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Aims Pulmonary vein isolation (PVI) for paroxysmal atrial fibrillation (PAF) using very high-power short-duration (vHPSD) radio-
frequency (RF) ablation proved to be safe and effective. However, vHPSD applications result in shallower lesions that might 
not be always transmural. Multidetector computed tomography-derived left atrial wall thickness (LAWT) maps could enable 
a thickness-guided switching from vHPSD to the standard-power ablation mode. The aim of this randomized trial was to 
compare the safety, the efficacy, and the efficiency of a LAWT-guided vHPSD PVI approach with those of the CLOSE proto-
col for PAF ablation (NCT04298177).

Methods 
and results

Consecutive patients referred for first-time PAF ablation were randomized on a 1:1 basis. In the QDOT-by-LAWT arm, for 
LAWT ≤2.5 mm, vHPSD ablation was performed; for points with LAWT > 2.5 mm, standard-power RF ablation titrating 
ablation index (AI) according to the local LAWT was performed. In the CLOSE arm, LAWT information was not available to 
the operator; ablation was performed according to the CLOSE study settings: AI ≥400 at the posterior wall and ≥550 at the 
anterior wall. A total of 162 patients were included. In the QDOT-by-LAWT group, a significant reduction in procedure 
time (40 vs. 70 min; P < 0.001) and RF time (6.6 vs. 25.7 min; P < 0.001) was observed. No difference was observed between 
the groups regarding complication rate (P = 0.99) and first-pass isolation (P = 0.99). At 12-month follow-up, no significant 
differences occurred in atrial arrhythmia-free survival between groups (P = 0.88).

Conclusion LAWT-guided PVI combining vHPSD and standard-power ablation is not inferior to the CLOSE protocol in terms of 1-year 
atrial arrhythmia-free survival and demonstrated a reduction in procedural and RF times.
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What’s new?

• The QDOT-by-LAWT is the first prospective randomized trial 
comparing the 1-year outcomes of a very high-power short- 
duration (vHPSD) ablation protocol with the standard of care. 
This study is the first reporting the feasibility of a left atrial wall 
thickness-guided personalized pulmonary vein isolation combining 
vHPSD and standard-power radiofrequency (RF) lesions for parox-
ysmal atrial fibrillation (PAF) ablation.

• The proposed approach permits to alternate in a personalized way 
between the vHPSD mode and standard power ablation mode, 
using the first in the areas where the patient’s left atrium is thinner 
and the second in the thicker areas, permitting to create transmural 
and durable lesions.

• The QDOT-by-LAWT protocol alternating between vHPSD and 
standard-power ablation modes for PAF ablation is not inferior to 
the CLOSE protocol in terms of atrial arrhythmia-free survival at 
1-year follow-up. This approach demonstrated a relevant reduction 
in procedural, fluoroscopy, and RF times.

Introduction
Radiofrequency (RF) catheter ablation aiming for pulmonary vein isola-
tion (PVI) is an established strategy for rhythm control in patients with 

paroxysmal atrial fibrillation (PAF).1 Over the years, advances in cath-
eter technologies allowed significant improvements in long-term effi-
cacy outcomes, procedural safety, and efficiency. The ablation index 
(AI), incorporating contact force (CF), RF duration, and power delivery, 
demonstrated to accurately predict the depth of the ablation lesions 
and therefore has been proposed as a novel marker of ablation lesion 
quality.2 Previous analysis also identified that minimum AI values of 540 
at the anterior/superior and 380 at the posterior/inferior segments of 
pulmonary vein (PV) antrum were predictive of freedom from acute re-
connection.3 The CLOSE study used an ablation protocol aimed for an 
inter-lesion distance (ILD) of ≤6 mm, an AI target of 400 at the poster-
ior/inferior wall, and 550 at the anterior/superior wall, demonstrating a 
very low recurrence rate of atrial tachyarrhythmias at long-term follow- 
up in a cohort of patients with PAF.4

The QDOT-FAST provided evidence that very high-power short- 
duration (vHPSD) ablation using a novel catheter with optimized 
real-time temperature control was both safe and effective, requiring 
substantially lower procedure, fluoroscopy, and RF time than the 
historical standard ablation cohort that utilized point-by-point 
CF-sensing catheters.5 However, Bourier et al.6 reported that high- 
power (>50 W) and short-duration RF applications resulted in shal-
lower lesions compared with conventional standard-power ablation, 
by increasing resistive and reducing conductive heating. Additionally, 
an experimental model showed that the mean lesion depth achieved 
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with vHPSD (90 W/4 s) RF applications was 3.53 ± 0.6 mm.7 A recent 
study reported that the left atrial wall thickness (LAWT) of PV antrum 
in patients with PAF ranges from 0.3 to 4.5 mm;8 therefore, a PVI 
protocol aimed for only vHPSD lesions may be insufficient to achieve 
transmural lesions in all PV antrum segments.

