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Abstract

Introduction: Creating large lesion in ablations using the DiamondTemp (DTA) abla-
tion system may reduce the frequency of arrhythmia recurrence and allow the treat-
ment of ventricular arrhythmias. Therefore, this study aimed to investigate whether
power, application time, contact force (CF), and contact angle affect lesion formation
in the ventricles.

Methods: Ablations were delivered to porcine myocardial preps to evaluate the lesion
characteristics. Ablations were conducted with a maximum power of 50W, target
temperature of 58°C, CF of 10, 20, or 30g, and contact angle between the catheter
tip and tissue. The ablation durations were 15, 30, 60s, 15sx2, or 30sx 2.

Results: Steam pops occurred only in cases with perpendicular contact. The lesion
depth was larger in all settings in the perpendicular orientation than in the parallel
orientation. The temperatures were lower in all settings in the perpendicular orienta-
tion than in the parallel orientation. The lesions became larger as CF increased with
perpendicular contact and duration of 230s. The longer application time resulted in
larger surface area, depth, and volume of the lesion. Lesion depth was greater with
single application of 30 and 60s than with 15sx 2 and 30sx 2, respectively.
Conclusion: It is important to perform a single prolonged application as much as pos-
sible to create deeper lesions. Parallel contact with the tissue should be maintained

to take advantage of the temperature sensor's capabilities to avoid pop phenomenon.
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1 | INTRODUCTION

Radiofrequency (RF) ablation is a well-established treatment for
cardiac arrhythmias including atrial fibrillation (AF). However, 30%
of patients develop AF recurrence after ablation.!® Adequate

depth and contiguous lesion formation are necessary for successful

AF ablation.* Several studies have reported that tissue contact
force (CF), contact angle, and ablation indices are useful surrogate
measures of optimal lesion formation.>"® The novel DiamondTemp
ablation (DTA) catheter (Medtronic, Dublin, Ireland), which is a
composite-tip, diamond-embedded, temperature-sensing, saline-

irrigated RF ablation catheter was designed to allow direct and
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rapid measurement of tissue surface temperature and accu-
rate power modulation in a temperature-controlled mode. The
DIAMOND-AF trial revealed that the system was non-inferior to
CF-sensing RF ablation and have shorter RF durations and proce-
dural times.”* Although CF and contact angle were not provided
to the operator, an ex vivo study suggested that CF has little im-
pact on lesion dimensions when applying high power and short
durations.'* However, the effects of CF, contact angle, and long
application time on lesion characteristics have not been fully in-
vestigated. If deep lesions can develop while reducing the risk
of steam pop in the temperature control mode, it may lead to a
reduction in the frequency of AF recurrence as a result of recon-
nection, and DTA may be feasible for the treatment of ventricular
arrhythmias. Therefore, this experimental study aimed to investi-
gate whether power, application time, CF, and contact angle affect

lesion formation in the ventricles.

2 | METHODS

2.1 | Ablation system

The DTA catheter has an exclusive diamond shunt network, which
has a high thermal conductivity that is 200-400 times higher than
that of platinum-iridium, and enables rapid catheter tip cooling.'?
The catheter had six external thermocouples, three of which were
located on the distal tip, and another three were proximal to the

composite RF electrode. The industrial diamond-embedded catheter

tip allowed for real-time power titration according to the tip-to-
tissue temperature recorded every 20ms by the generator. These
features prevent overheating during RF delivery in a temperature-
controlled ablation mode. As saline flows through the diamond
network, very little heat is retained, thereby reducing hotspots at
catheter tip. The high thermal conductivity and temperature sam-
pling every 20ms also allow the irrigation to be low flow rate of
8mL/min. The distal electrode diameter is 0.6 mm and the distance
between electrodes is 0.5 mm, allowing high-resolution intra-cardiac

potential measurements.

