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ABSTRACT

Introduction: Cryolipolysis produces selective, controlled cooling, and it’s based on the concept that
lipid-rich tissue is more susceptible to cold injury, reducing subcutaneous fat.

Objective: 1o review the literature to assess the effectiveness of cryolipolysis in reducing subcutaneous fat.
Methods: Systematic review with meta-analysis of studies published in the EBSCOhost, LILACS,
and PUBMED databases.

Results: Only one study did not present significant reduction in subcutaneous fat compared to the control
group. There was a difference among the parameters in the studies.

Conclusion: Cryolipolysis is an effective tool for localized fat reduction.
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RESUMO

Introdugdo: a criolipdlise produz um resfriamento seletivo e controlado e baseia-se no conceito de que
tecidos ricos em lipidios sdo mais suscetiveis a lesdes por frio, reduzindo gordura subcutinea.

Objetivo: revisar a literatura para avaliar a eficacia da criolipélise na redugdo de gordura subcutdnea.
Métodos: revisio sistematica com metandlise de estudos publicados nas bases de dados EBSCOhost,
LILACS e PUBMED.

Resultados: apenas um estudo ndo apresentou redugdo significativa na gordura subcutdnea quando
comparado o grupo de intervengdo ao grupo controle. Houve diferen¢a entre os estudos em relagdo aos
pardmetros.

Conclusdo: a criolipélise é uma ferramenta eficaz para redugdo de gordura localizada.

Palavras-chave: Apoptose. Congelamento. Gordura Subcutdnea
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INTRODUCTION

The fact that more than 56.3% of Brazilian adults are
overweight or obese,' in addition to the desire to quickly lose fat
without undergoing surgery,” drive the growing demand for fat
reduction methods. In this scenario, cryolipolysis emerges as one
of the most recently developed modalities for the noninvasive
reduction of localized fat.’?

The US Food and Drug Administration (FDA) autho-
rized the first cryolipolysis device (CoolSculpting system, Zeltiq
Aesthetics, Pleasanton, CA, USA) to reduce flank fat (K080521)
in 2010; abdominal fat (K120023) in 2012; and inner thigh fat
(K133212), in April 2014.* According to Suh et al.,’ the use of
cryolipolysis was also approved for inner thigh, submental fat,
arms, back, and lower buttocks.

This technique produces selective and controlled cool-
ing. It is based on the concept that lipid-rich tissues are more
susceptible to cold injuries than the water-rich tissues around
them.® Adipocytes undergo apoptosis more quickly because they
are sensitive to cooling than the dermis, epidermis, muscles, ves-
sels, and nerves. These dead cells cause an inflammatory process
and are metabolically eliminated as part of normal digestion.’”
According to Avram and Harry,® the changes are not noticeable
immediately after the treatment. Therefore, adipocytes and cell
membranes are not affected. However, three days after the inter-
vention, there is evidence that an inflammatory process occurs
only in adipocytes. Between 14 and 30 days, lipid phagocytosis is
apparent, resulting in decreased tissue volume in 60 days.

According to the literature, this procedure is safe, with
report of patient satisfaction, especially when compared to other
methods for localized fat reduction.” However, with all its bene-
fits, there is still a lack of substantial literature demonstrating this
tool’s effectiveness. Therefore, this study has the general objec-
tive of systematically review the available literature to assess the
effectiveness of cryolipolysis in reducing subcutaneous fat. Its
specific objectives are to determine the temperature values and
the application time commonly used to reduce subcutaneous
fat and search the literature if the temperature and cryolipolysis
application time specified in the cryolipolysis equipment influ-
ences the subcutaneous fat reduction.

MATERIALS AND METHODS

This study is a systematic review conducted according to
the PRISMA methodology (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis).'” The guiding question of
the present study was elaborated using the PICOS strategy: (P)
individuals with subcutaneous fat, (I) cryolipolysis, (C) control
group or placebo group, that is, who did not receive the cooling
intervention, (O) subcutaneous fat reduction, and (S) random-
ized clinical trials.