In the last few years, the use of pre-procedural cardiac imaging is in-
creasingly supported by scientific evidence for accurate diagnostic clas-
sification, prognostic stratification, and peri-procedural support for the 
ablation of arrhythmias.9–13 It has been recently shown that pre- 
procedural multidetector computed tomography (MDCT)-derived 
images can be used to obtain 3D LAWT maps.8,14 Integrating these 
LAWT maps into the navigation system provides a real-time knowledge 
of the local LAWT in contact with the ablation catheter tip during the 
ablation.8 It could permit a LAWT-guided ablation strategy that alter-
nates between the vHPSD mode and the standard-power ablation 
mode, potentially leading to improved lesion transmurality and en-
hanced PVI durability.

Currently, there are no randomized trials comparing the 1-year 
outcomes of vHPSD ablation with the standard CLOSE protocol.

The present study aims to compare the 12-month efficacy, safety, 
and efficiency outcomes of a LAWT-guided personalized PVI approach 
using a multichannel RF generator with a vHPSD ablation mode to 
those of a standard CLOSE protocol PVI strategy for PAF ablation.

Methods
Patient sample
We conducted a single-centre, two-arm, parallel-group, single-blind, non- 
inferiority, prospective, randomized controlled trial (NCT04298177). 
Consecutive patients who underwent first-time PAF ablation were pro-
spectively enrolled between March 2022 and January 2023. All patients 
had documented symptomatic PAF, non-response or intolerance to ≥1 
antiarrhythmic drug (Class I or III), and indication for ablation in accordance 
with ESC guidelines.1 In all patients, an MDCT study was obtained prior to 

the ablation procedure; post-processing aimed for the reconstruction of 
MDCT-derived 3D maps with LAWT information was performed, as pre-
viously described.14 The exclusion criteria were age <18 years, previous at-
rial fibrillation (AF) ablation procedure, impossibility to obtain a 
pre-procedural MDCT, any clinical condition contraindicating general an-
aesthesia or high-frequency low-tidal volume (HFLTV) ventilation, and in-
ability to provide a signed informed consent. All patients who fulfilled the 
inclusion criteria were consecutively enrolled and randomized to either 
the study arm (‘QDOT-by-LAWT’) or the control arm (‘CLOSE’) in a 
1:1 fashion (Figure 1). For participant allocation, a computer-generated list 
of random numbers was used. A randomization sequence was created using 
Excel 2020 (Microsoft, Redmond, WA, USA) with a 1:1 allocation ratio. The 
participants were blinded to their assigned randomization group. The elec-
trophysiologists performing the ablation were not blinded due to the tech-
nical differences between the two approaches.

Written informed consent was obtained from all patients. The study 
complied with the Declaration of Helsinki and was approved by the 
Institutional Ethics Committee.

Pre-procedural cardiac multidetector 
computed tomography and image 
post-processing
A pre-procedural cardiac MDCT was obtained with a Revolution™ CT 
scanner (General Electric Healthcare). The images were acquired during 
an inspiratory breath-hold using retrospective electrocardiogram (ECG)- 
gating technique with tube current modulation set between 50 and 100% 
of the cardiac cycle. Multidetector computed tomography images were ana-
lysed with ADAS 3D™ software (ADAS3D Medical, Barcelona, Spain) to 
obtain 3D LAWT maps; the 3D LAWT map rendering process was previ-
ously described.8,14 Briefly, left atrium (LA) endocardial layer was delineated 
semi-automatically using a threshold-based segmentation, while the epicar-
dial layer was defined in an automatic way by using an artificial intelligence– 
based segmentation pipeline integrated into the software, which could be 
then manually re-adjusted by the user. Finally, LAWT was automatically 
computed at each point as the distance between each endocardial point 
and its projection onto the epicardial shell. The resulting 3D LAWT map 

Paroxysmal atrial fibrillation

Inclusion criteria Exclusion criteria

n = 162, Randomization 1:1

Follow-up (1 year)

•  Age > 18 years
•  Indication for paroxysmal AF ablation

•  Previous AF ablation procedure
•  Contraindication to preprocedural CT scan

Intervention: QDOT-by-LAWT arm

£ 2.5 mm LAWT : vHPSD ablation (90 W / 4 s)
> 2.5 mm LAWT : QMODE ablation (by LAWT AI targets)

No LAWT information
QMODE ablation with CLOSE settings

Control: CLOSE arm

Figure 1 QDOT-by-LAWT randomized trial flowchart. AF, atrial fibrillation; AI, ablation index; CT, computed tomography; LAWT, left atrial wall 
thickness.
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was then imported into the CARTO navigation system (Biosense Webster 
Inc., Irvine, CA, USA). LAWT maps were colour-coded as follows: red <  
1 mm, 1 mm ≤ yellow < 2.5 mm, 2.5 mm ≤ green < 3 mm, 3 mm ≤ blue  
< 4 mm, and purple ≥ 4 mm. Data on the high reproducibility agreement 
of the segmentation method of LAWT maps have been reported previous-
ly.15 MATLAB customized software was used for maps analysis and LAWT 
calculation; the circumference of both left PVs (LPVs) and right PVs (RPVs) 
antra was divided in an eight-segment model,8 as previously described.

