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Aims The multicentre, single-arm SmartfIRE study assessed the safety and effectiveness of the novel dual-energy THERMOCOOL 
SMARTTOUCH SF (DE STSF) contact-force sensing catheter with multimodality generator to deliver radiofrequency (RF) 
and unipolar biphasic pulsed field (PF) ablation. Three-month follow-up showed a 100% acute success rate with an accept
able safety profile. Results at 12 months postablation are summarized here.

Methods 
and results

Patients with symptomatic paroxysmal atrial fibrillation underwent pulmonary vein isolation with the recommendation of PF 
ablation at posterior/inferior and RF ablation at the anterior/ridge/carina segments. The 12-month effectiveness endpoint was 
freedom from documented symptomatic and asymptomatic atrial arrhythmia on or off antiarrhythmic therapy (assessed by elec
trocardiogram, remote arrhythmia monitoring, and 24-h Holter), including acute procedural failures. Safety was assessed as the 
incidence of serious adverse events (SAEs) related to device and/or procedure. Quality of life was evaluated via Atrial Fibrillation 
Effect on Quality-of-Life (AFEQT) scores, and healthcare utilization was assessed as hospitalization for cardiovascular events and 
antiarrhythmic drug (AAD) use. Of 149 patients enrolled, 140 had the study catheter inserted (safety population analysis set), and 
136 met the eligibility criteria and had ablation energy delivered (per-protocol analysis set). Freedom from symptomatic and 
asymptomatic atrial arrhythmia at 12 months was 71.5% (84.2% when using standard-of-care monitoring only). The clinical suc
cess rate (freedom from symptomatic arrhythmia) was 86.4%, and single procedural success was 81.0% (n = 136). The rate of 
device- and/or procedure-related SAEs was 3.6% (5/140 patients; two cardiac tamponades, two pulmonary vein stenosis, one 
anaphylactic shock). At 12 months, the overall AFEQT score increased by a median 26.9 points vs. baseline. Cardiovascular hos
pitalization rate reduced from 20.1 to 11.9% during the 12 months before vs. after ablation, respectively. The use of Class I/III 
AAD decreased from 60.3% at baseline to 23.9% at 6–12 months postablation. Post hoc analysis showed that patients with high 
adherence to recommended inter-tag distance and PF/RF index during ablation (n = 47) had a 12-month freedom from atrial 
arrhythmia recurrence of 86.9%, while the remaining patients (n = 88) had a rate of 64.0%.
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Conclusion The 12-month follow-up of the SmartfIRE study demonstrated the effectiveness, safety, and healthcare benefits of ablation 
using the DE STSF platform.

Clinical Trial 
Registration

ClinicalTrials.gov Identifier: NCT05752487
(https://clinicaltrials.gov/study/NCT05752487)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Graphical Abstract

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Time after index ablation, weeks

F
re

ed
o

m
 f

ro
m

sy
m

p
to

m
at

ic
/a

sy
m

p
to

m
at

ic
A

F
/A

F
L

/A
T

 r
ec

u
rr

en
ce

, %

0 4 8 12 16 20 24 28 32 36 40 44 48 52

SOC monitoring, 84.2%
(95% CI: 78.0–90.4%)

Stringent monitoring, 71.5%
(95% CI: 63.8–79.2%)

0

0.6

0.7

0.8

0.9

0.2

0.1

0.3

0.4

0.5

1.0

Time after index ablation, weeks

F
re

ed
o

m
 f

ro
m

sy
m

p
to

m
at

ic
/a

sy
m

p
to

m
at

ic
A

F
/A

F
L

/A
T

 r
ec

u
rr

en
ce

, %

0 4 8 12 16 20 24 28 32 36 40 44 48 52

High adherence, 86.9%
(95% CI: 77.1–96.7%)

Low adherence, 64.0%
(95% CI: 53.8–74.1%)

AAD, antiarrhythmic drug; AFL, atrial flutter; AT, atrial tachycardia; AF, atrial fibrillation; CI, confidence interval; AFEQT, atrial fibrillation effect on quality-of-life; CV, cardiovascular; ITD, inter-tag distance; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein;
PAF, paroxysmal atrial fibrillation; PF, pulsed field; PV, pulmonary vein; RF, radiofrequency; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein; SAE, serious adverse events; SOC, standard of care; STSF, THERMOCOOL SMARTTOUCH SF. 
aSAEs related to the device and/or procedure. The SAEs were defined as events that led to any of the following: death, life-threatening illness or injury, permanent impairment of a body structure or a body function, inpatient hospitalization or prolongation of inpatient hospitalization, medical or surgical 
intervention to prevent life-threatening illness or injury or permanent impairment to a body structure or a body function, chronic disease, fetal distress, fetal death, a congenital physical or mental impairment, or a birth defect.
bAn additional asymptomatic PV stenosis was reported in the SmartfIRE study.
Images are courtesy of © Biosense Webster, Inc., part of Johnson & Johnson MedTech. All rights reserved.  
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What’s new?

