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Abstract

Catheter ablation has become a cornerstone in atrial fibrillation (AF) therapy, improving freedom from all-atrial arrhythmias, as well
as outperforming antiarrhythmic drugs in alleviating AF-related symptoms, reducing hospitalizations, and enhancing quality of life.
Nevertheless, the success rate of traditional radiofrequency ablation (RFA) methods remains less than ideal. To address these issues,
refinement in RFA strategies has been developed to improve efficacy and laboratory efficiency during pulmonary vein isolation (PVI).
High-power short-duration (HPSD) RFA has emerged as a safe strategy to reduce the time required to produce durable lesions. This
article reviews critical aspects of HPSD ablation in the management of both paroxysmal and persistent AF, covering aspects such as
effectiveness, safety, procedural intricacies, and the underlying biophysics.
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1. Introduction
Atrial fibrillation (AF) stands out as the most com-

mon sustained arrhythmia globally, affecting approxi-
mately 33.5 million people [1]. This prevalence has been
consistently increasing, which could be attributed to the rise
in life expectancy and multiple cardiovascular risk factors
like hypertension, congestive heart failure, coronary artery
disease, valvular heart disease, diabetes mellitus, obesity,
and excessive alcohol use [1]. Catheter ablation (CA) is the
cornerstone therapy in patients with symptomatic paroxys-
mal and persistent AF, significantly reducing all-atrial ar-
rhythmias recurrence, AF-related symptoms, and hospital-
izations, while improving quality of life [2–4].

Over the last decade, CA of AF has significantly
enhanced safety and efficacy, owing to advancements in
equipment and ablation techniques. The introduction of ir-
rigated contact force (CF)-sensing catheters arose as an es-
sential tool to improve the long-term safety and efficacy
of CA of AF [5]. Moreover, a stable contact force, de-
fined as>90% of the lesions created with a CF≥10 g, was
found to increase the probability of successful pulmonary
vein isolation (PVI) at a 12-month follow-up [6]. Similarly,
wide antral circumferential ablation (WACA) has proven
to be more effective than ostial ablation with a lower rate
of pulmonary vein stenosis [7,8]. More recently, strate-
gies such as high-frequency low-tidal volume ventilation,
high-frequency ventilation, and high-frequency jet ventila-
tion during CA of AF have improved long-term clinical out-

comes and lesion durability [9,10]. Despite these innova-
tions, the success rate of AF ablation remains suboptimal,
ranging from 74% to 86%. Patients undergoing repeated
ablations often experience electrical reconnection of pul-
monary veins (PVs) and the posterior wall (PW) at rates
varying from 29% to 50% [11–13]. As such, there have
been ongoing efforts to create transmural and durable le-
sions.

First described in 2006, high-power short-duration
(HPSD) radiofrequency ablation (RFA) has shown advan-
tages over traditional RFA settings in treating AF [14].
While conventional RFA typically uses 25–30W for 30 sec-
onds or more per lesion, HPSD RFA employs at least 40 W
for less than 30 seconds per lesion [15]. The latter approach
has proven effective in reducing both procedural and total
radiofrequency (RF) times, while improving first-pass iso-
lation rates, all without increasing complications [16].

2. Biophysics of HPSD radiofrequency
ablation

RFA creates thermal lesions in cardiac tissue through
alternating current, typically around 500 kHz, flowing from
the catheter tip to a patch on the patient’s skin. The objec-
tive is to elevate tissue temperature to approximately 50 °C,
inducing myocardial damage or necrosis. This process un-
folds in two sequential stages: the resistive phase and the
conductive heating phase. In the resistive phase, tissue di-
rectly in contact with the catheter heats up, affecting only a
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Table 1. Differences between HPSD vs. LPLD for the management of Paroxysmal and Persistent AF.
High-Power Short-Duration Ablation Low-Power Long-Duration Ablation

Energy delivery/Power levels: ≥40 watts. Energy delivery/Power levels: 25–30 watts.
Ablation duration: <30 seconds per lesion. Ablation duration: ≥30 seconds per lesion.
Lesion formation: thermal injury, wider transmural lesions. Lesion formation: thermal injury, narrower lesions with major

lesion depth.
Tissue cooling: use of specialized cooling techniques to prevent
excessive tissue heating during higher-energy bursts. Less risk
of thermal injury to adjacent structures.

Tissue cooling: achieved through the use of irrigation systems.
Higher risk of thermal injury to adjacent structures.

Learning curve: requires specific training due to its status as a
relatively novel and less commonly disseminated technique.

Learning curve: its use is more established and widely adopted
by electrophysiologists around the world.

Abbreviations: HPSD, high-power short-duration; LPLD, low-power long-duration; AF, atrial fibrillation.

1–2 mm radius from the catheter. This phase establishes a
heat source that then progresses deeper into the tissue dur-
ing the conductive phase, until the heat is dissipated. The
lesion size is proportional to the temperature at the tissue
contact point, with the highest temperature achieved dur-
ing the resistive heating phase. As the heat conducts fur-
ther into surrounding normothermic tissue both during and
even after RF application, its effects dissipate over time.
Therefore, by reducing the duration of RF application, the
conductive heating impact on adjacent tissue is minimized
[17]. This leads to more delimited lesion formation, poten-
tially decreasing complications.

Traditional RFA involves 25–30 W of energy deliv-
ery for 30 seconds or more, usually described as low-power
long-duration (LPLD) ablation. This prolonged heating ex-
tends conductive warmth to adjacent tissues, increasing the
risk of thermal injury to nearby structures such as the esoph-
agus and phrenic nerves. Conversely, HPSD RFA, which
uses at least 40 W for less than 30 seconds, offers a differ-
ent thermal profile. It produces a larger zone of higher tem-
perature during the resistive phase but limits the duration of
the conductive phase (Table 1, Fig. 1) [18]. The improved
balance between resistive and conductive heating results in
a more immediate and deeper lesion, while reducing pas-
sive heat spread to surrounding tissues. This aspect is par-
ticularly crucial as it reduces the risk of unintended heating
of neighboring structures, thereby potentially mitigating the
risk of esophageal, phrenic nerve, or even coronary artery
injury. Leshem et al. [19] demonstrated that HPSD ablation
was associated with significantly wider lesions (6.02 ± 0.2
mm vs. 4.43± 1.0 mm; p = 0.003) without affecting lesion
depth (3.58 ± 0.3 mm vs. 3.53 ± 0.6 mm; p = 0.81), when
compared to LPLD ablation. This not only indicates the
effectiveness of HPSD ablation but also implies enhanced
uniformity among lesions.

3. Radiofrequency Settings for HPSD
Ablation

The choice of RFA settings serves as an essential step
in optimizing safety and efficacy outcomes. Since the in-
troduction of generators with power-controlled mode and

irrigated catheters, maintaining constant power has become
more manageable. However, lesion-to-lesion dimensions
can still vary significantly due to dynamic current adjust-
ment based on baseline impedance. A study by Barkagan et
al. [20] demonstrated an inverse relationship between base-
line impedance and the square of the current. Keeping a low
baseline impedance allows for a higher current flow into the
myocardium, which consequently produces larger lesions
[20]. Preliminary studies have determined that doubling the
surface area of the return skin patch, while decreasing the
distance between this skin patch and the catheter tip, re-
duces the baseline impedance. This is attributed to the high
variability of the baseline impedance based on the amount
of fat or air and the location of the dispersive electrode
[20,21]. To mitigate this variability, it is recommended to
place two patches in a zone with a minimal volume of sub-
cutaneous fat while properly cleaning the skin where the
return skin patches will be applied, avoiding air bubbles.

