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Abstract

Objectives: Traditional fat contouring is now regularly performed using numerous
office’based less invasive techniques. However, some limitations of these
minimally invasive techniques include high cost or limited selectivity with
performing localized contouring and reduction of fat. These shortcomings may
potentially be addressed by electrochemical lipolysis (ECLL), a novel approach
that involves the insertion of electrodes into tissue followed by application of a
direct current (DC) electrical potential. This results in the hydrolysis of tissue
water creating active species that lead to fat necrosis and apoptosis. ECLL can be
accomplished using a simple voltage-driven system (V-ECLL) or a potential-
driven feedback cell (P-ECLL) both leading to water electrolysis and the creation
of acid and base in situ. The aim of this study is to determine the long-lasting
effects of targeted ECLL in a Yucatan pig model.

Methods: A 5-year-old Yucatan pig was treated with both V-ECLL and P-ECLL
in the subcutaneous fat layer using 80:20 platinum:iridium needle electrodes along
an 8cm length. Dosimetry parameters included 5V V-ECLL for 5, 10, and
20 minutes, and —1.5V P-ECLL, —2.5V P-ECLL, —3.5V P-ECLL for 5 minutes.
The pig was assessed for changes in fat reduction over 3 months with digital
photography and ultrasound. After euthanasia, tissue sections were harvested and
gross pathology and histology were examined.

Results: V-ECLL and P-ECLL treatments led to visible fat reduction
(12.1%-27.7% and 9.4%—40.8%, respectively) and contour changes across several
parameters. An increased reduction of the superficial fat layer occurred with
increased dosimetry parameters with an average charge transfer of 12.5, 24.3, and
47.5 C transferred for 5V V-ECLL for 5, 10, and 20 minutes, respectively, and
2.0, 11.5, and 24.0C for —1.5V P-ECLL, -2.5V P-ECLL, —3.5V P-ECLL for
5 minutes, respectively. These dose-dependent changes were also evidenced by
digital photography, gross pathology, ultrasound imaging, and histology.
Conclusions: ECLL results in selective damage and long-lasting changes to the
adipose layer in vivo. These changes are dose-dependent, thus allowing for more
precise contouring of target areas. P-ECLL has greater efficiency and control of
total charge transfer compared to V-ECLL, suggesting that a low-voltage
potentiostat treatment can result in fat apoptosis equivalent to a high-voltage DC
system.

Asher C. Park and Carmen K. Chan equally contributed to this study.
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INTRODUCTION

The body fat contouring market is predicted to be valued
at $16.5 billion by 2025." Traditional fat reduction
surgeries, including abdominoplasty and liposuction
procedures, have been joined by numerous less invasive
office-based techniques. Current minimally invasive
techniques include hyperthermic laser lipolysis,”* hyper-
thermic radiofrequency therapy,® photobiomodulation
(PBM),” high-intensity focused ultrasound (HIFU),%’
cryolipolysis,® and the injection of lipolytic drugs (e.g.,
deoxycholic acid—a bile acid).” Although these proce-
dures are effective at reducing body fat, they can be
expensive and may not facilitate selective contouring and
reduction of localized areas of fat. This underscores
the need for an inexpensive, simple, and minimally
invasive means of fat reduction and body contouring. As
we have previously demonstrated, electrochemical lipol-
ysis (ECLL) has the potential to be a novel and effective
approach to selectively reducing body fat.'*'2

ECLL creates localized pH gradients through the
formation of hydrogen ions at the anode and hydroxide
ions at the cathode. This is achieved through water
electrolysis via the reactions:

