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Abstract

Background & Objectives The FlexAbilityTM SE catheter has a laser-cut 8Fr 4-mm flexible tip irrigated through laser-cut

kerfs with a thermocouple 0.3mm from the distal end. The TactiCathTM SE catheter has an 8Fr 3.5-mm tip and 6-irrigation

port with a thermocouple 2.67mm proximal to the tip. We investigated the impact of these differences on the efficacy and

safety of RF-applications. Methods RF applications at a range of powers (20W, 30W, and 40W), contact forces (5g, 15g,

and 25g), and durations (10-60s) using perpendicular/parallel catheter orientation, were performed in excised porcine hearts.

Lesion characteristics and incidence of steam pops were compared. Results 540 lesions were examined. The FlexAbilityTM SE

catheter produced smaller lesion depths (4.0mm vs. 4.4mm, p=0.014 at 20W; 4.6mm vs. 5.6mm, p=0.015 at 30W), surface areas

(22.7mm2 vs. 29.2mm2 at 20W, p=0.005; 23.2mm2 vs. 28.7mm2, p=0.009 at 30W) and volumes (126.1mm3 vs. 175.1mm3,

p=0.018 at 20W; 183.2mm3 vs. 304.3mm3, p=0.002 at 30W) with perpendicular catheter placement. However, no differences

were observed with parallel catheter placement. Steam-pops were significantly less frequently observed with the FlexAbilityTM

SE catheter (4% vs. 22%, p<0.001) irrespective of catheter direction to the tissue. Multivariate analysis showed that use of the

TactiCathTM SE catheter, power [?]40W, contact force [?]25g, RF duration >30s, parallel angle and impedance drop [?]20Ω

were significantly associated with occurrence of steam-pops. Conclusions The FlexAbilityTM SE catheter reduced the risk of

steam-pops, but produced smaller lesions with perpendicular catheter placement compared to the TactiCathTM SE catheter.
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Abstract

Background & Objectives

The FlexAbilityTM SE catheter has a laser-cut 8Fr 4-mm flexible tip irrigated through laser-cut kerfs with
a thermocouple 0.3mm from the distal end. The TactiCathTM SE catheter has an 8Fr 3.5-mm tip and
6-irrigation port with a thermocouple 2.67mm proximal to the tip. We investigated the impact of these
differences on the efficacy and safety of RF-applications.

Methods

RF applications at a range of powers (20W, 30W, and 40W), contact forces (5g, 15g, and 25g), and durations
(10-60s) using perpendicular/parallel catheter orientation, were performed in excised porcine hearts. Lesion
characteristics and incidence of steam pops were compared.

Results

540 lesions were examined. The FlexAbilityTM SE catheter produced smaller lesion depths (4.0mm vs.
4.4mm, p=0.014 at 20W; 4.6mm vs. 5.6mm, p=0.015 at 30W), surface areas (22.7mm2 vs. 29.2mm2 at
20W, p=0.005; 23.2mm2 vs. 28.7mm2, p=0.009 at 30W) and volumes (126.1mm3 vs. 175.1mm3, p=0.018
at 20W; 183.2mm3vs. 304.3mm3, p=0.002 at 30W) with perpendicular catheter placement. However, no
differences were observed with parallel catheter placement. Steam-pops were significantly less frequently
observed with the FlexAbilityTM SE catheter (4% vs. 22%, p<0.001) irrespective of catheter direction to
the tissue. Multivariate analysis showed that use of the TactiCathTM SE catheter, power [?]40W, contact
force [?]25g, RF duration >30s, parallel angle and impedance drop [?]20Ω were significantly associated with
occurrence of steam-pops.

Conclusions

The FlexAbilityTM SE catheter reduced the risk of steam-pops, but produced smaller lesions with perpen-
dicular catheter placement compared to the TactiCathTM SE catheter.

