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Abstract
Background: The success of an autologous fat graft depends in part on its total stromal vascular fraction (SVF) and adipose-derived stem cells (ASCs).
However, variations in the yields of ASCs and SVF cells as a result of different harvesting techniques and donor sites are poorly understood.
Objective: To investigate the effects of adipose tissue harvesting technique and donor site on the yield of ASCs and SVF cells.
Methods: Subcutaneous fat tissues from the abdomen, flank, or axilla were harvested from patients of various ages by mechanical liposuction, direct
surgical excision, or Coleman’s technique with or without centrifugation. Cells were isolated and then analyzed with flow cytometry to determine the yields
of total SVF cells and ASCs (CD11b−, CD45−, CD34+, CD90+, D7-FIB+). Differences in ASC and total SVF yields were assessed with one-way analysis of
variance. Differentiation experiments were performed to confirm the multilineage potential of cultured SVF cells.
Results: Compared with Coleman’s technique without centrifugation, direct excision yielded significantly more ASCs (P < .001) and total SVF cells
(P = .007); liposuction yielded significantly fewer ASCs (P < .001) and total SVF cells (P < .05); and Coleman’s technique with centrifugation yielded signifi-
cantly more total SVF cells (P < .005), but not ASCs. The total number of SVF cells in fat harvested from the abdomen was significantly larger than the
number in fat harvested from the flank or axilla (P < .05). Cultured SVF cells differentiated to adipocytes, osteocytes, and chondrocytes.
Conclusions: Adipose tissue harvested from the abdomen through direct excision or Coleman’s technique with centrifugation was found to yield the
most SVF cells and ASCs.

Accepted for publication September 9, 2014; online publish-ahead-of-print March 19, 2015.

Autologous fat grafting is widely utilized for breast recon-
struction and for repairing surface contour deformities.1-5

However, acceptance of the technique is limited by a wide
range of issues related to the retention of the grafted fat
at the operative site.2,5-9 Enriching fat grafts with adipose-
derived stem cells (ASCs) before transplantation has
been shown to improve the viability and outcome of the
graft.10-13 In previous studies, authors have suggested that a
number of factors, including fat-harvesting technique,
donor site,14,15 patient age,15 and body mass index,16 influ-
ence the yield of stromal vascular fraction (SVF) cells, and
thus ASCs, from adipose tissues. However, results from
these studies are inconsistent and do not elucidate the rela-
tionship between harvesting procedure or other factors and
the yield of ASCs from the SVF. A clearer understanding of
whether different harvesting procedures or locations affect
the yields of SVF cells and ASCs would improve the ways in
which we select tissue sources for ASC- and SVF-rich fat
grafts. Therefore, the purpose of the present study was to

investigate the effects of harvesting technique and donor
site on yields of ASCs and total SVF cells from adipose
tissues harvested for fat grafting.

To isolate and quantify the yields of ASCs and SVF cells,
we employed several current techniques for harvesting sub-
cutaneous adipose tissue for clinical fat grafting.17,18

Coleman’s technique, first proposed in 1994, is the most
widely employed technique for harvesting subcutaneous
adipose tissue for clinical fat grafting; liposuction, other
syringe-based techniques, and excision are also utilized.18

Our findings have implications for the choice of harvesting
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technique and donor location for obtaining a high yield of
ASCs for the purposes of clinical fat grafting and future
ASC-based therapies.

