Received: 15 August 2024 | Revised: 17 December 2024 Accepted: 28 January 2025

DOI: 10.1002/joa3.70016

Sowmnal of O%Z/?y/

WILEY

ORIGINAL ARTICLE

Impact of baseline-pool local impedance on lesion formation
using a local impedance-sensing catheter: Lessons from a
porcine experimental model

Hidehira Fukaya MD, PhD'® | Emiyu Ogawa PhD?® | Hitoshi Mori MD, PhD*® |

Gen Matsuura MD, PhD'® | Megumi Toraiwa MD'® | Sho Ogiso MD'® | Yuki Arakawa
MD, PhD'® | Shuhei Kobayashi MD, PhD'® | Hironori Nakamura MD, PhD!® |

Naruya Ishizue MD, PhD'® | Jun Kishihara MD, PhD'® | Jun Oikawa MD, PhD!® |
Shinichi Niwano MD, PhD'® | Junya Ako MD, PhD*

1Department of Cardiovascular Medicine,
Kitasato University School of Medicine, Abstract

Sagamihara, Kanagawa, Japan Background: Impact of baseline-pool local impedance (BP-LI) on the lesion size re-

?Department of Medical Engineering and
Technology, Kitasato University School

of Allied Health Science, Sagamihara, Methods: Lesion size in the porcine left ventricular myocardium was evaluated using
K ) . . .
anagawa, Japan the STABLEPOINT™ catheter across various ablation settings and BP-LIs (100, 140,

mains unclear.

3Department of Cardiovascular Medicine,

Saitama Medical University International and 180 ohms).

Medical Center, Saitama, Japan Results: A total of 184 lesions were created with different durations (15/30/605s) at
Correspondence 30 watts or with different powers (30/40/50 W) for 15s. Lesion depth became deeper
Hidehira Fukaya, Department of (2.8/3.0/3.6mmat 15s; p=.007,4.0/4.9/4.6 mm at 30s; p=.004,and 5.9/5.5/5.2 mm at
Cardiovascular Medicine, Kitasato

University School of Medicine, 1-15- 60s; p=.710) and lesion width wider (5.8/6.3/7.6mm at 15s; p=.002, 7.0/8.9/8.9 mm
1 Kitasato, Minami-ku, Sagamihara, at 30s; p<.001, and 10.5/9.4/10.5 mm at 605s; p=.262) as the BP-LI increased under
Kanagawa 252-0374, Japan.

Email: hidehira@med.kitasato-u.ac.jp 30W. Similarly, the lesion depth became significantly deeper (2.1/3.4/3.7 mm at 30 W;

p<.001, 3.5/4.6/4.6mm at 40W; p<.001, and 4.1/4.7/5.2mm at 50W; p=.002)
and lesion width broader (5.1/6.9/7.0mm at 30W; p<.001, 7.0/7.9/8.1mm at 40 W,
p=.004, and 7.7/8.2/9.6 mm at 50W; p<.001, respectively) as the BP-LI increased
with a 15-s ablation. The relationship between the LI drop and lesion size varied with
the different BP-Lls. Adjusted %LI drops (absolute LI drop divided by the BP-LI) mini-
mized the differences between the LI values and lesion formation among the three
BP-Lls.

Conclusion: Lesion size decreased with lower BP-LI, and the relationship between the
LI drops and lesion formation varied across the different BP-Lls. Adjusted %LI drops

may serve as a more reliable parameter for predicting the lesion formation.

KEYWORDS
ablation, IntellaNav STABLEPOINT™, lesion formation, local impedance

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2025 The Author(s). Journal of Arrhythmia published by John Wiley & Sons Australia, Ltd on behalf of Japanese Heart Rhythm Society.

