APEN FORUM

Cosmetic Medicine

Preliminary Report

Therapeutic

Aesthetic Surgery Journal Open Forum
20925, ojael12

Editorial Decision date: November 8, 2024;
online publish-ahead-of-print November 19,

“SAVE”—Shock-Assisted Viable Extraction: 2094,

A Minimally Manipulative Method
of Processing Regenerative Cells

for Clinical Use

Daniel Del Vecchio, MD; Neil Vranis, MD; Korina Alevrogianni, MD;

and Spero Theodorou, MD

Abstract

© The Author(s) 2024. Published by Oxford
University Press on behalf of The Aesthetic
Society.

This is an Open Access article distributed under
the terms of the Creative Commons Attribution-
NonCommercial License (https://
creativecommonsong/|icenses/by-nc/4.0/),
which permits non-commercial re-use,
distribution, and reproduction in any medium,
provided the original work is properly cited. For
commercial re-use, p|ease contact
reprints@oup.com for reprints and translation
rights for reprints. All other permissions can be
obtained through our RightsLink service via the
Permissions link on the article page on our site—
for further information please contact
journa|s.permissions@oupAcom.
https://doi.org/10.1093/asjof/ojael12

www.asjopenforum.com

OXFORD

UNIVERSITY PRESS

Background: Extraction of adipose-derived stem cells (ASCs) from the stromal vascular fraction (SVF) has gained significant attention lately in
the realm of regenerative medicine. However, finding highly efficient methods of extraction that also comply with the US regulations has pre-

vented widespread clinical use.

Objectives: The objective of this study was to evaluate a novel ASC extraction device to quantify viable ASC extraction and processing

efficiency.

Methods: SVF extracted from abdominal fat samples and processed using a novel shock-assisted viable extraction (SAVE) device was tested
for stem-cell count and viability. Additionally, time required for processing was recorded.

Results: Twelve adipose samples were utilized for this study. After a mean time of 3 min, cell count yield ranged of 47,400 to 189,400 of viable
regenerative cells per cc, with an average of 122,464 viable regenerative cells per cc.

Conclusions: SAVE is a novel fat-processing technique with high stem-cell extraction that shows promise from a regulatory, yield, time efficien-

cy, and cost perspective.

Level of Evidence: 5 (Therapeutic)

Over the past 20 years, the promise of stem-cell application in plastic
surgery, particularly in the supplementation of large-volume fat trans-
plantation, has continued. However, quantifying the amount of clinical
benefit has yet to be proven. Shortly after the start of the millennium,
publications predicting the procurement of adipose-derived stem cells
(ASCs) from lipoaspirate as an alternative to autologous bone marrow
procurement1 opened the potential for “supercharged” fat transplanta-
tion. Supplementing with ASCs was thought to increase the yield of fat
viability. This stimulated clinicians to investigate stem cell-assisted fat
grafting on a relatively large scale.

Despite numerous publications, there is no definitive clinical proof
based on quantitative data that ASC, or regenerative cell supplemen-
tation of fat grafts, improves fat survival or volume maintenance.
When stem cells are used in smaller volume recipient sites such as
scar tissue and inflammatory environments, there appears to be a

more demonstrable and predictable response.2 It has been shown
that stem-cell supplementation of fat grafts exhibits improved reten-
tion/survival in an animal model.> However, the dosages of stem cells
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required to achieve such an effect may be impractical in the large vol-
ume fat transfer clinical setting (ie, gluteal or breast augmentation).

Additionally, regulatory restrictions by the FDA regarding the use
of collagenase and other enzymatic digestion processes to procure
ASCs, coupled with their increasingly firm position on restricting com-
mercialization of “manipulated” regenerative products,4 have pre-
vented widespread clinical implementation of stem cells in the
United States. The overwhelming majority of the research on this top-
ic comes from outside of the United States due to less stringent reg-
ulatory control. Nevertheless, the quest for “minimally manipulative”
methods to process fat in order to isolate stromal vascular fraction
(SVF), the layer that contains the ASCs, represents a “workaround”
strategy that has been underway for the past several years.

