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Abstract
Background. Refractory abdominal wounds are commonly complicated by surgical site infections, which 
prolong hospital stays and increase medical costs. There is little clinical data on the use of allogeneic platelet 
gel (PG) therapy for refractory infected wounds.

Objectives. This study aimed to evaluate the efficacy and safety of allogeneic PGs in the treatment of refrac-
tory abdominal wounds.

Materials and methods. A prospective single-center study was performed in a national abdominal 
trauma referral center between June 2019 and June 2021. A total of 11 patients with refractory abdominal 
wounds were treated with allogeneic PGs after the failure of standard medical treatments. The PGs were 
derived from platelets collected from healthy donors using apheresis, and each PG was tested for platelet 
count, transfusion-related diseases, aerobic and anaerobic bacteria, and growth factor concentration. Clinical 
efficacy was evaluated by assessing the wound surface and observing the condition of the wound, including 
wound area and percentage of granulation.

Results. The median age of the patients was 37 years (1st quartile, 3rd quartile (Q1, Q3): 31–55 years), 
median (Q1, Q3) hemoglobin level was 95 g/L (78–120 g/L) and median (Q1, Q3) serum albumin level was 
39.9 g/L (34.9–42.7 g/L). The PG platelet count was 976.5 ±174.9×109/L. Results of transfusion-associated 
contagion tests for aerobic and anaerobic bacteria were negative. Growth factor contents (pg/mL) were: 
for transforming growth factor beta 1 (TGF-β1); 2542.39 ±430.60, for platelet-derived growth factor BB 
(PDGF-BB); 23230.03 ±4236.14 and FOR vascular endothelial growth factor (VEGF); 91.41 ±23.31. The rate 
of wound healing was 100%, and the median (Q1, Q3) healing time was 30 days (18–40 days). The follow-up 
period was 5–27 months, during which no recurrence of the wounds was found.

Conclusions. The present study demonstrated that allogeneic PGs are a safe and effective treatment for 
refractory abdominal wounds.
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wound
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Background

Surgical site infection (SSI) is a wound infection that 
occurs within 30 days of an operative procedure, or within 
1  year if  an  implant is  left in  place and the  infection 
is thought to be related to the operative procedure.1 Sur-
gical site infections increase the burden on the health-
care system and prolong the hospital stay by 7–10 days.2 
The  SSIs occur after 1–3% of  all surgical procedures3 
and are categorized as superficial, deep or organ/space, 
based on the depth of infection involvement.4 Abdomi-
nal surgeries are related to a high incidence of SSIs and 
are an independent risk factor for SSIs.5 Indeed, the in-
cidence of organ/intra-abdominal SSIs ranges from 2.9% 
to 22.1%,5–9 which is much higher than for other types 
of surgery. Furthermore, data indicate that 77% of deaths 
in patients with an SSI are directly related to the SSI.10 Cur-
rently, the management strategies for refractory wounds 
include the treatment of primary disease, wound treat-
ment, negative-pressure wound therapy, and wound dress-
ing.11,12 However, such therapies usually take a long time 
and the effects seem to be unsatisfactory, with many pa-
tients still suffering from wounds after SSI therapy. Thus, 
there is a growing need to develop new therapeutic options 
that can achieve better clinical outcomes.

Platelet-rich plasma (PRP) is a platelet derivative that 
contains a higher concentration of platelets than baseline 
and is capable of promoting wound healing.13 A platelet 
gel (PG) takes on a colloidal shape and is produced after 
PRP is activated by adding bovine thrombin or calcium.14,15 
The PG contents are released from α-granules16 and other 
granules, and they include various classes of bioactive me-
diators such as growth and clotting factors, chemokines, 
adhesion molecules, and integral membrane proteins, 
as well as immune mediators that are primed to respond 
to tissue injury.17 Once tissue injury occurs, all of the above 
contents are ready to respond. At present, PGs have been 
used in a variety of clinical conditions including dental 
applications,18 sports injuries19 and wound healing.15

Platelet-rich plasma is either autologous or allogeneic, 
the former of which makes up the majority. However, au-
tologous PRP use may be limited for some patients (e.g., 
patients in this study), for whom harvesting or administer-
ing derivatives is difficult or even dangerous. This includes 
patients from whom large quantities of platelets cannot be 
collected (such as those with thrombocytopenia, severe 
anemia or hypoproteinemia), the elderly, neonates, and 
severe trauma patients. Fortunately, PRP from allogeneic 
sources may help overcome the above problems.

Objectives

There is currently little experience with PG therapy for 
refractory abdominal wounds in SSI. Also, the patient’s 
condition often does not meet the  requirements for 

extracting autologous PG of sufficient quality and quan-
tity. Therefore, this study aimed to investigate the efficacy 
and safety of allogeneic PGs in the treatment of refractory 
abdominal wounds.