2.2 | Study design and ablation protocol

The ex vivo experimental setup of the DTA system and thermal
conditions are shown in Figure 1. Commercially obtained swine
hearts excised within 24-72h were preserved in a fresh state and
used for this ex vivo experimental model. The bath was constantly
perfused with saline solution at 37°C. While no perfusion was car-
ried out within the myocardium, a circulating saline bath to simu-
late blood flow. To eliminate the influence of epicardial fat, only
the endocardial surface of the porcine heart has been utilized.
A stainless steel plate at the bottom of the saline pool was con-
nected to a generator and used as a ground electrode. The cath-
eter irrigation rate is set to the manufacturer's recommended flow
rate. That is, 8mL/min while energized and 2mL/min when not
energized. Ablations were conducted with a maximum power of
50W, target temperature of 58°C, contact forces (CF) of 10, 20, or

Perfusion
0.1m/sec

Drainage hole
for perfusion

FIGURE 1 Exvivo experimental model. The saline solution to be perfused was maintained at 37°C. The output and energizing duration
were controlled by using the DiamondTemp ablation system (Medtronic, Dublin, Ireland). The DiamondTemp catheter was secured to the

introducer and the contact angle and force were maintained.
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30g, and contact angle between the catheter tip and tissue (per-
pendicular or parallel contact). The ablation durations were 15, 30,
or 60s. Additionally, ablation was performed twice on the same
site in 15 or 30s; repeat ablation on the same site was applied
for the same duration after the first delivery of RF in 15 or 30s.
In the present study, the two applications for 15 and 30s were
denoted as “15x2s” and “30x2s”, respectively. The CF was ac-
curately maintained using a load control box, which automatically
controlled the CF obtained from the load cell that held the cath-
eter (Figure 1). The myocardial thickness ranges from 10-15mm
and four lesions were created for each setting. Each lesion was
measured with a digital caliper with a resolution of 0.1 mm by two
different observers blinded to the lesion protocol. We evaluate
the lesion characteristics (surface length and width, maximum
depth and width, depth to maximum length, surface area, and
volume) (Figure 2), generator impedance drop during RF delivery,
steam-pop incidence, and maximum and minimum temperatures.
“Maximum temperature” means a maximum temperature during
application, whereas “minimum temperature” means minimum
value of the six thermocouples at the moment the “maximum
temperature” is recorded at any electrode during a RF delivery.
Temperature data were extracted every second, although they
were recorded every 20 ms using the DTA generator system. The
variables were compared based on the ablation duration, CF, and
contact angle. For simplicity, the ablation settings were as follows:
if the CF was 30g, the perpendicular angle and duration were 155,
then 30g/perp/15s.

2.3 | Statistical analyses

All statistical analyses were conducted using the JMP software
(version 16.0; SAS Institute, Inc., Cary, NC, USA). Continuous
variables are presented as medians and interquartile ranges. The
Mann-Whitney U and Kruskal-Wallis tests were used to assess sig-
nificant differences in continuous variables. Categorical variables
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are described as frequencies and percentages. The chi-square test
was used to compare categorical variables. Statistical significance

was set at p<.05.

3 | RESULTS

3.1 | Difference inlesions among CFs

Altogether, 120 lesions were analyzed in the present study. The
prepared myocardial thickness was 11.6 mm (11.0-12.6). Of the 80
lesions created by single RF application, the temperature-based
power titration mode worked in 74 lesions. The measured vari-
ables are listed in Table 1. The lesion depth and volume were sig-
nificantly larger in the setting with a CF of 30g than in the setting
with a CF of 10g when the energizing durations were 30 and 60s,
but not for a duration of 15s in the perpendicular orientation. The
surface area was significantly larger in the setting with a CF of
30g than in the setting with a CF of 10g for all the energizing
durations.

In the parallel contact group, there were no significant differ-
ences in lesion diameter, depth, surface area, or volume among the
CFs. The only significant difference was found in the depth of maxi-
mum width, which was approximately 0.1-0.2mm.

3.2 | Difference by contact angle

The depth of the lesions was relatively larger in all settings in the
perpendicular orientation than in the parallel orientation, and the
difference was 0.2-2.0mm. The surface area was larger with per-
pendicular contact in 12 (80.0%) cases, except for 10, 10, and
20g/15s. The maximum and minimum temperatures were lower in
all settings in the perpendicular orientation than in the parallel ori-
entation, and the difference was significant in seven (46.7%) and six
(40.0%), respectively.

