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Abstract

Background Radio-frequency ablation of gastric tissue is in its infancy compared to its extensive history and use in the
cardiac field.

Aims We employed power-controlled, irrigated radio-frequency ablation to create lesions on the serosal surface of the stom-
ach to examine the impact of ablation power, irrigation, temperature, and impedance on lesion formation and tissue damage.
Methods A total of 160 lesions were created in vivo in female weaner pigs (n =5) using a combination of four power levels
(10, 15, 20, 30 W) at two irrigation rates (2, 5 mL min~') and with one temperature-controlled (65 °C) reference setting
previously validated for electrophysiological intervention in the stomach.

Results Power and irrigation rate combinations above 15 W resulted in lesions with significantly higher surface area and
depth than the temperature-controlled setting. Irrigation resulted in significantly lower temperature (p <0.001) and imped-
ance (p <0.001) compared to the temperature-controlled setting. No instances of perforation or tissue pop were recorded
for any ablation sequence.

Conclusion Power-controlled, irrigated radio-frequency ablation of gastric tissue is effective in creating larger and deeper
lesions at reduced temperatures than previously investigated temperature-controlled radio-frequency ablation, highlighting
a substantial improvement. These data define the biophysical impact of ablation parameters in gastric tissue, and they will
guide future translation toward clinical application and in silico gastric ablation modeling.
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Graphical Abstract

Combination of ablation settings (10-30 W power, 2—5 mL min™! irrigation) were used to create serosal spot lesions. Histo-

logical analysis of lesions quantified localized tissue damage.
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Abbreviations

H&E Hematoxylin and eosin
ICC Interstitial cells of Cajal
PC-I  Power-controlled, irrigated
RFA Radio-frequency ablation

SD Standard deviation
TC Temperature-controlled
TDS Tissue damage score

Introduction

Radio-frequency ablation (RFA) is a common form of ther-
mal ablation used electrophysiologically to correct cardiac
arrhythmias through the destruction of abnormally active
tissue [1, 2]. Structurally, RFA is also used in the manage-
ment and treatment of both benign and malignant tumors
of the liver, kidney, bone, and lung [3]. Within the field of
gastroenterology, RFA has been used to treat a variety of
conditions, including gastric antral vascular ectasia [4],
Barrett’s esophagus with dysplasia [5], and malignant bil-
iary obstructions [6]. Applying a high-frequency (300 kHz
to 700 kHz) alternating electric current results in resistive
or Joule heating of the tissue [7, 8]. This heating is most
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intense at the contact interface and thermally conducts fur-
ther into the tissue [7, 8]. If the tissue temperature is main-
tained above approximately 60 °C for a sufficient period, it
causes irreversible damage, known as a lesion [9]. Higher
temperatures are not necessarily beneficial. Tissue tempera-
tures over 100 °C commonly result in coagulated plasma
on the catheter tip leading to a rise in electrical impedance,
preventing effective delivery of current, and causing tissue
charring [10]. Excessive heating may result in tissue fluid
vaporization leading to audible steam ‘pops’ or perforation,
which is the most serious potential complication of ablation
[11, 12]. Although the principles of ablation are the same
for all of its uses, the electrodes, power delivery, and abla-
tion target differ.

When ablation is used to target abnormally-conducting
heart tissue, the non-conducting lesion that is created pre-
vents electrical conduction through this region and ena-
bles normal cardiac electrical activity to resume [13, 14].
Lesion size is proportional to many parameters, including
increased tissue temperature, power delivery (energy dose),
duration, and contact force [15—17]. The challenge with RFA
as a clinical therapy is ensuring the sufficient destruction of
arrhythmic tissue to prevent recurrence, while maintaining
the mechanical integrity of the tissue [18, 19]. However,
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recurrences due to incomplete ablation are relatively com-
mon in cardiac applications [19, 20]. Innovations and devel-
opments in RFA technology have sought to make ablation as
efficient as possible while reducing the chance of forming
an incomplete or ineffective lesion. Irrigation is one such
innovation where liquid flowing through the ablation cath-
eter acts as a heat sink, cooling the catheter—tissue interface
and preventing impedance rise. [rrigation enables increased
energy dose through more consistent power delivery without
increasing the risk of coagulation formation, which improves
ablation efficiency and efficacy, and results in larger lesion
size [16, 21]. With irrigated ablation, power is typically
delivered at a constant level, which is known as power-con-
trolled, irrigated (PC-I) ablation. In comparison, standard
catheter ablation uses a non-irrigated catheter that delivers
varying power to achieve a set temperature [8].

