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Key Messages

e The addition of platelet-rich plasma to lipofill-
ing does not increase skin rejuvenation.

e TCA peeling might be used as a trauma trig-
ger to induce regeneration by platelet-rich
plasma enriched lipofilling.

 Platelet-rich plasma enriched lipofilling might
be effective to augment dermal wound healing
and decrease postoperative recovery time.
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* Scientific evidence of platelet-rich plasma as
additive to lipofilling to regenerate skin fibro-
sis is lacking.

» Platelet-rich plasma enriched stromal vascular
fraction seems promising as a treatment of
alopecia androgenetic although well-designed
prospective randomized trials are lacking.

e Well-designed prospective randomized trials
are necessary to further develop the field of
regenerative medicine in plastic surgery.

e Growth factors released by platelets influence
behavior of adipose derived stromal cells.

e Autologous lipofilling can be used as treat-
ment in four different ways: (non)-processed
lipofilling, cellular stromal vascular fraction,
tissue stromal vascular fraction, or adipose
derived stromal cells.

23.1 Introduction

Lipofilling, the transplantation of adipose tissue,
has been used to restore volume loss due to aging
and congenital or traumatic defects for decades.
Later on, the number of clinical indications for
using lipofilling expanded towards a more regen-
erative based approach, e.g., to remodel dermal
fibrosis or to improve dermal wound healing [1].
The regenerative capacity of adipose tissue can be
mainly ascribed to the stromal vascular fraction
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(SVF). SVF of adipose tissue contains all non-
adipocyte cell types, e.g., adipose derived stromal
cells (ASCs), fibroblasts, immune cells, endothe-
lial cells as well as extracellular matrix (ECM).
One of the most important cell types are ASCs,
which reside in the SVF as precursor cells attached
to vessels as pericytes and periadventitial cells. In
2001, Zuk et al. were the first to enzymatically
isolate SVF from adipose tissue and were able to
expand the number of ASCs in culture [2]. ASCs
were shown to be capable to differentiate into
multiple cell lineages such as ectodermal, endo-
dermal, and mesenchymal cells. Upon culture,
ASCs secrete a plethora of growth factors, cyto-
kines as well as proteins, which are immunomod-
ulative and are able to stimulate angiogenesis and
remodeling the extracellular matrix. Hence, ASCs
are believed to be the key player in the regenera-
tive capacity of SVF from adipose tissue.

To increase the regenerative capacity of lipo-
filling, ASCs were enzymatically isolated and
added to fat used for lipofilling (e.g., the so-called
lipograft). The first enzymatic isolation proce-
dure was developed by Zuk et al. and required a
specialized culture laboratory (good manufactur-
ing practice facilities), which was expensive and
very unpractical for clinical use [2]. In the years
following, numerous intra-operative enzymatic
isolation devices have been developed. The vast
majority of these intra-operative enzymatic isola-
tion devices use collagenase to enzymatically
breakdown all adipocytes and cell-cell connec-
tions including extracellular matrix resulting in a
single cell suspension of SVF cells (cellular SVF
(cSVF)). However, these intra-operative enzy-
matic isolation procedures are still time-
consuming and expensive [3]. Moreover, the
clinical use of enzymes became forbidden by leg-
islation in many countries. Therefore, other so-
called intra-operative = non-enzymatic  or
mechanical isolation procedures were subse-
quently developed for clinical use. Mechanical
isolation procedures only use shear-stress to dis-
rupt adipocytes while maintaining all cell-cell
connections including extracellular matrix result-
ing in a tissue-like SVF (tSVF). These mechani-
cal isolation procedures are less expensive and
less time-consuming as compared to enzymatic
isolation procedures [3].

J.A.van Dongen et al.

