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Use of Lyophilized Growth Factors Foam in Chronic Ulcers
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Abstract

Background: Treatment of chronic ulcers involves ad-
dressing the underlying cause and interventions to improve
the process of healing such as autologous platelet-rich plasma.
Platelet-rich plasma has been extensively studied for its po-
tential in promoting healing of chronic ulcers as it contains a
high concentration of growth factors such as platelet derived
growth factor, epithelial growth factor and fibroblast growth
factor. Advanced growth factor delivery systems have been de-
veloped to prolong the bio-activity of growth factors.

LGF have been developed by a patented method to over-
come the discrepancies of conventional platelet rich plasma.

Objective: In this study, we present LGFoam as a topical
agent containing Lyophilized growth factors, for use in chronic
lower limb ulcers for the purpose of improving healing.

Methodology: Comparison of ulcer size between LGFoam
topically applied to non-healing lower limb ulcers of various
etiologies, as opposed to conventional dressing with a 30-day
follow-up period.

Conclusion: Several advanced growth factors delivery
systems have been developed for topical use. However, con-
flicting evidence exists for their efficacy, warranting further
research.

In our study, there was a statistically significant decrease
in ulcer size for the LGFoam group, encouraging future studies
into its use in promoting wound healing in general, especially
chronic non-healing ulcers as a problematic entity.
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Introduction

A chronic ulcer is a non-healing wound persist-
ing for a period of more than six weeks and show-
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ing no tendency to heal after three months of ap-
propriate treatment. It can develop due to trauma,
chronic venous insufficiency, diabetes, or chronic
ischemia. A common site for chronic ulcers is the
lower limb, mostly on the legs, ankles, or feet [1].

Treatment of chronic ulcers includes address-
ing the underlying cause and local interventions to
improve the process of healing such as autologous
platelet-rich plasma (PRP) [1,2].

PRP has been extensively studied for its poten-
tials in promoting the healing of chronic wounds
such as ulcers, improving ulcer depth and healing
rate, hence making it a promising and safe modality
of treatment [2,3,4,5].

PRP contains a high concentration of growth fac-
tors, which play an essential role in wound healing [6].

Growth factors influence wound healing by sev-
eral mechanisms. They have chemotactic proper-
ties that attract inflammatory cells and fibroblasts
into wounds, they stimulate cellular proliferation,
they stimulate angiogenesis, and they influence the
synthesis of growth factors by neighboring cells [7].

Some of the most important growth factors that
have been extensively studied are platelet-derived
growth factor (PDGF), fibroblast growth fac-
tor (FGF), and vascular endothelial growth factor
(VEGF) [7].

PDGEF is released from platelets following tis-
sue injury [8], and it serves to initiate inflammatory
response by chemotaxis to attract neutrophils, mac-
rophages, fibroblasts into the wound site [9]. It also
up-regulates the production of other factors such
as insulin growth factor-1 [10]. FGF are a family
of factors produced by keratinocytes, fibroblasts,
endothelial cells and mast cells [11,12]. They are
responsible for granulation tissue formation, re-
epithelialization, and remodeling of tissues [13].
They upregulate synthesis and deposition of sev-
eral extracellular matrix components and increase
the motility of keratinocytes [14]. The VEGF family
promote angiogenesis through stimulating the mi-
gration of endothelial cells [15,16].
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PRP can be applied topically or used as an in-
tralesional injection [17]. To form a platelet gel that
can be applied to the ulcer, an activator solution
such as thrombin with calcium chloride can be add-
ed [17]. Advanced growth factor delivery systems
have been developed to prolong the bio-activity of
growth factors [18].

Lyophilized growth factors (LGF), prepared
from equine platelets were used in a previous ani-
mal study and showed improvement of wound
healing [19]. It is produced according to a patented
method (Code number: WO2018091713).

In this study, we present LGFoam for use in
chronic lower limb ulcers for the purpose of im-
proving healing.