The use of RFA for gastric ablation is still in its infancy
compared to its use for cardiac ablation. This study aimed
to improve our understanding of the biophysics of gastric
RFA from an electrophysiological motivation. Similar to
the heart, stomach motility is controlled, in part, through
electrophysiological events known as slow waves. Abnormal
slow-wave activity has been associated with gastric motil-
ity disorders, including functional dyspepsia, gastroparesis,
and chronic unexpected nausea and vomiting [22-24]. Slow
waves are conducted through gastric tissue by a network of
interconnected Interstitial Cells of Cajal (ICCs), electrically
active cells located between and within the muscle layers
of the stomach [25]. Studies by Aghababaie et al. have pro-
gressed gastric ablation from proof-of-concept to recovery
(two-week, porcine model) studies [26-28]. These studies
have demonstrated RFA as a promising emerging method for
the modulation of slow-wave activity through the disruption
of the ICC network, eliminating ectopic pacemakers respon-
sible for causing dysrhythmic activity and restoring normal
slow-wave propagation patterns [26—-28]. Despite the success
of the studies, they were limited to a small range of settings
using only temperature-controlled (TC) ablation.

In this study, PC-I RFA was applied to the porcine gas-
tric serosal surface in vivo with various power settings and
irrigation rates. Lesion surface area, temperature, and tissue
damage were quantified to inform the relationships between
these settings and indicate suitable ranges for safe and effec-
tive gastric ablation.

Methods
Animal Preparation
All procedures were approved by the University of Auck-

land Animal Ethics Committee (approval AEC3090) and
conformed to the Guiding Principles for Research Involving

Animals and Human Beings. Experiments were performed
in vivo with female crossbreed weaner pigs (n=35,
43.1+2.2 kg). Animal care has been previously described in
detail [29]. Anesthesia was induced with Zoletil and main-
tained with either isoflurane (n=3; 2.5-5% with an oxygen
flow of 400 mL min™! within a closed system) or propofol
(n=2; Diprivan 2%, 0.2-0.4 mg kg_1 min~!; AstraZeneca,
UK). Vital signs, including heart rate, blood pressure, and
temperature, were continuously monitored and remained
within normal physiological ranges throughout the studies.
A midline laparotomy was performed to access the serosal
surface of the stomach. At the conclusion of the experiment,
animals were euthanized with an intravenous injection of
sodium pentobarbital.

Radio-Frequency Ablation

A cardiac ablation system with a Stokert-70 RF generator
(Biosense Webster, Irvine, CA, USA) was used to perform
RFA on the serosal surface of the stomach using combina-
tions of four power-controlled settings (10, 15, 20, 30 W)
and two irrigation rates (2, 5 mL min~") via a catheter (Ther-
moCool; Biosense Webster, Irvine, CA, USA) irrigated with
room-temperature saline (Baxter Healthcare, NSW, Aus-
tralia). A reference TC ablation was also performed at 65 °C
using a non-irrigated catheter, as this setting has routinely
resulted in a gastric electrical conduction block [26, 27].
A sequence of four ablations spaced approximately 10 mm
apart were performed for each setting (10 s per point). Abla-
tions were performed across the stomach from greater to
lesser curvature, and sequences progressed distally from the
upper corpus toward the lower corpus, with each subsequent
sequence approximately 15 mm distal from the previous one
(Fig. 1A).

During each ablation sequence, the RF generator was
monitored. Power output, catheter tip temperature, and
impedance were sampled once per second over the 10-s
sequence and reported as mean values.

Gross Image Evaluation

Immediately before euthanasia, the region of stomach
tissue containing all of the ablated lesions was excised
for gross image analysis and histological evaluation.
The excised tissue sections were washed in saline, and
both surfaces were photographed using a digital camera
(Fig. 1B). The outline of each visible lesion on the serosal
surface was manually traced using ImagelJ software [30],
where the lesion boundary was defined by the change
in color from pink (healthy) to white (lesion). The same
investigator performed all measurements to ensure con-
sistency of the manual segmentation. Lesion surface area

@ Springer



Digestive Diseases and Sciences

A Schematic B

.i.i.
iii
iv
V.l.
V-l-l-
viii

Fig. 1 Four repetitions of eight ablation settings. A Schematic show-
ing grid location of ablation points on the stomach. B Gross image of
the serosal surface following excision. C Gross image of the mucosal
surface of the same section as B. The settings (i—viii) were as fol-

was measured using the software’s in-built measure tool.
Lesions that were not visible were recorded as such.

