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Abstract

Background Excess body fat, localized adiposity, and
cellulite represent important social problems. To date,
techniques using radiofrequencies, cavitation and nonca-
vitation ultrasound, and carbon dioxide have been studied
as treatments for noninvasive body contouring. Ice-Shock
Lipolysis is a new noninvasive procedure for reducing
subcutaneous fat volume and fibrous cellulite in areas that
normally would be treated by liposuction. It uses a com-
bination of acoustic waves and cryolipolysis. Shock waves,
used normally in the treatment of renal calculi and mus-
culoskeletal disorders, are focused on the collagen structure
of cellulite-afflicted skin. When used on the skin and
underlying fat, they cause a remodeling of the collagen
fibers, improving the orange-peel appearance typical of the
condition. Cryolipolysis, on the other hand, is a noninva-
sive method used for the localized destruction of subcuta-
neous adipocytes, with no effects on lipid or liver marker
levels in the bloodstream. The combination of the two
procedures causes the programmed death and slow
resorption of destroyed adipocytes.

Methods In this study, 50 patients with localized fat and
cellulite were treated with a selective protocol for the
simultaneous use of two transducers: a Freezing Probe for
localized fatty tissue and a Shock Probe for fibrous
cellulite.
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Results The procedure significantly reduced the circum-
ference in the treated areas, significantly diminishing fat
thickness. The mean reduction in fat thickness after treat-
ments was 3.02 cm. Circumference was reduced by a mean
of 4.45 cm. Weight was unchanged during the treatment,
and no adverse effects were observed. Histologic
and immunohistochemical analysis confirmed a gradual
reduction of fat tissue by programmed cell death. More-
over, the reduction in fat thickness was accompanied by a
significant improvement in microcirculation, and thus, the
cellulite. The safety of the method also has been high-
lighted because it is accompanied by no significant increase
in serum liver enzymes or serum lipids.

Conclusion The study aimed to observe the effects of the
new technique in the treatment of localized fat associated
with cellulite in order to assess adipose tissue alterations,
cellular apoptosis, and levels of serum lipid or liver
markers. The findings show that the action of Ice-Shock
Lipolysis is a safe, effective, and well-tolerated noninva-
sive procedure for body contouring. In particular, the
authors believe that this could be an ideal alternative to
liposuction for patients who require only small or moderate
amounts of adipose tissue and cellulite removal or are not
suitable candidates for surgical approaches to body
contouring.

Keywords Cryolipolysis - Extracorporeal shock waves -
Body contouring - Fat reduction - Cellulite

Excess body fat and localized adiposity represent great
health problems frequently associated with dissatisfaction
about body shape, altered self-esteem, and disadvantage in
interpersonal relationships. The latter problem, often
associated with being overweight, includes cellulite.
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Cellulite is an alteration in the topography of the skin of
the pelvic region, lower limbs, and abdomen. It is the
irregular, dimpled-skin surface phenomenon that affects
85% to 98% of postadolescent woman of all races [1].
Cellulite, also called liposclerosis [2], edematofibroscle-
rotic panniculopathy [3], and gynoid lipodystrophy (GLD)
[4], is an aesthetic alteration of the cutaneous surface, and
many patients affected by it seek plastic surgery to improve
their appearance.

Various cosmetic procedures and devices have been
developed to remove or reduce unwanted local subcuta-
neous fat. Conventional fat removal is achieved surgically
by lipectomy or liposuction [5]. Currently, they are by far
the most common and effective procedure for body con-
touring and completely safe. However, it remains an
invasive procedure.

Noninvasive alternatives to liposuction have been
attempted for body contouring, with variable, if any, scien-
tific demonstration of safety. Although lipoplasty is pur-
ported by some to be an excellent method for improving body
contouring [6], others have reported increased skin dimpling
after liposuction in patients with cellulite and localized fat
deposits [7]. A few therapeutic options have been developed
for the treatment of cellulite associated with localized fat
deposits [8, 9] including bipolar radiofrequency (RF),
infrared (IR) heat and pulsatile suction devices [10, 11],
optical devices [12, 13], botanical extracts [ 14], mesotherapy
[15], acombination of mesotherapy and phosphatidylcholine
injections [16], and external ultrasound [17, 18]. Only some
of these procedures have been approved by the U.S. Food and
Drug Administration. In particular, novel applications using
ultrasound without surgical intervention have been investi-
gated for delivery of an energy signature through the skin to
disrupt adipose tissue [19].

