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Aims Radiofrequency (RF) ablation for pulmonary vein isolation (PVI) in atrial fibrillation (AF) is associated with the risk of oesopha-
geal thermal injury (ETI). Higher power short duration (HPSD) ablation results in preferential local resistive heating over distal 
conductive heating. Although HPSD has become increasingly common, no randomized study has compared ETI risk with con-
ventional lower power longer duration (LPLD) ablation. This study aims to compare HPSD vs. LPLD ablation on ETI risk.

Methods 
and results

Eighty-eight patients were randomized 1:1 to HPSD or LPLD posterior wall (PW) ablation. Posterior wall ablation was 
40 W (HPSD group) or 25 W (LPLD group), with target AI (ablation index) 400/LSI (lesion size index) 4. Anterior wall ab-
lation was 40–50 W, with a target AI 500–550/LSI 5–5.5. Endoscopy was performed on Day 1. The primary endpoint was 
ETI incidence. The mean age was 61 ± 9 years (31% females). The incidence of ETI (superficial ulcers n = 4) was 4.5%, with 
equal occurrence in HPSD and LPLD (P = 1.0). There was no difference in the median value of maximal oesophageal tem-
perature (HPSD 38.6°C vs. LPLD 38.7°C, P = 0.43), or the median number of lesions per patient with temperature rise 
above 39°C (HPSD 1.5 vs. LPLD 2, P = 0.93). Radiofrequency ablation time (23.8 vs. 29.7 min, P < 0.01), PVI duration 
(46.5 vs. 59 min, P = 0.01), and procedure duration (133 vs. 150 min, P = 0.05) were reduced in HPSD. After a median fol-
low-up of 12 months, AF recurrence was lower in HPSD (15.9% vs. LPLD 34.1%; hazard ratio 0.42, log-rank P = 0.04).

Conclusion Higher power short duration ablation was associated with similarly low rates of ETI and shorter total/PVI RF ablation times 
when compared with LPLD ablation. Higher power short duration ablation is a safe and efficacious approach to PVI.
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What’s new?

• No previous randomized trial has demonstrated the safety of high-
er power short duration (HPSD) ablation in relation to oesopha-
geal thermal injury (ETI) risk, as evaluated with post-ablation 
endoscopy.

• Hi-Lo HEAT showed that HPSD ablation is associated with low ETI 
incidence, similar to conventional lower power longer duration 
(LPLD) ablation.

• Oesophageal temperature dynamics were not significantly different 
between HPSD or LPLD ablation approaches.

• HPSD resulted in improved acute procedural outcomes and less ar-
rhythmia recurrence over a 12-month follow-up period.

Introduction
Pulmonary vein isolation (PVI) is the cornerstone of catheter ablation 
and superior to medical therapy in randomized trials in patients with 
atrial fibrillation (AF).1 Radiofrequency (RF) ablation involves the cau-
terization of cardiac tissue through thermal energy transfer and is the 
predominant energy modality utilized. Factors that affect the durability 
of an RF lesion include the RF current delivered (power), ablation dur-
ation, and catheter stability.2,3 Contact force sensing catheters are now 
increasingly utilized and provide an acute RF ablation endpoint based on 
a combination of these indices.1

Radiofrequency ablation is not without risk of complications. In par-
ticular, the oesophagus is in close proximity to the posterior wall (PW) 
of the left atrium (LA), and ablation in this area may result in 

oesophageal thermal injury (ETI). Rarely, it can evolve into 
atrio-oesophageal fistula (AEF), a life-threatening complication with a 
mortality rate of up to 75%.1 Ablation strategies to minimize the risk 
of developing ETI may include lowering RF power in the posterior 
LA, luminal oesophageal temperature monitoring (ETM),1 and minimiz-
ing ablation in close vicinity to the oesophagus.