Maintaining an optimal temperature at the catheter-
tissue interface is critical to prevent complications such
as char formation or steam-pops. The target temperature
should not exceed 50 °C. To achieve this, it is essential to
adjust the irrigation flow rate and accurately measure the
tissue temperature, taking into consideration the cooling ef-
fects of the irrigation fluid during the ablation process. In
the context of HPSDRFA, the SmartTouch Surround flow®
(STSF; Biosense Webster, Inc. Irvine, CA, USA) allows
a safe delivery of up to 50 W of power with an irrigation
flow rate of 15 mL/min [22]. When using Tacticath SE®
(Abbott, Chicago, IL, USA) or the Intellanav Stablepoint
(Boston Scientific, Marlborough, MA, USA), the irrigation
flow rate should be increased to 30 mL/min [23]. These
specific flow rates and catheter choices serve to optimize
the balance between safety and efficacy in HPSD RFA pro-
cedures.

A study by Ali-Ahmed et al. [24] demonstrated that
50W-HPSD ablation achieves a suitable temperature at a 5-
mm depth in the myocardium, potentially reducing the risk
of thermal injury of neighboring structures. This article also
showed that achieving a 4-mm lesion required 20 seconds
using a power of 20W compared to just 6–7 seconds using a
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Fig. 1. Impact of Low-Power Long-Duration and High-Power Short-Duration Techniques on Tissue Heating. Low-power long-
duration (LPLD) ablation increases the conductive heating to adjacent tissues, such as the esophagus, while the resistive heating is
limited (A). Conversely, high-power short-duration (HPSD) ablation increases the resistive heating while decreasing the conductive
heating, potentially reducing the risk of thermal injury (B).

power of 50 W [24]. This indicates that similar lesion sizes
can be accomplished with both power settings, but with a
shorter energy delivery time in the 50 W setting [24]. Ac-
cordingly, establishing a maximal ablation time and ade-
quate temperature monitoring may help to reduce the risk
of myocardial perforation and collateral damage.

The novel QDOTMICROTM catheter (BiosenseWeb-
ster, Inc. Irvine, CA, USA) was developed to deliver very
high-power short-duration (vHPSD; i.e., 90 W for 4 sec-
onds) and temperature-controlled ablation. This catheter in-
corporates six thermocouples in the outermetal shell. These
thermocouples allow for dynamic control of both irrigation
flow and power based on real-time temperature data, en-
suring a constant tissue-catheter interface temperature of
around 65–70 °C during ablation (Table 2, Ref. [19,25];
Fig. 2). When using this strategy, the RF generator should
be set correspondingly, and the CF should be kept between
5 g to 30 g. Additional touch-ups should be performed us-
ing 50 W [25]. A recent multicenter study demonstrated
that 86% of cases achieved clinical success with vHPSD ab-
lation, while 92.1% avoided the need for repeat procedures
[26]. Although there is no standardized power setting to
perform HPSD ablation, most studies have reported the use
of 40 W, 45 W, 50 W, and 90 W [16,25,27,28]. Despite the
promise of 90W settings, its use is constrained by the avail-
ability of specialized equipment and no marked long-term
outcomes difference has been shown when compared to 50
W. Therefore, HPSD ablation using power levels between
40–50 W is currently the more practical choice.

4. Efficacy and Safety of HPSD Ablation

PVI durability is highly related to consistent transmu-
ral lesion formation [19]. Maintaining a stable CF during
RF application significantly contributes to increasing lesion
size and achieving lesion transmurality [29]. Consequently,
HPSD ablation may reduce the time required to generate an
effective lesion, decreasing the time during which catheter
stability must be kept constant, and improving electrophys-
iology laboratory efficiency. Moreover, since HPSD abla-
tion reduces the conductive heating, it leads to wider and
shallower lesions than LPLD, making it preferable for thin
tissue such as the atria [19]. Thus, HPSD ablation has been
associated with a reduction in maximal esophageal temper-
atures during ablation of the posterior wall [30] and a re-
duced risk of phrenic nerve injury [31].

In a systematic review and metanalysis comparing
LPLD ablation vs. HPSD ablation for either paroxysmal or
persistent AF, HPSD ablation yielded significantly better
results [32]. Specifically, it achieved a higher rate of free-
dom from all-atrial arrhythmias (odds ratio [OR]: 1.48, 95%
confidence interval [CI]: 1.12–1.94, p = 0.005) and was
more effective in first-pass PVI (OR: 8.92, 95% CI: 2.40–
33.09, p = 0.001) [32]. Importantly, there was no signifi-
cant increase in procedural complications [32]. Likewise,
in a randomized clinical trial including 60 patients undergo-
ing catheter ablation of paroxysmal or persistent AF, HPSD
ablation resulted in a significant reduction in atrial arrhyth-
mias recurrence (10% vs. 35%; hazard ratio [HR]: 0.26; p
= 0.027) and shorter time to achieve PVI (87 minutes vs.
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Table 2. Comparison of the catheters that can be used for HPSD Ablation for Paroxysmal and Persistent AF.
Type of Catheter Advantages Disadvantages

Temperature-controlled catheters Reduces procedural time by almost 90 minutes and lowers
procedure cost without compromising safety.

Their use requires specialized training and
expertise.

-QDOT MICROTM Catheter Improved Proximal Irrigation. Longer learning curve.
(Biosense Webster Inc. Irvine, Improved Temperature Monitoring. Higher costs.
CA, USA) Higher Signal Resolution. Limited availability.

Controlled energy delivery with lower rates of complications
such as steam pops and perforations during ablation.

Lack of long-term data about the durabil-
ity of ablation lesions.

Delivers very high-power short-duration (vHPSD; i.e., 90 W
for 4 seconds) and temperature-controlled ablation.
Constant temperature (i.e., 65–70 °C) [19].
Seamlessly integrated with the CARTO® 3 System, which
combines contact force technology, 3D mapping, and ad-
vanced navigation capabilities [25].

Irrigated contact force conven-
tional RF catheters

Provides consistent movement in response to contact force us-
ing precision spring, promoting consistent lesion formation.

Risk of fluid accumulation in the heart
chambers with the irrigation.

-THERMOCOOL SMART-
TOUCH® SF Catheter - STSF

Sends accurate location reference signal via location sensor
and transmitter coil.

More complexity set up with the irrigation
system.

(Biosense Webster Inc. Irvine,
CA, USA)

Reduces ablation time. Higher risk of thrombus formation and
secondary embolic events.

-TACTIFLEXTM Catheter (Ab-
bott, Chicago, IL, USA)

Improves outcomes with more stable catheter-tissue contact
force and catheter tip direction.

Higher costs due to the additional compo-
nents required for the irrigation system.

Superior tip stability and excellent signal quality during abla-
tion.

Limited access.

Predictability with intuitive contact force arrow and deflection
direction indicator available with the EnSite X EP System.

Abbreviations: AF, atrial fibrillation; HPSD, high-power short-duration; vHPSD, very high-power short-duration; RF, radiofrequency; 3D,
three dimensional.

126 minutes; p = 0.003) compared to LPLD ablation [33].
However, large-scale randomized trials are needed to un-
equivocally establish the improved efficacy and safety out-
comes linked to HPSD ablation.

