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Summary. Background and aim of the work: Adipose tissue is an organ of energy storage, an endocrine organ,
a soft tissue filler and a cosmetically unnecessary tissue discarded by liposuction. Liposuction was designed
to correct unaesthetic deposits of subcutaneous fat; it produces satisfactory silhouette contouring when per-
formed by appropriately trained operators using properly selected technologies. However, from lipoaspirate
it is possible to obtain autologous fat graft and adipose-derived stem cells (ASCs) for reconstructive sur-
gery and regenerative medicine. Autologous fat transplantation uses include the correction of body contour,
malformations and post-surgical outcomes. The regenerative properties of ASCs allow treating damaged
tissues such as wounds, burns, scars and radiodermatitis. The aim of this study was to perform a literature
review highlighting the crucial role of adipose tissue in plastic and reconstructive surgery, from liposuction
to lipofilling and ASCs, exposing the indications, procedures and complications of these surgical techniques.
Methods: Literature review of publications concerning liposuction, lipofilling and adipose-derived stem cells
(ASCS). Results: The introduction of liposuction allowed the use of adipose tissue for many clinical uses. The
adipose tissue filling properties have been highlighted by the advent of lipofilling. The regenerative properties
evidence of autologous fat transplantation encouraged the research on the clinical use of ASCs. Conclusions:
Adipose tissue is not only the main energy storage of our body but also an important source of stem cells that
can be used in various fields of regenerative medicine and tissue engineering with encouraging results for the
future. (www.actabiomedica.it)
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Introduction

Adipose tissue has been considered an organ of
energy storage, an endocrine organ, a soft tissue filler
and a cosmetically unnecessary tissue discarded by
liposuction. It is now also regarded as a promising
source of adult stem cells, as adipose tissue has plenty
of progenitor cells, some of which can differentiate
into diverse lineages (1, 2). A component of fibroblast-
like stromal cells obtained from liposuction aspirates
can differentiate into various cell lineages, including
adipogenic, osteogenic, chondrogenic, myogenic, car-

diomyogenic and neurogenic. Thus, adipose tissue-
derived stromal cells are now called adipose-derived
stem cells (ASCs) and are expected to become a valu-
able tool for a wide range of cell-based therapies (1, 2).
Liposuction is the surgical removal of subcutaneous fat
by means of aspiration cannulas, introduced through
small skin incisions, assisted by suction. Synonyms in-
clude liposuction surgery, suction- assisted lipectomy,
suction lipoplasty, fat suction, blunt suction lipectomy,
and liposculpture (3). Several variations of the tech-
nique have been described since. Its basic principles
have been elaborated more recently by Illouz, who was
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the first to introduce the modern, safe, and widespread
method of liposuction with a blunt-tipped cannula
as well as subcutaneous infiltration to facilitate adi-
pose breakdown and aspiration (4-7). The procedure
preserves neurovascular structures while maintaining
fluid balance and minimizing patient discomfort (4,
5) Surprisingly, the basic principles remain unchanged
despite the introduction of modern technologies ena-
bling more efficient fat removal by enhancing lique-
faction and disruption of the adipocyte membrane (4,
7) Despite the hard clear differentiation between aes-
thetic and therapeutic indications, liposuction is con-
sidered the main surgical technique in refinements of
body contouring surgery in addition to other surgical
procedures such as abdominoplasty, brachioplasty and
thighplasty to name just a few (8-11). Furthermore,
liposuction is the surgical technique by which it is pos-
sible to obtain the adipose tissue for autologous fat
transplantation and the isolation of adipose-derived
stem cells (ASCs). In 1893, Neuber performed the
first autologous fat transplantation to fill in depressed
scars. The liposuction technique, introduced by Fisher
in 1974, followed by the tumescent technique, intro-
duced by Klein in 1985, accelerated the development
of the lipofilling technique. In 1987, Coleman intro-
duced a new technique to decrease traumatic handling
of fat during liposuction. His technique consisted of
three steps: manual lipoaspiration under low pressure,
centrifugation for 3 min at 3000 rpm, and reinjection
in 3D. This technique remains the gold standard for
liposuction and lipofilling, but has undergone some
technical modifications (12). Autologous fat grafting
is a technique shown to be beneficial as a reconstruc-
tive and cosmetic procedure for patients with volume
loss due to disease, trauma, congenital defects, or the
natural process of aging (12). By the early 1990s,
more positive reports of fat grafting were published,
including an improvement in skin quality, tissue qual-
ity, and scar revision, in addition to volume improve-
ment (13). In fact, emerging evidence shows that fat
tissue is a rich source of pluripotent stem cells named
adipose-derived stem cells (ASCs) that have regenera-
tive capacity in multiple tissues and diseases. ASCs are
a plastic-adherent, multipotent stem cell population,
which display a similar differentiation potential to oth-
er MSCs (mesenchymal stem cells), and the ability to