Materials and methods

Study design and setting

A single-arm pilot study was performed on patients with 
refractory abdominal wounds from June 2019 to June 2021 
at Jinling Hospital, a national abdominal trauma refer-
ral center in Nanjing, China. This study was approved 
by the local Institutional Review Board (Ethics Committee 
of Jinling Hospital, approval No. 2019(KY)-008). The study 
adhered to the Declaration of Helsinki.

Participants

Patient inclusion,20,21 exclusion and withdrawal crite-
ria are reported in Table 1. After obtaining written in-
formed consent, 11 patients were included. The number 
of participants included reflected the preliminary nature 
of the study.

Data sources and measurement

Preparation of allogeneic platelet-rich plasma

To prepare allogeneic PRP, platelets were obtained from 
healthy donors using apheresis (Jiangsu Province Blood 
Center, Nanjing, China). Each 250–300 mL donor unit 
had at least 2.5×1011 platelets suspended in donor plasma 

Table 1. Inclusion, exclusion and withdrawal criteria

Criteria Details

Inclusion 
criteria

refractory infectious wounds caused by SSIS, resistant 
to traditional treatment

duration > 6weeks

reached 1 or more of the following:
spontaneous wound dehiscence
necrotizing fasciitis
necrotic tissue with/without formation of purulent 

secretion

Exclusion 
criteria

patient’s age <18 years

cachectic or terminal patient

metastatic tumor, lesions with evidence or high risk 
of neoplastic degeneration

pregnant patient

patient with mental illness and unable to cooperate 
with treatment

Withdrawal 
criteria

patient’s condition turning for the worse

serious treatment-related adverse events

SSIS – surgical site infections.
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containing approx. 30 mL of anticoagulant citrate dextrose 
solution (formula A (ACD-A)) and was qualified by testing 
for hepatitis B surface antigen (HBsAg), hepatitis C virus 
(HCV), human immunodeficiency virus (HIV), treponema 
pallidum (TP), and alanine transaminase (ALT). Each unit 
was subdivided into 10–20-milliliter portions using a 4-bag 
system (Fresenius Kabi, Guangzhou, China). Next, all ali-
quots of PRP were frozen at −80°C22,23 until further use.

Platelet-rich plasma characterization

After PRP preparation, 0.5 mL of them was collected 
within 30 min and a platelet count was taken for each 
unit of PRP before cryopreservation, using the XE2100™ 
automatic hematology analyzer (Sysmex Corporation, 
Hyogo, Japan). Each unit of PRP was tested for the pres-
ence of aerobic and anaerobic bacteria using Plus Aerobic/F 
and Lytic/10 Anaerobic/F (9184994 and 0301023; BD Bio-
sciences, Franklin Lakes, USA), respectively. Calcium 
gluconate (10%) was added to each PRP sample at a ratio 
of 1:4 in a 37°C water bath. The PG formed within a few 
minutes. To isolate platelet growth factors (GFs), PG was 
ultracentrifuged at 10,000 × g for 15 min to eliminate fi-
brous protein and platelet debris,24 and the GF concen-
tration in the supernatant was measured. The following 
3 GFs were evaluated: transforming growth factor beta 1 
(TGF-β1), platelet-derived growth factor BB (PDGF-BB) 
and vascular endothelial growth factor (VEGF).15 
To change the latent form into an immune-reactive form, 
the content of TGF-β1 was tested after acidic activation 
and neutralization of the sample. The GF concentrations 
were measured using Human VEGF enzyme-linked immu-
nosorbent assay (ELISA) Kit (A18310135; Multi Sciences, 
Hangzhou, China), Human/Mouse/Rat TGF-β1 ELISA Kit 
(A98110121; Multi Sciences), and Human/Rat PDGF-BB 
ELISA Kit (A913700823; Multi Sciences), and were tested 
using Hamilton Microlab FAME (M8; Hamilton Corpo-
ration, Bonaduz, Switzerland). All of the above tests were 
performed before PG treatment.

Treatment procedure

To minimize the residual infection risk, a single unit 
of platelets was used to treat just 1 patient. A frozen PRP 
aliquot was thawed at 37°C for 15 min before use. The re-
fractory wounds were first debrided to remove the necrotic 
and infected tissues. Then, the wound area was thoroughly 
cleaned with iodine solution and 3% perhydrol liquid. Af-
ter that, the wound was rewashed with normal saline and 
dried with sterile gauze. Wound volume was calculated 
as lesion area × depth. Based on the wound size, the ap-
propriate volume of PRP was added to 10% calcium glu-
conate (PRP:calcium gluconate ratio of 4:1) with sufficient 
mixing, and the mixture was sprayed onto the wound. 
A PG was formed on the wound within 1–3 min, exploit-
ing the contact with body heat,25 and a vaseline gauze was 

used to cover the wound followed by a dry sterile gauze. 
The dressing was changed every day and wound healing 
was observed.

