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Abstract

Background. Radiofrequency (RF) ablation is a commonly used method of atrial fibrillation (AF) treatment.
High-power short-duration (HPSD) ablation has been suggested as a method to reduce procedure times whilst
creating safe and lasting lesions. High-power ablation with contact force (CF)-sensing technology catheters
might aid in a further improvement of safety whilst generating lasting transmural lesions.

Objectives. We report our experience using lesion size index (LSI)-quided 50 W ablation with a CF-sensing
catheter of AF.

Materials and methods. We performed LSI-quided 50 W point-by-point ablation using a CF-sensing
catheter (TactiCath). Target LSI at the anterior left atrium (LA) was 5.0 and at the posterior LA it was 4.5.

Results. Altogether, 4641 RF lesions were created in 86 consecutive patients. To reach a mean LSl of 49 +0.01,
a mean RF ablation time of 14.3 +0.1 s was applied with a mean CF of 134 £0.1 g. The RF time per lesion
atthe anterior wall of LAwas 15.9 0.2, while it was 13 +0.2 s at the posterior wall of LA. We observed force
time integral (FTI) values between 36 g and 310 g. Procedure duration was 107 +4 min with a RF ablation
time of 15.4 +0.6 min. No audible steam pops occurred. No pericardial effusion was observed. After a 1-year
follow-up, no adverse events were reported and 83% of patients had no symptomatic arrhythmia recurrence.

Conclusions. We provide evidence for the safety and efficacy of L SI-quided 50 W ablation using the TactiCath
(F-sensing ablation catheter. These data support the use of high-power ablation with CF sensing technology
to improve both safety and efficacy.
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Background

Generation of transmural lesions for targeted ablation
of atrial tachycardia circuits or substrate and pulmonary
vein isolation has been proven to be of high clinical value
for the treatment of atrial rhythm disorders. Different
energy forms are used to create these lesions. Radio-
frequency (RF) energy is still the most commonly used
energy form. To achieve transmural and lasting lesions,
different settings of RF energy have been suggested with
different relative contributions of the resistive or conduc-
tive heating phase.!

Recently, high-power (250 W) short-duration (HPSD)
RF ablation with irrigated non-contact force has been
shown to be safe while reducing procedure and ablation
time, as compared to the traditional lower-power (e.g.,
35 W) longer-duration ablation.%3 Moreover, lesion width
has been suggested to be increased in HPSD as compared
to traditional ablation techniques, owing to the fact that
a substantial fraction of the ablation time is the resistive
heating phase.*

Ablation with contact force (CF)-sensing technology
catheters has been linked to enhanced procedural safety
and efficacy in traditional ablation settings.>~'° Lesion size
index (LSI) is a multiparametric index introduced to im-
prove lesion formation. It incorporates time, power, CF, and
impedance data recorded during RF ablation with CF-sens-
ing technology catheters.!!2 The LSI-guided high-power
ablation with CF-sensing technology catheters might aid
in a further improvement of safety while generating lasting
transmural lesions.

Objectives

We aim to examine the clinical safety and efficacy of LSI-
guided 50 W ablation with CF-sensing catheter in patients
with atrial fibrillation (AF).

Materials and methods
Study population

We included all consecutive patients that underwent
RF ablation for AF with a LSI-guided 50 W ablation pro-
tocol in our clinic. All clinical, imaging and procedural
data were recorded. The AF type was categorized as par-
oxysmal when lasting <1 week, or persistent when last-
ing >1 week and when electrical cardioversion was per-
formed. The study protocol was approved by the human
ethics committee of the Charité-Universistdtsmedizin
Berlin, Germany (application No. EA2/099/20). The study
is in accordance with the Declaration of Helsinki.
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Procedure and ablation settings

Prior to ablation procedures, a transesophageal echocar-
diogram was performed to exclude atrial thrombus forma-
tion, and transthoracic echocardiography was used to ob-
tain measures of left atria and left ventricle, as previously
described.!® Oral anticoagulation therapy with vitamin
K antagonists were continued, targeting an international
normalized ratio between 2 and 3. Direct oral anticoagu-
lation was paused on the morning of the procedure and
resumed after the procedure.

