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ABSTRACT

Introduction: Both radiofrequency (RF) and
cryoballoon (CB) ablation are treatment options
for persistent atrial fibrillation (PsAF). An
important recent innovation in RF ablation is
Ablation Index (AI), known also as the VISITAG
SURPOINTTMModule, a composite lesion quality
marker whose use has been shown to signifi-
cantly reduce the incidence of acute and late
pulmonary vein (PV) reconnection and the

recurrence of atrial arrhythmias in PsAF. Due to a
lack of direct comparative evidence between the
latest generations of technologies, there is
uncertainty regarding the best treatment option
in PsAF. The objective of the present study was to
conduct a matching-adjusted indirect treatment
comparison (MAIC) using individual patient-
level data (IPD) to assess the comparative effec-
tiveness of the THERMOCOOL SMART-
TOUCHTM Catheter or the THERMOCOOL
SMARTTOUCHTM SF Catheter with AI/VISITAG
SURPOINTTM Module (STAI) versus the second-
generation CB catheter (Arctic Front AdvanceTM;
herein referred to as CB) with respect to
12-month atrial arrhythmia recurrence, fluo-
roscopy time, and procedural efficiency.
Methods: IPD for STAI were obtained from four
investigator-initiated studies and were pooled.
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Comparable CB studies identified from a sys-
tematic literature review were also pooled. In
the absence of a common treatment arm
between STAI and CB studies, an unanchored
MAIC was conducted. The primary analysis
compared the pooled STAI IPD to the pooled CB
cohort, with corrections for differences across
trials, including eligibility criteria and patient
baseline characteristics. Scenario and sensitivity
analyses were conducted to assess the robust-
ness of the primary analysis.
Results: In the primary analysis, which was
adjusted for left atrial diameter (LAD), age,
diabetes, and sex, STAI was associated with a
statistically significant 65% relative reduction
in the rate of arrhythmia recurrence compared
to CB at 12-month follow-up (HR 0.35; 95% CI
0.23, 0.52). STAI was associated with shorter
total fluoroscopy time than CB but longer pro-
cedure time. Results were consistent across sce-
nario and sensitivity analyses.
Conclusion: Radiofrequency ablation with AI
significantly reducedatrial arrhythmia recurrence
at 12-month follow-up and fluoroscopy time
compared to CB, with longer procedure times.

Keywords: Ablation Index; Atrial fibrillation;
Catheter ablation; Contact force; Matching-
adjusted indirect comparison; Radiofrequency
ablation; VISITAG SURPOINTTM Module

Key Summary Points

Catheter ablation is an effective rhythm
control strategy that is recommended by
guidelines for the management of
persistent atrial fibrillation (PsAF).

Catheters for radiofrequency (RF) and
cryoballoon (CB) ablation are approved
for use in PsAF; however, due to a lack of
direct comparative evidence between the
latest generations of technologies, there is
uncertainty regarding the best treatment
option in PsAF.

We conducted an unanchored, matching-
adjusted indirect treatment comparison
using individual patient-level data to
assess the comparative effectiveness of
Ablation Index-guided RF ablation and
cryoablation using the second-generation
CB in terms of 12-month atrial
arrhythmia recurrence, fluoroscopy time,
and procedural efficiency.

Results showed that Ablation Index-
guided RF ablation was associated with a
statistically significant 65% reduction in
the rate of arrhythmia recurrence
compared to CB at 12-month follow-up,
as well as shorter fluoroscopy time, and
longer procedure time.

To the best of our knowledge, this study is
the first to provide robust, pooled,
comparative evidence for the latest
generations of catheter ablation devices
used in the treatment of PsAF.

INTRODUCTION

Catheter ablation is an effective, guideline-rec-
ommended rhythm control strategy for the
managementofpersistent atrial fibrillation (PsAF)
[1–3]. The primary strategy for ablation is pul-
monary vein isolation (PVI); however, more
extensive ablation may be required in PsAF,
including ablation of linear lesions in the atria,
isolation of the left atrial appendage or the supe-
rior vena cava, and ablation of complex fraction-
ated electrograms, rotors, nonpulmonary foci, or
ganglionated plexi [2]. Both radiofrequency (RF)
and cryoballoon (CB) ablation may be used in
PsAF; however, uncertainty remains regarding
their comparative effectiveness.

