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Abstract

The purpose of this case study was to assess the efficacy of the Cooltech® system in a cryoadipolysis session for the
removal of localized subcutaneous adipose tissue.

Prospective, single-center case study conducted at the Fajardo Clinic in Malaga (Spain). All patients underwent one
treatment session in the abdomen and flanks with a Cooltech® cryoadipolysis machine (Cocoon Medical, Spain) and
two follow-up visits at 4 and 8 weeks. A substudy was conducted, in which the left side of the abdomen and the right
flank were treated. Age, abdominal perimeter and thickness of adipose tissue were the variables analyzed through
ultrasound. In the substudy, biopsies were taken from the right flank at baseline and after 4 weeks of treatment.

Eight patients —six women and two men (one included in the substudy)- with a mean age of 44 years (SD 9.17) and a
BMI of 26.88 (SD 2.38) participated. Ultrasound results showed a mean decrease of 15.34% (SD 13.32) in the abdomen
area and of 11.03% (SD 25.21) and 4.57% (SD 25.68) in the right and left flanks, respectively. Adipose tissue samples

taken from the treated area showed no inflammation or necrosis.
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Body contouring is one of the most popular procedures
in aesthetic surgery. Cryoadipolysis is a new non-in-
vasive technique that, by the localized application of low
temperatures, reduces subcutaneous fat through lysis of
adipocytes.!" This technique poses a smaller risk than in-
vasive procedures like liposuction.? Furthermore, other
non-invasive technologies have been developed in recent
years for the removal of subcutaneous fat. The most widely
spread include devices using high-frequency ultrasound,
radiofrequency energy or laser light. Just like with cryoadi-
polysis, adverse effects are minimal and post-operative re-
covery times are shorter.”
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Although the mechanism of action used by cryoadipolysis
to destroy the adipose tissue is not entirely known, some
studies indicate that it might involve an inflammatory pro-
cess occurring within the adipose tissue when it is exposed
to low temperatures but not cold enough to cause damage
to other tissues.® This procedure causes postponed cell
death or apoptosis of the adipocytes exposed for a certain
amount time to a temperature below body temperature,
but without reaching the water freezing point.**! Likewise,
the areas of the body that are more sensitive to cryoadi-
polysis are not known either. Several factors might favor
this sensitivity, like the degree of vascularization, cellular
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architecture and adipose tissue-specific metabolic activity
in that area.6 However, this procedure is indicated for the
removal of small or moderate amounts of localized adipose
tissue and for the treatment of cellulite. Results are not
immediate, being visible after about two months.”?

One of the cryoadipolysis devices used for body contour-
ing is the Cooltech® system (Cocoon Medical, Spain). This
machine creates suction in the area to be treated through
an adjustable vacuum applicator that acts by encap-
sulating the fat tissue in its interior. During the session,
the temperature in the area is reduced in a controlled
manner until it reaches a minimum temperature of -8°C.
B The purpose of this study was to assess the efficacy of
one cryoadipolysis session with the Cooltech® system to
remove adipose tissue from the abdomen and flanks of
non-obese subjects, and observe the effect of this proce-
dure on adipocytes.

Methods

Study Design

Prospective, single-center case study conducted at the Fa-
jardo Clinic in Malaga (Spain). Participants included both
men and women over 18 years old that voluntarily agreed
to take part in the study. They all underwent one cryoadi-
polysis session with the Cooltech® machine and the Straight
HP applicator (Cocoon® Medical, Spain). Inclusion criteria
were patients with localized adiposities in flanks or abdo-
men. Exclusion criteria were pregnant or nursing women,
BMI >35, abdominal hernia, C-section or abdominal scar,
acute inflammation, cryoglobulinemia, Raynaud’s disease
or any other serious disease or reason why the investigator
did not consider appropriate to include them.

The study was conducted in compliance with the principles
laid down in the current revised version of the Declaration
of Helsinki, Good Clinical Practices (GCPs), and all the rele-
vant applicable laws and regulatory requirements for the
use of medical devices in Spain. Data collection notebooks

127

did not include any personal information that would en-
able to identify the participants.

Study Protocol

Subjects were invited to participate in the study and the
substudy and, after accepting and confirming they met all
inclusion criteria, they were divided in two groups:

Main study: Patients underwent one session of cryoadi-
polysis in both abdominal areas, on both sides of the um-
bilicus and in both flanks (right flank [RF] and left flank [LF])
(Fig. 1). Then, they attended two follow-up visits after 4 and
8 weeks of treatment.