Patients and Methods

Sample size: 20 patients (10 LGFoam group, 10
control group).

Setting: Department of Plastic, Burn and Max-
illofacial Surgery, Ain Shams University, Cairo,
Egypt. Between January 2019 to July 2022.

Inclusion criteria: Patients with chronic lower
limb ulcers that had developed within a year of
the study, of any etiology except malignant ulcers,
size of ulcers ranging from 5-50 mm in diameter.
Laboratory investigations (complete blood picture,
serum albumin, liver enzymes and kidney function
tests) were conducted for all patients and patients
were only included if hemoglobin was above 10g/
dl, serum albumin was above 10, and liver en-
zymes and kidney function tests were within nor-
mal ranges.

Exclusion criteria: Ulcers with active signs of
infection such as redness, hotness and tenderness
of surrounding skin or purulent discharge. Patients
who had undergone any previous surgical interven-
tion to the ulcer itself such as surgical debridement
and active smokers (patient who had not ceased
smoking at least one month before the study).

Study period: 1 January 2019 to 31 July 2022.

Intervention:

LGFoam (Fig. 1) is a white, porous, inelastic
pad consisting of Human LGF suspended in a ma-
rine collagen and then lyophilized. LGF have been
developed by a patented method to overcome the
discrepancies of conventional platelet rich plasma
(PRP) [19]. It is a new and refined form of PRP in
which allogenic pathogen free platelets are used as
a source of growth factors instead of autologous
platelets. In vitro stimulation of platelets is done to
free growth factors from their site of storage in the
alpha granules, and thus avoiding the further use of
thrombin or calcium chloride for platelets activa-
tion. The lyophilized growth factors also have the

advantage of possessing a lengthier shelf life (12-
18 months) in comparison to autologous PRP (8
hours). The amount of growth factors in each vial
is standardized to be equivalent to those coming
from platelets within 20ml of whole blood, with a
platelet count of 1 million per microliter. It is then
subjected to UV/Riboflavin treatment to eliminate
any pathogens.

Fig. (1): LGFoam.

On topical application the foam transforms into
a soft gel sheet on contact with wound exudate
hence maintaining a moist wound environment
which helps in epithelialization and granulation tis-
sue formation. The foam is hydrophilic and biode-
gradable, thus the oozing of any drops of serous
fluid, will lead to a breakdown in the proximal side
of the foam. Eventually there is sustained release of
the LGF incorporated within.

Patients were divided into two groups:

1- LGFoam group: Dressing was done by betadine,
then washing with normal saline solution, then
foam was applied before non-adherent gauze.
Dressing was done every other day.

2- Control group: Conventional wet-to-dry dress-
ing was done using betadine, washing with
normal saline solution, then antibiotic ointment
was placed before applying non-adherent gauze.
Dressing was changed on a daily basis.

No oral antibiotics were administered during the
study period. Only orally administered drugs used
were medications patients used regularly such as
antihypertensive drugs, oral hypoglycemic drugs,
and beta-blockers, but no vasodilators.
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No additional procedures were done except for
dressings in both groups, i.e curettage. Non-com-
pressive below the knee crepe bandages were used
to seal the dressing in both groups and all patients
were instructed to elevate their limbs when not am-
bulating.

Evaluation was done once every other day by
the attending physician in the outpatient clinic for
30 days to compare ulcer size.

Statistical analysis:

Performed using computer software statistical
package for the social science (SPSS, version 20;
SPSS Inc., Chicago, Illinois, USA).

Quantitative (numerical) normally distributed
variables were described as mean =+ standard devia-
tion (SD). Significance level was set at p-value of
less than 0.05.

Results

Thirteen males and seven females were included
in this study. Mean age for patients was 60.85+7.74
years (range 45-72). Patient characteristics, as well
as size and etiology of ulcers are summarized in
Table (1).

