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Case Series

Introduction

Diabetic foot ulcer (DFU) healing is a major problem for health-

care worldwide. Approximately 15–20% of patients with diabetes 
develop foot ulcer during their lifetime.1 DFUs are hard to heal due 
to inadequate vascularity and impaired sensation resulting from 
sensory neuropathy. These often become chronic intractable condi-
tions, with significant financial burden. Furthermore, the National 
Health Service in the UK spends at least £10 billion a year on dia-
betes, which is equivalent to 10% of its budget, with 80% spent 
on treating complications.2 Moreover, conventional treatments are 
ineffective for a number of patients, increasing the comorbidity 
associated with the DFU disease. In addition, approximately 7,000 
lower limb amputations are performed for diabetes patients in Eng-
land each year, and the likelihood that someone with diabetes will 
have any level of lower extremity amputation is approximately 23 
times of that for a person without diabetes.3
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Abstract

Background and objectives: Diabetic foot ulcers (DFUs) are a significant source of morbidity, and pose great fi-
nancial burden to the health service. Conventional treatments with dressings are often ineffective. Platelet-rich 
products have been used in recent years for the treatment of DFUs, with promising results. The present study aims 
to evaluate the efficacy of plasma rich in growth factors (PRGF) membrane therapy in the treatment of chronic 
non-healing DFUs, in order to improve wound healing and accelerate the epithelisation of chronic wounds.

Methods: A total of six diabetic patients with chronic non-healing foot ulcers were included in the present study. 
The Endoret procedure was used to isolate the PRGF from blood samples, resulting in the formation of a mem-
brane clot, which was placed over the bed of the ulcer. A portion of the PRGF was also allowed to infiltrate around 
the ulcer edge. Patients were followed up in clinic at two weekly intervals, until full healing was achieved.

Results: All six patients (mean age: 60 years old) underwent successful treatment with the PGRF membrane. Full 
epithelisation of the ulcers was achieved for all patients, with a mean duration of eight weeks. No complications 
were noted throughout the treatment period.

Conclusions: The use of an autologous PRGF membrane is a secure and efficacious surgical treatment for chronic 
non-healing DFUs. The present study demonstrates that the PRGF fibrin membrane can be used to optimize sur-
face regeneration in DFUs. Additional data and randomized studies are required to establish the effectiveness of 
this method in treating DFUs.
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In recent years, there has been increasing interest in the use of 
autologous platelet rich products for the management of DFUs.4–6 
Topical growth factor products are typically used as adjuvant treat-
ments, along with standard modalities, for the treatment of DFUs, 
with successful results.7 The plasma rich in growth factors (PRGF)-
Endoret technique involves a simple bedside procedure to obtain 
the autologous proteins and platelet-concentrated fibrin membrane 
rich in growth factors, which acts as a biological membrane.8 
The platelets are known to release different growth factors that 
enhance the repair process and vascular proliferation, ultimately 
helping in the biological wound healing.8,9 This preparation has 
been successfully used in a variety of medical specialties, includ-
ing dentistry, maxillofacial, opthalmology and orthopedics.8–11 
The present study aims to test the PRGF clot membrane therapy in 
chronic non-healing DFUs, in order to improve wound healing and 
enhance the epithelization of chronic wounds. The investigators 
consider that this would be a useful method for treating chronic 
non-healing DFUs, which is under-reported in medical literature.

Methods

This case series comprised of six patients, who met the following 
criteria: chronic non-healing DFU, previously failed the non-oper-
ative treatment with dressings, and the absence of ulcer infection. 
Exclusion criteria: ulcers of arterial aetiology, the presence of sys-
temic or local infection, the presence of osteomyelitis, and active 
Charcot arthropathy. The present study followed the Case Report 
(CARE) guidelines (Supplementary File 1) and was performed in 
accordance with the ethical standards of the institutions to which 
we are affiliated and with the Declaration of Helsinki (as revised in 
2013). An informed consent was obtained from each patient for the 
publication of the findings and associated images.

All participants were examined by podiatrists and diabetolo-

gists in the diabetic foot clinic, as a multidisciplinary team. An 
informed consent was obtained from all participants who met the 
inclusion criteria. Furthermore, the baseline medical history was 
obtained, and the physical examination was documented. One pa-
tient had type I diabetes, while five patients had type II diabetes, 
and their diabetic control was managed by a diabetologist. The 
medical photography of the ulcers was performed at the start of 
treatment, and on the final visit. The Endoret technique is com-
prised of a single treatment. Patients were followed up until the 
end point was achieved, which was defined as full epithelization 
of ulcer without drainage.

