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A Basic Fibroblast Growth Factor Improves Lower Extremity
Wound Healing With a Porcine-Derived Skin Substitute

Sadanori Akita, MD, PhD, Kozo Akino, MD, PhD, Katsumi Tanaka, MD, Kuniaki Anraku, MD,

and Akiyoshi Hirano, MD

Background: Although a number of
cytokine or growth factor therapies for
wound acceleration have been reported,
few mentioned the quality of the outcome.
The lower extremity is important in es-
thetics as well as in function, because it
is exposed. Recently, a growth factor,
namely basic growth factor (bFGF) is
widely used for difficult wound healing
with a porcine-derived bilayered artificial
dermis for better wound closure. Thus,
their combination use was tested clinically.

Methods: Sequential lower extrem-
ity reconstruction by an artificial dermis
with or without bFGF administration

and secondary split-thickness skin graft-
ing was measured for hardness using a
durometer, and the moisture parameters
assessed such as effective contact coeffi-
cient, transepidermal water loss (TEWL),
water content and thickness using a mois-
ture meter for at least 6 months after the
final procedure and compared with nor-
mal skin control.

Resulls: There was significantly less
skin hardness using a durometer in bFGF
treatment compared with non-bFGF
treatment (16,2 = 3.83vs. 292 + 494, p <
0.01). Effective contact coefficient, TEWL,
water content, and thickness in non-bFGF

treatment were all significantly greater
than those in bFGF treatment, whereas
water content and thickness in bFGF
treatment were comparable with those of
the control.

Conclusion: The use of bFGF as ar-
tificial dermis for extensive and deeper
tissue loss coverage demonstrated better
reconstruction quality in terms of hard-
ness using a durometer and the function
of the stratum corneum by moisture
analysis.

Key Worts: Basic fibroblast growth
factor, Artificial dermis, Lower extremity
tissue defect, Quality of wound healing.

econstruction of the lower extremities can be a concern.

After extensive soft tissue defects resulting from met-

abolic changes such as diabetes, atherosclerosis, and
subsequent osteomyelitis as well as local infection, contusion,
traffic crash, or tumor resection, it is more difficult to resur-
face skin if the raw surface consists of bone and tendon
tissues.'* When insufficient local or systemic nutrient sup-
ply such as lower blood perfusion or lower oxygen tension is
noted, wound healing deteriorates, Flaps represented by free
tissue transfers may be a choice for treatment, but associated
medical conditions such as comorbid illness or medications
often limit the patients’ choice of treatment.® Longer and
more complicated surgeries may be rejected because of con-
cerns about bleeding or the invasiveness of the surgery,
especially in the elderly who might have more complications
in the lower extremity during surgery.”
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To enhance the favorable circumstances for granulation
or wound bed preparation for subsequent skin grafting or
local flap surgery at wound sites, angiogenic factors such as
platelet-derived growth factor-BB and vascular endothelial
growth factor are used clinically for irradiated wound
healing.’

In leg ulcers, there were discrepant expression patterns in
the calf of critical limb ischemia between fibroblast growth
factor 2 (basic fibroblast growth factor [bFGF]) and vascular
endothelial growth factor.” Topical administration of platelet-
derived growth factor accelerated the healing rate at 20 weeks
by 23%’ and accelerated complete closure by 43% at a
maximum of 20 weeks'” in multicenter-double-blinded, ran-
domized controlled trials. Temporal expression pattern was
demonstrated in chronic leg ulcers of hepatocyte growth
factor, which may be implicated in accelerated wound heal-
ing by exogenous administration,'" local treatment of chronic
leg ulcers by recombinant human granulocyte-macrophage
colony-stimulating factor enhanced ulcer healing'? and fur-
ther, granulocyte colony-stimulating factor was beneficial in
treating diabetic foot ulcer infections in a meta-analysis.'
Chronic wounds including diabetic ulcers were healed sig-
nificantly faster by the topical treatment of recombinant bo-
vine bFGF in a randomized, blinded and placebo-controlled
clinical trial,'* whereas no effective results were obtained in
topical bFGF treatment for chronic diabetic neuropathic foot
ulcers in a randomized controlled pilot trial.'®

By contrast, fetal or embryonic wound healing has been
experimentally and biologically investigated to measure the
quality of wounds. Among growth factors, transforming
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Table 1 Patient Profiles