2H20 g 02 + 4H" + 4e”
4H,0 + 4e” — 2H, + 4OH”

which occur at the anode and cathode, respectively.
Electrochemical therapy (ECT) has been studied in a
number of tissues and has been shown to create a
localized tissue injury resulting in lengthening of tendons,
cartilage reshaping, and collagen remodeling in
skin.'*1373% A previous ECT study on fat demonstrated
that ECLL results in pH gradients that lead to adipocyte
cell deaths via membrane lysis, saponification of trigly-
cerides, and nucleic acid and protein degradation.'”
Our group has demonstrated that ECLL can be
accomplished with either a simple open-loop voltage-
driven system (V-ECLL) or a potential-driven feedback
system (P-ECLL)."" While V-ECLL is simple direct
current (DC) system requiring only two electrodes, P-
ECLL is based on the use of a potentiostat that
incorporates the use of three electrodes: a working,
counter, and reference electrode connected by an
operational amplifier.*® The reference electrode provides
feedback control that allows for sufficient voltage at the
counter electrode that sustains a designated potential at
the working electrode.® Our previous ECLL investiga-
tions used extremely short needle electrodes (1 cm)
inserted perpendicularly to the skin surface to obtain a

tissue response analogous to a point spread function.'®!!

In this study, a more clinically relevant device was used,
which incorporated the insertion of long needle electro-
des parallel to the surface of the skin in the subcutaneous
fat layer. This produced a trough-like depression in the
skin weeks after therapy that is readily observed
clinically. The aim of this study is to determine the
effects of V-ECLL and P-ECLL targeted fat reduction
with a long needle electrode system in an in vivo Yucatan
pig model over the course of 3 months. The Yucatan pig
is an established clinical model for studying metabolic
disorders and fat contouring devices due to its sizable
subcutaneous fat layer compared to other domestic pig
models such as the Yorkshire or Landrace.?’*® The effect
of each treatment was evaluated with digital photogra-
phy, gross pathology, ultrasound, and histology.

MATERIALS AND METHODS
Animal care and anesthesia

The study was approved by the Institutional Animal
Care and Use Committee of the University of California,
Irvine (IACUC # AUP-17-164). A 5-year-old, 94 kg
female Yucatan pig was housed in the animal facility for
7 days before the start date of the study to allow for
acclimation of the pig. The pig was weighed biweekly
with minimal fluctuation in weight throughout the study.
The animal fasted for 1 day before the initial procedure
date. On the procedure date (Day 0), the pig underwent
general anesthesia with intramuscular injections of
telazol (10 mg/kg) and xylazine (5 mg/kg) and was orally
intubated. Anesthesia was maintained with continuous
isoflurane gas (1%-3%). Maintenance fluids were admi-
nistered via Lactated Ringer's solution at a rate of 4 ml/
kg/h. Intramuscular enrofloxacin (7.5 mg/kg) was given
as antibiotic prophylaxis. Postoperatively, the pig was
monitored for pain, distress, infection, bleeding, and
other side effects. After 2 months (Day 60) post-
treatment, the pig underwent general anesthesia per
above protocol for digital photography and ultrasound
evaluation. At 3 months (Day 90) after treatment,
pentobarbital sodium/phenytoin sodium (0.3 ml/’kg) was
administered for euthanasia and samples were collected
for analysis.

Electrochemical lipolysis

On Day 0, the dorsal side of the animal was first shaved
and cleaned with 70% ethanol. The treatment sites were
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demarcated on the dorsum of the animal with skin
markers (Figure 1). At each treatment site, 60 ml of 0.9%
normal saline was injected into the subcutaneous fat
along the trajectory of planned needle insertion. Prelimi-
nary ex vivo experiments (not included) showed that this
volume sufficiently tumesced the adipose tissue to allow
for easier needle electrode placement while increasing
water content in the fat. The treatment sites were run at
least 6 cm away from other treatment sites to ensure that
the treated sites would not have an effect on one another.
The needle electrodes were created from 80:20 platinu-
m:iridium wires with a 0.813mm (20 gauge) diameter.
The wires were approximately 15cm and gently curved
to assist with the parallel insertion of needles along an
8 cm length in the subcutaneous fat. The needle electro-
des exited the skin at both ends and were placed
approximately 5 mm apart from each other.

