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Abstract Tissue engineering has emerged as a promising
alternative to current clinical treatments for restoration of
soft tissue defects. A key element in the process of tissue
engineering is an ideal implant that provides structural sup-
port and a favorable environment for growing cells. The
authors hypothesized that autologous platelet-rich plasma
(APRP) could be used as an in vivo adipocyte delivery sys-
tem to favor cell survival and to stimulate early recruitment
of microcapillaries to the site of implantation. Autologous fat
was included in APRP and injected as a gel into a subcuta-
neous pocket created to correct a painful, adherent scar at the
shoulder level in a 75-year-old woman. The surgical out-
come was evaluated by histologic and immunohistochemical
analysis as well as by ecography before and after surgery.
The results were satisfactory, showing fat survival 1 year
after surgery. The characteristics of this new material should
stimulate research into future clinical applications for such
cell constructs in plastic and reconstructive surgery.
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Autologous fat transplantation is a procedure increasingly
applied for augmentation of soft tissue defects [2, 6, 10].
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Currently, plastic surgeons across the country report uni-
form autologous fat grafting techniques with acceptable
patient satisfaction [6]. Fat grafts collected by liposuction
can be reinjected subcutaneously for correction of depres-
sed or irregular areas [2, 6, 10]. The live fat tissue is
revascularized at the transplantation site within 48 h.
During this time, it is fed by diffused materials from
plasma. In contrast, nonviable tissue is removed by mac-
rophages, leaving behind fibrotic and cystic changes.

The main obstacle preventing permanent augmentation
is partial absorption of the transplanted tissue, which often
necessitates multiple operations [2, 6, 10]. A greater
understanding of how to maintain viable fat has led to
modifications in technique believed to improve clinical
results. These modifications are intended to preserve the
delicate structure of adipocytes, providing a robust blood
supply on which fat cells are extremely dependent or cre-
ating the optimal in vivo microenvironment for cell growth
and differentiation [1, 4, 5, 9].

We decided to use autologous platelet-rich plasma
(APRP) to obtain an easy-to-handle biologic gel that could
be mixed with adipocytes. The clinical use of APRP for a
wide variety of applications has been reported, most
prevalently in the problematic wound, maxillofacial, and
spine literature, but, to our knowledge, it is never been used
as an adipocyte delivery system for in vivo tissue-engi-
neering applications [3].

Numerous proteins are contained in the o-granules of
platelets: platelet-derived growth factor, transforming
growth factor, platelet factor, interleukin, platelet-derived
angiogenesis factor, vascular endothelial growth factor,
platelet-derived endothelial growth factor, insulin-like
growth factor, fibronectin, and the like [3]. These proteins
could stimulate revascularization of the implanted adipo-
cyte-rich gel and constitute a three-dimensional matrix that
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allows for the arrangement of adipocytes into the correct
spatial organization. In this study, we present a clinical
case in which adipocytes, harvested with traditional lipo-
suction, were mixed with APRP and injected into a
subcutaneous pocket to correct a painful adherent scar.

Case Report

Patient anonymity was respected and informed consent
obtained before the surgical procedure and digital image
production. The protocol of the study was approved by the
research ethics board of our institution.

A 75-year-old woman presented with an adherent and
painful scar on the right shoulder (Fig. 1A). Her medical
history showed shoulder replacement surgery 2 years pre-
viously. She reported the beginning of painful symptoms 6
months after surgery. Pain was localized to the superficial
layers and did not involve the shoulder joint. Physical
examination showed an 8-cm-long scar adherent to the
underlying plane. Magnetic resonance imaging excluded
prosthesis defects. Ultrasonography confirmed the direct
contact of the scar with underlying fascia, showing an in-
cisure of the skin created by scar tissue (Fig. 2A). We
decided to treat the defect with structured fat grafting
following Coleman’s observations, which noted that fat
grafted under depressed scars not only relieved the
depression but also seemed to soften or even completely
eliminate the scar, making it appear as normal skin [2]. We
thought to mix harvested adipose tissue with APRP to
improve long-term results. Surgery was performed with the
patient under sedation.

Adipose Tissue Harvesting

We infiltrated the abdomen with 250 ml of wetting solution
(50 ml of 1% lidocaine plus 1 ml of epinephrine 1:1,000 plus
1 1 of normal saline). We used the Coleman microcannula
technique through two small (3 mm) abdominal incisions to
harvest fat tissue [3], obtaining 50 ml of lipoaspirate.

Fig. 1 Case report. (A) adherent
and painful scar at right shoulder.
(B-C) At 1 year after treatment, skin
was pliable and well separated from
the underling fascia
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Fat Processing

Lipoaspirate was centrifugated (3,000 rpm for 3 min),
obtaining 30 ml of fatty tissue. Refined fat then was
transferred into a 1- or 3-ml Luer-Lok syringe.