The critical attributes necessary for a successful adipocyte extrac-
tion technique that processes fat to yield regenerative growth factors
and ASCs, are as follows:

- must be time efficient (intraoperative);
« must process large volumes of fat;

« must process viable cells; and

« must have satisfactory cell yields.

The purpose of the present study is to describe and evaluate a
novel process of extracting regenerative cells (SVF) using shock-
assisted fat extraction.

METHODS

Twelve patients presenting for cosmetic liposuction consented for the
use of their disposed fat in accordance with the Declaration of Helsinki.
Patients were made aware that their fat, which would otherwise be dis-
posed of, would be examined using a fat-processing technique.

Fat was extracted using the standard liposuction technique. After
tumescent infiltration, manual lipoaspiration was performed using a
combination of 3 and 4 mm multihole MicroAire (Charlottesville,
VA). Samples obtained from each patient measured 50 cc. Fat was
processed using shock-assisted viable extraction (SAVE; Synova
Life Sciences, Inc., Los Angeles, CA). The 50 cc samples of fat
were placed into a sterile cartridge bag, which was then placed
into the SAVE device for processing (Figure 1).

The SAVE device works using proprietary shockwave impulses,
providing a minimally manipulated separation of regenerative cells
from native adipocyte lobules and stroma. The resulting 2 to 3 cc pel-
let of concentrated regenerative cells is generated within minutes of
processing. Following processing, the samples were examined for
residual adipocyte viability, SVF cell count, and SVF viability. The av-
erage time to process was also recorded.

A literature search was also conducted to obtain peer-reviewed pub-
lished data on regenerative cell yields obtained using a variety of colla-
genase digestion methods as well as mechanical separation methods.
An extensive PubMed search using the keywords “Adipose Stem Cells”
AND “Processing” OR “Extraction” was performed. Papers that reported
objective data that included cell counts, ASC concentrations, and/or
processing times were included. The data were intended to be used
in comparison with the current method being examined.

RESULTS

All 12 patients that volunteered to donate their lipoaspiration to
this study were females with an average age of 26 years (range,
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Figure 1. Wave device (Synova Life Sciences, Inc, Los Angeles, CA) used for shock-
assisted viable extraction.

25-45 years). The raw data in Table 1 summarize the number of
“adipocyte-derived regenerative cells” (ADRCs) using the “SAVE” plat-
form. The third-party examination (UCLA flow Cytometry Core Facility,
Department of Medicine, Division of Hematology-Oncology, David
Geffen School of Medicine, CA) of samples derived from the SAVE de-
vice revealed a viable regenerative cell count of 182,800 cells/cc. This
is in line with the 44 sample data sets summarized in Table 1.

SAVE processed 50 cc of fat in 3 min for an average processing
time of 8.3 cc of fat per minute. This is in comparison with other tech-
niques that require longer processing times. Examination of fat viabil-
ity, using SAVE revealed a residual fat viability of 85%.

Examining regenerative cell yields, SAVE yielded a range of
47,400 to 189,400 viable regenerative cells per cc, with an average
of 122,464 viable regenerative cells per cc of fat extracted. Table 2
compares the viable regenerative cell yields using various collage-
nous digestive methods, as well as several mechanical (“minimally
manipulative”) methods reported in the literature.® Examining time ef-
ficiency, SAVE yielded 47,400 viable regenerative cells per cc per mi-
nute, in comparison with other mechanical and enzymatic digestion
techniques in the literature, which averaged 5000 regenerative cells
per cc per minute.