MATERIALS ANDMETHODS

Fat Tissue Harvesting

All procedures were approved by MD Anderson’s Institu-
tional Review Board and performed in accordance with the
institution’s research guidelines by a single surgeon.
Adipose tissue samples were harvested from 19 women
undergoing reconstructive surgery after mastectomy at MD
Anderson between October 2010 and May 2011. Patients
provided their written informed consent to be included in
the study. All patients seen at MD Anderson for reconstruc-
tive surgery were eligible for the study based on the follow-
ing criteria. Inclusion criteria were (1) any sex, male or
female; (2) age >21 years old, to be qualified as an adult
per National Institutes of Health (NIH) guidelines; (3) any
race and ethnic background; (4) patients presenting a com-
plaint that required reconstructive surgery, but otherwise
healthy; (5) patients would be eligible except under circum-
stances described in the exclusion criteria. Exclusion were
(1) patients whose reconstructive surgery sequel did not
result in incidental tissue; (2) patients who had received
previous radiotherapy. Whenever possible, multiple
harvest sites and harvest techniques were employed for
each patient depending on the adipose tissue need and
available fat for experiments. Fat tissue was harvested by
Coleman’s technique (manual harvest of fat aspirated with
a 3-mm blunt cannula and a 10-mL syringe) with or without
centrifugation of the harvested fat at 3200 rpm for 2-3
minutes; machine-assisted liposuction with a −750-mmHg
vacuum at 100% negative pressure; or direct surgical exci-
sion. We also analyzed the blood–oil waste resulting from
the centrifugation step after Coleman’s procedure.

Fat Tissue Digestion and Cell Isolation

Direct surgical excision samples were weighed and minced,
and phosphate-buffered saline (PBS) at a concentration of
1 g/mL was added to the samples. All harvested fat tissues
were digested with 0.075% type IA collagenase (Sigma,
St. Louis, MO) in sterile isotonic buffer at a ratio of 1 mL fat
tissue to 2 mL collagenase for 2 hours. Blood–oil waste from
fat centrifugation after performing Coleman’s procedure was
directly centrifuged at 200g for 5 minutes at 4°C without col-
lagenase treatment. Cell pellets were obtained by filtering the
digestion mixture through a 100-µm cell strainer (Millipore,
Billerica, MA) and subjecting it to centrifugation at 200g for
5 minutes at 4°C. The cell pellets were reconstituted with
1× red blood cell lysis buffer (Biolegend Inc., San Diego,
CA) and incubated on ice for 5 minutes for purification.

The purified pellets were reconstituted with 1% bovine
serum albumin (Fisher Scientific, Pittsburgh, PA) in PBS or
cultured in growth media.

Cell Characterization

Cells isolated from each tissue sample were counted with a
Z1 Coulter Counter (Beckman Coulter, Brea, CA). For cell
characterization, freshly isolated cells (1× 105) in 100 µL
of 1% bovine serum albumin were stained with the Aqua
Dead Cell Stain Kit (Life Technologies, Grand Island, NY).
The cells were then incubated with the primary antibodies
for 30 minutes on ice, washed twice with PBS, and subjected
to centrifugation at 200g for 5 minutes at 4°C. After per-
forming centrifugation, the cells were suspended in 500 µL
of 1% paraformaldehyde and subjected to flow cytometry
analysis with an LSR II flow cytometer (BD, Franklin Lakes,
NJ). Cell membrane marker expression levels were ana-
lyzed with the FlowJo software package version 7.6.5 (Tree
Star, Inc., Ashland, OR).

Primary antibodies for cell membrane markers included
mouse anti-human CD11b–phycoerythrin-cyanine 7, mouse
anti-human CD34–phycoerythrin-cyanine 5, and mouse
anti-human CD45–phycoerythrin–Texas red from Beckman
Coulter and mouse anti-human CD90–Alexa Fluor 647 and
mouse anti-human fibroblast/epithelial cell–phycoerythrin
(D7-FIB) from ABD Serotec (Raleigh, NC). For control ex-
periments, 1 × 105 cells from the same tissue samples
were separately stained with the indicated isotype negative
controls.

Aqua-negative total SVF cells that were CD11b-negative,
CD45-negative, CD34-positive, D7-FIB–positive, and CD90-
positive were considered to be ASCs (Table 1; Figure 1).
Cells were counted by calculating the ratio of the frequency
of positive staining to the initial number of total SVF cells.
The numbers of SVF cells and ASCs were normalized to the
original volume of fat tissue and reported as the number of
cells per milliliter of fat tissue.

