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There is growing interest in the use of lipoaspirate for 
autologous fat transfer (AFT) and as a source material for 
adipose-derived regenerative cells. Autologous fat transfer 
is performed for both cosmetic and reconstructive pur-
poses, as evidenced by an increasing number of articles 
and presentations on this topic.1-4 Although patient safety 
is the primary concern,5 the ultimate retention of grafted 
material is also an important measure of efficacy for both 
patients and surgeons. Graft retention is dependent on a 
number of factors, many of which are still not completely 
understood or quantified.6-8 The ultimate success of  
the procedure depends on elements of the entire process: 
aspiration, processing/handling, and ultimately reinjec-
tion. Although a number of authors have examined  
the effects of different approaches on each step in the  

process,9-11 the foundation of fat grafting is built on the 
initial step—harvesting adipose tissue.

Acute Adipocyte Viability After Third-
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Abstract
Background: Although clinical evidence of successful autologous fat transfer (AFT) using third-generation ultrasound-assisted liposuction (UAL) is 
readily available, no study has quantified adipocyte viability using standardized methods.
Objectives: The authors assess acute adipocyte viability following fat aspiration as a first step in determining the overall efficacy of using third-
generation UAL for AFT.
Methods: Lipoaspirate samples were collected from patients who underwent elective liposuction procedures at multiple surgery centers. Patients 
with a history of bleeding disorders, diabetes, human immunodeficiency virus, or lipoatrophy disorders were excluded. The UAL system (VASER; Sound 
Surgical Technologies, Inc, Louisville, Colorado) was set at 60% amplitude in pulsed mode with vacuum aspiration of 15 in Hg or less. Laboratory analysis 
included free lipid volume, viability via lipolysis and propidium iodide staining, and cytological analysis, including cell surface protein examination and 
hematoxylin and eosin staining.
Results: The lipolysis assay revealed metabolically active adipocytes with a mean (SD) correlative viability of 85.1% (11%). Direct measures of acute 
viability via propidium iodide staining resulted in a mean (SD) viability measure of 88.7% (3.5%). Both mean values are within the historical range 
reported from syringe and vacuum-assisted lipoaspiration. Aqueous and lipid contents were favorably reduced after washing and filtering (Puregraft 
system; Cytori Therapeutics, Inc, San Diego, California). Cellular phenotypes identified were primarily white blood cells or vascular endothelial and 
vascular associated cells.
Conclusions: Adipose tissue acquired via third-generation UAL is viable at harvest and is potentially a suitable source for autologous fat grafts. These 
results confirm reported clinical successes utilizing third-generation ultrasound lipoaspirate for AFT.
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In terms of harvesting adipose tissue, patients seeking 
elective body contouring have several options. Fifty-two 
percent of patients are subjected to suction-assisted lipo-
plasty (standard liposuction), 23% undergo power-
assisted liposuction, and 4% undergo laser-assisted 
liposuction. The remaining 21% of patients undergo 
ultrasound-assisted liposuction (UAL); the majority of 
whom (comprising 16% of all body contouring patients) 
receive third-generation UAL.12 VASER Lipo System (VAL) 
(Sound Surgical Technologies, Louisville, Colorado), the 
third-generation UAL system, has been in use for almost 
a decade for the safe and efficient removal of adipose tis-
sue. VAL is an internal ultrasound system that incorpo-
rates significant design improvements from previous 
generations; small-diameter, solid, multiringed probes 
(rather than a hollow cannula) deliver power at only the 
levels necessary for targeting and disrupting fatty tissues. 
VAL is able to achieve good results at reduced power 
levels by operating in a pulsed mode and at a frequency 
of 36 kHz.

There is debate as to whether lipoaspirate from VAL 
procedures is viable at harvest. Although some literature 
indicates that VAL lipoaspirate includes viable adipose-
derived stromal cells,13 laboratory evidence is scant regard-
ing the acute viability of adipose tissue. We assessed the 
acute viability of adipose tissue collected from VAL proce-
dures from a functional and morphological standpoint and 
by utilizing spectrophotometry, histology, and immunohis-
tochemistry techniques. This is the first step in the 
research cascade of in vitro, preclinical, and clinical evalu-
ation for determining the adequacy of VAL lipoaspirate in 
ATF.