Ablation approaches according to the 
study arm
The randomization was carried out before the ablation procedure and blinded 
to the LA anatomy. All procedures were performed using CARTO3 mapping 
system (Biosense Webster, Johnson & Johnson Medical S.p.A., CA, USA) and 
carried out under general anaesthesia and adopting an HFLTV ventilation 
protocol.16,17 Transeptal puncture was guided by transoesophageal echocar-
diography.18 All procedures were performed with a single-catheter tech-
nique19 using an open-irrigated tip CF-sensing ablation catheter with six 
thermocouples able to record the temperature at the catheter–tissue inter-
face (QDOT Micro, Biosense Webster) and a proprietary RF generator cap-
able of delivering power up to 100 W with a rapid ramp-up time while 
providing real-time temperature feedback (nGEN RF Generator, Biosense 
Webster). A fast anatomical map (FAM) of the entire LA anatomy and the 
PVs was acquired and then merged with the imported MDCT-derived map 
within the spatial reference coordinates of the CARTO system.

In the ‘QDOT-by-LAWT arm’, PVI was performed following a 
point-by-point wide antral circumferential ablation (WACA) pattern. A 
maximal ILD of 6 mm was mandatory for the ablation protocol.20–22

The ablation line was moved inward or outward with respect to the 
LA–PV junction, aiming to avoid areas with thicker LAWT to perform ab-
lation. For local LAWT ≤2.5 mm (red and yellow colours), vHPSD abla-
tion was performed according to the QDOT-FAST protocol5 settings: a 
power of 90 W over 4 s in temperature-controlled mode (QMODE+), a 
temperature target at 60°C, a temperature limit at 65°C based on the 
hottest surface thermocouple, an irrigation rate of 8 mL/min starting 
2 s before each application, and CF >5 g. The choice of the 2.5 mm cut- 
off was based on the lower range of lesion depth obtained with vHPSD 
applications in an experimental model.7 For local LAWT >2.5 mm 
(green, blue, and purple colours), standard-power ablation was per-
formed using the following parameters: 50 W at the anterior wall and 
40 W at the posterior wall in temperature-/flow-controlled mode 
(QMODE, an irrigation flow rate of 4–15 mL/min), a temperature limit 
45°C, and CF >5 g. Ablation index targets were titrated according to 
the local thickness of the 3D LAWT map, as previously described;8 brief-
ly, the following AI targets were used: 400 for green zones of LAWT map, 
450 for blue zones, and 500 for purple zones. In the ‘CLOSE arm’, the 
MDCT-derived LAWT information was not available for the operator. 
PVI was performed following a point-by-point WACA pattern with a 
maximal ILD of 6 mm and using a temperature-/flow-controlled mode 
(QMODE, an irrigation flow rate of 4–15 mL/min), a maximum power 

of 35 W, a temperature limit of 45°C, and CF >5 g. RF delivery aimed 
for an AI target of ≥400 at the posterior/inferior wall and ≥550 at the 
anterior/superior wall. The ablation parameters of the study arms are 
summarized in Table 1.

For both ablation arms, acute PVI was confirmed by demonstrating bidir-
ectional block: entry block was demonstrated by the absence of PV poten-
tials inside the vein with the ablation catheter placed sequentially in each 
segment inside the circumferential PV line and exit block by proving the ab-
sence of electric capture of the atrium during high-output pacing (10 mA at 
2 ms) from inside the circumferential ablation line at multiple locations.19

Additional ‘touch-up’ applications were delivered at the earliest local elec-
trogram in the case of non-first-pass isolation or acute PV reconnection un-
til PVI was achieved. The procedure was not terminated until confirming the 
absence of visual gaps between VisiTags.

The study workflow and the personalized PVI with LAWT-guided 
vHPSD lesions are represented in Figures 2 and 3, respectively.

Follow-up and study endpoints
In the absence of other indications, all antiarrhythmic drugs were stopped at 
the end of the blanking period. Patients were scheduled for follow-up at the 
outpatient clinic at 1, 3, 6, 12, and every 12 months thereafter or in case of 
symptoms. Each evaluation included an ECG and 24-h Holter ECG 
monitoring.

The primary endpoint was freedom from any sustained documented at-
rial arrhythmia [AF, atrial tachycardia (AT), or atrial flutter lasting more than 
30 s] excluding the initial 3-month blanking period, regardless of symptoms, 
at a minimum of 12-month follow-up after a single ablation procedure.23

The secondary endpoints were procedure time, RF time, fluoroscopy 
time, and first-pass PVI rate. The safety endpoint was freedom from serious 
adverse events, defined as a procedure-related event resulting in permanent 
injury or death, requiring an intervention for treatment, or requiring hospi-
talization for more than 24 h.

Sample size and statistical analysis
The sample size calculation assumed that the proposed personalized PVI 
protocol with LAWT-guided vHPSD lesions (QDOT-by-LAWT arm) 
was an acceptable alternative to the CLOSE protocol (non-inferiority de-
sign). A non-inferiority margin of 10% of clinical success (arrhythmia-free 
survival at 1-year follow-up after the ablation procedure) was the largest dif-
ference considered acceptable between both arms. A drop-out rate of 5% 
was estimated and included in the sample size calculation. Recruiting n =  
162 participants (81 patients per arm) was required to confer 90% power 
to reject the inferiority null hypothesis.