Two large, prospective, multicenter, Food and
Drug Administration (FDA)-regulated trials have
recently demonstrated the safety and effectiveness
of CB and RF ablation in PsAF [4, 5]. The STOP
Persistent Atrial Fibrillation (STOP-AF) trial evalu-
ated the efficacy and safety of PVI-only cryoabla-
tion in PsAF using the Arctic Front AdvanceTM

(Medtronic, Minneapolis, MN, USA) CB. Freedom
from atrial arrhythmia was reported to be 54.8%
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[95% confidence interval (CI) 46.7–62.1] at
12 months [4]. The PRECEPT trial evaluated the
safety and efficacy of RF ablation in PsAF using the
contact-force sensing THERMOCOOL SMART-
TOUCHTM SF Catheter (Biosense Webster, Irvine,
CA, USA) guided by the CARTO VISITAGTM Mod-
ule (Biosense Webster) using an individualized
treatment approach includingPVIwith ablationof
additional targets permitted at the investigator’s
discretion. Overall freedom from documented
symptomatic atrial arrhythmia was reported to be
80.4% at 15 months after ablation [5]. Naı̈ve
comparison of results from these studies suggest
thatablationwithpoint-by-pointRFcathetersmay
provide improved efficacy over cryoablation in
PsAFpatients. The latest innovation inRFablation,
the CARTO VISITAGTM Module with Ablation
Index (AI) (also known as the VISITAG SUR-
POINTTM Module; Biosense Webster), is a lesion-
quality marker that has been shown to signifi-
cantly reduce the incidence of acute and late pul-
monary vein (PV) reconnection and to reduce the
recurrence of atrial arrhythmias in PsAF patients
when used in combination with the THERMO-
COOL SMARTTOUCHTM Catheter or THERMO-
COOL SMARTTOUCHTM SF Catheter [6–9].

Currently, there are no randomized head-to-
head trials that have directly compared the
effectiveness of CB to RF ablation with AI
guidance in PsAF. Thus, indirect treatment
comparison methods, such as matching-ad-
justed indirect comparisons (MAICs), are
required to balance trial populations for fair
comparison [10, 11]. MAICs use individual
patient-level data (IPD) to match the patient
cohort in one study to the eligibility criteria of
another, and then to adjust for between-study
differences in patient populations to reduce
differences in prognostic factors and treatment-
effect modifiers between the two groups.

The primary objective of the present study
was to assess the comparative effectiveness of
the THERMOCOOL SMARTTOUCHTM Catheter
or THERMOCOOL SMARTTOUCHTM SF Cathe-
ter with AI (STAI) versus the second-generation
CB catheter (i.e., Arctic Front AdvanceTM) in
terms of 12-month atrial arrhythmia recur-
rence. The secondary objective was to compare
fluoroscopy time and procedural efficiency
between technologies.

METHODS

Identification of Studies for MAIC
Analyses

Individual patient-level data from four investi-
gator-initiated studies on STAI that included
patients with PsAF were available for analysis
[6–8, 12]. The first study by Hussein et al. [6] was
a prospective, single-arm registry that included
40 PsAF patients. A second study by Hussein
et al. [7] was a prospectively collected, propen-
sity score-matched analysis comparing STAI to a
historical control group and included 31 PsAF
patients treated with STAI. The study by Soli-
mene et al. [8] was a prospective, single-arm
registry that included 32 PsAF patients treated
with STAI. Finally, the study by Stabile et al. [12]
was also a prospective registry, and included 96
PsAF patients treated with STAI. Across all four
studies, a total of 191 PsAF patients treated with
STAI were available for analysis.

