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Abstract

The article provides an insight into the technological aspects of a novel technology in body shaping allowing simultaneous delivery of HIFEM
magnetic fields and radiofrequency energy. The device utilizes circular coil for magnetic field induction and radiofrequency electrodes in a single
applicator which poses a technological challenge to the construction. To overcome the challenges a novel electrode design has been introduced for
avoiding interferences between the two types of energy. As such the device presents a shift in the body contouring segment of aesthetic medicine,
because it allows a simultaneous treatment of muscle laxity through supramaximal muscle stimulation and reduction of excessive adipose tissue

through radiofrequency heating.

Keywords: HIFEM, Radiofrequency, Synchrode RF Electrode, Body Contouring

Abbreviations: HIFEM: High Intensity Focused Electromagnetic Field; RF: Radio Frequency

Introduction

In aesthetic medicine, various technologies are used for non-
invasive body shaping. Two of the most widely used modalities
are radiofrequency heating of tissues and high-intensity
electromagnetic muscle activation. These two principles represent
energy application arising from two different frequency bands of
the electromagnetic spectrum within humans. Radio frequency
(RF) are waves in the frequency range of roughly 20 kHz to 300
GHz. These are the frequencies with the ability to create heat
through the oscillation of molecules while propagating within the
tissue. In the aesthetic medicine, the RF energy is usually emitted
by a solid metal electrode, which is normally in direct contact with
the patient. The heating effects of the RF technology can be used
for wide range of applications such as fat cell disruption, skin
tightening or cellulite reduction [1-3]. For muscle activation, a high-
intensity electromagnetic field (HIFEM) is used. The HIFEM field

represents a very-low frequency range (<10kHz).

During the application, rapid alternations in the magnetic field
induce a secondary electric current in the tissue. These currents

do not create any heat but are able to both polarize and depolarize

the motor neurons that innervate the muscle, thus eliciting muscle
contractions of supramaximal nature that cannot be achieved
voluntarily. Such stimulation was found to result in muscle
hypertrophy [4-6]. To emit HIFEM energy for muscle activation, an
applicator with an embedded round metal coil is used without direct
contact with the patient. Until recently, these two energies have
been used solely as standalone modalities, and their combination in
close-space engineering would be restricted by physical laws, due
to frequency incompatibility and technical interference. However,
the latest breakthrough in the field presented a technological
solution overcoming these issues. The main goal of this article is
thus to describe and explain the technical aspects of this innovation.
Technical issues associated with simultaneous HIFEM and RF
application In order to apply both RF and HIFEM at the same time
within the same location, the metal RF electrode and the magnetic
coil generating HIFEM field would need to be incorporated in a
single applicator that is in contact with the patient.

However, while the magnetic fields easily pass through most

common materials such as wood, plastic or even human tissue,
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they cannot pass through metal without mutual interactions. Any
metals, when exposed to rapidly changing HIFEM fields quickly
heat up (see Picture 1) and also tend to be physically repulsed. For
this same reason, HIFEM is strictly contraindicated in patients with
metal and electronic implants. With this known contraindication,
HIFEM and ordinary RF can’t be emitted simultaneously within
the same field without overheating the metal electrode generating

Copy@ Diane Duncan

RF as the electrodes are made of a solid metal. Although the RF
electrodes are used to generate heat, their overheating could result
in malfunctions in the RF delivery but most importantly would
expose the patient to risk of burns. An evidence of the heating effect
can be seen in the Figure 1 where metal plates are placed over the
magnetic coil applicator (Figure 1).

plates’ temperature elevation as captured by the thermal camera.

Figure 1: Digital photographs of running applicator containing the circular coil and metal plates placed over. The right image shows the metal

Technical solution simultaneous

application

allowing

To enable HIFEM to pass through the electrode without
this heating phenomenon an entirely new electrode technology
has been developed and patented by a leading company in the
aesthetic market (BTL Industries Inc.,, Boston MA). While solid
electrodes represent an issue for the magnetic field, the patented
Synchrode RF electrode uses a special design concept which
makes it transparent to the HIFEM energy. Instead of using a single
coherent metal structure, the Synchrode RF electrode is comprised

of 56 smaller segment pairs, with each segment pair laid out close
to each other, creating individual positive and negative (+/-) RF
poles (112 segments per applicator). The main purpose for using
this segmented design and for having multiple interspacings is to
achieve selective tissue heating effects as with large-sized solid
electrode but without the technical limitations associated with a
solid electrode (see Figure 2). The device utilizing this technology
offers two treatment applicators, allowing a total of 224 interspaced
electrode segments to work in synchrony during the treatment
(Figure 2).

Figure 2: lllustration of the difference between standard and segmented electrode. Standard electrodes are made of compact material as a
single piece (left), while the segmented electrode is composed of multiple interspaced segments (right).
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The key to this breakthrough technology is the interspacing.
This interspaced design allows the HIFEM to pass through the
electrode easily without any unfavorable interaction with its metal
parts. Instead, the electrode is transparent to the magnetic fields,
allowing them to continue in their intended direction (See Figure
3). Through years of development and testing, the Synchrode RF

Copy@ Diane Duncan

electrode’s overall size and shape is specifically tailored to work in
synchrony with the HIFEM magnetic fields. The electrode design
takes into consideration the exact shape, the depth of penetration,
as well as the intensity of HIFEM fields. The magnetic coil and the
Sychrode RF electrode are thus truly synchronized with each other
from an engineering standpoint (Figure 3).

heat.

Figure 3: lllustration of the mutual interaction between magnetic coil and underlying electrode. The interspaced electrode is transparent to the
HIFEM’s magnetic field and the magnetic waves can pass without interaction, while standard electrode absorbs the HIFEM energy, resulting in

Conclusion

Forthe very firsttime in the aesthetic field, this patented concept
allows practitioners to simultaneously apply RF heating and high-
intensity electromagnetic muscle (HIFEM) activation in the same
treatment area, at the same time. This represents an engineering
breakthrough that now allows leveraging both the clinical, as well as
commercial synergies of combining two gold standard technologies
from a single device applicator. The company holding the patent
rights (BTL Industries Inc., Boston MA) has already implemented
this solution in a novel body shaping device introduced in October
2020 (EMSCULPT NEO) and presented the results of several clinical
studies showing synergistic effects on muscle and fat tissues [7-
10]. Although this electrode design solution has been first used
for body shaping where it shows superior results, its’ use may not
be limited only to aesthetic medicine but could found a variety of
other applications in another medical areas such as physiotherapy
or rehabilitation.

Conflict of Interest

Dr. Diane Duncan is medical advisor for BTL, no funding was
received for this article.
References

1. AngélicaRodrigues de Aratjo, Viviane Pinheiro Campos Soares, Fernanda
Souza da Silva, Tatiane da Silva Moreira (2015) Radiofrequency for the
treatment of skin laxity: mith or truth. Anais Brasileiros de Dermatologia
90(5): 707-721.

2. Alizadeh Z, Halabchi F, Mazaheri R, Abolhasani M, Tabesh M, et al. (2016)
Review of the Mechanisms and Effects of Noninvasive Body Contouring

Devices on Cellulite and Subcutaneous Fat. Int ] Endocrinol Metab 14(4):
e36727.

3. Emilia del Pino M, Rosado RH, Azuela A, Ma Graciela Guzman, Dinorah
Argiielles, et al. (2006) Effect of controlled volumetric tissue heating
with radiofrequency on cellulite and the subcutaneous tissue of the
buttocks and thighs. ] Drugs Dermatol JDD 5(8): 714-722.

4. Duncan D, Dinev [ (2019) Noninvasive Induction of Muscle Fiber
Hypertrophy and Hyperplasia: Effects of High-Intensity Focused
Electromagnetic Field Evaluated in an In-Vivo Porcine Model: A Pilot
Study. Aesthet Surg ] 40(5): 568-574.

5. Kinney BM, Lozanova P (2019) High intensity focused electromagnetic
therapy evaluated by magnetic resonance imaging: Safety and efficacy
study of a dual tissue effect based non-invasive abdominal body shaping.
Lasers Surg Med 51(1): 40-46.

6. Kent DE, Jacob CI (2019) Simultaneous Changes in Abdominal Adipose
and Muscle Tissues Following Treatments by High-Intensity Focused
Electromagnetic (HIFEM) Technology-Based Device: Computed
Tomography Evaluation. ] Drugs Dermatol J]DD 18(11): 1098-1102.

7. Weiss RA, Bernardy ], Tichy F (2020) Radiofrequency treatment used
in combination with HIFEM therapy: Histological analysis includin
scanning electron microscopy of adipocytes. Lasers Surg Med 52(S32):
S5-582.

8. Halaas Y, Bernardy ], Ondrackova P, Dinev I (2020) The skeletal muscle
satellite cell activation by a combination of HIFEM procedure and
radiofrequency treatment for body contouring: A first look at the NCAM/
CD56 facilitated detection by fluorescent microscopy. In: ASDS 2020.

9. Katz BE, Samuels ]JB, Weiss RA (2020) Novel Radiofrequency Device
Used in Combination with HIFEM Procedure for Abdominal Body
Shaping: Sham-Controlled Randomized Trial. In: ASDS 2020.

10.Jacob C, Kent DE (2020) Abdominal Toning and Reduction of
Subcutaneous Fat with Combination of HIFEM Procedure and
Radiofrequency Treatment. In: ASDS 2020.

American Journal of Biomedical Science & Research 149


https://pubmed.ncbi.nlm.nih.gov/28123436/
https://pubmed.ncbi.nlm.nih.gov/28123436/
https://pubmed.ncbi.nlm.nih.gov/28123436/
https://pubmed.ncbi.nlm.nih.gov/28123436/
https://pubmed.ncbi.nlm.nih.gov/16989185/
https://pubmed.ncbi.nlm.nih.gov/16989185/
https://pubmed.ncbi.nlm.nih.gov/16989185/
https://pubmed.ncbi.nlm.nih.gov/16989185/
https://pubmed.ncbi.nlm.nih.gov/31665217/
https://pubmed.ncbi.nlm.nih.gov/31665217/
https://pubmed.ncbi.nlm.nih.gov/31665217/
https://pubmed.ncbi.nlm.nih.gov/31665217/
https://pubmed.ncbi.nlm.nih.gov/30302767/
https://pubmed.ncbi.nlm.nih.gov/30302767/
https://pubmed.ncbi.nlm.nih.gov/30302767/
https://pubmed.ncbi.nlm.nih.gov/30302767/
https://pubmed.ncbi.nlm.nih.gov/31738500/
https://pubmed.ncbi.nlm.nih.gov/31738500/
https://pubmed.ncbi.nlm.nih.gov/31738500/
https://pubmed.ncbi.nlm.nih.gov/31738500/

woy

MM

13ZWenoyri466d Aq A

ddu+n.

AGYD 4SO+ AMOZZHIYBb

1202/81/90 U0 SAQSYUOZ/HYJO/OAGIEMISII+ LM JIOSNAUINZENHEI0 LXDMOEBPXGMYdam | G UBNMy+ONW L dOTDTIAIBLG0INMHOA

I Original Article

Simultaneous Application of High-Intensity Focused
Electromagnetic and Synchronized Radiofrequency for
Fat Disruption: Histological and Electron Microscopy
Porcine Model Study

Robert A. Weiss, MD, FAAD,* Jan Bernardy, PhD,T and Frantisek Tichy, CSc#

BACKGROUND Radiofrequency (RF) and high-intensity focused electromagnetic (HIFEM) technologies are used for
noninvasive body shaping as standalone modalities.