differentiate into cells of several lineages from all three
germinal layers (14, 15). The discovery that ASCs can
readily be expanded and have the capacity to under-
go adipogenic, osteogenic, chondrogenic, neurogenic
and myogenic differentiation in vitro was a significant

milestone in ASCs therapeutic applicability (15, 16).

Liposuction

Liposuction is the most commonly performed
cosmetic surgical procedure worldwide. Originally de-
signed to correct unaesthetic superficial and deep de-
posits of subcutaneous fat, it produces highly satisfac-
tory silhouette contouring when performed by appro-
priately trained operators using properly selected tech-
nologies for well-selected patients and anatomical ar-
eas (5, 6, 17). Liposuction was initially was performed
under general anaesthesia without any introduction of
fluid, hence, called “dry liposuction”. Later, a small
amount of fluid was introduced into the fat (the “wet
technique”). These methods were associated with
much blood loss, and patients frequently required
blood transfusions. In 1985, Dr. Jeffrey A. Klein, revo-
lutionised liposuction surgery when he developed the
tumescent technique, which permits liposuction total-
ly by local anaesthesia and with minimal surgical blood
loss (18). Further modifications such as power-assisted
liposuction (PAL), ultrasound assisted-liposuction
(UAL) and laser assisted-liposuction (LAL) have been
introduced with variable results. Despite these advanc-
es, the tumescent technique remains the worldwide
standard of care for liposuction (3, 19). This technique
involves subcutaneous infiltration of large volumes of
crystalloid fluid called Klein’s solution, which contains
low concentrations of lignocaine and epinephrine, fol-
lowed by suction-assisted aspiration of fat by using
small aspiration cannulae called micro-cannulae (20).
Infiltration begins by creating a small stab incision, just
enough to accommodate the infiltration needle. Blunt-
tipped cannulas of varying lengths are used to infiltrate
the fluid into the desired deep subcutaneous adipose
layer, using either a hand piece or foot pedal to control
administration (21). The suction cannula is introduced
into the deep fat layer. The vacuum is activated and the
cannula is pushed through the fat, creating a radial
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pattern (21). Cross-hatching, or inserting the cannula
from two different axes (usually perpendicularly), cre-
ates a smoother result (21). Connected to the aspirator
(or sometimes a syringe), the liposuction cannula is
placed through the insertion site while the nondomi-
nant hand (also known as ‘the thinking hand’) contin-
ually monitors the placement and trajectory of the
cannula, enabling the surgeon to feel the progress in
the area and to determine the end point of surgery (21)
In general, blunt-tip cannulas are used to minimize
perforation risk, and smaller diameter cannulas are
used to minimize contour irregularities (22). Non—
blunt-tip cannulas are typically used for breaking up
scar or discontinuous undermining (22). Aspiration
has been found to be directly proportional to cannula
and suction-tubing diameter and inversely proportion-
al to cannula and suction- tubing length (22). Specific
depths of subcutaneous fat should be suctioned, which
vary from different body locations and patient-specific
goals (22). The syringe technique used blunt-tip suc-
tion cannulas connected to a syringe. In case of manu-
al liposuction the drawing back the syringe plunger
generates the negative pressures needed to remove fat
during liposuction and replaces the electric vacuum
pump and connecting tubing (22, 23). Power-assisted
liposuction (PAL) is a commonly used technology that
uses a variable-speed motor to provide reciprocating
motion to the cannula which, in combination with the
reciprocating action of the surgeon’s arm, facilitates re-
moval of adipose tissue (22,24) The principal advan-
tages of power assisted liposuction is treatment speed,
economy of motion, and reduced operator fatigue (22,
24). Ultrasound-assisted liposuction (UAL) uses ultra-
sound vibration of the cannula to break down connec-
tive tissue and emulsify fat (25). The thermal energy
produced has been reported to help with skin tighten-
ing but also has been associated with higher rates of
complications (25). Ultrasound is the process which
turns electric energy into mechanical vibrations that
cause thermal effects and micro-mechanical effects
(acoustic) or cavitational effects in contracting and ex-
panding circles. This causes microcavities in the fat tis-
sue, which burst, resulting in cell destruction and fat
liquefaction (26-28). The thermal effect is caused by
acoustic waves, cannula friction, and the conversion of
the ultrasonic waves into heat as they pass tissue (25)

