF vs. ST
(4% vs. 6.2%); §S3

¢ Chronic renal f@18& STSF vs.
ST (0.7% vs. 3.7Bkn =

Plenge
2020 [11]

Germany

Full text

English

Prospective
cohort study

Inclusion criteria:
Consecutive patients
with symptomatic
paroxysmal or
persistent AF scheduled
for pulmonary vein
isolation.

Exclusion criteria: Age
younger than 18 years,
reversible causes of AF,
prior pulmonary vein
isolation, and
intracardiac thrombus.

STSF (n=60) vs.

ST (n=20)

Demographics @ . ©

* Mean age: STSE vs. 3T
(63.0£9.1 vs. 653i1(B7 years,
2=0.33); S

* Male: STSF VSDET @3 3% vs.
65.0%, p=0.56)@ &

* BMI: STSF vs.5T @7.4£5.1 vs.

25.7+4.3 kg/mQ,p_—O %l)

Clinical charactéstl(‘@
* Duration of AF‘”ST%‘F vs. ST
(79.6+£97.2 vs. 858+190.7
months, p=0.82)S >
* Left atrial diang@ter:'STSF vs.
ST (41.2+7.0 vs, 012 7'@ 3 mm,
p=064; % 8
» Left ventriculafjecfjon
fraction: STSF vs. ST{61.3+8.4
vs. 62.245.3 %, p=0. m);

]
Comorbidities 3
* Hypertension: STSFXs. ST
(65% vs. 73.3%, p=0.39);

« Hyperlipoproteinem@: STSF vs.

ST (33.3% vs. 40%, p50.42);

Procedural characteristics

* Procedure time: STSF vs. ST
(106.3£28.4 vs. 116.7+£26.7
minutes, p=0.2);

* Ablation time: STSF vs. ST
(25.9£7.3 vs. 32.1+16 minutes,
p=0.045);

* RF time for PVI left veins:
STSF vs. ST (836.5+£296.3 vs.
1,086.6+523.0 seconds,
p=0.08);

* RF time for PVI right veins:
STSF vs. ST (913.5+1,435.8
vs. 1,002.8+544.6 seconds,
p=0.8);

* Fluoroscopy time: STSF vs.
ST (16.0+6.7 vs. 13.8+5.7
minutes, p=0.25)

* Fluoroscopy dose: STSF vs.
ST (1,854.7+1,247.9 vs.
1,756.7+£822.6 nGym?2,
p=0.77);

* Fluid via ablation catheter:
STSF vs. ST (241.4+79.6 vs.
540.34£229.5 mL, p<0.01),
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= 1
« Cardiovasculardise&Re: STSF
vs. ST (20% vs. #%,8=0.10);
. Cardiomyopat}g: STBF vs. ST
(15% vs. 13.3%,5=0.82);
* Diabetes mellitfs: SIESF vs. ST
(15% vs. 13.3%,9=0.682);
* Renal failure: $TSFQqs. ST
(11.7% vs. 0%,1&? 2);

* Sleep-disordered Er_éhthing:

STSF vs. ST (8.8563/836.7%,
p=0.63). TN

Clinical outcomes

* Any complications: STSF vs.
ST (1.7% vs. 5%);

* Audible steam pop: STSF vs.
ST (1.7% vs. 0%);

* Bleeding: STSF vs. ST (0%
vs. 5%).

Stabile
2020 [22]

Italy

Full text

English

Prospective
cohort study

Inclusion criteria:
Patients with
paroxysmal or
persistent AF who
underwent their first AF
ablation.

Exclusion criteria:

1. Age <18;

2. Longstanding
persistent AF (AF was
the sole rhythm for the
last 12 months);

3. AF secondary to a
transient or correctable
abnormality, including
electrolyte imbalance,
trauma, recent surgery,
infection, toxic
ingestion, and
endocrinopathy;

4. Intra-atrial thrombus,
tumor, or other
abnormality precluding
catheter insertion;

5. Left ventricular
ejection fraction <35%;
6. Women of
childbearing potential
who are or might be
pregnant;

7. Hematological
contraindications to

STSF
(Subgroup with
Al 330-450,
n=140;
Subgroup with
Al 380-500,
n=149) vs. ST
(Subgroup with
AI330-450,
n=89; Subgroup
with AT 380-
500, n=74)

Duplicate with Sélxg]g}e 2019.

* (s3gvy) Jnauadng 1

"saifojouyoa) Jejiwis pue ‘Buluresy |y ‘Buiuiw eyep pue 1xa

The subgroup with AI 330-450
Clinical outcomes

* 12-month arrhythmia
recurrence rate: STSF vs. ST
(14.9% vs. 4.5%);

The subgroup with AI 380-500
Clinical outcomes

* 12-month arrhythmia
recurrence rate: STSF vs. ST
(9.4% vs. 12.2%).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

| @p anbiydelpoliqig asuaby 1e Gzog ‘vT aunc uo ywod fwqg uadolwagy/:dny woly papeojum


http://bmjopen.bmj.com/

S
Page 43 of 55 BMJ Open 8 3
g 5
< 5
3 3
1 ER
S N
2 ts'?:: &
3 ionizing radiation - g
4 exposure; 3 &
5 8. Presence of complex g 3
6 congenital heart 5 S
7 disease; Q
! =
8 9. Cardiac surgery =) o
within 1 month from e ma
9 enrollment. 59
10 Zhang China Full text Chinese Retrospectiv  Inclusion criteria: STSF (n=34) vs. Demographics — ® ® Procedural characteristics
11 2020 [27] e study 1. Recurrent ST (n=34) + Mean age: STSE'®. NT * Right PVI time: STSF vs. ST
12 paroxysmal atrial (66.63+7.59 vs. @39@7 53 years, (23.30£5.53 vs. 28.65+4,95
13 fibrillation (defined as p>0.05); 52 D minutes, p<0.05);
14 paroxysmal atrial * Male: STSF VS,.S% g5.9% Vvs. * Left PVI time: STSF vs. ST
fibrillation that can be 58.8%,p>0.05),§:{ (CD S (28.25+9.67 vs. 33.25+£5.60
15 terminated by itself or 8 3 8 minutes, p<0.05);
16 intervention within 7 Clinical charactensﬁcg- * Fluoroscopy time: STSF vs.
17 days after the attack), * Duration of ABD-QSF vs. ST ST (11.30+£2.91 vs. 12.30+3.31
18 which does not respond (9.6+£3.6 vs. 8. 7@ @g)nths minutes, p>0.05);
19 to antiarrhythmic drugs. p>0.05); 3W®3 * Total fluid: STSF vs. ST
20 2. Preoperative * Left atrial dlanﬁteo ETSF VS. (930.00£319.70 vs.
2 echocardiography ST (36.8+3.7 vs§4 9&5.3 mm, 1,770.00+482.43 mL);
showed left atrial p>0.05); > =
22 diameter <55mm and * Left ventriculaipjecBon Clinical outcomes
23 left ventricular ejection fraction: STSF v&, STZ60.1+3.7 * Unilateral PVI success rate:
24 fraction (LVEF) > 35%. vs. 59.3+3.4%, p20.09). STSEF vs. ST (88.23% vs.
S
25 Q o 58.82%, p<0.05);
26 Exclusion criteria: 2 § * Cardiac tamponade: STSF vs.
57 Stroke, heart valve a2 g ST (2.9% vs. 2.9%);
disease, heart failure 0w 3 * Eschar: STSF vs. ST (0.0%
28 (cardiac function IV 3 3 vS. 8.8%, p<0.05).
29 level), atrial thrombus, 2 z
30 cardiomyopathy ® <
. . . o 3
31 (including hypertrophic =) ®
32 cardiomyopathy and o _'E
cardiomyopathy), acute o N
34 (%] a1
coronary syndrome, T
35 hyperthyroidism, ;
36 hypothyroidism, <
37 coronary heart disease, 3
38 chronic renal o
39 insufficiency (chronic g
kidney disease stage 4- =
40 =
5) Q
41 o
42 =
43 2
44 2
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml )
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Huang China Full text Chinese Retrospectiv  Inclusion criteria: STSF (n=42) vs. Demographics — Procedural characteristics
2021 [17] e study 1. Aged between 18 and ST (n=42) « Mean age: STSE vs.RT * Ablation time: STSF vs. ST
75 years; (62.3£8.8 vs. 61 ,gim}é) years, (28.3£5.1 vs. 51.3%£6.7
2. ECG examination p=0.510); 5 S minutes, p<0.001);
confirmed AF attack. * Male: STSF vsSST ¢69.0% vs.
64.3%, p=0.643)2 ~ Clinical outcomes
Exclusion criteria: cme * Circumferential pulmonary
1. Patients with cardiac Clinical charactemsticS vein isolation success rate:
thrombosis; * Paroxysmal AR éﬁ"ﬂf vs. ST STSF vs. ST (100.0% vs.
2. Patients complicated (45.2% vs. 54.8‘%%@383); 100.0%, p=1.000);
with active hemorrhagic * Left atrial diarrr'gt :ISTSF vs. » Complement ablation rate in
disease, severe organic ST (4.38+0.48 v, %t0.62 cm, CPVI: STSF vs. ST (45.2% vs.
disease, or advanced p=0.854); S 23 85.7%, p=0.087);
chronic wasting disease; « Left ventriculafe c§on * 12-month arrhythmia
3. Left atrial diameter > fraction: STSF VggIg recurrence rate: STSF vs. ST
55mm; (59.45+4.72 vs. @%%10.91%, (0% vs. 2.4%, p=0.314);
4. Patients with valvular p=0.340); s Sao * Any complications: STSF vs.
heart disease or vascular SN g ST (0% vs. 0%).
disease requiring Comorbidities I3 @3
surgical treatment. * Hypertension: STQE/S ST
(54.8% vs. 52.498, p=6.827);
* Coronary heartisegge: STSF
vs. ST (21.4% v$:21.B%,
p=1.000; B 9
+ Cardiac insuffidlenc@: STSF vs.
ST (9.5% vs. 9.5, pl.000);
* Diabetes: STSkws. ST (4.8%
vs. 11.9%, p=0.286); 0
* Cerebral infarctfon: §TSF vs.
ST (7.1% vs. 19.8%, §=0.106).
Zhou China Full text Chinese Retrospectiv  Inclusion criteria: STSF (n=142) Demographics & 2 Procedural characteristics
2021 [13] e study Patients undergoing vs. ST (n=98) * Mean age: STSE VS.%T * Procedure time: STSF vs. ST

first-time percutaneous
radiofrequency catheter
ablation.

Exclusion criteria:
Unspecified.

(63.249.2 vs. 633-.1:1(% years,

p=0.950); S

* Male: STSF ngST 59.2% vs.

65.3%, p=0.491):
(%2

e G20

Clinical characteristi
* Paroxysmal AF: ST&F vs. ST
(59.9% vs. 66.3%, p=8.335);
« Left atrial diameter: S TSF vs.
ST (43.444.4 vs. 44.4%5 mm,

(96.4 +31.6 vs. 119.5+33.8
minutes, p=0.021);

* Ablation time: STSF vs. ST
(38.6+15.2 vs. 61.5+13.8
minutes, p=0.013);

* Fluoroscopy time: STSF vs.
ST (15.3+3.3 vs. 16.9+3.6
minutes, p=0.144);

Clinical outcomes

p=0.193); g * 12-month arrhythmia
S recurrence rate: STSF vs. ST
o (4.9% vs. 20.4%, p=0.025).
>
E
c
(0]
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! ER
2 g 8
3 « Left ventricular gjecto
4 fraction: STSF vg STcho1.4+5.7
5 vs. 61.2+5.1%, p=0.88);
6 » CHA,DS, VASS Sc@re: STSF
7 vs. ST (2.3+1.7 R. 1.9\:}:1.7,
8 p=0.243). ° A
Dugo Germany  Abstract English Retrospectiv  Inclusion criteria: STSF (n=26) vs. Demographics e m 5\3: Procedural characteristics
9 2016 [29] e study Patients with AF SF (n=26) * Mean age: STS &s%F (6619 * Procedure time: STSF vs. SF
10 underwent ablation vs. 67£10 years)'?—l; o 2 (98432 vs. 78431 minutes, p<
11 between July 2014 and » Male: STSF VSES"g 4% vs. 0.05);
12 May 2015, with a 50%); g%’ N * Fluoroscopy time: STSF vs.
13 minimum follow-up of 52 o SF (11£7 vs. 743 minutes, p<
14 6 months. Clinical charactensm% 0.05);
* Paroxysmal Afg St vs. SF
15 Exclusion criteria: (96% vs. 81%); o 9 g Clinical outcomes
16 Unspecified. * Left atrial diarrg_t%. STSF vs. * Acute procedure success rate:
17 SF (40+7 vs. 4224 Eng—). STSF vs. SF (100% vs. 100%);
18 SN * Any complications: STSF vs.
19 3 % 3 SF (0% vs. 0%);
20 30 g * Cardiac tamponade: STSF vs.
a. o SF (0% vs. 0%);
21 > = « Stroke: STSF vs. SF (0%
22 Z 3 v5.0%);
23 o S * Atrial-esophageal fistula:
24 g @ STSF vs. SF (0% vs. 0%);
25 Q o * Vascular access: STSF vs. SF
26 » 3 (3.8% vs. 0%);
57 Gonna United Full text English Prospective  Inclusion criteria: Atrial ~ STSF (n=100) Demographics 2 8 Procedural characteristics
2017 [30]  Kingdom cohort study  fibrillation patients vs. SF (n=100) * Mean age: STSE.vs 3F * Mean procedure time: STSF
28 undergoing ablation, (60.5+14.0 vs. 6B4+13.3 years,  vs. SF (225.5 vs. 221.4
29 Between May and p=0.38); 2 2. minutes, p=0.55);
30 December 2015. * Male: STSF vs@SF @3% vs. * Mean fluoroscopy time:
31 71%,p=0.75. S ® STSF vs. SF (25.8 vs. 30.0
32 Exclusion criteria: a = minutes, p=0.03);
33 Unspecified. Lg. N o
o~ Clinical outcomes
34 @ g' + Any complications: STSF vs.
35 z SF (0% vs. 2%, p=0.16);
36 Q * Pericardial effusion: STSF
37 S vs. SF (0% vs. 1%, p=0.32);
38 ® * Atrioventricular block: STSF
39 g vs. SF (0% vs. 1%, p=0.32).
40 Takamiya  Japan Full text English Retrospectiv  Inclusion criteria: STSF (n=74) vs. Demographics = Procedural characteristics
41 2020 [32] e study Patients who underwent  SF (n=74) )
@
42 =
43 5
44 2
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first catheter ablation
for drug-refractory
persistent AF.

Exclusion criteria:
Unspecified.

= 1
* Mean age: STSE vs.S3F (63+10
vs. 63+12 years, 3=0.62);
* Male: STSF VS§F @6% vs.
80%, p=0.69); 5 S
* BMI: STSF vs‘SBF (25+4 vs.
25+4 kg/m?, p=098);5‘

Cma
Clinical characteﬁsrgcg.
* Median duratioa c‘& Fersistent
AF: STSF vs. SEF8.8vs. 6
months, p=0.30)pp @ N
* Left atrial diam%’[e:f:' TSF vs.
SF (4346 vs. 43+ @, p=0.96);
« Left ventriculafef€Bon
fraction: STSF vgﬁgs%u vs.
58+14%, p=0.578 = =
o
Comorbidities =
* Heart failure: S 24
vs. 20%, p=0.835 00 =
* Hypertension: gl"\s/fﬁ/s SF
(61% vs. 54%, p'iO.Sg
*Diabetes mellitys: SESF vs. SF
(20% vs. 19%, ps1.0@.

2
=

>3
3

s. SF (18%

* Procedure time: STSF vs. SF
(180 vs. 200 minutes,
p=0.150);

* Fluoroscopy time: STSF vs.
SF (67 vs. 76 minutes,
p=0.026);

Clinical outcomes

¢ 12-month arrhythmia
recurrence rate: STSF vs. SF
(15% vs. 30%);

* Any complications: STSF vs.
SF (5% vs. 3%, p=1.0);

» Pericardial effusion: STSF
vs. SF (1.4% vs. 1.4%);

* Esophageal gastroparesis:
STSF vs. SF (1.4% vs. 0%);

* Phrenic nerve injury: STSF
vs. SF (1.4% vs. 0%);

* Aspiration pneumonia: STSF
vs. SF (1.4% vs. 0%);

+ Sinus node injury as a result
of superior vena cava isolation:
STSEF vs. SF (0% vs. 1.4%).

Uetake
2020 [31]

Japan

Full text

English

Prospective
cohort study

Inclusion criteria:
Paroxysmal AF patients
who underwent their
first radiofrequency
catheter ablation
procedure.

Exclusion criteria:

1. Severe valvular
disease;

2. Left ventricular
ejection fraction < 35%;
3. Left atrial
dimension > 55 mm,;
4. Active thyroid
disease;

5. Hypertrophic
cardiomyopathy;

6. Hemodialysis;

STSF (n=298)
vs. SF (n=97)

Demographics 2. @

* Mean age: ST@l vs.zpF
(65.3£9.9 vs. 63 gi9.§_years,

p=0.085); a g
* Male: STSF vs“SF (#8.8% vs.