OBJECTIVE To examine the effects of novel synchronized RF and HIFEM on subcutaneous adipose tissue in a porcine
animal model.

MATERIALS AND METHODS Seven large white pigs aged 6 months received 3 abdominal treatments of simultaneous
application of synchronized RF and HIFEM (30 minutes, once per week). Punch biopsies of treated and control sub-
cutaneous tissue were collected at the baseline, 4 days, 2 weeks, 1 month, and 2 months. Specimens were examined by
light and scanning electron microscopy. Adipocyte volume was analyzed. Fat tissue temperature was measured in situ
(fiber optic probes) and superficially (thermal imager).

RESULTS Fat layer was heated to temperatures of 42 to 45°C. Signs of fat apoptosis (shape alternations and pyknotic
nuclei) appeared at day 4 and peaked between 2 weeks and 1 month. Adipocyte volume decreased significantly (p < .001)
by 31.1% at 2 weeks, 1 month (—23.6%), and 2 months (—22.0%). Control samples showed healthy adipocytes. Scanning
electron microscopy micrographs corroborated histology findings, showing flattened, volume-depleted and disrupted

adipocytes.

adverse events.

CONCLUSION Synchronized RF with HIFEM procedure resulted in a significant and sustained fat reduction with no

oninvasive techniques for body shaping as an al-

ternative to the invasive methods are generally

sought and well accepted by the public because
they pose less risk with minimum side effects and no
downtime.! Novel synchronized radiofrequency (RF) and
high-intensity focused electromagnetic (HIFEM) technolo-
gies were recently developed to provide noninvasive body
shaping using heat and intensive muscle contractions,
respectively.

The effect of RF technology is based on generating heat in
different tissues through the transformation of RF energy
into heat.? Certain frequencies of the RF spectrum allow for
selective heating of skin or subcutaneous adipose tissue
because of the different dielectric properties of biological
tissues. Hence, RF is often used for fat removal, skin
tightening, or cellulite reduction.’™®

From the *Maryland Laser Skin, & Vein Institute, Hunt Valley, Maryland: " Veterinary
Research Institute, Brno, CZ: * Department of Anatomy and Histology, Faculty of
Veterinary Medicine, University of Veterinary and Pharmaceutical Sciences Brno, CZ
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Building, Hunt Valley, MD 21030 CA 90212, or e-mail: rweiss@madlsv.com
http.//dx.doi.org/10.1097/DSS.0000000000003091
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High-intensity focused electromagnetic technology induces
muscle contractions through stimulation of the nerve path-
ways. The magnetic field induces electric currents, depolariz-
ing the cell membranes of nerve cells to propagate an action
potential and contract muscle fibers.” Intense muscle contrac-
tions (referred to as supramaximal) result in an increase in the
muscle mass through hypertrophy/hyperplasia.'®

Noninvasive fat reduction requires lipolysis, which is the
breakdown of triglycerides stored in the fat cells into
glycerol and free fatty acids (FFAs). Radiofrequency-
targeted heating of subcutaneous tissue results in increased
fat cell metabolism, which facilitates this breakdown.!'!?
In addition, a simultaneous intensive muscle workload,
such as during HIFEM treatment, is accompanied by an
elevated level of lipolysis due to the increased local energy
consumption.'?

For long-term reduction of subcutaneous fat tissue,
necrosis or apoptosis must be achieved and seen on
histological studies.!' Necrosis is immediate cell death that
can follow various external factors, such as excessive heat,
cold, and toxins, and can lead to untoward side effects.!***
It is usually linked with intensive inflammation and possible
panniculitis (e.g., significant lymphohistiocytic infil-
trate).'®!” By contrast, apoptosis, a process by which the
body replaces old/damaged cells, manifests itself with very
mild immune response'®'? and is therefore known as the
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“silent cell death.” Importantly, it has been shown that
apoptosis is usually a temperature-dependent event. With a
minimal 15-minute exposure time, apoptosis can be
initiated with temperatures of 42°, and exposure time to
trigger apoptosis decreases as the temperature rises.
Apoptosis is achieved with temperatures of up to 45°C,
whereas higher temperatures may result in immediate cell
death or necrosis.!’***2* Regarding necrosis versus apo-
ptosis, necrosis is immediate death of tissue that can cause a
whole host of problems including panniculitis and should be
avoided. Apoptosis is a slow programmed death that is
associated with less side effects and is preferable.

When applying RF and HIFEM simultaneously, a
primary effect on fat tissue is attributed to the RF-
heating-induced apoptosis. Hypothetically, the use of a
dual-modality approach might boost the metabolic activity
for more effective fat reduction. High-intensity focused
electromagnetic contractions might also aid with heat
distribution and reduce risk of hot spots.>>**

Technical limitations have previously prevented the
concurrent use of HIFEM and RF technology because of
the interference between 2 competing electromagnetic
fields. This study describes a novel synchronized RF that
allows simultaneous combination of both technologies. In
this porcine study, the use of HIFEM and synchronized RF
determines effects on adipose tissue using both H&E
histology and scanning electron microscopy (SEM).

Materials and Methods

An institutional review board approved this prospective
animal study of 7 large white pigs (females) aged
approximately 6 months. The number of animals was
chosen to respect the 3Rs principle for animal experimen-
tation as much as possible, and the study was performed in
accordance with the EU Directive for animal experiments. A
certified veterinarian supervised all the procedures.

All animals received active treatment 1 week after the
acclimatization period. Three 30-minute abdominal thera-
pies once a week for 3 weeks per pig were performed using
Emsculpt Neo device (BLT Industries Inc., Boston, MA),
which simultaneously combines novel synchronized RF and
HIFEM technologies in a single applicator. The applicator
was placed on the abdominal area, affixed by a fixation belt,
and therapy power was set to maximum allowed intensity
for both modalities. Animals were under general anesthesia.
Before each therapy, anesthetic premedication was per-
formed by the mixture of tiletamine 2 mg/kg, zolazepam 2
mg/kg, ketamine 2 mg/kg, and xylazine 2 mg/kg. During the
therapy, anesthesia was maintained because of the contin-
ual influx of 2% propofol solution (1-2 mg/kg) by a
cannula inserted into the auricular vein. The vital functions
of animals were monitored during the therapy.

Using ultrasound guidance (Mindray MSVet, probe
10L4s), a flexible fiber optic temperature probe (LumaSense
Technologies Inc., Raunheim, Hessen, Germany) was inserted
into the subcutaneous fat tissue just below the applicator (the
middepth of the fat layer) to monitor in situ the temperatures
of the adipose tissue during the therapy (Figure 1). The

2 DERMATOLOGIC SURGERY e Month 2021 e Volume 00 ¢ Number 00

Figure 1. Fiber optic temperature probe inserted into the mid-depth
of subcutaneous tissue. The probe tip (red dot) was located in the
center of the shaved treated area (circled). The fiber was fixed by an
adhesive tape to prevent its displacement during the therapy.

superficial skin temperature was monitored immediately after
removing the applicator at the end of the procedure by a
thermal imaging camera (Fluke Ti300, Fluke Corporation).

Biopsy specimens of the fat tissue for histological and
SEM examination were collected at baseline, 4 days (D4), 2
weeks (W2), 1 month (M1), and 2 months (M2) posttreat-
ment for each animal by biopsy punch (6 mm in diameter).
Two specimens per time point (one for histology and one for
SEM) were collected from the treatment site. Control
specimens of abdominal fat tissue were collected from the
opposite side of each subject animal.

For histological examination, hematoxylin and eosin
(H&E) staining was used. In total, 252 tissue slices were
analyzed. The samples for SEM were fixed with 3%
paraformaldehyde and 2% glutaraldehyde and then gold
stained. Micrographs were taken using a JSM-6380LV
microscope (Jeol Ltd, Akishima, Japan). Expert evaluation
of all slices and micrographs in a random order was
performed by an experienced histopathologist.

Adipocyte cross-sectional area measurements were made
using Image] v1.52p software. The area of fat cells was
calculated for each analyzed image. Descriptive statistics
(mean and SD) were used to identify the change in adipocyte
size. Significance of this change was analyzed by one-way
analysis of variance, followed by the Tukey—Kramer post
hoc test. A p value less than 0.05 was accepted as the level of
statistical significance.

Results

Clinical examination during all phases showed normal
health of all animals, and no complications regarding
animal care occurred. Animals always recovered well from
the anesthesia procedure without any treatment-related
complications or side effects.

Temperature Measurements

Subcutaneous fat temperature measured in situ reached
42°C in the first 4 minutes (Figure 2). Then 44°C was
reached soon after, and for the rest of the procedure (23
minutes), temperature was maintained in a 44 to 45°C
range. The skin temperature measured immediately after
the treatment showed safe values between 42°C and 43°C in
all animals.

www.dermatologicsurgery.org
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Histology Evaluation

Baseline and control samples showed predominantly
normal round/polygonal-shaped healthy adipocytes with-
out any damage to fat tissue (Figure 3). Four days after the
last treatment, alternations of the cell shape were present.
Adipocytes were noticeably flattened and of a smaller size (p
< .001; Figure 3) with multiple adipose cells showing
membrane rupture. Connective tissue (collagen fibers)
shows conformational changes. Initiation of a mild in-
flammatory response was also observed with some
neutrophils, lymphocytes, and macrophages seen perivasc-
ularly and surrounding adipocytes. The presence of subtle
infiltration by these cells indicated that the elimination of
damaged fat cells had already been initiated.

Two weeks after the final treatment, adipocytes were
flattened and of significantly (p < .001) smaller size because of
the release of their lipid content caused by the lipolytic effect of
the simultaneous application of RF and HIFEM therapy
(Figures 3 and 5). Multiple adipocyte nuclei demonstrated
pyknotic appearance (a sign of apoptotic changes), as
evidenced by their small and shrunk nuclei with dark, highly
condensed nuclear chromatin. Furthermore, some membranes
manifested rupture with unusual shape alternations, whereas
immune cells were observed perivascularly. Macrophages
(foamy histiocytes) and lipophages could be seen in areas
where the damaged fat cells were being cleared.

One month after the last treatment, unstructured spaces
of various sizes were present, caused by the elimination of
fat cells (Figure 4). Ruptures in some adipocyte membranes
were still visible. The inflammatory infiltrate receded,
indicating that the removal of damaged tissue peaked in
between 14 and 30 days. The diameter of the intact
adipocytes was below the baseline values because they
seemed to contain less lipids than pretreatment (p < .001;
Figure S).

At 2 months, the inflammatory infiltrate was occasion-
ally present as a part of late tissue healing response along
with a few ruptured membranes of adipocytes (Figure 4).
Adipocytes showed no major alterations in shape but still
remained smaller compared with the baseline (p < .001). In

HIFEM and RF Fat Apoptosis ® \Weiss et al

addition, as a result of the collagen remodeling induced by
the RF,* the interlobular septa seemed well-developed.
Notably, no damage to the blood vessels or necrosis of the
fat tissue was observed.