V-ECLL treatments were conducted using a DC
power supply at 5V for 5, 10, and 20 minutes. For these
treatments, the anode lead was placed superiorly while
the cathode was placed inferiorly (Figures 1A and 2A).
To prevent increased electrical resistance due to H, and
O, gas product formation, every 2 minutes the power was
turned off for 5 seconds (off-time). During this “off-
time,” the porcine skin was massaged to clear gas
bubbles from the subcutaneous layer. P-ECLL treat-
ments were conducted similarly but utilized a potentio-
stat (Model 650, CH Instruments) at the following

parameters: —1.5, —=2.5, and —3.5 V for 5 minutes. During
P-ECLL treatments, no “off-time” was performed as the
potentiostat provides a constant potential at the working
electrode via feedback from the reference electrode.*
During P-ECLL treatments, the reference needle was
placed in the middle, with the counter electrode
(anode) placed superiorly and the working electrode
(cathode) placed inferiorly (Figures 1B and 2B). All
three electrodes were oriented parallel to each other,
Smm apart. Potentiostat treatments were performed as
bulk hydrolysis at a fixed voltage. Each parameter for
both V-ECLL and P-ECLL was performed twice at
separate treatment sites. To serve as an untreated control
(sham), one treatment site was tumesced and three needles
were placed but remained disconnected from any power
source. Charge transfer data was collected throughout the
duration of all ECLL treatments for analysis. Following
these treatments, the electrode insertion and exit sites were
tattooed with black ink for future identification and
tracking. The sites were dressed with gauze and tape and
were removed 1 week later.

Assessment
Digital photographs with a DSLR camera (EOS Rebel

XS, Canon) and diagnostic portable ultrasound (1Q+,
Butterfly) were used to evaluate the target sites, and were

A :
L~ T 5 minutes 10 minutes 20 minutes
5 mi 10 mi 20 mi -
Trial 1 Trial 1
Trial 2
Trial 2
(B) L FEREREe
5 A5V 25V 35V
Trial 1 Trial 1
Trial 2
Trial 2

U1

FIGURE 1

(A) V-ECLL treatment layout and photograph of the V-ECLL treatment sites showing skin surface contour changes at the 10-

minute and 20-minute sites 3 months after treatment. Red arrows indicate anode placement while black arrows indicate cathode placement. White
arrows represent point of needle entry into the skin while white circles indicate the point of needle exit. (B) P-ECLL treatment layout and photograph
of the P-ECLL treatment sites showing skin surface contour changes at the —2.5 and —3.5V sites 3 months after treatment. Red arrows indicate
counter electrode placement, gray arrows indicate reference electrode placement, and black arrows indicate working electrode placement. White
arrows represent point of needle entry into the skin while white circles indicate the point of needle exit.
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FIGURE 2

repeated biweekly. At the 2-month and 3-month time
points, the pig was placed under general anesthesia as
previously described for thorough physical evaluation of
treatment sites with ultrasound and digital photographs.
After euthanasia, the treatment sites were sectioned in
situ transversely along the treatment axis and were
photographed for analysis.

Collected tissue was placed in 10% buffered formalin
and processed using standard histologic evaluation.*
The specimens were sectioned 8 pm thick, stained with
H&E and o-SMA antibody stains and were evaluated
microscopically at 20X magnification using a light
microscope (BH-2, Olympus).

RESULTS
Digital photography and visual assessment

At the 3-month experimental endpoint, visual evaluation
of the pig revealed obvious contour changes (soft tissue
depression) at multiple treatment sites. For the V-ECLL
treatments, noticeable depressions were evident at 5 V-10
minutes and 5 V-20 minutes treatment sites (Figure 1A).
Between these two V-ECLL treatment parameters, the
20-minute treatment sites exhibited greater contouring
effect (depression) than the 10-minute treatment sites.
With respect to the P-ECLL treatment sites, both the
—2.5V to 5 minutes and —3.5V to 5 minutes treatment
sites exhibited visible contour changes with the —=3.5V to
5 minutes showing a greater effect (Figure 1B). Treat-
ments at —2.5V to 5 minutes and —3.5V to 5 minutes
P-ECLL sites were wider than that of the V-ECLL
which led them to be less noticeable depressions on
digital photography. The —3.5V to 5 minutes P-ECLL

(A) Two-needle V-ECLL experimental setup. (B) Three-needle P-ECLL experimental setup.

treatment sites showed evidence of probable scar
formation, as depicted by the raised and firm areas
along the treatment site. This dosed response of
increased contour with increased charge transfer for
each respective ECLL modality was consistent with gross
pathology and ultrasound findings. Subtle hyperpigmen-
ted regions at needle entry and exit points of the P-ECLL
and V-ECLL treatment sites were present. As expected,
the sham site showed no changes in skin pigmentation,
contour, or geometry.