• The SmartfIRE 12-month follow-up showed a favourable effective
ness and acceptable safety profile for this integrated dual-energy ab
lation system.

• Patients with higher adherence to the recommended ablation work
flow had a higher rate of 12-month freedom from atrial arrhythmia 
recurrence compared with patients with lower workflow 
adherence.

• A clinically meaningful improvement in quality of life and reduced 
cardiovascular hospitalization and antiarrhythmic drug use were 
seen at 12 months after ablation compared with the baseline.

Introduction
Pulsed field (PF) ablation (PFA) is a newer ablation technology for the 
treatment of atrial fibrillation (AF) with demonstrated safety and effect
iveness in multiple studies.1–4 Compared with thermal ablation, such as 
radiofrequency (RF) and cryoablation, PFA has a more tissue-selective 
mechanism, resulting in a reduced risk of collateral tissue damage 
and associated complications, such as pulmonary vein (PV) 
stenosis or atrioesophageal fistula, while maintaining treatment 
effectiveness.5–7 Despite these potential advantages, in clinical practice, 
thermal ablation remains the predominant mode of energy delivery for 
AF ablation,8 highlighting the need for more research investigating the 
clinical benefits associated with PFA.

The contact force (CF)–sensing dual-energy THERMOCOOL 
SMARTTOUCH SF (DE STSF) catheter with multimodality generator 
TRUPULSE (Biosense Webster, Inc., part of Johnson & Johnson 
MedTech, Irvine, CA, USA) incorporates both the tissue selectivity pro
vided by PFA and the properties of RF while maintaining a familiar focal 
ablation technology. Equipped with the magnetic sensor, the DE STSF 
catheter is fully integrated with the 3D navigation system (CARTO 3; 
Biosense Webster, Inc.), including both the PF index and RF 
SURPOINT index, and thus optimizes effectiveness while minimizing 
fluoroscopy time. The catheter was developed with the aim of over
coming certain limitations of using PFA alone, such as difficulties or risks 
in ablation near conduction tissue or coronary arteries. Preclinical find
ings with this catheter and generator showed similar lesion sizes with PF 
vs. RF delivery, with PFA producing more mature scar formation com
pared with RF ablation, as well as reduced chronic inflammation and 
myocardial necrosis.9 The RF index was developed by incorporating 
CF, power, and time, based on the experimental work by Nakagawa 
et al.,10,11 and this index predicted lesion depth in the canine ventricle 
and atrium with high accuracy. In a clinical setting, minimum index va
lues of 400 posteriorly and 550 anteriorly were required to prevent 
acute PV reconnections12,13 ; these index values were prospectively 
evaluated in multiple large studies, demonstrating consistent safety 
and effectiveness outcomes.13–15 In preclinical experiments of PF appli
cations using a focal STSF catheter, CF and number of PF applications 
were strongly associated with lesion depth.16 A logarithmic formula 
of the PF index incorporating these variables was developed, and it 
was validated in a prospective swine model, with 100% accuracy in le
sion depth prediction (±1.5 mm).17 Additionally, the combination of PF 
and RF further enhances lesion penetration,18 highlighting the benefits 
of the DE STSF ablation platform in achieving transmural lesions.

The SmartfIRE study was a prospective, multicentre, single-arm trial 
conducted in Europe to assess the clinical safety and effectiveness of 
this novel dual-energy integrated technology for the treatment of pa
tients with drug-refractory, symptomatic paroxysmal AF. The 3-month 
safety and effectiveness findings were reported previously and showed 

a 100% acute procedural success rate and an acceptable safety profile.19

Here, we present outcomes at 12 months of follow-up.

Methods
Study design and population
The design of the SmartfIRE study (NCT05752487) has been described 
previously.19 In brief, this prospective, multicentre study evaluated the 
safety and effectiveness of the DE STSF catheter in combination with the 
TRUPULSE generator and the CARTO 3 mapping system. Details of study 
sites and investigators are provided in Supplementary material online, 
Table S1.

Eligible patients were adults who were 18–75 years of age, had diagnosed 
symptomatic paroxysmal AF, had previously failed or did not tolerate ≥1 
antiarrhythmic drug (AAD; Classes I–IV), and had a clinical indication for 
catheter ablation by PV isolation (PVI). Full inclusion and exclusion criteria 
are shown in Supplementary material online, Table S2.

Ethics committees at all participating sites and national authorities in the 
participating countries reviewed and approved the SmartfIRE study, which 
was conducted in accordance with the International Conference on 
Harmonization Good Clinical Practices and the Declaration of Helsinki. 
Written informed consent was provided by all patients prior to treatment 
in the study.