A systematic literature review was conducted
to identify CB studies in patients with PsAF
published between January 2010 and May 2019
(Supplementary Material, Table S1). An updated
literature search based on the search strategy
and methodology from the systematic literature
review was conducted on January 19, 2021 to
identify CB studies in patients with PsAF pub-
lished after May 2019. To ensure a sufficient
sample size for robust matching and adjustment
of STAI IPD to the CB cohort, prospective
studies were eligible for inclusion if they
enrolled a minimum of 50 patients with drug-
refractory, symptomatic PsAF who received first-
time ablation and used the second-generation
Arctic Front AdvanceTM cryoablation catheter
(Supplementary Material, Table S1). The Arctic
Front AdvanceTM ablation catheter was selected
as the most relevant comparator because it
represented the standard of care for cryoabla-
tion catheters at the time of the analysis. Out-
comes of interest included time-to-event data
(i.e., Kaplan–Meier curves) on freedom from
atrial arrhythmias or recurrence of atrial
arrhythmias with a minimum follow-up period
of 12 months (excluding events that occurred
during a 3-month blanking period), total
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fluoroscopy time, and overall procedural time.
Non-English-language articles were excluded.

Data Extraction

Data extracted (where available) included study
design, sample size, atrial fibrillation (AF) type
(i.e., paroxysmal AF, PsAF, or long-standing
PsAF), and patient baseline characteristics [e.g.,
age, sex, diabetes, left atrial diameter (LAD), left
ventricular ejection fraction (LVEF), body mass
index, CHADS score, heart disease, heart failure,
hypertension, and stroke or transient ischemic
attack]. The primary outcome of interest was
freedom from atrial arrhythmias or recurrence
of atrial arrhythmias at least 12 months after AF
catheter ablation, as defined by the study
authors (Supplementary Material, Table S2).
Atrial arrhythmias were defined as AF, atrial
flutter, or atrial tachycardia, as defined by the
study authors. Secondary endpoints were total
fluoroscopy time and overall procedure time, as
defined by the study authors.

Methods for MAIC Analyses

The primary analysis aimed to compare the
pooled STAI IPD from all four STAI trials to the
pooled CB cohort. Pooling the STAI IPD from all
four STAI trials increased the sample size avail-
able for adjusting to the pooled CB cohort to
reduce residual imbalances between treatments.
Three electrophysiologists (G.S., A.H., D.G.)
provided a priori and independent rankings of
potential prognostic factors and treatment-ef-
fect modifiers that were reported in the STAI
and CB trials, and were considered relevant with
regard to catheter ablation of PsAF. Average
rankings were calculated and used to order
potential factors for adjustment in scenario
analyses (Supplementary Material, Table S3).

An unanchored MAIC was conducted
between the pooled STAI IPD and the pooled CB
cohorts because of a lack of a common com-
parator between studies. MAIC analyses were
conducted using methods outlined by Phillippo
et al. [11], and detailed methods have been
previously described [13]. Briefly, IPD from the
STAI studies were matched to the CB studies by

removing STAI patients who would have not
met the eligibility criteria of the CB studies. The
resulting set of matched patients from the STAI
IPD were then reweighted on the basis of a
propensity score method-of-moments estima-
tion. Adjustment of the primary analysis was
limited to the set of factors that were reported
in all studies. The primary analysis for each
comparison of datasets was the analysis that
adjusted for the most factors.

To estimate absolute events associated with
cryoablation, reconstructed IPD representing
time-to-event outcomes from the CB studies
were derived from published Kaplan–Meier
curves using the Guyot algorithm [14]. After
matching and reweighting of STAI IPD, the
reconstructed CB IPD and STAI IPD were com-
bined to facilitate estimating the comparative
effectiveness of STAI versus CB for recurrence of
atrial arrhythmias, and to assess differences in
fluoroscopy time and procedural efficiency
between treatments. Comparative effectiveness
estimates were obtained by fitting a mixed-ef-
fects Cox proportional hazards regression
model with random study-level effects using the
reweighted IPD set [15]. Estimates of absolute
effects were reported separately for STAI and CB
as the cumulative proportion of patients who
had an arrhythmia recurrence at 12-month
follow-up. Estimates of relative effects were
reported as a hazard ratio (HR) and 95% CIs. CIs
that do not cross unity (i.e., 1) were considered
statistically significant. Pooled means and
standard deviations (SDs) for CB procedure time
and fluoroscopy time were calculated using a
fixed effect inverse-variance weighted meta-
analysis. For STAI, matched and adjusted esti-
mates of the mean (SD) of procedure time were
derived from IPD. Estimates of relative effects
were reported as mean differences (MD) and
95% CIs; CIs that do not cross 0 were considered
statistically significant. Statistical analyses were
conducted using the R Statistical Software [16].