DISCUSSION

ASCs and regenerative cells have shown clinical promise for nearly 2
decades. When used in large-volume fat transplantation, its advantag-
es and beneficial effects are muted by inadequate dosing. Although
efficacy in fat transplantation is indisputable, the dose-response
curve, which is concentration dependent, has yet to be elucidated.
Zhu et al.® animal study demonstrated a successful doubling in fat
graft retention, by supplementing 60 mg of donor mouse fat with
5 million cultured ASCs derived from homologous mice. This
amounts to a concentration of 83 million stem cells per cc of fat graft-
ed. Based on a yield assumption of 200,000 stem cells per cc of fat
using adipocytes and collagenase digestion methods (which is not
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Table 1. Raw Data on Regenerative Cell Yield, Cell, Viability, and Table 1. Continued
Processing Time for 44 Runs of Shock-Assisted Fat Extraction

Regenerative ce e ota e ce Regenerative ota ab % e eld
ota ab % e eld
8,330,000 85 7,060,000 141,200
5,680,000 83 4,720,000 94,400
8,750,000 80 6,980,000 139,600
7,280,000 77 5,580,000 111,600
6,830,000 95 6,470,000 129,400
7,980,000 82 6,580,000 131,600
8,960,000 77 6,890,000 137,800
7,420,000 85 6,280,000 125,600
7,490,000 72 5,420,000 108,400
5,500,000 85 4,660,000 93,200
7,210,000 86 6,210,000 124,200
7,000,000 86 6,010,000 120,200
7,420,000 83 6,160,000 123,200
10,500,000 90 9,470,000 189,400
8,120,000 83 6,750,000 135,000
10,500,000 89 9,360,000 187,200
8,890,000 83 7,370,000 147,400
6,290,000 94 5,890,000 117,800
8,960,000 81 7,210,000 144,200
6,480,000 94 6,090,000 121,800
7,247,727 85 Average 122,464
6,670,000 93 6,190,000 123,800
Regen cells/min 40,821
7,280,000 91 6,620,000 132,400
The average viable regenerative cell yield was 122,464 cells/cc of fat. Adjusted for
7,280,000 92 6,690,000 133,800 time, the SAVE platform yielded 40,800 viable regenerative cells per minute.
4,820,000 95 4,570,000 91,400
3,110,000 93 2,900,000 58,000 approved in the United States for clinical use), such a supplementa-
tion in Hedrick’s study would require 25 cc of fat to process stem
3,620,000 96 3,480,000 69,600

cells for every 60 mg of fat transferred, which is 0.06 g or 0.06 cc.
4,550,000 89 4,040,000 80,800 If such concentrations are applied to a human clinical case, the
dose becomes unobtainable. Using the above concentrations de-

4,700,000 91 4,290,000 85,800 rived from Hedrick’s publication, grafting 50 cc of donor fat (breast
4,840,000 85 4,120,000 82.400 or buttock, for example) would require 21 L of fat to obtain a sufficient
number of stem cells to be in line with the published dose.
8,680,000 76 6,620,000 132,400 The graph in Figure 2 depicts the volume of fat needed to process
7,910,000 76 6,020,000 120,400 in order to “supercharge” various reasonable volumes of donor fat
staying in line with Hedrick’s published concentrations. Because
9,380,000 80 7,530,000 150,600 ASC cannot be obtained from a regulatory perspective by enzymatic
8,960,000 a1 7,210,000 144,200 digestion or expanded using cell culturing techniques in the United

States and in many other western countries,* the focus for many cli-
9,730,000 78 7,580,000 151,600 nicians has been to move toward obtaining regenerative cells, using
“minimal manipulation” for therapeutic intervention.

Although emerging technologies and new business models offer
7,560,000 81 6,090,000 121,800 off-site cellular processing and culturing of ASCs, internationally ship-
ping the cultured cells back to clinicians for clinical use® such strate-
gies are even more manipulative and are unlikely to be adopted in
2,470,000 96 2,370,000 47,400 western countries in the near term.

The quantitative regenerative outputs on a per cc of donor fat basis

6,850,000 76 5,190,000 103,800

2,470,000 96 2,370,000 47,400

Sliloeyoee & 7000 il 200 from this SAVE device compare favorably to the nonpermissible en-
7,630,000 92 7,030,000 140,600 zymatic digestion techniques, as well as the nonpermissible mechan-

ical techniques, being on the same order of magnitude in terms of
9,310,000 83 7,700,000 154,000 gross yield. When factoring in the practical constraints of time effi-
8.330,000 85 7,060,000 141,200 ciency, the SAVE platform demonstrates superiority in the metric of

regenerative cells per cc per minute. Once time efficiency is factored
8,750,000 80 6,980,000 139,600 into regenerative cell processing, the power of shock-assisted fat ex-
traction emerges and appears as the clear leader in minimally manip-
ulative regenerative cell processing.