We performed a systematic review search using the EB-
SCOhost, LILACS, and PUBMED databases. The search was
conducted using the following terms: (tw:(cryolipolysis)) OR
(tw:(lipocryolysis)) OR (tw:(fat freezing)) OR (tw:(coolsculpt-

ing)) OR  (tw:(adipocytolysis)) OR  (mh:(cryotherapy)) AND
(mh:(adiposity)) OR (mh:(subcutaneous fat)) OR (tw:(fat re-
duction)) OR (tw:(fat)) OR (tw:(localized fat)) OR (mh:(body
contouring)) OR  (tw:(nonsurgical reduction of fat)) OR
(tw:(noninvasive fat removal)) OR (tw:(noninvasive body con-
touring)). In addition to the electronic search, we performed a
manual search in the bibliographic references of the previously
selected studies.

Randomized clinical trials published between 2010 and
2019 in English, Portuguese, and Spanish, which had full text,
were included. We selected the articles conducted in humans,
both sexes, aged between 18 and 59 years old, analyzing cryoli-
polysis to reduce localized fat in the thigh, flank, abdomen, arm,
or submental regions.

Review articles, animal research, studies that used anoth-
er therapy combined with cryolipolysis aiming at localized fat
reduction other than local massage were excluded. We also ex-
cluded studies with an intervention objective other than reduc-
ing localized fat and those that performed the treatment with
cooling application three or more times in the same area.

Two researchers independently and blindly reviewed the
titles and abstracts of potential articles and extracted the data.
The selected titles and abstracts were submitted for a complete
review. A third researcher was consulted when there were dif-
ferences in the inclusion and exclusion of articles. The meth-
odological quality of the studies was assessed using the PEDro
scale, developed by the Physiotherapy Evidence Database to be
used in experimental studies. According to Morton,"" the PE-
Dro scale 1s a valid measure to assess the methodological quality
of clinical trials. The scale has a total score of up to 10 points,
including internal validity assessment criteria and presentation
of the statistical analysis employed. For each criterion defined in
the scale, one point (1) is attributed to indicators of the quality
of the evidence, and zero (0) in the case of absence of these in-
dicators. Two researchers applied the PEDro scale independently
and blinded.

Statistical analysis was performed using the Review
Manager (RevMan) program developed with the Cochrane col-
laboration. The characteristics of the samples between the stud-
ies were different, resulting in greater heterogeneity. In the case
of significant statistical heterogeneity (I*>50%), a random-effect
model n was used for the meta-analysis.

RESULTS

Searches in databases and other additional 30 studies
identified through manual search resulted in 1,147 articles. Af-
ter eliminating duplicates, 972 articles remained, of which 862
were excluded by title and 51 by abstract. Among the 59 articles
assessed for eligibility, 55 were excluded because 22 were cohort
studies, systematic or literature review, case report, or pilot study;
17 had participants’ ages incompatible with the inclusion criteria
(over 59 years old); five were quasi-experimental studies; three
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studies used multiple treatments combined with cryolipolysis;
two applied cryolipolysis to the breast and back region; one did
not have cryolipolysis as primary endpoint; and five were not
found for download or were not available. Thus, this systematic
review included four articles (Figure 1). We found the highest
percentage of articles (79.08%) in the PubMed database, fol-
lowed by the EBSCOhost (11.68%) and LILACS (6.62%).
The four studies included in this review™!'%1!4
prised a total of 117 participants, varying between 11 and 60 in
each study. The sample was composed predominantly of women
(81.20%), and the age ranged between 25 and 49 years. All stud-
ies assessed the cryolipolysis effect to reduce localized fat. The
measurement instruments used were ultrasound,” photogra-
phy,>"? visual analogue scale,'* satisfaction questionnaire,” body
mass index (BMI),"” anthropometry,>'* pachymetry,'*" perim-
etry,>'* and weight.'> " The treated regions were abdomen®'>"
and flank."

com-

All the studies analyzed showed a significant reduction in
subcutaneous fat and/or a decrease in the localized fat circum-
ference (Table 1), except for the study by Falster, et al."* Howev-
er, there was a difference regarding the parameters for applying
cryolipolysis among studies.