Primary Culture and Differentiation of ASCs

Freshly isolated cells were grown in α-minimum essential
medium (Mediatech, Manassas, VA) containing 10%
fetal bovine serum (Invitrogen, Carlsbad, CA), 2 mM
L-glutamine, 100 µg/mL penicillin, and 100 µg/mL strepto-
mycin (Invitrogen); plated in T-25 culture flasks at a con-
centration of 1× 105 cells/cm2; and incubated at 37°C in a
5% CO2 humidified incubator. ASC differentiation potential
was evaluated with a GIBCO stem cell differentiation kit
(Life Technologies). Briefly, ASCs of passage 3 were har-
vested and plated in three 12-well plates at 6000 cells/cm2

for 2 days. The cells were then transferred to adipogenic
medium, osteogenic medium, or chondrogenic medium.
Control cells were cultured in α-minimum essential medium
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supplemented with 10% fetal bovine serum. The medium for
control and differentiation cells was changed every 3 days for
3 to 6 weeks. Adipogenesis of ASCs was assessed by Oil Red
O staining. Osteogenesis was assessed by Alizarin Red S stain-
ing. Chondrogenesis was assessed by Safranin O staining.

Statistical Analysis

All data are presented as means± standard deviations
(SDs). Data were analyzed with Kruskal-Wallis one-way
analysis of variance.19 To reduce the effect of different
variables in the statistical analysis and to increase its
power, we analyzed only the effect of harvesting technique
on cell yields from samples obtained from the flanks of
patients and the effect of anatomical location on cell yields
from samples prepared with the Coleman technique. The
Bonferroni approach was utilized to adjust multiple com-
parisons and set the overall false discovery rate at 0.05. All
statistical analyses were performed with SAS software
program version 9.2 (SAS Institute Inc., Cary, NC).

RESULTS

Effect of Harvesting Technique on the Yield
of SVF Cells and ASCs

Nineteen women undergoing breast reconstruction follow-
ing mastectomy were included in the study. The patients’
mean body mass index and mean age were 27 kg/m2

(range, 23-31 kg/m2; SD, ±4) and 51.2 years (range,
41.7-61.7 years; SD, ±9.5), respectively. Thirty-four flank,
7 axilla, and 8 abdomen adipose tissue samples were harvest-
ed by means of multiple techniques, including 19 instances
of Coleman’s technique with centrifugation, 18 instances of
Coleman’s technique without centrifugation, 9 instances
of direct excision, and 7 instances of liposuction; 5 blood–
oil discards from fat centrifugation following Coleman’s
technique were also collected.

A comparison of the yields of SVF cells and ASCs by
direct excision, liposuction, Coleman’s technique without
centrifugation, or Coleman’s technique with centrifugation,
and from the blood and oil waste of adipose tissues harvested
from patients’ flanks is illustrated in Figure 2. One-way analy-
sis of variance revealed that the type of harvesting technique
was significantly associated with the numbers of total SVF
cells and ASCs yielded (P<.001).

Pair-wise comparisons revealed significant differences
between the numbers of total SVF cells and ASCs obtained
with different approaches. The numbers of ASCs and total
SVF cells obtained with direct excision were significantly
higher than those obtained with Coleman’s technique
without centrifugation (P<.001 and P<.007, respectively).
The number of total SVF cells obtained with Coleman’s
technique with centrifugation was significantly higher than
that obtained with Coleman’s technique without centrifu-
gation (P= .003); however, the difference between the
numbers of ASCs obtained utilizing Coleman’s technique
with or without centrifugation did not differ significantly.
Compared with Coleman’s technique without centrifuga-
tion, liposuction and blood–oil waste yielded significantly
fewer ASCs (P< .001 and P< .035, respectively) and
total SVF cells (P= .024 and P= .008, respectively). The
numbers of SVF cells and ASCs obtained utilizing liposuc-
tion and the numbers of those obtained from blood–oil
waste did not differ significantly.