9,310,000 83 7,700,000 154,000
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Table 2. Summary Data on Regenerative Cell Yields Using a Variety of Manipulative and Minimally Manipulative Methods

References

Method summary

Mechanical
or enzymatic

Automated,
semiautomated,
or manual

Total
nucleated
cells/cc
lipoaspirate

ASC content

Viability

Cells
processed
per minute

Baptista et al.'® Lipoaspirate incubated with RBC | Mechanical Manual 30 240,000 12,000/cc of NA 8000
lysis buffer for 15 min, then lipoaspirate
centrifuged 15 min at 900 X g (5%)
Shah et al.?° Lipoaspirate vigorously shaken for | Mechanical Manual 1 NA 25,000/cc of NA
1to 2 min with PBS. Infranatant lipoaspirate
saved. Repeated 2 times. after culture
Infranatant centrifuged 1200 rpm
for 5 min
Incubate adipose with 0.1% Enzymatic Manual NA 480,000/cc of NA
collagenase at 37 °C for 1 h. lipoaspirate
Centrifuge 1200 rpm for 10 min after culture
Markarian et al.*' Lipoaspirate incubated with RBC | Mechanical Manual 25 25,000 NA 65% 1000
lysis buffer for 15 min, then
centrifuged for 10 min at 600 x g
Centrifuged lipoaspirate at 800 or | Mechanical Manual 30 10,000 NA 70% 333
1280 x g for 15 min
Lipoaspirate incubated with Enzymatic Manual 350,000 NA 65%
collagenase solution at 37 °C for
30 min. Centrifuge for 10 min at
600 x g
Raposio et al.?? Shake lipoaspirate in vibrating Mechanical Manual 12 125,000 6250/cc of NA 10,417
shaker for 6 min at 600 rpm. lipoaspirate
Centrifuge 6 min at 1600 rpm. (5%)
Considered ASC to be any cell
CD317/CD34/CD45~
Mitchell et al.?® Incubate lipoaspirate in 0.1% Enzymatic Manual 308,000 NA NA
collagenase for 60 min at 37 °C
Aust et al.>* Incubate lipoaspirate in 0.1% Enzymatic Manual 400,000 NA 93.9%
collagenase for 45 min at 37 °C
Yoshimura et al.?® Incubate with 0.075% collagenase | Enzymatic Manual 1,310,000 NA NA
at 37 °C for 30 min with constant
agitation
Suga et al.?® Incubate with 0.075% collagenase | Enzymatic Manual 100,000 NA NA
at 37 °C for 30 min with constant
agitation
Conde-Green High-speed centrifugation or Mechanical Manual unknown 17,250 MSC 80%-90%
etal.?’ vortexing and centrifuging frequency:
6%-13%
Collagenase-based digestion Enzymatic Manual 230,000 MSC 80%-90%
frequency: 60%
Fraser et al.?® Cytori Celution System Enzymatic Automated 360,000 1900 CFU-F/g 84.7%
(<1%)
Lin et al.?® Cytori Celution System Enzymatic Automated 295,000 CFU-F/g=16% | 86.6%
Aronowitz et al.3° Cytori Celution System Enzymatic Automated 240,000 39,000 CFU-F/ 93%
g (16%)
PNC Multi-Station: 35 U Enzymatic Manual 107,000 6000 CFU/g 57%
collagenase/50 mL lipoaspirate. (5.6%)
Incubate 30 min at 37 °C with
constant agitation. Centrifuge at
2000 rpm for 10 min
CHA Biotech CHA Station Enzymatic Semiautomated 5000 390 CFU-F/g 87%