In recent years, higher power short duration (HPSD) RF ablation 
(40–50 W) has become popularized.3 Non-randomized studies have 
reported shorter procedural times, and decreased RF energy delivery, 
with no increase in complication rates with HPSD ablation.3 Thermal 
biophysics suggests HPSD delivers shallower, broader ablation lesions 
due to preferential resistive heating of more proximal myocardial tissue 
compared with greater conductive distal heating with lower power 
longer duration (LPLD) which has the potential to impact extra cardiac 
structures.4

While prior studies suggest that HPSD ablation is an effective strat-
egy, further evidence is needed to determine the safety of this ap-
proach on the posterior LA where traditionally power has been 
reduced to minimize the risk of oesophageal injury. Prior HPSD abla-
tion studies are mostly limited by non-randomized design.2,5 In par-
ticular, no statistically powered randomized controlled study to 
date has been undertaken to compare HPSD vs. LPLD ablation 
with regard to ETI outcomes. Although high-power ablation has be-
come popularized, there are few randomized studies to determine 
whether it is superior to LPLD in improving freedom from AF with 
catheter ablation.6 The aims of the present randomized study were 
to compare the impact of HPSD vs. LPLD ablation on (i) ETI and 
(ii) procedural outcomes including freedom from AF after a minimum 
follow-up of 12 months.
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Methods
Study design and participants
This randomized, multi-centre, prospective, double-blinded, controlled trial 
was conducted in Melbourne, Australia. Patients with paroxysmal AF (AF 
lasting <7 days) and persistent AF (AF lasting ≥7 days) undergoing their first 
catheter RF ablation procedure were recruited. Major exclusion criteria in-
clude the following: patients with long-standing persistent AF, AF secondary 
to an obvious reversible cause, severe valvular heart disease, severe renal/li-
ver impairment, severe gastro-oesophageal reflux disease, and hypertrophic 
cardiomyopathy. The study was approved by the Alfred Hospital Human 
Research and Ethics Committee and registered under the Australian New 
Zealand Clinical Trials Registry (ACTRN12619001603101).

Randomization and blinding
Treatment group randomization was computer generated. Double blinding 
was utilized, with participants and clinicians involved in participant follow-up 
blinded to treatment allocation. It was considered futile to blind the oper-
ator to treatment allocation given clear temporal differences in achieving 
ablation lesion targets with higher vs. lower powers.

Catheter ablation procedure
AADs were discontinued approximately five half-lives before the proced-
ure and in the case of amiodarone, at least 1 month before the ablation 
where possible. Direct oral anticoagulant agents were generally uninter-
rupted although this was left to the discretion of the operator. All proce-
dures were performed under general anaesthesia with an intra-operative 
transesophageal echocardiogram to guide transseptal puncture. 
Therapeutic heparin was administered to achieve an activated clotting 
time of at least 350 s intra-procedurally.

Three-dimensional (3D) mapping was performed with either CARTO 
(Biosense Webster), or Ensite Precision/Velocity (Abbott Medical). 

Irrigated contact force sensing ablation catheter was utilized in all cases. 
Wide antral ablation was completed with the end point of PVI. Ablation le-
sions were performed point by point, and ablation targets were based on 
ablation index (AI) (CARTO, Biosense Webster), or lesion size index 
(LSI) (Ensite, Abbott Medical).

Additional ablation such as PW isolation in persistent AF patients was 
permitted at the operator’s discretion. However, the ablation power and 
duration settings were kept as per randomization, that is the floor line 
and ablation inside the box was 25 W in LPLD vs. 40 W in HPSD. Post ab-
lation all participants received 1 month of a proton pump inhibitor (PPI).

Randomization groups and ablation targets
A higher power was defined as 40–50 W with a force range of 10–20 g to 
permit AI/LSI-guided ablation given 6–7 s of RF is required before an AI/LSI 
parameter is generated. All participants underwent ablation on the anterior 
wall of the LA at 40–50 W power. Ablation targets were set at AI of 
500–550, or LSI of 5–5.5. On the PW of the LA, participants underwent 
ablation according to randomization (see Supplementary material online, 
Figure S1). In the HPSD ablation group, power was set at 40 W. In the 
LPLD ablation group, power was set at 25 W. In both groups, ablation 
was terminated when either of the following occurred: (i) AI of 400 or 
LSI of 4 was achieved; or (ii) luminal oesophageal temperature exceeded 
≥38°C, or there was a steep rise of >1°C within 5 s whereby ablation 
was ceased immediately by the operator. Ablation was resumed once the 
oesophageal temperature had decreased to <37°C. Whether ablation 
was resumed adjacent to the previous lesion with temperature rise, or at 
a further site first before returning to the area with temperature rise was 
left to the operator’s discretion.