Continuous variables were presented as mean ± standard deviation or 
median (inter-quartile range) as appropriate. Categorical variables were re-
ported as total number (percentage). Student’s t-test or Wilcoxon’s test 
was used to compare continuous variables, as appropriate; χ2 or Fisher’s 
exact test was used to compare categorical variables, as appropriate. The 
Kaplan–Meier curves and the log-rank test were used to assess the 
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Table 1 Ablation parameters of the study arms

QDOT-by-LAWT arm CLOSE arm

LAWT (mm) Colour 
code

Ablation 
mode

Ablation index RF Energy (W) Ablation 
mode

Ablation index RF energy (W)

Anterior Posterior Anterior Posterior

<1 Red vHPSD – – – Standard-power 550 400 35

1–2.5 Yellow vHPSD – – – Standard-power 550 400 35

2.5–3 Green Standard-power 400 50 40 Standard-power 550 400 35

3–4 Blue Standard-power 450 50 40 Standard-power 550 400 35

>4 Purple Standard-power 500 50 40 Standard-power 550 400 35

LAWT, left atrial wall thickness; RF, radiofrequency; vHPSD, very high-power short-duration.
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QDOT-by-LAWT Study workflow
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Figure 2 QDOT-by-LAWT study workflow. The first step is the MDCT-derived image segmentation and the rendering of 3D colour-coded LAWT 
map (QDOT-by-LAWT arm) or 3D LA anatomical map (CLOSE arm). Image integration into the navigation system after performing LA fast electro- 
anatomical map. Pulmonary vein isolation with vHPSD lesions and AI targets adapted to LAWT information (QDOT-by-LAWT arm) or with according 
to CLOSE protocol (CLOSE arm). AI, ablation index; FAM, fast anatomical map; LAWT, left atrial wall thickness; MDCT, multidetector computed tom-
ography; vHPSD, very high-power short-duration.
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Table 2 Patients’ baseline characteristics according to the study arm

QDOT-by-LAWT (S�= 81) CLOSE (S�= 81) Total patients (S�= 162) 5-value

Age (years) 61.1 ± 10.6 63.1 ± 11.1 62.1 ± 10.9 0.19

Male 53 (65.4) 49 (60.5) 102 (63.0) 0.62

BMI (kg/m2) 26.3 ± 4.2 27.0 ± 4.2 26.6 ± 4.2 0.32

Hypertension 28 (35.6) 31 (38.3) 59 (36.4) 0.51

Dyslipidaemia 15 (18.5) 18 (22.2) 33 (40.7) 0.56

Smoke history 11 (13.6) 9 (11.1) 20 (12.3) 0.81

Type 2 diabetes 5 (6.2) 5 (6.2) 10 (6.2) 0.99

LVEF 60.8 ± 7.4 61.1 ± 5.6 61.0 ± 6.6 0.68

LA diameter (mm) 38.5 ± 5.3 38.4 ± 5.9 38.5 ± 5.6 0.89

CHA2DS2-VASc score 1.0 (1.0–2.0) 1.0 (1.0–3.0) 1.0 (1.0–3.0) 0.13

HAS-BLED score 1.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 0.79

Underlying cardiomyopathy 0.38

None 66 (81.5) 66 (81.5) 132 (81.5)

Hypertensive 4 (4.9) 9 (11.12) 13 (8.0)

Ischaemic 4 (4.9) 2 (2.5) 6 (3.7)

Valvular 3 (3.7) 1 (1.2) 4 (2.5)

Hypertrophic 1 (1.2) 1 (1.2) 2 (1.2)

Other 3 (3.7) 2 (2.5) 5 (3.1)

Results are reported as n (%) for categorical variables and median (inter-quartile range) or mean ± standard deviation for continuous variables. 
BMI, body mass index; LA, left atrium; LVEF, left ventricle ejection fraction; PVs, pulmonary veins.
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recurrence-free survival. A level of P < 0.05 was considered statistically sig-
nificant. Data were analysed with R version 3.6.2 software (R Foundation 
for Statistical Computing, Vienna, Austria) and MATLAB statistics toolbox 
(MATLAB R2010a, The MathWorks, Inc., Natick, MA, USA).

Results
Baseline population
Between March 2022 and January 2023, a total of 162 consecutive pa-
tients were enrolled and randomized. Baseline clinical characteristics 
were balanced between groups (Table 2). In the whole cohort, the 
mean age was 62.1 ± 10.9 years and 63.0% were male. The 18.5% of 
the population had a prior diagnosis of structural heart disease, being 
hypertensive cardiomyopathy the most prevalent (8.0%); the mean 
LA diameter was 38.5 ± 5.6 mm.