During the PRP therapy, the patient’s wounds were not 
treated with therapeutic agents containing basic fibroblast 
GFs or with negative pressure wound therapy.

At least 3 months after the last treatment, patient blood 
samples were tested for transfusion-related diseases. In ad-
dition, wounds were photographed before each treatment 
and during the follow-up visit using a digital camera, and 
examined for abnormalities such as bleeding, exudation, 
infection, and poor wound healing. These observational 
indexes were used to evaluate the safety of allogeneic PG 
therapy.

Several parameters were selected to evaluate the efficacy 
of PG therapy, including the presence of infection, granula-
tion growth in wounds, wound healing rate, and healing 
time. If the patient had a skin graft after PRP therapy, graft 
survival and graft edema were assessed after the trans-
plantation. The following formula was used to calculate 
the wound healing rate:

wound healing rate (%) = ((the original wound size 
− wound size)/(the original wound size)) × 100.

Statistical analyses

The IBM SPSS v. 25.0 software (IBM Corp., Armonk, 
USA) was used for statistical analysis. Data of patients 
are expressed as median (Q1–Q3), and PRP data (p > 0.09 
in the Kolmogorov–Smirnov normality test of the vari-
ables) are expressed as mean ± standard deviation (M ±SD). 
The statistical analysis of differences was not conducted 
because of the small number of patients enrolled.

Results

Patients

Eleven patients, having 1 or more wounds caused by SSI 
that had not healed after extensive conventional wound 
management, were included and treated with topical admin-
istration of an allogeneic PG. Their mean age was 37 years 
(range: 31–55  years), with mean hemoglobin of  95  g/L 
(78–120 g/L) and serum albumin of 39.9 g/L (34.9–42.7 g/L). 
The characteristics of patients are presented in Table 2.

Platelet-rich plasma characterization

The M ±SD platelet count of the PRP was 976.5 ±174.9×109/L, 
and M ±SD ALT was 19.00 ±5.60 U, while the results 
of  aerobic and anaerobic bacteria tests were negative. 
At  the  same time, testing for HBsAg, HCV, HIV, and 
TP also yielded negative results. The GF concentrations 
of PRP samples are shown in Table 3.
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Clinical efficacy and healing rate analysis

During the study period, no patients were found to have 
treatment-related adverse reactions or immune responses. 
Before the first treatment and after the last (the exact time 
was 4 (3–8) months after the  last treatment), patients’ 
blood samples tested negative for HBsAg, HCV, HIV, and 
TP. Each patient’s data and wound characteristics are re-
ported in Table 4. The mean number of PG treatments was 
8 (5–11), and the mean healing time was 30 (18–40) days 
(Fig. 1); the healing was observed as early as 10 days after 
PG application. One week after the PG treatment, small 
islands of granulation tissue appeared over the wound, 
and tissue granulation increased from 90% (33.84–95.00%) 
to 100% (98–100%). At the same time, the wound size was 
reduced by 67.82% (54.20–74.51%). Only 1 patient (pa-
tient number 2) underwent skin grafting after the last PG 
treatment. The follow-up period was 5–27 months, during 
which no recurrence of the wound was found.

Overall, the wound size was reduced and the wound 
healing rate was 100% in all of the treated patients. To de-
pict the reduction in wound size with time after PG ad-
ministration, Fig. 2–4 show pre-treatment and follow-up 
pictures of 3 patients (patients 1, 2 and 8).

Discussion

The current study is the first to characterize the safety 
and efficacy of allogeneic PGs in the treatment of refrac-
tory abdominal wounds after SSI. All patients achieved 
a 100% healing rate in a short time, and no treatment-
related adverse reactions or immune responses occurred 
during the treatment. This indicates that allogeneic PRP 
has low immunogenicity.

Refractory wounds are one of the outcomes of SSIs and 
are challenging to treat. Conventional treatment for refrac-
tory wounds includes control of infection, adequate debride-
ment, avoidance of excessive pressure, revascularization 
of ischemic tissue, changing the wound environment, and 
medical management of comorbidities.26,27 However, these 
treatments are ineffective. Wound healing involves the pha-
sic production of GFs and cytokines to progress the wound 
to a scar.27 In vitro and in vivo studies analyzing refractory 
wounds have demonstrated the deregulation of several GFs 
and indicated them as potential targets for therapy.28 Exog-
enous GFs and cytokines are used in a clinical setting to pro-
mote refractory wound healing. They have become a promis-
ing approach for the treatment of intractable wounds.

