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1. Introduction

The correction of soft tissue defects has always been a challenge for plastic surgery. In the
different stages of its historical development these problems has been solved by a variety of
complicated techniques or filler materials some of which proved in time not only to be
ineffective but even harmful for the human body. The ideal filler should be physically and
chemically stable, long lasting and immobile in body, nonimmunogenic, noninfectious,
nonpyogenic and nonallergic, should not require pretesting and should be cheap and easily
stored. Some of these characteristics has been defined back in 1953 (Scales, 1953) but still
there is no consensus regarding the perfect injectable material. Nowadays, despite of the
growing number of alloproducts, the autologous fat grafting is recognized as one of the
basic methods for soft tissue defects correction. It represents a three staged procedure of
aspiration, purification and reimplantation of fat cells (Mojallal et al, 2004). The considerable
presence of adipose tissue in the body and its autogenous origin guarantying advantages as
biocompatibility, structure stability and polyvalent usage are reasons for the growing
popularity of this intervention and its broading spectrum of indications. Nevertheless there
are still a lot of controversies and unsolved questions regarding the autologous fat grafting.
Its efficiency is still often doubted due to the variable resorption rates and the
unpredictability of the post operative outcomes. In attempts of optimizing the results many
surgical techniques have been created (Billings at al., 1989; Mojallal, Foyatier, 2004). The new
concepts were built on attempts to avoid excessive pressure changes during harvesting and
reimplantation, improving the means of purification from potential local inflammation
promotors, and application in a fashion that assures sufficient nutritional sources (Mojallal,
Foyatier, 2004; Shiffman, Mirrafati, 2001). Though none of the newly invented techniques is
considered optimal a consensus has been reached on some stages of the technical
implementation of autologous fat grafting such as manual syringe lipoaspiration and three-
dimensional reimplantation (Niechajev, Sevcuk, 1994; Coleman, 2001; Jauffret et al., 1994;
Lalikos et al., 1997; Moore et al., 1995; Novaes et al., 1995). To date the optimal method of
transplant purification still remains unclear as well as the impact on the therapeutic results
of factors as combination with other interventions, intraoperative extent of correction and
the need of numerous transplantations as methods counteracting the postoperative
resorption. At the same time the growing knowledge on adipose tissue and the revealed
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importance of the preadipocytes for transplant survival set questions about the influence of
factors as age and gender, indications (esthetic or reconstructive), recipient site, etc. These
and other issues will be discussed in this chapter as the profound knowledge on the existing
techniques, the characteristics of the transplant and the influence of certain factors on
therapeutic results could contribute to one’s outcomes or technique refinement.

2. Surgical characteristics of adipose tissue

Adipose tissue is a particular sort of connective tissue existing in three different in
morphology and function types. These are: white, brown and medullar adipose tissue which
under the influence of various stimuli could turn into one another (Ashjilian et al., 2002;
Casteilla et al., 2004; Mojallal, 2003; Jauffret, 1998).

The white adipose tissue is of greatest surgical importance. In people with normal body
mass index it constitutes 15%-20% of the mass in males and 25%-30% in females (Ryan at al.,
1989). It is scattered or distributed in depots localized in various anatomical regions
according to age, gender and different nutritional and hormonal stimuli.

Morphologically white adipose tissue consists of stromovascular fraction and lipid
inclusions containing mature adipose cells called adipocytes. Adipocytes together with
hondrocytes and miocytes originate and differentiate from a multipotent cell of a
mesodermal type (Ashjilian et al., 2002; Mojallal, 2003; Jauffret, 1998). The mature adipose
cells have a roundish form and a diameter varying between 10um and 120 um. They are
known as unilocular fat cells as their lipid inclusions are organized in one big lipid drop
occupying almost the entire cell and pushing the nucleus and cytoplasm to the periphery. In
the adipose tissue they are structured in lobules divided by connective tissue fibers.

The stromovascular compartment of adipose tissue contains nerves, capillary vessels,
connective tissue fibers, fibroblasts, macrophages and endothelial cells localized in the
interadipocytary spaces and immature multilocular fat cells called preadipocytes. Single
preadipocytes could be found in the fat lobules among adipocytes as well. The immature
adipose cells strongly resemble the fibroblasts” morphology. In comparison with adipocytes
they are smaller with centrally placed nucleus and a great number of little lipid droplets.
Unlike the mature adipose cells, preadipocytes have the ability to divide and proliferate into
adipocytes and thus are realizing the process of adipogenesis, now recognized to extend
throughout life (Atanassova, 2000; Dugail, Ferre, 2002; Casteilla et al., 2004)

Nowadays, the growing knowledge on the complexity of adipose structure and functions
revealed great potentials of influence on surgical results. Though fat tissue was initially
accepted as passive energy storage, it is now clear that it is a major endocrine and paracrine
organ producing a variety of hormones and signalling molecules, generally referred to as
adipokines (Mohamed-Ali et al., 1998; Fruhbeck et al., 2001; Chaldakov et al., 2006; Tore at
al., 2007). Leptin is recognized as a hormone of great importance for the process of auto
regulation, assimilation of nutritional sources, puberty and fertility (Zhang et al., 1994,
Montague et al., 1997; Lafontan, Bouloumie, 1999). It is synthesized mainly in adipocytes
and in very small quantities in preadipocytes. This makes it an original marker for
identification of mature and immature fat cells (Markman, 1989; Atanassova, 1996; Lafontan,
Bouloumie, 1999; Atanassova, Popova, 2000; Ashjilian et al., 2002). Of greatest importance
for the autologous fat transplantation is the participation of leptin in the process of

www.intechopen.com



Autologous Fat Grafting — Factors of Influence on the Therapeutic Results 185

angiogenesis. The hormone exerts a strong stimulating effect on endothelial cells and
consequently on graft microvascularization and fat tissue de novo synthesis.

The considerable presence of adipose tissue in the human body is a great advantage for
autologous fat grafting. Its distribution in the anatomical regions is very specific and it
strongly influences the choice of donor sites (Ryan, Curri, 1989; Jauffret, 1998). Adipocytes’
number and size vary according to their localization due to the differences in blood supply
and the response to neuroendocrine factors (Hudson et al., 1990; Dugail, Ferre, 2002;
Casteilla et al., 2004). Y. ]J. Illouz describes two types of adipose tissue: an “ordinary” -
which chemical homeostasis is constant and its volume varies and a “fat tissue of reserve”
which almost never disappears except in cases of malnutrition and physiological
insufficiency (Markman, 1989). The existing of those two types is determined by metabolic
and biochemical differences resulting from the non identical distribution of the -1 and a-2
receptors which are responsible for fat tissue sensibility to lipolysis stimuli. For example the
a-2 receptors suppress lipolysis in the pelveotrochanteric region which is exactly the reason
for the sometimes observed inability for weight loss in these zones. The latter is also valid
for the intraorbital, plantar, palmar and Bichat bulle fat. All those variations in distribution
and stability of adipose tissue are of great importance for the therapeutic strategies in
autologous fat surgery and will be later thoroughly discussed (5. Factors of influence on the
therapeutic results).

3. Evolution of autologous fat grafting — Historical overview

The use of fat tissue as a material for soft tissue defects correction or augmentation dates
back from the end of 19th century. In 1989 E. Billings and J. May (Billings, May, 1989)
published a historical overview of autologous fat grafting and in 2004 A. Mojallal divided it
into three periods (Mojallal et al., 2004):

e  First period - before the invention of lipoaspiration called an “open surgery” period
(from 1889 to 1977)

e Second period - after the invention of lipoaspiration called “non refined”, “traumatic”
(from 1977 to 1994)

e  Third period - after the popularization of S.R. Coleman’s lipostructure called “refined”
(from 1994 to nowadays)

The “open surgery” period represents the en block transplantation of fat tissue without any
changes of its structure. The first report on autologous fat grafting was published by G.
Neuber in 1893. He described implanting of small quantities of adipose tissue for filling of
cicatrix depressions. Neuber reported good postoperative results though he encountered
considerable rates of graft resorption in cases of big volumes transplantation (Neuber, 1893).