(@)

(a) Short diameter

(b) Long diameter

BN

(c) Maximum depth

(d) Maximum diameter

‘ Long-axis cross-sectional image ‘

(e) Depth to maximum diameter

> (b)

FIGURE 2 Schema of the surface and
long-axis cross-section of the lesions.

@]

Lesion surface area=mn * a/2 * b/2

Lesion volume = (1/6) * nt (d?*c + e*b2/2)

Surface area and lesion volume were
calculated using the following formula:
surface area=nxa/2xb/2; and lesion
volume=(1/6)x nx(e2xd+cxa2/2).

©
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TABLE 1 Lesion size and change in resistance and temperature during energization per contact force.

Perpendicular orientation

Application duration, s 15 30

Contact force, g 10 (n=4) 20 (n=4) 30 (n=4) p value 10 (n=4)

Long diameter, mm 7.2 (6.1-7.6) 7.0 (6.7-7.3) 7.4 (7.3-7.6) 199 8(6.6-7.1)
Short diameter, mm 5.9 (5.4-6.1) 6.6 (5.6-7.0) 7.1(6.8-7.2) .030 6(6.5-6.6)
Depth, mm 4.3 (4.1-4.4) 4.5(3.9-4.7) 4.5(4.2-4.6) 471 6(5.5-5.6)
Maximum width, mm 8.1(7.9-8.4) 8.2 (8.0-8.5) 8.5(8.1-9.3) 276 5(9.2-10.0)
Depth of maximum width, mm 1.6(1.5-1.7) 1.8(1.7-2.1) 1.8(1.8-2.2) .036 0(1.9-2.0)
Surface area, mm? 34.3(26.1-35.4) 35.4 (30.2-39.6) 40.9 (40.1-41.9) .030 35.3 (34.2-36.8)
Volume, mm?® 171.1(150.3-183.3)  183.2(157.4-195.6)  195.0(172.4-233.9) .246 287.6 (271.2-313.0)
Steam pop, n (%) 0 (0%) 0 (0%) 0 (0%) N/A 3 (75%)

Initial impedance, Ohm 81.0(77.8-82.0) 82.5(81.0-82.8) 81.0(80.3-82.5) .590 81.5(77.8-83.8)
Minimum impedance, Ohm 72.5(71.3-74.5) 72.0(70.5-72.8) 77.0 (75.3-78.9) .025 71.0(71.0-73.3)
Impedance drop, Ohm 14.0 (13.3-14.8) 13.5(12.3-14.8) 13.0(12.0-14.0) 467 12.5(11.3-13.0)
Impedance drop, % 16.2 (15.1-17.2) 15.7 (14.5-17.3) 14.4 (13.4-15.4) 161 14.7 (13.5-15.5)
Maximum temperature, °C 61.0 (60.6-61.2) 59.2 (58.9-60.3) 59.5(59.3-59.7) .032 60.3 (59.2-60.5)
Minimum temperature, °C 53.7 (53.5-53.7) 53.3(53.1-53.9) 51.2 (48.0-53.3) .095 55.4 (54.5-56.5)
Total energy, J 720 (676-744) 600 (576-656) 596 (585-613) .025 1497 (1233-1499)
Parallel orientation

Application duration, s 15 30

Contact force, g 10 (n=4) 20 (n=4) 30(n=4) p value 10 (n=4)

