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Aim: Recently, a new fat grafting technique termed ‘nanofat grafting’ was proposed which improved
tissue repair by the stem cells contained in the stromal vascular fraction (SVF) of nanofat. Here, we re-
ported the clinical outcomes of different nanofat procedures in the treatment of scars in relation with
SVF cell yield. Methods: Three different modified nanofat grafting procedures (supercharged-, evo- and
centrifuged-modified nanofat) were compared with the classic nanofat method, and histological analysis
was performed to assess skin regeneration. Residual nanofat samples were analyzed to determine SVF im-
munophenotype and yield from each procedure. Results: Supercharged-modified nanofat gave the best
results in terms of clinical outcome and SVF yield. Histological analysis revealed similar skin regeneration
in all treatments. Conclusion: This work suggested a positive correlation between SVF yield and clinical
outcomes in the nanofat treatment of scars.
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The adipose tissue is a highly complex tissue and consists of mature adipocytes, preadipocytes, fibroblasts, pericytes,
vascular smooth muscle cells, endothelial cells, resident monocytes/macrophages [1–5] and lymphocytes [4]. This
heterogeneous cell population, named stromal vascular fraction (SVF), has come more and more into the focus
of stem cell research, since this compartment provides a rich source of multipotent adipose-derived stem cells
(ASCs) [6–8]. Rodriguez et al. [9] described the isolation and culture of ASCs with their multipotent differentiation
capacity. The presence of ASCs was reported not only in the adipose portion of liposuction aspirates (a major
contributor of ASCs) but also in the infranatant liquid portion (liposuction aspirate fluid) [10]. Fat grafting and
stem cells have been commonly used in plastic surgery for regeneration and rejuvenation purposes [11]. The authors
have already published the results obtained from using of platelet-rich plasma mixed with fat grafting in the
treatment of scars of the face [12], chronic lower-extremity ulcers [13], loss of substance on the lower limbs [14] and
application of SVF in post-traumatic lower extremity ulcers [15,16]. These previous findings demonstrated that the
application of SVF can improve tissue healing and maintenance of fat graft volume. In fact, by early methods of
adipose tissue transplantation, significant portions of the transplanted tissue were often reabsorbed, perhaps for
a poor blood supply due to insufficient neoangiogenesis [17]. It has been reported that ASCs and their secretome
possess angiogenic properties [18,19]. Recently, a new fat grafting method, named ‘nanofat grafting’, was proposed
by Tonnard et al. [20] for skin rejuvenation, especially to treat particular areas, such as eyelids, lips or fine rhytides.
Nanofat is obtained after several steps of emulsification and filtration. The final liquid suspension, virtually devoid
of mature adipocytes, can be injected in a more superficial plane through finer needles (27 gauge) and would
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Figure 1. The method of supercharged-modified nanofat preparation. (A) Nano-FastKit R⃝ (Corios, Milan, Italy)
system for nanofat and SVF isolation in a closed system. (B) Bag with the harvested fat. (C) Automatic filtration
(120-µm filter) and centrifugation for SVF isolation and fat preparation. (D) At the end of this process, centrifuged fat
is in the middle part of the syringe instead the suspension, containing SVF, in the lower part. (E) SVF suspension
(40 ml) was collected and further filtered (120-µm filter) to obtain the final volume of 20 ml to enrich the emulsified
fat (obtained only by automatic filtration and emulsification, see Materials & methods section). The authors added
0.2 ml of SVF suspension to each milliliter of fat obtained.
SVF: Stromal vascular fraction.

improve tissue repair because of the presence of SVF and therefore ASCs, without enzymatic digestion or in vitro
cell expansion, as also reported by Bo et al. in liposuction aspirate fluid [10].

However, it has been supposed that SVF cell population may be lost during the nanofat procedure [17]. For
this reason, the authors compared, in terms of clinical outcomes and SVF yield, three different modified nanofat
procedures, using mechanical filtration and/or centrifugation step in a close system (Figure 1), with the classic
nanofat by Tonnard. The findings achieved from this study demonstrated that clinical outcome based on skin
improving depends in part on SVF amount contained in the fat. In addition, the authors demonstrated that each
single step in the nanofat procedure can influence the final SVF yield.