In the first half of the 20th century the method gained a lot of popularity and it was applied
in almost all surgical specialties (Billings, May, 1989; Mojallal, Foyatier, 2004). Of course, the
technique was widely used in plastic and aesthetic surgery for breast reconstructions and
augmentations (Czerny, 1895; Bames, 1953; Schrocher, 1957), deep wrinkles corrections,
cheek-bones area augmentation (Lexer, 1910), corrective rhinoplasties (Brunning, 1919) and
etc. All authors reported good immediate results and different resorption rates in the late
postoperative period which led to a creation of many technical modifications pretending for
improving of transplant stability.
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The second period is associated with the invention of liposuction in 1977 (Illouz, 1986, 1986,
1988). Initially created to eliminate the unharmonious adipose accumulations the technique
turned out an ideal supplier of fat tissue without causing any unnecessary cicatrices. This
led to new horizons for autologous fat transplantation. The first one used the unpurified
product of liposuction as a transplant was Y. Illouz (Illouz, 1986, 1986, 1988). Later, in 1989
P. Fournier proposed a technique for reinjection of the aspirated fat called liposculpture
(lipofilling) but the quoted necessity of hypercorrection and the instability of the results
prevented its recognition (Fournier, 1996). In this period, however, many surgeons were
applying autologous fat grafting in their practice. This led to a new wave of negative
publications, modifications and even an attempt for reviving the idea of the en block
transplantation (Ellenbongen, 1986). On the other hand many authors in Europe and USA
reported big series of patients with successful application of autologous fat tissue harvested
by liposuction and each one of them suggested a personal technique of processing and
reinjection of the graft (Asken, 1987; Bircoll, 1987; Bircoll, Novack, 1987; Carraway,
Mellow,1990; Chajhir et al., 1990; Ersek et al., 1998; Illouz, 1986; Fournier, 1996). One of them
is S.R. Coleman, with the popularization of whose work starts the third period called
“nontraumatic”, “refined” (Mojallal et al, 2004). After a profound analysis he summarized
the methods and the results of his predecessors and created a new surgical protocol
changing utterly the philosophy of the known by this time autologous fat grafting from free
transfer of intact adipose tissue to free fat cells transplantation. The method was published
in 1994 and called Lipostructure® (Coleman, 1994; 1995; 2001). It is a three staged procedure
consisting of:

1. manual lipoaspiration under low pressure

2. three minutes of centrifugation at 3400rpm eliminating the blood, oil and detergents
and

3. reinjection in three-dimensional plan

In creating this technique S.R. Coleman pays great attention to the atraumatic handling of
adipose tissue which is of paramount importance for autologous fat grafting results
improvement. The method was presented and popularized in Europe in 1994. Afterwards,
many authors published series of good results after applying Coleman’s technique and
summarized its advantages and disadvantages (Amar, 1999; Jaufret et al., 2001; Trepsat,
2001; Mojallal, 2003; Laurent et al., 2006). In comparison with the existing fillers the
autologous fat transplanted by this technique is an ideal substitute material because of its
quantity, autogenous origin and the ability of full integration with the surrounding tissue
(fig.1, 2). It is not palpable and the results seem quite natural. The technique is easily applied
under general and local anesthesia, more productive than the other methods stated and not
harmful for the adipose tissue. According to that, nowadays, lipostructure® is the officially
recognized method of autologous fat grafting. Nevertheless one could still find lots of co-
existing techniques pretending for equally good results (Ellenbongen, 1986; Teimourian
1986; Guerrerosantos, 1996; 2000; Toledo, 1996). Their technical modifications act in a
different way on graft’s biology which creates a variety of factors of influence on the
postoperative effect. Thus, even though there are irrefutable proofs for the advantages of
autologous fat grafting, still there are some controversies regarding its technical
implementation.
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Fig. 1. A patient with cleft No4 according to Tessier classification: A - preoperatively; B -
14,5 months after autologous fat grafting of 3cc in the upper lip and 10cc in right and 7cc in
left suborbital region; C - fat tissue found intraoperatively in the recipient site 2 years after
the fat grafting

Fig. 2. A patient with bilateral cleft lip and palate, operated according protocol earlier: A -
preoperatively; B - 10,5 months after autologous fat grafting of 6cc in the upper lip; C - 12
months after second grafting of 4cc; D - fat tissue found intraoperatively in the recipient site
1 year after the second fat grafting

4. Surgical technique

Nowadays the universal method of autologous fat transplantation is Coleman’s technique
“lipostructure” with some variations of its technical implementation. In general it consists of
three stages: fat harvesting, specific processing of the aspirate and reimplantation performed
in sterile conditions with respect to the fragility of adipocytes.

In our practice fat harvesting is done by deep manual lipoaspiration of the donor site using
different in length 2,6mme-inner-diameter blunt cannulas, allowing the free passing of fat
cells, attached to a 10-cc syringes of a Luer-lock type. The so described vacuum system is
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brought in through a miniature incision placed in the natural creases. The donor site could
be any of the subcutaneous depots with or without excessive fat accumulation but we
always choose the pelveotrochanteric region for the more appropriate size of the fat cells
and their higher activity of lipoprotein lipase (Hudson et al., 1990; Niechajev, Sevcuk, 1994;
Fulton et al., 1998). Lipoaspiration is performed under manual regulation of the negative
pressure not exceeding 2cc. In the cases operated under general anesthesia no local
infiltration is used. For local anesthesia or in the cases of neurosedation between 40cc and
80cc of modified Klein’s solution (500ml NaCl, 150mg Lidocain®, 0,5mg Epinephrine®) are
applied. Until processing the harvested material is kept in the syringes used for aspiration
obturated with sterile caps preventing the harmful contact with air.

The harvested quantity and the choice of anesthesia are individual and depending on
patient’s character and indications.

The processing of the graft could be done by various methods: centrifugation at different
revolutions per minute and durations; decantation; serum washing and so on. In our
practice we use centrifugation at 3400 rpm for 3 minutes and serum lavage but we
recommend the second method for reasons that will be later discussed.

The graft is centrifuged in the same 10-cc syringes in which it is harvested. The pistons are
being removed and the obturated syringes are placed in the centrifuge in sterile metal flasks
ensuring sterility. Centrifugation results in sedimentation of material and formation of three
layers:

e at the top - an oily layer which is an effect of adipocytes disintegration
e in the middle - the adipose graft
e at the bottom - mainly serum and blood products

This method of processing is considered done when the serum at the bottom and the oil at
the top are removed.

The advised by us technique of serum lavage is realized by transferring of the harvested
material from the 10-cc syringe in which it was obtained to 20-cc syringe and washing by
additionally drawn 10cc of physiological serum. To obtain a fat graft free of oil and blood
the saline solution is changed one or two times. The removal of the washing material could
be done in two ways according to surgical time: 1) after a short stay in vertical position the
saline precipitates at the bottom of the syringe and it is gently pushed by the piston or 2) by
pulling up the piston which results in saline leak.

For the next stage the so processed grafts are transferred into lcc-syringes. Reinjection is
done by 1,2mm or Imm-inner-diameter blunt cannulas which allow structure-safe passing
of fat cells and in the same time creates tunnels which diameter do not exceed the critical
one for revascularization (1,5+0,5mm). The combination of cannulas and syringes of these
sizes is optimal as they exert very low pressure on the fragile graft and in the same time they
are easy for managing. The cannulas are introduced in the recipient site by lots of miniature
incisions placed in a manner reassuring the creation of a three-dimensional trellis of grafted
tunnels. For prevention of possible embolism reinjection is done while gently pulling
backwards the cannula.