During ablation, patients were sedated by using bo-
luses of midazolam (3-5 mg) and a continuous infusion
of propofol (1.5—4 mg/kg/h). Fluoroscopic guided trans-
septal puncture was performed and intravenous (i.v.) un-
fractioned heparin (initial bolus 100 U/kg) was admin-
istered with an intraprocedural activated clotting time
between 300 s and 400 s. A biplane angiography of the left
atrium (LA) was performed in angulations of RAO 30° and
LAO 60° prior to ablation.

In all cases, the Abbott Ensite Precision™ system (Ab-
bott, St. Paul, USA) was used for 3-D electroanatomic
mapping with a single dispersive electrode. A decapo-
lar Abott circular mapping catheter (Inquiry Optima™)
or the multipolar HD grid catheter (both from Abbott)
were used for creating a 3-D map of the atrium and for
documenting pulmonary vein (PV) potentials. In all
cases, a point-by-point circumferential ablation of PVs
was performed.

Lesions were generated using a 3.5-mm open-tip irri-
gated TactiCath Quartz ablation catheter (Abbott) with
the Abbott Agilis™ steerable sheath (Abbott). The Tacti-
Cath Quartz ablation catheter utilizes 3 fibers for optical
force sensing via infrared laser light.!>!* It was continu-
ously flushed with 2 mL/min of normal saline solution
during mapping. Flush rate was increased to 30 mL/min
during ablation with a 1-second pre-flushing period be-
fore and 2-second post-flushing period after the abla-
tion. The RF energy was generated using an Ampere RF
generator (Abbott) with a maximal temperature of 43°C
at 50 W both at the anterior and posterior left atrial wall.

The RF energy delivery was initiated at a stable CF be-
tween 10 g and 30 g. In our LSI-guided approach, we ter-
minated RF energy delivery when a target LSI of 5.0 for
the anterior LA wall and a target LSI of 4.5 for the posterior
LA wall were reached. This conservative ablation approach
was chosen to minimize the complication rate. The RF
energy delivery for linear lesions was also performed with
a LSI-guided 50 W ablation protocol, with a targeted LSI
of 5.0 at the anterior LA wall and 4.5 at the posterior LA
wall. The target inter-lesion distance was 4 mm.

The LSI is generated from CF, impedance, power, RF
duration and, most importantly, in vivo experimental
data of lesion generation. The underlying formula is based
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on an empirical model derived from >3000 lesions in ani-
mal models and human tissue.!! It accounts for a time-
independent resistive and a time-dependent diffusive
heating component (see also Calzolari et al. and Mattia
et al.'"!®), and considers the nonlinear lesion formation
observed in vivo.

After encircling the veins, entry and exit block were con-
firmed using an Abbott circular mapping catheter (Inquiry
Optima™; Abbott) or the multipolar HD grid mapping
catheter, by documenting lack of vein potentials and failure
of pacing inside the vein.

Study outcomes

For each patient, we recorded the pre-ablation clinical
characteristics. For each ablation pulse, we obtained dura-
tion of RF application, impedance, power, CF, force time
integral (FTT), and LSI. All ablation parameters were ana-
lyzed and grouped according to the different atrial regions:
left/right upper and lower PV and anterior/posterior LA
wall. Furthermore, the rate of acute pulmonary vein isola-
tion (PVI), total RF ablation time, fluoroscopy time, and
procedure time (skin-to-skin) were documented. The oc-
currence of steam pops was noted by the operators. Trans-
thoracic echocardiography was performed after the pro-
cedure on the same day to exclude pericardial effusion.

For determination of early recurrence, all measures were
taken to obtain electrocardiography (ECG) documentation
in case of reported symptoms suggestive of arrhythmia
recurrence at the 3- and 12-month follow-up visits. This
includes either a 24-hour Holter ECG or a 12-lead ECG
at the time of the follow-up visit. Symptomatic patients
were classified as recurrences.