METHODS
Patient Selection
Aspirate samples were collected from 5 patients who 
underwent primary (nonrevisional) body contouring 
using VAL at 1 of 4 surgery clinics. The patients were 20 
to 50 years old, were in good general health, and had a 
body mass index (BMI) of less than 30. Patients were 
excluded if they had a history of bleeding disorders, dia-
betes, human immunodeficiency virus, or lipoatrophy 
disorders (lupus, scleroderma, etc). Surgical sites were 
chosen based on patient requirements and included the 
abdomen, flanks, and thighs. A central independent 
review board approved this study (BIOMED Institutional 
Review Board, San Diego, California), and all subjects 
provided written informed consent for bench processing 
of their fat aspirate.

Procedures and Settings

Patients received tumescent fluid infiltration of 1.5 or 2 mL 
for every 1 mL removed. The infiltration fluid was either 
Lactated Ringer’s or saline solution with 1% or 2% lido-
caine at 50 or 25 mL per liter, respectively, and 1 ampule 

of epinephrine per liter. The solution was applied with a 
14-gauge multihole infiltrator, with an infiltration rate of 
350 mL/min. Ultrasound was applied with a 3.7-mm, 
3-ring probe at an amplitude of 60% in pulsed mode (10 
Hz). Aspiration occurred using atraumatic 3.0- to 3.7-mm 
vented cannulae and a vacuum level of 15 in Hg. All set-
tings, infiltration amounts, start/stop times, and other 
relevant data were recorded. The manufacturer’s recom-
mended ultrasound application time was 1 minute per 
every 100 mL of infiltrate. A minimum of 500 mL of 
lipoaspirate was collected from each donor.

Sample Processing

Lipoaspirate from all 5 patients was transported to a cen-
tral laboratory facility (at Cytori Therapeutics, Inc, San 
Diego, California) immediately after aspiration for process-
ing. Upon arrival, samples were gently mixed in large, 
sterile glass beakers and the lipoaspirate was allowed to 
settle for 10 minutes, to permit the wetting solution to 
separate from the tissue. Sample aliquots were then col-
lected in Toomey syringes (Bard Medical, Covington, 
Georgia). Approximately 10 mL of the collected adipose 
tissue was used for lipolysis assessment. An additional 5 
mL was set aside for histologic analysis.

To determine relative aqueous, lipid, and intact adipose 
content of lipoaspirate, approximately 30 mL of tissue was 
divided into 3 equal-volume aliquots and centrifuged for 5 
minutes at 400 g. The volumes of aqueous content, free 
lipid, and tissue were measured and recorded.

Adipocyte Viability Determination

A lipolysis assay was chosen to evaluate adipocyte viabil-
ity because it indicates whether the adipocytes are alive 
and, more important, whether they can functionally 
metabolize lipid. Briefly, 300-mg samples of intact, washed 
adipose tissue were placed in triplicate into a 24-well assay 
plate and incubated in assay buffer, either alone or in the 
presence of an agonist of glycerol release, isoproterenol. 
Basal- and agonist-induced release of glycerol was meas-
ured using the Free Glycerol Determination Kit (Sigma 
Aldrich, St Louis, Missouri). Free glycerol content was 
determined by spectrophotometry at a wavelength of 540 
nm. Results were normalized to mass and time. The 
amount of agonist-induced release of glycerol was linearly 
correlated to the amount of functional adipocytes present 
in the tissue and was used to establish the relative viability 
of the fat cells.14,15

