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ABSTRACT
[AQ2: please provide an abstract]

L

ipofilling is the removal of fat by
liposuction, which is then injected into the
desired region of the body for volume
enhancement. However, the technique is
not new and more than 125 years ago the
alleged potential of living fat cells as fillers
was explored1. Lipofilling has regained popularity in
recent decades. Prior to 1966 there was criticism of the
scientific knowledge and personal experience of
clinicians advocating lipofilling. An expanding
knowledge of adipocyte survival and standardisation of
the lipofilling method contributed to the predictability
of fat graft take and has expanded its applications.
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Despite these developments lipofilling is still labeled as
‘experimental’ including by the senior authors’ own
national board (De Nederlandse Vereniging voor
Plastische Chirurgie, NVPC). The use of living fat cells as
a graft is therefore labeled as ‘special medical treatment’
and is not recognised as a valid treatment option. The
American Society of Plastic Surgeons (ASPS) fat graft
task force2 agrees that lipofilling for aesthetic breast
augmentation is not recommended for reconstruction
but is very promising and clinically relevant. More level
one and two evidence-based research is required.
The scientific interest in lipofilling received a great
boost by the discovery of the pre-adipocyte stem cell in
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Figure 1 Different generations of lipo-harvesting cannulae and their effect on fat
particle size. (1) Classic Coleman (opening diameter 2 mm by 2.8 mm, 1986); (2)
‘refined harvesting cannula’ (opening diameter 1.8 mm, KMI® (Innovative Med
Inc., Corona, CA, US), 2002); (3) Micro-harvesting cannula (opening diameter
1 mm, type Tonnaerd, Tulip® (Tulip Medical Products, San Diego, CA, US), 2010)

Figure 2 Centrifuging lipoaspirate results in three fractions, clearly visible in a
10 cc syringe. From bottom to top: liquid waste (water and blood), (A) hyperdens
fat, (B) hypodens fat, and oil from ruptured fat cells. The hyperdens fat (the 1 cc
syringe marked A) is used for superficial lipofilling since it is rich in adiposederived stem cells. Hypodens fat (the 1 cc syringe marked B) is used for
volumetric deep lipofilling

lipoaspirate3. This resulted in an exponential increase in
the number of mesh heading-related publications scored
on PubMed.
In this article, the authors discuss the latest innovations
in lipofilling regarding graft survival, safety, and
regenerative potentials along with some practical tips.

History of lipofilling
Since the beginning of ‘modern’ plastic, reconstructive,
and aesthetic surgery the potential use of adipose tissue
in lipofilling has been examined. Gustav Neuber4, just
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having completed the construction of the world’s first
sterile operating theatre in Germany in 1893, was the first
to use fat in correcting a scar after osteomyelitis of the
orbital rim. In 1895 Vincenz Czerny used a lipoma for
breast reconstruction after mastectomy5. Eugene
Hollander in the Handbuch der Kosmetik, showed the
first pictures after lipotransfer for lipoatrophy of the face
and a retracted defect of the chest1. Results at that time
were dismissed as ‘moderate’ and ‘highly variable in
nature’. Charles Miller, a controversial doctor from
Chicago, published in 1907 ‘Cosmetic Surgery: The
correction of featural imperfections’6, in which he was the
first to describe the use of a cannula to inject living fat
cells. A newspaper interview from that time (1908) shows
how the established order ridiculed him and expressed
hostilities to his interest in elective surgery and the use of
fat. This lead to rejected manuscripts and many years of
skepticism because of non-reproducible results. Only in
the second half of the 20th century has lipofilling come
back into the spotlight. Yves-Gerard Illouz7 introduces
liposuction but also the reuse of lipoaspirate for lipofilling
of the breast. Additionally, Pierre Fournier8 propagated
harvesting by suction with a sharp syringe. In 2009 they
presented together their 25 years of experience with
lipofilling at EMAA in Paris. The technique becomes
more popular after Sidney Coleman, Plastic Surgeon,
New York, improves the reproducibility by centrifuging
the lipoaspirate prior to injection [AQ3: do you have a
reference for the previous statement?]. Until then,
‘decantation’ was preferred (the water fraction from the
lipoaspirate separates from the fat cell-containing
fraction used for injection). The quantity of living fat cells
retrieved by this technique was unpredictable, varying
from 20–50%. Separation by centrifugation improved
this quantity to 85–90%9,10.
Coleman also introduces the word lipostructure in
2006, and injects with blunt cannulae [AQ4: please
provide a reference for the previous statement].
Recently, micro-fat grafting (fat particle diameter <1 mm)
was introduced in combination with less traumatic
methods of lipofilling. These innovations undoubtedly
improved predictability and enhanced results.
Research indicates three steps should be taken for an
optimal result from lipofilling:
■ Step 1: keep the adipocytes alive during liposuction
■ Step 2: keep adipocytes alive during the method of
‘purification’ or separation (blood, water, oil)
■ Step 3: Optimise adipocytes survival after injection in
the target area.