Table 1. Clinical characteristics by AF type

mn

Statistical analyses

Continuous variables are shown as mean + standard de-
viation (SD). Categorical variables are described as num-
bers or percentages. A correlation between type of AF (par-
oxysmal or persistent) and binary variables was analyzed
with Pearson’s 2 test. Comparisons of metric variables
between paroxysmal and persistent AF were evaluated
with Mann—Whitney U test, thereby accounting for not
nominally distributed variables. A value of p < 0.05 was
used to indicate statistical significance.

Results
Patient characteristics

A total of 86 patients with symptomatic AF were
consecutively included in this study. Patients’ baseline
clinical characteristics are given by AF type in Table 1.
The mean age in the study group was 66 +1 years. Mean
CHA,DS,-Vasc score was 2.8 +0.2. Mean LA diameter was
40.4 £0.8 mm and mean left ventricular ejection fraction
(LVEF) was 52 +1%.

The majority of patients were concomitantly treated
with a 8-blocker and inhibitors of the renin-angiotensin-
aldosterone system (Table 2). There was no statistically
significant difference in baseline characteristics between
patients with paroxysmal AF and persistent AF other than
statin and ACEi/AT1R use, which was more frequent in pa-
tients with persistent AF.

Most patients underwent de novo PVI (59% of all proce-
dures) for persistent or paroxysmal AF. De novo PVI was

Paroxysmal AF n =45

Clinical characteristics AU RIS
n=_86
Age [years] 66 *1
Male sex 55 (64%)
CAD 29 (34%)
Sleep apnea 3 (3%)
Prior stroke/TIA 9 (10%)
Hypertension 81 (94%)
IDDM/NIDDM 15 (17%)
Pacemaker 8 (9%)
LVEF [%] 52 +1
LA size [mm] 404 +08
CHA2DS-VASc 28102
EHRA score 24 +£0.1
NYHA score 22+0.2
AAD:s failed 11 (13%)

Persistent AF n = 41 (48%) (52%) p-value

66 £1 66 +2 0.92
26 (63%) 29 (64%) 092
18 (44%) 11 (24%) 0.06
1(2%) 2 (4%) 0.61
5(12%) 4 (9%) 0.62
39 (95%) 42 (93%) 0.72
11 (27%) 4 (9%) 0.03
3(7%) 5(11%) 0.55
49.5+£11.2 54.1£99 0.06
421 +1.2 389+£1.0 0.06
3202 24 %03 0.01
24402 24 +0.1 0.75
2.1+03 2.2 +05 0.94
6 (15%) 5(11%) 0.63

AF — atrial fibrillation; LA — left atrium; CAD — coronary artery disease; TIA — transitory ischemic attack; LVEF - left ventricular ejection fraction;
AAD - antiarrhythmic drugs; (N)IDDM - (non-)insulin dependent diabetes mellitus; EHRA — European Heart Rhythm Association; NYHA — New York Heart

Association. Values in bold are statistically significant.
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Table 2. Overview of the medications at baseline
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Paroxysmal AF n = 45

Medication A||npitI8e6nts
B-blocker 74 (86%)
Statine 29 (34%)
ACEI/AT1R 54 (63%)
Antiarrhythmic 11(13%)
OAK 77 (90%)

Persistent AF n =41 (48%) (52%) p-value
37 (90%) 37 (82%) 0.28
22 (54%) 7 (16%) <0.01
31 (76%) 23 (51%) 0.02
6 (15%) 5(11%) 063
39 (95%) 38 (84%) 0.11

ACEi/AT1R - inhibitors of the renin-angiotensin-aldosterone system; OAK — oral anticoagulation; AF — atrial fibrillation. Values in bold are statistically significant.

Table 3. Overview of different ablation approaches according to the underlying rhythm disorder

Paroxysmal AF n = 45

Ablation type AIInpit;;nts
De novo PVI 51 (59%)
Re-PVI 35 (41%)
Anterior mitral line 6 (7%)
Isthmus mitral line 2 (2%)
Roof line 5 (6%)
RAisthmus line 8 (9%)

Persistent AF n =41 (48%) (52%) p-value
22 (54%) 29 (64%) 031
19 (46%) 16 (36%) 031
3 (7%) 3 (7%) 047
0 (0%) 2 (4%) 0.17
2 (5%) 3 (7%) 0.72
3(7%) 5(11%) 0.55

AF — atrial fibrillation; PVI — pulmonary vein isolation; RA — right atrium.