Procedural characteristics
Procedural results are summarized in Table 3. Total procedural 
skin-to-skin time was lower in the QDOT-by-LAWT group 

compared with the CLOSE group [40.0 min (35.0–48.0) vs. 
70.0 min (60.0–76.0), P < 0.001]. More in detail, the median time of 
the ablation phase was significantly lower in the QDOT-by-LAWT 
group compared with the CLOSE group [26.0 min (23.0–32.0) vs. 
53.0 min (46.0–59.0), P < 0.001]. The QDOT-by-LAWT group re-
quired a significantly lower total fluoroscopy time [59 s (39–94) vs. 
74 s (57–134), P = 0.01], total emitted fluoroscopy dose [3.7 mGy 
(2.0–5.7) vs. 4.7 mGy (3.1–8.4), P = 0.02], and dose area product 
[1.0 Gy cm2 (0.6–1.6) vs. 1.4 Gy cm2 (0.9–2.3), P = 0.01]. The median 
RF time was significantly lower in the QDOT-by-LAWT group with 
respect to the CLOSE group for the isolation of both LPVs 
[4.1 min (3.4–5.0) vs. 13.2 min (10.8–15.1), P < 0.001] and RPVs 
[2.5 min (2.2–3.2) vs. 12.5 min (11.0–14.2), P < 0.001]. The median 
number of VisiTags was higher in the QDOT-by-LAWT group 
for both LPVs [26 (23–30) vs. 25 (21–27), P = 0.011] and RPVs 
[32 (29–36) vs. 22 (20–26), P < 0.001]. Acute PVI was achieved in 
all procedures. No significant differences were observed in first-pass 
isolation rate between the two groups for both LPVs (91.4 vs. 
91.4%, P = 0.99) and RPVs (92.6 vs. 93.8%, P = 0.99). No significant 
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Table 3 Procedural data according to the study arm

QDOT-by-LAWT (S�= 81) CLOSE (S�= 81) Total patients (S�= 162) 5�value

Ventilation rate (breaths/min) 50.0 ± 3.9 49.7 ± 4.4 49.8 ± 4.1 0.78

Tidal volume (mL) 237.2 ± 46.0 237.9 ± 38.2 237.6 ± 42.0 0.84

Procedure time skin-to-skin (min) 40.0 (35.0–48.0) 70.0 (60.0–76.0) 54.5 (40.0–70.0) <0.001

Vascular access and TSP (min) 5.0 (4.0–6.0) 5.0 (5.0–6.0) 5.0 (4.0–6.0) 0.16

FAM and LAWT map integration (min) 11.0 (10.0–15.0) 12.0 (10.0–15.0) 12.0 (10.0–15.0) 0.10

Ablation and PVI confirmation (min) 26.0 (23.0–32.0) 53.0 (46.0–59.0) 41.0 (26.0–53.0) <0.001

Fluoroscopy time (s) 59 (39–94) 74 (57–134) 65.0 (48.0–114.0) 0.01

Fluoroscopy dose (mGy) 3.7 (2.0–5.7) 4.7 (3.1–8.4) 4.1 (2.3–6.8) 0.02

Dose area product (Gy cm2) 1.0 (0.6–1.6) 1.4 (0.9–2.3) 1.2 (0.7–2.0) 0.01

Total RF time (min) 6.6 (5.9–7.9) 25.7 (23.2–28.5) 9.7 (6.6–25.6) <0.001

Total VisiTags 60.0 (52.0–66.0) 46.0 (43.0–51.0) 52.0 (46.0–62.0) <0.001

Right pulmonary veins

RF time (min) 2.5 (2.2–3.2) 12.5 (11.0–14.2) 7.6 (2.5–12.5) <0.001

VisiTags 32 (29–36) 22 (20–26) 28 (22–33) <0.001

First-pass isolation 75 (92.6) 76 (93.8) 151 (93.2) 0.99

Acute reconnection 6 (7.4) 3 (3.7) 9 (5.6) 0.50

Anterior right PVs antrum WT (mm) 1.31 (1.02–1.62) 1.29 (1.00–1.59) 1.30 (1.01–1.61) 0.42

Posterior right PVs antrum WT (mm) 0.99 (0.74–1.23) 0.98 (0.72–1.20) 0.99 (0.73–1.21) 0.46

Left pulmonary veins

RF time (min) 4.1 (3.4–5.0) 13.2 (10.8–15.1) 7.5 (4.1–13.1) <0.001

VisiTags 26 (23–30) 25 (21–27) 26 (22–29) 0.01

First-pass isolation 74 (91.4) 74 (91.4) 148 (91.4) 0.99

Acute reconnection 2 (2.5) 1 (1.2) 3 (1.9) 0.99

Anterior left PV antrum WT (mm) 1.97 (1.54–2.36) 1.94 (1.52–2.34) 1.95 (1.53–2.35) 0.36

Posterior left PV antrum WT (mm) 0.97 (0.73–1.24) 0.95 (0.71–1.21) 0.96 (0.72–1.23) 0.43

Overall acute first-pass 68 (84.0) 69 (85.2) 137 (84.6) 0.99

Overall acute reconnection 8 (9.9) 4 (4.9) 12 (7.4) 0.37

Acute procedural complication 1 (1.2) 2 (2.5) 3 (1.9) 0.99

Results are reported as n (%) for categorical variables and median (inter-quartile range) or mean ± standard deviation for continuous variables. P-values indicative of statistically significant 
differences are shown in bold. 
AI, ablation index; FAM, fast anatomical map; RF, radiofrequency; SR, sinus rhythm; TSP, transseptal puncture; WT, wall thickness.
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differences were reported in acute reconnection rate between the 
two groups (9.9 vs. 4.9%, P = 0.37).