Journal of Arrhythmia. 2025;41:e70016. www.journalofarrhythmia.org 10f9
https://doi.org/10.1002/joa3.70016


https://doi.org/10.1002/joa3.70016
www.journalofarrhythmia.org
mailto:hidehira@med.kitasato-u.ac.jp
https://orcid.org/0000-0002-7588-554X
https://orcid.org/0000-0003-1204-3393
https://orcid.org/0000-0002-1172-2995
https://orcid.org/0000-0003-0165-5677
https://orcid.org/0000-0003-1752-9317
https://orcid.org/0000-0002-9934-9047
https://orcid.org/0000-0003-4098-7682
https://orcid.org/0000-0003-2038-0875
https://orcid.org/0000-0003-4463-6185
https://orcid.org/0000-0002-2448-616X
https://orcid.org/0000-0002-5920-4417
https://orcid.org/0000-0003-2223-9541
https://orcid.org/0000-0002-0702-0800
https://orcid.org/0000-0001-6645-6404
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:hidehira@med.kitasato-u.ac.jp

FUKAYA ET AL.

200 | WILE Y-Sl of Ayt

1 | INTRODUCTION

Impedance is one of the essential parameters for estimating le-
sion formation during radiofrequency (RF) catheter ablation.
Historically, the generator impedance (Gl) has been utilized, al-
though it is affected by several non-cardiac factors.! Recently,
catheters capable of measuring the local impedance (LI), such as
the IntellaNav MiFi™ Ol and STABLEPOINT™ catheters (Boston
Scientific, Maple Grove, MN, USA), have been introduced. Those
devices allow for predicting the lesion size through the changes in
the LI.2°® Further, the Ll is also a surrogate marker of the catheter-
tissue contact, which is beneficial when using the MiFi Ol catheter
that lacks a contact force (CF) sensing module. The tissue con-
tact of the catheters can be inferred by the change in the LI from
the baseline LI, and the lesion formation is speculated by the LI
drop during RF applications.z’5 The baseline-pool LI (BP-LI), also
referred to as the blood pool LI, affects all LI parameters; however,
they differ among each patient because they are affected by sev-
eral factors, such as blood impedance. In this study, we evaluated
the impact of the BP-LIs on the lesion size and the relationship

between the BP-LIs and lesion formation in a porcine experimen-

tal model.
2 | METHODS
2.1 | Experimental setup

We purchased freshly sacrificed (within 48 h) porcine left ventri-
cles for the experiment. The experimental apparatus and setup
details have been previously described in our previous publica-
tions.*® Briefly, a saline water bath was prepared at 37°C using
a thermostatic system (Thermo-Mate BF-400, Yamato Scientific
Co., Ltd., Japan). Salt concentration was adjusted to replicate the
pre-fixed baseline LI, mimicking blood pool LI. Since the BP-LI with
saline could change during the entire experiment, the salt and
water were added if needed, especially when influenced by the RF-
irrigation with 0.9% saline. The saline solution was circulated at a
flow rate of 5L/min to stimulate blood flow. The STABLEPOINT™
catheter was aligned on the myocardial tissue at a vertical axis
with a CF of 10g.

2.2 | Experimental protocol

We set the BP-LI at 100, 140, and 180 ohms. To evaluate the time-
dependency and power-dependency, we performed two separate
protocols: (1) a time-fixed protocol in which the RF duration was set
at 15s, and (2) a power-fixed protocol in which the RF power was

set at 30 watts. At least 10 lesions were performed in each setting.

2.3 | Evaluated parameters

The value of the LI drop during the RF application was evaluated.
For the evaluation of the lesion size, the lesion depth (LD), maximum
width (MW), and surface width (SW) were evaluated for each RF

application.

2.4 | Relationship between the LI drop and
lesion size

According to the different BP-LlIs, the relationships between the LI
drop and lesion size were also evaluated, and regression analyses
were performed.

2.5 | Statistical analyses

Data are presented as the mean value+standard deviation.
Continuous variables were analyzed using an unpaired t-test or
Kruskal-Wallis analysis when applicable. A two-sided p-value of <.05
was considered statistically significant. All analyses were conducted
using JMP Pro 17.0 software (SAS Institute Inc., Cary, NC, USA).