Cryolipolysis is a recent development in noninvasive
lipoplasty whereby fat layer reduction is produced by
selective destruction of fat cells [20]. This technique uses
controlled cold exposure to obtain a gradual reduction of
the subcutaneous fat layer without damage to other tissues.
Fat cells, in fact, are much more sensitive to cold-induced
apoptosis than other anatomic structures such as skin,
dermis, vessels, nerves, and muscles [21].

The adipose tissue is placed in contact with iced plates
using a pressure applicator that thermically “kills” fat
without damaging the skin. The dead cells then are meta-
bolically eliminated, exactly as occurs for the fat found in
food. [22]. The positive sides of cryotherapy in terms of
reduced body fat lead to a reduction in complications and
risks related to plastic surgery procedures [23, 24].

On the other hand, extracorporeal shock waves (ESW)
are electrical energy transformed by mechanical energy
through the piezo effect. Shock waves have been used in
the medical field since 1980 to treat lithiasic pathologies
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(for renal stone fragmentation) with the aim of destroying
the targeted structures without damaging surrounding tis-
sues [25].

In the mid-1980s, new studies opened ulterior horizons on
the effective therapeutic potential of shock waves, particu-
larly in the orthopedic field (pseudoarthrosis, tendinopathy)
[26], for musculoskeletal diseases (calcaneal spur, tennis
elbow, golf arm) [27] and for the cure of chronic soft tissue
conditions [28] such as neuropathic ulcers of the foot [29] or
burning [30]. Several studies have demonstrated that the
biologic effects of ESW also are caused by the release of
mediators, such as vascular endothelial growth factor
(VEGF) [31], which significantly increase angiogenesis and
local blood circulation [32]. Moreover, in aesthetic medi-
cine, shock waves are used in painless methods for efficient
contrast of beauty flaws and cellulite [33, 34].

This report describes a pilot study for a new noninvasive
device that uses a combination of cryolipolysis and
acoustic waves for body contouring through the reduction
of localized fat deposits associated with cellulite in areas
that normally would be treated by liposuction. Our study
demonstrates, for the first time, that this new technology,
termed Ice-Shock Lipoysis, provides a safe and effective
noninvasive treatment for body contouring and cellulite.

Materials and Methods
Apparatus

The Proshockice apparatus (Promoltalia Group S.p.A,
Naples, Italy) used in this study emits shock waves at a
variable frequency (1 to 16 Hz), at a pressure variable from
50 to 500 Bar, and with impulses that have a duration of
8 ms. The temperature for cryolipolysis is variable, from
+5 down to —5°C. The Proshockice device also is equip-
ped with two probes: the Freezing Probe, which can be
aimed at localized fat and can be used for vasoconstriction
to accomplish vascular gymnastics, and the Shock Probe,
which works on the fibrous component of fat and cellulite
[32-35]. The use of the Proshockice device is innovative
and has been patented as a combined technology termed
Ice-Shock Lipolysis, which reduces subcutaneous fat vol-
ume and fibrous cellulite. For the transducer (which emits
the shock waves) to transfer the waves, a conductive gel
must be used (Fig. 1).

In Vivo Experiments
Patients

The study enrolled 50 patients (37 women and 13 men) 21
to 62 years of age, all with localized fat and cellulite. This
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Fig. 1 a Representative Freezing Probe image. b Representative Freezing Probe image. ¢ Representative Shock Probe image. d, e An example
of treatment with the Freezing Probe. f An example of treatment with the Shock Probe

cohort of patients was divided on the basis of the areas
treated: abdomen, ankles, arms, buttocks, and outer thighs.
Before assessment and treatment, all the patients received
explanations about the procedure, after which they read and
signed an informed consent. All the patients had a
screening visit that included a physical examination and
blood tests.

The exclusion criteria for this study ruled out osteopo-
rosis; phlebitis and thrombophlebitis; patients carrying
metallic fragments, articular prostheses, and intrauterine
devices or pacemakers; pregnant women; patients with
reduced nervous sensibility or neurologic pathologies;
patients affected by obliterating arteriopathies; and patients
affected by important inflammatory processes or neoplastic
diseases.

During the period of treatment, it was very important to
check that the patients drank at least 2 1 of water per day
and followed a moderated, hyperproteic diet. None of the
patients underwent other slimming or aesthetic procedures
(e.g., endermology, mesotherapy, radiofrequency) during
the study.