Table 4. Ablation parameters LSI, power [W], impedance drop, FTI, and CF [g] in comparison of the anterior wall with the posterior wall

Ablation location Power [W]
Anterior (PV only) 49406 47 2
Posterior (PV only) 46 +0.5 47 +2

Impedance drop

18 7 173 £79 137

17 £5 142 £60 12+6

LSI - lesion size index; FTI — force time integral; CF — contact force; PV — pulmonary vein.

especially prevalent in paroxysmal AF patients (Table 3).
However, there were no statistically significant differences
in the ablation strategy.

In the remaining patients, re-isolation of the PVs was
performed. Additionally, patients with re-isolation of PVs
underwent linear ablation in case of inducible left atrial
tachycardias.

Procedural data

A total of 4641 RF lesions were obtained with an average
of 51 +3 lesions per patient. The LSI-guided 50 W ablation
was used for all lesions. Mean procedure duration was
107.7 +4.8 min (range: 58—187 min), with a mean total RF
time of 15.4 +0.8 min (range: 10.5-39.9 min). Mean RF
time per lesion was 14.3 +0.1 s (range: 6—50 s) and the mean
LSI was 4.9 +£0.01 (range: 3.9-6.9; Fig. 1).

The PVI or freedom from atrial tachycardia inducibility
(in cases of atrial tachycardia) were achieved in all patients
without major adverse events.

Mean LSI at the anterior part of the LA was 5 +0.01. Mean
LSI at the posterior part of the LA was 4.6 £0.01. Mean en-
ergy delivery time to reach a LSI of 5.0 was 15.9 0.2 s. Mean
application time to reach a LSI of 4.5 was 13 +0.2 s (Fig. 2).

The RF duration, FTTand impedance drop showed a con-
tinuous increase along with higher LSI ranges. However,

most importantly, even high LSI values above 5.5, charac-
terized by RF duration of 17.2 +1.3 sand a CF 0f 22.7 +0.8 g,
led to no audible or tactile steam pops or adverse events
in any of the 4641 RF applications (Fig. 2).

Safety and outcome

Overall, with regard to efficacy and safety, a complete
isolation of the pulmonary veins with entry and exit block
or freedom from AT inducibility was achieved in all pa-
tients without major adverse events. No audible steam
pops occurred and no pericardial effusion was observed.
Furthermore, in none of the studied patients, a transient
ischemic attack or stroke occurred. At 1-year follow-up,
no additional adverse events occurred (especially atrio-
esophageal fistula, symptomatic pulmonary vein stenosis
or phrenic nerve palsy). Freedom from AF or atrial tachy-
cardia was achieved in 83% of all patients.

Discussion

In the present study, we investigated LSI-guided 50 W
ablation using TactiCath CF ablation catheter for the treat-
ment of left atrial tachycardia (AF and/or left macro-
reentrant atrial tachycardia). We determined ablation
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Fig. 1. Ablation parameters. A. Contact force (CF) and radiofrequency (RF) duration per lesion; B. Lesion per procedure and impedance drop; C. Force time

integral (FTI) and mean lesion size index (LSI)

Fig. 2. Three-dimensional electroanatomic map of the LA indicating ablation sites and the respective CF as well as LSI and RF duration

CF — mean contact force in gram; LSI - lesion size index; Dur - RF duration in seconds per lesion; RF - radiofrequency; LA — left atrium. RPV - right
pulmonary vein; LPV - left pulmonary vein.
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parameters for different atrial regions and provided cath-
eter- and ablation-related data for different LSI ranges for
qualitative and quantitative lesion characterization.

The main finding of this study is that a target LSI of 5.0
at the anterior left atrial wall and 4.5 at the posterior left
atrial wall (including left atrial lines) can be safely reached
using the TactiCath CF-sensing catheter with an energy
delivery of 50 W. With a mean CF of 22.7 +0.8 g, energy
delivery time up to 17 s showed no complications. It was
also associated with short procedure times and RF energy
delivery, and low risk for arrhythmia recurrences.