APRP Processing

A self-contained disposable kit (Cascade Medical FIBRI-
NET System, Wayne, New Jersey) was used to process 20 ml
of peripheral blood. The kit consists of two or more sterile
evacuated blood collection tubes, needles, and a transfer
device. The Cascade Medical FIBRINET System is designed
to be used for the safe and rapid preparation of autologous
platelet-rich plasma from a small sample of blood. The whole
blood was centrifuged at 1,000 g for 15 min.

Implantation of Fat Mixed With APRP

The refined fat was mixed with the APRP. An adipose-
platelet gel then was obtained and injected under the scar
(Fig. 3A). A small amount of gel was used for histologic
studies. Tissues were fixed in 10% formalin for 24 h at 4°C,
dehydrated with a graded alcohol and xylene series, and
embedded in paraffin. Then 8-pum sections were cut with a
Reichert Jung rotary microtome, mounted on glass slides,
and stained with hematoxylin and eosin. Histologic studies
demonstrated fat integrity in the APRP context (Fig. 3B).

Postoperative Follow-up Evaluation

The postoperative course was uneventful, and the early
postoperative result was very satisfactory to both the sur-
geon and the patient. In particular, the patient reported
complete remission of pain at the shoulder. Ultrasonogra-
phy performed after 6 months and 1 year showed
maintenance of adipose tissue (Fig. 2B). The skin was
pliable and well separated from the underling fascia
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Fig. 2 Ultrasonography and histologic analysis. (A) Ultrasonography
shows an incisure created by scar tissue (yellow arrow). (B) At 1 year
after surgery, ultrasonography shows connective tissue between the

Fig. 3 Fat mixed with autologous platelet-rich

plasma (APRP). (A) Macroscopic aspect of the e
APRP gel mixed with fat tissue. (B) Hematoxylin |

and eosin staining adipocytes inside the gel

(Fig. 1C). We performed histologic analysis after 1 year to
confirm survival of adipose tissue. We used a 4-mm biopsy
punch to harvest a small amount of tissue in the treated
area. Specific staining of adipose tissue (OsO,4) for histo-
logic analysis showed healthy adipocytes near muscular
tissue (Fig. 2C).

Discussion

The objective for this case report was to describe a com-
pletely autologous novel technique for in vivo adipose tissue
engineering in which autologous fat is included in APRP
and injected as a gel into a subcutaneous pocket. Our aim
for the case report was only to stimulate future research for
confirmation of reported results similar to previous pre-
liminary reports using other biologic gel [8, 11]. It was not
our purpose to compare this technique with other surgical
techniques, but rather to propose a first step in creating an
in vivo tissue-engineering approach to adipose tissue. This
tissue-engineering approach is intended to preserve the
delicate structure of adipocytes and provide an ideal envi-
ronment rich in growth factors for their survival and for
early recruitment of new capillaries inside the construct.
Moreover, recent studies have demonstrated that the
stromal—vascular cell fraction of adipose tissue represents a
rich reservoir of regenerative precursor cells that have

skin and fascia (yellow arrow). (C) Histologic analysis confirms the
presence of adipose tissue between skin and muscle tissue (black
arrow)

proangiogenic capabilities comparable with those of bone
marrow—derived stem cells [7]. The need to preserve this
delicate cellular component is evident. Coleman [2] stated
that the most important consideration in fat grafting is the
method of placement.

What do we need to create an adipose tissue construct of
significant volume? Results of numerous studies after an
in vivo tissue-engineering approach suggest two funda-
mental points: (1) an optimal microenvironment that allows
correct architectural adipocyte distribution, cell interaction,
growth, and differentiation, and that offers early protection
from surrounding inflammatory events, and, as soon as
possible, (2) the arrival of a microcapillary network that
delivers the proper nutrient and oxygen levels to injected
cells [1, 4, 5, 9, 12]. As a response to these necessities, the
more promising approaches are flap prefabrication, aimed
ultimately at generating vascularized tissues, and the cre-
ation of “intelligent” biomaterials capable of mimicking
the natural in vivo environment rich in cell signals.

This preliminary observation established that APRP can
support an adipose tissue graft, preserving its volume for 1
year. We set the last follow-up point after 1 year because,
according to the literature, fat that survives the inflamma-
tory processes and is present at 1 year appears to be stable
indefinitely. As a three-dimensional gel that can be mixed
easily with cellular components, APRP provides an autol-
ogous environment rich in growth factors secreted by
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platelets. It is well demonstrated that these growth factors
(platelet-derived angiogenesis factor, vascular endothelial
growth factor, epidermal growth factor, platelet-derived
endothelial growth factor) stimulate endothelial cells near
the APRP application site to proliferate and form new
capillaries that extend into the gel [3]. This could begin the
process of angiogenesis, facilitating early contact of
implanted adipocytes with a new microcapillary bed.