Grafted quantities and intraoperative extent of correction is individual and should be
planned after a thorough discussion with patients explaining the advantages and
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disadvantages of the method, the discomfort of the hypercorrection and the expected
resorption. However we do recommend the realization of a slight overcorrection for better
results.

The incisions are sutured with Prolene® 6/0 - 7/0. At the end of the operation a light
modulating massage of the recipient site and application of epithelotonic unguents is
advised. According to localization a bandage or ice compresses in regular basis could be
placed for the first 24 hours. At the donor site the wearing of a compressive bandage or
garment for a period of 7 days is advised.

5. Factors of influence on the therapeutic results

Fat tissue is very fragile and requires a delicate handling. In view of that every stage of the
contemporary surgical protocol as well as all related factors have been subjected in time to
various investigations aiming an establishment of potential agents of influence on the
postoperative results. Hereby we represent a summary on the existing information in
literature and our personal contribution by a survey on 148 protocols of autologous fat
transplantation realized for a period of 3 years in the Division of plastic and craniofacial
surgery, St. George University Hospital, Plovdiv, Bulgaria. The comparison of the
investigated factors was realized by application of the described below methods of
outcomes assessing (6.Methods of outcomes assessing).

5.1 Local anesthetics

There are various reports and different preferences on the optimal type of anesthesia based
on quite controversial data on the impact of local anesthetics (Ellenbongen, 1986; Chajhir,
Benzaquen, 1989; Ersek, 1998; Har-Shai, 1998; Amar, 1999; Coleman, 2001). In 1995 Jr. Moore
published the results of a profound analysis stating no negative influence of the adrenalin
on fat cells survival (Moore, 1995). On the contrary, lidocain leaded to inhibition of glucose
transport, lipolysis and growth of adipocytes but the effect was irreversible after cease of
contact. Later on, in 2003 the latter was confirmed by ]J. MacRae’s histomorphological
research. It found no significant differences between most of the known anesthetics
according to their influence on graft viability.

In our practice we always choose local anesthesia when possible - for grafting small
quantities or working in limited locations. For the donor site we apply 0,5% lidocain for
anesthetizing the place of incision and a tumescent type of infiltration of modified Klein
solution (500ml NaCl, 150mg Lidocain®, 0,5mg Epinephrine®) for the rest of the zone. In
these cases we prefer a subsequent processing by serum lavage for better purification of the
graft. For the recipient site we tend to apply local blocks as the terminal type of local
anesthesia leads to tissue edema perplexing the exact planning of the transplant quantity.

In cases with general anesthesia no local infiltration is advised.

5.2 Donor site

Any of the subcutaneous adipose tissue depots could be used as a donor site. More
frequently these are the places of excessive fat accumulation such as the pelveotrohanteric
region (thighs), abdomen, knees, ankles or even chin and hands. According to needed
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quantity numerous sites could be used. Nevertheless for treatment of mirror zones
(nasolabial folds, cheeks, etc) we advise application of grafts harvested from one place as fat
tissue differs according to cells size and activity in different locations (Hudson et al., 1990;
Dugail, Ferre, 2002; Casteilla et al, 2004). For example D. Hudson at al. found out that the
adipocytes in pelveotrohanteric region are bigger and with higher activity of the lipoprotein
lipase. Later on ]. Fulton and I. Niechajev proclaimed as optimal for fat harvesting the
pelveotrohanteric zone, followed by the abdomen and face region (Hudson et al., 1990;
Niechajev, Sevcuk, 1994; Fulton et al., 1998). Many other statements of preferences could be
found in literature but we always choose the pelveotrochanteric zone when possible
especially in female patients.

5.3 Fat harvesting

According to the optimal method of fat harvesting there are many investigations in favor of
the manual lipoaspiration (liposuction). This technique combines the advantages of machine
liposuction and surgical excision and in the same time it does not have the burden of their
disadvantages - respectively adipocytes destruction due to the high negative pressure and
disfiguring cicatrices (Novaes et al., 1998; MacRae et al., 2003; Mojallal, Foyatier, 2004).
Manual lipoaspiration is noninvasive and as atraumatic towards adipose cells as surgical
excision (Moore et al., 1995; Lalikos et al., 1997) which makes it an optimal method for fat
harvesting.

5.4 Graft processing

The product obtained by fat harvesting consists not only of morphologically preserved
adipose structures but also of products of tissue disintegration which sets the need of
subsequent specific purification. This stage of the surgical technique is still disputed and
there are several known methods of its realization - decantation, filtration, centrifugation
and washing with saline solution (Mojallal, Foyatier, 2004; Khater, 2010). Filtration has
already been denied for its traumatizing mechanical impact on fat cells and the too long
exposition to air (Ersek, 1991; Niechajev, Sevcuk, 1994). The method of decantation is also
not preferred for its duration which prolongs surgical time.

Nowadays the techniques of choice for most surgeons are centrifugation and washing with
saline solution. 0,9% NaCl is experimentaly proved to be not harmful for fat cells viability
which makes the method of serum lavage preferable for many authors (Ersek, 1991; 1998;
Horl et al., 1991; Marques et al., 1994; Fulton, 1998; Har-Shai, 1999; MacRae et al., 2003;
Smith at al., 2006; Khater et al., 2008). The method of centrifugation is applied in 3000-3400
rpm for 3 minutes. Though there have been many controversial researches concerning its
safety, optimal rpm and duration, the technique is proved to be atrauamatical (Jauffret,
1998; MacRae et al., 2003; Smith at al., 2006; Khater et al., 2008).

To investigate the potential influence of the two techniques on surgical outcomes we
compared results assessments (subjective and expert) and changes in quantity and
morphology of aspirates after their application. From 148 cases of autologous fat
transplantation 80,4% were operated with centrifugation of the graft at 3400rpm for 3min.
and 19,6%with the already described (4.Surgical technique) technique of serum lavage. At
the end of the follow up period the subjective and expert analysis found out considerably
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better results in the group with non centrifuged fat grafts (p<0,01 (fig.3)). The latter proved
a dependency of the postoperative effect on the technique of purification in favor of serum
lavage (fig.4, 5).

subjective analysis expert analysis

O sufficient result
O insufficient result

0O absent result

centr. lavage centr. lavage

Fig. 3. Assessment of patients and expert jury according to the method of purification:
centrifugation (centr.) and serum lavage (lavage).

Fig. 4. 26-years old patient with transplantation of 4cc centrifuged autologous fat graft in the
upper lip region. A - preoperatively; B - 12 months postoperatively

Fig. 5. 24-years old patient with transplantation of 4cc purified by the technique of serum
lavage autologous fat graft in the upper lip region. A - preoperatively; B - 12 months
postoperatively
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Al

B

Fig. 6. Syringe aspirated adipose tissue processed by centrifugation (A) and serum lavage

(B). Hematoxylin -Eosin staining. Magnification: x200.

Parameters Average
amount Average Average
. amount after difference in T P
processing before rocessin uantit
type processing P 5 d Y
Centrifugation 31,74cc 22,24cc 9,50cc 3,27 <0,01*
Serum lavage 50,72cc 31,75cc 18,98cc

Table 1. Average difference in aspirate quantity before and after centrifugation and washing
with saline solution. *The difference is statistically significant

Histological analysis found out more preserved tissue elements in the non centrifuged
samples (fig.6). Of greatest importance among them was the presence of more immature
adipose cells (preadipocytes) which in comparison with adipocytes are more resistant to
ischemia, easier for revascularization and capable of proliferation and differentiation. The
observed differences in preadipocytes preservation makes the technique of serum lavage
more favorable for postoperative outcomes especially in view of recent assumptions that the
primary flow of previous techniques was selecting the wrong component of adipose tissue -
adipocytes (Scholler et al., 2001).