Keywords

Catheter ablation; FlexAbilityTM SE; TactiCathTM SE; Lesion size

Introduction

Radiofrequency (RF) catheter ablation is an established treatment for cardiac arrhythmias. Optimal lesion
formation and avoidance of excessive heating are necessary for effective ablation (1). Multiple factors in-
cluding power, duration, catheter-tissue contact force (CF), electrode diameter, ablation circuit impedance,
irrigation flow, tissue thickness, and myocardial blood flow have been reported to be associated with lesion
characteristics (2,3).
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. Recently, a variety of new catheters have been developed and used in a clinical setting. Since each catheter has
unique features, ablation lesion characteristics and complication rates may differ among catheters. Operators
must understand the features of each catheter to optimize efficacy and safety. The open-irrigated ablation
catheters, FlexAbilityTM SE and TactiCathTM SE (Abbott, St. Paul, MN), have different irrigation flows,
electrode sizes and locations of the thermocouple, but little is known about the effect of these differences.
The aim of this study was to investigate the lesion characteristics and adverse events of these catheters in
ex vivo conditions.

Methods

Irrigated Ablation Catheters

Two open-irrigated ablation catheters were compared. Images of the catheter tips are shown in Figure
1A. The FlexAbilityTM SE ablation catheter has a laser-cut 4-mm flexible 8Fr tip, which is irrigated from
the proximal to distal end through laser-cut kerfs, and from four holes on the distal end of the tip. The
TactiCathTM SE ablation catheter has a 3.5-mm 8Fr tip and has 6-hole irrigation holes on the side of the
tip. Both catheters have a single thermocouple embedded within the tip for temperature monitoring, and
the distance from the tip is 0.3mm in the FlexAbilityTM SE catheter and 2.64mm in the TactiCathTM SE
catheter.

Experimental Model

A circulating saline bath (400 mL/min, NaCl 3.5 g/L) isotonic to blood, a submersible load cell (KW-201,
Tanita, Tokyo, Japan), and a deflectable sheath were assembled. The load cell was installed on the bottom
of the bath with 5.0 L saline at 37°C, and a section of the left ventricular myocardium was placed on the
ground plate on a load cell apparatus. CF applied to the overlying myocardial tissue through the ablation
catheter was measured by the load cell in order to provide the same conditions between the TactiCathTM

SE (which has direct CF-sensing capability) and FlexAbilityTM SE catheters. The accuracy of CF in this
model was verified by a CF-sensing catheter with EnSite Precision (Abbott) mapping system as shown in
Supplementary Figure 1. Briefly, the correlation coefficient between the CF measured by the load cell and
CF in the TactiCathTMSE catheter was R = 0.97 for perpendicular catheter placement and R = 0.77 for
parallel catheter placement. Temperature, power and impedance values were continuously monitored during
RF delivery using the EnSite Precision cardiac mapping system.

RF applications

A calibrated roller pump (CoolPoint, Abbott) connected to the catheter delivered saline solution at 20
ml/min for the FlexAbilityTM SEM catheter and 17-30 ml/min for the TactiCathTM SE catheter (17 ml/min
at 20W and 30W, 30 ml/min at 40W) during RF delivery as recommended by the manufacturer for clinical
use of each catheter. An Ampere RF generator (Abbott) was connected to deliver 550 kHz unmodulated
sine-wave RF energy pulses in a temperature-controlled mode (maximum temperature 40). Different power
settings, contact intensities, RF duration, and catheter orientation were used during the experiment, as
discussed in the following sections.

Ablation protocol

To obtain a range of lesion sizes, myocardial lesions were created at separate sites with contact force set
at 5, 15 and 25g, and power settings set at 20, 30 and 40 W. For each contact force and power setting,
RF delivery was delivered for 10, 20, 30, 45 and 60 seconds. The catheter was placed perpendicularly and
parallelly to the tissue (Figure 1B). Three lesions for each combination of settings were created (270 lesions
for each catheter). After creating every lesion, the ablation electrode and the electrode–tissue interface were
examined for char formation. The incidence of an audible pop was noted.

Lesion assessment

After RF delivery, lesion surface was measured as shown in Figure 1C. The myocardium was cross-sectioned
along the surface length at the level of each lesion. The cross-sectioned area was also measured as shown in
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. Figure 1C. Each lesion was measured with a dial caliper with a resolution of 0.1 mm by one observer; the
observer was not blinded to the lesion protocol. Surface area and lesion volume were calculated from the
following formulae:

Lesion volume = (1/6) x π × (e2 × d + c× a2/2)

Lesion surface area = π × a/2 × b/2 (4)

Lesions with steam-pops were excluded from the lesion size analysis.