Histological Analysis

Following gross imaging, the tissue was fixed in 10%
neutral-buffered formalin for at least seven days. Lesions
were bisected to reveal the lesion penetration profile into
the tissue. Tissue sections of the bisected lesion were
obtained (5 pm thick), stained with hematoxylin and eosin
(H&E) [31], and digitally scanned using a high-resolution
VSlide scanner (Metasystems, Altlussheim, Germany) at
the Biomedical Imaging Research Unit (BIRU), Univer-
sity of Auckland.

The stained sections were examined for tissue struc-
ture, extravasation, and swollen nuclei, along with other
markers of tissue damage, such as edema or hemorrhage.
An existing scale [26] was adapted to qualitatively assess
the degree of tissue damage separately for the entire
muscularis and for the mucosal layer. The tissue damage
score (TDS) was defined as follows: (0) no damage, all
healthy tissue present; (1) minimal damage, partial dam-
age through layer; (2) moderate damage, damage present
through the entire thickness of layer; (3) excessive dam-
age, damage entirely through layer, and tissue has lost its
structure; and (4) perforation, the lesion has perforated
the tissue, and the layer is no longer continuous.

@ Springer

Muscosal surface

lows: (i) 65 °C at 0 mL min~"; (ii) 10 W at 5 mL min™"; (iii) 15 W at
5 mL min~!; (iv) 20 W at 5 mL min~'; (v) 30 W at 5 mL min™"; (vi)
10 W at 2 mL min~'; (vii) 15 W at 2 mL min™'; and (viii) 20 W at
2 mL min~!

Statistical Analysis

Differences in surface area, temperature, and power during
ablation are expressed as mean =+ standard deviation (SD).
All statistical analysis was performed using R Statistical
Software (v4.2.2; R Core Team 2022) [32]. Statistical differ-
ences between irrigation and power groups were determined
through a one-way analysis of variance (ANOVA) model
followed by a Tukey post-test with a significance threshold
of p<0.05. Correlations between variables were measured
using the Pearson correlation coefficient (r).

Results

A total of 40 ablation sequences were performed at the
various settings (PC-I: 10, 15, 20, 30 W at 2, 5 mL min~!
irrigation rates; TC: 65 °C, no irrigation) across five pigs
(n=160 spot lesions total, 20 per setting; Table 1). In all
animals, RFA was applied to the serosal surface of the stom-
ach without difficulty. There were no cases of perforation,
tissue pop, or visible loss of tissue integrity during any abla-
tion sequence. Not all settings produced lesions that were
visible during gross imaging (Fig. 1B). Surface area was
measured from all visible lesions (Figs. 1B, 2C), a subset of
lesions were stained and imaged, and tissue damage profile
was qualitatively evaluated (Table 1).
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Table 1 Summary of lesion

. . Setting Irrigation rate Visible lesions Histological Muscularis score Mucosa score
analysis and tissue damage (mL min~" (n/20) samples (n)
scores
65 °C 0 13 1.5+0.5 0+0
10W 2 8 8 1.8+0.4 0.8+0.8
5 1.5+0.5 1.7£04
I5SW 2 12 10 1.9+0.3 05+0.8
5 14 10 1.7+£0.7 0.8+0.6
20 W 2 18 15 2.1+0.2 0.8+0.7
5 20 11 2.1+0.5 1.4+0.8
30W 5 19 13 2.1+0.5 1.6+0.6
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Fig.2 Box-and-whisker plots (median, first and third quartiles, range) of A impedance, B average catheter temperature, and C measured surface

area for each setting investigated

Gross Pathology

Upon examination of the excised tissue, lesions were identi-
fiable by the color change from pale pink (healthy) to white
or red (damaged). Visible lesions were less pronounced at
lower power settings than at higher power settings. Lesions
tended to appear as a white circle with an outer ring of dam-
aged red tissue and, in some cases, had a red spot in the mid-
dle of the white section where the catheter had contacted the
tissue (e.g., Fig. 1Bv, Bviii). Hematomas were observed on
the mucosal surface, with the occurrence and size of a hema-
toma qualitatively increasing with power (Fig. 1C iv, v, viii).

Power-Controlled, Irrigated Ablation

Measures of impedance showed no significant differ-
ence for all flow rates at all power settings (Fig. 2A).