Meanwhile, new strategies to improve the
regenerative capacity of lipofilling were devel-
oped such as platelet-rich plasma (PRP). PRP is
defined as a portion of plasma of autologous
blood having a concentration of platelets above
baseline which can be concentrated in different
amounts by several commercially available
devices [4]. As an isolated treatment, PRP has
been tested for multiple clinical indications such
as wound healing or alopecia androgenetic show-
ing some beneficial effect. Platelets synthesize
large numbers of growth factors with regenera-
tive capacities, e.g., vascular endothelial growth
factor (VEGF), platelet derived growth factor
(PDGF), transforming growth factor-f (TGF-p),
and epidermal growth factor (EGF). These fac-
tors stimulate angiogenesis as well as prolifera-
tion and differentiation, e.g., adipogenesis of
ASCs and therefore might have a synergistic
effect when combined with ASCs present in fat
grafts. For instance, VEGF is present in a high
amount in fat graft as well as platelets and plays
an important role in wound healing by stimulat-
ing endothelial proliferation and migration.
PDGF stimulates proliferation and migration of
ASCs and plays an important role in hair follicu-
lar stem cell activity and induction of the anagen
phase during the hair cycle in vivo.

Due to the variety of growth factors in plate-
lets influencing ASCs in different ways, the com-
bination of lipofilling with PRP might be even
more effective as a treatment for multiple clinical
indications, e.g., skin rejuvenation, dermal
wound healing, dermal fibrosis, or alopecia
androgenetic. Thus, the aim of this chapter is to
discuss the current available clinical evidence of
the addition of PRP to lipofilling for the afore-
mentioned clinical indications.

23.2 Platelet-Rich Plasma
Enriched Lipofilling for Skin
Rejuvenation

In 2006, Coleman discovered that lipofilling was
more than a permanent filler. Coleman described
that the skin above the transplanted adipose tis-
sue improved by showing a decreased pore size
and less scarring caused by acne. In the years fol-
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lowing, multiple studies described that lipofilling
could rejuvenate aged skin [5]. To stimulate skin
rejuvenation by lipofilling, PRP was added to
lipofilling to function as a biological catalyst for
ASCs. Gennai et al. stated that PRP-enriched
micro-superficial enhanced fluid fat injection, a
form of autologous lipofilling, rejuvenated facial
skin in 65 patients (Tables 23.1 and 23.2) [6].
Results were analyzed by subjective clinical
assessment of photographs of patients up to till
six months post-surgery by the senior author.
This study, however, lacks all objective measure-
ment outcomes necessary to analyze effects of
skin rejuvenation, statistics and preoperative
results. Besides, PRP-enriched lipofilling as sin-
gle treatment was only used in seven patients.
Ozer and Colak treated 14 patients with facial
lipofilling mixed with PRP and showed a signifi-
cant increase in the FACE-Q modules of satisfac-
tion with skin when preoperative scores were
compared to postoperative scores with a mini-
mum of 9 months of follow-up [7]. Rigotti et al.
was one of the first to show that the addition of
PRP to lipofilling histologically changes treated
facial skin [8]. This study compared preoperative
skin biopsies with 3 months postoperative skin
biopsies in 13 patients. PRP-enriched lipofilling
resulted in a less organized elastic fiber network
with more dissociated elastic fibers with a smaller
diameter and smoother surface in the reticular
dermis. Furthermore, PRP-enriched lipofilling
also improved vasculature and increased inflam-
mation in the postoperative skin biopsies.
Although this study showed interesting histologi-
cal changes of the skin after treatment of PRP-
enriched lipofilling, no clinical results were
mentioned nor described (Tables 23.1 and 23.2)
[8]. Therefore, it remains unclear whether these
histological changes are significant enough to
lead to visible skin changes and/or improvement.
Moreover, all the aforementioned studies did not
use a control group. The lack of a control group
implicates getting insufficient reliable results
because a placebo effect cannot be excluded. It is
also well-known that fine needling can induce
skin changes, another reason definitely to include
a control group.
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To date, only one well-designed prospective
randomized double-blinded placebo-controlled
clinical trial has been published studying the
addition of PRP to facial lipofilling to rejuvenate
aged skin (Tables 23.1 and 23.2) [9]. This study
treated 25 patients divided into two treatment
groups: saline enriched lipofilling versus PRP-
enriched lipofilling. Patients were followed for
12 months and results were analyzed using a vali-
dated cutometer to measure skin elasticity. Skin
elasticity in both groups did not improve when
preoperative skin was compared with postopera-
tive skin nor did the addition of PRP result in an
improved skin elasticity postoperative [9].
However, when a regression analysis was per-
formed of skin elasticity as a function of age, a
negative correlation was seen preoperative in
both intervention groups. After treatment of lipo-
filling or PRP-enriched lipofilling, the correlation
reverses, especially in the PRP-enriched lipofill-
ing group. Although the results were not signifi-
cant, this could be an indication of some skin
rejuvenation. Furthermore, the recovery time
expressed as the number of days it took to return
to work was significantly lower when patients
underwent PRP-enriched facial lipofilling in
comparison with saline enriched facial lipofilling
[9]. These results indicate that the addition of
PRP accelerates the recovery of damaged tissue
that is caused during the intervention. The addi-
tion of PRP therefore might be more beneficial in
case of restoring damaged tissue, e.g., fibrosis or
wound healing, instead of rejuvenation of rela-
tively healthy skin. To date, the evidence of PRP-
enriched lipofilling as a treatment for skin
rejuvenation is thus lacking although postopera-
tive recovery time is significantly reduced.