The heat must be dissipated by tissue infiltration (28).
One of the most important aspects that distinguishes
ultrasound-assisted liposuction from other methods of
liposuction is the result on the postoperative haemato-
crit level (25). With ultrasound-assisted liposuction
there is better vessel preservation and consequently,
less haematocrit decrease (25). Another positive aspect
of this technique is the possibility of greater skin re-
traction in the treated areas, as the increased local tem-
perature stimulates collagen contraction. The disad-
vantages of ultrasound-assisted liposuction are the in-
creased operative time and the training necessary for
to efficiently use the technique and the equipment. In
addition, swollen and fibrotic areas necessitate extend-
ed postoperative lymphatic drainage (25). Laser lipoly-
sis is now a commonly used and accepted modality for
removal of unwanted fatty tissue. Since its United
States Food and Drug Administration (FDA) approv-
al in October of 2006, studies have continued to cor-
roborate early clinical observations of decreased adi-
posity, shorter recovery times, and improved skin
tightening (29). Laser-assisted liposuction (LAL) can
be used to treat defined areas in the body, with claims
of producing skin tightening and thermal coagulation
to minimize bleeding. Different kinds of LAL have
recently been developed and some are still at the ex-
perimental stage. An initial type of LAL has been
tested by Apfelberg (30, 31). The operator inserts the
cannula (special design, single holed, 4-6 mm diame-
ter), activates the suction, and then depresses the foot
pedal to activate the laser. The negative suction draws
the fat globule into the hole of the cannula where the
laser beam (YAG laser 40W) shears it off bloodlessly.
The well-established and reviewed skin-tightening ef-
fect is perhaps the most significant advantage of laser
lipolysis (32, 33). Early reports regarding the lack of
efficacy of skin tightening may be related to the steep
learning curve of the procedure, inadequate energy ap-
plication, or insuflicient heat accumulation (29). The
authors emphasize the goal internal temperature
should range between 48 and 50°C and external tem-
perature of treatment location approximately 38 to
40°C (29). Surgeons and patients should also remem-
ber that skin tightening continues to improve several
months after laser irradiation due to the delayed nature
of neocollagenesis. For large areas, laser lipolysis alone
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may be inadequate for proper correction, and many
surgeons still insist that laser lipolysis is an adjunctive
treatment to liposuction rather than a liposuction re-
placement (29). The flexibility and thin calibre of the
laser fiber cannula may inhibit the surgeon’s ability to
perceive the exact depth in the tissues. Since many sur-
geons perform suction aspiration in addition to laser
lipolysis, the procedural time is increased. The cost of
equipment certainly is an impediment to many physi-
cians considering adding laser lipolysis to their menu
of services (29). As reported in literature the main
complications of liposuction are hypesthesia, paresthe-
sias, edema, ecchymosis, hematoma, seroma and infec-
tion usually resolve quickly (21). The most common
long-term complication is contour irregularity (21). It
should be treated conservatively for at least 6 months
(21). Autologous fat grafting, further liposuction or
skin excision should be performed as needed (21). In
January 2000, Grazer published an article in which he
reported the fatal outcomes of liposuction using a cen-
sus survey of cosmetic surgeons (21, 34, 35). Of those
surveyed, 917 surgeons reported that from 1994-1997,
95 fatalities occurred after 496,245 lipoplasties (21,35).
This yields a mortality rate of 1 in 5224 (<0.5%). This
is similar to rates quoted elsewhere (35) Pulmonary
thromboembolism was the major cause of death in
23.4 (x2.6%) of these deaths (35). The American Soci-
ety of Plastic Surgeons recommends that outpatient
lipoplasty be limited to 5000 ml of total aspirate, irre-
spective of the technique (21).