Oesophageal temperature monitoring
A 10-French multi-sensor oesophageal temperature probe (Circa S-Cath™, 
Circa Scientific) was used to continuously record the intraluminal oesopha-
geal temperature during PVI. Any site of significant oesophageal temperature 

Study consort diagram

Screened: 95

Excluded:
1 HCM

1 renal impairment
2 refused

1 severe GORD

Excluded: 2
(atrial tachycardia)

Recruited: 90

Included: 88

Endoscopy: 88

Follow up: 88

LPLD ablation (44)HPSD ablation (44)

Figure 1 Study consort diagram. GORD, gastro-oesophageal reflux disease; HCM, hypertrophic cardiomyopathy; HPSD, higher power short dur-
ation; LPLD, lower power longer duration.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac190#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac190#supplementary-data


420                                                                                                                                                                                           D. Chieng et al.

rise was annotated with the maximum oesophageal temperature on the atrial 
map. At the end of each AF ablation case, the distance from the patient’s in-
cisor teeth to the exact Circa electrode(s) with significant temperature rise 
was recorded. This measurement was used to correlate any visualized oe-
sophageal lesions during endoscopy (also measured from the patient’s incisor 
teeth) to atrial sites which recorded temperature rises.

Post-ablation endoscopy
Endoscopy was performed in all participants on Day 1 post procedure to 
assess for the presence of ETI. Lesions were classified as ETI if they oc-
curred at the anterior side of the oesophagus and at a level consistent 
with the measured distance on the Circa probe (allowed margin of devi-
ation of 2 cm). Oesophageal lesions were described based on the Kansas 
City Classification system.7 Participants with Type 1 and Type 2 ETI were 
treated with a PPI at 40 mg twice a day. Any repeat endoscopy to reassess 
ETI healing was left to the gastroenterologist’s recommendation.

Follow-up
All participants were followed up for a minimum of 12 months after their 
ablation procedure, with clinical reviews undertaken at 3, 6, and 12 months. 
AADs were generally not recommenced following PVI unless symptomatic 
AF was recurrent. During the COVID-19 pandemic, telephone/video tele-
health reviews were permitted. All patients underwent comprehensive 
rhythm monitoring throughout the course of the study. Heart rhythm mon-
itoring was performed via Kardia AliveCor® electronic rhythm monitoring 
system or pre-existing implantable cardiac devices. Participants with the 
AliveCor® electronic rhythm monitoring system transmitted their rhythm 
twice daily via the Kardia application on a smartphone. The rhythm strips 
were reviewed daily by study investigators who were blinded to the treat-
ment allocation. Three monthly 24-h Holter monitors were used when par-
ticipants were not compliant with single-lead electrocardiogram (ECG) 
transmissions. Twelve lead ECGs were also acquired during clinical visits, 
hospitalizations, or any patient-reported symptoms. All arrhythmia recur-
rences post 3-month blanking period were adjudicated by a committee.

Study outcomes
The primary study outcome was the incidence of ETI in the HPSD and 
LPLD groups. Secondary outcomes include the following: 

(1) Freedom from AF after a single procedure of antiarrhythmic drug at 
12 months.

(2) Acute procedural outcomes.
(3) Oesophageal temperature dynamic endpoints which were pre- 

specified as: 
(a) number of temperature spikes of ≥39°C;
(b) number of steep temperature rises of >1°C within 5 s; and
(c) cumulative amount of time in which temperature was ≥ 38°C.

Statistical analysis
This study was designed to investigate whether HPSD was superior to 
LPLD ablation on the PW in reducing the incidence of ETI. A previous study 
of RF ablation at 25–30 W reported an ETI rate of 21%.8 More recently a 
2.5% incidence of ETI was reported in a HPSD cohort.9 To detect an 18.5% 
reduction in ETI rates with a Type 1 error rate of 0.05 and power of 80%, 
the minimum sample size needed was 88 patients. As all participants were 
expected to undergo post-ablation endoscopy during their inpatient stay, 
drop-outs were not expected.

