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BACKGROUND Numerous methods have been proposed to enhance the survival of fat grafts, but no
definitive treatment is available. Stromal vascular fraction (SVF)-assisted cell therapy offers new perspectives
for improving fat graft survival.

OBJECTIVES To determine whether SVF supplementation could improve graft retention in patients
undergoing autologous fat grafting for cosmetic improvement of facial contour.

METHODS We retrospectively analyzed data from 38 women who underwent fat transplantation with SVF
(n = 26) or fat grafting alone (n = 12) between October 2010 and January 2012. Each patient underwent
computed tomography, and photographs were taken before and 6 months after surgery. The Philips Extended
Brilliance Workspace was used for analysis of volume augmentation.

RESULTS All patients showed cosmetic improvements, but the degree varied. No complications were
evidenced during follow-up. Fat survival was higher with SVF (64.8 � 10.2%) than fat grafting alone
(46.4 � 9.3%) (p < .01). SVF supplementation resulted in better clinical improvement than fat grafting alone.

CONCLUSION Supplementing fat grafts with SVF for cosmetic facial contouring can improve the survival of
fat grafts over fat grafting alone and provides satisfactory outcomes without major complications. Autologous
fat grafting has been used for various cosmetic treatments and difficult reconstructive indications such as
temporal depression, wrinkles of nasolabial folds, and hemifacial atrophy, with no incisional scar or
complications associated with foreign materials, although problems such as a low rate of graft survival
because of early resorption remain. (Aesthet Plast Surg, 14, 1990 and 127) Despite many innovations to
overcome these problems, (Dermatol Surg, 26, 2000 and 1159); (Ann Plast Surg, 60, 2008 and 594); (Dermatol
Surg, 27, 2001 and 819); (Dermatol Surg, 28, 2002 and 987) we lack a definitive method of fat processing that
ensures maximal graft take and viability. (Plast Reconstr Surg, 115, 2005 and 197); (Dermatol Surg, 37, 2011
and 619)
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The exact mechanisms that mediate fat graft

survival and resorption remain unclear. One

potential mechanism for graft loss is lack of

adequate neovascularization within the transplanted

fat. If timely neovascularization does not occur after

transplantation, cells within the graft can die of

ischemia, leading to tissue necrosis and graft loss.8,9

For autologous transplantation, Yoshimura and

colleagues10 proposed cell-assisted lipotransfer to

decrease resorption rates by adding stromal vascular

fraction (SVF) to the fat graft. The SVF of adipose

tissue contains a group of heterogeneous cells

consisting of adipose tissue–derived stem cells

(ASCs), endothelial progenitor cells, hematopoietic

progenitors, Tcells, and antiinflammatory cells.11

The SVF would differentiate into mature adipocytes,

stimulate in vivo regeneration by triggering migra-

tion of host stem cells to the recipient site, and

promote vascularization, which is essential for fat

graft take.12,13 SVF acts as the main player in
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adipogenesis and angiogenesis in the adipose repair

process by not only differentiating into adipocytes

or vascular endothelial cells, but also releasing

angiogenic growth factors.12,14

In this study, we aimed to determine whether SVF

supplementation could improve the survival rate of

grafts in patients undergoing autologous fat grafting

for cosmetic improvement of facial contour.

Materials and Methods

Patients

The experimental design was a controlled clinical

trial. Patients were divided into experimental and

control groups according to the voluntary princi-

ple. Data were analyzed for 38 women who

underwent transplantation with fat mixed with

SVF (n = 26) or fat grafting alone (n = 12)

between October 2010 and January 2012. The

indications were temporal, cheek, and facial

asymmetry. The mean age was 29.5 � 6.8 for the

SVF group and 29.1 � 6.0 for the group that

underwent fat grafting alone (range 18–45). Each

patient underwent computed tomography (CT) and

had photographs taken before and 6 months after

surgery.

The follow-up time for each patient was 6 months.

Informed consent was obtained from all patients.

The study protocol conformed to the guidelines of

the 1975 Declaration of Helsinki and was approved

by individual institutional review boards.

Fat Harvesting and Treatment

The lower abdomen or thigh in each patient was the

donor site for harvesting fat. A tumescent solution of

0.08% lidocaine and 1:500,000 epinephrine was

infiltrated into the donor site.

Harvesting involved use of a 2.5-mm suction

cannula with two holes in the tip attached to a

20-mL syringe with the plunger held back with

7.5 mL of air or saline before aspiration. An

appropriate amount of fat was gently aspirated with

finger pressure on the plunger of the syringe without

using a suction machine so as to minimize trauma to

the fat grafts. The fat grafts were then centrifuged at

low speed (1,000 rpm, g force 178) for 3 minutes.

The control group fat was centrifuged as well. After

centrifugation, the middle layer, primarily consisting

of usable fat parcels, was used for fat injection. In

the SVF group, approximately half of the collected

liposuction aspirate was used for isolation of the

SVF. This cell-processing procedure required

approximately 60 minutes. During the processing

period, the other half of the lipoaspirate was

harvested as graft material.