Long diameter, mm 7.7 (7.4-79) 7.6 (7.2-7.7) 7.7 (7.4-8.1) 584 7.5(7.2-8.0)
Short diameter, mm 6.1(6.0-6.2) 6.7 (6.5-7.0) 6.3(5.9-6.4) .031 6.5 (6.4-6.6)
Depth, mm 4.1(3.8-4.3) 4.5(4.3-4.6) 4.2 (4.1-4.4) .092 5.0 (4.9-5.2)
Maximum width, mm 8.5(8.0-9.2) 9.1(8.5-9.4) 8.7 (8.4-9.0) .351 10.6 (9.6-11.5)
Depth of maximum width, mm 1.5(1.4-1.6) 1.8(1.6-1.9) 1.7 (1.6-1.9) .039 2.1(1.9-2.5)
Surface area, mm? 36.6 (35.5-38.1) 39.6 (39.0-40.4) 37.3(36.3-39.0) .044 38.0 (36.7-41.6)
Volume, mm?® 172.4 (157.9-210.0) 223.3(193.1-234.6)  196.1(182.2-207.9) 138 319.7 (273.1-402.7)
Steam pop, n (%) 0 (0%) 0 (0%) 0 (0%) N/A 0 (0%)

Initial impedance, Ohm 86.5(86.0-87.8) 85.0 (84.3-86.5) 90.0 (87.8-92.3) .027 84.0 (82.5-85.5)
Minimum impedance, Ohm 67.5 (64.5-69.8) 69.5 (69.0-70.0) 71.0(70.0-73.0) .045 68.0 (65.3-70.8)
Impedance drop, Ohm 13.0(12.3-13.8) 12.0(12.0-12.0) 10.5(9.3-12.5) 102 13.0(12.3-13.8)
Impedance drop, % 16.4 (14.9-17.4) 14.8 (14.7-15.5) 13.0(11.5-15.1) .077 15.6 (15.5-17.0)
Maximum temperature, °C 59.6 (59.2-59.9) 60.2 (59.8-60.8) 60.8 (60.1-61.4) .036 59.3(58.9-60.3)
Minimum temperature, °C 55.9 (54.3-56.3) 55.0 (54.7-56.8) 55.5(55.2-56.2) 779 54.3 (583.2-55.7)
Total energy, J 594 (545-693) 519 (494-539) 493 (487-514) .015 1190 (1044-1377)

3.3 | Difference in lesions among the RF durations

15 and 30s (Figure 4).

In all settings, the lesion depth increased with energization dura-

tions of 15, 30, and 60s in that order. Figure 3 showed the original

image of the lesion, as the diameter and depth of the lesions. The 3.4

Kruskal-Wallis test showed that the differences were statistically

significant among the RF durations. The surface area at 10, 20,

30, and 10g/perp also increased with increasing energization du-
ration. At 20 and 30g/parallel, the surface area was greater in
a setting with a duration of 60s than that with a duration of 15

and 30s, but no significant differences were observed between

Difference between two-time and single
applications

The lesion depth was greater with a duration of 30s than with a du-
ration of 15sx 2, except for 30g/perp, and the difference was statis-
tically significant at 10g/perp and 10g/parallel (Table 2). Conversely,
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20 (n=4) 30 (n=4) p value 10 (n=4) 20 (n=4) 30 (n=4) p value
8.7 (8.4-9.1) 8.7 (7.9-8.9) .024 0(8.0-8.1) 2(8.5-10) 0(8.9-9.2) .022
8.0(7.8-8.2) 8.3(7.6-8.6) .023 5(7.5-8.0) 8(8.0-9.4) 8(8.5-9.2) .039
6.0(5.7-6.5) 6.1(6.0-6.2) .023 4(7.3-7.9) 0(7.1-8.5) 2(7.2-7.3) 217
9.8 (9.6-10.1) 10.2 (10.0-10.6) .092 10.5 (10.2-10.5) 11.2 (10.7-11.4) 11.8(11.4-12.6) .011
2.3(2.2-2.8) 2.0(2.0-2.1) .023 2.1(2.1-2.1) 2(2.0-2.3) 2(2.2-2.3) 107
54.5(52.1-58.4) 56.8 (47.6-58.9) .024 47.0 (46.8-50.9) 64.2 (53.4-73.3) 61.9 (59.5-66.4) .038
361.2 (323.8-378.3) 369.2(355.5-400.3)  .035 461.5(432.6-486.8) 557.6 (490.3-625.4) 576.1(531.5-650.0)  .031