Sox Age Location Size (cm) Basic Diseasa
1 M 74 Rt. calf 8x5 Osteomyelitis, DM
2 M 30 Lt. lateral malleola, loe 4x3 MR, hemodialysis, DM, HT
23
3 M 82 8il. calf 5x3 TR, fungal infection, HT
4%X3
4 F 63 Lt. caif 3x10 Leg infection, HT
5 M 62 Lt. calf 5§x3 Osteomyelitis, MI, HT
7 F 72 Lt. calf 10 x15 DM, HT, ITP, Oral steroids
8 F 21 Lt. calf 6x3 Traffic crash
g M 72 Bil. calf 5x4 Low temperature contact burn, DM, HT
4x2
10 M 78 Lt, foot 1M0%x5 ASO, DM, artythmia
1 F 85 Lt. heal §x2 Osteomyelitis, HT, anemia
12 F 79 Rt. toe 2x2 DM, hemodialysis
Average 66.5 = 20.46

RAt., right; Lt., left; MR, mitral regurgitation; Bil., bilateral; TR, tricuspid regurgitation; ITP, idiopathic thrombocytopenic purpura; ASO,

arteriosclerosis obliterans.

growth factor-f3 has been extensively investigated and it was
concluded that transforming growth factor-B isoforms, and
the activity of receptors and modulators might take part in the
regulation of scarless or scar-free wound healing,'®~'

For lower extremity reconstruction of tendon or bone-
exposed wounds, an artificial dermis of bilayered collagen
sponge and silicone outer membrane complex was beneficial
for various anatomic locations including the legs.'?

Moreover, the combined administration of artificial der-
mis and growth factor was clinically effective in atypical
fingertip bumn injuries, soft tissue defects of diabetic feet as
well as experimentally in pressure ulcers of a compromised
animal model such as genetically diabetic mice.**~**

Therefore, we tested the combination of an artificial
dermis with the topical administration of bFGF, which is the
only angiogenic cytokine currently available in Japan, The
bFGF also demonstrated acceleration and improvement in
bum wounds in terms of the healing rate and hardness
postskin grafting.*

PATIENTS AND METHODS
Patients

The subjects were 12 patients (21-85 years old; average
66.5 = 20,46 years of age, 6 women and 6 men) in this
investigation. Lower extremity ulcers were induced by vari-
ous causes, with underlying diseases such as hypertension
(n = 8), diabetes (n = 6), osteomyelitis (n = 3), cardiac
valvular insufficiency (n = 2), hemodialysis (n = 2), cellu-
litis (n = 1), collagen disease (n = 1), and trauma and burn
(n = 2). Some patients demonstrated multiple underlying
diseases, and therefore the total number exceeds the patient
number (n = 12). Patients were compared with those who
were previously treated with artificial dermis alone after
similar extensive debridement.”*

The majority of patients in this investigation were el-
derly. Two cases were younger, patient 2, who was suffering

810

from diabetes and renal failure which required hemodialysis
and patient 8, who suffered a traffic crash while raveling in
a remote area of Japan and thus the initial therapy was
delayed. The size of the wound ranged from 2 X 2 to 50 X
35 cm®. As comorbid illnesses prevented major surgical in-
terventions such as free flap surgery because of the prolonged
operative time, invasiveness and postoperative patient man-
agement (Table 1).

Surgical Methods and Artificial Dermis (Pelnac)

Indication of the use of artificial dermis was limited to
deep tissue exposure such as tendon, bone or cartilage, which
were more difficult in wound closure by skin grafting alone.
All surgical debridement was confirmed as sufficiently deep
and wide for clinically contaminated or infected lesions. An
artificial dermis, a bilayer with an outer silicone membrane
and inner porcine tendon-derived collagen sponge (Pelnac,
Gunze Co. Ltd, Kyoto, Japan), was immediately applied to all
wounds. Except for two cases that did not require secondary
skin grafting, another 10 cases underwent secondary split-
thickness skin grafting. The average follow-up period after
the last procedure, which was either application of the arti-
ficial dermis or secondary split skin grafting, was 0.7 = 0.83
years (0.5 years and 3 years, maximum and minimum, re-
spectively) (Table 2).

Basic Fibroblast Growth Factor (Trafermin, Fiblast
Spray)

Genetically recombinant human bFGF was used right
after completion of wound bed preparation in the operative
ward by spraying. Whereas the artificial dermis was applied
before secondary split thickness skin grafting, the bFGF-
containing solution was administered from the side of the
artificial dermis. The concentration of bFGF was 30 pg of
bFGF per 30 cm?® area as 100 pg of freeze-dried bFGF
dissolved in 1 mL of solution of benzalkonium chloride, with
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Table 2 Patient Surgical Profiles
Size Follow-Up Days to Secondary
{yr) Skin :

fnch)  ‘ecaton  fom) Grafting
1 0.01 Rt.caf B8x5 3 15
2 NA Toe 2%x3 05 NA
3 0.o12 BilLcal 5x3 15 16
4x3
4 0.0 Lt.caf 3Ix10 3 18
5 0.008 Lt. calf 5x3 1 18
6 o.mz2 Lt calf 30 x 35 3 14
T 0.007 Lt.cal 10x 15 15 16
8 0.009 Licalfl 6x3 2 19
-] 0.01 BiLcat Sx4 1.5 17
4x2
10 0.008 Lt.foot 10x 5 25 13
" 0.m2 Lt heel 5x2 25 14
12 NA Rt.toe 2x2 2 NA
Average 0.01 = 0.002 0.7 = 0.83 16.0 = 2.00

Rt., right; NA, not available because no secondary skin grafting
was performed Lt., left; Bil., bilateral.