The quantative analysis found out that in comparison with saline washing the method of
centrifugation preserves two times bigger amount of the harvested material (tabl.1). In view
of the worse results and the presence of less tissue elements, the latter makes us think that
the method of centrifugation is imperfect according to graft purification by detergents.

The influence of the two methods on grafts viability was studied in vitro in floating tissue
cultures and diffusion chambers (Khater et al., 2008). After 7 days of cultivation the
morphological analysis again found greater presence of preadipocytes in the non
centrifuged samples (fig.7). Among the grafts cultivated in diffusion chambers these results
were additionally confirmed (fig.8) by investigation of the immunohistochemical expression
of leptin (Alexis Biochemicals; dilution 1:5000) which is a significant marker of adipose cells
(Klein et al., 1996; Cinti et al., 1997; Atanassova, Popova, 2000). By analogy, in view of the
fact that adipocytes do not have the ability to divide, the immunohistochemical expression
of Cyclin D1 (DACO corp.; dilution 1:200) - an universal marker of proliferation (Klein et al.,
1996; Cinti et al., 1997) showed higher proliferative activity in the non centrifuged grafts
(fig.9). The latter spurs the notion of greater possibility of de novo fat formation in the
recipient site after transplantation of adipose tissue processed by serum lavage. This idea
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was also supported by the results observed after cultivation in floating tissue cultures
(fig.10). In centrifuged grafts weak manifestation of proliferation and differentiation was
observed. In comparison, in the non centrifuged grafts could be seen a vast proliferative
zone and a zone of distant cell migration containing differentiating preadipocytes.

B

Fig. 7. Diffusion chamber tissue culture, hematoxylin - eosin staining. Magnification x200: A
- centrifuged adipose graft culture: presence of adipocytes and a small amount of
preadipocytes among them. B - non centrifuged graft culture: presence of adipocytes,
preadipocytes and connective tissue fragments containing preadipocytes.

Fig. 8. Inmunohistochemical expression of leptin in adipocytes and preadipocytes.
Diffusion tissue chambers, magnification - x200. A - centrifuged adipose graft culture -
expression of leptin in adipocytes and in small amount of preadipocytes among them. B -
non centrifuged graft culture - expression of leptin in adipocytes and in the preadipocytes
among them and within the connective tissue fragments.

B

Fig. 9. Immunohistochemical expression of Cyclin D1 in preadipocytes. Diffusion tissue
chambers, magnification - x200. A - centrifuged adipose graft culture; B - non centrifuged
graft culture
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A 4B

Fig. 10. Floating tissue cultures. Sudan III - hematoxylin staining, magnification x200.

A - centrifuged adipose graft culture: primary zone of cultivation and proliferative zone;

B - non centrifuged graft culture: primary zone of cultivation, proliferative zone and a zone
of distant cell migration.

5.5 Recipient site

The quality of the recipient site is of great importance for transplant survival. The optimal
conditions are to have anatomically and physiologically undamaged tissue structures with
good blood supply. It is proved that fat grafting in zones of fibrosis is done under pressure
which leads to structure changes in cells and diminishes the chances of survival (Har-Shai,
1999). For optimal results in these cases a certain repetition of the method is needed and
after a few applications a considerable improvement of such a zone quality could be
observed (Mojallal, Foyatier, 2004).

As good vascularization is of utmost importance for successful transplantation many
authors consider the muscle optimal for graft intake because of its blood supply (Nguyen et
al., 1990; Niechajev, Sevcuk, 1994; Guerrerosantos, 2000). Though this recipient site still has
its supporters (Colic, 1999; Jackson, 2001; Stampos, Xepoulias, 2001) it was proved that it is
of a much risk for hematoma formation and fat cells lysis (Mojallal, Foyatier, 2004).
Nowadays there is not a unified opinion for the optimal anatomical structure but it is
experimentally proved that fat grafting in zones without fat tissue by nature is unsuccessful
(Van, Roncari, 1977; 1982).

We investigated the potential influence of recipient site anatomical location on the
therapeutic results (Khater, 2010). The comparison of outcomes assessments after grafting in
head and neck region, limbs and body found more favorable results with statistical
significance (p<0,05) in the head and neck region (fig.11). We attribute the latter to the
higher blood supply of this region.

5.6 Indications

The method of autologous fat grafting is suitable for soft tissue defects correction or volume
augmentation. It is widely used for esthetic indications - esthetic surgery of the face, aging
hands corrections etc. There are still some controversies on applying the method for breast
augmentation. Though many surgeons think that the technique impedes breast cancer
diagnosis by formation of micro calcifications and cicatrices it works quite well in the hands
of others if the fat is not directly injected into the gland (Gradinger 1987; Hartrampf 1987;
Ousterhout 1987; Khouri et al., 2000; Delay 2009).
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subjective analysis expert analysis

100%;
80%9
60%- O sufficient result

Oinsufficient result

Oabsent result

40%9
20%9
0%:

h&n limbs body h&n limbs body

Fig. 11. Assessment of patients and expert jury according to recipient zone location: head
and neck (h&n), limbs, body

Initially designed to fulfill the esthetic surgery needs nowadays the method has a broad
spectrum of reconstructive indications though there is still a certain lack of distinctness
which defect or condition is appropriate for such a surgical solution. Back in 2000 J.
Guerrerosantos published a classification of soft tissue defects dividing them into four
stages (Guerrerosantos, 2000). The first two groups affect only the subcutaneous tissue and
could be treated successfully only by autologous fat transplantation. For the other two
stages a combination with other surgical techniques is needed as the defects affect
underlying structures in partial or full depth. This classification is very popular and advised
for therapeutic strategies creation.

In our practice we compared the results assessments after autologous fat transplantation for
esthetic and reconstructive indications and found considerably better results in the esthetic
group (p<0, 0001 (fig.12)) probably due to the better qualities and blood supply of recipient
sites. In view of that when treating cases with reconstructive indications a planning of
multiple applications is advised.

Hereby we represent few cases of example from our practice (fig. 13 - 21).

subjective analysis expert analysis
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Fig. 12. Assessment of patients and expert jury according to indications: esthetic (esth.) and
reconstructive (rec.)
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Fig. 13. A 27-year old patient with a forehead contour defect consequence of cranioplasty.
A - preoperatively; B - 12 months after transplantation of 25cc purified by the technique of
serum lavage autologous fat graft in the forehead region.

Fig. 14. A 35-year old patient with otomandibular syndrome in the right. A - preoperatively;
B - one month after distraction and transplantation of 20cc centrifuged autologous fat graft
in right mandibular area.

Fig. 15. A 33-year old patient with contour defect after mentoplasty. A - preoperatively; B -
9 months after 3 applications in 3 months of 16cc non centrifuged autologous fat graft in the
chin area.
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Fig. 16. A 23-year old patient with contour defect after operation for scapular fibrosarcoma 5
years ago. A - preoperatively; B - 3 months after transplantation of 51cc non centrifuged
graft in scapular region.

Fig. 17. A 28-year old patient with cleft lip and palate in the right operated in childhood. A-
preoperatively; B - 18 months after rhynoplasty and transplantation of 4cc non centrifuged
fat graft in the upper lip.
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B

Fig. 18. A 29-year old patient with contour defects of the left leg sequence of clostridial
myonecrosis in childhood. A - preoperatively; B - 16 months after transplantation of 100 cc
centrifuged fat graft in the different regions.

Fig. 19. A 24-year old patient with lip augmentation and rhynoplasty. A - preoperatively;
B - 24 months after 2 applications in 6 months of centrifuged fat graft: 2x2,5cc in the upper
and 2x2,5 in the lower lip.
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B 4

Fig. 20. A 56-year old woman with autologous fat grafting in the nasolabial folds. A -
preoperatively; B - 12 months after transplantation of 10cc non centrifuged graft in each
fold.