Statistical analysis

The data are presented as median (interquartile range). Continuous variables were compared by Wilcoxon
rank-sum test. Categorical variables were compared by an χ2 test or Fisher’s exact test. Significant differences
were further evaluated by using Bonferroni’s method for pairwise multiple comparisons. A P-value < 0.05
was considered statistically significant. All statistical analyses were performed with R software (The R
Foundation for Statistical Computing, Vienna, Austria).

Results

RF delivery

A summary of the total lesion count (N=270 lesions for each catheter) including steam-pops and char
formation and parameters of RF-delivery is shown in Table 1. Average power was significantly higher with
the TactiCathTM SE catheter compared to FlexAbilityTM SE (19W vs. 20W, p=0.004 at 20W setting; 27W
vs. 29W, p<0.001 at 30W setting; 34.5W vs. 38W, p<0.001 at 40W setting), reflecting the lower temperature
control rate (0% vs. 0% at 20W; 1.1% vs. 20%, p<0.001 at 30W; 3.3% vs. 46.7% at 40W). Steam-pops were
observed more frequently with the TactiCathTM SE catheter at 30W (1.1% in FlexAbilityTM SE vs. 8.9% in
TactiCathTM SE, p=0.034) and 40W (13.3% in FlexAbilityTM SE vs. 57.8% in TactiCathTM SE, p<0.001).

Lesion characteristics

Lesion characteristics are summarized in Table 2. Lesions with steam-pops were excluded from the lesion
metrics. At 20W, the TactiCathTM SE catheter provided larger lesions than the FlexAbilityTM SE catheter
(depth: 4.0mm vs. 3.8mm, p=0.021, surface area: 26.4mm2 vs. 30.0mm2, p=0.068; lesion volume: 175.1mm3

vs. 149.0mm3, p=0.067). When the catheter was placed perpendicularly to the tissue, lesion depth (4.4mm
vs. 4.0mm, p=0.014), surface area (29.2mm2 vs. 22.7mm2, p=0.005) and lesion volume (175.1mm3 vs.
126.1mm3, p=0.018) were significantly larger with the TactiCathTM SE catheter. However, when the catheter
was placed parallelly, no difference in lesion characteristics was observed between these two catheters. The
same findings were also observed at 30W and 40W settings. However, comparison of lesion sizes in 40W was
less reliable due to exclusion of multiple points due to more frequent steam-pops with the TactiCathTM SE
catheter (52/90 [57.8%] vs. 11/90 [12.2%], p<0.001).

A positive relationship between lesion volume and RF duration was observed for both catheters as shown
in Figure 2. With perpendicular catheter placement, lesions were generally larger with the TactiCathTM SE
than FlexAbilityTM SE catheters (Figure 2A,C), while no significant difference in lesion size was observed
with parallel catheter placement (Figure 2B,D).

Temperature control

As shown in Table 1, RF-regulation due to the temperature-control setting was more frequently observed
with the FlexAbilityTM SE catheter at 30W (20% vs. 0%, p<0.001) and 40W (46.7% vs. 3.3%, p<0.001)
settings. Further, as shown in Table 3, this finding was more marked with perpendicular catheter placement
than with a parallel angle at 30W (31.1% vs. 8.9%, p=0.016) and 40W (66.7% vs. 26.7%) settings, which
resulted in lower average power delivery with perpendicular catheter placement. In contrast, RF-delivery
was not frequently regulated by the temperature-control setting regardless of the catheter orientation in any
power settings with the TactiCathTM SE catheter (Table 3).
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. Adverse event rates

As shown in Table 1, no char formation was observed but 72/540 (13.3%) (n=12 with FlexAbilityTM SE and
n=60 with TactiCathTM SE, P<0.001) steam-pops were observed. At both 30W (1.1% vs. 8.9%, p=0.034)
and 40W (12.2% vs. 57.8%, p<0.001) settings, use of the FlexAbilityTM SE catheter significantly reduced
the incidence of steam-pops.