In a recently published multicenter study comparing
the safety and efficacy of power settings in HPSD abla-
tion, findings suggest comparable outcomes for both 40
W-HPSD and 50 W-HPSD ablation in patients treated for
paroxysmal AF [34]. Both power settings demonstrated
similar 12-month freedom from all-atrial arrhythmias, pro-
cedural complications, and maximum esophageal tempera-
tures. However, 50 W-HPSD ablation was associated with
shorter procedural and RF times as well as higher rate of
first-pass PVI (Fig. 3) [34]. Moreover, a systematic re-
view and metanalysis, including studies that compared vH-
PSD vs. HPSD ablation, showed similar efficacy and safety
outcomes between the two approaches [35]. In preclinical
studies, tissue temperatures achieved with HPSD ablation
guided by ablation index (AI) have been reported as similar
to those obtained with vHPSD ablation [36]. In summary,
while all forms of HPSD ablation appear to be relatively
safe and effective, subtle advantages may exist depending
on the specific power setting used.

During CA for AF, thrombus formation remains a sig-
nificant concern despite the routine use of intraprocedu-
ral heparinization, determined by increased activated clot-
ting time (ACT) levels of at least 300–350 seconds [37].
Notably, the incidence of asymptomatic cerebral emboli
(ACE) has been reported to be around 13%, but may vary
according to the imaging technique and definition [37]. A
silent cerebral event (SCE) is defined as positive diffusion-
weighted imaging (DWI) without fluid-attenuated inver-
sion recovery (FLAIR) and is not associated with cell death.
In contrast, a silent cerebral lesion (SCL) is described as
positive DWI with FLAIR due to the edema caused by cell
death. While SCEs may be detected within 24–72 hours af-
ter the procedure, SCLsmay be found up to seven days after
the ablation [38]. A recently published randomized con-
trolled trial comparing HPSD vs. LPLD ablation demon-
strated a non-significant trend of higher ACE in patients un-
dergoing HPSD RFA compared to those in the LPLD group
(40% vs. 17%; p = 0.053) [33]. This trend aligns with pre-
vious preclinical studies associating high-power standard-
duration ablations (i.e., 50 W for 30 seconds) to a higher
risk of microembolic events compared to standard RF ab-
lation power settings [39]. In a substudy of the AXAFA-
AFNET 5 Trial (Anticoagulation Using the Direct Factor
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Fig. 2. Voltagemap of the left atrium showing pulmonary vein isolation (PVI) with QDOTMICROTM catheter (BiosenseWebster,
Inc. Irvine, CA, USA). Abbreviations: LPV, left pulmonary veins; Eso, esophagus; RPV, right pulmonary veins; RPN, right phrenic
nerve; LAA, left atrial appendage; PW, posterior wall. Used with permission from Cardiotext Publishing. Amin Al-Ahmad. Hands-On
Ablation: The Expert’s Approach. Third Edition. Minneapolis, MN: Cardiotext; December 2022.

Xa Inhibitor Apixaban During Atrial Fibrillation Catheter
Ablation: Comparison to Vitamin K Antagonist Therapy),
which included 335 patients undergoing brainmagnetic res-
onance imaging (MRI) after AF ablation, acute brain le-
sions were detected in 25% of the patients [40]. Notably,
there were no differences in cognitive function between pa-
tients with and without acute brain lesions [40]. Further
clinical studies are needed to assess the association of ACE
with HPSD ablation, as well as the the short- and long-term
endpoints.

5. Ablation Endpoints
A well-established protocol should be followed to ob-

tain improved efficacy and safety outcomes. Setting ap-
propriate parameters on the RF generator is essential to
avoid excess exposure, limiting the maximum RF applica-
tion time to a few seconds, which is in line with the HPSD
ablation protocol. This can mitigate the risk of inadvertent
prolonged high-power RF application, thereby lowering the

likelihood of adverse events such as steam pops and my-
ocardial perforation [24]. Additionally, maintaining a con-
sistent CF between 10–20 g prior to initiating RF delivery
is essential. Avoiding CF above 20 g is crucial to reduce
the risk of esophageal injury in patients undergoing RF ab-
lation. Moreover, to reduce the risks associated with AF
ablation, the use of an esophageal temperature probe can
serve as a continuous monitor, guiding RF delivery. Lesion
overlap should be avoided to reduce the risk of conductive
heating of adjacent tissues. However, lesion contiguity is
vital; a distance of less than 6 mm between individual le-
sions should be preserved. Targeting an impedance drop of
10–15 ohms per lesion is another crucial measure, which
has been demonstrated to be a reliable indicator of abla-
tion efficacy (Fig. 4) [41,42]. During ablation procedures,
standard lesion quality indexes should be used as guidance.
When utilizing the CARTO 3AI, specific AI values are rec-
ommended depending on the lesion’s location. For lesions
in the anterior portion of the PVs, an AI of 550 is recom-
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Fig. 3. Comparing Ablation Strategies in Atrial Fibrillation: 50W-HPSD vs. 40W-HPSD - Procedural Efficiency and Outcomes.
50 W-HPSD ablation was associated with a significantly shorter ablation and procedural time compared to 40 W-HPSD ablation (A, B).
The rate of first-pass isolation was significantly higher in the 50 W-HPSD ablation group than in the 40 W-HPSD ablation group (C). No
difference was observed in maximum esophageal temperature and acute complications between groups (D, E). Abbreviations: HPSD,
high-power short-duration; Min, minutes; PVI, pulmonary vein isolation; RF, radiofrequency; Max. Esoph. Tempe, maximal esophageal
temperature. Used with permission from Elsevier. Costea et al. 50 W vs. 40 W During High-Power Short-Duration Ablation for Parox-
ysmal Atrial Fibrillation: A Multicenter Prospective Study. Journal of the American College of Cardiology: Clinical Electrophysiology.
in PRESS.

mended, while an AI of 400 is suggested for lesions in the
posterior portion [43]. Alternatively, if the EnSite lesion
size index (LSI) is used, specific target values are recom-
mended based on the lesion’s anatomical location. For le-
sions in the anterior segment of the PVs, a LSI of 5.2 is
advised, while a target LSI of 4 is suggested for lesions in
the posterior region [44]. These indexes help ensure ap-
propriate lesion formation during the ablation process. In
addition to these standardized indexes, the absence of the
negative component in the unipolar atrial signal can also
indicate effective ablation. This absence is thought to sig-
nify the creation of a transmural lesion, further supporting
the procedure’s efficacy [45].

6. Adjunctive Ablation Strategies
Electrical isolation of PVs is recommended during all

AF ablation procedures since the ectopic beats that induce
AF are usually located in the PVs [46]. PVI is considered
the pillar of the treatment of paroxysmal and persistent AF.
Although the dissociation of PV potentials is the key end-
point, adjunctive ablation strategies have been embraced
due to the high recurrence of atrial arrhythmia in patients

with persistent AF. These additional ablation strategies in-
clude linear ablations in the left atrium (LA) or right atrium
(RA), posterior wall isolation (PWI), LA appendage elec-
trical isolation (LAAEI), ablation of non-PV foci, ablation
of complex fractionated atrial electrograms (CFAE) and ro-
tational activity.