Materials & methods
Patients
Between January 2014 and March 2016, 43 patients, between 20 and 73 years of age, affected by outcomes of
burn or post-traumatic scars were treated, in a randomized manner, with classic [20] or modified nanofat grafting at
the Plastic and Reconstructive Surgery Department of ‘Tor Vergata’ University of Rome. The treated scars ranged
from at least 4 months from complete healing to 3-year old. In particular, 13 patients (six females and seven males),
affected by outcomes of burn (n = 5) or post-traumatic scars (n = 8), were treated with supercharged-modified
nanofat. Ten patients (five females and five males), affected by outcomes of burn (n = 6) or post-traumatic scars
(n = 4), were treated with evo-modified nanofat. Ten patients (five females and five males), affected by outcomes of
burn (n = 6) or post-traumatic scars (n = 4), were treated with centrifuged-modified nanofat. Clinical outcomes
of these different nanofat procedures were compared with those of classic nanofat, according to Tonnard [20], in a
group of ten patients (five females and five males), affected by outcomes of burn (n = 5) or post-traumatic scars
(n = 5). The exclusion criteria were uncompensated diabetes, sepsis and cancer. Tobacco use and genetic disorders
were not considered.

Modified nanofat procedures
To obtain modified nanofat, the lipoaspirate (80 ml, obtained with luer-look syringes and Coleman cannula
3 mm-diameter) was mechanically emulsified after rinsing. Emulsification of the fat was achieved by shifting the
fat between two 10-cc syringes connected to each other by a female-to-female Luer-Lok connector. After 30 passes,
the fat changed into an emulsion. At the end of the fragmentation process, the fat became liquid and took on a
whitish appearance. After this emulsification process, the fatty liquid was again filtered over the sterile nylon cloth
and the effluent was collected in a sterile recipient to remove the connective tissue remnants that would block
the fine needles. Tonnard [20] called this product ’nanofat’. For modified nanofat, the authors did not apply high-
negative-pressure liposuction and not use a standard 3 mm Mercedes-type liposuction cannula with large side holes
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Figure 2. The method of evo nanofat-modified procedure. (A) Adipecons kit according to Rigenera procedure; (B)
addition of 16ml of saline solution in Adipocons; (C) decanted fat graft; (D) addition of 16 ml of decanted fat graft in
Adipecons; (E) slow centrifugation at 80 rpm x 3 min; and (F) 10 ml of stromal vascular fraction suspension was
collected and emulsified.
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Figure 3. Stromal vascular fraction cell culture and yield from different nanofat procedures. (A–D) Representative images of cultured
stromal vascular fraction obtained by different nanofat samples. (E) Bar graph showing stromal vascular fraction cell yield per milliliter of
nanofat. Results were reported as the mean of five samples/group. t-test: *p < 0.05, **p < 0.01 and ***p < 0.001.

Table 1. Immunophenotypic characterization of stromal vascular fraction by flow cytometry analysis.
Antigen Supercharged-modified

nanofat
Evo-modified nanofat Centrifuged-modified nanofat Classic nanofat

CD44 71.2 ± 8.0 65.6 ± 9.1 68.3 ± 7.8 69.4 ± 9.0

CD90 62.8 ± 7.2 59.7 ± 6.9 56.9 ± 6.1 60.5 ± 8.2

CD73 30.1 ± 5.4 27.2 ± 4.8 32.3 ± 5.5 28.1 ± 5.2

CD34 58.1 ± 6.3 55.3 ± 7.5 50.4 ± 5.2 52.6 ± 5.8

CD31 19.9 ± 4.4 21.5 ± 5.1 17.8 ± 4.8 20.3 ± 4.2

CD146 22.1 ± 4.5 19.7 ± 3.9 20.7 ± 5.1 23.0 ± 5.2

Data (percentages) are presented as the mean ± standard error of the mean obtained from three different patients for each experimental group. No significant difference was observed
between different groups.