The lipolysis assay chosen to evaluate the functional 
capabilities of harvested adipocytes in this study is uncom-
mon in plastic surgery research. Therefore, to compare  
the lipolysis assay results with a more commonplace  
technique, a subsequent viability assessment was per-
formed on 3 additional patients, using similar exclusion 
and inclusion criteria, save for a less restrictive age limit 
of 55 years old. Demographics and procedural information 
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for these patients were recorded separately. In this assess-
ment, propidium iodide was used as a nuclear stain to 
indicate acute viability of the VAL-harvested fat. Sample 
processing began immediately following aspiration. Briefly, 
a standard collagenase digestion using collagenase type II 
at a concentration of 30 mg/10 g fat in 30 mL of Hank’s 
balanced salt solution with 3.5% bovine serum albumin 
was performed on 3 separate 10-g samples from each 
patient’s lipoaspirate. Samples were agitated at 120 rpm in 
a 37°C water bath for 30 to 40 minutes. The working solu-
tion produced from the digestion process was assessed for 
viability with an NC-100 NucleoCounter (ChemoMetec, 
Copenhagen, Denmark). Each of the 3 digested samples 
from each patient was tested in triplicate.

Histologic Analysis

To assess the morphologic characteristics of the lipoaspi-
rate, histology and cytology were performed on the sam-
ples from the first 5 subjects in this study. Adipose tissue 
was fixed, dehydrated, and paraffin-embedded according 
to standard histologic methods. Sample slides were pre-
pared by cutting tissue into 5-µm sections. Slides were 
then deparaffinized, rehydrated, and stained with hema-
toxylin and eosin (H&E). Samples were microscopically 
examined for healthy morphology, in particular to assess 
adipocyte membrane appearance and whether membranes 
were intact.

Cytological assessment of the retained, “loosely adher-
ent” fraction of cells (an indicator of the extent of tissue 
disruption) was performed by centrifuging lipoaspirate 
and preparing cytospin samples from the remaining cell 
pellet. Single cell surface marker protein profiling for CD31 
(for platelets, monocytes, and neutrophils), CD34 (for 
lymph and T cells), CD45 (for all differentiated hematopoi-
etic cells except erythrocytes and plasma cells), and CD68 
(for monocytes, histocytes, giant cells, Kupffer cells, and 
osteoclasts) was performed on these samples using immu-
nocytochemistry with biotin-labeled antibodies and 
streptavidin-conjugated substrate.

Additional Sample Processing

Approximately 100 mL of tissue from the first 5 patients in 
this study was set aside, washed using the Puregraft sys-
tem (Cytori Therapeutics, Inc, San Diego, California), and 
then analyzed for aqueous content along with free lipid 
and tissue volume. The Puregraft system is a US Food and 
Drug Administration–approved, sterile, closed-tissue 
washing and filtering system that enables processing of up 
to 250 mL of lipoaspirate within 15 minutes. The operator 
of the Puregraft system washed the tissue twice using an 
equal volume of Lactated Ringer’s solution, according to 
the manufacturer’s instructions. Processed material was 
retrieved from the system using a 60-mL Toomey syringe. 
Triplicate 10-mL aliquots of the tissue were analyzed after 
centrifugation for 5 minutes at 400 g.

RESULTS
Patient Demographics

Table 1 displays patient demographics for the 5 subjects in 
this study whose lipoaspirate was examined by lipolysis 
assay and histology studies for cytology and aqueous con-
tent, as well as free lipid and tissue volume (both with and 
without washing and filtering processes of the Puregraft 
system). These patients were all women with a mean (SD) 
age of 35.4 (9) years (range, 24-45 years) and a mean (SD) 
BMI of 25.5 (2.9) kg/m2. Table 2 displays demographics of 
the 3 additional patients whose lipoaspirate was subjected 
to collagenase digestion and viability staining with pro-
pidium iodide. These patients were all women with a 
mean (SD) age of 39.7 (12.9) years (range, 29-54 years) 
and a mean (SD) BMI of 28.7 (6.6) kg/m2.