Platelet gels are colloidal in shape, and form after PRP 
is activated by calcium. This delays the loss of platelets 
and makes platelets secret GFs on the wound surface over 
a long period at a high concentration. With the deepening 
of PG research, PGs have been used as a new application 
to promote favorable wound healing.

The benefit of allogeneic PRP is that it can be collected 
from voluntary blood donors, and be ready to use at any time 
without having to collect any samples from the patient.17,29 
Moreover, it has been demonstrated that the potential 

Table 3. Platelet growth factor concentrations of PRP samples (M ±SD; n = 11)

Measure unit TGF-β1 VEGF PDGF-BB

pg/mL 2452.39 ±430.60 91.41 ±23.31 23230.03 ±4236.14

pg/109 platelets 2537.58 ±393.26 94.87 ±22.97 24495.91 ±6186.57

PRP – platelet-rich plasma; M ±SD – mean ± standard deviation; TGF-β1 – transforming growth factor-β1; VEGF – vascular endothelial growth factor; 
PDGF-BB – platelet-derived growth factor BB.

Table 2. Characteristics of the study population (n = 11)

Parameter Number of patients (n) Percentage

Age [years]

18–30 2 18.18

31–40 4 36.36

41–50 2 18.18

51–60 2 18.18

61–70 1 9.09

Gender 

Male 8 72.73

Female 3 27.27

Nutritional condition

Serum albumin >30 g/L 9 81.82

Serum albumin ≤30 g/L 2 18.18

Anemia 

No 3 27.27

Yes 8 72.73

Wound infection

No 4 36.36

Yes 7 63.64

Fig. 1. Distribution of cumulative wound healing following platelet gel 
treatment
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immunogenicity of  allogeneic PRP is not a  significant 
risk.30 There is a non-systematic review that discusses al-
logeneic PRP for wound treatment,17 including 3 case series 
and 5 randomized controlled trials. The refractory wound 
types included pressure sores,31 venous ulcers,32 diabetic 
lower limb ulcers,33,34 lower extremity ulcers,35 and ulcers 
of various etiologies.36–38 All of these studies, with or with-
out a control group, showed improvement in hard-to-heal 
wounds when treated with allogeneic PRP. There is scant 
literature on PRP as a treatment for refractory abdominal 
wounds after SSI, although in 1 case report, cord blood PG 

(CBPG) was used to enhance the healing of deep surgical 
site dehiscence.39 The CBPG was applied twice a week for 
4 weeks and then once a week for 4 weeks, which resulted 
in the cavities being completely filled.

In  this study, 8 out the of 11 patients were anemic, 
2 had hypoproteinemia, 7 had a wound infection, and 
5 had suffered from surgical wound dehiscence resulting 
from wound infection. Repeated blood sampling (approx. 
50 mL of whole blood is required for each 5 mL of PRP 
preparation) may have caused harm to these patients. 
The primary goal of any treatment is to achieve wound 

Fig. 4. Wound of patient 
No. 8. A. The wound size 
before treatment was 
10×7×4.6 cm. B. After 
2 weeks of platelet gel 
(PG) treatment, and also 
after the last treatment, 
the wound size was 
7.0×3.5×2.2 cm. C. After 
8 weeks of treatment with 
PG, the wound exhibited no 
ulceration or exudation

Fig. 3. Wound of patient 
No. 2. A. The wound size 
before treatment was 
18×8×1.8 cm;  
B. After 4 weeks of treatment 
with platelet gel (PG), and 
also after the last treatment, 
the wound size was 
10.5×4.3×0.5 cm, after which 
the patient underwent skin 
grafting; C. After 7 weeks 
of PG treatment, the wound 
exhibited no ulceration 
or exudation

Fig. 2. Wound of patient 
No. 1. A. The wound size 
before treatment was 
8.1×6.1×0.2 cm; B. After 
1 week of treatment with 
platelet gel (PG), and also 
after the last treatment, 
the wound size was 
5.7×2.7 cm; C. After 53 weeks 
of PG treatment, the wound 
exhibited no ulceration 
or exudation
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closure expeditiously. Herein, blood bank platelet con-
centrate was used as a source of allogeneic PRP. The ad-
vantages are as follows: 1) the characteristics of platelet 
concentrates from the blood bank are well specified, and 
residual white and red blood cell content is highly stan-
dardized38; 2)  the entire process of platelet collection 
is performed using a closed system and aseptic; 3) they are 
obtained without the need for a platelet separation sys-
tem, and the concentrations of GFs are within the range 
of clinical efficacy40; and 4) they are suitable for the re-
peated treatment of large-sized wounds.

To avoid blood-borne diseases and after tests for transfu-
sion-related diseases, the platelet concentrate from 1 donor 
was divided into several portions and used for 1 patient. 
Tests for transfusion-related diseases showed negative re-
sults for all patients after the last treatment of PRP.