Lipofilling

Historically, the use of fat grafts to correct con-
genital deformities and complex traumatic wounds
with soft-tissue loss after radical oncological surgery
was proposed in 1893 by Neuber, by Hollander in
1912, by Neuhof in 1921, and by Josef in 1931 (36,
37). Fat is a filler with ideal properties: it naturally in-
tegrates into tissues, is autologous, and is 100% bio-
compatible. However, this is not the only function of
lipofilling; fat is an active and dynamic tissue com-
posed of several different cell types, including adipo-
cytes, fibroblasts, smooth muscle cells, endothelial
cells, and adipogenic progenitor cells called “preadipo-

cytes” (38-40). ASCs (adipose-derived stem cells) in
fat grafts allow the regeneration of damaged tissues
through their paracrine, immunomodulatory, chemot-
actic, and differentiating effects (36). For this reason
fat transplantation techniques have dramatically
changed over the last two decades, from simple free
transfers of intact adipose tissue, which had limited
success in the consistent replacement of volume de-
fects, to free composite fat-cell transplantation strate-
gies that, if properly executed, could have a high re-
generative potential for both simple volume replace-
ment as well as functional enhancement of recipient
tissues (36). It is widely accepted that less-traumatic
methods of fat harvesting result in increased adipocyte
viability and graft survival (41, 42). The most frequent-
ly used methods for fat harvesting are vacuum aspira-
tion or syringe aspiration with or without the infiltra-
tion of tumescent fluid (43) (Fig. 1-2). No difference
in cell viability, cell metabolic activity, or adipogenic
response was found after harvesting fat by syringe li-
posuction compared with pump-assisted liposuction
(44). The tumescent technique causes hydrodissection
and enlarges the target fat layer, facilitating the subse-
quent aspiration and decreasing pain and ecchymosis
(45). However, the “dry” technique may lead to a great-
er requirement for analgesics (45). Cannula size may

also affect the viability of harvested fat (46). Campbell

Figure 1. 40 year old patient subjected to mastectomy and reco-
struction with implants. Klein’s Solution introduced at the the
donor site by means of a 50 ml syringe connected to a closed
aspiration—injection system
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Figure 2. 40 year old patient subjected to mastectomy and reco-
struction with implants. Lipoaspirate harvested using a 4 mm
suction cannula and a 50 ml syringe connected to a closed aspi-
ration—injection system, with a -650 mmHg vacuum

et al. found an inverse relationship between cellular
damage and the diameter of the instrument used to
extract fat (47). Erdim et al. (48) reported higher graft
viability with lipoaspirates that were obtained using a
6-mm cannula rather than a 4-mm or 2-mm cannula.
Coleman et al. (11) described a technique for fat har-
vesting that minimized trauma to the adipocytes. With
a 3-mm, blunt-edged, 2-hole cannula connected to a
10-mL syringe, fat is suctioned manually by withdraw-
ing the plunger. The cannula is pushed through the
harvest site, as the surgeon uses digital manipulation to
pull back on the plunger of the syringe and create a
gentle negative pressure (11). A combination of slight
negative pressure and the curetting action of the can-
nula through the tissues allows parcels of fat to move
through the cannula and Luer-Lok aperture into the
barrel of the syringe (11). When filled, the syringe is
disconnected from the cannula, which is replaced with
a plug that seals the Luer-Lok end of the syringe (11).
The plunger is removed from the syringe before it is
placed into a centrifuge (11). The most commonly used
methods to process grafts are sedimentation, filtering,
washing, and centrifugation. Fat processing is neces-
sary because the lipoaspirate contains not only adipo-
cytes but also collagen fibres, blood, and debris. These
elements can cause inflammation at the recipient site,

which can be detrimental for the fat graft (49). Blood

must be extracted because blood accelerates the degra-
dation of the transplanted fat (50). Centrifugation
based processing resulted in higher ADSC numbers
but decreased cell viability counts than decantation
(51). Coleman suggested a processing method that has
gained popularity and has been since integrated in
many fat-transfer clinical protocols. Aspirated fat in
syringes is spun at 3000 rpm for 3 min to isolate the fat
(46) (Fig. 3). After the centrifugation, three layers are
observed: the first layer includes lipids, which can be
poured off using absorbent material; the second layer
consists of fatty tissue; and the third layer contains
blood, tissue fluid, and local anaesthetic and is ejected
from the base of syringe (Fig. 4). The middle layer is
routinely used for adipose tissue grafting (52-55). The
identification of an optimal processing method will in-
crease the number of viable cells and ultimately in-
crease fat engraftment and retention over time.
Through a skin incision of a size corresponding to the
diameter of the cannula, the fat graft is inserted at the