‘When analyzing the cooling temperature adopted by the
studies included in the present review, we observed that it varied
by a few degrees and the way of adjusting the temperature in
the equipment. Two studies adjusted the temperature in degrees
Celsius, and two others in CIE, with a variation of 1 degree Cel-
sius and 0.4 CIF respectively.

The average methodological quality assessed by the PE-
Dro scale was 6.75, with no article scoring lower than five or
higher than nine.The criteria with the highest deficit among the
articles were related to the blinding of subjects, therapists, and
assessors (Table 2).

No. of reports identified
in the database

(n=1147)

N. of reports identified
in other sources

(n=30)

!

!

N. of reports after eliminating duplicates
(n=972)

Identification

!

(n=972)

N. of reports screened

N. of reports excluded
(n = 913), 862 for the title
and 51 for the abstract.

!

(n=59)

N. of full-text articles as-
sessed for eligibility

N. of full-text articles
excluded, with justification
(n=55)

—

!

Eligibility

(n=04)

No. of studies included in
quantitative synthesis

!

N. of reports excluded
(n = 913), 862 for the title
and 51 for the abstract.

FIGURE 1: Flow diagram of included studies
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TABLE 1: Characterization of the studies

Author Study design Sample Intervention Assessment Follow up Results

(s)/year group and form time
control group

Garibyan et al., RCT n =11 (6W and 60 minutes, CIF Pachyme- 2 months Significant

2014 5M) 41.6.1G: ran- try, weight, reduction in
domized flank  photography, volume and
and CG: contra- three-dimen- pachymetry.
lateral flank. sional system, Improved

and satisfaction patient
survey. satisfaction.

Eldesoky et al., RCT n = 60 (44W 30 minutes, ICF  Pachymetry, 2 months Weight,

2015 and 16M) 42.1G:A (US + weight, height, perimeter, and
diet), B (cryo + BMIL pachymetry
diet) and CG: C reduction in
(diet only). both interven-

tion groups
compared to the
control group.

Suh et al., 2018 RCT n=12 (11W 70 minutes, -11  Anthropometry, 2 months Significant

and 1M) °C.1G:left side  photography, reduction when
of the abdomen  perimeter, comparing sides
and CG: right pachymetry, with ultra-
side. high resolution sound. There
ultrasound. was a reduction
in perimeter
and skinfold.
Nine of the 12
patients reduced
their weight.
Falster et al., RCT n = 34 (34W) 50 minutes, -10  Anthropometry, 3 months No significant
2019 °C.IG: random- high-resolution difference

ization for the
cryolipolysis
group (n=17)
and CG: control
group with 17
individuals.

ultrasound, between groups
pachymetry, in the subcuta-

perimeter, and neous fat layer.

VNS.

Subtitle: RCT = Randomized Clinical Trial, W = Women, M = Men, TS = Therapeutic Ultrasound, BMI = Body Mass Index, CIF = Cooling Intensity Factor, IG
= Intervention Group, CG = Control Group,VNS = Visual Numeric Scale.

Also, we conducted a meta-analysis comparing three of

reduction in body fat (95% CI -5.40 to -0.04;Tau® = 3.16; Chi?

the four studies in this review.'>">! These studies used an equiv-
alent assessment method (pachymetry) to measure the abdomen
and flanks skinfold. In total, 96 participants were included in
the meta-analysis, 48 in the experimental group, and 48 in the
control group. We observed a statistically significant 2.27 mm

= 4.52;1> = 56%) in the intervention group compared to control
(Figure 2).