Ablation procedure and follow-up
The ablation platform (DE STSF catheter with TRUPULSE generator and 
CARTO 3 mapping system) and study ablation procedure have been de
scribed previously.9,16,19 Pulmonary vein isolation was performed with focal 
ablation to obtain a contiguous lesion set for ipsilateral PVs, with PFA re
commended at posterior/inferior segments and RF ablation recommended 
at anterior/ridge/carina segments. Based on the existing RF index clinical evi
dence14,20,21 and PF index validation work by Nakagawa et al.,16,17 in this 
study, a target index of 550 for anterior, roof, ridge, and carina and a target 
index of 400 for posterior and inferior were recommended, regardless of 
energy type. The recommended ablation workflow also included a tag 
size of 3 mm and an inter-tag distance (ITD) ≤ 6 mm. The deflectable 
VIZIGO sheath (Biosense Webster, Inc.) was used at physicians’ discretion. 
Pulmonary vein isolation (entrance block) confirmation was performed fol
lowing adenosine/isoproterenol challenge with no waiting period. As 
needed, acute reconnections were treated with additional applications of 
PF/RF energy. Cavotricuspid isthmus (CTI) ablation was permitted with 
documented typical atrial flutter (AFL) using RF or PF energy. One to 
2 mg of intravenous or intracoronary nitroglycerin was recommended 
for PFA near the coronary artery, such as for CTI ablation. Ablation was fol
lowed by a 3-month blanking period. As previously reported,19 a prespeci
fied subset of 30 patients underwent electroanatomic remapping at a mean 
of 79.3 ± 6.9 days postindex procedure; reisolation was performed for any 
reconnections, with the same recommended ablation workflow. A repeat 
ablation procedure during the follow-up period did not reset the blanking 
period.

Monitoring of atrial arrhythmia recurrence during the follow-up evalu
ation period included 12-lead electrocardiogram monitoring [preproce
dure, predischarge, and at Months 1, 3, 6, and 12 visits, as well as 
unscheduled visits (if any)], 24-h Holter monitoring (at Months 3, 6, and 
12), and remote arrhythmia monitoring [transtelephonic monitoring 
(TTM); weekly between Months 1 and 5, monthly between Months 6 and 
12, and following any symptomatic episodes, recorded for a duration of 
1 min].

Effectiveness and safety endpoints
The primary effectiveness endpoint (acute procedural success) and primary 
safety endpoint [incidence of primary adverse events (PAEs)] were re
ported previously.19 All 12-month endpoints reported here were consid
ered secondary or additional endpoints of the SmartfIRE study.

The 12-month effectiveness endpoint was defined as freedom from 
documented symptomatic and asymptomatic atrial arrhythmia [AF, AFL, 
or atrial tachycardia (AT) of unknown origin] episodes of ≥30 s on an 
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arrhythmia monitoring device during the effectiveness evaluation period 
(Days 91–365) on or off AAD therapy. Acute procedural failures were 
also considered failures for this endpoint. The performance goal of this end
point was set at 50%. The 12-month freedom from documented atrial ar
rhythmia (AF/AFL/AT) was also calculated after excluding the remote 
arrhythmia monitoring (i.e. using the standard-of-care monitoring only).

Safety was assessed over the 12-month period based on the incidence of 
serious adverse events (SAEs) related to the device and/or the procedure. 
The SAEs were defined if they led to any of the following: death, life- 
threatening illness or injury, permanent impairment of a body structure 
or a body function, in-patient hospitalization or prolongation of patient hos
pitalization, medical or surgical intervention to prevent life-threatening ill
ness or injury or permanent impairment to body structure or a body 
function, chronic disease, fetal distress, fetal death, or a congenital physical 
or mental impairment or birth defect.

Additional effectiveness endpoints were evaluated. Clinical success was 
defined as freedom from documented symptomatic AF/AFL/AT recurrence 
during the effectiveness evaluation period (acute procedure failure was also 
considered a failure mode of this 12-month symptomatic recurrence free 
endpoint). Single procedural success was defined as freedom from docu
mented symptomatic AF/AFL/AT episodes during the effectiveness evalu
ation period following a single index ablation procedure. A composite 
endpoint evaluated was the freedom from documented AF/AFL/AT recur
rence during the effectiveness evaluation period plus any of the additional 
failure modes, including failure to achieve acute procedural success, taking 
a new Class I/III AAD or a previously failed Class I/III AAD at a greater 
than the highest ineffective historical dose during the effectiveness evalu
ation period, having >1 repeat ablation in the blanking period or any re
peat ablation during the effectiveness evaluation period. Freedom from 
repeat ablation procedures for left atrial arrhythmia within the 12-month 
follow-up period was also evaluated.

Patient quality of life was assessed via Atrial Fibrillation Effect on 
Quality-of-Life (AFEQT) scores at baseline and at 3, 6, and 12 months after 
the ablation procedure. Healthcare utilization was assessed by comparing 
the hospitalization rates for cardiovascular events during the 12-month 
follow-up period with the 12 months prior to baseline and the use of 
AADs at baseline and at 6–12 months postablation.