w0 ? . . m |
Figure 3. 50 ml syringes with lipoaspirate placed inside the cen-
trifuge
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Figure 4. Lipoaspirate after centrifugation at 3000 rpm for 3
min. It is possible to observe three layers: the first consists of
lipids; the second is composed of fatty tissue; and the third con-
tains blood, tissue fluid, and local anaesthetic

level of the anatomical region affected (Fig. 5). Small-
gauge cannulas are thought to reduce trauma to the
recipient site, thus reducing the risks of bleeding, hae-
matoma formation, and poor graft oxygen diffusion
(41). Because revascularization starts at the periphery,
ischaemic time is longer in the centre of the graft (49).
Therefore, fat reinjection in multiple small-volume
sessions is preferred over one single injection (49).
Usually, through multiple access sites, multiple tunnels
are created on insertion, but fat is injected only during
withdrawal of the cannula in a “fanning-out” pattern
(46). Ozsoy et al. (46) observed a greater vitality of
adipose tissue if infiltrated with cannulas of at least 2.5
mm in diameter. However, Erdim et al. (48) found no
significant differences in cell viability with differing
needle gauge. Fat injection has been used for more
than 20 years as a relatively low-risk and low-morbid-
ity procedure to correct a variety of soft tissue defects

Figure 5. The injection of fat graft to restore the profile of the
right breast

in the face, trunk, and extremities. Autologous fat
transplantation represents a simple solution to restore
the profile of the breast after reconstruction. In fact, in
breast cancer surgery, lipofilling is usually used for the
correction of defects and asymmetry following tumour
excision (or breast conservative surgery), with/without
radiotherapy (56). Acquired contour deformities of the
reconstructed breast are relatively common and inde-
pendent of the technique used, presenting a frequent
therapeutic challenge to reconstructive surgeons (57).
Primary breast reconstruction usually meets the goal of
establishing a natural-appearing breast shape (57).
However, in the immediate or late postoperative peri-
od, secondary contour defects of the reconstructed
breast can develop (57, 58). There are important land-
marks in the female breast, and the creation of a well-
defined inframammary fold during breast reconstruc-
tion is a fundamental element in obtaining a good
aesthetic result (59). Autologous fat transplantation
represents a simple solution to restore the profile of the
breast after reconstruction. Plastic surgeons and pa-
tients seeking breast reconstruction may have drasti-
cally different images in mind of what constitutes an
attractive, natural, and ideal breast shape (60, 61).Au-
tologous fat transplantation can be used to improve
soft-tissue coverage following prosthesis or tissue ex-
pander implantation and the volume replacement of
implants in unsatisfactory oncoplastic breast recon-
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struction outcomes (62, 63). Other applications of au-
tologous fat transplantation are volume augmentation
and refinement after autologous flap or whole breast
reconstruction with serial fat grafting or scar correc-
tion (56). Patients with retractile and painful scars
compromising the normal daily activity/mobility of
the joint involved can take advantage of lipofilling
treatment (64). In fact, fat transplantation can be used
not only to fill atrophic scars but also to reduce scar
contracture as a regenerative alternative to other surgi-
cal techniques (65). This is made possible by the pres-
ence of ASCs in the fat tissue. Hypertrophic burn
scars occur in approximately 75% of white patients
with third-degree burns (66, 67). Burn outcomes still
represent a problem because of aesthetic and function-
al concerns as well as concerns regarding the patient’s
social and psychological life (68). Subscar and intras-
car fat grafting are relatively recent techniques that
improve scar quality. Radiation dermatitis is caused by
prolonged exposure of the skin to ionizing radiation
(69). It can be seen in patients receiving radiation ther-
apy, with or without adjuvant chemotherapy (70). Rig-
otti et al. (71) reported that the transplantation of
lipoaspirates containing adult ASCs is a highly effec-
tive therapeutic approach for the treatment of degen-
erative, chronic lesions induced as late effects of onco-
logic radiation treatments. In fact, ultrastructural anal-
ysis of the radio-damaged tissue revealed a significant
reduction of the capillary bed (71). Every step in fat
transplantation, i.e., harvesting, processing, and trans-
plantation, is important, but viability of the harvested
fat cells is crucial (72). The chances of survival are
higher the less the fat graft is manipulated and the
more quickly it is reinjected (73). Early experience
noted that graft re-absorption was the main drawback
of autologous fat graft, with 50%-90% graft-loss rates
being reported (74-77). Large grafts exhibit higher
rates of liquefaction, necrosis, and cyst formation,
while very small grafts tend to be reabsorbed (74). To
ensure maximal take, many surgeons perform repeated
transfers (74). Donor-site complications appear to be
minimal and related to the liposuction technique. The
possible complications include bruising, swelling, hae-
matoma formation, paraesthesia or donor-site pain,
infection, hypertrophic scarring, contour irregularities,
and damage to the underlying structures for example