Continuous data were expressed as mean ± standard deviation if nor-
mally distributed (interquartile range if skewed data). Categorical data 
were presented as numbers and percentages. Differences in variables 
between groups were analysed using the χ2 test for categorical data, and 
the Student’s t-test or Mann–Whitney U test for normally distributed 
and skewed continuous data, respectively. Arrhythmia recurrence was de-
scribed using Kaplan–Meier survival curves. Cox regression was used to 
examine variables predictive of late arrhythmia recurrence. Univariate vari-
ables with P < 0.20 were included in the multivariate model. Statistical sig-
nificance was defined as a P value of <0.05. Statistical analyses were done 
using SPSS version 27 (IBM, Armonk, NY, USA).

Results
Ninety-five patients were screened, with 90 meeting the eligibility cri-
teria and recruited into the study. Two patients were excluded as atrial 
tachycardia was the primary arrhythmia at the time of ablation and PVI 
was not performed. The final 88 patients were randomized 1:1 into the 
HPSD vs. LPLD groups (Figure 1). The mean age of the cohort was 
61 years, with 30.7% females. Baseline characteristics were similar 
across both groups, with the exception of hypertension which was 
more prevalent in HPSD (56.8 vs. 31.8%, P = 0.02) (Table 1). Ablation 
on the anterior wall was performed at 40 W in 72 (81.8%), 45 W in 
1 (1.1%), and 50 W in 15 (17.1%).

Oesophageal thermal injury
The primary endpoint of ETI occurred in four participants (4.5%), with 
equal occurrence in both HPSD (n = 2) and LPLD (n = 2) groups. 

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

Table 1 Baseline cohort characteristics

LPLD (44  
patients)

HPSD (44  
patients)

P

Age (mean, SD) 59.7 ± 10.0 62.9 ± 8.2 0.11

Females (n, %) 14 (31.8%) 13 (29.5%) 0.50

PAF (n, %) 21 (47.7%) 15 (34.1%) 0.42

CHADSVASc score 1.5 ± 1.5 2 ± 2 0.44

BMI (kg/m2) 29.2 ± 4.8 29.2 ± 5.6 0.66

Hypertension (n, %) 14 (31.8%) 25 (56.8%) 0.02

IHD (n, %) 7 (15.9%) 5 (11.4%) 0.38

Stroke (n, %) 2 (4.5%) 1 (2.3%) 0.50

Congestive cardiac failure (n, %) 12 (27.3%) 11 (25%) 0.50

Diabetes mellitus (n, %) 2 (4.5%) 3 (6.8%) 0.48

OSA (n, %) 2 (4.5%) 7 (15.9%) 0.08

LAVI (mL/m3) 40.0 ± 11.2 43.0 ± 21.2 0.31

LVEDD (mm) 51.3 ± 6.5 50.4 ± 6.7 0.56

LVESD (mm) 35.8 ± 8.8 34.9 ± 8.9 0.71

LVEF (%) 54.6 ± 11.4 55.4 ± 13.0 0.79

E/e′ ratio 9.8 ± 4.2 9.4 ± 2.9 0.57

RVSP (mmHg) 27.9 ± 7.4 28.5 ± 9.7 0.82

Anticoagulation pre ablation (n, %) 37 (84.1%) 41 (93.2%) 0.09

Antiplatelet use (n, %) 5 (11.4%) 2 (4.5%) 0.22

ACE/ARB use (n, %) 16 (36.4%) 22 (50%) 0.14

Mineralcorticoid use (n, %) 3 (7.8%) 6 (13.6%) 0.24

Anti-arrhythmic drug use (n, %) 35 (79.5%) 35 (79.5%) 1.00

Flecainide 9 (20.5%) 13 (6.8%) 0.46

Sotalol 15 (34.1%) 15 (34.1%) 1.00

Amiodarone 10 (22.7%) 8 (18.2%) 0.79

Rhythm monitoring (n, %) 0.94

• Alive Cor 38 (86.4%) 39 (88.6%)

• Existing cardiac device 5 (11.3%) 4 (9.1%)

Bold indicates P < 0.05. 
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; 
BMI, body mass index; HPSD, higher power short duration; IHD, ischaemic heart 
disease; LAVI, left atrial indexed volume; LPLD, lower power longer duration; 
LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end systolic 
diameter; LVEF, left ventricular ejection fraction; OSA, obstructive sleep apnoea; 
PAF, paroxysmal AF; RVSP, right ventricular systolic pressure.



