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Successful healing of non‑healing surgical 
wound based on the release of platelet‑derived 
growth factors from single donor allogeneic 
platelet‑RICH plasma with one freeze‑thaw 
cycle: a case report after a 1‑year follow‑up
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Abstract 

Background:  Non-healing surgical wounds is a risk in certain patients. Recently, allogenic plasma-rich-platelet (PRP) 
is used such as regenerative treatment of different non-healing surgical wounds.

Purpose:  We explore the potential role of using platelet-derived growth factors from single donor PRP, with a freeze-
thaw process, for the treatment of surgical scar ulcer.

Methods:  We have used a PRP preparation protocol that involved a single cycle of centrifugation at a mean speed of 
2400–2800 rpm of donor blood taken with an apheresis machine.

Results:  To our knowledge, this is the first study using the platelet-derived growth factors (PDGF) from single donor 
apheresis, with a freeze-thaw process. Four weeks after daily application of al-PRP, the ulcer progressed satisfactorily; 
at six weeks, the ulcer had healed.

Conclusion:  We concluded that the healing of a surgical wound observed in our case, is promising and suggests 
that al-PRP might play a role in treating surgical scar ulcers. This must be confirmed in future studies.

Keywords:  Non-healing surgical wound, Platelet-derived growth factors (PDGF), Freeze-thaw process, Allogenic 
plasma-rich-platelet (al-PRP), Single donor apheresis
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Introduction
Non-healing surgical wounds (NHSWs) caused by vari-
ous diseases, trauma or un-known reasons tend to be 
difficult to manage [1] and may require advanced treat-
ments [2]. The treatment of NHSWs is a great clinical 
challenge. Current treatments include debridement and 

offloading as well as other adjuvant therapies. Nonethe-
less, treatment response is usually poor and result dis-
appointing. These wounds carry a high risk of infection, 
amputation and even death. As optimal wound healing 
requires the complex bio-logical and molecular events 
involved in cell migration and proliferation, as well as 
extracellular matrix deposition and remodelling, to occur 
in a well-coordinated way [3], various novel approaches 
for the treatment of NHSWs have been proposed [4], 
and these include the use of platelet-rich plasma (PRP). 
Obtained from whole blood, PRP can be either autolo-
gous or allogeneic (au-PRP and al-PRP respectively).
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Finally, PRP has been applied to chronic non-healing 
wounds and acute wounds at different times, depths 
and frequencies using various doses and delivery meth-
ods, with markedly different results [2]. In particular, 
while PRP has been shown to be effective, improving 
healing rates, reducing pain and surgical site infection 
(SSI) rates in open and closed surgical wounds, results 
in terms of pain and SSI incidence remain inconsistent 
likely due to a lack of robustness in the research meth-
ods and outcome measures [2]. For this reason, it would 
be interesting to improve the treatment of this common 
clinical problem, novel approaches are required. In this 
context, the description of this case report is strategic to 
provide insights for clinical practice. Thus, we explore the 
potential role of using plate-let-derived growth factors 
from single donor PRP, with a freeze-thaw process, for 
the treatment of NHSWs, based on the case of a patient 
with a surgical wound after total knee replacement, after 
a 1-year follow-up.

Case presentation
Our patient was a 68-year-old widower, working in the 
catering sector, who was an ex-smoker and ex-drinker, 
with no known medical allergies. The patient had a 
scheduled admission for total knee replacement surgery 
involving the placement of a cemented prosthesis. He 
presented with septic arthritis in the right knee, with 
local redness, heat, pain, joint effusion, and cellulitis with 
fistula and ulcer on the front of the right knee. He under-
went anterior arthrotomy of the right knee for joint lav-
age and change of the polyethylene insert and received IV 
antibiotic therapy for 14 days.

At two months later, the patient had no signs or 
symptoms of infection but a persistent approximately 
35 × 18-mm non-healing surgical wound on the front of 
the right knee (Fig. 1). At this stage, we proposed start-
ing treatment based on al-PRP. Baseline blood results 
were: Hb level of 15.3 g/dl; haemtocrit of 45.5%, leuko-
cyte count of 5.0 × 103/μL, platelet count of 174 × 103/μL, 
erythrocyte sedimentation rate of 10 mm/h, C-reactive 
protein level of 2.5 mg/L and glucose level of 102 mg/dL. 
Ulcer cultures were negative.