7.8%
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Table 2. Continued

References Method summary Mechanical Automated, Total ASC content Viability Cells
or enzymatic semiautomated, nucleated processed
or manual cells/cc per minute
lipoaspirate
Doi et al.*' Tissue Genesis Cell Isolation Enzymatic Automated 702,000 NA 80.7%
system
Lipoaspirate incubated with Enzymatic Manual 701,000 NA 82.4%
0.075% collagenase for 30 min
at 37 °C with constant agitation,
then centrifuged at 800 x g
for 10 min
Williams et al.? Tissue Genesis Cell Isolation Enzymatic Automated 7,100,000 NA 78%
System
Giiven et al.*® Sepax Technology Enzymatic Automated 260,000 CFU-F >90%
frequency
14%
Lipoaspirate incubated with 0.15% | Enzymatic Manual 160,000 CFU-F >90%
(w/v) collagenase for 60 min at frequency 11%
37 °C with agitation
Vilaboa et al.>* GID SVF Platform Enzymatic Semiautomated 719,000 NA 83%
Millan et al.>® StromaCell by Microaire Mechanical Semiautomated unknown 140,000 NA 87.3%
Lipoaspirate incubated in Enzymatic Manual 368,000 NA 74.5%
0.2% (w/v) collagenase for
90 min at 37 °C
Wang et al.3® Medi-Kan Lipokit Enzymatic Semiautomated NA 41.67% NA
Average 92,875
regenerative cell
yield by
mechanical
processes
STDEV 91,753
Average 4938
regenerative cells
by mechanical
processed per
minute
STDEV 5037

From Aronowitz et al: Mechanical vs enzymatic isolation of stromal vascular fraction cells from adipose tissue. Springer (open access) Plus 4, 713 (2015). Note the viable
regenerative cell yield of all the minimally manipulative techniques averages 92,800, which is in line with the SAVE platform’s viable regenerative cell yield of 122,400.
However, when adjusted for time efficiency, the average of the mechanical processes yielded 5000 viable regenerative cells per minute, compared with 47,400 viable
regenerative cells per cc per minute using the SAVE platform. NA, not applicable; SVF, stromal vascular fraction.

small volume, and there can be regenerative vs nonregenerative fat
transfer.® In each of these 4 scenarios, the clinical problems are
uniquely different, requiring markedly different instrumentation and
techniques (Figure 3).

Given the practicality of donor fat limitations regarding dosages as

Making Sense of the Science

The use of regenerative and ASCs in surgery and in clinical medicine
represents an intimidating collection of published information. While
researchers and basic scientists strive to maximize regenerative cell

and ASC yields using any means necessary, practitioners measure
success in the practicalities of clinical volume retention and time ef-
ficiency. This explains the “motivation misalignment” often seen
when reviewing the large number of publications on this topic. The
promise of stem-cell yields often places prohibitive scenarios on
the clinician and confusion emerges.

One of the earliest clarifying concepts in fat transplantation was that
not all fat grafting is clinically equivalent. There can be large volume vs

discussed above, the obvious best clinical application of regenerative
cells would appear to be the small-volume regenerative category.

Small-Volume Regenerative Fat Grafting
Application: Osteoarthritis of the Hip

In the United States, 32.5 million people have osteoarthritis of the
hip,” and there are ~500,000 total hip replacements performed
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CC of Fat Grafted As A function of Donor Fat - In
Liters- Needed for ADSC Processing
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Figure 2. Volumes of fat (in liters) required to process in order to supercharge donor
fat using dose concentration from Zhu et al study.3 It is obvious that such donor fat
required is impractical for high-volume fat transfer procedures.

each year.8 For every person who undergoes total hip replacement
surgery, there are 65 patients who are suffering from osteoarthritis
of the hip and are being treated with nonsurgical means.

Clinical evidence of regenerative cell therapy and hip osteoarthritis
demonstrate improvement in hip function and a cessation of progres-
sion of radiographic disease severity.9 Assuming a range of 1 to
30 million patients with osteoarthritis of the hip treated with nonsurgi-
cal means, the potential for stem-cell therapy for hip osteoarthritis as
an initial presurgical step in treatment is real and is poised for growth.