~

79.4%, p=0.0283. o

* BMI: STSF vs.8F (2‘4.&3.5 vs.

24.04+3.1 kg/mz,?o.‘ﬂjﬁﬂ;
o (4

Clinical charactegsticg

* Duration of AFSSTRF vs. SF

(32.1£33.5 vs. 289+432 months,

p=0.023); o g‘

* Left atrial diameter:§TSF Vvs.
SF (41.0+6.0 vs. 40.625.9 mm,
p=0.709); g

* Left ventricular e¢j ection
fraction: STSF vs. SF9%5.8+7.7

Procedural characteristics

* Ablation time: STSF vs. SF
(2,056.8+£534.5 vs.
2,401.1+733.4 seconds,
p<0.001);

Clinical outcomes

* Acute procedure success rate:
STSF vs. SF (100% vs. 100%);
¢ 12-month arrhythmia
recurrence rate: STSF vs. SF
(21.8% vs. 43.3%, p<0.001).
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7. Use of antiarrhythmic
drugs during the
blanking period.

« CHA,DS, VASE Sc&e: STSF
vs. SF (1.94£1.28 vs. 815&1 13,
p=0.010);

46U!pn
TuoB

Comorbidities
* Hypertension: QTSF\I s. SF
(53.4% vs. 52.6%, p=B,493);

* Congestive heagt ifire: STSF
vs. SF (4.7% vs. 2.8/@ p=0.203);
* Diabetes mellitgSSSESF vs. SF
(10.1% vs. 13.4%, B230);

* Previous strokepfiransient
ischemic attack: ﬁ Bvs. SF
(3.4% vs. 1.0%, ﬁ—g’i)z)

» Vascular diseass: ggF vs. SF
(5.7% vs. 1.0%, B=B:

Ikeda
2021 [33]

Japan

Full text

English

Retrospectiv
e study

Inclusion criteria:

1. Age of > 20 years
and provision of
informed consent to
undergo a second AF
ablation at our institute,
the performance of the
second AF ablation
using high-density
mapping or the
conventional method
(CARTO® mapping
system; Biosense
Webster, Irvine, CA,
USA) during that
period;

2.> 3 months of follow-
up at the outpatient
clinic in our institute.

Exclusion criteria:

1. Refusal to participate
in the study;

2. An inability to
undergo follow-up for
any reason;

3. The lack of use of a
3D mapping system.

STSF (n=51) vs.

CELSIUS®
(n=49)

Demographics 2 S g

+ Mean age: STSE % T ELSIUS®
(63.5+8.54 vs. 64 7 years,
$=0.98); S0z

« Male: STSF V@EEIUSO
(63% vs. 73%, p$0 25

Clinical charactes_?a_sticg

* Paroxysmal AF-?--STg: Vvs.
CELSIUS® (59°Evs 5%,
p=0.5); 3

* Median CHADa VgSc Score:
STSF vs. CELSIUS®H) 8 vs. 0.8,
p=0.91);

B JE|ILU
ung uo

Comorbidities
* Sick sinus sync@omeb STSF vs.
CELSIUS® (14%gvs. 1%,
p=0.72); o

. Cerebrovasculqs dls@se STSF
vs. CELSIUS® (¥2% g} 4%,
p=0.16);

* Congestive heart falﬁre STSF
vs. CELSIUS® (16% ms 22%,
p=0.39); 3

* Hypertension: STSFXs.
CELSIUS® (35% vs. 8%,
p=0.78);

Procedural characteristics

* Procedure time: STSF vs.
CELSIUS® (260.5+82.7 vs.
255.8+45.3 minutes, p=0.82);
* Fluoroscopy dose: STSF vs.
CELSIUS®(313.2+187.9 vs.
363.4+257.3 mGy, p=0.28);

Clinical outcomes

¢ 12-month arrhythmia
recurrence rate: STSF vs.
CELSIUS® (33% vs. 16%,
p=0.017);

* Cardiac tamponade: STSF vs.
CELSIUS® (0% vs. 0%);

* Cerebral infarction: STSF vs.
CELSIUS® (0% vs. 0%);

* Bleeding: STSF vs.
CELSIUS® (13.7% vs. 10.2%);
* Congestive heart failure:
STSF vs. CELSIUS® (2% vs.
0%, p=0.32);

* Pericarditis: STSF vs.
CELSIUS® (2% vs. 0%,
p=0.32).
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« Diabetes mellitus: SESF vs.

CELSIUS® (2% zs. 8%, p=0.15);

« Chronic kidneylisea3e: STSF
vs. CELSIUS® (&6 v& 16%,
p=0.19). @ -

Reinsch Germany  Full text English Retrospectiv  Inclusion criteria: Atrial ~ STSF (n=690) Demographics 2 Procedural characteristics
2021 [36] e study fibrillation patients vs. Thermocool ~ * Mean age: STSE ys.0 * Procedure time: STSF vs.
undergoing ablation at NAVISTAR® Thermocool NA¥IS R® Thermocool NAVISTAR®
the Alfried Krupp (n=99) (67.5£10.6 vs. 62629D) years); (160+48 vs. 19047 minutes);
Krankenhaus, Essen, * Male: STSF VS%FSG@”IOCOO] * Ablation time: STSF vs.
Germany from October NAVISTAR® (5§%/ows. 59.6%);  Thermocool NAVISTAR®
2014 to June 2019. - @ ¢ (43+19 vs. 58427 minutes);
Clinical characte%s?r * Fluoroscopy time: STSF vs.
Exclusion criteria: * Paroxysmal Afgﬁ_ Vs. Thermocool NAVISTAR®
Unspecified. Thermocool NA¥I R® (5£3 vs. 744 minutes);
(43.5% vs. 48.5%) 5 2
* Duration of AFRST'SF vs. Clinical outcomes
Thermocool NA%@;&R@’ * Cardiac tamponade: STSF vs.
(50.1£57.5 vs. 55%8.4 Thermocool NAVISTAR®
months); ERZES (1.7% vs. 2.9%).
« Left ventriculagzjecton
fraction>55%: STSF B.
Thermocool NAYZISTAR®
(77.5% vs. 81.8%8); S
*+ CHA;,DS, VASE. Sc@e>3: STSF
vs. Thermocool ;ﬁAV&STAR®
(57.0% vs. 46.9%); 3.
2 3
Comorbidities £. 3
» Hypertension: _a:rSFSJS.
Thermocool NA¥ISTAR®
(69.9% vs. 57.6%). <
Di 2020 Italy Abstract English Prospective  Inclusion criteria: CARTO+STSF  Pooled informatign oftwo groups  Procedural characteristics
[35] cohort study  Patients with (n=59) vs. Clinical charactegstidy * Procedure time:
paroxysmal or Rhythmia * Paroxysmal A}g63% CARTO+STSF vs. Rhythmia
persistent AF System™ + T 9 System™ + DirectSense
underwent point-by- DirectSense @ (180+£56 vs. 180+89 minutes,
point pulmonary vein (n=57) p=0.590);

isolation.

Exclusion criteria:
Unspecified.

* Fluoroscopy time:
CARTO+STSF vs. Rhythmia
System™ + DirectSense (13£9
vs. 20£12 minutes, p=0.002);

Clinical outcomes

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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* Acute procedure success rate:
CARTO+STSF vs. Rhythmia
System™ + DirectSense
(100% vs. 100%);

* 9-month arrhythmia
recurrence rate:
CARTO+STSF vs. Rhythmia
System™ + DirectSense(14%
vs. 25%, p=0.2);

* Any complications:
CARTO+STSF vs. Rhythmia
System™ + DirectSense (0%
vs. 0%);

* Audible steam pop:
CARTO+STSF vs. Rhythmia
System™ + DirectSense (0%
vs. 0%).

Guckel Germany Abstract English Prospective  Inclusion criteria: STSF (n=69) vs. Not reported
2022 [34] cohort study  Patients undergoing DiamondTemp

radiofrequency ablation =~ ™ (n=33)

for AF.

* (s3gv) Jnauadns juswaublasug

uaby 1e 5zoz ‘vT aung uo /wod fwq uadoligy/:diy Woly papeojumod "€Z0Z 1900190 LT U0 6/55.0rE20z-uadolwa/g

Exclusion criteria:
Unspecified.

‘salIfojouyoal Jejiwis pue ‘Buiureny |v ‘Buluiw eIRp pue 1xa1 01 pale|al sasn 1oj Buipnjoul ‘IybliAdoo Aq pa1o

Procedural characteristics

* Procedure time: STSF vs.
DiamondTemp™ (78.2+25.6
vs. 98.8+30.1 minutes,
p=0.002);

* Ablation time: STSF vs.
DiamondTemp™
(1,035.5+£287.2 vs.792.14£311.2
seconds, p<0.001);

* Fluoroscopy time: STSF vs.
DiamondTemp™ (5.5+2.5
vs.4.6+2.1 minutes, p<0.006);
* Fluoroscopy dose: STSF vs.
DiamondTemp™
(295.84247.5 vs. 183.8+178.1
yGym2, p<0.013);

Clinical outcomes

* Acute procedure success rate:
STSF vs. DiamondTemp™
(100% vs. 100%);

* Acute stroke: STSF vs.
DiamondTemp™ (0% vs. 3%).

STSF: SMARTTOUCH® SURROUNDFLOW; ST: ST: THERMOCOOL SMARTTOUCH®; SF: SURROUNDFLOW; BMI: Body mass index.
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Supplementary Table 2. Search strategies for all databases of systematic literature retrieval.

BMJ Open

Embase, run on July 31, 2022

The Cochrane library, run on July 31, 2022
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o o
T o
82
< ©
3 3
ER
g
Z 3
N
# | Searches =] S Results
1 | exp atrial fibrillation/ s X 100,822
2 | atrial fibrillation.ti,ab,.kw. E m g 149,900
3 |1or2 282 175,990
4 | (Smart Touch or Smarttouch or ST).af. %7% § 2,039,661
5 | (Surround Flow or Surroundflow or SF).af. ;E g 147,154
6 |4and5 e 9,825
7 | STSF.af, 283 81
8 |6or7 a2 9,875
9 |[3and8 ggg 336
10 | limit 9 to yr="2016 -current" 5 Q; 263
11 | limit 10 to english language a- Z 260
Medline, run on July 31, 2022 z 3
# | Searches % § Results
1 | exp atrial fibrillation/ @ 5 65,749
2 | atrial fibrillation. ti,ab,kw. 5 % 83,864
3 [lor2 2 3 96,391
4 | (Smart Touch or Smarttouch or ST).af. sf ? 1,566,840
5 | (Surround Flow or Surroundflow or SF).af. ] 5 58,697
6 |[4and>5 N 4,937
7 | STSF.af. S B 29
8 |6or7 S 4,953
9 |3and8 Z 75
10 | limit 9 to yr="2016 -current" % 53
11 | limit 10 to english language % 53
O
g
[(=]
g
>
E
c
(0]
Q.
i
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(@]
g
g
(@]
o
<
2
=
# | Searches =5 Results
1 | exp atrial fibrillation/ % 5,190
2 | atrial fibrillation.ti,ab,kw. g 14,561
3 |lor2 S 14,959
4 | (Smart Touch or Smarttouch or ST).af. § m 66,732
5 | (Surround Flow or Surroundflow or SF).af. gé. 26,824
6 |4and5 233 2,022
7 | STSF.af. 53 o 9
8 |6o0r7 Tws 2,027
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Abstract

Background: SMARTTOUCH® SURROUNDFLOW (STSF) catheter is the new generation of SMARTTOUCH
(ST) catheter with an upgraded irrigation system for radiofrequency catheter ablation (RFCA) in patients with atrial
fibrillation (AF). Methods: This systematic literature review searched the major English and Chinese bibliographic
databases from 2016 to 2022 for any original clinical studies assessing the STSF catheter for RFCA in AF patients.
Meta-analysis with random effects model was used for evidence synthesis. Results: Pooled outcomes from 19
included studies indicated that STSF catheter was associated with a significantly shorter procedure time [weighted
mean difference (WMD): -17.4 minutes, p<0.001], shorter ablation time (WMD: -6.6 minutes, p<0.001), and lower
catheter irrigation fluid volume (WMD: -492.7 ml, p<0.001) than ST catheter. Pooled outcomes from 4 included
studies with paroxysmal AF patients reported that using the STSF catheter for RFCA was associated with a
significantly shorter ablation time (WMD: -5.7 minutes, p<0.001) and a lower risk of one-year post-ablation
arrhythmia recurrence (rate ratio: 0.504, p<0.001) than the SURROUNDFLOW (SF) catheter. Significant
reductions in procedure time and ablation time associated with the STSF catheter were also reported in the other 4
studies using non-ST/SF catheters as the control. Overall complications of STSF catheter and control catheters were
comparable. Conclusions: Using the STSF catheter was superior to using the ST catheter to conduct RFCA for AF
by significantly reducing procedure time, ablation time, fluoroscopy time, and irrigation fluid volume. The
superiority of the STSF catheter over the SF catheter and other non-ST/SF catheters for RFCA needs further

confirmation.

Strengths and limitations of this study

e Improve the generalizability of the pooled evidence by updating the published evidence and
including studies published in Chinese journals.

e Conduct heterogeneity analyses, sensitivity analysis, and publication bias analysis to
confirm the robustness of the pooled evidence.

e Most of the included studies in this review were observational studies that could introduce
heterogeneity in the pooled evidence.

e The pooled evidence is robust for the comparisons between SMARTTOUCH®
SURROUNDFLOW catheter and SMARTTOUCH® catheter but not for the comparisons
between the other catheter types due to paucity of existing evidence.
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1. Introduction

Radiofrequency catheter ablation (RFCA) plays a critical role in managing atrial fibrillation (AF), which
affects 1.6% of the Chinese adult population and is rising in prevalence along with the aging population in China
[1]. RFCA was originally conducted using a non-contact force (CF)-sensing catheter, whose use is now
discouraged due to the inadequate lesion formation caused by insufficient CF or complications (such as cardiac
perforation and atrioesophageal fistula) caused by excessive CF [2]. Thus, a CF-sensing catheter was developed to
improve ablation outcomes and safety. The THERMOCOOL SMARTTOUCH® (ST) catheter is one of the CF-
sensing catheters widely used for RFCA. The ST catheter is equipped with a technology that can measure the CF
generated by the catheter tip on the myocardium and an irrigation system that cools the tip of the electrode catheter
during ablation and allows high radiofrequency energy ablation without overheating at the electrode-tissue interface
[3]. To enhance the cooling effects on the tip of the catheter electrode, surround flow (SF) technology was
developed by equipping the catheter porous tip with 56 tiny holes, which make conduits for optimal fluid pressure
distribution in the catheter tip. As the new generation of a catheter with advanced irrigation technology, the STSF
catheter combines both CF and SF technologies to optimize ablation outcomes, protect cardiac function, and reduce
the risk of developing eschar during ablation [4]. According to a meta-analysis of four clinical trials published
before 2020, the STSF catheter was superior to the ST catheter in procedure outcomes by reducing the procedure
time, fluoroscopy time, and catheter irrigation infusion volume [5]. However, this meta-analysis was unable to
assess the robustness of the pooled evidence due to the small number of included studies. Additionally, this review
didn’t perform any analysis to address the heterogeneity and publication bias in the pooled evidence. With
accumulated evidence from recently published studies assessing STSF catheter ablation in patients with AF, we
conducted this systematic literature review (SLR) aiming to add more evidence from multiple sources (journals
published in Chinese and recent conference proceedings) and including studies comparing STSF versus (vs.)
catheters other than ST to better comprehend the values of STSF catheter for RFCA in AF patients. Thus, this SLR
could be a timely evidence source to support the management of AF with catheter ablation in the countries where
STSF was considered a new technology to improve ablation outcomes in AF patients.

2. Materials and Methods

This study was designed as an SLR using major English- and Chinese-language bibliographic databases to
identify published, peer-reviewed clinical studies comparing the STSF catheter against other ablation catheters for
procedural characteristics and clinical outcomes associated with RFCA in AF patients. This SLR was reported by
following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 2020 Statement [6].

2.1 Study eligibility criteria

This SLR set both inclusion and exclusion criteria to identify randomized clinical trials or observational
studies (retrospective or prospective cohort studies) comparing the STSF catheter with other ablation catheters for
AF. The study inclusion criteria are as follows: (1) including AF patients who underwent RFCA; (2) assessing
STSF against any other type of ablation catheter for RFCA in adult patients with AF; (3) reporting procedural
characteristics and clinical outcomes associated with ablation catheter during and/after RFCA in AF patients; and
(4) designed as a clinical trial or observational study. The exclusion criteria of this SLR are as follows: (1)

preclinical (in vivo or in vitro) studies, case studies, case reports, non-original research articles (e.g.
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correspondence, editorials, commentaries, overviews, summaries, communications, consensus guidelines) and
reviews; (2) any cohort that includes patients with ablation for arrhythmias other than AF; (3) single-arm studies

assessing STSF without control; (4) inadequate information.

