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Abstract
Background A very high-power short-duration (vHPSD) strategy of radiofrequency (RF) ablation aims to minimize con-
ductive heating and increase resistive heating. We evaluated the feasibility, efficacy and safety of the vHPSD ablation of the 
cavotricuspid isthmus (CTI) in patients presenting with typical atrial flutter (AFL).
Methods This prospective non-randomized study enrolled 28 consecutive patients (FAST Group) with typical AFL under-
going CTI ablation. The vHPSD ablation was performed applying 90 W, for 4 s, with an irrigation of 8 ml/min. Thirty 
consecutive patients who, previously, underwent CTI ablation by means of a contact force surrounding flow catheter guided 
by ablation index (500) served as control group (AI Group).
Results In the FAST Group, the mean CTI length was 29 ± 6 mm, and the mean number of RF tags was 20 ± 9. The CTI 
bidirectional “first pass” block was reached in 25 (89%) patients. There were no major procedural complications. After a 
mean follow-up of 6 ± 2 months, one (3.5%) patient had arrhythmia recurrence. The vHPSD ablation was as effective as 
AI-guided ablation in achieving acute CTI block (rate of first pass 89% vs 93%, p = 0.59), with a shorter RF time (88 ± 40 s 
vs 492 ± 269 s, p < 0.001) and similar procedure (30 ± 4 min vs 34 ± 10 min, p = 0.5) and fluoroscopy time (103 ± 29 vs 
108 ± 52 s, p = 0.7). At 8 months, the freedom from AFL recurrence was 96% in the FAST group and 97% in the AI group.
Conclusions Our preliminary data show that the vHPSD ablation represents an effective and safe ablation strategy to achieve 
bidirectional block for the treatment of typical AFL.
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1 Introduction

Radiofrequency (RF) energy is the widest energy source 
used for catheter ablation of arrhythmias [1]. The very high-
power short-duration (vHPSD) catheter is a novel contact 
force (CF) catheter optimized for temperature-controlled 

ablation with microelectrodes and 6 thermocouples for real-
time temperature monitoring during ablation. The associated 
vHPSD algorithm modulates power to maintain target tem-
perature during lesion formation (90 W, 4 s) [2]. A vHPSD 
strategy of RF ablation aims to minimize conductive heating 
and increase resistive heating in order to deliver targeted 
heating to the atrial wall, achieving uniform and transmural 
lesion while reducing the risk of collateral tissue damages 
[3, 4]. The vHPSD ablation produces much less conductive 
heat leading to wider, shallower lesion formation and much 
less reversible injury. Preliminary data of the novel vHPSD 
ablation mode provides safe and effective pulmonary vein 
isolation in patients undergoing atrial fibrillation ablation [5, 
6]. So far, no data have been reported in patients undergo-
ing atrial flutter (AFL) ablation. The aim of our study is to 
evaluate the feasibility, efficacy and safety of the vHPSD 
ablation of the cavotricuspid isthmus (CTI) in patients pre-
senting with typical AFL.
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2  Methods

2.1  Study population

This prospective study enrolled 28 consecutive patients 
between September 2020 and May 2021. The study pro-
tocol conforms to the ethical guidelines of the 1975 Dec-
laration of Helsinki and was approved by the Institutional 
Ethics Committee. Participants included patients who 
were ≥ 18 years old at the time of presentation with typi-
cal, counter clockwise and clockwise AFL, regardless of 
its duration. Each patient provided informed consent to 
participate in the study.

The exclusion criteria were inability to provide 
informed consent; previous AFL catheter ablation; AFL 
potentially attributable to a cardiac or noncardiac revers-
ible cause (dyselectrolytemia, dysthyroidism, severe anae-
mia, sepsis, acute cardiac ischemia and others); AFL with 
an ECG appearance suggestive of an atypical, non-CTI 
dependent AFL; patients waiting for heart transplant or 
other cardiac surgery; previous cardiac surgery in the last 
3 months; known atrial myxoma; unstable angina; unstable 
heart failure; life expectancy < 12 months; pregnancy and 
breastfeeding.

2.2  Study protocol

The 28 consecutive patients treated with the vHPSD 
(FAST Group) were compared with the last thirty consecu-
tive patients who, previously, underwent CTI ablation by 
means of a contact force surrounding flow catheter guided 
by ablation index (500) (AI Group).

