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A B S T R A C T   

Objectives: To systematically review the available literature on the efficacy of erythropoietin for wound healing in 
human patients. 
Design: The review was reported following Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
guidelines. A descriptive-analytical method was used to analyse and integrate review findings. 
Data sources: A primary search of electronic databases was performed using a combination of search terms related 
to the following areas of interest: ‘efficacy’, ‘erythropoietin’ and ‘wound healing’. A secondary search of the grey 
literature was conducted in addition to checking the reference list of included studies and review papers. 
Results: Seven distinct studies involving 150 patients met the inclusion criteria for the review. The included 
studies suggest that topical and subcutaneous application of erythropoietin improves the wound healing process 
via faster re-epithelialization and reducing wound area and depth. 
Conclusions: There were a limited number of studies and a great degree of heterogeneity of evidence due to 
differences in the course of concomitant illness, wound aetiology, and the time and dosing regimens adopted. 
Further research adopting validated and consistent outcome measures is recommended to determine the efficacy 
and safety of erythropoietin for wound healing.   

1. Introduction 

Wound healing refers to the replacement, reconstruction, and closure 
of injured tissue via a cascade of physiological processes and biochem
ical events [1]. According to Quinn and Wells [2], these processes can be 
divided into four overlapping stages: a haemostatic stage, an inflam
matory stage, a proliferative stage, and the final remodelling stage. 
Numerous factors such as prolonged infection, perpetual inflammation, 
and impaired angiogenesis may undermine these processes and lead to 
unstable hypotrophic/hypertrophic scars or chronic damage. Despite 
the great progress in wound healing research, the management of 
chronic and full-thickness wounds remains a significant issue in daily 
clinical routine. 

Human erythropoietin is a glycosylated cytokine secreted by liver 
and kidney endothelial cells at birth and throughout adulthood [3,4]. 
More recently, erythropoietin has begun to be perceived as a potentially 
beneficial therapeutic approach in wound healing due to a number of 
positive effects at each stage of the wound healing process [1,3]. Firstly, 

erythropoietin is known to have a haemostatic effect as it can induce 
coagulation without stimulating thrombosis immediately after skin 
injury [5]. It has also been reported that erythropoietin activates platelet 
aggregation and suppresses fibrinolysis by inhibiting the activity of 
antithrombin, protein C, and protein S [6,7]. Secondly, experimental 
studies on animals show that erythropoietin can suppress the activity of 
pro-inflammatory cytokines and inhibit apoptosis, demonstrating 
anti-inflammatory effects [8,9]. Such effects of erythropoietin may play 
a crucial role in the treatment of chronic wounds, taking into consid
eration the fact that the healing of chronic wounds can be complicated 
by unremitting inflammation and perpetual apoptotic environment [3]. 
Thirdly, in vitro and in vivo research studies suggest that erythropoietin 
induces angiogenesis - a crucial process in the proliferative stage of the 
wound healing process [10–12]. By triggering vascular endothelial 
growth factors and stimulating the formation of erythroid precursor 
cells, erythropoietin contributes to diminishing impairment of blood 
supply and reducing local ischemia [13,14]. Furthermore, it can influ
ence the proliferative stage by increasing the mitosis and migration of 
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mature endothelial cells and endothelial progenitor cells [15]. Finally, 
erythropoietin can expedite wound closure by triggering the formation 
of granulation tissue and myofibroblasts [16,17]. 

Due to the possible far-reaching effects of erythropoietin, interest in 
its therapeutic application has increased substantially in recent decades. 
Most studies investigating the effects of erythropoietin on the wound 
healing process have focused on experimental animals [14,18–22]. A 
limitation of the current academic literature is that there is very little 
unifying research on the efficacy of erythropoietin for wound healing in 
human patients [3]. Such a research gap compromises any attempts to 
justify the importance of erythropoietin and evaluate its impact on 
wound healing. Against this background, the present work aims to sys
tematically review the available literature on the efficacy of erythro
poietin in wound healing on human patients. 

2. Methods 

The protocol for this systematic review was registered on PROSPERO 
(CRD42019139681) in advance. This study followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines [23]. 