Serious adverse events occurred in three patients (1.9%) with no sig-
nificant differences between the groups (1.2 vs. 2.5%, P = 0.99). In the 
QDOT-by-LAWT group, pseudoaneurysm at femoral puncture 
site requiring treatment with thrombin injection occurred in one 
patient. In the CLOSE group, one patient experienced a pseudoaneur-
ysm at femoral puncture site requiring treatment with thrombin injec-
tion, while one patient experienced post-procedural segmental 
pulmonary thromboembolism treated with anticoagulant therapy, first 
subcutaneously and then oral. No neurological complications were ob-
served, and no patient died. Two patients of the CLOSE group experi-
enced pericarditis within 15 days of the procedure, which did not 
require hospitalization, even if these events did not fall within the safety 
endpoint.

Long-term outcomes
All patients discontinued the antiarrhythmic drugs after the 3-month 
blanking period. Five patients (3.1%), three in the QDOT-by-LAWT 
group and two in the CLOSE group, did not complete the 12-month 
follow-up and were excluded from the long-term analysis. At the end 
of the 12-month follow-up, 12 patients (15.4%) of the QDOT-by- 
LAWT group and 11 (13.9%) of the CLOSE group experienced AT/ 
AF recurrence (P = 0.88).

Procedural outcomes and atrial arrhythmia-free survival Kaplan– 
Meier curves according to the study arm are shown in Figure 4.

Left atrial wall thickness-guided very 
high-power short-duration lesion 
distribution
In the QDOT-by-LAWT group, the percentage of LAWT-guided 
vHPSD ablation lesions was evaluated across the PV antra segments. 
The use of vHPSD ablation was found to be significantly less frequent 
in the LPVs with respect to the RPVs antra (67.0 vs. 88.4%, P <  
0.001), while it was significantly more frequently delivered in the pos-
terior segments compared with the anterior segments of both LPVs 
(98.1 vs. 35.8%, P < 0.001) and RPVs (96.0 vs. 80.9%, P < 0.001). 
vHPSD ablation was also significantly more frequently used at the PV 
inferior segments compared with the PV superior segments (83.7 vs. 
76.5%, P = 0.01). It is worth noting that only for the inferior and 
postero-inferior segments of the RPVs, vHPSD-only was used in the 
100% of patients. In all other segments whether they concern the an-
terior or the posterior aspect of LPVs or RPVs antrum, depending 
on the patient’s LAWT, it was used vHPSD or standard-power RF 
lesions.

Histogram plots of the ablation mode use for each segment of PV 
antra in the QDOT-by-LAWT arm are represented in Figure 5.

Discussion
Main findings
To our knowledge, this is the first prospective randomized study com-
paring the 1-year outcomes of a vHPSD ablation protocol with the 
standard of care CLOSE protocol for PAF ablation. The main findings 
of the study are: (i) a local LAWT-guided personalized PVI combining 
vHPSD and standard-power RF lesions is a feasible approach for PAF 
ablation leading to a high first-pass PVI rate, comparable with the stand-
ard of care; (ii) the QDOT-by-LAWT approach is safe, reporting 
no RF-related adverse events and a low rate of major complications, 
not statistically different from the control group; (iii) the 
QDOT-by-LAWT protocol proved to be more efficient with respect 
to the CLOSE protocol, demonstrating a significant reduction in 

procedural, fluoroscopy, and RF times; (iv) a LAWT-guided strategy 
combining vHPSD and standard-power lesions for PAF ablation is asso-
ciated with a high-rate recurrence-free survival at 12-month follow-up, 
demonstrating no differences with the standard of care.

Safety outcomes
High-power RF delivery has been proposed as a strategy to improve 
PVI efficiency; however, the safety window is narrow, especially for 
the risk of collateral damage. The importance of temperature cut-off 
was confirmed by an increased incidence of steam pops with ablation 
at high-power, highlighting the importance of temperature monitoring 
and automated power regulation during high-power ablation.7 The 
QDOT catheter allows a temperature-controlled ablation and a real- 
time monitoring of temperature at the tip–tissue interface. The 
vHPSD strategy aims to minimize the conductive heating and increase 
the resistive heating to achieve transmural lesions in thin structures 
minimizing the risk of collateral tissue damage. Recently published pre-
clinical work has provided confirmation that vHPSD lesions exhibit dis-
tinct anatomical profile with a higher ratio of diameter to depth, which 
may be favourable for linear ablation at thin sites of the atrial wall to 
decrease the risk of collateral injury.24 The combination of vHPSD le-
sions with LAWT information allows to locate thick and thin LA wall 
areas, thereby enhancing a personalized and safe RF energy delivery. 
Notably, we reported no RF-related adverse events, such as deaths, 
strokes, atrioesophageal fistulas, or cases of symptomatic PV stenosis, 
confirming the good safety profile previously described for the 
QDOT catheter.

