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Abstract

Background: Fat grafting has been gaining attention in tissue augmentation over the past decade, not only for lipofilling, but also for its observed
regenerative properties and overall skin texture improvement.

Objectives: The aim of this study was to analyze the effect of nanofat grafting on scars, wrinkles, and skin discolorations in our clinic.

Methods: Nanofat was prepared by a standard emulsification and filtration protocol. The resulting liquid was injected intradermally or directly into
the scar tissue. Skin quality was evaluated based on a scoring system, and patient satisfaction was documented. Three physicians compared and analyzed
standardized pre- and posttreatment photographs in respect to general improvement of skin aesthetics.

Results: Fifty-two patients were treated with nanofat from November 2013 to April 2016. The mean (+ standard deviation) posttreatment follow up
was 155 * 49 days and average volume of harvested fat amounted to 165 cc. The primary harvesting areas were the abdomen and flanks, and the injected
volume of nanofat ranged from 1 to 25 mL (mean, 4.6 mL). A total of 40 scars (76% of all patient defects) were effectively treated as well as 6 patients with
wrinkles, and 6 patients with discoloration. Posttreatment clinical evaluations showed a marked improvement of scar quality and a high patient satisfaction.
The results in our clinic showed that nanofat grafting softened the scars, made discolorations less pronounced, and wrinkles appeared less prominent.
Conclusions: Nanofat grafting has been shown to have beneficial effects in the treatment of scars, wrinkles, and skin discolorations.

Level of Evidence: 4
4

Therapeutic

Editorial Decision date: September 8, 2017; online publish-ahead-of-print January 20, 2018.

Several skin conditions such as scars or signs of aging,
including wrinkles and discolorations may negatively
affect skin appearance and aesthetic. Scarring is a natu-
ral process that occurs after wound healing. However, the
appearance and visibility of scars depends on multiple
factors. Injection, or topical application of corticosteroids
onto pathologic scars are considered an effective treatment
method for keloids and hypertrophic scars.! Nonetheless,
irreversible subcutaneous atrophy and hypopigmenta-
tion are limiting side effects.> Hypopigmentation can also
occur in cryotherapy, and radiotherapy scar treatment may
involve multiple sessions and can entail unwanted cellular
apoptosis and necrosis.? Scars are also often treated with
less invasive silicone dressings and pressure garments, but

their positive effects currently lack scientific evidence.?
Laser therapy of hypertrophic scars may improve their
appearance yet nevertheless, laser technology is limited by
high recurrence rates and skin discoloration.* Finally, sur-
gery may be an option to correct overly conspicuous scars
and includes skin grafting, excision, and direct closure or
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dermabrasion. However, invasive surgical procedures may
be associated with higher rates of complications resulting
in even larger scars with persistent retraction, which may
worsen the situation.’ With that, current scar therapies
generally make use of ablative mechanisms, which may
involve irreversible side effects, therefore emphasizing the
need for alternative methods.

Autologous fat grafting has become quite popular in
tissue reconstruction and augmentation over the past
decade. Its regenerative properties and beneficial effects
with respect to skin texture have been observed in several
studies.®’” Hyperpigmentation, skin texture, and scar qual-
ity may equally play an important role in determining a
suitable treatment and resulting outcome. Consequently,
Tonnard et al® described a new technique introducing nano-
fat and hypothesized that it could be applied in various
other skin conditions such as wrinkles and discolorations.
Wrinkles and skin discolorations are usually addressed
with expensive dermatological treatments such as “fill-
ers” and erosive chemical peelings that require numerous
sessions. Such treatments often have no permanent effect.
Therefore, wrinkles and discolorations might also benefit
from the long-term regenerative properties of nanofat.

The aim of this study was therefore to analyze the effect
of nanofat on skin quality improvement in scars, wrinkles,
and discoloration, and to report on its safety, feasibility,
and posttreatment patient satisfaction.

METHODS

We performed a single center retrospective analysis study
to evaluate the effect of nanofat grafting in patients who
were treated for scars, wrinkles, or discolorations from
November 2013 to April 2016 in our clinic. This study was
approved by the Cantonal Ethic Committee of Zurich, and
all patient photographs shown have given written consent.