The suctioned fat was digested with 0.25% colla-

genase (Sigma, St. Louis, MO) in phosphate buffered

saline (PBS) for 30 minutes on a shaker at 37°C.

Enzyme activity was neutralized with PBS contain-

ing 10% autologous patient serum. The cell sus-

pension was filtrated through a 100-lm filter, then

mature adipocytes were separated from the cell

pellet. The pellets were resuspended in erythrocyte

lysis buffer (155 mM ammonium chloride, 10 mM

potassium bicarbonate, 0.1 mM ethylenediamine-

tetraacetic acid) and incubated for 5 minutes at

room temperature and then collected by centrifuga-

tion (1,200 g, 5 minutes) and filtered through 100-

lm nylon mesh to remove cellular debris. To

eliminate any remaining collagenase, the pellets were

washed three times in PBS using repeated suspension

and centrifugation. The harvested pellet was SVF.

Each SVF sample underwent bacterial culture and

susceptibility testing.

Surgery

The surgery was performed in a sterile operating

room, and cell isolation was performed in a super

clean bench. For SVF treatment, fresh SVF isolated

from adipose was added to the graft material,

and after gentle mixing and waiting for 10–

15 minutes for cell adherence to the aspirated fat,

the SVF-supplemented fat was put into

injection syringes.
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Fat supplemented with SVF(experimental group) or

fat alone (control group) was injected into multiple

tissue areas (within subcutaneous tissue and under

superficial musculoaponeurotic system) in multiple

tissue planes, tunnels, and areas with use of a

syringe connected to a blunt needle with an

external diameter of 1.5 or 3 mm. Grafts were

injected in small quantities in one place each time,

radially, from distal to proximal. In the buccal

area, the needle was parallel to the facial nerve to

avoid direct injury to the nerve. The syringe was

drawn back before each injection to check blood

return to avoid hematoma or injecting fat grafts

into blood vessels and thus possibly causing fat

emboli. The quantity of transplanted adipose tissue

was overcorrected by approximately 20–30%

because of possible later absorption after

facial recontouring.

Clinical and Radiological Evaluation and

Postoperative Follow-Up

The grafted site was immobilized using a compres-

sion dressing for a week. Patients were instructed to

reduce or avoid movements of facial muscles if

possible because these movements might traumatize

the newly formed blood vessels around the injected

fat grafts. All patients were seen at postoperative day

7 and at 6-month intervals. Patients underwent CT,

and photographs were taken preoperatively and

6 months postoperatively. For analysis of volume

augmentation, we used the Philips Extended Bril-

liance Workspace, which can provide objective data

for various facial plastic and reconstructive surgeries

(Figure 1), but this measurement has potential for

error in positioning of the skull and delineation of

subcutaneous tissue.

Statistical Analysis

All data are reported as means � standard devia-

tions. Differences in fat graft volume between the

two groups were analyzed using independent-

samples t-tests. p < .05 was considered statistically

significant. Statistical analyses were performed using

SPSS 16.0 (SPSS, Inc., Chicago, IL).

Results

The transplantation of fat supplemented with SVF or

fat alone was successful in all cases (Table 1).

Bacterial culture of each SVF sample was negative.

Patients showed slight bruising and swelling during

the first week after surgery but no scars during follow-

up and no obvious contour irregularity. No further

complications were evidenced during follow-up.

Mean fat transplanted was 17.5 � 7.3 mL in the

SVF group and 16.2 � 6.3 mL in the fat alone

group. Six months later, mean final fat volume was

11.5 � 5.3 mL in the SVF group and 7.6 � 3.3 mL

in the fat alone group. The final fat volume was

calculated using CT imaging. The difference in fat

take between the two groups was statistically

significant (p < .01; Table 2, Figures 1–3).

Figure 1. Computed tomography (CT) was performed on all
patients before and 6 months after surgery. The Philips
Extended Brilliance Workspace was used for analysis of
volume augmentation. CT slice thickness 1 mm, the sum of
the green area of each CT slice is equal to the fat volume.

TABLE 1. Number of Cases According to Injection

Location and Group

Stromal Vascular

Fraction Group

Control

Group

Location n

Temporal area 13 6

Cheek area 11 5

Frontal area 2 1

Zygomatic area 2 1

Mandibular area 3 1
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All patients showed cosmetic improvements but to

varying degrees. The SVF group had better

clinical improvement than the fat grafting alone

group (Figures 4 and 5).

Discussion

Numerous methods have been proposed to enhance

the survival of fat grafts, but no definitive treatment

protocol is available. Because SVF-assisted cell

therapy offers new perspectives for improving fat

graft survival, we aimed to determine whether SVF

supplementation could improve the survival rate of

grafts in patients who underwent autologous fat

grafting for cosmetic improvement of facial contour.

We retrospectively analyzed data for 38 women who

underwent fat transplantation with SVF or fat

grafting alone. All patients showed cosmetic

improvements but to varying degrees. No compli-

cations were evidenced during follow-up. Fat sur-

vival was greater with SVF than fat grafting alone.

The SVF group showed better clinical improvement

than the fat grafting alone group. Supplementing fat

grafts with SVF for cosmetic facial contouring can

improve the survival rate of fat transplantation over

fat grafting alone and provides satisfactory

outcomes without any major complications.