Procedural and clinical effectiveness of 
very high-power short-duration ablation
The objective of PVI is to create a transmural, continuous, and perman-
ent damage. Nakagawa et al.24 reported that the vHPSD applications 
result in shallower lesions and may not span the full thickness of the an-
terior aspects of the PV antra. Non-transmural ablation lesion is a major 
determinant of post-AF ablation recurrence. It has been shown that PV 
reconnection could be due to insufficient lesion depth.25

Previous clinical studies reported that ablations with 90 W-only le-
sions with a maximum ILD of 6 mm were associated with a lower rate 
of first-pass isolation and a higher rate of acute PV reconnection.5,26,27

These data seem to confirm the results reported by Nakagawa 
et al.24 demonstrating that the smaller depth of vHPSD lesions may 
well exceed tissue thickness in the thin regions, but not in the thicker 
regions. For this reason, different ablation protocols have been pro-
posed, in which the maximum ILD was empirically reduced to 
<4 mm in the supposedly thicker PV antrum regions, like the anterior 
ones.20,22,28 On the other hand, if the ILD is too small, it can result in 
overlapping ablation lesions, excessive heating, and potentially increas-
ing the risk of complications. The information of the patient LAWT at 
the target tissue site gives us the clue to tailor the RF delivery, switching 
to the standard-power ablation mode or eventually, tailoring ILD. In an-
other recent non-randomized study, an empirical approach combining 
90 W lesions posteriorly and 50 W lesions anteriorly for PAF ablation 
was compared; however, this empirical combined PVI strategy did not 
improve safety, efficiency, or effectiveness compared with a 50 W-only 
strategy.29 It is known that even if the posterior wall is thinner than the 
anterior one, not all posterior segments of the PV antrum have a 
LAWT <2.5 mm and therefore in some areas, the lesion may be 
non-transmural.

In the recent POWER PLUS randomized trial,22 a completely vHPSD 
ablation protocol reported shorter procedure times and similar 
6-month follow-up outcomes with respect to a conventional 35/ 
50 W approach. However, a trend towards lower rate of first-pass iso-
lation and the short follow-up duration rise concerns about the lesion 
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durability and long-term efficacy. To address these concerns and 
achieve an optimal balance of procedural efficiency and outcomes, 
the authors suggested the potential benefits of a hybrid approach com-
bining vHPSD applications with conventional applications in regions 
of increased tissue thickness. The RF delivery tailoring in the 
QDOT-by-LAWT approach effectively addresses the observed 
limitations.

Efficiency outcomes
A median procedure time of 40 min reported in the QDOT-by-LAWT 
group means an efficient ablation protocol compared with the CLOSE 

group (median procedure time of 70 min) but also with single-shot sys-
tems. Recent studies utilizing the cryoballoon reported a mean proced-
ure times of 64 ± 22 min.30,31 The low procedural time of the 
presented study is not solely attributable to the use of the vHPSD 
ablation mode but also to the contextual use of a single-catheter 
approach and of the general anaesthesia with HFLTV ventilation, 
which already proved to increase procedural efficiency.19,32 The single- 
catheter approach contributes to simplify the workflow and to 
expedite the procedure, also due to the use of the tip-located micro-
electrodes which allow an accurate analysis of near-field PV signals. 
While high-density electro-anatomical mapping can offer additional in-
sights into the electrical substrate, it may not be crucial for first-time 
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PAF ablation, for which the primary strategy would typically focus on 
PVI alone. With its potential for achieving similar or even faster PVI 
compared with single-shot ablation, the ability to implement additional 
ablation strategies in both LA and right atrium, and an excellent safety 
profile, vHPSD ablation has the potential to become a commonly uti-
lized tool in ablation procedures.

The reported median skin-to-skin procedure time is the result of the 
combination of technical choices that aim to optimize the procedural 
efficiency and minimize the LA dwelling time. First of all, the use of a 
catheter that allows vHPSD lesions made it possible to reduce the ab-
lation time as reported in the FAST and FURIOUS study;21 on the other 
hand, also the use of a LAWT-guided ablation protocol for the stand-
ard-power lesions was reported in a previous single-centre study8 to 
reduce procedural requirements in terms of RF delivery, procedure, 
and fluoroscopy time. Simultaneously, the use of a single-catheter 
technique19 requires a single venous access, the introduction of a single 
transseptal guiding introducer, a single transseptal puncture, and the 
movement of a single catheter within the LA, minimizing the number 
of procedural steps and therefore reducing the possibility of technical 
complications and possible slowdowns. Finally, the use of HFLTV ven-
tilation allows to increase the stability of the catheter and therefore to 
further reduce procedural times in the ablation phase,32 but also allows 
the creation of the FAM in the absence of the use of respiratory gating, 
in order to take points every heartbeat.