Area of Adipocytes
Treated adipocytes showed a smaller diameter than at
baseline (Figure 5). Overall, the fat tissue showed a

Figure 3. Light microscopy and SEM findings side by side:
control/baseline (up, bar = 100 wm), 4 days (mid, bar = 200 pm),
and 2 weeks (down, bar = 500 pm). Changes of fat tissue in-
clude delaminated membranes of adipocytes, alternations of
their shape, presence of pyknotic nuclei, and subtle immune
response, which started by day 4 and further propagated at 2
weeks. Conformational changes of collagen fibers were seen by
day 4. SEM, scanning electron microscopy.

www.dermatologicsurgery.org
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Figure 4. Light microscopy and SEM findings side by side at 1
month (up) and 2 months (down). At 1 month, the adipocytes still
show membrane ruptures and alternations of their shape; how-
ever, the immune infiltrate is receding. At 2 months, the adipose
tissue regenerates and is consisted of healthy-looking fat cells of
smaller diameter. The architecture of interlobular septa was
noticeably improved. SEM, scanning electron microscopy.

considerable decrease of adipocytes’ area with the greatest
reduction observed at 4 days (—25.9%; —337.8 pm?) and 2
weeks (—31.1%; —405.5 pm?) after the last procedure,
when the most prominent changes in fat tissue were
observed. Notably, the size of the adipocytes remained
smaller at 1-month and 2-month follow-up compared with
the baseline.

Scanning Electron Microscopy

Scanning electron microscopy micrographs corroborate the
histology findings (Figures 3 and 4). At baseline, once again,
healthy fat cells with well-defined shapes were observed. At
the same time, 4 days after the last treatment, the adipocytes
shrunk by 30% because of lipolysis with noticeable signs of
membrane rupture. Fat cell elimination was more pro-
nounced at 2 weeks with clearly visible lipolysis and the

apoptotic events (Figure 3). A large number of disrupted
adipocytes with extrusion of lipid droplets outside the
ruptured and damaged cells were observed. A mild in-
flammatory infiltrate was present, indicating a local re-
sponse to remove adipocyte cell remains.*%*!

At 1 month, SEM micrographs showed that the adipose
tissue still contained some damaged adipocytes, which had
not yet been cleared (Figure 4). Surviving adipocytes were
smaller because of lipolysis but showed signs of recovery
and restoration of cell shape. Finally, 2 months after
treatments, volume-depleted surviving adipocytes were
almost back to baseline, although they still occasionally
showed shape alternations (Figure 4).

Discussion

The histological and SEM evaluation of fat tissue after the
dual RF/HIFEM treatment showed a corresponding pat-
tern. Both H&E and SEM demonstrated lipolysis and a
decrease in fat cells predicted to be long-term. Treatment
effects in fat tissue peaked between 2 weeks and 1-month
posttreatment when the most significant changes were seen.
At 2 months, fat tissue still showed a significant and
sustained fat reduction.

To accomplish a therapeutic effect in adipose tissue, it is
necessary to achieve heating in a narrow range of 42 to
45°C, which triggers alternations in the structural integrity
of the fat cells.””"> As shown in Figure 2, the lower limit of
this temperature range was already achieved during the first
4 minutes. Temperature was then maintained within this
range for the rest of the treatment. Such a rapid increase
followed by a steady temperature profile allows for high
efficiency because the therapeutic effect is delivered for 26
minutes of 30. This temperature profile is believed to be
attributed to more uniform distribution of RF-generated
heat, which is augmented by concomitant muscle activity
and augmented blood circulation.** This hypothetically
eliminates hot spots and contributes to treatment efficacy.

Previous studies have shown that controlled RF heating
used as a standalone modality induces apoptosis.”>*! Because
only a mild inflammation response was observed, we believe
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that heat-induced necrosis was not the primary effect. This
study shows that apoptosis is the more predominant
mechanism than necrosis, with treated adipocytes showing
pyknotic nuclei, delaminated membranes, shape alternations,
and only a mild inflammatory response. Adipocytes also suffer
apoptosis when their size significantly fluctuates while
becoming too large or too small''*¢ and are stressed by the
excessive efflux of FFAs.'*” Although RF is assumed to play a
major role in the effect on fat tissue, HIFEM-induced lipolysis
may augment the overall fat cell shrinkage and thus enhance
the apoptotic effect of the RF treatment.

We believe that the very significant lipolysis observed in
this study reflects simultaneous use of both modalities. First,
RF heats the tissue and activates the sympathetic branch of
the autonomic nervous system. This leads to the release of
catecholamines (adrenaline and noradrenaline), which
triggers lipolysis.” The magnetic field simultaneously
applied leads to intense muscle contractions that requires
considerable amount of energy. This additional energy
demand is believed to stress adipocytes to deliver more by
increasing metabolic pathways such as breakdown of
triglycerides. More triglycerides are broken to FFAs, which
are delivered through the circulation to the muscle tissue for
B-oxidation and ATP production.®

Although RF heating alone induces lipolysis, some of the
released FFAs may be a subject to lipogenesis if not
consumed for energy, which may occur in all noninvasive
fat reduction modalities.”® The results from our study
showed a sustained reduction of fat cells’ size after 2
months, indicating that lipolysis was predominant. A major
role in long-term fat reduction is extensive apoptosis. Our
study shows extensive fat cell disruption by apoptosis in
histological and SEM images.

In safety, neither RF (when used within safe parameters)
nor HIFEM injures the skin, blood vessels, or other adjacent
structures when used as a standalone modality for non-
invasive body shaping.®>811:13:20:23:27.29 This porcine
study corroborates this finding with additional effects of
better organization of interlobular septa with RF-induced
activation of fibroblasts and subsequent collagen remodel-
ing. %3 This study objectively shows effects of novel
simultaneous synchronized RF and HIFEM technologies
for porcine subcutaneous fat reduction. Limitations include
whether this animal study will reflect results in human,
although previous studies have shown that results in porcine
models often reflect the results in human fat tissue.?'+3?

Conclusion

Simultaneous delivery of synchronized RF and high-
intensity focused electromagnetic procedure demonstrated
an excellent safety profile with no adverse events docu-
mented after 3 weekly treatments in a porcine model.
Histology and SEM examination of adipose tissue revealed
strong evidence of elimination of adipocytes through an
apoptotic mechanism accompanied by a lipolytic effect,
resulting in an overall fat tissue reduction. Induced changes
were observed to peak during the first month, whereas at 2
months, a significant reduction of fat tissue was observed.

HIFEM and RF Fat Apoptosis ® \Weiss et al
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Deletion of adipocytes induced by a novel device
simultaneously delivering synchronized radiofrequency and
hifem: Human histological study
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USA Abstract

Background: Radiofrequency (RF) is commonly recognized treatment option for fat
Correspondence X . . . .
David J. Goldberg MD, JD, Icahn School reduction, utilizing heat-induced adipocyte deletion. HIFEM treatment has been
of Medicine, 110 E 557 St, New York, NY proven to be an effective tool for body shaping.
10022, USA

Email: ddavidgoldberg@skinandlasers.com Objectives: To document the structural changes in human subcutaneous tissue in-

duced by the combination of RF treatment with the HIFEM procedure.
Funding information . 2 .
BTL Industries Inc., Grant/Award Number: Methods: Four subjects (51.50 + 6.35 years, 22.59 + 3.21 kg/m®) received three
This study was funded by a research grant 30-minute abdominal treatments consisting of RF therapy and HIFEM. One subject
(57 years, 23.60 kg/m?) served as a control. Punch biopsies were collected at base-
line, 1-week, and 1-month post-treatment. Samples were sliced and stained with
H&E. Waist circumference, digital photographs, satisfaction, and therapy comfort
were assessed. Subjects were monitored for any adverse event, and fat temperatures
were measured.

Results: Baseline samples showed a healthy appearance of adipocytes, composed
of round-shaped unilocular cells of uniform size. At follow-up, treated adipocytes
demonstrated nuclear and shape changes with consequent fat reduction. Adipocytes
were found to be flattened/shrunken and of smaller size (-33.5% at 1 week; -31.7%
at 1-month) along with occasional ruptures of the cytoplasmic membrane. In contrast
to baseline, pyknotic nuclei with condensed nuclear chromatin were seen at 1-week
and 1-month post-treatment. The control samples showed no treatment-related
changes. Waist circumference decreased by an average of 2.20 cm in the treated
patients. No adverse events were observed. The fat temperature reached 42-45°C,
during treatment; the therapy was comfortable with high patient satisfaction.
Conclusions: Results suggest the efficacy and safety of the therapy combining RF
and HIFEM. The adipocyte deletion and shrinkage resulted in overall reduction of

fat tissue.
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1 | INTRODUCTION

Human subcutaneous fat tissue has a layered structure primarily
consisting of fine collagen fibrous septa meshed with clusters of
round-shape cells termed adipocytes.! Their cytoplasm is occupied
by a large single lipid droplet, which serves as an energy reservoir,
and is responsible for adipocytes spherical shape. Based on the
amount of stored lipids, the adipocyte volume fluctuates throughout
their lifetime.?®

The continuous imbalance of caloric intake leads to the grad-
ual accumulation of the adipose tissue since the excessive energy,
which is not utilized by the body, is being stored in the lipid droplet
in the form of triglyceride content.>® A sedentary lifestyle and an
unbalanced diet are considered the main contributors to increased
fat storages in healthy human.* Besides the health risks and a need
of considerable medical attention that often arise in the case of
an overweight body,’ the social aspects of a patient's well-being
should not be underestimated as well. Aesthetically displeasing
localized fat deposits are distressful for many and may result in
the loss of self-esteem or trauma from embarrassment. Therefore,
noninvasive body contouring has received increased attention
in the recent years as a convenient solution for improving body
image.

Noninvasive fat tissue reduction is energy-dependent and may
be achieved either by reducing the fat stores or permanently remov-
ing adipocytes.? The first effect occurs when adipocytes are appro-
priately stimulated with energies of lower intensities, such as during
low-level laser therapy (LLLT).® The catabolic process referred to
as lipolysis is initiated, leading to a breakdown of the triglycerides
stored in fat vacuoles into glycerol and free fatty acids (FFA) re-
leased into the vasculature.”® However, although the decrease in
adipocytes volume may be achieved by lipolysis, the cells are still
viable and present in the same amount as before the therapy.

In addition to lipolysis, the adipose tissue can be eliminated per-
manently via various regulated cell death programs such as pyropto-
sis, necroptosis, and apoptosis.9 Apoptosis is a complex intracellular
pathway that allows the organism to control cell number and tissue
size.31% Morphologically, the most distinctive signs of apoptotic
processes are cell shrinkage accompanied by nuclear changes in the
form of chromatin condensation (pyknosis) and nuclear fragmenta-
tion (karyorrhexis).>*' Also, late plasma membrane disintegration
may occur in case of extrinsic pathway of apoptosis.9 Consequently,
the cell remnants are digested by the immune cells during a phago-
cytic clearance.’?

A specific amount of energy transformed into heat is required to
induce fat apoptosis, elevating fat temperatures to 42-45°C. At the
same time, it is necessary not to exceed the upper limit of 45°Cin the
long-term to avoid a risk of necrosis.>*%° To safely heat the adipose
tissue, various devices and technologies utilizing radiofrequency
(RF) energy for fat apoptosis have been developed.**'*1%'7 Dye to
the extensive research in the recent past, there exists a clear asso-
ciation between RF heating and adipocyte apoptosis documented

in vivo in humans,'” and correspondingly in porcine animal model.*

Nonetheless, body contouring may also be achieved via a
nonthermal manner due to the muscle toning delivered by a high-
intensity focused electromagnetic field (HIFEM) procedure.*®2°
HIFEM utilizes strong alternating magnetic fields, and based on
the law of electromagnetic induction, it induces electric currents
that depolarize neuromuscular tissue causing supramaximal muscle
contractions. Such contractions demand a considerable amount of
energy that is supplied in the form of FFA from adipose tissue via
lipolysis.