2.3  Cavotricuspid isthmus ablation

All procedures were performed under local anaesthesia 
implemented with sedation. Vitamin K antagonist treat-
ment (with a target INR of 2.0–3.0 on the day of the proce-
dure) or non-vitamin K anticoagulants were uninterrupted.

Through femoral venous access, an open-irrigated tip 
catheter (the QDOT Micro™ catheter for the FAST group 
or the Thermocool Smart-Touch SF catheter for the AI 
group, Biosense Webster, Inc, CA, USA) and a decapo-
lar electrode catheter were inserted in the right atrium 
and coronary sinus, respectively. In none of the patients 
was used a steerable sheath. The right atrial geometry 
was reconstructed using a 3D electro-anatomic mapping 
system (Carto Biosense Webster, USA). If the patients 
were in sinus rhythm at the time of the procedure, the 

diagnosis of CTI-dependent flutter was made on classical 
surface ECG criteria. If the patients were in flutter at the 
time of the procedure, according to operator preferences, 
either activation maps and/or pacing manoeuvres were 
performed in order to confirm the diagnosis [7].

The anatomy of the CTI was accurately identified using 
the mapping/ablation catheter. A suitable starting point for 
the ablation, in the proximity of the tricuspid valve, and 
a final location in the junction between the inferior vena 
cava and the right atrium were precisely defined based on 
electrograms recorded, and the distance between the two 
points was measured. Subsequently, “point by point” CTI 
ablation was performed in the FAST group by delivering 
RF energy with 90 W for 4 s and targeting an interlesion 
distance ≤ 6 mm, whereas in the AI group by delivering 
RF energy with 35/40 W and targeting an AI of 500 and 
an interlesion distance ≤ 6 mm [8]. Real-time automated 
display of RF applications (CARTO VISITAG™ Module, 
Biosense Webster) was used with predefined settings of 
catheter stability (5 mm for 3 s), minimum CF (minimum 
CF 30% of time > 4 g) and respiration adjustments. The 
vHPSD ablation was performed with an irrigation high 
flow at 8 ml/min. When a RF application started, a 2-s 
pre-RF delay began for the high flow rate (8 ml/s) to cool 
the surface tissue prior to the onset of RF delivery. At the 
end of each application, the high flow continued for 4 s. 
During the mapping, the flow was low at 2 ml/min. In the 
AI Group, the Thermocool Smart-Touch SF catheter was 
irrigated by saline at a flow rate of 2 ml/min during map-
ping and of 8 ml/min and 15 ml/min used for outputs of 
less than and greater than 30 W, respectively. Impedance 
drop (ID) was used as the surrogate for assessment of abla-
tion efficacy. ID was defined as the difference between the 
minimum impedance value during RF erogation and the 
impedance at baseline. During an application, ID ≥ 10Ω 
was regarded as an adequate lesion formation [9, 10].

Once the CTI linear ablation was completed, the con-
duction block (in this case, first pass block) was assessed 
immediately. In the absence of bidirectional CTI block, 
additional ablation lesions were delivered until CTI block 
was achieved. Resumption of CTI conduction was evalu-
ated preferably at 20 min after the last ablation; however, 
the waiting time was left to the operators’ discretion.

In case of conduction recovery, CTI was newly isolated 
targeting the points of electrical breakthrough. Bidirec-
tional conduction block after CTI ablation was confirmed 
by demonstrating a cranial-to-caudal activation sequence 
over the lateral right atrium during pacing from the ostium 
of the coronary sinus and a cranial to caudal sequence over 
the right atrial septum during pacing from the lateral edge 
of the ablation line or the low lateral right atrium.
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2.4  Study outcomes

The primary outcomes of the study were (1) the rate of “First 
Pass” block of the CTI, defined as the presence of bidirec-
tional block as assessed immediately at the conclusion of 
the first, anatomical line of ablation; (2) the safety of the 
ablation; (3) the impact of CF and temperature on ID.

The secondary outcomes included overall procedural 
duration, radiofrequency time and fluoroscopy time.

2.5  Follow‑up

Patients were followed-up by means of visits and ECG in 
the outpatient clinic 1, 6 and 12 months after the procedure 
and later on with telephone interviews or by 24-h Holter 
monitoring in case of symptoms.