Statistical methods
The safety population analysis set included all enrolled patients with inser
tion of the study catheter, irrespective of energy delivery, and was used in 
the current analysis to assess the occurrence of SAEs. The modified 
intent-to-treat (mITT) analysis set, which was used to assess the occurrence 
of PAEs for the 3-month analyses, included enrolled patients who met eli
gibility criteria and had insertion of the study catheter. The per-protocol 
(PP) analysis set, which was used to evaluate the 12-month effectiveness 
endpoints, included patients who underwent PF/RF ablation via the study 
ablation platform, were treated for the study-related arrhythmia, and had 
no major protocol deviations that would affect the integrity of the safety 
and effectiveness data.

The Kaplan–Meier estimates of the 12-month success rates were gener
ated separately for the effectiveness endpoints. The two-sided 95% 
confidence interval (CI) for the success rate was estimated using 
Greenwood’s formula. A post hoc subgroup analysis was performed using 
the Kaplan–Meier estimates for the 12-month success rate based on levels 
of adherence to the recommended ITD and PF/RF index in index ablation 
procedures. The high adherence group consisted of patients with >95% of 
applications maintaining an ITD of ≤6 mm and over 70% of applications 
achieving a minimum PF/RF index of 400 in the posterior wall and 500 in 
the anterior wall of the PV regions. Patients not meeting these criteria 
were categorized into the low adherence group. Cox proportional hazards 
regression models were used to estimate the adjusted hazard ratios of 
12-month AF recurrence in the high and low adherence groups, adjusting 
for potential confounders. Important factors, such as age, sex, AF history, 
LA diameter, LA volume, total number of valid PF/RF applications, and to
tal PV ablation time were considered as potential confounders in the ana
lysis. All the continuous variables were categorized by quartiles in the 
model. As these analyses involved cut-offs that were not prespecified 
in the protocol for the grouping of adherence, the reported P values 
should be interpreted with caution and considered hypothesis-generating 
rather than confirmatory.

The baseline characteristics, safety endpoints, AFEQT score, and cardio
vascular hospitalization were summarized descriptively. The McNemar test 
was employed to determine if there is a significant difference in the propor
tion of patients using all classes of AAD or Class I/III AADs at baseline and 
6–12 months after the ablation procedure. The Wilcoxon rank-sum test 
was used to compare procedural parameters in patients undergoing abla
tion procedures with or without the VIZIGO sheath, including total pro
cedure duration and fluoroscopy time.

All statistical analyses were performed using SAS 9.4 or SAS Studio 3.8 
(SAS Institute Inc., Cary, NC, USA).

Results
A total of 149 patients were enrolled in the SmartfIRE study. Enrolment 
and participant characteristics for the primary safety and effectiveness 
analyses were reported previously.19 During the effectiveness evaluation 
period, an additional participant was found not to meet study eligibility 
criteria and was therefore excluded from the mITT and PP analysis 
sets. Consequently, for this 12-month analysis, the safety population re
mained at 140 patients, while the mITT analysis comprised 137 patients, 
and the PP analysis comprised 136 patients. Updated patient disposition 
and procedural characteristics are displayed in Supplementary material 
online, Figure S1 and Supplementary material online, Table S3. An overall 
compliance rate of 84.6% for TTM was observed in the PP analysis set. 
There were 52 patients in which the VIZIGO sheath was used. Both 
the procedure time and fluoroscopy time were significantly shorter in pa
tients with VIZIGO compared with those without it (see Supplementary 
material online, Table S4).

Effectiveness
At 12-month follow-up, 38 patients had documented recurrences, 
while two patients did not have the 12-month follow-up data in the 
PP analysis set. The recurrences consisted of 34 cases of AF, four cases 
of AFL, and zero case of AT. There were no acute procedure failures.19

Therefore, 96 patients (71.6%, 96/134) were free from documented 
symptomatic and asymptomatic atrial arrhythmia recurrence, with 
the lower bound of the two-sided exact 95% CI at 63.2%, indicating 
that the performance goal was met. The Kaplan–Meier analysis indi
cated that freedom from documented symptomatic and asymptomatic 
AF/AFL/AT recurrence was 71.5% (95% CI: 63.8–79.2%; Figure 1A). 
When accounting for arrhythmia detected without use of TTM (i.e. 
standard-of-care monitoring), freedom from documented symptomat
ic and asymptomatic AF/AFL/AT recurrence was 84.2% (95% CI: 78.0– 
90.4%; Figure 1A).

A total of 118 patients in the PP analysis set were free of symptom
atic atrial arrhythmia recurrence at Month 12 (i.e. clinical success). The 
clinical success rate by the Kaplan–Meier analysis was 86.4% (95% CI: 
80.6–92.3%; Figure 1B). A total of 111 patients were free from symp
tomatic recurrences following one single ablation procedure. The 
Kaplan–Meier estimate of freedom from symptomatic AF/AFL/AT re
currence after a single procedure was 81.0% (95% CI: 74.3–87.7%; 
Figure 1C).