As shown in Table 4, power [?]40W (Odds ratio (OR) 53.0, p<0.001), contact force[?]25g (OR 2.1, p=0.047),
RF duration >30s (OR 8.0, p<0.001), parallel angle (OR 2.1, p=0.045), and impedance drop [?]20Ω (OR
3.0, p=0.005) remained as positive predictors of steam-pop but use of the FlexAbilityTMSE catheter (OR
0.07, p<0.001) was negatively associated with steam-pops by multivariate analysis.

Discussion

To the best of our knowledge, this is the first study comparing the lesion metrics and safety profiles of two open
irrigated ablation catheters from Abbott Medical (FlexAbilityTM SE and TactiCathTMSE), demonstrating
that:

Compared to the TactiCathTM SE catheter, use of the FlexAbilityTM SE catheter leads to a significantly
lower incidence of steam-pops, but produces smaller lesions with perpendicular catheter placement.

Regulation of RF-delivery due to the temperature-control setting was more frequently observed with the
FlexAbilityTM SE catheter.

Difference in lesion characteristics between catheters

In our study, the FlexAbilityTM SE catheter produced smaller lesions than the TactiCathTM SE catheter,
especially for perpendicular catheter placement (Figure 3A). A higher rate of temperature control in the
FlexAbilityTM SE catheter, resulting in a lower average power, can partially explain this finding. However,
lesion size was smaller with the FlexAbilityTM SE catheter with perpendicular catheter placement even at
a 20W setting, in which temperature control was not observed. Another possible explanation is that the
FlexAbilityTM SE catheter has a larger tip size of 8Fr 4mm, compared to 8Fr 3.5mm for the TactiCathTM

SE catheter. In general, the current density of a larger tip catheter is lower for the same power setting, and
therefore the current density of the FlexAbilityTM SE catheter should be lower, resulting in smaller lesion
creation under the same power settings (5). Additionally, FlexabilityTM SE has more efficient cooling effect
than TactiCathTM SE due to differences in irrigation profile.

Frequency of steam-pops

Our analysis suggests that high power, high contact force, long RF duration and large impedance de-
crease were independent predictors of steam-pop, which is consistent with previous studies (6-9). Addi-
tionally, our study demonstrated that parallel catheter placement was positively associated and use of the
FlexAbilityTMSE catheter was negatively associated with steam-pops. The safety of the TactiCathTM SE
catheter has been shown in a randomized controlled clinical study for paroxysmal atrial fibrillation patients
(10). However, the superiority of the FlexAbilityTM SE catheter in avoiding steam-pops was demonstrated in
the present study (20W:0% 30W:1.1% 40W: 12.2% in FlexAbilityTMSE, and 20W:0% 30W:8.9% 40W:57.8%
in TactiCathTM SE), whilst the incidence of steam-pops with the TactiCathTM SE catheter was similar
to the previous reports of TactiCathTM Quartz catheter (Abbott, St. Paul, MN) and IntellaNav MiFi OI
catheter (Boston Scientific, Marlborough, MA) (11,12).

Since temperature control plays an essential role in preventing steam-pops and char formation, the
FlexAbilityTM SE catheter benefits from a high temperature control rate. Although parallel catheter place-
ment was an independent predictor of steam-pop in our study, this finding has not yet been confirmed by
other studies. One study reported that greater tissue heating with a perpendicular compared to parallel
catheter placement is accompanied by increased incidence of steam pops (13). In contrast, larger lesion vol-
ume and larger impedance decrease, known as predictors of steam pop, have been observed more frequently
with a parallel than perpendicular catheter placement in several studies (14,15).
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. Although the ultimate reason for the higher incidence of steam-pops with a parallel catheter placement in
our study is unknown, we propose the following possibilities. With the TactiCathTM SE catheter, the current
density is known to be higher at the proximal region of the tip than the distal region. When the catheter is
placed parallel to the tissue, the area of high current density connects with the tissue. In the TactiCathTM SE
catheter, a lower incidence of RF regulation based on the temperature-control setting may result in a higher
average power with parallel catheter placement, leading to increased incidence of steam pops. However, the
incidence of steam-pops with the FlexAbilityTM SE catheter was generally low, and further studies including
tissue temperature monitoring are required to better understand the impact of catheter contact angle.