The average temperature over each ablation positively
correlated with the applied power setting for both irriga-
tion rates (2 mL min~!: p<0.001, r=0.74; 5 mL min~!:
p<0.001, r=0.69) (Fig. 2B). When comparing the two
irrigation rates, temperatures for the 2 mL min~" irrigation
rate were higher than for 5 mL min~" at all power settings,
although not significantly different at 10 W (38.9 +3.7 °C,
35.6+2.8 °C; p=0.06) (Fig. 2B). There was a significant
difference in temperature for the 15 W (44.6+2.9 °C vs
38.2+3.7 °C; p<0.001) and 20 W (49.1 +4.3 °C vs 40
9+4.3 °C; p<0.001) power settings (Fig. 2B). Lesion
surface area positively correlated with power setting
(2 mL min~": p<0.001, r=0.61; 5 mL min~": p <0.001,
r=0.56) (Fig. 2C). The only significant difference in
surface area when comparing irrigation rates was for the
20 W power setting (52.5 + 17.4 mm? vs 30.4 +9.3 mm?;
p<0.001) (Fig. 2C).

@ Springer
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Comparison of Power-Controlled, Irrigated Versus
Temperature-Controlled Ablation

TC ablation had a significantly greater impedance (p <0.001)
than all PC-I ablations (Fig. 2A). It also had a significantly
higher temperature (62.3 + 1.6 °C) than all PC-I ablations
(35-50 °C p<0.001) (Fig. 2B) and significantly lower
power delivery (TC: 3.4+2.2 W s™'; PC-I: all > 10 W s 1)
(p<0.001). Despite these differences, the surface area of
the TC lesions was not significantly different from 10 W
at 2 mL min~! (p=0.79), 10 W at 5 mL min~! (p =0.99),
and 15 W at 5 mL min~! (p=0.80) (Fig. 2C). The surface
area of the TC lesions was significantly smaller than that of
PC-I settings of 15 W at 2 mL. min~! (»=0.001), 20 W at
2mL min~! (»p<0.001), 20 W at 5 mL min~! (»=0.04), and
30 W at 5 mL min~! (»p <0.001) (Fig. 2C).

Temperature as a Potential Indicator of Lesion Size

To investigate whether temperature could be a potential indi-
cator of lesion size, temperature and surface area were com-
pared independent of power setting and separated by irriga-
tion rate (Fig. 3). There was a significant positive correlation
between temperature and surface area for both irrigation
rates (2 mL min~': p=0.04, r=0.34; 5 mL min™": p=0.003,
r=0.37), with no significant difference between the irriga-
tion rates (p =0.40). With every degree Celsius temperature
increase, the surface area increased by 1.37 mm? using an
irrigation rate of 2 mL min~' and 1.30 mm? using an irriga-
tion rate of 5 mL min~! (Fig. 3).
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Fig.3 Measured lesion surface area and average catheter temperature
during the ablation sequence for all visible, measured lesions. Lines
shown are linear least squares regression fits to data points
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Histopathology

The TDS analysis is presented in Fig. 4. Qualitative analysis
of H&E-stained tissue sections confirmed that lesions were
localized to the ablation site, often with a clear distinction
between healthy and damaged tissue (Fig. 5I). Damage was
usually seen throughout the entire thickness of the gastric
wall but never resulted in perforation, therefore no TDS of
4 was recorded (Fig. 4).

All ablations resulted in damage to some or all of the
muscularis (TDS > 1, Fig. 4), with damage identifiable by
swelling and degeneration of fibers (Fig. 5II). In some PC-I
cases, this damage continued deeper into the tissue to cause
partial (score 1) or complete damage (score 2) to the mucosa
(Fig. 4). Mucosal damage was marked by the loss of regular
glandular structure and swelling (Fig. 5IIT). Other markers
of tissue damage, such as edema and hyperemia, were seen
to some degree in all samples. For 10 W, increasing the
irrigation rate resulted in reduced damage to the muscularis
and mucosal layers. At higher power settings (15 W and
20 W), increasing the irrigation rate caused deeper lesions
with greater damage to the muscularis and mucosal layers.
When the irrigation rate was constant, an increase in power
resulted in deeper lesions with higher tissue damage scores
(Fig. 4).

Discussion

This study presents a foundational application of PC-I RFA
to gastric tissue, where PC-I settings were systematically
compared to a well-established TC setting [26, 27] using
various combinations of power and irrigation rates. We have
demonstrated that PC-I RFA can be applied to the serosal
surface of gastric tissue in vivo safely and consistently, and
we have defined biophysical correlations between lesion
size, damage score, temperature, and power delivery for two
different irrigation rates.

