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Abstract
Chronic wounds not only induce individual distress but also cause 

enormous and rapidly growing costs for our health care systems and 
society in general. The fastest growing groups of chronic wounds 
are Diabetic Foot Ulcers (DFU), due to the fact that the number of 
diabetics is growing worldwide.

The pathophysiology of DFU is complex and necessitates 
interventions at multiple levels. Several of these intervention levels 
can be addressed by topical application of recombinant human 
Erythropoietin hydro gel (rhEPO hydro gel). We report here the cases 
of 3 adult patients with controlled diabetes and DFU who were 
treated in a compassionate healing attempt with topical rhEPO-Hydro 
gel. In addition patients received state-of-the-art diabetes and DFU 
treatment. In all three patients complete healing of the DFU with stable 
long term results could be achieved. Based on these observations, 
rhEPO hydro gel seems to be a promising treatment option for patients 
with DFU. GCP conform clinical studies will be necessary to confirm 
these results in a larger population of patients.

Introduction
Chronic wounds affect millions of patients worldwide. In 

addition to the individual distress, chronic wounds induce enormous 
and rapidly growing costs for our health care systems and society in 
general [1]. Therefore medically effective and cost efficient treatment 
methods are desperately needed. 

The fastest growing sub-group of chronic wounds are Diabetic 
Foot Ulcers (DFU) [2,3]. The pathophysiology of DFU is complex 
and necessitates interventions at multiple levels [4,5]. DFU remain in 
a chronic inflammatory state (increased amounts of IL-1, TNF-alpha, 
neutrophils and macrophages) [6,7]. Microcirculation is impaired 
in DFU due to endothelial dysfunction and low levels of VEGF 
resulting in decreased angiogenesis [8-10]. A large number of growth 
factors and their release-regulation are affected in DFU resulting 
in a non-healing environment [11]. Extracellular matrix formation 
is disturbed, cell proliferation and migration is impaired [12,13]. 
Keratinocytes and fibroblasts in diabetic wounds display pathological 
characteristics. Impaired migration capacity, excessive apoptosis and 
decreased clone formation capacity of their progenitor cells isolated 
from chronic wounds were described [14-16]. 

Supportive treatment of chronic wounds in DFU by biological 
agents would ideally counter several or all of these problems. A 
possible candidate for such a supportive treatment is Erythropoietin 

(EPO). EPO is directly activated by the transcription factors that 
mediate signaling in hypoxic tissues: HIF-1α, HIF-1α–like factor, 
HLF (also known as EPAS1) and HIF-2α [17-19]. For EPO anti-
inflammatory effects have been demonstrated, it has been shown to 
influence growth factor release regulation, it activates angiogenesis 
and microcirculation, stimulates extra cellular matrix formation, 
re-epithelization and stem cell recruitment, and enhances fibroblast 
and kerationocyte proliferation [20-24]. Furthermore in skin EPO 
seems to mediate down-regulation of the expression of inflammatory 
cytokines and degradative enzymes [25]. EPO also works in concert 
with vascular endothelial growth factor (VEGF). Together they 
stimulate endothelial cell mitosis and motility, which is important 
for new vessel growth and wound healing [26]. It has been shown 
to mobilize circulating bone marrow derived cell populations and 
mediate vascular repair in both acute and chronic tissue injuries 
[27,28]. EPO stimulates endothelial progenitor cell proliferation, 
adhesion, and differentiation to endothelium. Furthermore inhibition 
of apoptosis provides evidence of a cytoprotective effect [29,30]. In 
mouse skin the combined presence of EPO receptor and the EPO-
hetero-receptor was demonstrated on the stem cells of hair follicles 
[26]. 

Studies in diabetic animal models have shown that systemically 
and topically applied EPO can advance the healing process. Elevated 
VEGF and EGF levels, elevated iNOS-endothelial nitric monoxide 
synthase (eNOS)-and NO content within the wound tissue, a higher 
capillary density, as well as higher hyroxyprolin and collagen densities 
were described after application of EPO. Increase in haematocrit 
values or other systemic EPO-effects were not reported in these 
studies [31,32].

We report here on three patients treated as compassionate healing 
attempts with rhEPO hydro gel as a topical treatment for DFU.

Methods
The healing attempts were conducted according the standards of 

good clinical practice (as defined in the ICH E6 Guideline for Good 
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Clinical Practice, 1 May 1996), in agreement with the Declaration of 
Helsinki and with local regulations and local regulatory authorities. 
Detailed information about the healing attempt was given to the 
patients and informed consent in written form was obtained before 
the treatment was performed. An ethics approval was not necessary.

In total 3 adult patients (two females, one male) aged 61, 65 and 69 
years with controlled type two diabetes mellitus and chronic wounds 
were treated with topical rhEPO hydro gel. In addition patients 
received state-of-the-art diabetes and DFU treatment according to 
S3-guidelines [33]. Dressing changes, wound documentation, photo 
documentation and control of safety parameters were performed 
according to the standard treatment regulations of the clinic: Initially 
a state of the art clinical assessment including physical examination, 
assessment of perfusion status, polyneuropathy assessment, 
exclusion of a macroangiopathy requiring treatment, diagnostics 
for osteomyelitis and if needed other special assessments were 
performed. A sufficient surgical debridement was performed before 
the beginning of the treatment. During the debridement biopsies 
were taken to exclude malignant diseases as course of the ulcers and 
to diagnose/exclude osteomyelitis.