23.3 Platelet-Rich Plasma
Enriched Lipofilling
for Wound Healing

Chronic non-healing dermal wounds are a large
socioeconomical burden worldwide. In 2018, the
prevalence of chronic wounds of mixed etiolo-
gies, i.e., venous ulcers, diabetic ulcers, arterial
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ulcers, and pressure ulcers was 2.21 per 1000
population [10]. In the USA only, chronic wounds
affect over six million cases with an annual cost
of more than 20 billion every year [11]. To date,
many conventional wound healing treatments are
costly and ineffective for the vast majority of
patients. Hence, the need for new effective thera-
peutic modalities is increasing. In chronic non-
healing dermal wounds, parenchymal skin tissue
is damaged and needs to be regenerated. As men-
tioned in the introduction, ASCs in fat graft have
shown to be able to (in)directly contribute to
parenchymal regeneration by differentiation and
secretion of large numbers of trophic factors that
stimulate processes, e.g., angiogenesis, immuno-
modulation, and remodeling of extracellular
matrix which are vital for proper dermal wound
healing. Thus far, several clinical trials using
ASCs or non-dissociated adipose tissue, i.e., fat
grafting, have shown to be a promising new ther-
apy to augment dermal wound healing. To further
enhance the regenerative effect of lipofilling on
dermal wound healing, PRP was added. Till now,
only a few clinical studies investigated the com-
bined effect of lipofilling with PRP on dermal
wound healing.

One prospective randomized clinical trial
treated 24 patients with chronic dermal ulcers
were treated by standard wound care: disinfec-
tion, debridement when needed, and application
of advanced wound dressing as well as bandage
(Tables 23.3 and 23.4) [12]. Sixteen patients were
treated by standard wound care and one injection
of mechanically isolated ASCs with PRP while
the control group only received standard wound
care. Although, no formal proof was given of the
presence of ASCs in the mechanically isolated
fraction. In both groups, similar number of
wounds healed completely, respectively, 68% in
the control group and 71% in the experimental
group. Nevertheless, the wound closure rate was
significantly faster with 0.2287 cm?/day in the
experimental group in comparison with
0.0890 cm?/day in control group (p =0.0257). No
major complications were mentioned in both

J.A.van Dongen et al.

groups. Previous studies have shown that lipofill-
ing without additive might improve and/or accel-
erate wound healing in chronic dermal ulcers. In
this study, no control group using lipofilling or
PRP alone to treat chronic dermal ulcers was
used and thus it remains unknown whether the
addition of PRP to lipofilling improves the regen-
erative effect of lipofilling.