The patient was referred to the Complejo Asistencial 
Universitario de León (CAULE) for assessment for treat-
ment with PRP (22 august 2021). First, he was seen in the 
Transfusion Service, where the lesion to be treated was 
cleaned (Fig.  1), dressing changes, specified, and meas-
ured. The procedure was explained to him, and it was 
decided that he would be able to reliably carry out the 
daily treatment himself, independently.

After signing the informed consent form, he under-
went a full blood test to obtain a complete blood count, 
biochemical parameters, and his blood group, the indi-
rect Coombs test (ICT) to screen for irregular antibodies 
and serological tests (hepatitis B surface antigen, anti-
hepatitis C virus, anti-HIV, and syphilis, as well as poly-
merase chain reaction for hepatitis B and C viruses and 
HIV). Having assessed the blood results and confirmed 
that the patient was eligible, we opted for treatment with 
ABO-identical single donor (apheresis) platelets: 200 to 
400 × 103/μL platelets in 200 to 300 ml.

For the plateletpheresis, as well as the aliquoting and 
cryopreservation of the product, we followed the proce-
dure described in the preliminary study by Vidán-et al., 
(2013) [5]. In brief, this involved the use of PDGFs from 

Fig. 1  A persistent approximately 35 × 18-mm ulcer on the front of the right knee (A, B). The ulcer before the treatment: Appearance when 
removing dressing (C). Wound cleaning and dressing changes (D). After debridement, the al-PRP was administrated immediately
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single-donor platelets (al-PRP) obtained by one centrifu-
gation at 2400–2800 rpm in an apheresis system, allowing 
us to obtain a platelet concentration 2- to 3-fold higher 
than baseline.

For the patient, ABO-identical single donor platelets 
were prepared, aliquoted into 2.5-ml syringes under ster-
ile conditions in a laminar flow cabinet and stored in an 
ultra-low freezer at − 80 °C. Each week, a batch of prod-
uct was delivered to the patient, one aliquot of PRP to be 
thawed each day and applied to the wound. This freeze-
thaw process was assumed to be sufficient to cause plate-
let activation and release of granules carrying PDGF that 
would stimulate tissue repair and wound healing.

Using the syringe, the thawed product was applied 
across the entire wound, and this was then covered with 
a clean gauze.

The study was conducted according to the guidelines 
of the Declaration of Helsinki and approved by the Ethics 
Committee of the University of Leon  (n° COD: ETICA-
ULE-004-201). Written in-formed consent has been 
obtained from the patient to publish this paper.

Results
Four weeks after daily application of al-PRP, the ulcer 
progressed satisfactorily (partially healed) (Fig.  2, left). 
Six weeks after daily application of al-PRP, the ulcer had 
healed (Fig.  2 [middle]); the patient was asymptomatic, 
not requiring any analgesic/anti-inflammatory treatment, 
and had normal lab results. His knee range of motion was 
a flexion of 100° with a loss of extension of 5°. After his 
last check-up in the Trauma and Orthopaedic Surgery 
Department, on 7 September 2021, the patient was dis-
charged (Fig. 2, right).

Discussion
To our knowledge, this is the first study using the PDGF 
from single donor apheresis, with a freeze-thaw pro-
cess, for the treatment of a non-healing surgical wound. 
Indeed, we have yet to find any previous studies in the 
scientific literature regarding the use of single donor PRP 
for this type of condition.

Further, there is no agreement on the best PRP acti-
vation procedure. Anitua et  al. [6] used thrombin and 
calcium chloride, and Lacoste et  al. [7] reported that 
thawing frozen platelets by mechanical means acti-
vates platelet growth factors. More recently, Steller et al. 
[8] compared PRP activation by Ca2+ and a freeze-
thaw method in terms of the release of growth factors, 
assessing the levels of vascular endothelial growth fac-
tor, PDGF-BB and transforming growth factor-β1. They 
concluded that the freeze-thaw method was sufficient to 
release growth factors and that calcium activation was 
not necessary. In line with this, in our study, the platelets 
were not activated by adding calcium chloride or simi-
lar agents, rather a simple freeze-thaw process was used 
seeking to damage the platelets and trigger the release 
of granules carrying PDGF, which would lead to tissue 
repair.