The different modus operandi of the thermal (RF) and nonther-
mal (HIFEM) body contouring technologies allows for its combined
use. An assumption arises that RF-induced fat loss may even be fur-
ther promoted by the metabolic effect of HIFEM on fat when used
simultaneously. Therefore, this study aims to document structural
changes in human subcutaneous tissue induced by a novel device
utilizing the simultaneous delivery of synchronized radiofrequency
and HIFEM energy.

2 | MATERIALS AND METHODS

This was a prospective single-center study. Inclusion criteria were
specified as BMI < 35.0 kg/m?, no pregnancy or breastfeeding, in-
jury in the treated area, active participation in any other concurrent
therapy, and general contraindications for HIFEM and RF application
to the human body. Five subjects were enrolled while four subjects
(51.50 + 6.35 years; BMI of 22.59 + 3.21 kg/mz) were assigned for
active treatments, and one subject served as a control (57 years;
BMI of 23.60 kg/m?). At the time of enrollment, all study subjects
were instructed about the study and associated procedures in detail.
Written informed consent was obtained from all participants, and
the study adhered to the ethical principles for medical research in-
volving human subjects (1975 Declaration of Helsinki).

In total, the participants received three 30-minute abdominal
treatments with a frequency of 1 treatment per week. No anesthe-
sia or pretreatment, preparation was needed for the procedure. A
device (Emsculpt NEO, BTL Industries INC., Boston MA) simultane-
ously delivering synchronized RF and HIFEM energies were used in
this study. It utilizes a novel interspaced design of RF electrode that
allows emitting radiofrequency and HIFEM fields in a synchronized
manner, meaning that the apparatus for delivering both energies is
embedded in one single applicator. Based on the patient's physical
constitution, one or two applicators were placed over the treated
area and affixed by an elastic fixation belt. The output power of RF
was set to 100% in the active treatments and 5% for sham treat-
ments. The intensity of HIFEM (0%-100%) in active group was cau-
tiously adjusted according to the patient's feedback, ending up at a
maximum tolerable level. HIFEM intensity in sham treatments was
again set to 5%.

Punch biopsies (4 mm in diameter) of adipose tissue, after 1%
lidocaine local anesthesia, were obtained from each subject at base-
line, 1 week after the last treatment, and at 1-month follow-up.

The baseline samples were collected at least 5 cm away from the
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treatment site to avoid bleeding in the treated area and minimize
patient discomfort during the therapy. Three tissue samples were
collected from each subject (15 samples total). All specimens were
preserved in a fixation solution (phosphate-buffered formalin), de-
hydrated, cleared, embedded in paraffin wax, and sectioned into thin
(6 pm) slices using a microtome (120 micrographs in total). The slices
were stained by the hematoxylin and eosin to finalize the processing
for examination under the light microscope (Leica DM1000; Leica
Microsystems, Germany). To evaluate structural changes of fat tis-
sue, slices were subjected to detailed analysis by a certified histo-
pathologist. The area of adipocytes (pmz) in the examined slices was
measured using Leica Application Suite Core Software and statisti-
cally analyzed by a two-tailed paired t test with a = 5%.

To verify the temperature distribution in the subcutaneous layer,
the direct temperature measurements were taken using a flexible
optic probe (LumaSense Technologies Inc, Germany) in one subject
from the active group. Ultrasound-guided insertion of the probe into
mid-depth of subcutaneous tissue was performed, and the tempera-
ture changes were monitored during the whole 30-minute treatment
period.

Aside from histology, the secondary outcomes included docu-
mentation of treatment area by digital photographs, waist circum-
ference, weight measurements, 5-point Likert scale satisfaction
questionnaire, and 10-point visual analog scale (VAS) therapy
comfort questionnaire assessed at baseline, 1-week, and 1-month
follow-up. Any occurrence of adverse events was monitored
throughout the study.

3 | RESULTS

All subjects successfully finished their treatments and follow-up vis-
its. There were no adverse events reported. The only documented
side effects were transient muscle soreness the day after the ther-
apy and erythema that resolved within a few hours. Subjects rated
their therapy comfort very high with average scores of 0.83 (active)
and O (sham) at 10-point VAS (0 = no discomfort, 10 = unbearable
discomfort).

Histological examination of baseline and control samples re-
vealed healthy unilocular cells of round/polygonal shape. There
were no deviations from the usual structure of adipose tissue (see
Figure 1). On the contrary, the samples of treated tissue taken at
1 week showed visible shape alternations of fat cells and occa-
sional fat ruptures. The evidence of ongoing programmed cell death
processed was documented by the presence of pyknotic nuclei
manifested by hypercondensation of chromatin and destructive
fragmentation of the nucleus (Figure 2). Those findings persisted
up to 1 month since the fat tissue still demonstrated an elevated
level of adipocyte deletion and structural changes manifested as the
flattening and plasma membrane disintegration (Figure 3). No such
changes were found after the administration of sham treatment.
Furthermore, no signs of necrosis were present after the active or

sham treatments.

FIGURE 1 Subcutaneous tissue at baseline is consisted of
healthy unilocular cells of round/polygonal shape (bar = 40 pm)

The outcomes of adipocyte size measurements can be seen
in Figure 4. The fat cells in control samples were of a uniform size
(approximately 1750 pm?) throughout the study. The baseline mea-
surements in the active group showed similar values, as seen in the
control subjects. However, post-treatment samples showed a signif-
icant reduction in the adipocyte's size. At 1-week follow-up, the re-
duction in active group was 33.5% (-583 pmz; P = .009), which was
sustained at 31.7% (-552 um?; P = .01) at 1 month post-treatment.
The loss of adipocytes content followed by its shrinkage/flattening
was also apparent in examined histological samples. See Figures 2
and 3.

Fiber optic probe measurements showed a rapid increase in fat
temperature in the first four minutes when the level of 42°C was
achieved. The steady temperature range of 43-45°C was maintained
for most of the therapy. In summary, the effective temperature
needed to induce structural changes in adipose tissue was held most
of the treatment time (Figure 5).

Weight fluctuations in the active group were insignificant
(-0.2 kg at 1 week and -0.3 kg at 1 month, respectively). The changes
in fat tissue observed by the microscopic evaluation were projected
into a visible improvement of abdominal body contour (see Figure 6).
The average waist circumference reduction in the active group was
-2.20 cm with a maximum 5.4 cm reduction. Concurrently, the con-
trol subject showed no improvement in waist circumference. Active
treatment resulted in a much greater satisfaction rate with therapy
outcomes. Patients who received therapy with maximum intensities
agreed (4) or strongly agreed (5) with the statement that the appear-
ance of their abdominal area improved while the sham subject dis-

agreed (2).

4 | DISCUSSION

The study investigated the effects of a novel technology utilizing

simultaneous delivery of synchronized radiofrequency heating and
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FIGURE 2 Elimination of fat cells (C), noticeable shape alternations, and pyknotic nuclei (depicted by an arrow) found in the treated
adipose tissue at 1 wk (right, bar = 30 pm). No changes were found in control/sham subject (left, bar = 30 pm)

FIGURE 3 Elimination of fat cells (C), pyknotic nuclei (arrow), and shrinkage of adipocytes were found at 1 mo in treated subjects (right,
bar = 30 um). No changes were present after the sham treatment (left, bar = 30 um)

FIGURE 4 Adipocytes showed a
significant (P < .05) decrease in size after
the active treatment compared with
sham at 1 wk and 1 mo. The error bars
represent the variability of results among
the subjects

 Active
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Mean adipocyte area (um?)




GOLDBERG

JCD

45 -

44 -

43 -

a2 -

41 -

40 -

39 A

Temperature (°C)

38 A

37 A

36 -

Journal of
Cosmetic Dermatology

35 T T T T
0 3 6 9 12

T T T T L L)

15 18 21 24 27 30

Time (minutes)

FIGURE 5 Rapidincrease in fat temperature was seen, exceeding 42°C after the fourth minute. For most of the therapy time,
the temperature was maintained at the level needed to induce structural changes to adipose tissue

FIGURE 6 lllustration of treatment
outcomes by digital photographs (57 v,
22.98 kg/m?). There is a noticeable
improvement of the abdominal body
contour seen at 1 mo (right) compared
with baseline (left)

HIFEM stimulation on subcutaneous adipose tissue. Histological
evaluation based on H&E staining showed prominent alterations
within the adipose tissue at 1 week and 1 month post-treatment in
subjects who received active treatment. No changes in the tissue
were seen in the sham patient.

The results indicate that the simultaneous treatment triggers
lipolysis along with fat cell elimination. The reduced adipocyte size
is strong evidence for lipolysis as the adipocytes lose their intra-
cellular content due to the breakdown of triglycerides into glycerol
and FFA, which are subsequently liberated into the blood stream.
The intracellular content has been reduced by 33.5% at 1 week
and by 31.7% at 1 month compared with baseline. Also, the mean
cross-sectional area at both follow-ups shows relatively small vari-

ation (see Figure 4), indicating that decrease in adipocytes size

was uniform across all cells rather than it was a matter of some

extreme values or outliers. Supposedly, the lipolytic effect of the
simultaneous treatment may be attributed to both modalities,
HIFEM and RF, as radiofrequency heating is known to trigger the
lipolysis, and the supramaximal contractions induced by HIFEM
were documented to result in increased metabolic activity, also
leading to the fat lipolysis.?!

Regarding adipocyte deletion, the presence of pyknotic nuclei,
alternations of adipocytes shape, and absence of the inflammation
are strong indicators of apoptotic changes happening in the tissue,
since the pyknosis is irreversible and leads to nuclear fragmentation
and cell death. Thus, the increased presence of pyknotic nuclei sug-
gests elevated number of cells that entered the apoptotic process.

This is also supported by the temperature measurements which
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have shown that the temperature in the fat tissue reaches 42°C after
4 minutes and remains between 43 and 45°C during the most of the
treatment, effectively triggering the adipocyte apoptosis.’® On the
other hand, although the observed plasma membrane disintegration
might be a consequence of apoptotic-related decomposition, it also
may indicate the presence of distinct regulated cell death pathways
like pyroptosis.9 However, the examination of the fat tissue at molec-
ular level needs to prove this hypothesis which is beyond the scope
of this study.

The efficacy of the simultaneous application of HIFEM and syn-
chronized RF seen herein is in agreement with previous research
that has shown a 29.8% reduction in the subcutaneous fat layer,
as measured by ultrasound imaging system, and similar histological
changes as seen in this study.?? Future research can be used to look

9,23

at programmed cell death markers for adipocytes”“~ as well as to de-

termine the duration of induced changes in a broader patient sample.

Individuals willing to improve their abdominal body contour
may benefit from a mutual combination of the synchronized RF and
HIFEM energies. This study documents that the simultaneous use
of both investigated technologies is safe and results in noticeable
body shaping effect, achieved primarily by the reduction in size and

numbers of fat cells.
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Efficacy and Safety of Simultaneous Application of
HIFEM and Synchronized Radiofrequency for
Abdominal Fat Reduction and Muscle Toning:

A Multicenter Magnetic Resonance Imaging
Evaluation Study

Carolyn Jacob, MD,* David Kent, MD, T and Omer Ibrahim, MD*

BACKGROUND Radiofrequency and high-Intensity Focused Electromagnetic (HIFEM) field procedure are well—knm
stand-alone, body-shaping modalities, yet their simultaneous application has not been investigated.