Another research group performed three case
series treating lower extremity ulcers with PRP
combined with lipofilling (Tables 23.3 and 23.4).
In the first case series, 20 patients with lower
extremity ulcers were treated with a PRP/lipofill-
ing mixture and ten patients received a hyaluronic
acid injection [13]. Sixteen out of 20 patients had
complete ulcer healing after an average of
9.7 weeks, while five out of ten patients had com-
plete ulcer healing after 8.4 weeks on average.
The second study by the same research group
treated 30 patients with lower extremity ulcers
with PRP mixed with lipofilling and showed
complete healing in 57% of the patients after
3 months [14]. Both studies lack a proper control
group with only a treatment of lipofilling or PRP
as well. Hence, the effect of the addition of PRP
to lipofilling on lower extremity ulcers remains
unclear. The third study compared PRP-enriched
lipofilling, PRP only, cSVF enriched lipofilling
and hyaluronic acid to treat 40 patients with post-
traumatic lower extremity ulcers [15]. PRP as
well as cSVF enriched lipofilling showed similar
re-epithelization rates, respectively,
97.8% +1.5% and 97.9% + 1.5% after 9.7 weeks.
PRP only group showed less re-epithelization
after 9.7 weeks with 89.1% =+ 3.8%, while the
hyaluronic acid group showed a re-epithelization
rate of 87.8% + 4.4%. This indicates that PRP-
enriched lipofilling is more effective in augmen-
tation of dermal wound healing as compared to
PRP only. However, it still remains unclear
whether PRP enhances the regenerative capacity
of lipofilling regarding wound healing. Well-
designed prospective randomized clinical trials
treating chronic dermal wounds with PRP-
enriched lipofilling can only elucidate this aspect.
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23.4 Platelet-Rich Plasma
Enriched Lipofilling
for Dermal Fibrosis

Fibrosis of the skin occurs after burning and other
types of wound healing or can be caused by sys-
temic or local diseases of the skin, e.g., sclero-
derma or lichen sclerosis. Skin fibrosis can be
cosmetically disfiguring because of hyper- or
hypopigmentation as well as increased stiffness,
roughness, or irregularity. Mostly skin fibrosis
has both a significant social and behavioral
impact. Furthermore, severe skin fibrosis can be
associated with pain and decreased functionality,
depending on the anatomical location. For
instance, fibrosis in the perioral region will affect
the opening of the mouth, as is, e.g., often the
case in scleroderma patients [16]. Fibrosis in the
genital region, i.e., lichen sclerosis, causes pain,
sexual and urinal dysfunction, and an increased
risk of vulvar squamous cell carcinoma. This is
caused by a chronic state of inflammation,
decreased angiogenesis resulting in epithelial
damage and extracellular matrix accumulation
but the exact mechanism remains unclear [17,
18]. To date, no gold standard treatment exists for
systemic or local fibrotic disease of the skin or
scarring due to wound healing or burn wounds.
Lipofilling has become a new treatment
modality for scar tissue; it seems to have benefi-
cial effects on scar tissue by decreasing pain and
improving scar appearance. Yet, well-designed
prospective randomized clinical trials have to be
performed, especially for treatment of sclero-
derma and lichen sclerosis. The combination of
PRP and lipofilling has only been investigated in
a few clinical studies and case reports for treat-
ment of scleroderma, lichen sclerosis, posttrau-
matic and burn wound scars (Tables 23.5 and
23.6). One study used PRP-enriched cSVF to
treat six patients with scleroderma in the facial
area [16]. Perioral and malar arcas showed an
increase in skin elasticity of, respectively, 16.64%
and 17.80% measured with a skin elastometer,
with a follow-up till 3 months. In five out of six
patients, the opening of the mouth showed a sig-
nificant increase. Videodermatoscope examina-
tion of the perioral vasculature displayed a
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significant growth of capillary density in four out
of six patients. Complications were not men-
tioned [16]. A case report by Kim et al. reported
a treatment with PRP-enriched lipofilling in a
female patient of 67-year-old with severe symp-
toms of lichen sclerosis for more than 5 years
[19]. Forty ml of PRP-enriched lipofilling was
injected in the subcutaneous layer of the labia
majora. One year after treatment, the patient
revealed no signs of vaginal pruritus or irritation
anymore and the contour of the labia majora was
restored. Classical characteristic white patchy
lesions of lichen sclerosis were significantly
diminished and did not recur in the 1 year of
follow-up.