Forty-one patients experienced at least one failure mode of the com
posite endpoint (atrial arrhythmia recurrence, acute failure, new or 
higher Class I/III AAD, or repeat ablation). The Kaplan–Meier rate of 
freedom from the composite failure modes was 69.3% (95% CI: 
61.4–77.1%).

Safety
Over the 12-month follow-up, five SAEs related to the device and/or 
procedure were observed in five patients in the safety analysis set 
(5/140, 3.6%), comprising two cardiac tamponade events, two cases 
of PV stenosis, and one case of anaphylactic shock. The two pericardial 
tamponades both occurred on the day of the ablation procedure and 
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Figure 1 Kaplan–Meier analysis of (A) freedom from documented symptomatic or asymptomatic AF/AT/AFL recurrence, (B) freedom from acute 
procedural failure or documented symptomatic AF/AT/AFL recurrence (clinical success), (C ) freedom from acute procedural failure or documented 
symptomatic AF/AT/AFL recurrence following a single index ablation procedure. Per-protocol analysis set, n = 136. AF, atrial fibrillation; AFL, atrial 
flutter; AT, atrial tachycardia; CI, confidence interval; SOC, standard of care. Images are courtesy of © Biosense Webster, Inc., part of Johnson & 
Johnson MedTech. All rights reserved.
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were attributed to difficult transeptal punctures, requiring pericardio
centesis or surgery.19 One patient developed anaphylactic shock to ad
enosine on the day of the procedure; the patient recovered after 
medication, and the event was assessed by the investigator as related 

to the study procedure but not related to the study catheter or gener
ator. One patient was diagnosed with PV stenosis in the left superior PV 
(LSPV) and left inferior PV (LIPV) 370 days postprocedure after persist
ent dyspnoea, requiring inpatient hospitalization and PV dilatation; the 
event resolved and was assessed by the investigator as related to RF ab
lations performed into the ostia of vein during the index ablation pro
cedure. The other serious PV stenosis was first observed at 2 months 
(in LIPV) after the index ablation and was then treated with dilation and 
stenting. In this case, multiple overlapping RF lesions with high ablation 
index values and application of RF lesions inside the PV ostium were 
found to be contributing factors.19 All of these SAEs resolved without 
clinical sequelae, and none were related to PF energy. The summary of 
SAEs related to the procedure and/or device and PAEs is shown in 
Table 1. Another instance of asymptomatic LSPV stenosis identified 
at the prespecified 3-month cardiac computed tomography (CT) angi
ography was previously described.19 This was found to be related to 
high RF index and overlapping RF applications. This patient was asymp
tomatic and did not require any intervention; therefore, the SAE cri
teria were not met (see Supplementary material online, Figure S2). 
No unanticipated adverse events related to procedure and/or device 
were reported. No adverse events caused by muscle contraction 
were observed.

Repeat procedures
Overall, 18 patients underwent repeat ablation procedures. The 
Kaplan–Meier rate of freedom from repeat ablation for AF/AFL/AT re
currence was 86.4% (95% CI: 80.5–92.2%) in the PP analysis set. Of the 
18 patients who underwent repeat ablations, PV reconnection was 
seen in 14 patients and in 31 veins (31/67, 46.3%). The distributions 
of PV reconnections were 1/1 (100%) at the right common PV, 
10/17 (58.8%) at the right superior PV, 8/17 (47.1%) at the right inferior 
PV, 6/14 (42.9%) at LSPV, 5/14 (35.7%) at LIPV, and 1/4 (25%) at the left 
common PV. Most of the PV reconnections were located at the carina 
segments (23/38, 60.5%); in 13 patients (13/18, 72.2%), the posterior 
carina of the right circle was involved. These reconnections were 
seen at sites of both PF and RF lesions, with no significant differences. 
Case review indicated that sites of reconnections can be independently 
associated with lack of stability in that area, not reaching target index, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Summary of SAEs and PAEs

Cases SAEsa PAEsb Note

Anaphylactic 
shock

Yes No Received medication and 
recovered

Pericardial 
tamponade

Yes Yes Pericardial puncture

Pericardial 
tamponade

Yes Yes Surgery

PV stenosis Yes Yes Symptomatic, required stenting

PV stenosis Yes No Symptomatic, required PV 

dilation

PV stenosis No Yes Asymptomatic, no intervention

Stroke/CVA No Yes No additional treatment, no 

neurological sequelae

Pericarditis No Yes Resolved with medication

Total 5 6

CVA, cerebrovascular accident; mITT, modified intent-to-treat; PAE, primary adverse 
event; PV, pulmonary vein; SAE, serious adverse event.
aSAEs related to the device and/or procedure. The SAEs were reported at 12 months in 
the safety population analysis set, n = 140.
bPAEs were adjudicated by the Clinical Events Committee and were reported at 
3 months in the mITT analysis set, n = 137.19 The PAEs included major vascular 
access complication or bleeding, myocardial infarction, pericarditis, pulmonary 
oedema, stroke or CVA, transient ischaemic attack, thromboembolism, heart block, 
vagal nerve injury or gastroparesis, cardiac tamponade or perforation (up to 30 days 
post-procedure), and permanent phrenic nerve paralysis as well as PV stenosis, 
atrioesophageal fistula, and death (up to 90 days post-procedure).