Effect of Donor Site on the Yield of Total
SVF Cells and ASCs

The yields of ASCs and total SVF cells from the axilla,
abdomen, and flank utilizing Coleman’s technique are
shown in Figure 3. Analysis of variance revealed that
harvest location was significantly associated with the
number of SVF cells (P< .001), but not ASCs yielded.
Compared with fat harvested from the axilla or flank, fat
harvested from the abdomen yielded significantly more
SVF cells (P< .05).

Multilineage Differentiation Potential of
Cultured ASCs

Flow cytometry analysis findings are illustrated in Figure 4.
ASCs at passage 3 had fibroblast or spindle-like morpholo-
gies (Figure 4F). The vast majority of cells expressed CD90
(99.8%) and D7-FIB (96.7%), but not CD45 (0.03%),
CD11b (0.73%), or CD34 (0.79%) These results were con-
sistent with the findings of other studies.3,4

Cells cultured in adipogenic medium differentiated
to adipocytes at 3 weeks and displayed characteristic
multiple intracellular bright white oil droplets. Oil Red O
staining revealed red vesicles in the cells cultured with adi-
pogenic medium (Figure 4G), but not cells cultured with

Table 1. Selected Adipose Stem Cell Markers

Antigen Description Stem Cell
Status

Study

CD90 Stromal cell marker + Gimble et al,36 Zuk et al,24

Yoshimura et al11

CD34 Bone marrow stem
cell marker

+/− Gimble et al,36 Zuk et al,24

Huss et al42

D7-FIB Fibroblast marker + Jones et al,20 English et al,22

Jones et al23

CD11b Macrophage-I cell
marker

– Gimble et al,36 Cao et al,28

Yoshimura et al43

CD45 Hematopoietic cell
marker

− Gimble et al,36 Cao et al,28

Yoshimura et al43

“+” and “−” refer to the known expression of the cell surface antigen in adipose stem cells.
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basic medium (Figure 4J). ASCs cultured in osteogenic
medium differentiated to osteoblasts at 3 weeks. Alizarin
Red S staining revealed calcification deposits on ASCs cul-
tured in osteogenic medium (Figure 4H), but not cells cul-
tured in control medium (Figure 4K). ASCs cultured in
chondrogenic medium differentiated to chondrocytes at
6 weeks. Safranin O staining revealed glycosaminoglycan
in the differentiated chondrocytes (Figure 4I), but did
not reveal cartilaginous extracellular matrix in cells

cultured in basic control medium (Figure 4L). Together,
these results indicate that ASCs have a mesenchymal
stem cell phenotype and the potential for multilineage
differentiation.

DISCUSSION

In the present study, we found that harvesting technique
and donor site affect the initial numbers of total SVFs and

Figure 1. Representative analysis of stained cells isolated from fresh human adipose tissue. (A) Aqua Dead staining was absent in
31.5% of cells. (B) Most Aqua Live–stained cells (81.1%) did not express both CD11b and CD45. (C) Of the cells that did not
express CD11b or CD45, 21.6% expressed both CD34 and D7-FIB. (D) Of the live CD11b−, CD45−, CD34+, D7-FIB+ cells, 95.4%
also expressed CD90.
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ASCs obtained from adipose tissue. Among the harvesting
techniques evaluated, direct excision yielded the most
ASCs and total SVF cells, whereas liposuction yielded the
fewest number of cells. Coleman’s technique with or
without centrifugation yielded more ASCs than liposuction
did but fewer ASCs than direct excision did. Coleman’s tech-
nique with centrifugation yielded more total SVF cells, but
not ASCs, than did Coleman’s technique without centrifuga-
tion. The total SVF yield from donor sites in the abdomen
was greater than that from donor sites in the flank or axilla.
ASC yield did not differ significantly among donor sites.