There are ~790,000 total knee replacements performed the United
States per year with an 18% cumulative annual growth rate.”° Despite
the higher numbers of knees compared with hips performed each
yeatr, clinical results from total knee replacement demonstrate lower pa-
tient satisfaction than total hip replacement.” This may be due to the an-
atomic differences in these 2 joints. In addition, regenerative therapy
appears to have promise, especially in early to mid-stage disease.”
The average cost of total knee replacement in the United States is
$20,000 per case.” If an alternative therapy such as regenerative cells
could be used to treat this problem, significant cost savings to the health-
care system could result, on the order of $12 billion annually (Figure 4).

Regenerative Effects of Adipose-Derived
Stem Cells in Plastic Surgery

Centrifugation of lipoaspirate after fat harvest through liposuction will
yield 3 layers. The middle layer, also referred to as SVF, contains the
ASC.™ Another method to extract the ASC from harvested fat that is
currently being utilized by plastic surgeons is the processing of nano-
fat and nanofat 2.0.">'® Nanofat is prepared by enzymatic degrada-
tion or serial mechanical filtration systems to yield high levels of
viable stem cells."” Dermal injections or topical applications of ASC

VOLUME OF GRAFT REQUIRED

NEED FOR REGENERATIVE EFFECTS

The Ideal Technique for fat Grafting Is Subordinate to the
Volume and Regenerative Demands of the Recipient Site.

Figure 3. A matrix classification of fat grafting. The correct strategy for fat grafting
must take into consideration the relative volume requirements, dosage concentra-
tions, and the regenerative demands of the recipient site. Reprinted with permission
from Wolter Kluwer Health, Inc (Philadelphia, PA).

(autologous derived or off the shelf) have been observed to acceler-
ate wound healing after fractional laser treatment.'® There was
decreased erythema at all time points and faster clearance of erythe-
ma on clinical examination.”® Additionally, there was a 2.6-fold
increase in mMRNA expression of Procollagen Ill compared with the
control group at 3 weeks.”® Improved neocollagenesis in basic
science studies offers an explanation for the observed dermal regen-
eration and wound healing effects when combining skin laser or
microneedling treatments with ASC-based products. Despite the
positive clinical effects, centrifugation and mechanical/enzymatic
nanofat-processing techniques remain crude in terms of delivering
consistent concentrations and total counts of viable ASCs. Devices
that can generate high concentrations of ASCs will be beneficial to
clinicians, patients, and academics as standardization will then be
possible.

Additionally, aesthetic plastic surgeons who are considered
experts in liposuction, ought to be at the forefront of technologic ad-
vances that involve fat harvest and transfer. Even if ASCs are utilized
in other medical specialties (ie, orthopedics), plastic surgeons will be
essential in the care of these patients to ensure minimal donor-site
complications and mitigate the risk of creating iatrogenic contour
deformities.

Limitations of this study include the small number of adipose sam-
ples used for fat harvest. All samples were a mix of fat from torso and
thigh liposuction that would have otherwise been discarded.
Potentially, specific anatomic areas may generate a more or less con-
centrated amount of ASC. A benefit of this study was that fat aspirat-
ed from all areas was mixed together, and thus, this represents a
reasonable average of ASC derived from fat. Additionally, age and
medical comorbidities may play a roll in the number of viable ASC ex-
tracted from fat using SAVE, which was out of the scope of this inves-
tigation. These 12 patients were all young and healthy volunteers. The
results of this proof of concept study are encouraging and we
anticipate increased motivation of many other surgeon scientists to ex-
pand upon this research in the basic science and clinical realms.
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Knee Replacement vs. Stem Cell PotentTreatment:
Potential Savings to Health Care System.
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Figure 4. Potential savings using stem-cell therapy vs total knee replacement. This
analysis assumes a $5000 cost for regenerative cell therapy with an average health-
care cost savings of $15,000 per knee.

CONCLUSIONS

SAVE is a novel fat-processing technique with high stem-cell extrac-
tion that shows promise from a regulatory, yield, time efficiency, and
cost perspective. Clinical studies are needed using regenerative cells
from this platform, which will help better define their efficacy and eco-
nomic efficiency in both large- and small-volume regenerative settings.
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