A larger prospective three-armed clinical
study was performed treating ten patients in each
arm with PRP-enriched lipofilling (Tables 23.5
and 23.6) [20]. SVF-enriched lipofilling and lipo-
filling for posttraumatic scars and burn wound
scars. The study had no randomization nor was
blinded. Volume preservation was 69%, 63%,
and 39% for, respectively, PRP-enriched lipofill-
ing, SVF-enriched lipofilling, and lipofilling
group after 1 year. However, these volume pres-
ervation measurements were subjectively
assessed by the authors based on just clinical
photographs. All patients were reported to be sat-
isfied with their scar appearance after treatment.
No data were presented with regard to the pre-
and postoperative scar appearance. Therefore, no
reliable conclusions can be drawn from this pro-
spective study because of lack of objective vali-
dated measurements [20].

Although lipofilling seems to be beneficial as
a treatment modality for skin fibrosis, thus far
scientific evidence of the beneficial effect of add-
ing PRP to the lipograft definitely is lacking.

23.5 Platelet-Rich Plasma
Enriched Lipofilling
for Alopecia Androgenetic

Alopecia androgenetic is characterized by pro-
gressive hair loss, which is genetically deter-
mined. Its prevalence increases with age.
Pathogenesis of alopecia androgenetic is illus-
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trated by gradual transformation of terminal hairs
(i.e., a thick, long, and dark hair) into vellus hairs
(i.e., a short, thin, and slightly colored hair) [21].
This process is caused by modifications in the
hair cycle, such as shortening of the telogenic and
anagenic stages, resulting in a decreased number
of both terminal and vellus hairs [22].
Modifications in the hair cycle are also influ-
enced by circulating androgen hormones [23].
Currently available conventional and surgical
treatments are limited effective with high costs
and side effects, such as long-life use of medica-
tion. Till now, several studies have been per-
formed investigating the use of PPR or lipofilling
to treat alopecia androgenetic. Although these
studies have demonstrated promising result, sci-
entific evidence in form of well-designed pro-
spective randomized clinical trials is still lacking.
The use of PRP-enriched lipofilling for alopecia
androgenetic has been tested in two case series.
The first case series published by Stevens et al.
used PRP-enriched tSVF to treat ten male patients
characterized by stage II and III alopecia andro-
genetic according to the Norwood—Hamilton
scale (Tables 23.7 and 23.8) [24]. After 12 weeks,
mean hair density was significantly increased as
measured by a trichoscan epiluminescence

J.A.van Dongen et al.

microscopy. However, no control group was used
and no report was made concerning complica-
tions or adverse events.

Another study published by Butt et al. treated
22 patients suffering from alopecia androgenetic
with either PRP (n = 11) or PRP-enriched cSVF
(Tables 23.7 and 23.8) [25]. All male patients
were characterized by alopecia androgenetic
class III to VI according to the Norwood—
Hamilton scale while all female patients were
characterized by alopecia androgenetic class I to
IIT according to the Ludwig score. Hair density
was also measured by trichoscan epilumines-
cence microscopy. In contrast to the previous
study, all patients were treated twice with an
interval of 4 weeks. Mean hair density increased
from 37.66 + 7.43 to 57.11 + 7.73 hair/cm? and
from 52.44 + 9.66 to 63.72 + 11.68 hair/cm? after
6 months, respectively, in the PRP-enriched
c¢SVF and PRP group. The authors concluded
that PRP-enriched cSVF treatment is more effec-
tive than solely PRP in reversing the effects of
alopecia androgenetic. However, mean preopera-
tive hair density scores showed a large difference
between the PRP-enriched cSVF and PRP group
with a lower hair density score for the PRP-
enriched cSVF group [25]. This observation

Table 23.7 Clinical data of studies using PRP-enriched lipofilling as a treatment for alopecia androgenetic

Study

Reference | Study type population Intervention
Stevens | Prospective, Patients with | tSVF + PRP
et al. non- alopecia
(2018) controlled, androgenetic

non-blinded, (n=06)

non-

randomized
Butt Prospective, Patients with | Intervention:
et al. controlled, alopecia cSVF + PRP
(2019) non-blinded, |androgenetic | Control: PRP

non- (n=22)

randomized

Follow-up Results Complications
Hair density was ***Hair Not
evaluated using the | density mentioned
fotofinder increased with
epiluminescence an average of
microscopy up to 30.7 hairs/cm?
12 weeks
postoperative
Hair density was *#*Hair Not
evaluated using the | density was mentioned
fotofinder higher in
epiluminescence intervention
microscopy up to group (51.64)
6 months versus control
postoperative group

(21.51%)

tSVF tissue stromal vascular fraction, PRP platelet-rich plasma, cSVF cellular stromal vascular fraction

“*p <0.001
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implicates that both study groups were not com-
parable to each other; a lower hair density score
in the PRP-enriched cSVF group indicates a
higher potential of regeneration.