6.1 Posterior Wall Isolation

Although PVI is the preferred ablation technique for
patients with paroxysmal AF, its efficacy in patients with
persistent AF is suboptimal. A significant proportion of pa-
tients (up to 57%) experience arrhythmia recurrence during
follow-up [47]. A meta-analysis has reported the benefits
of combining PVI with PWI in patients with persistent AF,
showing a 26% relative risk reduction and 8% absolute risk
reduction in atrial arrhythmia recurrence [48]. Neverthe-
less, recent randomized studies performed with RF have not
confirmed these improvements in the freedom from atrial
arrhythmia recurrence [49,50]. Possible explanations for
these controversial findings include the selection of health-
ier patients (i.e., patients with a lower burden of AF, smaller
LA volumes, and shorter AF duration), in whom PVI only
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Fig. 4. Target impedance drop of 10 ohms and contact force of 15 g achieved with 50 W-HPSD ablation. Abbreviations: LAA, left
atrial appendage; LPV, left pulmonary veins; PW, posterior wall; RPV, right pulmonary veins; HPSD, high-power short-duration. Used
with permission from Cardiotext Publishing. Amin Al-Ahmad. Hands-On Ablation: The Expert’s Approach. Third Edition. Minneapolis,
MN: Cardiotext; December 2022.

may be sufficient (even though they have been labeled as
persistent based on current AF classification); as well as the
creation of incomplete transmural lesions, leading to PW re-
connection in 40%of patients and facilitating the creation of
re-entrant circuits. Notably, there are technical challenges
in performing a successful PWI, and the immediate proxim-
ity of the PW to the esophagus may preclude operators from
performing adequate ablation lesions because prolongedRF

delivery may increase the risk of an atrio-esophageal fis-
tula formation [51]. However, multiple studies have shown
similar safety outcomes in patients undergoing PWI with
HPSD ablation vs. LPLD ablation, with a low occurrence of
esophageal injury [30,52]. To reduce the risk of esophageal
thermal injury, a lower CF (<10 g) and a shorter RF deliv-
ery (i.e., 50W for 5 seconds) are recommended during PWI
using HPSD ablation.
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Fig. 5. Voltage map showing left atrial appendage electrical isolation. Abbreviations: LCx, left circumflex; LPN, left phrenic nerve.
Reprinted from JACC: EP. 2020; 6: 157–167. Romero et al. Imaging Integration to Localize and Protect the Left Coronary Artery in
Patients Undergoing LAAEI, with permission from Elsevier.

6.2 Left Atrial Appendage Electrical Isolation
In 2005, Takahashi et al. [53] reported that a patient

with paroxysmal AF had multiple foci identified in the left
atrial appendage (LAA) after PVI. The patient was success-
fully treated with CA by disconnecting this structure electri-
cally from the LA, underscoring the LAA’s role in arrhyth-
mogenesis [53]. Supporting this, the BELIEF study (Effect
of Empirical Left Atrial Appendage Isolation on Long-term
Procedure Outcome in Patients With Persistent or Long-
standing Persistent Atrial Fibrillation Undergoing Catheter
Ablation) focused on patients with non-paroxysmal AF un-
dergoing CA, and found that empirical LAAEI improved
long-term procedure outcomes [54]. During a 12-month
follow-up, a meta-analysis reported freedom from all-atrial
arrhythmia recurrence of 75.5% in patients who underwent
LAAEI vs. 43.9% in whom only standard ablation was
performed (56% relative risk reduction and 31.6% absolute
risk reduction; relative risk [RR] 0.44, 95% CI 0.31–0.64,
p< 0.0001) without increasing acute procedural complica-
tions or embolic stroke risk [55].

LAAEI is performed by delivering RF energy at the
level of the LAAostium (Fig. 5). RF settings during LAAEI
typically include a power of 45Wwhile maintaining a tem-
perature of 42 °C for a maximum of 15–18 seconds per le-
sion. Nonetheless, longer lesions may be required for the
anterior and superior edges of the LAA (which are known to
be thicker than the inferior and posterior margins) [56]. The
CF should be maintained between 15–30 g during LAAEI.

6.3 HPSD Ablation to Treat Mitral-Dependent
Macro-Reentrant Arrhythmias

Evidence supports the advantages, safety, and efficacy
of using HPSD ablation for creating circular lesions around
the PV antra during PVI procedures [57–60]. A growing
body of research is focused on broadening the scope of ap-
plications of HPSD ablation to treat other types of arrhyth-
mias and target additional areas within the LA. In particu-
lar, Zanchi et al. [61] explored the feasibility of perform-
ing anterior mitral lines (AML) and roof lines (RL) using
a hybrid approach delivering HPSD lesions but aiming for
a target AI of 500 for AMLs and 400 for RLs. A total of
35 patients were included, and 32 AMLs were performed.
First-pass block was obtained in 75% of cases while gaps
weremapped in 25% of patients, the latter showing themost
common area for persistent conduction was the middle third
of the line [61]. Acute success was reached in 97% (31/32)
of patients with a RF time of 2.9 ± 0.8 minutes, a mean
fluoroscopy time of 0.4 ± 0.6 minutes, and a mean AML
length of 62 ± 9 mm [61]. Crucially, the study revealed
no increase in complications, and although there was a 6%
incidence of steam pops, they did not have clinical signifi-
cance [61].

Case reports have described the QDOTMicro catheter
(BiosenseWebster, Irvine, CA, USA), with the ability to de-
liver temperature-controlled ablation with CF sensing. This
catheter offers flexibility in delivering either conventional
HPSD lesions at 50 W or vHPSD lesions at 90 W for 4 sec-
onds [62]. In one notable case, an ablation procedure using
the vHPSD configuration successfully terminated a mitral-
dependent atrial flutter [63]. An AMLwas established with
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a bidirectional block in less than two minutes of RF activity
[63]. During this case, 90W for 4 seconds successfully cre-
ated a cavotricuspid isthmus (CTI) line with a bidirectional
block [63].

The DiamondTempTM (DT)-catheter, a new prod-
uct from Medtronic designed for HPSD ablation in a
temperature-controlled mode, was recently evaluated to
create mitral isthmus lines (MIL) [64,65]. This device suc-
cessfully achieved bidirectional block during MIL in 19 out
of 20 patients (95%) [64,65]. The duration of applications
varied between the groups, with times of either 10 seconds
(group A) or 20 seconds (group B) [64,65]. To accomplish
a bidirectional block, 80% of patients in Group A and 50%
of patients in Group B required endocardial lesions from the
CS (coronary sinus) [65].

6.4 HPSD to Isolate the Superior Vena Cava
The superior vena cava (SVC) is one of the most com-

mon non-pulmonary vein triggers in patients with AF [66].
Although controversial, isolation of the SVC may be con-
sidered in some patients after PVI as it has been associ-
ated with potentially better procedure outcomes [67–69].
Nonetheless, the best methodology for SVC ablation has
not yet been established. Considering the success of HPSD
ablation in the LA and RA areas [57–60], researchers have
begun exploring the applicability of this technique to the
SVC.

In a 2021 study by Kusa et al. [70], 100 patients un-
dergoing PVI also received SVC isolation. The cohorts
were evenly distributed, with 50 patients assigned to the
HPSD ablation group (50 W for 4–7 seconds), and another
50 patients in the LPLD ablation group (20–25 W for 20–
30 seconds) [70]. Acute SVC isolation was successfully
achieved in 100% of patients in both groups. Nevertheless,
the HPSD ablation strategy was associated with shorter RF
times, fewer ablation lesions, and lower AIs [69]. Although
numerically higher rates of phrenic nerve injury were ob-
served in the LPLD ablation group (3 cases) compared to
the HPSD ablation group (1 case), the difference was not
statistically significant [70].