Scenario and Sensitivity Analyses

Scenario and sensitivity analyses were con-
ducted to assess the robustness of the primary
analyses and to explore the impact of adjusting
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for additional factors. Scenario analyses were
performed wherein the MAICs were conducted
iteratively, removing one factor at a time in
order of least importance. Sensitivity analyses
included one-at-a-time factor adjustments,
where a single factor was adjusted in MAIC, and
the exclusion of one study [4] from the pooled
CB cohort to assess the potential impact of
between-study variability with respect to partic-
ipant baseline disease status and outcome defi-
nition. Additionally, to permit adjustment of
LVEF, MAIC estimates from a series of MAICs,
each comparing one STAI study to the pooled CB
studies, were synthesized into a single compara-
tive efficacy estimate. This permitted adjustment
for LVEF in the comparison of the Solimene et al.
STAI study and the pooled CB studies and,
therefore, partial adjustment of LVEF in the
pooled analysis. The single comparative efficacy
estimate was synthesized using a fixed effect
inverse-variance weighted meta-analysis [17].

Compliance with Ethical Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Literature Review Results

A total of 2813 citations were identified (Fig. 1).
Of a total of 325 citations identified for full-text
review, 4 were eligible for inclusion in the pre-
sent analysis [4, 18–20]. Reasons for exclusion
included study design (e.g., retrospective stud-
ies), population (e.g., paroxysmal AF, long-s-
tanding PsAF), irrelevant intervention or
comparator, or if the study did not report the
outcomes of interest.

Study Characteristics and Prognostic
Factors and Treatment-Effect Modifiers

A total of 389 patients with PsAF were pooled
from four CB trials [4, 18–20]. The mean (SD)

age of the pooled CB cohort was 63.1 (10.2)
years. The proportion of patients who were
male (68.3–74.3%), the prevalence of diabetes
(5–12.1%), left atrial diameter (LAD)
(42–47.1 mm), and LVEF (53.8–57.4%) varied
across individual CB study populations
(Table 1). After matching on AF type, a total of
191 patients with PsAF were pooled from four
STAI studies for subsequent analysis. Three
patients from this cohort were missing data on
fluoroscopy time and were excluded from the
fluoroscopy time analysis. The mean age of the
pooled STAI cohort was 61.3 (SD 9.4) years and
trials differed with regard to LAD
(43.0–46.5 mm), the proportion of patients who
were male (54.2–80.6%), and the prevalence of
diabetes (4.2–22.6%) (Table 1). Mean LVEF was
reported in two of the four STAI trials and was
56%. The proportion of patients who were
receiving amiodarone prior to the ablation
procedure was reported in one study (Table 1).

Before adjusting, several differences in prog-
nostic factors and treatment-effect modifiers
were observed among patients in the pooled CB
cohort compared to those in the pooled STAI
cohort. After adjusting, the means and propor-
tions of commonly reported prognostic factors
and treatment-effect modifiers from the STAI
IPD were balanced with those in the pooled CB
cohort (Table 2).

MAIC Results

Rate of Atrial Arrhythmia Recurrence
Overall, estimates of comparative effectiveness
between the pooled STAI cohort and the pooled
CB cohort showed that STAI was associated with
a significantly lower rate of AF recurrence than
CB. Naı̈ve comparison of the pooled STAI
cohort and the pooled CB cohort showed lower
cumulative probabilities of arrhythmia recur-
rence for STAI (18%) than CB (41%) at
12-month follow-up, which corresponded to a
statistically significant 61% reduction in the
rate of atrial arrhythmia recurrence with STAI
compared to CB (HR 0.39; 95% CI 0.27, 0.56). In
the primary analysis that adjusted for the com-
mon prognostic factors of LAD, age, diabetes,
and sex, STAI was associated with a statistically
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significant 65% reduction in the rate of atrial
arrhythmia recurrence compared to CB (HR
0.35; 95% CI 0.23, 0.52) (Figs. 2, 3). STAI con-
tinued to be associated with a statistically sig-
nificant reduction in the rate of atrial
arrhythmia recurrence compared to CB in sce-
nario analyses that adjusted for LAD, age, and
sex (65% reduction; HR 0.35; 95% CI 0.23, 0.52)

and LAD and age (66% reduction; HR 0.34; 95%
CI 0.23, 0.51).