Higher power short duration ablation for atrial fibrillation (Hi-Lo HEAT)                                                                                                           421

All ETI cases were classified as superficial ulcers (Type 2A) (Figure 2), and 
treated conservatively with PPI therapy with complete recovery without 
clinical sequelae. No patient required a repeat endoscopy. Five partici-
pants (5.6%) had oesophageal lesions which were not adjacent to the 
heart; as determined by the distance and orientation of these lesions 
from the incisor teeth in relation to the Circa electrode(s) with recorded 
temperature rises. As such these lesions were adjudicated to be caused 
by oesophageal instrumentation from either the transoesophageal echo-
cardiogram (TOE) or the Circa probes. In the HPSD group, they con-
sisted of one mucosal erythema and two superficial ulcers, and in the 
LPLD group, there was one case each of a superficial ulcer and mucosal 
erythema (see Supplementary material online, Figure S2).

Oesophageal temperature dynamics
There was no difference between the HPSD and LPLD groups on the 
median value of maximal temperature reached (HPSD 38.6 ± 3.9°C vs. 
LPLD 38.7 ± 3.4°C, P = 0.23), the median number of lesions per patient 
with a significant temperature rise of ≥39°C (HPSD 1.5 vs. LPLD 2, P = 
0.93), and the median duration in which oesophageal heating remained 
≥38°C (HPSD 34.7 s vs. LPLD 33.0 s, P = 0.46). Furthermore, no sig-
nificant differences were seen in the median number of lesions with ra-
pid temperature rises across both groups (Table 2).

Procedural outcomes
Pulmonary vein isolation was achieved in all participants (Table 3). 
There was a significant reduction in PVI time (46.5 vs. 59.0 min, P = 
0.01), total RF ablation time (23.8 vs. 29.7 min, P < 0.01), PVI RF time 
(18.5 vs. 25.3 min, P < 0.01), and the number of PVI applications (67 
vs. 76, P = 0.02) with HPSD compared with LPLD (Figure 3). Total pro-
cedural time was reduced in the HPSD group (133 vs 150 min, P = 
0.05). Fluoroscopy time was not significantly different between the 
two groups. There was no difference in first-pass isolation rates and 

acute PV reconnection rates between the groups. No procedural com-
plication was encountered. The mean LSI values on the posterior antral 
lines during PVI were significantly higher in the HPSD compared with 
the LPLD group. On the right PV posterior antral line, the mean 
LSI was 4.1 ± 0.2 for HPSD vs. 3.8 ± 0.3 for LPLD (P < 0.01). The 
mean LSI for the left PV posterior antral line was 4.2 ± 0.4 (HPSD) 
vs. 3.6 ± 0.3(LPLD), P < 0.01. Mean AI on the left PV posterior antral 
line was higher in the HPSD group (382.4 ± 20.2 vs. 352.1 ± 33.4, 
P < 0.01), although there was no difference in AI values on the right 
PV posterior antral line between both groups (HPSD 379.1 ± 27.3 
vs. LPLD 380.2 ± 24.9, P = 0.91) (see Supplementary material online, 
Table S2).

Follow-up
There were two deaths in the study cohort during follow-up, which 
were unrelated to their AF ablation. One patient died from urinary sep-
sis with multiorgan failure at 158 days, and another patient died from 
thrombosis of a pre-existing basilar stent at 118 days. The number of 
patients with early (90-day blanking period) arrhythmia recurrence 
was similar between both groups (LPLD 16 vs. HPSD 19, P = 0.66). 
The predominant rhythm monitoring method utilized in the study 
was twice daily ECGs using the Kardia AliveCor® device (87.5% 
compliance).

