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Abstract

Background Cryolipolysis is a non-invasive and effica-
cious procedure for body contouring. The effectiveness of
cryolipolysis has been demonstrated on multiple areas of
the body, but on a limited number of subjects. The aim of
this study is to demonstrate the effectiveness and the safety
of cryolipolysis in the lower abdomen adipose tissue
thickness reduction.

Methods A prospective study on 60 healthy women was
carried out using CryoSlim Hybrid device. Each patient
underwent two cryolipolysis sessions centered on the
abdominal area. The primary endpoint was to decrease the
thickness of the abdominal fat deposits. The change in the
abdominal circumference and the thickness of the subcu-
taneous fat layer were assessed. Patient satisfaction and
tolerance of the procedure were also taken into account.
Results A significant reduction of the abdominal circum-
ference and subcutaneous fat layer thickness was observed.
The mean decrease in abdominal circumference was 2.10
cm (3.1%) 3 months after the procedure and 4.03 cm
(5.8%) 6 months after the procedure. The mean decrease in
fat layer thickness was 1.25 cm (43.81%) 3 months after
the procedure and 1.61 cm (41.73%) 6 months after the
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procedure. No major adverse events were noted. All
patients were very satisfied, and minimal pain was
reported.

Conclusions Cryolipolysis is an effective technique to
treat abdominal localized fat deposits. No major adverse
events have been described for this procedure. Our
promising results should encourage further studies aimed at
optimizing the efficacy of the procedure without a con-
siderable increase in the risks.

Level of Evidence IV This journal requires that authors
assign a level of evidence to each article. For a full
description of these Evidence-Based Medicine ratings,
please refer to the Table of Contents or the online
Instructions to Authors http://www.springer.com/00266.
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Introduction

In our contemporary society, a modern perception of the
human body is accompanied by an increasing demand for
body-shaping procedures. The ideal treatment should be
effective, safe, fast and easily integrated into the daily
working and routine schedule. Options available for a
minimally invasive procedure are still limited [1-7]. Cry-
olipolysis is a minimally invasive technique of body
reshaping which allows fat cell depots reduction through
local application of low temperatures.

Cryolipolysis is FDA approved since 2010 and repre-
sents a minimally invasive alternative to liposuction aimed
at debulking subcutaneous fat. The effects on the adjacent
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tissues are minimal [8, 9]. Cryolipolysis causes adipocytes
apoptosis and loss of subcutaneous fat. Fatty tissue is
electively sensitive to cold temperatures thanks to the
popsicle panniculitis effect, a condition in which cyto-
plasmic lipids contained in fat cells crystalize at higher
temperatures than tissular water [10]. It has been demon-
strated that a single cycle of cryolipolysis results in con-
siderable macrophage recruitment over the post-procedural
2 weeks. Then, macrophage recruitment peaks 4 weeks
after cryolipolysis and subsides after the 12th week. The
adipocytes apoptotic rate is increased due to panniculitis in
the early and late post-procedural phase causing notable fat
thickness decrease [11, 12]. The efficacy of cryolipolysis in
humans has been only demonstrated through the accurate
analysis of pre-procedural and post-procedural images.
However, its efficacy on subcutaneous adipose tissue has
not been demonstrated yet [13].

The study is aimed at demonstrating the effectiveness
and reliability of cryolipolysis for abdominal fat thickness
reduction.

Patients and Methods

The authors conducted a prospective study on healthy
women to assess the efficacy and the reliability of cry-
olipolysis on lower abdominal fat deposits. Inclusion cri-
teria were women > 18 years of age with a BMI < 30 and
abdominal fat deposits. Exclusion criteria were recent
(< 18 months) liposuction and/or abdominoplasty and/or
bariatric surgery, medical history of an eating disorder and
patients with excess abdominal skin for whom abdomino-
plasty was indicated.

This study was carried out in accordance with the
globally accepted standards of Good Clinical Practice
(ICH-E6) (European Directive 2001/20/EC) and the
revised version of the Declaration of Helsinki. Sixty
healthy female patients presenting with abdominal fat
volunteered to be included in the study. All patients taking
part in the study signed a written informed consent.

Two cryolipolysis sessions (one-month interval) were
carried out on every patient. Pre-procedural weight, body
mass index (BMI), abdominal circumference measure-
ments and ultrasonography scans were carried out. The
same measurements were repeated 3 and 6 months after the
procedure.