2.6  Statistical methods

Continuous variables are expressed as mean ± standard devi-
ation or median and interquartile range according to their 
distribution. Normality of data distribution was tested with 
Shapiro–Wilk test. Categorical variables are expressed as 
absolute number with percentage (%). Comparison among 
groups for continuous variables was performed by the 
unpaired Student T test or Mann–Whitney U test. Compari-
son of categorical variables among groups was performed 
by χ2 or Fisher’s exact test. Statistical significance was set at 
a 2-tailed probability level of < 0.05. All statistical analyses 
were performed using SPSS software (Version 24.0, IBM, 
Armonk, NY, USA).

3  Results

3.1  Population

Fifty-eight patients underwent AFL ablation (28 patients in 
the FAST Group, 30 in the AI Group). The rate of patients 
with diabetes mellitus was significantly higher in the FAST 
Group patients; there was no other statistical significant dif-
ference in any clinical characteristics between the two study 
groups (Table 1).

3.2  Comparison of the procedural data 
between the FAST group and the AI group

The rate of first pass CTI block was similar (89% vs 93%; 
p = 0.7) as well as the mean number of ablation tags (22 ± 10 
vs 19 ± 8; p = 0.2). A shorter RF time was observed in the 
FAST group (88 ± 40 s vs 492 ± 269 s, p < 0.001) whereas 
no differences were observed in procedure (30 ± 4 min vs 
34 ± 10 min, p = 0.07) and fluoroscopy time (103 ± 29 s vs 

108 ± 52 s, p = 0.7) (Fig. 1). No complications or steam pops 
in either group were observed.

3.3  Characteristics of the RF pulses in the FAST 
group

Overall, 574 RF pulses were applied with a mean contact 
force of 10.8 ± 8.7 g, and mean impedance drop of 10.8 ± 4 
Ohm. Of these, 311 (54%) determined an ID ≥ 10 Ohm. 
The RF pulses with an ID < 10 Ohm were applied with a 
lower contact force (9.4 ± 9.1 g vs 12 ± 7 g; p < 0.001) and 
reached a lower maximum temperature (46.6 ± 4.1 °C vs 
51.6 ± 4.8 °C; p < 0.001).

3.4  Follow‑up

In the FAST Group, during a mean follow-up of 
10 ± 2  months, one patient had AFL recurrence, and 4 
patients had an atrial fibrillation recurrence. In the AI 
Group, during a mean follow-up of 23 ± 5 months, 3 patients 
had AFL recurrence and 6 patients had an atrial fibrillation 
recurrence. A minimum follow-up of 8 months was reached 
by all patients enrolled in either group. At that time, the 
freedom from AFL recurrence was 96% in the FAST group 
and 97% in the AI group with only one patient experiencing 
recurrence in either group.

4  Discussion

This study demonstrated for the first time that the use of 
the vHPSD ablation (90 W, 4 s) for the CTI ablation is fea-
sible, effective and safe with similar rate of first pass block 
compared to the AI-guided ablation. The RF time is shorter 
with the vHPSD; however, the procedural and fluoroscopy 
times are similar. The contact force and the maximum tem-
perature reached are the main contributors for an adequate 
lesion formation (≥ 10 Ohm) with the vHPSD. The AFL 

Table 1  Clinical characteristics of study population

AI ablation index, COPD chronic obstructive pulmonary disease
a Including hypertrophic cardiomyopathy, post-ischemic cardiomyo-
pathy, idiopathic dilated cardiomyopathy and severe valvular disease

Parameter FAST Group AI Group p

Age (years) 62 ± 8 63 ± 13 0.614
Male sex (%) 21 (75%) 17 (57%) 0.145
Hypertension (%) 13 (46%) 14 (47%) 0.986
Diabetes mellitus (%) 10 (36%) 3 (10%) 0.02
COPD (%) 9 (32%) 4 (13) % 0.09
Structural heart  diseasea (%) 10 (36%) 6 (20%) 0.190
CHA2-DS2-VASc score (mean) 1.8 ± 1.4 1.7 ± 1.3 0.961
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recurrence rate at 6 months is low and comparable with that 
of AI-guided ablation.