2.2 Information sources and search strategies

Given that RFCA has been implemented for AF treatment for over 20 years in China, many clinical studies
assessing various ablation catheters for AF have been published in Chinese clinical journals. Therefore, this SLR
explored major English bibliographic databases (MEDLINE, Embase, Web of Science, and the Cochrane Library)
and three major Chinese bibliographic databases (WANFANG, VIP, and China National Knowledge Infrastructure)
as the data sources. To align with the time of STSF approval in 2016, the literature search period was set from
January 1, 2016, to the date when the literature search was first conducted (July 31, 2022). Grey literature search
was conducted by searching the proceedings of the Heart Rhythm Society annual conference, the Society for
Cardiovascular Angiography and Interventions annual conference, the European Heart Rhythm Association annual
conference, and the Asia Pacific Heart Rhythm Society annual conference in 2021 and 2022 for any relevant but
not fully published studies. The trial registry databases, including ClinicalTrials.gov, European Union Clinical
Trials Register, and International Clinical Trials Registry Platform, were searched as well for any missing studies.
To ensure that all relevant evidence is captured, this study only combined the keywords for AF and STSF to
develop the search strategy for each bibliographic database and grey literature search. Search strategies is shown in

Supplementary Table 1.

2.3 Literature selection process

Two reviewers conducted the literature selection independently after which the search hits were pooled. Then,
they deleted duplicate results and identified additional studies from the left references for further eligibility
assessment, which included the exclusion of irrelevant references and retrieving full publications of the relevant
references. The source references reporting relevant outcome information from clinical guidelines, literature
review, and health economic research were cross checked with the identified references to avoid missing studies.
The developed inclusion and exclusion criteria were used to determine the study eligibility after a full publication
review. The exclusion reasons during the literature selection process were documented for records. Any

disagreement on study eligibility between the two reviewers was resolved by consulting with the study lead.

2.4 Data collection process

Excel-based data extraction forms were developed specifically to guide the data collection from the full
publications of included studies. The designed data extraction form was tested using one included study to align
with definitions of the planned data items for extraction. Two reviewers were fully trained on how to use the data
extraction forms and the definitions of data items. The two reviewers conducted data extraction independently. The
extracted information from the two reviewers was further cross-checked by the third reviewer, which corrected any

inconsistent information by verifying the information source. The study lead reviewed all extracted information for

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublasug

e


http://bmjopen.bmj.com/

Page 5 of 55 BMJ Open

oNOYTULT D WN =

130
27131
28

59132
30133
37134
33135
34

35
36

37

38137
39

40138
41 139
43 140
44141
45

46 142
47

48 143

136

49
5o 144
51

52145

54146
23 147
57148
28 149
60 150

any abnormal information before evidence synthesis.

2.5 Data items

The full publication of the included studies was reviewed to collect the following information: (1) study
characteristics such as country setting, study design, and patient inclusion and exclusion criteria; (2) study arm
information including the arm definition, sample size, and patient baseline characteristics (demographics, AF-
related clinical characteristics, and comorbidities); (3) ablation catheter type; (4) outcome measures that included
procedural characteristics (procedure time, ablation time, fluoroscopy time, irrigation fluid volume), clinical
outcomes (acute procedural success of pulmonary vein isolation (PVI), one-year post-ablation cardiac arrhythmia
recurrence, ablation-related complications); and other relevant outcomes (eschar, use of diuretics, and use of
urinary catheter). Most of the included studies didn’t provide adequate information for the definitions of outcome

measures except catheter irrigation fluid volume, fluoroscopy time, and acute procedural success of PVI.

2.6 Study risk of bias assessment

This SLR used Newcastle-Ottawa Scale (NOS) [7] to assess the study quality of the included studies. Based
on the recommendation from previous research [8], this SLR classified included studies as good quality (NOS 8-9),
fair quality (NOS 5-7), and poor quality (NOS 0-4). This SLR included one randomized clinical trial, which was
published as a conference abstract and didn't provide adequate information for the quality assessment using the
Jadad score [9]. Two reviewers used NOS to assess the fully published studies independently. Any disagreement on

assessment was discussed with the study lead to reach a consensus.

2.7 Effect measures

This SLR extracted any reported effect measures from the included studies. The extracted effect measures
were standardized according to their original definitions in the included studies and the selected effect measures for
evidence synthesis included procedural characteristics and clinical outcomes. This SLR used weighted mean
difference (WMD) to present the pooled procedural characteristics for the comparisons of procedure time, ablation
time, fluoroscopy time, and catheter irrigation fluid volume. The pooled clinical outcomes for the comparisons of
acute procedural success of PVI, one-year post-ablation arrhythmia recurrence, and RFCA-related overall

complications were presented with a rate ratio (RR).

2.8 Synthesis methods

The extracted data were standardized and categorized by AF types (paroxysmal AF, persistent AF, and
unspecified AF); control catheter types (ST, SF, CELSIUS® catheter, DiamondTemp™, and NAVISTAR®); patient
characteristics [age, gender distribution, AF type distribution, disease duration after the diagnosis of AF, left
ventricular ejection fraction (LVEF), left atrium diameter, CHA,;DS, VASc, and comorbidities]; and effect
measures for RFCA procedural characteristics and clinical outcomes. The reported outcomes from the included

studies comparing STSF vs. the same control catheter were first pooled for evidence synthesis using a pairwise
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meta-analysis method, which used a random-effect model to consider the variance between the included studies and
within each included study. Heterogeneity in the conducted meta-analysis was assessed using the I method. The
included studies were stratified by AF type for subgroup analysis if the heterogeneity in the pooled outcomes was
significant. Further exploration of potential heterogeneity sources was conducted by excluding the studies reporting
different patient characteristics if significant heterogeneity was still detected in the pooled outcomes from the
subgroup analysis. The leave-one-out sensitivity analysis was conducted to determine the robustness of the overall
pooled outcomes for the meta-analysis including 3 or more eligible results. The Egger’s test was also performed to
assess publication bias for overall pooled outcomes from 10 or more eligible results. This SLR used the statistical
software R to conduct the described analyses. Original results from included studies were reported when the meta-

analysis was not feasible.
3. Results

3.1 Study selection

This study initially identified 373 unique references from the search of the included English and Chinese
bibliographic databases. One-hundred-eighty-two were excluded due to irrelevance following the review of the
titles and abstracts of the initial batch of papers. Following the study eligibility assessment of the full publications
of the remaining 191 papers, 25 met the inclusion criteria. The search of conference proceedings and review articles
identified two additional eligible studies. Thus, a total of 27 studies are included in our SLR. The flowchart of the

study identification process is illustrated in Figure 1.

3.2 Characteristics and qualities of included studies

The included 27 studies assessed the procedural characteristics and clinical outcomes associated with STSF
relative to ST (in 19 studies), SF (in 4 studies), and other four non-STSF/SF catheters (1 study for each non-
STSF/SF catheter), respectively. This SLR only included one randomized clinical trial and the rest of the included
studies were observational studies, including 13 retrospective studies and 13 prospective studies. This SLR
included 4 studies published in Chinese. The studies published in English included 3 studies from the United States,
13 studies from Europe, and 7 studies from other regions. Among the included studies, 17 studies were fully
published and 10 studies were published in conference proceedings. Even though all these studies included patients
who underwent RFCA for AF, 7 studies solely included patients with paroxysmal AF, 1 study only included
patients with persistent AF, and 19 studies included patients with either paroxysmal or persistent AF. According to
the reported patient baseline characteristics in these included studies, the study patients were characterized with
relatively old age (mean age range: 58.0-67.5 years), high CHA;DS, VASc score (mean range: 1.3-2.7), and
prevalent cardiovascular comorbidities, which included hypertension (30.4%-98.0%), coronary heart disease
(8.3%-29.2%), and heart failure (17.8%-41.7%). Of the 17 studies assessed for study quality, 7 studies had good
quality and 10 studies had fair quality. The study characteristics and main extracted information from these

included 27 studies are summarized in Supplementary Table 2.
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3.3 Synthesized evidence from the included studies comparing the STSF catheter with the ST catheter

Of the included 19 studies comparing STSF with ST, 13 studies [10-22] included patients with unspecified AF
(persistent or paroxysmal AF) and 6 studies [23-28] included patients with paroxysmal AF. The synthesized
outcomes included procedural characteristics (procedure time, ablation time, fluoroscopy time, and irrigation fluid
volume), primary clinical outcomes (acute procedural success of PVI, one-year post-ablation arrhythmia
recurrence, and overall complications), and other ablation-related clinical outcomes that included foley catheter use,

diuretics use, and eschar development.

3.3.1 Procedural characteristics - Procedure time

Overall, nine included studies with 10 eligible results [10-15, 23-25] report RFCA procedure time (876
operated with STSF and 762 operated with ST). The overall pooled outcomes from nine included studies showed
that STSF was associated with significantly shorter procedure time than ST (WMD: -17.4 minutes, 95% CI: -25.3
to -9.4 minutes, p<0.01); however, this pooled outcome has considerable heterogeneity [12 = 76%, p<0.01]. The
pooled outcomes from the stratified studies by AF types identified significantly shorter procedure time associated
with the STSF catheter from the studies with unspecified AF patients (WMD: -18.7 minutes, 95% CI: -27.6 to -9.7
minutes, p<0.001) but not from the studies with paroxysmal AF patients (WMD: -14.7 minutes, 95% CI: -32.3 to
2.9 minutes, p=0.101). Because the heterogeneity of the pooled evidence from the 6 studies with unspecified AF
patients was still significant, we reviewed these six studies to further explore the potential heterogeneity sources.

We found that 2 studies [10, 11] and a subgroup within one study [12] included patients who were likely to be
different from those in other studies in AF duration, left atrial diameter/volume, the proportion of patients with
paroxysmal AF, and proportion of patients with cardiomyopathy. After excluding the results from these four studies
in the meta-analysis, the shorter procedure time of the STSF catheter remained statistically significant (WMD: -
25.9 minutes, 95% CI: -33.0 to -18.8 minutes, p<0.001) with non-significant heterogeneity (I>=21%, p=0.29),
suggesting that these characteristics are potential heterogeneity sources.

The leave-one-out sensitivity analysis indicated that the point estimation of the overall pooled difference in
procedure time between the STSF catheter and the ST catheter had a relatively narrow range (from -15.2 minutes to
-19.9 minutes). In addition, Egger’s test did not detect significant publication bias for the reported difference in
procedure time between the STSF catheter and the ST catheter from the included 9 studies (p=0.768). The pooled
difference in the procedure time between the STSF catheter and the ST catheter is illustrated in Figure 2. The other

reported outcomes are listed in Supplementary Figure 1 and Supplementary Figure 2EHes.

3.3.2 Procedural characteristics - Ablation time

Twelve included studies [10-17, 23-26] with 13 eligible results reported the ablation time associated with
using STSF and ST to conduct RFCA in 1,870 patients with AF (992 operated with STSF and 878 with ST). The
pooled differences in the ablation time of the two catheters favored the STSF catheter (WMD: -6.6 minutes, 95%

CI: -12.5 to -0.6 minutes, p=0.031) with significant heterogeneity (I>=98%, p<0.01). To control the potential
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heterogeneity associated with AF type, this SLR performed a subgroup meta-analysis for this outcome by including
the stratified studies by the AF types of study patients (paroxysmal AF vs. unspecified AF). The pooled difference
in ablation time between the two catheters remained significant in the meta-analysis of the studies with unspecified
AF patients (WMD: -8.6 minutes, 95% CI: -16.9 to -0.4 minutes, p=0.039) but was not for the studies with
paroxysmal AF patients (WMD: -1.1 minutes, 95% CI: -4.8 to 2.6 minutes, p=0.555). However, heterogeneity in
the subgroup meta-analysis of the studies with unspecified AF patients was still significant (1>=98%, p<0.01) and
brought our attention to further explore the potential heterogeneity sources in these studies. By reviewing the
reported patient baseline characteristics from these included studies, we found 4 studies [10-12, 16] with obviously
different patient characteristics (AF duration, left atrial diameter/volume, the proportion of paroxysmal AF,
proportion of patients with myopathy, Ablation Index value, baseline CHA,;DS, VASc score, saline flow rate) from
the other studies. After excluding these four studies from the subgroup meta-analysis, the pooled difference in
ablation time still favored the STSF catheter with statistical significance (WMD: -22.5 minutes, 95% CI: -24.3 to -
20.6 minutes, p<0.001) and low-level of heterogeneity (1>=0%, p=0.69), suggesting that these characteristics are
potential heterogeneity sources.

The overall pooled difference in ablation time between the two catheters from the leave-one-out sensitivity
analysis ranged from -7.5 minutes to -5.1 minutes. No significant publication bias was detected from the included
12 studies comparing the two catheters for ablation time during RFCA (Egger’s test: p=0.450). The pooled
difference in the ablation time between the STSF catheter and the ST catheter is illustrated in Figure 3. The other
reported outcomes are listed in Supplementary Figure 3 and Supplementary Figure 4Supplementary-FEtes.

3.3.3 Procedural characteristics - Irrigation fluid volume

Six included studies [10-12, 23-25] with 1229 AF patients (629 operated with STSF and 600 with ST)
reported catheter irrigation fluid volume during RFCA. The meta-analysis of the reported irrigation fluid volume
associated with the two catheters from the 6 studies indicated a significantly lower irrigation volume for using
STSF to conduct RFCA (WMD: -492.7 mL, 95% CI -646.1 to -339.3 mL, p<0.001). However, this pooled outcome
was associated with significant heterogeneity (1>=94%, p<0.01). These six included studies were stratified by
patient AF type (paroxysmal AF vs. unspecified AF) to conduct a meta-analysis for the control of potential
heterogeneity associated with AF types. The pairwise meta-analysis of the three studies with paroxysmal AF
patients [23-25] confirmed the significant reduction of catheter irrigation fluid volume (WMD: -538.6 mL, 95% CI:
-621.2 to -456.1 mL, p<0.001) with moderate but non-significant heterogeneity (1>=38%, p=0.20) for RFCA
conducted by STSF catheter. However, significant heterogeneity (1>=94%, p<0.01) was found for the pooled
difference in catheter irrigation fluid volume (WMD: -461.4 mL, 95% CI: -739.2 to -183.6 mL, p=0.001) between
the two catheters from the left three studies with unspecified AF patients [10-12]. No further exploration of
heterogeneity resources for this pooled outcome due to a limited number of studies reporting this outcome measure.
The overall pooled difference in catheter irrigation fluid volume between the two catheters from the leave-one-out
sensitivity analysis ranged from -532.1 mL to -427.3 mL.

The pooled difference in the catheter irrigation fluid volume between the STSF catheter and the ST catheter is
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illustrated in Figure 4. The other reported outcomes are listed in Supplementary Figure Sies.

3.3.4 Procedural characteristics - Fluoroscopy time

Eight included studies [10-13, 23, 25-27] compared fluoroscopy time between STSF catheter and ST catheter
used to conduct RFCA (four studies [10-13] with unspecified AF patients and four studies [23, 25-27] with
paroxysmal AF). The overall pooled difference in fluoroscopy time during RFCA between the two catheters
showed that the STSF catheter was associated with significantly shorter fluoroscopy time than the ST catheter
(WMD: -1.6 minutes, 95% CI: -2.8 to -0.3 minutes, p=0.014); however, this pooled outcome was associated with
significant heterogeneity (I>=77%, p<0.014). The included studies were further stratified by the patient AF types
(paroxysmal AF vs. unspecified AF) to conduct subgroup meta-analysis to explore potential heterogeneity
associated with AF types. The subgroup meta-analysis including studies with paroxysmal AF patients confirmed
the significantly shorter fluoroscopy time during RFCA conducted by STSF catheter (WMD: -1.4 minutes, 95% CI:
-2.2 to -0.6 minutes, p<0.001) with a low level of heterogeneity (I1>=8%, p=0.35) [23, 25-27]. However, the pooled
difference in fluoroscopy time between the two catheters from the subgroup meta-analysis of 5 eligible results from
the four studies with unspecified AF patients [10-13] didn’t reach statistical significance and also had substantial
heterogeneity. No further exploration of heterogeneity sources for this subgroup meta-analysis due to a limited
number of included studies reporting this outcome. The overall pooled difference in fluoroscopy time between the
two catheters from all included studies in the leave-one-out sensitivity analysis ranged from -1.9 minutes to -1.4
minutes.

The results of the meta-analysis of the included 8 studies reporting fluoroscopy time associated with STSF
catheter and ST catheter are illustrated in Figure 5. The other reported outcomes are listed in Supplementary Figure

bles.

