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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,† 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 ANDMETHODS 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 2weeks and 1month. Adipocyte volume decreased significantly (p, .001)
by 31.1%at 2weeks, 1month (223.6%), and 2months (222.0%). Control samples showed healthy adipocytes. Scanning
electron microscopy micrographs corroborated histology findings, showing flattened, volume-depleted and disrupted
adipocytes.
CONCLUSION Synchronized RF with HIFEM procedure resulted in a significant and sustained fat reduction with no
adverse events.

Noninvasive 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.1 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.2 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.3–8

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.9 Intense muscle contrac-
tions (referred to as supramaximal) result in an increase in the
muscle mass through hypertrophy/hyperplasia.10

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.11,12

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.13

For long-term reduction of subcutaneous fat tissue,
necrosis or apoptosis must be achieved and seen on
histological studies.11 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.14,15

It is usually linked with intensive inflammation and possible
panniculitis (e.g., significant lymphohistiocytic infil-
trate).16,17 By contrast, apoptosis, a process by which the
body replaces old/damaged cells, manifests itself with very
mild immune response18,19 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.11,20–22 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.23,24

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 EUDirective 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 bothmodalities. 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 2mg/kg, and xylazine 2mg/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 M5Vet, 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

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 а 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 ImageJ 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 0.05was 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.

Figure 1. Fiber optic temperature probe inserted into themid-depth
of subcutaneous tissue. The probe tip (red dot) was located in the
center of the shaved treated area (circled). The fiberwas fixed by an
adhesive tape to prevent its displacement during the therapy.
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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, somemembranes
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 5).

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

addition, as a result of the collagen remodeling induced by
the RF,25 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 2. Continuous temperature measure-
ment by the fiber optic probe located in the
middle of fat tissue layer depth (Pig No. 3; first
therapy, RF, and HIFEM set to maximum
allowed intensity). The therapeutic tempera-
turewas achieved in the first 4minutes, and it
wasmaintained at a stable level of 44 to 45°C,
during most of the procedure. HIFEM, high-
intensity focused electromagnetic; RF,
radiofrequency.

Figure 3. Light microscopy and SEM findings side by side:
control/baseline (up, bar5 100 mm), 4 days (mid, bar5 200 mm),
and 2 weeks (down, bar 5 500 mm). 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.
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considerable decrease of adipocytes’ area with the greatest
reduction observed at 4 days (225.9%;2337.8mm2) and 2
weeks (231.1%; 2405.5 mm2) 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.20,21

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.2,15 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.24 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.20,21 Because
only a mild inflammation response was observed, we believe

Figure 4. Light microscopy and SEM findings side by side at 1
month (up) and 2months (down). At 1month, 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.

Figure 5. Average adipocyte area (mean 6
standard error; mm2) during the study. The
decrease was highly statistically significant (p
, .001) at all time points. The range for control
and baseline samples is highlighted in gray.
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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 amild inflammatory response. Adipocytes also suffer
apoptosis when their size significantly fluctuates while
becoming too large or too small11,26 and are stressed by the
excessive efflux of FFAs.13,27 AlthoughRF 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 bothmodalities. 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.5 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.28

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.26 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)
norHIFEM injures the skin, blood vessels, or other adjacent
structures when used as a standalone modality for non-
invasive body shaping.3,5,8,11,13,20,23,27,29 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.25,30 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.31,32

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.
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