Substudy: It was conducted in one patient, who underwent
only one treatment session in two asymmetrical areas (the
left side of the abdomen and the right flank). With this de-
sign, the non-treated area was used as control. After the
session, the patient also attended two follow-up visits after
4 and 8 weeks.

Treatment Protocol

The cryoadipolysis treatment with the Cooltech® device
did not require any kind of anesthesia. In the main study,
the treatment session was performed in four areas: both
sides of the abdomen, and right and left flanks; and in the
substudy, in two areas: one side of the abdomen and the
right flank. The Cooltech® device allows the use of two
Straight HP applicators simultaneously, enabling to treat
two locations at the same time (Fig. 2). In the main study,
all four areas were treated in two hours (60 minutes per
area) at a minimum temperature of -8 °C. In the substudy,
where only two areas were treated, the session lasted 60
minutes.

Prior to the procedure, the area to be treated was manually
and visually assessed. Then, a cryoprotectant —a cellulose
membrane embedded in glycerin, and water (CoolPad)-
was placed on the area to protect the epidermis and the
dermis.” The Cooltech® applicators that best fitted the tar-
get area (Straight HP model) were placed over the cellulose

Figure 1. Treatment areas. (a) Right flank, (b) Abdominal areas, (c) Left flank.
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Figure 2. Cooltech® machine (Cocoon Medical, Spain). (a, b) Applica-
tors, (c) screen of the Cooltech device.

membrane, and, in all cases, suction was set at 240 mBar for
a simultaneous, 60-minute cold application (-8 °C) on each
of the two treated areas. At the end of this time, applicators
were removed without post-treatment massage.

Data Assessment

A clinical history was prepared, in which data about dis-
eases, allergies, medication, surgeries and lifestyle were
included. Variables recorded were: sex, age, height, med-
ication, body mass index (BMI), and a study of the body
composition was conducted using bioimpedance (Tanita
Model BC-420MA), including: weight, fat-free mass (FFM),
fat mass (FM), and total water (TW).

Prior to treatment and at the follow-up visits (Weeks 4 and
8), the abdominal perimeter of all participants was mea-
sured with measuring tape in the umbilical area and 4 cm
above and below it.

An ultrasound was performed with a Toshiba Sonolayer
SS11-14UA ultrasound machine and a 3MHz transducer at
baseline and after two months of treatment. Adipose tissue
thickness of the treated flanks was assessed for potential re-
ductions, and the non-treated area of the umbilicus, at the
infraumbilical midline (IUML), was assessed for reference
values. In the substudy, an ultrasound of the non-treated
flank was also performed.

A 0.5-cm skin punch biopsy of adipose tissue was taken
with a 6-mm trocar. Samples of the adipose tissue from the
right flank were taken prior to treatment and at 4 weeks.
These tissue samples were embedded in paraffin and
stained with hematoxylin-eosin 4x, 10x, 20x, 40x.

After two months of treatment, all participants and inves-
tigators were surveyed to assess the level of satisfaction
with the treatment results. The assessment scale score

ranged from 1 to 5, where 1=No Results, 2=Poor Results,
3=Good Results, 4=Very Good Results, 5=Excellent Re-
sults. Participants' assessment was subjective. For this
assessment to be more objective, investigators answered
the survey taking into account perimeter and ultrasound
reductions.

Pictures of the treated and control areas were taken. In
the substudy, sagittal images were taken to compare the
non-treated and treated abdominal areas.

Unless otherwise noted, quantitative variables are de-
scribed as mean and standard deviation (SD), whereas cat-
egorical variables were described as percentages. All esti-
mations were performed with Microsoft Excel.

Results

A total of eight patients -75% of which were women- with
a mean age of 44 years (SD 9.17) were included. BMI had
a mean of 26.88 (SD 2.38) (range 24.5-30). Seven subjects
(one man and six women) with a mean age of 44.28 years
(SD 9.86) participated in the main study, and one man aged
42 and a BMI of 27.1 took part in the substudy.

Data Collected for the Medical History: Regarding the dis-
eases recorded, one female patient had osteoporosis and
displacement of vertebral disc, and one male patient (from
the substudy) had angina and familial hypercholesterol-
emia. One male patient was allergic to pollen, one female
patient suffered from seasonal allergies, and one female
patient was allergic to furantoin. Regarding pre-study sur-
geries, one female patient had a C-section, another under-
went tubal ligation, and one male patient had his tonsils
removed. Medication reported by participants included
calcium, contraceptives, omega and flavonoids; and Car-
dyl, Adiro and Emconcor by one of the subjects (from the
substudy). None of the participants were dieting for weight
loss when they were recruited in the study. Two men and
one woman played sports regularly.