B

Fig. 21. A 33-year old patient with Poland Syndrome treated with breast augmentation 8
years ago (160cc round prosthesis). A - preoperatively; B - 2 weeks after operative change of
prosthesis (180cc round prosthesis) and application of 18cc of non centrifuged fat graft.
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5.7 Reimplantation

Although there are many stated preferences and created surgical instruments (Chajhir,
Benzaquen 1990; Niechajev, Sevcuk, 1994; Toledo 1994; Amar 1999), nowadays the method
of choice for fat grafts application is the three-dimensional technique of Coleman (Coleman,
2001). Most of the surgeons use the proceeded material immediately after fat grafting but in
literature could be found examples for graft freezing and subsequent use (Coleman WP
1999; Fulton et al., 1998; Bertossi et al., 2000) or graft enrichment with growth factors and
other substances increasing the chances of graft survival (Pinski et al., 1992; Scholler et al.,
2001).

5.8 Intraoperative extent of correction — normo- and hypercorrection

The stated in literature graft survival varies but it is rarely 100%. There is always a certain
percentage of transplant resorption. For optimization of postoperative outcomes many
authors advise a hypercorrection of the treated zone (Niechajev, Sevcuk, 1994; Amar 1999;
Coleman 2001) or three and more applications in the recipient site at regular basis - between
3 and 6 months (Bircoll 1987; Boschert et al., 2002). In our practice the comparison of surgical
outcomes assessments showed more favorable results after hypercorrection of the treated
zones (p<0, 0001 (fig.22)). There were no statistical differences between multiple and single
graft applications.

subjective analysis expert analysis

100%-
80%1"]
60%+” O sufficient result
40%4 Dinsufficient result
20%4] Dabsent result
0%-
normo hyper normo hyper

Fig. 22. Assessment of patients and expert jury according to the extent of surgical correction:
normocorrection (normo) and hypercorrection (hyper)

5.9 Combinations with other interventions

The need of combinations with other surgical interventions is individual and it depends on
the treated defect. Nevertheless an immediate combination with another surgical technique
in the recipient site is not advised for increasing the chances of traumatism and graft lysis.
On the other hand autologous fat grafting with execution of other interventions in adjacent
regions such as augmentation of gluteus region with liposuction of thighs or lip
augmentation with rhinoplasty was highly assessed by the patients (p<0,0001 (Fig.23)). The
expert analysis showed no significant difference between the groups. These data are not
informative for the efficiency of autologous fat transplantation as a surgical method but
show that its combination sometimes could improve subjective results apprehension.
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subjective analysis expert analysis
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Fig. 23. Assessment of patients and expert jury according to the type of operation:
autologous fat grafting (AFG) and autologous fat grafting in combination with other
techniques in adjacent areas (AFG&)

6. Methods of outcomes assessing

The assessment of the postoperative results is closely related and dependent on the extent of
graft survival. In general there are two theories about what happens in the recipient site
after fat grafting: the theory of entire cell replacement by the host and the theory of
adipocytes survival (Mojallal, 2003). According to the first one, which still has some
followers, the induced volume augmentation in the recipient site is due to an entire
phagocytosis of grafted cells and accumulation of phagocytes (Chajhir et al., 1990; Nguyen
et al., 1990; Eremia, Newman, 2000; Sadick, Hudgins, 2001). The second theory states that
the transplanted adipocytes survive and continue their development in the recipient site.
Nowadays there are many researches in favor of this statement but the first and the most
important one was published back in 1950 by L. Peer (Peer, 1956). The author described an
autologous fat transplantation of grafts with different sizes in the rectus abdominis muscle
area of 26 patients. The subsequent histological analysis discovered a periphery
neovascularization starting at the fourth postoperative day and up to 50% of resorption to
the end of the first year, more intensely expressed in the cases with bigger fragments
transplantation. These findings were later supported by many experimental, biochemical
and histological researches based on biopsies (Carpaneda, Ribeiro, 1993; 1994; Niechajev,
Sevcuk, 1994; Jauffret, 1998; Moitra et al., 1998; Gavrilova et al., 2000; Rieck, Schlaak, 2003)

Unfortunately, since then there are not much more means of graft survival or results
assessment. After the biopsy of the graft the most informative methods are the magnetic
resonance imaging and the 3-D tomodensitometry of the recipient site pre and
postoperatively but they are too expensive and not suitable for routine clinical practice (Horl
et al., 1991; Liang et al, 1991; Har-Shai, 1999). Echography is not informative. Up to date the
only approachable assessment method remains the standardized photo documentation.

After we summarized the experience of other authors we offer a protocol of results
evaluation combining all known uninvasive methods. We suggest postoperative outcomes
follow up in three stages:
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e immediate - to the end of the first week,

e intermediate - between the 3d and 6th month, in which the results are still unstable and

e final - after the 9t month, after which according to literature the graft is steadily
integrated (Horl et al, 1991; Carpaneda, Ribeiro, 1993) and further resorption is
unexpected.

The follow up includes standardized photo documentation and filling up of specially designed
protocols and patients” inquiries. Photographs should be taken preoperatively and in the three
postoperative stages in same and as many as possible projections. We recommend a distance
of 1 meter for the face and 2 meters for other regions. The protocols should be filled in by the
operating surgeon and should record: personal data, indications, consecution of the
intervention, combinations with other interventions, type of anesthesia, donor and recipient
site, method of processing, harvested and grafted quantities, intraoperative extent of correction
and complications as these two should be as well followed in the 3 postoperative periods. The
patients’ inquiries are not obligatory but very helpful for evaluating the subjective view of the
postoperative period: donor or recipient site pain; any difficulties in social integration due to
edema and ecchymoses and most importantly personal assessment of the results as sufficient,
insufficient or absent. To avoid the subjectivity some surgeons are proposing a creation of an
alternative jury for double blind assessing of the results.

7. Complications and disadvantages

Our practice showed that there are rarely any complications after application of autologous
fat grafting (fig.24, 25). Among investigated cases complications in donor site were
dependant on the aspirated quantity which sets the need for multiple donor sites planning if
bigger amount of fat is needed.

Our investigation found out that the postoperative period is not painful in most cases and if
it is there is a prevalence of the low intensity rates - 3,95+0,29 in recipient and 4,22+0,26 in
donor site according to subjective pain assessment from 1 to 10.

Usually after autologous fat transplantation edema and ecchymoses of donor and recipient
sites are observed. As the latter are almost always present they are considered as method’s
disadvantages. In the investigated cases edema was observed in 65,54% and ecchymoses in
20,95%. According to our patients the disadvantages were present for about one week and
in most cases they did not interrupt their habits and social activity (fig.26).

Ono complications
1,35%

1,35% @ skin trauma

B hematoma formation

95,950/° 0,68%:
0,68%| Obleeding

Ohipesthesia

Fig. 24. Postoperative complications in donor site
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Fig. 25. Postoperative complications in recipient site

In conclusion we could say that the intervention is not painful and rarely leads to
complications. It is well accepted by patients and does not require a long period of
rehabilitation.