The primary objective of the study was to observe a
reduction in the thickness of the abdominal adipose
deposits. To prove so, systematic abdominal circumference
measurements and ultrasound scans of the subcutaneous fat
were carried out on a 0, 3 and 6 months timeline.
Abdominal circumference (in centimeters) was measured
by the same operator (first author EC); the greater
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abdominal circumference was measured on the standing
patient (feet brought together). A Vscan ultrasonography
device (GE Healthcare, Vingmed Ultrasound AS, Horten,
Norway) was used to appreciate the thickness of the sub-
cutaneous fat layer (over the most projected areas of the fat
deposit) on time 0 and 3 and 6 months post-procedurally.
Thigh circumference (cm) and subcutaneous fat thickness
were also measured on time 0 and 3 and 6 months post-
procedurally and used as a control untreated area. Mea-
surement was made on both thighs at the greater trochanter,
with the patient standing (feet brought together).

A Visual Analog Scale (VAS), ranging from 0 (no pain)
to 10 (severe pain), was used to evaluate patient’s tolerance
to the procedure. Secondary effects were noted. Front,
posterior, right profile and left profile images were col-
lected before the first session and at 3 and 6 months after
the last session for each patient. Six months after the last
procedure, patients were requested to complete a satisfac-
tion questionnaire.

Procedure
A CryoSlim Hybrid (BFP Electronique, Montrodat,
France) device was used.

The CryoSlim Hybrid is a cryolipolysis device which
uses the cold to generate the apoptosis effect to reduce the
fat volume. Patented for its cooling system hermetical, the
CryoSlim Hybrid is effective from 0 °C to —5 °C of
treatment temperature while most part of other Cryolipol-
ysis devices must use lower temperatures (— 10 °C) to get
results [12, 13]. CryoSlim uses a patented handpiece with 4
Peltier heat extractors to generate homogenous cold
throughout the application area. The CryoSlim Hybrid
software is able to recognize and treat the entire depth of
the subcutaneous fat layer, excluding other tissues. Thanks
to its hermetic cooling system, CryoSlim Hybrid concen-
trates the cold only on the patient adipocyte cell layer and
avoids crystallization of adjacent tissues: blood, lymph,
nerves, or muscles, which can cause side effects. The
CryoSlim Hybrid uses its own interactive software called
USER ASSIST to evaluate the volume and type of fat in
treatment. USER ASSIST communicates in live with the
user to confirm that the treatment is well done or advices on
how optimize it. With this capacity to evaluate and com-
municate with the user, USER ASSIST avoids wrong
treatments and optimizes the results.

The sessions were carried out by the same physician
(first author EC) for each patient. The treatment protocol
consisted of two 55 minutes sessions at a temperature of
—5 Celsius degrees and a negative pressure of —450 mbar
centered on the abdominal area, followed by 5 minutes of
energetic massage. The hand-pieces were directly applied
to the skin; straps were not required since the negative
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pressure of —300 mbar enhanced the hand-piece fixation to
the skin. Soft cushions were placed around the hand-pieces
to improve patient comfort and prevent tissues from being
displaced by the weight of the hand-pieces. The oval hand-
pieces (25 x 15 cm) adapted well to the size and shape of
the abdomen. All patients were requested to lay supine
during the procedure. Peri-procedural analgesia and seda-
tion were not required. All studied patients were allowed to
resume their daily activities immediately after the treat-
ment sessions and were asked not to modify their usual
lifestyle (diet and exercise) during the post-procedural 6
months.

Statistical Analysis

All data were presented as mean £ SD. The analysis of
continuous variables was conducted through Student’s
T test. A value of p < 0.05 was considered statistically
significant.

Statistical analysis was conducted through the PRISM
software, version 7 (Graph Pad, USA).

Results

Sixty patients were included in the study, and six were lost
to follow-up (two at the 3 months appointment and four at
the 6 months appointment). The results for the remaining
54 patients were included in the final analysis. The follow-
up time ranged from 12 to 18 months (15.32 £ 3.2). The
mean age of the patients was 35 £ 13 years. The mean
weight of the patients was 60.23 £ 8.3 Kg at time O,
60.22 + 8.3 Kg three months after the last procedure and
60.22 + 7.8 Kg at six months follow-up (p = 0.47).

