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IMPORTANCE In previous studies, this group has reported that cultured human fibroblasts
suspended in hyaluronic acid (HA) filler might have potential use as a long-lasting injectable
soft-tissue filler. However, the data were insufficient to determine the long-term outcomes.

OBJECTIVE To evaluate the long-term outcomes of cultured human fibroblasts suspended in
HA filler used for soft-tissue augmentation.

DESIGN, SETTING, AND PARTICIPANTS A long-term case series study was performed. Between
January 2010 and December 2013, a total of 38 patients were treated with fibroblast-HA filler
mixture to augment nasal dorsa, nasolabial folds, and cheek depressions. Of these 38
patients, patients with follow-up period of greater than 3 years were included in this study.
A total of 22 patients met the inclusion criteria.

MAIN OUTCOMES AND MEASURES Subjective assessment was performed to evaluate degree
and time of resorption, improvement, satisfaction, softness of injection sites, and willingness
to recommend this treatment to others. Objective assessment was carried out with patients'
photographs. Safety and tolerability were also evaluated for this treatment.

RESULTS Of the 22 patients included in this study, 19 were women; mean (SD) patient age
was 43 (15) years. All 22 patients experienced improvement following the treatment. Twenty
(91%) patients were satisfied with the treatment. Nineteen patients (86%) considered that
the injection site was as soft as it was before treatment. Patients’ mean (SD) grading of
improvement, satisfaction, and softness were 4.50 (0.51) (95% CI, 4.27-4.73), 4.14 (0.71)
(95% CI, 3.82-4.45), and 4.82 (0.50) (95% CI, 4.59-5.00) at the last visit, respectively.
Objective assessment demonstrated postoperative improvement in all patients: a rating of
“much improved” was given to 7 patients (32%) by investigator 1; 8 patients (36%) by
investigator 2; and 12 patients (55%) the injecting physician. This treatment was well
tolerated; no adverse event was recorded for any patient.

CONCLUSIONS AND RELEVANCE Injection of cultured human fibroblasts suspended in HA filler
might be successful for long-term soft-tissue augmentation. To our knowledge, this study
represents the longest follow-up study of soft-tissue augmentation with a fibroblast-HA filler
mixture to date.

LEVEL OF EVIDENCE 4.
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D ermis, fat, and dermis-fat grafts have long been used
for soft-tissue augmentation to correct facial wrinkles
or skin contour defects. As increasing numbers of pa-

tients seek aesthetic improvement through minimally inva-
sive procedures, the demand for effective and durable soft-
tissue fillers to correct facial wrinkles or augment soft tissues
has grown dramatically. To meet these demands, various com-
mercially available soft-tissue filler products based on hyal-
uronic acid (HA) have been widely used.1-3 They have a low like-
lihood of eliciting allergic reactions, and they require no skin
testing. In addition, HA-based fillers can be stored at room tem-
perature and unlike collagen, they have no risk of transmit-
ting bovine spongiform encephalopathy.4,5 Although HA fill-
ers have been shown to be relatively safe and convenient to
use, their variable degrees of resorption require repeated
injections.6

To overcome these drawbacks, this group hypothesized
that adding cultured human fibroblasts to HA filler might
result in longer correction duration than that achieved using
HA filler alone. The HA filler was expected to provide a dra-
matic early fill, while fibroblasts added to the filler could
form extracellular matrices, leading to longer correction
effect. However, commercial HA fillers were originally
developed as filling materials of skin and soft tissue, not
as cell carriers or suitable scaffolds.7 In 2003, our research
group conducted an animal study to evaluate the feasibility
of using a commercial HA filler combined with cultured
human dermal fibroblasts to enhance the longevity of
injected bioimplants.8,9 Those results demonstrated
that HA filler mixed with cultured human dermal fibroblasts
could produce human dermal matrices successfully
with extended in vivo stability. Therefore, it might
have potential as a living graft for long-lasting soft-tissue
filler.8,9

Based on the results of our experimental study, a clinical
pilot study was undertaken in 2003 to evaluate the clinical out-
come of this method, particularly for augmentation rhino-
plasty cases.10 This method was well tolerated, all the pa-
tients were satisfied with the achieved long-term result, and
no complications occurred.10 However, the pilot study only in-
cluded 6 patients with a follow-up period of 12 months. The
number of patients and the follow-up period might not have
been sufficient to determine the long-term outcomes of this
treatment.