B no negative impact (%)

ecchymoses
B impeding going out (%)

I | O impeding work(%)

0 10 20 30 40 |@impeding both (%)

edema

Fig. 26. Edema and ecchymoses impact on social activities. Data by patients’ inquiry

Nevertheless there could be some complications due to a bad surgical technique such as:

e  Graft migration - when applying big quantities in a cavity or in a manner different from
the three-dimensional technique

e  Skin irregularities or even necrosis in the cases of too superficial applications

e Liponecrotic cysts formation - when injecting big quantities unable of revascularization

e Infections

e Embolism after fat injection into vessels and so on

8. Perspectives

Nowadays, the growing knowledge on the complexity of adipose structure and functions
revealed great potentials of influence on the therapeutic results. The contemporary
strategies in autologous fat grafting improvement are concentrated on gaining presence of
particular tissue structures in the graft (preadipocytes, etc), provoking different substances
secretion or creation of methods for transplant enriching and thus improving the chances of
its survival and integration.
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It is now clear that fat tissue is a major endocrine and paracrine organ producing a variety of
hormones and signalling molecules, generally referred to as adipokines (Mohamed-Ali et
al., 1998; Fruhbeck et al., 2001; Chaldakov et al., 2003; Trayhurn, Wood, 2004). Among those
is the nerve growth factor (NGF), recently proved to be synthesized in the main white
adipose tissue depots by the stromo-vascular cell compartment and mature adipocytes
(Peeraully et al., 2004; Ryan et al., 2008; Sornelli et al., 2009). NGF is a pentameric protein
complex which neutrophic activities are mediated by the tyrosine kinase A (trkA) - high
affinity receptor, specific for NGF and p75 - non-specific, low affinity receptor. Its
expression in adipocytes is associated with wound healing and plasticity (Tore at al., 2007)
and it exerts metabotrophic effect on glucose, lipid and energy homeostasis as well as
antilipolytic, lipogenic and angiogenic effects (Emanueli et al., 2002; Hansen-Algensteadt et
al., 2006). Moreover, NGF has an indirect effect on fat cells viability, proliferation and
differentiation (Peeraully et al., 2004).

In our practice the expression and cellular localization of nerve growth factor and its’
receptors - trkA and p75 was investigated in non centrifuged adipose grafts in view of
potential possibilities for influence on outcomes. Immunohistochemical investigations
demonstrated a moderate positive expression of NGF in both types of adipose cells (mature
and immature) and a much stronger expression of the trkA receptor with higher intensity in
the preadipocytes (fig.27 - A, B). No expression of p75 was detected.

In future these findings could influence upon the strategies of outcomes improvement as the
mechanisms of NGF expression and secretion regulation are already known.

Our investigations also pose some questions on postoperative graft intake. For example, it
would be interesting to know to what extent the neutrophin is involved with postoperative
swelling after autologous fat grafting. In 1995 Amman et al. proved that local injection of
NGF in rat's paw causes oedema and hyperalgesia (Amman et al., 1995). In the same time
the widely used in clinical practice low temperature and glucocorticoids for their anti-
edematous effects are known to decrease the neutrophin’s release. Another question which
answers would also need further investigations is related to the expected postoperative
outcomes after autologous fat grafting in patients with altered levels of NGF as in obesity or
type 2 diabetes.

The determination of all those issues could bring to a new era for fat grafting strategies

REF YR A
# I 1 = 4 7"-

Fig. 27. Immunohistochemical analysis of NGF (A) and trkA (B) in non centruged fat grafts
- ABC method with primary antibodies (Santa Cruz, USA) in dilution 1:200: A -moderate
positive expression of NGF in both types of adipose cells (mature and immature); B - A
much stronger expression of the trkA receptor with higher intensity in the preadipocytes

www.intechopen.com



Autologous Fat Grafting — Factors of Influence on the Therapeutic Results 205

9. References

Amann R, Schuligoi R, Herzeg G, Donnerer ] (1995) Intraplantar injection of nerve growth
factor into the rat hind paw: local edema and effects on thermal nociceptive
threshold. Pain 64: 323-329

Amar R.E. (1999) Microinfiltration adipocytaire (MIA) au niveau de la face, ou
restructuration tissulaire par greffe de tissu adipeux. Ann. Chir. Plast. Esthét 44(6):
593-608

Ashjilian P.H, De Ugarte D.A, Katz A.], Hedrick M.H. (2002) Lipoplasty: From body
countouring to tissue engineering. Aesthetic Surg | 22: 121-127

Asken S. (1987) Autologous fat transplantation: micro and macro techniques. Am J. Cosm.
Surg., 4:111-121

Atanassova P, Popova E (2000) Leptin expression during the differentiation of subcutaneous
adipose cells of human embryos in situ. Cells Tissue Organs 166: 15-19

Atanassova P. (1996) Immunohistochemical expressionof the protein of the ob-gene, leptin,
during early human embryogenesis. Annals of anatomy. Supplementheft zum 183.
Band des Anatomischen Anzeiger.: 74

Atanassova Pepa (2000) Hystiogenesis and differentiation of subcutaneous adipose cells in
human early embriogenesis in situ. Thesis for conferring a PhD title in medicine,
Medical University of Plovdiv, Bulgaria

Bames HO. (1953) Augmentation mammaplasty by lipotransplant Plast Recons Surg; 11: 404

Bertossi D, Kharouf S, D’Agostino A, Fior A, Bedogni A, Zancanaro C. (2000) Facial localize
cosmetic filling by multiple injections of fat stored at -30 degrees C. Techniques
clinical follow-up of 99 patients and histological examination of ten patients. Ann
Chir Plast Estet, 45: 548 - 555

Billings E Jr, May JW Jr (1989) Historical review and present status of free fat graft
autotransplantation in plastic and reconstructive surgery. Plast Reconstr Surg
83:368-381

Billings E Jr, May JW Jr. (1989) Historical review and present status of free fat graft
autotransplantation in plastic and reconstructive surgery. Plast Reconstr Surg; 83:
368-81

Bircoll M. (1987) Cosmetic Beast Augmentation Utilizing Autologous fat and liposuction
techniques Plast Reconst. Surg. 79: 267-271

Bircoll M., Novack B.H. (1987) Autologous fat transplantation with liposuction techniques.
Ann of Plast. Surg. 18(4): 361-2

Boschert MT, Beckert BW, Puckett CL, Concannon MJ. (2002) Analysis of lipocyte viability
after liposuction. Plast Reconstr Surg 109: 761 -6

Brunning P. (1919) Contribution a I'étude des greffes adipeuses. BullMémAcadRMéd Belg; 28:
440

Carpaneda CA, Ribeiro MT. (1994) Percentage of graft viability versus injected volume in
adipose autotransplants. Aesthetic Plast Surg 18: 17-19

Carpaneda CA, Ribeiro MT. (1993) Study of the histologic alterations and viability of the
adipose graft in humans. Aesthetic Plast Surg 17: 43-47

Carraway J.H., Mellow C.G. (1990) Syringe aspiration and fat concentration: a simple
technique for autologous fat injection. Ann. Plast. Surg. 24: 293-296

www.intechopen.com



206 Current Concepts in Plastic Surgery

Casteilla L, Charriere G, Laharrague P, Cousin B, Planat-Benard V, Pericaud L, Chavoin J.P.
(2004) Adipose tissue, plastic and reconstructive surgery: come back to sources Ann
Chir Plast Esthet 49: 409-418

Chajhir A., Benzaquen I. (1989) Fat grafting injection for soft tissue augmentation. Plast.
Reconst. Surg 84(6): 921-934

Chajhir A., Benzaquen I., Wexler E., Arellano A. (1990) Fat injection. Aesth. Plast. Surg. 14:
127-316

Chaldakov G, Stankulov I, Hristova M, and Ghenev P (2003) Adipobiology of disease:
adipokines and adipokine-targeted pharmacology. Curr Pharm Des 9: 1023-1031

Chaldakov G, Tonchev A, Tunsel N, Atanassova P, Aloe L. (2006) dipose tissue and mast
cells. Adipokines as yin-yang modulators of inflammation. Nutrition and health:
Adipose tissue and adipokines in health and disease, edited by G. Fantuzzi and T.
Mazzoni, Humana Press Inc., Totowa, NJ (12): 147-154

Cinti S, Frederich RC, Zingaretti MC, De Matteis R, Flier ]S, Lowell BB. (1997)
Immunohistochemical localization of leptin and uncoupling protein in white and
brown adipose tissue. Endocrinology 138: 797-804

Coleman S.R. (1994) Lipoinfiltration in the upper lip white roll. Aesth. Surg. 14: 231-234

Coleman S.R. (1995) Long term survival of fat transplants: Controlled Demonstrations.
Aesth. Plast. Surg. 19: 421-425

Coleman S.R. (2001) Structural fat grafts: the ideal filler? Clin. Plast. Surg., 28: 111-119

Coleman WP. (1999) Fat transplantation. Dermatol Clin 17:891-898

Colic M. (1999) Lip and Perioral Enhancement by Direct Intramuscular Fat Autografting
Aesth. Plast. Surg. 23: 36-40

Czerny V. (1895) Plasticher Ersatz der Brustdriise durch ein lipom. Zentralb Chir 27: 72

Delay E., Garson S, Toussoun G, Sinna R. (2009) Fat injection to the breast: technique,
results, and indications based on 880 procedures over 10 years. Aesth Surg Journal
29: 360-76.