The mean body mass index was 23.62 + 2.1 kg/m” on
time 0, 23.32 & 3.41 kg/m* 3 months post-procedurally,
and 23.21 & 2.8 kg/m?* 6 months post-procedurally (p =
0.55). The mean abdominal circumference was 95.6 + 9.5
cm on time 0, 93.61 + 5.65 cm 3 months post-procedurally
(p = 0.005), and 91.57 £ 8.21 cm 6 months post-proce-
durally (p = 0.0004) (Table 1). The mean decrease in the
abdominal circumference was 2.10 cm (3.1%) 3 months
post-procedurally and 4.03 cm (5.8%) 6 months post-

procedurally (Figures 1, 2). The mean subcutaneous fat
layer thickness was recorded as 3.7 £ 2.51 cm on day O,
2.45 £ 2.35 cm 3 months post-procedurally (p = 0.0003),
and 2.1£0.27 cm at 6 months post-procedurally (p <
0.001) (Table 1). The mean decrease in fat layer thickness
was 1.25 cm (43.81%) 3 months post-procedurally and
1.61 cm (41.73%) 6 months post-procedurally (Figure 3).
No significant differences were observed in thigh circum-
ference and subcutaneous fat thickness after the cry-
olipolysis sessions (Table 2). No major complications were
observed. All patients experienced erythema after the ses-
sion, which subsided after a mean of 15 hours. Temporary
skin hyperpigmentation or discoloration (in black patients)
of the treated area was observed on day 45 in three patients
(5.55%). This event usually spontaneously resolved within
one week after the treatment. For one patient, dyschromia
persisted up to 6 months after the procedure but was sig-
nificantly reduced (Figure 4). One year after the procedure,
pigmentation subsided completely. Delayed adverse events
were not observed in any patient. Patient satisfaction was
assessed [6 months after the second treatment session]
through a questionnaire. Most of the patients were satisfied
with the results of the procedure. Fifty of the treated
patients (92.59%) stated that they would recommend cry-
olipolysis of the abdomen to their friends (Table 3). The
mean visual analog scale score was 1.66 £ 0.33 of 10 after
the first session and 1.45 4 0.41 of 10 after the second
session.

Discussion

Authors assessed the efficacy of cryolipolysis on subcuta-
neous abdominal fat reduction. A new device (CryoSlim
Hybrid, BFP Electronique, Montrodat, France) was tested.
The effectiveness of the procedure was demonstrated
thanks to a significant decrease in the subcutaneous fat and
abdominal circumference (p < 0.001). In this prospective
study, the treated area was compared to a control untreated
area in order to investigate whether the results were
influenced by other factors. Since no changes in the control
area were detected, the authors assumed that no other
factors (such as diet, exercise, drugs, and diseases) had

Table 1. Results of Abdominal Circumference, Subcutaneous Fat Thickness and body mass index Measured on Day 0, after 3 Months and 6

Months
Baseline 3 months 6 months p Value Day 0 vs. 3 Mo p Value Day 0 vs. 6 Mo
Mean abdominal circumference £+ SD, cm 95.61+9.5 93.61+£5.65 91.57£8.21 0.005 0.0004
Mean subcutaneous fat thickness & SD, cm 3.74+2.51 2.45+42.35 2.1+0.27 0.0003 0.0001
Mean body mass index + SD, kg/m? 23.624+2.1 23324341 23.21£2.8  0.55 0.45
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Fig. 1. Photographs of a 38-year-old patient with abdominal fat
deposits on day O (a, b) and 6 months after the second treatment (c, d)

Fig. 2. Photographs of a 41-year-old patient on day O (a, b) and 6
months after 2 cryolipolysis sessions (¢, d)

interfered with the outcomes, so the observed results were
exclusively due to cryolipolysis.

Furthermore, no significant change was observed in the
average weight and average BMI of the patients before and
after treatment, so we can exclude that the reduction in
subcutaneous adipose tissue and abdominal circumference
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was due to weight loss and assume that the favorable
results are only related to the treatment.

Few minor and transient side effects were observed. One
case of persistent hyperpigmentation was reported. Overall
patient satisfaction was high. Minor complications such as
erythema, bruising, edema, impaired sensitivity and pain
(usually subsiding few weeks after the treatment) were
reported in previous studies [14—19].