3 | RESULTS

3.1 | Lesion formation under different BP-LIs

In this study, 184 RF lesions were created, as shown in Figure 1. A
steam-pop phenomenon was observed in three sets of lesions with
BP-LIs of 180 ohms (two lesions during a 60-s ablation with a 30W

| Porcine LV myocardium

| BPLI100Q(n=62) | | BP-LI140Q (n=60) |

| BP-LI180Q (n=62) |

Time fixed Power fixed Time fixed Power fixed Time fixed Power fixed
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) A | L ¥ VR N3 FIGURE 1 The flow chart of this study.
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This figure shows the study flow chart for
this experiment. BP-LI, baseline-pool local
impedance.
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power-fixed protocol and one during a 50W ablation with the 15-s
time-fixed protocol), and those were excluded from the lesion size
measurements.

Figure 2 demonstrates a representative lesion formation. The
left panel shows the sites where the lesion sizes were measured.
The right panels display the lesions formed under different settings.

Time-fixed: 15 sec

More extensive lesions were observed with higher BP-Lls in both
protocols.

Figure 3 shows the summarized data of the lesion sizes for the
time-fixed protocol. The LD (left), MW (middle), and SW (right) are
shown. As the BP-LI increased during the 15-s ablation, the LD sig-
nificantly increased (2.1 vs. 3.4 vs. 3.7mm at 30W; p<.001, 3.5 vs.

Power-fixed: 30 W
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FIGURE 2 Lesion measurement methods and representative figures of the lesion formation. The left panel shows the detailed
measurement methods. The lesion depth (LD), surface width (SW), and maximum width (MW) were evaluated. The right panels show the

representative figures for each setting.
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FIGURE 3 Lesion sizes with the time-fixed protocol. This figure shows the summarized data of the lesion sizes with the time-fixed
protocol. The lesion sizes significantly shrunk with 100 ohms compared to 180 ohms for all wattages.
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4.6 vs. 4.6mm at 40W; p<.001, and 4.1 vs. 4.7 vs. 5.2mm at 50W;
p=.002) and the MW became broader (5.1 vs. 6.9 vs. 7Z.0mm at
30W; p<.001,7.0vs. 7.9 vs. 8.1 mm at 40W; p=.004, and 7.7 vs. 8.2
vs. 9.6mm at 50W; p <.001, respectively).

Figure 4 shows the summarized data for the power-fixed proto-
col, featuring the same parameters as in Figure 3. The LD increased
with higher BP-LIs with a shorter ablation time (2.8 vs. 3.0 vs. 3.6 mm
at 15s; p=.007,4.0 vs. 4.9 vs. 4.6 mm at 30s; p=.004) but exhibited
no significant differences for the 60-s RF applications (5.9 vs. 5.5 vs.
5.2mm at 60s; p=.710, with 100, 140, and 180 ohms, respectively).
Similarly, the MW became wider with 15- and 30-s ablations as the
BP-Llincreased (5.8 vs. 6.3 vs. 7.6 mm at 15s; p=.002, 7.0 vs. 8.9 vs.
8.9mm at 30s; p<.001), however the differences were not signifi-
cant in the 60-s ablation (10.5 vs. 9.4 vs. 10.5mm; p=.262, with 100,
140, and 180 ohms, respectively).

Figure 5 demonstrates the relationship between the lesion size
(left: LD, right: MW) and LI drop during the RF applications in the
time-fixed protocol. The values of the LI drop were distributed dif-
ferently among the various BP-LI settings. The absolute values of
LI drop were larger with the 180-ohm setting. A linear regression
was plotted for each BP-LI group and exhibited high correlation co-
efficients (LD: R?=.9619, .9533, .9213 in 180, 140, and 100 ohms,
MW: R?=.9524, 9402, .9176 in 180, 140, and 100 ohms, respec-
tively). That analysis suggested that the relationship between the LI
drop and lesion size varied depending on the BP-LI. For example, to
achieve a lesion depth of 4mm, an LI drop of 55.2 ohms would be
required for the 180-ohm setting, compared to 21.6 ohms for the
100-ohm setting.