After infiltration with a standardized fat harvesting
solution (900 mL NaCl 0.9%, 0.25 mL Adrenalin (1 mg/
mL), 20 mL of Lidocain (20 mg/mL), microfat was har-
vested using the Tonnard Harvester 2.4 mm x 20 cm can-
nula with sharp side holes of 1 mm in diameter (Tulip
Medical Products, San Diego, CA). Donor sites were
chosen according to fat deposits and preferences of the
patient. Harvested fat was washed with isotonic saline
solution. Nanofat was prepared in a standardized manner:
microfat was mechanically emulsified by shifting the con-
tents 30 times back and forth between two 10 cc syringes
connected to each other by the 2.4 mm Tulip transfer until
the fat became liquefied and acquired a whitish appear-
ance. Then the emulsified fat was pressed through a nylon
cloth with 0.5 mm pore size to filtrate it and was then
transferred into sterile 1 mL syringes for injection.

The obtained liquid was injected with 24, 25, or 27
-gauge sharp needles into the scar tissue or the dermis

respectively. Needle diameter was dependent upon the
quality and rigidity of the scar tissue. With that, we also
assumed that if nanofat promotes tissue regeneration and
improves skin quality in scars, it could also reduce the
appearance of superficial skin wrinkles, such as those seen
around the eyes or mouth. These very fine superficial lines
cannot effectively be addressed by direct volume replace-
ment and nanofat is generally employed to improve overall
skin quality. With that, nanofat was also applied with many
small intradermal injections over the entire affected area as
aresurfacing treatment. Single rhytides were not addressed
or injected. The endpoint of injection was reached with the
appearance of yellowish discoloration of the skin during
the injection process. Patients were seen in our outpatient
clinic after seven days, three weeks, and three months
post treatment. Skin and scar quality was documented
during each visit. A patient satisfaction assessment was
performed on their last follow-up consultation by an inter-
view in person with the consulting physician. Each patient
was asked if he or she was satisfied with the result or not.
Patients answered with either a yes or no and no specific
scales or written surveys were utilized. Patients’ remarks
were documented in their medical record and the data was
collected retrospectively. Standard pre- and posttreatment
photographs were evaluated by three physicians in order
to determine the improvement of skin appearance: a der-
matologist, a plastic surgeon, and a general surgeon. These
three physicians completed their evaluations separately
and independently. In order to evaluate the results a visual
three-grade scale was used, which is described below:

Score 1: good result;
Score 2: satisfactory result;
Score 3: no change.

Reviewers were additionally allowed to make remarks if a
posttreatment result seemed worse than before.

The indication for nanofat was provided when a patient
wanted to visibly reduce wrinkles or discoloration in their
face permanently, or if scars in the face and body were either
very conspicuous due to widening and hyperpigmentation, or
functional retraction. We excluded all patients with contrain-
dications, such as previously reported hypersensitivity to the
specific procedure, severe skin disease, and acute infection.
We performed all procedures under general anesthesia for the
patient’s convenience based on their preference. However, it
is also possible to apply nanofat under local anesthesia.

RESULTS

All 52 consecutive patients included in this study were fol-
lowed up on in our outpatient clinic after treatment. Forty
patients were female (77 %) and 12 patients were male (23 % ).
The age of the patients ranged from 15 to 64 years (mean,
42 years). The average age of scars ranged from 15 months
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Figure 1. Evaluation of the reviewers" estimation of the
surgical results (percentage).

to 40 years (mean, 5.8 years). A total of 40 scars (76 %) were
treated. Six patients with wrinkles and six patients with dis-
coloration were treated for skin quality improvement. Two
patients received laser therapy, one radiotherapy, and one
dermabrasion before treatment. All of these patients suf-
fered from scars. One additional patient with discolorations
was previously treated with dermabrasion.

Main treatment areas were scars of the face and body,
and discoloration or wrinkles in the face, neck, and décol-
leté. The average volume of harvested fat was 165 cc (range,
10-800 mL). Main harvesting areas were the abdomen and
flanks. Nanofat injections were generally performed once. In
four cases, nanofat treatment was performed twice as three
of these four patients had rigid scars, which were nonethe-
less significantly softened after the first treatment. In the
follow-up period, both the examiner and patient decided to
perform a second treatment in order to soften the remaining
rigid tissue as well. One of the above-mentioned patients suf-
fered from discolorations after laser treatment for scars. A sec-
ond treatment with nanofat was undertaken and significantly
improved skin color was noted posttreatment. The second
treatment was performed respectively after three months.