Treatment and Evaluation Protocol

Each treatment was performed according to a default pro-
tocol. The duration of treatment was set, depending on the
width of the area to be treated, from a minimum of 20 min
to a maximum of 60 min. The treatment was performed by
placing two transducers on the skin contemporaneously. In
particular, the Freezing Probe was used for treating fatty
tissue. Ice lipolysis was performed for 30 min in the sliding
mode on the area with slow movements and with a

temperature range set between 0 and —5°C. The Shock
Probe was used with a conductive gel for 10 to 15 min of
shock therapy.

For edematous cellulite, the Freezing Probe was used for
5 min of ice lypolysis (vascular gymnastic rather than
apoptosis), and then the Shock Probe was used for a further
5 min of shock therapy. The cycle of ice lipolysis and
shock therapy was repeated four times (20 min per side).

Finally, for fibrous cellulite, the Shock Probe and the
Freezing Probe were used for 10 min of shock therapy and
ice lipolysis (to create a lipolytic effect). The alternation of
ice lipolysis and shock therapy was carried out for 30 min
per side. The maximum total time was 1 h.

At least 15 days elapsed between sessions to guarantee
hepatic recovery, even in the case of an eventual presence
of pathologies in a subclinical phase. The evaluation period
lasted 8 consecutive weeks at the frequency of one session
every 15 days, for a mean total of 3.73 sessions. Before the
start of the treatment program and at the end of the treat-
ment, each subject’s height and weight were recorded, and
perimetric measurements and photos were taken of the area
treated. The perimetric measurements were performed with
the patients standing up, feet apart often at the same dis-
tance, height marked from the floor up to the area of
concern, and measurements taken just below the marking,
making sure that the measuring tape was parallel to the
floor. The photos were taken with the subject standing up,
feet apart often at the same distance; camera distance from
the subject always the same; camera height, angle, and
focal length often the same; light always the same, with
four flashlights in slave mode (2 behind the subject and 2
on either side of the camera); and four photos taken during
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each evaluation period (1 of the front, 1 of the back, and 1
each of the right and left sides).

Evaluation by the Surgeons and the Patient

The patients were examined by two surgeons not involved
in the treatment. The follow-up period was 12 months, and
the method of posttreatment evaluation was standardized.
Clinical results were documented by pre- and postoperative
digital photos. Results were evaluated at the end of the
follow-up period by the operating surgeons, by the patients
themselves, and by an independent medical observer.

The patient evaluation was obtained by a questionnaire
with a scale of 0 to 5. A subjective evaluation of the skin’s
compactness, the volumetric reduction of fat, the patient’s
comfort, and the patient’s satisfaction with the outcome of
the treatment was requested.

Pinch Test

Body fat was estimated by measuring skinfold thickness
according to the guidelines published by the International
Society for the Advancement of Kinanthropometry
(ISAK). The measurement was performed at the level of
the treated areas, and the pinch test was performed
immediately before and after treatment and at the end of
the follow-up period.

For the pinch test, the tester pinches the skin at the
appropriate site to raise a double layer of skin and the
underlying adipose tissue but not the muscle. The calipers
are then applied 1 cm below and at right angles to the
pinch, and a reading in millimeters is taken 2 s later. The
mean of two measurements should be taken. If the two
measurements differ greatly, a third measurement should
be performed, with the median value taken.

Laboratory Evaluations

Hematic levels of cholesterol and triglycerides were
constantly verified with specific reference to the low-
density lipoprotein (LDL) and high-density lipoprotein
(HDL) cholesterol. In particular, samples were obtained
24 h before the beginning of the first session, immediately
afterward (within 12 h), after 72 h, and after 7 days. An
evaluation of hepatic markers (aspartate aminotransferase
[AST]/glutamic-oxaloacetic transaminase [GOT], alanine
aminotransferase [ALT]/glutamic-pyruvic transaminase
[GPT], gamma-glutamyltranspeptidase [gamma-GT], total
bilirubin, and albumin) was carried out before the
beginning of the treatment, immediately afterward (within
12 h), after 72 h, after 7 days, and 15 days after the last
session.
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In Vitro Experiments
Histologic Staining and Immunohistochemistry