Viability Studies

Figure 1 shows adipocyte viability of the unwashed/
unfiltered samples from the lipolysis assay for each 

Table 1. Patient Demographics and Procedural Data, Lipolysis Assay

Patient/Procedure Data Mean ± SD

Age, y 35.4 ± 9

BMI, kg/m2 25.5 ± 2.9

Infiltration volume, mL 1482.0 ± 669.0

Aspirate volume, mL 1230.0 ± 363.0

US application time, min 15.4 ± 9.7

Recommendeda US application time, min 14.8 ± 6.7

Ratio of applied to recommended 1.0 ± 0.3

BMI, body mass index; US, ultrasound.
aBased on manufacturer recommendations of 1 min/100 mL infusate.

Table 2. Patient Demographics and Procedural Data, Propidium Iodide 
Staining

Patient/Procedure Data Mean ± SD

Age, y 39.7 ± 12.9

BMI, kg/m2 28.7 ± 6.6

Infiltration volume, mL 2026.0 ± 1147.0

Aspirate volume, mL 857.0 ± 211.0

US application time, min 20.0 ± 11.8

Recommendeda US application time, min 20.3 ± 11.5

Ratio of applied to recommended 1.0 ± 0.4

BMI, body mass index; US, ultrasound.
aBased on manufacturer recommendations of 1 min/100 mL infusate.
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patient. Mean (SD) viability was 85.1% (11%) from the 
5 lipoaspirate samples. Figure 2 illustrates the presence 
of intact adipose on histologic examination, which is 
certainly a requirement for tissue viability. Figure 3 
shows adipocyte viability of the samples processed via 
the NucleoCounter for each of the 3 additional patients. 
Mean (SD) viability was 88.7% (3.5%) from these 
lipoaspirate samples. Upon harvest, the unprocessed VAL 
aspirate of the 5 pilot patients had a mean (SD) aqueous 
content of 20.7% (2%) and a mean (SD) free lipid con-
tent of 5.29% (1.8%). After filtering and washing steps, 
the aqueous and free lipid contents were reduced to 
16.5% (3.5%) and 0.63% (0.5%), respectively. The sam-
ples had an average of more than 32 000 “loosely adher-
ent” cells per gram of tissue, which is a measure of the 
ancillary cells that accompany fat cells in the lipoaspirate 
(these cells are thought to be important in sustaining the 
tissue during and immediately after any reimplantation 
process).16,17

Immunohistochemistry and Histology

The cells were primarily either white blood cells (WBC) or 
vascular endothelial and vascular-associated cells (Figure 
4). Histologic evaluation of loosely adherent cell fraction 
from each patient demonstrated comparable levels of 
CD31+ and CD34+ microvasculature fragments, CD68+ 
tissue macrophages, and CD45+ WBC. Variable amounts 
of collagenous extracellular matrix were observed as well, 
but the amount of matrix did not appear to correlate to 
anatomical location of tissue harvest. The composition of 
loosely adherent cells obtained by centrifugation of ultra-
sound-treated tissue was not qualitatively different from 
what was observed in fat tissue obtained by other meth-
ods (ie, syringe and low-vacuum–assisted lipoaspiration 
alone).

DISCUSSION

An increasing number of physicians are exploring the use 
of AFT or fat grafting procedures to provide lasting, natu-
ral structural and contour changes postoperatively.18-21 
Enthusiasm for AFT has increased as the technique has 
become both more common and more reliable. For these 
fat transfers, the viability of the harvested tissue is of pri-
mary importance. Coleman8 has advocated that appropri-
ate technique in harvest and refinement of the autologous 
fat is critical to the efficacy of the procedure.

By traditional methods, fat harvested specifically for 
grafting is gently aspirated by handheld syringes with 
small blunt cannulae, as described by Coleman.8 Once the 
lipoaspirate is obtained, the aqueous content is reduced  
to improve predictability in fat grafting.8 Although  
most investigators do not report acute adipocyte viability 
values in terms of a percentage of viable adipose cells, 
Piasecki et al22 did report such measures in an experimen-
tal study of murine adipose tissue. Their study utilized a 

Figure 1. Adipocyte viability as assessed by lipolysis assay.