Garibyan et al. demonstrated the integrity of the adja-
cent tissues after the application of low temperatures and
the efficacious reduction of the subcutaneous fat. Tissue
rearrangements were observed after exposure to low tem-
peratures. Moreover, cold saline injections were carried out
in the subcutaneous tissue: No muscular, nervous, cuta-
neous or systemic side effect were noted. Also, no scarring
or damage to the adjacent tissues was noted [15].

Only few studies about the effects of cryolipolysis on
subcutaneous fat have been recently carried out. Accurate
metabolic analyses confirmed that, after exposure to low
temperatures, the metabolism of adipose cells changes, and
the observed alterations persist up to 75 days after the
session. Also, the histopathological analysis reports
described substantial modifications of adipose tissue
architecture. Considerable inflammation due to the adipose
cell apoptosis was observed 72 hours after the procedure.
One month after the procedure, inflammation began to
subside. Two months after the procedure, significant
fibrosis of the interlobular septa was observed. Adipocytes
were not found in the treated areas [16, 17].

The authors have recently carried out a study about the
outcomes of cryolipolysis on the saddlebag area. A con-
siderable reduction of the thigh circumference (in cen-
timeters) and subcutaneous fat layer was noted [17]. A
recent review reported an average decrease of 19.6% in the
subcutaneous fat layer in the submental area after cry-
olipolysis [20]. These recently published results led to a
rise in popularity of cryolipolysis since it is a minimally
invasive and efficacious technique.

Hwang et al. performed a study on 19 patients who had
undergone cryolipolysis of the abdomen. A decrease in the
visceral fat layer was observed after a single session of
cryolipolysis of the abdominal area, 1 week after the pro-
cedure. The CT scan showed a reduction of 6.8 cm2 after
the procedure (15.6%; p = 0.003) compared to the con-
tralateral untreated side and a decrease of 1.2 cm? (3.6%).
No effects were noted on the abdominal fat [21].

Falster et al. carried out a similar study on 34 patients
undergoing a single cryolipolysis session. No reduction in
the abdominal fat layer was noted 30, 60 and 90 days after
the procedure [22]. Regarding long-term effects, Bernstein
showed that the outcomes of cryolipolysis persisted up to 5
years after the procedure and adipose tissue did not
regenerate in the adjacent areas [23].
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Fig. 3. US Scans of a 37-year-old patient included in the study. The
abdominal subcutaneous fat layer thickness was recorded as 3.5 cm
before the procedure (a), and 2.6 cm 6 months after (b). The white

arrow indicates the fascia, and the red line is the thickness of the
subcutaneous tissue. A significant reduction in fat layer thickness was
observed

Table 2. Results of Thigh circumference and subcutaneous fat thickness (control area) measured on Day 0, after 3 months and 6 months

Baseline 3 months 6 months p Value Day 0 vs. 3 Mo p Value Day 0 vs. 6 Mo
Mean thigh circumference &+ SD, cm 71.85+5.85 71.52+6.13 71.88+4.23 0.5 0.4
Mean thigh subcutaneous fat thickness & SD, 244 +£ 225 2434235 244+1.38 0.13 0.17

cm

Fig. 4. Example of
cryolipolysis-induced
hyperpigmentation. The
photograph was taken 15 days
after treatment (a). A significant
decrease in hyperpigmentation
was observed 6 months after the
last treatment session (b)

Post-procedural dyschromia (hypopigmentation or
hyperpigmentation) has also been described [17-24]. Most
frequently, dyschromia occurred in patients presenting with
a dark skin phototype (Fitzpatrick type III/IV) and subsided
few months later [25]. Burns and hemosiderin deposits in
the dermis would be responsible for hyperpigmentation
[25-44]. The use of an interposed layer may decrease the
likelihood of this complication. Before undergoing cry-
olipolysis, patients should be informed of the risk of
complications (such as hyperpigmentation or erythema,
usually occurring 15 hr after cryolipolysis). The risk of

skin lesions is minimal compared to liposuction, which
systematically causes significant post-operative bruising
and pain due to thin subcutaneous hematomas. Patients
should also be consented and informed of the risk of
paradoxical adipose hyperplasia, which occurs in one in
20,000 treated patients (an incidence rate of 0.0051%).
However, the risk of developing skin lesions in the long
term is still unknown [14]. Cryolipolysis is not indicated in
patients suffering from Raynaud’s Syndrome or cryoglob-
ulinemia, cold urticaria, severe varicose veins (aggravated
by low temperatures).
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Table 3. Results of the Patient Satisfaction Questionnaire Completed 6 months after the second Cryolipolysis session