Skin biopsies were obtained by lipectomy rather than lip-
oaspiration to avoid any mechanical damage. Biopsies were
taken from the region treated (right) and control biopsies
from the region untreated (left) in the areas of interest:
abdomen, ankles, arms, and buttocks. Biopsies were subdi-
vided into two parts and either fixed in formalin or stored at
—80°C. Tissues fixed in formalin were dehydrated in alco-
hol, clarified in xylene, and paraffin-embedded. Sections
(5 um thick) were stained with hematoxylin-eosin and
Mallory’s trichrome stain and observed using light micros-
copy (Olympus BX41, Tokyo, Japan). Immunohistochemi-
cal analyses were performed with a Dako Cytomation kit
(En Vision 4+ System-HRP-AEC, Dako Italia, Milan, Italy)
according to the manufacturer’s protocol. The antibodies
used were anti-laminin and anti-type 4 collagen, all pur-
chased from AbCam (Cambridge, UK). The remaining
biopsies, kept at —80°C, were sectioned using a cryostat and
stained with Oil Red-O, which can identify neutral fats,
avoiding histologic artifacts.

Apoptosis Assay

Apoptosis analysis was performed with an Annexin
V-FITC Apoptosis Detection Kit I (BDPharmigen, Buc-
cinasco, Milan, Italy) according to the manufacturer’s
protocol.

RNA Isolation and Polymerase Chain Reaction

Extraction of RNA was performed with TRI Reagent
(Sigma, Milan, Italy). Synthesis of cDNA was led on total
RNA by SuperScript II reverse transcriptase (Invitrogen,
San Giuliano Milanese, Milan, Italy). The primer sequen-
ces used were GADPH: fw 5-AGCCGCATCTTCTTT
TGCGTC-3; rw 5'-TCATATTTGGCAGGTTTTTCT-3;
ADIPONECTIN: fw 5-CAACATTCCTGGGCTGTACT-3;
rw 5'-CCTGTGAAGGTGGAGTCATT-3'; LEPTIN: fw
5'-AAGCTTCAGGCTACTCCACA-3'; rw 5-TGGAAGA
GTGGCTTAGAGGA-3'; PPAR-y: fw 5-ACAGCAAAC
CCCTATTCCATGC-3'; RW 5-ATTACGGAGAGATC
CACGGAGC-3'.

Statistical Analysis

Differences were evaluated by the Wilcoxon test for paired
continuous variables. The software used for statistical
analysis was SPSS (SPSS, Chicago 17.0). A p value less
than 0.05 was considered statistically significant.
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Table 1 Characteristics of the patients

Number Sex Age Weight (cm) Height (cm) Treatment site Perimetric Effect cm Patient
measurement (cm) evaluation
1 F 41 68 163 Abdomen 92/86 Reduction 6 4
2 F 42 65 160 Abdomen 84/79 Reduction 5 5
3 F 48 70 168 Abdomen 88/82 Reduction 6 4
4 M 47 89 178 Abdomen 106/98 Reduction 8 5
5 F 51 58 155 Abdomen 84/80 Reduction 4 4
6 M 36 80 174 Abdomen 96/89 Reduction 7 5
7 M 44 84 180 Abdomen 92/84 Reduction 8 5
8 F 36 81 169 Abdomen 94/89 Reduction 5 4
9 M 21 76 177 Abdomen 92/87 Reduction 5 4
10 M 45 88 183 Abdomen 108/98 Reduction 10 5
11 M 45 67 166 Abdomen 88/81 Reduction 7 5
12 M 43 79 173 Abdomen 100/92 Reduction 8 5
13 M 43 72 166 Abdomen 102/93 Reduction 9 5
14 M 55 76 170 Abdomen 99/91 Reduction 8 5
15 F 62 65 156 Thighs 90/84 Reduction 6 5
16 F 43 75 170 Thighs 90/83 Reduction 7 5
17 F 40 74 167 Thighs 96/88 Reduction 8 5
18 F 36 68 164 Thighs 94/88 Reduction 6 5
19 F 42 74 180 Thighs 88/84 Reduction 4 4
20 F 38 81 169 Thighs 102/96 Reduction 6 5
21 F 47 77 171 Thighs 100/96 Reduction 4 4
22 F 43 60 162 Thighs 92/86 Reduction 6 5
23 F 35 75 172 Thighs 95/90 Reduction 5 4
24 F 45 66 161 Thighs 95/88 Reduction 7 5
25 F 39 74 165 Thighs 100/92 Reduction 8 4
26 F 57 65 158 Thighs 99/90 Reduction 9 5
27 F 34 54 160 Thighs 90/84 Reduction 6 5
28 F 37 60 159 Thighs 91/84 Reduction 7 5
29 F 45 64 159 Arms 34/32 Reduction 2 4
30 F 29 59 164 Arms 36/33 Reduction 3 4
31 F 37 70 162 Arms 40/36 Reduction 4 5
32 M 49 71 167 Arms 37/34 Reduction 3 5
33 M 44 70 172 Arms 33/31 Reduction 2 5
34 M 38 78 170 Arms 36/33 Reduction 3 4
35 F 50 55 154 Arms 34/32 Reduction 2 5
36 F 32 63 164 Arms 36/33 Reduction 3 4
37 F 37 70 162 Buttocks 88/82 Reduction 6 5
38 F 41 64 166 Buttocks 90/85 Reduction 5 4
39 F 38 69 163 Buttocks 86/81 Reduction 5 4
40 F 38 62 157 Buttocks 83/79 Reduction 4 5
41 F 52 68 161 Buttocks 88/81 Reduction 7 5
42 F 36 60 156 Buttocks 82/79 Reduction 3 4
43 F 33 60 160 Ankles 28/27 Reduction 1 4
44 F 27 58 154 Ankles 27125 Reduction 2 5
45 M 47 82 179 Ankles 30/26 Reduction 4 5
46 F 31 65 161 Ankles 29/27 Reduction 2 4
47 F 33 70 166 Thighs 58/55 Reduction 3 4
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Table 1 continued