(2 × 7 mm) but a 3 mm multiport cannula, containing several sharp side holes of 1 mm diameter. In particular, to
obtain supercharged-modified nanofat, the lipoaspirate was divided in two part. The first part (80 ml), harvested in
a closed system with 20 ml Luer-Lok syringe and collected in a bag (Nano-FastKit R⃝ System, Corios, Milan, Italy;
see Figure 1A & B), was subjected to an automatic filtration (120-µm filter) and centrifugation at 1300 rpm for 10
min (Nano-FastKit System, Figure 1C). At the end of this process, centrifuged fat is in the upper part of the syringe
instead the pellet, containing SVF [21–23], in the lower part. Only the SVF pellet was collected and its suspension
(40 ml) further filtered (Figure 1D) to obtain the final volume of 20 ml. The second part of lipoaspirate (80 ml) was
only shifted into two 10-ml Luer-Lok syringes, connected to each other by a female-to-female Luer-Lok connector,
for emulsification (30 passes). Subsequently, the SVF suspension, previously obtained in the first part, was mixed to
the emulsified fat. The authors added 0.2 ml of SVF suspension to each milliliter of fat obtained (Figure 1E). For
centrifuged-modified nanofat, the lipoaspirate (80 ml) was subjected to centrifugation (skipping the filtration step)
and at the end of this process, only the centrifuged fat was collected (the SVF pellet was discarded) and shifted into
two 10 ml Luer-Lok syringes for emulsification (30 passes). To obtain evo-modified nanofat, the authors processed
the lipoaspirate (80 ml) performing only slow centrifugation 80 RPM x 3min according to Rigenera procedure
using Adipecons [Adipecons Rigenera System, HBW, Turin, Italy] (skipping the filtration and SVF discard) 16
ml at a time and emulsification step. There was no SVF-enrichment. At the end of these different preparation
procedures, nanofat was aseptically injected for correcting burn or post-traumatic scars. Intradermal injections were
performed with a 27-gauge needle (Figure 2).
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Figure 4. Clinical case of a patient affected by outcomes of scars in left nasolabial fold treated with
supercharged-modified nanofat. (A) Pre-operative situation in frontal projection with outcomes of scars in the left
nasolabial fold region. (B) Post-operative situation in the left nasolabial fold region at 6-month post-treatment with
an increased skin thickness. (C) Pre-operative situation in lateral left projection. (D) Post-operative situation in lateral
left projection at 6 month post-treatment with an increased skin thickness.

SVF isolation & counting
For SVF isolation, residual volumes of processed fat were washed three-times with phosphate-buffered saline (PBS)
and suspended in an equal volume of PBS and 0.1% collagenase type I (C130; Sigma-Aldrich, Milan, Italy)
prewarmed to 37◦C [24]. Adipose tissue was placed in a shaking water bath at 37◦C with continuous agitation for
60 min and centrifuged for 10 min at 600 ×g at room temperature. The supernatant, containing mature adipocytes,
was aspirated. The SVF pellet was resuspended in erythrocyte lysis buffer (155 mM NH4Cl, 10 mM KHCO3 and
0.1 mM EDTA) and incubated for 5 min at room temperature. After centrifugation at 1100 rpm for 5 min, the
pellet was resuspended in few microliters of growth medium and passed through a 100 µm Falcon strainer (Becton
and Dickinson, CA, USA) and cellular population was counted using hemocytometer with trypan blue staining
exclusion [25]. Cell yield was reported as cell number per milliliter of nanofat. Results represented the mean of five
samples per group.

Flow cytometry
Flow cytometry was performed on SVF harvested by the different nanofat procedures. The primary antibodies were
mouse monoclonal anti-human CD90-PE, CD73-FITC, CD34-PE, CD31-FITC, CD44-FITC and CD146-PE
(BD Biosciences, NJ, USA). The cells were washed once in PBS containing 0.5% BSA and 0.1% sodium azide,
resuspended in wash buffer with 25 µg/ml mouse IgG, and incubated for 10 min on ice. A volume of 100 µl
for each cell suspension (∼5 × 105 cells) was aliquoted per tube and labeled with monoclonal antibodies on
ice, protected from light for 30 min. At least 10,000 events for each antibody were acquired on FACS-Caliber
flow cytometer using CELLQuest acquisition software (BD Biosciences). Positive cell populations (percentages)
were presented as the mean ± standard error of the mean (SEM) obtained from three different patients for each
experimental group.
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Figure 5. Clinical case of a patient affected by outcomes of burn in right breast treated with evo-modified nanofat.
(A) Pre-operative situation in frontal projection with outcomes of burn in the upper and lower external quadrant of
the right breast. (B) Postoperative situation in frontal projection at 6 months post treatment with an increased skin
thickness. (C) Pre-operative situation in three-fourth right projection. (D) Postoperative situation in three-fourth right
projection at 6 months post treatment with an increased skin thickness and quality.