The impact of CF catheters and high-power (e.g., >35 W)
ablation techniques on long-term outcomes has been studied
in several trials.®16-18 In a previous study, the sole use of CF
catheters or high-power ablation was associated with a par-
ticularly high success rate in patients with paroxysmal AF.”®

High-power ablation creates lesions with equal volumes
as compared to standard settings; however, they are wider
and less deep, most likely due to the increased resistive
heating component.?® Previous studies evaluating 50 W
ablations using non-CF catheters'®222 showed a better
long-term freedom from AF and shorter fluoroscopy and
procedural times without an increase in complication
rates, when compared with 35 W ablations using non-
CF catheters.?? In our previous experience using 35 W
ablation, mean RF application time was 30 min for atrial
ablation procedures.?® In the present study, the total RF
and procedure times were further decreased as compared
to our traditional lower-power (i.e., 30—35 W) ablation
approach.

Ablation with a CF-sensing catheter with an appropri-
ate CF has been shown to achieve a higher 1-year freedom
from AF when compared with non-CF-sensing ablation
catheters.!®2% Prediction of lesion size is an important as-
pect of safe and effective RF ablation, especially consid-
ering the known variability of myocardial wall thickness.
The FTI values above 400 g have been recommended
and a wide range of FTI values has been reported for
LSI-targeted ablation in a low-power (25-30 W) ap-
proach.’ In the present study, we observed FTI values
between 36 +2 and 310 +15. As reported by Winkle
et al.,'® the high variability of FTI makes it an inferior
target parameter as compared to LSI guidance. Physi-
cians should be aware that FT1 values during high-power
ablation may be low despite creating an effective lesion.
Traditional FTI cutoffs should be abandoned in high-
power ablation.

The LSI has been shown to be a good predictor of le-
sion size in low-power ablation settings.!1¢ A LSI of 4.5
at the posterior left atrial wall and a LSI of 5.0 at the an-
terior left atrial wall have been suggested by some studies
to predict effective lesion formation.!>* Moreover, several
animal studies support the use of 50 W ablation using CF
catheters for 5-10 5.24-26

Yet, the appropriate target LSI in high-power abla-
tion using a CF-sensing still needs to be determined. For
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example, Winkle et al., using a CF-sensing catheter and
50 W ablation strategy as in our study, used a target LSI
of 6.0 in patients in AF and a mix of LSI and “loss of pace
capture” strategy in patients in sinusrhythm. Their aver-
age RF duration per lesion was 11.2 +3.7 s. As in our study,
they could also safely isolate all PVs with short procedure
and RF ablation time.1®

In our study, to reach an average LSI of 4.9 +0.01, we needed
an average energy delivery time of 14.3 +0.1 s with a mean
CF of 13.6 £9.1 g. It is important to emphasize that an ap-
propriate CF between 10 g and 30 g appears to be paramount
to avoid unnecessary RF energy delivery, which may lead
to edema formation, which in turn makes an effective le-
sion creation at this particular site more difficult or even
impossible, thereby increasing the risk for reconnection and
arrhythmia recurrence.

Limitations

The main limitation of this study is the consecutive en-
rolment design and the single-center experience. We did
not compare LSI-guided high-power ablation to LSI-guided
traditional lower-power (e.g., 35 W) longer-duration abla-
tion protocol. Nevertheless, the study could demonstrate
that LSI-guided 50 W ablation proved to be safe, with high
acute success rates and short procedure time, whilst also
being effective in reducing documented arrhythmia recur-
rences. As we included both patients with de novo pul-
monary vein isolations and patients with redo procedures
in our study, we observed an excellent arrhythmia-free
survival of 83% during the 1-year follow-up.

Conclusions

We provide evidence for the safety and efficacy of LSI-
guided 50 W ablation using the TactiCath CF ablation
catheter. We show that a target LSI of up to 5.0in 50 W ab-
lation strategy is safe and associated with short procedure
times and a low symptomatic arrhythmia recurrence rate.