Number Sex Age Weight (cm) Height (cm) Treatment site Perimetric Effect cm Patient
measurement (cm) evaluation

48 F 44 63 159 Thighs 56/53 Reduction 3 5

49 F 51 67 160 Thighs 58/54 Reduction 4 5

50 F 46 71 160 Thighs 62/57 Reduction 5 5

Results Using a pinch test, we confirmed that the fat-thickness

In Vivo Experiments
Clinical Study

The characteristics of the patients and the measurement data
are summarized in Table 1. A total of 50 patients completed
the study. The areas treated were the abdomen (14 patients),
the thighs (18 patients), the arms (8 patients), the buttocks
(6 patients), and the ankles (4 patients). Except for the
patients treated in the abdominal area, all the patients had
bilateral treatments at each session. All the patients resumed
normal activities at completion of the sessions.

The median reduction in fat circumference at the end of
the treatment was 6.86 cm for the abdomen, 5.78 cm for
the thighs, 2.75 cm for the arms, 5 cm for the buttocks, and
2.25 cm for the ankles (Fig. 2a). The final reduction in fat
thickness was significant compared with the measurement
before the treatment (z = —5.384; p < 0.0001). The
greatest reductions were observed in the thighs and in the
abdomen, whereas the ankles showed the least reduction.
The final reduction of fat thickness correlated positively
with the baseline fat measurement.

A s Circumference reduction
7
= 6
-.E.- 5 = abdomen
.E = thighs
k] 4 “arms
3
'g 3 ® buttocks
o 2 = ankles
1
i =l

Anatomical ion

Fig. 2 a The study enrolled 50 patients. The areas treated included
the abdomen (14 patients), the thighs (18 patients), the arms
(8 patients), the buttocks (6 patients), and the ankles (4 patients).
The median fat circumference reduction at the end of the treatment
was 6.86 cm for the abdomen, 5.78 cm for the thighs, 2.75 cm for the
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reduction at the end of the treatment was 4.50 cm for the
abdomen, 3.60 cm for the thighs, 2.10 cm for the arms,
4 cm for the buttock, and 1 cm for the ankles (Fig. 2b). No
statistically significant difference in fat-thickness reduction
between the men and the women was observed. In the
subjects treated for fibrous cellulite, besides the reduction
in centimeters, a modification of the cutaneous aspect with
an attenuation of the “orange peel” skin effect was
observed.

Interestingly, body weight remained constant throughout
the treatment for all the patients, strongly suggesting that
the fat-thickness reduction was due to the treatment.
Improvements in body contour were visibly appreciable in
all the patients at the end of the treatment, as supported also
by the data from the subjective evaluations, which always
showed a clear satisfaction of all the patients treated (score
of 4 or 5).

The procedure was well tolerated by all the patients.
Figure 3a depicts an example of body contouring, and
Fig. 3b shows an example of body contouring after
12 weeks (Fig. 3a and b). Another example of body con-
touring is depicted in Fig. 3c—e. A clinically apparent
reduction in the fat layer can be noted.