Figure 6 illustrates the relationship between the LI drop and le-
sion size (left: LD, right: MW) with the power-fixed protocol, which
was similar to the findings in the time-fixed protocol (Figure 5). The
regression lines for the LD and MW differed across the three BP-LI
settings. To create a lesion with a depth of 4mm, an LI drop of 55.7
ohms was necessary for the 180-ohm setting, while 28.3 ohms were
needed for the 100-ohm setting.

We additionally evaluated the relationship between the adjusted
%L1 drop and lesion size for the time- and power-fixed protocols. The
adjusted %LI drop was calculated as the LI drop divided by each BP-
LI. Figure 7 shows the relationship between the adjusted %LI drop
and lesion size for the time-fixed protocol. Compared to the data in
Figure 5, the difference in the slope of the linear regression anal-
ysis for each BP-LI became smaller for the LD and MW. Likewise,
Figure 8 demonstrates the relationship between the adjusted %LlI
drop and lesion size for the power-fixed protocol. The slope of the
linear regression analysis for this protocol also became more similar.

4 | DISCUSSION

In this study, we evaluated the impact of the BP-LI on lesion for-
mation using LI-sensing catheters and revealed the following find-
ings. (1) The lesion size became smaller under lower BP-LI conditions
for all three power settings with the 15-s time-fixed protocol. (2)
Likewise, the lesion size became smaller under lower BP-LI condi-
tions with the 30W power-fixed protocol with a shorter ablation

time. (3) However, the lesion size was comparable for all three BP-LIs
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FIGURE 4 Lesion sizes with the power-fixed protocol. The summarized data of the lesion sizes with the power-fixed protocol are shown.
The lesion sizes significantly shrunk with 100 ohms compared to a shorter time, but the differences became insignificant with a longer
ablation time.
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FIGURE 6 Relationship between the LI drops and lesion size with the power-fixed protocol. The relationship between the LI drops, and
lesion size with the power-fixed protocol is shown. Similar to Figure 5, the linear regression slopes differed for the three BP-LlIs.

with a longer ablation time for the power-fixed protocol. (4) The rela-
tionship between the LI drop and lesion size varied across the three
different BP-LlIs. (5) The adjusted %LI drop minimized the difference
in those relationships, suggesting that adjusted %LI drops could be
beneficial for predicting lesion formation using the LI parameters.

4.1 | Importance of the impedance and its meaning

The impedance is a crucial parameter for creating lesions with RF
catheter ablation.” The Gl has been utilized as a surrogate marker to

assess the lesion creation.’® A decrease in the Gl is associated with
the RF lesion size, and an excessive decrease suggests excessive tis-
sue heating, leading to a steam-pop phenomenon. A higher base-
line Gl is also a risk for steam-pops during RF applications because
a higher impedance causes a more extensive lesion creation with
higher resistive heating. However, the value of the change in the
Gl is relatively imprecise!'; therefore, predicting the lesion size and
those complications with only the Gl change has been challenging.'?

In this regard, the Ll-sensing technology (DIRECTSENSE™:
Boston Scientific, Maple Grove, MN) has emerged, enabling more
precise detection of the impedance changes at the distal tip of the
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ablation catheter. This technology provides more “local” informa-
tion. The LI also serves as a valuable alternative to the CF sensing
module by increasing the LI when using the MiFi™ Ol without the
CF module.”