ORCID iDs

Abdul Shokor Parwani @ https://orcid.org/0000-0003-2043-7050
Felix Hohendanner @ https://orcid.org/0000-0002-0194-4615
Amelie Kluck @ https://orcid.org/0000-0002-8414-5121

Florian Blaschke @ https://orcid.org/0000-0001-7193-0318
Burkert Pieske @ https://orcid.org/0000-0002-64665306
Leif-Hendrik Boldt @ https://orcid.org/0000-0002-3320-0880

References

1. Kottmaier M, Popa M, Bourier F, et al. Safety and outcome of very
high-power short-duration ablation using 70 W for pulmonary vein
isolation in patients with paroxysmal atrial fibrillation. Europace.
2020;22(3):388-393. d0i:10.1093/europace/euz342

2. Vassallo F, Cunha C, Serpa E, et al. Comparison of high-power
short-duration (HPSD) ablation of atrial fibrillation using a contact
force-sensing catheter and conventional technique: Initial results.
J Cardiovasc Electrophysiol. 2019;30(10):1877-1883. doi:10.1111/jce.
14110



Adv Clin Exp Med. 2022;31(7):715-721

Castrejon-Castrejon S, Martinez Cossiani M, Ortega Molina M, et al.
Feasibility and safety of pulmonary vein isolation by high-power
short-duration radiofrequency application: Short-term results
of the POWER-FAST PILOT study. J Interv Card Electrophysiol. 2020;
57(1):57-65. doi:10.1007/s10840-019-00645-5

Bourier F, Duchateau J, Vlachos K, et al. High-power short-duration
versus standard radiofrequency ablation: Insights on lesion met-
rics. J Cardiovasc Electrophysiol. 2018;29(11):1570-1575. doi:10.1111/
jce13724

Kimura M, Sasaki S, Owada S, et al. Comparison of lesion formation
between contact force-guided and non-guided circumferential pul-
monary vein isolation: A prospective, randomized study. Heart Rhythm.
2014;11(6):984-991. doi:10.1016/j.hrthm.2014.03.019

Reddy VY, Shah D, Kautzner J, et al. The relationship between con-
tact force and clinical outcome during radiofrequency catheter abla-
tion of atrial fibrillation in the TOCCATA study. Heart Rhythm. 2012;
9(11):1789-1795. d0i:10.1016/j.hrthm.2012.07.016

Squara F, Latcu DG, Massaad Y, Mahjoub M, Bun SS, Saoudi N. Contact
force and force-time integral in atrial radiofrequency ablation predict
transmurality of lesions. Europace. 2014;16(5):660-667. d0i:10.1093/
europace/euu068

le Polain de Waroux JB, Weerasooriya R, et al. Low contact force and
force-time integral predict early recovery and dormant conduction
revealed by adenosine after pulmonary vein isolation. Europace.
2015;17(6):877-883. doi:10.1093/europace/euu329

Yokoyama K, Nakagawa H, Shah DC, et al. Novel contact force sensor
incorporated in irrigated radiofrequency ablation catheter predicts
lesion size and incidence of steam pop and thrombus. Circ Arrhythm
Electrophysiol. 2008;1(5):354-362. doi:10.1161/CIRCEP.108.803650

. Matsuda H, Parwani AS, Attanasio P, et al. Atrial rhythm influenc-

es catheter tissue contact during radiofrequency catheter ablation
of atrial fibrillation: Comparison of contact force between sinus
rhythm and atrial fibrillation. Heart Vessels. 2016;31(9):1544-1552.
doi:10.1007/s00380-015-0763-0

. CalzolariV, De Mattia L, Indiani, et al. In vitro validation of the lesion

size index to predict lesion width and depth after irrigated radiofre-
quency ablation in a porcine model. JACC Clin Electrophysiol. 2017;
3(10):1126-1135. d0i:10.1016/j.jacep.2017.08.016

. Shah DC, Lambert H, Nakagawa H, Langenkamp A, Aeby N, Leo G.