B x Fat thickness

‘5, = abdomen
.g = thighs

S @ arms

=

'g ® buttocks
o = ankles

Anatomical region

arms, 5 cm for the buttocks, and 2.25 cm for the ankles (p < 0.05).
b A pinch test showed that the median fat thickness reduction at
the end of the treatment was 4.50 cm for the abdomen, 3.60 cm
for the thighs, 2.10 cm for the arms, 4 cm for the buttock, and 1 cm
for the ankles. (p < 0.05)
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A

Fig. 3 Clinical evidence for the use of Ice-Shock Lipolysis technol-
ogy. a Body contouring immediately after the first treatment
highlighting a reduction of 1 cm in waist circumference after the

Erythema was observed immediately after ice-shock
treatments but was rapidly resolved. To the touch, the skin
of the treated area was cold but not icy.

Cholesterol and triglyceride levels were mildly
increased after the treatments, but remained within normal
limits (Fig. 4a). Consistently, evaluation of the hepatic
markers (GOT, GPT, gamma-GT, total bilirubin, and
albumin) demonstrated no alterations in hepatic function
(Fig. 4b).

Finally, no severe adverse events were reported during
or after the procedures. In particular, no paresthesias,

first treatment. b An example of body contouring after 12 weeks. ¢, d,
e Other cases of body contouring at the end of treatment

hematomas, ecchymoses, or edemas were noted or

reported.

In Vitro Experiments

Histologic Staining, Immunohistochemistry, Apoptosis
Assays, and Reverse Transcriptase-Polymerase Chain

Reaction (RT-PCR)

Histologic analysis of tissue demonstrated that Ice-Shock
Lipolysis technology induced the death of adipocytes. In
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Fig. 3 continued
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E

Fig. 3 continued

200 Serum Lipid levels
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140
120 —— Cholesterol

—

M — Triglycerides
80 ——HDL cholesterol

60
40 LDL cholesterol

20

Baseline 12 hours 72 hours 7 days

Fig. 4 a Average values of cholesterol, triglycerides, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL). No significant
change over time was seen. In addition, mean values remained within
the reference range. b Average values of aspartate aminotrans-
ferase (AST)/glutamic-oxaloacetic transaminase (GOT), alanine

fact, evidence showed that an inflammatory process
(Fig. 5b) stimulated by adipocyte apoptosis occurred. The
adipocytes appeared irregularly shaped, with alterations
(Fig. 5¢) confirmed by Oil-Red-O staining (Fig. 5d),
compared with the nontreated regions (Fig. 5a). Oil-Red-O
staining showed that many of these lipids remain trapped

5 Liver markers levels
20
S ——  —— ot
& " —ALT-GPT
€ 10 ——gamma-GT
\’/_ ——Total bilirubin
5 ~———Albumin

0
Baseline 12 hours 72 hours 7 days 15 days

aminotransferase (ALT)/glutamic-pyruvic transaminase (GPT)/gamma-
glutamyltranspeptidase (gamma-GT), bilirubin, and albumin. No
significant change occurred over time, and the mean values remained
within the reference range

within the subcutaneous adipose tissue because of slow
absorption.

In addition, histologic staining showed no alteration of
the skin (no ulcers or necrosis of the epidermis or dermis)
or any septa of the subcutaneous connective tissue that
were irregular and perpendicular to the surface with
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Fig. 5 a Abdominal adipose
biopsy of a nontreated region
(Mallory’s trichrome stain,
original magnification, x100).
b Abdominal adipose biopsy of
a patient treated with Ice-Shock
Lipolysis technology. At this
level, there is evidence of an
inflammatory process
(hematoxylin-eosin staining,
original magnification, x100).
¢ Same sample with Mallory’s
trichrome stain (original
magnification, x100) in which
the adipocytes appear
irregularly shaped and with
alterations. d Sample of treated
abdominal adipose biopsy. Oil-
Red-O staining shows that the
content of the fat cells (lipids)
remains trapped in the
subcutaneous tissue (original
magnification, x200)

{ f~ r
A -.-.\z.. oy

formation of chambers in which fat lobules could accu-
mulate (Fig. 6a and b). We observed a complete derange-
ment of fat tissue, with selective removal of adipocytes,
reduction of thickness, and widespread shrinkage of col-
lagen fibers in a parallel rearrangement (Fig. 6¢). There
was evident neovascularization of the subcutaneous tissue
(Fig. 6d and e) with respect to the nontreated regions
(Fig. 6f).