To explore the mechanisms of wound healing promoted 
by  PGs, 3 representative GFs were selected for detec-
tion, and the results were comparable to those reported 
in the literature.41–45 However, the contents of GFs differed 
between various voluntary blood donors and blood bioma-
terials. As such, the relative amount of each factor may vary 
depending on donor characteristics, platelet count enrich-
ment, production methods, and thrombin preparation.46

In recent years, PRP has emerged as a potential option for 
the prevention and treatment of acute and chronic postop-
erative wound infections.47 In 7 patients with local infec-
tion, the results of bacterial culture were Staphylococcus 
epidermidis and/or Staphylococcus aureus. In the patients 
for whom conventional treatment was ineffective, necrotiz-
ing fasciitis may have been aggravated by the nonhealing 
wound. Therefore, to enhance wound healing, PG therapy 
was offered and the frequency varied from twice a week39 
to once a day. This provided adequate PRP and allowed for 
wounds to be cleaned every day, as well as gave the oppor-
tunity for the close inspection of the wounds.

Although our results showed that allogeneic PG ex-
hibited positive effects in refractory abdominal wounds, 
the  following aspects of  this product still need to be 
considered: 1)  to avoid the spread of blood-borne dis-
eases, the allogeneic PGs from donor blood must un-
dergo the same tests as platelets used for intravenous 
infusion; 2)  the process of PG extraction must follow 
the standard operating procedures of  the  institution; 
3) the PG process must adhere to the principles of ste-
rility; 4) if the wound is accompanied by a suppurative 
infection, anti-infection therapy should be applied ini-
tially; and 5) PGs may be combined with vacuum suction 
and wound skin grafting.

Limitations

In this study, it was difficult to recruit a large enough 
number of patients with comparable lesions that would 
have allowed for a classic case-control study. Therefore, 
this single-arm study was designed.

Conclusions

In  this study, the  treatment of  refractory abdominal 
wounds with allogeneic PGs achieved significant results 
in a short time. Allogeneic PGs are a feasible, effective 
and safe therapy for refractory abdominal wounds. More 
randomized controlled clinical trials should be conducted 
to bring more evidence of  the value of allogeneic PGs 
in treating refractory abdominal wounds.

ORCID iDs
Shujun Wang  https://orcid.org/0000-0001-9718-101X
Weiwei Ding  https://orcid.org/0000-0002-5026-689X
Ying Du  https://orcid.org/0000-0003-0467-4494
Qing Qi  https://orcid.org/0000-0002-4984-0874
Kaiyun Luo  https://orcid.org/0000-0002-0908-6766
Jianfeng Luan  https://orcid.org/0000-0002-6759-3678
Yanfei Shen  https://orcid.org/0000-0003-0369-5920
Baoan Chen  https://orcid.org/0000-0003-3978-7886

References
1.	 Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition 

of health care-associated infection and criteria for specific types 
of infections in the acute care setting. Am J Infect Control. 2008;36(5): 
309–332. doi:10.1016/j.ajic.2008.03.002

2.	 Waltz PK, Zuckerbraun BS. Surgical site infections and associated 
operative characteristics. Surg Infect. 2017;18(4):447–450. doi:10.1089/
sur.2017.062

3.	 Durbin S, DeAngelis R, Peschman J, Milia D, Carver T, Dodgion C. 
Superficial surgical infections in operative abdominal trauma 
patients: A Trauma Quality Improvement Database analysis. J Surg Res.  
2019;243:496–502. doi:10.1016/j.jss.2019.06.101

4.	 Alkaaki A, Al-Radi OO, Khoja A, et al. Surgical site infection following 
abdominal surgery: A prospective cohort study. Can J Surg. 2019;62(2): 
111–117. doi:10.1503/cjs.004818

5.	 Aga E, Keinan-Boker L, Eithan A, Mais T, Rabinovich A, Nassar F. Surgi-
cal site infections after abdominal surgery: Incidence and risk factors. 
A prospective cohort study. Infect Dis. 2015;47(11):761–767. doi:10.3109 
/23744235.2015.1055587

6.	 Morales CH. Intra-abdominal infection in patients with abdominal 
trauma. Arch Surg. 2004;139(12):1278. doi:10.1001/archsurg.139.12.1278

7.	 Zhang XF, Chen J, Wang PG, et al. Surgical site infection after abdom-
inal surgery in China: A multicenter cross-sectional study [in Chi-
nese]. Zhonghua Wei Chang Wai Ke Za Zhi. 2020;23(11):1036–1042. 
doi:10.3760/cma.j.cn.441530-20200810-00470

8.	 Morales C. Surgical site infection in abdominal trauma patients: Risk 
prediction and performance of the NNIS and SENIC indexes. Can J Surg.  
2011;54(1):17–24. doi:10.1503/cjs.022109