Primary Redo

Figure 2 Example of repeat procedure. Left: index procedure. Right: repeat procedure with additional carinal ablation performed. LAT, local acti
vation time; PFA, pulsed field ablation. Images are courtesy of © Biosense Webster, Inc., part of Johnson & Johnson MedTech. All rights reserved.
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and/or having lesion gaps of >6 mm. Some cases required a carina line, 
which was not performed in the index procedure (Figure 2). In seven 
(38.9%) patients, non-PV lesions were required.

Among the 18 patients with durable PVI at the protocol-mandated 
remapping procedure,19 five recurrences were documented, and one 
recurrence was observed among the group of 12 patients with PV re
connections of this subset.

Quality of life and healthcare utilization
At 12 months, the overall AFEQT score increased by a median (Q1, 
Q3) of 26.9 (11.1, 42.6) points compared with baseline (Figure 3A). 
Similar improvements were observed across all AFEQT domain scores 
of AF-related symptoms, daily activities, treatment concerns, satisfac
tion with current treatment control, and satisfaction with relief of 
symptoms.

During the 12 months of follow-up, 16 patients (11.9%) had hospita
lizations related to cardiovascular events compared with 27 out of 134 
patients (20.1%) 12 months prior to study enrolment, representing 
an absolute reduction of 8.2% and a 40.8% relative reduction in 
cardiovascular hospitalization rates in the PP analysis set (Figure 3B). 
At 6–12 months after ablation, overall and Class I/III AADs were 
used in 45.5% (61/134) and 23.9% (32/134) patients, respectively, re
sulting in a relative reduction of 53.8% in all and 60.4% in the use of 
Class I/III AADs compared with baseline (P < 0.001; Figure 3C).

Workflow analysis
Post hoc subgroup analyses were conducted to assess the potential im
pact of high adherence to the recommended ITD and PF/RF index va
lues in the ablation procedure on the 12-month effectiveness 
outcomes. The Kaplan–Meier estimate for the 12-month success rate 
of freedom from documented AF/AFL/AT recurrence was 86.9% 
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Figure 3 Quality of life and healthcare utilizations. (A) AFEQT score, (B) cardiovascular hospitalizations, and (C ) AAD use. Per-protocol analysis set. 
AAD, anti-arrhythmic drug; AF, atrial fibrillation; AFEQT, Atrial Fibrillation Effect on Quality-of-Life; AFL, atrial flutter; AT, atrial tachycardia; CV, car
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McNemar test. Images are courtesy of © Biosense Webster, Inc., part of Johnson & Johnson MedTech. All rights reserved.
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(95% CI: 77.1–96.7%) in the high adherence group, where >95% of ap
plications maintained an ITD of ≤6 mm, and >70% of applications 
reached PF/RF index values of 400 posteriorly and 500 anteriorly per 
patient. In contrast, the 12-month success rate in the low adherence 
group was 64.0% (95% CI: 53.8–74.1%; n = 88; Figure 4). The mean per
centage of applications exceeding these cut-off values was lower in the 
anterior region, at 66.8 ± 16.7%, compared with 85.4 ± 12.1% in the 
posterior region. In all the study data, a high proportion (93.6 ±  
9.6%) of applications in the posterior region complied with the recom
mendation to use PF energy, and the adherence percentage to RF en
ergy recommendation was lower in the anterior region (78.8 ± 16.1%). 
The hazard of recurrence at 12 months was 0.31 (95% CI: 0.13–0.74), 
which was significantly lower in patients in the high adherence group 
compared with those in the low adherence group (P = 0.008). The ad
justed hazard ratio for 12-month recurrence in the high adherence 
group vs. the low adherence group was 0.21 (95% CI: 0.09–0.51), as de
termined from analyses adjusted for the number of valid PF/RF applica
tions and sex (Table 2).

Discussion
The 12-month results of the SmartfIRE study demonstrated long-term 
effectiveness and safety of the DE STSF ablation platform for the treat
ment of paroxysmal AF, with a 71.5% rate of freedom from AF/AFL/AT 
recurrence with stringent monitoring and a 3.6% rate of device and/or 
procedure-related SAEs. These results add to those observed during 
the 3-month follow-up in the SmartfIRE study.19

Our findings should be viewed in light of recent technological ad
vances in AF ablation,22 including the 3D electro-anatomical integration, 
the introduction of CF-sensing catheters, and the emergence of PFA. 
Compared with earlier technologies, 3D mapping–integrated, index- 
guided focal DE ablation offers improvement in efficacy and procedural 
efficiency and is an example of continued advancement in ablation tech
nology and technique, which may partly explain the favourable out
comes observed in the study.