Area under the real-time contact force curve (force-time integral)
predicts radiofrequency lesion size in an in vitro contractile model.
J Cardiovasc Electrophysiol. 2010;21(9):1038-1043. d0i:10.1111/j.1540-
8167.2010.01750.x

. Hohendanner F, Romero |, Blaschke F, et al. Extent and magnitude

of low-voltage areas assessed by ultra-high-density electroanatom-
ical mapping correlate with left atrial function. Int J Cardiol. 2018;
272:108-112. doi:10.1016/j.ijcard.2018.07.048

. Bourier F, Gianni C, Dare M, et al. Fiberoptic contact-force sens-

ing electrophysiological catheters: How precise is the technology?
J Cardiovasc Electrophysiol. 2017;28(1):109-114. d0i:10.1111/jce.13100

15.

20.

21.

22.

23.

24,

25.

26.

21

Mattia L, Crosato M, Indiani S, et al. Prospective evaluation of lesion
index-guided pulmonary vein isolation technique in patients with
paroxysmal atrial fibrillation: 1-year follow-up.J Atr Fibrillation. 2018;
10(6):1858. d0i:10.4022/jafib.1858

. Winkle RA, Moskovitz R, Hardwin Mead R, et al. Atrial fibrillation abla-

tion using very short duration 50 W ablations and contact force sens-
ing catheters. JInterv Card Electrophysiol. 2018;52(1):1-8. d0i:10.1007/
$10840-018-0322-6

Winkle RA, Mead RH, Engel G, Patrawala RA. Atrial fibrillation ablation:
“Perpetual motion” of open irrigated tip catheters at 50 W is safe and
improves outcomes. Pacing Clin Electrophysiol. 2011;34(5):531-539.
doi:10.1111/j.1540-8159.2010.02990.x

. Reddy VY, Dukkipati SR, Neuzil P, et al. Randomized controlled trial

of the safety and effectiveness of a contact force-sensing irrigat-
ed catheter for ablation of paroxysmal atrial fibrillation: Results
of the TactiCath Contact Force Ablation Catheter Study for Atrial
Fibrillation (TOCCASTAR) study. Circulation. 2015;132(10):907-915.
doi:10.1161/CIRCULATIONAHA.114.014092

. Winkle RA, Mead RH, Engel G, et al. High-power, short-duration atri-

al fibrillation ablations using contact force sensing catheters: Out-
comes and predictors of success including posterior wall isolation.
Heart Rhythm.2020;17(8):1223-1231. d0i:10.1016/j.hrthm.2020.03.022
LeshemE, Zilberman |, Tschabrunn CM, et al. High-power and short-
duration ablation for pulmonary vein isolation: Biophysical charac-
terization. JACC Clin Electrophysiol. 2018;4(4):467-479. doi:10.1016/j.
jacep.2017.11.018

Kanj MH, Wazni O, Fahmy T, et al. Pulmonary vein antral isolation
using an open irrigation ablation catheter for the treatment of atrial
fibrillation: A randomized pilot study. JAm Coll Cardiol. 2007;49(15):
1634-1641. doi:10.1016/j.jacc.2006.12.041

Bunch TJ and Day JD. Novel ablative approach for atrial fibrillation to
decreaserisk of esophageal injury. Heart Rhythm.2008;5(4):624-627.
doi:10.1016/j.hrthm.2007.11.007

Huemer M, Wutzler A, Parwani AS, et al. Comparison of the anterior and
posterior mitral isthmus ablation lines in patients with perimitral annu-
lus flutter or persistent atrial fibrillation. J Interv Card Electrophysiol.
2015;44(2):119-129. d0i:10.1007/s10840-015-0033-1

Parwani AS, Hohendanner F, Bode D, et al. The force stability of tissue
contact and lesion size index during radiofrequency ablation: An ex-
vivo study. Pacing Clin Electrophysiol. 2020;43(3):327-331.doi:10.1111/
pace.13891

Bhaskaran A, Chik W, Pouliopoulos J, et al. Five seconds of 50-60 W radio
frequency atrial ablations were transmural and safe: An in vitro mech-
anistic assessment and force-controlled in vivo validation. Europace.
2017;19(5):874-880. d0i:10.1093/europace/euw077

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? J Interv Card Electrophysiol. 2019;55(1):9-16. doi:10.1007/
s10840-018-0473-5