0 (0%) 1(25%) .043 3 (75%) 3(75%) 3(75%) 1
78.0(77.0-80.5) 81.5(81.0-82.0) 158 82.0(77.3-84.5) 84.5(81.0-85.0) 79.5(77.5-82.3) 186
71.0(70.0-72.3) 74.0 (74.0-74.8) .035 71.0(70.3-71.0) 70.0 (62.5-71.5) 73.0(73.0-73.0) .016
12.0(11.3-12.8) 12.0(9.8-15.0) .905 13.0(11.5-13.0) 11.5(11.0-21.8) 15.5(13.0-19.5) 267
14.6 (13.5-15.1) 14.0 (11.3-16.8) .838 15.5(13.9-15.6) 14.1 (13.3-25.7) 17.4 (15.1-22.8) 498
59.4 (59.0-59.8) 59.3(58.9-59.7) .263 58.4(57.8-59.3) 59.5(58.9-60.1) 59.6 (57.7-60.8) .524
53.7 (52.9-54.2) 52.5(49.3-54.9) .058 54.8 (53.2-55.3) 53.1(51.5-54.5) 51.6 (49.3-52.6) .048
1385 (1321-1419) 1394 (1188-1450) .310 2947 (2487-2998) 2784 (2326-2862) 2893 (2718-2950) .280
60

20 (n=4) 30(n=4) p value 10 (n=4) 20 (n=4) 30 (n=4) p value
7.9 (7.7-8.1) 7.3(7.1-7.6) 118 7.8 (7.5-7.9) 8.2 (7.4-9.1) 8.4(8.2-8.9) 1225
6.4 (6.0-6.8) 6.5(5.9-6.5) .874 7.2 (7.0-7.4) 7.3 (7.0-7.6) 7.4(7.1-8.2) .688
5.4 (5.3-5.6) 5.3(5.0-5.5) .046 6.4 (6.2-6.5) 6.0(5.5-6.3) 6.9 (6.5-7.0) .065
9.5(9.4-9.9) 9.9 (9.6-10.4) .138 10.3 (9.8-10.5) 9.6 (8.9-10.7) 11.4 (10.7-11.6) 134
1.9 (1.8-2.0) 2.3(2.2-2.3) .037 2.3(2.2-2.4) 2.1(2.0-2.2) 2.4(2.2-2.5) .020
39.0 (37.6-43.0) 36.4 (34.0-38.4) .138 44.3 (40.9-45.3) 47.9 (41.4-52.4) 48.1 (46.5-57.1) 119
291.1(283.5-303.3) 297.8(292.9-326.1) 437 386.1(352.0-411.2) 312.6 (280.4-403.2) 500.0 (455.9-527.5) .055
0 (0%) 0 (0%) N/A 0 (0%) 0 (0%) 0 (0%) N/A
83.0(82.0-84.8) 86.0 (86.0-89.0) .034 83.5(82.3-84.0) 82.5(81.3-84.5) 86.0 (84.5-89.8) .051
67.5 (67.0-68.0) 69.5 (69.0-70.0) .237 67.5 (64.5-71.3) 70.0 (69.0-71.8) 68.5 (68.0-69.0) 244
10.5(9.3-13.3) 12.0(12.0-12.0) 143 11.0(9.3-13.5) 13.0(11.3-15.5) 13.5(12.3-14.8) .288
13.5(12.0-16.4) 14.7 (14.6-14.8) .076 13.8(11.9-16.4) 15.4(13.9-18.2) 16.3(15.4-18.1) .287
60.4 (60.2-60.8) 60.5 (60.2-61.1) 157 60.2 (60.0-60.6) 60.1 (59.7-60.4) 59.9 (59.0-60.2) .308
54.2 (53.5-57.0) 55.9 (54.7-57.4) .298 55.9 (53.1-56.4) 54.9 (52.6-60.0) 55.9 (54.2-56.4) .542
880 (844-897) 828 (808-873) .018 2202 (1823-2511) 1634 (1546-1714) 1505 (1472-1587) .013

the depth was significantly greater with a duration of 15sx2 at 30g/
perp. The surface area was significantly larger with a duration of 30s
than with a duration of 15sx2 for 10g/perp, 20g/perp, and 20g/
parallel. Conversely, the surface area was larger with the duration of
15sx2inthe 10 and 30g/parallel conditions, but the difference was
not statistically significant.