As well as the centrifugation step [9] and the activation 
methods, the volume of whole blood processed and the 
distance of the sample from the centrifuge rotor axis are 
other important factors involved in PRP variability [10]. 
In our case, we aliquoted the ABO-identical single donor 
(apheresis) PRP into 2.5- or 5-ml syringes, which were 
stored at − 80 °C. It is known that patients with chronic 
non-healing wounds have difficulties healing due to the 
loss of growth factors associated with wound healing 
and an inflammatory imbalance in the wound bed [11]. 
In this context, new biological therapies may be able to 

Fig. 2  The ulcer after the treatment. Four weeks after the treatment, the wound was partially healed (left). Six weeks after the treatment, the wound 
was complete closure (complete healing) (middle). The wound complete closure at one-year follow-up (right)
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regulate or reverse possible mechanisms of imbalance in 
the wound [12]. Moreover, past year, He et al. [13] pub-
lished what we believe to be the first study showing the 
feasibility, efficacy and safety of using al-PRP in the treat-
ment of chronic non-healing wounds in place of its autol-
ogous counterpart.

To overcome the clinical limitations of treatment with 
au-PRP [14], they [13] found that both al- and au-PRP can 
be enriched by the separation of accumulated autologous 
and allogenic platelets respectively. Most notably, they 
found no significant differences between al- and au-PRP 
in the platelet concentrations obtained, concentrations in 
al-PRP reaching equally effective levels of approximately 
6-fold higher than in whole blood [13]. Earlier studies 
indicated that satisfactory results would be achieved with 
an adequate PRP concentration of approximately 5-fold 
higher than baseline [15].

Hence, al-PRP from well-characterised donors has been 
considered a solution that is ready for application as it 
avoids the need to collect large quantities of whole blood 
and no valuable blood resources are wasted [16]. Moreo-
ver, given the wide range of problems associated with the 
use of different protocols, au-PRP quality could be com-
promised, which would result in lower clinical efficacy 
[13]. In relation to this, in the aforementioned pioneer-
ing study by He et al. [13], and similarly in a preliminary 
study [5] and the case presented herein, the al-PRP was 
prepared from whole blood from a healthy donor using 
a blood cell separator. Hence, it can be considered a bio-
logical therapy product that is based on a standard prep-
aration protocol. On the other hand, regarding the use 
of allogenic platelet gel vs hydrogel in the treatment of 
chronic wounds, a systematic review and meta-analysis 
on acute and chronic skin wounds found that PRP ther-
apy improved partial and complete wound healing rates 
compared to standard wound care [17]. The advantages 
are notable: units of allogeneic platelets are available 
through transfusion services, and are safe, affordable and 
highly standardized in terms of platelet count, as well as 
residual leukocyte and red cell content.

For all these reasons, considering the data currently 
available, together with the findings in the case we pre-
sent, it may be suggested that the use of al-PRP in wound 
healing shows promising results [13, 18–21]. If confirmed 
in future studies, it could become the gold standard for 
the treatment of non-healing surgical wounds or slow-
healing skin ulcers.

Similarly, regarding PRP preparation protocols, 
numerous variations have been reported, these dif-
fering in centrifuge cycles and the concentration of 
platelets used. We agree with the findings of Maz-
zocca et  al. [22], who after analysing three protocols 

with eight healthy individuals, using short low velocity 
(1500 rpm for 5 min) and long high velocity (3200 rpm 
for 15 min) centrifugation as well as the combination 
of gentle and strong centrifugation (1500 rpm for 5 min 
and 6300 rpm for 20 min) obtained a higher platelet 
concentration (873.8 ± 207.2 × 103/μL) with a single 
centrifuge cycle at 3200 rpm for 15 min (compared to 
that obtained with a lower velocity or a double cycle).

Hence, in our case, we have used PDGF from single 
donor apheresis (al-PRP), with a freeze-thaw process, 
and with a PRP preparation protocol that involved 
a single cycle of centrifugation at a mean speed of 
2400–2800 rpm of donor blood taken with an apheresis 
machine. This approach enabled us to obtain a platelet 
concentration of 2- to 3-fold baseline.

The current study is a case report after a 1-year fol-
low-up,only with one patient. Therefore, at the present 
time of knowledge, it ispreliminary to say whether the 
application of PDGF in the treatment of surgicals-
car ulcers will be adequate in clinical settings. Future 
research is needed toperform in vitro characterization, 
in addition, more studies with a largecohort of patients 
to validate our findings are required.

Conclusions
The healing of a surgical wound observed in our case, 
with the use of PDGFs from single donor apheresis (al-
PRP), with a freeze-thaw process, and the PRP prepara-
tion protocol described, is promising and suggests that 
al-PRP might play a role in treating NHSWs. Further 
studies with a larger sample size in different popula-
tions are required to validate our findings.
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