Over a median follow-up of 12 months, freedom from AF, off anti- 
arrhythmic therapy, was (84.1% in the HPSD group vs. 65.9% in LPLD 
group, P = 0.04) (see Supplementary material online, Figure S3). Atrial 
flutter recurrence was similar across both groups (3 in HPSD vs. 5 
in LPLD, P = 0.71). Direct currrent (DC) cardioversion for atrial ar-
rhythmia was performed in four HPSD patients vs. two LPLD patients 
(P = 0.67). At 12 months, 5 HPSD patients (2 on amiodarone, 3 on so-
talol), and 13 LPLD patients (8 on flecainide, 3 on sotalol, 2 on amiodar-
one) were on AAD (P = 0.06).
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Figure 2 (A) incidence of ETI (primary endpoint) was 4.5% which was similar across both HPSD and LPLD groups; (B) ETI examples included (i) 
which demonstrates superficial ulcer; (ii) which demonstrates mucosal erythema with superficial ulcer; (C ) multi-sensor ETM probe. HPSD, higher 
power short duration; LIPV, left inferior pulmonary vein; LPLD, lower power longer duration; LSPV, left superior pulmonary vein; RIPV, right inferior 
pulmonary vein; RSPV, right superior pulmonary vein.
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Predictors of arrhythmia outcome post 
atrial fibrillation ablation
Following univariate analysis, age, obesity, persistent AF, left atrial indexed 
volume (LAVI), AF at the start of the procedure, early arrhythmia recur-
rence, and HPSD were identified as predictive of arrhythmia recurrence 
following AF ablation. On multivariate analysis, early arrhythmia recur-
rence (within the blanking period) (P = 0.03), and persistent AF 
(P = 0.02) were predictive of late arrhythmia recurrence. Higher power 
short duration ablation was protective against arrhythmia recurrence 
(P = 0.002) (see Supplementary material online, Table S2).

Discussion
In this prospective randomized study, comparing HPSD with LPLD on 
the PW for AF ablation using multi-sensor ETM, we demonstrated the 
following findings: 

(1) Higher power (40 W) short-duration ablation resulted in a similarly 
low incidence of minor ETI to LPLD ablation. This is the first rando-
mized study to directly compare ETI rates between HPSD and LPLD 
ablation.

(2) Oesophageal temperature dynamics were not significantly different 
between the two approaches.

(3) HPSD resulted in improved acute procedural outcomes including re-
duced PVI time/RF ablation times/total procedural time, with no evi-
dence of increased complication.

Oesophageal thermal injury
The present study demonstrates a low incidence of ETI with HPSD ab-
lation in all patients undergoing endoscopy. Prior studies are largely lim-
ited by non-randomized design and endoscopy reserved for selected 
patients with oesophageal heating. Prospective cohort studies involving 
AI guided ablation reported ETI ranging between 3.5 and 7% at endos-
copy.10–12 Chen et al.10 reported mild mucosal erosions in 3.5% of 122 
consecutive patients undergoing ablation at 50 W with multi-sensor 
ETM, although endoscopy was confined to patients with marked oe-
sophageal heating with a mean peak temperature elevation of 41.2°C. 
Muller et al.12 reported an ETI incidence of 6% including a 0.1% inci-
dence of AEF in 953 consecutive patients who underwent AI-guided 

ablation at 50 W without ETM. There was no significant difference in 
mean AI values between the ETI and the non-ETI patients. Kaneshiro 
et al.11 reported a non-randomized comparison of 271 patients with 
no difference in the incidence of ETI (7% with 50 W vs. 8% with 20– 
30 W). In the randomized POWER-AF trial, ablation at 45 W was com-
pared with 35 W with ablation targets of ≥550 at the anterior wall and 
≥400 everywhere else. Oesophageal temperature monitoring was uti-
lized, with ablation discontinued if temperature exceeded 38.5°C and 
endoscopy was performed in selected patients with temperature eleva-
tion of >38.5°C, with an equivalent ETI incidence of 4.5% in both 
groups.6 Wolf et al. reported AI-guided ablation at 35 W with ETM, 
with a reduced AI on PW to 300 if oesophageal temperature exceeded 
38.5°C. The incidence of ETI was 1.2%, although endoscopy was per-
formed on average 9 days post ablation. The median maximum tem-
perature was 39.9°C with average AI value of 351 in regions of 
oesophageal heating.13 Schade et al. compared contact force guided 
vs. AI-guided ablation at 30–35 W anteriorly and 20–25 W posteriorly, 
without ETM, and reported an ETI incidence of 5% in the AI-guided 
group. There was no difference in mean AI values between patients 
with ETI vs. those without. An AI >520 on the PW was an adverse pre-
dictor of ETI.14 In the present study the routine use of ETM may have 
contributed to the low rates of ETI seen as operators would immedi-
ately cease ablation with steep rises in temperature, if the temperature 
exceeded 38°C and would await normalization of oesophageal tem-
perature before further ablation was applied.