OBJECTIVE The aim is to evaluate the efficacy of a novel device simultaneously delivering HIFEM and radiofrequency for
subcutaneous fat reduction and muscle toning.

MATERIALS AND METHODS Forty-one subjects with an average age of 39.7 = 11.5 years were recruited. The subjects
received 3 abdominal treatments (one per week). Magnetic resonance imaging images of the treated area were evaluated
at baseline and at 1-, 3-, and 6-month visits for changes in subcutaneous fat, muscle thickness, and abdominal separation
(AS). Anthropometric data and digital photographs were collected. Subject satisfaction and therapy comfort were
evaluated.

RESULTS The muscle mass increase peaked at 3 months, showing 26.1% thickening. The fat thickness reduction was
most prominent at 3 months, showing a 30.8% reduction. The AS decreased by 18.8% at 3 months after treatment. The
waist circumference reduced by 5.87 = 3.64 cm at a 3-month follow-up. Six-month data showed maintenance of these

outcomes. The treatment was considered as comfortable with high patient satisfaction.

CONCLUSION The analysis of magnetic resonance imaging images and waist measurements showed that the therapy
combining HIFEM and radiofrequency is highly effective in reducing subcutaneous fat and muscle thickening.

he field of noninvasive body shaping is primarily

represented by 2 types of devices." The first type is

focused on subcutaneous fat reduction through
thermal stress, either heating or cooling, which induces
damage to fat cells. These devices utilize cryolipolysis,
radiofrequency (RF), focused ultrasound, or lasers to induce
the thermal stress.

The second approach in noninvasive body shaping is
focused on muscular tissue. The first widely used device
introduced only in 2018 is based on high-Intensity Focused
Electromagnetic (HIFEM) technology, which generates an
alternating magnetic fields that induce electric current in the
tissue, which stimulates motor neurons and triggers muscle
contractions. The therapy was found to result in a
significant thickening of muscle tissue while having an
effect on subcutaneous adipose tissue as well.*~

However, to achieve the total body shaping effect, that is,
fat reduction and toned muscles, a combination of these 2
modalities would be optimal. This approach is common,
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but it is time consuming for the patient and the practice
because the devices can only be used consecutively.
Therefore, a technology that simultaneously combines the
muscle stimulation and fat reduction modalities would be
highly beneficial.

The outcomes of recent research suggest that muscle
stimulation and tissue heating could work in synergy and
promote the effects on the muscles.”” Goto and
colleagues'® showed that the simultaneous application
of heat and mechanical stimulation to muscle induces
significantly higher expression of heat shock proteins that
play a crucial role in muscle hypertrophy by promoting
muscle protein synthesis.'' Similarly, both heat and
mechanical stimuli can activate myosatellite cells—
muscle-derived stem cells involved in myofiber develop-
ment and renewal.'?

Synergistic effects of the simultaneous application of heat
and muscle stimulation could also manifest in the adipose
tissue. Also, HIFEM-induced localized muscle workload
increases the demand for energy and thus the fat metabo-
lism.*? Heat itself increases lipolysis, and when sustained at
temperatures of 42 to 45°C, adipocytes lose their cellular
integrity and undergo apoptosis.'® Adipose tissue could
thus be affected in 2 different ways, which may translate
into boosting the treatment outcomes.
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For such purpose, a novel technology allowing simulta-
neous application of HIFEM and RF in a synchronized manner
has been developed. The technology overcomes the interfer-
ences between the 2 modalities by a unique design of
synchronized RF electrodes that prevent the creation of eddy
currents. It is hypothesized that the technology for the
simultaneous application of HIFEM and synchronized RF
should result in synergistic effects in both muscle and adipose
tissues. Therefore, this study aims to investigate the efficacy and
safety of such novel technology for abdominal body shaping.

Materials and Methods
Study Population

Forty-one subjects (17 men and 24 women) interested in
the noninvasive aesthetic improvement of abdomen
participated in this prospective, multicenter, open-label,
single-arm study. The inclusion criteria included adult
subjects of any gender with a body mass index (BMI) lower
than 35 kg/m?. The study’s exclusion criteria were
pregnancy, postpartum period, breastfeeding, injury in
the treatment area, or any other medical conditions that
contraindicate the application of electromagnetic fields
and RF, such as cardiovascular disease, malignant tumor,
metal, or electronic implants. Subjects who met the
inclusion criteria and were recruited as study participants
were, on average, 39.7 = 11.5 years old and had a BMI of
26.56 *+ 3.73 kg/m? at the beginning of the study.

Study Design

The study design and the treatment protocol were approved
by the Institutional Review Board and followed the ethical
guidelines of the 1975 Declaration of Helsinki.

Each subject received three 30-minute treatments on the
abdomen with the device simultaneously delivering HIFEM
and RF energies through a single applicator (Emsculpt NEO,
BTL Industries, Inc., Boston, MA). The treatments were
administered once a week. All of the patients were instructed
to maintain their daily routine and not to change their
lifestyle. Before the treatment, each subject received detailed
instructions about the study and signed informed consent.

During the treatments, no anesthesia was required.
Patients were positioned in a supine position with the
applicators centered over the umbilicus. In case the patients’
constitution allowed, 2 applicators were used bilaterally,
centered above both lateral sides of the rectus abdominis.
Applicators were affixed with a fixation belt to avoid the
possibility of movement during the treatment. Each
treatment lasted for 30 minutes, starting with the HIFEM
intensity set to 0%, increasing it to the maximum tolerable
level. The RF intensity was set to 100% since the beginning
of the procedure. Patients were regularly asked about the
therapy comfort during the whole treatment time, and the
energy settings were adjusted accordingly. Digital photo-
graphs of the treatment area, waist circumference measure-
ments, weight and height records, and magnetic resonance
imaging (MRI) images of the treatment area were collected
at baseline and at 1-, 3-, and 6-month follow-up visits.
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Data Collection and Evaluation

Magnetic resonance imaging was used as the primary
evaluation modality for assessing the treatment effects on
muscle and adipose tissue thickness and abdominal
separation (AS) width. The scanning area was defined by
T12 and S1 vertebrae. The images were acquired by the
FIESTA and FSPRG sequences (Matrix: 380 X 380, ST:
5 mm, Spacing: 1 mm) in a transverse plane. The muscle and
fat thickness measurements were performed supraumbili-
cally and infraumbilically, approximately 2 inches (5 cm)
above and below the umbilicus. The AS was measured at the
same MRI slices as a perpendicular distance between the 2
parallel pairs of rectus abdominis muscle. Data collection
was done at baseline and at 1-, 3-, and 6-month follow-ups.

The patient’s satisfaction with the treatment results was
assessed using the Satisfaction Questionnaire with a 5-point
Likert scale after the last treatment and each follow-up visit.
The therapy comfort was evaluated using 10-point visual
analogue scale (VAS) after each treatment session.

All data were statistically analyzed using repeated-
measures analysis of variance, paired, and 2-sample #-test.
Analyses showing p-values of <.05 were considered as
significant.

Results

Forty patients completed the entire treatment procedure and
attended the MRI screening at 1-month follow-up. One
subject withdrew from the study before completing the
whole procedure. Twenty-nine patients attended the 3-
month follow-up visit, and 20 patients participated at the 6-
month follow-up visit, including the MRI screening. The
dropout rate seen at the MRI follow-up visits was
considerably affected by the outbreak of COVID-19, which
did not allow the patients to attend the visits in person.
Therefore, 4 of these patients attended the 3- and 6-month
follow-up visits virtually, where they were asked to report
any adverse events, satisfaction with results, weight, and
waist circumference measurements. These patients did not
undergo MRI screening due to the restrictive measures.

Magnetic Resonance
Imaging Evaluation

Subcutaneous Adipose Tissue

Evaluation of 1-month scans showed an average fat
reduction across the abdomen by 24.4%. The patients lost
23.6% on average (—6.61 = 2.9 mm) infraumbilically and
25.3% on average (—5.9 = 2.7 mm) supraumbilically. The
results were fairly consistent; although only 2 patients
showed a reduction lower than 5%, 37 patients showed a
reduction higher than 15%, and 33 patients showed a
reduction higher than 20%.

At 3 months, the results further improved significantly (#
=29;p <.05) in comparison to 1 month as the patients lost,
on average, 30.8% of fat since the baseline visit. Supra-
umbilically, the patients lost 7.3 = 3.3 mm (31.9%) on
average and 7.9 = 2.5 mm (29.7%) infraumbilically. At 3-
month follow-up, there were no nonresponders with
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TABLE 1. Detailed Result Summary of MRI Measurements

Measurement

Location

Baseline (V = 40)

1M FU (V = 40)

3M FU (N = 29)

6 M FU (V = 20)

Fat thickness

Infraumbilicus

28.6 £ 11.8 mm

22.0 = 10.0 (=23.6%)

19.9 = 8.1 (=29.7%)

21.0 = 8.9 (29.1%)

Supraumbilicus

242 = 11.7 mm

18.3 = 9.8 (—25.3%)

16.4 = 8.5 (—31.9%)

17.8 = 8.2 (27.5%)

Muscle thickness

Infraumbilicus

9.2 £23mm

11.2 = 2.5 (+22.0%)

11.6 = 3.0 (+24.7%)

11.2 £2.2(26.4%)

Supraumbilicus

8.7 = 2.3 mm

10.7 = 2.5 (+24.9%)

1M1 £27 (+27.4%)

10.6 = 2.0 (24.1 %)

Abd. separation

Infraumbilicus

16.6 = 6.3 mm

13.7 £ 5.6 (=17.8%)

12.9 = 4.9 (-19.6%)

12.4 £ 5.3 (20.0%)

Supraumbilicus

21.4 = 6.3 mm

18.1 £ 5.5 (=15.8%)

17.4 £5.2(=18.8%)

17.8 = 5.3 (19.6%)

MRI, magnetic resonance imaging; FU, follow-up; M, month.

reduction lower than 5%. Twenty-eight out of the 29
patients showed a reduction higher than 20%, and in 23
patients, the reduction exceeded 25%. All changes were
statistically significant (p < .035).

In the group of 20 subjects who underwent the MRI
screening at 6-month follow-up showed that the improve-
ment achieved at 3 months (30.8%) was mostly preserved
with the average reduction of 28.3% in comparison to
baseline, yet showing a statistically insignificant (p > .05)
decreasing trend. At 6 months, 7 out of the 20 subjects
showed a decrease in the improvement of more than 5%
when compared with the results at 3-month follow-up.

Table 1 shows a detailed result summary. An example of
a patient MRI scan can be seen in Figure 1.

Muscular Tissue
The thickness of the rectus abdominis was increased by
23.5% on average at 1-month posttreatment. At infraum-
bilical slices, the average increase was equal to 1.9 = 0.7 mm
in absolute values corresponding to an average 22.0%
increase in the thickness. Supraumbilical slices showed
thickening by 2.0 = 0.8 mm, corresponding to 24.9%
increase on average. There were no nonresponding patients,
and in 32 out of 40 patients, the thickness of rectus
abdominis increased by more than 18%.