Table (2) demonstrates ulcer size in millimeter
(mm) at the start of the trial and after 30 days. Over
the 30 day follow-up period, there was a statisti-
cally significant reduction in ulcer size in the LGF
group (p=0.001891), with a mean size of 30.9mm
reduced to 7.7mm and a non-statistically signifi-
cant reduction in the control group (p=0.695), with
a mean size of 30.1mm reduced to 27mm.

Table (1): Patient Characteristics, ulcer size and ulcer etiology.

Variable LGF group Control group
Age (years) 59.8+94 61.9+59
Sex:

Male 6 7

Female 3 4
Ulcer size (mm) 30.9+17.9 30.1+£15.53
Etiology:

Traumatic 2 0

Ischemic 3 2

Venous 2 2

Diabetic/ Neuropathic 2 4

Unspecified 1 2

Table (2): Ulcer size before intervention and after 30 days in

both study groups.
Ulcer size LGFoam group Control group
(mm) (n=10) (n=10)
Before 30.9+17.9 30.1+15.53
After 30 days 7.7+9.1 27+12.26
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Figs. (2,3) show improvement in ulcer size in
two cases from the LGfoam group.

Fig. (2): A case of a 65-year-old male patient, with an ischemic
ulcer over the lateral aspect of right foot before inter-
vention (top), and at day 14 of using LGF (bottom).

Fig. (3): A case of 57-year-old female patient, with an ischemic
ulcer over the lateral aspect of right foot before inter-
vention (top), and at day 5 of using LGF.
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Discussion

Management of chronic lower limb ulcers in-
clude some key options such as compression ther-
apy using stockings and limb elevation [1,20,21],
debridement by either surgical, mechanical, or en-
zymatic methods to remove dead tissues and hence
promote healing [22], medications such as pentoxi-
fylline and aspirin which improve circulation and
reduce inflammation [23,24], vacuum-assisted clo-
sure which may help to promote healing despite
limited evidence [25], surgery for cause such as ar-
terial insufficiency or venous reflux [1], skin grafts
[26], and autologous PRP containing growth factors
[2-6,17].

Several advanced growth factors delivery sys-
tems have been developed for topical use [8] such
as Regranex®, which is an FDA approved gel con-
taining 0.01% becaplermin (recombinant human
PDGF) used as an adjunct in the treatment of chron-
ic diabetic foot ulcers [27,28], Fibrablast® spray (re-
combinant human FGF), first approved in Japan in
2017 but showed low in vivo stability [29,30], and
Heberprot-P®, which contains recombinant human
EGF, administered intralesionally 3 times per week
[31,32]. However, conflicting evidence exists for ef-
ficacy of previously mentioned systems, warrant-
ing further research [18].

Different PRP preparation methods have been
compared by Da Silva et al., regarding platelet con-
centrations, the capacity to preserve growth factor,
and the ability of these preparations to produce bet-
ter cellular metabolism showing that lyophilized
PRP is a possible alternative to fresh PRP, with
minor technical variability, large-scale production
with increased shelf life that can be achieved using
a single process of production [33].

An in-vitro study by Hariprasad et al. compared
PRP, platelet-rich-fibrin, and lyophilized platelets
using ELISA showing greater concentration of
VEGEF, FGF, and PDGF in the lyophilized prepara-
tion [34].

A study by Saputro et al., used allogenic lyophi-
lized PRP in a full-thickness wound animal model,
in which it significantly accelerated epithelializa-
tion and did not cause any local or general adverse
reactions [35].

Yassin et al., used PRP wafers, manufactured
using sodium carboxymethylcellulose, utilizing
wound size measurements and histopathological
analysis, to illustrate better results than lyophilized
PRP powder [36].

Yeung et al., used a lyophilized PRP solution on
deep second-degree burn injuries, which showed
significant effectiveness on wound healing.

Conclusion:

In this study, we present LGFoam for use as a
topical agent in chronic lower limb ulcer with the
aim of improving healing, demonstrated in this
study by decrease in ulcer size.

Future research is encouraged with larger sam-
ple sizes and more homogenous study groups.
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