Clinical evaluation methods
The preoperative and postoperative study was carried out through a complete clinical examination, a photographic
assessment and histological analysis for a small sample of patients. Postoperative follow-up took place after 3, 4, 6
and 12 months. Through the analysis of preoperative and postoperative photos, the authors were able to evaluate
the defect correction and skin quality improvement. Photos were taken with the same magnification, resolution,
brightness and contrast to facilitate the comparison. In addition, two methods for the outcome evaluation were
used: team (operator) evaluation and patient self-evaluation. Team evaluation was based on clinical observation,
using a scale of six scores (excellent = 5, good = 4, discreet = 3, enough = 2, poor = 1, inadequate = 0).
The patient self-evaluation used the same six scores mentioned previously. Additional factors/variables taken also
into account were pigmentation, vascularization, pliability, thickness, itching and pain. Finally, the mean between
patient and team evaluation was made.

Histological assessment
Incisional punch biopsies (2 mm diameter) were obtained from outcomes of burns or post-traumatic scars treated
with different nanofat procedures (n = 4 each group, randomly selected patients) at baseline and after 6 months post
treatment [15]. Microscopic evaluation of routinary hematoxylin & eosin-stained sections, from paraffin-embedded
skin tissue, was performed to assess skin regeneration [26]. Briefly, measurements of epidermal and dermal thickness
were taken using the ImageJ image processing and analysis software. Using the ImageJ measure tool, all epidermal
and dermal thicknesses were measured and the mean was calculated, for each sample, from at least ten different
slides.
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Figure 6. Clinical case of a patient affected by outcomes of burn in left breast treated with centrifuged-modified
nanofat. (A) Pre-operative situation in frontal projection with outcomes of burn in the upper external quadrant of
the left breast. (B) Postoperative situation in frontal projection at 6 months post treatment with an increased skin
thickness and quality. (C) Pre-operative situation in three-fourth left projection. (D) Postoperative situation in
three-fourth left projection at 6 months post treatment with an increased skin thickness. (E) Pre-operative situation in
lateral left projection. (F) Postoperative situation in lateral left projection at 6 months post treatment with an
increased skin thickness and quality.

Statistical analysis
Data were expressed as the mean ± SEM, and one-way analysis of variance (Bonferroni correction) was used for
multiple comparisons; Student’s t-test was used for the comparison between only two groups. Values of p < 0.05
were considered statistically significant.

Results
Immunophenotypic characterization of SVF & cell yield from different nanofat samples
Flow cytometry analysis (Table 1) of SVF from different nanofat samples showed the expression of specific
mesenchymal stromal stem cell markers (CD44, CD90, CD73), pericyte marker (CD146), endothelial marker
(CD31) and hematopoietic/endothelial stem cell marker (CD34) in all experimental groups. No significant
difference was observed between groups.

Representative microphotographs of cultured SVF obtained from different nanofat samples are shown in Fig-
ure 3A–D. From classic nanofat, about 20,000 (±) 3000 nucleated cells/ml of nanofat were obtained, whereas from
supercharged-modified nanofat about 200,000 (±) 15,000 nucleated cells/ml. For centrifuged-modified nanofat
about 53,334 (±) 8000 nucleated cells/ml were isolated and for evo-modified nanofat about 125,000 (±) 12,000
nucleated cells/ ml (Figure 3E). Classic nanofat showed the lowest SVF content while supercharged-modified
nanofat the highest.

future science group 10.2217/rme-2017-0076



Research Article Gentile, Scioli, Bielli, Orlandi & Cervelli

Figure 7. Clinical case of a patient affected by scars right cheeck and emimandibular area treated with classic
nanofat. (A & C) Pre-operative situation in three-fourth and lateral right projection with outcomes of scars in the
right neck region. (B & D) Postoperative situation in three-fourth and lateral right projection at 6 months after
treatment with the increase of skin quality.