Temperature and time values found in the articles were
not standardized. Temperatures varying between -5 °C and -15
°C and time ranging from 30 to 60 minutes were common-
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TABLE 2: Pedro Scale

Studies Random Concealed Groups similarity Blinding of Blinding of

allocation allocation at baseline subjects therapists
Eldesoky

N

et al.,2015 Y Y Y N
Garibyan
et al., 2014 Y Y Y N N
Suh et al.,
2018 Y N Y N N
Falster ef al.,
2019 Y Y Y N Y
Studies Blinding of Adequate Intention to treat Between-group Mean and Level of

assessors follow-up analysis comparisons standard evidence

deviation
Eldesoky
et al., 2015 N Y N Y Y 0
Garibyan
Y Y

et al., 2014 Y Y N 7
Suh et al.,
2018 N Y Y Y N 5
Falster ef al.,
2019 Y Y Y Y Y 9

ly observed. The review by Borges and Scorza' reported this
variation, also describing that the temperature adjusted in the
equipment is not the same as that observed in adipose tissue,
mainly at deep levels. However, this effect is not harmful to the
intervention. The authors also claim that, despite varying, the
most used time in clinical practice is 60 minutes.

When searching the literature, it was not possible to find
many articles relating the influence of time and temperature on
reducing subcutaneous fat. However, in the study by Maia,'® 53
individuals received an application of cryolipolysis in the low-
er abdominal region. Different from the temperature treatment
applied in the Maia'® study, two groups (a total of four groups)
received the treatment for 70 minutes. In this study, the protocol
that showed the most significant results was the combination of
a 70-minute time and variable temperatures (-5 °C and -8 °C).
It corroborates the statement by Grivicich et al.,"” who stated
that when the temperature decreases, there is a higher energy
reserve expenditure (lipids) because of the increase in the met-
abolic rate. This theory indicates that the lower the tempera-
ture, the better localized fat reduction of due to the adipose
tissue transformation from liquid (body temperature) to solid
(post-cooling) (Limonta et al.)."®

DISCUSSION

According to the study by Adjadj et al.", cryolipolysis
has become the gold standard for reducing subcutaneous fat
in areas such as the abdomen, knees, flanks, inner thighs, back,
and arms, being a good alternative for reducing subcutaneous
tissue in patients with moderate fat. It corroborates the result
found in the meta-analysis, where we observed the significance
of the studies to apply cryolipolysis to reduce the subcutane-
ous skinfold. However, this decrease had an average of -2.72
(95% CI -5.40 mm to -0.04 mm), casting doubts regarding
this method’s applicability to the clinical environment since
this subcutaneous fat reduction is not essentially visible to the
patient in the clinic.

Although there is no conformity on application time and
temperature in most studies, cryolipolysis effectively reduces lo-
calized fat. The temperature varied between Celsius (-10 ° C
and -11 ° C) and CIF (41.6 and 42); the application time varied
between 30 and 70 minutes.

This systematic review included three studies that indi-
cated significant results regarding subcutaneous fat reduction.
The study by Garibyan et al."” observed that, after two months
of treatment, the mean reduced volume was 39.5 cm® compared
to the control side (p<<0.01). The decrease in fat thickness was
14.9% on the treated side and 0.7% on the control side (p<<0.01).
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Criolipélise Controle Mean Difference Year
Estudo ou . IV, Randsom,
subgrupo Mean SD Total Mean Total Weight CI 95%
Garibyan 2014 38.6 4.6 11 44.6 11 25.1% ~6.00 2014
aribyan . . . 170 (—10.06,—1.94)
Eldesoky 2015 25.14 2.79 20 27.69 2.73 20 47.7% “2:5 2015
esoky . . . . 7% (L4.26.-0.84)
Falster 2019 355 5.1 17 6.1 17 27.2% 0.00 2019
' ‘ ' ' (-3.78,3.78)
Total -2.72
00.0°
(IC 95%) 48 48 1 % (-5.40. -0.04)
Heterogeneity: Tau? = 3.16; Chi* = 4.52;df = 2 (p = 0,10), 1> = 56%
Test for overall effect: Z = 1.99 (p = 0,05)
Mean Difference -
IV, Random, 95% CI
=
Eldesoky et al.'? also pointed out significant results in the group 1
receiving cryolipolysis and diet (group B).There was a body mass
index reduction of 5.83% (p<<0.01), a waist circumference of
6.47% (p<0.0001), and a suprailiac skinfold of 17.41% (p<<0.01). ]
Finally, the study by Suh et al.’ showed significant results when } } } i
observing, through ultrasound, a decrease of 6.04 mm (standard | =100 -50 ] 50 100
deviation of 4.57 mm) in the treated abdomen (p 0.03). How- Criolipolise Controle