Pre-Treatment Results (T0):

Body composition using bioimpedance: Participants had a
mean weight of 73.44 kg (SD 5.34), a FFM of 49.31 kg (SD
7.14), a FM of 24.13 kg (SD 5.97) and a TW of 34.63 kg (SD
4.87) (Table 1).

Abdominal perimeter values: The mean value of the perim-
eter at the level of the umbilicus was 96.57 cm (SD 4.85), of
the supraumbilical (SU) perimeter was 91.66 cm (SD 5.98)
and of the infraumbilical (IU) perimeter was 99.76 cm (SD
5.45) (Table 2).

Fat tissue ultrasound: Fat tissue mean thickness was 4.17
cm (SD 0.94) for the IUML, 2.80 cm (SD 0.97) for the RF, and
2.75 cm (SD 0.97) for the LF (Table 3).



Table 1. Baseline body distribution measured by bioimpedance
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All patients (n=8) Men (n=2) Women (n=6)
Mean SD Mean SD Mean SD

TO

Weight (kg) 73.44 534 77.15 1.77 72.20 5.65

FFM (kg) 49.31 7.14 60.35 3.04 45.63 2.12

FM (kg) 24.13 5.97 16.80 4.81 26.57 4.08

TW (kg) 34.63 4.87 42.10 1.41 32.13 1.74

BMI 26.88 2.38 25.80 1.84 27.23 2.58
Table 2. Abdominal perimeter measurements

All patients (n=8) Men (n=2) Women (n=6)
Mean (cm) SD Mean (cm) SD Mean (cm) SD

TO (cm)

Umbilicus 96.57 4.85 102.00 - 95.67 4.62

SU 91.66 5.98 96.40 5.09 90.08 574

U 99.76 5.45 94.30 5.23 101.58 4.49
T1 (cm)

Umbilicus 95.70 4.77 100.00 - 94.98 4.80

SU 90.31 4.99 93.75 5.30 89.17 4.79

1V 98.16 572 93.00 6.36 99.88 4.85
T2 (cm)

Umbilicus 94.66 4.94 100 - 93.77 4.76

SU 90.11 5.61 95.50 4.95 87.96 4.56

U 93.36 5.99 93.00 7.07 98.05 5.24
T1-TO (cm)

Umbilicus -0.87 0.77 -2.00 - -0.68 0.64

SU -1.35 1.55 -2.65 0.21 -0.92 1.56

U -1.60 1.47 -1.30 1.13 -1.70 1.66
T2-TO (cm)

Umbilicus -1.68 1.71 -1.00 1.80 -1.90 1.85

SU -1.48 1.80 -0.90 0.14 -1.67 2.08

U -2.98 2.01 -1.30 1.84 -3.53 1.86

Results after 4 Weeks of Treatment (T1):

Abdominal perimeter values: The mean value of the perim-
eter at the level of the umbilicus was 95.70 cm (SD 4.77), of
the SU perimeter was 90.31 cm (SD 4.99) and of the IU pe-
rimeter was 98.16 cm (SD 5.72). Differences between mean
values at baseline and at 4 weeks (T1-T0) were of -0.87 cm
(SD 0.77) for the umbilicus, -1.35 cm (SD 1.55) for the SU
area, and -1.60 cm (SD 1.47) for the IU area (Table 2).

Results after 8 Weeks of Treatment (T2):

Abdominal perimeter values: The mean value of the perim-
eter at the level of the umbilicus was 94.66cm (SD 4.94), of
the supraumbilical perimeter was 90.11cm (SD 5.61) and of
the infraumbilical perimeter was 96.36cm (SD 5.99).

Differences between mean values at baseline and at 8
weeks (T2-T0) were of -1.68 cm (SD 1.71) for the umbilicus,

-1.48 cm (SD 1.80) for the supraumbilical area, and -2.98 cm
(SD 2.01) for the infraumbilical area (Table 2).