9.	 Tabiri S, Yenli E, Kyere M, Anyomih TTK. Surgical site infections in 
emergency abdominal surgery at Tamale Teaching Hospital, Ghana. 
World J Surg. 2018;42(4):916–922. doi:10.1007/s00268-017-4241-y

10.	 Anderson DJ, Podgorny K, Berríos-Torres SI, et al. Strategies to pre-
vent surgical site infections in acute care hospitals: 2014 update. 
Infect Control Hosp Epidemiol. 2014;35(6):605–627. doi:10.1086/676022

11.	 Liu P, Liu Y, Ke CN, Li WS, Liu YM, Xu S. Therapeutic effect of autolo-
gous concentrated growth factor on lower-extremity chronic refrac-
tory wounds: A case report. World J Clin Cases. 2021;9(18):4797–4802. 
doi:10.12998/wjcc.v9.i18.4797

12.	 Lu Q, Yin Z, Shen X, et al. Clinical effects of high-intensity laser ther-
apy on patients with chronic refractory wounds: A randomised con-
trolled trial. BMJ Open. 2021;11(7):e045866. doi:10.1136/bmjopen- 
2020-045866

13.	 Alves R, Grimalt R. A review of platelet-rich plasma: History, biology,  
mechanism of action, and classification. Skin Appendage Disord. 2018; 
4(1):18–24. doi:10.1159/000477353

14.	 Piccin A, Di Pierro AM, Canzian L, et al. Platelet gel: A new thera-
peutic tool with great potential. Blood Transfus. 2016;15(4):333–340. 
doi:10.2450/2016.0038-16

https://www.doi.org/10.1016/j.ajic.2008.03.002
https://www.doi.org/10.1089/sur.2017.062
https://www.doi.org/10.1089/sur.2017.062
https://www.doi.org/10.1016/j.jss.2019.06.101
https://www.doi.org/10.1503/cjs.004818
https://www.doi.org/10.3109/23744235.2015.1055587
https://www.doi.org/10.3109/23744235.2015.1055587
https://www.doi.org/10.1001/archsurg.139.12.1278
https://www.doi.org/10.3760/cma.j.cn.441530-20200810-00470
https://www.doi.org/10.1503/cjs.022109
https://www.doi.org/10.1007/s00268-017-4241-y
https://www.doi.org/10.1086/676022
https://www.doi.org/10.12998/wjcc.v9.i18.4797
https://www.doi.org/10.1136/bmjopen-2020-045866
https://www.doi.org/10.1136/bmjopen-2020-045866
https://www.doi.org/10.1159/000477353
https://www.doi.org/10.2450/2016.0038-16


S. Wang et al. PG for refractory abdominal wound healing872

15.	 Wang S, Yang J, Zhao G, et al. Current applications of platelet gels 
in wound healing: A review. Wound Rep Reg. 2021;29(3):370–379. 
doi:10.1111/wrr.12896

16.	 Blair P, Flaumenhaft R. Platelet α-granules: Basic biology and clinical 
correlates. Blood Rev. 2009;23(4):177–189. doi:10.1016/j.blre.2009.04.001

17.	 Akbarzadeh S, McKenzie MB, Rahman MM, Cleland H. Allogene-
ic platelet-rich plasma: Is  it safe and effective for wound repair?  
Eur Surg Res. 2021;62(1):1–9. doi:10.1159/000514223

18.	 Anitua E, Fernández-de-Retana S, Alkhraisat MH. Platelet rich plas-
ma in oral and maxillofacial surgery from the perspective of com-
position. Platelets. 2021;32(2):174–182. doi:10.1080/09537104.2020. 
1856361

19.	 Bava ED, Barber FA. Platelet-rich plasma products in sports medicine. 
Phys Sportsmed. 2011;39(3):94–99. doi:10.3810/psm.2011.09.1925

20.	 Gupta P, Singh HS, Shukla VK, Nath G, Bhartiya SK. Bacteriophage 
therapy of chronic nonhealing wound: Clinical study. Int J Low Extrem 
Wounds. 2019;18(2):171–175. doi:10.1177/1534734619835115

21.	 Chen X, Liu L, Nie W, et al. Vacuum sealing drainage therapy for refracto-
ry infectious wound on 16 renal transplant recipients. Transplant Proc.  
2018;50(8):2479–2484. doi:10.1016/j.transproceed.2018.04.014

22.	 Huber SC, de Moraes Martinelli B, Quintero M, et al. A case series 
of platelet rich plasma in chronic venous ulcers. Regen Ther. 2021; 
18:51–58. doi:10.1016/j.reth.2021.03.005

23.	 Massara M, Pucci G, Stilo G, et al. The role of cord blood platelet gel in 
the management of a diabetic foot with tendon exposure. Regen Med.  
2021;16(12):1051–1056. doi:10.2217/rme-2021-0044

24.	 Weibrich G, Kleis WKG, Hitzler WE, Hafner G. Comparison of the plate-
let concentrate collection system with the plasma-rich-in-growth-
factors kit to produce platelet-rich plasma: A technical report.  
Int J Oral Maxillofac Implants. 2005;20(1):118–123. PMID:15747683.