Furthermore, STAI was associated with sta-
tistically significant reductions in the rate of
atrial arrhythmia recurrence compared to CB
across all univariate MAICs (i.e., adjusted one
factor at a time) (Supplementary Material,
Figure S2).

Fig. 1 CB SLR PRISMA flow diagram (an SLR was
conducted to identify CB studies in patients with PsAF
published between January 2010 to May 2019. An updated
literature search based on the original search strategy was

conducted on January 19, 2021 to identify relevant studies
published after May 2019). CB second-generation cryobal-
loon, n sample size, PsAF persistent atrial fibrillation, SLR
systematic literature review
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Fluoroscopy Time and Procedure Time
In all analyses, total fluoroscopy time was found
to be significantly shorter with STAI than with
CB. Naı̈ve comparison of the pooled STAI IPD
cohort and the pooled CB cohort showed that
mean fluoroscopy time was significantly shorter
with STAI than with CB (MD - 7.2; 95% CI

- 10.6 to - 3.7). In the primary analysis that
adjusted for LAD, age, sex, and diabetes, mean
fluoroscopy time was 7.0 min shorter with STAI
than with CB (MD - 7.0 min; 95% CI - 10.5 to
- 3.5) (Fig. 4). Furthermore, fluoroscopy time
was significantly shorter with STAI than with

Table 2 Summary statistics for the pooled CB arm and pooled STAI arm before and after adjusting in the primary analysis
of recurrence of atrial arrhythmias after a single procedure for patients with persistent atrial fibrillation

Variables Pooled summary-level data (CB) Pooled individual patient data (STAI)

Unadjusted Adjusted

Sample size (ESS) 389 191 (156)

Age (years) 63.1 (10.2) 61.3 (9.4) 63.1 (10.2)

Male 277 (71.2) 141 (73.8) 111a (71.2)

Diabetes 35 (9.0) 16 (8.4) 14a (9.0)

Left atrial diameter (mm) 43.7 (6.0) 43.8 (8.8) 43.7 (6.0)

MAIC diagnostics Proportion of matched IPD set with MAIC weights = 0 0%b

Distance of MAIC weights from unity, median (Q1, Q3) - 0.16 (- 0.36, 0.10)

Values presented as n (%) or mean (SD)
CB second-generation cryoballoon, ESS effective sample size, IPD individual patient-level data, MAIC matched-adjusted
indirect comparison, mm millimeters, N number, Q1 first quartile, Q3 third quartile, STAI THERMOCOOL SMART-
TOUCHTM/THERMOCOOL SMARTTOUCHTM SF Catheter with AI
a Derived as the adjusted proportion multiplied by the ESS
b See Supplemental Materials Figure S1 MAIC weight histogram

Fig. 2 Hazard ratio for arrhythmia recurrence (pooled
STAI IPD versus pooled CB cohorts). Forest plot for the
pooled STAI cohort versus the pooled CB cohort for
arrhythmia recurrence with STAI compared to CB at
12-month follow-up. HR\1 represents lower recurrence
with STAI than CB, whereas HR[1 represents greater

recurrence with STAI than CB. AF atrial fibrillation, CB
second-generation cryoballoon, CI confidence interval, ESS
effective sample size, HR hazard ratio, IPD individual
patient-level data, N sample size, SD standard deviation,
STAI THERMOCOOL SMARTTOUCHTM/THER-
MOCOOL SMARTTOUCHTM SF Catheter with AI

Adv Ther (2021) 38:4388–4402 4395



CB across all univariate MAICs (Supplementary
Material, Figure S3).