Therefore, the objective of this study was to evaluate the
long-term outcomes of using cultured dermal fibroblasts
seeded in HA filler as an injectable for soft-tissue augment-
ation.

Methods
Techniques
Autologous Dermal Fibroblast Culture
A skin biopsy (approximately 1 cm2) was performed in the
groin area of each patient. Donor sites were closed by pri-
mary repair. The harvested skin was sent to a commercial
laboratory (S Biomedics) for fibroblast culture. As instructed

in the manual provided by the manufacturer, the skin was
deepithelialized and minced. Healthy fibroblasts were
extruded from minced skin and cultured in Dulbecco mod-
ified E agle medium (Gibco), which contained 10%
fetal bovine serum (Gibco). Cell density was measured
with a hemocytometer, and cell viability was assessed using
trypan blue dye exclusion assay. Six to 8 passages of cells
were used for this study. To obtain sufficient fibroblasts
(2 × 107 to 4 × 107 cells) for injection, 42 to 56 days were
required. A series of additional efficacy release tests were
performed on the final product, including confirmation of
cell count and assessment of cell viability. In addition,
fibroblasts were subjected to a series of quality controls to
ensure their purity, safety, and potency and were approved
by the Food and Drug Administration of Korea. These
fibroblasts were packaged in a single-use vial intended for
injection and shipped overnight to the treatment center at a
temperature of 2°C to 8°C for administration within 24
hours.

Preparation and Injection of Fibroblast-HA Filler Mixture
Twenty million cultured fibroblasts were suspended in 1.0
mL of HA filler with moderate viscosity (Restylane; Q-Med).
These fibroblasts in a single-use vial were warmed to body
temperature for 5 to 10-minutes. Subsequently, fibroblasts
and HA filler were placed into a 50-mL centrifuge tube
under sterile conditions. The HA filler was gently stirred
and mixed with fibroblasts in 1 direction to prevent cellular
damage. Once mixed, the fibroblast-HA filler mixture
was loaded into a 1- to 5-cc syringe immediately prior to
injection.10,11

The desired shape and volume of the area to be aug-
mented were decided by the patient. After preparing the skin
around the injection site with common antiseptic solutions,
the fibroblast-HA filler mixture was injected into intrader-
mal, subdermal, and subcutaneous layers using 23-gauge
and/or 26-gauge needles, depending on location and skin thick-
ness. Immediate molding was performed with finger pres-
sure to prevent possible uneven beading of the bioimplant.
When the patient was satisfied with the augmentation, an ad-
ditional volume was injected to achieve an overcorrection of
20% to 30%.

Key Points
Question What are the long-term outcomes after using cultured
fibroblasts seeded in hyaluronic acid filler for soft-tissue
augmentation?

Findings In this case series with a follow-up period of greater than
3 years, soft-tissue augmentation with cultured fibroblasts seeded
in hyaluronic acid filler was associated with positive outcomes for
up to 6 years. All patients were improved following the treatment,
and 91% of patients were satisfied with the treatment.

Meaning Cultured fibroblasts seeded in hyaluronic acid filler
might be used as an injectable to sustain soft-tissue augmentation
in the long term.
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Patients
This was a case series from 1 center in Korea. The study pro-
tocol was approved by institutional review board of Korea
University Guro Hospital (No. 2018GR0018). Between
January 2010 and December 2013, a total of 38 patients
(aged 22-72 years, 30 women, 8 men) were treated with
fibroblast-HA filler mixture to augment nasal dorsum, naso-
labial folds, and cheek depression. Of these 38 patients,
patients with follow-up period of greater than 3 years were
included in this study. Patients who had additional proce-
dures were excluded to eliminate confounding events. A
total of 22 patients met the inclusion criteria. Follow-up vis-
its were conducted at 2 weeks and every 3 to 6 months after
the injection. Mean (SD) follow-up length for these 22
patients was 49.2 (3.0) months (range, 3-6 years).