3.3.5 Primary clinical outcomes

Thirteen studies [10-17, 22-24, 26, 28] reported primary clinical outcomes, including the acute procedural
success of PVI, one-year post-ablation cardiac arrhythmia recurrence, and overall complications related to RFCA.
The overall pooled RR for acute procedure success [10, 12, 14-17, 26, 28], one-year post-ablation cardiac
arrhythmia recurrence [10, 13, 17, 22, 28], and overall complications [11, 14, 16, 17, 23, 24, 26, 28] from these
studies were 0.995 (95% CI: 0.976 to 1.014, p=0.592), 0.727 (95% CI: 0.355 to 1.490, p=0.384), and 0.766 (95%
CI: 0.299 to 1.959, p=0.578), respectively, without reaching statistical significance. Among these three pooled
outcomes, only the pooled RR for one-year post-ablation arrhythmia recurrence between the two catheters was
associated with significant heterogeneity (I = 68%, p<0.01). Subgroup meta-analysis including stratified studies by
patient AF types (paroxysmal AF vs. unspecified AF) was unable to homogenize the pooled RR for one-year post-
ablation cardiac arrhythmia recurrence between the two catheters. The leave-one-out sensitivity analyses for the
three pooled outcomes observed a narrow range for pooled RR for the acute procedural success of PVI (0.993 to
0.999) but wide ranges for one-year post-ablation cardiac arrhythmia recurrence (0.555 to 0.929) and overall

complications (0.600 to 0.927). All reported outcomes are illustrated in Supplementary Figure 7-10.
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3.3.6 Other ablation-related clinical outcomes

Three included studies reported other ablation-related clinical outcomes. Two studies [23, 24] (502
paroxysmal AF patients) reported significantly lower utilizations of the foley catheter [RR: 0.506, 95% CI 0.393 to
0.651, p<0.001] without heterogeneity (1>=0%, p=0.68). One study [25] with 47 paroxysmal AF patients reported
STSF catheter was associated with a significantly lower risk of diuretics use (RR: 0.050, 95% CI: 0.003 to 0.819,
p=0.036). In addition, one study [27] with 68 paroxysmal AF patients reported that STSF catheter was associated
with a reduced risk of eschar formation during ablation without reaching statistical significance (RR: 0.143, 95% CI

0.008 to 2.663, p=0.192). The pooled outcomes are illustrated in Supplementary Figure 11Hes.

3.4 Synthesized evidence from the studies comparing the STSF catheter with the SF catheter

This SLR identified 4 studies [29-32] comparing STSF with SF for procedural characteristics and clinical
outcomes in AF patients. One study [29] with a small sample size (26 using STSF catheter and 26 using SF
catheter) reported significantly longer RFCA procedure time (mean difference: 20.0 minutes, 95% CI: 2.9 to 37.1
minutes, p=0.022) and fluoroscopy time (mean difference: 4.0 minutes, 95% CI: 1.1 to 6.9 minutes, p=0.007) in the
STSF group. The meta-analysis including 2 studies [29, 30] with 252 patients did not identify significant
differences in both acute procedure success of PVI and ablation-related complications between the two catheters.
One study [31] with 395 patients with paroxysmal AF (298 using STSF and 97 using SF) reported significantly
shorter ablation time (mean difference: -5.7 minutes, 95% CI: -8.4 to -3.1 minutes, p<0.001). The pooled RR for
one-year post-ablation arrhythmia recurrence between the two catheters from the two studies [31, 32] favored the
STSF catheter with statistical significance (RR: 0.503, 95% CI: 0.379 to 0.667, p<0.001, heterogeneity test: 1>=0%,
p=0.98) when compared to SF catheter. The reported RFCA-related outcomes from the four studies are summarized

in Table 1. The pooled outcomes are illustrated in Supplementary Figure 12-15.
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3.5 Reported outcomes between STSF catheter and non-ST/SF catheter

This SLR identified 4 studies comparing STSF with four non-ST/SF catheters which were the CELSIUS®
catheter [33], DiamondTemp™ catheter [34], DirectSense catheter guided by Rhythmia™ System [35], and
NAVISTAR® catheter [36]. The 4 studies reported that the STSF catheter was associated with significantly shorter
RFCA procedure time than the DiamondTemp™ catheter(mean difference: -20.6 minutes, 95% CI: -32.5 to -8.7
minutes, p<0.001) and NAVISTAR® catheter (mean difference: -30.0, 95% CI: -39.9 to -20.1 minutes, p<0.001);
significantly shorter ablation time than NAVISTAR® catheter (mean difference: -15.0 minutes, 95% CI: -20.5 to -
9.5 minutes, p<0.001); and significantly shorter fluoroscopy time than DirectSense catheter guided by Rhythmia™
System (mean difference: -7.0 minutes, 95% CI: -10.9 to -3.1 minutes, p<0.001) and NAVISTAR® catheter (mean
difference: -2.0 minutes, 95% CI: -2.8 to -1.2 minutes, p<0.001). However, one study with 116 patients with
persistent or paroxysmal AF [34] reported that the STSF catheter was associated with a significantly longer ablation
time than the DiamondTemp™ catheter (mean difference: 4.1 minutes, 95% CI: 2.0 to 6.2 minutes, p<0.001). None
of these 4 studies reported any significant differences in the rates of ablation-related overall complications between

the STSF catheter and the four non-ST/SF catheters.

4. Discussion

Compared to a similar SLR published in 2020 [5], our SLR was designed with an expansive search period and
search scope which has resulted in the inclusion of a larger pool of studies and much more robust evidence to
demonstrate the values of STSF catheter for RFCA in AF patients. For example, our SLR captured and studied
significantly more studies than the aforementioned SLR (27 studies vs. 4 studies). Additionally, not only did our
SLR include studies comparing STSF with ST but also with SF and other ablation catheters in AF patients; in
contrast, the other SLR only included studies comparing STSF with ST. Furthermore, our SLR synthesized
evidence for more outcomes than the previous SLR and conducted additional heterogeneity analysis and
publication bias assessment to make the pooled findings more robust. Therefore, our SLR should be more
informative regarding the clinical values of STSF for RFCA in AF patients.

According to the studies reviewed in this SLR, the STSF catheter was mainly studied in comparison with the
ST catheter in AF patients. As the STSF catheter evolved from the ST catheter by upgrading the irrigation system
to improve procedural characteristics, the STSF catheter contains all the features of the ST catheter such as the
contact force technology and advanced irrigation system that provides uniform cooling at half the flow rate of ST
catheter and facilitates the process of fluid management [4]. The pooled evidence for the outcomes that were
compared between the two catheters in our SLR aligned with the expected impact of the advanced irrigation system
of STSF. For example, the pooled evidence showed that the STSF catheter significantly save RFCA procedure time
(17.4 minutes, p<0.001), ablation time (6.6 minutes, p=0.031), and fluoroscopy time (1.6 minutes, p=0.016) with
significantly reduced catheter irrigation fluid volume (492.7 mL, p<0.001) relative to ST catheter. These benefits
could potentially improve the performance efficiency of RFCA and enhance the capacity of conducting RFCA in
hospital settings. The substantial reduction in the irrigation volume of STSF could substantially limit the cardiac
burden due to catheter irrigation infusion and make ablation treatment safer to treat AF with heart failure. Even
though the pooled outcome for reduced fluoroscopy time was statistically significant, the estimated reduction of
fluoroscopy time by STSF in this review was unlikely to be substantial and this finding should be interpreted with
caution. As a new technology, STSF could be often used with more fluoroscopy to confirm the position of catheter
during the learning process. With more use of STSF in real-world settings, the benefits of STSF in reducing
occupational health hazards during RFCA could be better demonstrated in future studies.

The pooled evidence also indicates that primary clinical outcomes, including acute procedure success of PVI,
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one-year post-ablation arrhythmia recurrence, and overall complications, are comparable for the STSF catheter and
ST catheter. A possible explanation is that both catheters use the same contact force technology, which is the
primary driver of the ablation effects [37]. However, the advanced irrigation system of the STSF could bring more
clinical benefits to AF patients with heart failure. According to the reported patient characteristics from the
included studies, AF patients are characterized by old age (mean age range: 58.0-67.5 years old) and a high
prevalence of heart failure (17.8% to 41.7%). The fluid infusion through the catheter during RFCA could stress the
heart and deteriorate the cardiac function in patients with heart failure. Even though RFCA has been proven to
improve cardiac function (indicated by LVEF [38]), previous studies observed a high rate of developing acute heart
failure (4.9% to 26.1%) after open-irrigated catheter ablation [39-41]; the development of acute heart failure after
ablation in these studies was likely due to excessive infusion fluid during ablation procedure as patients with
developed acute heart failure after ablation was associated with significantly higher net fluid infusion volume
during ablation than those without developing acute heart failure. Thus, the substantial reduction of the catheter
irrigation infusion volume of the STSF catheter could lower the burden of RFCA on the cardiac load and
potentially reduce the risk of acute heart failure after RFCA [42]. In addition, the shortened ablation time through
STSF could make RFCA more tolerable for AF patients with heart failure who are prone to developing respiratory
distress with the flat position required by the ablation procedure [43]. Since AF patients are often complicated with
heart failure due to old age and other cardiovascular conditions, future research should be encouraged to confirm
the cardiac function-related benefits of STSF and generate robust evidence to inform clinical practices and
guidelines regarding the appropriate applications of STSF catheter ablation for AF. Another potential clinical
benefit of the improved irrigation system of STSF is the reduction of the risk of eschar due to the amplified cooling
effects. Eschar occurs more often with unipolar radiofrequency ablation that generates excessive local temperature
leading to the formation of eschar on the tissue surface; carbonization; and thromboembolic complications; and
even damage to the esophagus and atrium, which induces serious complications such as atrial esophageal fistula,
atrial rupture, and pulmonary vein stenosis [44]. Because the STSF catheter has a more advanced irrigation system
than the ST catheter, it is expected that the STSF catheter could be associated with a lower risk of eschar formation
than the ST catheter. However, this SLT didn’t identify robust evidence to support this clinical benefit of STSF as
only one study with a small sample size reported a non-significant trend for the reduced risk of eschar for STSF
catheter [27].

This SLR also identified 4 eligible studies comparing the STSF catheter with SF catheter and other 4 studies
comparing the STSF catheter with non-ST/SF catheters. The pooled evidence from two eligible studies identified
significantly reduced one-year post-ablation arrhythmia recurrence for STSF catheter relative to SF catheter.
Because these SF catheters were equipped with a similar irrigation technology as the STSF catheter but without
contact force technology, which mainly drives the ablation outcomes [37]. The reported outcomes from the four
studies comparing the STSF catheter with contemporary non-ST/SF catheters suggested that the STSF catheter
could be better than the non-ST/SF catheter regarding the procedure characteristics, which included procedural
time, ablation time, and fluoroscopy time. However, these findings are not robust due to a limited number of studies
(only one study comparing STSF with each non-ST/SF catheter) and the small sample size in each included study.

The generated evidence from this SLR should be interpreted with caution as most of the included studies were
observational studies (26 observational studies and one randomized clinical trial) and the reported outcomes from
the included studies were not pooled separately by study design. Thus, the pooled evidence in our review is likely
to have the common limitations of observational studies that include bias, measurement bias, and unknown
confounders. These limitations could introduce heterogeneity in the pooled evidence in our review. Additionally,
the included studies with small sample size could further introduce heterogeneity. That might explain why most of
the overall pooled outcomes in this SLR had significant heterogeneity. This SLR did recognize that AF type could
an important heterogeneity source as the persistent AF usually requires additional substrate ablation beyond PVI
than paroxysmal AF. Thus, this SLR stratified the included studies by patient AF types to control heterogeneity in
the pooled outcomes. This strategy seems to work well in reducing heterogeneity in the pooled outcomes from the
studies only including paroxysmal AF patients. Due to insufficient studies, this SLR only tried to explore
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heterogeneity resources for procedure time and ablation time by further excluding studies with obviously different
patient characteristics rather than conducting meta-regression analyses. The lack of definitions for some outcome
measures in the included studies could introduce measurement bias and further increase the heterogeneity in the
pooled evidence. In addition, this SLR doesn’t have enough studies to explore the heterogeneity sources in other
pooled outcomes. For the same reason, this SLR only assessed the publication bias for RFCA procedure time and
ablation time. Given the fact that most of the included studies compared the STSF catheter with the ST catheter, the
pooled evidence regarding the comparisons between STSF with non-ST catheters was not robust enough. Thus, this
SLR didn’t grade the pooled evidence because of the limitations discussed above. Future research with adequate
quality is still needed to confirm the generated evidence from this SLR and further explore the potential clinical
benefits of using the STSF catheter to conduct RFCA for AF (such as preventing eschar and acute heart failure).

In summary, this SLR demonstrated that STSF is superior to ST catheter by reducing procedure time, ablation
time, fluoroscopy time, and irrigation fluid volume. Because both catheters use contact force technology which is a
key factor in determining ablation outcomes, it is not a surprise to see highly comparable acute procedure success
of PVI and one-year post-ablation arrhythmia recurrence between STSF catheter and ST catheter from the pooled
evidence. Due to the lack of sufficient and robust evidence to support other clinical benefits of the STSF catheter
relative to other catheters, such as preventing eschar and acute heart failure, more future studies with appropriate
study designs and sufficient sample size are needed in this field.

5. Figures

Figure 1. Literature search flowchart for identifying eligible studies (STSF: SMARTTOUCH®
SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; SF: SURROUNDFLOW; AF: Atrial fibrillation).

Figure 2. Forest plot for the paired meta-analysis of the included studies for the difference in RFCA procedure
time (minutes) between STSF catheter and ST catheter (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD: Weighted mean
difference; CI: Confidence interval).

Figure 3. Forest plot for the paired meta-analysis of the included studies for the difference in ablation time
(minutes) between STSF catheter and ST catheter (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation, WMD: Weighted mean
difference; CI: Confidence interval).

Figure 4. Forest plot for the paired meta-analysis of the included studies for the difference in catheter irrigation
fluid volume (mL) between STSF catheter and ST catheter for RFCA (STSF: SMARTTOUCH®
SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation;
WMD: Weighted mean difference; CI: Confidence interval).

Figure 5. Forest plot for the paired meta-analysis of the included studies for the difference in fluoroscopy time
between STSF catheter and ST catheter for RECA (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation, WMD: Weighted mean
difference; CI: Confidence interval)
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Final inclusion of references (n=27)
Chinese references (n=4)
= Full publications (n=4)
¢ STSFvs. ST (n=4)
English references (n=23)
= Full publications (n=13)
STSF vs. ST (n=8)
+  STSFvs. SF (n=3)
STSF vs. CELSIUS® (n=1)
STSF vs. NAVISTAR™ (n=1)
= Abstract (n=10)
*  STSFvs. ST (n=T)
STSF vs. SF (n=1)
STSF vs. DiamondTemp™ (n=1)
CARTO+STSF vs. Rhythmia System™+ DirectSense
(n=1)

327x185mm (300 x 300 DPI)

m

Exclusion after full publication review

+  Chinese references (n=17)

*  Non-STSF catheter (n=8)

= Unspecified catheter (n=5)

+  Single arm study (n=3)

+  Non-ablation conirol (n=1)
nglish references (n=149)
Unspeeified catheter (n=57)
Non-STSF catheter (n=38)
Single arm study (n=30)
Non-ablation control (n=9)
Not eriginal study (n=7)
Duplicated study cohort (n=4)
Case report (n=2)

Non-AF patients (n=1)
Study protocol (n=1)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 55

(s3gv) Jnauadns wwawaubiasug
| ap anbiydeibol|qig souaby e GZoz ‘vT aunc uo jwod fwg uadolway/:dny wol) papeojumoqd ‘€20z 1840190 LT UO 6/G65/0-£202-Uadolwag/9eTT 0T se paysiignd 1si1) :uado CING

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold


http://bmjopen.bmj.com/

Page 19 of 55

BMJ Open

w
<
(&
1 £
2 g
3 =
4 @
5 2
6 =2
7 Study STSF 5T Before heterogeneity control After heterogeneity contral g
Total Mean SD  Total Mean SD Weighted Mean Difference Weighted Mean Difference o
8 Unspecified AF Q
9 Lee201om11 B i60 40 2 190 20— — &
Lee 2019a[15] 66 160,00 37.0 32 1990 420 —_—— —‘—\— [35Y
1 O Solimene 2019 (Subgroup 2)[121151 1250 73.0 81 1440 440 —_— — U o
Maurer 2018[10] 75 1313 337 35 1330 420 '—-—— ! —_ .
11 Plenge 2020 [11] 60 1063 284 20 1167 267 —— 9,_ ':
Solimene 2019 {Subgroup 1)112]162 1200 72.0 96 1290 440 —_— (] w
12 : o &
1 3 ﬁ:x::i:::e::sjzgf:lﬁA)z:wu:'g\sp7ch e T 17T 1 Heterogeneiiy: 1" = 21%, " = 6.9084, p = 0.29 g g
-40 =20 0 20 40 -40 -20 0 20 40
Random effects model meta-analysis result WMD: -18.7, 95% CI: -27.6 to -9.7, p<0.00] WMD: -25.9, 95% CI: -33.0 to -18.8, p<0.001 )
14 g ©
15 Paroxysmal AF : : o -g
Melby 2018(23] 71 1140 300 102 1140 240 — o S
16 ety R B P v 2 %
—— =.
N
andom effects model 181 368 r T T 1 [te)
1 ; Sclcrdn;cncili: /! -*Ju:l.‘ Irl = 189.7783, p <0.01 40 20 0 20 40 > cg
'I 9 Random effects model meta-analysis result WMD: -14.7, 95% CI: -32.3 to 2.9, p=0.101 é a
Overall O ()]
A =
20 ::T:Zz::‘:h-";:dglc =111 :1:? £<001 e = g_ LOO
-40 -20 0 20 40 —_
;; Random effects model meta-analysis result WMD: -17.4, 95% CI: -25.3 to -9.4, p<0.001 (g i
=
o
23 . . . . . . . )
2 Figure 2. Forest plot for the paired meta-analysis of the included studies for the difference in RFCA e ma
procedure time (minutes) between STSF catheter and ST catheter (STSF: SMARTTOUCH® o2 S
25 SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD: 3 @ 8
26 Weighted mean difference; CI: Confidence interval). 23 S
TON
[¢°]
27 3w
28 303x155mm (300 x 300 DPI) - @
oY
29 Tws
X c >
30 o220
31 59 g_
[oRre )
32 ato
.Q—Jc-A =
33 o
D >0
34 333
35 ERZES
> c
« e
37 = 32
=
o
38 2 3
39 2 @
5 2
40 Qe o
41 Q §
=} 5
o [}
42 o S
43 5 2
= o
44 o >
45 - =
8 5
46 =
S5
47 e »
o
48 e B8
49 3 &
) o
50 ;
51 Q
52 ©
®
53
54 s
O
55 =
«Q
56 3
57 >
58 2
59 3
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml o