Radiofrequency (RF) energy is the widest energy source 
used in catheter ablation of arrhythmias [1]. The RF elec-
trical current is typically delivered in a unipolar fashion 
directly to the tissue with completion of the circuit through a 
ground electrode placed on patient’s body. Resistive heating 
damages the tissue in direct contact of the catheter, whereas 
deeper and surrounding tissues are subsequently heated and 
damaged by conduction from this area [11]. In contrast to 
conventional ablation, which relies on passive heat conduc-
tion into deeper tissue for transmural lesion formation (thus 
requiring longer RF application at lower power), the use 
of higher power during ablation increases the resistive heat 
from the catheter‐tissue interface and reduces the conductive 
heat leading to wider, shallower lesion formation and much 
less reversible injury.

4.1  The HPSD ablation of the CTI

Previous experiences demonstrated the efficacy and the 
safety of the high-power short-duration (HPSD) with 50 W 
for CTI ablation [12–14]. The studies by Kwon et al. [12] 
and Yavin et al. [13] reported a procedural success of 100% 
using 50 W for 15 s. Furthermore, Yavin et al. demonstrated 
that the impedance drop was significantly higher in the 

HPSD group than in the group ablated with 30 W for 30 s. 
These data are encouraging indeed; the main concern about 
the HPSD is the lack of transmurality in thicker regions such 
as the CTI or the mitral isthmus [15]. The second major con-
cern related to the higher power is the occurrence of steam 
pops. Golian et al. [14] used 50 W for 9 s as with 10 s, they 
had high rate of steam pops; however, in the other studies, 
only 1 or no steam pops have been reported using 15 s [12, 
13]. Of note, the procedural efficiency with 50 W was much 
improved with a RF time ranging from 210 to 280 s [12–14].

4.2  The vHPSD ablation of the CTI

To date preliminary data [2, 5, 6] confirm the safety and effi-
cacy of vHPSD (90 W for 4 s) in achieving pulmonary vein 
isolation, whereas no data are so far available in patients 
with AFL. The shape of the vHPSD lesion, wider and shal-
lower than standard radiofrequency, raises some concerns 
during AFL ablation. It is well known that the wide vari-
ability in the anatomy of the CTI can make the ablation 
extremely challenging. In particular, the presence of a prom-
inent Eustachian valve, hypertrophic pectinate muscles, a 
hypermobile isthmus and deep recesses can pose special 
difficulties in achieving bidirectional block.

Our data confirm the efficacy and the safety of vHPSD 
in achieving CTI ablation, also when compared with 

Fig. 1  Rate of CTI first pass block, procedural time, RF time and fluoroscopy time between FAST group and AI group. CTI cavotricuspid isth-
mus; RF radiofrequency
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AI-guided RF ablation. We obtained a bidirectional block 
in all patients, and in 89% of them, there was a first pass 
block. The mean ID was 10.8 ± 4 Ohm thus suggestive 
of effective lesions. We also found that the ID increased 
along with the mean contact force, and temperature 
achieved and similar data have been recently reported 
using vHPSD during pulmonary vein isolation [2]. The 
mean RF time was shorter than that reported with the 
HPSD [12–14] (Fig. 2). No audible steam pops or com-
plications occurred.

4.3  Limitations

(1) This is a prospective mono-centric non-randomized 
study. (2) The number of enrolled patients is relatively 
small; however, to our knowledge, there are no other data 
regarding the vHPSD with 90 W for 4 s; thus, we believe 
they are enough to assess the feasibility, acute efficacy 
and safety of this technology. Nevertheless, we are aware 
that further studies with larger study populations and 
longer follow-up are needed to confirm the long-term 
efficacy of the vHPSD strategy. (3) All the procedures 
were performed by 3 very experienced electrophysiolo-
gists, and this may be responsible of the short procedure 
time. (4) Despite a shorter RF time in the vHPSD cohort, 
the procedure time was similar between the two study 
groups, and this can be probably explained by the longer 
time to confirm the catheter stability before each appli-
cation in the vHPSD group. Moreover, procedure time in 
vHPSD group was shorter than in AI group although the 
difference did not reach the statistical difference. We can 
hypothesize that in a larger series, this difference could 
become significant.

5  Conclusion

Our preliminary data in a small cohort of patients show that 
the vHPSD ablation represents an effective and safe ablation 
strategy to achieve bidirectional block in the treatment of 
typical atrial flutter. Further and larger studies are needed 
to confirm the long-term efficacy of the vHPSD strategy.
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reasonable request to the corresponding author.
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