Clinical outcomes from different nanofat procedures
The end point of nanofat grafting was correcting the skin defects and improving the quality in the damaged area
(outcomes of burn and post-traumatic scars). This effect generally compared after 3 months from the injection and
gradually improved, for all treatments, over time peaking between 4 and 6 months (Figure 4–7). No significant
complications, infections, fat cysts, granulomas or other unwanted side effects were observed in patients. However,
team evaluation and patient self-evaluation (Tables 2 & 3) indicated that supercharged-modified nanofat (p < 0.05
vs all treatments) gave the best results followed by evo (p < 0.05 vs centrifuged and classic nanofat), centrifuged
(p < 0.05 vs classic nanofat) and last the classic nanofat. In addition, we did not observed any significant difference
in quality improvement between recent scars compared with older ones.

Histopathological evaluation
A representative microscopic evaluation of supercharged-modified nanofat grafting in a patient affected by outcomes
of burns. Images showed a skin regeneration process, starting from baseline (T0) biopsy to 6 months post-treatment
(T6) biopsy (Figure 8), in which a normal epithelium and newly deposed dermal collagen fibers as well as vessels
were evident. Total epidermal and dermal thickness, measured for each experimental group (n = 4 patients/group),
revealed a significant increase in skin thickness at 6 months post treatment (p < 0.05; Table 4). No substantial
difference in skin thickness and regeneration between the different nanofat procedures was observed.

Discussion
Fat grafting and stem cells have been commonly used in plastic surgery for regeneration and rejuvenation pur-
poses [11]. The authors have already published the results obtained by using platelet-rich plasma mixed with fat
grafting in the treatment of scars of the face [12], chronic lower-extremity ulcers [13], loss of substance on the lower
limbs [14] and application of the SVF in post-traumatic lower extremity ulcers [15,16]. These previous findings
demonstrated that the application of SVF can improve tissue healing and maintenance of fat graft volume. In
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Figure 8. Histopathological findings of the outcomes of a burn before and after treatment with
supercharged-modified nanofat. Baseline evaluation of a skin punch biopsy of a burn revealing a hyperkeratotic skin
with a dermal thinning (T0). At 6 months post treatment (T6), skin regeneration with normal epithelium with newly
deposed dermal collagen fibers and vessels (hematoxylin & eosin staining. Magnification: 20×, 40× and 100×,
respectively).

fact, by early methods of adipose tissue transplantation, significant portions of the transplanted tissue were often
reabsorbed, perhaps for a poor blood supply due to insufficient neoangiogenesis [17]. Therefore, to decrease graft
failure rate different strategies have been developed in the last years to obtain fat grafts as rich as possible of
mesenchymal stem cells, exploiting their regenerative capacities. In fact, it has been reported that ASCs and their
secretome possess angiogenic properties [18,19]. Recently, a new fat grafting method, named ‘nanofat’, has been
proposed by Tonnard et al. [20] for skin rejuvenation, especially to treat particular areas, such as eyelids, lips or
fine rhytides. Several steps of emulsification and filtration of fat are necessary to obtain nanofat. The final liquid

future science group 10.2217/rme-2017-0076
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Table 2. Team evaluation scale (6 months post treatment).
Nanofat
kits/evaluation

Excellent = 5 Good = 4 Discreet = 3 Enough = 2 Poor = 1 Inadequate = 0

Supercharged-modified nanofat (n = 13 patients)

Color/pigmentation 8 4 1 0 0 0

Vascularization 6 3 4 0 0 0

Pliability 6 4 3 0 0 0

Thickness 6 4 3 0 0 0

Itching 7 4 2 0 0 0

Pain 5 5 3 0 0 0

Total patients 38 24 16 0 0 0

Total score 190 96 48 0 0 0

Mean value 25.7

Evo-modified nanofat (n = 10 patients)

Color/pigmentation 5 3 2 0 0 0

Vascularization 4 4 1 1 0 0

Pliability 4 5 1 0 0 0

Thickness 4 4 2 0 0 0

Itching 4 3 3 0 0 0

Pain 5 3 1 1 0 0

Total patients 26 22 10 2 0 0

Total score 130 88 30 4 0 0

Mean value 25.2

Centrifuged-modified nanofat (n = 10 patients)

Color/pigmentation 4 3 2 1 0 0

Vascularization 3 4 2 1 0 0

Pliability 4 4 2 0 0 0

Thickness 4 4 2 0 0 0

Itching 3 4 2 1 0 0

Pain 3 2 3 2 0 0

Total patients 21 21 13 5 0 0

Total score 105 84 39 10 0 0

Mean value 23.8

Classic nanofat (n = 10 patients)