The injected volume of nanofat ranged from 1 to 25 mL
(mean, 4.6 mL). The mean (+ standard deviation) post-
treatment follow up was 155 + 49 days (range, 87-312 days).
There were no significant complications. Additionally, no
fat cysts, infections, foreign body reactions, permanent
discolorations, or other side effects were observed directly
after the treatment and in the follow-up period. Some
patients reported minor temporary pain at the harvesting
site. Results of all 52 cases were clinically evaluated in
our outpatient clinic. In general, scars were described as
softer or less prominent, wrinkles as less deep, and discol-
oration as less noticeable as per the consulting physician.
Eight patients were followed up in the outpatient clinic

Figure 2. Reviewers rating regarding results for specific
lesion (percentage). Scars and discoloration seem to benefit
most from nanofat treatment.
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Figure 3. Patient satisfaction (percentage).

without documented posttreatment pictures. In seven of
these cases, examiners had described scars to be softer and
less visible. In one case, a hyperpigmented lower eyelid
area was described as less pronounced by the examiner.
An improvement of skin quality or appearance was how-
ever noticeable at 100 days posttreatment.

A total of 44 pre- and posttreatment photographs were
evaluated by three types of doctors. Overall, evaluations
presented a substantial improvement of skin appearance in
93% of all cases, with general consensus from all review-
ers (Figure 1).

Reviewers classified the results in the majority of scars
posttreatment as good (74%) (Figure 2). The results in
18% of the treated scars were rated as satisfactory and
only 8% of all treated scars were rated as unchanged post-
treatment. Posttreatment results in discolorations were
rated as good (60%), and as satisfactory (40%) by the
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Figure 4. (A) A 17-year-old male patient with a hyperpigmented scar at the root of the nose after a nasal fistula 2 years before
and periorbital discolorations. (B) Three month posttreatment the scar is smaller and less conspicuous and skin discolorations
are evened out. Two mL nanofat was injected intradermally. The patient shows visible hair growth in the glabella area in the
pretreatment picture, so most likely the hair was plucked or shaved.

Figure 5. (A) A 52-year-old female patient with a hyperpigmented irregular skin lesion of the left cheek after a dog bite injury
40 years ago. (B) Four month posttreatment: the scar is less visible and irregularities have disappeared. A total of 1.6 mL
nanofat was applied intradermally.

reviewers. Posttreatment results of wrinkles were rated as
satisfactory in the majority of the cases (66%). In 34% of
treated wrinkles, results were rated as good posttreatment.
None of the reviewers rated a posttreatment result in scars,
wrinkles or discolorations as worse than before.

Forty eight of our 52 patients (92%) were highly sat-
isfied with their results as noted in the patients’ history
by the clinical examiner (Figure 3). Pre- and posttreatment
pictures of 6 patients are included to demonstrate the effect
of nanofat on scars and skin appearance (Figures 4-7 and
Supplemental Figures 1 and 2, available as Supplementary
Material at www.aestheticsurgeryjournal.com).

DISCUSSION

Currently, the classical scar correctional procedure has been
surgical excision, which often results in the enlargement of
the scar length and remaining or reoccurring hypertrophy

or redness. Fat grafting has been shown to have beneficial
effects on contracted scars, which were initially treated
for volume loss. The first autologous fat transfer for vol-
ume loss in the face was described in 1893, when fat was
used en bloc for filling up subcutaneous defects.” In 1912
a retracted scar after mastectomy was corrected with fat
injections.! In recent times, however, the technique of fat
harvesting and injection has been refined and significantly
improved, therefore also yielding more desirable results.
Since adipose tissue is biocompatible and not immu-
nogenic it represents an ideal transplant material for a
patient. Furthermore, it is easy to harvest and is associated
with low donor site morbidity. In previous clinical obser-
vations, adipose tissue was shown to have regenerative
effects in the dermis and subcutaneous tissue.!'"!3 However,
the underlying mechanisms involved in improving tissue
quality remain unclear. Studies imply that the formation of
new blood vessels, tissue remodeling, and inflammatory
responses as potential reasons for scars that are able to
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Figure 6. (A) A 49-year-old female patient with periorbital hyperpigmentation. (B) One month posttreatment, dark circles
around her eyes have almost disappeared. 1 mL nanofat was injected intradermally per side.