25.	 Napolitano M, Matera S. Autologous platelet gel for tissue regenera-
tion in degenerative disorders of the knee. Blood Transfus. 2012;10(1): 
72–77. doi:10.2450/2011.0026-11

26.	 Suthar M, Gupta S, Bukhari S, Ponemone V. Treatment of chronic non-
healing ulcers using autologous platelet rich plasma: A case series. 
J Biomed Sci. 2017;24(1):16. doi:10.1186/s12929-017-0324-1

27.	 Berry-Kilgour C, Cabral J, Wise L. Advancements in the delivery 
of growth factors and cytokines for the treatment of cutaneous wound 
indications. Adv Wound Care. 2021;10(11):596–622. doi:10.1089/wound. 
2020.1183

28.	 Yamakawa S, Hayashida K. Advances in surgical applications of growth 
factors for wound healing. Burns Trauma. 2019;7:10. doi:10.1186/ 
s41038-019-0148-1

29.	 He M, Chen T, Lv Y, et al. The role of allogeneic platelet-rich plasma 
in patients with diabetic foot ulcer: Current perspectives and future 
challenges. Front Bioeng Biotechnol. 2022;10:993436. doi:10.3389/
fbioe.2022.993436.

30.	 Zhang ZY, Huang AW, Fan JJ, et al. The potential use of allogeneic 
platelet-rich plasma for large bone defect treatment: Immunoge-
nicity and defect healing efficacy. Cell Transplant. 2013;22(1):175–187. 
doi:10.3727/096368912X653183

31.	 Scevola S, Nicoletti G, Brenta F, Isernia P, Maestri M, Faga A. Allo-
genic platelet gel in the treatment of pressure sores: A pilot study.  
Int Wound J. 2010;7(3):184–190. doi:10.1111/j.1742-481X.2010.00671.x

32.	 de Oliveira MG, Abbade LPF, Miot HA, Ferreira RR, Deffune E. Pilot 
study of homologous platelet gel in venous ulcers. An Bras Dermatol.  
2017;92(4):499–504. doi:10.1590/abd1806-4841.20175496

33.	 Jeong SH, Han SK, Kim WK. Treatment of diabetic foot ulcers using 
a blood bank platelet concentrate. Plast Reconstr Surg. 2010;125(3): 
944–952. doi:10.1097/PRS.0b013e3181cb6589

34.	 Shan GQ, Zhang YN, Ma J, et al. Evaluation of the effects of homol-
ogous platelet gel on healing lower extremity wounds in patients 
with diabetes. Int J Low Extrem Wounds. 2013;12(1):22–29. doi:10.1177 
/1534734613477113

35.	 Chen TM, Tsai JC, Burnouf T. A novel technique combining platelet 
gel, skin graft, and fibrin glue for healing recalcitrant lower extrem-
ity ulcers. Dermatol Surg. 2010;36(4):453–460. doi:10.1111/j.1524-4725. 
2010.01480.x

36.	 Greppi N, Mazzucco L, Galetti G, et al. Treatment of recalcitrant ulcers 
with allogeneic platelet gel from pooled platelets in aged hypomo-
bile patients. Biologicals. 2011;39(2):73–80. doi:10.1016/j.biologicals. 
2011.01.002

37.	 Liao X, Liang JX, Li SH, et al. Allogeneic platelet-rich plasma therapy as 
an effective and safe adjuvant method for chronic wounds. J Surg Res.  
2020;246:284–291. doi:10.1016/j.jss.2019.09.019

38.	 Semenič D. Regeneration of chronic wounds with allogeneic platelet 
gel versus hydrogel treatment: A prospective study. Acta Clin Croat. 
2018;57(3):434–442. doi:10.20471/acc.2018.57.03.05

39.	 Volpe P, Pucci G, Stilo G, et al. Use of cord blood platelet gel to 
enhance healing of deep surgical site dehiscences after peripheral  
bypass. Regen Med. 2020;15(8):1951–1956. doi:10.2217/rme-2020-0034

40.	 Crovetti G, Martinelli G, Issi M, et al. Platelet gel for healing cutaneous 
chronic wounds. Transfus Apher Sci. 2004;30(2):145–151. doi:10.1016/j.
transci.2004.01.004