Question %
1. Are you overall satisfied of this abdominal cryolipolysis session? 96
2. Would you recommend this procedure to your friends? 92.59
3. Did you experience pain after the session? If yes, for how long? 57.43"
4. Did you experience a post-session erythema? If yes, for how long? 83+
5. Did your skin aspect improve after the session (cutaneous elasticity and trophicity)? 57
6. If your skin aspect has improved, do you still appreciate the effects? 50
7. Are you experiencing any of the described cryolipolysis sequelae (pain, impaired sensitivity,
hypopigmentation/hyperpigmentation)?
Pain 0
Impaired sensitivity 0
Hyperpigmentation 1.85
8. After experiencing cryolipolysis sessions on the abdominal area, would you be interested in 85

undergoing a session on another area of your body?

4 hr 30 min per patient
72 hr per patient

Fig. 5. Tissue sample (400x
HE longitudinal micrograph) of
a patient included in our study,
who underwent
abdominoplasty, one year after
the second session of
cryolipolysis (a, b). Fibrosis,
amidst the adipose tissue, can be
observed in red in the treated
area, in contrast to the preserved
surrounding tissue

Our study included a larger number of patients (54
patients) compared to other studies on cryolipolysis. Also,
the mean follow-up time was longer (15.32 £ 3.2 months
on average).

The treatment protocol promoted a considerable reduc-
tion of the abdominal circumference and (subcutaneous) fat
layer. The outcomes were noted 6 months after completion
of the procedure.

However, we would like to emphasize the fact that
cryolipolysis cannot replace a complete abdominoplasty
when this is necessary. Furthermore, to date, we do not
know the real risk of developing skin lesions (persistent
hyperpigmentation or erythema) in the long term.

We must also emphasize that, in the case of an indica-
tion for abdominoplasty, this treatment should not be per-
formed, since as plastic surgeons we know that
abdominoplasty is considerably more difficult to perform
after this type of treatment due to the extent of post-
treatment fibrosis (Figure 5) [22].
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The dedicated program of the CryoSlim, used for our
study, named USER ASSIST tests at the beginning of each
session the elasticity and the size of the fat to treat and then
gives a percentage of expected success. According to the
manufacturers of CryoSlim, their preliminary data indicate
an elimination of 30—40% of treated fat per area. These
data were confirmed by our results, which showed a fat
layer reduction of 43.81% at 3 months and 41.73% at 6
months follow-up.

The difference between CryoSlim and other methods
(such as high-intensity focused ultrasound—HIFU) is
mainly due to the very low price of a session, the absence
of necessary consumables and the totally pain-free effect
during the session. In fact, one of the side effects of cold is
the local anesthesia produced, so the main difference with
HIFU is that patients undergoing a CryoSlim session do not
complain of pain and experience no discomfort during the
session.
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Another advantage is the "No Hand’ treatment and also
the fact that a CryoSlim treatment can be combined with
other associated treatments immediately afterward.

Of course, the effectiveness of CryoSlim cannot be
compared to that of liposuction, which is able to remove a
much larger amount of fatty tissue, has the advantage of
being able to treat several areas at the same time, and above
all, in most cases, a single surgical procedure is sufficient
to guarantee satisfactory results.

However, the promising results of this study should
encourage further investigation. It would be interesting to
determine whether the use of an interposed layer between
the hand-piece and the skin, such as a transparent, adhesive
polyurethane dressing (Opsite by Smith & Nephew, Lon-
don, UK) could help reduce or avoid skin sequelae. It
would also be interesting to determine the duration and
stability of the results after a two-session treatment proto-
col. Also, the ideal temperatures for each body area should
be studied in order to optimize the efficacy of the procedure
without increasing the risks.

Conclusions

Cryolipolysis is an effective technique for treating
abdominal localized fat deposits in selected patients. No
major adverse events have been described for this proce-
dure. Our promising results should encourage further
studies to optimize the effectiveness of the procedure
without a significant increase in risk.
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