In addition to traditional markers such as CD90, CD34,
and CD29, D7FIB was also utilized to identify a pure stem
cell population (Table 1). Results from several studies have
shown that the D7FIB+, CD45– marker is more effective
than traditional markers, such as the CD90+, CD105+
marker, for the identification of distinct stem cell popula-
tions in bone marrow,20-22 adipose tissue, and degenerative
joint tissues.23 As expected, compared with fresh isolated
cells, cultured cells had higher percentages of CD11b–,
CD45–, CD90+, D7FIB+ ASCs that differentiated into mes-
enchymal lineages. Some researchers have suggested that
CD34+ ASCs are capable of differentiating into all mesen-
chymal stem cell lineages24-26 and endothelial cells,27,28

and others have maintained that CD34– ASCs lack the po-
tential to differentiate into endothelial cells and vascularize
in vivo.29,30 Other authors have classified SVF cells as peri-
cytes and endothelial progenitor cells or as ASCs to investi-
gate specific precursor cells in the SVF, but these authors
also acknowledged that the chosen isolation procedures
and the specific differentiation capacity of the cells varied
substantially.30-34 In the present study, fresh isolated total
SVF cells included a significant number of CD34+, D7FIB+
ASCs, whereas cultured and passaged total SVF cells were
almost all D7FIB+ but CD34–, which suggests that the
culture process caused the loss of CD34 expression. These
findings are consistent with those of other studies, in which
culture conditions caused the loss of CD34 expression in
ASCs and CD34– ASCs retained their multilineage differenti-
ation potential.24-26,35,36

Factors such as an excision-based fat-harvesting tech-
nique and high-density adipose tissue are expected to con-
tribute to higher yields of total SVF cells and ASCs. This
observation is reflected in our study, in which surgical exci-
sion yielded more ASCs than Coleman’s technique (with or
without centrifugation) or liposuction and more total SVF
cells than Coleman’s technique without centrifugation.
Table 2 summarizes our results and compares them with

Figure 2. Quantitative analysis of total stromal vascular frac-
tion (SVF) cell and adipose-derived stem cell (ASC) yields of
adipose tissues harvested from the flank by means of different
harvesting techniques. Error bars show the standard error of
the mean (SEM) and Ns indicate the numbers of samples.
Compared with Coleman’s technique without centrifugation,
direct excision and Coleman’s technique with centrifugation
both yielded significantly more total SVF cells. Compared with
liposuction, Coleman’s technique without centrifugation
yielded significantly more total SVF cells. The number of ASCs
obtained utilizing direct excision was significantly higher than
the numbers of ASCs obtained from blood–oil waste or utiliz-
ing liposuction or Coleman’s technique with or without centri-
fugation. The numbers of total SVF cells and ASCs obtained
from blood–oil waste were similar to those obtained utilizing li-
posuction.

Figure 3. Quantitative comparison of total stromal vascular
fraction (SVF) cell and adipose-derived stem cell (ASC) yields
of fat tissue harvested from different locations. Error bars show
the standard error of the mean (SEM), and Ns indicate the
numbers of samples. Coleman’s technique was utilized to
isolate the cells. The number of total SVF cells obtained from
adipose tissue harvested from the abdomen was significantly
higher than the numbers of total SVF cells obtained from
adipose tissue harvested from the flank or axilla.
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Figure 4. Characteristics of cultured adipose-derived stem cells (ASCs). Flow cytometry analyses revealed that the cultured
cells were (A) CD11b− (0.73%), (B) CD45− (0.03%), (C) CD34− (0.79%), (D) CD90+ (99.82%), and (E) D7FIB+ (96.7%).
(F) At third passage, the cells had a spindle-like morphology. (G-I) Differentiation of ASCs to adipocytes (G and J, Oil Red O
staining), osteocytes (H and K, Alizarin red S staining), and chondrocytes (I and L, Safranin O staining) in vitro. ( J-L) ASCs
cultured in basic medium served as controls.
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those of some previous studies. The trends for total SVF
cells and ASCs in our study were similar to those in some
previous studies, but also different from trends in others.
For instance, the trends for total SVF cells in our study were
similar to those in studies by Schreml et al37 and Pu et al,6