We successfully applied RFA to the serosal surface of gas-
tric tissue in vivo in all cases. Gross image analysis showed
that PC-I settings created lesions with a larger surface area
than the TC setting and applied power was positively related
to surface area and lesion depth. Histological analysis of
the lesions showed that damage to the gastric muscle layers
was present in PC-I and TC ablations. All settings resulted
in at least partial damage to the muscularis and, for 20 W at
2 mL min~!, complete damage through the muscularis was
seen in all samples. PC-I settings caused varying degrees
of damage to the gastric mucosa that was not observed in
TC lesions. Despite the observation of hematomas on the
mucosal surface following ablation (Fig. 1C), histological
analysis showed that tissue integrity was maintained (Fig. 5).
No instances of perforation, coagulation, charring, or tissue
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Fig.4 Tissue damage score (TDS) proportions for each setting for the
muscularis and mucosa layers. TDS: (0) no damage, all healthy tissue
present; (1) minimal damage, partial damage through layer; (2) mod-
erate damage, damage present through entire thickness of layer; (3)

pop were witnessed by the investigators during all ablation
sequences. In comparison to TC, PC-I settings successfully
prevented and controlled impedance rise. These findings
suggest that PC-I has beneficial improvements over TC, as
irrigation reduces impedance and temperature rise seen in
TC RFA [12, 26], while increasing lesion depth and size.
Therefore, PC-I may likely prove to be more suitable for
future work in the gastric ablation field.

The 10 W power setting at 2-mL min~' and 5-mL min~
irrigation rates produced lesions that closely resembled the
TC setting in surface area and tissue damage, although the
PC-I settings tended to have more damage to the mucosa
(Fig. 4). Based on these results, we hypothesize that PC-I
settings will produce lesions capable of blocking slow-
wave propagation, consistent with previously validated TC
ablation [26, 27]. Future investigations using alternative
histological protocols [33] and functional high-resolution
electrical mapping can now be designed to validate and
confirm this hypothesis. In order to ultimately determine
which ablation procedure (PC-I vs TC) is more suitable for
gastric ablation in the clinical setting, longer-term (> two
weeks) recovery studies must be conducted to define the
differences during the post-operative and healing phase.
Alternatives to serosal ablation should also be investigated.
The increased lesion depth and reduced catheter—tissue
interface temperature achieved with PC-I ablation may mean
that it can be successfully applied from the mucosal surface
of the stomach, as irrigation would help maintain mucosal
viability while the improved lesion depth would enable the

1

|| L = !
2 g 2 g 2 g 2 g
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2H3

excessive damage, damage entirely through layer and tissue has lost
its structure; and (4) perforation, tissue layer no longer continuous.
Since perforation did not occur, TDS was not assessed as level 4 for
any ablation sequence

deeper musculature to be targeted, disrupting the ICC net-
work. Such an approach would enable minimally-invasive
endoscopic ablation to complement emerging methods of
endoscopic electrical mapping [34].

Compared to typical cardiac ablation parameters
(20-50 W, 15-30 mL min~", for 30-60 s) [35-37], our study
used lower power settings over shorter ablation times with
significantly lower irrigation rates. The need for increased
power delivery, ablation time, and irrigation rate in cardiac
applications is likely due to the increased tissue thickness
and enhanced energy loss associated with increased blood
flow compared to gastric applications [11, 17, 38]. We report
that PC-I resulted in lower temperatures than TC ablation
despite a significant increase in energy dose (power), which
validates the use of irrigation to decrease interface tempera-
ture while enabling increased power delivery, above what
is possible with TC. Our data showed that increased power
delivery is significantly correlated to increased lesion surface
area for PC-I ablations, as expected (2 mL min~": r=0.61;
5 mL min~': »=0.56). This increased lesion size could be a
useful result when translating gastric ablation toward clinical
application since insufficient lesion size is a contributing fac-
tor to the recurrence of cardiac disorders [18, 19]. These rela-
tionships can also now be modeled in silico in the near term.