Figure 7. (A) A 35-year-old male patient with a scar from a contused laceration of the upper lip 1.5 years after an accident.
(B) Six month posttreatment there was no elevation notable and the scar was softer. A total of 2.5 mL nanofat was applied
intradermally.

regain characteristics of normal skin. There is mutual con-
sent that adipose tissue derived stem cells (ADSCs) are
multi- and pluripotent.’#'® ADSCs can be found in great
amounts in the stromal vascular fraction (SVF) of adipose
tissue.'” In an experimental study, Zhang et al injected
adipose tissue derived stem cells intralesionally into rab-
bit ears and showed that the formation of hypertrophic
scarring was reduced thereafter by decreasing the a-SMA
and collagen type I gene expression and enhancing col-
lagen deposition.’® In a murine model fat grafting was
performed to irradiated skin and photometrical and his-
tological examinations were conducted posttreatment.!? It
was shown that fat grafting restores collagen organization
and downregulates the fibrotic response to radiation. Fat
grafting most likely promotes improvement through mes-
enchymal cells and numerous growth factors already con-
tained in the lipoaspirate, which contributes to skin and
scar remodeling. In several studies, elasticity and plasticity
of the scar tissue was increased, which was also revealed
microscopically in posttreatment scar samples.20-2!

The term “nanofat” was introduced by Tonnard et al
in 2013 describing a new method to prepare autologous
fat in order to predominantly make use of its regenerative

properties. They investigated the viability of adipocytes
and the number and activity of the adipose derived stem
cells (ADSCs) in comparison to lipoaspirates obtained by
standard fat harvesting techniques. They demonstrated
that no viable adipocytes were left after the emulsifica-
tion process, but the number of ADSCs was comparable
to standard lipoaspirates. However, fat tissue is composed
of adipocytes and a number of other cells referred to as
SVFE.Il Adipocytes only comprise of 25% of the total cell
count in fat tissue. Based on this, since the SVF and the
ADSCs are not removed from the solution before injection,
the prepared tissue can still be termed as a form of fat.
The main clinical application of nanofat is not filling up
soft tissue defects, but rather to stimulate tissue regenera-
tion and remodeling.® Adipose tissue is shuffled intersyrin-
geal to create nanofat. Shuffling the lipoaspirate up to 30
times simplifies its injection. The intensity and approach
to the shuffling procedure might have an impact on the
yielded nanofat. Osinga et al however demonstrated that
the mechanical procedure of shuffling lipoaspirated fat
does not alter the tissue viability or its microscopic struc-
ture, and that there is no impact on the SVF.>2 Based on
their in vitro findings, they suggested that shuffling may be
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applied in order to make fat injections easier without dam-
aging the fat cells.?> However, the correct nanofat prepa-
ration includes an additional step (ie, the filtering of the
fat obtained after shuffling through a mesh with a 0.4-0.6
mm pore size), which inevitably destroys the adipocytes.
Therefore, correctly prepared nanofat is not suitable for
volume replacement, as it merely consists of purely regen-
erative properties.

It was demonstrated that nanofat contains no viable
adipocytes, however, an amount of ADSCs that is compa-
rable to microfat. In an attempt to characterize the poten-
tial regenerative benefits, it was experimentally shown that
nanofat processing via mechanical lipoaspirate emulsifica-
tion does not only disrupt adipose cells to create an inject-
able liquid.?®* The viscosity of nanofat was analyzed and
SVF was isolated and quantified. Mechanical processing
was shown to lead to a shear-stress-induced upregulation of
certain progenitor cell phenotypes that are associated with
multipotency and pluripotency. Specifically, adipose-de-
rived-stem cells and endothelial progenitor cell phenotypes
were detected in larger amounts in the mechanically pro-
cessed lipoaspirate, which might be the reason why nano-
fat grafting seems to have potent regenerative effects with
clinically remarkable results.

Additionally, Rohrich et al studied the differences in
adipocyte viability depending on the donor area and con-
cluded that there were no significant differences in adi-
pocyte viability among the abdomen, thighs, or flanks.?*
Differences in the quantity of stem cells depending on
donor area are however still postulated in literature.>> We
did not detect any significant difference in results depend-
ing on donor sites in our clinical application.