Fat survival
Since the introduction of lipofilling and especially in the
last decade, controversy about the ‘survival’ of
transplanted fat has existed. Different methods of fat
harvesting, processing, and injection as well as the
differences between the host and donor sites have
contributed to this11.
It is commonly accepted that the vascular ingrowth
starts from day 7 after transplantation12. Fat necrosis is
expected to peak at day 30. Biopsies from lipografts
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taken in a number of animal studies 2 months after
lipofilling show a well vascularised sample of tissue with
living functional cells12,13. The number of human studies
that monitor long term fat graft volume is limited.
Swanson et al14 explored the survival of fat grafts in the
face by analysing lipograft volume through multiple
magnetic resonance imaging (MRI) scans. Although
limited by a small number of patients, the study shows a
stable lipograft volume after 6 months, with a similar
density on the MRI as ‘normal’ fat tissue. The authors also
noted that there was no significant difference in graft
volume between 1 and 6 months after lipofilling,
suggesting adequate vascularisation of the remaining
cells in the lipograft. Additional evidence for fat graft
survival is found in the studies by Herold et al15 and
Khouri et al16. Both studies, measure breast volume after
lipofilling using MRI imaging. The study of Herold et al
shows 70% lipograft retention (n = 10) 6 months postoperatively. Khouri et al reported even higher
percentages: 80% (+/- 18%) after 6 months, with volumes
up to 277 cc per side. It has to be noted that the BRAVA
pre-expansion system (Brava, LLC, Miami, FL, US) was
used in the study of Khouri et al. The recently published
study of Choi et al17, shows an average volume retention
of 52% after 140 days at volumes of 111 cc up to 216 cc per
breast (n = 20). Volume was measured with a 3D
photograph system instead of more traditional CT and/or
MRI measurements. This study by Choi et al shows
relatively low volume retention of only 29% with small
volume lipofilling. In a recent retrospective study by our
team using photographic analysis, significantly better
long term-aesthetic outcomes were measured with
MACS-lift and lipofilling (n = 42) compared to MACS-lift
alone (n = 50)18. These first findings played a key-role in
the senior author’s development of the one-two-three
dimensional face ageing concept.

New insight in fat-survival
It appears plausible that a fat graft will survive in a wellvascularised host target area. Likewise it seems plausible
that a fat graft will only partially, or even not, survive in a
poorly vascularised host area like scarred or irradiated
tissue. Large volume lipofilling in tight compartments
shares a similar fate. Studies that aim to improve fat graft
survival focus on three steps:
■ Step 1: improvement of harvesting techniques
■ Step 2: enhancement of the fat graft itself
■ Step 3: optimising the donor site.

Step 1: improvement of harvesting techniques
The diameter of the lipofilling cannula has drastically
decreased over the last couple of years. The standard
Coleman cannula had 2.88 mm suction holes, the refined
cannulae used by the senior author since 2002 have a
diameter of only 1.8 mm. From 2010 onward, the diameter
decreased even further to 1 mm (Figure 1). If you look at
the fat graft (or a fat particle) in abstract fashion, and
considered it as a sphere, the diffusion area would
correlate, with the radius to the third power. Further
downsizing the harvesting cannula diameter could, at

Figure 3 A 26-year-old man with hemifacial atrophy, (A) pre-operative and (B) 24 months
postoperative after 33 cc of lipofilling on the affected side

Table 1 Practical guideline for lipofilling (personal preferences of the senior author HPJD
Stevens after 1067 procedures)

least in theory, increase the diffusion area by 80–95%
(Table 1)12. It is nowadays commonly accepted that graft
survival in the first days depends on diffusion and
imbibition12.