Despite promising results of the just men-
tioned two studies, no hard conclusions can be
made upon the potential effect of PRP-enriched
cSVF/tSVF as a treatment for alopecia androge-
netic. It remains unclear whether the addition of
PRP to cSVF/tSVF or vice versa is necessary to
obtain maximum regeneration of hairs because
the first study only used one study arm and the
second study failed to treat a comparable group
of patients.

23.6 Practical Experience of Using
Platelet-Rich Plasma

PRP was introduced in cosmetic surgery practice
of the senior author back in January 2009.
Initially, PRP was tested for its practical use in
lipofilling of the buttock. In 2013 results of a con-
secutive case series were published showing that
volumes for lipofilling could be doubled without
an increase of complications like oil cyst forma-
tion. It was felt save now to also use PRP in the
face together with lipofilling to investigate
whether the theoretical relevance of improved
graft survival could be reconfirmed. Up to date
over 1000 cases of the combination of PRP with
lipofilling have been performed. Since 2015,
when fractionation of lipoaspirate was finally
turning into a reproducible procedure for the
making of tSVF, PRP was added. The hypotheti-
cal regeneration potential of the combination of
PRP and tSVF has led to the treatment of various
conditions such as arthritic joints (manuscript
submitted), perianal fistulas (manuscript submit-
ted), and aging of facial skin (in preparation).
Positive results of the studies regarding arthritic
joints and perianal fistulas were shown. However,

J.A.van Dongen et al.

it should be mentioned that all aforementioned
studies are case series and formal proof by results
of randomized clinical trials should follow. As an
anti-aging treatment, this technique added to
lipofilling seems to yield less impressive results,
possibly because the required “trauma trigger” is
not present. This hypothesis seems even more
likely as, from our own personal experience, in
combination with TCA-peeling results of superfi-
cial lipofilling plus PRP do seem to give improve-
ment on the level of the skin by reducing dark
spots, reducing pore size reducing the number
and depth of fine wrinkles. The concept of
“chemical splinting” is hereby introduced, the
combination of immobilization of the skin
(potentially allowing for better repair of superfi-
cial cellular damage of the skin) plus adding suf-
ficient trauma to the area where tSVF potentially
has to be triggered above a minimum level before
getting “activated” and starting to “perform.”
Altogether, PRP has become an important ele-
ment in regenerative plastic surgery, as long as it
is used for the appropriate indication (Fig. 23.1).

23.7 Conclusion

Thus far, no hard clinical evidence exists whether
the addition of PRP to lipofilling or the addition
of any regenerative component of adipose tissue,
e.g., ASCs, cSVF and tSVF is beneficial for skin
rejuvenation. Several case series in literature as
well as our own clinical experience suggest a
beneficial effect of the addition of PRP to lipofill-
ing and tSVF for wound healing purposes and
alopecia androgenetic although formal proof has
yet to be given. In the future, well-designed pro-
spective clinical trials investigating the real effect
of lipofilling in case of skin fibrosis, wound heal-
ing, and alopecia androgenetic should therefore
first be undertaken before widespread clinical
application.
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Fig. 23.1 Schematic
overview of indications
and contra-indications of
platelet-rich plasma
enriched lipofilling or
any subcomponent of
adipose tissue, i.e.,
tissue stromal vascular
fraction, cellular stromal
vascular fraction, or
adipose derived stromal
cells. — contraindication
of platelet-rich plasma
enriched lipofilling,

+/— platelet-rich plasma
enriched lipofilling
might be effective
although well-designed
prospective randomized
placebo-controlled
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