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Stud: STSF ST Before heterogencity control After heterogeneity control
Study
Total Mean SD Total Mean SD Weighted Mean Difference Weighted Mean Difference
Unspecified AF
Zhou 20211131 142 386 152 98 615 138 — ——
Huang 2021171 42 283 51 42 513 67 —_ -
Lee 2019b[14] 39 470 110 32 660 140 _— -
Lee 2019al15] 66 440 100 32 660 140 — —_—
75 292 66 35 267 48 -
60 302 100 20 318 135
50 411 1Ll 50 400 121 g "I
Solimene 2019 (Subgroup 1)[121162 333 115 96 307 100 H |—
Solimene 2019 (Subgroup 2)1121151 330 117 &1 288 137 i =
Random effects model 787 486 — i ) &
Heterogencity: [* = 98%, t* = 152.9082, p <0.01 r T T T T 1 Heterogencity: 17 = 0%, £ =0, p =067 [ T T T T T 1
300 200 -0 0 10 20 30 300 200 10 0 10 20 30
Random effects model meta-analysis result WMD: -8.6, 95% CI: -16.9 to -0.4, p=0.039 WMD: -22.5, 95% CI: -24.3 to -20.6, p<0.001
Paroxysmal AF
Liu 2019126] 24 353 64 24 306 90 —&
Melby 2018123 71 34 112 102 382 125 =
Duytschaever 2019(24] 86 371 92 243 344 117 :
Chopra 20181251 24 438 138 23 490 148 :
Random effects model 205 302 r ; . T . . .
etcrogeneity: I = 70%, T = 8.9854, p = 0.02
Heterogeneity: I = 70%, ©° = 8.9854, p = 0.0 a0 a0 -1 o - S %
Random effects model meta-analysis result WMD: -1.1, 95% CI: -4.8 to 2.6, p=0.555
Overall
Random effects model 992 878 =
Heterogencity: 2= 98%, = = 115.0963, p < 0.01 ' T T ' T T !
300 200 -0 0 w20 30

Random effects model meta-analysis result

WMD: -6.6, 95% CI: -12.5 to -0.6, p=0.031

311x163mm (300 x 300 DPI)

Figure 3. Forest plot for the paired meta-analysis of the included studies for the difference in ablation time
(minutes) between STSF catheter and ST catheter (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD: Weighted mean
difference; CI: Confidence interval).
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Figure 4. Forest plot for the paired meta-analysis of the included studies for the difference in catheter
irrigation fluid volume (mL) between STSF catheter and ST catheter for RFCA (STSF: SMARTTOUCH®

SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD:

Weighted mean difference; CI: Confidence interval).

203x140mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibol|qig souaby e GZoz ‘vT aunc uo jwod fwg uadolway/:dny wol) papeojumoqd ‘€20z 1840190 LT UO 6/G65/0-£202-Uadolwag/9eTT 0T se paysiignd 1si1) :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

STSF ST
Study Weighted Mean Difference
Total Mean SD Total Mean SD

Unspecified AF

Maurer 2018 [10] 75 140 6.0 35 13.5 6.6 —

Zhou 2021[13] 142 153 33 98 169 36 -

Plenge 2020(11] 60 16.0 6.7 20 138 5.7 s ey
Solimene 2019 (Subgroup 1)[12]1 162 43 5.9 96 9.0 48 — :

Solimene 2019 (Subgroup 2)[121151 6.3 7.6 81 9.0 6.9 —_—

Random effects model 590 330 —_—

Heterogeneity: 7° = 86%, ©* = 5.7430, p < 0.01 I T T T T 1
-6 -4 -2 0 2 4 6

Random effects model meta-analysis result WMD: -1.5, 95% CI: -3.8 to 0.8, p=0.201

Paroxysmal AF

Zhang 2020127] 34 113 29 34 123 33 —i—t
Liu 2019 [26] 24 78 31 24 112 63 —m———
Melby 2018 (23] 71 31 44 102 47 27 —_—
Chopra 2018[25] 24 85 39 23 87 46 —_—
Random effects model 153 183 e
I | I I 1 1

Heterogeneity: I° = 8%, T < 0.0001, p = 0.35
-6 -4 =2 0 2 4 6

Random effects model meta-analysis result WMD: -1.4, 95% CI: -2.2 to -0.6, p<0.001

Overall
Random effects model 743 513 |
Heterogeneity: I° = 77%, ©° = 2.7143, p < 0.01 [ I I 1 I I 1

-6 -4 -2 0 2 4 6

Random effects model meta-analysis result WMD: -1.6, 95% CI: -2.8 to -0.3, p=0.014

Figure 5. Forest plot for the paired meta-analysis of the included studies for the difference in fluoroscopy
time between STSF catheter and ST catheter for RFCA (STSF: SMARTTOUCH® SURROUNDFLOW; ST:
THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; SD: Standard deviation; WMD: Weighted mean

difference; CI: Confidence interval)
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Supplementary Figures

Supplementary Figure 1. Forest plot of the leave-one-out sensitivity analysis for pooled
difference in RFCA procedure time (minutes) between STSF catheter and ST catheter (WMD:
Weighted mean difference; Cl: Confidence interval).
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Supplementary Figure 2. lllustrated publication bias analysis for the included studies
comparing STSF catheter with ST catheter for RFCA procedure time (minutes).
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Supplementary Figure 3. Forest plot of the leave-one-out sensitivity analysis for pooled

difference in ablation time (minutes) between STSF catheter and ST catheter (WMD: Weighted

mean difference; CI: Confidence interval).
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Supplementary Figure 4. lllustrated publication bias analysis for the included studies
comparing STSF catheter with ST catheter for ablation time (minutes).
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Supplementary Figure 7. Forest plot for the paired meta-analysis of the included studies
comparing STSF vs. ST for acute procedural success of PVI (STSF: SMARTTOUCH®
SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; AF: Atrial fibrillation; RR: Rate
ratio; Cl: Confidence interval).
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Supplementary Figure 10. Forest plot for the paired meta-analysis of the included studies
comparing STSF catheter with ST catheter for the risk of overall complications related to RFCA
(STSF: SMARTTOUCH® SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; AF:
Atrial fibrillation; RR: Rate ratio; Cl: Confidence interval).
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Supplementary Figure 11. Forest plot for the paired meta-analysis of the included studies
comparing STSF catheter with ST catheter for foley catheter use (STSF: SMARTTOUCH®
SURROUNDFLOW; ST: THERMOCOOL SMARTTOUCH®; RR: Rate ratio; Cl: Confidence
interval).
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Supplementary Figure 13. Forest plot for the paired meta-analysis of the included studies
comparing STSF catheter with SF catheter for one-year post-ablation arrhythmia recurrence
(STSF: SMARTTOUCH® SURROUNDFLOW; SF: SURROUNDFLOW; AF: Atrial
fibrillation; RR: Rate ratio; Cl: Confidence interval).

STSF SF
Study Rate Ratio
Events Total Events Total

Paroxysmal AF

Uetake 2020 [31] 65 298 42 97 —_— |
| | |

0.5 1 2
RR: 0.504, 95% CI: 0.368 to 0.689, p<0.001

Persistent AF

Takamiya 2020 [32] 11 74 22 74 +
| | |
0.5 1 2
RR: 0.500, 95% CI: 0.262 to 0.956, p=0.036
Overall
Random effects model 372 171 _

Heterogeneity: 12 = 0%, > =0, p = 0.98 ! ! |
0.5 1 2

Random effects model meta-analysis result RR: 0.503, 95% CI: 0.379 to 0.667, p<0.001
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Supplementary Table 1. Search strategies for all databases of systematic literature retrieval.
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Embase retrieval via Ovid, run on July 31, 2022
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# | Searches c 8 Results
1 | exp atrial fibrillation/ 2zc 100,822
2 | atrial fibrillation.ti,ab,kw. %gé 149,900
3 [1or2 230 175,990
4 | (Smart Touch or Smarttouch or ST).af. ; 9;5 2,039,661
5 | (Surround Flow or Surroundflow or SF).af. =53 147,154
6 |4and5 255 9,825
7 | STSF.af. 22 81
8 |6or7 393 9,875
9 |3and8 e 336
10 | limit 9 to yr="2016 -current" > § 263
11 | limit 10 to english language S ) 260
Medline retrieval via Ovid, run on July 31, 2022 g' _C:'?
o —&
# | Searches » 3 Results
1 | exp atrial fibrillation/ o S 65,749
2 | atrial fibrillation.ti,ab,kw. 2 o 83,864
3 |lor2 5 € 96,391
4 | (Smart Touch or Smarttouch or ST).af. % i 1,566,840
5 | (Surround Flow or Surroundflow or SF).af. % z 58,697
6 |4and5 2 4,937
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8 |6or7 ? 4,953
9 |3and8 3 75
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11 | limit 10 to english language c§ 53
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The Cochrane library retrieval via Ovid, run on July 31, 2022
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# | Searches S o Results
1 | exp atrial fibrillation/ 3 % 5,190
2 | atrial fibrillation.ti,ab,kw. S 2 14,561
3 [lor2 2mg 14,959
4 | (Smart Touch or Smarttouch or ST).af. §§2 66,732
5 | (Surround Flow or Surroundflow or SF).af. 23R 26,824
6 |4and5 580 2,022
7 | STSF.af. cws 9
8 |60r7 259 2,027
9 |3and8 2£8 38
10 | limit 9 to yr="2016 -current" - &2 21
11 | limit 10 to english language g:@ = 20
Web of Science Core Collection, run on July 31, 2022 f ;
# | Searches é 3 Results
1 | TS=atrial fibrillation S 3 109,124
S—
2 | TS=(Smart Touch or Smarttouch or ST) f: g 179,345
3 | TS=(Surround Flow or Surroundflow or SF) 2 3 102,686
4 | #2 AND #3 = 3 973
5 | TS=STSF B > 56
6 | #4 OR#5 S 1,018
7 | #1 AND #6 S 34
8 | PY="2016-2022" s 3 21,184,249
9 | #7 AND#8 7. 31
WANFANG, run on July 31, 2022 &
# | Searches 3 Results
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CNKI, run on July 31, 2022 3ay,
# | Searches e Results
1 | TKA=(EET + "OEEED + [OELTEEED + OEFE) o 35 13,497
2 | FT=('Smart Touch' + 'Smarttouch' + 'ST") 5%% 426,266
3 | FT=("Surround Flow' + 'Surroundflow' + 'SF") §§§ 155,221
4 | 2AND3 %gg 18,007
5 | FT=('STSF) gmg 71
6 |40R5 2 3 18,070
7 |1ANDS6 > g 87
VIP, run on July 31, 2022 5. 3
# | Searches EE Results
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1 ‘ (atrial fibrillation) AND (STSF or Smart Touch Surround Flow) ‘ 7
EU Clinical Trials Registry, run on July 31, 2022

1 ‘ STSF or Smart Touch Surround Flow ‘ 0
International Clinical Trials Registry Platform, run on July 31, 2022

1 ‘ STSF or Smart Touch Surround Flow ‘ 7
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Supplementary Table 2. Study characteristics and main extracted information from the included studies.
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Reference  Region Publication  Publication  Study Patient inclusion and Catheter Patient charactergtic Main outcomes
ID type language design exclusion criteria comparison and s
sample size =1
Halbfass Germany Full text English Prospective  Inclusion criteria: STSF (n=50) vs. Demographics — Procedural characteristics
2017 [16] cohort study  Patients with ST (n=50) * Mean age: STSF vs. 8T * Ablation time: STSF vs. ST
symptomatic, drug- (64.0£10.7 vs. 653:1:]% 5 years, (41.1£11.1vs. 40.1+12.1
refractory paroxysmal p=0.39); %3 minutes, p=0.66);
or persistent atrial * Male: STSF VSFSSE %8% Vs.
fibrillation (AF) who 58%, p=1.00); & 29 Clinical outcomes
underwent left atrial * BMI: STSF vs. %”B (Q9 0+4.9 vs.  * Acute procedure success rate:
radiofrequency (RF) 29.746.1 kg/m?, g:@ 52) STSF vs. ST (100% vs. 100%);
catheter ablation and * Any complications: STSF vs.
post-procedural Clinical charact@isgc?. ST (4% vs. 0%, p=0.49);
esophagogastroduodeno * Paroxysmal AFS Sﬂ"ﬁ: vs. ST * Cardiac tamponade: STSF vs.
scopy (EGD) (44% vs. 38%, pQO@ ST (2% vs. 0%);
o Left Ventrlculanﬁﬁc n * Bleeding: STSF vs. ST (2%
Exclusion criteria: fraction: STSF v& 31g55.6+11.0  vs. 0%).
Unspecified. vs. 56.5+9.8%, BFHS);
* CHA2DS VA@SEare STSF
vs. ST (2.3+15 ®.2.0¢1 4,
p=0.20); > T
= 3
Comorbidities £ 3
* Hypertension: STSF%/S ST
(90% vs. 98%, §=0.2
+ Coronary arterﬁdlsease STSF
vs. ST (26% vs. 5’0% =0.82);
* Diabetes: STS (14% vs.
20%, p=0.60); 5 g
* Stroke/transientiischemic attack:
STSF vs. ST (103 vs%%
p=1.00). 3
Horiuchi Japan Abstract English Randomized Inclusion criteria: Atrial  STSF (n=20) vs. Pooled informati@n ofwo groups  Procedural characteristics
2017 [18] controlled fibrillation patients ST (n=20) Demographics & N * Median radiofrequency time
study undergoing * Mean age: 601@1 Y&HS; from superior to anterior sites:

circumferential
pulmonary vein
isolation.

Exclusion criteria:
Unspecified.

9,{
Clinical characteristics
* Paroxysmal AF: 47°8%.

STSF vs. ST (9 vs. 22 seconds,
p<0.01);

* Median radiofrequency time
at inferior and posterior sites:
STSF vs. ST (9 vs. 8 seconds,
p=NS);

* There was no difference
between the two groups in the
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mean contact force at each of 6
sites (anterior, anterosuperior,
anteroinferior, inferior,
posteroinferior, and
posterosuperior site);

* Total number of residual
conduction gaps: STSF vs. ST
(1.0£1.1 vs. 0.9£1.1, p=NS).

180190 LT U0 6.5520-£202-uadolwa/9

ﬁaj $asn 1o Buipnjoul ‘)yb1iAdoo Aq pa1a
1ogu3

Ullah United Full text English Prospective  Inclusion criteria: STSF (n=10) vs. Demographics Procedural characteristics
2017 [19] Kingdom cohortstudy  Patients undergoing ST (n=30) * Mean age: ST % 3T * Median catheter tip
their first catheter (65.8+5.3 vs. Glﬂge@s, temperature at the start of
ablation procedure for p=0.65); o energy delivery: STSF vs. ST
atrial fibrillation (AF) * Male: STSF vs,S¥ g0% Vs. (28 vs. 36 °C, p<0.005);
70%, p=1); 5 o = * Median impedance at start of
Exclusion criteria: oo 8 energy delivery: STSF vs. ST
Unspecified. Clinical characteﬁ "cg- (154 vs. 181 Q, p<0.005);
* Paroxysmal AB-HSF vs. ST * Median minimum catheter tip
(50 % vs. 50%, psg-* temperature during RF
* Duration of pergi§féat AF: STSF  delivery: STSF vs. ST (25 vs.
vs. ST (1123 vs.2@aE months, 35 °C, p<0.005);
p=0.13); 2. o * Median time to reach
* Left atrial dianigter: STSF vs. minimum catheter tip
ST (4.1£0.8 vs. 4:4+0$ cm, temperature: STSF vs. ST (8.4
p=0.17); o vs. 1.2 seconds, p<0.005);
* CHA2DS: VA@ SC@e STSF * Median maximum catheter
vs. ST (1.5+0.8 ms 1.4+1.0, tip temperature during RF
p=0.61). » 3 delivery: STSF vs. ST (29 vs.
a2 g 41 °C, p<0.005);
0w 3 * Median time to reach
3 5 maximum catheter tip
g 2 temperature: STSF vs. ST (0
T < vs. 14.9 seconds, p<0.005);
g > * Median time to reach
3 B maximum ablation power:
g ™ STSF vs. ST (0.6 vs. 8.1
= 2 seconds, p<0.005).
Chopra United Full text English Retrospectiv  Inclusion criteria: STSF (n=24) vs.  Pooled informatifn oﬁwo groups  Procedural characteristics
2018 [25]  States e study Patients aged between ST (n=23) Clinical characteristi * Procedure time: STSF vs. ST

18 and 81 years who
had undergone a
radiofrequency ablation
procedure for the
indication of
paroxysmal AF at
OhioHealth Riverside

* Left atrial diameter.@4.2i7.5
mm; :

* Left ventricular ejeomon
fraction: 57.8%+7%; &

* CHADS VASc Scorf. 2.4+1.4.