Color/pigmentation 3 3 3 1 0 0

Vascularization 2 2 3 3 0 0

Pliability 2 4 3 1 0 0

Thickness 4 2 4 0 0 0

Itching 2 4 3 1 0 0

Pain 3 2 2 3 0 0

Total patients 16 17 18 9 0 0

Total score 80 68 54 18 0 0

Mean value 22.0

suspension, virtually devoid of mature adipocytes, can be injected in a more superficial plane through finer needles
(27 gauge) and would improve tissue repair because of the presence of SVF and therefore ASCs [17], without
enzymatic digestion or in vitro cell expansion. Because of the reduced number of viable adipocytes, destroyed
during the emulsification process [17], the filling capacity of nanofat is obviously very limited [20]. In some cases,
lipofilling was used for skin regeneration in the treatment of radiotherapy ulcers or scars [27]. One study reported a
statistically significant improvement in dermal elasticity after injection of facial scars in 14 patients [28]. These effects
are presumably due to the increased collagen and elastin synthesis and remodeling, likely triggered by stem cells
rather than by grafted adipocytes [28,29]. However, it has been supposed that also a part of SVF can be lost during
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Table 3. Patient evaluation scale (6 months post treatment).
Nanofat
kits/evaluation

Excellent = 5 Good = 4 Discreet = 3 Enough = 2 Poor = 1 Inadequate = 0

Supercharged-modified nanofat (n = 13 patients)

Color/pigmentation 8 5 0 0 0 0

Vascularization 6 4 1 2 0 0

Pliability 6 3 3 2 0 0

Thickness 7 3 1 1 0 0

Itching 7 5 1 0 0 0

Pain 7 5 0 0 0 0

Total patients 41 25 6 5 0 0

Total score 205 100 18 10 0 0

Mean value 25.6

Evo-modified nanofat (n = 10 patients)

Color/pigmentation 6 3 0 0 0 0

Vascularization 4 5 0 1 0 0

Pliability 4 5 0 3 0 0

Thickness 4 2 2 2 0 0

Itching 5 3 1 0 0 0

Pain 6 3 1 0 0 0

Total patients 29 21 4 6 0 0

Total score 145 84 12 12 0 0

Mean value 25.3

Centrifuged-modified nanofat (n = 10 patients)

Color/pigmentation 6 4 0 0 0 0

Vascularization 3 4 0 3 0 0

Pliability 2 5 0 3 0 0

Thickness 2 3 3 2 0 0

Itching 5 3 2 0 0 0

Pain 4 5 1 0 0 0

Total patients 22 24 6 8 0 0

Total score 110 96 18 16 0 0

Mean value 24.0

Classic nanofat (n = 10 patients)

Color/pigmentation 4 5 0 0 0 0

Vascularization 3 3 0 4 0 0

Pliability 2 4 0 4 0 0

Thickness 3 0 4 3 0 0

Itching 4 3 2 2 0 0

Pain 4 4 2 0 0 0

Total patients 20 19 8 13 0 0

Total score 100 76 24 26 0 0

Mean value 22.6

Table 4. Total epidermal and dermal thickness (6 months post treatment).
Nanofat procedures Baseline (mm) 6 month post-treatment (mm)

Supercharged-modified nanofat 1.43 ± 0.15 2.70 ± 0.31*

Evo-modified nanofat 1.11 ± 0.09 2.15 ± 0.25*

Centrifuged-modified nanofat 1.65 ± 0.20 3.02 ± 0.33*

Classic nanofat 1.74 ± 0.21 3.13 ± 0.28*

Values are means of four different patients for each experimental group. t-test: *p ! 0.05, baseline versus 6 months post treatment. No significant difference was observed between
different groups.
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the nanofat procedure [17]. A study conducted by Mashiko et al. demonstrated that mechanical micronization can
condense fat tissue removing adipocytes without damaging key components, such as adipose-derived stromal cells
and endothelial cells [30].