due to the intraperitoneal or intramuscular penetration
of the cannula (56). Fat tissue that is not perfused can
die and result in necrotic cysts and even calcifications;
however, these complications can occur after any type
of breast surgery (78). It was thought that fat grafting
to the breast could potentially interfere with breast
cancer detection; however, no conclusive evidence of
such interference has been found (79).

Adipose-derived stem cells

The emerging fields of regenerative medicine
and stem cell-based therapies hold great promise for
wound healing. Recently, many plastic surgeons have
studied the potential clinical application of adipose-
derived stem cells (ASCs), which represent a readily
available adult stem cell population that has gathered
a lot of attention in the field of regenerative medicine
(13, 80, 81). Currently, ASCs are being investigated as
a therapeutic strategy for a diverse group of pathologi-
cal conditions, including hard-toheal wounds. Wound
healing is not a series of individual and independent
progressive steps, but a complex process involving in-
flammation, epithelialization, neoangiogenesis, prolif-
eration, and collagen matrix formation (82-84). ASCs
are part of the stromal vascular fraction (SVF) of adi-
pose tissue, together with a heterogeneous population
of many other cell types, including preadipocytes, en-
dothelial cells, pericytes, haematopoietic-lineage cells,
and fibroblasts (85). The regenerative features of the
SVF are attributable to its paracrine effects: SVF cells
secrete vascular endothelial growth factor, hepatocyte
growth factor, and transforming growth factor-b in the
presence of stimuli such as hypoxia and other growth
factors (86, 87) and strongly influence the differentia-
tion of stem cells, promoting angiogenesis and wound
healing, and potentially aiding new tissue growth and
development (88). Stem cells isolated from lipoaspi-
rates have demonstrated a broad in vitro adipogenic,
chondrogenic, osteogenic, and myogenic lineage com-
mitment (89, 90) as well as differentiation into pan-
creatic cells, hepatocytes, and neurogenic cells (91-93).
ASCs are similar to bone marrowe-derived stem cells
in that they are capable of differentiating into multiple
mesodermal tissue types and show similar surface pro-
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tein marker expression (86, 94). Cytometric analysis
of adipose-derived stem cells (ASCs) has shown that
these cells do not express CD31 and CD45, but do
express CD34, CD73, CD105, and the mesenchymal
stem cell marker CD90 (95, 96). ASCs have a differen-
tiation potential similar to that of other mesenchymal
stem cells as well as a higher yield upon isolation and
a greater proliferative rate in culture than bone mar-
row-derived stem cells (97-98). However, ASCs are
different from bone marrowe-derived mesenchymal
stem cells because they can be easily obtained using a
standard wet liposuction procedure under local anaes-
thesia, without the need for expansion in culture (86).
In 1964, Martin Rodbell (99) was the first to present a
method for the in vitro isolation of mature adipocytes
and adipogenic progenitors from rat fat tissue. In 2001,
Zuk et al. (100) were the first to isolate ASCs from
adipose tissue after a liposuction procedure by means
of existing enzymatic strategies. Since then, interest
in ASCs has grown dramatically and several groups
working independently have developed procedures to
isolate and characterize them (101). In 2016, Raposio
et al (95, 96, 102) described a method that was specifi-
cally designed for clinical application, which appeared
easy, safe, and fast (80 min), allowing collection of a
ready-to-use ASC pellet. After a conventional liposuc-
tion, the harvested fat tissue (100 ml) was subjected to
a first centrifugation (1600 RPM x 6 minutes), yield-
ing about 50 ml of high quality concentrated adipose
tissue. This was abruptly mixed with 50 ml collagenase
digestion solution (Collagenase NB 6 GMP Grade
17458; Serva GmbH, Heidelberg, Germany), previ-
ously diluted with sterile phosphate-buffered saline
(PBS) as follows: 1 g of collagenase was suspended in
10 ml PBS, and 1 ml of the obtained solution was fur-
ther diluted with 49 ml of PBS. The solution obtained
(lipoaspirate + collagenase digestion solution) was then
incubated for 30 minutes at 37°C in a shaker-incubator
(Celltibator; Medikhan) and centrifuged at 200 rela-
tive centrifuge force for 4 minutes. Subsequently, the
10 ml of SVF obtained was washed 2 times with 45
ml saline solution. After each wash, the syringes con-
taining SVF were centrifuged at 200 relative centrifuge
force for 4 minutes. The cellular pellet obtained at the
bottom of the syringe was ready for use, vehiculated
by 5 ml of saline solution. Several alternative isolation