Several parameters are crucial for predicting an effective lesion
formation based on the LI values.*? The BP-LI value impacts all LI pa-
rameters; however, it varies among patients. The Gl is influenced by
the tissue between the catheter tip and the body patch, including the
blood, fat, and other organs. Conversely, the Ll is highly influenced

by the blood concentration because it is measured only between
two electrodes where blood is present. Therefore, the BP-LI can
vary based on the patient's blood concentration (i.e., hematocrit).
Theoretically, resistive heating occurs in areas with relatively
high tissue resistance during RF applications.” Even though the
catheter tip that delivers the RF energy is in contact with the myo-
cardium, the electrode surface is also covered in the surrounding
blood. As the blood has a lower impedance than the myocardium,
more RF current is delivered toward the side in contact with the
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blood. Therefore, if the blood impedance is lower than usual, the
RF current delivered to the myocardium becomes less because it
is shunted toward the side in contact with the blood. Concerning
this issue, this study demonstrated the impact of the different BP-
Lis when simulating the effect of the different blood concentrations
on the lesion formation and revealed that a lower BP-LI (mimicking
a lower hematocrit) was associated with a smaller lesion formation
(Figures 3 and 4).

The actual lesion size increased with higher BP-LI both in the
time-fixed (Figure 3) and power-fixed (Figure 4) protocols, although
this increase was not significant in the 60-s power-fixed ablation
(Figure 4, right-side bars in each graph). In general, lesion size tends
to increase as ablation time extends; however, there is a plateau be-
yond which further enlargement of the lesion size is minimal. From
this perspective, lesion formation under 180 ohms of BP-LI ap-
peared to reach this plateau, while lesion size under 100 ohms of BP-
LI continued to increase in a time-dependent manner, leading to the
insignificant differences observed in the 60-s ablation. This suggests
that BP-LI might also influence the time-dependent characteristics

of lesion enlargement, such as the plateau points of lesion formation.

4.2 | Lesion formation by catheter ablation and the
impact of the LI

Regarding lesion formation, technological advances such as the con-
tact force (CF) sensing,13 force-time-integral (FTI),14 ablation index®?
(Al: CARTO system, Biosense Webster, CA), and lesion size index*®
(LSI: EnSite system, Abbott, MN) have contributed to a more ef-
fective lesion creation and have improved the clinical outcomes.”
However, those parameters are “giver-side” parameters, meaning
they do not include the information about the myocardium as the
“taker-side.”

Regarding this issue, the LI could give us the tissue information.
The value of the LI is affected by tissue resistance; therefore, the
value of the LI differs when the catheter is in contact with either
healthy myocardium or scar tissue. Moreover, the LI is highly de-
pendent on the tissue temperature. During the RF application, the
LI decreases as the tissue temperature rises; therefore, the LI drop
could speculate an effective tissue temperature rise because tissue
degeneration occurs when the tissue temperature rises above 50
degrees Celsius.*® We previously reported the relationship between
the lesion size and LI drop with different settings®>™ and reported
that a lower LI drop was associated with a gap formation during
the pulmonary vein isolation.'? Further, previous reports have sug-
gested that the LI drop is superior to the FTl in predicting the lesion
size using the MiFi™ OI” and STABLEPOINT™ catheters®’; therefore,
the LI drop is a unique parameter focusing on the local tissue infor-
mation as a taker-side parameter rather than the ablation settings as
giver-side parameters.

However, as discussed above, the LI parameters depend on the
BP-LI. The value of the LI drop might change based on the BP-LI.
Regarding this issue, the relationship between the LI drop and lesion

Sowwnal of Ctilylhmia

size varied significantly across the different BP-LI conditions (see
Figures 5 and 6). The absolute value of the LI drop alone could not
predict the lesion size accurately. Therefore, caution should be taken
when assessing the lesion formation only by the absolute LI drop.
Regarding this point, we adjusted the data of the LI drop divided by
the value of BP-LI and revealed that the difference in the relation-
ship between the adjusted %LI drop and lesion formation among the
three BP-LIs became smaller (Figures 7 and 8).