Gross pathology and ultrasound evaluation

Gross pathology showed a greater percentage decrease in
the thickness of the superficial fat layer at greater
dosimetry for both V-ECLL and P-ECLL treatment
sites (Table 1). Compared to the sham site, there were
color, thickness, and texture changes in the superficial fat
layer at each treatment dosimetry consistent with fibrosis
(Figure 3). Reduction in the superficial fat layer thickness
was more focal with the V-ECLL treatments compared
to the P-ECLL treatments; the latter showed a broader
contour effect which may be a result of the three-needle
array. This finding correlated with the ultrasound
images.

The ultrasound examination also demonstrated an
increasing reduction of the superficial fat layer as both
time for the V-ECLL treatments and voltage for the
P-ECLL treatments were increased (Figure 4). These
findings were consistent with visual assessment and gross
pathology. Hyperechoic areas in the superficial fat layer
were noticeable on ultrasound for all ECLL treatment
sites and ran longitudinally along the sites. These regions
corresponded to the regions of color, thickness, and
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texture changes noticed with the gross pathology. No
changes were seen at the sham site.

Histology

The sham site showed homogenous adipocytes with
regular, circular cell morphology separated by connective
tissue and fibroblasts with eccentric nuclei (Figure 5A).
V-ECLL and P-ECLL specimens show a visible decrease
in the number of adipocytes and a loss of homogeneity in
the shape of the adipocytes, suggesting lipid depletion
and destruction of adipocytes (Figure 5). There was also

TABLE 1 Percent decrease of the superficial fat layer by treatment
and trial as seen with gross pathology

Superficial fat layer
Treatment Trial decrease (%)

V-ECLL 5 V-5 minutes 1 19.4

2 12.1

5 V-10 minutes 1 15.8

2 23.7

5 V-20 minutes 1 24.8

2 27.7

P-ECLL -1.5V to 1 11.8
5 minutes

2 9.4

-2.5V to 1 31.9
5 minutes

2 28.1

-3.5Vto 1 40.8
5 minutes

2 28.3

an observed increase in weakly positive a-SMA antibody
staining indicative of an increase of myofibroblasts in the
treated tissue compared to the sham (Figure 6). The
amount of o-SMA antibody stain increased around
adipocytes and in vascular vessel lumen as the dosimetry
for both V-ECLL and P-ECLL. This increase in
myofibroblasts results in the deposition of collagen at
the treated sites visualized in Figure 5 of the ECLL-
treated sites. The longer the treatment for V-ECLL and
the higher the dosimetry for P-ECLL, the more
pronounced fibrosis became. At the higher treatment
sites (Figure 5D,H), there was a substantial collagen
deposition between adipocytes.

Charge and current transfer data

Current and total charge transfer was recorded as a
function of time at a constant of 5V for V-ECLL
(Figure 7A) and at a constant of 5 minutes for P-ECLL
(Figure 7B). Total charge transferred was calculated via
the integration of current and plotted as a running sum in
Figure 7. For the V-ECLL parameters, there was an
expected increase in charge transfer with increase in
treatment time; this trend is seen in the charge transfer
data (Figure 7A). For Trials 1 and 2 of the 5 V-5 minutes
V-ECLL parameters, there was a charge transfer of 12.6
and 12.4 Coulombs (C), respectively. Likewise, there was
a similar amount of charge transfer between Trials 1 and
2 of the 5V-10 minutes treatment trials with 22.5 and
26.0 C transferred, respectively. However, there was
greater charge transfer for Trial 1 of the 5 V-20 minutes
treatment compared to that of Trial 2; approximately
56.3 C versus 38.7 C transferred, respectively. This was
due to a brief jump in current likely caused by a brief
short circuit of the electrodes during the treatment and

FIGURE 3 Representative gross pathology sections showing (A) control (sham) sites, (B-D) V-ECLL dosimetry treatment sites, and (E-G)

P-ECLL dosimetry treatment sites
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V-ECLL P-ECLL

Untreated 3 months Untreated 3 months

FIGURE 4 Representative ultrasound images of adipose tissue at (A-F) V-ECLL treatment sites when untreated and at the 3-month endpoint
and at (G-L) P-ECLL treatment sites when untreated at the 3-month endpoint.