The lesion depth was larger in settings with a duration of 60s
than in those with a duration of 30sx 2 in all settings, except for
30g/perp, and the difference was statistically significant at 10g/
perp. Although the surface area was greater at a 60s energization

duration than at a 30sx2 energization duration for all settings,
except for 10g/parallel, this difference was not statistically

significant.
3.5 | Characteristics of RF application with
steam pop

A steam pop occurred in 21 (35.0%) out of the 60 lesions with perpen-
dicular contact. However, no pops were observed with the ablation
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Perpendicular 15sec 15secx2 30sec 30secx2 60sec
Long Diameter, mm 7.0 (6.7-7.3) 7.2 (6.5-7.8) 8.7 (8.4-9.1) 8.8 (7.8-9.4) 9.2 (8.5-10)
Lesion Depth, mm 4.5 (3.9-4.7) 5.8 (5.5-5.9) 6.0 (5.7-6.5) 7.4(7.1-9.2) 8.0 (7.1-8.5)

A ——

Parallel 15sec 15secx2 30sec 30secx2 60sec
Long Diameter, mm 7.6 (7.2-7.7) 7.1(6.4-7.6) 7.9(7.7-8.1) 7.4(7.3-7.8) 8.2(7.4-9.1)
Lesion Depth, mm 4.5 (4.3-4.6) 5.2 (4.7-5.4) 5.4 (5.3-5.6) 5.8 (5.6-5.9) 6.0 (5.5-6.3)

FIGURE 3 Anexample of the appearance of a lesion categorized
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FIGURE 4 Box-and-whisker diagram showing the relationship between energization time and lesion size. In all settings, the lesion depth
increased with energization durations of 15, 30, and 60s in that order except for the surface area with a contact force of 20g and parallel
contact angle. The Kruskal-Wallis test showed that the differences were statistically significant.

duration of 15s. On the other hand, it did not occur in those with par-
allel contact, regardless of the application duration. A comparison of
lesions with and without the pop phenomenon showed that the time
to reach the set temperature limit of 58°C was significantly longer
for lesions with the pop phenomenon (9.0s [5.0-18.0] vs. 3.0s [3.0-
5.0], p<.001). The maximum temperature did not reach 58°C in six

(28.6%) of the 21 lesions with steam pop, and the average output dur-
ing energization was higher in lesions with steam pop (30s, 40.0W
[27.4-40.0] vs. 50.0W [50.0-50.0], p<.001; 60s, 35.0W [24.1-40.0]
vs. 50.0W [49.4-50.0], p <.001). The difference in baseline generator
impedance between with and without steam pop was not significant
(84.0Q[82.5-86.0] vs. 83.0Q [81.0-85.0], p=.095).



NOMURA €T AL.

-WI LEYJﬂ

Souwnal ’y’ ' O%Z/gylé//

74

TABLE 2 Comparison of lesion size between the application durations of 15sx2 and 30s and between 30sx 2 and 60s.

15sx2 30s
10g
Perpendicular
Surface area, mm? 26.9 (26.4-27.1)

Lesion volume, mm® 220.7 (209.9-231.9)

35.3(34.2-36.8)

Parallel
Surface area, mm? 41.7 (40.0-41.8)
218.3 (117.5-230.3)

38.0(36.7-41.6)
Lesion volume, mm?®
20g
Perpendicular
Surface area, mm? 39.4(32.0-43.4)
244.8 (217.5-252.1)

54.5(52.1-58.4)
Lesion volume, mm?
Parallel
Surface area, mm? 32.8(29.8-32.9)
Lesion volume, mm?® 235.1(218.1-258.3)

30g

39.0(37.6-43.0)

Perpendicular
Surface area, mm? 52.3(50.0-54.5)