2.1. Search strategy 

The following five electronic databases were searched: Scopus, 
Pubmed, Embase, Web of Science, and The Cochrane Central Register of 
Controlled Trials on September 8, 2019, and updated on November 12, 
2020. Search terms combined three overlapping areas with key words 
such as ‘efficacy’ AND ‘erythropoietin’ AND ‘wound healing’ (see sup
plementary files 1 and 2). Publication bias was reduced by searching 
conference records and unpublished literature using Google Scholar, 
OpenGrey, EThOS, the British Library Catalogue and Copac theses. 
Additionally, backward and forward citation tracking was used to 
include studies and review records. 

2.2. Selection criteria 

Studies were eligible if they evaluated the efficacy of erythropoietin 
for wound healing on human patients. Both randomized-controlled trials 
(RCTs) and non-randomized studies on intervention effects were 
included expecting a limited number of potentially eligible studies. 
Studies were excluded if they met one of the following conditions: (1) 
non-research-based articles, such as conference abstracts, commen
taries, opinion pieces, book chapters and editorials; (2) case series with 
fewer than three cases; (3) were not written using Latin alphabet, 
Russian or Kazakh; (3) abstract was not available; (4) or full text was not 
available. 

2.3. Review strategy 

Titles and abstracts of identified records were exported to the Men
deley reference management software and screened by the first reviewer 
(MT) to exclude irrelevant records and duplicates. A random subsample 
of 20% of titles and abstracts were screened by a second reviewer (AS) to 
ensure accuracy of selection. Full-text articles were inspected again (MT, 
AS and MD) for relevance according to the inclusion criteria. The level of 
agreement between MT and AS was 75%, and between MT and MD was 
80%. Discrepancies were resolved by involving a fourth reviewer (SK). 

2.4. Data extraction and quality assessment 

Data from each study, including study details, participant de
mographics, and key results were extracted into a spreadsheet by the 
first reviewer (MT). AS and MD ensured the accuracy at this stage by 
independently extracting data from all included studies. Methodological 
quality was assessed using the Cochrane Collaboration Risk of Bias 

Assessment Tool [24] for any randomized-controlled trials, and the 
Quality Assessment Tool for Case Series Studies [25] developed by the 
National Heart, Lung, and Blood Institute was adopted for any case se
ries studies. 

2.5. Data synthesis 

The primary outcome measures were originally intended to be the 
proportion of healed wounds and the mean wound healing time. How
ever, given the limited numbers of eligible studies and their heteroge
neity, a descriptive-analytical method was utilised for the purposes of 
the current review. 

2.6. Patient and public involvement 

The results of the analysis were solely based on the previously pub
lished literature, as this study did not involve patients or the public. 

3. Results 

The original search yielded 9874 records through database searching 
and 15 through other sources. 5427 records were removed as duplicates 
and 4402 records were excluded for not meeting the inclusion criteria. 
The full texts of the remaining 60 articles were examined, seven of which 
were included and represented seven distinct studies. The detailed se
lection process is presented in the PRISMA flow diagram (Fig. 1) [23]. 

3.1. Overview of included studies 

Included studies were published between 2004 and 2019 and 
emanated from five different countries, including Canada [26], England 
[27], Iran [28], Israel [29], and Germany [30–32]. With regard to the 
study design, three of included studies were case series [26,27,30] and 
four studies were RCTs [28,29,31,32]. 

The results of the current review will be presented in two parts. In the 
first part, case series included in the review will be introduced. In the 
second part, the findings from the included RCTs will be presented. 

3.2. Case series 

Case series involved a total of 21 patients with different types of 
wounds, such as pressure ulcers in refractory anaemia [26], skin ulcers 
in systematic sclerosis [27], and ulcers in people with diabetes [30]. In 
two studies, erythropoietin was administered subcutaneously [26,27], 
whereas one study [30] described its topical application. Treatment 
period also differed from a minimum of three weeks and a maximum of 
25 weeks [30]. Although the course of concomitant illness largely 
influenced the wound healing process, all studies suggest that erythro
poietin can be beneficial in the treatment of chronic wounds. In 
particular, Keast and Fraser [26] did not report the proportion of 
wounds with complete healing but noted that ulcers’ depth and size 
decreased for all patients. Ferri and colleagues [27] observed complete 
healing of 42.6% of wounds during follow-up after 3–6 months from the 
beginning of the treatment. Gunter and colleagues [30] reported com
plete healing for all wounds within an average of 17.3 days. The 
included case series characteristics are summarised in Table 1. 