After application of rhEPO hydro gel the DFUs were dressed 
with occlusive dressings. Dressing changes and wound controls 
were performed two to three times per week. Patients received a 
standardized antithrombotic therapy with body weight-adjusted 
Low-Molecular-Weight-Heparin s.c. if immobilized.

Clinical wound assessment and photo documentations were 
performed during the dressing changes.  

Patients
Patient one was a 65 year old male with controlled Type II 

diabetes, a known peripheral artery disease and a history of multiple 
ulcerations and gangrene, as well as amputations of the 1. toe of 
the right foot. He presented with a 3x2 cm ulcer directly under the 
metatarsal joint and an acute infected necrosis of his 3. toe at the left 
foot. We started with the debridement of the ulcer, than he received 
in total 6.000 IU rhEPO in hydro gel (3x2.000 IU rhEPO in 10 ml 
hydrocolloid-hydro gel, Varihesive® hydrogel), during 8 visits, three 
times per week, during 18 days. After receiving a vital and well 
granulated wound ground we transplanted a full thickness skin graft 
to the remaining ulcer and amputated D III due to acute osteomyelitis 
(Treatment phase: 08/2013 – 09/2013).

Patient two was a 69 year old lady with type II diabetes, obesity 
(BMI 32), varicose veins, a peripheral artery disease and a variety 
of allergies including intolerances against several wound dressing 
materials. She had developed a 10x4 cm ulcer of her lateral malleolus 
region at her right lower leg with exposure of bone and tendons after 
she had suffered an open fracture of her lower leg 8 years ago. She had 
developed a low grade chronic osteomyelitis and a pseudarthrosis of 
the fibula. She was initially debrided, subsequently she received 3.000 
IU rhEPO in 15 ml hydrocolloid-hydro gel (Varihesive® hydrogel) 
three times per week for 25 weeks thereafter a split skin graft 
transplantation was performed (Treatment phase: 07/2012-03/2013).

Patient three was a 61 one year old lady with known type II diabetes; 
she had had lithotripsy of ureter stones, and subsequently developed 
an urosepsis, acral necrosis, and osteomyelitis of the calcaneal bone. 
Amputations of the necrotic areas had to be performed and excision 

of the osteomyelitis at the calcaneal bone. The defect was initially 
covered with a musculus suralis flap, which failed. Thereafter the 
patient received 9 times 2.000 IU rhEPO in 10 ml hydrocolloid-hydro 
gel (Varihesive® hydrogel) once per week. Thereafter the remaining 
ulcer was treated conservatively for two months. In succession a 
secondary free flap reconstruction was performed which healed and 
stayed stable (Treatment phase: 04/2008-07/2008).

Results
All three wounds were closed completely. No significant changes 

in blood values were seen during the phase of treatment.

In patient one (Figure 1) a marked increase of granulation tissue 
was already seen at the time point of the first dressing change. The 
wound healed completely within 8 days after the full thickness 
skin graft transplantation. Since then, the scar stayed stable, he can 
walk and participate in the normal daily activities wearing a special 
custom-made shoe. 

Patient two (Figure 2) had a slow but stable granulation of the 
wound; the granulation tissue grew over the exposed bone and tendon. 
A marked increase of vessel ingrowths into the area of the wound 
was seen, clearly recognizable by the increasing redness of the wound 
surface. A biopsy taken before the split skin graft transplantation 
showed normal granulation tissue, typical for a chronic ulcer. After 
transplantation she showed a 100% take of the split skin graft; the 
scar is stable since and presents a smooth texture and fairly reddish 
color. She can walk without help and participate in many normal 
daily activities, like going shopping and swimming. 

Patient three (Figure 3) showed no changes in blood values 
during the treatment, the granulation and epithelialization of the 
wound were stable. In addition the remaining wound healed without 
complications after the free flap transplantation and has a stable scar 
situation since than. She can walk short distances and participate 
in most of the normal daily activities wearing special custom-made 
shoes.