Due to the biophysical properties, HPSD lesions tend
to be shallower with a wider diameter [71]. This char-
acteristic makes HPSD ablation particularly advantageous
for SVC ablations, as it minimizes collateral damage—
especially near sensitive structures such as the phrenic
nerves, without increasing short or long-term complications
[31]. It is essential to account for the unique tissue charac-
teristics at the SVC–RA junction; these regions are gener-
ally thinner than other areas in the LA [72]. Accordingly,
the AI tends to be lower, with a mean of 379 in non-lateral
segments and 345 in lateral segments [72]. Being aware of
these specific values can reduce the risk of delivering un-
necessary long lesions and will decrease the development
of complications such as steam pops.

7. Conclusions
High-power short-duration RFA for AF relies mainly

on resistive heating while limiting conductive heating;
therefore, leading to a decreased risk of thermal injury to
adjacent structures. To achieve optimal results, appropri-
ate RF settings are essential, such as maintaining a constant
CF, avoiding excessive baseline impedance, and adjusting
irrigation flow rates. This technique allows the creation of
shallower, wider, and more durable lesions, enhancing the
success rate of PVI and reducing the risk of electrical re-
connection.

Although HPSD ablation presents a compelling alter-
native to conventional LPLD ablation, offering advantages
including improved efficacy, shorter procedural time, sim-
ilar complication rates, and better lesion contiguity, uncer-
tainties remain. The occurrence of ACE is one such con-
cern, and further studies are needed to evaluate its long-term
outcomes. Additionally, information from prospective reg-
istries and larger randomized trials are required to confirm
the efficacy and safety of HPSD ablation compared to con-
ventional methods.

Abbreviations
ACE, asymptomatic cerebral emboli; ACT, acti-

vating clotting time; AF, atrial fibrillation; AI, abla-
tion index; AML, anterior mitral lines; CA, catheter ab-
lation; CF, contact force; CFAE, complex fractionated
atrial electrograms; CTI, cavotricuspid isthmus; DWI,
diffusion-weighted imaging; FLAIR, fluid-attenuated in-
version recovery; HPSD, High-power Short-duration; LA,
left atrium; LAA, left atrial appendage; LAAEI, left atrium
appendage electrical isolation; LPLD, Low-power Longer-
duration; LSI, lesion size index; MIL, mitral isthmus lines;
PV, pulmonary veins; PVI, pulmonary vein isolation; PW,
posterior wall; PWI, posterior wall isolation; RA, right
atrium; RF, radiofrequency; RFA, radiofrequency ablation;
RL, roof lines; SCE, silent cerebral event; SCL, silent cere-
bral lesion; SVC, superior vena cava; WACA, wide antral
circumferential ablation.

Availability of Data and Materials
Not applicable.

Author Contributions
JER, JO, and PCZ conceived the initial idea of the

article, planned the structure of the manuscript, and pro-
vided advice as experts in atrial fibrillation ablation, assur-
ing adequate and thorough literature review. CH, CDM and
AFMA participated in the redaction of the first draft of the
manuscript. AFMA, CP, and DH made the initial correc-
tions, style adjustments, and corrections of the first draft.
AFMA and CP make contributions to conception and de-
sign, or acquisition of data, or analysis and interpretation
of data. CH, CDM, CP, and DH designed the figures. JO,

9

https://www.imrpress.com


PCZ, and JER reviewed and corrected the final draft im-
proving the manuscript to achieve the delivered result. All
authors contributed to editorial changes in the manuscript.
All authors read and approved the final manuscript. All au-
thors have participated sufficiently in the work and agreed
to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
Dr. Romero is a paid consultant and has re-

ceived grant support from Biosense Webster (BWI-IIS-
535) for an investigator-initiated study (The PLEA Trial
NCT04216667). Neither honoraria nor payments were
made for authorship. The remaining authors declare no con-
flict of interest.

References
[1] Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M,

Benjamin EJ, et al. Worldwide epidemiology of atrial fibrilla-
tion: a Global Burden of Disease 2010 Study. Circulation. 2014;
129: 837–847.

[2] Wilber DJ, Pappone C, Neuzil P, De Paola A, Marchlinski F, Na-
tale A, et al. Comparison of antiarrhythmic drug therapy and ra-
diofrequency catheter ablation in patients with paroxysmal atrial
fibrillation: a randomized controlled trial. JAMA. 2010; 303:
333–340.

[3] Mark DB, Anstrom KJ, Sheng S, Piccini JP, Baloch KN, Mon-
ahan KH, et al. Effect of Catheter Ablation vs Medical Ther-
apy on Quality of Life Among Patients With Atrial Fibrillation:
The CABANA Randomized Clinical Trial. JAMA. 2019; 321:
1275–1285.

[4] TuragamMK,MusikantowD,WhangW,Koruth JS,MillerMA,
Langan MN, et al. Assessment of Catheter Ablation or Antiar-
rhythmic Drugs for First-line Therapy of Atrial Fibrillation: A
Meta-analysis of Randomized Clinical Trials. JAMA Cardiol-
ogy. 2021; 6: 697–705.

[5] Natale A, Reddy VY, Monir G, Wilber DJ, Lindsay BD,
McElderry HT, et al. Paroxysmal AF catheter ablation with a
contact force sensing catheter: results of the prospective, mul-
ticenter SMART-AF trial. Journal of the American College of
Cardiology. 2014; 64: 647–656.

[6] Reddy VY, Dukkipati SR, Neuzil P, Natale A, Albenque JP,
Kautzner J, et al. Randomized, Controlled Trial of the Safety and
Effectiveness of a Contact Force-Sensing Irrigated Catheter for
Ablation of Paroxysmal Atrial Fibrillation: Results of the Tacti-
Cath Contact Force Ablation Catheter Study for Atrial Fibrilla-
tion (TOCCASTAR) Study. Circulation. 2015; 132: 907–915.

[7] Arentz T, Weber R, Bürkle G, Herrera C, Blum T, Stockinger J,
et al. Small or large isolation areas around the pulmonary veins
for the treatment of atrial fibrillation? Results from a prospective
randomized study. Circulation. 2007; 115: 3057–3063.

[8] Proietti R, Santangeli P, Di Biase L, Joza J, Bernier ML, Wang

Y, et al. Comparative effectiveness of wide antral versus os-
tial pulmonary vein isolation: a systematic review and meta-
analysis. Circulation. Arrhythmia and Electrophysiology. 2014;
7: 39–45.

[9] Aizer A, Qiu JK, Cheng AV, Wu PB, Barbhaiya CR, Jankel-
son L, et al. Rapid pacing and high-frequency jet ventilation ad-
ditively improve catheter stability during atrial fibrillation ab-
lation. Journal of Cardiovascular Electrophysiology. 2020; 31:
1678–1686.

[10] Osorio J, Zei PC, Díaz JC, Varley AL, Morales GX, Silverstein
JR, et al. High-Frequency Low-Tidal Volume Ventilation Im-
proves Long-Term Outcomes in AF Ablation: A Multicenter
Prospective Study. JACC. Clinical Electrophysiology. 2023; 9:
1543–1554.

[11] Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB,
Aguinaga L, et al. 2017HRS/EHRA/ECAS/APHRS/SOLAECE
expert consensus statement on catheter and surgical ablation of
atrial fibrillation. Heart Rhythm. 2017; 14: e275–e444.