3.3. RCTs 

RCTs involved a total of 129 patients with various types of wounds, 
including diabetic ulcers [29,32], post-traumatic wounds [28], and burn 
and scalding injuries [31]. Three of the trials were placebo-controlled 
[28,31,32], and one study [29] used the standard treatment protocol 
for the control group of patients. Two trials were double-blind, whereas 
triple- [28] and single-blinding [29] were each adopted in a single trial. 
All included trials suggest that application of erythrolein enhances the 
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wound healing process. In cases where complete wound healing was not 
always achieved, reductions in wound area and depth were observed. 
Chatzikyrkou and colleagues [32] administered erythropoietin subcu
taneously over 12 weeks and reported complete closure of 26.7% of 
diabetic ulcers in the intervention arm compared to 14.3% of diabetic 
ulcers in the placebo arm. Results presented by Gunter and colleagues 
[31] were rather inconclusive due to a high withdrawal rate (64 out of 
84 patients missed the primary endpoint). Erythropoietin was admin
istered subcutaneously within three weeks and suggested the 
pro-regenerative effect of erythropoietin in the treatment of burn and 
scalding injuries [31]. Yaghobee and colleagues [28] described a topical 
application of erythropoietin administered two times and outlined that 
the number of wounds with complete epithelisation in the intervention 
group was significantly higher compared to those in the placebo group 
on day 21. On day 28, almost all wounds in both groups demonstrated 
complete closure, suggesting that erythropoietin increases wound 
healing time. Hamed and colleagues29 described that patients with 
diabetic ulcers responded positively to a topical application of eryth
ropoietin administered over a 12-week period. On week 12, complete 
wound closure was observed in 40% of wounds in the intervention arm 
while none of the wounds healed completely in the control arm. 
Furthermore, in wounds without complete healing, a significant reduc
tion in the wound areas was observed in the intervention arm compared 
to the control arm. The overall characteristics of the included RCTs are 
summarised in Table 2. 

3.4. Risk of bias assessment 

On the Quality Assessment Tool for Case Series Studies, one study 

was rated as weak [26], one as moderate [30], and one as strong [27]. 
On the Cochrane Collaboration Risk of Bias Assessment Tool for 
randomized-controlled trials, two studies were rated as demonstrating a 
high risk of detection [29] and attrition [31] biases each. The risk of bias 
assessment is presented in supplementary file 3. 

4. Discussion 

The aim of the current systematic review was to systematically re
view the available literature on the efficacy of erythropoietin for wound 
healing in human patients. The results from seven distinct studies sug
gest that topical and subcutaneous application of erythropoietin im
proves the wound healing process via faster re-epithelialization and 
reducing wound area and depth. However, conclusions are tentative due 
to differences in the course of concomitant illness, wound aetiology, and 
the time and dosing regimens adopted. 

The findings of the current review are consistent with previously 
described processes associated with erythropoietin-mediated increases 
in wound healing capacity. Firstly, keratinocytes have been indicated as 
potential target cells for externally administered erythropoietin [12]. 
This allows for the increased proliferation and/or migration of kerati
nocytes, ensuring quicker wound re-epithelialization [3]. Secondly, 
exogenous erythropoietin has been associated with suppressed produc
tion of pro-inflammatory cytokines [33,34]. This may help to reduce the 
inflammatory response in the wound bed and decrease its depth [33,34]. 
Thirdly, erythropoietin administration has been associated with 
increased degranulation and tissue remodelling [33]. A timely resolu
tion to the granulation tissue might facilitate the reduction of wound 
area and enhance wound repair [33,36]. Finally, erythropoietin has 

Fig. 1. PRISMA flow chart [23].  
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been associated with accelerated angiogenesis [20,22]. The formation of 
new capillary structures in the wound bed allows for the improvement of 
its vascularization and ensures a normal wound healing process [14,35]. 

Based on the findings of this review, erythropoietin can be used for 
the treatment of both acute [28,31] and chronic [26,27,29,30,32] 
wounds. In the case of acute wounds, erythropoietin administration has 
the potential to not only decrease wound healing time but to prevent 
wounds from becoming chronic [36]. This is particularly crucial for 
patients suffering from certain chronic conditions because there is a 
need for wound care after every surgical procedure [3]. In the case of 
chronic wounds, the healing process often stops during the inflamma
tory stage, making wounds prone to being resistant to traditional 
treatment techniques [33]. Therefore, the anti-inflammatory qualities of 
erythropoietin, in particular, might be beneficial to accelerate healing. 