41.	 Dohan Ehrenfest DM, Bielecki T, Jimbo R, et al. Do the fibrin archi-
tecture and leukocyte content influence the growth factor release 
of platelet concentrates? An evidence-based answer comparing 
a pure platelet-rich plasma (P-PRP) gel and a leukocyte- and plate-
let-rich fibrin (L-PRF). Curr Pharm Biotechnol. 2012;13(7):1145–1152. 
doi:10.2174/138920112800624382

42.	 Castillo TN, Pouliot MA, Kim HJ, Dragoo JL. Comparison of growth 
factor and platelet concentration from commercial platelet-rich 
plasma separation systems. Am J Sports Med. 2011;39(2):266–271. 
doi:10.1177/0363546510387517

43.	 Eppley BL, Woodell JE, Higgins J. Platelet quantification and growth 
factor analysis from platelet-rich plasma: Implications for wound 
healing. Plast Reconstr Surg. 2004;114(6):1502–1508. doi:10.1097/01.
PRS.0000138251.07040.51

44.	 Everts PA, Brown Mahoney C, Hoffmann JJ, et al. Platelet-rich plasma 
preparation using three devices: Implications for platelet activation 
and platelet growth factor release. Growth Factors. 2006;24(3):165–171.  
doi:10.1080/08977190600821327

45.	 Jeong SH, Han SK, Kim WK. Treatment of diabetic foot ulcers using 
a blood bank platelet concentrate. Plast Reconstr Surg. 2010;125(3): 
944–952. doi:10.1097/PRS.0b013e3181cb6589

46.	 Burnouf T, Goubran HA, Chen TM, Ou KL, El-Ekiaby M, Radosevic M.  
Blood-derived biomaterials and platelet growth factors in regener-
ative medicine. Blood Rev. 2013;27(2):77–89. doi:10.1016/j.blre.2013. 
02.001

47.	 Sethi D, Martin KE, Shrotriya S, Brown BL. Systematic literature review 
evaluating evidence and mechanisms of action for platelet-rich plas-
ma as an antibacterial agent. J Cardiothorac Surg. 2021;16(1):277. 
doi:10.1186/s13019-021-01652-2

https://www.doi.org/10.1111/wrr.12896
https://www.doi.org/10.1016/j.blre.2009.04.001
https://www.doi.org/10.1159/000514223
https://www.doi.org/10.1080/09537104.2020.1856361
https://www.doi.org/10.1080/09537104.2020.1856361
https://www.doi.org/10.3810/psm.2011.09.1925
https://www.doi.org/10.1177/1534734619835115
https://www.doi.org/10.1016/j.transproceed.2018.04.014
https://www.doi.org/10.1016/j.reth.2021.03.005
https://www.doi.org/10.2217/rme-2021-0044
https://pubmed.ncbi.nlm.nih.gov/15747683
https://www.doi.org/10.2450/2011.0026-11
https://www.doi.org/10.1186/s12929-017-0324-1
https://www.doi.org/10.1089/wound.2020.1183
https://www.doi.org/10.1089/wound.2020.1183
https://www.doi.org/10.1186/s41038-019-0148-1
https://www.doi.org/10.1186/s41038-019-0148-1
https://www.doi.org/10.3389/fbioe.2022.993436.
https://www.doi.org/10.3389/fbioe.2022.993436.
https://www.doi.org/10.3727/096368912X653183
https://www.doi.org/10.1111/j.1742-481X.2010.00671.x
https://www.doi.org/10.1590/abd1806-4841.20175496
https://www.doi.org/10.1097/PRS.0b013e3181cb6589
https://www.doi.org/10.1177/1534734613477113
https://www.doi.org/10.1177/1534734613477113
https://www.doi.org/10.1111/j.1524-4725.2010.01480.x
https://www.doi.org/10.1111/j.1524-4725.2010.01480.x
https://www.doi.org/10.1016/j.biologicals.2011.01.002
https://www.doi.org/10.1016/j.biologicals.2011.01.002
https://www.doi.org/10.1016/j.jss.2019.09.019
https://www.doi.org/10.20471/acc.2018.57.03.05
https://www.doi.org/10.2217/rme-2020-0034
https://www.doi.org/10.1016/j.transci.2004.01.004
https://www.doi.org/10.1016/j.transci.2004.01.004
https://www.doi.org/10.2174/138920112800624382
https://www.doi.org/10.1177/0363546510387517
https://www.doi.org/10.1097/01.PRS.0000138251.07040.51
https://www.doi.org/10.1097/01.PRS.0000138251.07040.51
https://www.doi.org/10.1080/08977190600821327
https://www.doi.org/10.1097/PRS.0b013e3181cb6589
https://www.doi.org/10.1016/j.blre.2013.02.001
https://www.doi.org/10.1016/j.blre.2013.02.001
https://www.doi.org/10.1186/s13019-021-01652-2