Takigawa et al. reported20

the incidence of pop phenomenon
under the different BP-LI conditions in a similar experimental model.
They evaluated the lesion formation based on varying power set-
tings, CF, RF duration, and catheter angles. In contrast, we focused
specifically on the impact of BP-LI using pre-set power and a 15s-
duration. The results were consistent despite some differences in
the lesion formation, probably due to the difference in experimen-
tal models or the differences in CF in each experiment. From a bio-
physical perspective, lower BP-LI results in narrower and shallower
lesions because energy currents tend to disperse more into the sur-
rounding saline rather than being directed toward the myocardium.
At the lower BP-LI, the RF current is more easily dispersed to the
saline. Interestingly, lesions reported in their study were smaller in
the horizontal axis, but larger in the vertical axis. The possible cause
of different lesion creation between their study and ours could
be the difference in CF between the two experiments. Higher CF
may cause the catheter tip to be positioned deeper into the tissue,
thereby increasing the contact surface area with the myocardium.
Additionally, the irrigation holes on the side of the catheter may
cool the lateral tissue, potentially leading to a smaller lesion in the
horizontal axis and a larger lesion in the vertical axis. Therefore,
CF might influence lesion dimensions even under the same BP-Lls.
Another factor worth considering is the position of an indifferent
ground patch/electrode. In our study, the dispersive patch was po-
sitioned at a distant location in the water bath. Although the exact
position of the dispersive patch was not detailed in Takigawa's study,
this could have influenced the direction of lesion formation in rela-
tion to the RF current directions. Furthermore, while the surface le-
sion area appeared larger at lower BP-LI, the total lesion volume was
greater at higher BP-LI in their study. These findings suggest that
the biophysical theory aligns with the results observed in our study.

Takigawa et al. also introduced an adjusted LI, using the LI data
with catheter-tissue contact (LI value just before RF application, re-
ferred to as the initial LI). They concluded that adjusted LI drops by
the initial LI were well-correlated with lesion size compared to actual
Ll drops. In this study, we used the BP-LI to adjust LI drop to estimate
lesion sizes because the initial LI and LI rise by catheter contact were
also affected by the BP-LI (Figure S1). The correlation coefficients
were comparable between the two adjustment methods (Figures 7
and 8 vs. Figures S2 and S3). On closer examination, the LI drop ad-
justed by the BP-LI showed a wider range than those by the initial LI.
In other words, the regression slope (or regression coefficient) was
smaller in adjusted LI by BP-LI than by initial LI. Using the BP-LI for
adjustment results in a smaller change in the estimated lesion size
relative to the variation in LI drop, suggesting that this method may
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allow for more precise lesion size estimation. For instance, when the
distribution of LI drop is shallow and lesion size distribution is also
shallow, the R-squared values could be high. However, estimating
lesion size would be challenging based solely on the LI drop, as small
changes in the LI drop could correspond to a wide range of estimated
lesion size. Conversely, when the LI drop values and lesion size data
are more widely distributed with high R-squared value, lesion size
estimation could be more facilitated, potentially enabling more de-
tailed and precise lesion prediction, even with subtle LI changes. In
either case, adjusted LI drop using BP-LI or Initial LI could correct
deviations in lesion estimation caused by differences in baseline LI.

5 | STUDY LIMITATIONS

Our investigation had several limitations. First, the RF applications
were performed on the epicardium, not the endocardium, because
we focused on precise lesion measurements. Further, the LI data
would change with different catheter contact angles4; therefore,
caution should be taken when comprehending that data in clinical
settings. Since this study was conducted solely in vitro, the results
might not align with those of the in vivo study. Furthermore, the
experiments were performed in a saline water bath. They may not
fully replicate human blood, even if the BP-Lis were consistent.
In this study, we evaluated the lesion formation under a single CF
value of (10g) to specifically assess the impact of BP-LI on lesion
formation. As a result, the potential effects of CF at varying BP-LI
levels remain unknown. Finally, there were small number of steam-
pops in this study, probably because of the lower RF power and
shorter ablation time; therefore, the safety aspect could not be

speculated.

6 | CONCLUSION

The lesion size was significantly smaller with a lower BP-LI. The as-
sociation between the value of the LI drop and lesion formation var-
ied across the different BP-LIs. Adjusted %LI drops may serve as a

more reliable parameter for predicting the lesion formation.
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