Many organ-specific computational models of RFA exist
[39, 40], but a comprehensive model of gastric ablation does
not. The data presented in this study could be used to expand
existing preliminary in silico models of gastric ablation, which
are currently limited to TC RFA [41], to now include PC-I

@ Springer
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A.65°CTC B. 15 W at 5 mL min”'

I. Full thickness of tissue

II. Muscularis at
higher magnification

I1I. Mucosa at
higher magnification

Fig.5 Evaluation of tissue damage due to ablation using H&E
stain for structural analysis. Panel I shows full-thickness tissue sec-
tions of ablated tissue. A 65 °C temperature-controlled; B 15 W
at 5 mL min~'; C 20 W at 5 mL min~, the border of the lesion is
shown; and D 30 W at 5 mL min~. Sections of tissue indicated by

parameters and results. The results of the present study pro-
vide the necessary experimental data to inform such a com-
putational model of PC-I gastric ablation. Further work in this
field to create a comprehensive in silico model could be used
to perform hypothesis testing of other ablation parameters
that were outside of the scope of the present study. For exam-
ple, the impact of contact force, catheter size, and catheter
orientation could be investigated in silico, which are known
to influence lesion formation [15-17, 42, 43]. Such modeling
has the potential to inform best practice while reducing animal

@ Springer

C.20 W at 5 mL min™! D. 30 W at 5 mL min"'

the green and red boxes in panel I are shown in panels II (muscula-
ris) and III (mucosa) at higher magnification. Tissue destruction with
swollen and elongated nuclei, edema, and extravasation are identifiers
of tissue damage due to ablation. All (A-D) sections present muscu-
laris damage, while (A,C) have no mucosal damage

use and to serve as a bridge to first-in-human trials of gastric
ablation as an electrophysiological intervention.

The biophysical relationships identified in this study
may prove useful clinically, in determining the effective
energy dose required to create permanent lesions in gas-
tric tissue. It has been shown that lesions through the full
thickness of the gastric muscle layers result in localized
electrical conduction blocks [26], can eliminate ectopic
pacemakers to restore normal propagation patterns [28],
and remain safe and effective after a two-week recovery
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period [27]. These results suggest that gastric ablation
could be used as an intervention to eliminate abnormal
slow-wave activation and/or propagation which have been
associated with gastric disorders, including chronic nausea
and vomiting [22], functional dyspepsia [23], and gastro-
paresis [24]. However, the invasiveness of gastric ablation
studies for slow-wave intervention performed via open-
abdomen surgery limits the applicability of this technique
for routine clinical use. Performing gastric ablation from
the mucosal surface via endoscopic delivery would reduce
the invasiveness of the procedure. Our results demonstrate
that PC-I has beneficial lesion formation compared to TC
ablation and if applied from the mucosal surface, will
likely aid in maintenance of mucosal integrity at the cath-
eter—mucosa interface. The presented results also provide
improved biophysical understanding of PC-I lesion forma-
tion that may aid current applications of structural abla-
tion in the gastrointestinal field for conditions like gastric
antral vascular ectasia [4], Barrett’s esophagus with dys-
plasia [5], and malignant biliary obstructions [6].

Although best efforts were taken to standardize our
experimental protocol and minimize error, some parameters
known to affect lesion size, such as contact force, were not
measured or explicitly controlled, which could influence our
findings [42]. Our approach to evaluating tissue damage is
based on qualitative assessments of the histological images
obtained. A quantitative measurement, such as automated
image segmentation and analysis, possibly combined with
alternative stains, such as nitroblue tetrazolium, would
improve the reproducibility and robustness of tissue damage
evaluation in future. Improved confidence in the reliability
of tissue damage evaluation may complement and validate
future in silico modeling. Our investigation was limited to
RFA in this study. Alternative methods of ablation, such as
electroporation, have demonstrated beneficial effects in other
organs, including the heart [44], prostate, pancreas, and liver
[45]. Electroporation may also have beneficial effects in the
stomach that could be usefully explored in future studies.

In conclusion, this study establishes a greater understand-
ing of the biophysics of gastric PC-I RFA, defining the quan-
titative relationships between ablation power, temperature,
irrigation rate, impedance, and lesion size, as well as assess-
ing the qualitative tissue damage via histology in the in vivo
stomach. The results demonstrate that PC-I gastric ablation
offers beneficial properties of reduced impedance and inter-
face temperature compared to TC settings while still achiev-
ing full-thickness lesion formation through the muscularis.
These data can now inform the continued development and
translation of gastric ablation as an interventional technique,
similar to its role in interventional cardiology, where it may
be able to correct abnormal slow-wave initiation observed in
subsets of patients with functional dyspepsia, gastroparesis,
and chronic unexplained nausea and vomiting [22-24].
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