Similar to the fat tissue, the results in muscles continued
to improve at 3-month follow-up. The average increase in
muscle thickness was 26.1% (+2.3 = 0.8 mm), whereas

Figure 1. Magnetic resonance images illustrating the changes in
the treated area. Supraumbilical slices taken at baseline (left) and
at 3-month follow-up (right) of a 62-year-old woman. Individual
patient’s improvement reached —45.6% in fat reduction and
+14.6% in muscle thickness, respectively. Fat tissue is marked
with yellow arrows, rectus abdominis muscle by red color.

HIFEM and RF for Body Shaping ® Jacob et al

24.8% thickening was seen infraumbilically and 27.4%
supraumbilically. All changes were statistically significant
(p <.05).

At 6 months, the MRI scans of 20 subjects showed that
the results of these patients were maintained. Data of this
group showed a 25.8% thickening at 3 months, which was
then maintained at 25.3% at 6-month follow-up visit.

Table 1 shows a detailed result summary.

Abdominal Separation

The width of AS reduced significantly (p < .05) at both the
supraumbilical and infraumbilical slices in all of the
examined subjects. Supraumbilically, the average width of
AS was reduced by 16.0% at 1-month follow-up and by
17.6% at 3-month follow-up. Infraumbilically, the AS
reduced by 16.4% at 1 month and by 19.2% reduction at 3-
month follow-up (detailed results are given in Table 1).

According to the supraumbilical slices, 8 out of the 40
patients experienced diastasis recti at baseline. It is a
condition when the gap between the 2 sides of rectus
abdominis muscles exceeds 27 mm."* In this group, the AS
was reduced by 4.8 £ 1.7 from 30.1 = 2.1 mm at baseline to
25.4 = 2.0 mm at 1-month follow-up. In 6 patients, the
condition was fully corrected at 1-month follow-up.

At 6 months, the overall reduction in AS was 19.8%. Of
the 20 subjects examined at 6 months, 5 experienced
diastasis recti at baseline. At 6 months, 4 subjects were fully
without diastasis recti, and only a single subject exceeded
the 27-mm range, yet this subject showed a prominent
reduction as at baseline: the AS was 33.4 mm, whereas the
6-month measurements showed an AS of 27.5 mm.

Patient Satisfaction and

Treatment Comfort
The patients found the treatments comfortable with a score
of 2.3 = 1.8 on a 10 point VAS (0 = no discomfort; 10 =
unbearable pain). By the end of the first treatment, most
patients reached 100% intensity of the HIFEM field. The
intensity of RF was adjusted in most patients based on their
individual perception of the heat.

The satisfaction questionnaire’s analysis revealed high
patient satisfaction as 91% of patients reported satisfaction
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with the treatment results at 3-month posttreatment.
Ninety-four percent of patients reported improved appear-
ance of the abdomen, and 91% reported improvement in
both muscle and fat.

No severe adverse events or side effects of the treatment
were reported. In all patients, the treatment was associated
with mild erythema following treatment and dissipated
rapidly, and some patients experienced mild muscle
soreness on the day after treatment.

Waist Circumference and

Weight Measurements

The waist circumference was reduced by 3.3 * 3.1 cm on
average at 1-month follow-up visit. At 3 months, the
average circumferential reduction was 5.9 * 3.6 cm. The
patients attending 6-month visit showed a 6.7 = 3.5 cm
reduction in waist circumference. The weight did not show
any major fluctuations between any of the time points.
Digital photographs showed notable improvement. Figure 2
provides an example of patients’ result.

Discussion
The treatments with a novel device that delivers HIFEM and
synchronized RF energies simultaneously resulted in a
statistically significant increase in muscle mass, reduction
in the fat layer thickness, and reduction in AS. The results in
all 3 measured parameters showed improvement up to 3
months at which time the results peaked. The MRI
observations were accompanied by reduced waist circum-
ference and improved body image in digital photographs.
At 6 months, no further improvements were observed, but
the results seen at a 3-month follow-up were maintained in
the majority of the patients. Although the results at 6
months are still highly above baseline values, the patients
may benefit from additional maintenance treatments to
reverse the declining tendency and to prolong the longevity
of achieved outcomes.

The study did not include control groups that would
receive HIFEM-only and RF-only treatments. However,

Figure 2. Digital photographs taken at (left to right) baseline and
at 1-month posttreatment. At 6 months, the 50-year—old woman
showed 24.8% fat reduction, 23.7% muscle thickening, and 8-
cm waist circumference reduction.
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several studies were published in the past solely for these
modalities, allowing for comparison with the outcomes of
this study. Studies on the abdominal application of HIFEM
did show an average subcutaneous fat reduction®'>'¢ of
19.6% (17.5%-23.3%), average muscle thickening®'® of
15.1% (14.8%—15.4%), and an average reduction in AS®'?
by 9.95%. When compared with our results with the
simultaneous application of HIFEM and RF, it appears that
the synergy of the 2 energies has a truly high impact on the
final outcome because it yields more than 50% higher
improvement in all 3 measured parameters.

Studies'*!'”*! investigating the application of RF
systems for subcutaneous fat reduction report a fat
thickness reduction ranging from 4.9% to 29.0% with a
weighted average of 14.58%. Nevertheless, the comparison
with other RF studies may not be as precise because the
studies investigate various systems of different frequencies
and other properties. However, they do provide an over-
view of the expected patient results of treatment with this
modality.

Our results are in agreement with the fact that
combination treatments in general are considered more
effective than stand-alone treatments. Study by Kilmer and
colleagues** found that consecutive treatments of cryoli-
polysis and electromagnetic technology result in better
subjective perception of the treatment outcomes than stand-
alone treatments as seen in patient satisfaction or photo-
graphic evaluation. The study also reported higher waist
circumference reduction after the combined treatments of
1.5 c¢m. Considering this result, it can be seen that
simultaneous application of HIFEM and RF is more
effective in waist reduction (—35.9 cm) than consecutive
application of cryolipolysis and electromagnetic technology
(—=1.5 cm).

Although this is a first MRI study investigating the effects
of simultaneous application and further research is neces-
sary to validate these findings, the results seem to exceed the
outcomes of individual HIFEM and RF treatment. Re-
garding muscle tissue, it is assumed that the synergistic effect
could be attributed to the physiologic nature of muscle
synthesis regulating molecules, such as heat shock pro-
teins'® and satellite cells,'? which concentrations and state
can be altered by both mechanical stimulation and heat.

One of the study limitations is the high dropout rate at
the 3- and 6-month follow-ups, mainly attributed to the
outbreak of COVID-19, as attending follow-up visits would
pose risks of infection to the patients. However, 29 patients
out of 40 at a 3-month visit represent 72.5% of the initial
population and still provide valuable data about the
treatment outcomes. The lack of a control group can also
be considered as a limitation and should be implemented in
future studies.

Conclusion

Simultaneous application of HIFEM and RF is safe and
effective for muscle toning and fat reduction. The results
suggest this application as more effective for fat reduction
and muscle increase than using these energies stand-alone or
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consecutively. Further studies are required to support these
outcomes.
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Abstract

Background: Myosatellite cells are myogenic stem cells that can transform to provide nuclei for existing muscles or gen-
erate new muscle fibers as documented after extended exercise programs.

Objectives: The authors investigated whether the simultaneous application of High-Intensity Focused Electromagnetic
(HIFEM) and Synchrode radiofrequency (RF) affects the levels of satellite cells similarly as the prolonged exercise does to
achieve muscle growth.

Methods: Three 30-minute simultaneous HIFEM and Synchrode RF treatments (once a week) were administered over
the abdominal area of 5 Large White swine aged approximately 6 months. All animals were anesthetized during the
treatments and biopsy acquisition. Biopsies of muscle tissue were collected at baseline, 4 days, 2 weeks, and 1 month
post-treatment. After binding the specific antibodies, the NCAM/CD56 levels, a marker of activated satellite cells, were
quantified employing the immunofluorescence microscopy technique with a UV lamp.

Results: Examined slices showed a continuous increase in satellite cell levels throughout the study. Four days after the treat-
ment, we observed a 26.1% increase in satellite cells, which increased to 30.2% at 2-week follow-up. Additional histological ana-
lysis revealed an increase in the cross-sectional area of muscle fibers and the signs of newly formed fibers of small diameters
at 2 weeks after the treatment. No damage to muscle tissue and no adverse effects related to the treatment were observed.
Conclusions: The findings indicate that the simultaneous application of HIFEM and novel Synchrode RF treatment can
initiate differentiation of satellite cells to support the growth of existing muscles and, presumably, even the formation of
new myofibers.

Editorial Decision date: December 18, 2020; online publish-ahead-of-print January 12, 2021.
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It was reported that 60.7% of men and 71.6% of women are
dissatisfied with their body shape.' As a result, aesthetic
medicine is often sought to correct body imperfections.
Patients seek surgical as well as non-invasive procedures
to improve their body contours.?2 For a long time, phys-
icians’ non-surgical treatment options were limited to ex-
cessive fat reduction and skin rejuvenation. In 2018, an
electromagnetic High-Intensity Focused Electromagnetic
(HIFEM) technology opened up an entirely new segment in
body contouring due to its unique effects on muscles. Until
then, physicians did not have a tool to alter the body mus-
culature non-invasively, which significantly contributes to a
toned, firm, and aesthetically pleasing appearance.

The technology is based on the induction of
supramaximal muscle contractions not achievable vol-
untarily. Such intense mechanical stress in the muscle
tissue triggers processes to adapt to a higher load. Clinical
studies investigating the efficacy of HIFEM showed 15%
to 18% muscle thickening of abdominal muscles3® and a
10.3% increase in the volume of gluteal muscles.®

Because the HIFEM technology was the first of its kind,
further innovations were inevitable and led to the devel-
opment of a novel technology simultaneously combining
HIFEM’s muscle conditioning with radiofrequency (RF)
heating intended for fat elimination. Under normal cir-
cumstances, it is impossible to simultaneously utilize the
HIFEM and RF energies due to the interference between
the HIFEM alternating magnetic field and the solid RF elec-
trode. This interference induces Eddy currents, which re-
sults in the heating of the metallic electrodes. This may
cause damage to the device and harm the patient. The
device thus employs a novel and patented Synchrode RF
electrode that eradicates this interference. The unique
interspaced design combines hundreds of microelectrodes
that make the electrode transparent to the HIFEM-emitted
magnetic fields. The technology (EMSCULPT NEO, BTL
Industries Inc, Boston, MA) has been cleared by the US
FDA for non-invasive lipolysis (breakdown of fat). Based
on the FDA's public database, the clinical trials reviewed
by the agency during the registration process’ showed an
average 29.8% reduction in abdominal fat thickness and
provided histological evidence of fat cell membrane dis-
integration. However, this innovation is twofold. Firstly, it
ranks the technology among the top tier of non-invasive
technologies affecting fat. Secondly, it has been evidenced
that muscle tissue heating during muscle work positively
affects the muscle response to the workload.8™ The syn-
ergistic effect of simultaneous delivery of HIFEM and
Synchrode RF enhances the muscle hypertrophy. HIFEM-
induced mechanical stress and RF-induced heat stress
to the muscle leads to the release of heat shock proteins
(HSP), signaling molecules that promote muscle protein
synthesis and thus enhance the muscle hypertrophy.'2'3

A study by Goto et al" documented that the HSP expres-
sion is highest when heat and mechanical stress are ap-
plied simultaneously, proving the synergy between the 2
energies.