Lesion volume, mm?® 406.0 (393.3-432.6)

56.8 (47.6-58.9)

Parallel
Surface area, mm? 40.1 (37.1-45.5)
227.7 (204.7-241.0)

36.4 (34.0-38.4)

Lesion volume, mm?®

4 | DISCUSSION

This study aimed to investigate whether power, application time,
CF, and contact angle affect lesion formation in the ventricles.
The experiment demonstrates some interesting observations.
First, CF had an effect on lesion size only when the application
duration was more than 30s and the contact angle was perpen-
dicular. Second, a deeper lesion developed in cases with a perpen-
dicular contact and steam pops occurred only when the contact
angles were perpendicular. Third, a single prolonged energization
was associated with larger lesions compared to a double shorter

energization.

4.1 | Effectof CF

In this experiment, as in previous reports, there was no significant
difference in either depth or surface area with increasing CF for a
short duration of 15s.1 However, the lesions became larger as the
CF increased when the contact angle was perpendicular and the du-
ration was >30s. Although the difference was not significant in the
cases with parallel contact, the depth and surface area were always
greater when the CF was 30g than when it was 10g. These results
suggest that CF may influence the lesion size even with DTA if the
energization duration is 230, as previously reported for CF-sensing

ablation catheters.>81%14

287.6(271.2-313.0)

319.7 (273.1-402.8)

361.2(323.8-378.3)

291.1(283.5-303.3)

369.2 (355.5-400.3)

297.8(292.9-326.1)

p value 30sx2 60s p value
.03 46.1(44.9-52.2) 47.0 (46.8-50.9) 63
.03 431.4(384.5-439.2) 461.5(432.6-486.8) .11
.29 45.8 (42.4-47.7) 48.1 (46.5-57.1) A1
.03 400.0 (344.4-516.4)  500.0 (455.9-527.5) .49
.03 58.7 (43.9-66.3) 64.2 (53.4-73.3) 34
.03 395.5(335.3-578.2)  557.6 (490.3-625.4) .2
.03 39.4(38.6-40.1) 47.9 (41.4-52.4) 14
.03 406.8 (375.8-414.4)  312.6(280.4-403.2) .34
34 60.8 (58.5-63.7) 61.9 (59.5-66.4) 49
11 609.5(573.3-758.7)  576.1(531.5-650.0) .49
2 47.9 (45.2-50.7) 44.3 (40.9-45.3) 057
.03 357.1(332.7-403.3) 386.1(352.0-411.2) .49
4.2 | Effect of contact angle on lesion size

A previous clinical or ex vivo experimental study reported that le-
sions were smaller and shallower with perpendicular contact.*>*¢
Contrarily, in an ex vivo experimental study, a deeper lesion devel-
oped in cases with a perpendicular contact.”” In the perpendicu-
lar contact, the output control by the temperature control system
started to limit later than in the parallel contact in the experiment,
and therefore, higher currents were delivered until the temperature
limit.*® It is possible that the DTA catheter had six thermocouples
located at the distal tip and proximal site. Therefore, in perpendicu-
lar contact, the thermocouples at the proximal tip are not in contact
with the tissue, whereas in parallel contact, one or two sensors at
the proximal tip are in contact with the tissue and may reflect the
tissue temperature more accurately.

4.3 | Effect of longer RF delivery

Under similar CF and contact angle conditions, the surface area,
depth, and volume of the lesion increased with longer application
times. Therefore, extending the energization duration may be ef-
fective in creating deeper and larger volumes, particularly for the
ablation of ventricular arrhythmias. Recently, it has been repeat-
edly reported that deeper lesions develop with standard ablation
therapies rather than with therapies with high power and short
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and these results are not surprising, as longer energiza-
tion duration allows for deeper and larger lesion creation. However,
our study showed that steam pops occurred at an energization dura-
tion of 230s with a perpendicular contact. If the angle of contact
with the tissue can be recognized by fluoroscopy or 3D mapping,
it may be possible to extend the energization duration more safely

using the DTA catheter.

