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Highlights
•P
 roof of concept through initial veterinary (pig) study.
• Thermal probes showed the adipose tissue heated to 45-46°C while skin
temperature reaches only 42°C.
• Proven induction of apoptosis using Tunel method (apoptotic index
increasing from 13% to 52%).
• Ultrasound revealed a reduction of fat layer by 4.7mm (from 7.6 to 2.9mm).
Reduction confirmed by pathological examination.
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• Laboratory,
histological and pathological
analyses proved complete safety
The skin temperature and the adipose tissue tempera- ture of the skin increased to 408C and the temperature of
turerisks
measurement
results
wereeffects).
recorded in a separate the adipose tissue increased to 428C. The effect of the EFC
(no safety
or
side
graph for each animal subject. Figure 3A–C shows the first system contributing the selective heating of the adipose
part of therapy (first 15 minutes). Room temperature was
228C. Before the therapy the deep tissues temperature
was 358C. After 5 minutes of the treatment the tempera-

tissue layer is noticeable after 10 minutes of therapy.
Temperature difference between the skin and the adipose
tissue layer was 48C; skin temperature was 418C, and the
adipose tissue layer temperature is 458C. Skin temperature remained on the tolerable level while the adipose
tissue temperature reached the desired therapeutic level.
The second group of graphs shows the second half of the
therapy (next 15 minutes) (Fig. 4A–C). The broad electromagnetic field heated whole treatment area. The temperature of the adipose tissue layer increased approximately up
to 44–458C.
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The device is engineered to primarily focus on the
lung, and skin from all three swine for histopathology
METHODS
adipose tissue layer with specific
impedance. This principle
exam were taken at the conclusion of the treatment
leads to the adipose tissue layer
faster
than
This heating-up
study was approved
by the
Institutional Animal protocol.
Care
and
Use
Committee
(IACUC)
and
the
Committee
for
other tissue layers. Also blood-rich tissues layers such as
Animal Protection of the Ministry of Agriculture of the RESULTS
skin and muscle are cooled down
the circulating
blood
Czech by
Republic.
Procedures used
conformed to accepted
Skin erythema was observed during treatment, usually
to minimize
or avoid causing pain, distress, several minutes after the start of the treatment. Skin
much faster than the adiposepractices
tissueand
layer.
Furthermore,

or discomfort to the animals. In those circumstances in
which study procedures were likely to cause more than
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momentary or slight pain or distress,
the animals received
analgesics or anesthetics as per the Institutional Animal
Care and Use Committee (IACUC) at University of
Veterinary and Pharmaceutical Sciences Brno.
Four square shaped areas of the skin in rectus
abdominalis (each square 10 cm  10 cm) were selected
and marked as A, B, C, and D. Hairs were removed from
the application area by clipping. The device used to
perform treatment was the high frequency field RF device
sold as Vanquish, BTL Aesthetics, Prague, CR. Treatment
was performed with the RF applicator placed approximately 1 cm above the skin. Total exposure time (30 minutes) of each treatment was divided into two 15 minute
halves. Skin surface was kept in the temperature range
from 39 to 428C during the treatment period.
Animals were under the total anesthesia and under the
supervision of the veterinarian during each treatment and
during the biopsy. Supervising veterinarians selected the
type and the dose of the anesthesia.
All animals were observed for clinical signs, morbidity or
mortality once a day during the treatment period. Onset,
duration and severity of any signs were recorded. Clinical
observations included: (1) skin, eyes, and mucous membranes changes, (2) respiratory, circulatory, autonomic,
and the central nervous system, (3) somatomotor activity
and behavior pattern, changes in gait, posture and
response to handling, presence of clonic or tonic movements and stereotypes.
Blood samples for clinical chemistry were collected from
all animals before each treatment, after each treatment
and 3 months after the last treatment (recovery period).
Blood samples were collected into Tapval tubes without
anticoagulation (clinical chemistry), serum samples were
obtained by centrifugation at 3,000 rpm for 15 minutes.
Serum for clinical chemistry (1 ml) was transferred into
appropriately labeled and sealed Eppendorf tube and
frozen at 208C or below until transport for analysis.
The treated area was examined before 1st, 3rd, 4th
treatment and at the end of the study period by Duplex
ultrasound. All animals were individually weighed before
each treatment and after the study period. Temperatures
of the epidermis and the adipose tissue temperature were
measured by thermocouple before treatment, after 5, 12,
15, 20, 27, and 30 minutes of the treatment and immediately 30 minutes of exposure time. Epidermal temperature
was monitored with an infrared camera during each
Biopsy samples
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skin and the fat tissue
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erythema resolved within minutes following the cessation
of treatment. The first biopsy revealed infiltration of foamy
macrophages and neutrophil granulocytes (Fig. 1).

DISCUSSION

Fig. 6. A: Before treatment fat layer is measured as 7.6 mm by
Duplex
B: After treatment
thickness of adipose layer
A:ultrasound.
Before treatment
fat layer
is reduced to 2.9 mm. (Between Xs and numbered as 1.)

is measured as 7.6mm by Duplex
ultrasound. B: After treatment thickness
of adipose layer is reduced to 2.9mm.
due (Between
to no contactXs
application
of the treatment
and numbered
as 1). head, the

Pathological examination clearly demonstrates the fat
layer reduction in the treated area. Microscopic photographs of histology and TUNEL staining for apoptosis
show that the reduction was most likely caused by the
apoptotic phenomenon. Thermocouple results show that
the adipose tissue is gradually heated up to the temperature of 45–468C, while the skin temperature reaches only
428C. A final 70% reduction of the abdominal fat layer was
seen in the treated areas. Duplex ultrasound revealed a
reduction of fat layer from 7.6 to 2.9 mm. Histologic
evaluation revealed that epidermis, dermis, and adnexal
structures such as hair follicles were unaffected by the
treatment, while adipocytes were significantly affected.
This non-contact high frequency broad RF field device
proved to be safe and effective in subcutaneous fat
reduction in this porcine animal model. Laboratory,
histological, or gross pathological analyses did not indicate
any safety risks or side effects. A new model of fat reduction
using high frequency waves has been successfully achieved
in a porcine model. This has very positive implications in
the development of an operator independent, contact-free
device for reduction of human adipose tissue in clinical
practice.
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Fig. 1. A: Normal fat before treatment. B: Disrupted fat after 4th
treatment. C: Foamy macrophages following treatment.

A: Normal fat before
treatment. B: Disrupted
fat after 4th treatment.
C: Foamy macrophages
following treatment.
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