Discussion
The use of rhEPO in the treatment of chronic wounds has been 

described in few patients before [25,34,35]. The only GCP conform 
trial protocol for a multi-centre study investigating the effects of 
systemically applied EPO in an acute wound, e.g. severely burned 

Date 2013/08/01 2013/08/12 2013/08/22 2013/08/28
Erythrocytes 4,5 pl 4,9 pl 4,7 pl 4,5 pl
Haematocryt 0.40 L/L 0.44 L/L 0.42 L/L 0.40 L/L
Thrombocytes 194 nl 243 nl 277 nl 268 nl

A) B)

Figure 1: (A) Patient one healed after debridement and 6 treatments with  
rhepo hydro gel and a full thickness skin graft transplantation within 8 days 
completely (status at admission (photo), and status at discharge), (B) since 
then stable scar (follow up after 9 months). No significant changes in blood 
values.
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failure (kidney), kidney transplantation (reperfusion injury) but so 
far all trials failed to confirm the protective potential of high dose 
systemic applicated rhEPO, despite encouraging preclinical (animal 
models) results [36,37]. Furthermore in some of the trials an increased 
mortality was revealed, most of them connected with an increased 
numbers of thrombo-embolic events in combination with increasing 
haematocrit and erythrocyte values [29,30,38]. As the heamatocratic 
action of rhEPO is a well known fact of systemically applied rhEPO 
an increase in haematocrit and erythrocyte values is to be expected. 
On the contrary low dose topically applied rhEPO has not shown any 
changes in haematocrit and erythrocyte values, this was evaluated 
in several animal models and observed by us in the three patients 
described in this paper [32]. 

Therefore as discussed in the introduction there are several 
reasons to believe that topical treatment with low dose rhEPO hydro 
gel may improve wound healing. rhEPO is a well-known drug used 
for nearly 30 years in the daily clinical routine in the field of anemia 
treatment [39]. Therefore possible adverse effects are well known and 
were accounted for in the three patients reported here. We controlled 
the blood values in our patients on a regular basis. As we could not 
see any changes in the laboratory parameters, there was obviously no 
hematopoietic reaction during our treatments. In combination with 
increasing haematocrit and erythrocyte values increased numbers of 
thrombo-embolic events have been described. As we did not see any 
suspicious changes in the blood values we did not see an indication 
for premature ending of the treatment [38].

EPO is further known to increase blood pressure in already 
hypertonic patients [38,40]. Therefore we did not treat any patients 
with therapy resistant arterial hypertension. Maybe the most serious 
described side effect of rhEPO in patients with malignant tumors is 
an activation of tumor-progression. In several trials, where patients 
were treated with EPO for tumor induced anemia, it could be shown 
that the mortality rate of the EPO-treated groups was higher than of 
the non-treated controls [37]. Therefore, we did not treat any patients 
with known malignant diseases. 

Patient age, gender, nutritional status, concomitant illnesses, 
as well as wound infections have a large influence on the patient’s 
prognosis and the wound healing. Therefore we considered all 
mentioned factors carefully and discussed their relevance for our 
healing attempts. Concomitant illnesses are important factors 
especially if they interact with EPO. Thus, as stated above, we did not 
treat patients with illnesses such as hypertension, malignant diseases, 
active infectious diseases or clinically relevant cardiovascular or 
systemic diseases etc. which have a known interaction with EPO [6]. 

As the patients have received different combinations of EPO, 
surgery and advanced wound management, it can not be postulated 
at the present state that the successful healing was a direct effect of the 
rhEPO-treatment. 

However the completely healed wounds in all patients and the 
absence of any EPO related complications or any complications 
possibly connected to the hydro gel raise the hope that the patients 
may profit from activation of the EPO-pathway. 

GCP conform clinical studies will however be necessary to be able 
to confirm this assumption in a larger population of patients.

A) B)

C) D)

Date 2012/07/03 2012/08/08 2012/09/27 2011/10/10
Erythrocytes 3,3 pl 3,5 pl 3,7 pl 3,7 pl
Haematocryt 0.31 L/L 0.31 L/L 0.33 L/L 0.34 L/L
Thrombocytes 425 nl 336 nl 306 nl 303 nl
Date 2012 12 03 2013 01 09 2013 03 13
Erythrocytes 3,9 pl 3,8  pl 3,6 pl
Haematocrit 0.36 L/L 0.35 L/L 0.33 L/L
Thrombocytes 313 nl 324 nl 260  nl

Figure 2: Patient two statuses at treatment start (note the syringe with 
the rhEPO hydro gel and exposed tendon and bone). (B) Ready for 
transplantation. (C) Stable result 4 weeks after split skin graft transplantation. 
The scar is stable since. (D) Stable Scar after 3 Month, the small wound 
distally of the former ulcer was caused by manipulations by the patients due 
to itching. 

There were no significant changes in blood values.

A) B)

C) D)

Date 2008/05/25 2008/05/30 2008/06/09 2008/07/30
Erythrocytes 4,5 pl 4,1 pl 4,4 pl 5,1 pl
Haematocryt 0.39 L/L 0.36 L/L 0.38 L/L 0.42 L/L
Thrombocytes 253 nl 237 nl 231 nl 210 nl

Figure 3: (A) Patient three, status at treatment start. (B)  Status before the 
flap transplantation. (C) The wound healed without complications after the 
free flap transplantation and has a stable scar situation since. (D) Thus both 
lower extremities could be preserved. 

Blood values did not change significantly

patients was recently published by the authors of this article, who 
have just finished the follow-up phase [25]. 

High dose systemic administration of rhEPO has been evaluated 
in a large number of randomized clinical trials in several fields, such 
as stroke (brain), myocardial infarction (myocardium), acute renal 
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