The 12-month effectiveness seen in this study was similar to that pre
viously reported in the inspIRE (75.6%), admIRE (75.4%), and PULSED 
AF (69.5%) studies of PFA in the treatment of paroxysmal AF with simi
lar stringent monitoring.23–25 Additionally, a study using a dual-energy 
lattice tip catheter reported 78.3% freedom from 1-year recurrence 
in patients with paroxysmal AF.26 However, the study allowed linear 
ablations in addition to PVI, included various PF waveforms, and ana
lysed only 70 paroxysmal AF patients. These factors make it difficult 
to directly compare the results. When using standard-of-care monitor
ing only during the 12-month follow-up, the rate of freedom from AF/ 
AFL/AT recurrence observed in the current study was 84.2%, compar
able to the rates reported in inspIRE (85.8%), EU-PORIA (80%), 
PLEASE-AF (86.7%), and REAL-AF (81.6%), which used PF or RF tech
nologies with similar monitoring methods.4,23,27,28 Consistent with 
these previous findings, the SmartfIRE study demonstrated a favourable 
12-month effectiveness outcome.

The study reported five SAEs related to device and/or procedure 
during the 12-month follow-up. This SAE rate is within the range 
(0.5–4.9%) observed in other recent studies evaluating PF or 
dual-energy technologies1,26,29–31; however, variations in the definitions 
of adverse events and differences in evaluation periods across studies 
may limit the ability to draw direct comparisons. Pulmonary vein sten
osis was seen in three patients in this study, one of whom was asymp
tomatic and detected during protocol-defined cardiac CT/magnetic 
resonance angiogram imaging for PV narrowing assessment.19

Although acute treatments for the symptomatic stenoses were suc
cessful, these two patients may need ongoing follow-up due to the 
high risk of restenosis after stenting.32 Pulmonary vein stenosis is a 
known complication of AF ablation resulting from thermal injury to 
the PVs with a high risk associated with ablation in the PV ostia.8,33,34

This is in agreement with the case review in this study where multiple 
overlapping RF lesions, high RF ablation index values, and RF ablation 
inside the PVs were seen. Preclinical data showed that PF energy deliv
ery with the DE STSF catheter and TRUPULSE generator did not re
duce PV diameter,9 consistent with the tissue-selective effect of 
PFA.29,35 Based on these observations, the PV stenoses were not 
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attributed to PF energy. Additionally, consistent with the current study, 
previous data have indicated that PV stenosis more frequently occurs in 
the left PVs than in the right PVs after RFA.33,36 It may be associated 
with anatomic characteristics such as the relatively small diameter of 
the LIPV and the relatively cranial orientation of the LSPV ostium36,37; 
therefore, RF in the left PV should be performed with an understanding 
of these anatomical characteristics and adjusted accordingly. Prior stud
ies have reported a higher rate of periprocedural haemolysis with PFA 
compared with RF ablation38,39; however, no haemolysis or acute kid
ney injury was observed in the SmartfIRE study, although biomarkers of 
haemolysis or renal tubular damage were not tested.

The 12-month clinical success rate, defined as freedom from docu
mented symptomatic atrial arrhythmia during the effectiveness evalu
ation period, was 86.4%. In studies that have used the same definition 
based on stringent monitoring strategy, similar rates were observed 
in the Q-FFICIENCY study of very high-power short-duration RF abla
tion (86.0%) and inspIRE (81.7%) and PULSED AF (79.7%) studies using 
PFA.23,24,40 The single-procedure success rate at 12 months in the cur
rent study was 81.0%, which compared favourably with that seen in the 
Q-FFICIENCY study (76.3%).40 The freedom from AF/AFL/AT recur
rence with additional failure modes at 12 months was 69.3%. Other 
PFA technologies assessing a composite effectiveness endpoint have re
ported similar results between 66 and 75%, although the components 
of the composites differed.24,25,29,30

Among the patients who underwent repeat ablation, non-PV targets 
were ablated in 38.9%. Sites of PV reconnections were primarily at pos
terior and carina and were associated with lack of catheter stability, 
large ITD, and low target ablation index in the index procedure. 
These findings are consistent with the observations at 3-month remap
ping.19 Some cases required a carina line that was not performed during 
the index procedure. These highlight the need to address this anatom
ical region in the index procedure with careful attention to stability and 
access, particularly on the right-sided PVs.41–43 Considering the higher 
variability of tissue thickness in the posterior carina and the proportion 
of reconnections observed in this region, the use of RF energy with a 
higher target index and the stability indication may improve transmur
ality and should be studied in the future.

The current study demonstrated a clinically meaningful improvement 
in quality of life, as shown by a median increase in the AFEQT score of 
26.9 points. A ‘clinically meaningful increase’ in AFEQT score is esti
mated to be between 5 and 19 points, with the latter representing a 
conservative estimate, widely accepted as corresponding to a 

substantial and meaningful improvement in quality of life.44,45

Meaningful improvements were also seen across the AFEQT domain 
scores of symptoms, daily activities, treatment concerns, and treatment 
satisfaction, which were observed starting at the 3-month assessment 
and maintained through 12 months of follow-up.