In this study, we compared, in terms of clinical outcomes, different nanofat procedures in order to evaluate
the influence of each processing step in the final result. In addition, we evaluated, for each procedure, the SVF
yield and correlated it with the clinical outcomes obtained from each method. Data from flow cytometry analysis
of SVF obtained by different nanofats revealed the expression of specific mesenchymal stromal stem cell markers
(CD44, CD90, CD73), pericyte marker (CD146), endothelial marker (CD31) and hematopoietic/endothelial
stem cell marker (CD34), according to literature [5,31]. The percentages of positive cell populations were similar in
all experimental groups. So, SVF cellular composition was similar between the procedures, the only difference was
represented by the cell yield obtained. This comparison was performed in order to detect which step or protocol
modification can be applied to nanofat procedure to optimize the SVF yield and obtain the best possible clinical
result. Different-modified nanofats (supercharged, evo and centrifuged) were obtained by using mechanical filtration
and/ or centrifugation steps of the fat in a close system, and compared with the classic nanofat by Tonnard. In all
treated cases, we observed a gradual improvement of skin quality and the correction of the defect that compared after
3 months from the injection and peaked between 4 and 6 months. No significant complications, infections, fat cysts,
granulomas or other unwanted side-effects were observed in patients. Histologic analysis evidenced skin regeneration
and new dermal formation in all treated cases with no significant differences. However, the clinical assessment,
performed by our observations of preoperative and postoperative photographs and by team evaluation/patient self-
evaluation scores, indicated that supercharged-modified nanofat gave the best results followed by evo, centrifuged
and the classic nanofat. No significant difference in quality improvement was found between recent scars compared
with older ones. In addition, the clinical outcomes correlated with the SVF cell yield obtained in the different
nanofat procedures; in fact, the highest SVF cell content was found in supercharged-modified nanofat followed by
evo, centrifuged and the classic nanofat. The results obtained in this study were in line with those of Tonnard [20]

and with the modifications applied to the nanofat procedure. In particular, supercharged-modified nanofat was an
emulsified fat enriched with SVF, instead no SVF enrichment was performed in evo- and centrifuged-modified
nanofat. Moreover, in centrifuged-modified nanofat the SVF was partially removed by centrifugation, whereas in
evo-modified nanofat the filtration step preserved the SVF content. These modified nanofat procedures showed a
higher SVF yield than the classic method by Tonnard. This finding demonstrated that clinical outcome based on
skin improving depends in part on SVF amount contained in the fat. In addition, the authors demonstrated that
each single step in the nanofat procedure, including fat harvesting, can influence the final SVF yield.

Conclusion
We reported the clinical outcomes of different nanofat procedures in the treatment of scars in relation with SVF
cell yield. SVF enrichment of nanofat (supercharged-modified nanofat) offered the highest concentration of cells
and the best clinical evaluation scores; on the other hand, nanofat performed by slow centrifugation (evo-modified
nanofat) was the best procedure compared with the regular centrifugation (centrifuged-nanofat) and classic nanofat.
Histological assessment revealed a skin regeneration process, but no significant difference between the procedures.
This work reported, for the first time, a positive correlation between SVF yield and clinical outcomes in the nanofat
treatment of scars.
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Summary points! Fat grafting and stem cells have been commonly used in plastic surgery for regeneration and rejuvenation
purposes.! Previous studies demonstrated that the application of stromal vascular fraction (SVF), containing adipose-derived
stem cells, can improve tissue healing and maintenance of fat graft volume.! Recently, a new fat grafting method, named ‘nanofat’, has been proposed by Tonnard et al. for skin
rejuvenation, especially to treat particular areas, such as eyelids, lips or fine rhytides.! Several steps of emulsification and filtration of fat are necessary to obtain nanofat.! We reported the clinical outcomes of different nanofat procedures in the treatment of scars in relaion with SVF
cell yield.! We compared three different modified nanofat procedures (supercharged-, evo- and centrifuged-modified
nanofat) with the classic nanofat by Tonnard et al.! Clinical assessment by team evaluation and patient self-evaluation scale was performed as well as histological
analysis on cutaneous biopsies to assess skin regeneration. In addition, residual nanofat samples were analyzed
by flow cytometry to characterize SVF immunophenotype, and cell counting performed to estimate SVF cell yield
from each different procedure.! Supercharged-modified nanofat gave the best results in terms of clinical outcome and SVF cell yield. Anyway,
histological analysis revealed a similar skin regeneration in all treatments.! This work suggested a positive correlation between SVF yield and clinical outcomes in the nanofat treatment of
scars.
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