Control

FIGURE 5 Histology of the V-ECLL and P-ECLL-treated regions at 3 months. H&E stained histological images of (A) untreated control
(sham), (B-D) V-ECLL treatment sites, and (E-G) P-ECLL treatment sites.
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FIGURE 6 Histology of the V-ECLL and P-ECLL-treated regions at 3 months. Alpha-smooth muscle actin stain at the (A) untreated control
(sham), (B-D) V-ECLL treatment sites, and (E-G) P-ECLL treatment sites.
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time and current versus time graphs for P-ECLL dosimetry parameters.

subsequently, an increase in charge transfer at approxi-
mately 150-second mark. Current range and variation
during V-ECLL treatment was within the expected range
(30-50 mA). During each V-ECLL procedure, the
5-second “off-time” at every 2-minute interval and
subsequent resumption of the reaction, corresponded to
the current spikes observed. This intermittent massage to
dissipate the gas bubbles improves the efficiency of the

(B) P-ECLL Charge vs Time
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(A) In vivo V-ECLL charge vs time and current vs time graphs for V-ECLL dosimetry parameters. (B) In vivo P-ECLL charge vs

electrochemistry as gas bubble build-up at the electrodes
can lead to increased resistance.

For the P-ECLL parameters, an expected increase in
charge transfer was observed with increasing applied
potential (Figure 7B). Similarly, there was a marked
increase in current as potential increased. For Trials 1
and 2 of the —1.5V to 5 minutes P-ECLL parameters,
there was a charge transfer of 2.04 and 1.96C,
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respectively. Likewise, there was a similar amount of
charge transfer between Trials 1 and 2 of the —=3.5V to
5 minutes P-ECLL treatment trials with 25.8 and 22.1 C
transferred, respectively. However, there was a substan-
tial difference between Trials 1 and 2 of the —2.5V P-
ECLL treatments with Trial 1 transferring 18.2 C and
Trial 2 transferring 4.8 C. The low charge transfer of
Trial 2 may have occurred due to differences in the local
environments of the reaction which may have been
caused by variations in saline distribution or differences
in the diffusion of gas formed at the electrodes across
the trials.

DISCUSSION

Existing methods for fat reduction range from surgical
procedures to less invasive means such as hyperthermic
laser lipolysis, hyperthermic radiofrequency therapy,
PBM, HIFU, cryolipolysis, and deoxycholic acid. Our
group has conducted previous studies showing the
feasibility of ECLL as a potential fat contouring and
reduction method for cosmetic or medical purposes.'® '2
Prior ex vivo and limited in vivo studies have shown that
ECLL can induce cell death via membrane lysis,
saponification of triglycerides, and nucleic acid and
protein degradation.'® !> In this longitudinal in vivo
study, we show that ECLL, both V-ECLL and P-ECLL,
lead to sustained adipose tissue contour and reduction in
a live Yucatan pig model. The Yucatan pig model was
utilized as it is a well-established clinical animal model
for studying metabolic disorders and body contouring
effects due to its thick subcutaneous fat layer compared
to conventional domestic breeds such as the Landrace or
Yorkshire.*”** We also demonstrate that P-ECLL can
achieve a more dramatic change in contour than
V-ECLL.