Dugail I, Ferre P. (2002) Développement du tissu adipeux. Encycl Méd Chir 2002; (Elsevier
SAS, Paris), Endocrinologie- Nutrition, 10-506-A-10, 8

Ellenbongen R. (1986) Free autologous pearl fat graft in the face - a preliminary report of a
rediscovered technique. Ann. Plast. Surg. 16: 179-194

Emanueli C, Salis M, Pinna A, Graiani G, Manni L, Madeddu P (2002) Nerve Growth Factor
Promotes Angiogenesis and Arteriogenesis in Ischemic Hindlimbs. Circulation 106
(17): 2257-2262

Eremia S, Newman N. (2000) Long term follow-up after autologous fat grafting: analysis of
results from 116 patients followed at least 12 months after receiving the last of a
minimum of two treatments. Dermatol. Surg 26: 1150-1158

Ersek R.A. (1991) Transplantation of purified autologous fat: a 3-year follow-up is
disappointing. Plast. Reconst. Surg. 87: 219-228

Ersek R.A., Chang P., Salisbury M.A. (1998) Lipo layering of autologous fat: an improved
technique with promising results. Plast. Reconst. Surg., 101(3): 820-826

Fournier P. (1996) Liposculpture: Ma technique. (2eme edition) Paris, Arnette

Fruhbeck G, Gomez-Ambrosi J, Muruzabal F], and Burrell MA (2001) The adipocyte: a
model for integration of endocrine and metabolic signaling in energy metabolism
regulation. Am | Physiol Endocrinol Metab 280: 827-847

www.intechopen.com



Autologous Fat Grafting — Factors of Influence on the Therapeutic Results 207

Fulton JE, Suarez M, Silverton K, Barnes T. (1998) Small volume fat transfer Dermatol Surg
24:857-865

Gavrilova O, Marcus-Samuels B, Graham D, Kim JK, Shulman GI, Castle AL (2000) Surgical
implantation of adipose tissue reverses diabetes in lipoatrophic mice. | Clin Invest;
105: 271-278

Gradinger G.P. (1987) Breast augmentation by autologous fat injection (correspondence).
Plast. Reconst. Surg 80(6): 868

Guerrerosantos J. (1996) Autologous fat grafting for body contouring. Clin. Plast. Surg 23:
619-631.

Guerrerosantos J. (2000) Long-term outcome of autologous fat transplantation in aesthetic
facial recontouring: sixteen years of experiencewith 1936 cases. Clin Plast Surg
27:515-544

Hansen-Algensteadt N, Algensteadt P, Schaefer C, Hamann A, Wolfram L, Cingoz G, Kilic
N, Schwarzloh B, Schroeder M, Joescheck C, Wiesner L, Ruther W, Ergun S (2006)
Neural driven angiogenesis by overexpression of nerve growth factor Histochem
Cell Biol 125: 637-649

Har-Shai Y. (1999) An integrated approach for increasing the survival of autologous fat
grafts in the treatment of contour defects. Plast. Reconstr. Surg 104: 945-954

Hartrampf C.R., Bennett G.K. (1987) Autologous fat from liposuction for breast
augmentation (correspondence). Plast. Reconst. Surg 80(4): 646

Horl HW, Feller AM, Biemer E. (1991)Technique for liposuction fat reimplantation and long-
term volume evaluation by magnetic resonance imaging. Ann Plast Surg 26:248-258

Hudson DA, Lambert EV, Bloch CE. (1990) Site selection for fat autotransplantation: some
observation. Aesth Plast Surg 14:195-197

[Mlouz Y.G. (1988) Present results of fat injection. Aesth. Plast. Surg 12: 175-181

Ilouz Y.G. (1986) The fat cell graft: a new technique to fill depressions. Plast. Reconstr. Surg
78:122-123

Illouz Y.G. (1985) Utilisation de la graisse aspire pour combler les defects cutanes. Revue de
chirurgie esthetique de langue francaise. 40(10): 13-20

Jackson I. (2001) A successful long-term method of fat grafting: Recontouring of a large
subcutaneous postradiation thigh defect with autologous fat transplantation. Aesth
Plast Surg 25: 165-169

Jauffret J.L. (1998) Utilisation de la graisse autologue en chirurgie plastique et esthétique : la
technique de S.R. Coleman. These de Doctorat d’Etat en Médecine, Universite de la
Mediterrannee, Faculte de Medecine de Marseille, Marseille

Jauffret JL, Champsaur P, Robaglia-Schlupp A, Andrac-Meyer L,Magalon G (2001)
Arguments in favor of adipocyte grafts with the S.R. Coleman technique. Ann Chir
Plast Esthe 't 46:31-38; in French

Khater R, Atanassova P, Anastassov Y, Pellerin P, Martinot-Duquennoy V (2008). Clinical
and experimental study of autologous fat grafting after processing by
centrifugation and serum lavage Aesth Plast Surg 33: 37-43 (1)

Khater R. (2010) Autologous fat transplantation - clinical and experimental researches.
Thesis for conferring a PhD title in medicine, Medical University of Plovdiv,
Bulgaria

www.intechopen.com



208 Current Concepts in Plastic Surgery

Khouri, RK, Schlenz, I, Murphy, BJ, Baker, TJ. (2000) Nonsurgical breast enlargement using
an external soft tissue expansion system. Plast Reconstr Surg 105: 2500-2514

Klein S, Coppack SW, Mohamed-Ali V, Landt M. (1996) Adipose tissue leptin production
and plasma leptin kineticks in humans. Diabetes 45: 984-987

Lafontan M, Bouloumie A. (1999) Angiogenese : une implication physiologique de plus pour
la leptine. Méd/Sci 15: 382-1185

Lalikos JF, Li YQ, Roth TP, Doyle JW, Matory WE, Lawrence WT (1997) Biochemical
assessment of cellular damage after adipocyte harvest. | Surg Res 70:95-100

Laurent F., Capon-Dégardin N., Martinot-Duquennoy V., Dhellemmes P., Pellerin P. (2006)
Intérét du lipofilling dans le traitement des séquellesde chirurgie des
craniosténoses Ann. Chir. Plast. Esthét. 23-28

Lexer E. (1910) Freie Fett transplantation. Dtsch Med.Wochenschr; 36: 640

Liang MD, Narayanan K, Davis PL, Futrell JW. (1991) Evaluation of facial fat distribution
using magnetic resonance imaging. Aesthetic Plast Surg 15: 313-319

MacRae J.W., Tholpady S.S., Katz A.]., Gampper T.G., Drake D.B., Ogle R.C., Morgan R.F.
(2003) Human adipocyte viability testing: a new assay Aesth. Surg. | 23:265-269

Markman B. (1989) Anatomy and physiology of adipose tissue. Clin Plast Surg; 16: 235-241

Marques A, Brenda E, Saldiva PH, Amarante MT, Ferreire MC. (1994) Autologous fat grafts.
A quantitative and morphometric study in rats. Scand | Plast Reconstr Surg Hand
Surg 28:241-247

Mohamed-Ali V, Pinkney JH, and Coppack SW. (1998). Adipose tissue as an endocrine and
paracrine organ. Int | Obes 22: 1145-1158