Platelets also secrete other proteins such as fibrinogen,
vitronectin, and fibronectin, which play a critical role in the
regulation of cell—cell interactions and cell spatial organi-
zation [3]. It seems that APRP offers a good initial
environment for adipocyte survival and, moreover, thatitis a
completely autologous biodegradable gel. The preparation
of APRP gel must be done at the time of surgery, using a
sterile disposable kit, in the operating room. The obtained gel
could be mixed rapidly with the desired cellular components,
allowing the creation of a cellularized gel for surgical use.

The proposed approach satisfies many safety consider-
ations. Cells (adipocytes) are completely autologous and
immediately employed without any type of in vitro pre-
conditioning. Biomaterials are obtained from an autologous
peripheral blood sample processed without any media
components. Finally, the surgeon mixes adipocytes with
the APRP gel in the operating room using dedicated and
sterile instruments. In addition, the use of autologous cells
and autologous biomaterials does not require collection of
effectiveness data. Effectiveness was confirmed by histo-
logic and ultrasonographic analysis that showed fat
survival 1 year after implantation.

The reported case is the preliminary result of a long-
term project involving the development of a completely
autologous adipose tissue construct. Obviously, procedures
will need to be optimized to increase the survival of
adipocytes in vivo, particularly when clinically significant
amounts of adipose tissue need to be reconstructed, making
revascularization an essential process. In our opinion, a
single-step approach may not be successful for cases in
which a large adipose tissue defect needs to be treated. We
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are confident that if this easy-to-handle approach can be
fine-tuned and combined with more innovative regenera-
tive medicine, the reconstruction of adipose tissue—that
long-standing dream of plastic surgeons—will be a clinical
option in the not-too-distant future.

References

1. Clavijo-Alvarez JA, Rubin JP, Bennett J, Nguyen VT, et al.
(2006) A novel perfluoroelastomer seeded with adipose-derived
stem cells for soft-tissue repair. Plast Reconstr Surg 118:1132—
1142

2. Coleman SR (2006) Structural fat grafting: more than a perma-
nent filler. Plast Reconstr Surg 118(3 Suppl):1085-120S

3. Eppley BL, Pietrzak WS, Blanton M (2006) Platelet-rich plasma:
a review of biology and applications in plastic surgery. Plast
Reconstr Surg 118:147e—15%

4. Gomillion CT, Burg KJ (2006) Stem cells and adipose tissue
engineering. Biomaterials 27:6052-6063

5. Hong L, Peptan IA, Colpan A, Daw JL (2006) Adipose tissue
engineering by human adipose-derived stromal cells. Cells Tis-
sues Organs 183:133-140

6. Kaufman MR, Bradley JP, Dickinson B, et al. (2007) Autologous
fat transfer national consensus survey: Trends in techniques for
harvest, preparation, and application, and perception of short- and
long-term results. Plast Reconstr Surg 119:323-331

7. Rigotti G, Marchi A, Galie M, et al. (2007) Clinical treatment of
radiotherapy tissue damage by lipoaspirate transplant: A healing
process mediated by adipose-derived adult stem cells. Plast
Reconstr Surg 119:1409-1422

8. Schoeller T, Lille S, Wechselberger G, et al. (2001) Histomor-
phologic 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

9. Stosich MS, Mao JJ (2007) Adipose tissue engineering from
human adult stem cells: Clinical implications in plastic and
reconstructive surgery. Plast Reconstr Surg 119:71-83

10. Toledo LS, Mauad R (2006) Fat injection: A 20-year revision.
Clin Plast Surg 33:47-53

11. Torio-Padron N, Baerlecken N, Momeni A, et al. (2007) Engi-
neering of adipose tissue by injection of human preadipocytes in
fibrin. Aesth Plast Surg 31(3):285-293

12. Vindigni V, Mazzoleni F, Abatangelo G, et al. (2007) Jejunal flap
as an in vivo vascular carrier for transplanted adipose tissue. Ann
Plast Surg (in press)



	Autologous Platelet-Rich Plasma as an Adipocyte In Vivo Delivery System: Case Report
	Abstract
	Case Report
	Adipose Tissue Harvesting
	Fat Processing
	APRP Processing
	Implantation of Fat Mixed With APRP
	Postoperative Follow-up Evaluation

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