Figure 2. Microscopic evaluation of extracted fat cells at (A) ×100 and (B) ×200. Mature unilocular adipocytes with intact 
membranes are evident.
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hemocytometer to count live adipocyte cells and cell frag-
ments stained with trypan blue. A digestion process was 
performed via collagenase to enable automated cell count-
ing. Acute adipocyte viability, not influenced by process-
ing techniques such as centrifugation or washing, resulted 
in roughly 73% viability for excised fat, 48% viability for 
fat harvested with an 18-gauge blunt cannula, and 35% 
viability for fat harvested by an 18-gauge sharp needle. 
Other authors have reported 98% to 100% fat viability 
based on morphology alone, as identified through H&E 
staining.23 Our study yielded an acute viability rate of 
85.1% based on the ability of the retrieved fat to function-
ally metabolize lipids and of 88.7% through propidium 
iodide staining of the adipocyte nuclei. Many other studies 
have focused on refinement or specific harvesting tech-
niques, but these can be time-consuming and labor inten-
sive.8,22,24 In this series, we focused on the initial viability 
of adipose cells immediately after aspiration. The overall 

viability of implanted fat depends on subsequent process-
ing and reimplantation steps; however, assuming that 
these steps do not cause undue tissue damage, the high 
level of viability we achieved compares favorably with 
other methods for successful AFT and did not come at the 
expense of operative time or convenience.11,25

A crucial factor affecting the viability of adipose tissue 
is the manner in which the tissue is obtained. Third-
generation UAL has been available since 2002 for lipoaspi-
ration and has been associated with reduced blood loss as 
well as a decrease in the complication rates for UAL pro-
cedures.26-28 The VASER system uses ultrasound energy at 
36 kHz to separate the adipose cells from the tissue matrix 
through a combination of stable cavitation and acoustic 
streaming.29 Although these acoustic phenomena could 
theoretically damage the fat cells of the lipoaspirate, the 
results reported here indicate that this technique (under 
the described conditions) does not result in large-scale cell 
lysis of adipocytes. Furthermore, it is our belief that the 
aforementioned acoustic phenomena separate the adipose 
tissue into smaller clumps in situ. These effects have been 
well demonstrated in biological media and in vivo via 
similar technology used for ultrasonic mixing and disper-
sion.30-35 This procedure permits the use of relatively 
atraumatic, vented canulae and lower vacuum levels to 
obtain the lipoaspirate. The net effect is less tearing or 
shearing of the fat cells during aspiration. Finally, by 
maintaining the overall cellular distribution of the lipoaspi-
rate (mature adipocytes and the “loosely adherent” cell 
population, eg, peri-adipocytes, stem cells, stromal cells, 
etc), the success rate of the implanted tissue matrix may 
be enhanced.36

A limitation of the quantitative data in this study is that 
long-term cell viability for soft tissue augmentation 
requires investigation in vivo in animal models. This 
should be addressed in future work. However, demonstrat-
ing cell viability at harvest is a necessary first step before 
proceeding to preclinical studies. The results of this study 
provide quantitative evidence that future preclinical work 

Figure 3. Adipocyte viability as assessed by propidium 
iodide staining.

Figure 4. Immunostaining of “loosely adherent” cells/components. (A) CD31 (vascular endothelial marker cell). (B) CD34 
(endothelial and progenitor marker cells).
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is warranted. Whether or not treatment with third-genera-
tion UAL has an impact on long-term survival of grafted 
fat remains to be seen, although it is fair to predict that the 
initial viability of adipose cells in the lipoaspirate is suffi-
ciently high to ensure long-term success with VAL-
mediated fat transfer. Additional comparative validations 
of graft quality in the clinical setting are under way. These 
data will be valuable in determining the effectiveness of 
third-generation UAL technology in harvesting adipose tis-
sue for autologous fat grafting.

CONCLUSIONS

We present evidence that third-generation UAL could pro-
vide an efficient means of harvesting adipose without 
sacrificing tissue viability. Future work should attempt to 
demonstrate graft retention capability and provide com-
parative evaluations between UAL-harvested grafts and 
those harvested using other liposuction techniques.
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