Subjective evaluation was performed through self-
assessment by the patients. A questionnaire was designed
to evaluate the following parameters: degree and time of
resorption, improvement, satisfaction, softness of injection
site, and willingness to recommend this treatment to oth-
ers. Improvement measure was based on the Assessment of
Aesthetic Improvement Scale (AAIS) in a 5-grade Likert
scale: much worse, 1; worse, 2; no change, 3; improved,
4; and much improved, 5. Evaluation of satisfaction level
also used a 5-grade Likert scale ranging from 5 (very satis-
fied) to 1 (very unsatisfied). Softness of injection site was
measured on a 5-grade Likert scale, ranging from 5 (soft as
before) to 1 (very hard). Lastly, patients were required to
indicate whether they would recommend the treatment
to others.

The AAIS was also used as an objective assessment tool to
assess patient outcome. Photographs of the patients taken at
pretreatment, follow-ups, and the last visit were reviewed. The
assessment was performed by an injecting physician and 2 in-
dependent evaluating investigators (plastic surgeons) for base-
line visit and the last visit.

Evaluation of safety and tolerability of the treatment
was based on each follow-up visit and the last visit and
was conducted by asking the patients about any adverse
events or symptoms that might have occurred at the injec-
tion area.

Statistical Analyses
Data are presented as mean (SD) values. A 1-sample t test was
used for statistical analyses of outcome data with 95% confi-
dence intervals (CIs). A P < .05 was considered statistically

significant. All statistical analyses were performed using SPSS
for Windows, version 12.0 (SPSS Inc).

Results
For augmentation of the nasal dorsum (20 cases), 20 million
cultured fibroblasts were suspended in 1.0 mL of HA filler
with moderate viscosity. The mean (SD) injection volume of
the fibroblast-HA filler mixture per nose was 0.82 (0.25) mL
(range, 0.3-1.0 mL). One patient who had been initially
treated for nasal dorsal augmentation with 0.5 mL received
a second treatment with 0.5 mL 1 year later. For correction
of deep nasolabial folds and depressed cheeks, 40 million
fibroblasts seeded in 3 mL of HA filler and 40 million fibro-
blasts seeded in 4 mL of HA filler were injected, respec-
tively.

All patients showed mild erythema at the injection site
immediately after the procedure. However, this completely
resolved within 1 to 6 days. Patients reported that the vol-
ume of the injected implant appeared to diminish during
the early postoperative period. Three patients felt that vol-
ume reduced over the first 1 month, while 4, 13, and 2
patients reported that the volume decreased over 2, 3, and 6
months, respectively. All patients reported that the aug-
mentation outcome was well maintained after this initial
period. The amount of volume reduction was reported to be
10% to 20% in 2 patients, 20% to 30% in 9 patients, 30% to
40% in 8 patients, 40% to 50% in 2 patients, and greater
than 50% in 1 patient. Patients’ mean (SD) grading of
improvement, satisfaction, and softness were 4.50 (0.51)
(95% CI, 4.27-4.73), 4.14 (0.71) (95% CI, 3.82-4.45), and 4.82
(0.50) (95% CI, 4.59-5.00) at the last visit, respectively. Two
(9%) patients who were not satisfied reported that,
although there was some improvement with treatment,
they desired more substantial change. Twenty (91%)
patients answered that they would recommend the treat-
ment to others.

Independent evaluators and the injecting physician con-
cluded that improvement was achieved in all patients, con-
sistent with patients’ self-assessment (Table and Figures 1, 2,
and 3). The study treatment was well tolerated. No adverse
event was recorded in any patient during the follow-up pe-
riod. No patients experienced an allergic reaction, infection,
rejection, hematoma, granuloma, or nodule distorting the
shape, migration, or extrusion of the product.

Table. Results of Improvement Grading Assessed by Independent Evaluators and the Injecting Physician

Characteristic

Patients, No. (%)

Investigator 1 Investigator 2 Injecting Physician
Much improved 7 (32) 8 (36) 12 (55)

Slightly improved 15 (68) 14 (64) 10 (46)

No change 0 0 0

Slightly worse 0 0 0

Much worse 0 0 0

Total 22 (100) 22 (100) 22 (100)
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Discussion