Endoret procedure

The ulcer was adequately cleaned with skin preparation. Blood 
was obtained by venepuncture from the antecubital vein. The 
blood was collected using the Endoret PRGF protocol in 9-mil-
limeter sterile tubes, containing 3.8% (wt/v) sodium citrate. Using 
the patented Endoret technology, the collected blood was centri-
fuged for eight minutes at room temperature using the PRGF-
Endoret system centrifuge to obtain the PRGF. Then, the PRGF 
was drawn off in two fractions, and were labelled as, F1 and F2. 
F1 was injected around the wound margin. Two millilitres of F2, 
which contained the optimal concentration of platelets (2-3×) iso-
lated above the erythrocytes and leucocytes, was drawn up using 
the plasma transfer device (PTD). Then, F2 was activated using 
calcium chloride. Upon completion of the Endoret protocol, a fi-
brin clot was formed and placed over the bed of the ulcer, and 
the remaining F2 was allowed to infiltrate around the edges of 
the wound. Adequate dressing was secured, and the patient was 
kept in non-weight bearing. The subsequent follow-ups were per-
formed in clinic at two weekly intervals for the examination of the 
wound, dressing and medical photography by a trained nurse. For 

Fig. 1. Endoret procedure. Top left: Processing of the Endoret. Top right: Activated F1. Bottom left: Infiltration of activated F1 around the wound. Bottom 
right: F2 clot on the bed of ulcer.
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all cases, the entire procedure was performed under one hour. The 
procedure steps are illustrated in Figure 1.

Results

All six patients underwent successful treatment with the PGRF 
membrane, without any complications. The patient demograph-
ics, characteristics, and outcomes are summarized in Table 1. The 
mean age of patients was 60 years old (38–70 years old). The mean 
duration of ulcer healing was eight weeks (6–13 weeks). The pa-
tients were followed up in clinic every two weeks, until healing 
was achieved. All patients achieved full epithelisation of the ulcers 
(Figs. 2 and 3). No adverse events or complications were observed 
throughout the treatment period.

Discussion

DFUs are challenging to manage, and there is a plethora of lo-
cal treatment options to choose from, with no consensus among 
medical fraternity. Plasma platelets have an important role in the 
initiation skin ulcer healing. These adhere, aggregate and release 
numerous growth factors, adhesive molecules, and lipids, which 

regulate the migration, proliferation and functions of keratino-
cytes, fibroblasts and endothelial cells.9 Platelets release a vari-
ety of growth factors needed for tissue regeneration, angiogenesis 
and wound healing, including epidermal growth factor, fibroblast 
growth factor-2, transforming growth factor-β, vascular endothe-
lial growth factor, and platelet-derived growth factor (PDGF).12 In 
addition to the release of a range of morphogens, PRGF enables 
the development of a biocompatible fibrin scaffold, which acts 
as a biological membrane that maintains the controlled release of 
growth factors for several days.12

PRGF therapy has exhibited promising results in promoting tis-
sue regeneration, and has been employed for the treatment of mul-
tiple musculoskeletal problems.13,14 Recently, several studies have 
reported the effects of different platelet-rich products for diabetic ul-
cers, obtaining successful results in ulcer healing.5,6,9,10 Orcajo et al. 
published a case report, in which the PRGF technique was used to 
treat chronic DFUs.5 Furthermore, a large, randomized control trial 
(RCT) of autologous platelet gel reported the benefit in time to com-
plete ulcer closure at 12 weeks, when compared to standard care.10 
A recent multicentric RCT15 revealed the clinically and statistically 
significant benefit of the application of autologous immune cells, fi-
brin and platelet patches for DFUs. Although the trial results for au-
tologous platelets may suggest the potential benefit in ulcer healing, 
the evidence remains inconclusive, including the optimal frequency 

Table 1.  Patient characteristics, healing times and outcomes

Patient number Age Gender Type of diabetes Location of ulcer Duration of healing Outcome

1 38 Female Type 2 Hindfoot 13 weeks Epithelisation

2 51 Female Type 1 Forefoot 6 weeks Epithelisation

3 67 Male Type 2 Midfoot 6 weeks Epithelisation

4 69 Male Type 2 Midfoot 8 weeks Epithelisation

5 65 Male Type 2 Midfoot 10 weeks Epithelisation

6 70 Male Type 2 Hindfoot 6 weeks Epithelisation

Fig. 2. Hindfoot ulcer: Pre-treatment and post-treatment at 13 weeks. Fig. 3. Midfoot ulcer before and after treatment for 10 weeks. 
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of applying these products, and the determination of which ulcers 
may benefit the most from these.16 The present study presented a 
unique case series, in which a fibrin membrane with autologous pro-
teins from a platelet enrichment system was applied to heal DFUs.

Future directions

All six patients in the present study had promising results in the 
treatment of chronic DFUs. However, there were some limitations 
in the present study. First, a small sample size was used, thus, fur-
ther studies with a larger number of samples are required to evaluate 
the efficacy of the PRGF membrane for DFUs. Second, the present 
study presented a prospective case series without any control group. 
Additional data and randomized studies are required to establish the 
effectiveness of topical PDGF in treating DFUs. Surgeons who treat 
DFUs can consider this mode of treatment as safe and effective.

Conclusions

The investigators successfully treated the chronic non-healing 
DFUs of six patients, without complications, using an autologous 
PRGF membrane. This biomaterial provides a safe and excellent 
vehicle for local growth factor delivery, functioning as a provi-
sional matrix that supports the ingrowth of neovasculature and the 
migration of cells into the ulcer dead space, and regenerating the 
surrounding soft tissues.9 This single treatment is a useful adjuvant 
to skin dressings for DFUs, which improves the outcome and de-
creases serious complications. The successful treatment of DFUs 
would decrease further diabetic complications, including amputa-
tions, and ultimately mortality.

Supporting information

Supplementary material for this article is available at https://doi.
org/10.14218/ERHM.2021.00075.

Supplementary File 1. CARE checklist.
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