Autologous fat transplantation is useful for filling

soft tissue and contour defects, and the transplant

material is relatively cheap, easy to harvest, available

in large quantities, and autogenic, which eliminates

the potential risks associated with allogenic fillers

and implants, but problems such as a low rate of

graft survival because of early resorption remain.

The mechanism of fat tissue survival and absorption

is not fully understood. Histologic studies have

TABLE 2. Fat Volume and Survival Rate Change in the Two Groups (Mean � SD)

Mean � Standard Deviation

Group Injected Volume, mL Final Volume, mL Survival Rate, %

Experimental group (stromal

vascular fraction + fat) n = 26

17.5 � 7.3 11.5 � 5.3 64.8 � 10.2

Control group (fat alone) n = 12 16.2 � 6.3 7.6 � 3.3 46.4 � 9.3

Figure 2. Fat volume changes before and after surgery in
two groups.

Figure 3. The difference in fat take between the two groups
was statistically significant (p < .01).
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suggested that revascularization of autologous fat

transplants occurs after 48 hours.15 This delay

appears to critically impair the survival of the fat

cells, which undergo degenerative changes, including

destruction of their nuclei and cell membranes. After

this cell destruction, fatty cysts develop, and the fat

gradually becomes absorbed.16 Many theories have

been put forth to explain this phenomenon, and

early and abundant neovascularization seems to be

important to survival of free fat transplants, which

in turn leads to good transplant outcomes.17–19

Concerning autologous transplantation, Yoshimura

and colleagues10 proposed cell-assisted lipotransfer

to decrease resorption rates by adding SVF to the fat

graft. SVF contains several types of stem and regen-

erative cells, including ASCs; vessel-forming cells,

such as endothelial and smooth muscle cells and their

progenitors; and preadipocytes. ASCs can differenti-

ate into multiple cell lineages, including adipocytes,

osteocytes, chondrocytes, endothelial cells, and other

types of cells.20–23 In addition, ASCs can secrete

vascular endothelial growth factor, hepatocyte

growth factor, and insulin-like growth factor 1,14,24

which have proangiogenic, antiapoptotic, and pro-

adipogenic effects. After transplantation, ASCs may

interact with other cells such as vascular endothelial

cells, and supplementation with SVF may be superior

to supplementation with ASCs alone.

Most studies evaluating the survival of transplanted

fat are based on subjective analysis of photographs

(A)

(B)

Figure 4. A 26-year-old woman with bilateral temporal depression had stromal vascular fraction–supplemented autologous
fat transplantations. (A) Preoperative and (B) 6-month postoperative views.
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or anecdotal assessment by physicians.25–28 Pho-

tography is limited in its ability to document volume

changes because these changes in facial shape and

contour are often reflected as changes in shadowing.

Even with standardized lighting techniques, deter-

mination of volume changes with photography is

inherently variable. In this research, we used the

novel method of Philips Extended Brilliance Work-

space to analyze volume augmentation, which can

provide objective data for various facial plastic and

reconstructive surgery applications. The clinical

results appeared to be better with SVF than fat

grafting alone. The surviving fat volume was greater

with SVF than with fat grafting alone. Slight

bruising and swelling was seen during the first week

after surgery but no scars or obvious contour

irregularity. No further complications were

evidenced during follow-up.

A major challenge that SVF therapy poses is the need

to ensure efficacy and safety. Bacterial culture of each

of our SVF samples was negative. All cell products for

human clinical applications are free of bacterial

contamination. Fetal bovine serum added to the

recipient immune system may produce antibody-

based responses with the risk of serum sickness.29,30

A number of laboratories have found that human

serum can serve as an alternative.31 In this research,

collagenase activity was neutralized with PBS con-

taining 10% autologous patient serum, although

tissue processing with multiple steps and the use of

serum products increases the potential for bacterial

infections and blood-borne diseases. Adipose-derived

cell immunomodulatory and immunosuppressive

properties present additional concerns. Recent

reports document the ability of ASCs to promote the

proliferation of active breast cancer cells in vitro and

in vivo through paracrine mechanisms.32–36 Conse-

quently, plastic surgeons and related clinical practi-

tioners remain cautious concerning the use of SVF

cells in individuals with cancer.37

The SVF field is at a critical juncture as it transitions

from basic science to clinical therapy. We anticipate

that comprehensive reports documenting that SVF

cell safety testing will appear in the literature and

that such evidence will accelerate the clinical

translation process.

Conclusions

We demonstrated that supplementation of fat grafts

with SVF for cosmetic facial contouring can improve

the survival of fat grafts over fat grafting alone.

(A)

(B)

Figure 5. A 21-year-old woman with bilateral temporal and cheek area depression had stromal vascular fraction–
supplemented autologous fat transplantations. (A) Preoperative and (B) 6-month postoperative views.
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Transplanting SVF-supplemented fat tissue has

provided satisfactory outcomes without any major

complications. Larger studies and longer follow-up

times are needed to establish the overall safety and

efficacy of the treatment.
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