To sustain HA’s augmentation outcome, a strategy using au-
tologous cultured fibroblast injection has been developed, and
various studies have been conducted to verify its successful
use for soft-tissue augmentation.12-15 This technique pro-
vides long-term aesthetic improvement and appears to show
continuing positive outcomes for many months to years. How-
ever, injection of fibroblasts alone without filler might not be
sufficient to achieve the high levels of filling success in cases
requiring fairly extensive soft-tissue augmentation, such as
augmentation rhinoplasty or correcting nasolabial folds. For

example, treatment using a new commercial drug that con-
tains autologous cultured fibroblasts requires 3 treatment ses-
sions every 3 to 6 weeks to correct nasolabial folds.16

Results of this study showed that use of the fibro-
blast-HA filler mixture could sustain the outcome of soft-
tissue augmentation up to 6 years after 1 session without touch-
ups. Overall, this study demonstrates that fibroblast-HA filler
mixture appears to have high patient satisfaction. Nineteen
(86%) patients considered the injection site to be as soft as be-
fore treatment, and areas injected with fibroblast-HA filler mix-
ture appeared to blend into surrounding tissues smoothly on
palpation. Most patients included in this study were treated
for the nose. Fifteen patients were treated for nasal dorsal

Figure 1. Correction of Deep Nasolabial Folds With Fibroblast-HA Filler Mixture

PreoperativeA One year postoperativeB Three years postoperativeC

A, Preoperative view. B, One year after the injection. C, Three years after the injection.
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augmentation. Of these patients, 13 (87%) were satisfied with
the treatment. Five patients were treated for asymmetry of the
nasal dorsum caused by nasal trauma. These patients had been
offered secondary surgery or correction by fibroblast-HA filler
mixture before treatment. None of these patients wished to un-
dergo a secondary rhinoplasty surgery. All patients in this group
were satisfied with the treatment.

As a qualitative assessment tool, the AAIS was used to as-
sess improvement of treatment in this study. This validated
5-grade Likert scale originally designed for patients undergo-
ing aesthetic facial procedures could measure both subjec-
tive and objective improvement.17 Therefore, the AAIS has been
commonly used and recognized as the primary assessment tool
following aesthetic facial procedures.2,3,18,19 In addition, the
AAIS is a useful tool to assess improvement at different facial
injection sites for soft-tissue augmentation.2

To our knowledge, there have been no studies of patients
undergoing injection of autologous cells suspended in HA fill-
ers for soft-tissue augmentation. Instead, a number of recent
studies have assessed outcomes of patients by the AAIS after
monotherapy using biocompatible materials, including au-
tologous cells,16,20 HA filler,2,3,18,19 or microfat grafting.21 How-
ever, the follow-up periods were mostly less than 12 months.
A number of studies have addressed the long-term outcomes
beyond 12 months.17,19 Liew et al17 have reported that 97% of
patients showed greater than 1 increased grade of the AAIS from
baseline after HA filler injection for soft-tissue augmentation
during a maximum follow-up period of 14 months.. In addi-
tion, 1 study was conducted to verify the long-term outcomes
of microfat grafting based on the AAIS for soft-tissue augmen-
tation. Kao et al22 recorded long-term outcomes for an aver-
age follow-up period of 19 months and 63% of patients showed
greater than 1 grade increase in the AAIS from baseline.

Although these studies addressed long-term outcomes, the fol-
low-up periods were only 14 to 19 months.

The present study evaluated long-term outcomes for a
minimum follow-up period of 36 months. All patients (100%)
rated themselves as being improved after the treatment for a
maximum follow-up period of 72 months. This may provide
stronger support for the patient-perceived benefit of using fi-
broblast-HA filler mixture with much longer follow-up peri-
ods than other similar injection studies.

In an in vivo study by Solakoglu et al,23 morphologic and
morphometric analyses suggested that fibroblast-HA filler mix-
ture has greater longevity than solitary HA and leads to addi-
tional synthesis of extracellular components in connective tis-
sue. The average thickness of the dermis layer significantly
increased at the injection site of fibroblast-HA filler mixture
in the eighth month. They also demonstrated that elaunin and
oxytalan components, precursors of elastin protein, were more
numerous in the injection site of fibroblast-HA filler mixture
at both 4 and 8 months.