Overall procedure time was found to be sig-
nificantly longer with STAI than with CB. Naı̈ve
comparison of the pooled STAI IPD cohort and
the pooled CB cohort showed that procedure
time was approximately 52 min longer with
STAI than with CB (MD 52.2 min; 95% CI 16.0,
88.3). After adjustment for the common prog-
nostic factors of LAD, age, sex, and diabetes
procedure time continued to be significantly
longer with STAI than with CB (MD 55.3 min;
95% CI 20.5, 90.1) (Fig. 4). Results were similar
across univariate MAICs (Supplementary Mate-
rial, Figure S3).

Sensitivity Analyses
A sensitivity analysis that excluded one study
[4] from the pooled CB cohort, and adjusted for
the common prognostic factors of LAD, age,
diabetes, and sex, showed that STAI continued
to be associated with a statistically significant
reduction in the rate of atrial arrhythmia

recurrence compared to CB at 12-month follow-
up (HR 0.38; 95% CI 0.25, 0.59) (Supplementary
Material, Table S4). Another sensitivity analysis
that adjusted for the common prognostic fac-
tors, as well as partial adjustment for LVEF (via a
meta-analysis of pairwise MAICs approach) also
showed that STAI was associated with a statis-
tically significant reduction in the rate of atrial
arrhythmia recurrence compared to CB at
12-month follow-up (HR 0.43; 95% CI 0.27,
0.69) (Supplementary Material, Table S4). In
both sensitivity analyses, mean differences in
total fluoroscopy time and overall procedure
time between the STAI IPD cohort and the CB
cohort were similar to those in the primary
analysis (Supplementary Material, Table S4).

DISCUSSION

Both CB and STAI are successful in the ablation
of PsAF, with 12-month recurrence rates repor-
ted in the studies included in this analysis of

Fig. 3 Kaplan–Meier curves for AF recurrence comparing
pooled STAI IPD to pooled CB cohorts. AF atrial
fibrillation, CB/Cryo second-generation cryoballoon, IPD

individual patient-level data, STAI THERMOCOOL
SMARTTOUCHTM/THERMOCOOL SMART-
TOUCHTM SF Catheter with AI
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39–45% for cryoablation and 17–20% for STAI
[4, 6–8, 12, 18–20]. However, their comparative
efficacy in this AF subtype is unknown. We
conducted an MAIC to compare the effective-
ness of STAI to that of CB for recurrence of atrial
arrhythmias 12 months after catheter ablation
in patients with PsAF, and found that ablation
using STAI was associated with significant
reductions in recurrence of atrial arrhythmias
compared to CB before and after matching and
adjusting for differences between studies and
patient characteristics. STAI was also associated
with shorter fluoroscopy times than CB and
longer procedure times. These results were
robust across multiple scenario and sensitivity
analyses.

Contemporary meta-analytic studies have
sought to assess the comparative efficacy of RF
and CB ablation for AF [21–23]; however, these
analyses included mixed AF types and/or gen-
erations of ablation technologies, precluding

comparison of the latest generations of RF and
CB technologies available for the treatment of
PsAF. A meta-analysis by Liu and colleagues [23]
is the first to compare the efficacy and safety of
cryoablation and RF ablation in PsAF ablation.
The analysis found that there was no difference
in terms of freedom from atrial arrhythmia
between cryoablation and RF ablation (RR 1.04;
95% CI 0.93–1.15; P = 0.52) [23]. Importantly,
studies included in the analysis differed with
respect to study design, intervention (i.e.,
mixed generation and/or type of catheter), and
ablation strategy (i.e., PVI alone, PVI plus
additional ablations). Further to the mixed
use of first- and second-generation CB catheters
and/or contact force-sensing and standard open
irrigated catheters, none of the included studies
used ablation index-guided RF ablation.