methods have been proposed, which avoid enzymatic
digestion completely. Raposio et al (95, 96, 102) also
described an effective alternative mechanical procedure
in which the isolation process was performed using a
vibrating shaker (Multi Reax; Heidolph, Schwabach,
Germany) and a centrifuge (MPW 223; Johnson &
Johnson Medical, New Brunswick, N.J.), both placed
in a laminar air flow bench (1200 FLO; FIMS, Con-
corezzo, Italy;). After liposuction, the harvested fat tis-
sue (80 ml) was collected in eight 10-ml plastic test
tubes, positioned in the vibrating shaker at 6000 vibra-
tions/minute for 6 minutes, and immediately centri-
fuged at 1600 rpm for 6 minutes. Subsequently, under
the same laminar flow cabinet, the pellet at the bottom
of each tube was collected by means of an automated
pipetting system (Rota-Filler 5000; Heathrow Scien-
tific, Nottingham, United Kingdom) and poured into
a 10-ml Luer-Lock syringe. The entire isolation pro-
cess lasted approximately 15 min (95,96,102). In 2006,
Matsumoto et al. (103) provided evidence to support a
novel method of autologous tissue transfer, which they
named cell-assisted lipotransfer (CAL). CAL is the
concurrent transplantation of aspirated fat and ASCs.
In CAL, ASCs were supportively used to boost the ef-
ficacy of autologous lipoinjection (resulting in a higher
survival rate and the persistence of transplanted fat)
and to decrease the known adverse effects of lipoin-
jection, such as fibrosis, pseudocyst formation, and
calcification (103). To date, approximately 130 active
clinical trials investigating the potential of ADSCs are
listed on the US National Institutes of Health Website
(104). These clinical trials span a broad range of ap-
plications, such as soft tissue regeneration, skeletal tis-
sue repair, ischemic injuries, myocardial infarction and
immune disorders (including lupus, arthritis, Crohn’s
disease, multiple sclerosis, diabetes mellitus, and graft-
versus-host disease). Other therapeutic targets that are
being explored in clinical trials include intervertebral
disc degeneration and pulmonary disease to name just
a few (104).

Conclusion

Although adipose tissue is the main energy stor-
age, when present in excess it is harmful to the body.
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Liposuction remove excessive adipose tissue in patho-
logical conditions such as obesity or refining the body
contour in aesthetic surgery. In addition, liposuction
makes it possible to get adipose tissue for use in aes-
thetic or reconstructive surgery and regenerative medi-
cine. In fact, by exploiting the properties of adipose
tissue, autologous fat transplantation allows to correct
body contour, malformations and post-surgical out-
comes. In addition, fat grafts can be used to treat dam-
aged tissues such as burns, scars and radiodermatitis
due to the regenerative properties of ASCs. By means
the Isolation of ASCs from lipoaspirate it’s possible
use them in various fields of regenerative medicine and
tissue engineering with encouraging results for the fu-
ture.
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