Step 2.1
For small volume lipofilling, authors agree with the
propagators of centrifugation instead of decantation.
Centrifugation of the lipoaspirate results in three
fractions: Hyperdense fat, hypodense fat, and waste
(Figure 2). The hyperdense fat is rich in precursor fat cells
called adipose derived stem cells (ADSC)19. These
precursor cells seem to play an import role in
vascularising the fat graft20, and could explain the
regenerative properties21,22 of fat grafting. By using the
high-density fat, and discarding the low-density fraction,
we are in fact upgrading the lipoaspirate in comparison
to a decanted sample12,23. In theory, high-density fat grafts
show a higher percentage of graft retention, and have
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earlier on in this article, the ADSCs seem to play a central
role in fat graft survival12. In the first days after
transplantation, the ADSC have a supporting role for the
adipocyte, and later on they play a key role in
neo-angiogenesis in the fat graft. Although promising,
there are no large placebo controlled human trials to this
date. There are a range of devices on the market that can
extract ADSC from lipoaspirates, mainly by enzymatic
breakdown. Unfortunately, these devices have a high
cost and maintenance price, and processing of a
lipoaspirate is time consuming. Another fact to take in
account is the potential oncogenic potential of these
grafts. The technique seems promising but does require
more study on both long-term safety and efficacy27.

Step 3.1
Injection of the fat should take place in a 3D fashion in the
tissue layers, rather than just placing large lumps.
Placement of the fat in a 3D fashion vastly expands the
area over which diffusion can take place, which is the key
factor in graft survival during the first days. Another
commonly accepted fact is that overfilling is
counterproductive. Adding extra fat to a host area that is
not capable of supporting it leads to less fat retention.
Overfilling also increases the pressure in the lipofilling
compartment, a finding that has been linked to a high
percentage of graft loss28. It is better to build up volume in
two or three separate sessions rather than overfilling in
one session29.
Figure 4 A 24-year old woman with evident breast asymmetry; (A) pre-operative, (B)
4 months post-operative after 320 cc of lipofilling and the BRAVA system, (C)
14 months post-operative, after gaining weight (4 kg) both breast increased equally in
size.

superior ‘regenerative’ potential over low-density fat
grafts24. The senior author tends to use high density fat for
superficial ‘regenerative’ purposes, and low density fat for
deep lipofilling, which focusses more on volume.

Step 2.2
One round of centrifugation (2.5 minutes) only yields 6
times 3–6 cc of viable lipograft, reconstructions requiring
a large volume of lipograft, such as those for the breasts or
buttocks, would be too time consuming using this
method. A number of commercially available systems
are on the market that deliver an alternative method of
harvesting and processing, these include water assisted
liposuction and the lipocollector25. The senior author has
put a number of systems to the test, and prefers the Cytori
Puregraft® 850 system (Cytori Therapeutics, San Diego,
CA, US). This closed system cleans the lipoaspirate of oil,
water, and infiltration fluids like adrenaline and lidocaine
by osmotic washing. The result is a viable and clean
lipoaspirate, with a similar or even superior quality in
comparison to centrifuging, in only a fraction of the
time26.

Step 2.3
The upgrading of lipoaspirates with a fraction of ADSC is
a relatively new but promising technique. As pointed out
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Step 3.2
Pre- and postoperative expansion of the lipofilling site
seems to have a positive effect on survival, as shown by
Khouri’s BRAVA-system16. Compartment pressure is
lowered by external suction, which in theory lowers
liponecrosis. Furthermore, local expansion of the tissue
increases vessel formation in the donor area. Pre-treating
the donor area increased fat retention with 20%, which
was determined through MRI scans. Results of the BRAVA
system are exceptional (Figure 4), the only significant
drawback of using this system is the high patient effort
and compliance needed. The latest protocol suggests
that patients should wear the brava system for at least 10
hours a day, 4 weeks before and after surgery.