In the absence of comparative evidence for
STAI and CB, the present analysis evaluated the
recurrence of atrial arrhythmias following STAI

Fig. 4 Mean differences in fluoroscopy time and proce-
dure time (pooled STAI IPD vs. pooled CB cohorts).
Mean difference between the pooled STAI IPD cohort
versus the pooled CB cohort for fluoroscopy time (A) and
procedure time (B). Mean difference\0 favors STAI,
whereas MD[0 favors CB. CB second-generation

cryoballoon, ESS effective sample size, IPD individual
patient-level data, MD mean difference, N sample size, SD
standard deviation, STAI THERMOCOOL SMART-
TOUCHTM/THERMOCOOL SMARTTOUCHTM SF
Catheter with AI
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and CB 12 months after catheter ablation in
patients with PsAF, with correction for differ-
ences in AF type and patient baseline charac-
teristics. To the best of our knowledge, the
present analysis is the first to provide robust,
pooled, comparative evidence for the latest
generations of catheter ablation devices used in
the treatment in PsAF, namely STAI and CB.

In a systematic review of AF ablation tech-
nology, the use of AI with point-by-point RF
ablation was associated with higher acute suc-
cess rates and lower acute reconnection rates
than contact force-guided RF ablation, which
translated into less recurrence of atrial
arrhythmias at 12 months [24]. Non-PV triggers
are recognized as being important in non-
paroxysmal AF, and there is often a need for
additional lines of ablation and/or lesion sets
beyond PVI alone [2, 25–28]; however, the evi-
dence for this is not well established, and
uncertainty regarding the optimal ablative
approach in this population remains [29]. In the
present analysis, ablation beyond PVI was per-
mitted at the operator’s discretion in all but one
of the STAI studies, which may have con-
tributed to a more robust ablation strategy that
lowered the rate of recurrence observed with
STAI compared to CB. One of the STAI studies
reported 67% (n = 21) of patients underwent
cavotricuspid isthmus ablation or left atrial
posterior wall ablation with a box lesion set [6].
One study reported 8% (n = 3) of patients
received cavotricuspid isthmus ablation [7]; in
the other study, one patient with PsAF received
a posterior wall box lesion [12]. In contrast,
three of the CB studies reported using a PVI-
only approach [4, 19, 20], and one reported
7.9% (n = 8) of patients underwent right atrial
flutter ablations using RF energy [18]. Emerging
evidence suggests that posterior wall isolation
in conjunction with PVI using CB may be
superior to PVI alone in patients with PsAF
[30–32]. However, non-PV ablation with the CB
has been poorly validated, and the device is not
currently indicated for posterior wall abla-
tion. Additionally, at the time of this analysis, a
standardized endpoint for successful electrical
isolation of the posterior wall using this
approach was unavailable. Therefore, to focus
the comparison of technologies on how they

are currently used in clinical practice, this
approach was not considered in the present
analysis.

In line with recent guidelines, PsAF was
defined in most studies as sustained episodes of
AF lasting[7 days and\12 months. However,
in the STOP PsAF trial, PsAF was defined as
continuous PsAF episodes lasting[7 days
but\6 months [4], indicating that patients
may have differed from those enrolled in other
studies with respect to baseline disease status.
Furthermore, as is typical for an FDA-regulated
trial, the primary efficacy endpoint at
12 months used in the STOP PsAF trial was
clearly defined by the following four criteria:
acute procedural success (defined as PVI
achieved by cryoablation), freedom from atrial
arrhythmia recurrence after a 90-day blanking
period, freedom from repeat ablation after the
blanking period, and no class I or III antiar-
rhythmic drug (AAD) initiation or dose increase
after the blanking period [4]. As such, the effi-
cacy outcome may have differed from those
used in the other included studies. For example,
although some studies permitted the continued
use of AAD therapy at the clinicians’ discretion,
details regarding change and/or increase in AAD
dosage after the blanking period were not
clearly reported. Additionally, a focal 8-mm tip
cryoablation catheter was permitted as an
adjunctive tool to complete PVI in the STOP
PsAF trial, whereas the other CB studies did not
report focal touch-up with either a cryoablation
or RF catheter. Despite these differences, a sen-
sitivity analysis that was conducted to assess the
impact of removal of this study found that
results were consistent with the primary
analysis.