[12] Ninomiya Y, Inoue K, Tanaka N, Okada M, Tanaka K, Onishi T,
et al. Absence of first-pass isolation is associated with poor pul-
monary vein isolation durability and atrial fibrillation ablation
outcomes. Journal of Arrhythmia. 2021; 37: 1468–1476.

[13] Sandorfi G, Rodriguez-Mañero M, Saenen J, Baluja A, Bories
W, Huybrechts W, et al. Less Pulmonary Vein Reconnection
at Redo Procedures Following Radiofrequency Point-by-Point
Antral Pulmonary Vein Isolation with the Use of Contemporary
Catheter Ablation Technologies. JACC. Clinical Electrophysi-
ology. 2018; 4: 1556–1565.

[14] Nilsson B, Chen X, Pehrson S, Svendsen JH. The effectiveness
of a high output/short duration radiofrequency current applica-
tion technique in segmental pulmonary vein isolation for atrial
fibrillation. Europace: European Pacing, Arrhythmias, and Car-
diac Electrophysiology: Journal of the Working Groups on Car-
diac Pacing, Arrhythmias, and Cardiac Cellular Electrophysiol-
ogy of the European Society of Cardiology. 2006; 8: 962–965.

[15] Otsuka N, Okumura Y, Kuorkawa S, Nagashima K, Wakamatsu
Y, Hayashida S, et al. Actual tissue temperature during ablation
index-guided high-power short-duration ablation versus stan-
dard ablation: Implications in terms of the efficacy and safety
of atrial fibrillation ablation. Journal of Cardiovascular Electro-
physiology. 2022; 33: 55–63.

[16] Ravi V, Poudyal A, Abid QUA, Larsen T, Krishnan K, Sharma
PS, et al. High-power short duration vs. conventional radiofre-
quency ablation of atrial fibrillation: a systematic review and
meta-analysis. Europace: European Pacing, Arrhythmias, and
Cardiac Electrophysiology: Journal of the Working Groups on
Cardiac Pacing, Arrhythmias, and Cardiac Cellular Electrophys-
iology of the European Society of Cardiology. 2021; 23: 710–
721.

[17] Haines DE. The biophysics of radiofrequency catheter ablation
in the heart: the importance of temperature monitoring. Pacing
and Clinical Electrophysiology: PACE. 1993; 16: 586–591.

[18] Bhaskaran A, Chik W, Pouliopoulos J, Nalliah C, Qian P, Barry
T, et al. Five seconds of 50-60W radio frequency atrial ablations
were transmural and safe: an in vitro mechanistic assessment
and force-controlled in vivo validation. Europace: European
Pacing, Arrhythmias, and Cardiac Electrophysiology: Journal
of the Working Groups on Cardiac Pacing, Arrhythmias, and
Cardiac Cellular Electrophysiology of the European Society of
Cardiology. 2017; 19: 874–880.

[19] Leshem E, Zilberman I, Tschabrunn CM, Barkagan M,
Contreras-Valdes FM, Govari A, et al. High-Power and Short-
Duration Ablation for Pulmonary Vein Isolation: Biophysical
Characterization. JACC. Clinical Electrophysiology. 2018; 4:
467–479.

[20] Barkagan M, Rottmann M, Leshem E, Shen C, Buxton AE, An-

10

https://www.imrpress.com


ter E. Effect of Baseline Impedance on Ablation Lesion Di-
mensions: A Multimodality Concept Validation from Physics to
Clinical Experience. Circulation. Arrhythmia and Electrophysi-
ology. 2018; 11: e006690.

[21] Nath S, DiMarco JP, Gallop RG, McRury ID, Haines DE. Ef-
fects of dispersive electrode position and surface area on electri-
cal parameters and temperature during radiofrequency catheter
ablation. The American Journal of Cardiology. 1996; 77: 765–
767.

[22] Chinitz LA, Melby DP, Marchlinski FE, Delaughter C, Fishel
RS, Monir G, et al. Safety and efficiency of porous-tip contact-
force catheter for drug-refractory symptomatic paroxysmal atrial
fibrillation ablation: results from the SMART SF trial. Eu-
ropace: European Pacing, Arrhythmias, and Cardiac Electro-
physiology: Journal of the Working Groups on Cardiac Pacing,
Arrhythmias, and Cardiac Cellular Electrophysiology of the Eu-
ropean Society of Cardiology. 2018; 20: f392–f400.

[23] Lo MY, Sanders P, Sommer P, Kalman JM, Siddiqui UR, Sun-
daram S, et al. Safety and Effectiveness of a Next-Generation
Contact Force Catheter: Results of the TactiSense Trial. JACC.
Clinical Electrophysiology. 2021; 7: 1013–1021.

[24] Ali-Ahmed F, Goyal V, Patel M, Orelaru F, Haines DE, Wong
WS. High-power, low-flow, short-ablation duration-the key to
avoid collateral injury? Journal of Interventional Cardiac Elec-
trophysiology: an International Journal of Arrhythmias and Pac-
ing. 2019; 55: 9–16.

[25] Reddy VY, Grimaldi M, De Potter T, Vijgen JM, Bulava
A, Duytschaever MF, et al. Pulmonary Vein Isolation with
Very High Power, Short Duration, Temperature-Controlled Le-
sions: The QDOT-FAST Trial. JACC. Clinical Electrophysiol-
ogy. 2019; 5: 778–786.

[26] Osorio J, Hussein AA, Delaughter MC, Monir G, Natale
A, Dukkipati S, et al. Very High-Power Short-Duration,
Temperature-Controlled Radiofrequency Ablation in Parox-
ysmal Atrial Fibrillation: The Prospective Multicenter Q-
FFICIENCY Trial. JACC. Clinical Electrophysiology. 2023; 9:
468–480.

[27] Francke A, Taha NS, Scharfe F, Schoen S, Wunderlich C,
Christoph M. Procedural efficacy and safety of standardized,
ablation index guided fixed 50 W high-power short-duration
pulmonary vein isolation and substrate modification using the
CLOSE protocol. Journal of Cardiovascular Electrophysiology.
2021; 32: 2408–2417.

[28] Hansom SP, Alqarawi W, Birnie DH, Golian M, Nery PB, Red-
path CJ, et al. High-power, short-duration atrial fibrillation ab-
lation compared with a conventional approach: Outcomes and
reconnection patterns. Journal of Cardiovascular Electrophysi-
ology. 2021; 32: 1219–1228.

[29] Ikeda A, Nakagawa H, Lambert H, Shah DC, Fonck E, Yulzari
A, et al. Relationship between catheter contact force and ra-
diofrequency lesion size and incidence of steam pop in the beat-
ing canine heart: electrogram amplitude, impedance, and elec-
trode temperature are poor predictors of electrode-tissue contact
force and lesion size. Circulation. Arrhythmia and Electrophys-
iology. 2014; 7: 1174–1180.

[30] Kumagai K, Toyama H. High-power, short-duration ablation
during Box isolation for atrial fibrillation. Journal of Arrhyth-
mia. 2020; 36: 899–904.

[31] Yamaji H, Higashiya S, Murakami T, Kawamura H, Murakami
M, Kamikawa S, et al. Optimal prevention method of phrenic
nerve injury in superior vena cava isolation: efficacy of high-
power, short-duration radiofrequency energy application on the
risk points. Journal of Interventional Cardiac Electrophysiology:
an International Journal of Arrhythmias and Pacing. 2023; 66:
1465–1475.