Moitra J, Mason MM, Olive M, Krylov D, Gavrilova O, Marcus-Samuels B et al. (1998) Life
without white fat: a transgenic mouse. Genes Dev 12: 3168-3172

Mojallal A, Breton P, Delay E, Foyatier J-L (2004) Greffe d’adipocytes: applications en
chirurgie plastique et esthetique. Encyclopedie Medico-Chirurgicale: Techniques
chirurgicales, 1st edn. Elsevier SAS, Amsterdam

Mojallal A, Foyatier JL (2004) The effect of different factors on the survival of transplanted
adipocytes. Ann Chir Plast Esthe 't 49:426-436; in French

Mojallal A. (2003) Greffe d’adipocytes. Interet dans la restauration des volumes de la face - a
propos de 100 cas. These de Doctorat d’Etat en Médecine, Universite Claude
Bernard Lyon I, Faculte de Medecine Lyon-Sud, Lyon

Mojallal A., Foyatier J.L (2004) Historique de I'utilisation du tissu adipeux comme produit
de comblement en chirurgie plastique. Ann chir plast esthet 49: 419-425

Montague CT, Farooqi IS, Whitehead JP, Soos MA, Rau H, Wareham NJ (1997) Congenital
leptin deficiency is associated with severe early-onset obesity in humans. Nature;
387:903-907

Moore JH Jr, Kolaczynski JW, Morales LM, Considine RV, Pietrzkowski Z, Noto PF (1995)
Viability of fat obtained by syringe suction lipectomy: effects of local anesthesia
with lidocaine. Aesthetic Plast Surg 19: 335-339

Neuber GA (1893) Fettransplantation. Chir Kongr Verhandl Dtsch Gesellsch Chir 22:66

Nguyen A, Pasyk KA, Bouvier TN, Hassett CA, Argenta LC. (1990) Comparative study of
survival of autologous adipose tissue taken and transplanted by different
techniques. Plast Reconstr Surg 85: 378-387

www.intechopen.com



Autologous Fat Grafting — Factors of Influence on the Therapeutic Results 209

Niechajev I, Sevcuk O (1994) Long-term results of fat transplantation: clinical and histologic
studies. Plast Reconstr Surg 94: 496-506

Novaes F, Reis N, Baroudi R (1998) Counting method of live fat cells used in lipoinjection
procedures. Aesthetic Plast Surg 22:12-15

Ousterhout D.K. (1987) Breast augmentation by autologous fat injection (correspondence).
Plast. Reconst. Surg. 80(6): 868

Peer L.A. (1956) The neglected free fat graft Plast Reconstr. Surg 18: 234-250

Peeraully M.R, Jenkins J.R, Trayhurn P (2004). NGF gene expression and secretion in white
adipose tissue: regulation in 3T3-L1 adipocytes by hormones and inflammatory
cytokines. Am | Physiol Endocrinol Metab 287: 331-339

Pinski KS, Roenigk HH. (1992) Autologous fat transplantation: long tern follow-up. |
Dermatol Surg Oncol 18:179-184

Rieck B, Schlaak S. (2003) Measurement in vivo of the survival rate in autologous adipocyte
transplantation. Plast Reconstr Surg 111 (7): 2315-2323

Ryan TJ, Curri SB. (1989) The cutaneous adipose tissue. Clin Dermatol 7: 37-47

Ryan V.H, German A.], Wood 1.S, Morris P, Trayhurn P (2008) NGF gene expression and
secretion by canine adipocytes in primary culture: upregulation by the
inflammatory mediators LPS and TNF-a. Horm Metab Res 40:1-8

Sadick NS, Hudgins LC. (2001) Fatty acid analysis of transplanted adipose tissue. Arch
Dermatol; 137: 723-727

Scholler T, Lille S, Wechselberger G, Otto A, Mowlawi A, Pizza-Katzer H. (2001)
Histomorphologic and volumetric analysis of implanted autologous preadipocyte
cultures suspended in fibrin glue: A potential new source for tissue augmentation.
Aesth Plast Surg, 25: 57-63

Schrocher F. (1957) Fettgewebsverpflanzung bei zu kleiner Brust. Munschen Med Wochenschr;
99: 489

Shiffman MA, Mirrafati S (2001) Fat transfer techniques: the effect of harvest and transfer
methods on adipocyte viability and review of the literature. Dermatol Surg 27:819-
826

Smith P, Adams W.P, Lipschits A.H, Chau B, Sorokin E, Rohrich R.J, Brown S.A. (2006)
Autologous human fat grafting: effect of harvesting and preparation techniques on
adipocyte graft survival Plast. Reconstr. Surg 117: 1836-1844

Sornelli F, Fiore M, Chaldakov G, Aloe L (2009). Adipose tissue-derived nerve growth factor
and brain-derived neutrophic factor: results from experimental stress and diabetes.
Gen. Physiol. Biophys 28: 179-183

Stampos M., Xepoulias P. (2001) Fat Transplantation for Soft Tissue Augmentation in the
Lower Limbs. Aesth. Plast. Surg. 25: 256-261

Teimourian B. (1986) Repair of soft-tissue contour deficit by means of semiliquid fat graft.
Plast. Reconstr. Surg 78: 123-124

Toledo L. S. (1991) Syringe liposculpture: A 2 year experience. Aesth. Plast. Surg 15: 321-326

Tore F, Tonchev A.B, Fiore M, Tuncel N, Atanassova P, Aloe L, Chaldakov G.N. (2007) From
adipose tissue protein secretion to adipopharmacology of disease. Immun., Endoc. &
Metab. Agents in Med. Chem., Bentham Science Publishers Ltd. (7): 1871-5222

Trayhurn P and Wood S (2004) Adipokines: inflammation and the pleiotropic role of white
adipose tissue. Br ]. Nutr 92: 347-355

www.intechopen.com



210 Current Concepts in Plastic Surgery

Trepsat F. (2001) Volumetric face lifting. Plast. Reconstr. Surg 108: 1358-1371

Van RL, Roncari DA. (1982) Complete differentiation in vivo of implanted cultured
adipocyte precursors from adult rats. Cell Tissue Res 225: 557

Van RL, Roncari DA. (1977) Isolation of fat cell precursors from adult rat adipose tissue. Cell
Tissue Res 181:197-201

Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman (1994) Positional cloning of
the mouse obese gene and its human homologue .M. Nature, 372-425

www.intechopen.com



Current Concepts in Plastic Surgery
Edited by Dr. Frank Agullo

i ™ ‘
y 3 y &
! | : ISBN 978-953-51-0398-1
\ | 3 Hard cover, 264 pages
N Publisher InTech
~ [,
e J Published online 23, March, 2012

Published in print edition March, 2012

Plastic surgery continues to be a rapidly growing field in medicine. There have been multiple recent
advancements in the field. Specifically, there has been a continuously growing interest in fat grafting, body
contouring, minimally invasive surgery, and plastic surgery education. At the same time, there have been
continued advances and modifications in surgical techniques, which translate into better and improved results
for our patients while increasing safety and efficacy. The title of the book is Current Concepts in Plastic
Surgery and, as such, it highlights some of the "hot topics" in recent years. We have invited renowned
specialists from around the world to share their valued expertise and experience. Most of the chapters will
expose the reader to multiple techniques for achieving desired results, with emphasis on the author's preferred
methodology.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Regina Khater and Pepa Atanassova (2012). Autologous Fat Grafting - Factors of Influence on the
Therapeutic Results, Current Concepts in Plastic Surgery, Dr. Frank Agullo (Ed.), ISBN: 978-953-51-0398-1,
InTech, Available from: http://www.intechopen.com/books/current-concepts-in-plastic-surgery/autologous-fat-
grafting-factors-of-influence-on-the-therapeutic-results

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