300 pL sprayed over a 30 cm? area with 5 cm distance, and
0.3 mL of such concentration solution was given by this
method, Ointment-impregnated gauze was applied to wounds
treated with bFGF after waiting for 30 seconds. The bFGF
administration continued until secondary skin grafting. The
bFGF spray and solution were applied equally to all wounds.

Durometer

The durometer used in this investigation was a
TECLOCK GS-701N (TECLOCK, Co., Lid, Nagano, Japan),
which follows the international standard of SRIS 0101 and is
defined as a spring instrument to measure hardness, with a
S-mm diameter round noninvasive gauge head, and a value
range from 519 to 8379 mN (55-855 gf). The measurement
of each point was always perpendicular to the scars and was
repeated five times immediately after touching the scar and at
30 seconds after touching, and the mean value of thee adja-
cent points at least 6 mm apart and 12 mm from the edge of
intact skin was assessed at 25°C room temperature and 50%
humidity with air conditioning, after the manufacturer's in-
structions. Informed consent was obtained from all patients
and there were no complications or complaints as a result of
durometer measurements.”? Sequential treatment with artifi-
cial dermis with or without daily bFGF administration and
split skin grafting (bFGF-treated and non-bFGF-treated
groups) in the lower extremity was compared in terms of skin
hardness.** As a normal control, the skin hardness of similar-
aged volunteers was investigated at similar anatomic and
location points as a normal standard of measurement.

Moisture Meter

A moisture meter (ASA-M2, Asahi Biomed, Co. Lid,
Yokohama, Japan) was used to detect transepidermal water
loss (TEWL), water level, and the thickness of the corneal
keratinocyte layer of the skin, as well as the effective contact
coefficient, determined by electrolytes in the corneal layer.
The meter records were used to analyze the susceptibility of

Volume 64 » Number 3

conductance using low frequency (160 Hz) alternate currency
and detect conductance using high frequency (143 KHz)
alternate currency. The proposed formula is as follows:

Skin Conductance (uc) =
Effective Contact Coefficient (%) X
Water Level (uS).

To enable the use of all these formulary factors, both low
frequency and high frequency electric voltages were applied.
The round probe of the hand-piece is 5 mm in diameter and
detection was set 5 seconds after probe contact with the
subject to stabilize electrodes and the skin condition. Each
contact point was always perpendicular to the subject and was
repeated five times, and the mean value of adjacent points at
least 10 mm apart and 20 mm from the intact edge was
assessed at 25°C and 50% humidity with air-conditioning,
after the manufacturer's instructions. All data were immedi-
ately transferred to a personal computer for further analyses.
Informed consent was obtained from all patients and there
were no complications or complaints as a result of moisture
meter measurements. The measurements were performed half
a year after healing when the reconstructed areas were eval-
uated after clinical stabilization.” For moisture meter analy-
sis, the same anatomic and location areas of bFGF-treated
and non-bFGF-treated groups were compared, and skin mois-
ture meter data of similar-aged volunteers were investigated
as a normal standard of measurement.

Statistical Analysis

The results are expressed as the mean * SD. The data
between groups were evaluated by one-way analysis of vari-
ance with Bonferroni multiple comparison procedure, and p
values <0.05 were considered statistically significant.

RESULTS
Surgical Outcomes

No cases demonstrated wound healing problems. The
average days to secondary skin grafting, except in two pa-
tients who did not require the procedure, was 16.0 = 2.00
days and the average thickness of the donor skin was 0.01 =
0.002 inches, all harvested from the lateral thighs of each
patient (Tables 1 and 2). The thickness of the skin graft and
the days to secondary skin grafting were very similar to
treatment with artificial dermis alone, 17.5 = 2.00 days and
0.009 * 0.0022 inches, respectively.?* There was no problem
with blood flow or the local angiogenic environment of these
patients, because all cases were ambulatory despite infection
or necrosis, but radial debridement deep enough to remove
the pathogens was necessary, which required the use of arti-
ficial dermis for the coverage of tendons and bones. Thus,
comparison of the skin hardness and skin moisture meter
parameters was attempted among intact nonsurgical skin, the
artificial dermis alone and the bFGF with artificial dermis.
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