Microneedling is also known as percutaneous collagen
induction, which appears to be an overall effective and
safe therapeutic option for numerous dermatologic con-
ditions.?® The target of the needles is the upper dermis.
Microwounds created in this case stimulate the release
of growth factors and induce collagen production.?’-*8
The epidermis remains intact, therefore reducing adverse
events. The efficacy of microneedling for the treatment of
scars and skin rejuvenation was demonstrated clinically
in several studies.*** Nanofat too, is injected with sharp
needles intradermally. Therefore, a needling effect cannot
completely be ruled out in nanofat grafting, and may actu-
ally contribute to the overall beneficial effect of nanofat.
However, the number of microwounds caused by the injec-
tion are minimal in effort to prevent an unnecessary out-
flow of the fluid.

Tonnard et al® published remarkable clinical results
of skin quality improvement after nanofat treatment in
67 patients that are consistent with the aesthetically sat-
isfactory results that were obtained in our own patient
series. Skin has been observed as softer and more flexible,
and discolorations blended into the surrounding healthy

skin. The advantage of nanofat for scar treatment is that
it introduces regenerative properties and does not create
new scars. Furthermore, the risk of abnormal healing
is low as no new surgical intervention is applied to the
skin. Additionally, no special posttreatment treatment is
required. A single session seems to be sufficient, although
in some cases more sessions can be beneficial. Another
advantage is that it be can easily combined with traditional
fat grafting. In this way, skin quality improvement can for
example prevent or improve cases where severe retractile
scaring is prevalent, for example in breast implantation.
It can also make cicatricle tissues suitable to accept pros-
thesis and expanders. It also seems that reddened and
slightly elevated scars (Figures 4 and 7, and Supplemental
Figures 1 and 2) and discolorations (Figure 6) benefit the
most from nanofat. We however suggest that as nanofat
causes tissue regeneration and improves skin quality it can
also increase dermal elasticity, and therefore the elasticity
of deep wrinkles. In this study an improvement of skin
quality or appearance was noticeable up to 100 days post-
treatment on average. However, from our clinical experi-
ence, after the evaluation period we often noticed that the
effects are long-lasting and may even further improve after
3 months. Further long-term studies are needed in order
to clearly document the longevity of this action in greater
detail.

The average age of the treated scars in this study ranged
from 15 months to 40 years and the majority of them were
traumatic. Therefore, the treated scars were already mature
at the time of the nanofat treatment, therefore ruling out
the physiological regenerative process as a possible cause
for scar improvement as the natural scar formation pro-
cess is usually terminated after 18 to 24 months. Further
research is of course necessary in order to clarify whether
scar age and etiology has any sort of influence on nanofat
results. Additionally, the amount of nanofat needed to be
effective still remains unclear and has to be defined in the
future.

Limitations of this study are the fact that it is a ret-
rospective, nonrandomized case series. Patients were not
compared to a control group that was treated with other
injectables or surgery. The evaluation of the results was
performed clinically and based on the patient’s satisfac-
tion, without any objective measurement (e.g., histology).
Additionally, the evaluation of patient satisfaction con-
ducted by live interviews with a physician may represent a
potential limitation of the study.

With that, we believe that this study provides essential
information in terms of the results after nanofat treatment.
As of now there only limited data on the clinical results
are available, especially as wrinkles and discolorations are
scarcely investigated in this field. In order to better charac-
terize the beneficial effects of nanofat injections, a larger
prospective study involving a control group with only
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saline injections is planned. In addition, further investi-
gations intended to characterize the underlying molecular
mechanisms involving metabolomics and proteomics are
ongoing.

CONCLUSION

In this study we demonstrated our experience with nanofat
for the treatment of scars, wrinkles, and discoloration of
the skin. Our results show that nanofat conveys beneficial
effects on skin texture and aesthetic appearance. Treated
skin seems to regain clinical characteristics similar to nor-
mal skin prior to scarring. Nanofat grafting is an effective
alternative to the surgical excision of scars without the risk
of potential worsening or expensive short-term dermato-
logic treatments of wrinkles and discoloration. This safe
and feasible application, together with the low tissue mor-
bidity, makes it a valuable new tool in the repertoire of
every plastic surgeon.

Supplementary Material

This article contains supplementary material located online at
www.aestheticsurgeryjournal.com.
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