ever, one study'* did not show significant results when compar-
ing the control group with the experimental group in all eval-
uation methods. The fact that the average age and weight of the
participants were lower than that found in the studies included
in this research may explain this difference.

The studies by Garibyan et al." and Suh et al.> used a sys-
tem developed by Zeltiq Aesthetic Inc (Pleasanton, CA), which
developed a unique temperature mechanism, named Cooling
Intensity Factor (CIF), which represents the rate of heat flow
into or out of the tissue opposite the cooling device.'”? Both
studies obtained significant results concerning subcutaneous fat
reduction. The other studies included measured the temperature
in degrees Celsius. The equipment currently available on the
market has a temperature range of -5 °C to -15 °C.»

In the study by Eldesoky et al."?, low temperatures (CIF
42) demonstrated a significant result in the cryolipolysis tech-
nique regarding the fat thickness reduction, with a higher apop-
totic lesion in the adipocytes. However, the study by Falster et
al.,'" which used a temperature of -10 °C, did not obtain sig-
nificant improvement results in any of the instruments assessed.

Regarding the application time, the study by Gariby-
an et al.’® used 60 minutes, with a reduction in flank volume
and caliper measurements (p<<0.01). In the study by Eldesoky
et al."?, the cryolipolysis group used the therapy for 30 minutes
and also obtained satisfactory results, such as significant decrease
in weight, skinfolds, and circumference (p<<0.01).The study by

FIGURE 2: Meta-analysis of studies on the abdominal skinfold

Suh et al.’ used 35 minutes, repeated twice, totaling 70 minutes
of cryolipolysis application, obtaining a significant result of sub-
cutaneous fat reduction (p=0.03). Finally, the study by Falster et
al."* applied cryolipolysis for 55 minutes, according to the proto-

20

col by Derrick et al.,* not obtaining significant results (p>0.05),
which can be explained by the difference presented in the age
and weight of the participants regarding the other studies.

The literature shows that the protocols used for the cryo-

lipolysis application vary from 30 to 60 minutes,'>'>?"*

and they
present good statistical and clinical results. Only one article did
not fit this pattern: the study by Suh et al.,> which used cryo-
lipolysis for 70 minutes, and was taken from the research by
Kilmer et al.* Also, the study by Falster et al.,'"* even using the
application time within the literature standards, did not obtain
a significant result, making it challenging to analyze the direct
relationship between the application time and better outcomes.

The adverse events of cryolipolysis found in the research-

es were: erythema after the session;'"?

skin hyperpigmenta-
tion;'” blisters in the treated area;'? edema;"” and pain."” Among

the adverse events, it was also observed that 100% of the partic-
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ipants had reduced sensitivity for 10 minutes after application,
73% after three weeks, and 18% in the second month after treat-
ment." Several studies report these events after the cryolipolysis
use. However, numerous researchers state that they occur in a
short period and do not have significant repercussions.?**

This research’s findings evidence the need for further
studies in the area — studies with good methodological quality
and standardized assessment instruments that allow conducting
new meta-analyses, ensuring the safe application of cryolipoly-
sis as a method to reduce subcutancous fat. However, the study
presented as limitations the failure to research all scientific data-
bases and the inclusion of only articles published between 2010
and 2019, in English, Portuguese, Spanish, which had full text
available.
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