At the —3.5V to 5 minutes P-ECLL sites, there was
palpable indurated tissue along the needle insertion path
which may be consistent with scar tissue formation. This
was the highest dosimetry parameter tested for P-ECLL
and may represent an upper limit dosimetry limit.
Hyperpigmentation of the skin at the needle insertion
and exit points was also observed here as in previous
studies.’’*** This is a common effect observed in many
energy-based skin therapies and is an unpredictable
process associated with moderate tissue injury.*®** This
needs to be further explored if this technology is to be
directed for treating skin. For a clinical device, simply
insulating the needle at its interface with the skin should
eliminate this effect.

With ECT, charge transfer determines the amount of
acid or base formed, which in turn is proportional to the
tissue effect.!®!%313335 The degree of charge transfer is
controlled by changing electrochemical systems, voltage,
and time parameters. Increasing voltage or time parame-
ters results in increasing charge transfer. However, there

was variability of the charge transfer, particularly
between Trials 1 and 2 for —2.5V to 5 minutes P-
ECLL likely due to the variation in tissue tumescence.
One of the limitations of this method is that a truly
homogenous tissue tumescence may be difficult to
achieve in a target tissue area. This leads to the local
variations of the dosage effect and thus variable
outcomes at different treatment sites. In humans, more
consistent tumescence may potentially be achieved as
the skin is substantially thinner and fat less constrained
by connective tissue as in porcine subjects. Another
confounding factor includes the bubble formation
around electrodes that can lead to transitory increase
in local resistance. Our current research effort is focused
on reducing and controlling these confounding factors.

Different advantages and limitations exist for each
electrochemical system. V-ECLL is a far simpler and
cost-effective method that requires only needle electrodes
and a simple DC power source (i.e., battery). These
components can be purchased at prices as low as ~$5.
However, this method results in the open loop consump-
tion of the electrolytic solution (saline) surrounding the
electrodes, leading to potentially longer treatment times
as diffusion of water back into the treatment zone is time
dependent. This limitation of V-ECLL is addressed in a
P-ECLL system that relies on feedback (closed-loop) of a
pre-defined local potential and dynamic control of
current. P-ECLL provides more control over the
electrochemistry by creating a more efficient reagent
diffusion-limited system.

The P-ECLL system is the more electrochemically
efficient modality that can achieve similar results as V-
ECLL but with less time and voltage. Trial 1 of the
—2.5V P-ECLL treatment had a lower charge transfer
than that of the 5V-10 minutes V-ECLL treatments
(Figure 7). However, reduction of the superficial fat layer
and the extent of fibrosis indicated by gross pathology
was equivalent between the two ECLL modalities
(Figure 3C,F); this similar tissue effect was further
supported by ultrasound data (Figure 4C,D,LJ).
Similarly, the two treatments qualitatively exhibited
similar histologic fibrosis and adipocyte reduction
(Figures 5C,F). While the tissue effects of Trial 1 of
the —2.5V to 5 minutes P-ECLL and 5V-10 minutes
V-ECLL treatments were very similar, the P-ECLL
system was able to accomplish this with less time and
less total charge transferred, highlighting the increased
efficiency and effectiveness of the potentiostat system.

Although changes to the visible contour were more
apparent with the naked eye, preliminary results from
digital photographs indicate that ECLL results in
sustained changes in the adipose layer. Depressions in
the subcutaneous tissue layers were observed at the
5 V-10 minutes, 5 V-20 minutes V-ECLL treatment sites,
and at the —2.5V to 5 minutes, —3.5V to 5 minutes P-
ECLL treatment sites. The —2.5V to 5 minutes P-ECLL
site showed visible contour change that appeared less
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dramatic than that of the 5V-10 minutes and 5V-20
minutes V-ECLL treatments as shown in Figure 1.
However, it should be acknowledged that contour
change at the —2.5V P-ECLL site affected a greater
surface area, making it appear less noticeable with digital
photography. This is due to the three-needle system of
the P-ECLL which orients the working electrode and the
counter electrode approximately 10 mm from each other
while the V-ECLL two-needle system orients the anode
and cathode 5mm from each other. Thus, the different
geometry of the electric fields between the two systems
may have contributed to the differences in the width of
the resulting contours. Further studies should be
conducted to investigate the effects of electrode geometry
on the spatial treatment on adipose tissue along with
local vascular and nervous tissue. Modeling the electrical
field is a complex process because the dielectric propert-
ies of the tissue change with pH and the ionic
composition, and all these variables change during
ECT. It is possible to estimate the electric field at the
onset of treatment though. The —2.5V to 5 minutes
P-ECLL and 5V-10 minutes, 5 V-20 minutes V-ECLL
treatments produced desirable visible contour changes on
the Yucatan pig without the presence of obvious fibrosis
upon visual inspection and digital photography.
Although this dosimetry may be suitable for this animal
model, lower dosage should be explored for future
human studies to account for the differences in chemical
and mechanical properties of human fat compared to
that of Yucatan pigs. Further animal studies should be
conducted to further explore ECLL dosimetry that
optimizes fat reduction while minimizing fibrosis.