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

Table 2 Oesophageal temperature dynamics

LPLD HPSD P value

Maximum temperature (°C)  

(median, IQR)

38.7 ± 0.3 38.6 ± 1.0 0.23

Lesions with temperature ≥ 39°C  

per patient (median, IQR)

2 ± 5.5 1.5 ± 3.0 0.93

Lesions with rapid temperature rise  

per patient

• >0.5–1°C rise within 5 s  

(median, IQR)

4 ± 6 5 ± 4 0.78

• >1°C rise within 5 s (median, 

IQR)

2 ± 4.75 2 ± 3.75 0.68

Total time above 38°C (s) 33.0 ± 
25.2

34.7 ± 
21.0

0.46

RF duration (median, IQR) 12 ± 8 8 ± 4 <0.01

HPSD, higher power short duration; IQR, interquartile range; LPLD, lower power 
longer duration.

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

Table 3 Procedural outcomes

LPLD HPSD P value

PVI only (n, %) 37 (84.1%) 31 (70.5%) 0.10

CTI ablation (n, %) 5 (11.4%) 8 (18.2%) 0.28

Rhythm at time of ablation (n, %)

• Sinus 32 (72.7%) 28 (63.6%) 0.45

• AF 12 (27.3%) 15 (34.1%)

• Aflutter 0 (0%) 1 (2.3%)

Total procedure time (min) 150.9 ± 
45.8

133.3 ± 
37.6

0.05

Total PVI time (min)a 59.0 ± 28.0 46.5 ± 26.8 0.01

Total RF time (min) 29.7 ± 9.2 23.8 ± 9.45 <0.01

PVI RF time (min) 25.3 ± 6.4 18.5 ± 6.0 <0.01

PVI RF time (posterior antral line) 

(min)

10.3 ± 3.0 5.5 ± 1.8 <0.01

PVI application number (n, IQR)a 76 ± 19.8 67 ± 23.3 0.02

Fluoroscopy time (min)a 13.1 ± 8.1 11.2 ± 4.3 0.17

LPV first pass isolation (n, %) 38 (86.4%) 39 (88.6%) 0.50

RPV first pass isolation (n, %) 31 (70.5%) 28 (63.6%) 0.33

LPV intervenous ridge ablation (n, %) 5 (11.4%) 4 (9.1%) 0.50

RPV intervenous ridge ablation (n, %) 12 (29.5%) 13 (29.5%) 0.50

Acute PV reconnection (n, %) 15 (34.1%) 12 (27.3%) 0.64

PVI success (n, %) 44 (100%) 44 (100%)

Complications (n, %) 0 (0%) 0 (0%)

Bold indicates P < 0.05. 
CTI, cavotricuspid isthmus; HPSD, higher power short duration; LPLD, lower power 
longer duration; LPV, left pulmonary vein; PVI, pulmonary vein isolation; RF, 
radiofrequency; RPV, right pulmonary vein. 
aData expressed as median and interquartile range.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac190#supplementary-data
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Atrio-oesophageal fistula is a rare complication of AF ablation. A 
retrospective series reported an incidence of 0.008% in ablations per-
formed at 45–50 W on the PW and 0.11% in ablations at 35 W.3

Notably two out of the three AEF cases in the 35 W group occurred 
in the absence of ETM. It is challenging to design a study with a sufficient 
sample size to detect a difference in such a rare complication. As such, 
ETI was selected as the primary endpoint in this study as it is considered 
a surrogate for the risk of serious oesophageal perforation, in particular 
AEF.15 Halbfass et al. reported ETI (mucosal erythema/erosion or 
ulcers) in 18% of 832 patients who underwent endoscopy within 
7 days of AF ablation. Oesophageal perforating complications were 
seen in five (3%), including two AEF. Importantly, only those with an oe-
sophageal ulcer at baseline progressed to oesophageal perforation, 
with an absolute risk of 9.6%.15