(192.7+46.6 vs. 213.9+43.5
minutes, p=0.11);

» Ablation time: STSF vs. ST
(43.8£13.8 vs. 49.1+14.8
minutes, p=0.18);
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Methodist Hospital,
Columbus, Ohio, USA,
from May 1, 2017, to
June 1, 2018.

Exclusion criteria:
Unspecified.

Ue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybruAdoo Ag paio

Jpdns j1usawaubiasug

* Fluoroscopy time: STSF vs.
ST (511.84231.8 vs.
523.6+£277.4 seconds, p=0.39);
* Total fluid: STSF vs. ST
(2,288.8+£725.8 vs. 3,105+£803
mL, p<0.001);

« Fluid via ablation catheter:
STSF vs. ST (697.3+299.3 vs.
1277+315.8 mL, p<0.001);

¢ Fluid from sources other than
ablation catheter: STSF vs. ST
(1591+583.6 vs. 1828+689
mL, p=0.21);

* Post-RFA Furosemide use
(0% vs. 39%; p=0.0006).

Maurer
2018 [10]

Germany

Full text

English

Prospective
cohort study

Inclusion criteria:
Patients with
symptomatic, drug-
refractory paroxysmal,
or short-term persistent
AF (< 3 months in
duration).

Exclusion criteria:

1. Prior pulmonary vein
isolation or left atrial
surgery;

2. A left atrial (LA)
diameter > 60 mm;

3. Severe valvular heart
disease or
contraindications to
post-interventional oral
anticoagulation.

STSF (n=75) vs.
ST (n=35)

projumoq "€z0z 1840190 /T U0 6/55/0-£20Z-uadolwqg/9;

Demographics a g
* Mean age: STSE . ST
(65.4+11.5 vs. 6&68Fears);

* Male: STSF VS§S$ &6.7% vs.
68.6%); ERZES

« BMI: STSF vs BT (B8.5+6 vs.
26.3+4.3 kg/m?)3,

»o

way//

Clinical charactegisticg

* Paroxysmal AF-:’:...STQ vs. ST
(52%vs. 43%); @ &

» Left atrial dianmter:3TSF vs.
ST (45.246.6 vs.@4.236 mm);

* Median CHA2[¥S, \BASCc Score:
STSFvs. ST 2 B. 2)5

* Median CHAD® Scgte: STSF
vs. ST (1 vs. 1); § c

y
VT au

Comorbidities 3
« Coronary artergdiséq,se: STSF

vs. ST (29.3% v$522.80);

« Congestive heaft faiffire: STSF

vs. ST (17.3% vs. 3%

* Arterial hypertensio@ STSF vs.
ST (61.3% vs. 71.4%$3

« Diabetes mellitus: SBSF vs. ST
(9.3% vs. 11.4%); @

« Stroke/transient isch@mic attack:

STSF vs. ST (4% vs. 24.3%).

Procedural characteristics

* Procedure time: STSF vs. ST
(131.3433.7 vs. 133.0+42
minutes, p=0.995);

 Ablation time: STSF vs. ST
(1751+394.0 vs. 1604.6+287.8
seconds, p=0.201);

* Fluoroscopy time: STSF vs.
ST (1446 vs. 13.5+6.6
minutes, p=0.559);

* Total fluid: STSF vs. ST
(265.5+64.4 vs. 539.6+£118.2
mL, p<0.001);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (100% vs. 100%);
* 12-month arrhythmia
recurrence rate: STSF vs. ST
(20.3% vs. 25.7%);

* Audible steam pop: STSF vs.
ST (0% vs. 0%).
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Melby Unspecifi ~ Abstract English Retrospectiv  Inclusion criteria: STSF (n=71) vs. Demographics Procedural characteristics
2018 [23] ed e study Paroxysmal AF patients ST (n=102) « Mean age: STSE vsRT (6010« Procedure time: STSF vs. ST
undergoing first-time vs. 6119 years, pEO.7B (1.9£0.5 vs. 1.9+0.4 hours,
ablation, guided by p=0.77);
CARTO VISITAG™ Clinical characté‘ﬁsth& + Ablation time: STSF vs. ST
Module. o Left Ventrlcula&jec on (37.4+11.2 vs. 38.2+12.5
fraction: STSF vs&l’ 60.2+7.6 minutes, p=0.74);
Exclusion criteria: vs. 59.5+7.9%, * Fluoroscopy time: STSF vs.
Unspecified. * CHADS VASc-Scnnﬁ STSFvs. ST (3.1%4.4vs. 4.7+2.7
ST (1.62+1.4 vs, 8:%4 minutes, p<0.001);
p=0.56); g%’ N * Fluoroscopy dose: STSF vs.
=g ST (12.4+16.7 vs. 27.3+18.6
Comorbidities S = & mGy, p<0.001);
« Congestive hea® Bifire: STSF » Total fluid: STSF vs. ST
vs. ST (0% vs. 4%}% g (1505+440 vs. 2353605 mL,
252 p<0.001);
8- < i « Fluid via ablation catheter:
533 STSF vs. ST (563+168 vs.
3 % 3 1145+375 mL, p<0.001);
Sn= * Foley catheter usage (%):
2.5 STSF vs. ST (43.7% vs.
‘> § 84.3%, p<0.001);
5 S Clinical outcomes
2 @ * Any complications: STSF vs.
@ = ST (0% vs. 1%);
o 3 * Cerebrovascular accident:
a o STSF vs. ST (0% vs. 1%).
Dhillon United Full text English Prospective  Inclusion criteria: STSF (n=50) vs. Demographics £. 3 Procedural characteristics
2019 28] Kingdom cohortstudy  Consecutive patients ST (n=50) * Mean age: STSE.vs ST * Mean procedure time: STSF

with paroxysmal atrial
fibrillation underwent
pulmonary vein
isolation guided by
ablation index (Al)
between January 2017
and October 2017.

Exclusion criteria:
Unspecified.

(60.1+11.8 vs. 5939+1% 8 years,

p=0.915); oy c

« Male: STSF vs%T @0% vs.
48%, p=0.042); 3 =

9 N

Clinical charactégstic

» Median duratiof! of

vs. ST (24 vs. 42 mor@s

p=0.057);

* Left atrial diameter: %TSF VS.

ST (37.6%5 vs. 38.7:+&mm,

p=0.145); w

« CHA2DS, VASc Scie: STSF

vs. ST (1.3+1.2 vs. 1@+1 6,

p=0.184);

: STSF

vs. ST (156 vs. 199 minutes,
p<0.001);

* Mean ablation time: STSF vs.
ST (27.2 vs. 43.2 minutes,
p<0.001);

* Mean left wide antral
circumferential ablation Time:
STSF vs. ST (29.5 vs. 38.5
minutes, p<0.001);

* Mean right wide antral
circumferential ablation Time:
STSF vs. ST (32 vs. 38.5
minutes, p=0.001);
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Comorbidities
« Hypertension: §TSFa's. ST
(38% vs. 34%, p=D.8TB);

* Diabetes Mellifds: SESF vs. ST
(12% vs. 6%, p=9.48

* Ischemic HeartdDisease: STSF
vs. ST (4% vs. 2,39.291).

* Mean fluoroscopy time:
STSF vs. ST (7.7 vs. 8.5
minutes, p=0.079);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (68% vs. 48%,
p=0.068);

* 12-month AF/AT recurrence
rate: STSF vs. ST (6% vs.
34%);

* Any complications: STSF vs.
ST (0% vs. 6%);

* Pericarditis: STSF vs. ST
(0% vs. 4%);

* Femoral venous hematoma:
STSF vs. ST (0% vs. 2%).

* (s3gv) unauadns 1uewau6|a

=%
(1)
250
238
528
Tws
==
=88
2o
o o
Duytschae  Europe Abstract English Prospective Inclusion criteria: STSF (n=86) vs. Notreported & g Procedural characteristics
ver 2019 cohort study  Patients underwent ST (n=243) 3W3 * Procedure time: STSF vs. ST
[24] point-by-point =R (137.4430.1 vs. 162.9+36.9
paroxysmal atrial 2.0 minutes);
fibrillation ablations > 5 * Ablation time: STSF vs. ST
across 17 European - 3 (37.1£9.23 vs. 34.4+£11.73
centers in the VISTAX 2 S minutes);
study. g o * Fluid via ablation catheter:
@ o STSF vs. ST (785.3+356.0 vs.
Exclusion criteria: ) § 1,255.6+469.3 mL);
Unspecified. a g * Foley catheter usage (%):
0 3 STSF vs. ST (11.6% vs
NP 25.9%);
® S
T o .
T < Clinical outcomes
S 3 * Any complications: STSF vs.
a B ST (3.5% vs. 3.7%).
Goldstein  United Abstract English Retrospectiv  Inclusion criteria: STSF (n=1,445) Demographics g T Not reported
2019a States e study Patients with a primary ~ vs. ST » Age group >70mSTS% vs. ST
[20] diagnosis of AF (>18 (n=1,766) (35.09% vs. 30.18%, ﬁ;’ 0.0031);

years) who underwent
radiofrequency ablation
between 09/01/2016—
03/31/2018, identified
from the Premier
Healthcare database.

Clinical characteristi@zg

* Paroxysmal AF: ST% vs. ST
(63.32% vs. 67.21%, p=0.0210);
+ CHADS2VASc scor®>3: STSF
vs. ST (43.39% vs. 3%8%
p<0.001);
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Exclusion criteria:
Unspecified.

1 ‘qyBrAdoo Ag pa1o:
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Comorbidities
« Obesity: STSFs. S (23.88%
vs. 19.42%, p=000228

« Diabetes: STSESys. ST (20.90%
vs. 17.27%, p= 0‘59090);

* Atrial flutter: SQSF

(41.38% vs. 32.67% Q<O 0001);
* Valvular disease: F vs. ST
(21.87% vs. 12. éﬁ% <0.0001);
. Cardlomyopatlg‘%”lgF vs. ST
(12.87% vs. 9.68%62ED.0042);

* Hypertension: Fds. ST
(69.48% vs. 63.08%; §=0.0001);
* Heart failure: ﬁ'@ s. ST
(20.69% vs. 17. ago;g g=0 0407).

Goldstein  United Abstract English Retrospectiv  Inclusion criteria: STSF (n=571) Not reported Q_(T) 2 Hospital readmission outcomes
2019b States e study Patients with a primary ~ vs. ST (n=571) s = e * 4-6 months all-cause
[21] diagnosis of AF (>18 533 readmission rate: STSF vs. ST
years) who underwent 3 % 3 (2.78% vs. 2.78%, p=1.000);
index (first occurrence) ERZE » 4-6 months cardiovascular-
radiofrequency ablation 2. o related inpatient readmission
in an outpatient setting > 5 rate: STSF vs. ST (1.23% vs.
(09/01/2016— - 3 1.23%, p=1.000);
03/31/2018), identified o S * 4-6 months AF-related
from the Premier g o inpatient readmission rate:
Healthcare database. Q o STSF vs. ST (0.93% vs.
» 3 0.62%, p=0.6535).
Exclusion criteria: a2 g
Unspecified. w3
Lee 2019a  South Abstract English Prospective  Inclusion criteria: Drug ~ STSF (n=66) vs. Pooled informati@n ofwo groups  Procedural characteristics
[15] Korea cohortstudy  refractory symptomatic ST (n=32) Demographics £ Z. * Procedure time: STSF vs. ST
AF patients. * Mean age: 61i$yea¢s (160+37 vs. 199+42 minutes,
p<0.001);
Exclusion criteria: Clinical characteﬁstldﬁ » Ablation time: STSF vs. ST
Unspecified. * Paroxysmal AF3 67% (44£10 vs. 66£14 minutes,
5 S p<0.001);
n a1
g;i Clinical outcomes
"8 * Acute procedure success rate:
= STSF vs. ST (96.3% vs.
® 95.8%, p=0.613).
Lee 2019b  South Abstract English Retrospectiv  Inclusion criteria: Drug ~ STSF (n=39) vs.  Pooled information offwo groups  Procedural characteristics

[14] Korea

e study

refractory symptomatic ST (n=32)

AF patients.

Demographics
Mean age: 61+10 yea%
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L

* Procedure time: STSF vs. ST
(168434 vs. 199+42 minutes,

Unspecified. Clinical charactedstic® p=0.001);
Paroxysmal AF: 89%2 « Ablation time: STSF vs. ST
e e (47£11 vs. 66£14 minutes,
S 3 p<0.001);
Sma
§ (r%ng_ Clinical outcomes
-0 % * Acute procedure success rate:
55N STSF vs. ST (96.0% vs.
SRS 95.8%, p=0.867);
=2 g * Any complications: STSF vs.
°=28 ST (0% vs. 0%).
Liu2019  China Full text Chinese Retrospectiv  Inclusion criteria: Drug- ~ STSF (n=24) vs. Demographics X £'5 Procedural characteristics
[26] e study refractory paroxysmal ST (n=24) * Mean age: STSE BT * Procedure time: STSF vs. ST
AF patients underwent (65.0£9.6 vs. GSM-.gyears, (67 vs. 70 minutes, p=0.45);
pulmonary vein p=0.95); ) 2 * Ablation time: STSF vs. ST
isolation. * Male: STSF vsg3E(§7.5% vs. (35.3+6.4 vs. 39.6+9.0
37.5%, p=1.00);3 @3 minutes, p=0.07);
Exclusion criteria: * BMI: STSF VS.ES:V 22.1+1.7 vs.  * Fluoroscopy time: STSF vs.
Unspecified. 21.8+1.4 kg/m?,8=0.53); ST (7.843.1vs. 11.246.3

> O©
Clinical characteIjsticS
* Duration of AESTSF vs. ST
(10.4£10.1 vs. 6§¢4.§ months,
p=008); @
* Left atrial dianngter;;&TSF Vs.
ST (34.1£13.9 v&39.8+5.4 mm,
p=0.09); e 3
* Left Ventriculaé:jecgon
fraction: STSF v& STH5516 vs.
53+8%, p=0.23)g <

S 3
Comorbidities 3 =
* Coronary heartdisease: STSF
vs. ST (8.3% vs.39.28, p=0.14);
* Heart failure: STSF gs. ST
(25.0% vs. 41.7%, p=0.22);
* Hypertension: STSkws. ST
(41.7% vs. 50%, p=0.36);
« Diabetes: STSF vs. 8T (12.5%
vs. 29.2%, p=0.16); @
« Stroke: STSF vs. ST4.2% vs.
8.3%, p=1.00).

q

y

minutes, p=0.02);
* Total infusion fluid: STSF vs.
ST (356 vs. 700 mL, p<0.01);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (100% vs. 100%,
p=1);

* Any complications: STSF vs.
ST (0% vs. 0%).
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Solimene Italy Full text English Prospective Inclusion criteria: STSF The subgroup with A E& 30-450 The subgroup with Al 330-450
2019 [12] cohort study  Patients with (Subgroup with  Demographics 2 & Procedural characteristics
paroxysmal or Al 330-450, * Mean age: ST% vs BT (60+12 < Procedure time: STSF vs. ST
persistent AF who n=162; vs. 58+10 years)D = (120£72 vs. 129+44 minutes);
underwent their first AF Subgroup with » Male: STSF véQST (68% Vs, * Ablation time: STSF vs. ST
ablation. Al 380-500, 71%); (33.3£11.5 vs. 30.7£10
n=151) vs. ST * BMI: STSF vs. CST (87 5+4.3 vs.  minutes);
Exclusion criteria: (Subgroup with ~ 27.2+3.8 kg/mz)g o' =2 * Fluoroscopy time: STSF vs.
1. Age <18; Al 330-450, 202 ST (257+356 vs. 542+285
2. Longstanding n=96; Subgroup  Clinical charact%ég seconds);
persistent AF (AF was with Al 380- * Paroxysmal Af&’%‘&f vs. ST * Total fluid: STSF vs. ST
the sole rhythm for the 500, n=81) (79.6% vs. 81.39 (701+287 vs. 11054573 mL);

last 12 months);