Adipocytes were exposed to temperatures ranging from
—5°C to +5°C for 1 h. We used the Annexin V-FITC to
evaluate the degree of cell membrane destruction. We
found that adipocytes cooled to —5°C, 0°C, or +5°C were
completely destroyed, either by an active mechanism of
necrotic death or with a mechanism that triggers pro-
grammed death by apoptosis (Fig. 7a and b). In addition,
the shock waves amplified the phenomenon of cellular
death. The absence of molecular alterations of adipose
tissue was confirmed by RT-PCR (Fig. 7c).

Discussion

Ice-Shock Lipolysis technology is a noninvasive procedure
for the selective reduction of fat cells and for effective
treatment of cellulite through remodeling of skin collagen.
This procedure significantly reduces the circumference in
treated areas by a reduction in fat thickness. Importantly, in
this study, the reduction in fat thickness could not be
ascribed to weight loss because no statistically significant
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weight reduction was observed in any of the patients. In
fact, using a pinch test, we confirmed that the fat thickness
in the entire area was at least 2 cm.

Our clinical studies have shown efficacy in the treatment
of excess back fat, flank fat, and abdominal fat. The results
were most visible in patients with discrete localized fat.
The Ice-Shock Lipolysis technology does not appear to be
as effective for obese patients or patients with excess skin
laxity. Beyond reduction of subcutaneous fat, an ideal
therapy for cellulite should ensure skin shrinkage and
improve its quality.

In our case of Ice-Shock Lipolysis treatment, we could
ascertain direct or indirect signs showing mechanical
destruction of fat tissue and remodeling of the skin’s col-
lagen on any one of the histologic slices. Histologic anal-
ysis confirmed a selective and gradual reduction of fat
tissue by programmed death (apoptosis) triggered by
inflammation. Hematoxylin-eosin-stained sections showed
a marked increase in the numbers of lymphomonocyte
inflammatory cells. Infiltrating granulocytes were rare.
Moreover, irregularly sized necrotic fat cells were sur-
rounded by a thick progressive fibrosis.

Acoustic pulses stimulate microcirculation in subcuta-
neous tissue and improve the existing structural and
metabolic disorders to reduce visible signs of cellulite.
Ice-Shock Lipolysis not only improves the stability of con-
nective tissue and the skin’s structure and causes a reduction
in adipose tissue but also stimulates metabolic activity in the
subcutaneous fat tissue. In fact, neoangiogenesis improves
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Fig. 6 a Skin biopsy of a patient treated with Ice-Shock Lipolysis
technology. At this level, no alteration of the skin (ulcers, necrosis of
the epidermis or dermis) is visible (Mallory’s trichromie stain,
original magnification, x 100). b Skin and subcutaneous tissue biopsy
of a nontreated region. The septa of the subcutaneous connective
tissue are irregular and perpendicular to the surface (hematoxylin-
eosin staining, original magnification, x200). ¢ Skin and subcutane-
ous biopsy of a treated patient showing reduction of thickness and
widespread shrinkage of collagen fibers associated with the septa
parallel to the surface (anti-laminin immunohistochemistry staining,

the flow of oxygen and nutrients and markedly augments
lymphatic drainage [36].

The mediators of inflammation trigger phagocytosis.
Over time, this leads to a slow removal of destroyed adi-
pocytes, with no consequent effect on lipid levels in the
bloodstream and liver. In fact, although cholesterol levels
were mildly increased after the treatments, they remained

original magnification, x100). d Subcutaneous tissue biopsy of a
treated patient showing evidence of neovascularization (anticollagen
4 immunohistochemistry staining, original magnification, x100).
e Close-up of neovascularization in the subcutaneous tissue of a
treated patient (anticollagen 4 immunohistochemistry staining,
original magnification, x200). f Skin and subcutaneous tissue biopsy
of a nontreated region showing is no evidence of neovascularization
(anticollagen 4 immunohistochemistry staining, original magnifica-
tion, x100). The positive control is provided by the epidermal basal
membrane staining positively for type 4 collagen

within normal limits. Moreover, assessment of hepatic
function showed no changes in markers of liver function,
suggesting that fat released from treated areas was cleared
by the natural fat metabolism pathways. The stability of
lipid profiles during treatment and the absence of liver
marker changes suggest that our technology is a safe
technique with no detectable adverse effects. Fat release
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Fat tissue at -5°C
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Fig. 7 Propidium iodide (PI) and V-FITC annexin staining for
evaluation of apoptosis. a In the adipose tissue samples cooled to
+5°C, viable cells are about 77% of the total cell population tested.
Whereas 14% of the cells are totally apoptotic (early and late
apoptosis), only 8% of the cells are necrotic. b In the adipose tissue
samples cooled to —5°C, 25% of the cells are in total apoptosis, 3% of