but not to those in the study by Faustini et al.38 However,
unlike these previous studies, our study showed that ASC
yield varied with harvesting technique. We speculate that
the density of fat tissue may play a role in the yield of total
SVF cells and ASCs. Fat tissues obtained by different har-
vesting techniques have different densities: Liposuction
samples are less viscous than those harvested utilizing
Coleman’s technique without centrifugation, which in turn
are less viscous than samples obtained utilizing Coleman’s
technique with centrifugation, and surgically excised fat is
solid tissue. Thus, surgical excision, which provides tissue
with a high fat density, is expected to yield more SVF cells
and ASCs than Coleman’s technique or liposuction would,
and this was the case in the present study. Similarly, exci-
sion and Coleman’s technique (with or without centrifuga-
tion) yielded more cells than liposuction did.

However, Coleman’s technique with centrifugation un-
expectedly yielded more total SVF cells, but not ASCs, than
Coleman’s technique without centrifugation. These find-
ings are in agreement with those of previous studies15,39

showing that the yield of ASCs per milliliter of fat tissue uti-
lizing Coleman’s technique with centrifugation is not sig-
nificantly different from that utilizing Coleman’s technique
without centrifugation. Because we employed the same
protocols for both harvesting techniques, the differences
we observed are likely not due to the in vitro processing of
the cells. Therefore, factors in addition to collagenase treat-
ment, aqueous fraction of the adipose tissue volume, and
centrifugation may affect the ASC yield. A centrifugation
step, as expected, would increase the cell density and thus
increase cell yields. However, the increase in total SVF cells

but not ASCs seems to indicate an inherent difference in
the ways in which SVF cells and ASCs are harvested.
Coleman’s technique with centrifugation and Coleman’s
technique without centrifugation may differ only in terms
of the centrifugation step. Based on our experience with
centrifugation in routine cell cultures, it is highly unlikely
that a centrifugation step would damage cell integrity.
Thus, we believe that the denser fat grafts obtained with
Coleman’s technique may undergo higher shear stresses
when they are extruded from the syringe and that these
stresses affect ASC yields. Factors such as the diameter
of syringe and force applied by the surgeon may affect
the shear stresses. The higher total SVF yield utilizing
Coleman’s technique with centrifugation might be ex-
plained by the presence of nontissue cells in the total SVF,
such as those in the blood–oil milieu, which may not be
subject to such high shear stresses during centrifugation
and extrusion. The finding is important because the
non-ASC fraction of the SVF may play an important role in
promoting regeneration by improving the microenviron-
ment. In addition to this non-ASC fraction of the SVF, other
important microenvironment participants such as growth
factors may play a role in mediating effective wound
healing response. The microenvironment factors present in
adipose tissue and the decanted blood–oil milieu are poorly
understood and warrant future investigation.

In this study, we mainly assessed cells residing in the
stromal tissue and not the mature adipocytes found in the
oil that was discarded during SVF isolation following colla-
genase treatment and centrifugation. However, we also
assessed the cell yields of the blood–oil waste discarded
following Coleman’s technique with centrifugation and
found that subjecting this waste to a second centrifugation
yielded a significant number of ASCs and total SVF cells.
This approach may provide an additional source of cells for
enriching fat grafts.

Table 2. Effect of Harvesting Technique and Postharvest Processing on Yields
of Different Cells from Adipose Tissues in the Present and Previous Studies

Study Effect of Harvesting Technique and Postharvest Processing

Present study ASCs: excision > Coleman (with or without centrifugation) >
liposuction

Total SVFs: excision > Coleman with centrifugation > Coleman
without centrifugation > liposuction

Faustini et al38 ASCs: excision = liposuction
Total SVFs: excision = liposuction

Schreml et al37 ASCs: excision = liposuction
Total SVFs: excision > liposuction

Pu et al6 Adipocytes: Coleman > liposuction

Kurita et al44 Adipocytes: liposuction plus centrifugation > liposuction
ASCs: liposuction plus centrifugation > liposuction

ASC, adipose-derived stem cell; SVF, stromal vascular fraction.