3. AF secondary to a
transient or correctable
abnormality, including
electrolyte imbalance,
trauma, recent surgery,
infection, toxic
ingestion, and
endocrinopathy;

4. Intra-atrial thrombus,
tumor, or other
abnormality precluding
catheter insertion;

5. Left ventricular
ejection fraction <35%);
6. Women of
childbearing potential
who are or might be
pregnant;

7. Hematological
contraindications to
ionizing radiation
exposure;

8. Presence of complex
congenital heart
disease;

9. Cardiac surgery
within 1 month from
enrollment.

e Left Ventrlcular_ﬁ

fraction: STSF vg _58i8 VS.
52+10%); o 2
Qg
o ey (0]
Comorbidities 25 o

* Hypertension: 'g::fls ST
(30.4% vs. 31. 30@3) w3

« Ischemic heart ﬂlmaﬁ STSF
vs. ST (5.3% vs 3.708;

* Valvulopathy: §TSESys. ST
(1.2%vs. 1%); = 3

* Dilated cardiorpyopghy: STSF
vs. ST (4.9% vs. 2 298);

* Previous transu:nt isshemic
attack/Stroke: S'ESF \@ ST (4.3%
vs. 1%); a 0

* Diabetes mellitis: S§SF vs. ST
(11.1%vs. 2.1%8. &

* Chronic renal fﬁﬁlurcz.. STSF vs.
ST (1.9% vs. O"/@t =

> (0]
The subgroup wigh At380-500
Demographics o
* Mean age: STé% vs. QT (59+10
vs. 59+13 years)? ¢
* Male: STSF vs. ST (72% vs.
77%); @
« BMI: STSF vs. ST (36.2+4 vs.
28.1+4.8 kg/m?);

19 99

Clinical characteristics.
» Paroxysmal AF: STSF vs. ST
(83.4% vs. 75.3%);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (94.5% vs.
97.5%);

The subgroup with Al 380-500
Procedural characteristics

* Procedure time: STSF vs. ST
(12573 vs. 144+44 minutes);
* Ablation time: STSF vs. ST
(33+£11.7 vs. 28.8+13.7
minutes);

* Fluoroscopy time: STSF vs.
ST (379454 vs. 540+416
seconds);

« Total fluid: STSF vs. ST
(836+503 vs. 1,732+664 mL);

Clinical outcomes

* Acute procedure success rate:
STSF vs. ST (92.2% vs.
94.5%).
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* Left ventricular ¢ eo?pn
fraction: STSF v8 ST§60+7 vs.
57£7%);

a) Buipn|
TuoB

Comorbidities
* Hypertension: STSFds ST
(45.7% vs. 39.5%); ol

« Ischemic heart 1532@9 STSF
vs. ST (5.5% vs.5.8/8@;

* Valvulopathy: %fgfg/s ST
(2.6% vs. 6. 2%),m an

* Dilated cardio y: STSF
vs. ST (0.7% vs ?%

* Previous trans&l sshemic
attack/Stroke: S'ESE\% ST (2.6%
vs. 1.2%); 23

* Diabetes mellltgsE{S%-SF vs. ST
(4% vs. 6.2%); 353

* Chronic renal fgli¥e STSF vs.
ST (0.7% vs. 3.7%}n =

Plenge
2020 [11]

Germany

Full text

Inclusion criteria:
Consecutive patients
with symptomatic
paroxysmal or
persistent AF scheduled
for pulmonary vein
isolation.

English Prospective

cohort study

Exclusion criteria: Age
younger than 18 years,
reversible causes of AF,
prior pulmonary vein
isolation, and
intracardiac thrombus.

STSF (n=60) vs.

ST (n=20)

Demographics 2. ©

* Mean age: STSE vs 3T
(63.0£9.1 vs. 653_1(87 years,
p=0.33); S

» Male: STSF Vs.:-’ST @3 3% vs.
65.0%, p=0.56)@ &

« BMI: STSF vsg8T (27.4+5.1 vs.
25.7+4.3 kg/m?, ﬁ 0. g4)

Clinical characteﬁsthgJ
* Duration of AFRST
(79.6197.2 vs. 8%8+
months, p=0.82)3 @
* Left atrial dian@ter:'STSF vs.
ST (41.2£7.0 vs, 042 T,;t6 3 mm,
p=064), o

* Left ventriculaf®jectjon
fraction: STSF vs. Sglél 3184

vs. 62.245.3 %, p=0.68);

vs. ST

SOUG

Comorbidities
* Hypertension: STSFqs. ST
(65% vs. 73.3%, p=0.29);

« Hyperlipoproteinemg: STSF vs.

ST (33.3% vs. 40%, 150.42);

Procedural characteristics

* Procedure time: STSF vs. ST
(106.3+28.4 vs. 116.7+£26.7
minutes, p=0.2);

« Ablation time: STSF vs. ST
(25.9+£7.3 vs. 32.1+16 minutes,
p=0.045);

* RF time for PVI left veins:
STSF vs. ST (836.5£296.3 vs.
1,086.6+523.0 seconds,
p=0.08);

* RF time for PVI right veins:
STSF vs. ST (913.5+1,435.8
vs. 1,002.8+544.6 seconds,
p=0.8);

* Fluoroscopy time: STSF vs.
ST (16.046.7 vs. 13.845.7
minutes, p=0.25)

* Fluoroscopy dose: STSF vs.
ST (1,854.741,247.9 vs.
1,756.7+£822.6 pGym2,
p=0.77);

¢ Fluid via ablation catheter:
STSF vs. ST (241.4+79.6 vs.
540.3+£229.5 mL, p<0.01);
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i S
2 g
3 « Cardiovasculardise&3e: STSF
4 vs. ST (20% vs. @J%Eﬁ 0.10); Clinical outcomes
5 + Cardiomyopat - STSF vs. ST * Any complications: STSF vs.
6 (15% vs. 13.3%,5=082); ST (L.7% vs. 5%);
7 * Diabetes mellitts: SIESF vs. ST+ Audible steam pop: STSF vs.
8 (15% vs. 13.3%,9=0.82); ST (1.7% vs. 0%);
9 * Renal failure: Sﬂ" F<VS ST * Bleeding: STSF vs. ST (0%
(11.7% vs. 0%, pw vs. 5%).
10 * Sleep- -disordered Rréathlng
1 STSF vs. ST (8.§348/996.7%,
13 Stabile Italy Full text English Prospective  Inclusion criteria: STSF Duplicate with S@@@e 2019. The subgroup with Al 330-450
14 2020 [22] cohort study  Patients with (Subgroup with - g Clinical outcomes
paroxysmal or Al 330-450, 223 « 12-month arrhythmia
15 persistent AF who n=140; oo g recurrence rate: STSF vs. ST
16 underwent their first AF Subgroup with aze (14.9% vs. 4.5%);
17 ablation. Al 380-500, S o
18 n=149) vs. ST 553 The subgroup with Al 380-500
19 Exclusion criteria: (Subgroup with 3 % 3 Clinical outcomes
20 1. Age <18; Al 330-450, ERY) g * 12-month arrhythmia
2. Longstanding n=89; Subgroup a. T recurrence rate: STSF vs. ST
21 persistent AF (AF was  with Al 380- > S (9.4% vs. 12.2%).
22 the sole rhythm for the 500, n=74) - 3
23 last 12 months); s S
24 3. AF secondary to a = g
25 transient or correctable Qe o
2% abnormality, including » 3
57 electrolyte imbalance, a2 g
trauma, recent surgery, © 3
28 infection, toxic 3 5
29 ingestion, and g 2
30 endocrinopathy; T <
31 4. Intra-atrial thrombus, S
32 tumor, or other a3 R
33 abnorma_llty precludlng S N
catheter insertion; N
34 5. Left ventricular 1z g‘
35 ejection fraction <35%:; >
36 6. Women of Q@
37 childbearing potential g
38 who are or might be 3
39 pregnant; w
7. Hematological =
40 contraindications to S
41 o
42 =
43 2
44 2
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ionizing radiation
exposure;

8. Presence of complex
congenital heart
disease;

9. Cardiac surgery
within 1 month from
enrollment.

Zhang
2020 [27]

China

Full text

Chinese

Retrospectiv
e study

Inclusion criteria:

1. Recurrent
paroxysmal atrial
fibrillation (defined as
paroxysmal atrial
fibrillation that can be
terminated by itself or
intervention within 7
days after the attack),
which does not respond

to antiarrhythmic drugs.

2. Preoperative
echocardiography
showed left atrial
diameter <55mm and
left ventricular ejection

fraction (LVEF) > 35%.

Exclusion criteria:
Stroke, heart valve
disease, heart failure
(cardiac function IV
level), atrial thrombus,
cardiomyopathy
(including hypertrophic
cardiomyopathy and
dilated
cardiomyopathy), acute
coronary syndrome,
hyperthyroidism,
hypothyroidism,
coronary heart disease,
chronic renal
insufficiency (chronic
kidney disease stage 4-
5)

STSF (n=34) vs.
ST (n=34)

9[10100 /T U0 6/55/0r£202-uadolwa/9:

asug

Demographics o
* Mean age: ST %gT

(66.63+7.59 vs. &.39337.53 years,
p>0.05); c
* Male: STSF vs
58.8%, p>0.05);

1

o1 sasn 1oy Buipnjoul ‘ybiAdod Ag pald

p

5.9% vs.

dns3us
jtelq]

e 1x8] 01
eo|u

19

Clinical characteﬁsgcg—
* Duration of AF%EH"SF vs. ST
(9.6%3.6 vs. 8.743 grEpnths,
p>0.05); 383
* Left atrial dian@_t@: NTSF vs.
ST (36.8+3.7 vs34.985.3 mm,
p0.05) 5 3
* Left ventriculaigjecBon
fraction: STSF vg STZ60.1+3.7
vs. 59.3+3.4%, @0.0@.

O

‘6

"saifojouyoa) Jejiwis pue

Procedural characteristics

* Right PVI time: STSF vs. ST
(23.3045.53 vs. 28.65+4,95
minutes, p<0.05);

e Left PVI time: STSF vs. ST
(28.25+9.67 vs. 33.25+5.60
minutes, p<0.05);

* Fluoroscopy time: STSF vs.
ST (11.30+2.91 vs. 12.30+£3.31
minutes, p>0.05);

« Total fluid: STSF vs. ST
(930.00+319.70 vs.
1,770.00+482.43 mL);

Clinical outcomes

* Unilateral PVI success rate:
STSF vs. ST (88.23% vs.
58.82%, p<0.05);

* Cardiac tamponade: STSF vs.
ST (2.9% vs. 2.9%);

* Eschar: STSF vs. ST (0.0%
vs. 8.8%, p<0.05).
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Huang China Full text Chinese Retrospectiv  Inclusion criteria: STSF (n=42) vs. Demographics Procedural characteristics
2021 [17] e study 1. Aged between 18 and ST (n=42) « Mean age: STSE vs.RT * Ablation time: STSF vs. ST
75 years; (62.3+8.8 vs. 61g+1® years, (28.3+5.1 vs. 51.36.7
2. ECG examination p=0.510); 5 minutes, p<0.001);
confirmed AF attack. * Male: STSF v$&ST @69 0% vs.
64.3%, p=0. 643)0 5‘ Clinical outcomes
Exclusion criteria: * Circumferential pulmonary
1. Patients with cardiac Clinical characteustug. vein isolation success rate:
thrombosis; * Paroxysmal AE‘-/: Sa: vs. ST STSF vs. ST (100.0% vs.
2. Patients complicated (45.2% vs. 54. 8° ‘@zg383) 100.0%, p=1.000);
with active hemorrhagic * Left atrial dlame ’YTSF vs. » Complement ablation rate in
disease, severe organic ST (4.38£0.48 v& 8_0 62cm,  CPVI: STSFvs. ST (45.2% vs.
disease, or advanced p=0.854); 85.7%, p=0.087);
chronic wasting disease; o Left ventncula&eé’c on + 12-month arrhythmia
3. Left atrial diameter > fraction: STSF vg, recurrence rate: STSF vs. ST
55mm; (59.45+4.72 vs. @@995-10 91%, (0% vs. 2.4%, p=0.314);
4. Patients with valvular p=0.340); 8- = * Any complications: STSF vs.
heart disease or vascular 53 g ST (0% vs. 0%).
disease requiring Comorbidities 5 @3
surgical treatment. * Hypertension: ﬁglﬁs ST
(54.8% vs. 52.498, p=6.827);
* Coronary heart:glse@e STSF
vs. ST (21.4% vs21.3%,
p=1.000); 2 S
* Cardiac insuffidenc®: STSF vs.
ST (9.5% vs. 9.58, p=L.000);
* Diabetes: STSKuvs. §T (4.8%
vs. 11.9%, p=0.236);
* Cerebral 1nfarc€i0n §TSF VS.
ST (7.1% vs. 19.8%, p=0.106).
Zhou China Full text Chinese Retrospectiv  Inclusion criteria: STSF (n=142) Demographics & Z. Procedural characteristics
2021 [13] e study Patients undergoing vs. ST (n=98) * Mean age: STSE vs. ST * Procedure time: STSF vs. ST

first-time percutaneous
radiofrequency catheter
ablation.

Exclusion criteria:
Unspecified.

(63.2+9.2 vs. 633+1( years,
p=0.950); 2 B

* Male: STSF vs&ST (@9 2% vs.
65.3%, p=0. 491}5’3 S

Clinical characterlstl m

* Paroxysmal AF: ST&F vs. ST
(59.9% vs. 66.3%, p=8.335);

« Left atrial diameter:TSF vs.
ST (43.4+4.4 vs. 44. 4¢5 mm,
p=0.193);

(96.4 +31.6 vs. 119.5+33.8
minutes, p=0.021);
 Ablation time: STSF vs. ST
(38.6+£15.2 vs. 61.5+13.8
minutes, p=0.013);

* Fluoroscopy time: STSF vs.
ST (15.3£3.3 vs. 16.9+3.6
minutes, p=0.144);

Clinical outcomes

* 12-month arrhythmia
recurrence rate: STSF vs. ST
(4.9% vs. 20.4%, p=0.025).
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= 1
o Left Ventriculalfejeo?pn
fraction: STSF vg STdp1.4+5.7
vs. 61.2+5.1%, p=0.845);
- CHA2DS, VASE Sce: STSF
vs. ST (2.3+1.7 @, 1.8£1.7,
p=0.243). X

(0]

= O
Dugo Germany  Abstract English Retrospectiv  Inclusion criteria: STSF (n=26) vs. Demographics Sm 51 Procedural characteristics
2016 [29] e study Patients with AF SF (n=26) * Mean age: STSp Vm*s%F (66+9 * Procedure time: STSF vs. SF
underwent ablation vs. 6710 years)s @ @ (98432 vs. 78+31 minutes, p<
between July 2014 and * Male: STSF vsgSE (4% vs. 0.05);
May 2015, with a 50%); g%’ N * Fluoroscopy time: STSF vs.
minimum follow-up of =05 SF (1147 vs. 743 minutes, p<
6 months. Clinical characte%s?r 0.05);
* Paroxysmal A}gﬁ% vs. SF
Exclusion criteria: (96% vs. 81%); o o S Clinical outcomes
Unspecified. * Left atrial diarrﬁt%. STSF vs. * Acute procedure success rate:
SF (407 vs. 4244 Elrﬂ). STSF vs. SF (100% vs. 100%);
>3 * Any complications: STSF vs.
3%3 SF (0% vs. 0%);
ERY) = * Cardiac tamponade: STSF vs.
2. o SF (0% vs. 0%);
> 5 * Stroke: STSF vs. SF (0%
= 32 vs.0%);
2 S » Atrial-esophageal fistula:
g. @ STSF vs. SF (0% vs. 0%);
Q o * Vascular access: STSF vs. SF
» 3 (3.8% vs. 0%);
Gonna United Full text English Prospective Inclusion criteria: Atrial ~ STSF (n=100) Demographics & '8 Procedural characteristics
2017 [30] Kingdom cohort study  fibrillation patients vs. SF (n=100) * Mean age: STSE.vs 3F * Mean procedure time: STSF
undergoing ablation, (60.5+14.0 vs. 62;41]3.3 years, vs. SF (225.5vs. 221.4
Between May and p=0.38); 2 Z. minutes, p=0.55);
December 2015. * Male: STSF vs@SF (g3% Vvs. * Mean fluoroscopy time:
71%,p=0.75). S @ STSF vs. SF (25.8 vs. 30.0
Exclusion criteria: 3 = minutes, p=0.03);
Unspecified. g N
T 9 Clinical outcomes
@ g' * Any complications: STSF vs.
; SF (0% vs. 2%, p=0.16);
@ * Pericardial effusion: STSF
= vs. SF (0% vs. 1%, p=0.32);
o * Atrioventricular block: STSF
w vs. SF (0% vs. 1%, p=0.32).
Takamiya  Japan Full text English Retrospectiv  Inclusion criteria: STSF (n=74) vs. Demographics = Procedural characteristics
2020 [32] e study Patients who underwent  SF (n=74) S
5
=
Qo
[
@
(o8
@
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first catheter ablation
for drug-refractory
persistent AF.