Fat tissue ultrasound: Fat tissue mean thickness was 3.52cm
(SD 0.93) for the IUML, 2.38cm (DS 0.79) for the RF, and 2.54
cm (SD 0.96) for the LF. Differences between mean values at
baseline and at 8 weeks (T2-T0) were of -0.65 cm (SD 0.63)
for the IUML, -0.42 cm (SD 0.58) for the RF, and -0.21 cm
(SD 0.63) for the LF. Mean reduction: the IUML reached a
mean reduction of 15.34% (SD 13.32), (range of reductions
6.45-35.29%). On the RF, mean reduction was of 11.03% (SD
25.21), (range of reductions 9.37-38.24%) (Table 3).

Treatment assessment survey: The survey answers provided
by participants and investigators were a match in 62.5% of
cases. The mean score value provided by participants was
3.5 (SD 0.53) and that by investigators was 3.38 (SD 0.74).
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Table 3. Subcutaneous adipose tissue thickness measurements through ultrasound

All patients (n=8) Men (n=2) Women (n=6)
Mean SD Mean SD Mean SD

TO (cm)

IUML 417 0.94 3.10 - 4.53 0.79

RF 2.80 0.97 1.45 0.35 3.25 0.58

LF 2.75 0.97 1.50 0.42 3.16 0.67
T2 (cm)

IUML 3.52 0.93 2.80 0.14 3.76 0.96

RF 2.38 0.79 1.55 0.21 2.65 0.70

LF 2.54 0.96 1.60 0.14 2.85 0.90
T2-TO (cm)

IUML -0.65 0.63 -0.30 0.14 -0.77 0.70

RF -0.42 0.58 0.10 0.57 -0.60 0.51

LF -0.21 0.63 0.10 0.57 -0.31 0.66
AT2-TO (%)

IUML -15.34 13.32 -9.68 4.56 -17.23 15.06

RF -11.03 25.21 12.01 41.94 -18.70 15.96

LF -4.57 25.68 12.50 41.25 -10.26 20.67
Substudy

Using sagittal images taken before (T0) and after treatment
(T1 and T2), differences were observed between the treat-
ed (left) and non-treated (right) abdominal areas (Fig. 3).

Anatomopathological study of the fat tissue biopsy: The
skin tissue biopsy taken before the treatment (TO) had
normal architecture, and there was no modification of adi-
pocytes (Figs. 4 and 5). After 4 weeks (T1), the microscopic
observation of the biopsied tissue showed a decrease in
thickness of the adipocyte layer. In the hypodermis, adi-
pose systems were compacted, and cytoplasm was eosin-
ophilic and vacuolated. An image suggesting mature adi-

Junes mead clame.
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Figure 3. Sagittal image of the treated left side and the non-treated

right side of the abdomen (from the substudy).
TO: Baseline; T1: At 4 weeks; T2: At 8 weeks; L: Left; R: Right.

Figure 4. 0.5-cm skin punch taken prior to treatment (T0). Hematox-
ylin-eosin 4x.
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Figure 5. Subcutaneous adipose tissue taken prior to treatment (TO).
(a) Tissue with normal histology (hematoxylin-eosin 4x), (b) Normal
adipocytes (hematoxylin-eosin 20x).

Figure 6. 0.5-cm skin punch taken after 4 weeks of treatment (T1).
No damages are observed in the dermis or hypodermis (hematoxy-
lin-eosin 4x).

pocytes (brown fat) or macrophages digesting adipocytes
was observed. There was no necrosis or inflammation (Figs.
6and 7).

Figure 7. Biopsied adipose tissue taken after 4 weeks of treatment
(T1). (@) Compacted adipose systems with vacuolated cytoplasm (he-
matoxylin-eosin 10x) are observed. (b) Mature adipocytes (brown fat)
and/or macrophages digesting adipocytes (hematoxylin-eosin 40x).

Safety Data

No adverse effects were reported. The only side effects re-
corded after the treatment were:

Erythema: in all cases.
Edema: in all cases.
Pain: in three cases that subsided within 24 hours.

Parestesia in the treated area: in five cases that lasted one
week.

Discussion

Study results showed the efficacy of conducting one ses-
sion of cryoadipolysis with the Cooltech® device. In the ar-
eas treated (abdomen, and left and right flanks), the ultra-
sound performed after two months of treatment showed a
15.34% (SD 13.32) reduction of adipose tissue thickness in
the IUM, 11.03% (SD 25.21) in the RF, and 4.57% (SD 25.68)
in the LF (only treated in seven out of eight participants). In
similar studies in which the abdominal area was treated, a
reduction of 12.6% was obtained without a post-treatment
massage, and of 21.0% massaging the treated area for sev-
eral minutes at the end of the session."” In studies in which
the flanks were not treated, there was a reduction of 22.4%
at 4 months.!"