Regulation of RF-delivery under the temperature-control setting

As described above, regulation of RF-delivery under the temperature-control setting may impact both lesion
characteristics and steam-pop events. We demonstrate in this study that this regulation was more frequently
observed with the FlexAbilityTM SE catheter than the TactiCathTM SE catheter (60 [22%] vs. 4 [4%],
p<0.001). Firstly, this may be due to the location of the thermocouple in determining the sensitivity to
thermal change in the tissue during RF delivery. The location of the thermocouple is only 0.3 mm proximal
to the tip in the FlexAbilityTM SE catheter, compared to 2.64mm in the TactiCathTM SE catheter. Our
results compliment a previous study showing that the tip temperature of the FlexAbilityTM SE catheter
provides better safety feedback compared to the ThermocoolTM and ThermoCool SFTM catheters, where
the thermocouple is located 2.0mm and 6.6 mm from the distal end of the tip (16).

Termination of RF-delivery in the FlexAbilityTM SE catheter was more frequently observed with perpen-
dicular catheter placement. This may be due to the localized temperature measurement capability of the
catheter due to the distal placement and proximity to tissue of the thermocouple. When the catheter is
placed parallel to the tissue, the kerfs direct irrigation flow towards the tissue surface thus enabling effec-
tive cooling of the tissue (16). However, when the catheter is placed perpendicularly, the irrigation flow
spreads from proximal to distal, which may lead to relatively insufficient cooling (Figure 4, see supplemental
VIDEO).

Clinical implications

The present study suggests that RF application should be performed in accordance with the characteristics
of each catheter (Figure 3B). The FlexAblilityTM SE catheter has a thermocouple at the distal end of the tip,
which enables it to monitor tissue temperature more accurately, therefore safer RF application can be per-
formed. Although lesion volume from the FlexAbilityTM SE catheter is similar to that of the TactiCathTM

SE catheter with parallel catheter placement, it becomes smaller when the catheter is placed perpendicu-
larly. The TactiCathTM SE catheter has an advantage in creating larger lesions even with a perpendicular
placement, but in order to ensure safety, risk factors for steam-pops such as impedance decrease and contact
force should be carefully monitored, because of the lower sensitivity in measuring tissue temperature due to
the proximal location of the thermocouple.

Limitations

The primary limitation is that this study was performed on an in vitro model and the results cannot be
translated directly into clinical practice. However, these limitations similarly affect both catheters, so that
differences between the two catheters may be preserved.

Secondly, CF was measured using a submersible load cell and not using a catheter incorporating a CF
sensor in both catheters because of the absence of contact force sensing technology in the FlexAbilityTM SE
catheter. However, this technique did provide a reliable correlation to CF for the TactiCathTM SE catheter
(for perpendicular angle R = 0.97 and for parallel angle R = 0.77).

Finally, to avoid frequent temperature-control in ex-vivo setting, the flow rate (=20ml/min) was used for
FlexAbilityTM SE in this study, which may result in smaller lesions.

Conclusions

6
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. Although the TactiCathTM SE catheter produces larger lesions, the FlexAbilityTM SE catheter may reduce
adverse events during RF-delivery. Catheter angle to the tissue should be taken into consideration with the
FlexAbilityTM SE catheter in order to maintain a lesion volume similar to the TactiCathTM SE catheter.
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Tables

Table 1. Summary

Number of lesions Number of lesions

FlexAbilityTM SE TactiCathTM SE P-value
　20W 90 90
　30W 90 90
　40W 90 90
　Total 270 270

Average power (W) Average power (W)
FlexAbilityTM SE TactiCathTM SE P-value

　20W 19 [19-20] 20 [19-20] 0.004
　30W 27 [25-28] 29 [29-30] <0.001
　40W 34.5 [31-37] 38 [38-39] <0.001

Temperature control Temperature control
FlexAbilityTM SE TactiCathTM SE P-value

　20W 0 0 1
　30W 18 (20.0%) 0 <0.001
　40W 42 (46.7%) 3 (3.3%) <0.001

Steam-pop Steam-pop
FlexAbilityTM SE TactiCathTM SE P-value

　20W 0 0 1
　30W 1 (1.1%) 8 (8.9%) 0.034
　40W 11 (12.2%) 52 (57.8%) <0.001
Char formation 0 0 1