4.4 | Comparison between one-time application
with a long duration or two-time application with a
short duration

First, in the comparison between the 60s and 30sx 2 settings, deeper
lesions developed with a duration of 60s in five of the six settings.
Similarly, in the comparison of 30s and 15sx2, deeper lesions devel-
oped in five of the six settings. For all lesions, a two-time application
consistently resulted in larger lesions than a single application. This can
likely be attributed to the initial conduction causing thermal changes
in the tissue, which leads to a reduction in the local impedance of the
lesioned area. As a result, during the second application, with the in-
creased thermal conductivity from the previous conduction, the elec-
tric current penetrates more deeply and widely, potentially leading to
an expanded lesion size. On the other hand, when comparing 15sx 2
each to a single 30s application, the latter results in a larger lesion
size. This is because, the tissue undergoes interim cooling between
sessions with the two 15sx 2 applications, whereas a continuous 30s

application promotes a more substantial rise in tissue temperature.

4.5 | Steam pop with perpendicular contact angle

Steam pops occurred only when the contact angles were per-
pendicular, not when they were parallel. The measured maximum
and minimum temperatures were always lower when the contact
angle was perpendicular than when the contact angle was paral-
lel. Therefore, the tissue temperature assumed from the six ther-
mocouples is likely to be underestimated with the perpendicular
contact, resulting in inadequate output control and failure to sup-
press the steam pop. In a perpendicular contact, the distal three
electrodes were in contact with the tissue, but the remaining three
proximal electrodes placed were not. This may result in not re-
flecting the tissue temperature accurately. Furthermore, the distal
electrodes were close to the catheter's irrigation hole. If cooled
by the catheter's irrigation, there might be a delay in the feedback
of tissue temperature. While there was no observed difference in
the change of impedance between ablations with and without a
pop, the baseline impedance in parallel contact was displayed as
approximately 5Q higher than that in the perpendicular contact
group. This is because of the influence of the electrode surface
area in contact with the tissue. It is believed that this resulted in a
difference in the amount of current flowing into the tissue during
ablation, which may have led to the difference in the frequency of

pops. The association between CF and lesion size was more appar-
ent with the perpendicular contact, which may also be related to

the differences in temperature control.

5 | LIMITATIONS

This ex vivo model cannot be directly applied to actual clinical
practice. The conditions of excised porcine myocardium and le-
sions would be different from beating hearts. In this set of experi-
ments, all tests with perpendicular contact were conducted first,
followed by lesion creation with parallel contact. Consequently,
the myocardium used for parallel contact had been stored for ap-
proximately 3-4h longer. Therefore, it is concluded that there
are no significant issues regarding the experimental material.
Moreover, the DTA catheter did not have a CF sensor, and evalu-
ating the CF at 10, 20, and 30g is impossible. The same is true
for the contact angle, which is more reproducible and accurate
than that produced by fluoroscopic guidance and catheter ma-
nipulation. Ideally, a more detailed evaluation would be possible
if in vivo model experiments were performed under conditions
where a corresponding 3D mapping system is present and the CF
force and contact angle were displayed.

In addition, only four lesions in each ablation mode were cre-
ated in the experiment. Therefore, this study alone might be statis-
tically underpowered to demonstrate differences among conditions.
Additional research may be necessary. This study evaluated only
50W but did not examine whether 30 or 40 W could create a deeper
lesion more safely as compared with 50 W. Generally, it is thought
that a long application of 30 or 40 W with a high CF is the best way
for creating the deepest lesion without pop phenomenon, but we
have no information on this. However, no pop was found in any set-
ting with parallel contact; therefore, it is possible that a long applica-
tion with 50 W parallel contact for 60s or more could create deeper
and larger lesions than those created with conventional catheters.

6 | CONCLUSION

To optimize the DTA catheter, it is crucial to manipulate both the
distal and proximal thermocouples in close contact with the tissue
in a parallel orientation. When temperature control is properly and
power titration is accurately applied, it allows for a longer applica-

tion without inducing pop phenomenon in the tissue.
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