[32] Jin S, Fu L, Jiang J, Ye X, Liu H, Chen Y, et al. Compar-

ison of Effectiveness and Safety between High-Power Short-
Duration Ablation and Conventional Ablation for Atrial Fibril-
lation: A Systematic Review and Meta-Analysis. Journal of In-
terventional Cardiology. 2022; 2022: 6013474.

[33] Lee AC, Voskoboinik A, Cheung CC, Yogi S, Tseng ZH, Moss
JD, et al. A Randomized Trial of High vs Standard Power Ra-
diofrequency Ablation for Pulmonary Vein Isolation: SHORT-
AF. JACC. Clinical Electrophysiology. 2023; 9: 1038–1047.

[34] Costea A, Diaz JC, Osorio J, Matos CD, Hoyos C, Goyal S, et
al. 50W vs 40W During High-Power Short-Duration Ablation
for Paroxysmal Atrial Fibrillation: A Multicenter Prospective
Study. JACC: Clinical Electrophysiology. 2023 (online ahead of
print).

[35] Tokavanich N, Prasitlumkum N, Kewcharoen J, Chokesuwat-
tanaskul R, Phannajit J, Cheungpasitporn W, et al. Network
meta-analysis and systematic review comparing efficacy and
safety between very high power short duration, high power short
duration, and conventional radiofrequency ablation of atrial fib-
rillation. Journal of Cardiovascular Electrophysiology. 2023;
34: 869–879.

[36] Otsuka N, Okumura Y, Kuorkawa S, Nagashima K, Wakamatsu
Y, Hayashida S, et al. In vivo tissue temperatures during 90 W/4
sec-very high power-short-duration (vHPSD) ablation versus
ablation index-guided 50 W-HPSD ablation: A porcine study.
Journal of Cardiovascular Electrophysiology. 2023; 34: 369–
378.

[37] Scaglione M, Blandino A, Raimondo C, Caponi D, Di Donna
P, Toso E, et al. Impact of ablation catheter irrigation design on
silent cerebral embolism after radiofrequency catheter ablation
of atrial fibrillation: results from a pilot study. Journal of Car-
diovascular Electrophysiology. 2012; 23: 801–805.

[38] Deneke T, Jais P, Scaglione M, Schmitt R, DI Biase L,
Christopoulos G, et al. Silent cerebral events/lesions related to
atrial fibrillation ablation: a clinical review. Journal of Cardio-
vascular Electrophysiology. 2015; 26: 455–463.

[39] Konishi H, Suzuki A, Hohmann S, Parker KD, Newman LK,
Monahan KH, et al. Comparison of Microemboli Formation Be-
tween Irrigated Catheter Tip Architecture Using a Microemboli
Monitoring System. JACC. Clinical Electrophysiology. 2022; 8:
26–37.

[40] Kirchhof P, Haeusler KG, Blank B, De Bono J, Callans D, Elvan
A, et al. Apixaban in patients at risk of stroke undergoing atrial
fibrillation ablation. European Heart Journal. 2018; 39: 2942–
2955.

[41] Stabile G, Schillaci V, Strisciuglio T, Arestia A, Agresta A,
Shopova G, et al. In vivo biophysical characterization of very
high power, short duration, temperature-controlled lesions. Pac-
ing and Clinical Electrophysiology: PACE. 2021; 44: 1717–
1723.

[42] Shi LB, Wang YC, Chu SY, De Bortoli A, Schuster P, Sol-
heim E, et al. The impacts of contact force, power and appli-
cation time on ablation effect indicated by serial measurements
of impedance drop in both conventional and high-power short-
duration ablation settings of atrial fibrillation. Journal of Inter-
ventional Cardiac Electrophysiology: an International Journal
of Arrhythmias and Pacing. 2022; 64: 333–339.

[43] Hussein A, Das M, Riva S, Morgan M, Ronayne C, Sahni
A, et al. Use of Ablation Index-Guided Ablation Results in
High Rates of Durable Pulmonary Vein Isolation and Freedom
from Arrhythmia in Persistent Atrial Fibrillation Patients: The
PRAISE Study Results. Circulation. Arrhythmia and Electro-
physiology. 2018; 11: e006576.

[44] Kanamori N, Kato T, Sakagami S, Saeki T, Kato C, Kawai K,
et al. Optimal lesion size index to prevent conduction gap dur-
ing pulmonary vein isolation. Journal of Cardiovascular Electro-
physiology. 2018; 29: 1616–1623.

11

https://www.imrpress.com


[45] Pambrun T, Durand C, Constantin M, Masse A, Marra C, Meil-
let V, et al. High-Power (40-50 W) Radiofrequency Ablation
Guided by Unipolar Signal Modification for Pulmonary Vein
Isolation: Experimental Findings and Clinical Results. Circu-
lation. Arrhythmia and Electrophysiology. 2019; 12: e007304.

[46] Haïssaguerre M, Jaïs P, Shah DC, Takahashi A, Hocini M, Quin-
iou G, et al. Spontaneous initiation of atrial fibrillation by ec-
topic beats originating in the pulmonary veins. The New Eng-
land Journal of Medicine. 1998; 339: 659–666.

[47] Voskoboinik A, Moskovitch JT, Harel N, Sanders P, Kistler PM,
Kalman JM. Revisiting pulmonary vein isolation alone for per-
sistent atrial fibrillation: A systematic review andmeta-analysis.
Heart Rhythm. 2017; 14: 661–667.

[48] Romero J, Polanco D, Gabr M, Alviz I, Diaz JC, Briceno D,
et al. Posterior Wall Electrical Isolation in Patients Undergo-
ing Catheter Ablation for Paroxysmal andNonparoxysmal Atrial
Fibrillation. JACC. Clinical Electrophysiology. 2023; 9: 583–
585.

[49] Kistler PM, Chieng D, Sugumar H, Ling LH, Segan L, Az-
zopardi S, et al. Effect of Catheter Ablation Using Pulmonary
Vein Isolation with vs Without Posterior Left Atrial Wall Isola-
tion on Atrial Arrhythmia Recurrence in Patients With Persis-
tent Atrial Fibrillation: The CAPLA Randomized Clinical Trial.
JAMA. 2023; 329: 127–135.

[50] Lee JM, Shim J, Park J, Yu HT, Kim TH, Park JK, et al. The
Electrical Isolation of the Left Atrial Posterior Wall in Catheter
Ablation of Persistent Atrial Fibrillation. JACC. Clinical Elec-
trophysiology. 2019; 5: 1253–1261.

[51] Markman TM, Hyman MC, Kumareswaran R, Arkles JS, San-
tangeli P, Schaller RD, et al. Durability of posterior wall isola-
tion after catheter ablation among patients with recurrent atrial
fibrillation. Heart Rhythm. 2020; 17: 1740–1744.

[52] Baher A, KheirkhahanM, Rechenmacher SJ, Marashly Q, Khol-
movski EG, Siebermair J, et al. High-Power Radiofrequency
Catheter Ablation of Atrial Fibrillation: Using Late Gadolinium
Enhancement Magnetic Resonance Imaging as a Novel Index of
Esophageal Injury. JACC. Clinical Electrophysiology. 2018; 4:
1583–1594.

[53] Takahashi Y, Sanders P, Rotter M, Haïssaguerre M. Disconnec-
tion of the left atrial appendage for elimination of foci maintain-
ing atrial fibrillation. Journal of Cardiovascular Electrophysiol-
ogy. 2005; 16: 917–919.