from treated areas is cleared by the natural fat metabolism
pathways. Liposuction, however, causes a rapid destruction
of fat cells and a rapid release of lipids, as confirmed by a
decreased concentration in the bloodstream [37], and an
increased hepatic sequestration that can cause an increase
in the indices of hepatic cytolysis. Regarding the results
obtained using Ice-Shock Lipolysis technology, the content
of the fat cells remained trapped in the subcutaneous adi-
pose tissue, as evidenced by Oil-Red-O staining, and were
absorbed very slowly.

The exact mechanism of Ice-Shock Lipolysis has been
elucidated. The adipose cells undergo massive cellular
stress, as evidenced by Annexin V-FITC and propidium
iodide (PI) staining commonly used to evaluate necrosis
and apoptosis. Indeed, annexin binds to phosphatidylserine
residues only when it is exposed on the outer leaflet of the
plasma membrane, whereas PI binds to DNA only when
the cell is dead. Depending on the percentage of annexin
binding to phosphatidylserine and of PI binding to DNA,
we evaluate that the number of apoptotic cells (early and
late) is higher than the cells undergoing necrosis, con-
firming that the cryolysis associated with shock waves is to
apoptosis. Additionally, molecular studies showed no
alteration of adiponectin, leptin, or peroxisome prolifera-
tor-activated receptor-gamma (PPAR-y) transcripts. No
change was evident in the transcript, underscoring the
safety of the technology used.

Visual and photographic evaluations have shown mea-
surable fat layer reduction and skin shrinkage in our clinical
studies. These effects can be corroborated by the subjective
comments of the patients, with improvement not immediate
but occurring over the course of 2 to 3 months (12 weeks).

Ice-Shock Lipolysis is not indicated for obese patients or
those with great skin laxity. It is indicated for patients with
normal weight who have fatty deposits and cellulite. In
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the cells are in necrosis, and the remaining 70% are viable.
¢ Representative figure of reverse transcriptase-polymerase chain
reaction (RT-PCR) showing mRNA transcript expression of adipo-
nectin (columns 2 and 3), leptin (columns 4 and 5), and PPAR-y
(columns 6 and 7)

fact, liposuction still is not a recommended treatment for
cellulite, in part because cellulite adipose tissue is very
close to the surface of skin, with only a thin layer of dermis
overlying it. It is therefore important for clinicians to select
patients carefully and to educate them regarding their
expected outcomes and potential limitations.

One of the most important aspects that distinguishes Ice-
Shock Lipolysis from liposuction is the lower number of
drawbacks. Indeed, Ice-Shock Lipolysis was well tolerated,
with the great majority of patients reporting that they
experienced minimal or no discomfort during or after the
procedures. In particular, no paresthesias, hematomas,
ecchymoses, or edemas were noted, and also no hyper- or
hypopigmentation. Moreover, the procedures were rela-
tively rapid, noninvasive, and painless, and did not
necessitate anesthesia or tumescent solution. Physical
examination and laboratory assessment throughout the
study period showed no clinically significant changes.
Moreover, this procedure did not cause any limitations in
work or social activities.

Our clinical studies helped to determine the full poten-
tial and efficacy of the Proshockice apparatus. It provides a
unique method for noninvasive reduction of fat and for
improved remodeling of the skin’s collagen that is best
suited for patients of normal weight with discrete fat bulges
and cellulite. For these patients, Ice-Shock Lipolysis
appears to be a promising new technology offering an
effective procedure performed in a safe and gradual
manner.

Conclusion

The action of the Proshockice apparatus is safe, effective,
and well tolerated as a procedure for body contouring. In



Aesth Plast Surg

particular, we believe that this could be an ideal noninva-
sive alternative to conventional liposuction for patients
who require only small or moderate removal of adipose
tissue and cellulite or who are not suitable candidates for
surgical approaches to body contouring. Further studies are
required to assess whether serial treatments produce
incremental fat reduction and whether greater fat reduction
can be achieved in conjunction with weight loss strategies
or other aesthetic methods to treat obesity-related fat
deposits.
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