Another key difference across trials is that all
patients in the PRAISE study underwent a pro-
tocol-mandated repeat procedure to assess for
late reconnection and to re-isolate PVs, as nee-
ded [7]. Late PV reconnection was identified in
7% (n = 11) of PVs, and in 22% (n = 8) of
patients; all reconnected PVs were successfully
re-isolated. Freedom from AF recurrence was
reported to be lower among patients who
required redo ablation for PV reconnection than
among those who had no reconnection; how-
ever, the difference was not statistically
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significant. Nonetheless, this protocol-man-
dated repeat procedure may have contributed to
a lower rate of AF recurrence in the trial, which
may have impacted the overall effectiveness of
the pooled STAI dataset.

Consistent with the ablation strategy of PVI
plus additional non-PV targets in RF ablation
compared to PVI-only cryoablation, procedure
time was found to be longer with STAI than CB.
Notably, in all STAI studies, resumption of left
atria to PV conduction was evaluated for at least
20 min after ablation, and two studies reported
administering an adenosine challenge to
unmask dormant PV reconnection if no spon-
taneous reconnection was seen. This additional
time during the procedure was a major con-
tributor to the overall difference in procedure
time. None of the CB studies reported observing
a waiting period to observe PV reconnection,
and only one of the CB studies reported that
investigators were permitted to test acute PVI
with isoproterenol and/or adenosine [4]. Addi-
tionally, STAI was associated with approxi-
mately half the fluoroscopy time than that of
CB. This is an important finding, given that
reductions in fluoroscopy time and/or radiation
dose are important concerns, as fluoroscopy
exposure during catheter ablation is a known
health hazard to both patients and operators
[33].

Unanchored MAICs are subject to a number
of inherent limitations as they are based on
several methodological assumptions. For the
present analysis, an unanchored MAIC
approach was taken as the best possible
approach due to lack of a common comparator
between STAI and CB studies. Conduct of an
unanchored MAIC assumes that all relevant
prognostic factors and treatment effect modi-
fiers have been adequately adjusted for. How-
ever, since it is rarely possible to conduct a
comparison that accounts for all potential dif-
ferences in prognostic factors or treatment
effect modifiers, this assumption is considered
very difficult to meet. Additionally, results may
have been impacted by the inability to correct
for differences in study eligibility criteria, either
because of a lack of reporting of such criteria or
because the data collected lacked sufficient
detail to do so. As such, an important limitation

of the present analysis was the inability to
adjust for differences that were not explained by
reported eligibility criteria and/or patient char-
acteristics across trials. For example, the results
may have been impacted by the inability to
adjust for variability in the method of moni-
toring of atrial arrhythmias across studies
(Supplementary Material, Table S5). This may
affect the robustness or generalizability of the
analysis results. Studies of STAI and CB were
pooled to increase the sample size and to pro-
vide a larger evidence base within the MAIC. As
a result, the number of factors available for
adjustment were limited to those reported
across all trials. The primary analysis had suffi-
cient sample size to adjust for four prognostic
factors (i.e., LAD, age, sex, and diabetes).
Although AF duration was identified as a rele-
vant prognostic factor in PsAF, it was unavail-
able for adjustment due to substantial variation
and/or lack of reporting of this factor across
studies (Supplementary Material, Table S6).
Despite this limitation, a range of scenario
analyses using different sets of factors resulted
in similar conclusions regarding the compara-
tive efficacy of STAI compared with CB in PsAF.
A sensitivity analysis that adjusted for an addi-
tional prognostic factor (i.e., LVEF) was consis-
tent with the primary analyses, albeit resulted
in smaller effect estimates and lower effective
sample sizes.

CONCLUSIONS

Using an unanchored MAIC approach, catheter
ablation of PsAF using the THERMOCOOL
SMARTTOUCHTM Catheter or THERMOCOOL
SMARTTOUCHTM SF Catheter guided by the
CARTO VISITAGTM Module with the AI/ VISI-
TAG SURPOINTTM Module was associated with
a significant reduction of 12-month atrial
arrhythmia recurrence and fluoroscopy time
compared to second generation CB, but with
longer procedure times. Despite limitations
inherent to unanchored MAIC, results were
consistent across multiple scenario and sensi-
tivity analyses, providing further evidence to
inform decision makers on appropriate treat-
ment strategies.
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