[54] Di Biase L, Burkhardt JD, Mohanty P, Mohanty S, Sanchez
JE, Trivedi C, et al. Left Atrial Appendage Isolation in Patients
with Longstanding Persistent AFUndergoing Catheter Ablation:
BELIEF Trial. Journal of the American College of Cardiology.
2016; 68: 1929–1940.

[55] Romero J, Michaud GF, Avendano R, Briceño DF, Kumar S,
Carlos Diaz J, et al. Benefit of left atrial appendage electrical
isolation for persistent and long-standing persistent atrial fibril-
lation: a systematic review and meta-analysis. Europace: Eu-
ropean Pacing, Arrhythmias, and Cardiac Electrophysiology:
Journal of theWorking Groups on Cardiac Pacing, Arrhythmias,
and Cardiac Cellular Electrophysiology of the European Society
of Cardiology. 2018; 20: 1268–1278.

[56] Panikker S, Jarman JWE, Virmani R, Kutys R, Haldar S, Lim E,
et al. Left Atrial Appendage Electrical Isolation and Concomi-
tant Device Occlusion to Treat Persistent Atrial Fibrillation: A
First-in-Human Safety, Feasibility, and Efficacy Study. Circu-
lation. Arrhythmia and Electrophysiology. 2016; 9: e003710.

[57] Castrejón-Castrejón S, Martínez Cossiani M, Ortega Molina M,
Escobar C, Froilán Torres C, Gonzalo Bada N, et al. Feasibil-
ity and safety of pulmonary vein isolation by high-power short-
duration radiofrequency application: short-term results of the
POWER-FAST PILOT study. Journal of Interventional Cardiac
Electrophysiology: An International Journal of Arrhythmias and

Pacing. 2020; 57: 57–65.
[58] Chen S, Schmidt B, Bordignon S, Urbanek L, Tohoku S,

Bologna F, et al. Ablation index-guided 50 W ablation for pul-
monary vein isolation in patients with atrial fibrillation: Pro-
cedural data, lesion analysis, and initial results from the FAFA
AI High Power Study. Journal of Cardiovascular Electrophysi-
ology. 2019; 30: 2724–2731.

[59] Okamatsu H, Koyama J, Sakai Y, Negishi K, Hayashi K, Tsurugi
T, et al. High-power application is associated with shorter proce-
dure time and higher rate of first-pass pulmonary vein isolation
in ablation index-guided atrial fibrillation ablation. Journal of
Cardiovascular Electrophysiology. 2019; 30: 2751–2758.

[60] Vassallo F, Cunha C, Serpa E, Meigre LL, Carloni H, Simoes A,
Jr, et al. Comparison of high-power short-duration (HPSD) ab-
lation of atrial fibrillation using a contact force-sensing catheter
and conventional technique: Initial results. Journal of Cardio-
vascular Electrophysiology. 2019; 30: 1877–1883.

[61] Zanchi S, Chen S, Bordignon S, Bianchini L, Tohoku S, Bologna
F, et al. Ablation Index-guided high-power (50 W) short-
duration for left atrial anterior and roofline ablation: Feasibility,
procedural data, and lesion analysis (AI High-Power Linear Ab-
lation). Journal of Cardiovascular Electrophysiology. 2021; 32:
984–993.

[62] Barkagan M, Contreras-Valdes FM, Leshem E, Buxton AE,
Nakagawa H, Anter E. High-power and short-duration ablation
for pulmonary vein isolation: Safety, efficacy, and long-term
durability. Journal of Cardiovascular Electrophysiology. 2018;
29: 1287–1296.

[63] Heeger C, Vogler J, Kirstein B, Eitel C, Tilz RR. Treatment
of Macro-Reentry Atrial Tachycardia with Very High-Power,
Short-Duration, Temperature-Controlled Ablation of Anterior
Line Using an Open-Irrigated Ablation Catheter with Micro-
electrodes. The American Journal of Case Reports. 2021; 22:
e934081.

[64] Kautzner J, Albenque JP, Natale A, Maddox W, Cuoco F,
Neuzil P, et al. A Novel Temperature-Controlled Radiofre-
quency Catheter Ablation System Used to Treat Patients with
Paroxysmal Atrial Fibrillation. JACC. Clinical Electrophysiol-
ogy. 2021; 7: 352–363.

[65] Rottner L, My I, Schleberger R, Moser F, Moser J, Kirchhof
P, et al. Temperature-controlled ablation of the mitral isthmus
line using the novel DiamondTemp ablation system. Frontiers in
Cardiovascular Medicine. 2022; 9: 1046956.

[66] Arruda M, Mlcochova H, Prasad SK, Kilicaslan F, SalibaW, Pa-
tel D, et al. Electrical isolation of the superior vena cava: an ad-
junctive strategy to pulmonary vein antrum isolation improving
the outcome of AF ablation. Journal of Cardiovascular Electro-
physiology. 2007; 18: 1261–1266.

[67] Cluckey A, Perino AC, Yunus FN, Leef GC, Askari M, Hei-
denreich PA, et al. Efficacy of Ablation Lesion Sets in Addition
to Pulmonary Vein Isolation for Paroxysmal Atrial Fibrillation:
Findings from the SMASH - AF Meta-Analysis Study Cohort.
Journal of the American Heart Association. 2019; 8: e009976.

[68] Sharma SP, Sangha RS, Dahal K, Krishnamoorthy P. The role
of empiric superior vena cava isolation in atrial fibrillation: a
systematic review and meta-analysis of randomized controlled
trials. Journal of Interventional Cardiac Electrophysiology: an
International Journal of Arrhythmias and Pacing. 2017; 48: 61–
67.

[69] SimuG, Deneke T, Ene E, NentwichK, Berkovitz A, SonneK, et
al. Empirical superior vena cava isolation in patients undergoing
repeat catheter ablation procedure after recurrence of atrial fib-
rillation. Journal of Interventional Cardiac Electrophysiology:
an International Journal of Arrhythmias and Pacing. 2022; 65:
551–558.

[70] Kusa S, Hachiya H, Sato Y, Hara S, Ohya H, Miwa N, et al. Su-

12

https://www.imrpress.com


perior vena cava isolation with 50 W high power, short duration
ablation strategy. Journal of Cardiovascular Electrophysiology.
2021; 32: 1602–1609.

[71] Hijioka N, Kaneshiro T, Nehashi T, Amami K, Nodera M, Ya-
mada S, et al. Influence of power setting on superior vena cava
potential during right pulmonary vein isolation. Journal of Inter-

ventional Cardiac Electrophysiology: an International Journal of
Arrhythmias and Pacing. 2022; 65: 25–31.

[72] Cui L, Cui S, Dong S, Li J, Yu H, Song H, et al. Ablation
index-guided high-power ablation for superior vena cava isola-
tion in patients with atrial fibrillation. Frontiers in Cardiovascu-
lar Medicine. 2022; 9: 1033297.

13

https://www.imrpress.com

	1. Introduction
	2. Biophysics of HPSD radiofrequency ablation
	3. Radiofrequency Settings for HPSD Ablation
	4. Efficacy and Safety of HPSD Ablation
	5. Ablation Endpoints
	6. Adjunctive Ablation Strategies
	6.1 Posterior Wall Isolation
	6.2 Left Atrial Appendage Electrical Isolation
	6.3 HPSD Ablation to Treat Mitral-Dependent Macro-Reentrant Arrhythmias
	6.4 HPSD to Isolate the Superior Vena Cava

	7. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