Table 2. Lesion size
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. FlexAbilityTM SE TactiCathTM SE P-value

20W
Total N=90 N=90
　Lesion depth 3.8 [2.8-4.4] 4.0 [3.1-5.0] 0.021
　Surface area 26.4 [20.3-34.7] 30.0 [23.9-34.5] 0.068
　Lesion volume 149.0 [90.3-212.1] 175.1 [99.7-279.5] 0.067
Perpendicular N=45 N=45
　Lesion depth 4.0 [2.7-4.5] 4.4 [3.3-5.4] 0.014
　Surface area 22.7 [18.8-32.5] 29.2 [23.5-37.4] 0.005
　Lesion volume 126.1 [75.7-213.7] 175.1 [97.8-281.0] 0.018
Parallel N=45 N=45
　Lesion depth 3.8 [2.9-4.2] 3.9 [3.1-4.7] 0.28
　Surface area 28.7 [24.2-39.3] 30.1 [26.7-33.8] 0.78
　Lesion volume 165.3 [101.2-229.9] 175.0 [106.7-274.8] 0.63
30W
Total N=89 N=82
　Lesion depth 4.7 [3.3-5.2] 5.0 [3.8-6.1] 0.019
　Surface area 26.9 [22.1-37.3] 30.9 [26.7-35.7] 0.23
　Lesion volume 204.8 [131.0-332.5] 281.4 [145.0-422.3] 0.011
Perpendicular N=44 N=41
　Lesion depth 4.6 [3.5-5.1] 5.4 [4.1-6.3] 0.015
　Surface area 23.2 [20.0-26.3] 28.7 [22.3-32.9] 0.009
　Lesion volume 183.2 [107.7-227.9] 304.3 [156.2-437.8] 0.002
Parallel N=45 N=41
　Lesion depth 4.9 [3.2-5.3] 4.6 [3.5-5.9] 0.39
　Surface area 34.6 [27.1-46.2] 32.7 [28.6-37.8] 0.25
　Lesion volume 241.8 [143.0-353.9] 252.5 [143.4-382.6] 0.66
40W
Total N=79 N=38
　Lesion depth 5.0 [4.0-6.0] 5.0 [4.3-6.0] 0.437
　Surface area 34.0 [28.3-44.6] 42.1 [33.7-51.7] <0.001
　Lesion volume 268.8 [163.8-392.0] 270.2 [175.2-423.0] 0.346
Perpendicular N=41 N=24
　Lesion depth 4.8 [4.0-5.9] 5.1 [4.5-6.1] 0.06
　Surface area 28.7 [21.2-33.0] 45.1 [39.1-54.2] <0.001
　Lesion volume 216.5 [127.7-288.8] 310.0 [177.2-430.5] 0.009
Parallel N=38 N=14
　Lesion depth 5.2 [4.1-6.2] 5.0 [4.0-6.0] 0.426
　Surface area 40.6 [35.0-51.7] 38.5 [31.3-46.3] 0.217
　Lesion volume 337.8 [202.9-461.9] 236.7 [180.6-418.8] 0.201

Table 3. Temperature control and average power by catheter placement

Perpendicular Parallel P-value

FlexAbilityTM SE
Temperature control
　20W 0 0 1
　30W 14 (31.1%) 4 (8.9%) 0.016
　40W 30 (66.7%) 12 (26.7%) <0.001
Average power (W)

9



P
os

te
d

on
A

u
th

or
ea

30
O

ct
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

55
99

68
.8

11
26

03
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Perpendicular Parallel P-value

　20W 20 [19-20] 19 [19-20] 0.26
　30W 25 [23-28] 28 [26-29] <0.001
　40W 31 [27-35] 36 [33-38] <0.001
TactiCathTM SE
Temperature control
　20W 0 0 1
　30W 0 0 1
　40W 3 (6.7%) 0 0.24
Average power (W)
　20W 20 [19-20] 20 [19-20] 0.83
　30W 29 [29-30] 29 [29-30] 1
　40W 38 [38-39] 39 [38-39] 0.003

Table 4. Predictors of steam-pop

Steam-Pop (-)
N=468

Steam-Pop
(+) N=72 Univariate Multivariate OR (95% CI)