At 12 months after catheter ablation using the study device, the rate 
of hospitalizations for cardiovascular causes in our study population 
was reduced by 40.8% compared with preablation. Similarly, the 
VISTAX study showed a reduction of 37.3% in the number of patients 
who had any cardiovascular hospitalization.46 In the admIRE study, in 
which the study cohort had a lower rate of cardiovascular hospitaliza
tion before enrolment (3.3% over 6 months), the rate decreased to 0 
during the 6- to 12-month period postablation.25 In the current study, 
significant reduction in the use of all and Class I/III AADs for manage
ment of atrial arrhythmia was seen at 12 months post-ablation. 
These demonstrate the beneficial effect of ablation using the study de
vices on healthcare utilization with potential impact of health economic 
outcomes.

It has been repeatedly shown that an RF index-guided approach im
proves the 1-year outcome of AF ablation,15,47 but the impact of using 
PF index or with dual-energy ablation is yet to be explored. Pulsed field 
index (incorporating CF and number of PF applications) and RF index 
(VISTAG SURPOINT; incorporating CF, power, and time) are import
ant parameters in the DE STSF ablation platform for energy delivery 
and lesion formation.16,20 In this study, a target RF/PF index and ITD 
was recommended with a goal of delivering a transmural and contigu
ous lesion set. The post hoc exploratory analysis showed that, in pa
tients with greater adherence to the recommended workflow, a 
higher rate of freedom from recurrence was achieved. It should be 
noted that the majority of the index procedures did not fully align 
with the recommended ablation workflow. It is because a lower than 
cut-off index was achieved in instances when PF was used anteriorly, 
such as after phrenic capture and at the roof. Although the study 
showed a low acute reconnection rate after adenosine/isoproterenol 
challenge,19 the long-term data suggest a trend towards better out
comes when the target index is achieved. Further investigation is 
needed to validate and consolidate the findings. Additionally, reconnec
tions seen during the repeat procedures also supported the importance 
of catheter stability and carina ablations during the index procedure. 
The lack of respiratory gating and stability indication for PF ablation 
in the software used in this trial was a limitation. This is expected to im
prove in clinical practice once updated software with stability indication 
and respiratory gating is available.48,49

Study limitations and future direction
The limitations of this study include its non-controlled single-arm study 
design, particularly the lack of prespecified analysis to validate outcomes 
based on RF/PF index. Further studies designed to assess clinical out
comes based on target ablation index will be needed. Although a rigor
ous monitoring schedule with high compliance was followed, the failure 
rate in this study was defined according to the current guideline of a 
30-s duration of recurrence. Additional data are needed to determine 
clinically relevant endpoints with the use of dual-energy technology. 
Similarly, at the time this study was conducted, a 90-day blanking period 
was the standard; future studies should consider adopting the updated 
60-day blanking period.8 Moreover, the study design did not incorpor
ate continuous intra-cardiac monitoring; therefore, AF burden cannot 
be assessed. Additionally, this study investigated the performance of 
the technology in PVI; future studies evaluating the feasibility and out
comes in other lesion sets may help determine energy selection for spe
cific targets using such a focal dual-energy catheter. Finally, as the first 
clinical use of a new ablation technology, the DE STSF platform has 
room for improvement in terms of algorithm and efficiency, which 
will be further explored as experience with the platform grows. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Cox model outcome

Parameter Hazard ratio 
(95% CI)

P 
valuea

High adherence group vs. low adherence 
group

0.21 (0.09–0.51) 0.001

Sex: female vs. male 2.49 (1.28–4.84) 0.007

Number of valid PF/RF applications − 0.004

Number of PF/RF applications: 59–69 

vs. ≤59

1.38 (0.55–3.43) −

Number of PF/RF applications: 69–82 

vs. ≤59

2.57 (1.07–6.15) −

Number of PF/RF applications: > 82 

vs. ≤59

0.34 (0.10–1.15) −

CI, confidence interval; PF, pulsed field; RF, radiofrequency; vs., versus.
aP value for Type 3 test.
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Future studies utilizing newer CARTO software will provide more ac
curate data on stability.

Conclusion
This 12-month follow-up of the SmartfIRE study confirmed the effect
iveness, safety, quality of life, and healthcare benefits of PV ablation 
using the DE STSF platform, in patients with paroxysmal AF, providing 
a 71.5% freedom from atrial arrhythmias at 12 months, along with a low 
rate of device- and/or procedure-related SAEs, clinically meaningful 
improvements in quality of life, and a reduction in cardiovascular hospi
talizations and AAD use. In this study, higher adherence to the recom
mended ablation workflow was associated with higher effectiveness, 
but further studies are still required.

Supplementary material
Supplementary material is available at Europace online.
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