The mechanistic underpinnings behind the purported safety of 
HPSD have been described in animal studies. By increasing RF power 
and reducing ablation time, resistive heating is maximized while con-
ductive heating is minimized.4,16 Bourier et al.4 compared lesion me-
trics from RF ablation on ex vivo porcine thigh muscle preparations 
utilizing different HPSD settings (70 W at 7 s, 60 W at 10 s, or 
50 W at 13 s) vs. standard settings of 30 W at 30 s, and reported 
wider but shallower lesions with higher powers compared with nar-
rower and deeper lesions at 30 W. In contrast, Nakagawa et al.17

compared lesion geometries from irrigated ablation on canine thigh 
muscle preparations at 90 W for 4 s vs. 50 W for 10 s and 30 W 
for 30 s, and showed that lesion diameter, depth, and volume in-
creased with longer duration ablation despite lowering power deter-
mined by a greater energy deposit. The ablation targets in the present 
study were based on AI/LSI values and were the same in both groups, 
thus resulting in equivalent energy deposits and plausibly explaining 
the similarly low rate of oesophageal injury. We reported no differ-
ence in oesophageal temperature dynamics between HPSD and 
LPLD. Yavin et al.18 had reported oesophageal temperature dynamics 
in 20 patients by delivering RF lesions alternating between 50 and 

25 W at 15–20 s in each patient. There was no significant difference 
in the magnitude of temperature rise, and time for oesophageal tem-
perature to return to baseline. The present larger study extends these 
findings further through the randomized comparison of ablation 
power settings and does not support a reduction in power in regions 
of oesophageal temperature rises.

Lastly, a further 5.6% of patients had oesophageal lesions remote to 
the heart likely related to the use of the TOE or ETM probe itself. This 
reminds clinicians of the risk of oesophageal injury from instrumenta-
tion itself, separate from that posed by thermal injury from AF 
ablation.19

Clinical outcomes of higher power ablation
Randomized controlled trials have demonstrated shorter PVI times, 
procedural times, and RF ablation times with HPSD compared with 
LPLD,6,20 which was corroborated in our study. We did not find that 
HPSD ablation improved first-pass PVI rate nor acute PV reconnec-
tions, in keeping with the findings from the POWER-AF study.6 Two 
recent studies reported significantly higher first-pass PVI rates with a 
higher power.21,22 In contrast to the present study the definition of 
‘first pass isolation’ in earlier studies allowed for intervenous ridge ab-
lation during circumferential encirclement.21,22 Leo et al.21 compared 
20 W/LSI 4 with 40 W/LSI 4, akin to our study groups, with no differ-
ence in first-pass isolation rates.

The impact of higher power ablation on freedom from AF after cath-
eter ablation has been mixed.6,20,21 Shin et al. reported no difference in 
AF recurrence in 150 patients randomized to three study arms, with 
12-lead ECGs performed during follow-ups or with symptoms and 
24 h Holters at 3, 6, and 12 months. In the randomized POWER-AF 
study, which included 96 patients who underwent ECGs at 1, 3, and 
6 months, there was no significant difference in AF recurrence between 
45 vs. 35 W.6 In contrast in the present study, 97.7% of the cohort 
underwent intensive surveillance. Higher power short duration was 
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associated with a significant reduction in arrhythmia recurrence 
(15.9%) compared with 34.1% with LPLD at a median follow-up of 
12 months.

Higher power ablation remained a significant predictor of improved 
arrhythmia-free survival after adjusting for potential confounding fac-
tors. Plausible explanations to account for the superiority of higher 
power are broader shallower, overlapping lesions which may reduce 
the later development of gaps in ablation lines during follow-up.18,23

Additionally ablation lesions targets are achieved more rapidly with 
higher power potentially important at sites where catheter stability is 
challenging. The well-accepted predictors of early relapse of arrhythmia 
during the blanking period24 and persistent AF history were adverse 
predictors of arrhythmia recurrence.

Limitations
Participants did not undergo endoscopy prior to AF ablation. As such 
the possibility that any detected lesions were present prior to ablation 
could not be entirely excluded. However, all detected lesions were ad-
judicated by the committee based on the anatomical location of the le-
sions and correlation with temperature rises on the multi-sensor 
temperature probe. We did not compare HPSD vs. LPLD across the 
entire PVI ring but focused on the posterior left atrial wall only. A larger 
study population would be preferable given the low incidence of ETI.

Conclusions
Higher power ablation using multi sensor ETM was safe with equivalent 
low rates of ETI when compared with lower power ablation. Higher 
power short duration ablation significantly shortens PVI duration and 
total RF ablation time. Higher power short duration ablation was asso-
ciated with improved long-term freedom from recurrent arrhythmias 
and should be considered part of the routine approach to AF ablation.
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