Finally, in the current era that is veering towards high-power short- 
duration ablation, further randomized controlled trials are needed to 
compare the results of the proposed QDOT-by-LAWT approach 
and a high-power ablation protocol for PVI.

Left atrial wall thickness-guided 
personalized ablation
There is increasing evidence from post-mortem studies and in vivo im-
aging studies that support the understanding of the complex anatomical 
structure of the LA and its intra- and inter-patient regional variability of 
LAWT distribution in both anterior and posterior segments of PV–LA 
junction.33,34 Accordingly, the duration and the intensity of RF delivery 
necessary to create full-thickness lesions need to be adjusted. 
Therefore, fixed AI targets and a dichotomized anterior/posterior ab-
lation approach could be an oversimplification and may not fully reflect 

the needs, leading to non-transmural lesions in the thicker LA regions 
and on the other hand excessive RF applications in the thinnest ones.

Multidetector computed tomography-derived LAWT measure-
ments have been reliably validated on a porcine model,33 and integrat-
ing 3D LAWT maps into the navigation system allows to be aware of 
the real-time local LAWT in contact with the ablation catheter tip dur-
ing the procedure. Our research group has previously described and 
utilized this tool to assist PAF ablation.8 In the QDOT-by-LAWT trial, 
the proposed personalized ablation protocol modifies the ablation line 
to avoid the thicker atrial areas, changes the ablation mode according 
to the local LAWT, and titrates the AI targets in the thicker segments, 
therefore likely improving the lesion transmurality and consequently 
the PVI durability. Different ranges of wall thickness were observed re-
gardless of the anterior/posterior aspect, with a LAWT ranging from 
0.3 to 4.5 mm.8 It is worth noting that from the data of our cohort, 
not 100% of patients have a LAWT <2.5 mm in the posterior segments 
of the antrum of the PVs, and therefore, a dichotomization with the aim 
of vHPSD lesions for the posterior segments isolation would not obtain 
transmural lesions in all patients; on the other hand, the use of vHPSD 
lesions in the anterior wall especially of the antrum of the LPVs is not 
appropriate to achieve transmural lesions in a significant percentage 
of patients. vHPSD ablation was exclusively employed in the 100% of 
patients only for the inferior and postero-inferior segments of the 
RPVs. However, in all other segments, including both the anterior 
and posterior aspects of the LPVs or RPVs antra, a combination of 
vHPSD and standard-power RF lesions was used based on the patient’s 
LAWT. This observation indicates not only variability in thickness be-
tween different segments of the PVs but also variation between 
patients within the same segment of the antrum of the PVs. 
Understanding this variability in LAWT is crucial, as without LAWT 
maps, predicting the ablation mode in a specific segment becomes 
challenging.

We acknowledge that conducting a pre-procedural MDCT scan is a 
necessary part of the QDOT-by-LAWT approach, which can consume 
both time and resources; however, it is important to note that pre- 
procedural MDCT scan is the standard practice in many centres, where 
MDCT scans are routinely performed before every AF catheter abla-
tion to assess PV anatomy.35 In a recent European Survey, 48% of phy-
sicians asserted to perform a MDCT and/or magnetic resonance 
imaging previously to the ablation procedure.36
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Limitations
Despite the power setting of 35 W is currently widely used in numer-
ous centres,37 the CLOSE approach has evolved to a faster PVI strategy 
using 45/50 W, which could also be equally safe; however, concerns 
about safety remain for high-power settings using catheters not specif-
ically designed for that purpose.22,38–41 A main limitation of the study is 
the single-centre design which does not allow the generalizability of the 
results. Secondly, AI targets for each LAWT range were based on em-
pirical data already used in several published studies;8,14,42 further re-
search is needed to evaluate the optimal parameters of AI application 
according to the LAWT. Thirdly, all procedures were performed under 
general anaesthesia, mechanical ventilation with HFLTV and with 
CARTO3 mapping system; thus, the study results may not be the 
same if other procedural settings are used. Fourthly, we adopted the 
classical 3-month blanking period, but we cannot exclude that a shorter 
blanking period, might be preferable.43,44 Fifthly, in the absence of con-
tinuous rhythm monitoring by loop recorder implantation or 7-day 
Holter monitoring, it is possible that brief arrhythmic episodes were 
missed, thereby overestimating recurrence-free survival rates;45–47

however, both ablation strategy groups would be expected to be simi-
larly affected. Finally, although a follow-up time of 1 year is the most 
used in trials on the effectiveness of AF ablation, it is still temporally lim-
ited; recurrence-free survival rate at long-term follow-up would be bet-
ter data for comparing the quality and durability of the lesions in the 
two groups.

Conclusions
The findings from this prospective randomized trial indicate that a 
LAWT-guided personalized PVI approach, alternating between 
vHPSD and standard-power ablation modes for PAF ablation, is not in-
ferior to the CLOSE protocol in terms of arrhythmia-free survival at 
1-year follow-up. The proposed approach demonstrated a relevant re-
duction in procedural, fluoroscopy, and RF times.
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