The present study suggests that injected fibroblasts mixed
in HA filler could survive and produce human dermal matri-
ces successfully in the body. Our research group has also car-
ried out a study to track injected fibroblasts in HA filler to de-
termine if they remain at the injection site or move to other
locations.8 Human fibroblasts labeled with fluorescence dye
were suspended in HA filler and injected into the back of nude
mice. The results demonstrated that fluorescence signals of the
fibroblasts were visible only at the injection sites without dis-
persing to other sites.9 In addition, 4 weeks after injection,

Figure 3. Nasal Dorsal Augmentation With Fibroblast-HA Filler Mixture

PreoperativeA One year
postoperative

B Four years
postoperative

C

A patient who had been initially treated with fibroblast-HA filler mixture and
received a second treatment 1 year later. A, Preoperative view. B, One year after
the initial injection (before the additional injection). C, Four years after the initial
injection (3 years after the additional injection).

Figure 2. Nasal Dorsal Augmentation With Fibroblast-HA Filler Mixture

PreoperativeA Six years postoperativeB

A, Preoperative view. B, Six years after the injection.
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28.1% of the fluorescence signals were still present at the in-
jection site. However, direct-cell labeling was used in that study,
resulting in decreased numbers of labels per individual cell,
since the label could have been diluted when cells were di-
vided. Therefore, the fluorescence intensity could not ex-
actly quantify the viable cell number, and more than 28.1% of
the fibroblasts might have remained at the injection site.

In addition, our research group7 performed a study to de-
termine optimal characteristics of HA filler combined with cul-
tured human dermal fibroblasts to enhance the maximum vi-
ability of injected cells. The results demonstrated that HA-
based filler with moderate viscosity (2 million-4 million
centipoises) was superior to filler with low (600 thousand–
800 thousand centipoises) or high (8 million-12 million cen-
tipoises) viscosities in terms of viability of human fibro-
blasts. The shape of particles (round or irregular) does not affect
the viability of these injected fibroblasts.7

The exact mechanism of fibroblast survival in HA filler re-
mains unknown. Angiogenesis, a biological mechanism for the
formation of new capillaries, is fundamental to fibroblast sur-
vival in HA filler. In a previous study, increased vascular struc-
tures were observed at the injection site 8 months after injec-
tion with a fibroblast and HA filler mixture.23 In addition to an
increase in the number of blood vessels, colonization of mac-
rophages associated with capillaries were observed with an
electron microscope. This previous study demonstrated in-
creased angiogenesis at the injection site of the fibroblast-HA
filler mixture. Angiogenesis might increase the diffusion of nu-
trients and oxygen that are essential to fibroblast survival. How-
ever, further studies are needed to assess the mechanism of
long-term fibroblast survival in HA filler.

An important consideration regarding all dermal fillers is
the potential for adverse events. The fibroblast-HA filler
mixture has an acceptable patient safety profile. In the pre-
sent study, this treatment was generally well tolerated and
adverse events were not observed. Mild erythema was
encountered following the procedures. However, this was

temporary and had no serious consequences. None of the
patients experienced an allergic reaction. Delayed complica-
tion of lump formation was not noted.

The injection of fibroblast-HA filler mixture has many ad-
vantages. It can be performed at an outpatient clinic; it pro-
vides successful long-term outcomes, is a minimally invasive
procedure, and demonstrates minimal donor site morbidity.
Additionally,, it can minimize communication errors be-
tween the physician and patient because patients immedi-
ately notice the outcome. Furthermore, patients are psycho-
logically comfortable because autogenic tissue is applied.

Limitations
Despite promising results, the present study has limitations
inherent to retrospective studies. For example, an injecting
physician and 2 independent evaluating investigators were
aware of treatment protocols. However, this was unavoid-
able because they were required to assess the improvement
from baseline. Therefore, a further blinded study with a large
sample size is required to establish the long-term effect of a
fibroblast-HA filler mixture with certainty, although it is very
difficult to design a prospective blinded randomized clinical
trial to evaluate the outcomes for as long as 6 years.

Conclusions
Tissue engineering is a relatively novel field that combines
cell elements with biodegradable polymer scaffolds to create
new tissue for repair or replacement. Although further
investigation is needed to determine the ultimate value of
this method, the present study demonstrates that cultured
human dermal fibroblasts suspended in HA filler might be a
suitable long-lasting, injectable material for soft-tissue aug-
mentation. Injecting cultured human fibroblasts suspended
in HA filler might be successful for long-term soft-tissue
augmentation.
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