Satellite cells, muscle-derived stem cells, which on ac-
tivation regenerate and strengthen the existing muscle fi-
bers through differentiation,'® are also essential for muscle
hypertrophy. They are usually activated in response to
an intense muscle exercise,'®" but it has been found that
heating may also lead to their activation.'”® Simultaneous
application of Synchrode RF and HIFEM should thus result
in high activation of satellite cells and consequent magnifi-
cation of muscle hypertrophy.

We sought in this study to investigate the effect of the
simultaneous application of HIFEM and Synchrode RF
energies on the levels of satellite cells through immuno-
fluorescence and to assess any structural changes in the
muscle tissue through conventional histology.

METHODS

The study was designed as a prospective single-arm trial
and was approved by the IRB of the respective authorized
body for veterinary trials (The Ministry of Agriculture of the
Czech Repubilic). A representative of the institution super-
vised the study execution. The animal care complied with
the convention to protect vertebrate animals utilized for ex-
perimental and other scientific purposes. The study experi-
ment was carried out in between May 2019 and July 2019.

Study Animals

The study included 5 Large White swine (weight ranging
between 78 and 83 kg of live weight) with an average age
of 6 months. The animals were stabled at the veterinary in-
stitute 1 week before the experiment to acclimate them to
the new environment and monitor their condition under the
supervision of a veterinarian. The condition and health of
the animals were assessed through blood analysis 2 days
before the experiment.

Study Experiment

All animals received an active treatment procedure
with the investigated device combining the HIFEM pro-
cedure and Synchrode RF heating (EMSCULPT NEO, BTL
Industries Inc., Stevenage, United Kingdom). The treat-
ment procedure included three 30-minute treatments (one
per week) applied over the abdomen. Only the left side
was treated, and right side of the animal served as a con-
trol area. For the execution of the treatment and biopsy
collection, the animals were under general anesthesia to
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minimize the stress. Anesthesia (2% propofol) was admin-
istered by a veterinarian who determined the dosage. The
treated area was shaved with an electric clipper before-
hand, and a single applicator, secured by a fixation belt,
was applied over the treated area. The intensity was set to
100% for both HIFEM and Synchrode RF. The animals were
monitored during the entire treatment procedure.

In Vivo Temperature Measurements

The muscle temperature was monitored during the entire
treatment for safety reasons and to rule out any possibility
of muscle tissue overheating. A thermal probe (FOT Lab
Kit Fluoroptic Thermometer, LUXTRON, Advanced Energy,
Denver, CO) was inserted into the muscle tissue utilizing
ultrasound guiding (Mindray M5Vet, probe 10L4s) to en-
sure correct probe placement. Temperature recording was
active during the whole procedure, after which the probes
were removed.

Tissue Collection

The biopsy samples of muscle tissue were collected at
baseline, 4 days, and 2 weeks for the immunofluores-
cence analysis and conventional histology. At 1 month,
additional samples were collected for conventional hist-
ology. At baseline, the biopsies were collected only from
the control site, opposite to the treated area, to avoid
bleeding in the treatment area during the muscle con-
tractions and tissue heating. The post-treatment biop-
sies were always collected from both the treatment site
and the control site, resulting in 60 biopsy samples. Self-
contained samples were taken for immunofluorescence
analysis and conventional histology. The biopsy collec-
tion was performed utilizing a disposable biopsy punch
with a diameter of 6 mm.

Tissue Sampling and Processing

On collection, the tissue samples intended for histological
analysis were preserved utilizing 10% buffered formalin and
fixed in paraffin blocks. The blocks were cut into five 5- to
10-pm-thick slices (175 slices in total) and were stained with
hematoxylin and eosin staining. The slices were examined
by a certified histopathologist employing light microscopy
for any structural changes.

The samples for immunofluorescence were embedded
in OCT-cryoprotective embedding medium Tissue Tek
(O.C.T. Compound, Sakura-Finetek, Tokyo, Japan) and
frozen by supercooled n-heptane placed on dry ice. Then,
each tissue sample was cut into four 5- to 10-pm-thick slices
(100 slices in total) on the cryostat (Leica Microsystems, CM

1900, GmbH, Wetzlar, Germany) at a temperature of —20°C.
Slices were placed on slides and fixed in pre-cooled ace-
tone for 5 minutes and stored at -80°C.
Immunofluorescence aimed to target the NCAM/CD56
marker, which is known for the successful labeling of both
quiescent and activated satellite cells and has been util-
ized by most studies investigating the satellite cells.'®-22
Protein Block (DAKO, Glostrup, Denmark) was applied on
the slides to prepare the slides for the analysis, and the
slides were then incubated at 37°C in a humid chamber for
30 minutes. Then, anti-Hu CD56, clone MEM-188 (Exbio
Praha a.s., Vestec u Prahy, Czech Republic), and anti-
Laminin, clone A5 (OriGene Technologies GmbH, Herford,
Germany) primary antibodies were applied, and the
slides were incubated for 60 minutes at 37°C in a humid
chamber. The slides were washed, and goat anti-mouse
IgG2a Alexa Fluor 594 (ThermoFisher Scientific, Waltham,
MA) and goat anti-rat IgG Alexa Fluor 488 (ThermoFisher
Scientific, Waltham, MA) secondary antibodies were
added and incubated for 60 minutes at 37°C in a humid
chamber. Then, the slides were washed, and Vectashield
mounting medium with 4/,6-diamidino-2-phenylindole
(Vector Laboratories, Burlingame, CA) was applied.

Evaluation of Satellite Cell Levels

The pre-processed slides were examined at magnifica-
tions of 40x and 200x utilizing a fluorescent microscope
(Olympus IX51, Tokyo, Japan) with UV-lamp (Olympus
u-RFL-T, Tokyo, Japan). A Canon EOS 1100D camera
(Tokyo, Japan) and software CellSens Standard software
(Den Haag, the Netherlands) were used to capture the
slides as images.

The pre-processing procedure ensured that satellite
cells were labeled in red, myonuclei as blue, and cell mem-
branes of individual muscle fibers as green. Obtained im-
ages were evaluated by utilizing Cell Profiler software that
calculates color clusters. The level of satellite cells in each
slide was determined as a ratio of labeled satellite cells to
the total number of myonuclei. The differences between
baseline, post-treatment, and control slides were statisti-
cally tested employing a 2-way ANOVA test with a level of
significance o = 0.05.

Muscle Fiber Size Evaluation

Processed slides were further utilized for evaluation of
muscle fiber size. In each slide, the cross-sectional area
of individual muscle fibers was measured with ImageJ
software, version Fiji.?3 The area of up to 800 muscle fi-
bers was measured for each time point. Obtained values
for each time point were clustered into groups according
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Figure 1. Measured satellite cell proportion at baseline, 4 days, and 2 weeks post-treatment. Statistically significant changes

are labeled by asterisk.*

to the size to monitor the fiber size frequency distribution
over time.

RESULTS

Pretreatment blood analysis confirmed the good health
condition of all pigs. The animals withstood the anesthesia
without any complications, and the treatments were well
tolerated without any observable side effects. Throughout
the experiment, the animals were stabled at the veterinary
institute to monitor their health conditions and poten-
tial treatment-related complications and side effects. The
follow-up sample collection from all animals was adminis-
tered at exactly 4 days, 14 days, and 30 days after the last
treatment. On completion of the experiment and collection
of the final biopsies, the animals were euthanized by a cer-
tified veterinarian.

Immunofluorescence

The assessment of satellite cell proportion within the
stained slides showed a statistically significant (P < 0.05)
increase by 26.1% on the fourth day after the last treat-
ment. At 2 weeks post-treatment, the level of satellite
cells further increased by 30.2% compared with base-
line. In absolute values, the satellite cell proportion
(Nsatelite/Nmyonucleus) increased from 0.071 £ 0.012 at base-
line to 0.09 £ 0.016 on the fourth day post-treatment
and 0.093 + 0.038 at 2 weeks post-treatment. The same
increasing pattern was observed in all of the treated
animals. The control samples collected from the op-
posite site after 4 days (0.072 £ 0.011) and 2 weeks
(0.063 £ 0.012) did not show any statistically significant
changes from baseline. A detailed comparison of the

results is shown in Figure 1, and an example of stained
slides captured by a fluorescent microscope is shown in
Figure 2.

Histological Examination

A histopathologist examined the histological slides for any
structural changes in the muscle tissue. The post-treatment
slices obtained after 4 days did not show visually notice-
able structural changes. However, at 2 weeks, the muscle
tissue showed enlarged hypertrophic fibers, with the most
prominent enlargement seen at 1 month post-treatment. At
1 month, the muscle tissue showed apparent hypertrophic
changes compared with baseline, accompanied by a de-
creased intramuscular sheaf space, as shown in Figure 3.
The histological slides did not show any deviations from
normal healthy muscle structure, and no signs of muscle
tissue damage or adverse events were observed. A few
samples did contain blood hemorrhage, which is some-
thing that cannot be entirely avoided during the invasive
nature of biopsy sample collection. Lastly, several slices of
the muscle tissue collected 1 month post-treatment showed
structures that were not present at baseline slices and ap-
peared to be newly formed muscle fibers (see Figure 4).

Muscle Fiber Size Measurements

The baseline measurements showed that the majority
(69%) of all fibers ranged between 2000 and 6000 pm?,
whereas only 17% were smaller and only 14% exceeded
6000 pm?2. After the treatments, a significant shift in the dis-
tribution has been seen: the ratio of small muscle fibers in-
creased from 17% to 21% at 2 weeks post-treatment and to
22% at 1 month post-treatment. Similarly, the ratio of large
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Figure 2. (A) An Example of the stained slides of baseline (B) and 2-week muscle tissue viewed under a fluorescent
microscope. The satellite cells are colored by red and myonuclei by blue.

Figure 3. (A) An example of the histology images of muscle tissue collected at baseline (B) 1 month post-treatment. The post-
treatment tissue shows hypertrophic fibers and a noticeable increase in the muscle tissue with decreased intramuscular sheaf

space.

hypertrophic cells increased from 14% at baseline to 29% at
2 weeks and even up to 33% at 1 month. Control measure-
ments at 1 month did not show any significant fluctuation in
the distribution compared with baseline. The detailed re-
sults can be seen in Figure 5, where the frequency ratio of
each size group is displayed.

Temperature Monitoring

On initiation of the treatment, the muscle temperature
quickly increased from 38°C to 40°C in only 2 minutes. The
temperature was then maintained between 40° and 41°C
for the entire treatment. Throughout the treatment, the

temperature did not exceed 41°C and was constant without
any large fluctuations, ensuring therapy safety (Figure 6).
for the muscle temperature graph during the treatment.

DISCUSSION

The study investigated the effect of the simultaneous ap-
plication of HIFEM and Synchrode RF energies on muscle
tissue. The results showed a significant increase in satel-
lite cell levels, which play a vital role in the tissue adap-
tive response to the muscle work. These observations
were coupled with hypertrophic changes seen in the
histological slides.
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Figure 4. The red circles mark the area with muscle fibers of
small diameter that may indicate newly formed muscle fibers
at histology slice collected 1 month post-treatment.
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Figure 5. Frequency distribution of muscle fiber size at
baseline, 2 weeks (2W), 1 month (1M), and 1 month control
(IMC).