Catheters TactiCathTM:
210 (44.9%)
FlexAbilityTM

SE: 258 (55.1%)

TactiCathTM: 60
(83.3%)
FlexablityTM: 12
(16.7%)

<0.001 <0.001 0.07 (0.03-0.16)
for
FlexAbilityTM

SE
Power 20W: 180

(38.5%) 30W:
171 (36.5%)
40W: 117
(25.0%)

20W: 0 (0%)
30W: 9
(12.5%) 40W:
63 (87.5%)

Power>40W
<0.001

Power>40W
<0.001

53.0
(20.8-135.0)

Contact force 5g: 164
(35.0%) 15g:
154 (32.9%)
25g: 150
(32.1%)

5g: 16 (22.2%)
15g: 26
(36.1%) 25g:
30 (41.7%)

Weight>25g
0.11

Weight>25g
0.047

2.1 (1.0-4.2)

RF duration 10s: 106
(22.6%) 20s:
102 (21.8%)
30s: 90
(19.2%) 45s:
86 (18.4%)
60s: 84
(17.9%)

10s: 2 (2.8%)
20s: 6 (8.3%)
30s: 18
(25.0%) 45s:
22 (30.6%)
60s: 24
(33.3%)

Duration>30s
<0.001

Duration>30s
<0.001

8.0 (3.6-17.4)

Parallel 128 (48.8%) 42 (57.5%) 0.16 0.045 2.1 (1.0-4.1)
Impedance
drop

17.5 [13.8-23.0] 26.0 [20.0-29.3] Imp drop>20Ω
<0.001

Imp drop>20Ω
0.005

3.0 (1.4-6.4)

Figure legends

Figure 1.

(A) Catheter tips of both catheters. The FlexibilityTMSE ablation catheter has a laser-cut 4-mm flexible
8Fr tip, which is irrigated from the proximal to distal end through the laser-cut kerfs. The TactiCathTM SE

10
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. ablation catheter has a 3.5-mm 8Fr tip and has 6-hole irrigation holes on the side of the tip. Both catheters
have a single thermocouple embedded within the tip for temperature monitoring, and the distance from the
tip is 0.3mm in the FlexAbilityTM SE catheter and 2.64mm in the TactiCathTM SE catheter.

(B) Scheme of catheter orientation. The catheter was placed perpendicularly or parallelly to the tissue.

(C) Scheme of the surface and cross-sectioned lesion. Surface area and lesion volume were calculated from
the following formulae:

surface area = π × a/2 × b/2.

lesion volume = (1/6) × π × (e2 × d + c× a2/2).

Figure 2.

Lesion volume for each power and catheter contact angle. In perpendicular lesions, lesion volume tended to
be larger for the TactiCathTM SE catheter than for the FlexAbilityTM SE catheter. However for the parallel
lesions, no significant differences were seen at any RF duration and power settings between catheters.

11



P
os

te
d

on
A

u
th

or
ea

30
O

ct
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

55
99

68
.8

11
26

03
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Figure 3.

(A) Sample image of cross-sectioned lesions. All lesions were created under the same settings of 30W, 10g
and 30s duration. The left two lesions were created by perpendicular catheter placement, whereas the right
two lesions were created by parallel catheter placement.

(B) Summary of the features of FlexAbilityTM SE and TactiCathTM SE catheter lesions.
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.

Figure 4.

The images of irrigation flow of FlexAbilityTM SE using green dye.

(A) When the catheter is placed parallel to the tissue, irrigation flow spreads both from the proximal to
distal end through laser-cut kerfs and from four holes on the distal end of the tip.
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.

(B) When the catheter is placed perpendicular to the tissue, the distal holes were obstructed the by the
tissue contact, resulted in irrigation flow spreading only from the proximal laser-cut kerfs, which may provide
insufficient cooling.

Supplementary Figure 1.

Relationship between contact force measured from the TactiCathTM SE catheter and weight on a scale. In
the perpendicular angle lesions, weight on the scale had a very strong positive linear relationship to the CF
on TactiCathTMSE (R = 0.97), whereas in the parallel angle lesions, weight on the scale had a weaker yet
still strong positive linear relationship (R = 0.77).
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