Although the findings of the current review show similar results for 
subcutaneous and topical administration of erythropoietin, it is impor
tant to consider the therapeutic benefits of different approaches to 
erythropoietin administration. According to Hamed and colleagues [3], 
topical erythropoietin application is more advantageous than systematic 
due to the ease of use and the lower risk of adverse events. Systemati
cally administered erythropoietin can potentially activate a pro
thrombotic state, which can in turn result in life-threatening 
cardiovascular ischemic events [3,11]. Furthermore, erythropoietin has 
been associated with tumour growth, and thus prior to systemic 
administration of erythropoietin patients need to be screened for cancer 
to determine those at high risk [37]. 

4.1. Strengths and limitations 

To our knowledge, this is the first systematic review of the available 
literature on the efficacy of erythropoietin for wound healing in human 
patients. A further strength is that the review employed a comprehen
sive and reproducible search strategy, without limitations regarding the 
year of publication, language, or country of origin of the studies. 
However, this approach presented some limitations. Firstly, due to the 
limited number of eligible studies and their heterogeneity, it was not 
possible to conduct a meta-analysis; therefore, the final interpretation 
was made based on descriptive-analytical procedures. Secondly, the 
prevalence of studies suggesting that erythropoietin improves the 
wound healing process could be the result of positive results bias. 
Thirdly, the comparability of findings across the included studies may be 
limited due to wide variability in wound aetiology, and time and dosing 
regimens adopted. 

In order to navigate practice implications, future research studies 
should address a number of research gaps. Firstly, more evidence about 
the safety and efficacy of erythropoietin for wound healing, particularly 
among patients with different chronic conditions, is needed. Secondly, 
there is a need to assess the efficacy of different means of erythropoietin 
administration, and the timing and dosing regimens used. Thirdly, the 
potential adverse effects of erythropoietin should be further explored. 
Future research may also benefit from employing randomized- 
controlled study designs. 

5. Conclusions 

This systematic review provides evidence for the effectiveness of 
erythropoietin in wound healing of human patients. Considering the 
high heterogeneity and limited quality of included studies, conclusions 
are tentative. There is a need for large prospective randomized- 
controlled trials adopting validated and consistent outcome measures 
to determine the efficacy and safety of erythropoietin for wound healing. 

Funding 

No funding. 

Ethical approval 

Not required. 

Consent 

The results of the analysis were solely based on the previously pub
lished literature, as this study did not involve patients or public. 

Author contribution 

Contributors Medet Toleubayev (MT) and Alina Sabitova (AS) 
designed the study with input from Saken Kozhakhmetov (SK). MT and 
AS conducted the systematic searches of the literature, selected the 
studies, and performed data analysis. AS ensured the consistency of 
study selection, data extraction and analysis, and drafted the manu
script. Mariya Dmitriyeva (MD) contributed to the analysis and edited 
the manuscript. All authors approved the final version of the 
manuscript. 

Registration of research studies  

1. Name of the registry: PROSPERO.  
2. Unique Identifying number or registration ID: CRD42019139681.  
3. Hyperlink to your specific registration (must be publicly accessible 

and will be checked): https://www.crd.york.ac.uk/prospero/displa 
y_record.php?RecordID=139681. 

Table 1 
Characteristics of included case series.  

Study Keast and Fraser, 2004 
[26] 

Ferri et al., 2007 
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Gunter 
et al., 2015 
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Study design Case series Case series Case series 
Total number of 

patients (%) 
4 (100%) 14 (100%) 3 (100%) 

Males 4 (100%) 3 (21.4%) 1 (33.3%) 
Females 0 11 (78.6%) 2 (66.7%) 
Mean age (years) 59 ± 19 52.7 ± 12.1 65 ± 4 
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systematic 
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Diabetic 
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Type of 
treatment 
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(patient 1) 
25 weeks 
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(patient 3) 

Total number of 
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2) 
Not 
reported 
(patient 3) 

Number of 
wounds with 
complete 
healing (%) 
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all patients) 

6 (42.85%) 3 (100%) 

Mean duration 
for complete 
healing (days) 

Not reported (data was 
reported after 6 weeks 
of treatment) 

135 ± 33.6 (3–6 
months) 

17.3 ± 10.1 

Follow-up period 
(months) 

Not reported 6–12 9  
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