Satellite cells are usually activated by intense muscle
exercise to regenerate and strengthen the existing muscle
fibers. However, it has been found that heating also acti-
vates satellite cells.”® It is unknown whether the applica-
tion of both types of stimuli leads to differentiation of the
satellite cells, but higher levels of active satellite cells in-
crease the chances of differentiation. Comparing our find-
ings with previous studies?*2% investigating the satellite
cell levels post-exercise showed that the 30.2% increase
after 3 sessions of HIFEM + RF treatment was comparable
and even exceeded the activation levels seen after 12 to
16 weeks of intense exercise programs. The detailed com-
parison is shown in Table 1. Although a portion of the in-
vestigational treatment results may be associated with
the supramaximal nature of HIFEM contractions, this com-
parison strongly indicates the importance of controlled
heating during the contractions. The role of heating on
muscle tissue has already been documented in studies
investigating HSPs, signaling molecules promoting muscle

protein synthesis.'?1327.28 Stydies found that HSPs can be
activated by mechanical stress (intense muscle contrac-
tion) as well as by heat stress of 40°C to 41°C. A study com-
paring the effect of such heat stress, mechanical stress,
and simultaneously applied heat and mechanical stress
showed the highest muscle protein synthesis when the
heat and mechanical stress were applied simultaneously."

An equivalent temperature within the 40°C to 41°C range
was also measured throughout the whole procedure in our
study. Thus, the conditions were very similar to those in the
studies mentioned above and may explain the high activa-
tion of satellite cells. The temperature did not exceed 41°C.
It was stable for the entire treatment time, which is impor-
tant for safety reasons because a temperature of 42°C may
be potentially harmful to the muscle.??

Unfortunately, to date, there is no established way of
measuring the level of differentiation of satellite cells. It
is not possible to determine whether the differentiation
would result in the formation of new muscle fibers or new
myonuclei to support the existing muscle fibers. This is the
reason why the histological assessment was also included.
The slide observations were in agreement with the satellite
cell results as notable hypertrophic changes were seen,
most prominent at 1 month post-treatment. No damage or
harmful reaction of tissue was present in the slides, further
confirming the treatment safety. Aside from hypertrophic
changes, the post-treatment slides showed structural for-
mations that appeared to be newly formed muscle fibers,
which would suggest that some of the satellite cells dif-
ferentiated into new fibers. Although not statistically sig-
nificant, signs of hyperplasia post HIFEM treatments have
already been documented in a study by Duncan at al.3°
Our histological and immunofluorescence observations
strongly support the premise put forth in the previous
paper that HIFEM directly causes both muscle hyperplasia
and hypertrophy.

The results of muscle fiber size measurements showed
an increased number of large hypertrophic fibers on post-
treatment slides, indicating that the treatment triggered hyper-
trophic changes in the tissue as the fibers grew in time and the
frequency ratio of large fibers increased by 135.7% from 0.14 at
baseline to 0.33 at1month. Aside from fiber growth, the number
of small-diameter fibers was increased on post-treatment slides
compared with baseline or control. The frequency ratio of
small fibers increased by 29.4% from 0.17 at baseline to 0.22
at 1 month. This finding strongly suggests muscle fiber hyper-
plasia as an answerable phenomenon explaining this increase.
Hyperplasia hypothesis corresponds to the observation of in-
creased levels of activated myosatellite cells, which may in
fact differentiate to form new muscle fibers. Yet, the number of
small fibers did not further increase at 1 month compared with
the 2-week measurements. A possible explanation could be a
continuous growth of these fibers, which are thus allocated into
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Figure 6. The graph shows the measured rapid temperature elevation in the first 2 minutes from 38°C to 40°C and a stable
temperature within the 40°C to 41°C range for the rest of the treatment.

Table 1. Comparison of Results With Studies Investigating the
Effect of Exercise on Satellite Cell Levels

Study Program Satellite
cell content
Current study 3 sessions HIFEM+RF +30.2%
Mackey et al?4 12 weeks exercise (females) +18%
Mackey et al?* 12 weeks exercise (males) +36%
Olsen et al?® 16 weeks exercise +27%
Olsen et al?® 4 weeks exercise +22%
Kadi et al?® 30 days exercise +19%
Kadi et al?® 90 days exercise +31%

HIFEM+RF, procedure delivering high-intensity focused electromagnetic and
radiofrequency simultaneously.

different size group at 1 month. Newly formed fibers between 2
weeks and 1 month thus represent the same ratio.

Limitations of this study include a relatively low
sample size of 5 animals utilized due to ethical reasons
to minimize the number of experimental animals. To
compensate for the smaller sample size, each tissue
sample was cut into 5 to 10 slices (depending on the
evaluation method), which increased the statistical
power. Another limitation of this study is the short-term
follow-up limited to 1 month. However, the goal of this
study was to investigate immediate tissue response to
supramaximal contractions in adjunction with heating.
Monitoring longevity of these outcomes should be a
subject of further research. The utilization of a single
marker for satellite cells could also be considered as
a limitation. However, the collected samples’ prep-
aration process did not allow the application of more
markers; therefore, the most commonly employed
marker NCAM/CD56 was chosen. Furthermore, the

utilization of an animal model itself is a limitation be-
cause a human tissue response may show some dis-
crepancies. It is known that the relative distribution of
skeletal muscle fiber types differs between humans and
pigs: human muscle tissue contains 50% to 65% of type
| fibers, whereas pig muscle tissue contains only 9% to
11%.3" It could thus be argued that the results observed
in this study may not be transferable to humans, and in
fact the applicability of these results should be evalu-
ated in humans as well. However, the properties of the
magnetic stimuli such as frequency, pulse duration, or
pulse shape delivered during the HIFEM treatments
were designed to be able contract both types of fibers.
Moreover, the results of pilot studies3233 investigating
the simultaneous delivery of HIFEM and RF document
greater muscle thickening effect (24.2%-26.1%) than
that of HIFEM only treatments®3* (14.8%-15.4%), which
suggests our results may be applicable to humans.
Further research including human patients should be
conducted to verify the outcomes.

This was the first trial, to our knowledge, to investigate
the effects of the simultaneous application of HIFEM and
Synchrode RF heating on muscle tissue. Future studies
should include comparison with consequent or individual
treatments. To fully understand the synergy between heat
and HIFEM-induced mechanical stress, it would be bene-
ficial to investigate the HSP phenomenon with HIFEM and
Synchrode RF and its correlation with existing research.
Further research is also necessary to examine the lon-
gevity of the results, and longer follow-ups should thus be
included. Lastly, we believe that the signs of hyperplasia
should be further investigated.

CONCLUSIONS

The simultaneous application of HIFEM and Synchrode RF
energies significantly enhances the levels of satellite pool
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and results in muscle hypertrophy and likely in muscle hyper-
plasia. The results of 3 treatments are comparable with
programs involving 12 to 16 weeks of intense exercise, making
the technology a convenient tool for enhancing muscle mass
that could be highly attractive for body contouring purposes.
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SYNCHRONIZED RF & HIFEM:
ULTRASOUND EVALUATION

OF FAT TISSUE

ULTRASOUND EVALUATION OF THE SIMULTANEOUS RF
AND HIFEM TREATMENTS ON HUMAN FAT TISSUE

Radina Denkova MD!

1. Aesthetic Clinic Beauty, Sofia, BG

Source: U.S. Food and Drug Administration. 510(k) Premarket Notification: K192224 Published online December 5, 2019

HIGHLIGHTS

* Reduction in subcutaneous fat thickness at 3 months was 29.8%.

* A total of 88.1% of patients were satisfied with treatment
outcomes.

* 92.9% of patients found the treatments comfortable.

* Waist circumference was reduced on average by 3.2 cm.

BASELINE 3 MONTHS AFTER

Ultrasound images of a 42-year old female, who also showed a 4-cm reduction in waist circumference.



STUDY DESIGN

* 42 subjects (29 females, 13 males).
e Three 30-minute treatments on abdomen.

e Evaluation by ultrasound imaging.

RESULTS

* Results showed continuous improvement over time.

29.8%
26.0%

17.0%

Tx3 ™ FU 3M FU

The chart showing continuous improvement in the fat reduction over time.

BASELINE 3MONTHS AFTER

A 49-year old female at baseline and 3 months post-treatment showing 4.5 cm waist circumference reduction
and 29.2% reduction in abdominal fat layer.



SYNCHRONIZED RF & HIFEM:
MULTI-CENTER ABDOMINAL

ULTRASOUND STUDY

RADIOFREQUENCY HEATING AND HIFEM DELIVERED SIMULTANEOUSLY -
THE FIRST SHAM-CONTROLLED RANDOMIZED TRIAL

Bruce Katz MD', Robert Weiss MD?, Julene B. Samuels MD3F.A.C.S

1. Juva Skin and Laser Center, Manhattan, NY, USA; 2. Maryland Laser Skin & Vein Institute, Hunt Valley, MD, USA;
3. Julene B Samuels MD. F.A.C.S, Louisville, KY, USA

Presented at the Annual Meeting of the American Society for Dermatologic Surgery, 2020 Virtual Meeting

HIGHLIGHTS

A total of 72 subjects allocated into two groups (Active: N=48,
BMI of 25.8 kg/m2); Sham: N=24, BMI of 25.6 kg/m2).

* Active group showed 28.3% reduction in subcutaneous fat
at 3-month follow-up visit.

¢ Muscle thickness increased by 24.2% at 3-months
post-treatment in active group.

« At 3 months 38/40 patients showed fat reduction
higher than 20%.

A 64-YEAR OLD FEMALE A 51-YEAR OLD FEMALE

Ultrasound images of patients in active group taken before (left) and 1 month after (right) the treatments.



STUDY DESIGN

Both groups received three 30-minute treatments on abdomen
(active: maximum tolerable intensities, sham: intensities of 5%).

Ultrasound images were taken at baseline, TM and 3M after
the last treatment.

Evaluation included measurements of subcutaneous fat
and muscle mass thickness.

CONCLUSION

Dual field technology showed high efficacy for subcutaneous fat
reduction and thickening of rectus abdominis muscle.

93.9% of patients reported satisfaction with the results.
Sham treatments did not induce any significant changes.

The procedure combining HIFEM and RF energy was safe
and did not cause any adverse events.

Digital photographs of a 55-year old female, taken before (left)
and 3 months after (right) the treatments.



SYNCHRONIZED RF & HIFEM:
HISTOLOGICAL EVALUATION

OF THE EFFECT ON FAT IN HUMANS

HISTOLOGICAL EVALUATION OF THE SIMULTANEOUS RF
AND HIFEM TREATMENTS ON HUMAN FAT TISSUE

Radina Denkova MD.

1. Aesthetic Clinic Beauty, Sofia, BG

Source: U.S. Food and Drug Administration. 510(k) Premarket Notification: K192224.Published online December 5, 2019.

HIGHLIGHTS

* Intensive fat cell disruption peaking at 20 days post-treatment.
¢ Non-invasive lipolysis seen in the first 10 days post-treatment.

* Investigated device was found to be effective for elimination
of fat cells.

* No damage to skin, sweat glands and sebaceous glands was
observed, ensuring procedural safety.

* Deformed nucleus and pyknotic nucleus indicating cell death.

BASELINE 20 DAYS AFTER

Normal subcutaneous tissue morphology with typical uniform size of adipocytes at the left; bar = 40 micrometers. Intensive
fat cell disruption (C) and alternation of adipocytes shape 20 days post-treatment at the right; bar = 30 micrometers.
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