Exclusion criteria:
Unspecified.

* Mean age: STSF vs SF (63+10
vs. 63+12 years, §=0.82);

» Male: STSF vs£SF @6% vs.
80%, p=0.69); = 9

« BMI: STSF vs&F (2544 vs.
2544 kg/m?, p= 0398)5'

Clinical characteustug.

» Median duration (&_ﬁbrsistent
AF: STSF vs. SEY®.8vs. 6
months, p=0.30)p @ Y
* Left atrial dlame.ter TSF Vs.
SF (4346 vs. 437 F@, p=0.96);
o Left Ventrlcula&: %

fraction: STSF vg '33859+11 vs.
58+14%, p=0.573 =

jep

34vVv) Inall
40} pap

Comorbidities &
* Heart failure: Sg‘ﬂ 3s. SF (18%
vs. 20%, p=0.83%. m:f

* Hypertension: gTSPE{/s SF
(61% vs. 54%, p50.5%;
*Diabetes mellitys: SESF vs. SF
(20% vs. 19%, p=1.00).

* Procedure time: STSF vs. SF
(280 vs. 200 minutes,
p=0.150);

* Fluoroscopy time: STSF vs.
SF (67 vs. 76 minutes,
p=0.026);

Clinical outcomes

* 12-month arrhythmia
recurrence rate: STSF vs. SF
(15% vs. 30%);

* Any complications: STSF vs.
SF (5% vs. 3%, p=1.0);

* Pericardial effusion: STSF
vs. SF (1.4% vs. 1.4%);

* Esophageal gastroparesis:
STSF vs. SF (1.4% vs. 0%);

* Phrenic nerve injury: STSF
vs. SF (1.4% vs. 0%);

* Aspiration pneumonia: STSF
vs. SF (1.4% vs. 0%);

+ Sinus node injury as a result
of superior vena cava isolation:
STSF vs. SF (0% vs. 1.4%).

Uetake
2020 [31]

Japan

Full text

English

Prospective
cohort study

Inclusion criteria:
Paroxysmal AF patients
who underwent their
first radiofrequency
catheter ablation
procedure.

STSF (n=298)
vs. SF (n=97)

Exclusion criteria:
1. Severe valvular
disease;

2. Left ventricular
ejection fraction < 35%;
3. Left atrial
dimension > 55 mm;
4. Active thyroid
disease;

5. Hypertrophic
cardiomyopathy;

6. Hemodialysis;

Demographics 2. @
* Mean age: STS® vs.SF
(65.3£9.9 vs. 635+9iyears
p=0.085); 2 g
* Male: STSF vs&SF @8 8% vs.
79.4%, p=0.0283. o
* BMI: STSF vs.5F (24.14£3.5 vs.
24.0+3.1 kg/m?, gzo@s);

> (0]
Clinical charactegsticg
* Duration of AFOSTRF vs. SF
(32.1#33.5 vs. 2%9+4@ 2 months,
p=0.023); »
* Left atrial diameter: §TSF VvS.
SF (41.0+6.0 vs. 40. 65:5 9 mm,
p=0.709); g
* Left ventricular 6]6080“
fraction: STSF vs. SF965.8+7.7
vs. 65.5+8.4%, p=0.88%);

Procedural characteristics

« Ablation time: STSF vs. SF
(2,056.84534.5 vs.
2,401.1+733.4 seconds,
p<0.001);

Clinical outcomes

* Acute procedure success rate:
STSF vs. SF (100% vs. 100%);
* 12-month arrhythmia
recurrence rate: STSF vs. SF
(21.8% vs. 43.3%, p<0.001).
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S
S
7. Use of antiarrhythmic « CHA2DS, VASC Scie: STSF
drugs during the vs. SF (1.94+1.28 vs. §51+1.13,
blanking period. p=0.010); s 3
2 o
. gege : 3
Comorbidities @
* Hypertension: STSf?s. SF
(53.4% vs. 52.6%, p=0.493);

« Congestive heatt ifyre: STSF
vs. SF (4.7% vs.3.8/@ p=0.203);
« Diabetes mellitg BSF vs. SF
(10.1% vs. 13.4%, g:g;zgo);
 Previous stroke-pittapsient
ischemic attack: STSRvs. SF
(3.4% vs. 1.0%, B-BR?):

* Vascular disea{é@%F vs. SF
(5.7% vs. 1.0%, B=5:655).

Ikeda
2021 [33]

Japan

Full text

Inclusion criteria:

1. Age of > 20 years
and provision of
informed consent to
undergo a second AF
ablation at our institute,
the performance of the
second AF ablation
using high-density
mapping or the
conventional method
(CARTO® mapping
system; Biosense
Webster, Irvine, CA,
USA) during that
period;

2. >3 months of follow-
up at the outpatient
clinic in our institute.

English Retrospectiv

e study

Exclusion criteria:

1. Refusal to participate
in the study;

2. An inability to
undergo follow-up for
any reason;

3. The lack of use of a
3D mapping system.

STSF (n=51) vs.
CELSIUS®
(n=49)

Demographics 2S5 &

» Mean age: STSE % JELSIUS®
(63.5+8.54 vs. 6@%@7 years,
p=0.98); ERZES

« Male: STSF vsCEESIUS®
(63% vs. 73%, p50.2%;

Clinical charactegisticg

* Paroxysmal AF-?--ST? Vs.
CELSIUS® (59%vs. 5%,
p=0.5); » 3

« Median CHAD&2 VASC Score:
STSF vs. CELSI®IS® .8 vs. 0.8,
p=0.91); 3 o

)
o
-
®

nc uo

Comorbidities
* Sick sinus sync@emejo STSF vs.
CELSIUS® (149%Bvs. 15%,
p=0.72); S o
+ Cerebrovasculgg disggse: STSF
vs. CELSIUS® (£2% 3. 4%,
p=0.16); z

* Congestive heart faiﬁre: STSF
vs. CELSIUS® (16% $s. 22%,
p=0.39); 3

* Hypertension: STSFHs.
CELSIUS® (35% vs. 3%,
p=0.78); S

Procedural characteristics

* Procedure time: STSF vs.
CELSIUS®(260.5+82.7 vs.
255.8+45.3 minutes, p=0.82);
* Fluoroscopy dose: STSF vs.
CELSIUS®(313.2+187.9 vs.
363.4+257.3 mGy, p=0.28);

Clinical outcomes

* 12-month arrhythmia
recurrence rate: STSF vs.
CELSIUS® (33% vs. 16%,
p=0.017);

* Cardiac tamponade: STSF vs.
CELSIUS® (0% vs. 0%);

* Cerebral infarction: STSF vs.
CELSIUS® (0% vs. 0%);

* Bleeding: STSF vs.
CELSIUS® (13.7% vs. 10.2%);
*» Congestive heart failure:
STSF vs. CELSIUS® (2% vs.
0%, p=0.32);

* Pericarditis: STSF vs.
CELSIUS® (2% vs. 0%,
p=0.32).
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« Diabetes mellitds: SESF vs.
CELSIUS® (2% Xs. 888, p=0.15);
« Chronic kidneyciseade: STSF
vs. CELSIUS® (&% v& 16%,
p=0.19). @ o

Reinsch Germany Full text English Retrospectiv  Inclusion criteria: Atrial ~ STSF (n=690) Demographics S Procedural characteristics
2021 [36] e study fibrillation patients vs. Thermocool  * Mean age: STSE v3.0 * Procedure time: STSF vs.
undergoing ablation at NAVISTAR® Thermocool NAWIS R® Thermocool NAVISTAR®
the Alfried Krupp (n=99) (67.5+10.6 vs. 6256290 years); (160+48 vs. 190+47 minutes);
Krankenhaus, Essen, * Male: STSF ng‘l“ge@mcool + Ablation time: STSF vs.
Germany from October NAVISTAR® (Sggg@s. 59.6%); Thermocool NAVISTAR®
2014 to June 2019. =05 (4319 vs. 58+27 minutes);
Clinical characteTist * Fluoroscopy time: STSF vs.
Exclusion criteria: + Paroxysmal Afgﬁ% vs. Thermocool NAVISTAR®
Unspecified. Thermocool NAMIng\R® (5+3 vs. 7+4 minutes);
(43.5% vs. 48.5%) 5 &
* Duration of AFRSTSF vs. Clinical outcomes
Thermocool NA%@T@R@) * Cardiac tamponade: STSF vs.
(50.1457.5 vs. 5%%53.4 Thermocool NAVISTAR®
months); ERZE (1.7% vs. 2.9%).
« Left ventriculagejecton
fraction>55%: SESF &.
Thermocool NAZISTRAR®
(77.5% vs. 81.8%); S
+ CHA2DS; VASE Sc@e>3: STSF
vs. Thermocool §AVESTAR®
(57.0% vs. 46.9%); 3,
2 8
Comorbidities £. 3
» Hypertension: QTSFEJS.
Thermocool NARISTAR®
(69.9% vs. 57.6%). <
Di 2020 Italy Abstract English Prospective  Inclusion criteria: CARTO+STSF  Pooled informati8n ofttwo groups  Procedural characteristics
[35] cohort study  Patients with (n=59) vs. Clinical charactegisticy * Procedure time:
paroxysmal or Rhythmia * Paroxysmal Afg63% CARTO+STSF vs. Rhythmia
persistent AF System™ + T 9 System™ + DirectSense
underwent point-by- DirectSense @ (180456 vs. 180+89 minutes,
point pulmonary vein (n=57) p=0.590);

isolation.

Exclusion criteria:
Unspecified.

* Fluoroscopy time:
CARTO+STSF vs. Rhythmia
System™ + DirectSense (139
vs. 20+12 minutes, p=0.002);

Clinical outcomes
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* Acute procedure success rate:
CARTO+STSF vs. Rhythmia
System™ + DirectSense
(100% vs. 100%);
* 9-month arrhythmia
recurrence rate:

m CARTO+STSF vs. Rhythmia

2 System™ + DirectSense(14%

@ vs. 25%, p=0.2);

< * Any complications:

CBD CARTO+STSF vs. Rhythmia

@ System™ + DirectSense (0%

= vs. 0%);

® * Audible steam pop:

3 CARTO+STSF vs. Rhythmia

= System™ + DirectSense (0%

= vs. 0%).

Guckel Germany  Abstract English Prospective Inclusion criteria: STSF (n=69) vs.  Not reported > Procedural characteristics
2022 [34] cohort study  Patients undergoing DiamondTemp % * Procedure time: STSF vs.
radiofrequency ablation =~ ™ (n=33) %) DiamondTemp™ (78.2+25.6

for AF.

Exclusion criteria:
Unspecified.

'salIfojouyoal Jejiwis pue ‘Buiureny |v ‘Buluiw e1@p pue 1Xa1 01 pale|al sasn 1oj Buipnjoul ‘IybliAdoo Aq pa1a
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vs. 98.8+30.1 minutes,
p=0.002);

* Ablation time: STSF vs.
DiamondTemp™
(1,035.5+287.2 vs.792.1+£311.2
seconds, p<0.001);

* Fluoroscopy time: STSF vs.
DiamondTemp™ (5.542.5
vs.4.6+2.1 minutes, p<0.006);
* Fluoroscopy dose: STSF vs.
DiamondTemp™
(295.8+247.5 vs. 183.8+178.1
yGymz2, p<0.013);

Clinical outcomes

* Acute procedure success rate:
STSF vs. DiamondTemp™
(100% vs. 100%);

* Acute stroke: STSF vs.
DiamondTemp™ (0% vs. 3%).

STSF: SMARTTOUCH® SURROUNDFLOW; ST: ST: THERMOCOOL SMARTTOUCH®; SF: SURROUNDFLOW; BMI: Body mass index.
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i Section and Item UL
Topic # Checklist item where item is
5 P < reported
6 | TITLE >
7| Title 1 | Identify the report as a systematic review. I N Line 1to 3
2 ABSTRACT % md
7o | Abstract 2 | See the PRISMA 2020 for Abstracts checKlist. 82> See abstract
11 [ INTRODUCTION oy
=)
12 | Rationale Describe the rationale for the review in the context of existing knowledge. % fgb E Line 59 to 62
13 | Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. 3 g ;Q Line 63 to 69
14 [ METHODS I
15 Eligibility criteria Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. é’g g Line 78 to 85
1 =
1? Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consul%@@ldentlfy studies. Specify Line 89 to 99
18 sources the date when each source was last searched or consulted. T
19 Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits useé’ §§ Supplementary
=) Table 1
20 ERYES
21 | Selection process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how macn?y éilewers screened each Line 101 to
22 record and each report retrieved, whether they worked independently, and if applicable, details of automation teol s?sed in the process. 108, and
o 2 Figure 1
23 S
24 | Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from eachzep&t, whether they worked Line 110 to
25 | Process independently, any processes for obtaining or confirming data from study investigators, and if applicable, deta@ of@utomatlon tools used in 116, and
the process. Figure 1
26 2
57 | Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with @acf@outcome domain in each Line 121 to
28 study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which gesuﬁs to collect. 125
29 10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, ;undmg sources). Describe any | Line 118 to
30 assumptions made about any missing or unclear information. o :: 120
31 | Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, héw many reviewers assessed Line 128 to
32 | assessment each study and whether they worked independently, and if applicable, details of automation tools used in the @océﬁ‘s 133
33 | Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or pres@ata@n of results. Line 135 to
34 2 E 141
35| Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study |nt§ventlon characteristics Line 143 to
36 | methods and comparing against the planned groups for each synthesis (item #5)). Q@ 147
37 13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing sumﬁﬁary statistics, or data Not applicable
38 conversions. m
ig 13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. § Supplementary
Q Table 2
«
41 13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was peformed, describe the Line 147 to
2; model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) usedg 150, and Line
c 156 to 158
44 , , , > - -
45 13e | Describe any methods used Ee%’FQ@F?ERP?sﬁ'R}@ ﬁ?&??ﬁo?ﬁﬂ)%gwg?ﬁje&%ﬁﬁﬂﬁgaﬂﬂﬂ resyltsi(e.9-s4bgroup analygs, meta-regression). Line 151 to
46
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5 154
(o]
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. §: 5‘ Line 154 to
c o 155
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting 8l@(§:§). Line 155 to
assessment a g- = 156
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. % 2 Line 147 to
assessment a3 2 150
RESULTS S=3
WU
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search t&i@e?umber of studies included | Line 161 to
in the review, ideally using a flow diagram. L@ 2 166, and
oy g' @ Figure 1
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they w%q;e?c_‘ Xcluded.
Study 17 | Cite each included study and present its characteristics. 3 Fﬁ 3 Line 168 to
characteristics 20 = 171, and
a- 2 Supplementary
> T Table 2
Risk of bias in 18 | Present assessments of risk of bias for each included study. g %‘ Line 180 to
studies S B 182, and
]
a = Supplementary
‘m 3 Table 2
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) anleff@:t estimate and its Line 292 to
individual studies precision (e.g. confidence/credible interval), ideally using structured tables or plots. 3 294, Line 297
2 S to 299, Line
g Z. 302 to 303,
@ < and Line 311
o >
S to 323
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. % » Line 184 to
syntheses Q 5 189
20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summar&’? es@nate and its precision Line 192 to
(e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the dlreglon of the effect. 194, Line 214
Q@ to 215, Line
g 238 to 240,
3 Line 257 to
@ 260, Line 276
g to 279, Line
3 288 to 290,
g Line 300 to
= 301, and Line
2 304 to 306
20c | Present results of all investigations of possnble Cﬁuses of heterogeneity among study result ds . 3 Line 195 to
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9 & m g* 268, and Line
10 bag 280 to 283
11 20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. %gé Line 206 to
12 8%’ N 208, Line 231
13 g to 232, Line
°23 250 to 251,
14 RIS Line 268 to
15 5320 270, and Line
16 2-8 283 to 286
17 Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis a%ésged. Line 208 to
18 >0 211, and Line
19 =m3 232 to 233
20 Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. g?g Figure 2, 3, 4,
21| evidence -2 and 5, and
22 zZ 3 Table 1
23| DISCUSSION )
24| Discussion 23a | Provide a general interpretation of the results in the context of other evidence. E _50 Line 325 to
25 e o 333
3
="
;? 23b | Discuss any limitations of the evidence included in the review. a '8 Line 388 to
w3 408
;g 23c | Discuss any limitations of the review processes used. ;:Tj—,' S Line 398 to
s 4 400
30 ® =
31 23d | Discuss implications of the results for practice, policy, and future research. § 2 Line 367 to
3 v 370, and Line
32 s = 406 to 408
gi OTHER INFORMATION N
35 Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the regi;ew was not registered. Not applicable
36 protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. g Not applicable
37 24c | Describe and explain any amendments to information provided at registration or in the protocol. % Not applicable
gg Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the %view. Line 445
40 Competing 26 | Declare any competing interests of review authors. = Line 441 to
41 interests é 443
4 | Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; d%a extracted from included | Upon request
43 data, code and studies; data used for all analyses; analytic code; any other materials used in the review. =
other materials c
44 2
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