Step 3.3
Platelet rich plasma (PRP), used in orthopaedic medicine
for decades30, has now made its introduction into plastic
surgery. Adding a high concentration of platelets directly
to the lipograft or injecting it in the host area will release a
tremendous amount of growth factors. These growth
factors are normally associated with wound healing, and
in the case of vascular endothelial growth factor (VEGF)
and platelet derived growth factor (PDGF)31 are proangiogenic. Although large prospective human studies
are lacking to this date, there are many promising placebo
controlled animal studies that show an impressive effect.
In the studies of Oh et al32 and Nakamura et al33 they
observed significant higher fat retention with increased
vessel formation. The right concentration (4–5 times
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Table 2 Practical guideline for lipofilling (personal preferences of the senior author HPJD Stevens after 1067 procedures)

above baseline) of PRP seems paramount in achieving
these effects34. How PRP exactly improves graft take
remains unclear, the growth factors may influence the
ADSC in the lipograft, the adipocyte, the donor area, or
combination of all. Clinically there seems to be an effect:
which is further supported by the findings of several
retrospective studies on aesthetic outcome and recovery
time when using PRP. [AQ5: can you please reference
these studies]

More than filling alone?
During the last century, it became apparent that
multipotent or precursor cells were available in
subcutaneous fat35. However, harvesting and classifying
these cells proved to be a technical challenge. The
introduction of liposuction changed all this and for the
first time there was access to large volumes of living
human fat cells. Zuk et al3 showed in their study that this
indeed was the fact, their findings lead to significant
advances in stem cell related tissue engineering and
regenerative medicine. The ADSC almost has the same
differentiation as other stem cells36, but are readily
available, and easy to access37.
With the introduction of superficial lipofilling in plastic
surgery, clinical observations soon followed. Coleman in
200621, was one of the first to suggest that ‘lipofilling might
be more than filling alone’ and could have a local
rejuvenation effect. In a number of cases of lipofilling of
the face, the overlying skin showed changes, small
wrinkles disappeared, pore size decreased, and
pigmentation improved. Also, scars seemed to fade, and
felt more like normal skin (Figure 5).
These first observations led to the initiation of studies
that evaluated these rejuvenating properties. In 2007
Rigotti et al29 in their study, Clinical treatment of
radiotherapy tissue damage by lipoaspirate transplant: a
healing process mediated by adipose-derived adult stem
cells, introduced a new method in treating irradiated skin.
For the first time, lipofilling was used as a therapy to
repair the damaged skin instead of using it for volumetric
correction. Rigotti suggested that the positive

Figure 5 Close-up of
the skin of a 58-year-old
female patient; (A)
pre-operative there was
extensive tissue
response on a
permanent filler
(injected elsewhere)
with severe scarring. (B)
12 months postoperative from two
sessions of lipofilling
(15 cc per session)
around the effected
area and peri-orally.
There was evident
improvement of scar
colour, elasticity, and
general appearance

rejuvenating effect reported in the study might be
attributed to the ADSCs present in the lipograft.
More recently, Sultan et al38 showed a similar finding in
a placebo controlled animal study. Mice underwent
radiation, with one group receiving lipofilling of the
damaged area, and one group a placebo. Lipofilling
dampened the effects of the acute radiodermatitis. An
observation that was further supported by histological
findings: there was less fibrosis and SMAD3 expression
(fibrosis marker). The authors suggest that these effects
might be owing to the ADSC, either by neo-angiogenesis
or inhibiting the TGF- myofibroblast.
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The regenerative properties of the lipograft was soon
used for other types of skin damage like thermal injuries.
Klinger et al39 was the first to present a small case series
(n=3) that were treated with lipofilling after hemifacial
second and third degree burns. Klinger concluded that,
‘lipofilling improves scar quality and suggests a tissue
regeneration enhancing process.’ The group of Sultan
et al40 (as described above) also conducted a placebo
controlled mice study that explored the possibility of
using lipofilling to minimise scarring after thermal injury.
The mice that received lipofilling directly after
administering the thermal injury showed increased
neo-angiogenesis of the area, measured with a duplex
Doppler, and cellular expression of related genes. Also, like
with the irradiated mice, a lower amount of fibrosis was
observed in the lipofilling treated mice. The authors
suggest that the ADSC might take over, or assist the
endothelial progenitor cells, which are paramount for neoangiogenesis after thermal injury. It is widely accepted
that, with severe thermal injury, the endothelial progenitor
cells response from the bone marrow is slow, or even
absent41. The resulting hypoxic tissue will result in a high
TGF- expression that results in severe scarring. Lipofilling
might have a place in treating thermal injuries in the future.
Another application for the regenerative properties of
the lipograft was presented by Cervelli et al42,43 In a number
of pilot studies they show the treatment of post-traumatic
and chronic ulcers with a combination of PRP and
enhanced stromal vascular fraction lipografts (or ADSC
enriched). According to Cervelli et al the clinical results are
good, with a high patient satisfaction. Unfortunately, the
number of available studies that research this treatment is
low. It may well be that this therapy will form an alternative
to extensive debridement followed by loco-regional
reconstruction or hyperbaric oxygen therapy.
Further research into the cellular interactions between
the ADSC and adipocyte, along with the interaction of the
ADSC on the local cellular environment will give insights
in the reported regenerative effects and lead to new
therapies. Most likely, fat graft survival will increase, as well
as in bad donor areas like irradiated tissue. Also, tissue
engineering with the use of ADSC and scaffolds36 (3D
Matrix) is showing great potential in-vitro44 but also in-vivo45.
Furthermore the down regulating effect of the ADSC on
the immune response might be a future therapy for scar
prevention, revision, and chronic inflammatory skin
diseases. Anecdotally, during the last 3 years, the senior
author of this article used superficial lipofilling with PRP
successfully for skin rejuvenation of the face, decollete,
and hand dorsum. A blind randomised controlled trial is
currently underway to further objectify these findings.