Table 3. Effect of Donor Site Location on the Yields of Different Cells from
Adipose Tissues in the Present and Previous Studies

Study Effect of Donor Site Location

Present study ASCs: no difference
Total SVFs: abdomen > axilla/flank

Jurgens et al15 ASCs: abdomen > flank

Fraser et al40 Total SVFs: flank > abdomen

Oedayrajsingh-varma et al39 ASCs: abdomen = hip = mamma

Faustini et al38 Total SVFs: abdomen > back > kneea

Padoin et al41 ASCs: lower abdomen > inner thigh/knee

ASC, adipose-derived stem cell; SVF, stromal vascular fraction. aFor male but not for female.
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We also compared the cell yields of tissue obtained from
different donor sites and found that fat tissues from the
abdomen yielded more SVF cells, but not ASCs, than fat
tissues from the axilla or flank did. Our results and those of
previous studies are summarized in Table 3. We found that
fat tissues harvested from the abdomen yielded more total
SVF cells than fat tissues harvested from the flank or axilla
did, as Faustini et al reported38; however, Fraser et al40 re-
ported the opposite finding. Similar to Oedayrajsingh-
Varma et al,39 we found that ASC yield did not vary with
harvest site, whereas Jurgens et al15 and Padoin et al41

noted higher yields of ASCs from the abdomen. Adipose
tissues harvested from different locations yielded different
amounts of cells, but the reason for this remains unknown.

The present study is the first, to our knowledge, to iden-
tify an association between ASCs and total SVF yields
based on adipose tissue density. This new understanding
will further help surgeons select and identify the ideal
source for harvesting cells from adipose tissues and opti-
mize harvesting techniques for autologous fat grafting.
However, our study was limited by patient demographics
such as sex, age, body mass index, race, and other con-
founding factors that may influence cell yield. Additional
considerations such as the availability of fat tissue in pa-
tients with low body mass indexes and the feasibility of
performing surgical procedures based on reconstructive
need limited the range of fat harvesting techniques that
could be performed for the same patient. Another potential
limitation of the study was the narrow scope of the statisti-
cal analysis, which considered the effect of harvesting tech-
nique on cell yields from samples obtained from the flanks
of patients and the effect of anatomical location on cell
yields from samples prepared with the Coleman technique,
but did not consider relationships between other harvest
sites and techniques. More patient samples and thus a
larger study are needed to sufficiently power a statistical
analysis of all variables, including harvesting technique
and location, and we are currently in the process of con-
ducting such a study. Despite the limitations of analyzing a
focused set of populations, we found that total SVF and
ASC yields were significantly associated with harvesting
technique and donor site. Finally, our study did not include
patients who had received previous radiotherapy, which
limits the applicability of our findings given the large
number of patients who receive radiotherapy before under-
going reconstructive surgery. Our future studies will
include irradiated patients to better understand the effect of
radiation on aesthetic outcomes and stem cell numbers.

CONCLUSIONS

Our findings suggest that donor site and harvesting tech-
nique affect the yields of total SVF cells and ASCs. Based on
our findings, the ideal method to maximize the yields of

total SVF cells and ASCs is to harvest adipose tissue from
the abdomen by means of a direct excision technique.
Although it yielded fewer SVF cells and ASCs than direct
excision did, Coleman’s technique with centrifugation—
which offers the advantage of being an easier technique
for fat grafting—is also a favorable method for performing
aesthetic procedures and obtaining SVF cells and ASCs
from adipose tissue. A comprehensive follow-up study
would ensure better control over the aforementioned
factors as well as better correlation between reconstructive
graft outcomes and ASC and total SVF cell yields in individ-
ual patients. Our findings also confirm that CD34–, D7FIB+
ASCs indeed have multilineage differentiation potential
despite the loss of CD34 expression owing to further expan-
sion in culture.
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