Superficial fat reduction at the treatment sites was
correlated with gross pathology and ultrasound. Gross
pathology and ultrasound not only exhibited a decrease in
the superficial fat layer at the treatment sites that showed
visual contour changes, but also showed a decrease in the
superficial layer of fat for the 5 V-5 minutes V-ECLL and
—1.5V to 5 minutes P-ECLL treatments. This indicates that
even at these lower treatments, there was a local tissue
effect that led to fat destruction but did not lead to
sufficient volume loss for visible contouring effect. How-
ever, fat loss observed with gross pathology is acquired ex
vivo and is not directly relevant to the clinically desired
outcome of visible fat contour.

The visualized contour changes and reduction in the
thickness of the fat layer seen with gross pathology and
ultrasound also correlate with the histological changes.
Histology of the subcutaneous tissue at the sham site
demonstrated round adipocytes with regular morphology
and distribution. This contrasts with the treated tissue
which shows remodeling with an increase in myofibro-
blasts evidenced by the o-SMA antibody stain. The
observed increase in o-SMA antibody stain in the
vascular vessel lumen suggests that like other fat contour
technology, named vessels should be avoided by clini-
cians. Compared to the sham site, the treatment sites had

increased fibrosis and collagen deposition. These histo-
logical results are comparable to other minimally
invasive fat reduction procedures.’’** This fibrosis
paired with an evident decrease in adipocytes in treated
histology provides evidence of adipocyte destruction due
to cell membrane lysis, nuclear degradation, and
triglyceride saponification which increased the propor-
tion of collagen in the tissue as observed in previous
studies.'® 12384 A previous study by our group utilized
a live-dead assay to show the viability of the remaining
adipocytes after ECLL treatment; however, the meta-
bolic function of these adipocytes should be investigated
in future studies.'” The higher the dosimetry parameters,
the greater the proportion of observed collagen and the
less the proportion of remaining adipocytes following
treatment. Scar formation is likely dose-dependent as
demonstrated in this study with the broad range of
electrochemical device parameters. The formation of scar
for specific tissue contouring may actually be useful in
other clinical applications such as contouring around the
abdominal musculature (six-pack abs). On the other
hand, longer survival studies in this animal model may
potentially show further remodeling and potential
disappearance of this scar tissue beyond 3 months. In
this proof of concept study, extreme dosimetries resulting
in fibrosis were selected to clearly visualize the macro-
scopic effects of the treatment. Further studies should be
conducted to explore more clinically relevant dosimetries
and to observe tissue effects beyond 3 months.

This pilot study, while limited in one subject,
demonstrates the efficacy of this technology in an animal
model where a sizable and suitable subcutaneous fat
layer exists. This validates the potential use of two modes
of ECLL as they can achieve desirable changes in the
adipose tissue of a longitudinal in vivo animal study.
Future work would aim to develop parameters that
would be optimized for human subjects.

CONCLUSION

ECLL of adipose tissue results in spatially localized damage
in the adipose tissue thus allowing for dose-dependent
targeted fat treatment. Both V-ECLL and P-ECLL
treatments at higher dosimetry were shown to decrease the
thickness of the superficial fat layer; however, P-ECLL was
able to do so in a more efficient manner than V-ECLL. This
reduction in fat is evident in the digital photography,
ultrasound, gross pathology, and histology of this study.
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