Key points
■ [AQ6: please add
between 3 and 5 key
points - in full sentences
- summarising the main
learning points of the
article]
■ xxxxx
■ xxxxx
■ Ixxxxx

Oncological safety of lipofilling
The potential carcinogenic properties of lipofilling has
been a point of discussion in many articles. Fundamental
studies show that adipocytes placed in hypoxic condition
produce large amounts of VEGF and other proliferative
growth factors46,47. Furthermore, the aromatase available in
adipocytes results in a high local oestrogen concentration47.
If we take into account that the vascularisation of breast
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tissue is relatively poor in comparison to the face, both
factors have the potential to be a carcinogenic trigger.
In the recently published systematic review by
Claro et al48 on oncological complications after lipofilling of
the breast, the number of mammographic changes were
comparable to other forms of reconstructions. However,
the number of level one and two trials included in this
review was low. The ability to detect changes early in a
mammography are not influenced by lipofilling in that
breast49. The British Association of Plastic, Reconstructive
and Aesthetic Surgeons (BAPRAS) recently updated their
guidelines. These updates included: lipofilling is a good
alternative for breast reconstruction50, and follow-up can
take place according to the standard guidelines for
oncological breast reconstruction. The US guidelines are
less progressive and give no recommendation, but do say
that lipofilling is ‘promising and clinically relevant’2. Further
studies with adequate power and long term follow-up are
required to draw definite conclusions. In addition, little is
known about the role of additives like PRP or ADSC
enrichment on the oncogenic potential of the lipograft.

Lipofilling in daily practice
Table 2 shows an overview that could serve as a guideline
for the aesthetic and reconstructive surgeon. The
experience of the surgeon and his operating team, as well
as the expectations of the patient, are important factors in
achieving a satisfying result, which sometimes requires
multiple procedures. Clinical results are presented in
Figures 3–4.

Conclusion and future expectations
The use of living fat cells for reconstructive and aesthetic
purposes, harvested and grafted to a donor site within the
same individual looks more promising than ever before.
The lack of significant level 1 and 2 trials is a reason to be
reserved at this time. Lipofilling not only seems interesting
for the reconstruction of volumes but also the regenerative
potential of the ADSC allows for reconstruction on a
cellular level. The technological advances and practical
improvements of the last decade makes lipofilling a good
or even better alternative than current treatments options.
Many other clinicians, such as dermatologists,
interventional radiologists, and cardiologists51 have shown
their interest in lipofilling, especially in the regenerative
potential of the lipograft. This article’s two authors have
initiated a number of studies, including a randomised
controlled trial and fundamental studies into the effect of
PRP on the lipograft.
Declaration of interest Both authors declare to have no
potential conflicts of interest with respect to the research,
authorship, and publication of this article. None of the
authors received financial support for the research,
authorship, and publication of this article.
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