Regarding body diameter, a reduction in the perimeter of
the treated area was observed. After 8 weeks of treatment,
mean reduction of the umbilical and supraumbilical areas
was higher in women (Table 2). The same happened with
the reduction of subcutaneous adipose tissue thickness
assessed through ultrasound. At 8 weeks, a reduction in
thickness of the IUML and an increase in the RF and LF were
observed in men. In women, a reduction of IUML, RF and LF
was observed (Table 3).

Sex-related differences in the reduction of adipose tissue
thickness might be explained by men and women's differ-
ent distribution of body fat.'? Just like there is a sex-related
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difference in the metabolic function of adipose tissue,™
recent studies have found that, when exposed to low tem-
peratures, adipose tissue response may also be different
based on sex.'"" Having this type of information would
serve to adapt treatments and provide a more customized
care, with better results.

Taking into account thermal profiles that enable the crys-
tallization of fat acids, we are confident that, to get the best
results, it is essential to reach a temperature lower than 10
oC for most of the time during the cryoadipolysis session.
The thermal profiles of the most common fatty acids re
known and, to reach crystallization and apoptosis, in most
cases it is necessary to reach temperatures <10 °C.'"*! There-
fore, the systems that don't reach these temperatures will
not work. To increase the effectiveness of the procedure, it
is fundamental to use an applicator causing enough suc-
tion to isolate the adipose tissue and keep it as avascular as
possible, thus preventing circulation from rising the tem-
perature during the treatment. Furthermore, to ensure the
safety of the procedure, it is essential to use crioprotector
membranes to protect the skin from thermal burns caused
by freezing of the water in the skin.

The physiological mechanisms that cause the removal of fat
cells (apoptosis) begin at the end of the treatment session,
the results being visible after 3 weeks. Unlike other publi-
cations stating that there is inflammation after treatment
due to cold exposure "% or other non-invasive techniques
to remove adipose tissue,'® in the biopsied samples of fat
tissue from the study, the destruction of adipocytes occurs
without inflammation or necrosis (Figs. 6 and 7). Inflamma-
tory cells usually appear due to traumatic damage or expo-
sure to toxins." This kind of cell destruction leaves a fibrous
scar, creates inflammation and deforms the tissue. Another
type of cell death is apoptosis, or programmed cell death.
This is considered a physiological natural death of damaged
cells " that does not generate “waste’, like fatty acids and
glycerol. This form of adipocyte destruction is that observed
after treatment with Cooltech®, which makes us think that
this technique is more effective than cavitation and less trau-
matic that focused ultrasound, and that it reaches an opti-
mal temperature to trigger this programmed cell death.

One of the weaknesses of the study is the reduced num-
ber of patients, and the high subjective component in the
methods used to assess the results. For example, in an ul-
trasound with just one point measured in mm, different
results may be obtained based on the pressure applied on
the skin by the transducer. In this study, participants' sub-
cutaneous adipose tissue did not exceed 5 cm thickness in
the infraumbilical area and 4 cm in the flanks. The same is
true for the perimeter measurement, the satisfaction sur-

vey or the pictures. The results from these tests are accept-
able, but make us think that they are not the best methods
to assess this type of results. The Dual-Energy X-Rray Ab-
sorptiometry (DEXA) technique, which can determine the
composition of body areas, could be a useful tool to initial-
ly assess the areas to treat as well as to conduct efficacy
studies.”” However, subjects' exposure to radiation and the
contraindications it may have under certain circumstances
must be taken into account.

Patients' level of satisfaction was high, with all eight pa-
tients, as well as the investigators, satisfied with the results
obtained. The treatment was safe, no adverse effects were
reported, and all patients could take up their usual activi-
ties at the end of the session.

Conclusion

Cryoadipolysis performed with the Cooltech® machine is
a safe, non-invasive technique producing satisfactory re-
sults in the removal of localized subcutaneous adipose tis-
sue. Besides, in the biopsied samples of fat tissue from the
substudy, the destruction of adipocytes occured without
inflammation or necrosis. However, further studies should
be conducted, with more patients, a longer follow-up time
and a higher number of sessions. Furthermore, it would be
interesting to identify those areas that better respond to
treatment and see if, based on sex, adipose tissue reacts
differently when exposed to low temperatures.
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